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A B S T R A C T

Sand dams, composed of recent alluvial aquifers behind concrete dam walls, are a water management technique 
in drylands. However, their level of hydraulic connectivity with their surrounding weathered basement aquifer is 
debated. This study aims to constrain this hydrogeological uncertainty in order to better understand their ability 
to meet water needs and improve dryland water security. The study is the first to use 2D geophysics (Electrical 
Resistivity Tomography) to provide evidence of seepage from sand dams at three mature and three newly built 
sites. A generally greater hydraulic connectivity was found between sand dams and their surrounding aquifer 
than has been assumed in some previous studies, with sites providing at least some local recharge rather than 
existing as isolated storage structures. This improved understanding is beneficial for both site selection and the 
performance of sand dams and can help ensure that maximum benefits are derived from the construction of a 
sand dam depending on its intended purpose.

1. Introduction

Drylands are defined by the Aridity Index as areas where the ratio of 
precipitation to potential evapotranspiration (P/PET) is <0.65 
(Middleton et al., 1992). By the end of the 21st century they are pre
dicted to become home to up to 5.2 billion people (Koutroulis, 2019), 
however, they possess only 8 % of global renewable water resources 
(Prăvălie, 2016). For current and future populations living in drylands, 
effective water management is, therefore, crucial for promoting sus
tainable livelihoods.

More than 70 % of the world’s drylands are located in ‘developing’ 
countries (Safriel et al., 2005). Limited access to safely managed water 
in certain areas means that alternative improved water sources are 
essential to strengthen resilience. Water harvesting methods that collect 
and store surface water and/or increase the availability of groundwater 
are one such source. Sand dams, forming enhanced alluvial aquifers, 
which are recharged by streamflow, are one example (Maddrell, 2018).

Ephemeral rivers are common in drylands, with infiltration through 
such riverbeds considered an important pathway for recharging alluvial 
and basement aquifers (Philipp and Grundmann, 2013). Such recharge 
can be artificially increased by storing surface water to promote 
groundwater recharge to local aquifers (McCallum et al., 2013; Modie 

et al., 2022; Philipp and Grundmann, 2013). Studies on groundwater 
recharge in drylands have been conducted across the world, using 
techniques including stable isotope data, water table fluctuation models, 
monitoring wells, and chloride mass balance (Modie et al., 2022; 
Scanlon et al., 2006; Sorensen et al., 2024).

Sand dams are used on ephemeral rivers in drylands around the 
world. Sand dams store surface water and increase water availability for 
abstraction. However, there is uncertainty around their hydraulic con
nectivity with their surrounding aquifer (Hut et al., 2008; Yifru et al., 
2021). Their relative importance for groundwater storage in the allu
vium or recharge to the surrounding weathered basement aquifer is, 
therefore, contested.

Studies have modelled (Borst and Haas, 2006; Ndekezi et al., 2023; 
Quinn et al., 2019; Yifru et al., 2020), remotely sensed (Eisma and 
Merwade, 2021; Manzi and Kuria, 2011; Neufeld et al., 2021; Ryan and 
Elsner, 2016), or assumed (Eisma and Merwade, 2020; Hoogmoed et al., 
2007; Hut et al., 2008; van Loon and Droogers, 2006; Maddrell, 2018; 
Quilis et al., 2009) seepage of water from sand dams laterally into the 
weathered basement and longitudinally under or around the dam wall. 
Hut et al. (2008) found the impact of sand dams on groundwater levels 
in riverbanks directly upstream of the dam walls to range from 70 to 80 
m into the riverbanks. The sub-vertical component of lateral seepage 
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into the underlying weathered basement via the river channel base, 
which is especially difficult to monitor, is usually either assumed (Eisma 
and Merwade, 2020; Maddrell, 2018; Quinn et al., 2019) or discounted 
(Ertsen et al., 2005; Nissen-Petersen, 1997).

Whilst sand dams can be constructed to serve different purposes of 
storage or recharge, their hydraulic connectivity with their surrounding 
environment is rarely explored pre-construction. This general uncer
tainty is, therefore, the basis for this research. The study aims to 
determine to what degree sand dams are losing water laterally (and sub- 
vertically) and longitudinally into the surrounding aquifer and down
stream respectively. Studies in similar dryland environments have uti
lised geophysical techniques to investigate hydrogeological connections 
between alluvium and underlying crystalline basement (Issoufou Ous
mane et al., 2023). This study therefore sought to contribute to this 
existing knowledge in the specific context of sand dams, being the first to 
use 2D geophysics at sand dam sites and to collect field-based data 
before and after sand dam construction. It therefore aims to provide 
novel evidence on whether sand dams generally exist more as storage or 
Managed Aquifer Recharge (MAR) structures.

2. Methods

2.1. Study area

The study took place at six sites in the north and south of Makueni 
County, Kenya (Fig. 1) across semi-arid and dry sub-humid regions (0.2 
< P/PET <0.65) (UNEP-WCMC, 2007). Average annual precipitation 
from 1981 to 2022 at the six sites varied between 586 and 797 mm at the 
southern and northern sites respectively (CHIRPS-GEFS Precipitation 
Forecasts, 2021) (Fig. 1). The northern sites are at a higher elevation of 
>1100 m asl, whilst the southern sites are at <850 m asl and are in 
slightly less incised valleys. The catchment size for each site is similarly 
small, with the largest measuring approximately 72 km2.

Three mature sand dam sites: Kithunthi, Kipico, and Ngulai (con
structed in 2016, 2016, and 2013 respectively), and three new sites: 
Nthonzweni, Wambiti, and Kyakivandi (constructed in 2022) were 
studied. Kipico and Ngulai were selected because of available data from 
Quinn et al. (2019) who conducted a water balance to assess flow rates 

at three sand dams. Their third site was not selected due to rocky ground 
conditions that were unsuitable for the use of geophysical equipment. A 
third mature site (Kithunthi) was selected based on suitable ground 
conditions, telemetered data indicating prolonged water storage, 
available abstraction data, and reasonable accessibility from the other 
sites. The three new sites were selected due to planned construction 
during the 2022 fieldwork period, suitable ground conditions, and 
reasonable accessibilty from the mature sites.

2.1.1. Geological and hydrogeological setting
The sites, in common with much of the Basement Complex geology 

across approximately 34 % of Africa are predominantly composed of 
granitoid and biotite gneiss, with some minor schist (Baker, 1952; 
Dodson, 1953; MacDonald and Calow, 2009). Subject to weathering, 
Precambrian basement rocks can establish a weathered profile typically 
comprising residual soil and saprolite, together forming the regolith, 
and saprock and fresh, unweathered bedrock, together forming the 
crystalline bedrock (Bianchi et al., 2020; Rusagara et al., 2022; Wright 
and Burgess, 1992; Zarate et al., 2021) (Fig. 2). Aquifers can form either 
in the primary porosity of river alluvium or in the secondary porosity of 
the underlying weathered bedrock (Bakundukize et al., 2016; Elster 
et al., 2014; Wright and Burgess, 1992). Typically, the saprolite has a 
predominantly storage function and the saprock a transmissive one 
(Bakundukize et al., 2016; Elster et al., 2014) (Fig. 2).

The base of the alluvium is at the interface between surface and 
groundwater flow (Brunner et al., 2017). The alluvial sand dam aquifer 
and groundwater in the weathered basement below can be either hy
draulically connected or disconnected, largely depending on the nature 
of the saprolite and climatic conditions (Watson et al., 2021; Wright and 
Burgess, 1992). During sufficient rainfall, surface and groundwater 
systems in drylands can be connected (Watson et al., 2021). If the 
saprolite is very clay-rich and therefore relatively impermeable, any 
water stored in the alluvial riverbed may form a pseudo-perched aquifer, 
with an aquiclude limiting flow to the underlying groundwater.

In the dry season, the depth to the water table often prevents 
discharge along the river channel. Through the water stored in the al
luvium after the construction of a sand dam, the water table is locally 
raised in the riverbed (Fig. 3). This creates a groundwater mound (Borst 

Fig. 1. (a) Map of Kenya with Makueni county inset, (b) geological and hydrogeological map of Makueni County, Southeast Kenya indicating aquifer productivity 
(British Geological Survey, 2024) and study sites: (1) Kithunthi; (2) Kipico; (3) Ngulai; (4) Nthonzweni; (5) Wambiti; (6) Kyakivandi. Reproduced with the permission 
of the British Geological Survey © UKRI [2024]. All Rights Reserved.
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and Haas, 2006; Strohschein, 2016), where the water table is higher 
than in the adjacent riparian zone, allowing water to seep from the al
luvium into the surrounding aquifer. This water can recharge the water 
table in the weathered basement until equilibrium is reached if there is a 
connection between the two. Some water in the riparian zone is 
hypothesised to be lost to evapotranspiration by surface vegetation 
(Strohschein, 2016; Yao et al., 2018).

2.2. Data collection

2.2.1. Field studies
Two field studies in Kenya were conducted in February–March 2022 

and 2023. The fieldwork involved geophysical surveys using ERT and 
Induced Polarisation (IP), and field observations.

Electrical resistivity (called resistivity from here) methods are used 
to identify geological structures by proxy due to differences between 
resistivity values of subsurface materials (Lowrie, 2007). ERT is a 2D 
multi-electrode geophysical method that relies on an injection of current 
and the response of voltage to measure a material’s resistivity. IP can be 
collected during the same measurement cycle and measures a material’s 
chargeability. In theory, it can help to differentiate between clay and 
water, which both have low resistivity values, whilst the former has 

much higher IP values (Shao et al., 2021). For a detailed description of 
the ERT and IP techniques, refer to Loke (1999) and Lowrie (2007)
respectively. ERT was chosen over other geophysical methods due to its 
common use and merit in groundwater studies, its sensitivity to both 
lithology and water content, and its 2D capabilities (Ebong et al., 2021; 
Kumar et al., 2016; Saad et al., 2012).

An ABEM Terrameter LS resistivity meter was used to collect the ERT 
data. Two array types: Gradient and Schlumberger, were used to 
investigate repeatability of results. Two cables and 41 electrodes were 
used in each profile. Salt water was added around the electrodes to 
improve ground contact due to soil aridity.

Between four and five main profiles were undertaken at each site 
(Error! Reference source not found.) to assess lateral and longitudinal 
seepage, and the composition of the underlying weathered basement. In 
2022 three profiles parallel to the dam wall were taken at each site. 
These included one downstream, one far enough upstream to avoid 
interference from metal reinforcement in the dam wall, and one 95–150 
m upstream to be within the calculated range of sediment accumulation 
but at least 90 m from profile 2 to assess whether a difference was visible 
(Fig. 4, (profiles 1–3 respectively)). One profile perpendicular to the 
dam wall in the middle of the riverbed (Error! Reference source not 
found., (profile 4)) was undertaken at all six sites. Profiles 1 and 2 were 

Fig. 2. Conceptual model of physical heterogeneity in a weathered basement aquifer, highlighting K (hydraulic conductivity) and n (porosity) (Adapted from Bianchi 
et al., 2020 under the CC BY 4.0 licence. Contains British Geological Survey material © UKRI 2020) and typical compositions. (1) (Bakundukize et al., 2016; Kayode 
et al., 2022). (2) (Ulusoy and Kadioǧlu, 2021). (3) (Wright and Burgess, 1992). (4) (Wright and Burgess, 1992). (5) (Bianchi et al., 2020).

Fig. 3. Conceptualisation of the impact of a sand dam on water levels in the riverbed and surrounding riverbanks based on previous studies (Borst & Haas, 2006; 
Strohschein, 2016).
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generally within 20 m of the dam wall to capture impact of seepage 
downstream and to compare near-dam wall conditions with those con
ditions far upstream in profiles 3 and 4. Profile 5 located 500 m up
stream was performed only at Kipico to assess whether water levels 
differ upstream of the accumulated trapped alluvium (that which has 
built up since dam wall construction). Profile locations were sometimes 
constrained by construction activities at new sites, as well as rock out
crops and roads.

In 2023, these profiles were repeated at Kithunthi to assess repro
ducibility and at the new sites to compare differences pre- and post-dam 
construction. Surface water upstream of the dam walls at Wambiti and 
Kyakivandi in 2023 meant that perpendicular profiles could not extend 
upstream of the walls here.

Profiles used a minimum electrode spacing of 4 or 5 m, giving pro
files of between 160 and 200 m in length and up to 30 m in depth. IP data 
were collected alongside resistivity data at all of the 2023 profiles using 
the Schlumberger array. The Schlumberger and Gradient arrays gave 
similar resistivity inversion profiles. Whilst both were used to aid 
interpretation, the results report only the gradient arrays. All profiles are 
included in Supplementary Material.

To help in making the hydrogeological interpretations of the 
geophysical inversions, a series of observations and measurements were 
taken. These included groundwater level measurements in the alluvium 
and riverbed (Table 5), probing to help in truthing the depth of the al
luvial deposits, soil profiles, topographical profiles, surface geological 
observations of rock type and degree of weathering, and irrigation 

surveys (Supplementary Material). Irrigation surveys with all available 
plot owners were used to understand where irrigation may have 
increased water content in the geophysics profiles for reasons other than 
rainfall or water loss from the dams.

2.2.2. Literature review
Resistivity values from published studies for each of the layers found 

in the weathered basement were used to help in truthing the ERT in
versions in this study (Table 1). Values of each material were taken from 
studies conducted in basement aquifers with at least some gneiss due to 
its dominant presence in the study sites.

Resistivity values can vary greatly for several reasons, making it 
difficult to determine the most significant contributor to bulk resistivity. 
Higher resistivity in the regolith is often characteristic of dry, compact 
sand, gravelly sand, or laterite (Anudu et al., 2014; Kayode et al., 2022). 
Lower values can be associated with a combination of higher water, clay, 
mineral salt, soil organic content, or porosity (Anudu et al., 2014; 
Kayode et al., 2022; Nyenje et al., 2022). The resistivity of saprock 
generally increases with depth as fracture density decreases as the 
occurrence of fluids decreases. Furthermore, fractures filled with water 
or decomposed clays from the saprolite can create heterogeneities in 
resistivity values in the saprock (Elster et al., 2014; Zarate et al., 2021). 
Finally, resistivities of fresh bedrock are greater than weathered rock 
(Shao et al., 2021), and can be impacted by mineral composition (Matsui 
et al., 2016), which can be affected by the degree of metamorphism 
(Bakundukize et al., 2016).

2.3. Data analysis

Raw data were cleaned in LS toolbox. Data points with a variance of 
>1 % were removed, followed by any data points with a voltage of 
<0.0015 V, based on standard cleaning procedures (J. Adcock, personal 
communications, January 2022). A median of 2.9 % of data points were 
removed from profiles. Data were inverted in Res2Dinv to give a re
sistivity section (Kayode et al., 2022). ‘Bad data points’ (i.e., those with 
very high, very low or negative apparent resistivities) were extermi
nated. In the inversion settings a damping factor of 0.3 was generally 
used due to challenging electrode contact associated with the aridity of 
the ground (Loke, 1999). The robust-constraint least squared method 
was chosen to avoid a smearing effect between the regolith and bedrock 
(Elster et al., 2014) and due to lower errors produced with this method. 
During inversion, the stop criteria was set with a 5 % error reduction. A 
maximum of 6 iterations were carried out so that the difference between 
the model response and measured data was minimal but results were not 
unrealistic. Regular contour intervals were used for each profile, with a 
minimum of 5 Ω.m and a maximum of 3000 Ω.m.

3. Results

Resistivity inversions supported by IP, surface observations, and 
literature provide insight into lateral and longitudinal seepage from 
sand dam alluvial aquifers into the surrounding weathered basement, 
indicating their level of hydrogeological interaction.

3.1. Geology of sand dams and their surrounding aquifer

The results from all six sites confirm that at least some of the trapped 
alluvium behind a sand dam wall is underlain by weathered basement 
material that is consistent with Fig. 2. The resistivity and thickness 
ranges of the five layers (alluvium in the riverbed, residual soil in the 
riverbanks, saprolite, saprock, and fresh bedrock) are outlined in 
Table 2. The thickness of each layer varies along the river channel and 
between sites, indicating variable degrees of weathering of the under
lying protolith, which can impact the water storage potential of sites.

Fig. 4. ERT profile locations. Profiles 1–3 (parallel) and 4 (perpendicular) were 
conducted at all sites. Profile 5 was conducted only at Kipico. See Supple
mentary Material for specific dimensions.
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3.1.1. Alluvium
Alluvium in the riverbed, in which the observed water table rests, 

varies in composition across a continuum of very loose - loose, moder
ately well sorted, medium - coarse sand. It is variably interspersed with 
silt, clay, and gravel layers. As would be expected, the three mature sites 
have thicker deposits and greater upstream extents of saturated trapped 
alluvium than the new sites (Table 3). Silt, which typically settles at the 
end of the rainy season, was observed on the surface of all new sites post- 
construction.

3.1.2. Residual soil
Residual soil in the riverbanks varies in composition along a clay - 

loam - sand continuum, varying in density from soft - medium soft clay 
and loose - dense sand. At Kithunthi, Nthonzweni, and Kyakivandi, the 
residual soil is predominantly sandy, whilst at Kipico, Ngulai, and 
Wambiti, it is predominantly clay-rich. The residual soil was only 
saturated at Kyakivandi (at 0.85 m and 1.2 m bgl).

3.1.3. Saprolite
The alluvium and residual soil are underlain by saprolite. Observed 

during construction and in observation pits, it comprises soft - moder
ately stiff sandy clay - clayey silt - clayey sand, and sometimes contains 
eroded cobbles or boulders of bedrock. Red - orange iron oxide weath
ering, typical of saprolite, was observed during wall construction at 
Nthonzweni. The water table observed in the weathered basement was 
predominantly found here.

3.1.4. Saprock
The expression of the saprock is variable. Parts of the saprock easily 

lose surface fragments when brushed by hand, crumble in hand, or break 
when smashed with a hammer. Lower parts of the saprock appear un
weathered to sight, being fairly resistant to breaking when hit with a 
hammer.

The walls at five of the sites: Kithunthi, Kipico, Ngulai, Nthonzweni, 
and Wambiti are predominantly constructed onto lower saprock. This 
interpretation is based on hard but slightly weathered rock being 
observed during wall construction at the new sites. It is also based on 
resistivity values indicative of saprock (around 232–356 Ω.m) at the 
known depths of wall construction at the mature sites. Some limited 
longitudinal seepage beneath the wall at these sites would therefore be 
expected.

3.1.5. Fresh bedrock
At depth, according to the resistivity profiles, saprock grades into 

fresh, unweathered bedrock, typically of negligible porosity and hy
draulic conductivity (Fig. 2). Kyakivandi appears to be the only site at 
which the wall is constructed onto fresh bedrock, observed in the field as 
unweathered, massive outcrops. Shallow longitudinal seepage under 
this dam wall is therefore not expected.

Table 1 
Resistivity ranges of each material in a typical weathered basement profile re
ported in literature. The resistivity range (column 2) is the absolute minimum 
and maximum value found in literature. The resistivity quartile range (column 
3) is the range between the first quartile of all of the minimum cited values and 
the third quartile of all of the maximum cited values in literature. Estimated 
aquifer characteristics and groundwater potential (ranging from poor to good) of 
saprolite and saprock from Anudu et al. (2014); and Ebong et al. (2021) are 
included. Values in bold represent saprolite and saprock of good groundwater 
potential in at least one of the two studies.

Material Resistivity 
absolute range 
(Ω.m)

Resistivity 
quartile range 
(Ω.m)

References

Residual soil 7–10,000 30–1,075 (Adekoya et al., 2019; 
Adelusi et al., 2014; Aina 
et al., 1996; Aizebeokhai 
et al., 2010; Anudu et al., 
2014; Bakundukize et al., 
2016; Descloitres et al., 
2008; Ebong et al., 2021; 
Elster et al., 2014; Jatau & 
Bajeh, 2007; Kayode et al., 
2016; Kayode, et al., 2022; 
Kumar et al., 2016; Nyenje 
et al., 2022; Olayinka & 
Weller, 1997; Singh et al., 
2019; Wekesa et al., 2020)

Saprolite 
(undefined 
water 
content)

4–3,500 15–848 (Adelusi et al., 2014; Aina 
et al., 1996; Aizebeokhai 
et al., 2010; Anudu et al., 
2014; Descloitres et al., 
2008; Ebong et al., 2021; 
Elster et al., 2014; Foppen 
et al., 2020; Jatau & 
Bajeh, 2007; Kayode et al., 
2016; Kayode et al., 2022; 
Olayinka & Weller, 1997; 
Olorunfemi & Fasuyi, 
1993; Zarate et al., 2021)

Saprolite 
(saturated)

7–700 19–586 Adekoya et al., 2019; 
Anudu et al., 2014; 
Bauman et al., 2016; 
Elster et al., 2014; Kumar 
et al., 2016; Nyenje et al., 
2022)

Saprolite aquifer characteristics and groundwater potential
<10 Clays: limited potential (Anudu et al., 2014; 

Ebong et al., 2021)
21–100 Optimum weathering: good potential (Anudu 

et al., 2014) 
Dominantly clay: poor potential (Ebong et al., 
2021)

101–150 Medium conditions: medium potential (Anudu 
et al., 2014; Ebong et al., 2021)

151–300 Little weathering: poor potential (Anudu et al., 
2014) 
Gravely clay: good potential (Ebong et al., 
2021)

>300 Negligible potential (Anudu et al., 2014; 
Ebong et al., 2021)

Saprock 87–infinity 175–2,979 (Adekoya et al., 2019; 
Aizebeokhai et al., 2010; 
Anudu et al., 2014; 
Descloitres et al., 2008; 
Ebong et al., 2021; Kayode 
et al., 2022; Kumar et al., 
2016; Olayinka & Weller, 
1997; Olorunfemi & 
Fasuyi, 1993; Wekesa 
et al., 2020; Zarate et al., 
2021)

Saprock aquifer characteristics and groundwater potential
<750 High fracture permeability: high potential (

Anudu et al., 2014; Ebong et al., 2021)
750–1500 Moderately fractured: medium potential (

Anudu et al., 2014; Ebong et al., 2021)

Table 1 (continued )

Material Resistivity 
absolute range 
(Ω.m) 

Resistivity 
quartile range 
(Ω.m) 

References

1500–3000 Fairly low effect of weathering: low potential (
Anudu et al., 2014; Ebong et al., 2021)

>3000 Little or no weathering: negligible potential (
Anudu et al., 2014; Ebong et al., 2021)

Fresh bedrock 30–infinity 600–infinity (Adekoya et al., 2019; 
Adelusi et al., 2014; Aina 
et al., 1996; Anudu et al., 
2014; Bakundukize et al., 
2016; Descloitres et al., 
2008; Ebong et al., 2021; 
Groen et al., 2018; Jatau & 
Bajeh, 2007; Kayode et al., 
2016; Kayode et al., 2022)
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3.2. Lateral seepage

Lateral seepage has been defined as that flowing between the alluvial 
aquifers and weathered basement aquifers via the riverbanks when the 
water tables are hydraulically connected. Variations in resistivity and 
water levels between the riverbed and riverbanks can help indicate 
levels of potential lateral seepage from the alluvial aquifers into the 
adjacent weathered basement.

3.2.1. Geophysics
More extensive low resistivity material across the riverbeds and 

adjacent riverbanks is observed in the upstream compared to down
stream profiles, the latter of which are outside the extent of accumulated 
trapped alluvium (Fig. 5). This is likely attributed to the greater satu
rated thickness of trapped alluvium upstream and a subsequently 
greater potential for lateral seepage. Very low resistivity values in the 
riverbanks at Ngulai and Kithunthi, however, may, in part, be attributed 
to clay (Fig. 5b, 6a). This is supported by augering to 2.1 m bgl, which 
showed the topsoil and saprolite to be variably composed of sand, silt, 
and clay. Beyond the upstream extent of saturated trapped alluvium at 
Kipico there are very high resistivity signatures in the riverbed and 
riverbanks of profiles 3 and 5. This suggests an absence of saturated 
alluvium and therefore limited seepage compared to profile 2 just up
stream. Whilst lower resistivity material is observed around the up
stream extent of profile 4 (perpendicular to the dam wall) compared to 
just upstream, high IP signatures confirm that this is likely attributed to 
clay rather than water content (Fig. 8c).

There is more extensive low resistivity material in the riverbanks in 
the upstream profiles at Kithunthi (Fig. 6a) and Ngulai (Fig. 5a, b) (>8 
Ω.m) compared to Kipico (Fig. 6b) (>28 Ω.m). This suggests higher 
water storage at the former two. Low resistivity signatures in the 
riverbed continue into both riverbanks at Kithunthi and Ngulai up
stream, suggesting potential lateral seepage. This may not be the case at 
Kipico, where the lowest resistivities are confined to the riverbed.

At the new sites there is slightly less extensive low resistivity material 
in the riverbeds and surrounding weathered basement than at Kithunthi 
and Ngulai, but slightly more than was observed pre-construction. This 
is likely, in part, due to less time elapsing since construction, allowing 

less lateral seepage.

3.2.2. Hydraulic gradients
Water levels elevations taken at Kithunthi (20 m upstream), Kipico 

(9 m upstream), Ngulai (150 m upstream), and Kyakivandi (45 m up
stream) are higher in the centre of the riverbed compared to those in the 
riverbanks. Horizontal hydraulic gradients and therefore seepage away 
from the riverbeds exist as a result of the groundwater mound created by 
recharge of the alluvium (Fig. 7). This is in comparison to Ngulai (9 m 
upstream), where the water level elevation in the riverbed is lower than 
in the riverbank, with a hydraulic gradient into the riverbed.

There are limited wells for water measurements in the riverbanks, 
with no water levels being available further than 17 m from the riverbed 
edge. No water level measurements are available in the riverbanks at 
Nthonzweni or Wambiti.

3.3. Sub-vertical seepage

Sub-vertical seepage has been defined as the sub-vertical component 
of lateral loss from sand dams into the surrounding weathered basement 
aquifer via the base of the riverbed. This occurs whether or not the sand 
dam is connected to the water table in the weathered basement. Varia
tions in resistivity beneath the alluvial aquifers, as a result of water 
content and geology, as well as water levels in the trapped alluvium help 
to suggest variable levels of potential sub-vertical water seepage.

3.3.1. Geophysics
When comparing inversion profiles pre- and post-construction at the 

three new sites, a slight decrease in resistivity is observed in and directly 
below the trapped alluvium during the studied dry season. This is 
interpreted to be because of a slight increase in water content. This 
suggests some sub-vertical seepage into the weathered basement 
because of increased water storage in the trapped alluvium. Such a 
change was not observed in downstream profiles. This is supported by IP 
inversions. At Nthonzweni, in 2022, there was a high chargeability 
signature beneath the riverbed. In 2023 this signature was lower and 
may suggest a slight increase in water content in the subsurface.

The resistivity of material underlying the alluvial aquifers varies 

Table 2 
Resistivity and thickness ranges of each material observed in the ERT profiles from 2022 and 2023. The resistivity studied range (row 2) is the absolute minimum and 
maximum values observed. The resistivity 1st and 3rd quartile (rows 3 and 4) are the first quartile of all of the minimum values and the third quartile of all of the 
maximum values respectively.

Geological layer

Residual 
soil

Unsaturated 
alluvium

Saturated 
alluvium

Unsaturated 
saprolite

Saturated 
saprolite

Saprock Fresh 
bedrock

Resistivity (Ω. 
m)

Literature range 
(Table)

7–10,000 0.1–800 4–3500 7–700 87- 
infinity

30–infinity

Studied range 5–836 5–3000 8–836 28-? 12–1280 42-? 152- > 3000
1st quartile of 
minimum

14 12 12 65 18 54 232

3rd quartile of 
maximum

467 763 356 – 587 – 3000

Minimum thickness 
(m)

0.4 0 0 0 0 0 –

Maximum thickness 
(m)

2 1.9 1.9 – 7.2 – –

Table 3 
Approximated thickness of trapped alluvium at the wall and upstream extent of trapped alluvium and specifically saturated trapped alluvium (m) at each of the six sand 
dam sites based on measurements made in scoop holes and height of the dam wall in 2023 (post-dam construction).

Kithunthi Kipico Ngulai Nthonzweni Wambiti Kyakivandi

Thickness of trapped alluvium at the wall (m) 2.8 2.75 3.3 0.22 1.16 0.66
Upstream extent of trapped alluvium (m) 320 350 250 240 200 200
Upstream extent of saturation in the trapped alluvium (m) 250 70 170 90 150 120
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between Wambiti (Fig. 8a) and Kyakivandi (Fig. 6c), and the other four 
sites. At the former two sites, the alluvium upstream of the dam wall is 
consistently underlain by saprock and fresh bedrock of 152- > 3000 Ω.m 
at 0–3.05 m bgl. This is observed in inversion profiles and in the field as 
outcrops of unweathered gneiss and schist in the riverbed. The change in 
resistivity values with depth is relatively sudden at these two sites. This 
indicates a relatively rapid change in basement properties over a small 
vertical distance. Resistivities in the crystalline bedrock can vary 
because of fracturing in the saprock. This is especially evident in the 
perpendicular profile, Fig. 8a. This indicates some potential sub-vertical 
seepage from the alluvium into the crystalline basement at these sites. 
The parallel profiles conversely show more extensive, shallow fresh 
bedrock, indicating localised areas of impeded sub-vertical seepage 

(Fig. 6c).
The alluvial aquifers at the four remaining sites are consistently 

underlain by saprolite of 18–232 Ω.m (Fig. 8b,c). There is negligible 
unweathered rock observed in the riverbeds of Kithunthi, Kipico, and 
Nthonzweni. The change in resistivity values with depth at these four 
sites is generally more gradual than that seen at Wambiti and Kyaki
vandi, indicating a slower transition in basement properties and a 
greater depth of weathering. Higher potential sub-vertical water 
seepage is expected at these sites due to an absence of shallow un
weathered bedrock. The relative lateral homogeneity in the perpendic
ular profiles of these sites is interpreted to be because of continuously 
saturated saprolite and saprock. Low resistivity and a general absence of 
high IP signatures below the depth of alluvium, alongside field 

Fig. 5. ERT profiles parallel to the dam wall at Ngulai 2022 (a) 9 m upstream, (b) 150 m upstream, (c) 13.5 m downstream. Profiles include surface observations in 
italics, with each change separated by red markers; observed and estimated layer boundaries in solid and dashed lines respectively (black for geological layers and 
blue for water table); and interpreted layers in boxes. Sub-surface arrows indicate estimated flow direction. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)
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observations, suggest an absence of an impermeable very clay-rich layer 
which would impede saturated flow.

3.3.2. Water levels
The water levels in the alluvium get deeper further upstream at the 

new sites and Kipico. Conversely, at Ngulai and Kithunthi, the water 
levels are deepest at the wall. This is potentially due to handpump 
abstraction here, which was not occurring at the other four sites. Water 
levels are generally shallower (Table 4) and alluvium thinner (Table 4) 
at the new sites.

Deeper water levels at Kipico and higher resistivity values in the 
regolith compared to other sites could be attributed to a lower water 
content in the regolith due to a faster rate of seepage into the 

surrounding aquifer. This may be due to greater hydraulic conductivity 
between the regolith and crystalline basement. Conversely, at Kithunthi 
and Ngulai, the measured water levels are comparatively shallower, and 
resistivity values comparatively lower, suggesting greater volumes of 
water stored in the regolith and a slower rate of seepage. This would be 
characteristic of a lower hydraulic conductivity between the regolith 
and crystalline basement.

3.4. Longitudinal seepage

Longitudinal seepage has been defined as shallow groundwater flow 
under or around the dam wall from the upstream aquifer and emerging 
into the alluvial riverbed downstream. The difference in resistivity and 

Fig. 6. ERT profiles parallel to the dam wall at (a) Kithunthi 20 m upstream (2022), (b) Kipico 9 m upstream (2022), (c) Kyakivandi 140 m upstream (2023). Profiles 
include surface observations in italics, with each change separated by red markers; observed and estimated layer boundaries in solid and dashed lines respectively 
(black for geological layers and blue for water table); and interpreted layers in boxes. Arrows indicate estimated flow direction. (For interpretation of the references 
to colour in this figure legend, the reader is referred to the web version of this article.)
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water levels in the riverbed upstream and downstream of the dam wall 
can help indicate variable levels of potential longitudinal seepage from 
the alluvial aquifers.

3.4.1. Geophysics
At the three mature sites, greater thicknesses of low resistivity ma

terial (minimum of 5 Ω.m) are observed upstream compared to down
stream during the studied dry season. Downstream, low resistivity 
values are less extensive and reach a minimum of 12 Ω.m (Fig. 5c, 8b, c). 
This indicates increased water storage upstream and limited longitudi
nal seepage under or around the dam wall especially at Kithunthi and 
Kipico. Low resistivity material directly downstream of the dam wall at 
Ngulai in connectivity with that upstream suggests greater longitudinal 
seepage here, supported by field observations of surface water pooling 
up to 0.9 m deep on the downstream side of this dam wall.

At the new sites, pre-construction, low resistivity signatures (mini
mum of 8 Ω.m) were observed in the upstream and downstream river
beds. Post-construction, more extensive and slightly lower resistivity 
material was observed upstream compared to downstream (minimum of 
8 Ω.m and 12 Ω.m respectively). This is likely due to the thin build-up of 
water saturated alluvium upstream. The amount of low resistivity ma
terial downstream generally decreased post-construction, likely because 
of the excavation and construction of the dam wall onto the saprock or 
unweathered bedrock preventing groundwater losses through the 
saprolite and alluvium. This again indicates that the dam walls are 
leading to an accumulation of saturated alluvium upstream, whilst 
limiting longitudinal seepage to the downstream alluvium.

3.4.2. Hydraulic gradients
Water levels at each site are higher upstream compared to down

stream, with hydraulic gradients in the alluvium existing in a down
stream direction. This indicates the potential for longitudinal seepage 
beneath and/or around the dam wall at all sites, depending on the 
quality of the seal between the dam wall and the bedrock and the degree 
of weathering of the bedrock. Hydraulic gradients downstream are 
greater than those upstream at all sites (Table 5). Assuming continuity of 
flow between up- and downstream of the sand dam, this increase may be 
due to a reduced cross-sectional area of flow downstream, due to the 

reduced saturated thickness and/or riverbed width downstream. At 
Kyakivandi, where the base of the dam wall is constructed onto un
weathered bedrock and therefore loss under the wall is concluded to be 
absent or very minimal, groundwater loss around the sides of the wall 
may be occurring. This is likely as bedrock was observed 3.7 m below the 
top of the wingwall, with part of the wingwall therefore being grouted 
onto weathered rock.

3.5. Revised conceptual sand dam model

The results help to conceptualise the studied sand dams and to 
answer the question of whether the alluvial aquifers are in hydraulic 
connectivity with the surrounding weathered basement (existing as 
MAR structures) (Fig. 9a) or are shallowly underlain by unweathered 
bedrock (existing more as storage structures) (Fig. 9b). An additional 
model where the alluvial aquifer is directly surrounded by low perme
ability clay (existing as perched aquifers, as described in some literature) 
is included for comparison (Fig. 9c).

The available evidence suggests that sand dams exist along a con
tinuum of connectivity with their surrounding aquifer, functioning 
predominantly as MAR structures (Fig. 9a). Kithunthi, Kipico, Ngulai, 
and Nthonzweni were fully characterised as such. Greater hydraulic 
connectivity and subsequent seepage between the alluvium and sur
rounding weathered basement exist here. This is due to the alluvium 
being directly underlain by saprolite or saprock of low - high perme
ability, with deeper unweathered bedrock, and a connectivity between 
the water table in the alluvium and surrounding weathered basement. 
The low - moderate resistivity values of the saprolite and saprock, which 
gradually increase with depth, suggest a gradual change in the proper
ties of the weathered basement, rather than a sharp no-flow boundary, 
as would be expected in the perched aquifer model (Fig. 9c). Where 
riverbeds are underlain by thick layers of saprolite or saprock, water will 
be lost from the riverbed, recharging the surrounding layers to an extent. 
Such sites may be recognised pre-construction as having negligible un
weathered rock in the riverbed as was the case at Kithunthi, Kipico, and 
Nthonzweni. Wambiti and Kyakivandi also show recharge behaviour 
across parts of the sites. Saturation was interpreted between the allu
vium and underlying basement during the time of this study (mid-dry 

Fig. 7. Riverbank water level elevations relative to a 100 m riverbed water level elevation datum taken at Kithunthi (green), Kipico (purple), Ngulai (red), and 
Kyakivandi (orange) upstream with the distance between the water level measurements in the riverbanks and riverbed (blue) along the x axis. Hydraulic gradients 
are in the coloured boxes next to each water level elevation. See Supplementary Material for data. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.)
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season). It is possible, however, that the inversion profiles and water 
level measurements would be different at different times of the year. At 
the end of the dry season, for example, if the water level has dropped 
below the base of the alluvial aquifer, the alluvium will no longer be in 
hydraulic connectivity with the underlying basement. An unsaturated 
layer would then exist.

Some of the sites (Wambiti and Kyakivandi) locally show charac
teristics of storage structures, with an impediment of sub-vertical 
seepage (Fig. 9b). The existence of lateral seepage, however, means 
that a MAR function still somewhat exists. Fig. 9b represents a more 
limited hydraulic connectivity between the alluvium and surrounding 
basement due to the alluvium being underlain at shallow depths by 

unweathered bedrock. This could occur because of fluvial flows having 
eroded much of the saprolite and saprock. The alluvial aquifers at 
Wambiti and Kyakivandi are underlain by either fractured saprock or 
fresh bedrock, the former which will enable localised seepage. In areas 
characterised as Fig. 9b, lower sub-vertical seepage is expected than 
those characterised as Fig. 9a due to the generally lower saturated 
thickness and hydraulic conductivity of the underlying material. Sites, 
such as these, characterised as providing better storage potential may be 
recognised pre-construction as generally having more outcropping un
weathered rock in the riverbed and riverbanks.

Some literature portrays sand dams as perched aquifers (Fig. 9c). No 
studies have formally identified evidence of such classification of sand 

Fig. 8. ERT profiles perpendicular to the dam wall from downstream to upstream (2022) at (a) Wambiti, (b) Ngulai, (c). Profiles include surface observations in 
italics, with each change separated by red markers; observed and estimated layer boundaries in solid and dashed lines respectively (black for geological layers and 
blue for water table); and interpreted layers in boxes. Arrows indicate estimated flow direction. (For interpretation of the references to colour in this figure legend, 
the reader is referred to the web version of this article.)
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dams. Similarly, this work did not uncover evidence that any of the 
studied sites were behaving in this way. To the depth at which dug holes 
could assess the subsurface before collapse or water infiltration, there 
was no thick impermeable clay layer. Neither was there geophysical 
evidence of a continuous low permeability layer beneath the alluvial 
aquifers underlain by an unsaturated layer. Having said this, due to an 
abundance of low resistivity material in certain profiles (Fig. 5b, 6a) it is 
possible: a.) that a thicker clay layer exists beyond the depth of the dug 
holes and b.) for a thin, low permeability layer to not be apparent on the 
inversion profiles. At other sand dam sites, where a thick layer of clay 
may underlie and surround the alluvium, sub-vertical and extensive 
lateral flow may be impeded, enabling some sites to exist more like 
perched aquifers.

4. Discussion

More accurate conceptualisation of seepage from sand dams to the 
surrounding aquifer is important for maximising the potential impact 
that sand dams can have on small-scale sustainable water use in dry
lands (Eisma and Merwade, 2021; Ndekezi et al., 2023; Quinn et al., 
2019; de Trincheria et al., 2018; Viducich, 2015). The integration of ERT 
and water level measurements provide evidence of the relative impor
tance of lateral and longitudinal water seepage from the alluvial aquifers 
into the weathered basement. It does this by identifying areas of satu
rated weathered basement and the nature of material underlying the 
alluvial aquifers.

The results highlight the effectiveness of alluvial aquifers in 
ephemeral rivers across drylands as local recharge structures, whilst low 
resistivity values within the upstream trapped alluvium indicates their 
storage potential. Whilst previous studies have found that focussed 
recharge can be substantial, (Constantz et al., 2002), diffuse recharge is 
generally concluded to be of greater importance in African drylands 
(Butterworth et al., 1999; Sorensen et al., 2024). For example, Sorensen 
et al. (2024) found that at one ephemeral stream, despite retention of 
water during the monsoon, focussed recharge was still relatively un
substantial due to low permeability of the riverbed. This highlights that 
whilst sand dams and other similar structures from which water may be 
lost, such as check dams and infiltration ponds, can contribute to 
recharge, the contributed volume, especially due to the small-scale 

nature of sand dams is likely minimal.

4.1. Lateral seepage

Lateral seepage will likely occur at sand dams, especially at the start 
of the dry season when the groundwater mound in the alluvium has been 
replenished. The water level measurements (Fig. 7) suggest there is 
generally a lateral hydraulic gradient from the alluvial aquifers into the 
adjacent weathered basement. This is generally consistent with the 
findings of Quinn et al. (2019), who conducted water balances at two of 
the mature sites in this study. They found one to lose water throughout 
the dry season, whilst the other initially gained water, before losing 
water around 1-month into the dry season.

Further from the riverbed, the low resistivity values at higher ele
vations (Fig. 6a) may represent a reversal back to the natural hydraulic 
gradient towards the riverbed. This would be consistent with the find
ings of Borst and Haas (2006), Hoogmoed et al. (2007), and Strohschein 
(2016). The lack of water level measurements further into the riverbanks 
limits this interpretation. Borst and Haas (2006) and Hoogmoed et al. 
(2007) monitored water levels in 21 piezometers in the riverbed and 
riverbanks (up to approximately 30 m from the riverbed) in the dry 
season and found that heads in the alluvium were higher than those in 
the adjacent riverbanks. This resulted in lateral seepage from the 
groundwater mound (created from recharge in the alluvium) into the 
weathered basement until equilibrium was met. Groundwater heads 
further into the riverbank were found to be higher than those close to the 
riverbed, concluding that groundwater flow was orientated towards the 
riverbed outside the zone of influence of sand dams.

There is lower resistivity material in the riverbeds and riverbanks 
within the upstream extent of saturated trapped alluvium compared to 
downstream and beyond the upstream extent of saturation. This sup
ports a hydraulic connection between the alluvium and weathered 
basement. This is consistent with what Hoogmoed et al. (2007) and 
Strohschein (2016) found. In the upstream alluvium they recorded 
higher groundwater levels in the riverbed compared to the riverbanks 
but higher levels in the riverbanks compared to the riverbeds down
stream of the dam walls. This resulted in groundwater flows orientated 
towards the riverbanks and riverbeds, respectively.

Other results from the current study are less conclusive about the 

Table 4 
Range of water depths (m bgl) from the wall to 400 m upstream at each site measured in 2022 (white) and 2023 (grey).

Table 5 
Horizontal hydraulic gradients in the upstream and downstream riverbed at each site. See Supplementary Material for data.

Kithun-thi Kipico Ngulai Nthonz-weni Wambiti Kyakivandi

Up-stream hydraulic gradient −0.004 −0.005 −0.008 −0.004 −0.002 −0.002
Down-stream hydraulic gradient −0.013 −0.009 −0.017 −0.005 −0.003 −0.015
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Fig. 9. Conceptual models of a sand dam alluvial aquifer functioning as (a) Managed Aquifer Recharge (MAR), (b) storage structures, (c) perched aquifers.
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impact that the alluvial aquifers have on lateral seepage. The resistivity 
signatures in the riverbanks at the new sites have not extensively 
changed one-year post-construction and continuity of low resistivity 
material across the riverbed and riverbank was already seen at Wambiti 
pre- construction, where no trapped alluvium had accumulated. This 
may be due to seepage from the pre-existing riverbed. Furthermore, 
similarly low resistivity signatures are seen in the riverbanks of some of 
the new and mature sites and in the riverbanks upstream and down
stream. This indicates that low resistivity signatures in the riverbanks 
are likely not solely because of saturation, and/or that saturation in the 
riverbanks is not solely because of lateral water seepage from the allu
vial aquifers. These results highlight the challenges of ERT in investi
gating seepage, as other variables (apart from just saturation) can 
influence resistivity signatures. Furthermore, as ERT is difficult to use at 
rocky sites (as evidenced from site selection during this study), it is 
suggested that other geophysical techniques, such as seismic could be 
used to encompass a greater range of sites. This would help to confirm 
whether the rockier sites in this study are more successful at storing 
water.

Installing piezometers in the weathered basement is challenging and 
was not attempted in this study. However, with more time and re
sources, installing a series of piezometers in the riverbanks as Hoogmoed 
et al. (2007) did, and/or using environmental tracers would enable 
greater confidence in lateral seepage interpretations and improved 
conclusions regarding surface-groundwater interactions. Dashora et al. 
(2018) for example concluded that at one site there was no hydraulic 
connection between the surface and groundwater level because the 
infiltration rate did not diminish sharply during periods of high 
groundwater levels or rise quickly when levels declined.

4.2. Sub-vertical seepage

Water stored in the trapped alluvium behind the dam walls at each of 
the sites has produced alluvial aquifers, underlain directly by either 
saprolite, saprock or fresh bedrock. More sub-vertical seepage is ex
pected to occur at sites continuously underlain by saprolite (as long as it 
is not very clay-rich), as opposed to those underlain by predominantly 
fresh bedrock due to higher hydraulic conductivity at the former.

Some sub-vertical seepage is expected to occur at all the studied sand 
dam sites through the underlying saprolite or saprock. Whilst saprock is 
typically permeable, its porosity is lower than saprolite, resulting in 
lower storage capacity but greater transmissivity than the upper 
saprolite, with evidence of ephemeral rivers losing water when under
lain by saprock (Bakundukize et al., 2016; Kumar et al., 2016; Zarate 
et al., 2021). Upper saprolite typically has lower transmissivity, inhib
iting flow if very clay-rich (Olorunfemi and Fasuyi, 1993). Whilst low 
resistivity values suggest that some clay-rich material exists, such inhi
bition of flow does not appear to occur at any of the studied sites as the 
majority of the observed saprolite is not exceptionally clay-rich. This 
will enable some sub-vertical seepage of water from the alluvial aquifers 
at all studied sites in at least some locations. Whilst more clay-rich 
material may be present at greater depths, unless this is continuous 
beneath the alluvium, some seepage will likely still occur.

Several ERT studies in crystalline basement terrain with similar 
inversion profiles to those in the current study have made similar in
terpretations based often on more constraining data (Aizebeokhai et al., 
2010; Elster et al., 2014; Nyenje et al., 2022). Aizebeokhai et al. (2010)
interpreted the lowest resistivity layers in their profiles as saprolite 
(4–50 Ω.m and 1–100 Ω.m respectively), being underlain by saprock (of 
higher resistivity than the saprolite but lower than the bedrock), with 
groundwater saturating both layers. Kumar et al. (2016) also identified 
weathered and fractured saturated granite up to 500 Ω.m. Finally, sub- 
vertical anomalies in inversion profiles observed by Groen et al. (2018), 
similar to Fig. 8a were interpreted as fracture zones, which would allow 
sub-vertical seepage.

A study should be conducted once the new sand dams have reached 

maturity to collect water level measurements in the riverbed. This would 
help to confirm whether the water levels in the alluvium at sites char
acterised as Fig. 9b (storage) are shallower than those at sites charac
terised as Fig. 9a (recharge) due to lower levels of seepage. It would 
confirm whether lower levels of seepage are occurring at storage sites or 
whether areas of fracturing in the saprock and lateral seepage are sig
nificant enough to enable equally high levels of seepage as sites char
acterised fully as MAR.

4.3. Longitudinal seepage

The results confirm that some sand dam walls are constructed onto 
slightly weathered saprock. This is consistent with the assumptions 
made by Eisma and Merwade (2021), Gezahegne (1986), Hut et al. 
(2008), Maddrell (2018), and Quinn et al. (2019). They hypothesised 
that sand dams are not always constructed onto unweathered material 
and, therefore, that some seepage under the dam wall is possible. 
Furthermore, longitudinal hydraulic gradients between upstream and 
downstream of the dam wall indicate the potential for longitudinal 
seepage at every site. However, the contrast in shallow resistivity values 
between generally lower resistivity signatures upstream and higher 
signatures downstream indicate that minimal longitudinal seepage is 
generally occurring. This is likely as a result of the dam walls impeding 
flow and effectively containing water.

4.4. Non-uniqueness of results

Relative levels of water seepage and associated saturation from the 
alluvial aquifers into the surrounding aquifer is one possible cause of the 
variable resistivity values observed at the different sites. However, other 
phenomena apart from water seepage can impact saturation, including 
rainfall and irrigation (Elster et al., 2014). The northern sites experience 
similarly high levels of rainfall, whilst the southern sites experience 
similarly lower levels (Fig. 1). Yet overall lower and higher resistivity 
sites do not match this distribution of rainfall. Furthermore, no areas of 
irrigation correspond with the lowest resistivity signatures on the 
inversion profiles and are sometimes conversely associated with some of 
the highest resistivity values. These results indicate that no one factor 
alone can explain the variable resistivity signatures in the inversion 
profiles.

Furthermore, clay content, mineral salts, porosity, and organic 
content are other potential causes of low resistivity. Wekesa et al. (2020)
found similar expressions of low resistivity material (10–15 Ω.m) in 
riverbanks as seen in Fig. 5b and Fig. 6a and interpreted these as clay- 
rich weathered basement, rather than saturated. Whilst some clay-rich 
material was observed in auger bores and shallow excavations at the 
studied sites, the upper layers of the saprolite did not generally have a 
high clay content. It is acknowledged, however, that some local com
ponents of the shallow low resistivity signatures within the saprolite 
may be attributed to clay.

The results from this study and cross-comparison with other studies 
indicate the uncertainty when it comes to attributing resistivity signa
tures to water saturation and therefore the interpretation of seepage. IP 
and field observations can go some way to aiding the interpretation of 
the resistivity inversion profiles but without boreholes, uncertainty re
mains. Drilling a borehole in a future study at sand dams would allow a 
more accurate understanding of the composition of each layer and 
subsequent conceptual understanding of seepage. It would also enable 
borehole geophysics to be conducted. Despite this, the ERT profiles have 
provided a more in-depth understanding of the subsurface below sand 
dams than has previously been available, valuably adding to the con
ceptualisation of how sand dams interact with their surrounding aquifer.

4.5. Recommendations

Whilst the ERT results alone are inconclusive as to the extent of water 

H. Ritchie et al.                                                                                                                                                                                                                                 Journal of Applied Geophysics 230 (2024) 105542 

13 



seepage due to the non-uniqueness of results, combined with field ob
servations and literature, the inversions support the existence of some 
water seepage laterally and longitudinally at each site. Lateral seepage is 
seemingly the most notable seepage pathway. The results indicate the 
positive impact that sand dams can have on local water availability. By 
constructing dams shallowly underlain by unweathered basement, sub- 
vertical seepage will be reduced, hence enabling enhanced water storage 
in the alluvium. This model would favour abstraction by scoop holes in 
the alluvial riverbeds. The reverse is true for sites shallowly underlain by 
weathered basement, where more recharge to the surrounding aquifer is 
occurring. This model would potentially favour abstraction by deeper 
boreholes depending on hydrogeological conditions. Whilst lateral 
seepage in both models supports abstraction by handpumps constructed 
in the immediate riverbanks, sites underlain shallowly by unweathered 
basement would enable greater shallow storage here. Identifying sites 
along this spectrum during site selection would be useful in suggesting 
how the sand dam will behave. The findings show that a combination of 
simple surface observations and ERT can help to inform the most 
appropriate water abstraction method and ensure that sand dams are 
sited on hydrogeological conditions that match their desired purpose: 
storage or recharge. This will help to maximise benefits that can be 
derived from the construction of a sand dam.

5. Conclusion

Combining ERT with water level measurements demonstrates the 
hydraulic connectivity between sand dams and the surrounding 
weathered basement. Through the development of conceptual models, it 
highlights the existence of variable lateral and longitudinal seepage 
from sand dam alluvial aquifers into the surrounding aquifer. The results 
suggest that the studied sand dams do not exist as perched aquifers or 
fully isolated storage structures as suggested in some literature but are 
generally in greater hydraulic connectivity with their surrounding 
aquifer. They increase local water storage in the surrounding aquifer as a 
result of lateral and longitudinal seepage from the alluvium and act as 
MAR structures, whilst still storing water within the alluvium. By using a 
combination of ERT and surface observations, it is possible to identify 
how potential sites for the construction of a sand dam may function 
along a spectrum of storage to MAR. Identifying which sites may lead to 
greater or lower levels of seepage is important for understanding how a 
sand dam will behave and what water resources will be available to local 
communities.
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