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Abstract
There are prolonged periods without rains in the savannah regions of Ghana and this makes it difficult for
inhabitants to get access to water all year round and so have adapted to the use of dugouts. These dugouts are
exposed to the atmosphere and are subjected to evaporation which causes them to dry out mostly during the dry
season, the period when they are needed most. The study focused on determining how effective sand dams are
in the reduction of evaporation and how the quality of water can be improved. It involved the construction of a
laboratory scale version of a sand dam; this was filled with a river sand and saturated with water (with the water
table below the surface) and the rate of evaporation was determined and compared with another setup filled with
only water. The quality of water was also determined before and after passing through the sand. Evaporation for
the period was 51% lower in the sand dam than the open water storage with 77% of the days recording lower
evaporation rates in the sand dam model. There were days that the evaporation in the Sand dam model were
higher and this was due to suction and diffusion of tiny films of water from the evaporation surface and as a
result of capillary action enhanced by the smaller saturated pores. Turbidity, Total Dissolved Solids, Faecal and
Total Coliforms levels were reduced after the water samples were passed through the sand media since the
microorganisms that are attached to particles that are dissolved or suspended in the water were trapped by the
sand and as a result reduces their level after filtering. Sand dams can be used to improve the quality of water and
can help reduce evaporation during the dry season where there are practically no rains.
__________________________________________________________________________________________
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INTRODUCTION
The hydrological cycle has been affected by climate
change and climate variability (Arnell et al., 2001).
Climate change has rendered Africa vulnerable to the
impacts of drought since about a third of the
inhabitants are living in drought-prone areas (Boko et
al., 2007). With the less annual rainfall being
recorded in recent times and higher temperatures
there is drastic increase in the potential evaporation
which intend lessens the available net water (Aerts et
al., 2007). With the impacts of climate change in
mind, making sure water is available and for food to
be secured are the major tasks that water managers
and policy makers hope to achieve by means of local
water storage as it is perceived to be a vital adaptive
mechanism (Kashyap, 2004).

Climate change is associated with negative impacts
and in order to deal with those impacts, there will be
the need to increase the water storage capacity to
enhance bridging the dry periods (IPCC, 2007a;
IWMI, 2009; World Bank, 2010; Hayashi et al.,
2012).Communities in the savanna areas, such as the
Northern and the Upper Regions, of Ghana
experience prolonged periods without rain and as a
result do not have access to water during the dry

season. It results in the lowering of the water table
which affects the local water supply for both
domestic and farming activities. This affects their
productivity and also increase poverty as crops and
vegetables fail to grow and again lead to the demise
of their farm animals. Without access to clean water,
women and children especially walk long distances to
fetch small volumes of water in the morning, prepare
only lunch and go again to fetch for evening’s usage.
A maximum of 60% success rate is achieved in the
basin from boreholes drilled, and available data
(Banoeng-Yakubo et al., 2010) indicate that there is
insufficient potable water in the area.

The inhabitants have employed the use of dugouts as
a means of storing water for the dry season but since
evaporation remains one of the major processes
through which water is lost in the system, these
dugouts mostly run dry during the dry season leading
to prolonged shortages of water supply. These open
water bodies also become polluted as livestock
compete for water with humans leading to the
pollution of the dugouts resulting in the occurrence of
water-borne diseases.
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In situations where there are no perennial rivers or
where there is depletion in the aquifers mostly in the
arid and semi-arid areas, employing a technique to
locally store water will be an important strategy
(Barrow, 1999; Mwenge et al., 2007; Lasage et al.,
2008). One of such a technique is by the use of sand
dams (Thomas et al., 1999; Frima et al., 2002; Borst
and Haas, 2006; Rhebergen and De Bruijn, 2006;
Aerts et al., 2007; Gijsbertsen, 2007; Quilis, 2007;
Lasage et al., 2008; Pauw et al., 2008; Teel, 2008;
Lasage et al., 2013; Maddrell and Neal, 2013; Hatem,
2016) which are specific class of subsurface dams. A
sand dam is a reinforced rubble cement wall built
across a seasonal sandy river. In the rainy season, a
seasonal river carries along sand particles
downstream. There is settlement of the heavy
particles whiles lighter particles floats and settle over
the dam wall. Over few years, heavy sands that get
deposited builds up behind the dam (Gijsbertsen,
2007). This results in the sand getting soaked with
water during the rainy season.

Water stored in the sand is a means to reduce
evaporation since the sand serve as a cover (Hellwig,
1973a; Hellwig, 1973b) and there is also a significant
reduction of up to 90% in the rate of evaporation
when the level of water below the surface of the sand
hovers around 60 cm and deeper (Borst and Haas,
2006). The current study involved the construction of
a sand dam model and was used to assess the rate of
evaporation in a sand dam as compared to open water
evaporation in a similar setup. Its capacity to improve
the quality of water was also determined by filtering
water sample from the study area through a column
of sand.

MATERIALS AND METHODS
Study Area
The Nabogo River Basin cuts across the
Savelugu/Nanton, Gushiegu and Karaga Districts in
the Northern Region of Ghana (Figure 1). The Basin
lies between latitudes 9055'12'' N to 9057'0''N and
longitudes 0015'0''W to 0049'12''W with an area of
about 3,600 km2 and a mean elevation of 126 m
above sea level (Lutz et al., 2007). The Nabogo river
basin is a sub-basin of the White Volta Basin. It
records a minimum and maximum temperatures of
250C and 360C respectively. It is estimated to have an
annual precipitation from 900mm to 1140mm (Akiti,
1982; Kasei, 1988; Van der Sommen and Geinaert,
1988; Dickson and Benneh, 1995; Fugger, 1999;
Apambire, 2000; Gyau-Boakye and Tumbulto, 2000;
Friesen, 2002).

Figure 1: Study Area

Construction of a Lab Based Model of a Sand
Dam
A scaled version of the sand dam was constructed
using a metal to block a rectangular metallic
container which served as a river channel. Out of the
four different parts (the dam itself, spillway, wing
wall and the stilling basin) of the sand dams that are
considered in its construction, two main parts were
considered in the design for the lab model. These
were the dam itself and the spillway.
2.2.1 The Dam and the Spillway
A dam height of 1m was considered for the model out
of which the river channel for the model was cut out.
The water level and flood line are important factors
when it comes to the determination of the spillway
height. The river banks should always be above the
flood line and the spillway height should also be
above the mean flow depth (Maddrell and Neal,
2013). A metallic cuboid of dimensions 1.2 m×0.5
m×1 m with a slope of 0.0083 was used as the river
channel. To determine the spillway height, the
maximum discharge was calculated by assuming a
mean flow depth of 0.5 m with a channel width of 0.5
m. Using a slope and Manning’s coefficient of 0.0083
and 0.024 respectively, the discharge was determined
using the Equation 1 and it was constructed
according to the proposed design (Figure 2).
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Figure 2: Design for Sand Dam Model

Where Q is Maximum Discharge (m3/s), n is
Manning’s Roughness of channel, A is Wetted Cross
Sectional Area (m2), P is Wetted Perimeter (m), R is
Hydraulic Radius of channel (m); (A/P) and S is
Slope of channel.

Determination of Spillway Height
The spillway height was calculated from the equation
2 after determining the maximum discharge in the
channel.

Where Q is Maximum Discharge (m3/s), Ls is Length
of Spillway (m), c = 1.9 (constant depending on
spillway shape) and Hs is Height of spillway (m).

Construction of the Sand Dam Model
Mild steel plates of 3 mm thickness were cut with a
cutting disc according to the design proposed in
Figure 2. These pieces of metals were welded to
form the channel with half angle iron bars being used
to brace the edges to make it firm. A metallic pipe of
diameter 3 cm and 1.3 m long was placed in it as an
infiltration gallery. The pipe was perforated and
covered with a mesh to prevent sand particles from
entering. A valve was placed at the outlet of the pipe
to control the discharge of water. The side of the
model was cut and a Perspex glass of 0.92 m high
and a quarter of a meter wide was fixed in it. A
piezometer was fabricated and fixed through the
Perspex glass with a steel rule attached to directly
measure the level of water in the system.

Another model with the same dimensions as the
reservoir of the sand dam model was also constructed.
This was filled with only water to compare the rate of
evaporation with the saturated sand in the model. A
Perspex glass, piezometer and a steel rule were also
fixed and placed under the same conditions. The
edges of the tank and the Perspex were sealed with
silicone to make it water-tight.

Determination of Evaporation
The model of the sand dam was filled with 0.27 m3

(1 m×0.5 m×0.54 m) of river sand and saturated to a
height of 0.44 m which monitored through the
column of water in the piezometer to assess the rate
of evaporation from the sand. The other storage tank
was also filled with water and subjected under the
same weather conditions to determine the rate of
evaporation. The particle size distribution of the sand
was determined by sieve analysis (Table 1) with the
particle size distribution curve (Figure 3). 0.275 mm
was the effective size (D10) of the material and the
coefficient of uniformity, Cu to be 5.5 which is the
ratio of D60 to D10 (where D10 and D60 are the
diameter at which 10% and 60% of the sample are
finer than D10 and D60 respectively. The Cu being
greater than 4 indicates that the material is well
graded. The material was without silt or clay
particles. It had 10% of fine to medium sand, 30%
coarse sand and the remaining 60% were also fine to
medium gravel. This gave it a high permeability with
34% porosity and as a results makes it easier to store
water.

Table 1. Sieve Analysis
Weight (g)

Sieve Sizes Weight Percentage Percentage
Metric retained Retained Passing
(mm) (g) (%) (%)
9.50 5.72 1.0 100.0
6.70 13.90 2.4 97.6
4.75 33.75 5.9 91.7
3.35 41.51 7.3 84.4
2.00 82.11 14.4 70.0
1.00 151.75 26.6 43.4
0.600 111.62 19.5 23.9
0.425 62.92 11.0 12.9
0.300 39.17 6.9 6.0
0.150 19.54 3.4 2.6
0.075 6.15 1.1 1.5
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Figure 3: Particle Size Distribution Chart

Three readings were taken at 9:00 am, 1:00 pm and
5:00 pm daily for a period of 31 days for both setups.
The readings were taken directly from the steel rule
attached to the piezometer as the head of water drops.
The reduction in the water level at the end of the day
was recorded as the evaporation for the day.

Determination of Water Quality
Raw water sample taken from a dugout in the field
was tested at the laboratory to determine its quality
before it was used to saturate the sand. Three water
samples were taken at different times by allowing the
water to seep through the sand material for their
quality to be determined.

RESULTS AND DISCUSSIONS
Rate of Evaporation
From the experiment conducted for a period of 31
days, it was realized that the rate of evaporation was
higher in the open water storage as compared to that
from the sand dam for the first nine days since the
cover protecting the water was completely dry.
Before the first rainfall event occurred in the night of
the 9th day, a column of 1.8 mm of water had been
lost from the sand dam model with the open water
storage recording a reduction of 23 mm (Figure 4).
The column of water lost on the 10th day rose to 6.5
mm and gradually decreased to 1 mm on the 16th day
as the sand was drying. As the cover protecting the
sand dried, the rate at which the water was lost from
the sand dam model also became lower than that
from the open water storage till the night of the 25th
day when another rainfall event took place making
the surface of the sand wet again. The evaporation
rate recorded on the 26th day increased to 4.8 mm and
gradually decreased to 2 mm on the 28th day in the
sand dam with the open water recording 2 mm to 3
mm respectively. The third rainfall event occurring
on the night of the 28th day lead to 6.8 mm reduction
of water column on the 29th day in the sand dam
model and 2 mm from the open water storage. The
last rainfall event for the experiment period occurred

again on the night of the 29th day which submerged
the sand in the model under water of which the rate
of evaporation recorded in both cases on the 30th and
31st days were the same since the water level was at
the surface of the sand and this was confirmed by
(Hellwig, 1973).

The difference in evaporation rates was due to high
temperature gradient occurring at the surface of the
open water storage as a results of energy storage in
the water body (Hellwig, 1973). The rate of
evaporation is also dependent on the texture of soil
(Wilson, 1990; Wythers et al., 1999). From the
particle size distribution curve, it was realized that
the sand particles were basically composed of coarse
sand to medium gravel. This gave it higher pore
spaces and as a result reduced the capillary action in
the system thereby reducing evaporation. The water
level in the sand dam model was below the surface of
the sand and the column of sand above the water
protected it from the direct contact of the solar
radiation which reduced the energy storage and
finally lowered the rate of evaporation as compared
to that from the open water and this was confirmed
by Yang and Yanful (2002) and the diffusion of
water away from the surface and energy build up on
the water leading to evaporation is reduced since the
air acting directly on the water and reaction between
the heat and mass exchange with air is reduced
(Cooley & Myers, 1973). Finer particles on the other
hand aid in high capillary action and this brings the
water to the surface of the sand resulting in high
evaporation losses. This should therefore inform the
type of material that should be impounded to serve as
the storage for water. Soil and atmospheric conditions
affect the rate of evaporation on bare soil (Wilson,
1990; Wilson et al., 1994; Qiu, Yano, and Momii,
1998).

The evaporation rate is high when the surface of the
soil is wet and vice versa when the surface is dry
(Kondo et al., 1992; Yamanaka et al., 1997; Meshkat
et al., 2000; Blight, 2002; Pavia, 2008). There is
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suction of water with the liquid transport, heat and
vapor constituting the process of evaporation (de
Vries, 1958; Milly 1982; Parlange et al. 1998;
Whitaker 1998; Prat, 2002). In the morning, upward
movement of the water beneath the sand was
normally ceased since the surface of the sand was
cooler, the trend gradually changed as the
temperature increased during the day, the water level
in the sand dam model rose due to suction when the
surface of the sand was wet. The level of water
reflecting in the piezometer then drops by the close of
the day since the tiny films of water are evaporated
faster.

The high rate of evaporation continued even as the
surface of the sand was drying and decreased again
when the surface of the sand got dried. This was
because the larger pores in the vicinity of the smaller
ones that were still saturated aided the rise of water
during the day (Bange 1953; Cooke 1967; Shahraeeni
et al., 2012). This phenomenon was confirmed for
water surfaces that are covered partially (Assouline et
al., 2010; 2011). As the sand begins to dry, the large
pores are filled with air whiles the smaller pores still
get saturated making provision for evaporation
channels (Shokri et al., 2010).

The high solar radiation during the day also increased
the rate of evaporation in daytime generally in both
the sand dam model and the open water storage

(Blight 1997; Aluwihare and Watanabe 2003). In the
case of the sand, the water was also lost from the
subsurface through the pores as vapor diffusion
(Assouline et al., 2013) and this vapor diffusion is
accelerated by thermal gradient (Shahraeeni and Or,
2012). This high rate in the sand is also attributed to
the high evaporating surface as compared to the film
of water network risen beneath the sand (Huinink et
al., 2002) and the interaction between the atmosphere
and the connectivity of the water films hydraulically
at the surface of the sand and there is connection
between the wet surface and the zones of partially
wet surface (Kim et al., 2015). Nonetheless,
evaporation is not only limited to the evaporation
surface but also beneath the sand and it dries with
depth (Kim et al., 2015) and so the rate at which river
sand is extracted should therefore be minimized so
that it does not go deeper to the wet sand in order to
reduce the rate of evaporation and to improve the
quality of water as well.

Water Quality
Water samples taken after passing through the sand
media in the sad dam showed distinct changes in the
physical, chemical and microbial quality as compared
with the pre filtered sample from the dugout at Pong
Tamale. All the parameters were within the WHO
water quality guideline values (WHO, 2014) with the
exception of turbidity, total and faecal coliforms.

Table 2. Results of Water Quality Parameters of filtered sample
Parameter Pong Tamale 1st Discharge 2nd Discharge 3rd Discharge WHO

pH 6.79 6.72 6.64 6.65 6.5-8.5

TDS(ppm) 59.70 86.00 80.30 76.30 1000

EC(µS/cm) 119.40 171.50 160.40 152.30 1500

Turbidity(NTU) 49.65 136.00 34.60 18.95 5

Nitrate(mg/l) 0.70 0.40 0.00 0.00 10

Manganese(mg/l) 0.04 0.00 0.00 0.00 0.5

Fe(mg/l) 0.05 0.09 0.07 0.04 0.3

Total Coliform 86.00 68.00 61.00 45.00 0

Faecal Coliform 10.00 5.00 3.00 3.00 0
Total and Faecal Coliform values are *104 (CFU/100ml)

Table 3. Statistical Summary of Water Quality Parameters before and after filtering through sand
medium
Parameter Minimum Maximum Mean SD WHO
pH 6.64 6.79 6.70 0.06 6.5-8.5
TDS(ppm) 59.7 86.00 75.58 9.79 1000
EC(µS/cm) 119.40 171.50 150.90 19.42 1500
Turbidity(NTU) 18.95 136.00 59.80 45.31 5
Nitrate(mg/l) 0.00 0.700 0.28 0.29 400
Manganese(mg/l) 0.00 0.04 0.01 0.02 0.5
Fe(mg/l) 0.04 0.09 0.06 0.02 0.3
Total Coliform 45.00 86.00 65.00 14.71 0
Faecal Coliform 3.00 10.00 5.25 2.86 0
Total and Faecal Coliform values are ×104 (CFU/100ml)
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The results and its statistical summary of the
parameters that were tested (Tables 2 and 3)
respectively had a decrease in concentration as the
samples stayed longer in the sand medium. The TDS
values recorded a minimum of 86 ppm and a
maximum of 76.3 ppm in the first and third
discharges respectively. A maximum of 171.5 µS/cm
was recorded for EC in the first discharge which was
reduced to 152.3 µS/cm at the third discharge.
Turbidity also increased at the first discharge from
the initial reading of 49.65 NTU to 136 NTU and
appreciably decreased to 18.95 NTU when the third
discharge was taken.

The concentration of Nitrate also reduced from 0.7
mg/L in the pre-filtered test to 0.4 mg/L for the initial
discharge and then recorded no concentration for the
subsequent discharges but Manganese on the other
hand had no concentrations at all from the filtered
samples. The levels of Iron increased from 0.05mg/L
from the pre-filtered sample to 0.09 mg/L in the first
discharge and gradually decreased to 0.04mg/L for
the last discharge. Total and faecal coliforms also
recorded a decrease from 86×104 CFU/100ml to
68×104 CFU/100ml and from 10×104 CFU/100ml to
5×104 CFU/100ml respectively for their first
discharged sample. This decreased finally to 45×104
CFU/100ml for total coliform and 3×104 CFU/100ml
for faecal coliform.

The increase in TDS, EC and Turbidity (Table 2) in
the first discharges from the sand was due to the
washing out of dust or dirt from the sand. This
therefore increased the turbidity and dissolved
particles in the water which also influenced the level
of EC as the dissolved particles in the water also
increased the ion concentration and it has a direct
relation with TDS.

The reduction in the turbidity also resulted in the
decrease of nitrate, manganese, Iron and microbial
quality also due to the removal of dissolved particles.
This is mainly due to the fact that microorganisms get
attached to the suspended particles and since they get
trapped by the sand during the filtering process also
resulted in their reduction. The reduction in the faecal
coliform also reduced the nitrate concentration since
human and animal waste contain nitrates.

CONCLUSION
The quality of water is improved by the sand which
serves as a filter. Turbidity, Total Dissolved Solids,
Nitrates, Faecal and Total Coliforms levels are
reduced since the microorganisms that are attached to
particles that are dissolved or suspended in the water
are trapped by the sand and as a result reduces their
level after filtering. Evaporation for the period was
51% lower in the sand dam model than open water
storage with 77% of the days recording lower

evaporation rates in the sand dam model. The cover
by the sand can help reduce evaporation in the
savannah areas especially during the dry season when
there are practically no rains.

Infiltration gallery should be used to channel water
into a storage tank instead of using scoop holes to
prevent the water from being contaminated with the
fetching containers and also from anthropogenic
activities if sand dam is adopted as a means of storing
water. Dry beds of rivers sand should not be extracted
too deep to the wet sand in order to reduce
evaporation and finally affecting groundwater levels.
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