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Abstract

Dams are built to store the water flowing from upstream to downstream. Sedimentation and siltation are some of the major
problems affecting the storage capacity of dams. For effective management, bathymetric and topographic data are used to
assess this challenge. In the Mambila Plateau of Taraba, Nigeria, the Tunga Dam is a multifunctional reservoir that serves
as a small hydropower, irrigation and domestic use dam. Nonetheless, it is not operating to its full potential, leading to
issues such as frequent stoppage of the turbine, low irrigation activities and a shortage of water supply for domestic use. To
determine the basin’s approximate present volume, a topographic and bathymetric survey was conducted using a differential
global positioning system (DGPS)-Hi-Target V30 and a single beam echosounder to acquire the real-time data. The data were
processed, and the digital elevation model (DEM) of the study area was modelled using a triangulation irregular network
algorithm (TIN). The deepest point of the dam was found to be 21.25 m, and the volumetric capacity was assessed based on
the elevations. The tessellation data format adequately represents the reservoir DEM for future purposes to better enhance
the reservoir capacity. Hence, the research suggested that dredging should be carried out to boost the basin’s capacity. Like-
wise, an embankment can be constructed around the dam to enhance the basin’s storage capacity. The dredged material can
be used to achieve the barrier’s building, which will reduce the overall cost.
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Introduction

Dams are constructed for collecting water to aid human
activities (Keigo et al. 2006; Ferrari and Collins 2006; Ajith
2016; David 2017). Owing to the risk of sedimentation and
siltation, continuous monitoring of reservoir storage capacity
is necessary (EPA 1976; Carvalho et al. 2000). A more
significant percentage of the sediment is trapped at the dam
axis by erecting an embankment (Samaila-Ija et al. 2014;
Estigoni et al. 2014; Thomas et al. 2002). Bathymetry and
topography surveys are preferable approaches to determine
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the bulk of sediment deposits in dams (Carvalho 1999; Chung
et al. 2009; Estigoni et al. 2014; Girish et al. 2014; Ibrahim
and Sternberg, 2021). Understanding dam bathymetry is
critical for reservoir and environmental monitoring (Conner
and Tonia 2014), with a coincident delineation of the shoreline
at the instant of the survey (Khattab et al. 2017; Temitope
and Kehinde 2019). Moreover, continuous and repeated
observations are required to effectively impute the changes
(Chia-yu et al. 2019). An adequate understanding of the
morphological phenomenon around and within a water body
is possible by incorporating topography and bathymetry data
to produce a DEM that depicts the Earth’s surface (NOAA-
contributors 2007; Eakins and Grothe 2014; Amante 2018;
Ludek et al. 2019). The National Oceanic and Atmospheric
Administration’s technical report of 2007 “Topographic and
Bathymetric data considerations: Datum, Datum conversion
Techniques, and data integration” focused on the methodology
of providing a quality topobathy dataset to produce a DEM
that meets a particular purpose. Bathymetry DEM can be
used to determine the approximate volumetric capacity of
the reservoir (Estigoni et al. 2014; Ajith 2016). The bulk of
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sediment material reduces the volumetric content of dams,
thereby causing a shortage of supplies.

Furthermore, determining sedimentation distribution
is crucial, as it affects the dam bed configuration, and
the number of deposited materials is achieved via DEM
(Khattab et al. 2017). DEMs also play a key role in the
risk assessment of dams, such as flooding and landslides
(Georgina et al. 2018). However, modelling reservoir DEMs
require multiple bathymetric footprints. The instrument
that can effectively carry out such a task is the multibeam
echosounder and side-scan sonar. Hence, whenever a single-
beam echosounder is used to acquire data, interpolation is
mandatory (Samaila-Ija et al. 2014; Silverira 2014; Farrira
et al. 2017). Bathymetric observations carried out using a
single-beam echo sounder are deficient in footprints; there-
fore, the data acquired need inference to account for the
sparse area to develop DEM (Lampe and Morlock 2007). In
addition, the estimated output can be used to compute the
reservoir storage capacity, and the rate of sediment can also
be determined by cutting and filling for reference purposes
(Farrira et al. 2017).

Consequently, there are different interpolation models,
such as kriging, inverse distance weighting (IDW), spline
and triangulation irregular networks (TIN). Each of these
methods has its pros and cons. The final employment method
depends on the analyst (Lark 2009).

Tunga Dam is a multipurpose dam on the Mambila
Plateau, Taraba state, serving as a small hydropower
source, irrigation and water supply for domestic use to
neighbouring communities. The reservoir faces a fre-
quent shortage of water in all seasons but is more pro-
nounced in the dry season. This challenge usually results
in an inadequate power supply, insufficient water supply
for domestic use and poor agricultural harvest during
the dry season. The purpose of this paper is to model
this Tunga Dam in Nigeria using a TIN algorithm. The
model will help to determine the present state of the
basin and provide a possible way of increasing the volu-
metric capacity. Similarly, this approach will provide an
approximate volume without any excessive exaggeration
(Burrough and McDonnell 1998).

Study area

The study area is at Gembu, Sardauna Local Govern-
ment Area of Taraba State, Nigeria. It lies in zone 33°N,
within the coordinates of 741,800 mE, 762,684.76 mN;
743,061.881 mE, 761,044.723 mN; 741,827.141 mE,
759,444.698 mN and 740,184.76 mE, 761,084.76 mN
(Fig. 1). The dam is seated on the Mambila Plateau in
northeastern Nigeria, with a height of 2126 m above the
mean sea level (MSL). The temperature in the area ranges
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between 17 and 21 °C in the rainy season, perhaps one of
Nigeria’s coolest areas. The red arrow (Fig. 1) indicates the
flow direction of the major river that supplies water to the
dam. Similarly, the green arrow indicates the dam axis and
the location of the road to the powerhouse. The purple line
(A to B) indicates the longitudinal profile line of a sounding
strip to measure the depth value at the centre of the dam.

The small hydroelectric power plant is located down-
stream of the reservoir with a generating capacity of approxi-
mately 400 kW. It was designed and installed by the UNIDO
Regional Centre for Small Hydro Power (RC-SHP) Abuja,
Nigeria. Other neighbouring communities also benefit from
the generated power. These laudable and robust function-
alities of the dam have necessitated continuous monitoring
for adequate management. The purple line (A to B) is the
longitudinal profile line, representing the centreline of the
reservoir.

Materials and method

The data used in this research are topography and bathym-
etry data of the Tunga Dam acquired using the differential
global positioning system (DGPS-) Hi-Target V30 and a
single-beam echo sounder. The TIN algorithm is used to
model the lake floor digital elevation model.

Topographic and bathymetry survey data

The terrain configuration of the dam was defined within
the circumference of 200 m from the shoreline. Traverses
of spot heights were observed at 50-m grid intervals within
the offset of 200 m from the imaginary line. The topogra-
phy data were measured using a DGPS Hi-Target V30 and
its accessories. The observation was tied to an existing
survey datum with known horizontal and vertical spatial
attributes. The instrument was set up in static and real-
time kinematic (RTK) mode. Thus, all the settings were
configured, such as datum parameters, the source datum
“WGS84/UTM zone 32 N”, the target datum “Minna/UTM
zone 32 N”, which is based on Clarke 1880 ellipsoidal
parameters, and the height of the instrument. It is worth
noting that all the surveys are based on the Minna datum,
which is the geodetic datum of Nigeria. Additionally, to
minimize the errors, enough satellites (from 8 to 24) were
observed with a suitable satellite geometry dilution of
precision (GDOP < 3). The interreceiver path was placed
at a relative distance, and both the code and the carrier
phase data were ideal for observation (de Jong et al. 2003).
Similarly, the highest vertical height observed during the
topographic survey was 1618.635 m above mean sea level
(a.m.s.l).
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Fig. 1 Study area location (source: QGIS Google Earth Engine and Research Lab, October 2020)
Sounding operations 16
1540
The process of depth determination is known as sound- 1520
ing. The data obtained from sounding are used to prepare = 1500
a nautical chart. The act of sounding is referred to as the & a0
bathymetry survey, a survey that is synonymous with the g
topography survey. However, acoustic depth measure- @ 1460
ment uses the time elapsed between the propagation of an 1440
acoustic pulse from the source (transducer) to the target 1420
(seafloor) and its returns to the origin (IHO Pub. S-32; 1400f ; ;
( 20 a0 60 80 100

Urick 1983; de Jong et al. 2003; Xavier 2010). The travel
time depends on the sound velocity. The primary constitu-
ents that affect the sound speed are salinity, temperature
and pressure. The velocity changes with the variation in
any of the constituents but as a function of depth (Urick
1983; Xavier 2010). Figure 2 is a graph of sound velocity
against temperature; it illustrates the sound speed at dif-
ferent temperatures.

The maximum velocity is obtained at 70 °C, and it drops
as the temperature increases (refer to Fig. 2). If the sound
velocity (v) and time (¢) in which it takes to propagate to and
from the water column are known, then the depth (D) can be
computed using the following equation (Urick 1983):

Temperature (°C)

Fig.2 Sound velocity against temperature (source: Wong and Zhu,
1995)

D=1/2(vx1) ey

It can be inferred from Eq. (1) that depth (D) is directly
proportional to half the product of average velocity (v) and
time (). When the velocity and time are constant and equal,
the depth observed will be similar, resulting in a flat surface.
If the average velocity of sound propagation in the water
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column is known, along with the distance between the trans-
ducer and the reference water surface, the corrected depth
(d) can be computed by the pulse’s measured travel time.
The corrected depth is computed using Eq. (2).

d=1/20v.0) + k +dr )

where d indicates the corrected depth from the reference
water surface; v is the average velocity of sound in the
water column; ¢ denotes the measured elapsed time from
the transducer to the bottom and back to the transducer; k
is the system index constant; and dr indicates the distance
from the reference water surface to the transducer (draft)
(SBADMT 2002).

This research’s bathymetric data are obtained using
EchoMap 50 s (single beam sounder). This instrument is
designed to give x, y and d i.e. easting, northing and depth
data, respectively, and the datum must be specified dur-
ing the data acquisition (in this case, the Minna datum is
used). A constant value of sound velocity in freshwater is
adopted for the operation. The sound velocity in freshwa-
ter is observed to be 1498 m/s at 25 °C with a density of
0.998 g/cm? (Urick 1983) and is supported by Fig. 2. How-
ever, the uncertainty in measurements affects the accuracy
of the DEM, if not corrected.

To further improve the accuracy of the depth meas-
urement, vertical and horizontal uncertainty is taken into
account. A detailed review of uncertainty can be found in
THO C-13; Hare et al. (2011). To minimize and control the
possible errors during data acquisition, the transducer is
kept vertically and horizontally stable to avoid tilt. The
transducer’s constant depth is 0.326 m below the water
surface; a bar check is conducted to confirm that the instru-
ment is in a good state and fit for the task. Additionally,
the value of the transducer depth below the water level
is later added to each observed depth to obtain the actual
depth. Reduced depth is the final depth after considering
all the anomalies and correcting them during and after the

observations (de-Jong et al. 2003). Consequently, measured
depths should be referenced to a chart or survey datum by
applying tidal or water level height (Ingham 1984; de-Jong
et al. 2003; Samaila-Ija et al. 2014). It is worth noting that
the area of the study is less tidal. The vertical sounding
datum to which all the depths are referred is 1581.593 m
a.m.s.L.

Interpolation

Interpolation is the act of using a discrete set of known
data points to estimate an unsampled area using mathe-
matical and statistical functions (geostatistical techniques)
but within the conferment of the original dataset (Landim
2000; Childs 2004; Marcelo et al. 2015; Farrira et al. 2017).
One of the deterministic techniques used in this research
is triangulation irregular networks (TINs). Interpolation is
mandatory to account for the areas that are neglected inten-
tionally or unintentionally during data acquisition. Figure 3
illustrates the footprint of a single-beam and multibeam
echosounder.

The data obtained using Fig. 3(b) technique efficiently
defines the seafloor configuration. On the contrary,
information derived from Fig. 3(a) will be interpolated
to effectively represent the waterbed digital elevation
model. Consequently, the interpolation method to be
adopted depends on the analyst as well as the purpose
of estimation. Hence, the triangulation irregular network
(TIN) was adopted. The TIN method uses the dataset
to form a series of joint triangles that are contiguous
(Burrough, 1987). Each of these triangles is a space called
the plane. This plane represents the surface morphology
of the object under investigation (Lee 1991; Burrough and
McDonnell 1998; Floriani and Magillo 2009; El-Hattab
2014). The mathematical model can be found in Floriani
and Magillo (2009).

Fig.3 Echo sounders footpath
(a) single-beam, (b) multibeam
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Area and volume computation

The entire area traversed during the survey, and the sec-
tion covered by the dam is computed using the spatial cross
coordinate method. There are several other methods of deter-
mining areas, such as the midpoint ordinate rule, trapezoidal
rule, graphical rule, average ordinate rule and Simpson’s
rule. However, the method adopted here is the spatial cross
coordinate method, which is given as: Eq. 3
Area (m*) = %(NlEz —E\N, + N,E; — E,N;-

+N,E, —EN))

3
where N and E represent the northings and eastings of the
network in consideration, respectively. The subscript is
the point number (Samaila-Ija et al. 2014). Furthermore,
Simpson’s rule is used to compute the volume of the dam
as surveyed. This volume determination method is based
on cubic interpolation instead of quadratic interpolation, as
demonstrated in the following equation:

Volume (m3 )

= %{f(xo) +3F(X)) +37(X%,) +£(X3) +(X3) +3F(X,) + 37 (X5) +1(X) +

TIN DTM measure of evaluation

The TIN methodology is a triangular-based DEM system
(Olender 1980). The resulting mesh is a suitable representa-
tion of the terrain configuration with adequate spread point
data (Amante and Eakins 2016). However, to ascertain the
accuracy of the lake floor DEM, some validation procedures
need to be applied to the data. In addition, positional and
vertical errors need to be adequately considered during data
acquisition and processing to eliminate/reduce the effects
of systematic bias, blunders and random errors on the final
DEM. In particular, independent data that are not a part of
the estimation data must be used to test the positional accu-
racy. Preferably, these data should be acquired using a differ-
ent instrument (Wechsler 2007; EL-Hattab 2014). Thus, the
difference between the independent and estimated depths is
computed, and the residual is analysed. Figure 4 illustrates
cross lines and check lines. Check lines are profile lines

e f (X)) + 3 (X)) + 3 (X)) +£(X,) } “)

Eventually, Eq. (4) can be rounded off as: Eq. 5

Volume (%) = S{F(X,) + 3Ei, (X) + 3T (X) + 2T (X) +50X,) |

&)
where n indicates the number of segments; / represents
the vertical distance or elevation (in this case, the reduced
depth); and X is the area. Similarly, the reservoir capacity
curve is determined using Eq. (6).

2
V, =k+my+ny (6)

where V| is the reservoir capacity at depth y; y is the
observed depth from the water surface to the dam bed; and
k, m and n denote the coefficients (Kaveh et al., 2013).

Fig.4 Sounding strips (cross -
lines) and profile lines (check -
lines)

"
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observed perpendicular to the cross line/sounding strips to
determine the positional accuracy of the data.
Consequently, the discrepancies between the main
survey strips, and the check lines must be within the
required survey order (CHS 2005). When the change
exceeds the required specification, proper observation(s)
should be conducted to determine the error source(s). As
soon as the source of misclosure is identified, correction
should be applied before further processing (El-Hattab
2014). Another DEM accuracy assessment used is the
intentionally omitted depth/split-sample method before
estimation, as highlighted in Fig. 5. These points are
omitted before interpolation, and their spatial attributes
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Fig.5 Randomly selected 400
points for cross-validation -
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are compared after estimation. Figure 5 demonstrates the
cross-validation of measured and estimated points in red
and is randomly selected by the algorithm. The selected
points are plotted against the original dataset to check their
spread.

Consequently, there should be a strong correlation between
the two datasets; otherwise, the interpolation process needs
to be verified for possible errors. Furthermore, a quantitative
measure of accuracy, such as the mean error (ME), mean
squared error (MSQ) and root mean squared error (RMSQ),
should be used to calculate the degree of bias and error size
in the output. Ahmed and De Marsily (1987), Burrough and
McDonnell (1998), Hu et al. (2004), Isaaks and Srivastava
(1989), and Vicente-Serrano et al. (2003) gave the mathematical
expressions as follows:

1 n s 2
MSE= 232 -7) ™

PN 2
2o &i=2) ®)
n

RMSE =

where Z; = observed value, Z- = the predicted value and n =
the total number of points considered in Eq. (7) and Eq. (8),
respectively.
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The mean error can be computed as: Eq. 9

n PRED OBS
Zi:l (Zi - Zi )

n

ME = 9

where ZPREP and ZO%8 represent the predicted and observed
depths, respectively, and 7 is the total number of samples.
The statistical models are used to test the experiment’s
performance; when they tend to zero, it represents the
reliability of the interpolation technique.

Results and analysis

The maximum depth of the dam obtained from sounding is
21.25 m. The maximum and minimum elevations, as ref-
erenced to mean sea level, are 1579.30 m and 1558.05 m,
respectively. Table 1 highlights the performance results
of the check lines and cross-validation used for the DEM

Table 1 Cross-validation and omitted points (unit meter)

ME MSE RMSE
Cross-validation 0.102 0.126 0.354
Check lines/cross lines 0.107 0.043 0.204
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Fig.6 Composite DEM of
bathymetric and topographic
surfaces

A

| Digital Depth/Topographic Model of Tunga Dam in ‘
Taraba State, Nigeria

Sounding Datum: 1861.6 (m.a.m.s.l)

Depth Range (m.a.m.s.l)
I 1559.1
[ 1564.1
1569.2
1574.3
B 1579.3
[ Buffer: 200 meters

accuracy assessment. The result (Table 1) describes a small
divergence in the mean error (ME), mean square error
(MSE) and root mean squared error (RMSE).

Similarly, the evaluation shows that both datasets’
degrees of bias agree, but with a small difference of 0.005. In
contrast, the large difference in the measurement of error size
(RMSE) between the cross-validation and the omitted points
indicates the weight of MSE. When ME and MSE tend to
zero and RMSE is smaller, the interpolation technique
proves to be excellent (Li and Heap 2008). Figure 6 shows
the composite digital depth model (DDM) of the study area.
It shows the topography terrain in brown and the water body
in colour range, and it becomes faint as it expands towards
the shoreline. In addition, at the legend is the depth range
referred to as m.s.l. To obtain the depth value, the reduced
depth is subtracted from the vertical sounding datum value.

The highest point above the mean sea level observed
on the terrain is 1618.635 m. In addition, the total sur-
veyed area (Topo) surveyed is 3,716,941.615 m? with a
perimeter of 22,829.345 m. Additionally, the area covered
by the reservoir is 1,314,327.81 m? with a perimeter of
23,201.361 m. From the perimeter computed, it will be
observed that the shoreline perimeter, which is a subset
of the entire surveyed area, is higher than that of the total
area calculated; this is due to the meandering nature of
the shoreline. Additionally, this is because the perimeter
is a function of a traverse path followed during the survey
operation. Furthermore, the total triangles in the model
are 16,753, with maximum and minimum triangle areas
of 4156.06 m? and 0.08 m?, respectively. Similarly, the
maximum and minimum triangle lengths are 132.488 m
and 0.292 m, respectively. This is listed in Table 2. The

Table 2 TIN surface

.. TIN
characteristics

Extended

Number of triangles =16,753

Maximum triangle area=4165.06 m?
Minimum triangle area=0.08 m?
Minimum triangle length=0.292 m
Maximum triangle length=132.488 m

2D surface area=1,314,327.81 m?
3D surface area= 1,337,713.37 m?
Mini grade/slope=0.00%
Maximum grade/slope =74.45%
Mean grade/slope =2.62%
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maximum triangle length is obtained from the hazard ter-
rain of some sections of the study area that are difficult to
access during the sounding operation. This length confines
the maximum area of the triangle and accounts for 0.32%
of the total water body area surveyed.

The three-dimensional (3D) surface area is the space
covered by the triangles in the DEM defined by nodes and
edges, as illustrated in Fig. 7(a) and (b). The total 3D surface
area of the DEM is 1,337,713.37 m?, and it is highly corre-
lated with the one computed from a different model, as men-
tioned in Table 3. The lower and higher slope inclinations

of the terrain are 0% and 74.45%, respectively. This shows
the steepness of the waterbed based on the surface charac-
teristics of the DEM. To avoid vertical exaggeration, the
steepness is computed using a Z-factor of 1. If the Z-fac-
tor exceeds 1, it will increase steeply above the raw data
steepness.

Consequently, the profile and cross-section data
create brake lines for triangles and vertices within
and around the surface, which accurately define the
surface morphology (Guo et al. 2010). This assertion
is supported by Figs. 7(b) and 8, respectively. Another

Fig.7 (a) TIN surface with

| TIN SURFACE VIEW OF THE STUDY AREA |

nodes and edges, (b) shaded
TIN surface (source: research
lab)

Trigngulation Line A_
Node 0 -
Boundary

(a)

. 4 ? il B

@ | SHADED TIN SURFACE OF THE STUDY AREA

Node °
Shaded Triangle‘

(b)
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Table 3 Elevation analysis results. Sounding datum: 1581.6 m: waterlevel: 1579.3m

Minimum Maximum Colour
Elevation (m) | Elevation (m) | Scheme
1558.05 1566.02

1566.06 1569.74

1569.76 1571.76

1571.76 1573.63

1573.63 1575.20

1575.20 1576.41

1576.41 1579.30

Total output

2D Area 3D Area Volume
142940.32 144672.00 10120684.01
201113.01 203969.30 4010177.74
151852.63 154189.27 1813971.87
175357.43 178387.92 1373124.58
166479.09 169629.54 877695.20
117873.97 120728.67 505178.06
358711.35 366136.67 638796.18
1314327.80 1337713.37 19339627.64

“Non-Hispanic Other includes Native Hawaiian/Pacific Islander, Non-Hispanic Other race only/Non-Hispanic Multiracial

factor that is used to control the output of the TIN DTM
is the shoreline delineation. This is in concordance with
Amante and Eakins (2016), who found that creating a
data buffer around the study area minimizes edge effects
in the interpolated DEM. This prevents the TIN surface
from overlapping, as highlighted in Figs. 7(a) and 8.
When there is an overlap with the neighbouring surfaces,
it will result in a false DEM surface and incorrect
triangles with vertices. Alternatively, Table 3 shows the
outcome of elevation analysis.

Figure 8 represents the tessellation output of the
study area, and it highlights the connecting channels.
The tributary channel eroded the sediment from upstream
and adjoining rivers into the reservoir. These flooded
particles are further trapped at the reservoir axis. The
impounded sediments reduce the storage capacity
over time, thereby affecting its functionality. The
volume of the raster DEM of Fig. 8 is computed to be
23,026,735.864 m>, which is in contrast with the total

volume in Table 3. An error can be introduced when
transforming TIN (polygon) to the raster data format
(Hengl 2007; Amante and Eakins 2016). Assessing such
errors is not within the scope of this paper. However, the
raster format adequately represents the TIN DEM surface
when the cell size is reduced (ESRI 2010c). The total
reservoir capacity mentioned in Table 3 is based on the
TIN vector output in Fig. 7(a).

The reservoir capacity curve

Area capacity curves help in better understanding a
reservoir’s condition in terms of reservoir operation, flood
routing, determination of water surface area, and content
about each elevation or depth, sediment distribution
and reservoir classification (Jahanshir et al. 2009). The
reservoir area capacity curves based on the information
in Table 1 are shown in Fig. 9. The blue and orange

Fig.8 TIN raster DEM of the
study area (source: research lab)
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Fig.9 Reservoir capacity curve s
of the dam Volume (m”3) Area ===Volume x 10000
0 50 100 150 200 250 300
1582 : . : - . 1582
1578 A + 1578
1574 A r 1574
)
g
g 1570 1 Optiznuen point for bydraulic beight [ 1570
E of the Dam
=
1566 A + 1566
1562 A r 1562
1558 1558
25 20 —— 5 0
i X 10000

traverse lines indicate volumes and areas at the elevation
classification of two-meter (2 m) interval. Additionally,
the dots highlighted in Fig. 9 are the points of relationship
between area and elevation and volume and elevation.
It is evident that as the area increases, the volume also
increases with respect to height.

In Fig. 9, the intersection between area and volume
indicates the optimum point for the dam’s hydraulic
height. This point intersects at an elevation of 1568.500 m
with a volume and area of 2,163,972.62 m> and 120,247.12
m?, respectively. This is approximately 11.19% and
9.15%, considering the entire volume and area listed in
Table 3. This is evidence that the dam is not operating
at its full capacity. The utmost hydraulic capacity is lost
to sedimentation and siltation. Figure 9 supports this
assertion with the irregular curves, mainly the area curve.
Another factor that collaborates with this is the slope

factor, as mentioned in Table 2, which shows a sharp fall
at the dam axis. The dam morphology also contributed
to this problem, since it does not have efficient depths at
the supply channels. The dam functions because of the
gradual and constant flow of water from the catchment
areas. Additionally, Fig. 10 represents the longitudinal
sounding strip from the dam axis to the major catchment,
as described in Fig. 1. This is described from upstream
to downstream in Fig. 10. The sloppy nature of the dam
bed explains why sediment accretion is mostly observed
at large magnitudes along the reservoir axis.

Similarly, the surface configuration is an indication
that the area is rocky, which might have served as a
hindrance or obstacle during the construction. On
average, the dam is approximately three kilometres (3 km)
in length and two hundred and twenty-five meters (225 m)
in width.

Fig. 10 Longitudinal sounding
strip (source: Research lab)
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Conclusion

The combination of bathymetry and topography data to
model the DEM of a water body aids the understanding of
the geomorphological phenomenon for adequate planning
and monitoring (Amante and Eakins 2016). Thus, the TIN
algorithm was successfully used to develop the DDM of
the Tunga Dam. The DDM indicates the meandering nature
of the dam, as shown in Figs. 8 and 9. The topography of
the Mambila Plateau is mountainous with valleys within its
surroundings. The bathymetric survey highlights the dam
depth distribution and the effects of sedimentation. The
depth information suggests that the reservoir requires dredg-
ing. However, there is no construction information about the
dam to ascertain the decrease in depth from accretion that
emanated from sedimentation and siltation, which is a func-
tion of time. The DDM of the study area revealed that the
dam demands urgent maintenance. The researchers suggest
that management should dredge the dam. However, this is a
difficult or impossible task owing to the lake floor’s potential
geological variability, which is also quite expensive for the
lake’s overall surface. Shallow dredging can be performed,
and a barrier can be constructed to enhance the basin’s stor-
age capacity. This information can be used as a future basis
for the study of this research area.
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