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Abstract

This study examines the various physical processes involved in water transport particularly the hydraulic
geometry - within the channel at a reach of one of the rivers in south eastern Nigeria, the Ikpa River. Velocity
measurements at a section were carried out with a computerized velocity meter; average values ranged from
0.37 m/s to 0.53m/s. Discharge measurementsof7 to 27 m’/s were recorded at different stages up to the bank full
stage. Power functions define the relationship between the discharge as independent variable with width, depth
and velocity as dependent variables. The hydraulic geometry of the river is consistent with the pattern which
studies have revealed for other rivers around the world. The exponents obtained were b(0.4066), f (0.3173), m
(0.276); b being higher than f indicates that erosion of the banks occurred at a faster rate than that of the bed to
accommodate increasing discharge. It also suggests a non -cohesive bank material. It was observed that the river
did overflow its banks during the flood period. Further studies on the hydraulic geometry of other sections on
the river may provide insight as to whether the higher rate of width increase is indicative of the reach’s inability
to accommodate the flow. The research work set out to determine how the discharges in Ikpa River channel
relate with its other features. In many cases, effective water resources and environmental management as well as
solutions to geotechnical problems along river channels are contingent on proper understanding and application
of these flow relationships. The research has provided useful tools for the planning of new structures and
assessment of exist in gones, and identifies some areas for further studies.
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INTRODUCTION In Nigeria, studies on the hydraulic characteristics of
River studies are multidisciplinary, but the two most rivers have been done by NEDECO on River Niger
prominent areas are hydrology and hydraulics. and the Benue River in 1959 (Jansen and others,
Hydrology treats the occurrence, distribution, 1979) and on the south west Nigeria Omi River

movement, and properties of the waters of the earth (Adegbola and Olaniyan, 2012). Outside Nigeria,
and their relationship with the environment within work has been done on numerous rivers across the
each phase of the water cycle (USGS, 2012). world such as the East Fork River in the United
Hydraulics applies engineering science to the States (Leopold and Emmet, 1976), Amurang River
practical problems of collecting, storing, measuring, Estuary in Malaysia (Tendean and others, 2012), and
transporting, controlling, and using water and other Tapi River in India (Yadav and Samtani, 2008),
fluids (Salterfield, 2010). River studies find among others. These research works on many rivers
application in water supply management, coastal around the world indicate an interdependence of their
protection, evaluation of the stability of channel bed hydraulic parameters.
and marine structures, river training, and flood
control. STATEMENT OF THE PROBLEM

A lot of human activities including infrastructural
The term hydraulic characteristics of rivers refer to development are going on along the channel and
the processes of water and sediment movement in a basin of Tkpa River with little or no knowledge of the
natural channel and the physical factors related to hydraulic features of the river. What is the discharge
them. Such parameters include flow depth and type, and how does it affect other physical features of the
flow velocity, wetted perimeter, water surface width, river? How helpful are the relationships between
channel roughness and slope, channel alignment, and these parameters? This study will answer those
catchment area. From river studies, the variation in questions and by comparison with the findings of
discharge through a section of a river has been found other scholars provide information that would be
to be related to some of these parameters in what is useful in the effective utilization of this resource to
termed the at - a - station hydraulic geometry. The tackle the underdevelopment challenges of the area.
relationship of the hydraulic parameters to discharges
of same frequency along the channel length is
referred to as downstream hydraulic geometry.
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SIGNIFICANCE OF THE STUDY

This study on the discharge relationships along Ikpa
River is important not only to planning authorities,
but also to engineers, fishery workers, researchers
and the general population. History has shown that
many ancient civilizations such as Egypt along the
Nile area and ancient Babylon by the Tigris -
Euphrates basin sprang up along river basins. The
Mesopotamian agriculture was plagued by some of
the hydraulic features of the Tigris — Euphrates
Rivers just as activities at the port of Nigeria’s tourist
city of Calabar have virtually ceased due to the
processes on the Cross River channel at the location

where Ikpa River has its mouth. Nigeria as a whole is
drained by many rivers and streams. Exhaustive list is
not available; but the major rivers are shown in
Figure 1 (Ayoade, 1975). Common to many of these
rivers, especially those in the southern partof the
country as is the case with Ikpa River, is seasonal
overflowing of the banks at some portions along the
river channel, mainly between July and October, with
attendant losses of lives and damage to properties,
and confinement of farming activities in the flood
plains to only a fraction of the year. *
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Figurel: Rivers Drainage Network in Nigeria (arrow at bottom right indicates location of Ikpa River)

Source: Ayoade (1975)

Erosion and loss of top soil in catchment areas impact
on soil fertility while deposition in aquatic habitats
affects fishing. Navigation and sand mining are
among human activities taking place along the river
channels while engineering facilities such as dams,
weirs, Dbarrages, highway bridges and their
approaches, as well as river training works are some
of the forms of encroachment. In the fields of
irrigation and power generation, siltation of
reservoirs is a major concern to engineers and other
stakeholders.

The information provided from this study would be
beneficial to the authorities in water supply
management and flood control. Engineers would
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have the means to determine the suitability of the
location of hydraulic structures and other
infrastructural facilities and know the possible
consequences of their choices so as to make
provisions for them where necessary.

THE OBJECTIVE OF THE STUDY

The objective of this research work is to determine
the hydraulic characteristics of lkpa River.
Specifically, it would determine the discharges at a
section, their corresponding velocities and depths of
flow, as well as the relationships between them. It is
also to test the results of the field study in existing
hydraulic models termed at- a - station hydraulic
geometry.
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LIMITATION OF THE STUDY

Due to the limited time and resources, the study
would be conducted within a year. This implies that it
could not provide information on yearly flood
variations. Moreover, only one gauging station would
be set up; thus, the varying features of the river from
source to mouth would not be captured.

MATERIALS AND METHODS

The Study Area:

The study area is along a reach of Ikpa River in south
eastern Nigeria. The river has its source in Ibiono
Ibom Local Government Area of Akwalbom State
and passes through the state capital and four other
local government areas before discharging into the
Cross River at Oron close to the Cross River estuary
with the Atlantic Ocean. Onuoha and others (2010)
published results of studies on the biodiversity of the

IKPA RIVER

Ikpa River drainage basin. They gave the channel
length of the river as 52.5 kilometres and the
catchment area as 516.5 square kilometres out of
which 76.5 square kilometres or 15% of the area is
subjected to annual flooding. However, Udosen
(2009) who wrote on the effects of gully erosion in
the coastal areas of South Eastern Nigeria estimated
the drainage area as 413 square kilometres. Ojha and
others (2008) noted that the water divide may not
always be the same for surface and groundwater. So
there might be some degree of error in all estimates.
The location of the gauge station is on Ikpa River
where the Uyo — Itu Federal highway crosses it at
Ntak Inyang village. Figure 2 shows the map of Uyo
with the river. The Universal Transverse Mercator
(UTM) coordinates for this location is about
381286.6m East,

Figure 2: Map of Uyo showing Ikpa River and gauge station

Source: Ministry of Lands and Urban Development

And 561718.69m North, elevation 18m. The reach of
the river at this point is about 120 meters long. The
station is about 50 meters downstream of the bend.

Measurement of Hydraulic Geometry Parameters
This study was undertaken to determine the
hydraulics characteristics of the south eastern Nigeria
River, Ikpa. The data taken in the fieldwere the flow
depths, flow velocities, and geometry of the cross
section.A gauge station was chosen where the straight
reach of the river is up to 120 meters long and about
50 meters from the end of the upstream bend. The
bridge across the river at this point has no piers
standing within the flow channel. A reference point
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beyond the reach of the maximum flood level was
fixed at one side of the river by driving a steel peg
into the ground. Another peg was installed on the
other side of the river, inaccessible to flood water, in
order to obtain a permanent straight cross section.
This made it possible for repeated measurements to
be made at the same spots at any time with one of the
pair of points serving as starting point and the other
for alignment.

A dumpy level was used to take levels of the ground
surface and channel bed at 2 metres interval, and at
points of abrupt changes of slope. Because of the
high risk of people tampering with any gauge
installation, dumpy levels were used to measure the
water levels; a point on the pile cap having been
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chosen as the benchmark for the study area. At the
opposite ends of the cross section, pegs were driven
down so that their top would be at the same level
with the water surface and from these, the staff
readings were taken. Additionally, water level
readings from staff placed on the bed were taken for
checks on the surface measurements.

The flow velocity meter (Flow Probe) was used to
measure the flow velocity of the river. The cross
section was divided into five unequal vertical
sections; and six at bank full stage when the wider
top width had been reached by flood water. Velocity
measurements were taken at the middle of each

division. Velocity readings were taken at different
depths along these middle verticals. Eight rounds of
measurement were made on the section each day of
visit.

The measurements were carried out a day each in
February, April, July, August and October. For
purpose of comparison with the flow meter, a small
piece of polyurethane float with weight attached, to
resist the influence of the wind, was set on the stream
surface and the time taken to cover a specific distance
were recorded using a stopwatch. Figure 3 shows the
points where measurements were taken on a vertical.
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Figure 3: A cross section of channel showing points on a vertical

RESULTS

The data obtained from the level instrument were
reduced and plotted to scale with Autocad software.
With the software, the subsection areas and wetted
perimeters were determined.

The mean of the eight velocity readings taken at each
point on a vertical were plotted on a depth against
velocity graph. Spreadsheet regression analysis was
then used to plot the best fit curve for each vertical.
The mean velocity at each subsection and the area
was used to obtain the flow and the values for all
subsections were added to obtain the overall
discharge across the cross section. The mean velocity
at a subsection is the average of the values at 0.2 of
flow depth and 0.8 of depth.
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The Cross Section

The reduced levels of the cross section ground
surface and channel bed were determined and points
of measurement of velocity were located at the
middle of the subsections into which the entire
section was divided. Figure 4 shows one of the sets of
measurements taken on a particular date at the cross
section. The verticals are labeled from 1 to 5.

Velocity: The velocity meter readings at various
depths along each vertical (5 in number) are shown in
Table 1. These readings were taken on a day when
the stage was 2.15m. The arithmetic mean of the
velocity readings taken at each depth along a vertical
is recorded in the last column of the Table. The
velocity of the float on the stream surface within
cross section sub division 2 was 0.67 m/s.



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 6(3):204- 211 (ISSN: 2141-7016)

04/04/13

DEPTH 0OF SECTION

VERTICALS |

CROSS SECTION

Figure 4: The station cross section and water level at stage of 2.15m

Table 1: Values of Mean Velocities Measured at the Designated Points (Verticals)

VERTICALS
1 2 3 4 5 6
HEIGHT | MEAN HEIGHT | MEAN HEIGHT | MEAN HEIGHT | MEAN HEIGHT | MEAN
FROM VELOCITY | FROM VELOCITY | FROM VELOCITY | FROM VELOCITY | FROM VELOCITY
BED(@m) | m/s BED(m) | m/s BED(m) | m/s BED(m) | m/s BED(m) | m/s
0.95 0.56 1.48 0.636 2.11 0.598 1.3 0.460 0.5 0.202
0.76 0.55 1.18 0.630 1.69 0.590 1.04 0.451 0.4 0.195
0.38 0.43 0.6 0.501 0.84 0.520 0.52 0.350 0.24 0.166
0.19 0.21 0.28 0.249 0.42 0.300 0.26 0.203 0.1 0.069
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Hydraulic Geometry

The hydraulic geometry relations — the quantitative
description of the variation of the hydraulic
parameters of the river with changing discharges - is
a set of empirical equations derived fromgraphical
analysis of hydraulic data from the river channel.

Leopold and Maddock(1953) expressed these

relationships in the form of power functions:

w =aQ’ L
d=cgf (2)
w= ko 3)

4, = pQ’ (4

Where the coefficients a, c, k, are respectively the
intercepts of the graph lines corresponding to the
values of w, d, and u at unit discharge, while the
exponents b, f, m, and j are the rates of change of w,
d, u and q, with discharge, Q, or the slopes of the
graphs. The symbols, w, d, u and g, represent the top
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width, average flow depth, average velocity and bed
load (kg/s) respectively at the section.
At a cross section the three variables, width, velocity,
and depth relate in line with the continuity equation
for rectangular section thus:

()

Q =wdu
Substituting for w, d, and u from Equations 1 to 3

Q=aQ" ¢ *kQ" (6)
Rearranging Equation 6,
Q: ack 3Qb+f+m (7]

This equality can be valid only if the product,
ack=1 (8)

And the sum,
btftm=1 (9
The field data from the study area are presented in
Table 2 below. Figures 5 — 7 show the ways in which
the top width, average depth (ratio of section area to
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top width), and average velocity (ratio of discharge to
section area) relate with the corresponding discharge

width with flow depth.

Table 2: Average flow depth, d, Area, A, top width, w, velocity, u, discharge, Q, from field measurements

respectively. Figure 8 is the graph of variation of

W Q A u d
(m) (m/s) (m?) (m/s) (m)
18.48 7.2 19.474 0.369724 1.054
19.92 9.08 23.874 0.38033 1.198
21.6 12.06 28.076 0.429548 1.299
27.65 20.35 43.03 0.472926 1.556
31.31 26.79 50.134 0.534368 1.601
1.8 d=0.58190>3t
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Figure 5: Average depth versus Discharge
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Figure 6: Top width versus Discharge
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Figure 7: Average Velocity versus Discharge
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Figure 8: Width versus depth

From the above graphs, the following readings were
taken(the specific figures are shown in brackets):

¢ = 0.5819 (Figure 5)
f=03173 (Figure 5)
a=3531172 (Figure 6)
b = 0.4066 (Figure 6)
k=02117 (Figure 7)
m = 0.276 (Figure 7)

The sum of the exponents b, f, m, is unity when
substituted in Equation 9.

b+f+m=04066+ 03173+ 0276 = 0.9999 % 1

Also the product of the coefficients obtained by
inserting the values of a (8.1172), ¢(0.5819) and k
(0.211) in Equation 8 is unity.

ack = 0.9999 % 1

DISCUSSION

Measurements of section geometry taken for the one
year period did not indicate appreciable difference in
bed levels. This could only be interpreted to mean
that the net value of particles movement and
deposition is zero in as much as field measurements
recorded positive values of bed load transport. The
graphs of Figures 5 to 7 show that the hydraulic
parameters - top width, flow depth and average
velocity - vary with discharge (as power functions) at
any section and this is consistent with other rivers
around the world. The numerical values may differ to
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1
Depth (m)

varying degrees from river to river and from section
to section along the same channel. The exponent, b
(0.4066) from the top width versus discharge graph in
Figure 6, is the highest among the three (f = 0.3173,
m 0.276 from Figures 5 and 7 respectively)
indicating that more erosion took place over time on
the banks to accommodate the flow and that the bank
material is non-cohesive (Leopold, 1994). The
response of the depth, f, and by extension, bed
erosion, trails the width reaction, b, in the rate of
variation, while velocity reaction, m, is least. The
three parameters mutually adjust to attain unity as
part of the complex hydraulic processes which shape
the river morphology.

Field measurements indicated that the river overflows
its banks during the flood period. Whether the
exponent, b, and the high rate of variation of width
with discharge could be linked to the channels
inability to accommodate flood flows is an issue that
would require further determination of hydraulic
geometry at other stations along the river. A power
function also defines the relationship of the width
with depth as shown in the graph of Figure 8. If this
is a general pattern would also be confirmed in
further studies.

CONCLUSION

From the results of the study of the hydraulic
characteristics of Tkpa River in south eastern Nigeria,
it was possible to infer that the hydraulic
characteristics of the river form a mutual system as
evident in the relationship between flow width, depth
and velocity with discharge and the way they respond
to changes in discharge thereby shaping the cross
section. The hydraulic geometry of the study area
shows that the width of the channel reacted at a
greater rate than depth, to changes in discharge to
accommodate the flow, meaning that the bank of the
river is more readily erodible than the bed. It is also
an indication of non-cohesive bank material. The
hydraulic features of the river show some inter-
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dependence consistent with those of rivers around the
world.
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