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ABSTRACT

In order to achieve the task of formulating an optimal drainage model for the Calabar
area, the Calabar drainage system was studied using some cartographic techniques to

analyze its surface run-off and channel characteristics so as to determine how floods
are generated. A morphological analysis was done, using detailed contour maps pre-
pared for the study area. The “Blue line” and *“contour crenulations” methods were
used to recreate the expected run-off channels or drainage networks under natural
non-urbanized conditions. A drainage structure with 6 major basins and 73 sub-basins
was discovered. Existing storm drains were constructed without regards to this natural
structure and so floods were generated.
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INTRODUCTION

As far back as 5000 years ago, in the classical
days of urban development in the ancient Babylo-
nian Empire, systems of stormwater management
had already been in operation. The systems relied
on drainage channels that collected stormwa-
ters and wastewaters within the urban space and
transported them away for discharge into water
bodies [Chocat et al. 2004; Chocat et al. 2007].
Over time, especially in the 19th century, signifi-
cant changes occurred in engineering practice to-
wards the perfection of this concept; but the key
paradigm remained the same: “stormwater and
other wastewater should be collected in urban
areas and disposed outside of the urban environ-
ment as quickly and as completely as possible”
[Chocat et al. 2004]. In the course of the last few
decades, some compelling factors have dictated
changes in the concepts of urban water manage-
ment; leading to a departure from the age long
enduring paradigm [Itam, et al, 2015].

Over the last one hundred years, man’s need
to protect himself and his possessions from the

threat of flood and erosion has remained one of
the most important considerations in his water
conservation efforts [Shmitt, 1997]. Acknowl-
edging the enormity of this problem, the United
Nations Environmental Programme (UNEP) had
indicated that many communities in the devel-
oping world consider uncontrolled storm-water
drainage to be their most urgent problem, as far
as the preservation of urban infrastructure is con-
cerned [UNEP, 1991].

In Nigeria, especially in the southern and
eastern parts of the country, these problems have
been most severe. It was in recognition of the
severity and magnitude of these problems that
the Federal Government of Nigeria for and on
behalf of the states affected (Abia, Akwa Ibom,
Imo and Cross River) requested assistance from
the United Nations Development Programme
(UNDP) under its Fourth Country Programme
for Environmental and Natural Resources Man-
agement to tackle the problem.

Against this background, the UNDP in
1995 commissioned five consultants to carry
out baseline studies and design a programme to
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combat erosion, landslide, flooding and other
forms of degradation in the affected states [Ef-
fiong-Fuller, 1998].

These drainage problems have not only posed
a threat, but have actually caused serious damage
to lives and property in Calabar urban for several
years now. At several areas within the city, the
entire streets were converted into yawning gul-
lies. In a hydro-physical study of the Calabar area
about 25 flood sites and 55 erosion and landslide
sites were identified at the peak of the rainy sea-
son, in July [Ugbong, 2001]. By December of the
same year, this number increased to 35 flood and
80 erosion/landslide sites.

Studies of urban flooding and erosion have
identified their causes to include: the nature of
slopes or gradient of the given area, inadequate
drainage channels, impervious urban surfaces,
heavy rainfall and clogging of drains by refuse
dumping [Harbor, 1994; Shake, 1970]. But the
critical factor of run-off and how it is organized
into a network of flow channels has been large-
ly ignored in these studies. Yet, these networks
have been accepted as the most useful unit within
which to study the problems of water supply, ero-
sion, flooding and pollution [Dobson, 2006; Mc-
Cullagh, 1978].

Unfortunately, for most urban centres, such
basic information relating to the natural drain-
age characteristics of the area is lacking. In the
Calabar area for instance, run-off channels may
have been designed without these basic data, and
may have relied on empirically-derived criteria
(Adeleye, 1990). This is because the channels
have only helped to alter the points of incidence
of floods, while solving the problems only in a
few areas [Chima and Ugbong, 2009; Itam, et al,
2015]. Where the drainage channels are covered
up, this has led to constriction, and during high
floods, water backs up and increase flooding up-
stream. Sometimes water simply overflows the
covered segments. Examples of these flood points
include the Goldie/Target road segment and Cross
River University of Technology (CRUTECH)
staff quarters.

There were also other problems of wrong
alignment of the channels against the natural
flows, leading to the loss of concrete linings to
erosion, and large-scale gulling on channels not
properly aligned. The problem was further com-
pounded by indiscriminate refuse disposal into the
drains and clogging of channels by sediments, as
well as the inability of channels to flow by gravity.

This paper investigated these problems by
recreating the natural drainage networks within
the Calabar area, using the cartographic technique
of contouring. The approach here considered the
entire study area as a unit drainage basin, with nu-
merous storm drains and ephemeral run-off chan-
nels as stream networks.

The assumption was that run-off in any given
area responds to the same mechanistic laws as
major river channels. And of course, as noted, riv-
ers and streams are channelized forms of run-off
[Thornbury, 1978].

The drainage basin is described as a water
catchment area that contributes run-off to the main
stream [Knapp, 1979]. Wolf [1965] drew a dis-
tinction between artificial catchments and natural
catchments. Artificial catchments are those urban
areas, airfields and large road systems where man
has covered greatly by paving and roofs, which
carry rain directly to the drainage system. Natural
catchments on the other hand include those areas
where man has not changed the original land use
and river channels.

Writing on the analysis of drainage net-
works, the “Blue Line” method, and involving
interpretation of channel networks as portrayed
on topographic maps was proposed [Harbor,
1994; Morisawa, 1957]. The “contour crenula-
tions method” involves the insertion of streams
where they are indicated by contour crenulations
on maps [Drummond, 1974; Wien, 1980]. Drum-
mond [1974] also showed that a U.S.A agency,
Environmental Quality Laboratory (EQL) used
the method successfully with supplement from
air photographs and field surveys.

Furthermore, the U.S Open University 2nd
Level Course Team [1972] proposed a morpho-
metric analysis involving four main steps. The
first step is called “order designation” which in-
volves tracing out the drainage divide and the
channels and then — designating the channels ac-
cording to order. The next step is “order analy-
sis” and this is done by measuring the length of
such channel according to order. This is followed
by counting the total number in each order and
checking the total length of each. This may then
be plotted on a semi-logarithmic paper.

The first detailed analysis of drainage network
was qualitative [Schumm, 1977]. Also, it was
shown that evolutionary process of drainage net-
work can be studied experimentally [Parker, 1976].

In another study of “urban flood plain”, data
from a storm water monitoring programme to
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form a sub-catchment in terms of mass per unit
area of run-off was used. Statistical analysis of all
storms in the study yielded a fairly linear relation-
ship between runoff volume and sediment load.

THE STUDY AREA

Calabar is the capital city of Cross River
State; located at the extreme end of south-eastern
Nigeria; between latitudes 5°55’N and 5°59’N
and longitudes 8°15’E and 8°22’E. The town is
flanked on its eastern and western borders by two
large rivers: the Great Qua River and Calabar
River respectively (Figure 1). The area is part of
the larger Cross River Basin which is drained by
left bank tributaries of the River cross. It has a
slight southward slope, and a definite sudden de-
scent towards both the Qua and Calabar rivers.
The highest north-point of built-up area reaches
about 70 m above sea level.

As a coastal town, Calabar has a high relative
humidity, usually between 80% and 100%, result-
ing in high precipitation. Precipitation is charac-
terized by a double- maxima rainfall which starts
from April and ends in October reaching its Peak
in June and September (Figure 2). It has been ob-
served that climate and lithological base act to
shape the topographic characteristics and output
of a drainage basin [Wien, 1972].

MATERIALS AND METHOD
The procedures adopted for this study were

two methods alongside field operations (15 - 18).
The methods are the “Blue line” and “Contour

Figure 1. Location of Calabar

crenulation” methods. An accurate topographic
map of Calabar metropolis, drawn on a scale of
1:200 and contour interval of 50m was obtained
from the State Ministry of Works and Housing.
Due to the generally low-lying nature of the city’s
topography, the contour interval of 50 m was
considered too high to give any meaningful topo-
graphic image for the purpose of detailed analysis.

As a result, the interpolation method was used
to reduce the contour interval to 10 m (Figure 3).
This involved tracing out four additional contour
lines between two existing ones, maintaining their
shapes, but differing their sizes in order to differ-
entiate between significant and minor contours.
An outlay of drainage networks was produced by
inserting a flow line each at the “crenulations” or
indentation of at least three contour lines. From
the outlay it was possible to sub-divide the entire
area into a system of contributing basins and sub-
basins. Such an approach was used in the analysis
of the drainage development of the basin of the
upper Trent, U.S.A. [Knapp, 1979].

RESULTS AND DISCUSSION

The Calabar drainage areas consist of two
main watersheds trending north to south: the
western one parallel to the Calabar River which
lies on the left flank of the river; and the eastern
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Figure 2. Average monthly rainfall figures
for Calabar
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Figure 3. Detailed contour map of Calabar showing physiography

one along the Great Qua River. Within the two
watersheds, five drainage basins were identi-
fied, namely, the western, northwestern, eastern,
southeastern and the central basins.

The eastern and western basins were indicated
by the slope which drains directly into the two riv-
ers, while the central larger basin was defined by
two converging slopes whose natural drainage dis-
charges downstream into the Qua River. This Cen-
tral basin was where the most devastating flood
problems were recorded. Indeed, it was the total
volume of run-off over this basin that had rendered
a substantial portion of the Cross River University
of Technology (CRUTECH) main campus staff
quarters uninhabitable as a result of flood.

However, a sixth basin is recognized at the
north point of these five basins, but its flows are
directed in an opposite (i.e. South-North) direc-
tion (Figure 4).

All the five basins are made up of sub-basins
and their networks. For ease of analysis, each ba-

sin so delineated is numerically coded and the sub
basins identified by alphabets (Figure 5).

Basin 1 corresponds to the central basin de-
fined by the deep crenulation of contours of
the central zone in a south-north direction. The
main channel here passes through the central
topographic trough in the city Centre, which runs
southwards and empties into the Great Qua River.
It receives almost all the surface flows from the
other four basins, and thus corresponds to the 3rd
order and highest segment of the entire basin area.

Basin 2 trends in a north-westerly direction
and collects flows from the outer and north-
point limits of basin 1 and is expected to have
discharged run-off into the Calabar River to the
west. But due to urban development, run-off is
converged mid-way in the basin centre and di-
verted into the main channel in basin 1.

Basin 4 stretched from the 150" contour at the
southwestern flank, beginning at the crenulation
between the two top slopes of Henshaw town and
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Figure 4. Flooding of neighborhoods in Calabar South
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Figure 5. Detailed contour layout of Calabar showing designated drainage basins
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the Mbukpa area. It trends southeast ward and
joins basin 1 at the lower- most segment.

Unfortunately, urban development has pushed
flow upward causing run-off to be discharged into
the trunk channel at the Mayne-Avenue/Atu street
stretch. The basin covers a better part of south
western Calabar. The stretch enclosed by the Hill
top area of “Sacramento” and the old Parliamen-
tary village, a central trough at Effio-Etta junction
constitute basin 5. The direction of run-off under
natural conditions is supposed to be eastwards
coinciding with the sixth basin at the northeast
point. But urban road network has caused a diver-
sion of flow into the Marian road extension seg-
ment, which tends to carry the flow into basin 2
through the lower segment of MCC road. But due
to loss of gradient and massive sediment yield,
a disruption is experienced thereby leading to
pounding at the Effio-Ette round-about.

Basin 6 represents the northern limits of ba-
sin 2 and 5. Its run-off flows are directed from
the Ikot Ishie-Hill-crest, Northwards, towards
Ikot Ansa axis. A distortion along the stretch has
however, forced flows to be redirected through
the Beebobsco area, cutting across the Murtala
Muhammed Highway at that point. This accounts
for the development of the conspicuous ravine
along that portion of the highway, known as the
Ikot Anwatim Ecological Disaster Zone, which
had to be reclaimed through a Federal Govern-
ment Contract.

At lkot Anwatim the ecological problems
arose following the completion of the Murtala
Mohammed Highway in the 1970s. With this
development imperviousness increased in the vi-

cinity the area and (being the lowest point of the
highway in this territory) large volumes of storm-
waters were directed to this location from the
north, south and east; resulting in flooding of the
highway in the events of heavy rainfalls. Between
the months of June and September, heavy rainfalls
occur very often in Calabar (see Figure 2). By the
early 1980’s the floods had undermined the sub-
base of the highway, resulting in several lateral
cracks across the highway in the vicinity of Ikot
Anwatim. The need thus arose for the resolution
of the problems of stormwater management in the
vicinity of Ikot Anwatim on the Murtala Moham-
med Highway.

The method that was adopted was a modi-
fied version of the classical system of stormwa-
ter management. The stormwater was collected
from drain channels located on the eastern side
of the highway, transported across the highway
by means of underground channels and released
(a few metres away from the western edge of the
highway) into the shallow valley of Ikot Anwatim
(see Figures 6, 7). It was probably hoped that the
stormwaters would roll down harmlessly along
the shallow valley, percolating gradually into the
subsoil for the recharge of the underground aqui-
fers. However, this did not happen. The situation
that ensued in the end turned out to be completely
contrary to all the expectations of the project de-
velopers — deep gully erosion (see Figures 7, 8).

From the fore-going analysis, it can be seen
that out of the six basins identified in the study
area, four of them direct their runoff waters into
the main channel of only one basin: First, this has
obviously over-tasked the capacity of that chan-

Ikot Anwatim \
_erosion site '’

Figure 6. Ikot Anwantim ecological site (Source of map: Google Earth)

1 — point of collection of stormwaters on the eastern side of Murtala Mohammed Highway transportation
westwards through channels buried under the highway; 2 — point of discharge of stormwaters into the valley
at Ikot Anwatim on the western side Murtala Mohammed Highway
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Stormwaters converging at this
point from the north, south and
east are transported westwards
under the Murtala Mohammed
Highway and dicharged into the §
valley at Tkot Anwatim. g
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Figure 7. Stormwaters collected at this point are transported under the highway to Ikot Anwantim valley,
where a very grave ecological disaster has developed
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Figure 8. Ikot Anwantim: by reason of poor management of stormwaters, an ecologically productive land
has been replaced by this barren valley
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Figure 9. Ikot Anwantim: while erosion is constantly wearing away the sides of the valley,
the risk of landslide is appreciated and new buildings are still springing up

close to the edge of the precipice
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nel, thereby causing the intractable problems of
flood and erosion in the down-stream segment of
that channel. Secondly, the points of convergence
of flows from these four basins with the trunk
channel in basin 1 also coincide with the points of
incidence of flash flood. Thirdly, the implication
here is that floods are produced here not only by
clogging of drains by refuse and sediments, but
due largely to topographic alteration and changes
in hydro-physical conditions due to urbanization.

CONCLUSIONS

This study employed cartographic techniques
in examining the surface run-off characteristics of
Calabar drainage area as a way of understanding
the perennial problems of urban floods and ero-
sion. The natural drainage network over the study
area was reconstructed from prepared detailed
topographic maps of the area.

The following conclusions were drawn from
the analysis that followed:

1. That run-off channels in the Calabar drainage
area radiates in a trellis manner similar to larg-
er drainage basins, and thus could be studied
in terms of the basic laws governing drainage
basin morphometry.

2. That the existing drainage system in Calabar
is not efficient, and serious run-off problems
arise every year during the rainy season.

3. That drainage problems arise mainly because
there are a total of six natural drainage basins
in the area, taking their rise from two main wa-
tersheds which trend north to south within the
township area. The basins are made up of sub-
basins, each with its specific drainage area.

Instead of a trunk channel for each basin to
carry its run-off to the natural outlet direction,
flow is diverted by urbanization into overlapping
basins. Such locations are the points of incidence
of flooding. Moreover, five out of the six basins
converge their flows into one central channel,
particularly at the down-stream segment. These
features became apparent after the topographic-
cum-cartographic analysis.

It is thus recommended that for effective
remediation of flood problems in Calabar me-
tropolis, a system of six major drainage chan-
nels be designed and constructed for the entire
Calabar area, each receiving run-off from its
tributaries and from its basin area. This should

be in conformity with the layout shown (Figure
5). There should also be an increasing down-
stream expansion of each channel size to cope
with increasing flow volume with distance from
basin head to outlet.
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