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Abstract

The study investigated the factors responsible for the development of the gully at the University of Benin
(behind the blocks of flats). The gravity of the problem at the study area necessitated this study with the aim of
finding lasting solution to the environmental menace based on the causative factors. The study area was geo-
referenced with hand held GPS and the coordinates were converted to Nigeria Transverse Mercator
(NTM).Total Station was used to map the gully bed so as to obtain the morphological parameters of the gully.
Climatic trend (air temperature and precipitation) of the study area from 1960-2010 were obtained from the
Nigerian Meteorological Agency, NIMET. Auger samples were obtained to a maximum depth of 2m from six
different locations within and outside the gully area. The following tests were carried out on the recovered
samples: Specific Gravity test, Particles Size Distribution test, Atterberg/Consistency test, Compaction test,
triaxial test and Permeability test in accordance with BS 1377:85. The geotechnical investigation results show
that though the soil is of normal specific gravity, its low clay content as well as low erodibility index coupled
with sloppy terrain and improper drain termination predisposes the soil to erosion. Other factors responsible for
the development of the gully as discovered during the studies are; high precipitation, lack of erosion control
structure, low vegetal cover and bad land use. The morphological data of the gully shows that the average depth,
top width, bottom width and the length of the gully are; 10.2m, 18m, 14m and 1.1km respectively. Over
200,000 cubic meters of soil has also been loss in the area in the last two decades. From the causative factors
mentioned above, gully control and management measures (structural and non structural control measures) can
be developed so as to prevent gully head retreat.
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INTRODUCTION degradation and loss, coastal erosion and gully
Gully erosion is defined as the erosion process erosion.

whereby runoff water accumulates and also enters

into flat channels and within a short while excavates Though series of efforts has been made by Nigerian
the topsoil in the channel to a considerable depth. It ~ governments (federal and state government),
has also been described as a constantly eroding independent agencies and other multinationals, the
channel formed very close to the head of a depression rate at which gully retreats especially in the eastern
sides or floor (Schumm, 1984). It can also take place part of Nigeria has made these intervention of little
when surface runoff flowing with high velocity  effect as gully formation has serious negative impact
detached and carry soil particles down slope. They on agricultural productivity, lives and properties both
may also occur when runoff volume from a steep in urban and rural environments.

slope increases sufficiently or increase in flow

velocity as to cut a deep hole along the path Gully erosion has attained a larger and devastating
(Ehiorobo 2011). Of the three environmental dimension in Edo state that has attracted the world
problems  recognized by  United Nation world-bank and other International interventions. All
Environmental ~ Protection  Agency (UNEPA), the senatorial districts in the state have its fair share
flooding, erosion and gully formation; gully  of the problem. In Edo south, the main gully erosion
development has been identified as the worst having sites are; Queen Ede, West moat, University of Benin
destroyed about 1.094million hectares of land (Ugbowo campus) and costain. In Edo North, the
worldwide. In 1990, world-bank recognized that the main gully sites are; Auchi gully, lkabigbo gully and
three main environmental challenges facing Nigeria Oshibugie gully while the main gully sites in Edo
especially the eastern part of the country are soil Central are; Emu gully and Ibore gully
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Gully development is a major problem at the
University of Benin Campus as it is in many parts of
the world, because of climatic conditions and other
natural factors such as rainfall, topography,
vegetation and soil constitution. The affecting degree
of rainfall on land erosion is mainly determined by its
characteristics such as its amount, intensity, duration,
type, and previous rainfall. The intensity and amount
of rainfall in recent times has resulted in some of the
most significant erosion and flooding challenges in
most part of the world. With climatic change being
on the increase, heavy and damaging storm will
continue to increase in frequency

Soil erosion is the main cause of environmental
degradation at the University of Benin, Ugbowo
campus as a result of heavy runoff from within the
campus environment and Ekosodin. The initiation of
the gully has partitioned the university into two parts,
making the development of the second Phase of the
campus a big task. Presently, about three residential
buildings have caved into the gully and the block of
flats is seriously threatened by this negative
environmental force.  As at December, 2011, the
University has lose over three hundred (300) hectares
of land to gully development and if nothing is done to
arrest the situation more land that would have been
used for infrastructural development would be lose to
this environmental menace

Presently the development of the gully has hampered
communication between the University and the
neighbouring community. High land use at the
university of Benin and it’s environ renders the
landscape more vulnerable to soil erosion and also,
land use change can cause gully initiation

STUDY AREA

The study area is University of Benin, Ugbowo
campus which extends from Benin-Lagos road in the
west to the Benin Auchi road in the Northeast. The
campus is divided into two (western and eastern)
parts by the large basin of Ikpoba river. It lies
between 707800mN to 709000mN and 790300
t0792100mN. The western sector slopes at between
3-8% into lkpoba River. On this same sector
(western), the slope breaks just behind the capitol.
From this point, runoff due to change in gradient
accelerates into Ikpoba River, (Ehiorobo 2010).

The elevation of the study area ranges from 44m to
88m above mean sea level. The average temperature
in this area is approximately 28°C and annual rainfall
is between 1,500mm/yr to 3,000mm/yr. The rainy
season spans from April to November with break in
the month of August otherwise known as August
Break. Maximum rainfall is as high as 549mm
(July/September)  with  minimum as 4.1mm
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(January/December). Humidity is about 85% most
time and the area lies in the tropical rain forest zone.
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Figure 1: Location plan of the study area
METHODOLOGY

Field survey (reconnaissance and topographical) was
undertaken to have a good knowledge of the area.

Geo-spatial data were collected by the use of
GARMIN and hand held GPS receiver; the
coordinates were converted to Nigerian Transverse
Mercator (NTM) by using INCA. Control points were
established using total station and the points were
used to map the gully bed.

The projects coordinates from the total station were
down loaded into arc GIS environment as an excel
spread sheet for further processing. Elevation data
which was use to produce the topographic catchment
map were generated. Apart from the fact that
Geographic Information System (GIS) was used for
contour and slope generation it was also used to
capture the extent of damage to infrastructure, water
shed characteristics and flood inundated areas within
the catchment. Google earth imagery was used to
monitor the annual growth in gully head at the end of
each rainy season; this was done so as to ascertain the
rate of the gully head retreat.

The meteorological data (Precipitation and air
Temperature) for Benin City from 1960-2010, was
obtain from Nigeria meteorological Agency
(NIMET) located at the Benin City Airport.
Graphical plots and trend line was used to analysed
the climatic data (precipitation and temperature). The
falling rain drop has certain kinetic energy and
therefore results in land erosion of top soil. The
splash action of a rain drop with is physical
characteristics such as size, shape, velocity of hitting
land surface, Kkinetic energy and force was
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determined. Yao (1987) gives the following formula
to express the terminal velocity of a rain drop after a
compressive examination on the falling velocity of
rain drop as;

1
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Where V,, is the terminal velocity of rain drop; ds is
the median velocity; V is the kinematic viscosity of
gas while g is the accelerated gravity.

The kinetic energy of the storm was computed by
using from the 30-minutes duration rainfall intensity.
The Equation was presented by Suresh (2006) as:

KE =916 + 33logsol 3
Where KE is kinetic energy of storm and 1 is rainfall
intensity.

Long term gully rates (tha-1yr-1) (Er) was computed
for the gully using the estimated current volume (V)
of the gully, the average bulk density of soils

(o4 ) occurring in the contributing catchment, the

time span of gully development in years (T) and the
water shed area in hectares (A). The equation is given
by (Ehiorobo 2012)

Vp d
TA 4

Erosion per unit gully surface (tm?) E, was estimated
using the formula

EL=

Ep=—"

Where A, is plan area of gully in m?

V — Is current volume of gully in m?

With Equation 2and 3 the velocity of rain drop and
kinetic energy of rain fall were computed.

The time of concentration was computed using the
Kirpich Equation given by Suresh (2006) as:

0.77
0.0195L
Ty = —am
c 0.385
s

Where T, - time of concentration in minutes

L - Length of channel reach in meters
S - Slope of channel reach in m/m.

L and S were obtained using topographical map of
the catchment basin produced on contour interval of
1m on a scale of 1/25000 sheet (between 790500mE-
792000mE and 708000mN-709500mN).

Hand Auger was used to obtain soil samples from
within the gully area and on encroaching layer of the
gully to a maximum depth of 2m. The samples were
taken to the Geotechnical Engineering laboratory for
analysis/classification and other tests which included
particle size distribution, Natural moisture content,
specific gravity; Atterberg limits test, compaction and
permeability. The tests were carried out in
accordance with BS 1377:85.

PRESENTATION OF RESULTS
TOPOGRAPHICAL INVESTIGATION
Information obtained during the topographical survey
of the study area include the morphological data of
the gully (Iength, breath, depth and volume of soil
loss). This was carried out using measuring tape and
the result is shown in table 4. Also, the ground survey
data was used to produce the catchment basin of the
area showing the direction of flow of Ikpoba River.
The map is shown in figure 2.
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Figure 2: Catchment Basin of Study Area
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GEOTECHNICAL INVESTIGATION RESULTS
The results of the geotechnical investigation on the
Hand Auger samples are presented in Table 1. The
tests carried out in accordance with BS 1377:85 are:

specific gravity, particles size distribution (sieve
analysis), Atterberg/consistency test, compaction test,
triaxial test and permeability test.

Table 1: GEOTECHNICAL TESTS RESULT FOR UNIVERSITY OF BENIN EROSION SITE

PERMEA
SPECIFIC TRIAXIAL BILITY
GRAVITY
s/ ©9 TEST
N. | LOC. SIEVE ANALYSIS ATTERBERG LIMIT | COMPACTION | TEST (cm/sec)
% %
PASSING | PASSING
SIEVE SIEVE MDD( | oMc | ¢
1.18mm 0.075mm LL PL PI glem®) | (%) (KN/m?) | @°
1 | BH1L
05m | 2.58 85.89 36.84 NP NP NP 128 1.74
im | 2.60 82.70 37.93 - - - 1000 | 1.75
om | 2.97 92.32 35.25 - - - 1000 | 1.83 1.006 x 10°®
2 | BH2
0.5m | 2.58 96.90 35.93 - - - 11.9 1.73 .
im | 2.93 80.51 35.62 - - - 1201 | 1.70 1.553x10
2m 2.61 95.18 33.16 9.5 1.18
3 | BH3
3503 2154 | 11.04 | 105
0.5m | 2.52 96.90 il el M 125 18 1782 x 10°
im | 2.60 96.42 38.92 : : : 13.3 1.75
2m | 2.59 96.45 39.91 2531 | 17.82 | 7.49 | 132 1.73
4 | BH4
0.5m | 2.62 93.58 35.96 27.82 | 1023 | 1759 | 115 185 | 24 10 | | 4oay10°
im | 250 92.57 35.01 19.03 | 856 | 1047 | 113 183 | 22 9 '
2m | 2.56 90.95 29.63 2179 | 1372 | 8.07 | 116 184 | 28 6
5 | BHS
0.5m | 2.37 98.04 35.59 28.72 | 1247 | 1625 | 11 180 | 34 1 | 1.341x10°
im | 258 97.92 38.16 29.34 | 1693 | 1241 | 155 167 | 44 5
2m | 2.60 97.26 37.51 19.45 | 1254 | 6.91 | 112 178 | 32 19
6 | BH6
0.5m | 2.66 98.20 36.60 2521 | 11.14 | 1407 | 115 18 38 26
1m | 2.89 97.75 37.27 19.23 | 09.02 | 1021 | 12.2 179 | 14 38
2m | 2.68 97.98 35.00 2847 | 1433 | 1414 | 11.95 | 1.78 | 13 34 | 1.603x 10°

NP-Not-plastic, LL — Liquid Limit, PL — Plastic Limit, Pl — Plastic Index, OMC — Maximum Moisture Content,
MDD-Maximum Dry Density, C-Cohesion while @- Angle of Internal Friction

METEOROLOGICAL ANALYSIS

The data collected from Nigerian Meteorological
Agency, NIMET were used to plot the charts in
Figure 3 and 4 using linear trend and scattered plot
format. The curve shows the yearly variation of the
rainfall and temperature data while the trend line
represents linear relationships of the parameters
involved.

Table 2: Rainfall Parameters In Benin City (1971-

2010)

Decade Total Mean Max Min
Annual Annual Rainfall Rainfall
Rainfall Rainfall (mm) (mm)
(mm) (mm)

1971- 2100-2585 | 175-215 482-539 3.2-10.4

1980

1981- 1827-2461 | 152-205 394-615 00-19

1990

1991- 2477-2239 | 187-206 556-414 00-4

2000

2001- 1558-2618 | 130-182 274-437 0-3.2

2010
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Figure 3: Rainfall Over Benin City (1961-2010)
Table 3: Temperature Parameter In Benin City (1970-
2010)
Decade Total Mean Max Min
Temperature | Temperature Temperature
(°c)
1971-1980 26.7-27.2 28.2-29.2 24.7-25.3
1981-1990 27.3-27.6 29.5-30.6 25.2-25.2
1991-2000 27.2-27.6 28.9-29.8 25.3-25.3
2001-2010 27.6-27.7 29.49-30.8 25.19-25.1
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Table 4: Morphological Parameters and Cumulative Volume of Soil Loss of the Gully

SIN Chainage Top Width Bottom Depth Cross Volume Cumulative Remark
(B) (m) width (m) (D) (m) Sectional (V) (m?) Volume of Soil
Area (A) Loss (m®)
(m’)
1 00 + 00 14.88 125 11.6 23.05 0.000 0.000 Beginning of gully
2 00 + 20 15.13 13.1 12.8 238.03 4760.06 4760.06
3 00 + 40 16.5 14.25 12 279.32 5586.4 10346.46
4 00 + 60 17.25 14.38 11.8 302.95 6040 16386.46
5 00 + 80 16.88 14.88 11 310.03 6200.6 22587.06
6 00 + 100 18.00 15 11 326.74 6534.8 29121.86
7 00 +120 15.75 13.12 10.2 298.61 5972.2 35094.06
8 00 + 140 18 135 11 249.13 4982.6 40076.66
9 00 + 160 18.13 14.38 10.7 335.34 6706.8 46783.46
10 00 + 180 17.13 14.38 10.2 358.34 7166.8 53950.26
11 00 + 200 175 14.49 11.1 330.97 6619.4 60569.66
12 00 +220 17.88 15.08 125 287.98 5759.6 66329.26
13 00 + 240 16.43 14.11 12 350.76 7015.2 73345.46
14 00 +260 17.64 13.75 12.3 402.08 8041.6 81387.06
15 00 +280 18.13 13.88 134 381.80 7630.6 89017.66
16 00 +300 17.63 13.48 14.8 350.85 7017 96034.66
17 00 +320 18.5 14,51 10.4 384.59 7691.8 103726.46
18 00 + 340 18 13.63 9.8 367.39 7347.8 111074.26
19 00 + 360 18.8 13.63 13.8 327.39 6547.8 117622.06
20 00 + 380 18.13 13.75 134 404.95 8099 125721.06
21 00 +400 17.75 14.88 14 388.89 7777.8 133498.86
22 00 + 420 17.25 14.88 10.8 353.55 7071 140569.86
23 00 + 440 16.25 13.63 8.8 300.79 6015.8 146585.66
24 00 + 460 18.25 15.13 10.2 392.59 7851.8 154437.46
25 00 + 480 18.13 14.95 10.6 316.19 6323.8 160761.26
26 00 + 500 17.63 14 104 320.03 6400.6 167161.86
27 00 + 520 16.88 14 10.7 286.26 5725.2 172887.06
28 00 + 540 18.75 13.75 10.1 330.96 6619.2 179506.26
29 00 + 560 18 14 8.8 297.78 5955.6 185461.86
30 00 + 580 18.63 135 8.2 366.94 7338.8 192800.66
31 00 + 600 19.38 13.63 6.4 207.67 4153.4 196954.06
32 00 + 620 18.75 16.26 4.5 283.70 5674 202628.06
33 00 + 640 18.5 13.54 3.1 141.78 2835.6 205463.66
34 00 + 660 15.24 12.86 2.3 107.54 2150.8 207614.46
35 00 + 680 15.13 13.76 1.05 77.92 1558.4 209172.86
36 00 + 700 62.84 1256.8 210429.66 Beginning of
sedimentation

ANALYSIS AND DISCUSSION OF RESULTS

The results of the geotechnical investigation tests
(presented in table 1) shows that the soil is fine grain
as the percentage passing the 0.075mm sieve is above
35% on the average. The maximum optimum
moisture content of the soil on the average is about
13.3% indicating that it contains some amount of
clay. The soil has an average liquid limit of about
22%, an average plastic Index of 11% and average
plastic limit of about 12%. The soil is soft due
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predominantly to its clay constituents by way of its
high water retaining capacity. The permeability of the
soil ranges from 1.006x 10° to 1.782 x 10° The
results (permeability) fall into the range of soil
classified as silt which invariably means that the soil
though semi impervious could be detached and
transported by erosive action of rain depending on the
intensity and frequency. The minimum plasticity
shows that there is some silt in the soil which gives it
its finesse. The soil being silty-clay has computed
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erodibility index of 0.53 with less than 22% clay.
According to Evans (1980), soils that posses less than
35% clay are highly susceptible to erosion.  The
result of the above assertions is that the soil has a
tendency to be eroded by weathering agent mostly by
water. Therefore the advent of the rainy season means
that there is tendency of the soil in the area to be
eroded which can consequently increase the gully
morphology. Within nine (9) months of rain in 2011,
(February to October), the gully head had a retreat of
almost 70m.

The data obtained for temperature distribution
variation in Benin (presented in table 3 and figure 4)
shows that the mean temperature over the area has
increased considerably from an average value of
26.7°C in 1971 to 30.3°C in 2010.The annual trend
graph (figure 4) confirms this by showing an upward
trend in the temperature values plotted against the
respective year with an average increase of 0.058°c
per annum. The last decade (2001-2010) recorded the
highest annual mean temperature of 30.8°C (2010)
with a decadal range of 2.3°C. This is also the world
warmest  years ever recorded by World
Meteorological Organization (WMO, 2011).In the
study area; the decade 2000 to 2010 is the hottest
decade in the record. The precipitation data over
Benin City (shown in table 2) was obtained and used
to plot figure 3. Though the pattern shows that the
graph is irregular in shape, the trend line shows that
rainfall in the area is on the increase. In all the
decades considered, the second decade (1981-1990)
was the driest while the wettest was the last decade
(2001-2010).

The direct implication of these phenomenon on land
is that an average increase in temperature will lead to
evaporation and it extreme event causes drought there
by leading to unproductively of the land. Also,
reduction in average temperature can lead to
flooding. Increase in rain fall as being experience has
not only resulted in flooding it has also rendered a lot
of people homeless. Run off which is associated with
rainfall has also destroyed a lot of lands in the
University of Benin environment (about 300 hundred
hectares). From 2001 to 2010, gully head retreat
ranges from 41.23m to 64.01lm with the longest
growth recorded in 2010, this was not unconnected
with the unprecedented amount of precipitation
recorded in 2010.

Using Equation 3, the kinetic energy of the runoff
was computed to be72J while the long term erosion
rate computed from Equation 4 gives a value of
4.63/hectare/yr. The soil parameters in the study area
lack the ability to resist such drag force from the
runoff; hence it is easily transported and deposited at
Ikpoba River as sediments. The annual repetition of
the above process is what led to the initiation of the
gully at the campus. Also contributing to the gully
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expansion are drains which were designed to channel
waste water and runoff from the university
environment directly to the gully head thereby
making the gully head wetness retreat a constant
process all through the year. These drains were not
properly terminated and as such it led to scouring and
undercutting and eventual collapse of the drains

From the topographic survey of the area, it was
discovered that the gully area is in a sloppy terrain
with slope ranging from 1.8% to 2.6%. The gully site
was the lowest point in the catchment and as such
runoff flows towards this direction before entering
lkpoba River. The morphological data of the gully
(presented in Table 4) shows that the average depth,
top width, bottom width and the length of the gully
are; 10.2m, 18m, 14m and 1.1km respectively. Over
200,000 cubic meters of soil has been loss in the area
in the past two decades. The above values are
indications that the gully has reached a catastrophic
stage and it therefore needs urgent attention

CONCLUSION

The study evaluated the factors responsible for the
development of catastrophic gully at the University
of Benin by utilizing information from ground
survey, geotechnical investigation, climatic and
topographic survey. From the study, the following
conclusion has been drawn:

Gully head retreat can be ascertain from the
analysis of geotechnical properties of soil in the
catchment and precipitation data.

The causative factors responsible for gully
development at the University of Benin are:
improper termination of drains, low clay content
of soil, increase in climatic trend, topography
and lack of vegetative cover and hence structural
and non structural measures were suggested for
the control of the gully erosion.

The average depth, top width, bottom width and
the length of the gully are; 10.2m, 18m, 14m and
1.1km respectively. Breadth-Depth ratio of the
gully ranges from 0.4 to 4.89 while over 200,000
cubic meters of soil has been loss in the area
since the initiation of the gully.

From the morphological parameters of the gully, it
can be deduced that the gully has reached a
catastrophic stage and urgent intervention or remedial
structure has to been put in place to forestall gully
head retreat.

Findings and results from this research work is
limited to the University of Benin gully erosion site
at Ugbowo campus as all the data collected were
analysed to ascertain the role each played in the gully
initiation processes
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