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Abstract

Gully erosion has become a serious environmentablgem within the
University of Benin as several hectares of land eiiwould have been used for
development of various infrastructure within the urersity is being lost to the
ravaging effect of gully erosion. Already, many ldings both within the senior
staff quarters and the block of flats are at riskthe effect of the gully erosion is
not adequately monitored and appropriate control aseres adopted. In this
research, measurements were carried out in 2010 a2@l12 using Global
Positioning System (GPS) and Total Station instrumd@long with satellite image
data to create Triangulated Irregular Network (TINand Raster Models.The rate
of gully head erosion and the overall soil loss Wween the two measurement
epochs weredetermined. The results of the studyeated that the total volume of
soil loss increased from 228,048rm 2010 to 253,767fin 2012; long term gully
erosion rate increased from 4.63 tons per hectaer pear in 2010 to 5.32 tons
per hectare per year in 2012. It can therefore bencluded that the rate of soil
loss due to the effect of gully erosion within théniversity of Benin is high and
appropriate control measures need to be adoptegrivent further soil loss and
land degradation.
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1.0 Introduction

Gully erosion is a serious environmental problerthimithe University of Benin. The factors that hdeen responsible
for accelerated soil loss within the university lute removal of vegetation cover, topography, swihdition and
precipitation.

Gully erosion within the University has been tratedmproper termination of drainage channels gusund the blocks
of flat area and the borrow pit site used for cargion of a bridge across Ikpoba river which keptiening and
elongating as a result of undercutting and stegpesiowards lkpoba river.

In order to plan for the control of the gully emsiravaging the University land, it is necessargetermine the rate of
gully development. Gully erosion is said to be veapid during the period of initiation when morpbgical parameters
are far from being stable [1,2].

In order to plan for gully erosion control, critidaresholds for their initiation, and developmenterms of precipitation,
topography, soil, land use and flow hydraulics neéedoe studied( [3,4].There are in general two step gully
development. These include [5] incision stage dalilgty infilling stage. The initiation stage oty erosion is said to
be the most critical stage, and the best periotbtdrol gully erosion. This is because once théyguas initiated and
developed, it is difficult to control [6,7,8].

There is an increasing concern for the devastatipgcts of gully erosion in the University of Benirhe gully has been
growing rapidly and this has made effective contieahnically difficult and economically expensive.

The objective in this paper is to evaluate the ltesfurecent studies carried out for the intentafrcontrolling the gully
erosion within the University of Benin. Gully erositakes place when excessive runoff with high cigjodetach and
carry soil particles down slope and cut deep aitmgath [9,10]. This is the case with the gullpsion site behind the
blocks of flat in the University of Benin.

2.0 Methodology

21 Site Description
The University of Benin is located betweerfZB15”N to 06°24’'25”N and 0536’24 E to 05°41'49”E.The campus is
bounded by Lagos road to the West, upper missiad Benin Auchi road to the East, Federal Governrnms
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College/UBTH road to the south and Ekosodin and Orior viflagethe North.The -shaped campus is divided ir
Eastern and Western parts by the large basin of Ikpoba riigilJFThe western sector wheere thdiegubhre locate:
slope at between 3° - 8° into Ikpoba river.

Fig 1: Layout map of the University of Benin

The problem of soil erosion in the western campus origthitom man’s intervention. The problem &dsto have
started in the early 1990®hen a contractor established a borrow pit in this area thaisginag the gradient of sc
places and additionally removing vegetative cover and thus exptis sandy Benin formationn to dirainfall impact.
The borrow pit area started eroding in crent directions thus creating rills which eventualbnsformed to gullies. T
main gully which is threatening the senior staff quanteas about 25m long as at 1998 but heas isedeia both lengtl
and width to over 800m as a result of continuous tcut and slumping of head walls. This gully staréesda result o
uncontrolled runoff from Ekosodin, an adjourning village to the Usitye where no attentidon wasdpti site ant
erosion measures.

2.2  Data Collection
The data collection involved fieldopographical surveys, geotechnical investigations eell as acquisition ¢
meteorological data from Nigerian Meteorological (NIMETgagy office in Benin City

2.2.1 Topographical Survey of the Site and Mappin

For proper mapping of the gully erosisites in the University of Benin and its hazard in thesiion site, control poir
were established in the gully site using Differential @loPositioning System (DGPS) suirvey methbde world
Geodetic System (WGS) 84 coordinates were converted itersal Transverse Mercator (UTM) coordinate refere
frame. During the topographical surveys, the average pailensity in some areas such as the gelydb, gully edge
and terraces were more intensive than in the other parts efdki®n site. The tal station was tied to the GPS contr
Measurements were collected along the gully site. The grlys sections along with topograpihic igsfrunning along
the gully channels were recorded. The morphological paramaténe gully including deptlwidth, length and area
the gully were measured. The total station measurewena collected at centimetre level resollutmodpture breaks i
slope and other topographic features important for producicgrate Digital Elevation Models ((DE

Detailed topographical survey of the erosion gullies was also magh#yte using Leica total statation imsémnt, locatior
and assessment of spatial coverage of the erosionrsite<foogle imagery. The easting, northings @levation (XYZ
coordinates) generd from the total station measurement were stored igrolsbft excel file format and were th
imported to the ArcGIS environment using the add XY menu. giogect coordinate systerm was then fpeédn
(Nigeria West Belt) and then exported into pers Geo data base as shape files for the erosion Sikesshape file
containing the elevation data were then added and Triaedulaegular Network (TIN) created! usihg Z coordinates
The Digital Elevation Models(DEM) was generated by cotivgrthe 1IN to Raster. Contour lines were generated u
the created TIN to interpolate for the contour with thet @fi 3D analyst extension. A-Scene was then used for 1
visualization of the 3D model generated from the '
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From the topographical survey data, various maps wereeglathich includes the location maps, sgiglit, contoure:
map and 3 model of the erosion sites using Arc GIS 9.3 softw

2.2.2 Geotechnical Investigation

This involved collection of sofrom gully walls near the top and bottom and gully bank usinind auger to depth -
6m. The recovered samples were placed in cellophane bagaasported to the geotechnical ¢ engimgboratory fo
tests and analysis.

2.3 Laboratory Test.

The laloratory tests carried out in the samples included ratuoésture content, specific grawity, Atterdpdimit test,
compaction as well as soil shear strength and cohesiordiained (saturated) ste

2.3.1 Acquisition of Meteorological Data

Meteorologcal data including rainfall, temperature and relativenidity for the period 19¢-2010 were obtained frol
Nigeria Meteorological (NIMET)agency in Benin City. &lobtained rainfall dada were analysed us-year moving
average for the rainfall data whideatter plot and trend analysis was carried out in regpéuoe teemperatu

2.4  Computation of Soll
Morphological parameter for the main gully site includieiggth, breadth, depth, cross sectional,arglame of soil los:
as well as the width to déptatio were compute!
Volume of soil loss was computed using the equ

Vo= Z(A; +Air) (1)
Where V —volume of soil loss between cross sec

L - Interval between sectio

A; - Cross sectional area of first sec

Aiq - Cross sectional area of next sec
Cumulative volume 23V =V, .V, + V5 ...+ 2
Where} V = Cumulative volume
Vi V5, V3 ...V, = volume of soil loss between cross section from the begjrofithe gully at heacd to the downstrezich
of the gully.
Long term gully erosion raté, was computed using the estimated current volume (V), thedeensity of soil occurrir
in the contributing catchmenp), the time span of gully development (T), and the watersheea (A). The equatior
given as [4,11]:

Vpd
E = TLA ()
Erosion per unit gully surface was estimated using thatem
g =red (4
14 Ap

Where A, is plan area of gully im®

3.0 Results and Discussions
The location map for the gully erosion site is shown in Ejghe contoured plan of the site is. shawFig.3 while the
Triangulated Irregular Network (TIN) model is shown ig.B.

Fig.2: Location Map for University of Benin Gully Erosion and Bad Land Topography 2010
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Fig.4: Triangulated Irregular Network (TIN) for Universi ty of Benin Gully Erosion and Bad Land Topograghy

3.1  Morphological Parameters andVolume Of Soil Loss

The computed morphological parameters for the Unived$iBenin main gully erosion site includingetbross sectioni
area and cumulative volume of soil loss from the gully heaHe outlet (CHO+00 to CH 0+740)) obtdifiem the 202
and 2010 survey data, are shown in Table 1 below. The gully seat®nal areas including j variationgully heac
growth for the two years data, are shown in Fi

The long term gully erosion rates ) and erosion per unit gully surfacetri™) E, were computed in
tons per hectare per year,tha™lyr~! and tons per metre squéitm™2 respectively.The results are presented in T
2.
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Table 1: University Of Benin Main Gully Mophological Parameters including Cross Sectional Area
and Volume of Soil Loss in 2010 and 2012 Monitoringeriods

SIN |CH TOP WIDTH SV?E)—]TI?M MAX. DEPTH gggASS SECTIONAL VOLUME CUMMULATIVE VOLUME
2010 | 2012 (A 2010 |2012 |A 2010 | 2012 |A 2010 | 2012 |A 2010 2012 |A 2010 2012 |A

1 0+000 | 18.73| 54.711 35.98 8.77 36.0R4 27125 1F8.5 3.166 | 168.7 698.3 529.9 O 0 0 0 0 0

2 0+020 | 21.14| 43.208 22.0f 8.81 27.338 1853 1M5.14 | 1.685| 1939 542 348 3620.7| 12404.7 88B833H20.7 | 12404.7 8783.98

3 0+040( 22.4 | 36.183 13.78 11.141 20 8.859 1 1301855 | 217.4| 393.] 175.7f 4107.1 935295 5245.85 .B72[21757.6| 14029.8

4 0+060 | 23.02| 34.018 11 13.396 22.3] 8.904 12.6 311-3.247| 218.7| 307.4 88.8 4360.2 7005/64 2643.3888.1 | 28763.3 16675.2

5 0+080 | 24.98| 36.93% 11.95 13.989 16.423 2.434 138.53| -1.077| 249.7 337.6 87.9 4683.65 6450.98 7.BB| 16771.7| 35214.3 184425

6 0+100 | 31.14| 38.622 7.483 16.743 25 8.457 18.2 39180.234 | 273.5 415.9 142§ 5231.9 753582 2303.2D026 | 42750.1 20746.5

7 0+120 | 37.86| 37.85§ O 23.3949 23.389 0 1 1297 0| 81 3381 |0 6544.95 [ 7969.58 1424.63 28548.6 50719.17122

8 0+140 | 36.17| 36.16¢ O 21192 21182 0 124 1241 0(362.5|362.5( 0 7434.92| 7434.92 0 35988.5 58154.6722

9 0+160 | 37.11) 37.111 O 23.636 23.686 0 122 12.18 0(358.8|358.8( 0 7212.92| 721292 0 43196.4 65367.9722

10 0+180| 41.54) 41.538 0 22.733 22.7B3 0 976 9.1B6 391.1|391.1f O 7499.08| 7499.08 0 50695.5 72866A7R1

11 0+200| 41.8 | 41.801 O 24.647 24.667 0 115 1151 0(391.1|391.1f O 7821.78| 7821.18 O 58517.3 80688.4722

12 0+220| 40 40 0 22596 22596 0 1215 12(54 0 40707 4{0 7980.66 | 7980.66 O 66497|9 8866 22171.1

13 0+240| 47.33| 47.33| 0 32,117 32117 0 139 13.88 0407 |407 | O 8139.79( 8139.79 0 74631.7 96808.8 22171

14 0+260 | 46.05( 46.053 O 28.435 28.4p5 0 128 122 5441|5441 0 9511.49| 951149 O 84149.2 1063201722

15 0+280| 46.05( 46.053 O 26.437 26.4B7 0 131 1306 466.8 | 466.8| 0 10109.41 101094 O 9425B.6 11643P1721

16 0+300( 50 50 0 27.45) 27.487 0O 144 144 0 5282.3|0 9891.41 | 9891.4L 0 104150 1263p1 221711

17 0+320| 38.63| 38.633 0 20 20 0 13[6 13|62 0 393979 |0 9202.58 | 9202.58 0 113353 1355p4 22171[1

18 0+340| 37.83| 37.829 0 19.268 19.258 0 121 12014 338.2|338.2| 0 7361.16| 7361.16 0O 120714 142885 71221

19 0+360 | 34.45( 34.447 0 20.091 20.0p1 O 11.3 11®3 325.4| 325.4| 0 6636.01| 6636.01 0 127350 149%21 7221

20 0+380| 34.64) 34.643 0 11.247 11.257 O 121 121 031153115/ 0 6369.06| 6369.06 0 133719 155890 1217

21 0+400| 39.28) 39.28| 0 24269 24.269 0 139 13.93 0(424.8|4248( 0 7362.93| 7362.93 0 141082 163253 1217

22 0+420| 36.85( 36.849 O 16.343 16.353 0 115 11018 339 |33 |0 7637.45| 7637.45 0 148719 170890 221711

23 0+440| 38.72| 38.717 O 17.543 17.583 0 12.4 12045 357 |357 |0 6959.69| 6959.9 0 155679 177850 221711

24 0+460 | 34.46( 34.45¢ O 14.203 14.2p3 0 11.3 11385 278.9( 278.9| 0 6358.97| 6358.97 0 162088 184209 71221

25 0+480| 37.31| 37.30% O 18.443 18.4p3 0 109 10m1 292.8(292.8| 0 5717.08| 5717.08 O 167755 189926 71221

26 0+500| 42.62| 42.62| O 25511 25511 O 117 1173 0(379.8|379.8[ 0 6725.7 672517 O 174481 196652 22171

27 0+520| 38.11| 38.11| O 23.301 23.3p1 0O 111 1111 0(346.6 | 346.6| O 7263.28| 7263.28 0 181744 203915 1217

28 0+540| 35.24f 35.23% O 16.298 16.2p8 O 10.1  10®m9 305.4( 305.4| 0 6519.44| 6519.44 0 188263 210434 71221

29 0+560 | 37.08) 37.081 O 21.941 21.981 O 9B 9.p95 0259.7|259.7| 0 5650.94| 5650.94 0 193914 216085 1217

30 0+580| 32.98/ 32.97¢ O 19.804 19.8p4 0 10.6 1065 271.5( 2715 0 5311.99| 5311.99 0 19926 221397 71221

31 0+600| 38.29| 38.292 0 22.931 22,981 0 976 9158 296.2 | 296.2| O 5676.75| 5676.15 0 204903 227074 7R21

32 0+620| 41.48) 41.479 O 27.942 27.942 0 803 825 265.9 | 265.9| 0 5621.31| 5621.31 0 2105p4 232695 7R21

33 0+640| 36.03| 36.033 O 15545 15.5¢5 O 943 9.4P6 239.5( 239.5| 0 5054.71| 5054.71 0 2155f9 237750 7R21

34 0+660 | 38.62| 38.62| O 19.868 19.868 0 oL 9l 0 0.25250.2| 0 4896.98( 4896.98 0 220476 242647 22171{1

35 0+680| 32.75( 32.751 O 16.946 16.956 O 706 7.[B3 177.3(177.3| O 4274.89| 427489 O 224751 246922 7R21

36 0+700| 31.03( 31.02¢6 O 15 15 0 6.94 6.939 0 1922.3 | 0 3296.67 | 3296.6f O 228048 250219 221711

37 0+720 19.978 19.9: 12.59 12.%9 5.347 5.347 1.92| 91.92 2442.54 244254 252661 252661

38 0+740 22.753 22.7 13.524 13.b2 1.304 1.304 18.65 | 18.65 1105.7| 1105.7] 253767 253767|
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2010 GULLY HEAD GROWTH CROSS SECTIONS

e L

2012 GULLY HEAD GROWTH CROSS SECTIONS

Figure 5:Typical Gully Cross Sections for the Monitoring Years

3.2  Volumetric Estimate of Soil Los:

The volume of soil loss, V in fwas computed in year 2010 and 2012. Long term gully rg , erosion peunit gully
surface Ep and Volume of soil loss over gully surface ®(ez®) / A(m?) for the monitoring years were also determi
and the results are presented in Table 2.

Table 2: Volumetric estimate of soil loss for the universy of Benin main gully site

S/N | Monitoring Years | V (m°) Bulk density(g/cn?) | E (tha™yr™) E, (tm?) V(m®/A (m?)
1 201C 228047.6. 1.8t 4.6: 15.40} 8.3¢
2 201z 253766.9 1.91 5.32 16.06: 8.41
DIFFERENCE 25719.33 0.06 0.69 0.656 0.08

Erosion per unit gully surface Ep in (fnshows a difference of 0.656 within the monitoring §s with 15.407 for th
previous year and 16.063 for the recent year. The volumeldbssiover the monitoring years 1fa thain gully area \
(m*) computed gave difference of 25719.33 with an anrainfall of 12859.665mm. These results show thatahnua
rate of soil loss over these years is very high in théeg

3.3  Geotechnical Characteristics of the Gully Are.
Attribute table along with location of sampling points fbe University of Bein gully site are shown in Fig 6. Tl
attribute table presents the results of the geotechriieahcteristics for the gully si

W
- \
T o Tt ‘ A
- Y N
N b,

-
SIST mrewan
S n muma

. Seai

s

1:11,000

Fig 6: Attribute table of geotechnical properties along with locatibisampling points for Unmiversity of ilda Gully
Site
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From the results,

a)

b)

d)

e)

f)

4.0

The specific gravity of the soil samples testedgesnfrom 2.18-2.61 indicating that the soils arenofmal
specific gravity (normal specific gravity of soisnges from 2.35-2.99 [12]).

The sieve analysis test carried out shows thatepesige of soil particles passing through sievertirh8anges
from 81.21% - 99.25%, the percentage passing thraigye 0.425mm ranges from 27.28% to 72.08% while
the percentage passing through sieve 0.075mm renges0.24% -41.50%. On the average, the percentage
passing through sieve 0.075mm is less than 359%, itldicates that the soil samples is predominaotly
granular composition.

The Atterberg Limit test shows that the Liquid lirof the soil ranges from 21.0% - 48.33%, the Ridsimit
ranges from 0.00% - 24.95% while the plastic indaxges from 16.57% - 29.55%. This indicates that t
plastic Limit of the soil is fairly low.since theldticity Index below 35% are regarded as low [I3je soll
therefore lacks enough binding or cementing progert

The result of the compaction tests shows that @leevof Maximum Dry Density of the soil ranges from
1.49g/cmi — 1.87g/cm while the values for the Optimum Moisture Contertge from 11.3% - 14.77%.

The shear box test obtained for the soil samplew/sthat the values for Angle of Internal frictianges from
5.05° - 67.57° and the value of cohesion ranges ft&N/nf — 30.10kN/m for the various samples collected.
These values were used to compute the bearingitapéthe soils.

The bearing capacity obtained from the soil sampiemjes from 6923.68kN/rto 11,631.65kN/m for the
coarse samples and 85.171kNKiAm 132.48kN/rf for cohesive soil sample. It is to be noted theas strength
and cohesion in undrained (saturated) soil conditiauses instability of slopes embankment hencengikie
high rainfall in Benin City and permeability of tseils these tests become necessary in Gully era@siotrol in
order to provide necessary embankment protectiaksvo

Conclusion

This paper examines the development and devastefiegt of gully erosion in the University of BeniMeasurements
carried out in 2010 and 2012 were analysed andethidt used to evaluate the rate of soil loss éndtosion gully from
the results of the study, it was observed thatvtiiame of soil loss increased from 228,044m2010 to 253,767in
2012. Long term gully erosion rate gave a value6&tha'yr for 2010 and 5.32 tiigr*for 2012. Erosion per unit gully
surface was 15.407tfmfor 2010 and 16.063tmfor 2012. It can therefore be seen that the raguly erosion is high
and appropriate remediation measures should betexdifg their control.
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