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ABSTRACT

Gullying processes of some selected éites in Enugu-Onitsha express
corridor were studied. The factors that generate gully erosion a*
selected points were highlighted and their general characteristics
were discussed based on the intensity of gullying in the corridor,

were
two types of gullr developinent = identified; that is the yourg and

intermediate states. Consequently, the gullies were classified into
three categories namely; baselevel, scarp, and incidential gullies
in accordance with their mode of initiation, present material and

processes within them.

It was observed that gullies concentrates on the sandstone areas
of the geologic formations along the corridor. From the discussicn,
it was observed that rainfall intensity, gecmorphic pattern and geologic
setting, groundwater condition and the surface vegetal cover are factors

that influence gully erosion.

Finally, the contribution of these factors in predicting gully
erosion in the selected sites and some implication for checking soil

erosion in the study area were highlighted.
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PREFACE

This project presents the report of the research carried out
on "Hydrometeorological comsequences of gully erosion", a case study
of Enugu-Onitsha Expressway.

The structure of the project is fairly simple. There are five
chapters altcgether. Chapter one deals with the introductory aspect
of the project. This includes the background of the project, the
objective; justification of the study; literature review and its
summary and theoretical frame-vork.

Chapter two explores the environmental setting of the study wrea,
which is the climate, vegetation, soil, geology, geomorphology of
the study area.

Chapter three shows the representation of the field observations;

and the laboratory work. The analysis was ddne under these headings,

gullying intensity along the expressway, physiographic analysis, result

of the laboratory work, patterns of gullying, rate of functioning
and rainfall intensity its return period.

Chapter four shows the statistical analyfis and computation of
rainfall intensity and return period; the result of frequency curves;
bar graph of the particule size analysis; volume of soil lost and
landuse system.

Chapter five arlodies the conclusion; control measure in the

study area and recommendation for further studies.
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CHAPTER ONE

1:0 INTRODUCTORY ANALYSIS

1:1 BACKGROUND CF THE STUDY

Erosion may simply be described as a prccess of continuous or
intermittent removal of soil including plants® natrient from the land
surface and its deposition in another location. There are various
causative agents of soil erosion such as water, wind, but above all,
man is the most important agent of soil erosicn, Sagua (et al 15986).
In general; soil erosion 1s a natural phencmenon and a response to
environmental forces which lead to displacement of the scil to varying
degrees. Normal erosion occurs with wind action but this is suitahle
and slow, such that the displaced soil can be replaced by normal process.
Sheet-wash grosion is more persistent and covers an extensive area
of the ccuntry. In some other cases, erosion can be accelérated when
the rate of displacement and removeal of the soil from land surface
far exceeds its replacement by pedological processes.

All over the world, it is now being recognised that about 2.5%
of soil, when land is used carelessly, can be swept away in a very
short time. Yet it has taken from 100 to 300 years to form. It has
been estimated with available measurement that at least 3 billion
tonnes of soil are wasted out of the field and pasture of the nation
every year, (Schwarb et al 1981).

In Nigeria, soil erosion has reached endemic proportions. BRoth
old and fresh gullies are seen on farmlands, roadsides, urban centres
and river banks. Gullies adorn much of the landscape especially in
the eastern part of the country - Anambra, Enugu, Imo, Akwa Ibom,
Rivers; Cross River and former Bendel state.

In former Anambra state, which is easily the worst affected state,

canyons created by erosion have become a common feature of the state's



than double the 276 identified in Imo and 200 in Akwa Ibom states.

In former Anambra state, estimated damage between 1985 and 1990 was

¥6 billion, with 150 deaths. In 1988 alcne, Rivers state recorded

N106 million losses and 11 deaths when 1£3 villages were flooded.
According to Newswatch of 26th August, 1991 former Anambra state requires
N50 billion ($5 billion), Bendel state 14 billion, former Imo state

1.03 billion, Crecss River state W16 billion and Akwa Ibom state NW555
million for the capital Uyo and envircns, for erositon control.

Only recently however, the presidency released N512 million for
coastal erosion control works in seven state, In Rivers state aloneg,
more than N¥100 million had been spend by the Federal authority by
December 1990 to combat ccastal erosion there. In 1589, N369.9 million
was disburged for control works in 12 states. But state officials
see it as a mere drop of water in the ocean.,

The military Administration of former Anambra state had set up
an interministerial committee in 1984 tc study the problems imposed
on the st-te by scil erosion. The result of this committee revealed
that Anambra state was being seriocusly devastated by soll erosion
of all types. In February, 1986, the Urdversity of Nigeria, Nsukka
held an international workshop on soil erosion, land clearing and
soil testing and presented a communigque to the Military Governmor of
Anambra state, Group Captain Emeka Omeruah. He responded by setting
up a Task Force on soill erosion control. The disaster caused by soil
erosion, especially gully erosion in the state is of such a magnitude
that every good citizen of Anambra state should jein in the fight
against soil erosion menace. A better tomorrow awaits the citizens
of Anambra and Enugu states, if the battle agaimst soil erosion is

won now, (Task force on soil erosion contrcl in Anambra state, 1986).



1:2 STATEMENT COF RESEARCH PROBLEMS:

The environmental hazard of gully erosion in former Anambra state
has attracted the attention of many researchers and governmental crgani--
zations, to the extent that in 1986, Anembra state set up a task force
on soll erosion control. The task force started their work by enumerating
the number of gully erosion sites in the state and came up with seven
hundred (700) lccations. The Agulu-Nanka area of Anambra state, has
become notorious throughout the country because of this environmental
hazard.

The regretable aspect of this erosicn hazard is its effect on
the newly constructed Enugu-Onitsha expressway. Before the construction
of the road, there was no kind of soil erosion much less of gullying
in this part of the states. But since the road came into being ercsion
problems have set in giving rise to land degraddtion. The cost of
construction of the road is highly prohibitive and since the construction,
the capital imput has not been adequately utilized, rather more capital
is being allocated for resurfacing and maintance of degraded part
of the road. There has been an increase in the gully sites and slcpe
failure along this road. The Task force on soil erosion has identified
twelve gully sites on this road. Irrespective of huge constrﬁction
cost, parts of this road have undergone rcconstruction because of
this prcblem. Evidence of this has been seen in the number of diversion
signals along the expressway. The diversion signals are either due
to new guily sites or reconstruction of the erosion-damaged part of
the exptessway. This gives rise to the use of one road lane by vehicles
travelling in opposite directions. It should be borme in mind that
the volume cf vehicular traffic on this expressway 1is very high. There-~
fore a number of accidents have been recorded as a result of these
sudden diversions along the expressway.

Tha fnene of this research therefore is to evaluate the hydrome-



1z3 OLJECTIVE OF THE STUDY:
The specific objectives of this rcscarch are:

(1) to assess recent intensity of destruction caused by gullying;

(2) to identify the hydrometeorological factors responsible for gully
erosion cn the expressway; and

(3) to recommend ways of preventing this gully erosion..

1:4 SCCPE OF THE STUDY

The research was concentrated on the gully sites along the exprcssway
and its sides. Dut will not consider those gullies that are inside
the towns and local government arcas through which the road traverses.
The reason being that a lot of research works have been done, comprising
these towns aud local government areas; (Ofomata, 1964-1965, 1978,
1931 a;b,c and 85 a,b). These literature will be semn in the literature
review. It will also concentrated only on gully erosion aspect of
erosional processecs.

The research will crate some awareness cr some hecessary precautionary

measures which should be taken to prevent this gullying.

1:5 JUSTIFICATION FOR THE STUDY
Ecclogical problems are ameng the most chreatening natural disasters
on the earth today. The recent United Naticns summit on envirconment
in Ric De Jameiro Brazil was specifically convened to draw attention
on a global scale to the immediate and long term damgers consequent
upon deterioraticn of our enviromment. Ecological problems featured

prominently ia the dicussion to highlight the reality of this issuc.
Here in Nigeria, ecological problems in general and gully ercsion in

particular have recently assumed a most worrisome dimention. Hardly docs
a day pass without either the print or clectronic media carrying a

news ltem or two about fresh occurrence in parts of the country of



when it is nct flood disaster in Lagos or River states, it will be
gully erosicn disaster in Anambra, if it is not a section of a
community being caught off from the rest as a result of washing away
of a bridge, it will be washing away cf roads, houses, vegetables;

animal farms and very often accompanicd by ccllosal loss of life.

It therefore becomes pertinent to take a close look at this issue
in form of a thesis that will not only examine the genesis of the
problem but define the scope, forecast the future trends, consequencas
and proper scientific solutions. This is what this study modestly

seeks to achieve.

1:6 LITERATURE REVIEW

In the environmental sciences dealing with problems of gully
erosion likz Ceography, geology, soil science, civil engineering etc,
it has been noticed that attention has been towards the causes and
effects of gully cecrosion on the physical envircnment especially scil
resources.

In Nigeria incidence of soil erosicn and guly has been of much
concern to every good citizen of Nigeria. However, Ofomata; (1987)
on soil erosion in Nigeria: the view of a geomorphologist, argued
that the phencmenon of soll erosion is a system made up of complex
interacting components. Any changes in any one of its components
will affect the other componente of the scil erosion system and thercby
affecting the entire system itself.

Sada and Omuta, (1977) in their study of soil erosion and envircnmental
problems in Auchi area discovered that the problems are man-made,
because they arc the results of a thoughtless and careless distutrbance
of the ecological balance of the area, and lack of planning of human

habitations and their associated activities.



‘Similarly, Jeje, (1982) on soil erosion and changes‘ in physio-
chemical properties of soil in Ejiba area of Kwara state, revealed
that the wery low nutrient status of the eroded soils and their
hydraulic characteristics especially the poor moisture retention capacity
of the surface horizons are responsible for the poor yield associated
with s0il experiencing accelerated sheet erosion. Ologe, (1988) studied
the characteristics, processes and extent of soil erosion in the savanna
region of Nigeria, In this study, he found out that gully erosion
is widespread in the Nigerian savanna and appears to have been triggered
off by incision of the main rivers, an event which must have taken

place several hundred years ago.

However, in the case of Eastern Nigeria, of which the study area
is an integral part, a greater proportion of geomorphological researches
which now pose a very serious threat to the effective use and comservation
of land resources. The Udi forest reserve in Enugu state was created
in (1922), followed by an Anti-Erosion Plantation also in Udi, in
(1928), Syke, 1940, These measures are directed towards combating
the degradational effects of soil erosion. In 1938, there was a general
review of soil erosion states in Nigeria by Sir Dulley Stamp. This
was followed by Groove, (1951) Floyd, (1965) and Ofomata, (1964, 1965,
1966, 1967, 1973, 1978, 1980, 1981, 1982, 1584, 1985 a and b).

Ofomata, (1573) studied the nature or characteristics, causes
and somé possible control measures in some places like Owerri, and
Onitsha province; Enugu, Uzoitem village. Ofomata (1965), Ogbukagu,
(1976); Igbozurike, (1977); Niger-Techno limited (1978) have also
studied the Agulu-Nanka gully erosion in the region of Anambra state.
All these settled on the physical and anthropogenic processes of the
area in different perspectives and processes.

Therefore in considering the inumerable havoc done to our land



infact retards the growth of human and cultural civilization e.g roads,

building, dams and sometimes entire villages are seriously affected.

Faber and Imeson, (1983) undertook a research work on gully hydrology
and its related soil properties and they found eut that runoff in
the gullies are generated at the gully heads and soil slump, land-slides,
rock fall have resulted from this. They concluded that gullies in
eastern Nigeria are resultant effect of steep slopes, high rainfall
intensit?-s, low soil water storage capacities and reduced infiltration
rates due to crusting induced by raindrop imputs.

Ofomata (19588) in his studies on the characteristics of soil
erosion in the forest zone of south eastern Nigeria concluded that
running water is the main agent of erosion in this area, and depends
on the manner in which runoff is organised. Gully erosion occurs
where runoff is concentrated along defininte channels, Ipfact, all
kinds of soil erosion in this area, der~nd cn the manner in which
runoff is organised. Gully erosion occurs where runoff is concentrated
along definite channels. Infact, all kinds of soil erosion manifest
themselves in alarming rates and give rise to all kinds of gullies.

The reasons are: the total annual rainfall is high, charactetiseé
by high intensity and soils Xsurface material) are highly e;odible.

Kalu and Goodwill, (1987) on climatic impact on soil erosion
revealed that geomorphic processes on the surface cf the earﬁh
respond actively to climatic variation trends. ‘And most important
impact is to cause a difference in the soil moisture content and
coherence of the soil strata. Clay soil regime responds to this type
of climatic variability. First rains, or “red rains" in Nigeria at
the onset of the rainr season have an increase P.H value and thus

mildly acidic. And this plays an important part in chemical weathering,



Babalcola (1987) who studied the effect of soil properties on
infilteration and runoff in Eastern Nigeria, revealed that sheet wash
is an effective erosion process on sandy soils, whereas on coherent
soils there is resistance to splash and sheet erosion. Rills and
gullies are usually the main processes of an accelarated erosion,
because of increase in hydraulic gradient induced by increase in slope
gradient, and high rainfall intensity because surface is exceeded
and incision takes place at the point of low.

Jungerius (1963) who worked on the soils of eastern Nigeria
includes a description of the physical conditions of the region. He
examined the problem of the soil which is subdivided into five categories
according to their morphology and the degree of evolution of their
profile. Each category is then subdivided into several units according
to the characteristics of the substratum and soil colour.

Lal (1976) worked on kaolinitic (fine white clay) in western
Nigerian and observed that top soil removal resulted in increased
gravel and decrecased silt and clay contents of the surface layer of
the exposed subsiols. In southern Nigeria, Obi and Asiegbu (1980),
indicated that a high dominance of the sand fraction is much evidence
in top layer of all the eroded soil studied. Lal (1981) in his study,
also reported a decreased moistﬁre retention capacify and increase
infilteration rate following several years of erosion. The reduced
saturated hydraulic conductivities according to Mbagwu et al (Ibid)
were due to structure degradation as reflected in increased bulk densities
and reduced macro and total porosities of exposed soils of eroded
zone of southern Nigeria.

These works of Lal, (1976, 1981):; Obi et al, (1980); Mbagwu,
(1986) focus toward the physical properties of eroded soil. And it

also exposed scme of the havoc done to our natural soil by erosion



Ofomata (1964) on soil erosion in Enugu Region of Nigeria Geographical
picture of the phenoménon in all its aspects, with some examples in
the Enr~1 region). In the geological and hydrological sections of
the report, the causes and consequences of soil erdsion are adequately
commented upon. From the social and agricultural point of view, the
author describes sheet erosion as a very dangerous phenomenon for
the living populations while gully erosion, even though it causes
a very reél loss of land seems to limit itself to reasonably small
areas. In (1965); Ofomata studied also the factor of soil erosion
in Enugn and he commented that the most important human factors is
cutting of natural vegetation exposing the soil to erosion. And also
in the road construction and various other excavation works. And
also the continuous encroachment on market-places at Enugs. Ofomata
listed climate as the prime physical factor of erosion. The Enugu
area 1s a transition belt between humit coastal regions and interior
dry climatic areas. The rainfall is important above all for their
nature and intensity, the rainfall is usually heavy and lasts for
short duration which causes severe erosion. Where soil lacking wvegetation
cannot control the impact of rain water. The author attributed the
erosion in Enugu to comparatively steep slope, generally over 5° and
some parts up to 25°,

In the bid to put the processes of erosion under control, effective
measures have been suggested. Groove (1551), advocated for ghe increase
in the degree of vegetative cover through afforestation. Ofomata,
(1985) and Floyd, (1965) suggested the change of farming methods through
education of farming near gullies. And Igboxurike, (1977) suggested
a four pronped approach for a permanent solution of the problem, namely:
Enclosure zomation, resettlement, structural alternation and community
surveillance.

o -~ =1 £1081) eunrcinctlv state that the four fundamental



to prevent water from concentrating and moving down a slope in
a narrow path; to impede the falls and soil creep in the gullies affect
the smooth flow of runoff. Runoff in the final analysis according
to Hard (1970) are products of precipitation, and any relationships
existing according to Andrews (1962) 1is largely independent of the
size and topography of the catchment area and of their geology and

structure of the soils.

SUMMARY OF THE LITERATURE REVIEW:

The foregoing literatures have revealed all aspects of soil erosion
in different parts of Nigeria and the various part of eastern Nigeria
where the study area formed an integral part. The topics of different
scholars have been reviewed, bringing out their various findings in
their varicus findings in their areas of research.

However, despite the studies alcne in these areas, non has been
done along the Enugu-Onitsha expressway. It should be borne in mind
that this expressway is of (r@cial importance because it serves as
a quick and connecting link between Enugu and Onitsha, the two great
citics of Anambra and Enugu States. The volume of traffic flow in
this expressway is very high, since it is also an interstate expressway.
Censidering the financial aspect of the road construction and maintenance
which is also very high, the road is very important as ther e is life
in Anambra and Enugu states in particular and Nigeria at large.

Therefore, this research wil 1 help to fill the gap that has

been created in this area of study.

10



Yl DATA COLLECTION AND METHODOLOGY

The topographical, political and vegetational maps of the study
area wgs collected from the Enugu State Ministry of works, lands,
transport and survey, Enugu. The maps was used as a base maps from
which the background information was oktained, and also compilation
of the study area map. This has been also used to extract some information
about the physiographic and landuse pattzrn of the sites which was
not possible to obtain practically from the field.

infact, data collection for this rescarch was based on primary
and secondary data. The primary data or field work for the research
paper includes:

(1) The measurement of the morphormetric characteristics of
the gullies - depth;, length, width an¢d the number of gullies in each
site, the slope 2nd its orientation was measured using linean tape
and rangin: poles. After which the density of the gullies was calculated
using the formula:

& (1)

[ oo

x1 @ ecre A = in (Km?),

X1 = mean longth (n).
The varizhce (r?) of the length, width and depth was calculated.
(ii) The volume of soil lost was calculated fyom the formula: Vol

= (LxWzxD) (2)

where vel = Volume in (M®), X1 = mean length (m),

D = mean depth in Jm) and W = mean width in (m).
(i11) Scil samples was collected randomly frem different gully sites
along the expressway and was tested in the material laboratory of
the Ministry of Works and transport, Eunugu. The samples were tested
for particule size, the liquid limit and plastic limit. Plasticity
index was calculated using the formula? Il = P1 = plastic limit.

(iv) The physiographic and landuse pattern of these area was identified



(a) total stream length in (km);

(b) BRasin arez in (Km2?);

(c) Forest cover in percentages;

(d) Forest cleared and built up area in percentage;

(e) Mean elevation in (M)

(f) Mean channel slope (Mcs)

(g) Drainage density.
The mcan chsnnel slope was obtain by:

(1) defining the drainage basin

(ii) finding 10%Z cf the distance and itc elevation;

(iii) finding 057 of its clevation and distance;

(iv) subtracting che value of elevation at 107 from that of 85Z.

(v) Finelly dividing the value by the whole distance of the drainage
basin markad.

Using planimeter, the value of basin avea total stream length
was obtained. To calculate drainage deasity, the total length of
stream in each catchment was divided by the catchment area in (sqkm).

Thus the drainege density expresses the closeness or spacing
of the stream channels.

The formular is Dd = lu e e e 4

Au
vhere Dd = drainage density, Lu = sum of all the stream length and
Au = area of the Basin.

The secondary data for the research includes:

(1) Rainfall, temperature and relatives humidity. The data was collected
ifrom Ministry of Agriculture; Agrometeorological section at Market

Garden, Enugu freom (1984-1992) as was available. The data was collected
frcm three stations along the road, nancly Enugu, Onitsha, at two

extremes of the study areca and Nkwelle in the middle.



(11) The rainfall intensity and the return period for these afeas

was determined from the daily authogrephic records cf Enugu and Onitsha
stations. That of Enugu is between (1956 = 1987),whiie that of Onitsha
is between (1271-1988) giving the totals of 31 and 18 years respéctively.
The data was collected from climat section of Meteorclogical Institute
Cshodi; Lagcs. The réinfall intensity was calculéted using the formula

(ma/hr) —-- (5).

The partial duration return period of each intense rainfall was
determined using the formular:

Tr= N+1 (6)

M where m is the order of

ranking, N is the number of water years for each duration. The value
so obtained was plotted on extreme probability paper and the return
period of 1, 2, 3, 5, 10, 15, and 25 of intensity versus return period
was extracted. The intensity that was extracted were then plotted
against duration zu a function of return period on log-log paper.
Finally the bar-graph for 1, 2 and 3 years return period of the
twe stations was plotted to determine the variations between the two
stations. The bar-graph of some variable were also drawn to know

the cnce that has a high effect on each gully site and the reasons.

1:£5 THEORETICAL FRAMEWORK

The theoretical framework of this research is based on the soil
“"rosion meodel by Ofomata, (1987). A model as defined by Lee, (1973)
is #n obstractton from reality which is used to gain conceptual clarity
0 reduce the world to a level we can understand and specify. The
basic assumpticn cf this Model is that ecach factors of erosion is
capeble of bLeiny considered on its own as well as in conjuction with
other factors. The various relationships between the factors of soil

ernaion and the phenomenon ¢f erosion are given in fig. 1:8:1, as



for the humid topics is emphasized by the fact that rainfall is the
principal element of climate comsidered.

The model is self-explanatory. Eriefly, potential erosion of
the environment has both physical and human components. Each component
is itself made up of a number of constituent factors which interact
in different way and at varying degreec to produce different types
and rates of erosion from one part to the cthcr of the humid topics.
Rainfall is a major factor in the observed relationships. Direct
relationships are shown by solid lines whige indirect connections
are shown by pecked lines. The erosion rates box represents only
an attempt at a general indication of what is expected from certain
soil erosicn components.

Of various factors of soil erosicn recognised, only population
density, surface configuration (relief), rainfall, vegetation and
surface materials have been isolated as critical to the development
of the soil erosion phenomenon and used as the parameters for formulating
the model.

In my study area; population is not important 3o there 1is no
data on it. But on the other hand this was represented by the magnitude
of antropogenic forces expressed ih terms of percentage of cultivatzad

and forceted arcas, (fig. 1l:C:l).
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CHAPTER _TWO

2:0 ENVIRONMENTAL INFORMATION OF THE STUDY AREA
‘% wl

2:1 LOCATICN OF STUDY AREA

The study area is Enugu - Onitsha cxpressway. The expressway
covers about one hundred and eight kilcmeters (10€ km) in length.
This is the major link road comnecting Enugu and Anambra States. The
study is en gully erosignt;long the road and the road s;des.
The Enugu-Onitsha expressway lies approximately between latitude
6° 06°N and 6° 30N and longitude 6° 4C'E znd 7° 30'E. The study
area is clearly represented in the fig. (2:1:1) below. This area
lies within an elevation of 100m and 1,500m above mean sea level at
its high and lowland areas respectively. The highland araa with elevation
of 1,500m is around Enugu while the lowland with elevation of 100m

is around Onitsha.

2:2 CLIMATE:

The prcject area has a typical tropical climate, which is marked
by two prominent seasons. The wet and dry climate, refefed to as
- “NW" under the KOPPEN - BEIGER system of climate classification. The
area lies within the zone B of the homogeneous ecological and rainfall
regions of Nigetia, according to Kéfﬁ and Godwill (1988).

"Zone D extends from the coastal magines

inland to about 9°N and covers the rainforest

areas of Nigeria. 1Its rainfall parttern is

definitcly bimodal, with an annual maximum

in most parts in June and a secondary

meximum in September as in Zone A. In most

places in this zone; the characteristic mid-




“August break", is observed aspeciaily in

the central and western arcas of Nigeria.

The effeer decreases both eastwarde and northwards due to
Lhe decreasing influence of rhe lowlevel

anticyclonic ridge emanating from the nearer

presence of thg south hemispherie subtropical

anticyclone ever the Atlantic",

The climate of this drea is influeiced by two major contrasting
air masses which ere, trcpical continental (¢T) and tfopical maritime
(nT). The tropical maritime originates from the southern hemispheric
subtropical anticyclone over the south atlaﬁtic. This air mass
ihfluences the rainy sedson of this arca. And its influence starts
from late March to October., This airmass is moisture-laden and thus
"rain bearing wind". It should be notod that the gross features of
rainfall pattern in Nigeria, as in othcr parts of West Africa, are
usually tonsidered in association with the inter-tropical Discontinuity
(ITD); (Hamittcn and Archbold 1945; Adeickun, 1965): Thus an inherent
assocdiation of the deily rainfall pattcrns with the space and time
variations of the 1TD, (Ilesami, 1979). Therefore, the areas with
the highest rainfall are in south-western Nigeria where the rain-
bearing south-westerlies accompanying the (mT) air strike the coast

more or less at a right angle, (Ojo, 1977). The study which is

in south-zastern NIgeria shows some micro-variation in rainfall as

a result cf coastal and influence of River Niger in Onitsha. The
Nkwelle stat?on which represents Onitsha area has a mean annual rainfall
total of one thousand eight hundred and twenty five millimeters (1825mm)
an' monthly maximum of three hundred and ten wmillimeters (310mm).

Enupu, which is at the other extreme has annual rainfall total of

one thousan? twe hundred and forty seven (1247mm) and monthly maximum
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of these two extreme stations has an annual rainfall of ome thousand
three hundred and twenty five (325mm) and monthly meximum of two hundred
and four (204mm). These values were calculated from the 10 years

rainfall records of these areas,

The tropical airmass which originates from the subtropical high
pressure belt of sahara influences the dry scason of the area. This
is dry wind and dust laden. It takes pasitiocn from November to early
March. It is characterised by dry Harmattan wind blowing from the
northeast to this area. During the Fammattan both visibility, temp-
erature and vclative humidity are generally low.

Theoughout the year, the temperaturc of the area is high ranging
from the mean of 32°C in dry season to 27°C in wet season. But due
to some local influence the temperature of the study area varies.

At Enugu the anaual maximum is 35°C while the annual manimum is 24°C.
Onitsha has an annual maximum of 33°C with the minimum of 22°C. And
Awka 34°C and 22°C for maximum and minimum temperature respectively.

The relative humidity also varies. At Enugu the annual maximuin
relative humidity in the rainy season is 02 per cent with the minimum
of 53 per cent in the dry season. Onitsha has an annual maximum of
about 93 per cent in rainy season with 74 per cent maximum in the
dry season. Awka has an annual maximum cof 37 per cent and minimum
of 74 percent in the wet and dry season respectively. These figures
were also calculatad from 10 years record of temperature, relative
humidity aud rainfall of these staticns collected from market Garden

Enugu.

2:3 VEGETATION:

The vegetation of Enugu-Onitsha Expressway was typical rainfores;
but due to intemse landuse system which has degraded the forest to
derived savanna. FEemnants and patches of high rainforest can be seen

1 abwnam addoe se Y"oslarv forcet" TFor dnetancse



g
sides of Mamu, Ekulu river and Ever-valley. Also as some areas especially
from Nkwo to some parts of Oji-River, tall treces are seen dried but
still standing. This is evidence of chenging forest.

- However, the detailed existing vegetation of the selected gully
sites as was observed in the field aud read in the vegetation and
landuse map with scale of 1:250,000 can be summerised as follows¥*

Awkuzud- Farmland and immature forest with derived savanna,

Ifite-Awka: Farmland and immature iorest.

Awka - This is also under farmland and comsist of derived
savanna. Crops found here are bannana, Grasses
are antropogen spp. Digitaria spp, the shrubs are

Afromosia Caxiflora, combritum.

Nsude/Idor-Puve

and Ugwuoba: - Wooded shrubs,; oil palm and farmland, immature
forest and patches of woodland.

2:4 SOIL:

The scil of the qully affect area in thc study area consist of
mainly reddish zarth of about 9<10m in depth. This belongs to the
great soil Groups of latosols according to the classification of the
United States Dopartment of Agriculturs, (1938). However, Barbour,
Oguntoyinbe et al (1972) classified the scil of the study area as
belonging tc ferrallitic soil because of the presenc: of iron-oxide
from which the soil derived its colcur. The soil of the area is highly
weathered, leached and contained comparatively smaller amount of humus
which could have helped to bind the soil particules together. Some

parts councist of clay which is rather prcne to soill creep and landslida,

22
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2:5 GEOMOPHCLOGY ¢

The Enugu-Onitsha expressway of Anambra and Enugu states exhibits
a bad-iand type of togograpﬁ& which is characteiised by a dissected
scarp sloﬁe with adjacent low land, and.valléjsl' The scarp slope
is part of a regional system of escapemeﬁﬂ stretching from Awka to
Orlﬁ in Imo state (the Awka/Orlu upldhd);'fstill in this area we have
the Udi sandstone plateau which tetminates'iﬁ gigentic east-facing
scarpgfﬂéﬁ passes westwards to the Imo River clay valley, which is
part Biifké Niger syncline covered with sands and clay. Over the
whole region ghe clewation ranges betwean 120-150 meters in the valleys
to over 240 meters on the plateaux - through highlands of 300 weters
are exceeded ih places on the plateaux. The scarp edge of the enscap-
ment ia moseqpiaces consist of steep and vertical walls of depressional
complex structﬂr;s. The scarp exhibits two generations of rauvine type,
tending 5 -~villy north or south with the revimes cut exclusively
into unconsolidated materials often showing = characteristics broad,
almost semi-circular valley heads. Thase gullies also exhibits sharp
pointed peaks, steep sided wélls, aﬁd japged knife like ridges along
sore parts of the rnad.

The unconsolidated materials in which the gullies are carved;
predominantly loose sediments with an overburden of red e#rth. and
thﬁe i{;prone to midflow, soil alum?. soil crezp as well as landOslide

along the expressway.

256 GECLOGY :

The main geclogic units of the study arez are the Manu formation
(lower maestrichtian), Ajali formation (middle maestrichian), Awgu
formation (ccmpanion), Amaki formation (Eccen:c). The distribution
of this formation is seen in the geclogic map provided (fig. 2:6:1).

Lithologically the Enugu~Onitsh. expressway consist of sand, shale,




located at Enugu side of the expressway. The Imo shale at some part
of 0ji-River around manu river and Awka arca; this is the ycunger
type of manu shalc. Therefore they are subjccted to expansion and
contraction during the rainy and dry scasons respectively. Sands

are highly e¢rodible especially the sandstonz. The Ajali sandstone

of part of Awka and Oji-River and Amaki formation are highly affected
by =rosionm.

The manu formation consists of rapifily altering beds of sandstone,
mudstones with coal seen at several horisones (Orajaka <ceporting
Basin and Wilson 1925). He also reported that the sequence of the
slope escarpmecat is cyclo the mix. The succession consists from bottom
upwards of grey and sandy shale within bands of fine grained sandstone f
contailning thing bends of grey shale, sandy shale and then coal,

The Ajali sandstone overlies the wmanu formation and attains an
average thickness of 150m, Orajaka (1585). It is essentially a friable
coarse-grained whike sandstone. Lithclegically, boreholes on the
Udi plateau show that the formation consists of fine coarse grained
sandstone, Clay and coal units occur towards the bottom of the boreholes,
indicating that the transition zone beatwsen the Ajali sandstone sequence
is coverced by a mantle of red earth.

The Imc shale lies below the Ajali sandstone. And it is the
youager form of manu formation.

This is a clay-shale interbedded with sand bodies at different
horizones, siltstone, calcareous mudstone; grey to dark.

The Awgu lies below Ehe Imo shalc from Enugu to Onitsha. This
is & fine to medium grained sandstone, massive pebble and locally {

cross~bedded mirox siltstone and carbonacz2ous shale.

26 '



The Amaki formation lies within Awkuzu-Cnitsha area. And within
Awka and Awkuzu lics Nanka sandstone. These are loose and friable,
fine to medium coarse grains. They are Porous and permeable with
cariegated culour., These are highly affccted by erosion and gullies

in particular.

- Table 2:6:1: Gzological age and lithostratigraphic sequence in

Anambra/Enugu State.

Geolegic Age in Lithologic
Millicn ycars sequence
Moicene Benin formation
(26) lignite serdes
Paleocene Imo shale formation
(65) (Ebencbe sandstone)
Campanian Enugu shales formation

Awgu shales formation

(Awgu sandstone)

Source: Ofoegbu C. 0. (1985).

257 HYDRCLOGY
The aspect of hydrology of the study area that is going to be
consicdered are the rainfall amount, intconsity and drainage characteristics.
One of the most important characturistics of rainfall in this
ares is its intensity, usually expressed in millimetres per hour.
Very intensc storms are not necessarily more frequent in this area
of its high total annual rainfall. Therefore; the frequency of occurrence
of high stcrms including the rate and depth of rainfall are important
for soil and water conservation structures. In general, storms of
high intensity last for fairly short pericds and covers small area.

Storms covering large area are seldemly c¢f low intensity, but may

L e IR



the gullies still retain the top soils of red clay sand. The rate
of gully development is slow at this level.

In the intcrmediate stage, the gullies have cut through the clayey
soil into the subscil of loose cohesiouless sands and silts with inter-
colations of claystone, mudstone and shale. At this stage the gullies
have a ¢ish appearance showing the wicening of V-shape of youthful
stage. The rute of downcusting and sidewzll processes become rapid.

The parcn: material, the relative position of the water table
and rainfall iacensity greatly influenced the advancement of gullies
of the intermodiate stage. Where the water table is far below gully
floor, even during the rainy season, active down cutting continues
concurrently even as the gully floor approaches the local baselevel
in the area. The gullics tend to develcp several prongs due to differential
weathering in rosponse to the general slopes of the ground surface
and the runcff divcctions. With time these gullies coalescence, leaving
iselated knife adge sand within the gulllies, (Plate 1 and 3).

Gracually the red earth capping these sand are removed by the
cifects of faulting or fracturing and gravity slides on soil. The
exposed locse echesionless sands are then quickly removed to the gully
floor level by splash erosion. In localitics where the water table
is close to;, cr rise above the gully floor during periods of gully
praecipitation; downcutting becomes negligible and sidewall processes
and headward gullylag become rapid. Whexe the gullies have truncated
the water table e.g Plate 4 and 5, there is vertical slopes and terrance

development.

28



The combination of relatively high intensity and long duration
storms occurs infrequently, but when it does occur a large amount

of rainfall results. These infrequent storms cause much of our

erosion damages and may result in devastating floods.

These groundwater efluents or discharge in this area gives rise
to spring and streams that drain the area in small volumes
constituting headwaters of Awka and Awkusu gully sites, which

are perennial streams.
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e GULLYING INTENSITY ALONG THE EXPRESSWAY:

Nkagbue and Ezechi (1988), have identified three types of gully
development in the south castern Nigeria: the youthful, intermediate
and old stages,

In the gully morphology of the Enugu-Cnitsha Expresswéy both
the youthfull and intermediate stages were identified: Gullies in
this cxpresswey have not reached the vld stage, because the road was
construeted about 13 years ago, and aiso the frequent interference
ke +ho Fedaral linistry of Works Has not allowed the guliy to stabilize
or become dormaut. Roth the youthful an? intermediate stages are
acenciated with active down-cutting and lateral expasion of the gullics.
The gully intensity depends on the lecal parent materials (geology):
the yate of functioning (to be disguss.d) depends on the operating

depth and the stages of development. This can be seen

IS

frctors, the
in the geolcgy wmep provided in (fig. 2:6:1) that the sites are concentrated
= rhe Adald aprd Nanka sandstone with one in Imo shale, two in Ebenebe
sandstone, Their intensities can be scen in the (Table 3:1:1) below.

I +%- —~utrhful stiage, the gullies are actively down-cutting and have
V-shaped valleys with high slope angles. In the study areas, where

ra~-nt glides or slumps have occured the angle ranges from 15° te

Yk Tortifal sloves are common. Generally, in the youthful stage
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322 RESULT OF THE LABORATORY ANALYSIS:

The soil sample were collected by the walls of each gully sites
in each locatiocn. Laboratory of the gecological survey under the Ministry
of works, Housing and Transport, Enugu state.

The results were plotted into graphs, that is percentage passing
against size of soil particules in millimetres, (see appendex 15,
Then, the gramilometric parameters werc obtained from the particule
size curve. The percentage clay and silt materials lies between
0.0001 millimetres to 0.6mm; fine sands, C.6 millimetres to 0.2
millimetres; medium sands, 0.2 millimetres to 0.2 millimetres medium
sands; 0.2 wmillimetres to 0.6mm3 coarse sand; 0.6 to 2mm, and grawecl
2mm to 1Q0mm.

Plates 4 & 5

Therefore, to get the actual value for each particule size in
the sample, the percentage of each material point was taken. In each
material, the lower percentage is subtracted from the higher material
peint of each gravel size. And this provides the nature of particule

size distribution in each location, sce the table belows:

Table 3:2:1 - Gramilometric analysis of soil texture in percentage:

~Location A;B CuD 'E F .G (B 13
Clay and silt 17 19 | 38" 28 }gﬁ STRRTRES 5§[§f““‘""
Fine sand 145 | 13) 14122 |12 12' 26 , 25120~

e — P S L,

Medium sand 40 36 37 g8 1337 43, | 81728 27‘40 ’

o — foman

=T ————-..?._..-—A»_...___.___.V‘

Gravel g1 1271 4 ‘10 1 14 L4 '7
A4 = Onyeama MIN . (3km)
Bl s DeksE ' (1lkm)
"qmw,+mM- nggg~wu_'___l__gfgym>“
D ‘ = Umumba Ndiuno . Y20km)
E « Obinofie Mdiuno | (30km)
- 7 —— e h ——— e s ool s ~_'.___ L, oa 2
F } = Ugwuoba (63km)
e 5 sl e A imginrobie o - et s 15 = e e et e e S £
G =  Awka T

+ s coemon O e ot Sl i —— i it 5 w2 s o



From the overall result, it is noticed that in all the gully

affected arcas sampled, the percentage of sand is the greatest and
ranges from 70 percent, the percertage of medium sand dorminates and
ranges from 33 percent to 51 percent. Fine sand and coarse sand ranges
from 5 percent to 26 percent and 8 to 39 percent respectively. The
presente of clay/silt and gravels is insignificant. Clay and silt

ranges from 10 to 30 percent and gravel from 1 to 9 percent.

Table 3:1:2 ___ The limites of molsture Retention in percentage:

Location _ | Liquid 1imit(LL) |  Plastic limit(P1)  Plasticity Index

A ; 28 i 20 | 8

B i 30 | 15 ; 15
c ; 30 12 | 13
D - 30 23 § 15
E | 37 21.4 | 6.6
F i 29 24 5

G E 30 24 6

H é 36 ! 20.5 5.5
1 ! 35 ; 22 12
J 35 7 20 | 7

Source: Lab. work.

The plastic, liquid limit and plasticity index, indicate the
moisture range through which the soil materials have the properties
of plastic material. That is when it can flow as liquid and when
it can be rclled into thread. it also shows the degree of cohesivencss
of the soil. The plesticity index declines with increase in sandiness
and increases with increase in clay content.

The range of liquid limit as seen in the result of laboratory
work is 28 to 38 percent with a mean of 32.3. The moderates imdicates
that the scil material are capable of storing reasonable amount of
water, which 1is considered to be detrimental tc slope stability. The
variation of liquid limit with depth is not considered to be detrimemtal

to slope stability. The variation of liquid limit with depth is not



The plastic limit ranges from 12 to 24 per cent and tends to
be higher with increase in clay content of each sample. The range
of plasticity index is 5 to 16.6 percent, showing that the soil materials

are cof low or non-plasticity according toiJumikis, 1962.

323 gyvsiographic,and landuse characteristic of the Gully site Basins.

The local control suggested by the seasonal allocaticn of runcff
are indicative of the importance of basin physiography and landuse.
The physiographic parameters determined are basin areas of the selected
gully sites; main chamnel slope, drainage density. forested and farmed
areas, total stream length and mean elevation. These were abstrdcted
from vegetation and topographical map of 1:50,000. The drainage channcls
not shown by the blue lines on the maps were identified by a method
suggested by Ebisemiju (1976). The mean channel slope was obtained
by:

(1) defining the drainage basin,

(1i) finding 10Z of the distance and its elecation

(iii) findirg the 35%Z of its elevation and distance

(iv) sabtracting the value of elewation at 10% from that of 857.

Yv) finally dividing the value by the whole distance of the drainage
basin marked.

Using planimetre, the value for basin area and total length of
streams were cbtaimed. To calculate the drainage density, the total
lenght of stream in the catchment is divided by catchment area in
square kilometres. Thus the drainage density expresses the closeness
or spacing of the stream channels.

The formula is:

v labl sdetegan (4);
Au

~

where D = drainage density; Lu = sum of the length of all streams;
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determines the total rain water that can be transmitted as runoff.
Since clay content influences soil infilteration rate. Therefore
percentage of clay content was got from the soll analysis. Mean
elevation is the lowest point in the basin and are subtracted from
the highest.

Then the land use parameters which arc the percentage of basin
area covered by forest together with tree crops and farmlands including
plantations. This was estimated f om thc drainage are used from the
vegetation map.

Table 3:3:1.

3:4 Annual Reinfall and Runoff:

It was not possible to take "on the spot" runoff and rainfall

in this gully sites due to lack of instruments and a very short time
duration. However, runoff was calculated from the runoff eoefficient
derived from the annual rainfall and runoff of the drainage basin
which was given by Anyajidike and Phil-Exe, (1939) in their study

of runoff respond to drainage basin in south eastern Nigeria.

They came up with runoff coefficient (RC) of some basins in the
south-eastern Nigeria. This parameter was used because the study
area Enugu-Onitsha expressway falls within these basins.

The annual rainfall data of Enugu, Awka and Nkweke were collected
from market Garden Enugu (1984-1989). And this expressway was constructed
about (13 years) ago. Therefore the data covered half of the roads
life. Since gullying is a continuous process; out-of the ten locations
in the stud" 1rea, three falls within the Nyaba drainage basin and
Enugu rainfall station; six fall within the Ajali drainage basin and

Awka rainfall station. and one in Anambra basin and Nkwelle station.

The annual runcff was computed by multiplying the runoff coefficient

. 1 L SR

Lacmdea Ler #ha #afral anniial radnfall for ecach ctatrdieon
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ANNUAL RAINFALL AND RUN OFF TABLE : 3:4::
WAME OF RAINFALL 1934 { 1985 [1986 1987 {1928 1989 1990 1991 1292
BASINS DATA IN
5 EACH STATIO '
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325 Patterns of Gullying

The patterns of gullying depends on the nature of flow surface,
nature of the scil and the underground water. For instance loose,
friable, fine and unconsolidated sands are easily eroded, while coarse
and consclidated shales are poorly eroded. Permeable, saturated and
cohesionless sand are easily pried cut and carried away by running
water (Egboka and Orajaka 1986). The gradient of the ground surface
is a determining factor for velocity of running water. Then the
lithologic and sedimentological properties of grain size, degree of
concentration alsc affects the rate of gullying. Based on the best
favoured factors, _ullying can be initiated from slope failure in

the following processes through flowagc, sliding or slumping.

FLOWAGE:

This is as a result of slope failure which is often initiated
by tension fracturing or cracking caused by slope undermining. The
undermining involves the soaking and subterranean erosion of the lcese
sands at the lower levels of the loose sands at the lower levels of
the gullies. Gullying initiated by flowage was observed to cover
at:

(a) locations where the gullies have exposed the cohesionless

sands and silts, plates 3 and 4;
(b) locations where construction was truncated the water table

and slope toes are constantly in contact with equitard,

fig. 3:5:1. Flowage does not occur in gullies still located

within the clayey sands, hence condition (a) above 1s
controlling factor for cccurrence of slope failure by
flowage. The combination cffect of pore water and seepage
pressure coupled with the slaking action of the water
cause the strained sands at the slope too to loose their

strength and become soaked intc liquid. The liquid sands

S —
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movement of unfiltering rain water within the exposed loose sands
tends to subterean erosion as sin in the fig. 3:5:1. The topstratum
eventually falls into the bottom. This process repeats itself,

and the gully if not protected advances through the prough

the progressfive soaking to liquid, flowage, cracking or fracturing

and sliding.

SLIDING:

The field observation shows that sliding takes place after the
slope toes has been undermined and topstratum has lost its foundaticn.
The stresses in the topstratum are shown by the cracking and fracturing
behind the crest of the slope. Therefore, the earth mass begins the
downslope movement. The shape of the failure surfaces depends on
the size of the moving earth mass. The moving mass may reach the
guly bottom undisturbed but in most instances the materials disintegrate

before reaching the slope toe as screes.

TOPPLING:

This is a form of slope failure. This was observe in some locations
at Awka and Ugwuoba areas. This process is controlled by the parent
material surfaces. Toppling failure occur at gully locations where
the parent material section is made up of discon i{nuous sandstone
beds or lateritized shale beds mixed with clay material; underlain
by the cohesionless white sands. The process is initiated by the
undermining by overland flow, infilterating rainwater and sliding
of earth material continuously until the layer of sandstone or lateri-
tized shaly beds is left projecting intc the gully (fig. 3:5:2). This
projecting rcck layer is acted upon and weakened by alternate wetting
and drying until finally a fracture or crack develops on its upper
surface. The rock body then bends into the gully depth and later

=_ 9%

=~ ~w» #mmhieq to the gully floor. This process is termed toppling.



The materials are broken into rubbles. These rubbles are carried
away by flood in the intermediate stage of gully development. But
at the youthful stage the rubbles remain at the slope toe and contribute

to stability of the slope.

BLOCK FAILURE:

This occurs at locations where parallel temnsion fractures or
cracks run ahead with advancement of the gully fromts (fig. 3:5:3).
This is common where gully is rapid that at active gullies like my
study area, especially where the clayey sand topstraum is thin with
very thin vegetation or bare surfaces. When this fracturing develcps
in the gully front, large bodies or earth materials are often affected
and slide down into gull~., This is obscrved at Awka and Idow Rivers

(Plates 3 and 4).

RILLYING TO GULLYING:

This is the process of gullying which was formally descrihod
in (fig. 3:5:4). This process occurs especially in a bare soil or
scanty vegetation which is also slopy. It is initiated by overland
flow which develops into concentrated runoff. This concentrated runcff
working on the bare and slopy lands cut into channel or rill erosiocn.
If this is not protected the concentrated runoff using its tools (debris)
eats into the sides of the ctamvel which will later develop into gully

erosion. This process of gully is seen in umumba Ndiunmo site Plate 1.

3:6 " Zate of Functioning:

It is understood from the field studies that the gullies can
be classified into three genetic types, namely Basal level, scarp
gullies and incidental gullies.

Bas- evel gullies criginate at the local base level streams

L

~~ ~w=~unduator recharge along their flow channels. This gully



flow path is directed upwards and seepage forces lead to the formation |
condition termed (Boiling ground) on the stream bed. Gradually the

quick condition leads to soil flowage and retreating of the stream

banks as the loosened soil materials are removed by the flowing stream.
Slope failure by sliding and slumping flow by dispersal of slide materizl
by the stream banks which are thus over strained. This overstraining
leads to increase in pressure which causes famlting, cracking and
factiring of subterranean surfeces. The gully site near the fly

over of Ekulu River opposite the filling station at Eva-valley is

a geod example of this feature. This has nearly cut the express into
two, “ut for the timely intervention of the Ministry of Works (Plate 6).
There is alsc a lot of accidents here because of gully retreat coupled
with the sharp bend in this area. If this type of .lly is ﬁot qui@kly
protected it continues until the whole hill is reduced to the level

of the stream,

SCARP GULLIES

This type of gully originates at levels where changes in elevation

are due to variations in lithology and soil properties such as permeability
and cohesion. The outcroping of cohesionless sands on a valley slope
provides favourable environment for the initiation of this type of
gullies by flood. As runoff flow from the more resistant topstream;
it floods the underlying loose sands, robbiny them of their apparent
cohesion and transporting them downslope; plate 1 and 3. This creates
scarp which is soaked with further flooding “y water and leads to
soil creap or flow down the slope.

Scarp gullies were also seen in lccalities where the landscape
is a little slopy, rill erosion will develope. During rainstorms

concentrated runoffs deep cuts into the lower surface. When the upper

pey S8

resistant soil cannct support itself again it developes cracks on
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Incidentsl Gullies

Incidental gully result from the direct human interference with
the environment., Civil Engineering works, particularly road comstruction
(which is the background of this project) contributes immensely to
the development of incidntal gullies. Road cutting which expose the
cochesionless sands ultimately lead tc gully ercsion. The seasonal
scarping of local roads remove the cohesive topstratum and most often
give rise to roadside gullies which is ccvered in almost all the attached
plates. The haphazard constructicn cof culverts and drainage channels
results in the development of runoff which, with adequate slopes;
acquires encuph momentum which is used by the fleood to work on the
unprotected weak sands. This leads to falling of concrete livnning

and extensive gullying, plate 7.

327 RAINFALL INTENSITY AND RETURN PERICD

Precipitation is the most important ccuponent of the hydrologic
cycle and has a dominat?ng influence on several hydrologic phenomena
accuring as a result of complex interactions. It is the primary source
of water for infilteration, percolation in to the soil, runoff, floods
and¢ it is the basic cause of erosion.

Thercfore,; rainfall intensity frequency data are required for
design of engineering structures, and the analysis of erosion and

flocd problems. It is essential that collccted rainfall data should

be analysed using hydrologic techniques so that they can be converted
into usable forms., Rainstorms, whose intensities are analysed are
most? «<f relatively short periods of uninterrupted rainfall. It

has been noted in chapter (2:7) that combination of relatively high
intensity and lcng duration cccurs infrequently, but when it does

occur;, a larpge total amount of rainfall results. Generally the rains

L0
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come in form of intensive violet showers of short duration especially

at the beginnings and ends of the rainy season, Wﬁile rain may fall
continucusly for two or more hours it is noticed,that most of it falls
during the first minutes of the period of the storm. In former Anambra
state, most rains are supplied by convecticnal storms which have initial
peak of high intensity and then tails off into a drizzle which may

last for several hours. This is seen in the computation that intensities
are always high at 0.2 mins, and deminishes from there to 6 hrs and

so oni  Appendix ( ).
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CHAPTER  FOUR

4:0 ANALYSIS
4:1 Computaticnal Method of Rainfall Intensity and Return Period:

Intens2 falls from threshold values of 12:7mm, 15.2mm, 20,3mnm,
25.4mm, 25.4mm; 25.4mm, 30.4ym, 3&.lmm and 38.1mm were recorded for
durations; C.2mins;, O.4mins, O0,7mins, lhr.; 2.0hrs, 3.0hr, 6.0Ohrs,
12hrs. and 24hrs respectively. These were extracted from Met 141
and converted to the corresponding averzge intensities using the formula
(mm/hr). For example, an intense fall of 12.7mm of a duration of
0.2hr has zn average intensity of 63.5mm/hr, These average intensities
were then ranked in descending order of magnitude, where the highest
was accorded the value of order M = I, the second highest of the order
M= 2, and so on.

Tc obtain the partial duration data set; all peak intensities
above the given threshold for each duration were used, assuming that
cach peak value is independent of the proceding one: The number of
values used for each duration may be greater or equal to the number
of water years N on the record.

The return period of each of the ranked intensity was computed

using the expressicn Tr = N+ 1 = =  —cccrmee— (6)
m

where M is the order of ranking, N is the number of water years for
cach duraticn ian the partial duration series (Table 3:7:1),

These valucs were then plotted on extrsme probability paper and
the desired values of intensity/return period extracted. The desired
return periods for these study were 1,2,3,5,10,15 and 25 years.

The intensity so extracted were then plotted against duration

as a function of return period on Log-log paper.

51
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4:2 The result of intensity duration curves and Bar Graph

4:2:1 Fig. (4:2:1) showing the relationship between the intensity
and¢ return period. There are 9 lines of best-fit, each representing
the probability of the reoccurrence interval (return period) of various
intensities of a given duration. It can be seen that the recurrence
interval varics directly with rainfall intensity over a given duration.

The variation tends to be higher for short durations than the longer

Oon<s,

43232 The log-log plots (fig. 4:2:2) of intensity/duration curves
shows an invers: variations. Therefore, the greater the intensity;
sencrally, the shorter the length of time it continues. Care has

been taken to plot the curves approximately as a straight and parallel
lines in other to remove the non linearity for duration (t < 1.0h).

The curves hccome closer with increasing return period. This is because
the number of ement involved in the subsequent return period is high
compared with the latter. And with the nature of calibrations in

the log-loy paper which has been done tc come closer to accommodate

this increasing rxeturn periods.

43253 In the fig. (4:2:3) the bar gzraph of the return period
of 1:2 and 3 years. It has been observed frcm tbe two stations that
intensity decrcases with time. And has confirmed the above statement
that "the higher the intensity the shorter the length of time it
continues and vise versa". |

The contractors of the Enugu-Onitsha expressway did not take
the critical intensities and their return periods into consideration,
before the constrrction. And this has resulted to the flooding and
destruction of some culverts along this road. For instance in Obinefia
Ndiuno junction and Awkuzu area of this road, flood has destroyed

“'~= mart of the culvert which has agravated the damage of gully
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4:3 2AR GRAPHS OF PARTICULE SIZE SOIL ANALYSIS

45321] From the bar-graph drown, it has been observed that in

the number (i) which is the percentage of clay and silt, the highest
peak is observed ir ¢ and d which is the false bedded sandstone

of Ajali fcrmetion. The high clay and silt content is explained by
the presence of Imc shale which has been bedded by the Ajali sandstone.
The type of gully that is observed here are highly landslide and slope
failure. The peaks that are following them are that of E, H, and

I. E which is in the Imo shale while H and I are in Nanka sandstone.
This means that thz capping of the sandstone by the clay of Imo shalc
coupled with the slope of the land joins hand to intensify the gullies
of these areas through down-cutting.

The perccntage of fine sand shown in (ii) means that I has the
hichest content of fine sand followed by H and E which are in Nanka
and upper cozl measure, The type of cullics that take place here
are rillying to sully. The fine sand are being wmashed away by the
runoffl thercby using some particule a2s tocl to sexub its part-way
and as such increases the sides of the gully wall, see fig. ().

Thé gﬁllies found here are still in its youthfull stage and does not
has much sign of future development tc intermediate stage because
of the even nature of the parent material,

Mediium sond shows its peaks in G,A.F and J which are in the false
bedded Ajali and Nanka sandstone. The percentage of gravel in J,F
and A are alsc high from the graph. In the geologic formation, this
expluins why there is always sudden landslide in these are because
of native down-cutting,

The percentage of coarse sand in - and G which has a high peak

arc beire helped by the shallow nature of the water table along these

are. left alone the coarse sand would not lead to much gully development

but this water is pcrenial along bhese arca help to increase the sideward

cutting of the sites. There is high effect of this especially in

2bn Aully Aasvelorment 4e more randifl




b4:4 BAR GRAPHE OF THE VOLUME of soil lost and landuse system

In fig. (4:4:1) the volume of scil lost is very high. It is
not because the porcentage of forest cl:ared and built up area is
hich. The numbcr of gullies is not also high. FEut the moderate slope
in this area ccupled with the bedding of szndstone. The slope here
naturally is high because of the valley along the Idow-river. But
on the process of recad construction the slupe have been reduced to

moderate as & rosult of the cut and fecl which was down here.

Therzfore, the high volume of svil lost here can also be explained

to be the result of human interference. For instance the cut and
feel which was down here lies very closc or side by side with the
Idow river, zad the side facing the river is not well protected. Hence
vheh the pr-ssure from the veliicular traffic aibng the road is too
hisn, this rosult to landslide and slope failure which is constant

alens this purticuiar road lane.

In "E" which follows the highecst volume A directly, this is
cleared and high built up area. The imparcial landuse system has
exposed the delicate fine and medium sand cof this area;, and the hungry

runcff resultzd from high intense rainfall has been feed to their

satisfaction,

Volume of scil lost in J is explained by the peak slope of
the site and moderately landuse system shown in the percentage of
soil lost and built-up area of the site. The slcpe here is being
helped by the nature of the parent material scil, which is in Nanka
sandstone lzads to landslide and slope failure. In "F" which has

the smallest soil lost though the landuse and the slope is moderate,

the number cf gullies is also the smallest. It is interesting to

know that the parent material here is Imo shale intercullated by the

Eb¢nebe saniistc e, The Ebenebe sendstonc is not easily affectec by

erosion; Ofcectu, (1985). Therefore the characteristic feature of

==




CHAPTER FIVE

5:1 Suonary of the major findings:

Presently in Enugu and Anambra states, the distructive effects
of pullying and slope failures originated by the hydrometeorologic
events, have rendered many people homeless and caused loss of lifes,
properties and azricultural lands. Desperate and confused control
programmes by individuals, groups and governments in the affected
areas are in vogue. Some of these erosion and gully control and anthro-
pozenic activities like rocad construction tend to exacerbate the problems.
The causative offeets are not yet fully understood and appreciated
by‘cnvi¥énm¢ncnl planners and managers. The effects of the environmental
characteristics und anthropogenic effects in soil gully erosion generation
and growth have been outlined. However, the present study is the
first attempt to explain the effects and implication of hydrometeorclogy
in gully formetion. Numerous anthropogenic factors (Urbanization,
agriculture; road construction, mining, etc) have tempered with the
stabilized natural system which is accustomed to the hydrometeorological
characteristics of this area and resulted in gully erosion and landslide.

The hydromcteorological investigations cf the Enugu-Onitsha
expressway ccrridor of former Anambra state; Nigeria have contributed
tc the delincation of different hydrogeological and geomorphic units
corresponding tc sand and rocks different characteristics and composition
due to the climate of this area. The result shows that hydrometeorological
factors in conjucticn with geomorphic and geclogical factors contribute

imrensily tc the intense gully erosion in this area.

Gen.rally, the area is made-up of locse and incohessive sandstones.
The area revealed high intensive landuse from the bar-graph shown
in (fig. 4:4:1). Additionally, the construction of the reoad which
left some cf these incohessive sandstene practically bay also join

et
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uncontrolable sideward incision caused by the springs in scme site

like the Ifitc-Awka and Awkuzu, kilometer 75 and 79 respectively.

In Onyeama min, where the presence of Idcw river has iniciated the

base level stream or rivers by combined effects of bank erosion, seepage
forces and scaking to liquid at higher =lewation by runoff which exploits
tensions and fractures to make the initial incisions into the sub-surfacc,
The high rainfall intensity which is obtain in this area should also
borne in mind, as it is revealed by the vclume of individual intensity
(fig. 3:7:1). This means that both the surface water with its high
runoff and underground water contribute in not small measure to gully
intensity of this area.

However; gully erosicn generation and growth underlies their
implications in the management of natural and man-made hazards as
presently occuring in the study area. Some massive failure of some
control programmes on erosion has been traced to nonconsideration
of hydrometsprological, geomorphic and geological history in the
design and construction processes. Major humen activities in this
ares has set off flooding, landslide and pgulliesi Thus control and
monitoring programmes must consider thz implications of hydrometeorological,
geownrphic and geological events fer such programmes to succeed and
endure, This will drastically reduce the continued economic waste

(human and financial losses) that now occurs in affected area.

D2 Implication for checking gully scil erosion in the study aroa

The implication for checking erssion in thess area are obviocus
from the study. Since the pully erosion here seems to have grown
cdue to the recas constructions; the return poriod of critical intensisics
should be used Lo ecnmstruct culverts aird drzinages along this road.
It is also observed that the vegetal cover has been reduced from the
bar-graph of cleared forest and built up areas. Méintanance of soil

w~m~atal anver and nlanting some grasses like vetiver. Some development



one of its worst enemies erosion of valuable cropland topsoil, (Thursday,
July 1, 1993 Daily Sketch). When planted in rows, vetiver forms a

thick hedge which slows down rainfall intemsedrop and its runoff and
eliminate the volume of soil lost through sedimentation from flowing
through. This can be used In areas of stecp slopes like Onyeama Min,
Awkuzu and Obinofia-Ndiuno areas, A. J and E respectively from the
bar-graph (fig. 4:4:1). Efforts should also be made to minimize

the ccllection of runoff from a wide area by creating diversions at
intervals, This means in effect shortening the stream length so as

to diminish drainage density.

223 RECOMMENDATIONS®*

Gully erosion studies are multidisciplinary in nature and for
the combined efforts of hydrometeoroldgist., geomorphologists, geologist
engineers etc. Intensive research work on the three main soil degradation
(splash, sheet and gully erosions) should be pursued all over the
country so that their influences on our various environments might
be understood. The various factors and processes involved in gully
erosion study in castern Nigeria and other parts of the country should
be completely identified. This calls for further work in line with
the present study. Improvement in the sampling technique, the use
of computer for computation of multiple regression in other to forecast
the future trend of gully cerosion. Federal and state government as
well as interested private organizations should be involved in the
funding of these research.

Civil engineering work should be carried out in recognision
with the hydrometeorological, geomorphic nature and geologic settaing.
Socio-Psychological aspect of the control programme must include public
involvement and enlightenment activities whereby the inhabitants of

the affected arcas are properly educated on the dangers of erosion
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APPENDIX (]) Rainfall intensity and selected return periods. (ONITS
Tim(t) O.Zmins_— 0.4mins 0.7mins ihr 2hrs 3hrs 6hrs 12hrs 24hrs

67 38 23 18 12 10 5 3 2 ﬁ
92 59 42 36 27 23 11 7 3
99 64 46 41 33 26 12 8 4
107 71 54 47 39 30 15 9 5 g
1{? 78 63 55 45 35 17 10 6 1
123 85 67 50 .49 38 18 11 7
129 20 73 63 54 41 20 12 8
138 99 81 70 60 45 23 13 9




APPENDIX ( | ) Rainfall Intensity and Selected Return Period

O.2nins 0.4mins 0.7mins lhrs 2hrs 3hrs 6hrs 12hrs 24hrs Years
63 36 18 14 8 7 3 2 1 1 YEAR
114 69 49 37 23 18 11 5 2 2 Years
126 77 55 42 27 21 12 € 3 3

=5 139 85 63 48 29 24 14 7 4 5

146 ~n95 72 56 36 27 17 8 15 10
165 A”EEZ 78 60 38 3C 18 9 6 15
175 1lv 84 65 42 32 20 10 7 25
150 120 93 14 48 36 23 11 8 50







: SIEVE No
3 \*ﬂ_‘\ WEIGH WEIGHT PASSING S\
}.\‘ | \\, GM. - s
BB s —
W < L . i 94
r\‘* 14 | 7o - 9 2
\! §L_i 2
25 LM!Z <
o 36 L S| 31/
1" - 1 ¢ Ws S
< L1o® 52 o 659 /;?7
' e
" et 2 W | ,
=T Z | F2 .2
W {30y | Y | 190 L
. ; 200 i 3
| w19 \‘ Y \14”’ L .
Tors | ——tTosal 45 HfF- Z
GRAVEL °;|
TR RN
T
10 B S
/":._—\":_._ = =
w 60 — = gt
V]
<
r 50 = 3
z - = 3
w - = |
0} 40
“ |
u —
o 10 =
29
0 :;Hrné.lm. g ) o L HHQII s | %&x
-8 B[ ML
: ";‘ﬁ" , 2MM
Q
:: Orglum M o

B L O o MRS e




’7—

drii b
i

GOVERNMENT OF ANAMBRA STATE OF NIGERIA MW (AN) 179
MATERIALS LABORATORY — MINISTRY OF WORKS, HOUSING AND TRANSPORT

S

MECHANICAL ANALYSIS

GPE  633/1278/10,000 ‘
PROJECT : “
SAMPLE No | taken By DATE - K
LABORATORY No.: TESTED BY: DATE : 2 g /é /9 %
LOCRTY (eN T b
TOTAL ORY WEIGHT PASSING W6* SIE 2
TOTAL SAMPLE WEIGHT, DRY ouﬂr‘FACTOR R TN R TS so.TK:%‘-‘E & ——t
WEIGHT OF +%¢ FRACTION oM.| WEIGHT OF DRY SOIL PASSING 16" USED 200 ™
WEIGHT OF =%¢ FRACTION oM | WEIGHT OF DRY SOIL +200 SIEVE b2 o™ ’
SIEVE SIZE | WEIGHT PASSING WEIGHT OF DRY SOIL -200 SIEVE 2 o i
RETAINED | WEIGHT PERCENT | SIEVE No | WEIGHT WEIGHT PASSING OF ‘
. o » RETAINED | ACTUAL | X FACTOR PASSI&OM 3
3 oM GM. GM. % 4
aw | (oo «f?
- ¥
. ? 2 | | °q :
[ 3
" W el e 1 o 1 95
v H
' o é1r | 24 40 60 3
B
W 36 W3 Z & 29 i
Py 52 2.0 |0 Fi 29 g
w w0 |5 [ %6 | 24 | ¢
% | ¢ | =2 | 27 | u i
e 200 P % 2 19 :
TOTALS 39 } ] 10-& 7/
CLAY %|. sILT %| SAND 74 % | GRAVEL 2 7. °/;]
COMBINE® CLAY & SILT °/o g
100 | N N 5153 0 S 40 1 4 L B 1111~m
90 o
ul 60 = o
V) e
< I
- < 7
= " e
w S E—
v 7 =
@ 40 ~ 5 =
w { == =|
[+ 8 2 - 3
30
T —
\ o =
o B W B W LS s ) 90 i 5651 5 G i B 1 11 TO~L ) 1111 L 3
00001 T o Q.01 o (K] (<)
S128 OF BOIL ] ~] WLU&I‘TN
De06rad < 2¢aM ";"';tsewhn
v <
[Zaity [PERF120S




s§\§§$\§\§ i
ot i
o 1 J \\\\N\\\\
" \\\\E\\\\
ov\m. 4 ", i

25 \ il

i $\\\\\\\\\\\S\\\S\tSSSSS\\S\S53.“\\.\u\\\\\\&\&:\\:...
il / \“\\\\\\\\\\\S\\\\S\\\S\\\\\\&.\\\\\\\
§§5~wx§\kw~«&\ s&&&“ﬁ“\\\\“\\\\\\\\\\\\\\
Iy, 1y, :::: :@ ¢-~= hs
~ 77 iy \E\\e:
il
\\\\ .p\ ¥ i d!

: nw.\.. :
il

0

iy T
. ~§s§§§$¢

/ §§§ !
\\\\\\\ﬁﬁ% § e $ 8
,...g.._.a§§§§§w ;
s“““»...w%\\\ss.,....A\.\.\\“\.\\\N\\\\\\\\\\\\\\\
tg\s\s\\\s\%S\\\\S:...

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\




—— i

GOVERNMENT OF ANAMBRA STATE OF NIGERIA MW (AN) 378
MATERIALS LABORATORY — MINISTRY OF’ WORKS, HOUSING AND TRANSPORT

g N A
Y i

MECHANICAL ANALYSIS

GPE  633/1378/10.000

i
: ﬁ)
PROJECT : et
SAMPLE No. ' TAKEN BY : DATE : por
LABORATORY No. ! TESTED BY :0GEONNA S~ DATE : 20 (¢ [ 92 %
LOCRTION 2% %
TOTAL SAMPLE WEIGHT, DRY om| FACTOR ~IRe SR LGl Poesme e uive, s
WEIGHT OF +%¢ FRACTION om| WEIGHT OF DRY SOIL PASSING " USED 200 om ‘%
WEIGHT OF -%¢ FRACTION | WEIGHT OF DRY SOIL +200 SIEVE (17 o ‘»#‘,
SIEVE SIZE| WEIGHT PASSING WEIGHT OF DRY SOIL =200 SIEVE 37 om 4
RETAINED | WEIGHT PERCENT | SIEVE No | WEIGHT WEIGHT PASSING  PERCENT OF| ¥
WPO.E m A
oM. oM. - RETAINED | ACTUAL | X FACTOR| PASSING 3
&
3 GM GM. GM. % %
el | loo v
2 7 2 1 1 st Wb
12" 14 + Z W q & ’i‘
" G N 13 | s3| @
» - 2 I 24 6 %
V" 52 A e 29 £y ;
od 72 1% | Y 50 50 it
Ve* 100 | ¥ 53 W3 .
w 200 g i £/ 9 g
Za . 1
TOTALS — 8 3 ;5 -+
CLAY %]. SILT %o| SAND % | GRAVEL °/o]
COMBINE® CLAY & SILT °/o o o .
g SREAN I TRILRMR. A
100 | S T WU T ORRMES DRSS B 06 D0 W3 i) SO s Pl 1 1 1 : LIIIIT 1 o8 W R A ;ITT LIL
%0 ;" :
80 .—
=
70 - i
- 60 F————— ==
0 £
< ¥
- = TES +
> 50 = e 3
e e e 3
: 0 —= = 2z =2
w i == =5 = =
& -
10 = ==
20 = g
e e S =
2 F 21 11T P B S R B AR ot B AT i3 B N | O O j e o | 111
0.0001 " 0.000 0.01 ) (] 0
SIZE OF SOIL PARTICUES W | MILLIMETRES
. 5
ke ibciEits 7 k
l INE Shy | SN




/ /

GOVERNMENT OF ANAMBRA STATE OF NIGERIA *V‘ (AW) 178

MATERIALS LABORATORY - MINISTRY OF WORKS, HOUSING AND TRANSPORT 5
MECHANICAL ANALYSIS &
GPE $33/1275/10.008 ‘
AR o S e “F
PROJECT : ;
SAMPLE No. : TAKEN BY DATE : L e
LABORATORY No.: TESTED BY : oGTLONNA DATE: 4| (> ;y
(OCKRTIOWN é
s - IJ’"
TOTAL SAMPLE WEIGHT, DRY oM | FACTOR IR R e * . £
WEIGHT OF +%¢ FRACTION om.| WEIGHT OF DRY SOIL PASSING 316" USED 200 oM _
WEIGHT OF =%¢ FRACTION om.| WEIGHT OF DRY SOIL +200 SIEVE (19 o ,&
SIEVE SIZE | WEIGHT PASSING WEIGHT OF DRY SOIL =200 SIEVE A %
x
RETAINED | WEIGHT | PERCENT | SIEVENo | WEIGHT WEIGHT PASSING ENT OF] g
™ oM - RETAINED | ACTUAL | X FACTOR PASSNG |
3 GM oM oM % #
2"
& 7 100
()
12 14 3 \ \ q1
r i 23 (1 1z 21
3 36 ya-3 1% ’L‘ Iy
" 52 30 \S H‘[ c(f
' 72 L 1 G2 wt
Ua* 100 10 7 & T Hz
;.S it 2 2 6o -0 :
TOTALS 2\ 134 120 o
— £4 Ty U 2 .
o %] sir %)| SAND % | GRAVEL % i
COMBINE® CLAY & SILT % Ly : . :
g 8REAR T TREY MM, B
100 ? D Y S (A W 08 ; SO 0 90 N 0 | VS i 0 B . i § 11117-'11 IT-IIII
90
40
70
<
(-
z $0 —
w
v
@ 40
w =
Q = |
30
20 — =
i
= T = SEEE!
Q000! — “ol,léo, . rII]JléJal P SR 0 9 o g. LTI e lITl.o Lok LLIﬂ

326 OF 30 MIMKLES W | MILLUERTRES |

Ny L ~
0'06,“; Hed “ DARSE
{:m ¥ | S ’ Skl



GOVERNMENT OF ANAMBRA STATE OF NIGERIA

i

MW (AN) 178

g AT ¢ 1
R s e

sz

oF Ol

s W | mLLMETRES

0-fuM  EMM b JI“"‘

P Mo contes
[Ea, e

MATERIALS LABORATORY -- MINISTRY OF WORKS, HOUSING AND TRANSPORT
MECHANICAL ANA LYSIS
GPE  633/1279/10,000
PROJECT :
SAMPLE No. - [ TAKEN BY T oate
LABORATORY No.: i TESTED BY 1A ] ;._i DATE : 70 (b \qt
Lo CXT(ON <
TOTAL ORY WEIGHT PASSING 3e°
TOTAL SAMPLE WEIGHT, DRY oM | FACTOR ORY WEIGHT OF = 316" 30T taee s * ~———*
WEIGHT OF +%¢ FRACTION GM.| WEIGHT OF DRY SOIL PASSING ie” USED oM
WEIGHT OF =-%¢ FRACTION oM.| WEIGHT OF DRY SOIL +200 SIEVE GM.
SIEVE SIZE| WEIGHT PASSING WEIGHT OF DRY SOIL =200 SIEVE oM.
RETAINED | WEIGHT PERCENT SIEVE No | WEIGHT WEIGHT PASSING  PERCENT OF]
IWHOLE SOIL
oM. oM, % RETAINED | ACTUAL X FACTOR| PASSING
3 GM GM. GM Y%
2%" Vo ®
z ? 6 Z 2 ik
12" 14 Y by 5 As
A 25 1o S lo qo
l," 36 ‘ é q ' 7 g'z.
7y 52 1% 1% 31 6+
Yo' 72 Us 'z bt &b
Ua* 100 300 & g q W
3" 200 (0 g &M 36
TOTALS 30 —He—r -6
CLAY °loI, SILT %)| SAND % | GRAVEL E]
COMBINE® CLAY & SILT /o . ey .
§ 8TSAN I "R gy opM. A,
100 D el I 0 B 0 Al Ll EILT I 1T TI1II 1% lllL' ¥ 3 LI LI | SIS O o Ll
===g¢ =
90 =
20 g ==
70 e £ 2
w e = :
b =
< e
._ Y ; . -
z S0 + —tt S~
b e e e e LTSN 3
¥ == = = E
w j -_‘: 2 55
by - =
30
20 =+
. o ______ e = —F -
0 L AL FITEE | A e M LB B 4 Ill{llli LIIL) L1110 1
0.000I Q.00 Q.01 X} 1.

B oaezsie
ks it

PR R
SR

FETONY



Re >

GOVERNMENT OF ANAMBRA STATE OF NIGERIA

MW (AN) 164

MATERIALS LABORATORY MINISTRY OF WORKS
PROJECT : 1 L’:?,t, r\ﬁl(' ' 'I(MM ’: ~ [,',\u'"\:l'
SAMPLE No.: TAKEN BY W% ' y~n [DATE: 271(( (oL
LABORATORY No.: TESTED BY' ULGjonnik 3 DATE: Sl |2
NUMBER OF BLOWS ° | 3 | an |20 (26 PLASTIC LiMIT
MOISTURE CONTENT TIN No. 27 |3\ |qs | €% [ 2] 203 \q s
WEIGHT OF TIN PLUS WET soiL 9|2 DMy ov|29 23{26%92] 7.2 2922 20 (]
WEIGHT OF TIN PLUS DRY SOIL g2 6HZL 524 b |20 hb| 24 -5 26 15] 2y .59
i s 817 5L
WEIGHT OF 1IN 7 g[le 10 |15 15[\ Cl|lp b || 1T B3 555
BRET OF waten 9 1~éﬂju~‘xﬁ Lot 36|l nt 127 2.0
WEIGHT OF DRY SOIL gl# s b X3\ NB 50| 5 pl Vén g
MOISTURE CONTENT %|%052 20129 | [2% G2k 226 2]
FACT OR AVERAGE P.L.
ONE POINT METHOO ——————— 1~
Fb LIQUID LMIT %f 232
'l
z
o 3 U T " & — -t
o T TS O DS |
6 . o S e
- . L o
o 0 H) ~
al 11111 4~
|5 o EE i
2| q s . T
R ! 1
15095 I g 8y T
16096 B S W 35
17096 30 =l | 1]
1810-97 2 ) SN [ IS -
19(0.97 o ] m=sas
20(0-98 I o e o T
21098 >z~ ; 4 ———
22 (099 W ek 17 j
23099 z ) R o1 (R i 1 ]
24099 o IS A T B s T
25|1.00 i ot A S
26|1.00 4+
w R et S b4
27 (101 a S s A A
28|10l 2 St
29|1.01 8
30(1-02 3
311|102
32(1-02
33|1-02 o 9
34|1.03 1t - -
|3s|1 o3 e _T,E 4 P i
10 ‘s 20 25 30 35 40 sC
LIQUID -LIMIT 24 L
IC LIMIT 2.4 ]
v NUMBER OF BLOWS
PLASTICITY INDEX - i

GPE  631/1379/10.004



MATERIALS

GOVERNMENT OF ANAMBRA STATE OF NIGERIA

LABORATORY

ATTERBERG

MW (AN) 164

MINISTRY OF WORKS

LIMITS

PROJECT :

Awka

[rart Ensy

saMPLE No.:

TAKEN BY: fhwyett Jr N

DATE:

i

(91

LABORATORY No.:

NUMBER OF BLOWS

sty

TESTED BY' (Oqpvina

5

e

2%

19

Sy

PLASTIC LMIT

MOISTURE CONTENT

TIN No.

bY |55

g

qb

Z|

\9

154

WEIGHT OF TIN PLUS WET SOIL

2566 4520 19

V25 13

L1852

2% o2

WEIGHT OF TIN PLUS DRY SOIL

WEIGHT OF TIN

WEIGHT OF WATER

g
38

P— 9
gl2-5% 264

R

24-3H2027

2312

2b2H

2515

4

CAAUREEL

1649 16 005]

(L(é

16410

bl

152

206

228

202F

WEIGHT OF DRY SOIL

g| 1T 6 40|82

S 1307

\0 06

q-15

MOISTURE CONTENT

BE POINT METHOOD

FACT OR

%35 U __;_7.-?' 3-8

72'41124.7

]_’L’?—

2.1

LIQUID LMIT °/o

AVERAGE P.L.

As-%

ACTOR

F

095
096
096
097
097
o098
098
099
0499
099

°/°

CONTENT

el
el
-02
-02
‘02
‘02
‘O3

Q3

MOISTURE

w
S

r_ NN Y= = ==
wu s Sy R e S e > mMEEs OF SLOWS

o |

p L SR S

T——

=" GESE S

S

LIQUID -LIMIT

S0

| PLASTIC LIMIT

24

PLASTICITY INDEX

GPE G31/3T8.10.000

20

25

L L
|

NUMBER OF

30

BLOWS

35 40

5C



GOVERNMENT OF ANAMBRA STATE OF NIGERIA

MW (AN) 164

GPE  $31/1373/10.000

MATERIALS LABORATORY MINISTRY OF WORKS
ATTERBERG LIMITS
(O(A’l\(’)’\‘ ’(/
PROJECT :
saMPLE No.: TAKEN BY DATE:
LABORATORY No.: TESTED BY' DATE:
NUMBER OF BLOWS W\ [ |25 |33 |41 PLASTIC LMIT
MOISTURE CONTENT TIN No | Z1g [1V3 |I5 |71 |BS H |1
WEIGHT OF TIN PLUS WET SOIL  9|R(+70 (2205 2125 20 “U[23 s, 1 B4[ 20 40
WEIGMT OF TIN PLUS DRY SOIL g|20°0512e-6t| 2032 20-63[ 2+ T Ve 19 Ay
WEIGHT OF TIN gl no 'S I \G-gg1e-16|lLr 4 5D\ 6 o
WEIGHT OF WATER gl''25 [ ruun (12 [v3rl4z 052066
WEIGHT OF DRY sOIL  gB b e hH uuz|sse 742|330
MOISTURE CONTENT Yol3¢ ' ?{ 70 b2 2|29 5|26 g 2132
FACT OR AVERAGE P.L.
ONE POINT METHOO
LIQUID LIMIT % (6-&
v O
z
g +
o
w
o)
44 17
€] 0° o i S
o - e ) /RS, s
b1 v < T .l o o
I :
15095 e, o ]
16096 1
17096 B e s s T A 3
18097 0 SN I )
19097 9 - 1 4
20098 L=
21098 -
4 — s T 8
22099 - -
231(099 2z i
24 (099 o i @ -
25|1.00 W e Tt
26]1-00 "
27 [1-01 & o
28101 =
29(1.01 b4
30|1.02 g T
31 {102 il 3
32(1-02
33[1.02
34({1.03
35[1.03
L - I .
10 X 20 25 30 35 40 5C
LIQUID -LIMIT 30 L-lL‘
[ELASTC LIMIT [z NUMBER OF  BLOWS
PLASTICITY INDEX 13



GOVERNMENT OF ANAMBRA STATE OF NIGERIA

MATERIALS LABORATORY

ATTERBERG

PROJECT :

MINISTRY OF WORKS

LIMITS

MW (AN) 164

({p(‘(”‘ {ON 2L

saMPLE No.:

TAKEN BY:

DATE:

LABORATORY No.:

TESTED BY!

DATE:

NUMBER OF BLOWS

)=

\4

2%

33

‘PLASTIC LMIT

MOISTURE CONTENT TIN No.

14-

26

139

15b

Tt

160 |\vo 4

WEIGHT OF TIN PLUS WET SOIL

22 32

28 %%

24 84

30%

2211

2604|124 1

WEIGHT OF TIN PLUS DRY SOIL

254y

2546

4 Jb

2%.05]

75 bl

249223 o2

WEIGHT OF TIN

b5t

16013

l6* 25

\p- 50

1610 |5 44

WEIGHT OF WATER

21 #3

Z:%%

2455

32

2%

122l

WEIGHT OF DRY SOIL

9
9
g1b28
9
9

1716

q.10

gl

[0

Z-a)

€ 62254

MOISTURE CONTENT

%|31- 6

T AT

3o &

306

304

|G I 50

FACT OR

LO_-NE POINT METHOOD

LIQUID LMIT %/

AVERAGE P.L.

\S - 2

FACTOR

096

095 -

096

|
1
{ i

097

°/O

097

098
098

4
1

099

099 40

i
-

4 i §

i

it

CONTENT

099

.o.

gell

el

'y

£ ien
MR Wy

02

MOISTURE

102

‘02

w NN NN D YR - e - -
S R L et e ~B s v MR OF BLOWS

.02 K

03

ww
v n

o3

70 +—
10

IQUID “LIMIT a0

| PLASTIC LIMIT 1<

| PLASTICITY INDEX 15

GPE  831/1373/10.000

20

NUMBER

25

L L
I

OF

30

BLOWS

3s

40

sC



MW (AN) 164
GOVERNMENYT OF ANAMBRA STATE OF NIGERIA

MATERIALS LABORATORY MINISTRY OF WORKS

ATTERBERG LIMITS

LOCH Tyonl L

PROJECT :

sampLE No.: TAKEN BY: { yaty % N |DATE:
LABORATORY No.: TESTED BY! OGjouwh S | DATE:

NUMBER OF BLOWS ‘A | zo | 2% | 36 | 146 PLASTIC LMIT

MOISTURE CONTENT TIN No. A 1129 ¢ | lab | Sb \+® | 107

WEIGHT OF TIN PLUS WET SOIL 14'*9‘;0-}7 78 5027 34| 3379 738?33 6(

WEIGHT OF TIN PLUS DRY SOIL 242|265 Rk 60| 244 -00] 2.9.24 3043|3033

WEIGHT OF TIN L35 [l te |15:90) 06 52 1b' (b CRZIAPHE,

WEIGHT OF WATER 330 [y fo| 0330 | 5 > hu|2 38
: 14

o KO WO | |

WEIGHT OF DRY SOIL ﬁp.?jl_Q'J/Hl(;ﬂ'-i/.( ’1;&% \3 0% (4 31y 19

MOISTURE CONTENT oo 10394311 1352|349 233 (231

FACTOR - AVERAGE. P.L.
LIQUID LIMIT %% 23 ¢

ONE POINT METHOO
S

- - -h T

NUMBER OF BLOWS

FACTOR

15095

1610:96

17 |0:96

18|0:97

%o

19(0.97 =

20|0-98

211|098

22 |0:99

23 (099

CONTENT
i

24 (099

.00 T 1T

.0l 32

el

Ol

MOISTURE

102

- *, - — 1 4 —

‘02

.02 A S

‘02

O3

w
o]

03

10 s 20 25 30 35 40

IQUID LIMIT 38 be s

[ 17 2% !
ASTICI \S NUMBER OF BLOWS

GPE  S31/173/10.000



GOVERNMENT OF ANAMBRA STATE OF NIGERIA

MATERIALS

LABORATORY

ATTERBERG

PROJECT

MW (AN) 164

MINISTRY OF WORKS

LIMITS

(oCch— (onN &

samPLE No.:

TAKEN

BY:

DATE:

LABORATORY No.:

TESTED BY:

DATE:

NUMBER OF BLOWS

MOISTURE CONTENT

TIN No

WEIGHT OF TIN PLUS WET sOIL

|

WEIGHT OF TIN PLUS DRY SOIL

|2

—\}F

2t 7

T sl

39

PLASTIC LMIT

U0 %2135

19

121

19

39-56|%2 PH23.0

4?19

294

27 (6

ElRA
w4y T

,1_5"‘ 125" by f2as - 22

15 0l

2303

26206

WEIGHT OF TIN

WEIGHY OF WATER

WEIGHT OF DRY SOIL

ko W W O

1590

2 91

NG Qo) e A~ Ve 4)

L0y

lbdb

15 -85

3343 g3 eb|2gb

5115

Ly

1

2:%0

0|72 221

400

10'°H

\o Pi

MOISTURE CONTENT

349

38- |36 7 26F

35 |

26

20.9

ONE POINT METHOO
s

FACT OR

LIQUID LMIT 9/o

-

NUMBER OF BLOWS

FACTOR

151095
161096

17096
1810:97
191097
220|098
21098
22 |0 99
231|099
24 |099

Olo

CONTENT

el
el
-0l
-02
‘02
‘02
‘02
-O3
‘03

MOIS TURE

w
(o}

AVERAGE P.L.
2. o

+

-

-t

LIQUID LiMIT

z3

PLASTIC LIMIT

ARY.s

PLASTICITY INDEX

GPE  G31/1378./10.000

s sl

NUMBER

2.5 30

(B
|

OF BLOWS

35

40

sC



