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A B S T R ACT 

Gullying proc~sses of some selected sites in £nugu-Onitsha express 

corridor ware 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 gull:' deve10p1ll~~t · identified. that is the your·a and 

int~~ediate states. Consequently. the gullies were classified into 

three categories namely; base1evel, scarp. and incidentia1 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 discussion. 

it was observed that rainfall intensity~ geomorphic 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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PRE F ACE 

This project presents the report of the research carried out 

on "Hydrometeorological consequences of gully erosion", a case study 

of Enugu-Onitsha Expressway. 

The structure of the project is fairly simple. There are five 

chapters altogether. Chapter one deals with the introductory aspect 

of the project. This includes the background of the project. the 

objective. justification of the study. liter ature review and its 

summary and theoretical frame-~ork. 

Chapter two explores the environmental setting of the study area ~ 

which is the climate. vegetation, soil. geology. geomorphology of 

the study area. 

Chapter three shows the representation of the field observations p 

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 ststistical analysis 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 f1~e ~~uodieR the conclusion. control measure in th~ 

study area and recommendation for further studies. 
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CHAPTER ONE 

1:0 INTRODUCTORY ANALYSIS 

1 : 1 BACKGROUND OF THE STUDY 

Erosion may simply be described as a process of continuous or 

intermittent removal of soil including plants i natrient from the land 

surface and its d~position in another location. There are various 

causative agents of soil erosion such as water, wind i but above all, 

man is the most important agent of soil erosion, Sagua (et al 1986). 

In general, s ail erosion is a natural phenomenon and a response to 

environmental forces which lead to displacement of the soil to varying 

degrees. Normal erosion occurs with wind acti0n but this is suitahle 

and slow, such that the displaced soil can be replaced by normal process. 

Sheet-wash ~tosion is more persistent and covers an extensive area 

of the country. In some other cases, erosion can be accelerated when 

tho rate of displacement and removeal of the soil from land surface 

far exceeds its replacement by pedological processes. 

Allover the world, it is now being recognised that about 2.5% 

of soil, when land is used carelessly , can be vwept away in a very 

short time. Yet it las 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 81 1981). 

In Nigeria, soil erosion has reached endemic proportions. Both 

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, 1mb, Akwa Ibom, 

~ivers, Cross River and former Bendel state. 

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

canyons created by erosion have become a comreon feature of the stateVs 

• ... • 1 



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

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

H6 billion. with ISO deaths. In 1908 alone p Rivers state recorded 

HI06 million losses and 11 deaths when 133 villages were flooded. 

According to Newswatch of 26th August p 1991 f ormer Anambra state r equires 

H50 billion ($5 billion), Bendel state 14 billion. f ormer Imo state 

1.03 billion , Cross River state H16 billion and Akwa Ibom state H555 

million for the capital Uyo and environs, fo~ erositon control. 

Only recently howeyer, the presidency released ~512 million f or 

coastal erosion control works in seven state . In Rivers state alone, 

more than NI00 million had been spend by the Federal authority by 

December 1990 to combat coastal erosion there. In 1989 . H369.9 million 

was disbursed for control works in 12 states. llut state ~ffi~ials 

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 t o study the problems imposed 

on the &t~te by soil erosion. The result of this committee revealed 

that Anambra state was being seriously devasta ted by soil erosion 

of all types. In February. 1986. the Uri~er5ity of Nigeria, Nsukka 

held an international workshop on soil erosion, land clearing and 

soil testing and presented a communique to the Military Governor of 

Anambra state, Group Captain Emeka Omeruah. He responded by setting 

up a Task Force on soil erosion control. The disaster caused by s oil 

erosion. especially gully erosion in the state is of such a magnitude 

tha t every good citizen of Anambra state should j oin in the fight 

against soil erosion menace. A better tomorrow awaits the citizens 

of Anambra and Enugu states, if the bat tle against soil erosion is 

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



192 STAT~lliNT OF rmSEARCH PROBLEMS ~ 

The environmental hazard of gully er osion in former Anambra s t ate 

I 
has attracted the a ttention of many r es earchers and governmental or geni 

zations, t o the extent that in 1986. Anembra state set up a task f orce 

on soil er osion control. The t ask f or ce star t ed their work by enum€r a ting 

the number of gully erosion sites in the state and came up with s even 

hundr ed (700 ) l ocations. The Agulu-Nanka a r ea of Anambra state , has 

become no t orious throughout the country because of this environmenta l 

hazar d . 

The r egr e t able aspect of this ctosion hazard is its effect on 

the newly cons tructed Enugu-Onitsha express~~ay. Before the construction 

of t he r oad. ther e was no kind of soil er osion much iess of gullying 

i n this part of the states. But since the read came into be ing erosion 

problems have set in giving rise to l and degradition. The cost of 

construction of t he road is highly prohibitive and since the construction . 

the capital i mput has not been adequately utilized , rather more capital 

is being al l ocated for resurfacing and maintance of degraded part 

of the road . Ther e has been an incre~se i n the gully sites and slope 

failure along this road. The Task f orce on soil erosion has identified 

twelve gully sites on this road. Irrespectiv~ of huge construction 

cost , parts of this road have undergone r econstruction because of 

this problem. Evidence of this has been seen in the number of dive.rsion 

Signals along the expressway. The diversion signals are either due 

t o new guily s i tes or reconsttuction of the eroSion-damaged patt of 

the expressway _ This gives rise to the use of one road lane by vehicles 

travelling in opposite directions. It should be borne in mind that 

the volume of vehicular traffic on this expressway is very high. There-

f ore a number of accidents have been r ecorded a s a result of these 

sudden diversions along the expressway. 

T l-. a f'n f'l1~ G f this research therefor e is to evaluate the hydromf!~ 



OLJECTlVE OF THE STUDY: 

The specific objectives of this r esearch are : 

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

(2) to identify the hydrometeorological factors responsible for gully 

erosion en the expressway~ and 

(3) to recommend ways of preventing thi s gully erosion •. 

1 ~ 4 SCOPE OF THE STUDY 

The r esearch was concentrated on the gully sites along the expressway 

and its sides. Dut will not consider those gullies that are inside 

the towns ann local government areas through which the road traverses . 

The r eason being that a l ot of research works have been done, comprising 

these towns nHn l ocal government areas p (Oromata, 1964-1965» 1978» 

19J1 a . b.c an~ as a,b). These literat ure will be sean in the literature 

review. It will also concentrated only on gully erosion aspect of 

erosional processes. 

The research will crate some awar~ness or some necessary precautionary 

measures which should be tak~n to prevent this gullying. 

1: 5 JUSTIFICATION FOR THE STUDY 

Ecol ogical problems are among the most threatening natural disasters 

on the earth t oday. The recent United Na t i ons summit on environment 

in Rio De Janeiro Brazil was sp~cifically convened t o draw attention 

on a gl obal scale t o the immediate and l ong term damgers consequent 

upon deteri ration of our environment. Ecol ogical problems featured 

prominently i il the dicussion t o highlight the reality of this issue. 

Here in Nigeria, ecological problems in general and gully erosi')n in 

particular have r ecently assumed a mos t w0rrisome dim~ntiGn. Hardly dl'~s 

o day pass without either the print or electronic media carrying a 

news item or two about fr~sh occurrence in p~rts of the country of 



when i~ is not flood disaster in Lagos or River states, it will be 

gully erosien disaster in Anambra, if it is nut a section of a 

cor~runity beine cau~ht off from the r est as a result of washing away 

of a bridge, it will be washing away of r oads» houses, vegetables , 

animal f arms and very often accompcniud by collosal l oss of life . 

It therefore becomes pertinent t o take R close l ook at this issue 

in form of a thes i s that will not only examine the genesis of the 

problem but define the scope . forecast the future trends, consequenc ~s 

and proper scientific solutions. This is what this study modestly 

seeks to achieve. 

LITERATURE REVIEW 

In the environmental s~iences dp.alin~ with problems of gully 

erosion lik~ Geography, geology , soil science, civil engineering etc , 

it has be~n noticed that attention has been towards the causes and 

effects of gully ~rosion on the physical environment especially Gail 

resources. 

In Ni ger ia illcidence of soil erosion and guly has been of much 

concern to every good citizen of Nigeri~o Howaver. Ofomata s (1 907) 

on soil erosion in Nigeria: the view of a gcomorpho16gist, argued 

tha t the phenomenon of soil erosion i s a system made up of complex 

interacting components. Any changes in any one of its components 

will aff ect t he other componentE of th~ scil erosion system and thereby 

affecting the entir e system itself. 

Sada and Omuta, (1977) in their study of soil erosion and environmental 

problems in Auchi a r ea discover ed that t he pr oblems are man-made, 

because they nrc the results of a thoughtless and carelesS distutbance 

of the ecoloBica l balance of the area ~ and lack of planning of human 

habitations and thuir associated activities . 



·Similarly, JeJe, (1932) on soil erosion and changes in physio­

chemical properties of soil in Ejiba area of Kwara state, revealed 

that the very 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 ,bil experiencing accelerated sheet erosion. Ologe, (1908) studied 

the characterist1-cs, processes and extent of soil erosion in the savanna 

region of Nigeri~. In this study, he found out that gully erosion 

is widespread in the Nigerian savanna and appears to have been triggered 

off by incisio~ 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 proportivn of geomorphological researches 

which now pose a very serious threat to the effective use and conservation 

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 oaasures are directed towards combating 

the degradational effects of soil erosion. In 1938, there ~as 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, 1984, 1935 a and b). 

Of om at a, (1973) studied the nature or characteristics, causes 

and some possible control measures in some places like Owerri, and 

Onitsha province, Enugu, Uzoitem village. Ofomata (1965), Ogbukagu, 

(1976); Igbozurike, (i977); Niger-Techno limited (1973) have also 

studied the Agulu-Nanka gully erosion in the region of Anambra state. 

All these settled on the physical and anthropogenic processQs of the 

area in different perspectives and processes. 

Therefore in considering the inumcrable 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 gui1y hydrology 

and its related soil properties and they found aut 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 

intensiti ~~ , low soil water storage capacities and reduced infiltration 

rates due to crusting induced by raindrop imputs. 

Of om at a (1980) 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. Infact, all 

kinds of soil erosion in this area, d~r~~d cn the manner in which 

runoff is organised. Gully erosion occurs where runoff is concentrated 
\ 

along definite channels. Infact, all kinds of soil erosion kanifest 

themselves in alarming rates and give rise to all kinds of gullies. 

The reasons are~ the total annual rainfall is high, characterised 
\ 

by high intensity and soils Isurface material) are highly erodible. 

Kalu and Goodwill. (1987) on climatic impact on soil erosion 
I 

revealed that geomorphic processes on the surface cf the earth 

respond actively to climatic variation trends. And most impdrtant 
I 

impact is to cause a difference in the soil moisture content and 

coherence of the so11 strata. Clay soil regime respdnds to this tyt>e 

of climatic variability. First rains, or "red rains'! in. Nigeria at 

the onset of the rain~ season have an increase P.H value and thus 

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



Babalola (1987) who studied the effect of soil properties on 

infilteration and runoff in Eastern Nigeria, revealed that sheet wash 

is an ~ffectivc 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 

profilc. 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 decreased 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 fract!ort is much evidence 

in top layer of all the eroded soii studied. Lal (1981) in his study, 

also reported a decreased moisture retention capacity and increase 

infilteration rate following severai years of erosion. The reduced 

saturated hydrauliC conductiVities according to Mbagwu et ~l (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 aI, (1980); Mbagwu, 

(1986) focus toward the physical properties of eroded soil. And it 

also exposed 8c~e of the havoc done to our natural soil by erosion 



Ofomata (1964) on soil erosion in Enugu Region of Nigeria Geographical 

picture of the phenomenon in all its aspects, with some examples in 

the Em' " '\ region). In the geological and hydrological sections of 

the report, the causes and consequences of soil er'sion are adequately 

commented upon. From the social and agricultural point of view, the 

author describes sheet erosion as avery dangerous phenomenon for 

the living populations while gully erosion, even though it causes 

a very real 108S of land seems to limit itself to reasonably small 

a,reas. 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... euc:roachment on market-places at EzwgI. Ofaaata 

listed climate as the prime physical factor of erosion. The Enugu 

area is 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 vegetation 

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 (1951), advocated fdr the increase 

in the degree of vegetative cover through afforestation. Ofomata. 

(1 985) and F10yd p (1965) suggested the change of farming methods thtough 

education of farming near gullies~ And Igbozurike, (1977) suggested 

a four pronged approach for a permanent solution of the problem, namely : 

Enclosure zonation. resQttlement, structural alternation and community 

surveillance. 

_ 1 110,1\ Cllu"l'inc:tlv state that the four fundSJDental 



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 (1 970) ar~ products of precipita tion , and any relationships 

existing according to Andrews (1962) is largely independellt 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 

~~ir various findings in their areas of research. 

However, despite the studies alone in these areas, non has been 

done a long the Enugu-Onitsha expressway. It should be borne in mind 

that this expressway is of ' ~~ial importance because it serves as 

a quick and connecting link between Enugu and Onitsha. the two great 

cities of Anambra aud Enugu States. The volume of traffic flow in 

this expr essway is very high, since it is also an interstate expressway. 

Cons idering 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 



1: 7 DATA COLLECTION AND HETHODOLOGY 

The topographical. political and vegeta tional maps of the study 

area wqs collected from the Enugu State Ministry of works. lands. 

transport and survey ~ Enugu. The maps 'vas used as a base maps from 

which the background information was obtained s and also compilation 

of the study area map. This has been also used to extract some i nformation 

about the physiographic and landuse pat t 2rn of the sites which was 

not possible t o obtain pL8cticaily from the field. 

Infact 9 data collection f or this r~SGerch was based on primary 

and secondary datu . The primary data or f ield work for the research 

puper includes ~ 

(1) The m~asurement of the morphormctric characteristics of 

the gullies - depth. length . width and the number of gullies in each 

site . the slope ~nd its orientation was measured using linean tape 

and ranginz poles. After which the d~ncity of the gullies was calculated 

using the formula ~ 

(1) 

Xl = mean bngth (m). 

The variahce (r2) of the lengths width and depth was calcula t~ld. 

( i:i.) Th~ volu :;2 of soil lost was c.alculated f r.-om the formula : Vol 

= (L x W x D) -------------~------ (2) 

tvher-a vol s: Volume in (M3 ), Xl = mean l.::ngth (m), 

D :: m.:;an depth in 1m) and W = mean width in (m). 

(iii) Soil se.mpl",s was collected randomly frem different gully sites 

along the expl'~ssway and was tested i rl the material laboratory of 

th~ Ministry of Works and transport, Enugu. The samples were tested 

for particule size p the liquid limit and pl as t ic limit. Plasticity 

in~ex was calculated using the formula~ IL = PI • plastic limit. 

(iv) The physiographic and landuse patt ern of these area was ideutified 



(a) total stream length in (km); 

(b) Basin area in (Km2 ); 

(c) Forest cover in perc~ntages; 

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

(e) Mean elev~tion in (M) 9 

(f) !-lean channel slope (Mcs) 

(g) Drainage density. 

The mc,qn chp.nnel slope was obtain by . 

(i) dcfiuing th~ drainage basin 

(ii) finding 10% of the distance and it.:: e l evation; 

(iii) finding 85% of its elevation and distance; 

(iv) subtracting 'he value of elevation at 10% froQ tha t of 85%. 

(v) Ftnelly dividing the value by the whole dbtance of tlw drainag~ 

basin marked. 

Using planimeter, the value of besin a:ea total stream length 

was obtained . To calculate drainage de;lsity. the total length of 

stream in each catchment was divided by the catchment area in (sqkm). 

Thus the ~rainege density expresses th~ closeness or spacing 

of the strEam channels'. 

The formular is Dd - Iu 
Au 

~Jhere Dd "" drC'.il1age density t Lu II: sum of all the stream length and 

Au ~ ar ea ' r th~ Basin. 

The s ~condary data for the r.~search includes g 

(1) ~~infall, temperature and relativc~ humidity. The data was collected 

froc. Ministry of Agriculture p Agrometeorological section at Market 

Garden. Enu~u from (1984-1992) as was available . The data was collected 

from three stations along the road p n~n~ly Enugu, Onit&ha, at two 

extr.,mes of t~tC study area and Nkwelle in ths middle . 



(ii) The rainfall intensity and the return period for these areas 

was determin<?d from the daily authogreph::'c r {;!cords of Enugu and Onitsha 

stations. That of Enugu is between (1 956 - 1087) ,while that of Onitsha 

is between (1971-1903) giving the totals of 31 and 10 years respectively. 

Th2 data was collected from climat section of Meteorological Institute 

Cshoci. Lage's. The rainfall intensity \"ms calculated using the formula 

(rnm/ hr ) --'-' ---~---~--------- (5) • 

The partial duration return period of each intense rainfall was 

determined using the formular~ 

Tr = !~~ --.--------------- ( 6 ) 
JYl where m is the order of 

r anking, N is t he number of water ye8r~ f or 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 ~xtracted · were then plotted 

against durqtion a~ a ,function of return period on log-log paper. 

Finaily 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 be.r-graph of some variable v!ere also drawn 'to know 

the once thn~ hp.s a high effect on each gully site and the reasons . 

1 ~ B THEORETICAL Fi{A.lw1EWORK 

The thturctical framework of this research is based on the soil 

~ros ion model by Ofomat&, (1 987) . A model as defined by Lee, (1973) 

is ;:n abstracttoll from reality which i s used t o gain conceptual clarity 

to reduce th~ world to a level we can uDderstan<.1 and specify. The 

basic· assumpti, ,! of this Model is that each f actors of erosion is 

capable of beil1i' considered on its own as weall dS in conjuction with 

other factorr. < The various relationships b~tween the f actors of soil 

o ·rm::1nu anll th~ phenomenon of erosion are givan in fig. 1:8;i~ as 



f or the humi d topics is emphasized by the f act that r a infall is the 

principal element of climate considered. 

The mode l is self- explanatory. B~~.efly, potential erosion of 

the enviro~~ent has both physica l and human components. Each component 

is itself mhde up of a number of constit uent factors which interact 

in differ.ent way and at varying degreet t o produce different types 

and rates of er osion from one part to the other of the humid tapirs. 

Rainfall is a maj or factor in the obser ved relationships. Direct 

r elationships ar c shown by s olid lines ,~hile indirect connections 

are shown by pecked lines. The erosion r ates box represents only 

an attempt at a general indication of what is expected frum certain 

soil erosion compommts. 

Of various factors of soil erosion recognised, only population 

density, surface configuration (relief» ) rainfall, vegetation and 

surface materials have been isolated as critica l to the development 

of the soil er ~) si ,)n phenomenon and used as t he parametlars for f ormulating 

the model. 

In my study area, populfltion is not important JO there is no 

data on it. But on the other hand thi s was represented by the magnitude 

of antropog(mic f orces expressed ih t <.:nus of !~ercentage of cultivat ~d 

and forc8tec. a r l.:'as, (fig . 1 :[;: 1). 
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CHAPTER TWO 

2 g 0 ENVIRONMENTAL INFORMATION OF THE STUDY AREA 

2: 1 LOCATION OF STUDY AREA 

Th~ study area is Enugu - Onitsha expressway . The expressway 

covers about one hundred and eight kilolJ,~ ters (lOP ' km) in length. 

This is the major link road connecting Enuf;u and Anambra States. The 

studY is en gully erosion along the r oad and th~ road sides. 

The Enugu-Onitaha expressway lies approximately between latitude 

6" 06'N and 6° 3()VN and longitude 6° 4v vE cnd 7° 30 vE. The study 

area is clearly r epresented in the fig. (2 ~ 1~1) below. This area 

li~a within an elevation of 100m and 1 j 500m above mean sea level at 

its high and l owland areas respectively. The highland ataa with elevation 

of 1,500m is arouud Enugu while the l owland with elevation of 100m 

is around Onitsha. 

2:2 CLIMATE~ 

The prcj ect an~a has a typical tro1?ical climate, which is marked 

by two prominent seasons~ The wet and dry climat~ t r efefed to as 

IiW..l" under th~ KOPPEN - NEIGER system of climate classification. The 

area lies wi thin th~ zone B of the hom0g~neous ecological and rainfall 

regions of NiScria , according to Kahi ,md Godwil1 (l980). 

"Zone 11 extends from the cORstel ma£ines 

iniancl t o about gON and covars the rainforest 

are~s of Nigeria. Its rainfall parttern is 

definit~ly bimodal, with an annual maximum 

i n most parts in June and a seeondary 

maximum in September as in Zone A. In most 

places in this zon~p the char acteris tic mid-

'11 .... • • 'I _ ,, __ ... 
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ilAugust break" , is observed Gspecially in 

th~ central and western areas of Nigeria. 

The effec e decreases both eDstwards and northwards due to 

ihe decreasing influenc8 of t he l owlevel 

a~ticyclonic ridee emanatinn from the nearer 

presence; of the south hemisphed.c sUbtropical 

anticyclone ever the Atlant i c li
• 

The climate of this araa is influe~ced by two major contrasting 

air masses which are, tropical continental (cT) and tfopical maritime 

(mT). Th~ tropical maritime originates from : he southern hemispheric 

subtropical anticyclone over the south atlant i c. This air mass 

1hfluences t he r a i ny season of this area . And its influence starts 

from late March to October. This airmass i~ moisture-laden and thus 

Ilrain bearine windil
• It should be notoc that the gross features of 

r ainfall pattern in Nigeria. as i n othGr part s of West Africa, are 

usually ~onsidered in association with t he i nter-tropical Discontinuity 

(lTD) p (Hamit t cn and Archbold 1945; AdE:j (.kun ~ 1965). Thus an inh~rcnt 

~s~o~iation of che duily rainfall patter ns with the spac~ and time 

varia tions vi the l TD) (Ilesami s 1979). therefore, the areas with 

t:h i~ highest rainfall are in south- wester n Nigeria wher e the r a in-

bearius south~westerlies accompanying th~ (mT) air strike the coast 

~ore or l~ss at a right angle p (Ojo. 1977). The study which is 

i n south-ea8~prn NI geria shows some micro-variation in rainfall as 

a result of coestal and influence of River Niger in Onitsha. The 

W<lo!Olle stati.on which repr~sents Onitshn a.: ~.s. has n l!lean annual r ainfall 

tot al of one t housand eight hundred ~nc twenty five millimeters (lG25mm) 

cnr' monthly maximum of three hundred and ten lllillimeters (310mm). 

Enueu. which i s at the other extreme has annual r~infall total of 

oue thousund two hundred and forty seven (1247mm) and monthly maximum 
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of these two axtr~me stations has an annual r ainfall of one thousand 

three hundred aud twenty five (325mm) and monthly maximum of two hundred 

and four (204mm). These values were calculated from the 10 years 

rainfall records of these areas. 

The tropjcal airmass which originates from the subtropical high 

pressure belt of sahara influences the dry s~ason of the area. This 

is Jry wind and dus t laden. It takes position from November to early 

March . It i s characterised by cry Harmattan wind blowing from the 

northeast to this area. During the n81l1l1attan both visibility. temp­

erature and r ~lative humidity are generally l ow. 

Theoughout the year, the temperatur~ of the area is high ranging 

from the mcatl of 32 °C in dry season t o 27 c C in w-at season. But due 

t o some l ocal influence the t emperature of the study area varies. 

At Enugu the annual maximum is 35° C whi12 t he annual manimum is 24 °C. 

Onitsha has an annual maximum of 33°C wi th the minimum of 22 ~ C. And 

Awka 34°C and 22°C for maximum and minimum temperature respectively . 

Th~ rela tive humidity also varies . At Enugu the annual maxim~~ 

relative hurrdcity i n the rainy season is 02 per cent with the minimum 

of 53 per cen~ :1.n 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 of 37 per cent and minimum 

of 74 percent i n the wet and dry season r espectively. These figures 

were also ca1culat~d ftom 10 years recor d of temperature , relative 

humidity mid rainfall of thes~ stations collect ad from market Garden 

Enugu. 

2 ~ 3 VEGETATIOH~ 

The vegetation of Enugu-Onitsha Expressway was typical rainfores, 

but due to intense landuse system which has degraded the f orest to 

deriv~d savanna . £emnants and patches of high rainfor est can be seen 

- ~ -·""' ",m ~ides as "galary forest ll
• For instance. 



sides of Mamu . Ekulu river and Ever-valley. Also as some areas especially 

from Nkwo t o s ome parts of Oji-River, t all trees are seen dried but 

sti ll standing. This is evidence of chLoi1ng forest . 

Howev~r ~ the detailed existing ve~etation of the selected gully 

sites as wqs observed in the field au~ read i n the vegetation and 

landuse map with scale of 1: 250,000 can be summerised as followst 

Awkuzu+-· Farmland and immature fores t with derived savanna . 

Ifite-Awka ~ Farmland and i mmatur e fo res t . 

Awka ~ - This is also und~~r farmland and consist of deriv~d 

savanna . Crops foun~ her e are bannana, Grasses 

are antropogen spp. Digitaria spp. the shrubs are 

Afromosi a Caxiflor a p combX'itum . 

Nsude /ldor -Puve 

and Ugwuoba ~ '" 

2 ~ 4 SOIL ~ 

Wooded shrubs , oil palm and farmland, imma t ure 

f orest and patches of woodland. 

The soil of the qully affect area i n th2 study ar ea consist of 

mai nly reddi sh "arth of about 9"10m in depth. This belongs to the 

gr eat soil Groups of latosols according to the classification of the 

United States Department of Agricultur s j (1 930). However, Barbour, 

O~untoyinbc ct ai (1972) classified the soil of the study area as 

belonging t o f~rrallitic soil because of t he presenc~ df iron-oxide 

froo which the soil derived its colour. The soil of the area is highly 

weathered, l eached and contained comparatively smaller amount of humus 

which could have helped to bind the soil particules together. Some 

parts consist of clay which is rathet: prcn<::' to soil creep and landsli dE!. .. 
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2: 5 GEOHOPHOLOGY : 

Th~ Enugu- Onitsha expressway of Anambra and Enugu states exhibits 

D bad- land typ~ of topography which is char c terised by a dissected 

scarp s l ope with adjacent low land, and valleys; The scarp slope 

is pa r t of n r egional system of escapement st ~etching from Awka to 

GrIu i n lmo state (the Awka/Orlu upland) . Sti ll in this area we hav~ 

the Udi sand"'tone plateau which terminats s i n gigentic east-facing 

scarp, and passes westwards to the lmo Rive r clay valley p which is 

part of the Nig~r syncline covered with sands an d clay. Over the 

whole region tHe eleva tion ranges be twe~n 120., 150 meters in the valleys 

to over 240 metars on the pla t eaux - t hr ough highlands of 300 meters 

are excecie , ih places on the pl a t eaux " Thl~ scarp edge of the enscap­

ment i n most places consist uf steep anc vertical walls of depressional 

complex struc tures . The scarp exhibits t wo !;enerations of r · vine t yp<:p 

tending :-:" · "1' , l ly north or south with t he r evi nes cut eXClusively 

into unconsolidated materials often showing £c. charncted.stics broe.d» 

a lmost semi-circular valley heads. These 8ullies also exhibits sharp 

pointed p~c k6 ~ steep sided walls. and j .r:gged knife like ridges along 

SOl! e parts of l.:he r 0ad. 

The uncollsolidated materi als in which th", gullies ar e carved ; 

predominantly l oose sediments with an ovor burden of red earth. and 

t his is pr one t o mUdflow, soil slump, soil cre8p as weii as landOsiide 

a l ong the expressw8y ~ 

2:6 GEOLOGY ~ 

The toain ge0l ogic units of the study ar~e are the Manu formation 

(lower macstrichtian)~ Ajali formation (middle maestrichian), Awgu 

formation (comp:mion). Amaki formation (Eocen(:). The distribution 

of this formaticn is seen in the geologic map provided (fig. 2 ;6:1). 

Li thologically t he Enugu-Onitsh~ expressway consist of sand, shale p 

- '-- - , .- ...... ~ nnt" 



l ocatad at Enugu side of the expr essway. The lmo shale at some part 

of Oj i -River around manu river and Awka arca , this is the younger 

type of manu shale. Therefore they are subjected to expansion and 

contrac tion ~urin8 the rainy and dry s easons respectively. Sands 

are lighly erodible especially the sandstons . The Ajali sandstone 

of pan: of Awke. and OJ i ·-River and Amald formation are highly affectec1, 

by :;; rosion. 

Th~ manu forma tion consists of r apidly altering beds of sandstone, 

mudstones with coal seen at s everal horisones (Orajaka t eporting 

Basin and Wil~on 1925). He also r eported tha t the sequence of the 

slop~ escarpmcut is cyclo the mix. The succession consists from bottom 

upysrds of gr~y and sandy shale within bands of fine grainea sandstone 

containing Ching bends of grey shale ~ sandy shale and then coal. 

The Ajdli s andstone overlies the manu fOI'mation and attains an 

average thickness of 150m, Orajaka (1 905 ) . It is essentially a friabl e 

coarse-grain~d whit·~ sandstone . Lithologically » boreholes on the 

Udi plateau show t ha t the formation consists of fine coarse grained 

sandstone. Clay and coal units occur towards the bottom of the borehol es, 

indicating that the transition zone be tween the Ajali sandstone sequenc~ 

is covered by a mantle of red earth. 

!hc l mo shale lies bel ow the Ajali sandstone. And it is the 

younger fdrm of manu formation. 

This i s a clay- shale interbedded with sand bodies at different 

horizones p silts t one . calcareous muds tonc p grey t o dark. 

The Awgu lies below Ihe lmo shale from Enugu to Onitsha. This 

is a f1n~ t o tn<.? dtUID grained s andstone, ~asGive pebble and locally 

cross-bcdd ~d ~irox siltstone and carbonaceous shale. 
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The Amaki formation lies within Awkuzu~Onitsha area. And within 

Awka and Awkuzu lios Nanka sandstone . These are loose and friable~ 

fine t o mecium cJarse grains. They are Porous and permeable with 

carie gated cl. l oul" . These are highly a ff cct(!d by erosion and gullies 

in particular, 

-. Table 2 ~ 6.~1 ~ ___ Gaolo,,8ical age and lithos.t~i&raphic s ectuence in 

A~.!?r a(~!lugl!_~.~_a.!:~_ 

Gcolc~ic Age in 
Mil1ion y':o:ars 

Noicem~ 

(26 ) 

Paleocene 
( 65) 

Lithologic 
s equence 

Benin f ormation 
lign1ti! series 

Imo shale formation 
(Ebenebc sandstone) 

~-----""-""--------~~~-~-_____ "I_._· .. -_~--"._ ....... ~-.~. _. ___________ _ 
Campanian 

Source ~ Ofocgbu C. o. (1985). 

HYGROLOGY 

Enugu shales formation 

Awgu sha1,"s formation 

(Awgu Ganc-lstone) 

The aspGct of hydrology of the study area that is going to be 

consic!ered are the rainfall amount. lrtt onsity and drainage characteristics. 

One of the mest important charact ~;r:t s tics of rainfall in this 

ar~8 is its intQus ity . usually expressed i n millimetres per hour. 

Very intense storms are not necessarily mor e frequent in this area 

of its high t otAl annual rainfall. Th~r~fQre. the frequency of occurrence 

of high s t c r m.s including the rate and dep .. h of rainfall are important 

f or soil ana wa ter conservation structures. In general, storms of 

high intensi.ty last f or fairly short periods and covers small area. 

Storms covering l a rge area are seldomly of l ow intensity. but may 



the gullies still retain the top soils of r ed clay s and. The rate 

of gully developm~ut is slow at this l~vel. 

In the ints r m6diate stage, the gullies have cut through the clayey 

soil into t he! subsoil of loose cohesionless sands and silts with inter­

col a tions of cl~ystone. mudstone aud shale. At this stage the gullies 

have a cish appear ance showing the wicQuing of V-shape of youthful 

st::llt:: . Th~ :r:; ~<2; of downcu6ting and sidew<.!ll processes become rapid. 

The ~) ~~r:?n ;: mnterial. th~ relative position of the water table 

an~ r~lnf~ll iuteusity greatly influenced the advancement of gullies 

of th~ inter mediate st~ge . Where the water table is far below gully 

floor. even (;\11'in5 the rainy season, active down cutting continues 

concurrently even as the gully floor appraBchcs the local baselevel 

in the arC2. Th~ gullies tend to develop s everal prongs due to differential 

wcnthcriu,[,> ill. l:' r:: spcnse to the seneral slopes of the ground surface 

and the runoff d~.r~ctions. With time these gullies coalescence, leaving 

isolat c~c! knife! ;::;d.8c sand within the gulllies , (Plate 1 and 3). 

Gracu' lly the reG earth capping th~s e sand are removed by the 

effects of f aulting or fracturing and gravity slides on soil. The 

~xposed l oose cnhcsionless sands are then quickly removed to the gully 

flvor l evel by spl ash erosion. In l ocal iti es where the water tabl~ 

is close top or ris~ above the gully floor during periods of gully 

pr~ci.p it<1tiGnp dOlY'Ucutting becomes ni.:8li8ibl,~ and sidewall processes 

fmC. h",adw, r d gullyiug become rapid. Wner e the gullies have truncated 

th t: wat ", r t abl e c.g Plate 4 and 5. there is vertical slopes and terrance 

(kv~lopment • 
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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 such of our 

erosion damages and aay result in devastating floods. 

These grouridwater efluents or discharge in this area gives rise 

to spring and streams that drain the area in small volume& 

constituting headwaters of Awka and AwkuBU gully sites, which 

are perennial streams. 
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CHAPTER THREE 

3 ~O OBSERVATIONS 

3 ; 1 GUL~YING I NTENSITY ALONG THE EXPRESSWAY ~ 

mw.gbue and Ez,,"chi (1 9[38 ) p have i dent ified three types of gully 

d~v~lopm~nt i n th~ s outh eastern Nigeria ; tho youthful, intermediate 

and old stagi.!s. 

In t h e;: gully lilorphology of the Enugu~·Onitsha Expressway both 

th~ youtHfull aad int e rmedia t e stages were identified~ Guilies in 

t his ~xpr~szw~y hav e nu t reached khc old s t age, because the road wa s 

constru~teG a0cut 13 yea rs ago , artd a lso ~he f r e quent interferen~e 

1"7 " I'e F",d ..::r.,:!l Hinistry of Wor ks Ha s not ailowed the gully to stabilize 

or bec m;;.; dr;rmnnt . Both t hi! youthful and intermediate stages are 

a~ sr:>cia ted .",ith a c t ive down- cutting and l a t eral expasion of the gullie s . 

The gully intensity depe nds on th~ loca l parent ma terials (geology) s 

t 1",:. Pl t: ", of f unc ti.oning (to be discuss...:c) depends on the operating 

f ': c tprs . th~ 'kpth and the s t ages of ticvel oprnent. This c an be seen 

i n t he scol c J Y 'o.liC'.p provided in (fig . 2 ~6~ 1) t ha t the site s a re concentrated 

.~ --. t"hl·.~ "'\1 .'='..1:. ,-=tr.d Nt4.nkn s andstone with one irl I mo sha l e , two in Ebenebe 

s f1 ndstone . Thidr i ntensitie s c an be s~en i n the (Table 3 : 1 :1 ) below. 

I.' t'h --- l1t"l, f u l s ::age , the gullies e r e a c t ive ly down- cutting and have 

V-shaped v ,,:,.llcys with high slope angl es. In the study a reas , where 

To ~ ·- t)t s l ir:,:::c or slumps hav e occured th~ angl o r an ges from 15° to 

? r') UC"rr-; j; ~ 1 ~lG1:-~s a r e c ommon . Gen'; r a lly p in the youthful stage 



3: 2 RESULT OF THE LABORATORY ANALYSIS : 

The soil sample were collected by the walls of each gully sites 

in each location. Laboratory of the geological 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 II). 

Then, the Eramilometric parameters were obtained from the particule 

size curve. The percentage clay and silt materials lies between 

0.0001 millimetres to 0.6mm; fine sands ~ 0.6 millimetres to 0.2 

millimetres~ medium sands, 0.2 millimetres to 0.2 m1l~trea medium 

samds$ 0.2 tnill1metres to 0.6uun; coars<.t &and~ 0..6 t;.o 2mm .. and .s~l 

2mm to lOmm. 

Plates 4 & 5 

Therefore~ to get the actual valu~ for each particule size in 

the sample, the parcentage of each material point was taken. In each 

material. the lower percentage is subtracted from the higher material 

point of each gravel size. And this provides the nature of particule 

size distribution in each location, s ee the table below: 

T;\l>l ~_._J:b.:l , ,"7-_ 9w~m:llora£t,r_;c ~ili~J.:~9t,~~~2J.l !~X~u~'r=.~l! p'-~r~~_nta~e: 

Location A ; Bel , D ' E F , G ; H ' I ; J 

- - ~lay ~nd '~i1t 17 19 l 30~ 2ft; 34"116;- 10 t-30 ; 25l!1-­

Finh ' s~nd- - -i4 -5 ~ ' - iiT-'i4"-!2i 1 12 : 12-: 26 ~'-29 1 io - --
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From the overall result, it is noticed that in all the gu1iy 

afftcted areas sampled, the percentage of sand is the greatest and 

ran~es from 70 percent, the percertage of medium sand dorminates and 

ranges from 33 p6r cent to 51 percent. Fine sand and coarse sand ranges 

fn.m 5 percent to 26 percent and n t o 39 percent respectively. The 

presenee of clay/silt and gravels is insignificant. Clay and 

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

Location 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

30 

37 

29 

30 

36 

35 

35 

SourCe ~ Lab. work. 

23 

21.4 

24 

24 

20.5 

22 

20 

silt 

15 

6.6 

5 

6 

5.5 

12 

7 

The plastic, liquid limit and plasticity index, indicate the 

w~isture range through which the soil mat erials have the properties 

of pl astic material. That is when it can flow as liquid and when 

it can be r e11ed into thread. it also shows the degree of cohesiveness 

of tpe soil. The p]Qsticity index declines with increase in sandiness 

a~d 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 m~an of 32.3. The moderates indicates 

that the soil material are capable of storing reasonable amount of 

w~t.p~ , which is considered t o be de trimental t o slope stability. The 

variation of liquid limit with depth is not considered t o be detrimental 

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



The plastic limit ranges from 12 t o 24 per cent and tends to 

be higher with increase in clay content of each sample. The range 

of plasticity i ndex is 5 to 16.6 percant ~ showing that the soil materials 

are of low or non- plasticity according t Oi Jumikis, 1962. 

3 : 3 ~~~Tsiographic and landuse characteristic of the Gully site Ba~~~~. 

The local control suggested by the seas onal allocation of runoff 

are indicative or the importance of basin physiography and landuse. 

The physiographic parameters determined are basin areas of the select~d 

gully sites. main channel slope . drainage density, f orested and farmed 

areas, total stream length and mean elevation. These were abstracted 

from vege tation and topographical map of 1:50,boo. The drainage channels 

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: 

(i) defining the drainage basin, 

(ii) finding 10% of the distance and its elecation 

(iii) finding the 35% of its elevation and dis tance 

(iv) flbtracting the value of elevation a t 10% from that of 857.. 

Iv) finally dividing the value by the whol e distance of the drainnse 

basin marked. 

Using planimetre, the value for basin area and total length of 

streams were obtained. 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: 

D = lu 
~ 

---------- (4); 

~here 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 infi1teration rate. Therefore 

percentage of clay content was got from the soil analysis. Mean 

elevation is the lowest point in the basin and are subtracted from 

the highest. 

Then the land use parameters which are the percentage of basin 

ar ea covered by forest together with tree crops and farmlands including 

plantations. This was estimated f : om t ho drainage are used from the 

vege tation map. 

Table 3 g3 : 1. 

3 : 4 Annual Rainfall and Runoff: 

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

in this gully sites due to lack of instruments and a very short time 

dura tion. However. runoff was calculated from the runoff eoefficient 

derived frore the annual rainfall and runoff of the drainage basin 

which was given by Auyajidike and Phi1-Exe~ (1989) in their study 

of runoff respond to drainage basin in south eastern Nigeria. 

They came up ylith runoff coefficient (RC) of s ome 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 pr ocess s out-of the ten locations 

in the stud" w ea. three falls within thl:.! 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 runoff was computed by multiplying the runoff coefficient 

, --- -'-- - . - "l.. __ ~_ h •• ~1. o rnr:11 ;mnual rainfall for each station 
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3:5 Patterns of Gullying 

The patterns of gullying depends on the nature of flow surface , 

nature of the soil and the undergr ound wa t er . For instance loose. 

friable. fine and unconsolidated sands are easily eroded~ while coarse 

and consolidat ed shales are poorly eroded . Permeable , satura ted and 

cohesionless sand are easily pried out 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 s edi mentological properties of grain size, degree of 

concentra tion also affects the rate of gullyin~ . Based on the best 

f avoured factors. ~ullying can be initiated from slope failure in 

the following pr ocesses through flowag~ . sliding or slumping . 

FLOWAGE : 

This is as a result of slope failure which is often initiated 

by t ension fracturing or cracking causen by slope undermining. The 

undp.r.minin8 involves the soaking and subt erranean erosion of the loase 

sands at the l ower levels of the l oos e sands at the lower levels of 

the gullies. Gullying initiated by flowage was obs erved t o cover 

at : 

( 8 ) locations where the gullies have exposed the cohesionless 

sands and silts , plates 3 and 4; 

(b) l ocations where construction was truncated the water t abl e 

and slope toes are constantly in contact with equitard . 

fig. 3: 5:1. Flowage does no t occur in gullies still l ocated 

within the clayey sands, hence condition (a) above is 

controlling factor f or occurrence of slope failure by 

flowage . The combinat i on eff ect of pore water and se~page 

pressure coupled with the slaki ng action of the water 

CAuse the strained sands at the slope t oo to loose their 

strength and become soaked into liquid. The liquid sands 
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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 t opstratum 

eventually falls into the bottom. This process repeats itself, 

and the gully if not protected advances through the prough 

the proeres81~. soaking t o liquid, flowage. cracking or fracturins 

and sliding . 

SLIDING: 

The field observation shows that sliding t akes place after the 

slope t oes has been undermined and topstra tum has lost its f oundaticn. 

Th~ stresses in the topstra tum are shown by the cracking and fracturing 

behind the crest of the slope. Therefore , th~ 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 r each the 

guly bottom undisturbed but in most instances the materials disintegrate 

before reaching the slope toe as screes . 

TOPPLING: 

This is a f orm of slope failure . This was observe in some loca tions 

at dwka and Ugwuoba areas. This process is controlled by the parent 

material surfaces. Toppling failure occur a t gully l ocations where 

the parent material section is made up of discon " tnuous sandstone 

beds or l a teritized shale beds mixed with clay material, underlain 

by the cohes i onless white sands. The pr ocess is initiated by the 

unde rmining by overland flow, infilterating rainwater and sliding 

of earth material continuously until the layer of sandstone or lateri­

tized shaly beds is left projecting into the gu~~y (fig. 3 :5 : 2). This 

pr oj ecting r ock layer is acted upon and weakened by alternate wetting 

and drying until finally a fracture or crack develops on its upper 

surface . The r ock body then bends into the gully depth and later 

1!_1" _ ..... ... .. "m .... l t:> ~ t o the ~ully floor. This process is termed toppling. 



The materials are broken into rubbles. These ruhbles are carried 

away by flood in the intermediate stage of gully development . But 

at the youthful stage the rubbles remain a t the slope toe and contribute 

t o stability of the slope. 

BLOCK FAILURE : 

This occurs at locations where parallel tension fractures or 

cracks run ahead with advancement of the gully fronts (fig . 3 : 5:3). 

This is common where gully is rapid that a t active gullies like my 

study area, ~specially where the clayey sand t opstraum is thin with 

very thin vegetation or bare surfaces. When this fracturing develops 

in the gully front, large bodies or earth materials are often affected 

and slide down into guV-. This is observed at Awka and Idow Rivl:!rs 

(Plates 3 and 4). 

RILLYING TO GULLYING ~ 

This is the process of gullying which was formally describ·~ d 

in (fig. 3 : 5 g4). This process occurs especially in a bare soil or 

scanty vegetation which is also slopy. It is initiated by overland 

fl ow which develops into concentrated runoff. This concentrated runoff 

working on the bare and slopy lands cut into channel or rill erosion. 

If this is not protected the concentrated runoff using its tools (debris) 

ea ts into the sides of the c~.Dnel which will later develop into gully 

erosion. This pr ocess of gully is seen in umumba Ndiuno site Plate 1. 

3 : 6 ~te 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 originate at the l ocal base level streams 

• _ .f _ _ 

--~ ..... rh.Ttlt"or recharge along their flow channels. This gully 



flow path is directed upwards and seepage forees lead ~~ the t~~on 

condition termed ( noil~ng ground) on the str~am bed. Gradually the 

quick condition leads to soil flowage and retr~ating OI the str~ 

banks as the loosened soil materials are r emoved by the flowing str~am . 

Slope failure by sliding and slumping flow by dispersal of slide mate~ial 

by the stre~m banks which are thus over strained . This overstra ining 

leads t o increase in pressure which causes faalting , cracking and 

factaring of subterranean surfaces. The gully site nea r 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 f or t he timely intervention of the Ministry of Works (Plate 6). 

There is also a lot of accidents here because of gully re.tJ:eat coupled . . 

with the shar p bend in this area. If 'this type of 

pr ot ected it continues until the whole hill is reduced to the l evel 

of the stream. 

SCARP GULLIES 

This type of gully originates at levels where change s in elevation 

are due t o variations in lithology and soil pr operties such as permeability 

and cohesion . The outcroping of cohesionless sarlds on a valley slope 

provides favourable environment f or the initiation of this type of 

gullies by flood . As runoff flow from the more resistant t opstream, 

it floods the underlying loose sands, r obbing them of their apparent 

cohesion and transporting them downslope~ plate 1 and 3. This cr~ates 

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 l ocalities where the landscape 

is a little slopy, rill erosion will develope. During rainstorms 

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

resistan t soil cannot support itself again it devel opes cracks on 
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Incidental Gullies . -

I ncidental gully result frnm the direc t human interference with 

the environment. Civil Engineering works ~ particularly road construction 

(whi ch is t h", backGr ound of this pr oject ) cont r i butes immensely t o 

the devel opment of incidntal gullies. K0ao cutting which expose the 

cohesionl es s san.ds ultimately l ead t o gully eresion. The seasonal 

sca r 1i ng of l oca l r oads remove the cuhesive topstratum and most often 

give rise t o roadside gullies which is ccver ed in almost all the attached 

pl a t 2s. The hapha za r d construction of culverts and drainage channels 

r~ sults in t he cev~ lopment of runoff which p with adequate slopes p 

acquires encut;h momentum which is used by th2 fl(!)od to work on the 

unpr ot ected weak sands • . This l eads t o f alling of concrete livnning 

and extensive ~:ullying, plate 7. 

3: 7 F.AINFALL INTENSITY AND RETURN PERIOD 

Pr€cipitation is the most important cc~ponent of the hydrologic 

cycle ano. has a dominaf'*_!lg influence on several hydrologic phenomena 

occuring as a r esul t of complex interactions . It is the primary source 

of wa t er for infilter a tion, percolatiun i n to the soil. runoff, floods 

and it is the b3.sic cause of er osion. 

Ther ef or ", .• r - infall intensity frequency da ta are required for 

desicn of en8in~~ring structures . 8nd t he analysis of erosion and 

flood pr oblems. I t is essential tha t c .)ll"cted rainfall data should 

be analys~d using hydrologic techniqu~s so that they can be converted 

into usa~le f 0rms. Rainstor ms , whos e i ntensities a r e analysed are 

most~ r; f r elatively short periods of un i nt errupted rainfall. It 

has been not ed i n chapt er (2 : 7) that combina tion of r elatively high 

intensity anG l ong dura tion occurs infrequen t ly . but when it does 

occur , a large t ot a l amount of rainfall r esul t s. Generally the rains 

I.n 
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come in form Gf intensive violet show~rs of short duration especially 

at the beginnings and ends of the rainy s eason. While rain may fall 

cont i nuously f or 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 

stat e ~ most rains are supplied by convectionai storms which have initia l 

r~ak of high intensity and then tails off into a drizzle which may 

l Ast f or sever al hours. This is seen in the computation that intensities 

ar e a lways hi gh at 0.2 mins ~ and deminishes from there to 6 hrs and 

s o ~n. App~ndix ( ). 
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CHAPTER FOUR 

4:0 ANALYSIS 

4 ~ 1 Comrutaticnal Method of Rainfall Intensity and Return Period: 

Intens ~ falls from threshol d values of 12 : 7mm , 15.2mm. 20.3mm. 

25 . 4rr~, 25. 4mm . 25 .4mm. 30 . 4~ . 38 . 1rnm and 38. 1mm were r ecorded f or 

dura tions ; O.2mins. O.4mins, O.7mins . 1hr • • 2. 0hrs, 3.0hr, 6.0hrs, 

12hrs. and 24hrs r es pectively. These wer e extracted from ~et 141 

and converted t o the corresponding aver~ge intensities using the f ormula 

(mm/hr) . For example, an intense fall of 12 . 7mm of a duration of 

O.2hr has an ever abe intensity of 63. 5mm/hr. These average intensit i e s 

wer e then r ankzc in descending order of magnitude , where the highest 

was accor ccG the value of order M K I . the sQcond highest of the order 

H ... 2 . Hnd so on. 

To ob t aia the partial duration data se t . all peak intensities 

abov~ the ~iven t hr eshold f or each duration were used, assuming that 

,::ach peak v[,lu(': i s independent of the proceding one ~ The number of 

valu 's used for each duration may be gr~ater or equal to the number 

or via t er years N on the record . 

The r~turn p~riod of each of the rank~d intensity was computed 

us ins th~ expr essi0n Tr = ~~~ 
m 

--- - .----- (6) 

whe r e M i s t he or de r of r anking . N is t he number of water years for 

cflch durDth:n i n th~ partial duration ser i es (Table 3: 7: 1) • 

These va l ues wer e then plotted on extr2mc probability paper and 

the desired values c f intensity/return period extracted. The desired 

r ", turn p~riods f or these study wer e 1. 2 . 3 . 5 . 10. 15 and 25 years. 

The int ensity so extracted were t hen pl otted against duration 

liS a function of r e turn period on Log-l og paper. 
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4 ~ 2 _~h€~!~intensity dura tion . curv~es and Ear Graph 

4 : 2 ; 1 Fig . (4 : 2 : 1) showing the r el at i onship between the intensity 

aud r e turn p0riod . The r e are 9 lines of best- fit, each r epresenting 

the pr obability of the r eoccurrence interval (return period) of various 

i nt (;nsitics of f\ given dura tion . It can be s een that the r ecurrence 

interval var i es directly with rainfall intensity over a given duration. 

The: var i ati0n t ends to be higher for short durations than the longer 

on",s. 

4 ~ 2 : 2 Th~ l og-l og plots (fig . 4 ~ 2 ~ 2) of intensity/duration curves 

shows an iovers '.:: variations. Therefore. the gr eater the intensity ~ 

;cncr dlly, t he shorter the l ength of time it continues. Care has 

b~en tak~n to pl ot the curves appr oximately as a straight and parallel 

lines in ot her to remove the non linearity for duration (t < 1.0h). 

The curves hccome closer with increasing return period. This is because 

the numbe r of event involved in the subsequent return period is hieh 

compared with the l a tter. And with the natur~ of calibrations in 

the l og-l oS J?3.per which has been done t o come closer to accommodate 

this i ncreas i ng r e turn periods. 

4 : 2 ~ 3 In the fi g . (4 : 2:3) the bar 8r aph of the return period 

of 1 ~ 2 and 3 years. It has been obse rved frem tba two stations that 

intensity decreases with time. And h.3s confirmed the above statement 

th6t "the higher the intensity the shorter the length of time it 

continues and vise versa". 

The cont~actors of the Enugu-Onitsha expressway did not take 

the critical intensities and their return periods into consideration, 

before the constJ"ction. And this has resulted t o the flooding and 

destruction of some culverts along this road. For instance in Obinefia 

Ndiuno junction ~nd Awkuzu area of this road , flood has destroyed 

- . ~ ~ n~rt of the culvert which h3s agravated the damage of gully 
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3AR GRAPHS OF PARTICULE SIZE SOIL ANALYSIS 

4 ~ 3 : 1 Fr ou. t he bar-graph drown . i t has been observed that in 

the number ( i) which i~ the percentage of clay and silt. the highest 

l)f:ak i ,; ohs l!rvcc. in c and d which i s the f else bedded sandstone 

-:>f Aj3li fcrmc. tio~ . The high clay and silt content is explained by 

th~ pr~ sence of Ime shale which has been bedded by the Ajali sandstone . 

The type of gully t ha t is observed here are highly landslide and slope 

f8 ilur~. Th~ peaks that are following them ar~ that of E. H, and 

I. E which i s in the Imo shale while H and I are in Nanka sandstone. 

This means tha t th~ capping of the sandstone by the clay of lmo shale 

cou~lec with t he s lope of the land joins hand to intensify the gullies 

of thes e ar Ges t hr.:;ugh down-cutting . 

The percentage of fine s and shown i n (ii) means that I has the 

hii3hest cont -nt of fine sand followed by R and E which are in Nanka 

p.nd upper coa l m~c.,sure. The type of sulli~s that take place here 

are rillyinf t o i;ully. The fine sand ar e being mashed away by the 

runc,f f , thereby using some particule a s t ool to sc~ub its part-way 

and as .Such increases the sides of th ·' gully wall, see fig. ( ). 

The Bullies f oune here are still in its youthfull stage and does not 

has much si~n of future development t o i ntermediate stage because 

of the E;VEn~ !l<'.turc of the parent material. 

Ee~ium snnri shows its p<:!aks in G ~ A o F end J which are in the false 

. ~dJ~d Ajali and Nanka sandstone. The percentage of gravel in J,F 

and A 3re also hiEh from the graph. In th~ geologic formation, this 

,,=xpL.dns why ther e is always sudden lan(~ .lir1c in these are because 

of native dovm-cutting . 

The perccnta[ o of coarse sand in 5 and G which has a high peak 

ar c beir~ h€l ped by the shallow nature of the water table along these 

ar e . left alone the coarse sand would not l ead to much gully development 

but this wat er is pcrenial along hhese a r ea help to increase the sideward 

cuttin8 of th~ sit~s. There is high effect of this especially in 

_t... _ h .. 11v cbvelopment is more rapid. 



4: 4 .BAI3-__ G~H 2!- THE VOLUME of soil lo~! _ and landus~ system 

In fig . (4 ~ 4 ~ 1) the volume of soil lost is very high. It is 

not becau5~ the p~rcenta8e of forest cl8ar~d and built up area is 

hiSh. The nun,~cr of gullies is not also high. Fut the moderate slope 

in this a rea coupl ed with the bedding of s andstone. The slope here 

naturally is hi0h because of the valley a l ong the I,dow-river. But 

on th pr ocess of r 0ad construction the s l ope have been reduced to 

moder at e as ~ r £sult of the cut and f eel which was down here. 

Ther~ for~. the high volume of 50il l os t here can also be explain2d 

t o be the r esult of hUman interference~ For instance the cut and 

f ee l which was do\~ here lic ~ very clos~ or side by side with the 

I cow riv~ r . end the side facinL the river is not well pro t ected. Hence 

,,:'1t:" h t h(.; pr -ssut '-! from the veld.cuiar ~raffic along the toad is too 

hii;!J. this r ;2 sul t to iandslide and slop~ f a ilure which is cons~ant 

aieng this v«rt i cuLt toad iahe~ 

In ;:EIO which tol1uwS the high~st volume A directly. this is 

c1cn r r.!d and hiGh built up a rea . The i mparcia l 1anduse system lias 

cxpo s~d the delicate fine and m~dium sann of this area . and the hungry 

runcff r esulV:d from high intense rainfall has been feed to their 

s a tisfaction . 

Volum·.~ of soil lost in J is expl ained by the peak slope of 

the site and ;:r,ockr ately 1anduse system shown in the percentage of 

soil l ost ~n~ built-up ared of the site. The slope here is being 

helped by the nDture of the parent material s oil. which is in Nanka 

Sfl n(;stone l aaes t o l andslide and slope f a ilure. In "F" which has 

the smalles t soil lost though the 1andusc and the slape is moderate. 

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

know thnt thf~ par ent ma t eria l here is I mo shale intercullated by the 

Eb~ncbe s an.;s t r e . The Ebenebe sendston~ is not easily affecte( by 

er os i on ; Ofccgl u t (1 985). Therefore the characteristic feature of 



CHAPTER FIVE 

5 ;1 SntJ)!;.lery of tho: major findings : 

O~escnt ly in Enugu and Anambra states, the distructive effects 

of eu1lying ?n(~ slope failures originated by the hydrometeorologic 

evcnts p hav~ rendered many people homeless and caused loss of lifes, 

?roperties And ~8ricultural l ands. Desperate and confused control 

p~pgrammes by individuals, groups and governments in the affected 

ereas are in vo~ue. Some of these erosion ann Bully control and anthro-

\ po~enic activities like road construction tend to exacerbate the problems . 

The causative effe cts are not yet fully understood and appreciated 

by ~nvirorun·?l!t P.l planners and managers. The effects of the environmenta l 

ch~ract~ristics ~nd anthropogenic effects in soil gully erosion gener a tion 

and growth h,;we b0(''!U outlined. However . the present study is the 

first a ttempt t o 0xplain the effects and implication of hydrometeorology 

in gully form.? tio!l . Numerous anthropogenic factors (Urbanization, 

~griculture . r.oad construction, mining. etc) have tempered with the 

stabilized natural system which is accustomed to the hydromcteorological 

char acteristics of this area and r esulted in gully erosion and landslide . 

The hydrcm~teorological investiga~ ions of the Enugu-Onitsha 

ex?ressway corrid~r of former Anambra statc$ Nigeria have contributed 

t o the G.:!lin.:-.:at i on of different hydrogeologica l and geomorphic units 

correspondi u€ t o sand and rocks different characte ristics and composition 

due t o the clitnnt e of this area · The result shows that hydrometeorologica l 

factors in conjucticn with geomorphic ane geological factors contribute 

imm(~ nsily t c the:: intense gully erosion in this area . 

Gen~rally~ the area is made-up of l oose and incohessive sandstones. 

The a r ea reveal~J high int~nsive landuse from the bar-graph shown 

in ( f i ~ . 4 ~ 4 ~ 1). Additionall; , the construction of the reoAd which 

l eft som~ cf the e incohessive s andstone practically bay also join 

• - - .~- - -- .. - .. - .. l. n """,,l-.lom "f onllv erosion. The construction 



uncontrolable sidewarc:! incision caused by the springs in S(lme site 

like th~ I f itc-Awka and Awkuzu ~ kilometer 75 and 79 respectively. 

In Onyeama min , where the presence of I cw river has iniciated the 

basQ l evel stream or rivers by combined e ff acts of bank erosion, seepage 

f orces and soaking to liquid at highe _l evation by runoff which exploits 

tensions and fractures to make the initial incisions into the sub-surface . 

The high rainfall intensity which is obt a in in this area should also 

borne in mind 9 o S it is revealed by the volume of individual intensity 

(fig . 3 : 7 ~ 1> . This means that both the surface water with its high 

runoff and u .d.::r gr ,)und water contributr2 in not small meafsure to gully 

intensity of t his area. 

However p gully erosien generation and growth underlies their 

implications i n the management of natura l and man-made hazards as 

presently ccur ing in the study area. Snroe massive failure of some 

control programmes on erosion has been t rdced t o nonconsideration 

of hydromet21:lrological, geomorphic and seol ogical history in the 

desi ~h and cOllstruction processes. Major hum>:1U activities in this 

area has s , t off flooding. ianJ slide and gullies! Thus control and 

monito r ing programme s must conside r th'-" implications of hydrometeoroloeical . 

geomnrphic and geological events f~r aucn programmes to succeed and 

endure . This will drastically reduce the continued economic waste 

(hurean and f i nancial losses) that now occurs in affected area. 

5 ~ 2 Imp1i~a.!=_~~~or checkiIl8 gully s.c_~l ero~ion in the stud}' a r -:?a 

Th~ im ,licstion for checking erosi oh i n these area are obvious 

from the study. Since the eully e r osion h~~e se~ms to have grown 

due t o the roa~ constructions . tl~ return p~r!od of critical intensi tiEs 

should b~ used ( 0 .. ~cn8ttuct culverts an1 dr ainages a long this road . 

It is also observed tha t the vegeta l cover ha s been reduced from the 

bCl r-e r " ph of cl ;,:> ared forest . and built u? are.'ls. I"la intanance of soil 

"-~~ ... .. o, nrW<> T ~nrl nlantinR some f rassez lik:~ vetiver. Some developm~nt 



one of its worst enemies erosion of valuable cropland topsoil, (Thursday ~ 

July 1. 1993 Daily SkEtch). When planted in r.ows, vetiver forms a 

thick hedge which slows down rainfall intensedrop and its runoff and 

eliminate the volume of soil lost through sedimentation from flowing 

through. This can be uSEd in areas of steep s lopes like Onyeama Min ~ 

Awkuzu and Obinofia-Ndiuno areas, A. J and E respectively from the 

bar-f,r aph (fiS' 4 ~ 4 : 1). Efforts should also be made to minimize 

the collection of runoff from a wide area by crea ting diversions at 

intervals. This means in effect shortening the stream length so as 

to di minish drainage density. 

5: 3 RECONHENDATIONS* 

Gully erosion studies are multidisciplinary in nature and for 

the combined efforts of hydrometeorolmgis t 9 geomorphologists. geologist 

engineers e tc. Intensive research work on the three main soil degrade t!on 

(splash, she~t and gully erosions) should be pursued allover the 

country so that t heir influences on our v~rious ~nvironm~nts might 

b unde rstoo . The various factors and processes involved in gully 

erosion study in eastern Nigeria and other parts of the country should 

be completely ident ified. this calls for fur.ther work in line with 

the present study . Improv~ment in the sampling t echnique , the use 

of computer for computation of multiple r egr ession in other to forecas t 

the future t rend of gully ~ rosion. Federal and state government as 

well a s interested private organizations should be involved in the 

funding of t hese re~earch. 

Civil engineering work should be ca r r i ed out in recognision 

with the hydr ome teorological. geomorphic nature and geologic settmng . 

Socio-Psychological aspect of the control programme must include publi c 

involvement an~ enlightenment activities wher eby the inhabitants of 

th~ aff~cted ar~ns are properly educated on the dangers of erosion 
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~~PENDIX ( 1 ) Rainfall intensity and selected return pe~iods. (ONITSHA 
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APPENDIX ( I ) Rainfall Intensity and Selected Return Period 
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GOVERNMENT OF ANAMaaA STATE OF NIG!'UA 
MW (AN) III 

MATERIALS LABORATORY - MINISTRY OF WORKS. HOUSING AND TR"',""SPOIH 

MECHANICAL ANA LYSIS 

on m il ""I'.'" 

\) , I If 
TOTM. DRY WE ' GHT ,"",S5ING ""'" S,[V( . 

TOTAL SAMPLE WEIGHT. DRY GM FACTOR DRY WE 'GHT 0' -lil6" SOIL UUO · ,--. 

WE1GHT OF +\,' FRACTION GM. WEIGHT OF DRY SOIL PASSING )/16" USED 'l00 GW. 

WEIGHT OF -",.' FRACTION <OM WEIGHT OF DRY SOIL +200 SIEVE 
II " 

GIll. 

-
SIEVE SIZE WEIGHT PASSING WEIGHT OF DRY SOIL -200 SIEVE '1-/ GIoL 

FuiOO"9f 

3" 

2nH 

2' 

Il,a' 

I' 

'/4' 

I/a" 

3f,' 
1/4' 

'116' 

TOTA\-S 

w 
I.:) 

« 
f­

z 
W 
U 
0: 
\j,/ 

Q. 

RETAINED WEIGHT PERCENT SIEVE No WEIGHT WEIGHT PASSING 

GM. <OM "10 RE TAINED ~TUAL X F~TOR ~~ 
GM Glol G ... '10 

7 \00 
14 3 \ 1 '11 
25 2 5 Il- I~ 'Z'1-

36 4 7 ,; -z.. ~ '1-4-
52 ~O 1'7 iff ~'1 
72 -2-"L \ \ 9? J,f~ 

100 to 7' 5'1- ~f 3--
200 

"" 7 bo t.f-·O 

%\ 
I ., '"''' /' 

Y UV 

CLAY 010 . SILT 0/0 SAND % GRAVEL %\ 
COMBINE~ CLAY & SILT 

90 

----
60 ----

<0 

)0 

10 

' 0 

,) == 
o ~OOI I I. I ] I III 

• O.OOC 

----------

I . I j I I !!!!::=T . 
0 .0 ' 

1111 W IOI~ , 

-
0/0 1 

0 gftN . -o", of .... ~ ~ .~.~ 
, . 

0 po. WI ~ ft -... 

0 .1 I. 

• IN UIV .. /Itl l"" 

-: 
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GOVIRNMINT 0' ANAMMA STATE OF NIGSUA 
'j 

MW (AN) 111 :! 
.\: 

MATERIALS LABORATORY -- MINIS1ltY OF WORKS, HOUSING AND fRANSP01n 

MECHANICAL ANA LYSIS 

orr. mlln./I .... ,.......----------_._.- - -'- - ----
PROJECT : ---- ~ 

I--~-:-~--~-~-:-T-:-:-Y-: -N-O.-:-----t-;:~::_,;'.y · <, 6 ' "". 2:_~~ 
loC\\ "\\O~ 7' 

TOTAL SAMPL E WEIGHT. DRY CM FACTOR TOTM. DRY WE ICHT ""5S1NC W" $ltV( 

DRY WEICHT ~ -liI6" S04~ IISEO ,--. 

WEIGHT OF +\6' FRACTION c .... WEIGHT OF PRY SOIL PASSING '/16 " USEO GM. 

WEIGHT OF -",.' FRACTION eM. WEIGHT OF DRY SOIL +200 SIEVE Gk 

SIEVE SIZE WEIGHT PASSING WEIGHT OF DRY SOIL -200 SIEVE GM. 
~ 

RETAINED WEIGHT PERCENT SIEVE No WEIGHT WEIGHT PASSII'G ~~ 
GM. GM. .-. RETAINED ACTUAL X F.lCTOR PASSING 

3" CM CM. G ... "" 
2W' 10., .. 
2' 7 b ~ ) ~'t 

l'/a· 14 U- "'l.. 'J ~l7 
I' 25 10 ~ 10 90 ._--
'I: 36 I" tJ 11 'tf7-
1/2" 52 'Z."f- I~ ;,' 6'f-
'/,' 72 1.4 I~ Htf ,f;rh --=-
II.' 100 >tlO 1:'- '!T 1 ttl-
',.' 200 ,0 '!7 ~N ~L 

~~. .... TOTALS ::rO ;" v 

CLAY 0/0 . SILT % SAND % GRAVE L %1 -
COMBINE!;' CLAY & SILT % b 8" ~ -4t 1ft .. .... . 

t.~.~ 
, . ... , i! 0 ,.. W\ fit '" - • - ~ ~ . .... 

----=---=--

--------_._----=-- ---=:=:::.:.:-- -

-'-- ' ---~:::====-..::..-=--::..-= ' --=--

0 .001 0 .0 1 0.' I. 
aliI 0# IOI~ .... 'nCoII&. .. "'WIII ,TMU 

.' 
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GOVfRNMfNT OF ANAMBRA STATE OF NIGERI~ 

MATERIALS LABORATORY MINISTRY OF WORKS 

ATTERBERG LIMITS 
~OJECT ; ' --~ ;'-t: -" r, [,'- ---;C-~-H--~ _p"'H ~l\""~!, 
~--------------------+--~--

SAMPLE No,: TAKEN BY ~1\~:'6\-;.\ IT 'l'l DATE: 'L.'"L ( (" ~ C'\ L-
~---------------+--------- - ---+------~~-~~~------_4 
LA9~ATORY No.; TESTED 9Y ' \.;( " '/0N"\~;;- DATE : /. - (-;; I '", \ \ L 

--------~- -----------~-------------~-------~ ------- ---

------~ -

NUMBER OF SLOWS AA >0 3(" PLAS TIC. LIw1IT 

MOISTURE CONTENT TIN No· t,?- "1-1 '2-0 3 I (P'-
----

WEIGHT OF TIN PLUS WET SOIL 1.. (" l'/ 
WEIGHT OF TIN PLUS DRY SOIL. l~ ,51 

WEIC,HT OF TIN /.i-.}\ W ~5 

WEIGH T OF WATER 1.' 2..:r 1- ' 10 

WE,IGHT OF DRY SOIL '1"(,/-1 ~ ' th 

MOISTURE CONTENT 

ONE POINT M£THOO 

10-
o 

CI 
cr 0 
III I­
CO 

~ ~ 
\--L. ~ __ 

I SO ·9.5 
16 0 ·96 

I 7 0 ·96 
18 0 ' 97 
19 0 ·Q7 
~O 0 ·96 
l I 0 ·96 

22 0 ·99 
23 0-99 
24 0 ·99 
25 1 ·00 

26 1 ·00 
27 1· 01 

28 1 ,01 

29 1, 01 
)0 1·02 

3 I 1,02 

32 1·02 

33 1·02 
34 1·03 
3 S I 03 

0 
0-

.... 
z 
~ 
~-
Z 
0 
U 

w 
cr 
::> ... 
VI 

(5 
;1 

era .. I/UTa.'I . .... 

Ofo 30 51- A'\ ' J. ?. or , I ')..~'~ ')..b'/f :U'b 1Jt '1 
FACT OR AVERAGE P. L . 

LIQUID LIMIT °/0 7-3> . ~ 

1 0 

-.----

I - ~1,. 
_ ~- -,) 

--i-

I---r- r-+-­
i--r-- t-- .---

- .--- ._- --- - -
!- . - ~ 

f-- . + 
.---- -I 

I-- - --~ - - .-l...-J 

!- t-t-+-t-

-

- --- -I--' r·--t -i--t-t--!-t- t- -t-t---t--+I-+-+-+-f-l--H-l-++-H-t-, -t-.-l+J.-H++++i 
--- --I--I---=t- -+---.-+----+-+-+-+-t-

--- --I-- -~ r t~~~+=t4=+~+=t+~~t+++++~~~~~~ 
- -- --1---1-- - - ++=t:t--::~++t++P=+t+4+t:t+++=~+tm:t:m 
1--- .-- - -.~~~~r-+ 
1---

10 I S 20 30 )S 40 sc 

N UMBER BLOWS 



~OJECT' : 
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MW(AN) 164 

GOV~RNMENT OF AN.AM6RA STATE OF NIGERI~ 

MATERIALS LABORATORY MINISTRY OF WORKS 

ATTERBERG LIMITS 

A ""k 1\ .r t<l Ii. r:- " c'7 {J. 

SAMPLE No.: TAKEN BY : ~~~ ~. N , DATE: 7--r.. / c.("I 1.. 
LABORATORY No.: TES T~~_~!'_ : ___ 9.j_~/It1"l :s . DATE : 'L~/-;~ /er}. .. 

------ -- - - -----r- --T- - ---,--

NUMBER OF SLOWS 1 11 ?-; ')...'8 > If" PLASTIG LMIT -- ---
MOISTUR6 CONTeNT TIN No, hi- ,7" 7 et" ~I \(~ 15'1+ -
WEIGHT OF TIN PLUS WET SOIL 9 '1-7·~t 'JJ.t '" 1J. .'1$ 1.1.:/f /-.5" r~ 'L~ '51 H ~1. 

WEIGHT OF TIN PLUS DRY SOI L 9 1.3 · 11 i 'j..1- '[i2 ut·r+ ;Lo ~"I n ,l)' 2b'2/f 15-15 
- - --- - . - 1-

WEIGHT OF' TIN 9 1,..~1 ' lb ' O~ 1 ~ 1(" 15' ·1- I'" 0, U, /b WIO 
-------.------.. - - .. ---- -- - ---.... 1--'- - ' 

WEIGHT Of WATER 9 ~ , )~_ J. . ~~ 'h: bl \ .,'). 1..: 0 h /-.:)$ 1'1..1-
WE,IGHT OF DRY SOIL 9' 

1- .- 'l.,.1. 6' 40 ~.J.-\ 5'14- 1' .0'1- 10 ·06 9-1, 
MOISTURE CONTENT 010 }t? .!+ '71.- ::f- )f,B 'f,.."rr 'L'vz.. 1-'"L ''f ::V-/-.'1 

- .- 1--"- -

F AC TOR AVERAGE P. L . 
ONE POINT MfTHOO .. - f- -

LIOUID LIMIT 0/0 A-~'~ 
~ -

-,-----
\I) 

~ 

9 
CD --- --
u. 
0 

~ 
.. 

r; ~ 

cr cr 
uJ 0 
CD .... 
~ 

U 
eX 

Z u. - -
$ 

-.: , I 5 0·9.5 
't. - ~ 

16 0·96 .. - -
~~ 

t 7 0 ·96 
18 0 ' 97 0 

'9 0 ·97 0-
- 1--

.- f-- --20 0 ·98 

0-- - --

2 I 0 '96 .... 
z 

22 0 ·99 \IJ 

~3 0-99 
.... 
z 

24 0 ·99 0 
U 25 

26 

1 ·00 
1·00 

f-- - -·~~4-~~-+-+_~~~~~~++~H~~~~ 
f- - --- - - -- 1---~ ~·_+_t__-+-++-t___i_+__+_++ .. +t+t·++_t_H+t_t+t++IH+H 

u.J 
27 1 ·01 cr 
28 '·01 

~ ... 
--- . ------

+--+--t--1f-+--- - - -t-+-t+-+4H-H-t+H-t+t+t--t-H-tH+ti+i 

29 1· 01 
\I) 

0 30 1·02 l 
3 I 1·02 
32 1·02 

33 1·02 
34 1,03 
35 I 03 - -.-

10 15 20 30 35 40 sc 

NUMBER BLOWS 

01" "l/un.'It .... 
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GOV~RNM!NT OF ANAMeRA STATE OF NIGERIA 

MATERIALS LABORATORY MINISTRY OF WORKS 

ATTERBERG LIMITS 

~OJECT : .~ 
I-------------+------------,---------------i .!( 

SAMPLE No. : TAKEN BY ' 
~-------.----+------

LABORATORY No,: TES TED 8Y ' 

NUMBER OF &LOWS It 
MOISTUR& CONTENT TIN No, 1H ------- ---
WEIGHT OF TIN PLUS WET SO~~ _ _ _ ~ AI- 1° 
WEIGHT OF TIN PLUS DRY SOIL 9 1- 0 '0, 
WEIGHT OF TIN 9 I~ )+0 

YfEIGHT OF WATER 9 \ ' z)' 

WE.'GHT OF D~Y SOIL 
-.-----~ 

~ , b'i 

MOISTURE CONTENT 

ONE POINT METHOO 

VI 
~ 
0 
oJ 
CD 

U. 
0 

ct 
III 
CD 
~ 
:::> z 
I 5 
16 

I 7 
18 
19 
20 
21 

22 
23 
24 
2 5 

:2 6 
27 
28 
29 
30 
3 I 

32 

33 

j34 
35 

cr 
0 
~ 

u 
~ 
1.1. 

0 ·9..5 
0·96 

0 ·96 
0'97 
097 
098 
0 '98 

0 ·99 
O.qq 
0 ·99 
1 ·00 

1·00 
1· 01 
1 ·01 
1· 01 
1· 02 

1·02 
1,02 

1·02 
1·03 
I ,OJ 

o 
0-

~ 

Z 
IIJ 
~ 

Z 
o 
U 

I LIQUID -LIMIT 

0'1 tal/unl it .... 

r-----
0(0 31.f'''t 

- _. 

FACT OR 

LIOUIO LIMIT % 

-

-+---1---- 1-- - -- - -. 
I-----!---+- ._- --
1-- --\-­
t--- - -I- - - .. 

~-- ---' -
I-- - --~- --
r-- ---~ --

11)1----

10 

l 

DATE: 

DATE : 

,~ 7-'7 33 tt"l. PLASTIC Ltw4IT 

13 1"'1 ~, ~> If =r ---
1.1. .r;<; 21.. · .. $ 11 .'1.; 7.~ 'Jt.s I'" 'Sit -~o· tH 

't r ." ZOo), 1-o'h~ -l.l ·H ',,{-:,'1. \q /:t4 
\)'1b IC; · lf5 U" p- II. -It ~'-40 \h ' 04-

\. 't11 '-1> ,-,1- "4?- O'7 Z () . 6 '" 
It -:r \ t.-J.f 1- 4 li:t 5 '5-S l ' /f1.. ) ,1 0 

70 ' 10 1'2-1''1 'J. cr' c;- 2-1, ';" 19 ' ''2. 11- ·q. 

AVERACE P. L . 

lb· S' .'. 

-+-+-+--t--r-- -

15 20 30 35 40 sc 

NUMBER BLOWS 
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GOvtRNI.4ENT OF ANAM6RA STATE OF NIGERIA 

MATERIALS LABORATORY MINISTRY OF WORKS 

ATTERBERG LIMITS 
-------------,-------_.-
PROJECT : 

SAMPLE No. : TAKEN BY : DATE : 

LABORATORY No.: TESTED BY : DATE : 
~--------------------~--------------------~--------------------~ .; 

NUMBER OF &LOW S I~_ _ __ ~~~~_+~~-~~--+_· P-L-A~S-T-'G-Lr~~IT~ 
MOISTUR& CONTENT TIN No. "t-
WEIGHT OF TIN PLUS WET SOIL 

WEIGHT OF TIN PLUS DRY' SOIL 

WEIGHT OF TIN 

WEIGH T OF WATER 

WE.'GHT OF DRY SOIL 

MOISTURE CONTENT 

FACT OR 
ONE POINT METHOO 

AVERAGE P.l. . 
---------~-- ---~-+_--1_-~-_+-~ 

,~- . ').. 

VI 
~ 

9 
CD 

u. 
0 

a: cr 
III 0 
CD I-

~ 
U 
ct 

Z u. 

I 5 0 ·9.5 
16 0·96 

I ? 0 ·96 
18 0'9? 
19 0 ·91 
20 0 ·98 
2 I 0 ·98 

22 0 ·99 
23 0-99 
24 0·99 
25 1·00 

26 1·00 
2? 1 ·01 

28 1·01 
29 1. 01 
30 1· 02 
3 I 1·02 
32 1·02 

33 1·02 
34 1·03 
35 103 

~ 

Z 
UJ 
I­
Z 
o 
V 

L.IQUID LIMIT % 

-

~-+--+-+-+. - _+_+~_+_+_If_+_+_+_I__+_t+++_++++_H_!++H-I_H_H+1f-H 

~-I-..........j. -'- --
r '- - ... - --- - . -I--I--I-+-I-_+_+_I-I-_+_+-+-H+-l_+_f-H+++-hf-H+H+H+H 
~-+--4---+"- - 1-~~+-~-++-I-+~r+++++++++-~+++H~++H 

+--+--+--- r--- -r-+--+-~+_I~+~-+-~++~+-lHH++++_HH1+~H+H 
----1--- -"'-
-'1-- -.-.-
r---+-~"--- -- .-. -+--+--+-+-+-t_+-t-'+-i-+-_++++~-++++-++1f-H-t+H+1H+H ----._.- .-
1---~_t_-----

r---+--+'---
f--.- ---f-+ 

1-- - --- -

r- -- ---- -- . -+--t-+-+--l-+-t-t--+~+-1+-lH-t++-H-++++-++IH+I#ttH 
~~ ;---t--+--t--+--r;-+-t--t-r~-+~-+rrrrrH~~~+H~~ 

~ ) ~ +_-I---+__+_-+-+-I--I--+--+-~-+~~-+-t+r+++~HH++++1~~~ 

:) 
~ 

VI 

(5 
:l 

)D 

1.0 

.:~ 

10 15 20 2 t5 30 35 40 5C 

I ~~'OUMIT I ~D _J L·IL · 
1'7' NUMBER OF BLOWS : P~:i:~,ti~~QE~ : __ J5:. 

OPi "I/un/ lt .... 
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GOVfRNMENT OF AN,t.MeRA STATE OF NIGERI,. 
, 
.~ 

MATERIALS LABORATORY MINISTRY OF WORKS 

ATTERBERG LIMITS 
L-O C A. "\ \ 0 ''-l H-

PROJECT' : 

SAMPLE No. : TAKEN BY : ~ ~ . DATE: • 
~--------------------+----------~~~r-~~~--------------------~ < 

LABORATORY No.: TESTED 8Y : OG..v, i) \~\{1\ --:::s DATE: "'L 

NUMBER OF &LOWS I/.. 2..1> ).'1- 11. H- ~ 

MOISTUR& CONTENT TIN No. J....1f , :2..'1 I~~ 
------+--

WEIC,HT OF TIN PLU!I WET SOIL 9 
WEIC,HT OF TIN PLUS DRY SOIL 9 

PLASTIC L .... ,T 

IH-fl 'O-=t­

n "n >;'6 ( 

WEIGHT OF TIN ___ .9~· 1-'1~'>~ 1,, ·(1. 1$"'£(0 1~ ·7::1-1~.b:::_'I....:.b+-_+-_-+-'!1_-_· l_~\"_·_'3-+-_4 
I-W_ E __ 'C,_ H_ T_ O_F_ W_ A_ T_E_R _________ ~ .?·~_1 .'r.il _Jf-"':1? ~_'Jlt- It'~) 3' )11+ P '. :...3~-+----I 
+-,W_E-,-.I_C, _H T_O_F_DR_Y_ S_O_' L _ _____ . ___ e.. ~ ~C!.l , ,oJ _, 0_' f~ <11!~:..j _1=-3 - _O~-+-__ -+-__ -+-I....:.If....:· + 'It-=--.·1..-j°I-----f 

+-'M_O_'_S_T_U_RE __ C_O_N_T_E_N_T ________ Of_o-+!:L~! y\. J 1-/ ') C)/}. ]4' ~ :L) -; 7-"3 ' \ 

FACT OR AVERAGE· P. L. 

"1.."3'-;' ONE POINT t.1£THOO 
LIOUID LIMIT Ofo --------

III 
~ 

9 
CD 

f---+-'--i--- -- 1-" 

f-- - "-I---]~~~3~lf§1£~EE~EffmIImmm r- - --- .. -- t-- -
1--' t -

'" 0 

ex cr 
uJ 0 
CD .... 
~ u 
~ ct 
2 14 

I S 0 ·9.5 
16 0·96 

I 7 0 -96 
18 0 ' 97 
I 9 0 -97 

0 I--- - ,.-- -

0"-

20 0 ·98 
21 0 -98 ~ .... 
22 0 ·99 

z 
IU 

23 O.q9 
.... 
Z 

24 0 ·99 
25 1 ·00 

0 r--- . -- f--
V r--- -- r--

r- --
26 1·00 
27 1 -01 

UJ Jl et 
28 1· 01 ~ 1---' ... 
29 1· 01 
30 ' · 02 

III 

6 - 1---
~ t----

3 I ' · 02 1---- -- _. 
--

J2 1·02 f-
33 ' · 02 
34 1·03 r--' 
35 1·03 

" , 

10 I S 20 2 tS 30 35 40 '" S( 

~'DL'MIT I ~$ 1 L·IL. 

A:i;~'~~~Q~~ : NUMBER OF 8LOW~ 

OPi .. ,,"" ........ 
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GOV~RNl.4fNT OF ANAM6RA STATE OF NIGERI,. 

MATERIALS LABORATORY MINISTRY OF WORKS 

ATTERBERG LIMITS 

~OJECr : 

SAMPLE No.: TAKEN BY : 

LABORATORY No.: TESTED BY ' 

NUMBER OF BLOW S 1"2-

j:a-
'J....Jt 31 3~ PLAS TIG Law.IT --_._---------- --- -

MOI!ITUR6 CONTENT TIN No . 1'3>4- 7. 1~ 'Y7 ':l5"' ~I_- It?{ 
f-------

WEIC,"1T OF 

WEIC,"1T OF 

WEIGHT OF 

WEIGHT OF 

WE,I GHT OF' 

MOISTURE 

TIN PLUS weT SOIL 

TIN PLUS DRY 50lL 

TIN 
- .. --

WATER 
- -_._ - - .. -.-- -

DRY SOIL 

CONTENT 

FACT OR 

~ ?-1 ~~ 
9 A. II' ' /~ 

9 IS' , 

__ L'U 6 
~ 2.r·91 

0:'5 ·"\0 
~ <> __ 9 ,. 4' ~'f? ~ 
<p . t;; 1 ~o· o~ 

')g'lf 

']..1 .~ 7.1" . O~ J.'1> ' l ~ ~9'4 4 1-."l/b 

'L'i ' '+/t 'lJ1 . ~7.. l~ ' 01+ 'J..1 ·O'} Ab'8b 

\ I:; 1+ I " '#1 I~ '0 If I ",:\b IS ·85 

'2,~b :z.' ~ b >'15 1...:~ ' i :2,, ' >0 

1' ~ 1 1 ,$1 4, 00 ,0 .°" \ 0 PI 

'Y"-f :> (' -'} >'7' , I AI·g :2..0 .-9 
AVERAGE P. L, 

ONE POINT METHOD - ---. 
_L :2..J'4-LIQUID LIMIT -------- -

III 
~ 

9 
CD 

u. 
0 

ct 
cr 

uJ 0 
tn ~ 

~ 
u 
ct 

Z u. 

I 5 0 ·9.5 
16 0·9& 

I ? 0 ·96 
18 0,97 0 

19 0 ·97 0--
20 098 
l I o Q8 0-

z 
22 099 <.U 

23 0-99 
~ 

z 
24 0 ·99 0 
25 1 ·00 u 

26 1,00 
UJ 

27 1 ·01 cr 
28 1·01 

:J 
~ 

29 1· 01 III 

6 '30 ' · 02 ~ 
1 I 1· 02 
l2 1· 02 

33 ' ·02 
34 1·03 

~~ 

GPa Ul/un ........ 

.. 

~~~--- -- ~ -·~~1_~r+~+-~~~~HH1+++HH~~H+H 

~-- r--' -- - , 
I---~- . . -- ... - f-
~--

-+-~I--+ ... -

... ~. ... j--I--t--+--+-1H-+++++f-++1+t-H+ +Httttttl 
r---~-- -.- - . .j-j- - +-+-f-+++-H-H+t++t+-jH-t+ti+H-ttl 
t----t--+--- - -
~~--+--+- .. -

- - f-- -- -,,-
--- . , 

-
i 

~. 

J D I----+--+~I--"-,, ~ttt=Slff1~attB=E*Ss=l*nEma r---f--- ---- 1 
f----- .. _- --- - -I--l--l-++-+-+--!++f-+++-H-H,-++++t-HH-t+H+HtH -f----- -t----f-- f--. 

.- .. -- r-
I- -+- +---+-
1--

~-+-~-"-I- -
1---- f--- -

r -
~-+--~+. - "' -

10 20 30 35 40 5C 

NUMBER BLOWS 


