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ABSTRACT

The erosion problem at Elon-Alaaye o Bkt State; Migena, was
investigated with a view to determining the type(s) of gullies and major
factors responsible  for accelerated erosion in the area. During the
reconnaissance, 8 major pullies were identified, 4 of this, which were
ohserved to be most active were selected lor the study.

The rainfall data of the area over the past 10 years was obtained. The
drainage area for each of the pullies was swrveyed with a view (o
determining the area, length of the gully head 1o water shed divide and the
slope, Similarly, a total of 12 samples ol soils with 3 samples each from the
ernding layer of each of gully were collected and analyzed in order to
determine the strength, physical and chemical properties of the soils,

The width of each ol the gullies was measurediat 0.5m vertically and 2.0m
horizontally at the end of years 2000, 2001, 2002 rainy seasons respectively
in order to determine the magnitude of growth for each of the gullies. Using
Beer & Johnson's and Thompson equations of growth and  head
advancement, the annual growth of ecach of the gullies was predicted.

The results obtained show that Sheet wash, il and Gully types ol erosion
are plaguing the area with gully erosion being the most severe. It was also

abserved that the area experiences large amounts ol rainfall with the average




aniual rainfall being as high as 1471 mm and intensities of 80mm/hr for 30
minutes duration for a return period of 2 years being recorded. The results
also showed the slope of the area to be generally steep with slope varying
between 9% and 22%. The soils were observed (o be generally sandy and”
loose with clay and organic ::arhn:m~ contents varying between 1% and 6 %
and 0.2 % and 0.6 % respectively. The stability of the gully sides show
factors of salety varying between 0,53 and 1,67 with the lowest value being
ohserved at Tgho-Egun. Simple prediction models were established for both
annual surface growth and head advancement for the area, The models

reveal an average value of the coefficient of surface growth K, and head

advancement K, of 0.559 and 8x107 respectively.
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CHAPTER ONE
INTRODUCTION
1.1 Preamble

Frosion has been delined as the process wherehy the surface of the
carth crust or land is attacked, eaten into. scubturied into gullies, vallies. hills
and elills and is completely washed away into the vivers und scas eventual [y
(Fubary, 1986).

Soil erosion is o serous ceological menace. o faet. it is capable ol
cndangering the health of the ceosysiem. s is evident Trom whal
Lonvdermilk (1939} called the cleventh commandment, which was gquoted by
Fubara ( 1986). He says: = Thou shall inherit the cacth as o Faithiu] steward,
conserve s resources and productivity Trom geperation (o generation. Thou
sharll saleguard thy ficlds from erosion. 1T thow shall Fail i thy stewardshp
ol the land. thy fruitful felds shall be stenle. become stony grounds or
Wasting Gullies. And thy descendants shall decrease and live in poverty or
perish rom the lace of the carth”

I osedermilk’s statement shows thit man’s existence is also predicated
on his ability to save the carthy Trom the grip ol erosion
1.2 Agenis of Erosion
Mie various factors causing erosion are primarily connected with: elimate
cp. rmnfall, wind, temperature cle. earth materials e, geotechmical

propertics and landlorm such as. shape. lengih and slope of the catchments



and  those  associated  with human activities (Lghoka & Okpoko,
484 ) However wind induced erosion has been observed in the Northern pant
ol Migena (Ologe, 1971 L while erosion in the Southern part is maidy Huvial
or rain induced.
When rain falls, each drop ol the rain possesses a kinetic energy that depends
on the see ol rndrop, the angle at which it strikes the ground, its terminal
velocity and the intensity ol rainfall. Thus when the raindrop strikes the
vround. 1t loosens or detaches soil particles Trom the ground. These particles
wre evertually entrained and subseguently transported into rivers andd stream
hence starting ol T the process ol erosion,

Run-olT [rom ramfall also contributes 1o the crosion process, Run-olT
miay cither be concentrated or un-concentrated, While concentruted run-ofl i
venerally responsible Tor the development ol gullies, non-concentrated run-
ol 1 lead  primarily 1o sheet wash and the dircet conseguence ol this
phenomenon includes erosion of pavements, exposure ol loundation bases,
cie. Apart Trom chimate and geomorphorlogieal Bctors, man-made or homan
Factars also contribute remendously o soil erosion. These are [netors
gencrally connected with man™s Gse ol the land Tor purposes such as
agriculture, mintng. and constroction, ele, (Ofmata 1979, Flovd 1965). Tt
hivs been observed that nature slowly wears away lanad surlaces thus inducing
crosion.  However human activities such as construction, nviming  and

agriculiure, increase the rate of erosion some 200 or even 2000 times that



amount ginee they usuilly involve excivalion. disturbance of the canth
cirlace and removal of op soil leading (o crosion.  Por example, it 18
reported (ol road and home building in Oakland hills above Lake Ternescal
Cesulied i crosion U lilled the lake 1o such an exiend that it e o be
dredged in 1979 at a public cost of $750.000 The situation is Turther
aporavited when such developments gru hiphly concentrated. Por mstanee.
the Apartheid in South Alrica which compelled about 42% of the people o
live on 13% of the land resulted in gvererowidling leading to serious Jand
degradation and excessive erosion, (T www search. gov.ca IR

Some elforts have heen made o identily the causes ol erosion in the
study arca with a view o Mnding solution. D 1990, the Benin-Chwena River
Basin Authority (BORBDA) setup o technical committee o identily erosion
anel Tood prone areas of the Torme Onde State, Their report shows thiat the
crosini in the ared like most other parts ol southern Nigeria is primarily
Muwvial, They alse reporied that tree main s ol eppsion are prominent in
e area namely Sheet. Rilland Gully,

ot the Federal and State governments including some spirited
dividuals ave constructed some erosion control works. in Form ol concrele
drain chamnels. revelments. ete. i the area all ol which are pimed al
controlling the gully growth and reduce the ellect ol surfuce wash, These
have however proved insdeguate as poor planning, improper lecation ol

urban centres and other anthropological Factors are further aggravating the



stiualion
1.3 Objeetives of the Study
I'he main objectives ol this study are o -
I Dretermine the main types of erosion in the study area.
I Dietermine the various causes of crosion particularly the gully growih
in the area.
nt Mensure the annual rate of surloce growih and head advancements of
the gully.
i Levelop simple models Jor prediction of surlace growth rate and head
sdvancenent lor the area.
1.4 Justilication of Work
lrosion can be described among the wop Jeague ol ceological disasters
ravaging the countey today, For example. availuble records .l-;hmn.-_llml mol
fess than 155 persons lost their lives over a period of 5 years in erosion
related disasters and properties destroved during such incidents run anto
Fillions of Maira nation-wide {Adkhoimu, 19 491,
|hree reasons may be responsible for these Bital and costly meidents:

i Absence of control measures.

it Poorly constructed conbrol measures,

i Absence of prediction models which would serve o warn the people

ahead of time

e third reason obvioushy stands out as the most important, This



wuork is therelore aimed at addressing the issue ol the absence ol predicoon

muodel,



CHAPTER TWO
LITERATURE REVIEW

2.1 Preamble

Mennard (1974} while quoting from Thorp's Geography of the soils in
China says. “Civilization is running down and thal man is gradually but
surcly destroving the means by which he con exist; but there are means at
hand by which this decadence may be indul'rn?luly checked™. 11 we control
population increase; adopt a means of checking sotl erosion, and improve our
tramsportation svstem lacilities. it 15 possible Tor us o indelimitely postpone
Lhe day when the world will no longer support o larger human population',

Thorp's statement nol only shows the sigmilicance ol the control of
sonl crosion Lo the survival ol the ceosystems but also the general well being
ol man. 1 s therelore very evident that soil erasion is an‘important faclor in
the assessment of the health ol the ecosystem. The truthlulness ol the above
assertion is evidenced by the Tact that estimates of soil erosion (soi1l Toss) are
usually considered in relation 1o issues involving the management ol Land
and Water as 10 alfects sediment wansport and Storage in low  Jands,
rescrvoirs, estuaries and irrigation and hydropower systems (Osterkamp. el
al.. 1991, Erosion has been observed o ullieel the level of ['.IHHLI[il:IIIl ol the
wir ds s usually the case with wind eérosion (Oyebande. 1988) as well as the
stability ol Civil- Epnginecring structures such as Highways (legede &

Oguntuase, 2000) buildings. dams. tunnels retaining walls elc.
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Soil erosion is a very complex natural process bul sirongly modilicd
v human activities such as land  clearanee, agricoliure,  fandscaping.
construction, mining activities and urbanization, MNatural erosion process
most often results in normal erosion. This generally poses little ecological
problem smcee the noemal process ol weathermg replenishes the amount of
soil due o this process ol erogion (Holv, 1980) Tlowever human activilies
lave been observed 1o be the strongest lactor responsible lor aceelerated
crosion sinee it is capable ol increasing the vate of erosion 200 or even 20000
tines over increasing the rate of crosion 200 cven 2000 Gimes over leading o
secelerated or abnormal erosion that is the main source of theeat 1o the
copsysiem.

For example. it is reported that human activities alone have lJL‘.F.['i'ItIl..'tl
somme 3% (2000 million ha) of the carth’s land surface between latitudes 72"
Noand 577 S, 30% of this amount being water induced, over 30% being due
o wind erogion while the greater part of the remainder is due 1o chemical
erosion (Osterkamp, et al, 1991), This has not only contributed 1o the
pollution of the air as is the case with wind erosion (Ovebande, 1988) bt
has also alTected the guality of water, silted waler courses and has reduced
the stability o most slopes (Cloge, [955).

Soil erosion is however a global problem and it is assuming an

wlarming  dimension with every passing doy,  Foster and Lane (1982)

reported that the rate of soil erosion in the United States of America is about



F7 timies the rate ol Formation whille the ot 15 about 34 1imes in Asia, Alrica
and South America, Food and Agrcuboral organeeation (1. ACCY) an agent of
the United MNations Organization (LLN.O) estimetes that about 140 million ha
ol high guality sail mostly in Alvica and Aszia will be degraded by the vear
20 unless better lund mamagement policics are adopted,  Supporting this
linding Alayande and Bamighove (1994) observed that the total annual rates
of erosion in continents such as Asia. Lurope and Alvica whose areas are
14 89 % 10%m. 9671 0%m’ and 29,8110 %km” are as high 208. 75 and 72
tonnestkm” respectively,  In the same vein. while highlighting the rate of
abnormal erosion on bare seils i some selected countries, Ingold and
Fhompson ( 1990) observed those countries such as United State ol America,
Ching and Nigeri experience as much as 90, 360 and 1530 tonnes/Ha!/Y car
o the average.  This situation no douhl can he deseribed as worrisome.
Ihere s no p:llrl of Migeria that 15 not allected by accelerated erosion
in one lorm or another with 18 attendant consequences, [0 s litde wonder
Lherelore that it has attrocted the attention ol several rescarchers in dilferent
parts of the country, Carter (1958). Nwajide (1979). Eghoka & Okpoko
( 1984). Ogbukagu (1987), are some ol the researchers thal have worked
extensively on the crosion problem in Lastern Nigeria. They observed in
their various studics that the geologic Tormation ol this area is primarily sand
and because ol its [riable and loose nature coupled with high mtensity

rainlall. the propensity [or erosion is high, Mortimore (1263), Ologe (1971)



and Mustapha { 1977 ). exomined the forms and causes ol erosion m Northern
Migerin. They opimed that wind crosion 15 more prominent i this area
particularly in the areas Iving within the Sudan Sahel region. They attributed
this 1o the high winds prevalent in the arca.

In-their study of crosion problem in parts of South Western Nigeria,
Jepe, (1986), Lal (1987). BORBDA (1991), legede and Oguntuase {2000),
showed that erosion in this parl of the country is primarcily ovial aided by
high intensity rainlall and steep slopes resulting in high ron-ofls. Abam
[ 1984) reporting on erosion problem in the Miger Delta arca observed that it
s mostly bank or coastal and s not unconpected with the high density ol
rivers in the area.
2.2 Forms ol Erosion
Holy ( 1980} classified erosion into three difTerent forms viz:
Sheet Or Surface Wash: This involves the removal of smil particles from
the surlace due to ramdrops striking the carth with cenain energy and at
certain angle. The soil so detached is then transported to streams and river by
means ol over land MTow.
Rills And Gullies: these occur when there is dilferential soil removal from
the carth surface, resulting in the formation of shallow and narrow channels
called rills, These channels begin 1o reeeive concentrated lows resulting in
imercase 0 owidth and depth and witl the passage of time develop mio

vullies



Bank Or Stream: This is the type of erosion obsarved ol the hanks of
streams. rivers and oceins. 1L involves the cating away ol the riverbanks
With the exception ol bank erosion the study area is plagued by Sheet, Rill
el Ciully erosion, (BORBDA, 19900 This obscrvation is conlirmed by the
presenee ol eroded ighway pavements. exposed  Toundation bases and
tulhies of dilTerent magnitudes i different parts of the town,
1.3 Soil Erosion Processes
Warll et al (2003) ohserved that soil erosion is initiated and comrolled by he
action ol the following lactors:
) Clinmale of the arca
(hy  Gieology including soil mature
() Vesetative covey
() Slope gradient and Tength
te)  Huoman ele.
LY. Climate

he two mast importnt climatic fotors that elfeer erosion are Wind
and Rain, Wind crosion generally invblves the selective removal ol certain
particle sizes ol soils, particularly lines Trom an area due o the elfect of
wind. This occurs mostly in areas susceptible o high winds and where dry
Eand larming 15 procticed. Because of the effeet wind erosion has on the
guahity ol ar, water ele most countries are already puiting in place legislation

regulating the minimum air guality standurd permissible. (Saxton, 1983),

I



Fhe mam components ol rainlall that determine 15 erosivily are -
Imtensiy, Duration, Fota wmount aod Treguency, diameter ond velociy ol
raindrops, The [alling i generates crosion either through the detaching
clleet ol rindrops resulting from the Kinetic energy posscssed by each rain
drop which wsually depends on s size and teeminal velocity or through the
lorce developed by the Howing water in the form ol concentrated or non -
concentrated run ofT depending on the slope. vegetation and soil nature or the
combined action of all (Bolanjo. 1998), Rainfall in the wropical region is
eenerally of very high imensity and long duration sometime reaching about
F00mmdie. Thas is traceable o the lugh wemperatures in this region, This

results i raindrops ol large sizes of up w4 Omm and Lirge volumes of run
ol (Lal. 1987).

1.3.2 Geology

Hoth soft (sedimentary) and hard { Basement Complex) rocks are
subject 1o degradation through Nuvial erosion. However: seft rocks are
senerally more susceptible to degradation than hard rocks, While the extent
and ellectiveness ol degradation of soll rocks is predicated on the degree of
consolidation and for cementation, =oil crosion in areas underlain by rocks of
the hasement complex including vounger and older granites such as the
study arca, usually pecur along modern and ancient water channels due o
Muvial action orchestrated by slopes resulting in the development of gullies.

{Oghukagu, 1976).



L33 Soils

Soil would respond  differently o agents of erosion. Olson and
Wischmeier ( 1463) ohserved that if all other things are equal. dilterence in

.

the magnitude ol erosion can vary up 1o 30 lold due to differences in soil
propertics only. Bryan (1976) showed thai Physical and  vdrologic,
Chemical - and - Mineralogy,  Biological and  Biochemical and  profile
characteristics are the main properties ol soil that alleet its erodibility, Some
nl the physical propertics of soil that are used 1o measare is erndibilit are
lexture, structure, strength (shear and unconlined compressive),

Three textore related indices used lor this porpose include:-
i1 Dispersion Ratwe (Middleton, 1930)

DR-= Sl d Clay in Undisturbed sumple
SHUE Clay in disturbed sample —emeeeaeaaaaaes (2-1)

(i) Lrosion Ratio (Middleton, 19309

ER: = . Inispersion Ratie
Colloid Content/Muoisture Lguivalenl  seeeeeaeceeeeee( 2.7

(i) Clay or Mechanical Ratio {Bouyoucos, 1935)
R o Sand /Sl Clay et P |
Lal (1987) observed that soils with low clay comemt are casily
dispersed and henee are casily eroded. On the other hand. soils ol large
paticle: stees require greater uid lorce to detsch with the particle size
primary or secondary observed 1o be more easily eroded being 0.1 mm,

Wang and L (1965) observed that even in hilly lands i1.¢. lands with sleep

12



slopes, the least crodible soils are those that have high ageregate stability
\

prapertiies while those with high dispersion ration have high propensity for
crosion. Wischmeier and Mannering (1969) showed that soils which are
sndy  or sty or have restricted  clay contents are generally  erodible,
Although  the erodible materials 0 emperate countries  show  a
preponderance of silt-and clay {hine malertals), the converse s the case with
tropical soils

strength indices are also commuonly vsed for the measurement ol sol
eraclibility, Apart from the fact that they can be easily and rapidly obtained,
sirength indices can be easily related to other soil parameters such as dry unit
weight, water content ete that also allect erodibility,  Hanson (19496} while
advancing reasons for the vse of strength index Tor measuring a soil’s
resistance Lo crosion opined that since erosion is a function ol the forees
applied by fluvial action and resistance to this action is produced by the
bonding forees between soil particles and other materials in the soil matrix
which s an indication ol the soil strength, i s reasonable that resistance 1o
crosion can be characterized by the measurement of soil strength. However
Franti et al (1983), Nearing and West (1988). Elliot {1990), observed that
although soil strength indices are Tunctionally appealing for measuring soil
erodibility, success is limited where Mow is highly concentrated. This view
was corroborated by Parker etal (1995} who argued that desirable though the

use ol strength parameters are for the assessment ol erodibility because of #s

11



many advamages: 1S success massessing erodibility s limited particularly in
concentrated Nows. Singer ¢ ol (19781 observed o correlation between soll
erasion and actual shear stress and opimed at the eritical shear stress mn
he wsed 1o prediet soil erodibility,  Highlighting the relationship between
shear strength and erosion, Lal (1975) ohserved that soils with strength
ranging between 0 - Zkefem” are highly crodible, o 2. 3kp/em” are Thirly
crondible while those greater than 9.0kg/em” are Tess erodible. However shear
strength obtnned both msite using cone Penetromaetre, Pockel Penctromaetie
vl amd than obtained from Daboratory st using triasial compression test or
unconlimed compression test have been used lor asscssimg soil crodibiliny,
Avers and Poerpal. (19820 Apart from the physical propertics ol soil. s
chemical properties are also used 1o assess s suseeplibilits o crosion
Although there e several chemical propertics that are relevant in the
assessment ol sorl erodibiliy, many rebewechers have agreed that orgamic
e conbent and the oot god pature o cloy mineral i e soil are most
senthicant. Simee the degree ol binding possessed by any seil s geocrally o
lunetaon ol its organic contenl. el and sesquixiode content, the more Ty
hound o sample sorl s the higher 18 resistince W crosion because ol ils
improved stabalicy. Esaoda (190600, Gihaol aod Malesar (1978) all weported
Lvowrable mluence on the permeabaliny. bulk density, stroctwal stabilin
aned henee soil erodibility with increased organic corbon content, Luk ( 197Y9)

shonw el that there oo relationship between the organie carbon content and

I



the percemtage of waler stable aggregales (WSA) present in o soil mass. e
theseribed  this relationship by means ol o non lincar scecond  degree
pobviomial couation

WA 248300 38TC - 0.2540° e

Where C = Percentage of organic Coarbon Content
However desirable though orgame matter 15 o mproving soils resistinee 1o
vrosion, rmmmes aid Oshorn (1969) and Meewig (197 1) observed that high
ergane matler -comtent mav increase the coodibility of water — repellont soils
becawse of mutual electrostatic repulsion developed between agerepales,
Apart rom the organie carbon comtent Girssimger 1965 noted that the clay
tpe g gt present o g sonl also alTect soil crodibilin.

Phe responses ol sonl Lo water movement willin the sonl mass and s
hehaviour as a soil water solution are important Tactors that also allecl the
crochibility of the soil. Bonett et al (19811 acknowledeed that the anteceden
meisture content plavs o very signilicant rele in the determination ol the
infiltration of soil and hence ws permenbilitg. While soils with very low
permealinlity expericmnce grealer i'l;lnlnﬂ'.m:[ hence are more prone o el and
vully crosions, very high inhAliration eesales o slumping. Simikuly soil
comsistency, swhich is geneeally o measure of the resistinee o delormation,
alser plleets the process soverning crosion, Dwo consistency lunils have been
wentiled woalleet erosion. These are cohesion and plistic,. While colesion

limit has been Tound to have signilicant elfect on o soil’s susceptiliny 1o



wid erosion. plasiic limit ol g soil can indicote the viullnerability of o soil (o
tunnel erosion. 1 has been observed that highly plastic soils such as high
activity clay erack when they shank ihos crealimg crevives for waler passage
resulting in tunnel crosion. (Yair, et ol 1980,

234 Saoil Profile

CHson (1949 5 showed that the protile ol o soil within o watershed can
alleet its suseeptibility o crosion in two ways:

L When a Taver ol highly cohesive soil underlies o layer ol cohesionless
soil. the top laver of cohesionless soil stnds the risk of accelerated
LIS,

i When asoil with o very shallow horieon is underlain by o bedrock

14 Vegetative Cover

Wall (2003 ) observed i soil erosion potential is increased i the soil has no

e very itthe vegetative cover of plants and - crop residucs, e showed that

plant and residue cover proteets the soil from sindrops umpact and splash, N

abser slowes down the movement ol surlace rum-ol 1 and alliws excess surface

water o mbiltrle. Similarly the growih ol vepetation along gullies also
rediee the rte of growith as they belp o reinlioree the sides ol gullics, reduce
thie velocity ol How and henee reduce s CHeruy

L5 Slope Gradient and Length

The slope ol catchments is anoiher Betor that can hive very

signilicant eflect on the intensity of erosion. | heee main SHIPY componenls

I



e been found Lo allect crosion mtensiny, These are Gradient, ength amd
Shape of the cotchments. Zingg (19400 showed that these compenents of
slope alleet the velocity and tangential steess developed by the ran ol Dugly
wndd Hlavs (19320 eeported that run-of 1 onder & 25mm/ e, rainfall increased
Lo 69 of ramlall ot a 5% shope (o 867 of ramfall a1 a slope of 20% ona
sty chay foam, Similarly, Pocsen (19840 reported o 1 3% greater run-ol1 o a
e slope thir onoo 3 slope. Van Liew amed Sasxton (19830, alse showed
it incrcase e slope steepness inereascd the overall crosion rales. | itz
b al (1974 observed that as the shope incrcased Trom 20% 10 A% intenll
crossion of a sty feam sodl slightly more than donbled, Singer and Blackard
CERZ) acknowledee that there s a0 telitionship between slope and sl
properties as they aflect the crosion potential ol any watershed.
20 Human Faclor

Adthough nature sliv by wears svay Faned Tebding o erosion. humnan
ety ities such as agrcnlore, constroction amd minimg have been observed (o
aceeterite the vage vesulting mabnormal crosion, Rescarch has shown tha
cotistroction inereises the rale ol crosion 2000 or even 20000 times (ha
smount. Such  anthropogenic actons, which  mvolve  the removal ol

[}

vegelation, or ether objeet. that hold soil in place wend 1o expose it o the
activn ol wind or water thus inereasing is chamees ol eroding. For example
s reported that in the presaparthed policies me South Advica land holding

polices which ensured that 42% of the people lived on 13% of the land,




resulied moovercrowding leading o the Tand degradation due w0 intensive
agriculture and overgrazing  culminmting in severe erosion ol the aren
(Collins, 2004), Corroborating this lact, Sidocchuk { 1998 ) observed t.|1|.'|| ihe
pite of pully growth induced by anthropogenic sction in western Siberia is as
much as 20-200mdyear. The high density nature ol the development will no
doubt contribute 1o the high rate of gully erosion in the area,

2.7 Ginlly Erosion

Gullics or ravines ore nlls Brge caough o restnet vehicular
movement. They are channels that develop due 1o improper management of
concentrated high velocity run-ofl Trom built-up areas. roads, constraction
siles and lootpaths. ¢.te. This run=ol1 remove vast amount of soil Trom open
areas resulting m one or more ol the [llowing: Loss of large volume of soil.
severe limitation of land use, ofT site deposition ol soil causing water quality
decline in streams and rivers, sedimentation of dams and rivers. disruption of
normal farm process and destroction of highways and create mstability for
butldimges {Hughes, et al.. 20010 5,

Citlly erosion 15 a very serous problem worldwide and as o result has
become a parameter in the assessment ol the magnitude ol ¢rosion in any
nation,  Sidorchark (1995 reported that the volume of the gullivs on the
Russimn plam 15 about 4% ol the volume ol erosion since [700° AL,
Wassson el al { 1996) observed that about 40% of the total volume ol erosion

i Western Furope is atleiboted to gollies. The situation s oot dilferent

Ih



Adrica in general and Nigeria in particular. Prest et al {1973 ) noted that the
prablem of gully crosion is very serioos i Ching and the alluvian soils ol
[t and south and eastern Migeria, Serious though this situation is. Ston
el al (2001 ) observed that there are not as many models Tor the prediction of
ully prowth when compared o those available Tor the prediction of rll and
shect erosion.
271 Factors Affecting Gully Growth

Young and Wersma (1973) observed that the depth of fow in
channels is about 50 tmes that of overdand and e velocity of fow is aboul
1 times greater hence the shear stress exerted by such concentrated Moy
viuses greater soil detachment,  These properties of running water in gulhies
hasve the capacity Lo lead W both Fateral growth - a situation which resulls
[ronm the scourmg ellect of run — ol water concentrated i the vills which is
observed mostly in gently andulating| landscapes and head ward growth
(head advancement) which imvelves the eolly extending upstream. Head
advancement olten results Trom waterlall undercutting and  gravitational
shumping of the gully head, The rate ol hewd ward growth s Taster in steeper
landseapes (Milton. 1971 Corroborating this. Ashis, et al (2000) opined
that the initial shape is an important parameter Tor the Tormation and
development of gully head cut. Tead cut convex m up-stream side 15 a
necessary condition to develop gully while head cuol concave i up-stream

side 15 disadvantageous (o pully development process, Thgher convexity

LY



eipectnlly around the golly head makes the gully development process Taster
hree Tactors that have been observed o mfuenee channel dey clopment are:

LY Flow Propertics e run=oll’

i Topography and Sonl Propertics and

el Cadly Propertics

Fettanzi e al (1973 observed that lopearaphy Gictors inlluence mn -
e ddepth and velocity and that the amount. depth and velociey of ran ol
difler fon diflerent slope fength, steepmess, shape and aspect. Cohesive soils
e been observed W reguire more energy (o detach than non-cohesive soils
Heboenser and Jomes, 19711 Most rescarchicrs agree that the most commeonly
detiched and moved matertal 3 Gine toomediom sand with the size Traciion
ramgng betsween 06w ad 1.0, OMilion, 19711 For exaomple Peew mdi
chal (1968 ) puls Hhe size at 0 105mm :-||1~.| L2 00, Dhe=Plowy (1972), puts
as 1L T wlhile Faemer (1973, puis the mamee ol between 0.2 dmm el
I.0dmm. Brvan (1976) observed that soils with massive struclure i.e soils
with lngher clay content are vsually more stable und hence less erodible than
conrse il Trinble soils

Apart from the cotting ehlect of rummng water which vsually lead 1w
the detachment of seil particles and hence the grddual grossth of gullics,
Coeser of ol £ 7983 ) and Morgestern and Price ¢ F965) noted that there are two
other Gactors associated with the gulls propertics that contribute 1o the
abmormal or aceelerated growth of gullics. These are;

L1 Changes inothe climel geomety such os bends. drops andd

"l



dimensions. These tend o encomaee cddivs and trhulent Tow which

mereases the scouring power of the Nowing water,

o The Height of pully sides

Eishop tnd Mongestern (1960) showed that the eritical height (11, of
a shope within which gully sides may be stable depend on undramed shear
stremgth ol the sonl, the unit weight of the soil and the distimee Trom the base
ol gy toca bedrock,  Hle noted thal as soon as the eritical heisht “T1° i
execeded. the slopes ol the gully sides become instable thus reducing the
factor ol salety. This increases the risk of slope Failure as the excess soil
stands the risk of breaking of 1 and crashing o the Door of the gally, This
situation i wsually further worsened by the Fact that the shear sirenath of
soils is penerally reduced by seepage thus reducing the eritical height and
mereasing the excess height. 11 therelore means than soils with low shear
strength will lave higher propensiny e grom

Crencrally, the .‘.-tl':lhilllj lrl'.‘-i|trrrL‘.‘~: such o those encountered in oyl lies
depend on the heaght and gerdient of the slope and the shear strength ol (e
sl There are several imethuds of caleulating the factors ol salety ol
stopes, (Whithlow, 19963 However the Tavior's stability: number method
was uscd in this work,
28 Prediction OF Evosion Potential

Phe magnitude of erosion expected inoany water shed is usually

measured by the amount of soil loss per aoonume Although direct Feld



meastrement may be psed o deternme this, e consteamt, cost, and the
problem ol adaptability have  minimized  the vse ol this approach
Mathematical models have therefore been developed that can be applicd o
cvery  situbion,  Allempls al L‘\'u'h'ing mathematical models  Tor the
prediction of erosion potential began i the carly 193078 with Baver (1933)

proprsing an empirical cquation For this purpose

I KD i e 1)
Al |
Where |- Sl crosion
K ' Constant ol proportionalily
Iy e ol dispersion
A Ahsorption or Soil permealility
P . Seee Particle

In 1947, Musgrave proposed a parametvic equation that comprised

most ol the Tactors alTecting soil erosion

A T b o - B Bl Sl L R
Where A Sonl erosion Gmmdyenr)
K Inherent soil crodibility at 1% slope on a slope 22m long

A R e

L Vepelalion cover Bclor
S Slope percentage
I = Slope leneth



| 4 Maximmum 30min, i fall with 2 yvear Frequency.

However, because Musgrave’s cquation is only applicable 1o long
term average soil less For broad o il lurther research bad to be done and this
fed te the development of the universal soil loss equation (LS} which was
later revised and known as the Revised Universal Soil Loss Fquation
[RUSELE) by the Agriculiueal Rescarch Service ol the United States of

America. This equation takes into account the total rainlall cnergy Tor o

spectlie catehment™s arca vather than vainlall amount.

A RKT ST L6 )
Where A = Amount of soil loss per vear

I ' Frosivity of Rainlall

K = Soil crodibility

| = Slope length

5 Slope gradicem

0 = Cropping lactor

" Conservalion praclice

While some ol the clements ol the RUSEE mav be determined

mathematically using standard cguation i cach case. others have been
comprehensively researched and tables and charts have been prepared lor
use. One such factor that may have 1o he determined mathematically is the
ranlall erosivity Bo This is generally determined Trom the equation

I’ EBlszge 00000 b s Il _.|'_‘| ,'::_'



Where I: - Fosta] vainlall encrey (1)
4 > Intensity ol vl al 30mins interyal mmr
Wischmerer & Smith (1987) gave rainlall energy Tor the tropics as
& F2) F 8 g e fy
Pal ¢T987) showed than saindall cncres Tor south westerm N.i!;f|'|;| i%
ohtined as:-
| M, 2T e L3 ]
Where R, toba] annual s 2l G
LA 18,08 I+ 182 e R N B
However Kimmnel et al (18994) showed that an Nigerin, Bl 55 08 more
apprepriate because ol the freguent raimballs of high intensitics within vers
short time interval. Because of the dilficulties sometimes encountered i
abtamimge all the rainfll parimeters Jor the determination ol the Kinetic
encrgy ol rainlall, some researchers have developed mathematical equations
that eelote kmelic energy with vain (il armount
L8 Muodels Tor Predicting Gully Geowih and Head Advancement
Although there s o stromg desire among rescarchers o develop models
that can be used to predict the growth of gullics as accurately as possible this
has ot met with remarkable success becavse ol some  unpredictable
sitwations that avise Trom tme o e dunog measueement. hese melode:-
a} The growth ol weeds along the gully between periods ol

megsirements and

2t



by Uhe presence ol asd elamge in the position of obstructions alyng the
wuliv bed and constant chignee i the depth ol gully.

Pwo ol the models that are mose and may be modilied o suit any
study arew are: Gulterm model developed by Stott et al (2000) which s
preterably used o predict gully growth st its initial stage and that developed
by Beer and Johnson (1463), For gully head cut or head adyancement, L
mode] by Thompson (9o ) s wsed,

Cioherm™s Model:

J0s 1 IAC = Cygo + My W D €, Y

X |

(1-E)d 2= C, - ML \ R e L
i 1

Where X = longitudinal coordinate  (m)
I = tinwe in seconds
C = mean volumetrie sediment concentration
A = Now cross seclion arca (m2)
¢, = sediment concenteation ol lateral input

L}

b, = specilic lateral discharge

M, = upward sediment Hux (m/s)

My, = sediment Mus from the channel banks  (m/s)
/= pully hed elevation  (m)

W= Tow width fm)

W1 = soils apgrceate Bl capacity in the twrbulent How (mis)



I* = porosity of the eully bed
Fhe first lerm on the el ol equation (2.12) defines the sediment brudget in
the channel. the second wem in the sediment storage in the Now. The right
part ol the equation delmes the sediment Aux: the Brst tenm s lateral M,
the second is upward Oux, the third is sediment Mos rom the bank and the
lourth is diswnward Nusx,
2.9 Erosion Control: -

Phe prinviey ohjeetive ol uiny erosion eontiol system s o limil the soil
loss Lo an aceeptuble Tevel. The various methods of crosion contiol may b
classificd into three main categories depending on the location where il s
applied (e Urban. Cultivated or Pasture) as Agronomic, Soil Management
ind Mechanical.  The choice and design ol crosion contral measures is
senerally governed by the desire to harmonize the control measure adopted
with the  requirements placed by agriculiueal production,  industrial
management. waler managament. transportation, industrial development,
P wwel e requirements ol sther areas ol the nations cconomy, 1 s o be
noted that badly planned erosion control measures can have very damaging
inpach om e convimooeeal, (% eidel, o ol Ve,

I the selection of o suitable erosion control method, s prioary
abjective should be considered e whether i s 1o profect the bare soil, slow
down the rampaging velocity ol rmollor diversion ol waler course as is

usuadly the case proctice i wrban sites,  Ingold and Thompson ( 1990)

'



abserved  that the Engincered  agromemic method is beginming oo gain
popularity because ol the present development in the use o svithetic
materads and improved chemical binders which are very suilable Tor use as
ront reinforcing mats, synthetic I1I'I,I|II.'I1I.,'.‘-:_ orgime mulches cte. They

ohserved that this process inercases the shear strength ol the soil and reduces
crondibility.  This view is corroborated by Collotia et al { 1990.) and Kollios
(1992 who alse observed in their work that the engineered agronomic
miethod of erosion comtrol can be very elfective when used on high cot slopes
aned soils of the sopes ol marks, However Tor reasons ol convenienee and
aesthetic, the mtegeated cogineenimg-approach (mechamicaly shich involves
prommaniky the vse ol civil engmeering works such as Bench Terraces. waler
spreaders, check dams, retaining walls, deain channels, revetment are most
elten used portieutarly i the case ol gully crosion.  Okagbue { 1980)
however noted that the success ol any method of erosion control adopted
epends on the local geologiv setting, geotechnical properties of the suil and

; I B . T

their respense Lo varving hydrodogical conditions, imensity ol precipitation

anel run ol T in the Tocalisy and the rate ol erosion



CHAPTER THREE
MATERIALS AND METHODS
Phe parmmeters regquived Tor the rescarch work were obtained [rom
relevint government agencies, leldwork andd laboratory experiments:
L1 Data Collection
Apart from the rainlall data that wer abtaincd  from Bkt State
Ministry of Agriculure, other data that were corllected Trom both the Teld
and Taboratory inelude the Tollowing:
(i Location, dimensionzs. annual change in dimension. and side slope
al the gullics,
Gin Dirainage area amd slope of cach ol vully
(i Soil propertics ol eroding laver ol cach eully
3.2 Location of study area aml gullies
I Fon- b the sty e Talls sithin Tatitudes 7" 30" and 7" 46" N
and longitndes 4" 357 and 300 1 ol the equater. (Figs 3.1 & 3.2)
Aol 60% of the total land area is low Tand suerounded by high lands whose
height range Fom about 2230 1o 228 0m ahove mean sea level.
The study involved identification of the main types ol erosion and gully
sites. collection of ranfall dutg and soil samples Trom croding lavers of the
wully sites Lo laboratory analysis, Social fictors enhancing the generation ol

crosion and existing contrel measures were also reviewetd.
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LL1b lbete

Although having o total length of 105m, only about 36m is exposed o
crosion with the repaining being overgrown by weeds before joining the
upstream cnd

ol River Onie The width of the gully varies from (hom 1o 2.5m al the buse
aned Between 3.0m ot s hemd oo maximum ol .0m at the top. s depth
varies from2 Do b o mexumam ol 3.5m,

2.1 Igho-Egun

Uiis gull has o total length of about 200m with only about 34m of this
length experiencing ahnormal growth. T widih varies from 1.8m Lo aboul
Yol the base and between 75m ot the head 160 a0 masanim of 105 mid-

feneth, s depth vy from 80m oo litde over H53m within the area

expericneing growlh

e remainder of the gully i located in ticket with no baman activity
arovmed the area, This has cesulted i the gully side being overgrwn with
vegetmtion thus slowing dewn its rate of groath,
3200 Isaja

Although there are two gullics located within this area e lsaja 1&2,
Fsaja 2 s chosen for the research sinee [sajalalthough farger in all respects.
has become completely vegetted possibly hecavse of the complete absence
ol huiman activity arownd the gully and has stopped growing,  Isaja 2

measures 60m in length, iy base width varving between 0.3m and |,5m

o
red



while its top widih varies between 1.5 and 3.2m. lts depth varies between

0 Gm and 2.8m (5ee Fig. 3.3 and Plates | & 2)

LR



EhO T 0 AL INE LM SATT IV -NosS= ONIAMOHE 29w &L

= Aimigw ..|.-”...|.__ PRy ]

uarhe?) by dweg i Tl g

{ prwnira |

Ty P ot




Ibete

Plate 1: Photograph of gullies



Plate 2: Photograph of gullies



L.1.1 Determination of Area of Surface Growth and Head Advancement
of Goullies

I order to determine the magnitude of growth and head advancement
per yvear the dimensions of length, breadih and depth of cach of the gullies
were taken ot 0.5m intervals vertically doswnward (in the divection ol depth)
excepl Tor upper fgho-Feon, which was taken ot 1O interval. and at 2.0m
mtervads hoozontally along the length of the oolly. These mieasurements
were taken at the end 2000, 2001 and 20002 rainy seasons respectively.  The
chimge in with over the entire depth was then used as ordinales for
caleulating the total aren Tor each vear (Appendix 133, Similarly the distance
over which the hemd ol the gully advanced cach vear was measured over
KUCCesSIVY Yo,
23 Determination of Catchments Propertics { Landlorm)

I order te determine the draimage arda above the gully head, the slope
ol the approach clumnel, the distancee from the eully head o the witershed
divide, the drainage area of cach of the gullies was surveved using o glubal
postiomng system (GPS) equipment. Fhe data obtained are presented as
contour maps i we Torme ol digital elevation models (101 M)
324 Experimental Procedure (Determinntion of Soil Propertics)

Atotal of 12 samples of soil with 3 Trom cach ol the croding laver ol
the gullies were obtained both m the disturbed and undisturbed states:

he laboratory experiments carried out on the samples include:

A



Lo Nutural mossture contem
. Parcle size onalysis (Sieve & Hydrometer)
i Consistency linnits
. Permeability

Fnaxial Compression

e

v, Organic content
Al the Taboratory west were conducted according o B.S. 1377 (1987),
Muthod of Testing Soil for Engineering furposes.
A3 Data Analysis

Phe varouns data gathered were analysed and in some cases, cqualions
WTe used,
L3 Determination of Area of Growth
With the average change m width measured at 0.5m miervals vertically
whmg the direction of the depth as ordinae, the total area of growth was

valvulmed using the trapesoidal rale:

A MOS0y by ) Fva + vs L Yy )| £3.1)
Where A - Area ol strip (m”)
[y = Phstance between suceessive ordimates (2m)

Height of ordinate(m) i.e. average change in width at

ta
Il

(L.53m interval measured vertically downward.




LD Determination of Stability Characieristics

Toassess the stabiliny ol the slopes ol the sides of the gullies and s

possible comtribution to thew geowth. the height in excess (He) ol the critical

herght (He) and the Tactor of salety of each ol the gullivs were determined

using Taylor’s stability number method. T order 1o achieve this. the depth

ol the gullies and the slope of their sides were mcasured

i

L1

1

L4

where I,

I,

CuM, = eesseseeceeaas (1:2)

¥

I I,
critical height (m)
Cohesion ol soil (KN/m’)

average ht ol gully(m)

Stability Gactor taken as 5.2 since depth ol bedrock
i unkaown but reasonahle

hetght i exeess of H, (m)

st Tavlor™s stabibity pumber method the avernge Bactor of safety Tor cach

ol the gullies was determined as Tollows,

Where Cu

Cu )
NIy

Apparent cohesion (KN/m')
stabiliy number related o side slope fangle ol shearing

resistance, details i gppendix A)

Linit welihl of L:HHH'{N.-’m':l

R



I . Vertical height ol slope (m)

L3 Surluce Growth

Using Beer & Johnson's model of growth as a basis. the coellicient of

sirhiee growth Tor the study arca may be obtaimed as follows,

(i = KR U4 i 7453 2L Ahnldp S |
Where Gy, = Total Surface Growth (m’)

B CoelTicient of mmual surlace growth which generally

depends on local cor-itions.

i Liengath of Ciully (m)

L - Pistance Trom {'iull}' head 10 water shed divide (m)

g = Buse ol natural log

'

Deviation of precipitation from normal which may
be tahen as Average Precipitation in m” (Chow 1964

LA Hewd Advancemend

Using  Thompsin's medel of head advancement as a basis. the
veeEhicrent ol amnual head advancement Tor their study area is developed as

Folloows,

{El- = }{ﬂ”'.hl H" 14 -I":"?-I L1I A =315.:|
Where Gy = Gully head advancement per year (m)
Ky = Coelficient of head advancement which depends
o local condition.
. i
A = Arca ol catchments above gully head advancement {(m°)

BN
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Cl.

|
Slope of El|1'|"|ll'l'l;Il'L'Jl channels in degrees

Sum ol total rmnlall equal 1o or exceeding 12.7mm
low the period under congideratunn, (m)

Clay content ol eroding profile in s



CHAPTER FOUR
RESULTS AND DISCUSSHON
4.1 Rainfall

Phe ramdall record in the area over the past 10 years (1993 10 2002)
shows an annool value mmgirg from Y970 Iom o 1743 Bnmm wilh the
miimum oceurring in 1994 and the maxinum oceornmg in P99 (able
L1 The actual values o ramPall Tor vears 2001 and 20002, that were used [or
e study work are 1IR3 Tmme anel 1479 0 respectively, The raniall
mtensiy obtaimed Trom the duration-Treguency curve shows mtensities of
2t and SOmmdhr for T3 ming and 30 mine durition respeetivels
comsidering i return period of 2 vears (Fig, 4.1)

The mean annual caandall of TS Tm Tor the past en vears and
mtensity ol 270mmdhe are considered. Ramfall of this magnitude amd
mtensite possess vers Lirge drop dimseter {up o dmm). high drop density
(e mumber/m s and high deop weeminal velocity.  Generally, rainlall
possessing these characteristics ||r1_'|r::1']. erosive since they are known to
have very high kinetic energy and hence dislodgement and entranment
capacity of soil particles, They also have very high shearing stresses and thus
ure capuble ol creatimg cills and gullies specdily
It is little wonder therefore, that the study area experiences the three main
tvpes of gullies caused by ramfall possessing these properties e, surlace

wirsh, which is evidenced by foiled highwavs and exposcd foundation bases.

12



rills eriss-crossing almost every open space and gullies that are growing
cvery day,  Alse noticed was the regular siltation ol culverts and
watercourses in the study rea, which evidently is the result of setthng and

the transpoerting ol dislodged sol particles into them.



Table 4.1 Summary of Rainfall Data

Year 1993 1994 1995 1994 1997 1998 1999 2000 2001 2002
Total Rainfall (mm) 1238 970,01 144013 1743.8 (4204 3786 14274 11831 | 3843 [238.5
Average annual 1356.22 1340.45
rainfall {Pymm
Sum of total rainfall 1017 001
Rainfall index (R) | 1905 10323

(Ekin State Environmental Protection Agency’s Ecological Report on Efon Alaave. 2002)

Note: Average annual rainfall. sum of total rainfall and rainfall index(R) are not required for 1993 —2000, since the

study periad covers 2001and 2002



4.2 Goally Amd Catehments Properties

Ihe wotal lengths ol the gullies vary Teom o s of 6lm Tor Isaga
g maxnmum of 3530m lor lgbo Lgone Phe maxamume top widths ol the
oo les vary lrome o oo of G.0m for s oo maximum ol 10.5m at
lzho-Lzun upper., -
Simharly the masimum depth ol 10C5Sm o was observed ot upper lebo-ligun
with the depth of other gullies ranging between |.3m and 5.0m. The drainage
arcas ol the gullies vary Trome aomammmome of 7.5 ha for Thete o o maximm
il 832 ha lor Isan

Alse the distance Trom watershed divide 1o gully head vary Trom 75m
lor lgho-Egun upper 1o o maximum ol 150m Tor Isagae The golles are
bocated within the densely hoilt up area of the twn and as o resalt most o
the precipatation eod up as ronol T into the pullies. Noteworthy is the Tact tha
the town is not only surrounded by Bigh Fands Tt the arca draining into the
aullics are relatively steep varving fronn s minimum of 2.6% lor Alanaka to g
maximum of 17 1% for Tgho-egun. ( Table 4.2 & Fig 4.2 10 4.5), This
situation no doubt may not only reduce the permeability potential ol the soil
hul also imerense [|';L' velocity of the runolT and hence increase its shearing
stress, 1 is also pertinent (oo pote that the gullies are of considerable depth
with the height in excess of the eritical height varving from a value ol 11.24m
tor Thete W o maximom of 5. 75m Tor Fgho Feon and the side slopes vary

[rom a minimum ol 357 lor [saja o 837 for lgbo-cgun. (Fig. 4.6 & 4.9).

s
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e likely eomsequence ol these s thae the gollies are relatively
vstable.  This s conlirmed by the Tow Betor o salety observed Tor the
aydlics with masimum being 167 lor thete and the s of 0053 bemg

recorded of 1gho-coun § Table 4.2,




Table 4.2: Summary of Landform and Stability Characreristies of Gullies

Year 2000/ 200 200120602
.{iutl}' Alanaka  ihete lzbo-Eoun EHTR 4 lanaka lhete lzbi=-Egun l*-.am -
Length (m) 131.4 ELAE 34 il {5032 3638 SR SRR

Length from gully head to water 4623 226.7 1130 ife.3 462 3267 434.2 2449y
shed divide'(m)

! length of Head Advancemem 0. 52 (.28 .61 (23 .32 (.21 43 126
Width of catchments {m) A 2833 450 a7 A 83 1350 67
Ared ol catehments (m”) 186200 735356:1 313000 8321055 186,19% 25 7335372 314977865 3210325
Slope of catchments i 9.6 13.6 17:2 E L 13.6 17.1 .
| Area of gully growth {m-' | RT4D 2. 3 ASK FET8LY  BITH0F 2.2305 6,747 A )43
iL'uu]I} Alanaka [hete tgho-Egun (EHTH -
Criteal height He (m) BEL 351 R4y | 44
H s 286 326 A0 27
H. (1,38 - 35 5.75 1:13
Av F.5 ¥.22 1 67 (k33 | 231
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Fip.ga-6: TYPICAL SECTION OF ALANAKA GULLY
Scale - |50
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Flg494-7: TYPICAL SECTION OF IBETE GULLY



Flg 4-8: TYPICAL. CROSS SECTION OF IGBO EGUN GULY
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4.2.1 Suil Properties

Che soils ol the study arco shoy very high samdd content with the
percentage ol sand varying lrom a mirimum ol 64 ot Thete o a masimmn o
78 ol leho-caun. 1 could also he ahscrved that o very large quantity ol the
sumple Fall withan .06mim - | O range ol particle size considered heing
most erodible, The results alsa show that the qoils have very Tow clay and
prganic carhon content with mslximmln cluy content of 6.4% being recorded
At Thete nnd the minimum value of 2.9% at lgbo-cgun. On the other hand. all
the soils showed a relatively uniform vidue ol preamic carbon content. lalling
within 0.3% (Table 4.3, sce Appendix C:h

Ihe low values of clay and organie carbon content of the soils i the
area iy have contributed to high erodibility ol the soils in the area as the
cear ahseee of thisse two properties result i the soils lacking cohesion and
henee are loose making then casy (0 dislodge and enteain,  This ssertion is
further confirmed by the low value of the cohesion of the soils with the
minimum value af GK N Lo Tsaja and a maximum of 2N’ Tor Thete
{Appendin C). Worthy of note too. is the low plasticity index ol the soil us
revealed by the resulis of l.h-:mnaislunuj.- limits ( Table 4.3 and Appendist).
Al of these conlivm the low clay content ol the soils. Although this has the
polential to inerease the permahility. coelTicien ol the soils and henee
eresse Tts Talilimtion capaeity. the steep slopes., coupled with near absence

ol these eohesive properiivs hive mde the sorils more erodible.

A5



4.3 Stability Characteristics of Gullies

Al the gullics showed relatively Tow values ol stability with the
average stability factor ranging [rom & mimimum of 1,53 for lgbo-Lgun 1o a
maximum of 167 lor thete, The very low stability Gactor *T7 ol [gbo-Lgun
anlly makes it the most unstable golly, This is evidenced by its higher excess
height. 1 is Tittle wonder and relatively high rale ol growth.
4.4 Development of Maodel Tor Gully Growth

e avernge values ol the coelicient of growth K obtained for most ol
the gullics ranged between 0.4 and 07 except fgbo-Fgun. which gave a value
s high ns 2.5, This is o be expeeted because of the considerable depth of the
sully e its steep shope resultmg i run-ol ol high velocity into the gally.
Vhis value nol withstanding. it may stll be relatively safe o adopt an
average K, value of 9.5592 Ve moded Tor the area based on eguation 18
Pocomes:

o= DSSHRRLIE BT P G [ )

lowever in the case of the model for the head idvancement, the study
shwwed that apart from gully 4 tlsaja) whoese average Ky, value was al
variance with the rest all others el within reasonable fimits that would
permit the use of an average value

G=200x AT SR oL e et [ M3



15 Simple Method OF Contval

Although the use of civil engineering works would be preferable 1o
arrest the ahnormal growth of the Gullies particuliaely the ones ot Alanaka
anel Tabo-Feun, the cost ol sueh civil engineering works i soch that it woudd
e too mueh for the state government alone t bear,

I order o minimize the wate of geowth and its attendant damage, the
sides ol the gollies shonld be vegetated as @ temporary measure until lunds
are available for actual and lasting control measures.

Similarky deep reinforced concrete ground beams with boulders placed
1o o distance of about 3 meters bevond the heads of each ol the gulhies would
serve 1o cheek current problem ol head advancement.

4.oModels Application

Lising Alanka and lsaja as cose studies Tor surface growth and Ihete and
lgho-Egun for head advancement the validity of the two are verilied below:

{a) Surlace Growlh

(g rp_:i:'-‘.t;::!H“""’H-’| ) R I'-‘II'TIL:-IHHIII, A Y

Ll

{1y Alanaka
Data
K=1.55Y
R=1, 905
L, =150
.. = 4645
P}.3562

iH



G 0350 x 1100582 15007 ¢ 40207y LMy | 3562 = 7.623m°

(i) B=ag
1l
K =554
R=1.0825

1 i 'r"{] H j E i

=1, 3405

[il“' ”_f'l:i” . ﬁ“.]:ﬂ | X 1" ﬁ-“.: k7 ¥ g [IRERIN] § |]_I“.q‘ = '4-.?]|H+
iy Head mdvanceiment

i = B0 1A PR R ) S T

Thelte
K,=8x 10/
A = 75550.1Im’
5= 13.0%

B=1.017Tm

e TR
G,o= 8% 107 x 755560« 367X 101777 x (1063 = 0.26m
Fgbo-10gun
Ky ®x 107

A = 31500m°



R B L
R 1 Tm
(], =3.5%

G = % 107 % 31500 N W7 s o w029 = 0.50m
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIHONS
0 Conchision

Soil erosion problem ot Elon Alaayve was examined. The study showed
that three main types of crosion ave previlent in the aren:-these are, Sheet
witsh. Rill and Gully svith pully erosion being the most precanons,

Four gullies e, Alanaka, bete, lebo-UCeun amd Isaga that were
whserved o be most active were seleeted Tor the stody, The gully propertics
Lo dimensions,  catchment™s, propectics amd  soil properties were all
momsured. The resull of the study showed that the area is crosion pronc.
Frosion and development of gullics i the study aren maoy be ativibuted to;

1. Bandall of very ngh mtensay soth overnge sommual pindall ol up o

B4 L el imtensaty e oy Lo B Tor 30min duration

2. Steep slopes resulting in koge ron-all

300 Sodl with favee porcentage of croefdds gk s Trctions. fow

organic carbon and clay coment and relatively low shear strength.

4. Crrem depths of some of the gollies. which make them unstable and

as it result have very low Tactor of salety
Lising Beer & Johnson's model for prediction of annual surface growth and
hompson’s model for the prediction of anneal head advancement as a basis,
the coellicient of annual surface K, ol 1.535492 and coclTictent ol annual head

adrcameemmenh Yy, o % W wvore dokansed Qs gros i vislslbeSen e

il



precliction ol anual surlace growth and head advancement for Elon- Alnaye.
Ihe validation ol the models shows that they are relatively acourile anl
hence can b used w predict the rate ol pully growih and head advancemen
(i the study arca.
51  Recommendation For Furt her Work

Ihis work has provided adeguale nfoemation on the erosion sitution
in Efon-Alaave. lowever. constraint ol time did nor allow the study 1o
cxamine the elfeet of situations syl g change 10 U pusiiion ol vhstacles
along the pully bed: growth of vepelation al the sides of the gullies al
ctervals and: soil loss due o sheel wash will have on the rate ol growth of
the gullics. 101s therclire recommended thl further work should be done i

this area in other (o achieve a more comprehensive model.

iy
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Appendix A
Tayhor's Stability Charl
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Appendix 1B
Arnual Gully Grosth and Chinge in Width



Annual Gully Dimensions (Alinaka 2000)
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