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ABSTRACT

The erosion problem at Efor--Alaaye in Ekiti State, Nigeria, was
I

investigated with avrew to determining the type(s) of gullies and major

factors responsible for accelerated erosion III the area. During the

reconnaissance, 8 major gullies were identified, 4 of this, which were

observed to be most active were selectedfor the study.

The rainfall data of the area over the P8St 10 years was obtained. The

drainage area for each of the guJ Iies was surveyed with a view to

determining the area, length of the gully head to water shed divide and the

slope. Similarly, a total of 12 samples of soils with 3 samples eachfrom the

eroding 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 of-the gullies wasmeasuredlat O.Sm vertically and 2.0m

horizontally at the end-of years 2000, 200 1,2002 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 each of the gullies was predicted.

The results obtained show that Sheet wash, Rill and Gully types or erosion

are plaguing the area with gully erosion being the most severe. It was also

observed that the area experiences large mounts of rainfall with the average
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annual rainfall being as high as 1471 t,m and intensities of 80mm/hr for 30

minutes duration for a return period ~f 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 to be generally sandy and'
I

loose with clay and organic carbon contents varying between 1% and 6 %

and 0.2 % and 0.6 % respectively. The stability of the gully sides show

factors of safety varying between0.53 and 1.67 with the lowest value being

observed at Igbo-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 Kit of 0.559 and 8x I0-5 respectively.
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CHAPTER ONE

INTROD~CTION

1.1 Preamble

Erosion has been defined as the process whereby the surface or the

earth crust or land is attacked, eaten into. sculturicd into gullies, vallies. hills

(111<.1 cli ITs and is completely washed law(\y into the rivers and seas eventually

(Fubara, J 986).

Soi I erosion is a serious ,ecological menace.In Iact, it is capable of

endangering the health or the ecosystem. ThisIS evident Irorn what

Lowdermilk (1939) called the eleventh commandment, which was quotedby

lubara (1986). 1·1esays: -'Thou shall inherit the earth as a faithful steward .

. conserve its resources and productivityIrorn gellerLltion to generation. Thou

shall safeguard thy fields lronr erosion. I I' thou shall rail in thy stewardship

or the land, thy fruitful fields shall be sterile, become stony grounds or

Wasting Gullies. Ancl thy descendants shall decrease and live in poverty or

perish [rom the lace or theearth

Lowdermilk's statement shows thut mans existence is also predicated

on his ability to save theearth Irom the grip or erosion.

1.2 Agents of Erosion

The various factors causing erosion arc primarily connected with:' climate

e,g. rainfall, wind, temperature etc. earth materials e.g. geotechnical

properties ancl landform such as. shape. length and slopeof the catchments

. ,
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. and those associated with human activities (Egboka& Okpoko,

1984 ).llowever wind induced erosion has \")cen observed in the Northern part

of Nigeria (Ologe, 1971 ),while erosion in the Southern part is mainly fluvial

or rain induced.

When rain ralls, each, drop or the rain possesses a kinetic energy that depends

on the size or raindrop, the angle at which it strikes the ground, its terminal

velocity and the intensity of rainfall. Thus when the raindrop strikes the

ground, it loosens or detaches.soil particles from the ground. These particles

are eventually entrained and subsequently transported into rivers and stream

hence starting off the process of erosion.

Run-off Irom rainfall also contributes to the erosion process. Run-olT

may either be concentrated or un-concentrated. While concentrated run-oil is

genera IIy respons ibIe ror the deve lopn1ent0 r gu llies, nun-concentrated run-

011 lead primarily to sheet wash 'Td the direct consequence ot this

phenomenon includes erosion or pave/llents, exposure of foundation bases,
:

etc. Apart Irorn climate and geomorphorlogical factors, man-made or human
,

factors also contribute tremendously to soil erosion. These are factors

generally connected with man's use or the land lor purposes such as

agriculture, mining, and construction, etc. (Ofarnata 1979, Floyd 1965). It

has been observed that nature slowly wears away land surfaces thus inducing
I

erosion. Ilowever human activities such as construction, mining and

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

:z
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amount since they usuully involve eXC<lv<ltion, disturbance or the earth

surface and removal or top soil leading to erosion. lor example, it is

reported that road and home building in Oakland hills above 1.ak c Ternescal

resulted in erosion that ri lied the lakc to such an extent that it had to be

dredged in 1979 at a public cost 01' $750,000. The situation is further

the I\partheid in South Africa which iOlllpellcd about 42%01' the people to
!

live on 131Y() or thc land resulted ill bvererowding leading to serious land

aggravated when such developments arc highly concentrated. For instance.

degradation and excessive erosion. (I-Ittp//www.search.gov.ca 2003)

Some efforts have been made to identify the causes or erosion in the

study area with a view to finding solution. 111 1990, the I3cnill-Owena River

Baxin Authority (BORnl)l\) set up a technical committee to identify erosion

and 1100d prone areas or the former Undo State. Their report shows that the

erosion in the area like most other parts01' southern Nigeria is primarily

fluvial. They also reported that three main types or erosion are prominent in

the area namely Sheet, Rill and Gully.

Both the Federal and State governments including some spirited

individuals have constructed some erosion control works, in form oreoncrete

drain channels. revetments, etc. in the area all or which are aimed at

controlling the gully growth and reduce the effect of surface wash. These

have however proved inadequate as poor planning, improper location or

urban centres and other anthropological factors (Ire further aggi'avating the



situation.

1.3 Objectives of the Stlid)'

The main objectives or this study are to: -

Determine the main types or erosion in the study area.

II Determine the various causes or erosion particularly the gully growth

in the area.

III Measure the annual rate or surface growth and head advancements or

the gully.

1\' Develop simple models lor prediction or surface growth rate and head

advancement lor the area.

1.4 "list i fica tion of Work

l.rosion can be described among the top league or ecological disasters

ravaging the country today. For example. available records show that not

less than 155 persons lost their lives over a period or5 years in erosion

related disasters and properties destroyed during such incidents run into

hillions olNaira nation-wide (Aikhoimu. 19 <)1).

Three reasons may be responsible lor thesefatal and costly incidents:

..
II Poorly constructed control me1asures.

I

Absence or prediction models which would serve to warn the people

Absence or control measures .

III

ahead or time.

The third reason obviously stands out(IS the most important. This
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work is therefore aimed at addressing the issueor the absence or prediction

model.

!, .
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LITERATU {E REVIEW

2.1 Preamble

Mennard (1974) while quoting from Thorp's Geography of the soils in

. China says, "Civilization is running down and that man is gradually but

surely destroying the means by which he can exist; but there are means at
, ,

hand by which this decadence may be indefinitely checked", If we control
I I '; .

population increase, adopt a means of checking soil erosion, and improve our
. ..' \ .

transportation system facilities. it is possible for us to indefinitely postpone

the clay when the world will no longer support a larger humanpopulation".
I·

Thorps statement not only shows the significance of the control or

soi I erosion to the survival or the ecosystem but also the general well being

of man, It is therefore very evident that soil erosion is animportant Iacior in
, '

the assessment of the health or the ecosystem, The truthfulness or the above

assertion is evidenced by the fact that estimates or soil erosion (soil loss) are

usually considered in relation to issues involving the management or Land

<'111<.\ Water as it affects sediment transport and storage in low lands.

reservoirs. estuaries and irrigation and hydropower systems (Osterkamp. et
. ,

:, I

al., 1(91), Erb'sion has been observed to a/Teet the level of pollution or the

air as is usually the case with\,\iil~d' ero'sioll'(Oyebailcle, 1(88) as well as the

stability or Civil- Engineering structures such as Highways (Jegede .&

Oguntuase, 2000) buiidings, dams. tunnels retaining walls etc.



Soil erosion is a very complex natural process but strongly modified

by human activities such as land clearance, agriculture, landscaping,

construction, mining activities and urbanization. Natural erosion process

most often results in normal erosion. This generally poses little ecological

problem since the normal process or wc.uhcring replenishes the amount or

soil due 10 this process or erosion (Holy. I ()XO). However human activities

have been observed to be the strongest lactor responsible lor accelerated

erosion since it is capable or increasing the rate or erosion 200 or even 2000

. limes over increasing the rate or erosion 200 even 2000 limes over leading to

accelerated or abnormal erosion thai is the main source or threat to the

ecosystem.

l-or example, it is reported thai human activities alone have degraded

some IYX) (2000 million ha) ofthe carths land surface between latitudes 72')

Nand si) S, 50(1"0 or this amount being water induced, over 30% being due~ ~

10 wind erosion while the greater pari or the remainder is due to chemical

erosion (Osterkamp, etal., 1991). Thr has not only contributed to the

pollution or the air as is the case with wind erosion (Oyebande,1988) but

has also affected the quality of water, si~ted water courses and has reduced

the stabi Iity or most slopes (Ologe, 1985j.

Soil erosion is however a global problem and it isassuming an

alarming dimension with every passing day. Poster and Lane(1982)

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

7
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17times the rate or lorrnat ion while the rate is about 34 times in Asia,Africa

and South America. Food and Agricul·tural organization (I;.A.O) an agent or

the United Nations Organization (U.N.O) estimates that about 140 million ha

or high quality soil mostly in Africa and Asia will be degradecl by the year

:20 I0 unless better land management policies are adopted. Supporting this

finding Alayande and Barnigboye (1994) observed that the total annual rates

of erosion in continents such as Asia, Europe andAfrica whose areas are

tounes/krn respectively. Inthe same vein, while highlighting the rate of

abnormal erosion on bare soils in some selected countries, Ingold and
I
I
I

Thompson (1990) observed those countries such as United State of America,

China and Nigeria experience as much as 90, 360 and 150 tonnes/Ha/Year

I '

on tile average. This situation no doubt «In be described ~ISworrisome.

There is no pdrt of Nigeria that is. notaffected by accelerated erosion

in one lorm or another with its attendant consequences. It is little wonder,

therefore that it has attracted the attention of several researchers indifferent

parts of the country. Carter (1958), Nwajide (1979), Egboka& Okpoko

( 1984). Ogbukagu (1987), are some of the researchers that have worked

extensively on the erosion problem in Eastern Nigeria. They observed in

their various studies that the geologic formation o lthis area is primarily sand

and because of its friable and loose nature coupled with high intensity

rainfall, the propensity for erosion is high. Mortimore (1965), Ologe (1971)
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'and Mustapha (\977)". examined tI~e forms and causes oferosion in Northern

Nigeria. They opined. that wind erosi n is more prominent in this area

particularly in the areas lying within the Sudan Sahel region. They attributed

this to the high winds prevalent in the area.

ln -their study or erosion problem in parts or South Western Nigeria,

Jejc, (1986), Lal (1987), 130R131)A (\99\), Jcgede and Oguntuase (2000),
\

showed that erosion in th is part or the country is primarily fluvial aided by

high intensity rainfall and steep slopes resulting in highrun-offs. Abam

(1984) reporting on erosion problem ill the Niger Delta area observed thut it

is mostly bank or coastal and is not unconnected with the high density or

rivers in the area.

2.2 Forms of Erosion

. Iioly ( 1980) classi fied erosion int'S three di llcrcnl' forms viz:

Sheet Or Surface Wash: This involves the removal or soil particles Irorn

the surface due to raindrops striking the earth' with certain energy and at

certain angle. The soil so detached is then transported to streams and river by

means or over land /low.

Rills And Gullies: these occur when there is differential soil removal from

the earth surface, resulting in the (ormationor shallow and narrow channels

called ri lis. These channels begin to receive concentrated flows resulting in

Increase in width and' depth and with the passageor time develop into

gullies.

9



Bank 0,- Stream: This is the type or erosion observed at the banks or
I

streams. rivers and oceans. Il involves the eating away or the riverbanks.

With the exception or blink.crosion the study area is plagued by Sheet. Rill

and Clully erosion, (BOR13/)J\. IY90). This observation is confirmed by the

presence or eroded highway pavements. exposedfoundation bases and

gu II ics or di Ifercnt magn itudcs in di Ilcrcnt purls 01" the town.

2.3. Soil Erosion Processes

Wall ct al (200]) observed that soil erosion is initiated and controlled hy the

action or the following factors:

(a) Climate o lthc area

(b) Geology including soil nature

(c) Vegetative cover

(d) Slope gradient and length

(e) l luman etc.

2.3.1. Climate

The two 11l0S~important climatic 1~lctors' that effect erosion are Wind

and Ra in. Win d crqs ion genera IIy in vt yes th~ sc lccti ve rcmova lor certa in

particle sizes 01" soils. particularly Illls from an area due to the effect01"

wind. This occurs mostly in areassusceptible to high winds and where dry

land farming is practiced. Because or the effect wind erosion has on the'

qual ity or air, water ctc most countries are already putting in place legislation

regulating the minimum air quality slanllLlrd permissible .. (Saxton.19~3).

10
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The main components or rainfall that determine itserosivity are :-

intensity, Duration, Total amount and frequency. diameter and velocity or

raindrops. The falling rain generates erosion either through the detaching

effect or raindrops resulting Irorn the kinetic energy possessed by each rain

drop which usually depends on its size and terminal velocity or through the
I

force developed by [he !lowing wa[erl in [he Iorm ofeoneen[:",,[cd ornon .

concentrated runalldepending on the flope, vegetation and soiInature or the

combined action or all(Bolanjo, 19~8). Rainfall in the tropical regron IS

generally or very high intensity and long duration sometime reaching about

JOOmm/hr. This is traceable to the high temperatures in this region. This
l

results in raindrops 01' large sizes 01' up to -l.Omm andlarge volumes 01' run

oil (Lal, 1987).

2.3.2 Geology

130tl1 son (sedimentary) i a'rld hard (Basement Complex) rocks are

subject to degradation through Iluvial erosion. However:soft rocks are

generally more susceptible to degradation than hard rocks. While the extent

and effectiveness 01' degradation 01' son rocks is predicated on the degree 01'

consolidation and lor cementation. soil erosion in areas underlain by rocks 01'

the basement complex including younger and older granites such as the

study area, usually occur along modern and ancient water channels due to

fluvial action orchestrated by slopes resulting in the development 01' gullies.

(Ogbukagu, 1976).

II



2.3.3 Soils

Soil would respond differently to agents or erosion. Olson and

Wischmcier (1963) observed that ifall other things are equal, difference in

l

the magnitude or erosion can vary lip to30 Iold due to difference in soil

properties only. Bryan (1976) showed thatPhvsical and Ilydrologic.

Chemical and Mincralo&y, Biological and Biochemical andprofile

characteristics are the main properties ofsoil that affect its erodibility. Some

01" the physical properties of soil that arc used to measure its erodibility are

Texture, structure, strength (shear and unconfined compressive).

Three texture related indices usedfor this purpose include:-

(i) Dispersion RCltio (Middleton, 1(30)

I).R Silt + Clay ill Undisturbed samplc
Silt -I U(IY in disturbed sample --------------- (2.1 )

(ii) Erosion Ratio (Middleton. 1(30)

L. R Dispersion Ratio
Colloid Content/Moisture Equivalent ---------------(2.2)

(i ii) Clay or Mechanical Ratib (13ouyoucos.1935)

CR = Sand/~ilt + Clay -----------~---(2.3)

Lal (1987) observed that soils with low clay content are easily

dispersed (111<.1 hence are easily eroded. On the other hand. soilsor large

particle sizes require greater lluid Iorcc to detach with the particle size

primary or secondary observed to be more easily eroded beingOi l mm.
,

Wang and Lin (1965) observed that cvin in hilly lands i.e. lands with steep

121

I
I

I
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slopes, the least erodible soils are those that have high aggregate stability
l

properties while those with high dispersion ration have liigh propensity lor

erosion. Wischmeier and Mannering (1969) showed that soils which are

sandy or silty or have restricted clay contents are generally erodible.

Although the erodible materials 111 temperate countries show a

preponderance or silt and clay (fine materials), the converse is the case with

tropical soils.

Strength indices are also commonly used for the measurement or soil

erodibility. Apart from the Iact that they can be easily and rapidly obtained,

strength indices call be easily related to other soil parameters such as dry unit

weight, water content etc that also affect erodibility. Ilanson(J 996) while

advancing reasons for the use or strength index lor measuring a soil's

resistance to erosion opined that since erosion is a Junction or the forces

applied by fluvial action and resistance to this' action is produced by the

bonding forces between soil particles and other materials in the soil matrix

which is an indication or the soil strength, it is reasonable that resistance to

erosion can be characterized by the measurement or soil strength. However

Franti et al (1985), Nearing and West (1988), Elliot (1990), observed that

although soil strength indices are functionally appealing for measuring soil
I

erodibility, success is limited where flow is highly concentrated. This view

was corroborated by Parker et al(1995) V\1hoargued that desirable though the

use or strength parameters are Cor the ass~ssll1ent of erodibility because of its

13



manv advantugcs its success in assessillg erodibility is limited particularly in

concentrated flows. Singer et lli (I <)7S) observed a correlation between soil
L-

erosion and actual shear stress and opined that the critical shear stress Illay

he used to predict soil erodibility. Ilighlighting the relationship between

shear strength and erosion. l.al (I <)75) observed that soils with strength

. r<IIH!.ing between 0 - 2kg/C1ll2 <Ire hiuh!v erodible. at 2.3I\g/CI112 arc 1~lirly
~..... L- ~~, '- _

erodible while those greater than SJ.Okg/cIl12 are less erodible. I Iowcvcr shear

strength obtained both insitu using cone I'cnctromctrc. Pocket l'cnctromctrc

ctc and that obtained lrom Laboratory test using triaxial compression test or

unconfined compression test have been used lor assessing soil erodibility.

Ayers aud l'crpal. (I SJR2). Apart Irorn the physica] properties or soil, its

chemical properties me also used to <lssess its susceptibility to erosion.

Although there arc several chemical properties that arc relevant in the

I
assessment or soil erodibility. 1l1lll1)' refemchcrs have agreed that organic

I

matter content {\Il(.1the amount (\ll(.!lllltur~ or clay' mineral in the soil arc most

signifiulIll. Sillce the' dcgree ()r hilldillg p()ssessed hy llny s()il is generally a

tuncrion or its organic content. c luy alld xcsquix iodc content. the more lirlllly

bound <I sample soil is. the higher it~ rcsixtuncc to erosion because or its

improved st<.lhility. l.sio!n (I ()(,(l). (;!t;lt()1 and Malcwar (I ()7X) all reported

Iavourahlc influence un the pcrmcahility. hulk density. structural s«lhility

and hence soil erodibility with increased org(lilic carbon content. l.uk (I SJ7SJ)

sllO\\ed that there is a relationship between the organic carbon content and



the percentage or water stable <Iggregates (WS/\) present in a soil mass. lie

described this relationship hv means or <Inon linear second degree

polynomial equation

W.S./\
\

24.XJ -I J .~nc- 0.254('2 -.:-----------(2.4 )

Where C = Percentage or organic Carbon Content

.l lowcvcr desirable though organic matter is to improving soils resistance to

erosion. Krammes and Osborn (1969) and Mecwig ( 1971 ) observed that high

organic muucr content Ilwy increase the erodibility or water repellent soils

because 01" mutual electrostatic repulsion developed between aggregates.

Apart Irom the organic carbon content Grissinger 1965 noted that the clay

tvpc and amount present in a soil alsoalfcct soil erodibility.

The responses or soil to water movement within the soil mass and its

behaviour as a soil water solution are important factors that also a/Teet th~

crorlibil ity or the soil. Bonctt ct al ( 19RI), acknowledged that the antecedent

moisture content plays a very significant role in the determination or the

infiluat ion or soil and hence its permeability. While soils with very low

pcrmcuhilitv experience gre;lter runoff ,Ind hence arc more pronc to rill and

gully erosions, very high infiltration results in slumping. Similarly soil

consistency. which is gellerally ,I measure or the rcxist.mcc to deformation.

also allccts the process governing erosion. Twoconsixrcncy limits have been

identified to affect erosion. These arc cohesion and plastic. While cohesion

limit has been round to have significun: e/Tel!

I
I

on ,I soil's susceptibility to

15
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wind erosion. plastic lirnit or a soil can !'ndicalc the vulncrahility of a soil to

tunnel erosion. It has been observed tllat highly plastic soils such as high

activity clay crack when they shrunk thu~ creating crevices1'01' water passage

rcsultingjn tunnel erosion. (Yair. ct al ..19KO.)

2.3.4 Soil Profile

Olson (1949). showed that theprofile or ,I soil within a watershed «Ill

LIlTect its susceptibility to erosion ill two wavx:

i.) When a layer of highly cohesive soil underlies a layer or cohcsionlcss

soil. the top laver or cohesionless soil stands the risk of accelerated

erosion.

ii.) When ,I soil with a very shallow hnrizon is underlain by a bedrock.

2.4 Vcgctarive Cover

Wall (2()()3) observed tilLlt soil erosion potential is increased ilthc soil has no

or very little vegetative cover or plants and crop' residues. lie showed tlwt

planr and residue cover protects the soil [rom raindrops impact and splash. It

.rlso slows clown the movement orsurface run-oil and allows excess surface

water to infiltrate. Similarly the growth of vegetation along gullies also

I

reduce the rateofgrowth as they help toreinforce the sides ofgullies, reduce

the velocity or Ihm and hence reduce its energy.

2.5 Slope Gradicnt and Lcngt h

The slope or catchments IS another factor that UIIl have very

xignifican: c lfcct on the illtl'nsit\ or erosion. Three main slope components



hll\e been I'ollllli to ~lIlect erosion intcns itv. These arc Gradient. I .cngth and

Shape 01' the catchments. 7.ingg (19'+0) sIH)\\ed that these components 01'

slope a lfcct the velocity and t~lllgellti<tI stress developed by the run oil. Ducly

.md Ilays (I <)3:2) reported that run-oil under a :2SIllIll/hr. rainfall increased

lrorn ()<)Iy<)or rainfall at a 5% slope to X()% o l rainfall <It ,I slope or 20% on a

si It) cia)' loam. S im: lar!v. Pocscn ( 19R.+) reported a 15% greater run-oil Oil a

[ll;l[ increase ill slope steepness increased [hc overall erosion rates. l.itl[Ulilii

~:[ <II (It)74) observed thut tiS the xlopc incrcuscd Irorn 201
/;) to 3\)lj;), intcrill

erosion or <Isilt)' 10al11soil slightly more than doubled. Singer and Hlackurd

( I tJX2) ;lcknO\\lcdgc th,,[ there is <I rclatiuuxhip between slope and soil

properties ,IS they affect the erosion potent i;" or' till) watershed.

2.0 l lumuu Factor

,

Although nature xlow!v wears ;,\\tI\'Ia,ld lcadinu to erosion. human~ 'I - . ~

activities such tiS ;w.riculturc, c()n:.;[rultioll .nid mininz have been observed to
~ i ~

I

.rccclcr.uc the rate rcsulting in abnormal erosion. Research hasxhown that

construcl ion increases the rate o l erosion 200 or even 2{)OO times that

amount. Such anthropogenic actions, which involve the removal 01'

l

vcgct.uion. or other object. tlwt hold soil ill place tend to expose it to the

action or wind or water thus incrcaxing its chances or eroding. lor example

it is reported that ill [he pr~-tlpilrthed policies in South Africa land holding

polices which ensured that <-j.:2%or' [he people lived on 13% or the land,
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resulted in overcrowding leading to the land degradation due to intensive

agriculture and overgrazing culminating in severe erosion of the area

(Coil ins, 2(04). Corroborating this fact. Sidorchuk (1998) observed that the

rate of gully growth induced by anthropogenic action in western Siberia is(IS

much as 20-200m/year. The high density nature of the development will no

doubt contribute to the high rate of gully erosion in the area.

2.7 Gully Erosion

Gullies or ravines arc rills Ie rge enough to restrict vehicular

movement They are channels that deve op due to improper management or
I

concentrated high velocity run-off 11'01l~ built-up areas, roads. construction

sites and footpaths. c.t.c. Thisrun-off remove vast amount or soil from open

areas resulting in one or more or theIof lowing: Loss or large volume ofsoil,

severe limitation of land use, olTsite deposition or soil causing water quality

decline in streams and rivers. sedimentation of darns and rivers, disruption or

',' !

normal larm process and destruction or highwa)/s and create instability lor

buildings (Hughes, et al.. 200 I).

Gully erosion is a very serious problem worldwide and as a result has

become a parameter in the assessmentor the magnitude of erosion in any

nation. Sidorchark (! 995) reported that the volumeor the gullies on the

Russian plain is about 4% or the volume or erosion Since 1700 A.D,

;

Wassson et al ( 1996) observed that about 40% or the total volume or erosion

in Western Europe is attributed to gullies. The situation is notdifferent in

IH
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A Irica in general and Nigeria in particu lar. Prest et al(1973) noted that the

problem or gully erosion is very serious in China and the alluvian soils or

Indian and south and eastern Nigeria. Serious though this situation is, Stott

ct al (200 I) observed that there are not as many modelsIor the prediction or

gully growth when compared to those availableIor the prediction of rill and

. sheet erosion.

2.7.1 Factors Affecting Gully Growth

Young and Wersma (1973) observed that the depth orIlow in

channels is about 50 times thator overland and the velocity of now is about

10 times greater hence the shear stressexerted by such concentrated 1101,..".

causes greater soil detachment. These properties or running water in gullies

have the capacity to lead to both lateral growth - a situation which results

/1-0111 the scouring en~ct or run - olT water concentrated in the rills which is
I

observed mostly in gently undulating landscapes and head ward growth

(head advancement) which involves tIC gully extending upstream. l lead

I

advancement often results lrom watcl'l~dl undercutting and gravitational

slumping or the gully head. The rateor head ward growth is raster in steeper

landscapes (Milton, 1(71). Corroborating (his, Ashis, cr al (2000) opined

that the initial shape is an important parameter lor theformation and

development of gully head cut. l Iead cut convex in up-stream side1:-; a

necessary condition to develop gully while head cut concave in up-stream

side is disadvantageous to gully development process. Iligher convexity

'. '

19
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especially around the gully head makes the gully development process faster.

Three 1~lc(ors that have beenobserved-to influence channel development arc:

i.) 1:10\\ Properties i.c. run-oil

ii) Topographv and Soil l'ropcn ic., ,111<.1

i i i.) ( iully l'ropcrt ics

i.cttanzi ct "I ( 1973) observed that topography factors influence run -

o ll depth ,111<.1velocity ,111(1that [he ,11lI00lilL lkpth and velocity 01" run oil

diller I"or different slope length. sleepn¢ss. shape und aspect. Cohesive soils

. I

have been observed lo require more end'g), [0 detach than non-cohesive sui Is

(Huhell/l'i" <llld JUlies. 1071). Most researchers aurcc [Iw[ the most commonly~ .

detached and 1110\cd matcriul is line to medium sand with the sill' fraction

rallging bet ween O.O()111111and lUnun, (1\1I i 11011.I tJ71 ). I·or example Tcrwindt

et ,II ( I tJMq, puts [he xi:«: ,I[ 0.1 ())11l11lalld 021 Unun. I)C-l'loe)' ( I tJ72), puts

it (IS O.lnHIl while I'arlller (I f)7J). puts [he r,lllge a[ between 0.24111111,tlld

1.04ml11. Hryan (1976) observed that soils with massive structure i.c soils

with higher cia)' content are usually more stable and hence less erodible than

coarse and friable soils.

Apart 1"0111the CUlling effect or running water which usually lead to

. the detachment 01" soil particles and hence the gr'ldual gnmlh or gullies.

Cacscr et (II ( I 08J) and Morucstcrn and Price ( 1W)S) noted [hat there me two

other factors associated with [he gully properties [h,llcolltribu[e lo the

ubnormal or accelerated growth ofgulf ics. These (Ire:

i.) Changes in the ch<lljllcl gCOIlletry'such ,IS bends, drops and

"

2()



dimensions. These tend to encourage l'ddil's and turbulent Ilow which

increases the scouring po wcr or the /lowing water.

ii.) The lleight o lgully sides.

Bishop and Mongcsicrn (1960) showed that the critical height (I-Ie) or

a slope within which gully sides Illay bexlahlc depend on undrained shear

strength or the soil, the unit wcizht or the suil and the distance Iron: the bnxc. ~ ~.

or gully to ,I bedrock. lie noted th.u ,IS soon ,IS the critical hciuht '11t ' is, ~

exceeded, the slopes or the gully sides become unstable thus reducing the

factor or safety. This increases the risk01' slope Iailurc as the excess soil

stands the risk or breaking olf and crushing into the 110m or the gully. This

situation is usually further worsened by the1~1c( that the shear strength or

soils is generally reduced by seepage thus reducing the critical height and

increasing the excess height. It therefore means that soils with low shear

strength will have higher propensity to grl)\\.

Generally, the stahility or slopes SL1Ch ,IS those encountered ill gullies
I,

depend on the height ami gradient or tile slope tlllt! tile shear strength or the

soils. There arc several methods or calculating the factors or safety0"

slopes, (Whit llow, 1996); l lowcvcr the Taylor's stability number method

was used ill th is work.

2.8 Prediction Of Erosion Potential

The magnitude or erosion expected In any water shed is usually

measured bv the amount ur suil loxx per annum. Although directfield

21
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measurement may be used to determine this, time constraint. cost, and the

problem or adaptability have minimized the use or this approach.

every situation.

Mathematical models have therefore »ccn developed that can be applied to

Attempts at evo ving mathematical models Ior the

prediction or erosion potential began ,in the earlyI 93(),s with Baver (1933)
I

proposing an empirical equation I()!" this purpose.

KIJ
Ai>

~-------------------(2.6 )

Where I·: Soi I croxion

K Constant 0 I' proport ionul ity

I)

,

l.usc or dispersion

A Absorption or Soil permeability

Si7.e Particle

In 1947. Musgrave proposed ,I parametric equation thar.cornpriscd

most or the factors ,dTecting sui I erosion.

A = 0.00527 K.CS 135 L (J," "W 17" --------------(2.6 )

Where A = Sui I erosion (mm/yc.u)

K Inherent soil erodibility at ] ()'/';)slope on a slope22m long

in mill/year

Vcgctulion cover factor

S Slope percellt;lge

L Slope Icngth

.)!
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130 -Max imum 30111in. rainfall with 2 year frequency.

l lowcvcr. because Musgrave's equation is only applicable to long

term uvcruac soil lossfor broad mea, further research had to be done and this
~ l

led to the development olthc universal soil loss equation (USLE) which was

later revised and known as the Revised Universal Soil Loss Equation

(RLJSLE) by the Agricultural Research Service or the United States or

America. This equation takes into account the total rainfall energy lor a

specific catchmenis arearather than rainfullamount.

A RI(I,SCP -------------------(2.7)

Where A Amount or s~)iI loss per year

Lrosivity or Rainlul I

K
,

Soil erodibility

L Slope length

S Slope grad icnt

C Cropping Iactor

Conservation practice

While some of the clements or the RlJSIJ·: m;I.)I be determined

mathematically using standard equation in each case, others have been

comprehensively researched ami tables and charts have been prepared Ior

use. One such factor that Illay have to be dclel·;ilinJ~1 mathematically is the

rainfall erosivity R. This is gcncrully determined Irorn the equation
i

R = i~lj() -----------------.-( 2J{)

21



Where E Total rainlal] energy (,I)

1 30 Intensity ofruinfal] at 30ll1ins interval rnrn/hr

Wischrncrcr & Smith (10X7) gave rainlull energy 1'01' the tropics as

I,: :=c 12.1 I X:0 log I -------------------(2.0)

l.al (10X7) showed that raiulu ll L'ncrg:-' lor south western Nigeria IS

obtained (lS:-

I·: --------------,,----(2.1 O)

Where R" ::-:tota] annual rain rail(mm)

E J 8.08 130 + 18.2 ----------------------------(2. I I )

However Kinne] et al (1994) showed that in Nigeria, [I 7.5 is more

appropriate because or the lrcqucnt ra n lal ls or high intensities within very

short time interval. Because or the di1rriculties sometimes encountered in

obtaining all the rainfall parameters 1'01' thc determination or the kinetic

energy or rainfall, some researchers have developed mathematical equations

I

that relate kinetic energy with rainfall amount

2.8.1 Models for Predicting Gully Growth and Head Advancement

Although there is a stron&? desire amona researchers to develop models
<... '- '-

that can be used to predict the growthofgullies as accurately as possible this

Il(]S not met with rcmarkublc success because or some unpredictable

situations that arise Irom time to time during measurement. These includc:-

CI) The growth or weeds along the gully between periods or

measurements and
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b) lhc presence ol and change in the posiCion of obstructionsalong the

gully bed and constant change ill the depth or gully.

Two or the models that are in use and may bemodified to suit any

study area are: Gulterm model developedby Stolt et "I (200 I) which is

prcfcrubly used to predict gully growth at its initial stage and that developed
I

hy Beer and Johnson (196]). For gull)j head cut or head advancement. the

Gultcrm '5 Model:

t!()s I ~.0C = C" q" + M" W'-I I jl) C\
dX d t

------------(2.12)

(1- E) d z = C, - M t

d t

------------(2.13 )

Where X = longitudinal coordinate (Ill)

I...::. time in seconds

C = mean volumeuic sediment concentrution

;\ = Ilow cross section area (m2)

C" = sedirnentconcentrntion or lateral input

Q" = specific lateral discharge

M,,= upward sediment flux (rn/s)

Mb = sediment llux from the channel banks (rn/s)

/ = gully bed elevation (Ill)

W = flow width (Ill)

Vf= soils aggreg,lte lall capucilv in the turbulent flow (m/s)

i

'.
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I: = porosity or the gully bed

The first term on the lcll or equation (2.12) defines the sediment budget in

the channel. the second term in the sediment storageill the Ilow. The right~ ~
I

part or the equation defines the scdime lt Ilux: the first term is lateral Ilux.

the second is upward flux. the third is rdiment

I
fourth is downward /lux. I

I

/lux lrorn the bank and the

2.9 Erosion Control: -

The primary objective or <In)' erosion control system is to limit the soil
I

loss to an acceptable level. The various methods or erosion control may be

classi Iicd into three main categories depcnding on the location where it is

applied (i.c. Urban. Cultivated or Pasture) as Agronomic, Soil Management

and Mechanical. The choice and design or erosion control measures is

generally governed by the desire to harmon izc the control measure adopted

with the requirements placed by agricultural production, industrial

.nanagemcn}, water management, transporrariori, industrial development.

lund ami the requirements or other areas or the nations economy. It is to be

noted that badly planned erosion control measures can have very damaging

In the selection or a suitable erosion control method, its primary

objective should be considered i.c. whether it is to protect the bare soil, slow

down the rampaging velocity or runoflor diversion or water course as is

usually the C<ISCpractice illurban sites. Ingold and Thompson ('.990)
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observed tluu the method IS beginning to g~lIn

popularity because or the present development in the useor synthetic

materials and improved chemical binders which are very suitable for use as

l

root rc in lorcing nwts, synthetic mulches. org~lIlie mulches etc. They

observed that this process increases the shcur strength o lthc soil and reduces

erodibility. This view is corroborated by Collottu ct al(1990.: and Kullio«
I •

(1992) who also observed in (heir work that the engineered agronomic

method of erosion control can be vcryeffective when used on high cut slopes

and soils of the types or marls. However 11.11' reasons of convenience and

aesthetic. the integrated cngjnccriugupprouch (mechanical) which involves

primarily the use of civil engineering works such as Bench Terraces, water

spreaders, check dams, retaining walls. drain channels, revetment arc most

o llcn used purticularly in the case or gully erosion. Okagbuc(19R6)

however noted that the successor any method or erosion control adopted

depends on the local/geologic setting, geotechnical properties or the soil and

1
their response to varying hydrological conditions. intensity oj" precipitation

and run olT in the localitv .md thc rate or erosion.

27

'i'I\



CHAPTER 1'1-1REE

MATERIALS AND METHODS

The parameters required lor the research work were obtainedfrom

relevant government agencies,fieldwork ~1I1dlaboratory experiments.

J.I Data Collection

Ap,JrL Irom the rainfall datn th,l! \\LTe obtained lrom Lkiti State

Ministry or Agriculture, other data that were collected Irom both tilefield

and laboratory include thefollowing:

(i) Location, dimensions. annual cil,lIlge in dimension, and side slope

ofthe gullies,

(ii) Drainage area and slope olcach ofgully.

(i i i ) S()i I properties 0 I' crod ing; 1(1)'Lro!"each gully.

3.2 Location 01" study a rea and gu lies

\,:ron-Alaaye the study area LillI' within latitudes i' 30' and i' 46' N
I

and longitudes 4(J sS' and 5° 0' L olIhc equator. (Figs 3.1 & 3.2)

About ('O(XI ofthe total land area is low land surrounded by high lands whose

height range Irom about 2250 to 22XOm above mean sea level.

The study involved idcnuficutiun or the main types or erosion and gully

sites. collection or rainlull data and soil sampleslrorn eroding layers or the

gully sites lor laboratory analysis. Socialfactors enhancing the generation or

erosion and existing control measures were also reviewed.
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3.2.lb Ibctc

Although having a total length or I ()51ll,ollly about 36m is exposed to

erosion \\ ith the ITIl1(1111lng heing overgrown h\ weedsbefore joining the

upstream end

01' River On i. The width or the gully varies lrorn O.61ll to 2.5m ~lt the base

~1I1dbetween 3.1111 :tt its head to a maximum or 8.0m at the top. [Is depth

varies 1'1'01112.0111to(I maximum 01' 3.5111.

3.2.1 C Igbo-EglIll

with only about 34111 or thisThis gully has (1total length or about

length experiencing uhnormal growth Its width varies Irom 1.8111 to about

Jill at the .bnsc and between 7.5111(It the head to (\ maximum or 10.5 mid-

length. Its depth vurv Irorn 8.0111 to a little over 10.5m within the area

experiencing zrowth.
'- '-

The remainder or the gully is located ill thicket with no human activity

around the area. This l1<1sresulted in the gully side being overgrown with

vczctation thus slowinz down its 1'(1tCor growth.
'- L L

3.2.ld Isaja

I

Although there arc two gullies located within this area i.e. lsaja 1&2.

'Is<lja 2 is chosen lor the research since Isaj'll<lIthough larger in all respects.

has become completely vegetated possihly because or thecomplete absence

01' human activity mound the gully (llld I1<.1Sstopped growing. Isaja 2

measures 60m in length. its bnsc widthvarying between O.3m and 1.5111
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while its top width varies between 1.5 and 3.2m. lts depth varies between

O.91ll ~\I1d2.8m (See Fig. 3.3 and PlatesI & 2).

JJ
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Igbo-Egun

Isaja

Plate 2: Photograph of gullies
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3.2.2 Determination of Area of Surface Growth and Head Advancement

of Gullies

In order to determine the magnitude or growth and head advancement

per year the dimensions or length, breadth and depth or eachor the gullies

were taken at O.5m intervals vertically downward (in the directionor depth)

except Ior upper lgbo-l.gun. which W,IS taken at 1.0 interval. and at2.0m

intervals !loril.ont"lI) ,tiong the length of the gully. These measurements

were taken at the end2pOO, 200I and 2002 rainy seasons respectively. The
.!

change in with over the entire depth was then used as ordinates Ior

calculating the total areaIor each year (Appendix 13). Similarly the distance

over which the head or the gully advanced each vcarwas measured O\'Cr

xucccsxivc vcurs.

3.2.3 Delerill ina Iion of C" Ieh mcnts "..1pertics (L'III d fo rill)

In order (0 d ctcrrn inc (he d ruinage a,J. above (he gully head. (he s lope
!
,

or the approach channel, the distancelrorn the gully head to the watershed

divide, the d'rainage area or eachor tile gullies was surveyed using a global

positioning system (C!I'S) equipment. 'FIle<1<1[(1 obtained arc presented as

contour maps in the Iorm ofdigital elevation 1ll0dcls(IJ.I~.M.)

3.2A Experimental Procedure (Dctcruunatiou of Soil Properties)

,
A total or 12 samples or soil with 3Irorn each or the eroding layer or

the gullies were obtainedboth ill the disturbed and undisturbed slates.

The laboratory experiments carried outOil the samples include:

37
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I. Natural moisture content

ii. Particle size analysis (Sieve& Hydrometer)

III. Consistency I imits

IV. Permeability

\'. Triaxial Compression

VI. Organic content

i\ II the laboratory test were conducted according to B.S.1377 (1987),

Method of Testing Soil 1'01' Engineering ,)urposes.

J.J Data Analysis

The various data gathered were analyscd and in some cases, equations

\\'l~I'Cused.

3.3.1 Determination of Area of Growth

With the average change inwidth measured at0.5111 intervals vertically

ulong the direction or the depth as ordinate, the total area of growth was

calcul.ucd lIsing the trapczoidul rule:

hIO.5(YI 4-YII) + (Y2 -I- Y3 -I- ". yll-I)J------------- (3.1)

v

Area or strip (m2)

Distance between successive ordinates (2m)

I-leight of ordinateun) i.e. average change in width at

0.5111 interval measured vertically downward.

Whcre/\

h
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3.3.2 Determination of Stability Characteristics

To assess the stability olthe slopesor the sides or the gullies and its·

possible contribution to their growth. the height in excess (lIe) or the critical

height (lie) and the factor o lsafety or each ofthe gullies were determined

using Taylor's stability number method. In order to achieve this. the depth

or the gullies and the slope or their sides weremeasured.

CuNs

'tf
11:1\ -Ill'

--------------( 3.2)

where II~ critical height (Ill)

('II Cohesion or soiI (k N/1112)

11;1\ average ht or gully(m)

N Stclbility factor taken <IS 5.2 since depth or bedrock
is unknown but rcaxonablc.

r Ie height in excess or Ill' (111)

Usinz Tavlorx stuhilit , number method the avcrauc factorofsafetv 1'01'eachc....... 0/... "--.I

ofthe gullies was determined asfollows.

F

Where eu

Cu

Nllr
i\ pparcni cohesion (KN/n/)

----------(3.3 )

N Stability number rcla cd to side slope (angle ofshearing

I
resistance. details in dppendix i\)

I
Unit weigh! or soil (I(N/m;)



II Vertical height or slope (Ill)

3.3.3 Surface Growth

Using Beer & Johnson's modelor growth as a basis, the coefficient of

surface growth I'm the study area may be obtained as follows.

G.\ = KR o.ovsz I. 07l)5·~
,"c-

L -02·173 -()OOI4p
IV e ------------(3.4)

Where G.t\ -- Total Surface Growth (1112)

1(;1 Coefficient of till 11uu I surface growth which generally

depends on localcorviitions.

Length ofGully (111)

= Distance lrom Gully head to water shed divide(m)

c Base or natural log

p Deviation of precipitation from normal which may

be taken as A vcragc Precipitation in 'Ill' (Chow 1964).

3.3.4 Head Advancement

l Jsillg Thompson's model or head advancement as a basis. the

coclficicn: 01' annual head advancement I'm their study area is developed as

Where

----------------(3.5)

Gully head advancement per year (rn)

Coefficient of head advancement which depends

on local condition.

A = Area or catchments above gully head advancement(rn")

•
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Slope or approllch channels in degrees

SUIll oltotal n infall equal to or exceeding 12.71l11ll
I ~

lor the period JlIldcr consideration. (Ill)
!

Cl. Clay content or eroding profile in (io



CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Rainfall

The rainfall record in the area over the past 10 years (1993 to 2002)

SllO\\S an annual value r<lnging from <)70. I IIIIII to 1743.RIllIll with the

minimum occurring in 1<)<)4and the max imum occurring in 1l)<)() (Table

4.1). The actual valuesofrainfall lor years 2001 and 2002, that were used lor

the study work are IIX3.lmlll and 147<).(1I111ll respectively. Therainfall

intensity obtained from the duration-frequency curve shows intensities or

2401ll1ll/hr and 80mm/hr Ior 7,S min. and 30 min. duration respectively

The me,1I1 annual rainfall or I' XLl nun I'm the past ten years and

considering a return pcrio.] or 2 years ( :ig. 4.1 )

intcnxit , of 2701l11ll/hr arc considered. Rainrall or this magnitude and
I

intensitv possess very large drop diameter (up to 4n1111), high drop density

(i.c. numbcr/m vx) and high drop terminal velocity. Generally, rainfall

I .,
possessing these characteristics are veryerosive SInce they are known to

have very high kinetic energy and hence dislodgement and entrainment

capacity of soil particles. They also have very high shearing stresses and thus,
. "

arc capable olcrcutiug rills and gullies speedily.

It is little wonder therefore. that the study "IITa experiences the three main

types or gullies cClu!sed byrainfall possessing these properties i.e.surface

wash, which is evidtllced by Iailcd highwuv» and exposed foundation bases,
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rills criss-crossing almost every open space and gullies that arcgrowing

cvcrv day. Also noticed was the regular siltation or culverts and

watercourses in the study area. which evidently is the result or settling and

the transporting or dislodged soil particles into them ..

-lJ



Table -U Summary of Rainfall Data

Year
Total Rainfall (rnm)

Average annual
rainfall (P)mm

c,,'''''' of total rainfall...JU1l1 VL c UliCl

1993
1258

1994
970.1

1995 1996 1997
1441 .3 1743. 8 1420.4

1998 1999 2000
1378.6 1427.4 1183.1

2001
1384.3

1356.22

2002
l'r8 ~-) .)

1340.45

1017
1190.5

1001
1082.3Rainfall index (R)

"(Ekiri Stare Environmental Protection Agencys EcologicalReport on Efon Alaave. 2002)

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

study period covers 2001 and 2002



4.2 Glllly And Catchments Properties

The total lengths or the gullies varv Irorn a minimum or 601ll lor lsaja

to a maximum or 350m lor Igho l.gun. The maximum top widths or the

gullies vary li'OI11a minimum or 6.0111 I().I"IS~lja to ,Imaximum or Ia.slll at

Igbo-Lgun upper.

Silllil~lrly the maximum depth or I ())m \\~IS observed ,It upperl gbo-l.gun

with the depth ofother gullies ranging between 1.5111and 5.0111. The drainage

areas or the gullies varvfrom a minimum or 7.) ha ror lbcte to a maximum'-- .

Also the distance Irorn w,ltcrshe
j
l divide to gully head vary Irom 75m

lor lgbo-Egun upper to ,I I11ClXIIllLlIllor 150111 lor lsaja. The gullies are

located within the densely built lip area or the town ,111<..1asa result most or

the precipitation end up as runoff" into the gullies.Noteworthy is the lac: that

the tOWIl is not only surrounded by Iligh landx but the area draining into the

gullies arc relatively steep varying Irom a minimum ofSU)(Yc)lor /vlanaka to a

maximum 01" 17.1% 1'01'lgbo-cgun. (Table 4.2 & Fig 4.2 to 4.5). '(his

situation no doubt may not only reduce the permeability potential or the soil

but also increase the velocity or the runoff and hence increase. its shearing

stress. It is also pertinent to note that the gullies are or considerable depth

with the height in excess ofthe critical height varying Irorn a value 01'0.24111

Ior Ibcic (0 a max irnurn of" 5. 75m ()I" Igbo Lgun and the side slopes vary

rrOI11a minimum or SSe lor lsaja to ~UO Ior lgbo-egun. (Fig, 4.6 & 4,9),
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Till' likely consequence or these is that the gullies arc relatively

uuslahlc. This is confirmed hv the 1\)\\ lactor or salctv observed I'm the

gullies \\itil 11I~I.\illI1lIll heillg 1,()7 lor Ihete .md tile minimum o l 0,5] heing

recorded ~It Ighu-egull (T~lhlc 4,1),

-17
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1 Year

Table 4.2: Summary of Landform and Sta b il itv Char-acteristics of Gullies

200012001
I...._._-_. __.,.,._.,.__._--_.._..--,,--- _._-_._-_.,----------.-- -----!

Gully

Length (111)

ength from gully head to water

shed divide (rn)

Length or Head Advancement

Width of catchments (rn)

Area of catchments (m2)

Slope of catchments 0/0

, 11 11Area at Q:U v zrowth (rn~ -' ~

200112002
•.._.__.-.._----_ .....__ ..

Alanaka lbete lgbo-Egun

151..+ 36.0 3.+

'+62.5 226.7 1150

lsaja I gbo- Esun Isa] uAlanaka Ibete

36.3860 60.0 60.0150.52

226.7 ·+'5.+.2 2'+9.h9316.5 .+62

().52 0.28

.+00 283.3

186.200 75556. I

9.6 13.6

0.61 0.32 0.21 0.'+5

.+00 283 .+50

186.199.25 75555.72 31.+.977.865

9 13.6 17.1

8.27605 2.2305 6.7'+7

U.22 0.:26

450 267 :267

832.105.25

3.190'+5

315000 83:2.105.5

17.2 15 "'\

10.&]'+2---2~Z6.~- 5.-+88 3.67825

Gully lgbo-Egun

Critical height He (m)

H\\

H~

Av F.S

. Alanaka Ibete lsaja

2.'+8

2.86

0.38

3.51 2.75 l..+.+

3.26 8.50 2.7

l.23"'\ -
-.J) 5.75

0.53 1.311.22 l.67

'4.

...J.8
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4.2.1 Soil Properties

The soils 01 tile study area sllml, very high s,lIld contcnt with the

pcrccnlage 0 r sand vary ing Irom a111in i ,j'1l111 0 r 64 aI 1bctc loa muxill1111l1 0
1

I
I
I
I

78 at Igho-egun. II could also he observed that a very large quantity01" the

sample rail within O.OGIllI11- I.Oml11 range01" particle size considered being

Illust erodible. The results also show that the soils have very low clay and
\

orgallic carbon content with maximum clay content of 6.4% being recorded~ ~

at lbctc and the minimum value or 2.9% at Igbo-cgun. On the other hand, all

the soils showed a relatively uniform value oloruanic carbon content. railing- ~ ~

within 0.3% Crable 4.3, see Appendix C:).

The low values or clay and organic carbon content or the soils in the

mea may have contributed to high erodibility or the soils in the area as the

near absence or these two properties result in the soils lacking cohesion and

hence are loose making then easy to dislodge and entrain. This assertion is

,

further conrii-mecl by the low value or the cohesionor the soils with the

minimum value or 6KN/m7. lor lsaja and a maximumor 12KN/m
2

for lbctc.

(Appendix C). Worthy or note too, is the low plasticity index of the soil as

revealed by the results or the consistency limits Crable 4.3 and AppendixC).

/\1101' these con I'ir III the low clay content or tile soils. Although this has the

potential to increase tile permeability coefficient or the soils and hence

increase its inl"iltration capacity. the steep slopes. coupled with near absence

or these cohesive properlies have made the soils more erodible.
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4.3 Stability Charaderistics or Gullies

/\11 the gullies showed relatively low values or stability with the

average stability factor ranging from a minimum 01'0.53 Ior Igbo-Egun to a

maximum or 1.67 for Ib~te. The very low stability factor 'F'or lgbo-Egun

gully makes it the most unstable gully. This is evidenced by its higher excess

height. It is little wonder and relatively high rate or growth.

4.4 Development or Model for Gully Growth

The average values or the coefficient or growth K obtained lor mostor

the guilies ranged between OA and 0.7 except Igbo:..J-:gun, which gave a value

as high as 2.5. This is to be expected because or the considerable depth ofthe

gully and its steep slope resulting ill run-off or high velocity into the gully.

This value not withstanding, it may still be relatively safe to adopt an

average 1<." value or 0.5592. The nmdc\ I'm the area based on equation \ 8

becomes:

-----------------(4.1 )

I lowcvcr in the case o lIhc model I<Jrthe head advancement, the study

'/

showed that apart lrom gully 4 (lsaja) whose averageK, value was at

variance with the rest, all others lell within reasonable limits that would

permit the use or an average value.

(ill = R.OO x 10-5 A Ol)') So,'' R07" CL -------------------------------( 4.2)
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arrest the abnormal growth of' the Gullies particularly the ones at Alanaka

and Igbo-Lgun. the cost o lsuch civil engineering works is such that it would

he too much f()r the state governillent aloneto bear.

In order to minimize the nile or growth WH.I its attendant damage, the

i

sides 01" the gullies should he vegetated a1 (1 temporary measure until funds

an' uvsulublc Ioructuul anil }asliJ1~ controt Leasure.'> .
I

Similarly deep reinforced concrete groundbeams with boulders placed

to a distance olabout S meters beyond theheads or each or the gullies would

serve to check current problem or head advancement.

4.6Models Application

Using Alank a and lsaja as case studies lor surface growth and Ibete and

Igbo-Egun Ior head advancement the validity or the two are verified below:

(a) Surface Growth

O.5592ROOl)X2 I,,, O.7'iX 1 1,\\ 02·173 e-l)(lIl.lp
e-

-------------~---( 4.1 )

(i) !\ lanak a

Data

\(=0.559

1\=1.1905

L, = 150

L\\,::.:469.5

P=\.J562



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

(' () 559 1 190co.O'JS2 150o.79<J4 462-0.2473. -00014 I ') c62 7623 2J:\ = ._ x. _J X X X e . x ..) _J =. 111

(ii) Isaja

K/\ :=0.559

L\\' = 315.2R

\>=1.3405

(' =- () cco ,f-() 2,)07<Jl)'1 31 c'-02.173 .,-onOI-1 1 34()5 = 473 2
J /\ .• J.J ;1 X n . __ X.J X ex. . III

(h) I lead advancement

(
, t) () () I ()-" !\ ()»» x" I I I) n.7I r : I .
Jh - ().. X " '-- ---------------------( 4.2)

I bctc

/\ = 75556.1111'

s= 13.6%

R=I.OI7m

CL = G.Y}?,

G
II

= X x 10'\ x 75556. III')') x 0.1361111 X 1.0 17f11~X 0.063 = 0.26111

Igbo-Lgull

!\ = 31500m2

5<.)
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S 17.1%

IZ - I.o 1 71ll

, _, () ')') () 1.1 () 7·1
(JII=X:-,: 10 x]1500 \0.171 X 1.017 \O.29=O.5Im
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CIIA PTER t:IVE

CONCLUSION i\ND Rfl:CbMMfl:NDATIONS

5.1 Couclusiou

Soil erosion problem at Lfon Alaaye was examined. The study showed
I

Ibal three main types 01" erosion are prevalent in the area:-these me, Sheet

wash. Rill and Gully with gully erosion being the most precarious.

Four gullies i.e. J\lanaka. lucie. l gbo-l.gun and lsaja that were

observed to he most active were selected lor the study. The gully properties

I.C. dimensions, catchmcnts, properties and soil properties were all

measured. The result01" the study showed that the area is erosion prone.

I.rosion <'111<.1development ofgullies ill the study area may be attributed to:

I. R<'lillf~dl o lvcry high intensity with (lveragc annual rainfall ofup to

J 47 J III III and intensity or up to XOllllll lor 30min duration

2. Steep slopes resulting in largc run-off.

organic carbon and clay content and relatively low shear strength.

4. Great depths o lsomc o lthc gullies, which make them unstable and

'-IS a result have very low [actor ofsalcty.

Using Beer & Johnsons model (ill' prediction or annual surface growth and

Thornpsons model lor the prediction o lannual head advancementas a basis..

(he coefficient o lannual surface 1(,01"0.5592 and coefficient or annual head

I
or

I
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prediction or annual surface growth and head advancementIor Llon- Alaaye,

The val idution or the models shows that they arc relatively accurate and

hence call be used to predict the rate or gully growth and head advancement

[or the study area,

5.2 Recommendation For Further \Vor\{

This work has provided adequate information on the erosion situation

In Efon-;\Iaaye, ,However, constraint or time did nor allow the study to

examine the effect or situatiolls such as: change ill the position or obstacles

along the gully bed: growth or vegetation at the sides of the gullies at

intervals and: soil loss due to sheet wash }vill have on the rate or growth or

the gullies, It is thererore recolllmended tI at furtherwork should be done in
i

this area in other to achieve a1110re comprbhensive model.
I

"I

"
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Appclldix B
Annual Gully C,rowlh HI d Change ill Width



Annual Gull)' Dimeusious (Ala uaka 2000)
,--.--------- -------- -- ~ --

II'or
. Vertical Dimension-.--------------1 .------1--- ~.

See. I 1 3 4 5 () 7 8 9 10
1··- - ------ ---- .-- -- -.- --- --- -- -- -

I I 1.519 1.557 1.705 1.761 1.878 1.97 2.05 I 2.165
---- ----- .._--- --- - - ----- --- ----- .---- ._-- ~.'

I ') 1.489 1.646 1.675 1.68 1.742
I -

-, 1.387 1.606 1.717 2 2.222'
I

.l
- - . . ' ---

. 2.26~
- - - ---- _. __ .. -

I 4 I .70() 1.943 I.W) 2.12
- - - --- - -' . - .- - - - --- - - -'.

) I J)14 1.87() 2.141 1.117 2. ! 3('1
- ... --- - - - .

I. tJ8 Ii
_. --- - -- _." - - - -- -----

(J I: 5 8tJ 1.777 1.821 l.tJ77 2.24tJ 2.815
- - - - ---- ..-- -- _. . - , ----- .- - ---- ---

7 1.723 UN4 2.019 205 2.378 I 2.4
- - _ ..--

8 1.552 I J)84 1.842 2.137 2.136
- ---- -- . ---- . .- - .- _. -- -- -- --

l) I .()52 . 2 1.~52 21.032 2.181
. - -'--- -- . .- . -- - - -- ._--'-

10 1.631 1.7776 1.<)52 l.tJ8() 2.91.5 2.343
- - - .- - - ._- -- --'-- -

1\ 1.441 I J)08 1.7()5 1.l)()2 2.03() 2.2()5. - . - - ... - -- --- --- -

12 1.67<J 1.82<J I .<JI 5 2.0 I () 2.(93 I 2.121
- . .

_. - -

13 1.421 1.586 1.557 1.6()2 1.768 1.805 1.841
- - .- -- --- --- --- - .- - -_. - ----
1-+ 1.032 1.081 1.208 1.263 I .4 I tJ 1.822 2.126

-- - --- -.--- -'- ---- - - -- - - - ---- --- ,--.
15 O.73(, 1.162 1.33 1.748 2.74 2.65

. __.- -"-_ ...- -'- ----- --.-.-- ------ ------

16 1.15 1.8 1.524 1.855 2.0<J2 2.422
--- ----- ---- '--'-- ------ .--- ----

17 0.951 2.252 2.405 2.724 2.82 3.143 3.148 ..

18 1.864 2.21 3.036 3.271 3.<J08 4.07
- ------- --- ---- ----- .. - -.- --- - ---- .. .---

19 1.169 1.939 2.2.2 2.858 4.015 4.566 5.273 5.872
- - --- ._--- --_._.

L20 0.208 1.819 2.378 3.27 0.228 LU~48 5.537 5.867
-- ---- -.--

I
21 1.537 2.182 2.41 3.98 4.625 5.556 6.333 6.736

- - - . -- - - - - .---- . ----- ---- ---.- ------

22 1.50 I 3 3 4.955 5.51 6.112 5.958 6.202
i - . - - ---- ---- -- --- f..--._.

)'1 2.151 2.674 2.228 4.777 5.683 5.507 6.393 6.605_J
-'- - f--. - ------

24 2.1 18 2.53 3.386 4.685 4.<)1<) 5.495 6.282 6.886
- --- -.-~------- ----_. --- -' ------ ---_. ---- .-
J - I. tJS5 2.785 4.715 5.5<)3 ().092 6.403 6.452 7.463
-)

26 2.132 2.82 3.376 3.626 4.159 4.352 4.626

27 2.136 2.857 3.424 3.649 4.155
- . ._-- ..- - - --- - --. - _.-- -------- ------ ---- --

28 2.242 2.643 2.931 3.124 3.15
- - --- .---- -- - --- - --

29 2.327 2.505 2.804 3.63 3.294
.- - --- --- -, --- ..- -- _._-_._----- -----

30 2.28 1.87 3.581 3.2617 3.()54 J.g72
- - .- - _. - ---_. .. - - _. __ . ------- ._--_._-- - -- ---~-.

31 2.023 2.424 3.4()2 3.543 3.757 4. 106
.. - -- -- - .. --- _. - ---- 1----._- -- ---

i 32 1.921 2.338 3.00() 3.189 3.427 3.692 3.859 4.169
. .-

I 33 1.648 1.761 2.2tJ8 2.539 2.728 2.855 3.236 3.536
- -- -. ---- _ ... .- - -.- -- .. - - . -- -------- --- --

L34 1.55 I 1.91 () 2.587 2.815 3.38() 3.55tJ 3.565 3.698 3.824
_._'------- - -. - ----

77



r· - - ._- ---.------- -- - - -._- -- -
1_ 35 1.443 --rl.J.824 ~~_ 2. 74 3~llli j ).Sl~
l~~__1_}J) 1.682 _2.15_1 2.442 2.74S L2.76.

1

137 1.07 I 1.38Sl 2.41 2.68 2.954; 2.24

~~ _1_.1_1~Jl:-~36 j) 12 __~ 136 2.611 _
I ~l) _~()~~ .J_! .195 _ I.Sl44 L2.0.52__ 2.5l~ 1----
,'W I .036 __L~i~ ~1_~3_1}~£~.}§.~l----
I-~I' 1.37 1.8672.369 3.18() 3.32413.948
------ ----
42 2.09 2.6Q§. ~.~~~ 3.1_4_~_~J(~~3..:.~~~

I 43 :U~15 3.077 3.241 3.266 4.186 4.256--- _._--------- ---._----- ----
44 3.051 3.143 3.354 3.G24 3.828 4.056

1--- -- ---

1~~i~Lt:~~l~~~I ~~--:_ ~=: --=__
471.4271.6431.7lJ2 I

48 1.442 1.47G 1.536
--------- ._-
4<) 1.477 1.502 1.674

..---- --- ----

501.453 1.51

- --- --f:-- -- ,--- ---
3.524 3.682 3.8753 4.018

--
I 3.055

t- - -------

-----
1

- _---I
4.136

- --- --.-- --
4.374 4.412

-'--

4.13G 4.524
-

_..-

---

- - -- _.- - - - ---_ ..-

-----

-



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

/~Il~_'~~ GlI!!)--,-Qi!}~£IlSiUIlS_V\'.<.!m!I~~I_~OO_I)----- .. .... __

I~~~I-L~~-ij~~-- I1, ~'~2=~re~:If;~"'I--'_2_..~_8--+--2_._:8_9--+--_
9
_1--_

1
_°_

J l.(d5 1.755 UQ I 1.724 UW3

3 J .4<)<) 1.749 I.X46 1.7()X 2.4R7
- - - ._-- -~-- .. -- -----_._-- -----------.--

4 1.777 2..004 2.038 2..276 2..275_. __ - ----1- ..---- j---I_---j---1
_5__ J ..638 J:22~ __?.._l2l .._1..3~J. 2..177 -t ----

() 1..()()9 I )U8 1..857. 1.987 2..005 2..293 2..815____ _..__ - - - ----1-- --------.- ..-- -- -

7 1..743 1.938 2.043 2..0-5 2.473 2.4()I
--- . - -~. _. -_ ...

8 1.552 1.715 1.8()2 2..181 2..136
- ------_ .... _- ----- --------------_ .. _- --- _.----- -------------
9 I .()5() 1.777() 1.952 2I ..0 () 2..386____ _ .________ -------_·_·_------1---1-----

1..652 1..8186 2..136 1..98() 2..946 2.408. ..__ - . . .. ------·--11-----+----1

I I 1.448 1..6()2 2..345 1.(j62 2..036 2.2()5
- ---- -- - - .. _--_.- ------ -- ----- _. -_._--_.- _ .... _ .. _._-- -- ..-_._- --------- ----

12 1..703 1.853 1..925 2.03 2..055 2..369
13' 1.421 1..c)0() 1..581 1..c)82 1..792 1..8()] 1..841

.. - -- -'- -_. ------ - - ---- - --- -- -------- ---------
14 1.056 1.1 12 1.208 1..307 1.443 1.853 2..126

- -------------_ ....._--.._-----_.__.._-.----.-----_..--_._.._--_._-------- ---.------I---~-I

_I ~ _g:?~i2 Ll0_~ 1_.332_1 ..Z..~li__)}~!i}J!5 -------- ------1----

16 1.177 1.831 1.524 1.879 2.146 2.517-~--~--~~-~-I----+---~-~

170.9712.2722..4292.724 2.84 3.1673.148
- --- - ---- ------ ---- -- - -- -- - -- --- - - - .- - --- --_ .._--- --_.-

18 1.908 2.241 3.07 3.302 3.918 4.097
---- -_.-

191.1891.9660.0542.8924.015 4.6()8 5.5286.008
-- -----_ .. _----_. ------_ .. _--- - - ----- _ .. - -----_. -- -------- -----------_ .._----
20 0.218 UQ9 2.402 3.27 0.252 5..134 5.78<) 6_ _ .. 1--__ 1----+----1

21 1.547 2.206 2.4J 4.007 4.625 5.59 6.333 6.736
----- ---- -

"1) 1.501 2.722 2.796 4.979 ~.51 6.1338 5.985 _t).21~ .. _

:23 2.178 2..701 2.235 4.787 5.693 5.517 6.417 6.629
:2.+ 2..135 2.55 3.406 4.733 4.943 5AlJ5 6.282 6.886-..- --- -- ----- - I---+----+------~

']5 __ 1.97L __L?_~~~ll_~62±_~-~42-- 6..496 7.507
]~ __LJ.lL __L84~ ~__2...!..~ __1·748 __£L?_ ...._I~J. ..21 ~.6_L ._---
17 2.136 2..888 3.458 3..65() 4.165I
-18 2.252 2..()67 2.95 14 3..I24 3..:2:2 L
_~~-i..337 =2.529 2)65= .1.661 - 3..29.~t-==--~-j-~~j-~-'-I----j

..3(1 2.3 __2_.8_92..L6_0_5__3._2~t~l_~~_68_1~_·9_3_7_-------+----l---.j---j
31 2.023 2.438 3.482 3.557 3.7884.133
-- --
321.9292.3453.033 3..19lJ 3.437 3.753 3.894.193

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

33 I..cA8 1.785 2..298 2.549 2.742 2.879 3.236 3.536, . ._ _ __ 0__ _ ... . ....J

._._------------ ..--·1---- ------



~j4r--1_5R2TI_936 2.S97-2-~i~~--3.386-[lS79
35 _-T~07-1T~-~l4_2)~_2-7~-~-3.145-L}-J~-
36 . J.312 1.709 2.161 2.442 2.748 2.761

.- - - .._--. -_ .. --

37 1.097 1.399 2.417 2.7 2.974 2.254

lJL J~I ?J~CI--3_~ _I .7J ~_~_. I36 __~~~ _
391.0791.2261.9712.0522.512
---1-------- .---1---------.- - ---.------

40 1.036 1.405 2.263 2.348 2.362_.- --- ------- --_...- -_._.- -_.---------------- ----

41 1.38 I.R796 2.393 3.186 3.324 3.948
42 2.104 2.618 2.867 3.171 3.562 3.924

- ---- ~~------ ._-_.-
43 1.885 3_J04 3.255 3.395 4.213 4.256
- -~ - ----. - -- -- - - -------.- - -- .__ ._------- - -.-- .-

4.+ 3.()() I 3.167 3.374 3_624 3.848 4.083
- - ---_._- - ----- ---------- -------_._--_.-

45 3.114 3.129 3.612 0 0 0-- --------------_.-- --_. ------- -----

46 1.641 1.1 18 2.348 0 0 0
47 1.437 1.667 1.812 0 0 0

f-------I---II---------------- - ---.--.- - ------

.~~.:~~~i5~~l~~~~ii~~-I-~>-
_5~ J ._i2ol_1 }~_i Q . () _ ___ 0_ . () __

xo

.32891 3.78

r---------

3.824
-- f----

3.524 3.692 3.8853 4.14
------ - ---

3.079 --

---- ---- -~

--------- 1-----

--

4.136
4.374 4.412

4.13() 4.524
----- --------" -*_.---

0
.- -_...._--1----

0 0
- - --- -- -- - - ...-_.----

0 0 0
---._-- ----

0 0 0 0
-,-_ .._-- ---_.

0 0 0 0
- --._- ._-----

() 0 0 0
- ______ - L-.



~- - =~---~--

1~'!!l.1I~I_c:II~l!!g~~_~.~id~~l~litn a 101 2000/200 I)
1101"- Verti
sect. 1 2 3 4 5 6
------ ----------------_._---- .~-----

I 0_09 0.106 0.03 0.146 0.03 0.1
.-~~- ----.-~---- ._----

2 0.16 0.026 0.09 0_078 0.122
--'- - -- .------ --- .._-----_. -_._- ----,--- .•.-- ._",- --, ---'-- _",.-

3 0.016 0.026 0.09 0.078 0.122
.-~.-__ -----C'"--.-~ -- ..---.--~-.-- ..----------- ---~--

4 0.014 0.1 0.104 0.1I 0.096
----- --~~--.----- -- -----_. -- ----_.

. 5 0.016 0.082 0.038 0.034 0.122
----_... '_.--- .._-. "._---------" .--' ------ _..--------- ._--_.._-----

6 0.006 O.U08 O.U 1 0.062 O.OO() (
- _ ..- - .--- - -----_._---_. - --" ----, - ._._. -- ---- -' ,--

7 O.()02 0.012 0.01 (UJO() 0.0160.0

8 0.014 0.016- 0 142 0.07 0_.- ._--- ------ --- ----- ------_._--

9 0.006 0.018 0.016 0.076 0.038__ _ _ _._. . ~_ ..c..,L__·_-I·-

1U 0.008 0 0.014 0.062 (l.032 0
- ,-.- .--- ._.._-- ------ --_._--._" ,--- ._-- -- -,. _. --_.-

11 0.012 0.028 0.102 0.04() 0.162 0.0
. ------ - ,-----" _."-------- -- ,-----_..... _---'.-_ .•._--- -_ .._------ . - ----

12 0 0.0 I O.03~ 0.054 O.O~20.0

13 0 0'(J06 0.042 0.00I 0.016 0.0
_._---_.- ---" .__ ._-- _._._-_.--~----'--- -_._.- ----- -~~---- -----

14 0.0 I 0.026 0.024 0.07 0.082 0.0
--- -----------.------ --~--.--- ----_._--- ---_._--

15 () 0 0.0 18 0.02 0.026 0.0
- -- _._--- - ----

16 0 0.028 O.OM) (J.O()2 0.028 0.0
---_.-- - .__ ._-- ._-- ._---_._--- _.---

I 7 (J. ()()L~ 0.0 I 4 (). O()2 () () ') o. I O() () (

18 () 0.032 O.O()4 O.O,)h 0 10.1
-----_ .. _- ----- ------- -- ._--_.- -- - -._-----

19 0.014 0.006 0.074 0.028 0.032 0
------ --~---- ..- _.__._--- ---------- - ----_._._------ - ------_. ------

20 0.022 0.028 0.022 0.032O.OO() 0.0
-.---- ------- ------ ------- -----_._-----_. ------- ---_.__.-

0.000

~L ~L()~~_.9~Q~~ 9 ~- O-.--i----0-- _9_~0
22 ()O I () 0.024 0.12410.028 (J.026 0.02

}~·--~~:~~-i-(~5tr;~-X~)~~-H~.~t~-~-0:(~~r(tJi~
_._---_._---_.. ---------- ---- - _._---_._.-----_. --~
2 5_ g~~?j_O. ()2_~ O.0 R4__~91~QJ) I R ~_Q:I±

I
?6 _Q~OL~g.0 5~__(~S~LQ .0 6~ __2__J_~_Ol?
27 0.008 (J.OO? 0.028 0 0.024 0·1)4

_) 8 _~(]l~g~_o2~__(~1_~__Q:gJ<i_ QJ~l~i~~L2
29 0.0 I R 0.018 0.016 0.28 0.032 0

.. . . ~. .__... J....__ ... _ -----. -....-'--.- -~--

30 U.032 0.024 0.022 0.022 0.03 0.04

31-f;01i;O~Q22W02~JDiir;: (J:i44 O:oi
I l~_(;)(:~12 ~~~~ i; ~~~~0 (~12 ~~~;/)_ 0

8

cal sections
--

7 8 9

32 0.148 0.1 I9 0.444 0.2815
------

0.141 0.194 0.1675
------_. .- ---_ .._--- --- ._- -- -------- -- -----_._----

0.069 0.194 0.1315
---.---~- -_.-

0.055 0.314 0.1845
-- ------

0.069 O. I 54 0.1115
- 1- --- ---- .._-- -_._--- -~

) 0.003 0.O8() 0.0445
--. ---------- - - --~--- -.--- ._- .. __ ._----~- ._---

3() 0.019 0.044 0.0315
-- ~-- ---------

0.007 0.228 0.1175
-_ ..- -------- f-.---

0.022 0.1 I 0.066
----- ------~- ----- f--.--

0.004 0.108 (J.056
._-- ----_. ---- -----------.- ~-~~---

(A 0.038 0.338 0.188
._. .. - . -_. __.- ------~-----._-- ._- ._----

32 0.016 0.184 0.1
--

X4 0 0 0.149 0.0745
_.- ._--_._---- ---_._._---I---~-~ ---- ._--- ----

32 0 0.005 0.234 0.1195
-,,--- -_.__ .._._.--.-_. - _ .._-_ ..- ---~- ------ ---- 1----

14 0.007 0.064 0.0355
_ ..- -- --_._--- ----------- -- ------.~

22 ().Ol I 0.184 0.0975
--- ---_. -..._--.---- --.------~---- -.--~.-

)X () 0.002 0.312 0.157

2X 0.0(14 0.152 0.108
- .- .-- -- - ----_._,-,._------ _._-_._-
(J.I (l2 0.124 0.069 0.302 0.1855

.---.-. -_ .. _.- --.- ----_. _.

86 O. 104 0 0.011 0.278 0.1445
--- -----_ ... _--- ..__._.- ~-- --- --

0.050

I 0.032 0.018 0.016 6 0.0333
.__.- _._----- -----

6 0.022 0.022 0.019 0.25 0.1345
- - - .-- -- .------.-

-, O. I ()2 0.22 10.118 0.53 0.324 -J
-- --_._---_. .----
-6 0.026 0.022 0.02 0.28 0.15

--~-- -_.-

4 0.07 0.058 0.041 0.266 O.1535
-~-.

0.005 0.009
2 0.076 2 6 0.494 0.25 I 8
-- I--~~---. -

6 0 0 0.004 O.I 04 0.054
._- - _._- .-- --- ---- --_ .. ------ --_.------_.-

6 0.028 0.082 0.048 0.12 0.084
--_... -_..--------+ -------- ------ _.-

(UJ2 0.036 0 0.009 0.402 0.2055
-"-- -,"--- -------_.- ------

4 0.162 0 0 0.016 0.304 0.16
.- _.- . -.---.------_.-1---------

4 0.062 0.022 0.018 0.017 0.316 0.1665
.-.' ------- ----I-- .

2 ().()I 0.054 0.072 C)'041 0.328 0.1845
- -- --_._- ----------- ---_. ---_ ..-_.,---- ---_.

0.016 0.0 I 0.022 0.027 0.07 0.0485
- ._--_._--_.- -

XI



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

0 0.022 0.023 0.15 0.0865

0 0.34 0.176 0.128 0.152
---
)'()64 0.02Io·0)~ 0.132 0.073~~-~-
),034 0.024 ()'018 0.142 0.08
-- -~-
).144 0.162 0.085 0.214 0.1495

0.018 0.086 0.052

0.047 0.214 0.1305

0.011 0.046 0.0285
- - -----~- ---_ .._---_._-- -.- ------

o 0.008 0.038 0.023

0.007 0.538 0.2725
_.---" --~ -----
.046 0.028 0.202 0.115

0.002 0.03 0.016
----- --

0.002 0.03 0.016

0.003 O.OOS 0.0055
- _. -.---- ~-- ----~

0.002 0.03 0.016
.- -- --- - - ----- ---

0:006 0.004 0.005
--- ~-- .~ I-.~- -~--

0.003 0.012 0.0075

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

0.1445
-

5.291()
_._----
10.872

2
-------'---_.-

L_____

34 0.024 0.026 0.016 O.OOS O.OS4 (J.O I () 0
----- --.--------.--.~--- ----_. -_.- --_._., ------ -- ------

35 0.0 J 2 0.016 0.028 0.02() 0.03() 0'.006 0.016
I 36()-.-6o-x-o.-()14 0,.002 o~OIR(0)J41-()~)1-()~()i2(

37 0.012 0.0J 0.026 0.034 O.OOS0.0J 4 0.016 (

-3~=_(~.()Q~Q~004-Q.()O~-().~)2. (L2IiW:]'4~-g))i-'(
~y _ 11004 0021g030CO~".IJ,IJL2____~

~l;:)~;i~llm~~1;I]~~~~"~1(JI~i6,:~_
43 0.014 0.024 O.OS6 0.122 0.144 0G (12 ()
44- ~6.~()i()~064 -~o--·o.()()S o.()O~ OJ()S4 0.0380
-----~--- -------.--~~.---.- ._,- -~-~---

45 0.004 0.004 O.02() 0 0
- - ---

46 O.O()4 0.004 O.02() 0 ()

47 O.OO() O.OOS 0 0
_._-- --. -.- - -,. - - .-- -

48 O.()()4 0.0I() 0.014 0
_. - - - -- - _ ..

49 0.012 0.004 ~2 i) . ~_ l ~ _~ _

50 0.006 0.012 0 0---- ----_._----------- ---~--

X2



II) l-'
_I ;::
·1 III

r-
i11.1

() .(

i- 111

" (C
I-

i·III
111'. u

I n
< -,
11/

(C o
1- (r)

lIJ Vl
rr ( )

n. _,I

"t
<;:'i

~ ~j
z ri
0 ;:~

1- III
•• 1:J n.

rn

Ie -r
I I· '"
r V)
-
~' ()

Ii
III
tJ
If)

11\
_J

U

t
«
n.

(j

'" ()
_J

i·( , n..
T n:
11/ I)

" (,)

() 11/

rn (l

\1
':Y..

\I
<::a:

--.j.

~I')i
~-:..

()

o
1-
.'{
l)

\l
.,/

L;
II'
I..

It:

«:
11/
I·
·r
r1

,n

(PI

rj I [

lit.

(II

II)
III
I I

((1
L n

1/1

:>
1/1 ~;
(I)

U
rc

'T i',r

n

'I

1-
,n

T
{I,

I

n. iii
;

,,' 41111

11f)'J

'ji:t:

;'1;'

I"il

r: ~~ .

U0l111"

.=l .

\

I
,
j .•.••..

c:
.----.- .-- .•. -.---.- (1

( /

)-

.{
n .J

I
(

r

'_,
(J
.-

C:
/ ,

"

II)

1/1
._1
rD
('I

o
U

.1
I!I

I,

n:
('I

.~

t:
c

(I)

('/

.,
C

lL

t~
"1
G
U

(J
C)
(n

r: ()

.~2 ,..
" ..(~. If'

."
C

II.

CJ
co --- ---...

~
,.-), )

<.1 I ......
(./

l
:l I..

~;
...J

:..~ Vl

c
L

It,



ci
z
E
o
II

(f) !-
_I 2:
-r 11/

!- ~~III

o «

1- III

Z rr:

~ III I-

II ~ III

IT:
III 1- o.

<{

0 III Z
0: 0

d I~ II)
(f)

0 0: a
Z

D- ...
III'

_I

>-
U

n

'ro
<i
_I ()~

o ~
z \11

z 0
0 z
f- It)

::J
..J
CL

~ ~
0:

,(

.I ~f In
V1

rr 0
I ItJ IIIo 1-- 1'0.1
/<{

(f)

~ 2:
lll·
_J

UB.:
<.:(
(\.

o
Z

"'..J
1-

0 n,
J:
UJ

n:
un: (f)

0 III

rn 0

/.

'1"

-s:
\S
q

~J
~ IJI
Z l-..
a u,
1_ a
r( lU
U 1-
(.J '1:
_I a

oz-

uz -

01 -

el)
u r
hI

V1 C!J
\II

>
W s--'
(f)

o
~ ~r: r
n
e

I·
If)

:1:
II)

I·'
r): £II
en 11111.

00')

C0 -

1--

! ..
J

-1- . -.J ...~~J-.- I.
.i. ..

J.--
t
I"

L·-·

.•• __•.• _._ • ._ 1'"

I . -. r ·-1

'·"1'·' .. -.

I···

._----- .---- ..... ,--_ ..- .- -

...l. __ ..-t-.

"-T
I~
I

__.~I_-.

L

.,
.~
lI.

~~
'"0
(I

0
0
(D

(' (.

.~~ «:

a1 <f
(f)

.:!

n
f),,

.,
.~
II.

0
CD

~
.r)
u

II
() I -.--
I"

f'
:l I··

Ti
_.

!J V1

c.

.~
\I.

1._

).
<{
..J

U



----

In
_I ~

« U/

tl; (:
o .(
l- 1I1
2 CC
Ul t-

III

cr:n..
;; !
t-
«
III
((

r-
I"
((

n.

z
o
~
)
Ol

[

~
o

o
z
III
_I
n,
~
.(
I/)

U/
~I
III

U/
J
U

~:
,1
D.

c.i
z ~:
III ()

_I

o I

J:
I'

III
n:

((
tl

o
Vl
1Il

.0 o

.ci$
~:

~

o ~
Z III

I Z 1-

;'" \ ~ ~.

U ,,-
o <!
_I 0

)-

« :"j
_I
U .-

c : m

~l---- f
I~ 1:,._II..hh.~

r,

I.

(k-

ill-

~I .

0/·

z
o .:': -~------.
u,
Vl
o
• .1

UJ

ir,
()

(r
•.( ~JI: l

CJ

00') .

szi-

lie ._.._---,
Ull

ffl

._-..-_ .....

t"J

U)

III
•• 1

co
(:.1
()

'I

-~
"~

sr,

c,
I'
( ,

( ,
z:
c
(.')

."c:

/-
..,
01



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

,~

r:
2

~ ill

I· ;e
IU l-
o «
r ~z 1_
~ hI
I- a:
~ n.
IU' 2
OC 0
I- Ul
IU Vl
OC 0
~ .J

0:

t
~

1

"ZUI
.J
n.
s
~
iii

ci
2 ~,

<-
III 0
_I I~
0 n.
I

II:
III Uu: VJ
0 III

m 0

Ct3, !
~ I

~,N
1

~
I : Iii ci
I z IU

I
z f-.

.Q IL

~
0
III

U f-
a ~

I ..J 0

-- ..-r-----r~----..-·-···- """--'T--'"-''-'''-----''' ,_ ~ -, _- r ..- .

--'- ~.---_._-._--_...--_.__./-- --~-·I~,--

O(~ -_. -_.- .• --- -- --_ .

os-

Dl ..·

01 ..

III

o
~sn
()

::~
«

1-
III

.r
III

t ..

0: HI
OJ'llill.

00')'

00::'"

, ..
t·_·..-·-

(")
•••• _. _._ •• M •••• _ ••• w._~~ •. ()

( I

I I'· I--.- - -.---- ....:..--.~- .. '_._-<--- ..- .....----- .. '

c,
.~- .... -' ...

c.~
<e

c
c

I~) -

(J
n
10

n'
C

<I.

n
(0

~
.0
( )

c:c-,

r:
:J I..

-r: J

:~ VI

jJ

,.1

VI
'OJ
~J
({l

(')

C)
<.J

{!I

J
~ ,:

U

I
I

I

I _.J

~;I IIJ

:) I >
~j I ;~
'-': U

';J

"cs-·
(/)

Q'
C

\I

",,'
m
c;
U

>.
<i
_J

II



~~ ~>- y.

ii 0c z
d ~

o

tJ "
/I
~

i

I
i
!

! :::1.:.

.....
:1

1~~ ,..:
z
UI

~
'f
IU
rr
I·'
III

e:
n.

r
d
L

9

I:
II.
Iii
fl

d
(.1

Z
Ill,

<J:

I;;
C1
f-
Z
UJ
::;;
I-
. I.
III

rr
I~,
a:
c.

•. 1

()

'[!1
«

•. 1

I (:J
Z
I·

I Ul
Id
1-'

z
o
,--=
:J
rn
(t:

1-
~'?
'0

I
i

~

i
~
i
j

i

II
,,: !

() ~
Z -;;0'

~J 0a i-
T (L

III
rr
o
m

. .1
<{

, .~-
0'

J III
I..

~ «
l2

III
N
(n

1Il
_ J

U

~;
,I{
II,

z
a
~
a
..1

o:
(j
(I)

II·'
r)

(J<;

(Ii

II

01u,
III

~'!
(f)

III

>
III

(I)

Cl
rr
"( vr:
u
;.-.:
-r
I·
'-I
I.

~~
f .•

0: III
(01111'

(10:: .

O'.Jl

1:9 .

c..
','

:

ill-.- -_..
f
i

(I)
i

UI
_I

!
en i

rnen
a

!

..
u

...1.

0
'0 l!,

~
:

.• ~
0
U

:

0

i
N ~

_I I
E

1II

"
>

i1 ~ 'g
0:

:'; (J
.§,
Vl

'D

'".s
1I.

"1

r..
o
U

o
o
10

I~_
).

5
II

c r- 0 .:"'f



i
!

ID !In ..
II.>-
d

~
[j z
r:

E

!
CI (;

u,

~.~fJ
1/

iiJi

E ! lcJ
L

i
!o

!

l l
VI 1--.s

Z
~ \II

1- ~
III ~-
0 <{

1- III

rrZ 1-UJ
III1-~

::; 0:n
1- 0_lIJ -.{

z0 UI arr:

d 10 ~
tr (~(~,
n.~ Z

:t. II) ,
III "~ .
-I

I) >
() U
,(

IJ)'
U <{
z _I
I
IJC
iii Z
1- -
>_ 1-
..I If)
o If!
n, 1-

z
o
1--
:l
en
0:
1-
~'?
o

s;- i
~ !

~

\i~
1'1:
ci I,.;
Z III

,;;: 1-,

a ~
f:: III
.( 1-g .(
..I ()

o
Z
III
_I
C\.

;I
If'

I
I
:
!

ci
z. Z
Itl Q
., 1-
o n.
:1:
111
rr
a
ro

g If'

nz

0':

"

0:,.,
III

"J
(Ii tu
UI

~I !i

(11

o
~iIJr: f
o
Z
-r,-
If'

~:
~~
r-
0: III
m"ll/II

O()~

n:
o
(11

UI
o

z rz

(J~i1

r:~ .

(11
III-,
co
ro
a
u

1---

i
I
!
!

! J

I
I '-I
I L
I

I \'l

!
I

I
'0
OJ
c
'"Vi

1--
_I

Vi

(J

Z
-c
In

'"c
li:

..... -._- I

a
o
(0

-:~i
, , ""

I

'".S
IL

o
o
N

OJ
c

u::
.1.

o
to

~
-IV
,0
()

'0

- f,

-,

~--..-.--1- "'---,
- ~- ..

-----.--_. - ,-.

z
a
a:
u

~-



II

Iv
I'
~
~
~ '1

>- Y.

0 0
z

C [[J
t?

I!
1-1

;;

E
()
L

o

(/) t-
.J -7

~
,-
UJ

I' ~
III l-
o ~
I· III

rr7.
r-III

~ III

u:
I- n,
.-1.

zIII

0: o
1.'1 '1

l')

u: o
n. .J

,.:
11
U)
D

d
IJ
Z
10,
... 1

J::'
u

) IJ
II Z
. ,.-

J In
o 'Ll
O. , .••

.,t

~
Z 0

0 2

I· 111
.J::J o.

[J)

~n:
1-

'f)

In

()

III
hI
(f)

1>1
.J
()

i~;
,;(

IIL

ci
Z Z
III 0
.J I-o c..
J: n;
ru ()

u: Vl

0 III

co ()

) . .1-:«
'\ -
rr: n:
III II!n ,_.
III c
II. 2:

~i!

~i{r

IJl

Ol'

(II ..

In
III

I·J
III r:u
III•...•
\C) ~
If)

o
~ ~jf r
o

-r
1--
If)

:t
e,'
I-
n: 1.11
(0 \110

oC)')

lie

f)'il

r.~.

(')

i
I
I·

I

/
..

... - '..

o•.. _ ..... _ .•..• _ .•.... ---. c.:)
("1

-=~-I·~~··
.---- ----
- _ .._--- ---.- -

n

(.~j HouldcI1
o
( ••J

'".s
IL

i
i
!

I '
i
!
I
j

i
I

1
i
i
i
~

'f)

III
.J
co
en
0
u

Cl
<0 r0

u

0
N

_I

E
lIJ

>.:1 <!
'il 0:
s o

(0

C<

>.
z «
0 .J
II: u
~
;.~

C'I

(.)

z
«
VI

'"c
lL

o
\n

.,
~
to
.0
U

E
.2
11
:.!

,..
.J

V1

OJ

.S
\C.



!
to i
VI ..

i
>- \{

d d

C
z

o §

i0

IY
IL

N a~

Vi
I

!
c i

,~ !rJ !
L

j

i(9 !

I !
V) I-
.J 7.:
« w
I- ~
III 1-
0 <l:

I· III

7. a:

I': III 1-

n. ~ III

UJ I-
o:
o.

0
.-f.

zw

d
r.r: 0

I,j l1
1-

lJ o: 0
Z- O. • .1

:t: III
III

__I

t) :::-
(J u.-(

(Ii'
tJ -r
Z _ J

:r:
I) I:)
Iii /-_
,- --.
>. 1-
..1 If)
o Iii
n. 1--

. .J ..J
-( «
rL n:
Itl It!
() 1-
III <t:
IL :L

2
o
1-
:J
III

0:
1-
(fJ

o

nz -

5('

C!)--

()(

r-t .

01

In
III
',j

(n (9
III

'>
'" ~~
(~

CJ
(J'

-t 'jl.'

()

-r
I·
"~I

X
~~
r-
{[ III

en tuu

(1) J

~;l.t-

00:.

III
N
V)

"I
.J
()

r~:
.;(
n.

(,~jI

u
z
Itl C)

(~ C
1

"II: I)

q' • J

l j III
CO ()

....
. ', ,:",i'
I!:

,\J: 1
~iul-- :

r '-l \~
'!'-I jI . :

I
'i L.

III
.. ,
(I II

Ii, ~,;
,i ,.

1(' ,.

. I I)

(fJ
IU
J
CO
CO
o
u

o
(J)

~
'"o
U

_.
lU

>
c(
IT:
C)

.,
S
IL

, I

fl.-~
U

L1
0
II)

E 0
;J Z

:~ c(

,~
(fJ

0
0
N

'".s
Il

tJ
lD

r
N

."()

.,
(I

. . ..i._

I I \.- ,-
,I

(J)

"~,,:'

II.

I
'"
.J'

.J

I
I:. U
(1

:....:



~

I',':, ,I
i

Till': I,'J<:IH:HAI, I'OLYTJ.:('IINI(' A11IH'.I"I\.11'I «'1/ /I t.t«, (,',IWIII-) ,
II/;llFU//IL IFSJ'//\'(,' I" WOri ,I J uu r
IH '//1 siua.r i'OJ( U(}III/J [,IMI], n.st « 'ONF I'I':N, 1\1/1: 11101))

I ()C;llillll! 1\ !fi.' net (C 0 IlollJI(lh; I'!(!~ O;'l,rL

I) I HI. co, "If
. J ,0 -<.

----------------.---.~-.-.,.--------..--------- -_._.- _ .._-_._ ...._.__ ._- .__._- "_._--- -_.._--,_._-_ .. --------.-.INITIAL PEN (111111)

ACTlJAL PJ.:N (111111) I' I , 1'.I%c (~

CAN NO L.S'!~,~"

WI or Hry Soil I Call (W)) gill

\VI or \\'d Soil I Call (\V,) gill

lvluisturo C'untcnt ( 111.1:) '1., ~-::~'J\Vd

(111111)

/\clll;1I Cf()

('CII,

I

I
I

Signcd.. ,."."." ,."", ",',.

I I I I' I ! i .u. 1 Ii, t Iii ,II
II ' ! I' I::! II ;::":;::': I

! I I I I 'I' I I I: , ' ,
I I' I I ': I' I i ~ I " " I
i I I 'I I I; i ',,: i i!:' : i, ~i : :
I Iii , Iii i i i I: I; : Ii::;:" I I ;

, 'I'Ii: I: 'II! III· ! Iii':,i' Ii : ii
1

/,iFi,;',r,, [ :! I'

III ", ! ! I ! : :, ! : ' .. ~ It'll! '! ,;I,: Ii! '

II
'i :: ,II i I : I 1 J ii/r··...-: ! I; " ! I " i I: i j i

j:,:i, 1~'!II:,I,li""'!1il: :I,~illl:,::j;:I,~!11
. I, . ~ " : I I ' I I ~I !. ,i! I I I .

; : i : i ! : I :; , , I I I!, I I,: I ,I; '" I 'I',

II i.,' ,II '" ' :11 I I I I; I 'I : ' ' i I I I' !;: I' I : Iill' I 1 I I I ' " I ,: I '~ I : I I, I

I
' : 'II I ,,' I'" 'I I I I I 'I ' I','": i ii' I, "; I . r : Ii' : ' :
~ I r I I I I I . I " ! ! :

i I I I' , "I' 'I i" i,

'I: : ii' II' i: I, 'I' Iii': I ' 'I :; II : ; ;

I ! I i : I, I I 1; I '. ! I .:: j ~ I i
. I, : , I ',I!, I' 'I:! I I',: : i :

:> .() .1 o -( 1I .51>{O



- . :-.~

TIn: FIWI<:HAL 1'()LYTJo:(,IINIC A\)()-I':/\.ITI «('JJ'lL F/W," c. tn.rt)
tlI/ll'ER//Il. lFSTlNG L,I/WIU JON}'
0;1 '/>1 ;\'IIEET F'OJ{ uoin» usurFLSr (CONI': I'I':N, 1\'IETII()()

~S'I~~;;.----------·---------·----I--~-T--~~---I-~--·---I'~~---T~-l'--'----r----~
_.--------- ----------------------------------- ----!--- --------_.- ------ --- '------ -.-- -------- -----

FINA L PEN (111111) If (6 l~·f .21· L.L%='4
. ... . .__ 0.-__ -- __._. . ---- ..

INITIAL PEN (111111) 1'.1, %~).

1'.1'~;,,/ ('ACTUAL PEN (111111) 1'.1,
------------------------_._- -.- -.-.::....---- --._---- -------- -•..---.-.---- ---- ~---- \._--_. --------.-

--------------------_.-----_ ...__ ._-_.__... _------ ------------ -------- _._----- ---- ------ ------- -.-------.---.-

WI Of Wet Soilt· Call (\\'2) gill
------------_._---------_._-_._-- ---- --.--------_.- ._---_.._- --_.__ ._-_. ----- ------ ---- --------

WI or I"")' Soilt Call (WJ) gill
_______________________ .• __ ._..._ . 0--_-_-- . ----- ~- -------

-------------_._------ ---- --------- --------_. _._----_.- -----_.-_. _._--,--- -_._--- ------_._---

WI Of Wakl" (w) ~1lI (\\'2-W1)
-----'-------------.----_ .._- ---- --.-------- ---.:... ---- --- ._-_. ------_ .. ---.---------

Actual
( 'CII.

(111111)

/'0

Sigllcd .



T II E F 1m Fn A L I' C I , \ T r: '- II j';: ( , 1\ !)() I' 1\ IT I (( 11/1. J JV (,. (;. n1:"1'1)

M,I'lF1UAI. ,(I'S/Ii\,(i iinn« uo« r
IH l/t ,)'111'.1-1"J-'() u U(! {I! II 1.1,111 t /1'.,)'}' ({ON V l'Jo N. f\ I FTI ()J))

lEST NO.

-- --------- -_.----_ .._-----_ .. .-.----_.'.

CAN NO.---------_ .._ .._-----_ .. _ •. -----_ ..•....•.. --

FINAL 1'1<:('1 (J 11J II)

----_.- ..-_ .._------_. ----.-_ ....__ ....• -- .-.- ...

I.---- ..----- --.- ..-- .-._.__ ..."--'" '" .--, "-'-' ,-..-~...

A CTU A L l' Fr'l (111111) 12.
--------_.-._--_._.---_._,-_. __.._--_ .

-_._---------_ .. _----_ .._-_.._---------------- ..,., .

WI or Pry Soil 1 Call (W,) gJII
_.------_.- ---_._---------_ ..--- -----'- -, .....

\VI or C:III (W I) gIll------------_ ...-.-._---_ ..•-_ .._- --_._..._- . -.-- ..

WI Of W:llt!' (\1') gW (W1·"',)
-' ---_ ..--_.._---_._----------_ .._------. -~ .

._-------_._---- ------_._-------_._._ .... -.. _--- .._- - . - .-

.--~-------- .----- -- _ ....__ ..------_ ..._ ...---- _._- --_ ...- ..

i

J.(

Sigllcd............. ...

II

.!l" f.r. I.

( ,'II' ..,
.\' In'

')

(~ 13

c
.1

.. _.... _. -- _ ... !.------- --- .--
I

U'~~,'-;1

1'.1,

, i II i I j II I ,II! II 1.LI
1'.;"



rru: FI':lmHAL POI.Y'nTIiNIt' AII)()·· '·:I\l11 utsu. rN«,'(;', nU'1)
t1H 1FUUr n.srn«,LIIlOIU tou I
IH '1>1SIIL/',"/' ,,,OJ( uoiu» U,\II tlI.'SF « 'ONI': I'I':N. 1\11<:'1II C H)

Loc,,1 ion: _D-r) q 1I"",I".1e N,,: 1t,r:6Ii!.,-

,-",'

1M L I' I<:N ( IIl1ll )
________________ ._._.-_·······..-·..1.·---1 - .._-._- -_..- -.--.

IlIAL PEN (111111)

CTllAI. PEN (uuu )

" () I' \ Vd So iI' C a11 (\V L) ~ III

,Of Dry Soil' Call (\Y I) gill

I, Of \Yakr (\\) gill (W, ..\Y,)

L .__ .._._. .._ _ __ _ _ .

rllI:l1

m.

1111)

... r

(0

, I

I I
I I

1'.1. I' I"" 1"'1. ,~, -
I 1.'11

/ g

I!
1'1I I

i II,

1\,loi';IIIIt.' ( 'Plltt'III':;,



1505/J . Art.

. '\ \! '.

.') .H+t-t+H-~+l-I-+-++++_+_-1+_ ..1+_.. _-1+__ -1+_-H_ -H_~-H==~+_ -+-=:I-=-H"~+-I-~ -'=B·tr--~nOOMUOOMOOOOOO

- - -!I;;------

s L .=~~·J~-w >~ i_LfI~, :tt=-I.~~~t:t:;n" ~tt=~I=tt-~:m~__ttl:__tt"_"_ttt__

T 0 .50 te» {50 J.. t!)o VJO ~ 61t>

,M,./-:h,1'- C{r'ecfe~.r: 0/ Il(Cvll.-:~k..0 j~u"
I r .

I 1-' - _

t. - ---

.'0((i(2.. kNit.< 1-

C~NTHOLS



T 505/3 Art

- - - - ~-~~-:-m-_= ~JY -~~~_ -~I_

IK":~~,__:_' :~ _-: __ JH1_ j~_+~~t:~:b~H-_+t_t--t-:l:i;=J-- =]_::~t~[j~:±~:±=~t_~tJ~::ti-"±_t_~~tij±l::t

---- - ---- -- ------1 .
- - -- - -." -----.- - ------------ -.- .. - -- ----.- IT!" '"t·_l]--'m- - m"-- m---m:1-- --n--t--mt1tt=mtttM

=L:-

--I
-t-- --- --.- -!... -

- -- -j - l'

5a~~~11t§§J!~~~I~~~jf~~~-~--t-~jf~-!~·J--t-f~~~~~if~jt~~it~~~ff--1:~
- .. . .- -,,-,-,7"'-7 . i -_-

~_ ~ -_Ll:+ ~ --.L..L..L..~~ ~_L~'~...L.. =,::...L..L~=1- --..L~-4-L:.-~H~.L..f...L..+~~H-H~L..L..L;-: -++-Jl~'I~_~~~~_~jHlI_•...........11--+...L..l...j+-+ +t+_-H.·-J-m~J:IJi]: ill::: IU· il~I-=m------EEU-~ -:~:11:~m--mm.
pv /('J" r1>~' J¢ ).5· )(/0 nero

r..

- -1 T

k#/ML~ +-l-l--H--H- +- -+--~- :+- --f.!.j-~-':+-+::'-14-+_•.• _+-1.1-+-.+'.H~+-,.+-_f+__+_H_+ +-1_f-I-t-H- +- --1t.',"_..••_•.•,_:~".--,"-
~-++:I--H:+-1H,

-l-l--I-+.J-.I--I--~+I-'

__ ..1 • __ • _

++~H+~++~t~+~++rHrl+~

LL_L_ '- J_ ._ ._ _ ._ _ _.

- -- - - -- .- I-~I"+-I_T-I----------.~~~~~l~~~~~++I--I--l-++-H--I-t--. __ ___ __ _+__ _L _ ••

__ -:=_-::..::_: __.L - --1--=- __ :::_ .: ::.It::._~ 1';-

_.:",1-" _!. _ _ _ _ _ __ _ ,- _ __ ~

-+-++-- ~-H-- -:+- -b-M-li;?I--6-I1--H---Hl-H--~+-l- - - .:=~f' - - - - - __T _: -:[ ~=8~:jj~tf"!tlHlm±HW±Em±EmE
t..lJ..J....j:_ li-LL1-Lf...L-q-- -L-U~i...4-U~- -- =..L.I.4-l- - = ~ ..LLLf--- - -.LLLL-- - - j-l-t-J--LL

,1. --- .i.r: -1/- - - - --

.. - .. - . - - _. ---- -
-- _ .. - _. - -

T 0 SI:? r vo 1$0

1 j IV}Dj~r c.-.LZ,J Of - - /t-,J!AA

C0)NIHOL

, '
I iI,

j'



Appendix C
Soil lnvestigation Data and Results

l

Xl



Appendix D
Computut ion and I )L\(cl



Data and computation

Calculation of Shear Strcngth of Soils T z, C + 0 Tan 0

T .; X I 16.7tJx2.X6Tan2J

lbete

C = 12

y = 17.8 KN/M~

/, = 3.3

o c.= 22()

T= 12 -I- 17.80 x 3..2

Alanaka

C=~

y = 16.7tJKN/M'

Z,> 2.X()

() = 23()

lgbo-Egun

C = tJ

Y"" 17.15 KN/M'

I = X.25

0= 24() .

T = tJ I- 17.15 x 8.25 Tan 24

= 12 -I- 56.96 Tan 22

= 35KN/M2

ISfljfl

C = 6

y = 17.8 KN/M'

Z = 2.7

~)=24()

T = 6 -I- 17.8 x 2.7 Tan 24

= 6 -I- 48.06 Tan 24

= 27.4KN/M2

= g + 4X.02 Tan 23

= 28.4KN/M2

= 9 + 143.4 Tall 24

= 73KN/M2



Average Stahility Factor for Entire Lcngth of Gully

/\ lanuk a

x ---

I·' ,~

().1]7:\ 2.X():\ 1().7!')

I' I_______ -:-_---1 _

0.1] x 3.20 x d.84
i
I

~1.22

Ibell:

= J .67

Igbo -- I~gllll

I·. = 9--_._------
0.12 x 8.3 x 17.15 = 0.53

Isaja

6
0.095 x 2.7 x 17.80 = 1.31

Detcrminatiou of Facto,' of Safety

i) Alanaka

LlIS RIIS r

(' XKN/M2 C XKN/M2

0 23() 0 = 23°

II ') ') II - 5.5J .._111

Y 1().7<J KN/M' Y 16.7<JKN/M'

1.\ 80° B 85"

N 0.135 N " 0.14

F X F.S X
~-----

0.135 x ].2 x 1().7!') 0,14 x 16.7<Jx 5.5

= 1.1 = 0.62

100



i i) IhcCc

1,\ IS I~IIS

C 12 C -- 12

() 22" 0
22()

\I ~\.20 II -- 3.51

y 17.X2KN/M~ Y
17.80KN/M~

1.\ ~O"
1.\ = 77"

F 12 F 12

0.14 x 3.20 x 17.80
0.13 x 3.25 x 17.80

1.5\
\.60

i i i) IglJo- EgUII (Upper)

L.II.S
IUl.S

C 9.KN/M2 C 9.KN/M2

0
24() () - 24"

II I O. I II - 10.5

,..
17.\5 KN/M~

17.15 KN/M]
y .-

y =

1.\ gO"
1.\ -- 7(t

N O. I 3 N = 0.11

u.u.s:

I:.S l)

0.\3 x 10.1 x 17.15
0,40

(R.Il.S)

F.S _----2---
o. I 1 x 1O.5 x \ 7 . 1-5

0,45

1(01





IO.X722
K 1.4<)0) 1II1')X) x I)() 117'>')·1 x ~~()2 II 217.\.\ c 1111011.\ 1.3562

K 13.63447

:. K 10.X722/13 .6344

0.7974

2001
8.28 I 05 "_ K 1.0825 O.O'iX2 x 150.52 o7'T x 4()2 02·m x e·

oool
" x 1.3405

I

K I.OU78 x S5t)58 x 0.2193 x I x 1.340S

:. K 0.51 gO

O.5IXO

;\ vcragc K value OJ!':' 77

Gllily 2 Iheft'

2UOt
2002

( 1/\2 2.2305\112

R2 ... 1.0825\11

L~ == 36.28111

1.\\ 266.42111

I' 1.340SIll

~

( ; \ 1

7

2. X()(1111-

IZ 1
I. I <)()Sm

1:_ 36m

1.\\ I
2 (,(1. 7 III

I' 1.35621ll

200t

I( 1 I
t)()r O.O')X2 ,..,( 1I.7')!)1 . 1(( 7(). .) .\ .) ) .\ _ ) 1.

01·m x e O.OOI.J X 1.3562

K I.O()7X x 17.543 x 0.1)11 x 1 x 1.3562

I ()\



! .'

iv) Isaj a

L.II.S
R.II.S

C ()KN/M 2 C
,

= 6.KN/M-

o = 24" 0 24"

II 2.5 II = 2.5

17 .XO\( N/Ill
; 17.RO K N/1l1~

y
y , ..

I.) 75" r.) -- 55"

N 0.12 N 0.07

(L.II.S)

F = 6
0.12 x 3.85 x 17.80 = 0.73

(IUI.S)

I: 6
0.07 :d .85 x 17.80 1.25

, 1

Surface growth

Gully 1 Alana\{;J

2001
2002

Ci/\ 1

)
(, 1\2

8.28105111
2

= 10.8722m-

I~,1 .- 1.1905111 R, -- 1.0825111

I." 150m I ... = . 150.5zm

'"

e-

1.\\ 1 = 4635111
10" 462m

I' - 1.3562
P = 1.3405

2001
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:. \( 2.X66/6.023

OA 75'<5

2002

22J05 I( I ()
O"7C) ().{)()X2 l( "7Q(17!)(H , "7Cf 4"7 ()2-17~ r , O.()()I-1 , 1 ,",eL2

. 0_. X _ )._0 \( _ 1 1. _ X C X ..LH)

I( I.007R x 17.6X2 X 0.2513 x 1 x 1.3562

\( 6.06~9

:. K 2.2305/6.0629

O.367Sl

i\ verugc K value = 0.4219

Gull" 3 Igho-Egull

200, 2002

( ; ,\ 1 R.Sl9551ll2 (J 1\2

)

11.011111-

I~1 1.19051ll R7 -- I.0825m

I .11
34111 L" 35.4111

eo

to

I," 1 700m 1_\\ 700.61m

l' - 1.3562111 P 1.3405111

2001

X.9955
K 1.1905 OO()X2x 34 O.7!)():1X 700 02-m x e -()()Ol<l x 1.3562

= \( 1.01727 x 1(i.7596:\ O.17502240X xl\( 1.3562

\( 4.046X

2.223

104



K 8.4()Y050 17

:. K 3.28875/S.46YO

0.3883

i\ vcragc K value = 0.4 718

Ilead advancement

0.52 --

2001

K 186200 OO')l) x 0.0901'1 x 1.017 O}I x 0.038

1649225 x 0.71]S x 101255 x 0.038

K 4529.562

K

K

0.52/4529.565

1.148 X ro'=

2002

. ().]2-
K 1861 Y().25 0')') x O.OyO 1·1 X 1.()O107

,1 x O.O]S



2()02

\ \ .0 \ \ ==
K 1.0825 OO')X2 x () 1AO 7'J')·1x \ 150.6 \

0247:1 x c
0.0014 , \ ')4c5X .J _J

K I.007~ X 25.962 x O. \ 75 X 1 x \ .3405

J( 4.09\9

.. J( \ 1.0 \ \/4.0l) \ l)

2.()909

A VCl"(\()C J( valuc 2.457
0

Cully 4 Isaja

2001
2002

( ;.\ I
3.67825i11

1 (J,\2 3.28875m
2

=

1\1 = 1.1905m
1\2 = 1.0825m

\ ."
()Om

L!~ 60.22m

r-

\ \\ I
3 1().51ll

1'\\ 315.28m

I) = 1.3562\11
P = 1.3405\11

2001

3.67825 =
'K 1.1905 oO'lX2 X 60 11.7')')"1 X 316.5-0.

247
\ X e -(iooI4 X 1.3562

= K 1.0172 x 25.9()2 x 0.2408 X 1 X 1.3562

= K 6.62524

3 .67 ~25/ ().625:2 4

0.5552

2()U2

.).2XX75 -r- J( l.mQ51J.1I')x.2 x (]02iI7')')1 :\3\ ().7:2 02m x c 0001,1 X 1.3455

IO'i



K I.007~ x 1(d)57t) x O.2407() x I x 1.3405

I( 8.46905017

.. K 3.28875/8.4690

0.3883

Ilcad advalH:clll cn(

I\verage K value 0" 0.4718

Gully 1 Alanaka

2()()()/2()0 r 2()O 1/2()02

(ih 1 O.52m2
( ;h2 O.32m2

1\1 I 8(),2 (10m2 1\2 186199.25m2

S 9.6'X) S = 9.6(Yu

lU I.OI7m R2 -- I .OO/m

.:

CL 3.8% CL 3.8%

2001

0.52 . ,-
K I ~6200 0.0')') x O.Ot) O.leI x 1.017 ()7,1 x 0.038

1649225 x 0.7138 x 1.01255 x O.03~

K 0.52/4529.565

K 1.148 X m'

2(}()2

K I (A l) 1. I .83l) t) x 0.7 I 3 8 x 1.0() I 7 x ().0 3~

106



K 4476.537

.1( 0.32/44 7(J.53 7

Average value olK = 1.148 x 10--1+ 7.148 X 10-
5

2

= 9. 3 1L~ X 10-5

Gully 2 Ihdc

2000/200 I
200 1/2()02

(,11 1 0.28111 (,112 .. 0.21111

AI 7555(J. 1m2 A2 75555.721112

S I 3 .()(if, S 1J'()%

Rl I.0171ll R2 I.OO/1ll

l'1. 6.31;-;) l ' L 6.38%

20(H

0.28 I( 75556.1()')') x 0.13601
'1 X 1.0010

.
7

.
1 x (L063

67528.459 x O.75()3 x 1.012 x 0.063

I( 2358.9

2002

().21 =c-

0.1)1) .., () 1·1· 0.7·1 r:
I( 75555.72 x 0.1.)6 x 1.001 x (Uh)]

107



K 321tJ.332

:. K 21/32ItJ.332

Average V~t1l1ColK Ji.J) x 10-' I (>.523 x I(r)
2

= 7.56 x I(r"

Gully 3 Igbo-EglllI

200012001 200112002

<...i
ltl 0.61111 Ch2 = 0.45

/\1 3 I 500Om2 /\2 314997.865

S 17.1% S 17.1%

IZI 1.017 Ie --- l.OOI

CL -- 2.9(X) CL 2.9%

I

2001
I

(J.() I I( 31 )()OO (JI)I) x 0.171 III I X 1:.(171)7'1 x O.02tJ

K277041.1 tJ x U.7XOtJ x 1.012 x O.02tJ

K 6361

K 0.61/(,]61

2002

0.42= K 314tJtJ7.X65 !I.I)') x O.1710lcl
X 1.001074

X 0.029

= K27753tJ.33 x O.7XOtJ x 1.0009 x 0.029

lOX



X.1J4.\ I (r'

Average value or K
,- 0 co , il()" I 1- 1 "IV . l()"~'~L-LL ..'L.L: I,LlJ..1 D_\._ .

2

Isaja ,

2000/200 I 200 I /2002

( jl!:~ O.261ll

1\1 X32105.0247

S )IX)

I~.~ I.OOlm

CI. ~.7%

( 11,1 O.221l1

1\1 X3210S.Sm2

S ~O'- 10

I~I to I 2 III

CI. 3. 71~/;,

2001

0.22 K X~:2.1OS.SO'I'IX 0.05 0.11 x 1.01711
.
71 x 0.037

t

K 11:')XISlJl

I( 0.221 11SR 1.5<)

K

20H2

0.26 = K 832105.2470.'1'1.\ O.O())o II x 1.00 I 0.74 X 0.037



726-66.63 x O.42() x 1.00 17 x o.o:n

I<. I 1452.273

:. l( =- 0.26/1 1452.273

2.79 x Io'

Average value 01'1<. = 1.<) x I(f' 12.79 A ro'
2 == 2.345 X 10-5

I I ()


