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ABSTRACT

distuAed ciay sol, along wi, the factors that directly affected the surface runoff such as

simu,a,or was used to have the replicate values of ramfal, when needed. Acatchment aa»

infdtration rate of all the plot was found by using double r,„g mf—r and the average^

Jriment was found b, using gravimetric method. The time of stntulation ,s 30 -•
Having gotten the suff.cien, data, multiple linear regression w, used to fmd the relat-tp
betweena„,heinves,igatedp—s, and asimple linear madrematica, mode, was developed
tobe Y-24.67X,+ 213.75X2-15.14X3 +1.61C

, tm X, =Infiltration rates (mm/hr), X3 =Surface runoffWhere; X, =Initial moisture content (%), X2 immrai

(m3) and C=Slope (Deg)

i Keywords: Surface runoff .infdtration, moisture content, slope
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CHAPTER ONE

1.0 INTRODUCTION j

11BACKGROUND OF THE STUDY
To understand the dynamics of surface runoff process, it constitutes one of the most

taportan, problems in hydrology, with obvious relevance for the management of agricultural
tad and water resources that can have both on- site and off - site detrimental effects, '.he
impacts of surface runoff on agricultural land and water resources degradation have received the
most attention; adequate knowledge of the surface runoff process is needed for among other
things are (a) optimal design of water storage and drainage networks, (b) management of
extreme events, such as floods and droughts, (c) determination of the rate of pollution transport,
and (d) construction of roads in the farmstead. During the past few decades, agreat deal of
research has been devoted to the development of approaches to understand the dynamics of the
surface runoff process and significant progress has been actrieved by using artificial rainfall to
study the components of surface runoff such as infiltration rate, time of concentra ion, surface
soil erosion, moisture content and sediment yield on both forest and agricultural land both in the
field and in the laboratory. The major advantage of rainfall simulation research is trjat it is more
rapid, efficient, controlled and adaptable than natural rainfall research (Meyer, 1988). In this
study, afield portable rainfall simulator was employed to determine the infiltration rjue, moisture
content, and potential surface runoff response ofdisturbed sites.

1.2 STATEMENT OF THE PROBLEM

Hydrology research program requires direct measurement of erodibility, infiltration,
rainfall, moisture content, dispersion, crusting and runoff a. several field sites if an are, It,
however, becomes difficult or rather impossible because of amount of time and labour involved
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- - -»--7trir-—-- -*•-
I me conditions, many researchers be c0„ducted efficiently from

j the stand point of time and labour. 1he ston
1 approach is more adaptable for certain type of studies.
J URESEARCH GOAL AND OBJECTIVES OF THE STUDY

* «• efficient of disturbed clay soil in GidanKwano campus ofi (i) To determine the surface runoff co-efficient otdisturo

i the federal university of technology, Minna, Niger State, Nigeria..

for small ungaged watershed. . j

mTo determine the relattve contribution of the various components such as infiltra^on rate of
i. soil, moisture conten, surfitee siope and roughness; and watershed slope in the general of
runoff hydrographs predicted by the model or equation.

1.4 JUSTIFICATION OF THE STUDY j

^standing the dynamics of the rainfall-runoff process constitutes one ), me most
imp„rtan, problems in hydrology, with obvious relevance for fire management of water

(a) Optimal design of water storage and drainage network, J
<b) Management ofextreme events, such as floods and droughts, and ' j

J

H
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rtViP rate oollution transport.(C) Determination ofthe rate pou {

s «fmads in the farmstead j(d) Construction of roads inlleUhasbee„ observed that we adopt other coefficient of h^oiog,
*"**" t.softhewor,d,o carry out design calculations for ,e various typesPr„per,iesfromo,hercoun,r,esofthewo ^^works end up giving way

communities, hence saving lives and propert.es. •:

,5SCOPE AND LIMITATION OF THE STUDY.
The scope of this research covered ordy Federal University of Technology, minna

research farm with the view of determines:

(i) titration rate ofthe study area and Surface runoff volume |
(iOMoisturecontentandslopelengthoftheexperimentalpiot. |

THC limitation of the study are the relatively short period of the data; stress ojf getting the
jlequipmentandmateriaLaswe,, asdis.ee ,d accessibility of road the S,te »

eThe data were collected from alocation and may be ,f they
the scone in terms of area coverage. The data were

M rea the study will provide in sight for agricultural platmrng.were to be collected over aw.de area, the study wt p

16SIGNIFICANCE OF STUDY
THcpurposeofthisstudyistodevelopmodelsthatwillbewithinNigerlforvarious

^ iS^^^TE^r?^
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2.0

CHAPTER TWO

LITERATURE REVIEW

I 21 Surface Runoff

from rain, me,, water, or other so.ces flows over the land. This is ama^r component of *.
hvarologiccycle (Keith, 2004). Runoff that occurs on surfaces before reaching achannel ,s also
called anonpoin, source .If anonpom, source contains man-made contaminants, the runoff ,s

P„i„t is called awatershed (Nelson, 2004). When runoff flows along the ground, it ca|n p.ck up
soil contaminants such as petroleum, pesticides (in particular herbicides and insecticides), or
fertilizers that become discharge or nonpoint source pollution (Susan, 2004).

J 2.1.1 Meteorological Factors Affecting Runoff:

. Type of precipitation (rain, snow, sleet, etc.)

. Rainfall intensity, Rainfall duration and Amount of rainfall

. Distribution ofrainfall over the watersheds

. Direction ofstorm movement j

.. Antecedent precipitation and resulting soil moisture j

. Other meteorological and climatic conditions that affect evapotranspiratioji, such as
temperature, wind, relative humidity, and season.



2.1.2 Physical Characteristics Affecting Runoff:

• Land use

• Soil type and Vegetation

. Drainage area and Basin shape

• Elevation andSlope

• Topography

• Direction oforientation

3 (from http://ga.water.usgs.gov/edu/runoff.html)

2.1.3 Generation:

Surface runoff can be generated either by rainfall or by melting of snow, ice, or glaciers.
Snow and glacier me,, occur only in areas cold enough for these to form permanently. Typ.cally
_,, will peak in the spring and glacier me.t in the summer, -ng to pronounced flow
maxima in rivers affected by them. The determining factor of the rate of melttng of snow or

• g,aciers is both air temperature „d the duration of sunlight. .„ high — regions, streams
frequently rise on stmny days and fal, on cloudy ones for this reason (Keith Beven, 2004).

ln areas where there is no snow, runoff will come from rainfall. However, no, al, rainfall
wi„ produce runoff because storage from soils can absorb light shower, On the extremely

networks of root h,rs can absorb so much rainwater as to prevent runoff even when substantial

-•FT.W —»—"XT p^»"-=—



nfall and low potential evaporation are
ecialized adaptations to extremely variable C

sp1

needed to generate any
surface runoff, leading to

usually ephemeral) streams (Spencer, 1997)r

2.2.3.1 Infiltration excess overland flow

This occurs when the rate 01 ream ,
, rit a TVii« is called infiltration

,^-.^---*^^ta^b-flWTd" 4 more_ over,and flow, Hortonian overland fiow or unsaturated overland flo. ^
_ly occurs in a.d and sen,arid regions, where rainfall intens.es are h.gh and *e so
nation capacity is reduced because of surface sealing, or h. paved area, * occu, largely
in Ci,y areas where pavements prevent water infiltration. (Susan, 2008).

j.
' . . . i

2.1.3.2 Overland Flow

When the soil is saturated and the depression storage filled, and rain continues to fall, the
onfall will immediately produce surface runoff The leve, of antecedent soil moisture is one

flow or saturated overland flow. (Susan, 2008).

2.1.3.3 Subsurface Return Flow j

After water infiltrates the soil on an up-slope portion of ahill, the watej may flow
.aterally through the soil, and exfiltrate (flow ou, of the soil) closer to achannel. TJus is cal.ed
subsurface return flow or through flow (Spencer, .997). As it flows, the amount of runoff may be
.educed in anumber of possible ways-, asmall portion of i, may evapo-transpire; water may
become temporarily stored in micro-topographic depressions; and aportion of it may become

»'
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r -off as it flows overland. Any remaining surfabe waterrun-on, which is the infdtration of runoff as ,t .. ^

.tually flows into a receiving w
even1

2008)

.1.4 Effect of Surface Runoff

2.1.4.1 Erosion and Deposition

Surface runoff causes erosion of the Earths surface. There are four princp,. types of

Ksu,t of mechanical co.,is.on of raindrops with the soil surface. Oully erosion occurs when the
p0Wer of runoff ts strong enough that it cuts awe,, defined channel. These charts can be as
smal,aSonecentimeterwide„raslargeassevera,me,er,SheeteroSionistheover.a,dtta„sp„rt
cfru„off without awell defined channel. In the case of gully erosion, large amount,
can be ^ported in asmall thne period. Stream bed erosion is the attrition of stream banks or
bottoms by rapidly flowing rivers or creeks (Susan, 2008).

Reduced crop productivity usually results from erosion, and these effects ire studied
me field of soil conservation. The soil particles carried in runoff vary in size fro|n about .C
nuUimeter to 1.0 millimeter in diameter. Larger particles settle over short Import distances,
whereas small particles can be carried over long distances suspended in the water 4lum,

2.1A2 Environmental impacts

The principal environmental issues associated with runoff are the impdc, to surface
Water, groundwater and soil through transport of water pollutants to these svs,ef,. Ultimate,

rcnr- ^-t?—-stj—-"-^/n?" •*""*-.

in

.001



YaHnrH, ecosystem disturbance and aesthetic; impact
i *a ;«tn human health osk, cwa;tee consciences translate mto hum t0 sur&ce waters

towa,erreSource,Someofmeeontan,nantsthatcrat ^
ff netroleum substances, herbicides and fertilizers, y

mSin8&0m™0ff r 1—antsbasbeen studied since the ,9,0s, pearly
contact of pesticides w,.h water was kno me streams and rivers have

7 they can be compromised regarding health risks and driving water
potable water supplies, they can be P
lesthefics (that is, odor, color and turbid, effects, Con—d surface waters f«~

such as fish kills, or alter the balance of populations present. ;.

In me case of groundwater, the main issue is contamination of drinking Jater, if the
aquifer ,s abstracted for hum. use. Regarding sol, contamination, runoff waters can have two
important pathways of concern. Firstly, runoff water can extract sol, contaminants and carry

ocposi, contaminants on pristine soils, creating heard, or ecological consciences.

2.1.4,3 Flooding

Flooding occurs when awater course is unable to convey the ouantity of r^flowing

^„^—«^«'^-^wh~^ta,,,•*tylandusechangessuchasriver engineering. Floods can be both beneficial to societies or cause
damaPe. Agriculture along the Nile floodplau, took advantage of the seasonal flooding that

on

case

,t„ .,^„-,^™J- _ ,-, ^ . .^j -B- fr?.T*vrr-.T>-r



r
J • ,v becomes anatural hazard. Adverse .mpacts span Ij increase, flooding increasmg.y becomes.a ^ ^^^J propertydamage,a„dcon,amina,i„nofwa,ersuPp.,S,.ossofcrops,

, e.essnessF.oodsareamongt»em„stdevas,atingofna,ura.d,saster, |
temporary homelessness. riuu

2.1.4.4 Agricultural Issues

Acommon context of run-off deals with agriculture. When farm- is ,«!- bare

10S5 of valuab,e topsoi, and adding sediment to produce turbidity in su ace water -
contexl of agricultural issues involves the transport of agricultura. ^^

„„ff This result occurs when chenucal use is.- -a o ^rhirides etc) v a surface runoff. Inisiesuuuv^phosphates, pesticides, herbicides etc; vi

excessive or poorly timed with respect to high precipitation. The resulting con— ™noff
represents not only awaste of agricultura, chemicals, but also an environmental threat to
downstream ecosystems.

2.1.5 Measurement and Mathematical Modeling:

Run„ff is analyzed by using mathematical models in combination wiU, various water

a^sis instruments targeted on pollutants such as specific organic or inorganic chfmica,s, pH,
tulbidi,y e, or targeted on secondary indicators such . dissolved oxygen. Mermen, can
also be made in batch form by extracting asingle water sample and conducting any number of
chemical or physical tests on that sample.

•?f$83g^4ija^^
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1

a i onhPired to calculate quantities of,. ,. hvdrolopy transport models appeared to
Iin the 1950s or earhei hydroxy v

. • tu„ p«rlv 1970s computer mode s were• -,v for flood forecasting. Beginning in the early 19/us
1~* ^ ^ 1„, of runoff carrying wafer pollutants, which cohered
1"** »"*" : .flllrati0„i„,osoi,sandul,imatepol,utant,„ad4eHvered

disso,ution „, ^ and
. • ,ers One of the earliest models addressing chem.cal d.ssoluUon

to receiving waters. One
, ., • ,h, earlv 1970s under contract to the unueuresulting iranspor, was developed ,n die early 197 .

Enviromnenta. ProtecUon Agency (EPA)(C.M. Hogan, .973).

2.2.0 SOIL

ait mi Wa,er formed from the underlying rocks and plant and — materia, by various
,yamrnatl 1999). The constituents ot souphysica,, chemica, and biological process. (Areo,a and Mamman, ,999) ;

are minerals matter, soil organic matter, and soil air and soil water. j

Soil .The soil constituents comprises of mineral matter, ^ organic
2.2.1 Constituents of Soil . ine sun

matter, soil air and soil water

i
• •

2.2.1.1 Mineral Matter

^composed remnants of the original rock materi, fiom wmeh the soil is for„,d; sand; s,
mi Cay. ,n term of rn.nera.ogy, these inorgardc materiais comprise die remnants „
.decomposed primary rock minerals such as feldspars, micas etc, Cay minera,s, oxide an
mineral nutrient elements such as the bases, calcium, magnesium and potassium ^ the trace
elements like sodium , iron etc.

10

•tte1— rrniy-'TT'"- "—**r ""~--~**" •" r 1T



2.2.1.2 Soil Organic Matter

This include the litter of fallen leaves, twigs,

the soil surface, the humusparticles in the soil and the population of micro-organism living m
.1 breakdown oforganic litter to release

i 2.2.1.3 Soil Air

fruits and droppings including caicasscs on

formed from the decomposition of Utter n„xeed with the minerals

the soil which help in the

the nutrients stored in it to form humus.

«„ acts as the "atmosphere" for roots of plan, and soil micro-organisms from were

„„wever,,hepropertiesofsoilairdifferinsomerespectsfromthoseofdieeart,satmosp^

2.2.1.4 Soil Water

This is the medium through which plants and many micro-organisms obtain mineral
elements from the soil. Soi, water is important also as aweathering and leaching agent in soii,

nutrients.

2.2.2Soil Profile

This is
is the vertical section through the soil to

the underlying solid rock showing layers of

earth of varying

letters of the alphabet

[m colors, texture and consistency. Soil horizons are3usually designated by the

11
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ij 2.2.2.1 The A-Horizon

This is the layer that is in direct'contact with the atmosphere and the plan. * animal
ll*:l---.-----^-*•!•*-,,,id,*,,-"

hCowthroughtheprocessofeluviationsandreferredtoasaneluviahorizo,
1
j 2.2.2.2 The B-Horizon

ThisisthesecondlayerofatypicaisoilprofilCtisanaUuvialhorizonbecausemostof
the ..nematerialst.nsferredfromtheA-horizonareusua.ly deposited in , 1, is generally more
fined textured and compact than the A-horizon.

2.2.2.3 The C-Horizon

< >n\ that k the reeolith or weathered material fromIt is made up of the soil parent material, that is the regontn
matter and its compactness is due toj which the soil is formed. It has little or no organic

| precipitationofaccumulatedmaterials^ l*»
i.3.0 SEDIMENT TRANSPORT

Sediment movement in streams and rivers takes two forms. Suspended sedW is the
nnerparticleswhichareheldinsuspensionbytheeddy currents in the flowing strea^ and when

witv decreases such as when the streambed becomes flatter,only settle out when the stream velocity decieases, sucn
or „e stream discharges into aponds or lake. Larger solid particles are rolled along .e
stteamhed and called die bedload. There is . intermediate type of movement w^ere particles

dow„s,ream on aseries of bounces or jumps, sometimes touching the bed ahd sometimes
move

12
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|FAO,2002).

——-----r.-c:rr.
• „ frnm a Fine grained soil sucn a&where the sediment is eommg from afin g 0n ,,K 0UKr hand, afast

, i „.. „ntirelv in suspension. On die o"*-1

:——rn::.«.,^—»—-USA may cause significant changesUbA,may e> threshold between suspended
: higher ,d ,e P,,e settling velocity much low. so * ^_
: sediment andbedload becomes b,urred.(fromPAO,2002,T^of
] associatedwithtryingtocorrelatCheamountofsedimentmeasuredinstrea

erosion within the watershed.

deposited, then The ftird is that the sediment in the stream
times before the sediment reaches the stream. The

!
ratios, (from FAO,2002).

i

i

i
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2.3.1 Estimating Suspended Load
: . nu nf Misnended sediment is to dip a' mGrab Samples: The simplest way of taking asample of suspend
' • „,„ the stream preferably at apoint where it will be well m.xed, such' KnrVpt orother container into the stream, pi

1 ,or rock bar The sediment contained in ameasured volume of water. downstream from awe.r or rock bar. ^
ufiltered,driedandweigh,ed.This8ivesameasureof,heeonce .
combinedwi,h,herateoffiowgives,herateofsedimen,diseharge,fiomhA.O,2002,:

, . samplers' One can allow for variation in sediment concentration a.J„ DeP,h ln.egrat.ng Samp ^ ^ t^
! different points in the stream by usmg an integrating P ^ ^

, combined from small sub-samples taken from d.fferen, pom., W

"...*.-—-*•-—'' - r r
FAO,2002).

,- Samp.ers- The point integrating sampler remains at afixed pWt in the(3)P„i„tl»,e8rat,„gSamp,rs. P ^^^.o^,*
stream and samples continuously during the time it takes
dos.„g the valves of the sampler are controlled from the surf.ce e,ec,r,ca„, oby ^

, ZX -,d be taken at anumber of depths at each of several vertical sections, or
: •rt, d so these two operations are often carried out at. gauging of streams by the current meter method, so these,wop ,

the same time.(from FAO.2002).

2.3.2 Estimating Bedload Sediment

. T,, stoniest way to estimate bedload is to dig aj hole in the(1) Dirert Measurements: The simplest ^^̂ ^streambedandremove;andweigh,hematerial.hatdropsinto,t.Thebas .

14
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! •daily ac, as asediment trap, but it may not be known whether all the bedloa^"UmeCMTr heavy ioads occur this Process can be very time consuming-
, been trapped. Where neav,

11aborious.(from FAO.2002).
• , ofhedloadmaybeohlainedfrom^esamplescaugbUnadevicelwhich

f ^ EStma " eald ,ime men brough, up for weighing the ca,eh| M,y
such devices have been usea, auu .

nlP The problems with bedload samplers are: |and representative sample. 1he prooic

, u thP hvdraulic conditions at the entry into the
1 ^ictnrhs the flow and changes the hydraunc w.(i) The sampler disturbs tne uuw ,

sampler.

„To remain stable on the bed i, has to be heavy, and this resets me - *lowering from
1 bridges or purpose built gantries. |

MAsampler needs to rest on areasonably smooth bed and no, perch on largess or
boulders.

Thesimplestformisawirebasketwithastabilizingtailfin.Thecatchofsuddevicesis
* •„. ic reflected round the sampler,

increMing,y as the basket is fi, up. This is descried by saying tha, back pressure .duces ,
l jl sampler, and this description conveys the right image without goihg mto h
Hies of fluid flow. Some samplers have adiverging section behind ,e or.ce, which

\

15
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i
1

' witi* These are called prejssureI • i ot thP surrounding stream velocity, inest die r ,lillows entry to the sampler at the suirouno g
\jl,ITerencesamplers.(fromFAO,2002)- .
i, V, M,* Tracers: Antnnber of studies report the use of radioactive tracers to n|orrhor

' • • t into the stream aradioactive tracer in aform
f tv^ tprhniaue is to insert into me sire<uu alhe bedload movement. The technique ^

iw to me bedload drat is it should have the same shape, s* and weigl
Hi he movement downstream can then be n-ored using portable debtor,

i

j2.4.0 INFILTRATION j

, saturated. ,f the precipitation rate exceeds the infiltration rate, runoff wil, usually occur u„,ess
mere is some physical barrier. ,t is related to the saturated hydraulic conductivity of he near-

|snrfaces„,Therateofinfi..ratio„canbemeasuredusinga„infi,,rometer(walto
I infiltration is governed by two forces: gravity and capillary actio. While snfer pores
: offer greater resistance to gravity, very small pores pul, water through capillar,, action ,n

addition to and even against the force of gravitv.(Kei.h and Chris,2002)

The rate of infiltration is affected by soil characteristics including ease of en^ry, storage
capacity, and transmission .te through the so. The soil texture and structure, vegetation types
and cover, wa.er con,e„, of the soil, sol, temperature, and rainfall intensity a„ play arole ,n

i
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i roarse-grained sandy soils have jlarge
•i Kw pvamole, coarse-giaii,vconUol,i„g infihration rate and capacity. - ^ ^ _ ,_

spaces hetween each grain and aiiow water to mfiitra^ ^^ ^
, , ,.;„„ the soil from pounding rainfall, which can .soils by both protecting ^ ^ ^ ^estfsoi.parficles,and.o„seningsoilthroughrootaC,on.Th,sisw ŷ ^ J

!infiUra«onrates„fanyvegeta,ive,ypes(«erandSkogerb„e,1997,

^11of hydrophobic so. Other conditions that can lower infiltration rates or block diem

Ling Period, die so,, can become aconcrete frost on wh,ch a,mos, no i„fi„ra„on wo.
1l l an endre waiershed, drere »e likely ,o be gaps in the concrete fros, or^

1997).

2.4.1 Process

The process of infiltration can continue only if mere is room avaiiable for, additional
Wa,er at die soil surface. - -able volume for additional water in the so., depends on *e

I P . „,„ ™„ enter asoil in agiven condition .s the
surface through the soil. The maximum rate that water can enter a

17

, lf the arrival of the water a, die soil surface is less than *f infiltrationinfiltration capacity. If the anival ^^^.^u-
capacity, all ofdie water will infiltrate. If rainfall ,ntens..y



[ lv ponding begins and is followed by runoff over the g^und
I-* te infiUrati0n " . Umis mnoff is called Horton overland flow. T^ entire
1—dePreSS;;ZZl somed.nes a„a,y,d using hydrology transport dtodels,

>«

and stream water quality.(Lal,1996)
i'
i

2.4.2 Infiltration calculation methods !
trf the general mass balance hydrologic budget, there arenation is acomponent the ^ ^_ ^

severalways to estimate the volume and/or the rate ^
eXcClentes,ima,ionme,h0dsare«,G,ee„-Amptme„od,SCSme,ho, .j

Darcy'slaw.

242.1 General hydrologic budget: j

infiltration question. j

f=Bi +P_E-T-ET-S-R-Ia-Bo
i «. nr length-Bi =the boundary input,^p. infiltration, which can be measured as avolume or length,

,, * •.,„• directly connected impervious areas; Bo.-.iiv the output watershed from adjacent, directly comwhich is essentially the output ^ ^
.the boundary output, which is also related to surface runoff, K . _

, define the exit point or points for the boundary output, P- P-p.estoiagethroughei,herre,entionord^tentionareas;
evaporation; ET =evapotranspirafion, S the g

j.

i
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omit

when

i eva

„,rftce storage such as puddles or| even|h =,he initial abstraction, which is the short term surface stog
S^detentionpondsdependingonsi.^sutface^ .

, • emust be wise about which variables to use and wljich to
lhe only note on this method ,s one must be ^

lit for ooub.es c easily be encounteied. An easy example
• ,„„ T are placed in the equation as well as tne.„ me evaporation, E, and the transp.ra.ion, T, are pla ,

,„transpiraUo„,ET.EThasinCudedinitTaswe,,asaporti„n„fE. :

I2.4.2.2 Green-An.pt Named for two men; Green and Amp..

conductivity and time.

F(t)iZ^dF =
F + t//A0

JQ

t

Kdt
o

Were^we,,ingfro„,soi,suctio„head;0=watercon,e„,;K„ydrau,icconduc,ivi,|
i

F=the total volume already infiltrated.

♦ i™. for either volume of infiltration or insjtantaneousOnce integrated, one can easily choose to solve for eithei

infiltration rate:

f Fit)]F(t) =/a-I-t/>A0 hi Jl+^j

:

i
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. •- for Fft) However the variable! being_ _A the volume easily by solving for F(t). Ho

,jived for is in the equation — ~- ,
• i, ronstant Agood first guess for Fis JU. r(another appropriate constant, a g

,,sing this model one can find _ ^ ^ b
cquati„ni,elfsowhens0.v,ngfor^on _ _ t1 ^

l0 converge on zero, or aium*. »^-»r- 0f [ponded^.sformulaisthatonemustassumethat^thewaterheadorthedep p
note on using uu» ^ eauation one maywa,erabovemesurface,isneg,igibl,USmg,hemfi,«ionvo,umefrom,h,sequ
water above instantaneousmen substitute Finto die corresponding inf„trat,on rate eqaatron below

infiltration rate at the time, ,, Fwas measured.

m=^W)+1\

(John Wiley &Sons, Inc, 2005).

2,4.2.3-Horton's equation:

Named after die same Robert E. Horton mentioned above, Horton's equation is another
; viable option when measuring ground infitaation rates or volumes. It is an empirical fotmul* «-

says ,ha, infiltration starts a, aconstant rate,/0, and is decreasing exponentially with df. r. Aftei
some time when ure soil saturation leve. reaches . certain value, the rate of infiltratiorj will leve.

off to the rate/c. \

ft=fc +(f»-fc)e~k'

Where;^ =the infiltration rate at time fjo - the initial infiltration rate or maximumjinfiltration
rate;^ -the constant or equilibrium infiltration rate after the soil has been saturated o^ minimum
infiltration rate; k=the decay constant specific to the soil.

!i 20



below.Itcanbeusedtofmdthetotal|volume
The other method of using

of infiltration,^ after timer.

Hortorfs equation is as

j

Ft = k1 + k

• • 7005 Edition, John Wiley &Sons, Inc, 2005).
(from, Water Resources Engineering, 2005 Editio

2.4.2.4 Kostiakov equation:

Named after its founder Kostiakov is an empirical equation
rate declines over time aceording to apower function.

a-lfit) = akt

which assumes that the intake

Where aand kare empirical parameters.

5tort .riods of time. The K—Lewis —• - —"^"^f^
,• u w;no ^teadv intake term to the original equation. ;

equation corrects for this by adding asteady una* ,

f(t)= akta~1 + /o

rated form the cumulative volume is expressed as:
in integ:

F(t) = /cta+/cot

21
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t nthe final infiltration rate of the foil, lt does not necessarily equate to the tma .,
,Miere;/o.approximates, but does |
talker,; Skogerboe, (1987).) |

12.4.2.5 Darcy's law:
~f narcv's law. In thiss • cimnlified version ot Uarcy &i«This method used for—on is usmg a,mphfied

raode1.epondedwater,sasS.nedtobeequ,to,andthehead dryo
medepthof.ewe«,g&ontsoilsucdonhead,sassun,dtobeequa„o-, .

nA surface- K=the hydraulic conductivity;^^medepthofpondedwaterabovefhegroundsurface,, y ^
•j- rfi™ (Tohn Wiley &Sons, Ine, 2005.).L. die total depth of subsurface ground ,n question. (John W

. w„ffactors impact soil infiltrations are;2.4.3 rae«orslnfluencmgInf.toa«on.Anumbeioffaetorsimp

asa»dy surface soil normally has ahighermfiltration ra,e man aclayey surface sf
! surveyisarecordedmapofsoiltypesonthelandscape. j

.crust. Soiis tha, have many large surface connected pores have higher «e rat^ than sods
water into the soil.

meentryofwaterintodiesoilandtends.oresuhinpondingonmesuriace. |

22
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2 Drop impact veiotny.fl,inte„sitya„dia„domdropsiZedis,ribution(Laws,dPars„ns,9«).
3. Uniform rainfall intensity a

4. Uniform rainfail application over the entire test plot.

5 Vertical angle of impact.

, •,„ and reproducible storm patterns must be met to
DroP - aistribution, impact velocity * —rffc

: , ., Vi„e,ic energy of rainfall. Kinetic energy (KL mV2/2,| simulate the k,net,c energy . ,alor setti„g«. Drop size distribution depends on

many storm ch—ics, especiaily -a„ mtens,. ^ ^ ^^^
., , «ihan 1mm to about 7mm); increas.ng w.lh the intensity

sMdaras were based

drop size for high in,ensi,y s,orms (Laws ,id Parsons, )
, , Parson's (1943) studies. Drop velocity is important ,n designing

on Laws and Parson sl.iv' f

simulator, urops mm adecmatc size

and fall distance (Laws, 1941). Arepr inexpensive, a
, , • a intensities and duration. Since computers aic P

rr:-^————-
1

storm.
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251Desirab.eCh,rae,eris,iesofSim«.a,dRai»fal.

Arainfall simulator must be accur. ^, • • are amatter of convenience foi the usei
simulating rainfall- Any other criteria a simulator and

5 , 1,1 icn he easv to use and setup. Ihe support by
1 simulator should also be easy use, „ cements of the simulator (GrierisoneUlUy/)-^

t0 withstand any wind and all movements ^
! -ncludes easily readable instrumentation and control systems. Propel

also includes easny position as
„, onitor the flow of water to the nozzles. These should be placed

be used to monitor me now uand help regulate the inflow of water to the nozzles (Laws, 2001).
to accurately measure and help leguwito accuraxeiy elevation differences between the

, referred for the rainfall simulator because of the elevat

instrumentation, the reliability will mcrease or ^
V dbv creating uniform rainfall across the test plot (Meyer and Harmon,!

achieved by creating un ^ series
•,p distribution for simulating rainfall is chosen anu Fnozzle with good drop size distribution t

cine to allow adequate overlap lateral uniformity *achicv^ W
with adequate spacing to allow * 4

i

-
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. Dt back and forth across an are, the spray wil, be-orm
^ally-uniform boom ,s swep ^ ^ ^ off^ ^ „
(Thomas et.al, .999). Properly des.gnmg and ^ ^ rf g

• fdi Without question the most desirayi ,critical for creating uniform rainfall. Withou ^^ramfa,simu,a,orisitscos,;itshou.dbeas,owasposs.b,e.De,gn.g ,
with cost in mind (Gunnetal, 1999). ,

h^advantages of Rainfall Simulators2.5.2 Advantages and Disadvantage

The main advantages are:

(i) The ability to take many measurements
quickly without having to wait for natural rain.

n To be able to work with constant o
ontrolled rain, thereby eliminating the terratic and

(ii)

unpredictable variability of natural rain.

(ni) It is usually quicker and simpler to set up asimulator over
to establish the treatments on runoff plots.

existing cropping treatments than

in disadvantages are all related to scale:
The main

t

cumbersome.

(ii) Measurements of runoff and erosion
extrapolated to field conditions. They are best

-- T^?jf"*V—

from simulator tests on small phjts cannot be

restricted to comparisons such as y*ich of three

26
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Minimi

•J

' cropping treatments suffers least erosion
ion under the specific conditions of *e simulator test, of

i crooning treatment »«»»-

j the comparison of relative vm
u -.hut having to erect windshields undermines thej (iii)Simulatorsarelikelytobeaffectedbywind,buthaving

1 advantage of simplicity-
1

2

5.3 Applications of Rainfall Simulator

j 0)Inthestud^^^ j
j (HOErosionaiidsurfacerunofffiomupanddownsloperowcrops; .j
1 • «- ^«t different times during the growing season. ]! (iv) The relative protection afforded at different urn . ,

But, sorne examples where rainfall simulator is not applicable are;

| (U)smdiesofphysicalprocesseswhichrequire —
as changes in kinetic energy or intensity; .

2.5.4 Previously Developed Rainfall Simulators:

Simulators can be separated into two large groups (drop-forming s^ors -
preSsurized noz,e simulators) (Thomas and Bl Swai,, 19S9, Drop— ,m. or .

, ,for field use since they require such ahuge distance (10 meters) to .reach terminalimpractical for s ^ ^ ^ %„„
velocity (Gnerson and Oades, 1977) ^ ^ ^
of drops unless avariety of drop- formmg s,zed tubes
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3 , l,, rlnselv packed to create an intense en« slaindrop product.on must be closely p .
5 „„ll oieces of yarn, glass capillary tubes, nyp ,^.orming simulatois use small pieces ^^
< u- nr metal tubing to form drops (Bubenzer, ij^,e"e '^ " f ses ^canbeusedindtefieiaandtheirintensipescan.mulatorsaresuitedforavanetyofuses. fheyca ^

be varied more than the drop forming type (Onerson and Oades, ,977) ^
l , , tu nrpscuire driv ng them out, a snontrnozzles have an initial velocity greater than zero due to the pressure* ,

, , •♦ Mn77le intensities vary with orifice dpameter,
fa„ distance is required to reach terminal veloc.ty. Nozzle

• „fihe nozzle and nozzle movement! (Me)ei,the hydraulic pressure on die nozzle, the spacing of the nozzle
,1 P— nozzle simulators can produce liable storm intensities. Acontinuous spray
:, from anozzle creates an unnatural, intense storm. Some method of starting or s,pp.ng -

I use is arotating or oscillating boom (Bubenzer, 1979b, The most popular nozzle ,s ,he Vee,^O.OOn^ertm^lkPa^ltwaschosenbecauseitmostc.oselyresemb.estHdropsize
.strmution of erosive storm patterns in the Midwest (Bubenzer, ,979a, Accurate, testing of
nozzlesmustbedo„etoe„sureadequatesprayc„veragea„dunif„rmityin,heplo.. ;

. The Norton S-ator; The Norton Ladder Type Rainfall Simulator is aspray, boom that

mi DaIre, Norton designed the Norton Ladder Type Rainfall Simula, for use a, the «»

spray for proper nozzle overlap and swath widdi. Aclutch brake star, and stops he boom s
igLdly asignal from tire control bo, Asmall gear motor drives the cluteh b|ake and the

i
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\ c> ^rh set of nozzles has it^ own, nThefournozz.,esaresuppliedWi.hwa,erinse,softwo,each,et
boom. The four H.stfordiffere,Kes in elevation, hose orientation, etc.|,»„e and pressure gauge to adjust for dtffere

i , ,„ Veeiet 80100 nozzle. Typical,
1 „ Graving: systems veeju °"'
i . • r„u simulator uses a bprayius °jJL.*- "ozzle include, dust control, industrial washing aprons
\—MCT SPe?,"ed ,. „pressure high- velocity- high-volume water apples; al,1.„, fire control. ,,s uses are h.gh-pressm • ^ ^ ^^^ p,,
1-«f«u Unot The pressure range of the nozzie 4Uungs rainfall is not. P of4]

» psi) yie.d,ng flow rates of ,3, to 132 Liters per mmute (3.5 ;

\ i •™„,ar sorav when used at its capacity limits due to\ Most nozzles tend to produce .rregula, spray w,

— "J' • _le _ needed, one with anarrower.peration
Used leading to areduced uniformity, a

Jrange, but similar drop size and intensity.
\h Non-Pressure Droppers, moiij i

i ThPsi7e of drop is related to theanddroppingfromthe tipoftubes connected toawater supply. Thesiz P
\iKof,hetUbing. Metal, glass or plastic tubing has been used or hypoderm.c needle which,

•• f arv Air array of tubes of different sizes may be used tomanufactured to ahigh degree of accuracy. An array ot ,

Iproduce rain of different size drops.

[water pressures.
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, slhc device is raised up very high, the drops s*the
,K Advantages are that u.e ^^ ^ ^ ^ „.

«^-^-,::hli:opof5mmdiameterneedsahe,ghto^,lof

1 disadvantage is that the size of the test p

large drop forming tank !
u, , of sorav but which may be perfectly suitable„.. The simplest possible form of spray, dux

sizes. A basic promc pressure
i fnllina from a considerable height, wiui F

!

1995).

.,. _ -«—-»—* ~—' - "*•

et.al, 1997).
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r , rommereially available, some designed tot other

i ofthk size is higher than natural rain luwcftom nozz.es of size ^^ ^ ^ ŵ f _,
necessarytohavesomekindofnterrupt ^^^^
Iain.,„Meye^Rainu,ato, two methods were used. Ihesp ^ .

derivatives are very efficient, concernedv.d and expensive. Most subsequent developments have therefore bee
are complicated and expe„siv

• • wor smaller machines. One such variation was designed (y
wim designing simpler or ^ ^ ^

nosm for field use in Kenya. /\ nun jDietrich and Brunengo (1980) tor lieu
w» track by two operators pulling on ropes,pulledbackwardsandforwardsalonganoverheadtrackbyt ,

,• Wed on acommercial rotating-boom irrigation machine.Another approach is amachine based on acomm
• the water supply to anumber of nozzles on each boom which rfate slowly,

T?ach boom carries the water suppi? . , •
, hne The machine is set up between two test plots so that! ram can bepowered by awater turbme. The mach,

applied simulataneously to both plots. Plot lengdis up to ,5 mcan be .
orforlongerplotsWomachineseanbeused(Swanson,965;Hinkle,990, ;

fc rotating disc originally des.gned by Morin, Ooldberg and Seginer (1 ^
sprays continuously, bu, the soil is intermittently shielded from the spray. nof
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lds, and just below it is a^to^^***»*»i***K

32

vertically downwards, auu ^ -- a ^ bul,t 0f rain

cont.nuomly, pr0duce excessive
distribution and kinetic energy but wh,h, when sp.ay.ng
intensities.

2.5.5 Practical Considerations
,. .„ , access Most simulators need a• fVlors are power sources, water supplies and access.The mam factors are p ^ ^ using gravity. Small

re„able diesel- or pehol-powered generators are avadable ^ ^
•, ,„ the site Some small simulators can run oh electtic.ty

"•""" ZZ^^^^m^(°!
"".-"ZZU.*.- - *-°r pumps "~,998)-electronic equipment, ^ ay ^ only small supplies of wafer .because they
Small simulators of the nozzle dropper type ^ ^

1 „ the test plot with litde wastage outside the plot. Spraying ycan he targeted onto die P ^ ^ ^ te sprays
*-— partly because they usual, ™.. , ^ ^ rf _
usually coveralargerareathan the test^^^^^
which„i„berequired,andhow,tisgo,ng,obed ainn oingimote

p,0,butthishastobedonewimoutaffeedng,heraino„to,he,o,Large P,
are acommon problem (swanson, 1998). i



, e,„ an all-weather road is so much easier to operate;
- Access is infant. As.te cos ^^ ^ ^ ^ ^

I i • »c i;Wp the rainulator nave iv ^I indeed really large maehmes like . ^ ^ ^^
* • 4 ^investigated may not be easuy^

vehicle (Meyer e,,al, ,998).aredesignedtobecarriedbyoroperatefromafour-wheeld
• v*bilitv Things never work as well in the field asMother practical consideration ,s rehab., , T ^ ^^

untested at the workshop. Components get ^^^,^pm„ps3am;motorsburnout.Thekeyts,omakea ^ ^
• ^«rith as few moving parts as possible lMoo

and easy to repair and with as tew m

l60 SOIL MOISTURE CONTENT

/,i*r:::;-~————•*

Volumetric water content, 0, is defined mathematically as; ;

Vf

Where K* is the
volume of water and ^ ^^ ^^
Volume +Void Space). Water content may also

Volume + Water

thus the gravimetric water content is defined as:

m w

U =
TTlj,
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, r avw van Genuchten as:dUncnsionless value defined oy van-.

0 =
ps r

:1 Where, 9is the volumetric water content: 6, is %*idua! water content, defined as the water
content for which the gradient Sidh becomes zero^ 0, is the saturated water content, which

. i ♦+„„Am«irv (d (Van Genuehten, (1980Misequivalent toporosii}, <p. ^van ,,,. x
i i
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2.6.3.0 Measurement Soil Moisture Content

2.6.3.1 Direct methods:

Water content can be directly measured using a known volume of the material, and a

drying oven. Volumetric water content, 0, is calculated using:

e-
TIT-wet TR-dry

Pw-Vb

Where, mwet and Wdry are the masses of the sample before and after drying in the overt; p,v is the

density of water; and V\, is the volume of the sample before drying the sample. For materials that

change in volume with water content, such as coal, the water content, u, is expressed ih terms of

the mass of water per unit mass of the moist specimen:

mwet ~ mdry
U,= -

mwet

However, geotechnics requires the moisture content to be expressed as a percentage of the

sample's dry weight i.e. % moisture content = u * 100, where

(Dingman, 2002).

2.6.3.2 Laboratory methods:

TflWPtwet mdry

THdfy
U =

Other methods that determine water content ofa sample include chemical titrations (for

example the Karl Fischer titration), determining mass loss on heating (perhaps inthe presence of
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an inert gas), or after freeze drying. In the food industry the Dean-Stark method is also
commonly used. From the Annual Book of ASTM (American Society for Testing and Materials)
Standards, the total evaporable moisture content in Aggregate (C 566) can be calculated! with the

formula:

W-D
p = _

& Where pis the fraction of total evaporable moisture content of sample, Wis the mass of the

original sample, and D is mass ofdried sample.

2.6.3.3 Geophysical methods:

There are several geophysical methpds available that can approximate in situ soil water

content. These methods include: time-domain reflectometry (TDR), neutron probe, frequency

domain sensor, capacitance probe, electrical resistivity tomography, ground penetrating radar

(GPR), and others that are sensitive to the physical properties of water. Geophysical sensors are

often used to monitor soil moisture continuously in agricultural and scientific applications, (from
*• i

] F. Ozcep, M. Asci, O.Tezel, T. Yas, N. Alpalan and D. Gundogdu, 2005).

2.7.0; TIME OF CONCENTRATION

The time of concentration of a watershed is often defined to be the time required for a

parcel of ranoff to travel from the most hydraulically distant part of awatershed to thib outlet. It

is not possible to point to aparticular point on awatershed and say, "The time of concentration is

measured from this point." Neither is it possible to measure the time ofconcentration Instead,

the concept of time of concentration is useful for describing the time response ofawatershed to a
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driving impulse, namely that of watershed runoff. In the context of the rational method then, time
of concentration represents the time at which all areas of the watershed that will contribute
runoff are just contributing runoff to the outlet.

That is, a. time of concentration, the watershed is fully contributing. We choose to use
\ this time to select the rainfall intensity for application of the rational method. If the chosen storm
J diiration is larger than time of concentration, then die rainfall intensity will be less thin, that at
f time of concentration. Therefore, the peak discharge estimated using the rational method will be

less than the optimal value. If the chosen storm duration is less than time of concentration, then
the watershed is not fully contributing runoff to the outlet for that storm length, and ti)e optimal
value will not be realized. Therefore, We choose tire storm lengtii to be equal to time of

j concentration for use in estimating peak discharges using the rational method. (David, j«)C,6).
I More so, Time of concentration is aconcept used in hydrology to measure thfe response
j: of awatershed to arain event. 1. is defined as the time needed for water to flow from the most

remote point in awatershed to the watershed outlet. It is afunction of the topography, geology,
j and land use within the watershed.

Time of concentration is useful in predicting flow rates that would result from
hypothetical storms, which are based on statistically-derived return periods. For n^any (often
economic) reasons, it is important for engineers and hydrologists to be able to accurately predict
the response of awatershed to agiven rain event. This can be important for these things such as
infrastructure development (design of bridges, culverts, etc.) and management, as well as to

assess flood risk.
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2.7.1 Overland Flow - L„

The travel time for overland flow may be determined by using'the following methods as

\ appropriate, If the ground cover conditions are not homogeneous for the entire overland flow
j path, determine the travel time for each ground cover condition separately and add the travel
i\ times to get overland flow travel time. Do not use an average ground cover condition.

I a. Seelye Method Travel time for overland flow can be determined by using the Seelye chart.
| This method is perhaps the simplest and is most commonly used for small development? where a
1 greater margin of error is acceptable.

First, determine the length of overland flow and enter the nomograph on the left axis, "Length in
j Feet". Intersect the "Coefficient of Imperviousness" to determine the turn point on th|e "Pivot"
J line. Intersect the "Percentage Slope" and read the travel time for overland flow.

| b. Kinematic Wave Method: This method allows for the input of rainfall intensity values, thus
allowing you to adjust the model to aselected design storm, such as the region's 2-yeaij, 10-year,

or 100-year storms.

. „, (0.93Ua6n0-6
The equation is: 7t = .0.4so.3

Where: Tt = travel time; L=length of overland flow in feet; n=Manning's roughness
coefficient; i=rainfall intensity; S= slope in feet/foot

The first step is to decide on values for "L", "n", and "S". This leaves two unknown values
(travel time and rainfall intensity.) In order to solve the equation, find your region's IjD-F curve
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j

and choose a model storm. A trial and error process is then used to determine the overland flow

time. First, assume a rainfall intensity value and solve the equation for travel tirjne. Then

compare the assumed rainfall intensity value with the rainfall intensity value that corresponds

with the travel time on the I-D-F curve. The correct travel time will come from an) assumed

intensity which is equal to the intensity determine using the I-D-F curve?

c. Manning's Kinematic Equation This is the method used in TR-55.

0.007(n008The equation is Tt - • p^0-4

Where: T, = travel time (hr.); n = Manning's roughness coefficient; L = flow length (ft);

P2 = 2-year, 24-hour rainfall (in.); s = slope of hydraulic grade line (feet/foot). All of the

values are inputted into the formula to find the travel time.

2.7.2 Shallow Concentrated Flow - Lsc

\ To calculate the travel time of shallow concentrated flow, first determine the velocjity of the

flow. You will need to know the slope of the shallow concentrated flow and whethe:[- the flow

path is paved or unpaved. Next, calculate the travel time using the following equation:

L
Tt(minutes) = -rrrr

1 60K

Where: Tt = travel time (minutes); L= length ofshallow concentrated flow (feet); V= vielocity

(feet per second)

2.7.3 Channel Flow - Lc: The last flow regime we need to consider is channel flow, \
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,. Kirpitch Char, Asimple method using anomograph; to calculate channel flow, y„|., need to
know:

1: Length ofchannel flow in feet

2: Height above the outlet of the most remote point in the channel

3; Whether the channel is paved

Then we simply use this data with the Kirpitch Chart to determine the travel time. «Be sure to
multiply the result by 0.2 if the channel is paved.)

b. Manning's equation Manning's equation is used to determine the velocity of chahnel flow.
You can either solve Manning's equation mathematically or you can use the nomograph to solve

Z/3SV21.49r '3s 'I
Manning's equation, V= ^—

Where: V- average velocity (ft. /sec); -hydraulic radius (ft.) and is eqda, to a/P„
across section.! flow area (ft>>; P. =we«ed perimeter (ft.); aslope of the hydraulic grade
line (ft. /ft.); n=Manning's roughness coefficient for open channel flow.

Once the velocity is found, the travel time is determined using the same method used for shallow
concentrated flow.

2.7.4 Total Time of Concentration The time of concentration along the hydraulic pjath is simply
the sum of the travel times for the overland flow, shallow concentrated flow, and ch|nnel flow.

Tc =Lo +Lsc +Lc j
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2.7.5 Existing Formulas for Calculating Time of Concentration:

Izzard Formula

time of concentration, tc -

overland flow distance, L =

41LV3 ro,ooo7i+cr
C "" .2/ _'i7

ro,ooo7i+cr]
I s"V3- J% L SV:

uVasVa
41(0.0007i + cr)

tci2/3SV3
retardance coefficient,cr = lT 0.0007i

41L/3

slope, S =
41lV3
-jj—• (0.0007i + cr)

[i2/3tc

Kerby formula

time ofconcentration, tc = 0.83[Lns-05]0467

vo.83;

467

flow length, L
ns -0.5

tr \ /o.467

retardance roughness coefficient, n V0.83/
Ls-°-5

Kirpich formula

[0.77

time of concentration, tc = 0.00781 S0.385
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0.385\Vo,77tcs
travel length, L= Iq^o078

slope, S =
'0.0078L'0.77\ /o.385

Kinematic wave formula

0.93L°-6Na6
time of concentration, tp = - j0.4sol

/tci04S03\Vo-6
overland flow length, L= I^93^06 J

/tci°-4s°-3\1/o-6
Manning'soverland flow roughness coefficient, N=Io.93L0^/

rainfall, i =
'0.93L0-6N06\2-5

tcS03

average overland flow path slope, S=
'0.93La6N°,6\Vo.3

Bransby Williams Eguation

time of concentration, tc = 21.3L^-^

tcA01S°-2
channel length, L = •••„..—

j0.4
V
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watershed area, A=f21.3L^-^
10

/ 1
linear profile slope, S= I2L3L^-~

(Martin Wanielista, et.al, 1997).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study Area

The Federal University of Technology permanent site is known to have a total land mass

of eighteen thousand nine hundred hectares (18,900 ha) which is located along kilometre 10

Minna - Bida Road, South - East of Minna under the Bosso Local Government Area of Niger

State. It has a horse - shoe shaped stretch ofland, lying approximately on longitude of06° 28' E

and latitude of09° 35' N. The site is bounded atNorthwards by the Western rail line from Lagos

to the northern pari of the country and the eastern side by the Minna - Bida Road [and to the
i.

North - West by the Dagga hill and river Dagga. The entire site is drained by rivers (jjwakodna,

Weminate, Grambuku, Legbedna, Tofa and their tributaries. They are all seasonal rivjers and the

most prominent among them is the river Dagga. The most prominent of the features are river

Dagga, Garatu Hill and Dan Zaria dam (Musa, 2003).

3.2 Vegetation and Land Use

Minna falls within the semi-wood land or tree forest vegetation belt with derived dry

grass or shrub land known as the southern guinea savannah. This is also known as the transition

belt, which lies between the savannah grass/shrub land of the north and the rain fojrest of the

south. Due to intensive fallow type of agricultural practice and grazing of the land, (the area is
• • i'

i

dominated by stunted shrubs; interspersed with moderate height tree and perennial foliage.
i

Similarly., due to human activities and land use abuse which is characteristic ofmost [expanding
i

urban centre in Nigeria, the site is fast losing its remaining tree species to development. Along
!'

some river course and lowland areas, the vegetation is more wooded and resembles spme forest
i
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affinities. The area is still being used as farm and grazing land by the residents ofMijina and her

environs (Musa 2003).

Fisure 3.1: Man ofBosso Local Government Area. Niger State

3.3 Climate

3.3.1 Rainfall

Minna, generally is known to experience rainfall from the month of May to jthe month of

October and on rear occasions, toNovember. It is known to reach its peak between the months
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of July and August. Towards the end of the rainfall season, around October, it is knbwn to be

accompanied by great thunder storms (Musa, 2003).

3.3.2 Temperature

The maximum temperature period in this area is usually between the months of| February,
March and April which gives an average minimum temperature record of 33°C andlmaximum
temperature of 35°C (Minna Airport Metrological Centre, 2000). During the rainfall periods, the

temperature within the area drops to about 29 C.

3.4 Field Topography and Configuration

This information requires that asurveying instrument be used to measure elevations of

the principal field boundaries (including dykes if present), the elevation of the water supply inlet
(an invert and likely maximum water surface elevation), and the elevations of the jurface and
subsurface drainage system if possible. These measurements need not be comprehensive or as
formalized as one would expect for a land-levelling project.

The field topography and geometry should be measured. This requires placing asimple

reference grid on the field, usually by staking, and then taking the elevations of the field surface
at the grid points to establish slope and slope variations. Usually one to three lin^s of stakes
placed 20-30 meters apart or such that 5-10 points are measured along the expected fl|ow line will
be sufficient. For example, aborder or basin would require at most three stake linjis, afurrow
system as little as one, depending on the uniformity of the topography. The survey should

i establish the distance of each grid point from the field inlet as well as the field [dimensions
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\ (length of the field in the primary direction of water movement as well as field vj/idth). The
t important items of information that should be available from the survey are:

T

i

i
1

i

I

(1) the field slope and its uniformity in the direction of flow and normal to it;
(2) the slope and area of the field; and

(3) areference systemin the field establishing distance and elevation changes.|

3.5 Area of Study

The area of study is using rainfall simulator to determine some hydrological [coefficients
for some soils using asurface runoff after arainfall intensity of 30minutes within th* permanent
site farm of the Federal University of Technology, Minna, located along the Minna - Bida
highway, Niger State Nigeria.

3.6 Soils of The Area

The major soil found in this area is the sandy loam type with asparse distinction of the
sandy -clay soil and sandy soils. This has so far encouraged the residents of Minn'a metropolis
and neighbouring villager to use the land for agricultural activities such as farmingj and grazing
by the nomadic cattle rearers (Musa, 2003).

3.6.1 Types of soils

3.6.1.1 Loamy Soil

Loam is the soil material that is medium-textured. It feels as though Jit contains a
relatively even mixture of sand, silt and clay because clay particles with their srrjall size, high
surface areas and high physical and chemical activities, exert agreater influence on soil
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properties than those of sand and silt. Loam soils are rather soft and friable. It has aslightly gritty
feel, yet it is fairly smooth and slightly sticky and plastic when moist. Casts formed from this
type of soils can be handled freely without breaking.

3.6.1.2 Clay Loam Soil

This consists of soil material having the most even distribution of sand, silj and clay of
any of the soil textural grade. When felt, it feels as if it posses more clay than sand cjr silt. Sticky
and plastic when wet, it forms casts that are firm when moist and hard when dry. Tfie moist soil
forms athin ribbon that will barely sustain its own weight when squeezed carefullyj between the
thumb and fingers.

3.6.1.3 Sandy Loam Soil

Sandy loams consist of soil materials containing somewhat less sand and |nore silt and
clay than loamy sands. As such, they possess characteristics, which fall between the finer-
textured sandy clay loam and the coarser-textured loamy sands. Many of the individual sand
grains can still be seen and felt, but there is sufficient silt and/or clay to give coherence to the soil
so that casts can be formed that will bear careful handling without breaking.

3.6.2 Soil Sampling

Soil sampling is the only direct method for measuring soil water conterjt. When done
carefully with enough samples it is one of the most accurate methods, and is j)ften used for
calibration of other techniques. This approach requires careM sample collection and handling to
minimize water loss between the times asample is collected and processed. Replicated samples
should be taken to reduce the inherent sampling variability that results from smjall volumes of
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soil. Equipment required includes asoil auger or acore sampler (with removable sleeve of
1 known volume to obtain volumetric water content), sample collection cans or other containers, a

balance accurate to at least 1gramme and adrying oven.

Soil sampling involves taking soil samples from each of several desired deptljs in the root
zone and temporarily storing them in water vapour,proof containers. The samp es are then
weighed and the opened containers oven-dried under specified time and temperature conditions
(104°C for 24 hours). The dry samples are then re-weighed. Percent soil water conjent on adry

:gravimetric basis, Pw, is determined with the following formula
mass or

P. =
wet sample weight - dry sample weight

dry weight sample
XX00 3.1

The difference in the wet and dry weights is the weight of water removed b|y drying. To

convert from a gravimetric basis to water content on a volumetric basis, Pv, 'multiply the

gravimetric soil water content by the soil bulk density (3D). Soil bulk density is tbje weight ofa
unit volume of oven diy soil and usually is determined in amanner similar th gravimetric

ipling by using sample collection devices which will collect aknown volume of [toil.
samr

BD =
weight of oven dry soil
unit volume of dry soil

Py=PwXBD

3.2

3.3

Soil water content on a volumetric percentage basis is a preferable unit for irrigation

management and this is easily converted to adepth of soil water per depth of soil, ^omparison of
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I
1

the measured volumetric soil water content with field eapaei.y and wilting point „f fe soil is
used to determine the available soi. water and the percent of total available soil water, jfiither of
these figures can then be used to determine ifirrigation is needed.

3.6.3 Soil moisture principles

Important soil characteristics in irrigated agriculture include:

(1) The water-holding or storage capacity of the soil;

(2) The permeability of the soil to the flow ofwater and air;

(4) The physical features of <he soil like the organic matter content, depth, texture and J
structure; and I

(5) The soil's chemical properties such as the concentration of soluble salts, nutrients and
trace elements.

The total available water, TAW, for plant use in the root zone is commonly defined as the
range of soil moisture held at anegative apparent pressure of 0.1 to 0.33 bar (a soil miisture
level called 'field capacity') and 15 bars (called the 'permanent wilting point'). The total available
water will vary from 25 cm/m for silty loams to as low as 6em/m for sandy soils. Other
important soil parameters include its porosity, I, its volumetric moisture content, i,; its
saturation, S; its dry weigh, moisture fraction, W; its bulk density, n; and its specific weigj,,, u,
The relationships among these parameters are as follows [

1 I
The porosity, I, of the soil is the ratio of the total volume of voids or pore space, |p> to

the total soil volumeV: !
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v

3.4

The volumetric water content, 6,'is the ratio of water volume in die soil, vw. ,d the tota,
volume, V: I

0=^
v

3.5

j The saturation, S, is the portion of the pore space filled with water:

-4
4

t

3

1

3.9 *
I

5=^
3.6

These terms are further related as follows: [
i h

9=SX0 i
13.7

When asample of field soil is collected and oven-dried, the soil moisture is reported aL adry
« weight fraction, W: ' j

I W= Wet Wei9ht-Dry Weight j • J
1 Ory Wei^/it 38 ;'
i

J To convert adry weigh, soil moisture fraction into volumetric moisture content, ,i,e dry
weigh, fraction is multiplied by the bulk density, Kand divided by specifk weigh( rfJ^^
that can be assumed to have avalue of unity. Thus: \

r

y
i

i
•

r

t

t

I The yb is defined as the specific weigh, of the soil panicles, mul.ip.ied by die pakicle !
| volume or one-minus the porosity- | >
I f
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n=nx(i-0) 31Q

The volumetric moisture contents at field capacity, 9fc, and permanent wiltingj point, 0wp,
then are defined as follows:

7 Yw 3.11

a _ YbWwp I
°wv~~yV 3.12 [

r.
t
i

where 9fc and Gwp are the diy weight moisture fractions at each point. !
t

i
i

The total available water, TAW is the difference between field capacity and wilting point \
moisture contents multiplied by the depth of the root zone, RD: < [

TAW =(9fc - 6wp)RD 3]3 I

The infiltrometer rings will be placed randomly from each other and the measurement I

will be taken to the nearest centimetre. The rings will be driven into the ground by hammering a
wooden bar placed diametrically on the rings to prevent any blowout effects around thejbottoms

of the rings. In areas where ridges and furrows existed, the inner rings will always be placed in
the furrow. Having done that, amat/jute sack will be spread at the bottom of the inner and outer
compartments of each infiltrometer to minimize soil surface disturbance when water will be

poured into the compartments. In grass - covered areas, they will be cut as low as possibly with a

cutlass so that the float could have free movement and care will be taken not to uproot grasses.
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I Four sets (4) of infiltration measurements will be conducted at each location of which fan average
will be taken later.

According to Musa (2003), water will be collected from nearby canals using Jeri-cans

and buckets. The water will therefore be poured into the infiltrometer compartments

simultaneously and as quickly as possible. As soon as the Jeri -cans/buckets are emptied, the

water level from the inner cylinder will be read from the float (rule) and the local thhe will be

noted. Repeated readings will be taken at intervals of 1minute, 2 minutes, 5 minutes, 10

minutes, 15 minutes, 20 minutes 30 minutes, 45 minutes, 60 minutes, 75 minutes, 90 minutes,

100 minutes and finally at 120 minutes. The cylinder compartment will be refilled from time to

time when the water level dropped half way. The water levels at both compartments (inner and
outer) were constantly kept equal by adding water, as needed, into the outer compartment, which

is faster. Some time will be allowed before starting another replicate measurement thkt no two

infiltrometer will require reading the same time.

At each site, ten soil samples will be taken using the 50mm x50mm core sampler from

the surface layer (0-50cm) in the area outside the outer rings. These will be used for the

determination ofthe initial moisture contents and bulk densities.

* 3.7.1 Description ofthe Infiltrometer Equipment
4

j The infiltrometer rings were rolled iron sheet of 12-guage steel and the diameters of the
4

i inner and outer rings were 300 mm and 600mm, respectively as suggested by Bambe (1995) and

also by Swartzendruber and Oslo (1961). They both have a height of 250mm and the bottom
!

ends ofthe ring were sharpened for easy penetration into the soil.
[
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Each infiltrometer was equipped with a float consisting of a plastic rulft placed

perpendicularly to one face of the wooden block. This wooden block was painted to prevent it

from soaking water as it floats on the water. The plastic meter rule was clamped to the inner side

of the inner rings; with another sharp - edge wood placed near the rule to facilitate talcing

reading from the rule. Figure 3.2 shows atypical infiltrometer ring.

GlOT(HlSWl«c«p .,„ I,

/•V\'-. 9 /'•"'V\ I

PLASTIC RULER

WOODEN BLOCK
for reading

METAL STRIP

g 1" %j |, - •••-§ — INNER RING
6i ii trk->:%7,. U ._.!$ "WOODEN BLOCK

v 1 - I * B ^
fi ' H i ll« OUTER RING

Figure 3.2: ADissected infiltrometer Ring.

3.8 DESIGN OF A RAINFALL SIMULATOR

3.8.1 Component Parts of the Rainfall Simulator

3.8.1 Frame

The rainfall simulator frame is made ofwooden planks on which the rainfall isimulator

rested. It is made up of a four sided frame with a dimension of 25mm. The simulator was

therefore placed on top of wooden frame at aheight of 1.83 mwhich can easily be assembled

and dissembled.
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Windshield

The wind shield which serves as a protective covering for the simulator from external

wind current is made of a light transparent polythene leather. This enables system isolation

which makes it possible for reproducing similar rain patterns.

3.8.2 Water Supply tank

Water supply for the simulator is supplied direct from a motorized water tanker which

will feed directly to the rainfall simulator through the inlet pipe of the simulator. The quantity of

water leaving the tank via the pump is regulated with the control valve attached to the pumping

machine which is in-turn attached to the water tanker. The water tank capacity is 11,000,000 cm3

which will be able to run each of the experiment for at least 4hours of continuous simulated

rainfall.

3.8.3 Pump

The simulator pump that is used for this study is petrol powered one stroke engine with a

rating of 2.98 KW and avolumetric flow rate of 10000 cm3/sec which is equivalent to 0.01

m3/sec. The pump water velocity was calculated from the formula for the mass flow rate

m= QXp 3'14

where mis the mass water moving through the pump into the pipe channels which were

made up of PVC within varying diameter to convey water to the simulator spray head, Qis the

rate ofdischarge and p is the density of water.

Since Q= 0.01 m3/sec

p=1000kg/m3
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Therefore, m= 0.01X1000

= 10 kg/sec.

From
the law of mass of conservation, the mass flow rate is

j 3.15
m- pVA

Wherem =masswatermovingthroughthepipe;P =densityofwater; .

V-velocity of flow of water inside the pipe; A-area of the pipe in question. j

ButA = nr2

For the first pipe with an inner diameter of 0.038, m, the radius rof the pipe will be half the
diameter

r_ £= ££?ii= 0.01905m

.-. At = nr2

=3.142 X0.019052

= 3.142X0.0003629025

=0.001140239655 m2

= 1.1402 X10'3m2

The velocity at this point is calculated as

*-5
3.16
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* Ioooxi.i402iio-"3

= 8.7704 m/s

<»r nf 003175 mwas used, thus Qi =Q?-For the second pipe, apipe diameter of 0.031/^

1/ =^

But we know already that

A = ^2

A2 =3.142 X0.0158752

1 =0.00079183309375 m2

=7.9183 X10"4m2

^2 " 7.9183 X10~4

= 12.63m3

3.17

a Tt kworthy of note that the 10 of the 0.0254
,. j • a rtinmeter of00254 mwas used. It is wormy oi uuAt the third pipe, a diameter oi u.uz

• Thus the quantity of water flowing through Ithese pipes ,stote divided into ten other pipes. Thus, the quantity
.husreducedtoO.OO.mWTlierefore.massofflowatthispointwillbe

m = QXp
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jm

= 1X1Q-3X1000

= 1 kg/sec

A,= nr2, where r=0.0127 m

=3.142 X0.01272

=5.067 XIO^m2

"3=S

10QO X 5.067 X 10"

= 1.9736 m/s

On further distribution to each of the ten pipes, apipe diameter of 0.0127m washed to

through each of the pipes will be 0.0002 m3/sec.

.-. m = Q X p

= 0.0002X1000

= 0.2 kg/sec

i44 = nr2

3n2= 3.142 X (6.32X10")

= 1.267 XI O^m2
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m I

„_?ji_^— = 1.5785m/s
1000X1.267X10 4

3.8.5 Sprayer Outlet

head area ofoutlet is given byConsidering an average diameter of 2mm for the spray

AH=nxr2 11

Where, AH= Area of hole (m2); r=radius of hole (m)

= 3.142X1X106

=3.142 X106m2

3.8.6 Number of Holes

The number of outlet holes on each of the spray head is given by dividing the pipe area of
cross section by hole area of cross section

Cross sectional area of pipe 3.19 ^
No Of holes = -Cross sectional area ofhole

_ 1-267 X10"4
~~ 3.142 X10-6

= 40.3503184713376 holes

3.8.7 Simulator Catchments Area

Area(Acj = /x&
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1=length of simulator- 6m

b= breadth of simulator =3m

t

Area (Ac)-6x3 =18/»2

3.8.8 Losses In The Network

s1and 2), the head loss was calculated for from
In the main supply line (between pipes

3.20

/l! =
2fl

Where k=aconstant for asharp inlet (o.5)

=acceleration due to gravity (9.81)

_ 0.5 X12.62632 _ ^Q6
'll 2X9.81

In the sub main line (that is between pipes

fcvz

h*=-IF

where kis aconstant for tee joints is 1.8

h2
i£ii2I^=0.36

2 X 9.81

2and 3); the head loss is calculated as

Inthe sub-sub-main section
of the network (that is between pipes 3and 4), we have
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; i_

h.
_ H*H™!l - 0.229

2 X 9.81

The total head loss in the network therefore is

H _ $21 + B1+ 0.229
hT ~ 10 T 5

= 0.406 + 0.075 + 0.229

= 0.71

The final velocity at the shower caps will be

V = HtVa

= 1.5785X0.71

= 1.1207 m/s.

3.9 Runoff Plots

3.21

Runoff plots are used to measure surface runoff under controlled conditions. The plots
were established directly in the project are, Their physical characteristics, such as soil type,

representative of the sites where water way structures schemes are

planned for the study. Smaller dimensions should be avoided, since
very small plots are radier misleading.

slope and vegetation were

the results obtained from
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0mm

„ lbetaken.oavoids,,eSwithsPecia,prob,mssue.iasril»S,crackso,^

"T.; Zgradient along the plot should be regular and free of local d.ressions.
During construction of the pl<*. , fte s6il fot the

„.. of the plot such as destroying the vegetation or compactingconditions of the plot ^ on %^ „
, a ;ie while for the disturbed soils, every umiundisturbed sods whde fo. drf ^ Several plols were constructed in series in

the representative character of the selected plot sites.
.round the plots wooden p«s were driven into the sod w. at leas, ,5 ,m of height

•1 • mthe olot and vice versa. Arain gauge was,pf finwine from outside into the plot anu vivabove ground to stop water flowing ^
insteUed near ,0 the plot hi areas where there are no obstruCon, ^ ^ ^
gutter >required to collect the runof, The gutter should have agradient
„, tar* The soil around the gutter should be backfilled and compacted ^

th flow of water from the plot into the gutter. The collection tan. may
a„„w a smooth flow ^ ^ ^constructed from stone masonry, brick or concrete blocks, but a

•flc time) the volume of water collected in the rain gauge and in

:r^«——•——'-«—deposited in the mnk and in the gutter must be cleared.
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Site Set-upThesiteconsistsof,enp,o,sofBX3meachonvar,s,opemeasure,nents.The,o«were
di„Apri,of20,0.Ar„u.idtheedgeofeachp,ot,,ongplywoodwhichdoesn„fleakwas

prepared in April ot „„„,„ oermit only ranoff deliveryPtacedfollowinguiedirectionoftheslopeinarectangularpaderntopeimit
' • .lolot The plywood extends 20em above the ground surface
a„d sediment within the experimental plot. Ihe piywo

u , n,rtnr 12m long and 30cm wide was placed atand 10cm below the ground surface. Abroad collector 1.2m long

amesh to collect the sediment.
• , into the disturbed and undisturbed soils for the various types

The plots were categorized into the dU-Uioe ^
of soUs available withi„ the .edera, University of Technology, Minna Niger State. The
^disturbed soils were carried out by treating the soil with herbicide (OlysPring, .cords of
rai„fal, depth for each storm were taken using alocally constructed rain-gauge.

3.10 Method of Measurement

3.10.1 Runoff Delivery and Sediment Load

, , ,„A „f ihe olot The sediment loads trapped on thethrough the collector placed at the lower end of the plot.
j„ffinioasoilbaK. Sediments channelled intocollector by the mesh placed over it were scooped off into asoil bag

' the ^ Were allowed to settle afler which the runoff volume was determined. The dear wer
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, tcollected on the collector were taken for oven drying to

. — weight. The sediment weights were determined
, rf.M divided by the area of the experimental plot givesbalance. The samp, weight d,v , ^ _ ^ ^ „.

3.10.2 Soil Analysis., leswere collected from each plot using ahand auger. The auger w,s position
Soil samples were conev, „ntiHhe cylinder was

turned clockwise until the cyjuw

The samples iwere taken
:i curfnce The handle,wasvertically upright on the soil surface, in

hole and the content emptied into acontainer,
full. It was lifted from the

at a
depth of 20cm. The samples were

labelled before taking the next sample point.

Particle Size Analysis
Afor the particle size determination. A[sample (50The hydrometer method was used ^> <̂ ± ^

grams) of air dry soil was weigh into a 30ml to* ^ ^^̂ ^
i tinn^ Uadded to the soil sample, mixed ana a

minutes. The suspension ,s ^ A

herring the content into asedimentation cylinder and , ^ ^ ^
hand stirrer was inserted into the sedimentation cylinder om^

, ,•„ of stirring was noted. Ahydrometer is carefully loweretimeofcomp,t,onofs,imng )The sands settles in about 40 second, (s»t - clay

suspension was taken using
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dand silt would havered (only clay rem^ »
- ** "te SUSPenSi°" : mature reading was takenCW >**~+—-*"~"*~<mA l^istiliedwaterwasmeasuredintoac^de,

(W and readings after two hours («.). ^ ^ ^ soil^^rmixtureispouredoverascreentoremovetheen

Percentage is calculated from,
3.22

(MriiM-iiLx 100
%Clay =-^sjSrfSu

Where, Ka= 40 sec, blank hydrometer reading

Rb= 2hr, blank hydrometer reading

R=40sec (Temperature *0.360)
. C

Rd=2br correction factor (temperature x0.36)

W
-weight of soil sample used.

3.23

310.3 Soil Textural Class
• , from the particle size analysis. After determining theXhetextur, class was determined from fnep gned atextUra,

distributi„nofsand,siltandc,ayfromthepartic,es,zeanalys,s,the
x,ural triangle is various soil texturesclass based on the textura, triangle. Within the te

oependsonthe relative proportion of soil pardcles.
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3.10.4 Moisture CM**

The weight

was a<

weight of can

__w«3x ioo%
MC- wd

w= weight of wet soil (g)
where, Ww" wclfe

. Wnfdry soil (g)yyd=weight or uij
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iph balance. Soil clod

,.*.-———^ ^ weightedof a clean difference in wub
afler which the weight was taken. ^ candded into the can after w f^ cffll is the we. weight of *

plus clod-and the weight of *e ^ ^ at ,„5 C
,dwere taken to the laboratory ^ oven-dry. ^containing *e clod were ta. j f ,he ove„, allowed to cool for s
^ can was removed from the o ^ sffll „ ,he

fot 24 hours. The cai taken. Weign
•,, of the can containing the so. welght ofcooling *e we.ght of the ^ soil after oven drying

ln weight between the weigh, of* ^^difference in weigi mntent
The «»'sture ,24

the can-
,0Ssinw2|W XlOO

•/.MC'^iSo'^'3"6""7™ 3.25

a weti

i
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t
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CHAPTER FOUR

j 4.0 RESULTS AND DISCUSSION
p

i

4.1. Soil Analysis I

The process of agricultural development involves identifying existing constrain l0 ?
agricultura, production and subseque„.,y providing atechnical or management solution ,„ these j
problems The physical observation of the area showed that die study area was discovered! to be a i
predominately farm land which is being used by the university for research study as well as the f
surrounding local inhabitants ofdie area who are farmers and some staffs of die „„iversi,y. The j
area is occupied also by the cattle rearers who move from one section of ,„e ,and t0 8no,ner in j
search ofgreen pastures for their cattle.

Table 4.1 shows the various soil properties for ten different soils where surface runoff
test was carried out.,. was observed that the soil particles had varying percent of soil properties
with plo, 3, 8and 9have the highest Cay percent of57, sand percent of 17,24 and 15 as we,, silt
percent of 26, 19 and 28 respectively while plot 5had die lowest percent of clay of 46 with a
sand percent of 22 and percent sil, was also 32. The mean percent value of the various areas for
elay was calculated ,„ be 53.2%, sand was 23.6% and sil. was23.2%. The sol, water textural
edification software was used to obtain the actual texture of the soil properties obtained from
die field. It was also observed from the software that the soil characteristics showed that wilting
point was 30.3%, afield capacity of 43.8% and soil saturation of 53.2%. When this result ^was
compared with the other classification from for other results such as tha, of Adesoye and
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P^rs (1984), i, was discovered tha, there was astrong correlation between „K two res*
whch implies that the soil is Cay in nature.

Table 4.1: Percent distribution of the various properties ofCay soi,
Plot No

3

4

5

6

9

10

4.2 Moisture Content

%Sand %Clay

33
49

25 56

17
57

17
50

22
46

39
49

32
56

24
57

15
57

12
55

23.6 53.2

%Siit

18

19

26

33

32

12

12

19

28

33

212

Table 4.2 shows the percent water content for the various p,o,s of disturbed Cay soi,
j under consideration before the experiment. 1, was observed tha, percent water retained in ,„e soi,
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was very high because of the nature of the soil with plot 2having the lowest percent of 30.0 and

plot 8having the highest of 34.9 percent. From Table 4.1, it was observed that plot 2had 25%

sand content, 56% clay content while the silt content was 18%. Plot 8is observed from Table 4.1

to have 24% sand, 57% clay and 19% silt content. The results that were obtained were compared
with the works of Musa (2003), Eze (2000) and Sanni (1999). They were discovered that they
were close and highly comparable.

Table 4.2: Percent moisture content before the experiment

Plot No Weight of Wet Soil
(Kg)

Weight of Dry Soil
(Kg)

Weight of Water
(Kg)

Moisture Content

(%)
1 0.230 0.159 0.071 30.9

2 0.250 0.175 0.075 30.0

3 0.220 0.150 0.070 31.8

4 0.250 0.171 0.079 31.6

5 0.267 0.180 0.087 32.6 I

6 0.258 0.173 0.085 32.9

7 0.248 0.164 0.084

i

33.9 1
8 0.235 0.153 0.082

I34.9 |
9 0.268 0.185 0.083 31.0 \

10 0.256 0.172 0.084

•f

32.8 ;

r

Average 0.243 0.1655 0.078

— -_, . , _.

31.8
•
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Table 4.3 shows the percent moisture content of the various soils after the experiments

had been carried out. Plot 8 showed the highest value of percent water retained to be 37,6%

while plot 2 had the lowest of31.9%. On comparing results ofTable 4.3 with the soil analysis of

Table 4.1, it was observed that plot 8 had 24% sand content, 57% clay content and 19% silt

content. Though the area in question showed some element of water retention capability which

means that water has the tendency of flowing on the surface within the shortest time. The mean

value of the percent moisture content was calculated to 19.35.

Table 4.3:- Percent moisture content afterthe experiment

0.240 0.161 0.079 32.9

0.270 0.184 0.086 31.9

3 0.250 0.164 0.086 34.4

4 0.263 0.174 0.089 33.8

5 0.275 0.176 0.099 36.0

6 0.284 0.182 0.102 35.9

7 0.253 0.163 0.090 35.6

8 0.258 0.161 0.097 37.6

9 0.288 0.192 0.096 33.3

10 0.283 0.184 0.099 35.0

Average 0.262 0.1725 0.089 33.9
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4.3 Infiltration Rate

Table 4.4 shows the average infiltration rate and the average cumulative infiltration for

the various plots under consideration. It was observed that the infiltration for the various soils

experienced adrop 15 minutes into its determination but picked up at 50 minutes into the process

but became steady as from the 60th minute of the infiltration rate. Atotal cumulative infiltration

of 35mm of water was used. This shows that movement of water through the soil was quite slow

which has apossible implication of adifferent type of soil underlying the surface soil which was

considered to be sandy in textural classification. Theses was compared with the works of Musa

and Egharevbe (2009), who in their work stated that there are possibility of some hard pan or

rocks underlying some areas of the Gidan Kwano soils of the Federal University of Technology,

Minna.
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Table 4.4: Average infiltration rate and cumulative infiltration.

T/r^Time""^ ""Average Infiltration Rate Cumulative Infiltration Rate
(Mins) (Mm/Min)

1 0 0.00 o.oo

2 5 6.30 6.3

3 10 5.30 1.16

4 15 4.50
16.10

5 20 4.00 2.01

i

6 25 3.40
23.5

7 30 2.90 i 26.40

8 35 2.30 28.70

9 40 1.90
30.60

10 ' 45 1.40 32.00

11 50 1.00
33.00

12 55 1.00 34.00

13 60 1.00
35.00
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4.4 Slope

Various slope sizes were considered when carrying out the work which shows the rate of

follow of water on the soil surface. Table 4.5 shows the various slope sizes that were considered

in percentages and its conversion to degrees. It was observed that plots 5, 4 and 10 had the

liighest degrees, tliese were closely followed by plots 2 and l.the plot that had the lowest value

slope was plot 7.

Table 4.5: Slope size for the various plots

Plot Slope (%) Slope (Deg)

1 16.67 2.77

2 ' 33.33 2.81

3 50.00 2.61

4 66.67 2.87

5 83.33 2.90

6 100.00 2.70

7 116.67 2.50

8 133.33 2.65

9 150.00 2.75

10 166.67 2.87
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4.5 Surface Runoff

Table 4.6 shows the total amount 0f water collected as surface runoff within aperiod 30
nnnutes of dispense of water from the rain simulator. It was observed that the highest values of
surface runoff were recorded from plot 7while the lowest value, we, recorded fro, plots 5and
10 while the mean value of the surface runoff was calculated as 0.1949 m3.

Table 4.6: Surface runoff for the various plots
Plot

2

3

4

5

6

7

8

9

10

Average

Surface RunofiTM3)'
0.2

0.1997

0.2002

0.2013

0.1899

0.2102

0.2221

0.2159

0.2

0.1899

lU949

4-6 Hydrologic Coefficient, C

The transformation of rainfa,, i„to run„ff over acatchment area is acomplex
Illogical phenomenon, as this process is highly nonpar, ,ime varying and spal,,,y
distributed. To simu,a,e this process, anumber of mode.s have been devCoped across the wor,d
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but not specifically for some soils in Nigeria thus making sorhe of our water and other civil

structures fail. Depending on the complexities involved, these models are categorised as
empirical, black box, conceptual or physically based distributed models.

Amodel was derived using the excel Microsoft word of 2007 for clay soils(clisturbed) in
the Gidan Kwano area of Minna, Niger State. The parameters that were considered includes the

initial moisture content of the soil of the various areas considered, infiltration rate, surface runoff

and the slope of the area. Table 4.7 below shows the various parameters which was used to

obtain the equation ofthe form Y- MXn +C

From table 4.7, equation for the determination of hydrologic coefficient of Clay soils

(undisturbed) in Gidan kwano and environs was determined through Multiple linear regression of

the hydrologic parameters to be; Y=24.67Xi+213.75X2-15;14X3 +1.61C

Where; Xi =Initial moisture content (%),

X2 =Infiltration rates (mm/hr),

X3 = Surface runoff (m3) and

C = Slope (Deg)

This implies that when values for X,, X2, and X3 are fixed into the equation acoefficient will be

obtained for clay soil within the Federal University of Technology, Minna provided they have
the same soil properties. It can be observed that the value of intercept of the equation obtained
above is negative.
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Table 4.7 Parameters for the determination ofhydrologic coefficient

j Initial moisture content Infiltration "Surface " Time 0f " slopeirjflhlploT
< (%) rates (cm/hf) runoff (m3) surface runoff (9)

(second)
j

31 3.5 0.1998 85 2.77

30 3.4 0.1995 86 2.81

32 3.3 0.2000 83 2.61

31-5 3.6 0.1987 87 2.87

30.5 3.55 0.1807 82 2.90

33 3.7 0.2100 81 2.70

34 3.65 0.2219 88 2.50

32.8 3.5 0.2157 85 2.65

30.9 3.53 0.1998 83 2.75

33 3.49 0.1897 89 2,87

3
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CHAPTER FIVE

5.0 CONCLUSION AND RECOMMENDATION

5.1 Conclusion

It is important to note from the statistical analysis obtained from the sites that there is a

relative contribution of the various hydrologic parameters such as infiltration, surface slope,

roughness and watershed shape in the generation ofmathematical equation used to determine the

coefficient for disturbed clay soil.

The research work was able to develop a mathematical model capable of simulating the

surface hydrograph from small gauged watershed and the determination of the surface runoff

coefficient suitable for disturbed clay soil, although the efficacy of this mathematical model and

runoff coefficient could not be determined since the scope of the research work does not involve

validation using natural scenario of soil in question.

5.2 Recommendation

In theapplication of this research work, the following research areas are recommended

(1) Samples obtained should be tested or analyzed in different laboratories by different experts or

several times, so as to make sure that the data obtained is more reliable.

(2) Since the study was carried out in the dry season, more research should be done during both

seasons to ascertainwhether there will be significant variations in the obtained in both seasons.
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1 LISTS OF APPENDICES
i

j Vppendices 1: Determination of Slope .
I

i

\ ____——; ~
"""Height 1 Height 2

~HT-i4T"^~Stoie"(%) Slope' (peg)

J
4

Plot

2

3

4

5

6

7

8

9

10

Average

1.023

1.016

1.017

0.987

0.888

1.046

0.976

0.934

1.203

0.644

1.313

1.310

1.290

1.288

1.192

1.329

1.238

1.212

1.491

0.945

0.290

0.294

0.273

0.301

0.304

0.283

0.262

0.278

0.288

0.301
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4.83

4.90

4.55

5.02

5.07

4.72

4.37

4.63

4.80

5.02

2.77

2.81

2.61

2.87

2.90

2.70

2.50

2.65

2.75

2.87
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Appendices II: Infiltration Rate

Time

5

10

15

20

25

30

35

40

45

50

55

60

Plot 1 Plot 2 Plot 3 Plot 4 Plot 5 Plot 6 Plot 7 Plot 8 Plot 9 WoW

0.63 0.6 0.61 0.64 0.64 0.65 0.65 0.63 0.63 0. 62

0.53 0.5 0.51 0.54 0.54 0.55 0.55 0.53 0.5.3 0.52

0.45 0.4 0.43 0.46 0.46 0.47 0.47 0.45 0.45 0.44

0.40 0.4 0.38 0.41 0.41 0.42 0.42 0.4 0.40 0.39

0.34 0.3 0.32 0.35 0.35 0.36 0.36 0.34 0.34 0.33

0.29 0.3 0.27 0.30 0.30 0.31 0.31 0.29 0.29 0,28

0.23 0.2 0.21 0.24 0.24 0.25 0.25 0.23 0.23 0.22

0.19 0.2 0.17 0.20 0.20 0.21 0.21 0.19 0.19 0.18

°-14 0-1 0.12 0.15 0.15 0.16 0.16 0.14 0.14 0.13

0.10 0.1 0.08 0.11 0.11 0.12 0.12 0.1 0.10 0.09

°-10 01 0.08 0.11 0.11 0.12 0.12 0.1 0.10 0.09

0.10 0.1 0.08 0.11 0.11 0.12 0.12 0.1 0.10 0.09

Average 3.5 3.4 3.3 3.6 3.6 17 17 ~~15 15 ~T4~
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Appendices III: Average

S/No

1

2

3

4

5

6

7

8

9

10

11

12

Time

(Mins)

10

15

20

25

30

35

40

45

50

55

60

and Cumulative Infiltration Rate of The Soil

Average Infiltration Rate

0.63

0.53

0.45

0.40

0.34

0.29

0.23

0.19

0.14

0.10

0.10

0.10

90

Cummulative Infiltration Rate

0.63

1.16

1.61

2.01

2.35

2.64

2.87

3.06

3.20

3.30

3.40

3.50

—'—-»-.ijr.



1 Appendices IV: Surface Runoff

i

__ —ri7K~-^~ F^rtTiTHW Surface Runoff(nr)Plot Length (H) cm Lengtrnnjm

1

2

4

5

6

10

Average

81.16

81.03

81.24

81.71

77.05

85.3

90.13

87.61

81.15

77.05

0.8116 0.2000

10.8103 0.1997 |

0.8124 0.2002

0.8171 °-2013

0.7705 0.1899

0.8530 0.2102

0.9013 0-2221

0.8761 0-2159

0.8115 0.2000

0.7705 0.1899

0.1949
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Appendices V: Moisture

"Plot

Content Before the Experiment

ofDr7~^~Weirit ofWater

2

3

8

9

10

Wo Weight cIWeTs"oiT~"-Weight
Soil (Kg)

0.230

0.250

0.220 -

0.250

0267

0.258

0.248

0.235

0.268

0.256

0.159

0.175

0.150

0.171

0.180

0.173

0.164

0.153

0.185

0.172

92

(Kg)

0.071

0.075

0.070

0.079

0.087

0.085

0.084

0.082

0.083

0.084

^^-T^^.-m -E-s-r-r "—Wl

Moisture Content

30.9

30.0

31.8

31.6

32.6

32.9

33.9

34.9

31.0

32.8



1 AppendicesVI: After the Experiment

J Plot No WdghTrJWetSoiI

i
weight of Dry Weight of Water Moisture Content 1

(Kg) Soil (Kg) (Kg) (%)
I
r

f
»

1

1 l
J

0.240 0.161 0.079 32.9

ft

1

!-
c

! 2 0.270 0.184 0.086 31.9

•

r

1

3 0.250 0.164 0.086 34.4
•

4 0.263 0.174 0.089 33.8

t
e

i

5 0.275 0.176 0.099 36.0

J

L
»

r

6 0.284 0.182 0.102 35.9

t
1
1
ft

1
r

7 0.253 0.163 0.090 35.6

r

i
E

8 0.258 0.161 0.097 37.6

i

1

1

9 0.288 0.192 0.096 33.3

h

P

c

10 0.283 0.184 0.099
i

35.0

r

i

i

Average 0.262 ~ f
0.1725 0.089 33.9 f

t
ft
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Appendices VII: Rainfall Data (3yrs) 2007-2009

J F M A M A S O N D

2007 0.0 0.0 0.4 73.1 l56ATl23F~3m~JM~^^

2008 0.0 0.0 0.0 40.2 146.8 132.7 305.1 244.3 258.9 141.2 0.0 0.0

2009 0.0 0.0 0.0 89.9 101.4 108.9 246.8 497.6 273.5 85.2 0.0 0.0

Source: Nigeria meteorological center
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