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This project report present an evaluation of 

# irrigation system at Nigerian Sugar Company Bacita, I<wara State, 

Nigeria. The evaluation was based on the data collected during 

the field experimentation. 

Inflow-outflow method (using a V-notch weir-) was used to 

determine the intake rate characteristics of the soils. From the 

~/analysis of dCita obtained, the l"oughness coefficient of the 

fun·o~ .. , n:: -0.53, the irrrilt ... ·ation f"ate capacity, 1= lO.lmm/h .... 

while the irriyation time was computed to be 11.bhns. The 

investigation further showed that the wate)' application 

efficiency was 71% and the potential application efficiency 

( system ef·r i c i em:: y ) W;,t5 78%. These vill ue!!> i nd i c ;,tte fa iT'l Y good 

manageRlent o-tt;he pr-oject; under study. There is ho, .. ever much 

r'oom fo .. · improvement. 

I 
f 
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C ...... APTER :1. 

1.1 ln~r:g.s1YS;!2r.Y ~l!t 

Thi. .tudy MaS ai.ad at evaluating ~ ~urrDM irrivatlon 

taytlt_ at Nig .... ian Sugar CotIpany (NI91KXU. Bactt... in tcMara 

.tate, Ni ..... i •• Sound ev.luation or apprAi.al 1.1i_ that the 

blc:hnical, ecollDtaic:: 

-.pact. o~ the project can •• ti.~y various testa o~ c::onaiatency 

and a1'~ic::i..-..:::y and can, theref"ore juatif"v ita NOrth to lIOCiety. 

the technical 

evaluation. It involVMd perf'oraance of' '_'a and analyais of' 

rewul~ of" 'field cantral·nu8ber he 0" the project area o~ 

NIsu::D. The 'following paraaetere were deter.inedl 

( i) depth of' water to be app lied 

(i i) 'fur'row water advance r.ate 

(iii) 'furrow i~iltr.tlon rate 

(j.v) .... t dapth of application 

(y) rough ...... coe'f.,iclent' of' 1:he soil of' the project artta 

under invetJt igat ion .. 

(vi) 'field appllcation eff'iciency and 

(vii) potential application ef'flciency. 

Irrigation c:har.ac·teristics curves, tIUCh as "furrow 
i.ntake-

ti .. r.latio~ip, advance distanca-tot .. relationahip Mere 
also 

pr..-nted graphically-

A 90- Y-notch Nel ..... 15 ...,... conatructed and u'MI!d to 
deter.ine 

t ., t thro·~ the 'furrow, 
the in'flow and outf'lo .... a.oun 0 ... er ....,. 

during Ule "field "_\.. 



l.e k9k.i.i2D .f.ng ~r2Q gr2~D 

! 1 • e . 1 !..Q • .f.i.i2D 

The sugar es~a~. is loca~ in 8aci~a (longitude 9-N and 

I latitude seE) .. _11 tOlm about 120k. North of' Ilorin, the 

kMara atat. capital, of' Nigeria. 

According to Doorento_tal (1'719), llUlJarcane (aaccharu. 

o'f.,.lcinar .. ) ia A ~ropicAI crop ..... ich ia grown predo.inantly 

betNaen lat1 tudes 3O-N and 30-8. The tIlIi table t.-.perature range 

is bet..... te-C and SO-C. In .,.t o'f the gro .. ing ar .. s, crop 

production is o"'~ restricted by li.itad seasonal rainfall. 

&uoarca .. requires bet~ 1~ to esoo.. of ... ter per year 

depending on the cli_a (Oooreni:to_tal 1979). 

1.3 Qia.i.@.4itl'ltw' Q.{ tt:ll.. Q.t.2.1t!.C;:t 

The objectives 0'" ~hi. project Marel 

(i) To deter.ina the efficiency of the syst .. a. it ia 

baing used. Thi. involved detar.ination of actual water 

application ~"'iciency. 

(ii) To dater.ina how ~fectively the .yat.. can be 

OP"'Atad and ...... ther it can be illProved upon. Thia involved 

det .... ination of potential application ~ficiancy. 

(iii) To obtain inf'or .. tion that .. ill a •• iat engineers in 

designing _i.ilAr .vat... Such inf'or .. tion i. the infiltration 

characteri.tic equation of the soil type present on the field. 

Thi. study .... conducted to check how the furrow 

irrigation .vat .. at Nigerian Sugar ColIPany, Bacita .... 

operated tID .s to find out pos.ible illProva.ent on 

2 
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the 
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l irrigtltion efficiencies (Ntlter application efficiency and 

potential applictltion efficiency) btlsed on the investigation. In 

tlddition, knowledge of the soil properties at the projl!!lCt site 

aJCh .. the soil infiltration characteristics tire necessary 'for 

overtlll so i I and Mater ... nag ... nt and i.-prove on design o'f the 

project. Such in'for.atton will also be u~ul in aaxl.u. benefit 

'for the entire project site MIlich "ill in turn increase the 

sugarcane production .s Mell as justify its worth to society. 

3 



CHAPTER 2 

B&Yl&~ QE ~11sBBrYB& 

e. 1 .IDlr:.QslY-'i.tj.2D 

Evaluation of existing syst ... can be approached in a 

1'1I.IMer of' NaYS. A staple _thod of' deter.tning under irrigatlon 

is by u_ of' the soli auger or tube tltUlPler. Ob ..... vation 0" the 

opportunity t1 .. f'or infiltration In various parts of' the f'ield 

aay be helpf'ul. ~re aophisticated .. thods involved application 

of' such equip ... t a. portable fl....... _ters and ... ter imake 

rings in carefully conducted diAgnostic procedures. such as 

desc:ribad by ttarriaa (1968). 

In evaluating of pr ...... t practices the indepandent 

such as discharge a, hydraullc slope S, ltanning 

roughness n. infiltration conatants and tl .. of' cutof'f are the 

basic par..aters The irrigation conditions of' the 

particular field should be described and with the paraaater 

obtained. a tIOdel will predict the dependent par..-tars such a. 

advance, rec .. sion. infiltration, runoff, deep percolation, 

eff'iciency and unif'or.ity. ~dels are -.chani .. that can tell us 

quickly. reliably and &Cono.ically Nhere irrigation water will 

go under given conditions and the IleChani_ i. achieved throU4)h 

til description of surface irrigation hydraulics. 

Fang_iar and Strelkoff' (19'78) showed the effects of' 

Manning roughness (n) on advance recession, efficiency and 

uni f'orai ty. They not iced that the advance and recession curves 

are quite dif'ferent for each "ann1ng (n) value •• but the effect 

on ~f'iciency and unifor.ity is surprisigly ..all. They also 

deaonstratad the usef'ulnaes of' .odels by analyzing the effect of' 

infiltration on efficiency and unif'oraity. The defect is that, 

it MOuld be iapractlcal and iapo •• ible to achieve this with 

field experiaent. 

NaN concepts are continually being suggested to i..,rove 

4 
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irrigation ayst_ perf'or .. nce. The potential of' th_ concepts 

- .. II .s othera in u_ can in so_ intltanc: .. be evaluated with 

.odel. 1... expensively than with any other procedure. For 

exa.pla, the reault of' using variable land slope within a single 

'field can be deter.inad and inf'or-.tion gained on how the slope 

should vary for .. wi __ bft'fW'f'it. This is less expenllive "'han if' 

field tests Mar ... de to get the saae inforaation. Hodel. could 

also be used to study the ef'fac:t of using various analytical 

expressions 'for infiltration and f'or surf'ace resistance to flow. 

In f'urrow irrigation, .... ter ia pillised along the 'furrows 

and infiltrates into the soil. The ... tar infiltrat .. rapidly at 

first and then .,re slo,tty, of'ten inveraly proportional to the 

square root of the elap.ad ti .. , •• indicated in Fig. 2.2.1. 

For any desired application depth. thera is a required intake 

opportunity t1_ aa .hown, ..... en ... tar .ust be present in the 

furrow. 

When the irrigation .tart.. the atre .. f'ront advances down 

the 'furrow .. s tihotm in Fig. 2.2.2. Larger .tr .... MOuld advance 

'fa.ter, but too large a .tr ... will cause ero.ion or overtop. 

Too ... 11 a atrea. .. y never reach the other end of' the furrow. 
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End 0"­
furrotll 
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(.) 

Fig. e.2.3 Infiltration opportunity ti.a Versus Advance 

dist.nce 

When the irrigation stops. the rec .. sion NAve p..... .ore 

quickly, and for practical purpose it ia a.suaad all ~low stops 

.i.ultaneously. Thus, the intake opportunity t1 .. 1s greater at 

the head 0"- the 'furrow than the tail, •• MOwn 1n Fig. 2.2.3. 

The extra infiltration at the head is lost to deep percolation • 

To • 1n1.ize this loss. the advance tl.. should be 

shortened. T'he largest practical non-erosiva stre.. should be 

used. The ~urrow length could also be .hortened, but this will 

labour raquireaenta ~or irrigation and 

.achanization. A useful co.-pro.ise is ·to set the 'furrow length 

to give an _vance ti_ of TJ~4, ...... ere (T) ie the required intake 

opportunity ti.e.. Thia then gives a 25'X di"''ference in intake 

opportunity tiMeS!!' and if" t.he square root relationship ia valid, 

the average deep percolation .less is only about 9 USDA (19:)6). 

7 
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Water Is .1110 lost .s end runo"'f once the .tr.... reaches the 

tail of' the "urrON. This _y ba r...-ulled f'urther dOtll'l the avst_ 

or pu8ped back to the tKNld channel, or the runo"''' .. y be reduced 

by cutting back the .tr .... s1ze once the tail is reached. If the 

.. ter is co.pletely lost hOMeYer, this .ust be taken into 

account and ... longer "urro.. ..y prove .ore ""'fic ient. Wh .... e 

.. tar u .. is not critical, longer 'furro ... with advance ti... of' 

T/3 or TIe .. y be .ore practical. The si~le 'field t .. t 

described in chapter 3 is used to obtain the i~ltration data 

and the advance data 'for the syat_ in u_ and 'fro. Mhich 

"'''icianci.. 0" the syet.. were calculated and irrigation 

characteristic curves plotted. 

2.3 D •• jgn g.!.m.l.!~ 21 !Yr!2~ 1!!ig.~i2D .~.l.m 

For "'''ectlva design the variables involved in the 

hydraulics of' wur'face irrigation Should be racorgniaed and 

understood. According to Hansen (1960) they arel-

(i) size o'f the .tr ... 

(i1) rata o'f advance 

(iil) length o'f run and ti .. involved 

(lv) depth 0" 'flow 

(v) intake rate 

(vi) slope o'f land sur'face 

( vi i) sur'faca roughness 

(viii) erosion harzard 

( i x) sh.ape o'f f'low channel 

( I() depth of' Mater to be app 1 ied 

(xi) 'fluid characteristics. 

Since the hydraulicS o'f sur'face irrigation ia co~lex and 

since tID" 0" the variabl- involved have not been evaluated and 

their relationahips have not been deterained, ellPirical 

e 
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~rocedur.. are often a.ployed in design of aurfaca irrigation 

jsytlt_. Sc:htMb at al C 1981) • 

e.s.l l~t t~~.t~Qq q~t. ~qt.~Q~q f~qm ~lq@~l~Q ~~q~~ 

~~ma~n~L ~&~lt. lQ~i~qt~t 

(i) type of soil - clay 10_ 

( i i) 'furrOtt 1IPac: i I1IJ • 75c::. 

(ill) comauaptive u .. -a-/day 

(iv) irrigation cycle -Iltdays 

(v) ar .. o'f the field • 2.9Itha 

(vi) land slope -0.2 to 0.9 

(viI) length of the existing furrow -350. 

(viii) application depth -7~ 
I1AD -SOX 

-1.:51/s 

The rate of infi 1 tration influences the -.trface flOtt and 

I the entire irrigation parfor .. nce. The rate is bounded by tNO 

\ .. arly constant value for a hiCJhlyporous bad. To 

: infiltration characteristic .ore understandable 

Kot.tiako (1932) equation is uaed to describe it. 

n I - KT •••••••••••••••••••••••••••• (1) 

I is the infiltration rat. C .. Fhr) 

T 1. the infiltration tl .. Chr) 

.ake 

the 

K and n are constant. 'for a particular soil and 

condition, n has negative sign. 

By integrating (1) "i th reapac:t to ti_, the depth (D) of 

that ttOUld have infiltrated into the soil up to that 

ti .. i. obtained. 

o 



o =- J ldt 

- K ---T (n+ 1 ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • (2) 
n+l 

Values Df" the soi 1 constant for a1 ther the rat. or depth 

equation can be obtained frCMt existing inf'or .. tion sources, such 

a. United Stat.. Depart.ant o~ Agriculture (USDA) soil 

conservation aervica or can b • ...-.urad in the field. These 

constants should be car~ully selected since infiltration rat. 

have .. rked ""ect on irrigation syat_ p .... for .. nc.. In this 

investigation, equations (1) and (2) .... r. used and the values 

( 

I 

10 



CHAF"TER 3 

The uae of 90- V-notc:h _ir MaS adopted to detareine the 

i~lDM and outflow a.ount of Mater through the furrow during the 

"field test. The reatlOn 'for using 90- V-notch Neir is due to the 

'fact they Are INulier to handle, give accurate rasul ts bactiWse 

the. 'flON is ..all and it ia ecOnoatiCillly viable. The 90° V-notch 

Neir usad in per'for.ing the 'field test Mera designed .nd 

construct.. locally by the .;author at Nigerian Sugar CoIIPAny 

Bacita. The di .... lon 01' the 90- Y-no'tch Neir i. given in 

Fig. 3.1 and the dltICharge through it .... co-.:;tuted using the 

~or.ula given beloN '"ichaal. 1985) I 

Q - O.OI38tf'~ •••••••••••••••••••••••• (3) 

Q - discharge through the ~tch Nelr. (lis) 

H a depth of' Mater flowing above the Y-notch (c.) 

In the dataraination of' aoisture content level of' the soil. 

gravi .. trlc .. thod MaS uaad a. explained in section 3.1.2 • 

400mm 

r---e!50mm----; 

OIC!O---------------------··----..." 
,~_--------------------7~ ~" 

Fig. 3.1 A 90- V--notch weir 

11 



3.1 Ej§Jg i~g.rjm.Dl.~j9D 

3.1.1 ».l§rmjD.li9D 21 r99l~9D. ~.alb g! lb •• yg.r~.D. 

The detera1n.tion o~ rootzone depth o~ the sugarcane ... 

per~oraed by dioging round a stand o~ sugarcane and car~ully 

pulled out to prevent breakage o~ the root. ttatre rule was then 

used to aeatlUre the root length. This procedure .... rapeatad ~or 

ten .tands D~ sugarcane at different locatio~. the longeat root 

MA. ~ound to be 7Oca. (see plate 1) 

---.• r.-nt of root lenQth. Plate 1. nar:_ ..... 

12 



3. 1 .2 f,!!:.4'tlf!4!t!:.lCL 'lt~tb.9..4 fl.! !.l2.l1. 1J!9..i. .. ty.t.@. 'lttl.t.y.!:. ... @.nt 

The '5Oil 'Satlples ... re collac:tlKl Mith auger hoe (_ 

plat. 2) and poured inside the ..-pIing cylinder until it 'filled 

up and kept inside a polythena bag. The ..-pIe .... obtailllld at 

depth betNf:lM!n 4..-S am "1Oc •• The soil 1IMIp1. together with the 

SilIIpling cylinder ...... Neighed MIlen -.oi.t and than put inside 

oven at 1OS·C. The !ltUlple .... 1I1',t inside the oven 'for 2lthours 

and then _ighed, the Mltlghing ..... raptNlted until there .... no 

change. The constant Meight .... recorded.s the Mltight o'f 

the dried soil. The readings obtained are as given in 

appendix Ct. The MIIight and di.ensiontl 0" the ..-pIing 

cyJ inder .. re 41 so .... ured and rllCordwd • 

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

Plate 2. soil ..-pIe collection using auger hoe. 

13 



3.1.3 qttt~~tn4tl~n ~t ~~~~~~~~t@q q@Qtu ~nq t~~~~~ ~~t@~ 

~q't@.nt;.1. ~@.tf! 

To ..allUre the incOiling f'low rAte the 90- Y-notch ... ir ...... 

intltAlled at 'furro .. inlet (_ plAte 3). The f'urrCMf MilS then 

dividad tnto l'RMIIber of' tlaCtion of' length t ... nty _trea (2CM) 

in~rvAI. The f'urrow croaa-sactional profile At representative 

locations in the t: .. t 'furrow ...... dat:er.ined. The 'furrow spacing 

.... deter.inad by -.allUring the di.tAnce bet ..... the centra of 

the adjacent 'furrow • 

... t.... ..... t:han allowed to p.... through the 90- Y-notch ... ir, the 

hINad (H) of' IINtter above the Y-notch MilS .. asurad and kept 

conatant at 6.~. Nhich correspondsto t:he design .tre.. size. 

The 'following pAr_tar ..... e detar.ined, the t:i._ lIpant by the 

f'IOMlng Matar t:o pas. each .. rkad posit:ion, the depth of' flo .. 

and the width o'f flo ... The readings are given in appendix C2 and 

CS. With the data obt.ained, the 'following par.-tars Mare 

obt.ineda-

Furrow cros.-section.l .area corresponding to the depth of' 

'flo" (c.2 ), iilccu.uliilted infiltrAtion volu.. (litres) and 

acc ....... IAtad lnfiltrAtion depth (c.). Graph. were also plot:ted to 

show the irrigation characteristic curvas (Fig. 4.3 And 4.4) in 

chapter It. 

Thi. _thod of' datar.inatlon 0" ac:cu.ulated depth is knoNll 

A. balance _thod, and i. conaidarad to be _ti.'factory because 

it gives the average inf'iltration value by ca.pansating various 

error., inherent in the f'urrow arising out 0" soil 

hetitrogenei ty" "urrow cro •• -aact ional di ""ference, crAcks, and 

puddling ef"ects. 

14 
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Plat. 3. Installation of 90- Y-notch weir 

This _thod involved the u_ of' tllO 90- V-notch .. irs, the 

'first one .... installed at a station A, 01'8 _tre 'frOti the 

f'urrotl inlet, and the tltlCond 90- Y-notch .... installed at 

station B, thirty _tr_ (ao.) 'fro. stAtion A. Water .... then 

allOMed to f'lotl into the _lectad 'furrCMt through the 90- Y-notch 

.. t station A. The ti_ spent by the 'flowing .... ter to .advance to 

station B" .... noted. The "'tIUr~t of' the htNId (H) 01' ... tar 

abo~ the notch at stations A and B Mare .ade At interval. of' 

tlae. ..ith the head racorded, the corresponding discharge at 

each _ir fllll!re calculated using equation (3.). 

The los. of' ... tar by inf'lltration ...... obtained _ the difference 

15 



bet ... n discharge at station5A and B. The in~iltration rate 

Uten obtained by using equation (4) balD ... The data obtained are 

presented in ilppendix C4. Stop ... tch was used to note the ti_ 

interval, .. tre rule .... used to ... aure head above the V-notch 

... ir, the tllO 90- V-notch .. irs Mere used to deter.ins the 

quantity of water at the i~loN and out~loN pOints of the 

~urrON. A aeasuring tapa MaS used to obtain the distance between 

the t.., 90- Y-notch .. irs and the 'furrow ssp;.u:ing. The equation 

to 

1 .. 

Where 

obtain infiltration rate is given beloN. 

q * 3600 

W*L 
(mm/hr) •••••••••••••••••••••••••• • (4) 

q _ 10 •• of water by infiltration (1/5) 

W - furroN spacing (.) 

L _ length D'f tasting portion o~ a 'furroN (ai 

.1.6 



4.1 

CI-iAF"-rER 4 

B~~~~I a~Q qi~~U§§iQ~ 

Analysts o~ the field data obtained ~ro. All the tast. 

praaanted below_ 

4.1.1 i~li lut&~t ~n~t~~t~tl~tl~ 

T .... intake characteristic equation of the l50i 1 

rapr ...... ted by (5ee. FI!J. 4,1): 

I .... 126T-O' Sa, 

....... I -infiltration rAte (_I'hr) 

T == irrigation ti_ (.in) 

are 

are 

Fro. Fig. 4.2, the ln~iltration rate capacity was ~ound to 

be 10.os../hr. 

Fro. Fig. 1t.3., the distance advanced by the ... tar .... 1Mt. 

at the ti .. 175.1n, ~ich is the quarter o~ the irrigation t1 ... 

Figure 4.4 ahowa that the accu.ulated in~iltration depth 

increa... .s the opportunity ti_ increaSieS. At the quarter o~ 

irrigation ti .. , the accu.ulated infiltration depth NaS obtained 

to be w.... 

irrigation found to be 11.6hrs. 

<_ appendix 83) 

17 



The .. tar application efficiency NaS calculated to be 71X 

: and the potentiAl (operAting) Irf'ficienc:y 'for .... ich the syat_ I.... designed ..... evAluated to be 78X. (see appemdix BIt) 

The follDMlng par..atar. Mere obtainad 'fro. soil test 

, u.ing oven dry _t:hod (appendix 81) I 

(1) ~t.ture content •• c - 19.5K 

(il) .oi.ture holding capacity ch - 277 .. /. depth of soil 

(lil) available .oi.ture e - 1~ 

(tv) depth o'f ... tar applied-97_ 

(i) acc:uaulatad depth of application dg -9"-

(ii) gro •• depth of application dg - ISS-

(iii) volu.e o'f water to irrigate the 'field -39S0.761a3 

(iv) lateral canal d_ign captllCity -95.331/. 

(v) rootzone depth o'f crop drz -7Oc. 

In discu •• ing the result, the following li.it_t10n are 

fir.tly enuaarated. 

(1) The furrON infiltration teat ...as carried out by u.ing 

locally constructed 90- V-notches on the field and assuaing 

several ideal conditions. 

(ii) The V-notch Neir .... placed acro.. the furrow and 

-
roughly level by pressing fir.ly into the furrow profile and 

horizontal. 

(iii) Slope of the furrow base varies down the furrow 

18 



length ranging 1'ro. 0.2'1 to 0.9, but a ...... d 

uni1'or. 1'or practical rltt1lsons. 

to be 'f'airly 

(lv) Fluctuatlon head. dONn the 1'urroN length.... observed 

on applying the teat ..... tr ... at the f'urrow head and it .... as a 

result 01' no~unl1'or.ity of' 'f'urroM roughnes •• 

<v) On shutting 0"'''' the supply atre .. at the "urrOtf head 

reces.ion Naves Mere seen to be di.inillhlng down the "urroM, but 

a.au.ad to be instantaneou.ly cut-o"'''' .s the supply .top •• 

e vi) The total losses between the tNO gauging st.ti.ons A 

and 8 Mere as_laud ~ be purely due to infiltration, neglecting 

All the a1'or..antioned li.it.tiona Nill no doubt affect 

the r .... lt. 01' the experlaent. Nevertheless, the values 01' 

K and n 1'ro. the infiltration curve (Fig. 4.1) Nere 126 

and -0.53 respectively. The inf'iltration rate Nhich .... obtained 

•• 10.os../hr (Fig. ~.2) found to be slightly higher than the 

value 7.S-/hr obtained when Sa.! soil salllPl. NilS analysed 

UtazWldar, 1983). The reason 1'or this di'fference could be 

because 0'" variation in soil constituent along the f'urroN 

length. The.'ff'ec:tlve irrigation ti_ (.T) 'for the soil type on 

the experi ... t.l .ite .... _ti .. ted to be 11 .. 6hr. <appendix 83). 

Preli.i1lilry observation silo .... that ... ter .... of'ten le.,.t inside 

the furro.. for .ore than a day bef'ore it .. a. allowed to flOtf 

out. Thi. practice encourage too auch water los. to deep 

percolation. To deter.ina the Nater advance distance "'or 

a1'1'icient irrigation, the -quarter-ti .. ruls- which suggest a 

'furro .. length such that the advance water reAChes the end o'f the 

'furrow in one-quarter o'f the irrigation tt_ (T).... u...s and 

1'ro. the advance I tl .. curve (Fig_ 4.3) Nith the T/4 (l75ains.) 
I 
I 

the corresponding 'furrow length .... obtained as 168a Mhile the 

exi.ting furroM length .... 350a. The evaluated fur rON length .... 

too Short Mhen coaparad to the existing 'furroM length. this will 

19 



lncr .... labour requlr-..nts ~or irrigation and 

..c:hanization. 

The accu.ulated infiltration depth increases.s the 

opportunity 1:i_ incr .. _ (Fig. 4.4). The l'1li10 accU8Ulated depth 

.... obt.ined to be 9~ (.appendix US). during the expert...,t and 

13:5.a 

(appendix 85). The application e~~iclency, ..... lch i. a lleasure of 

hoM e~"'ectively the _yst .. is being operated ... co.putad to be 

71X (appendix BIt). This value MOWII that the .yst.. i. 'fatrly 

operated. The potential ""'ficiltl1Cy, Mhich i. a tleasure of" hOM 

"'''actively the .yst ...... d_ignad to be operated.... co..,u1:ed 

to be 78X (appendix 84). This value is not too ION, but it 

MOuld have being better if it is l00x • The reason for low value 

could be becautle of' di""erenc:e in the existing depth 0" ... ter 

to be applied and the evaluated depth of' water to be applied 

lJIIhich .are 7'-- and 97_ rellpsctively. 

Finally, .. lUi thelle p.r .... ter., tlUCh .. ti the net depth of' 

I 
application, gro.. depth of APplication and ~he applic.tion 

e¥f'iciancy, the total volu.a of ... ter to irrigate the 'field and 

the lateral canal design .tr... .ize Mere obtained 

3980.76tD3 .artd 93.331/s retlpli!Ctively. Thus. ..lth these 
-~ 

"-
essential technical data the irrigator will knoM the aaount 0" 

... ter and t .. duration to deliver it. This Mill no doubt ensure 

.fficient Matar .. nag..-nt and hence .li.1081:10n of the harzard 

to productive "ar.tog resulting fro. high water table. 

20 
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5.1 

CHAPTER 3 

B&~g~~~~DallQ~ e~D ~Q~'~Yilg~ 

The irrigation ti.a obtained Nas 11.6hr for the 'field 

under investigation. This do not 8ean 'that the irrigation strea. 

should be left running throughout this ti_, but tthe lotoJar' and 

of the 'furrow could be blocked to allow Nater to accu.ulate and 

remain in the furrow till the end of the irrigation time before 

the excess i. drained off. The present practice allows water to 

remain in furrow for not less than 24hr. 

Furrow mould be spaced closa enough to enllura that Mater 

lipread. to the aides of the ridge and into the rootzone o'f the 

crop to replenish the soil eoisture unifor.ly. It should 

be determined based on soil texture. From the ob_rvation .. de 

on the field, there should be broader wetting pattern occuring 

in clays than in sandy soila. For exa.pla, the 'furrow should not 

be ·lIPaced .ore than 501::.- to 60ca apart in gandy soil while 

it should be one metre or above in clay soil. In Bactta the 

f'urrow .pac: i ng MillS IMIalRlrlKl to be 75c •• 

The optl.ua length of a 'furrow is the longest 'furrow that 

1. safely and effiCiently irrigated. Fro. the obeervation on the 

f'ield it could be reco.aended that furrow length should be left 

•• it was <aso.) so as to reduce labour requireaents for 

irrigation and ~o ~avour aachanization. 

Low and unifora slope along the ~urrow result to unlfor. 

and ef'f'iciently application 01" water along the furrow. The 

existing furrow slopa at Nigerian Sugar Coapany is between 0.2% 

to O.~ • This could atill be used, but the only problea is that 
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I 

it i. uneven along the furrow_ 

<e) EYrrg~ .~r§~m 

To obtain the .ost uni~or. irrigation, the largest streAa 

o~ ... tar that wi 11 not cause eroston and Ni 11 be enough to 

irrigate ~~ectlvely Should be used in each ~urro.. at the 

beginning of irrigation. For .f~lcient application of MAter the 

.tre.. siza should be reduced or cut back after the water 

advance to the and of the ~urrow, so that it Nil1 just keep the 

~urrow ... t throughout its length with a aini.ua ... ter wastage. 

Th. reco ... ndad str ... size is 3.01/& • 

Also for iii .ore ~ficient evaluation of the furow 

irrigation systea., it ia strongly suggested that .ore detailed 

t .. ts should be conducted on the site in order to confira the 

actual valu .. o~ these par ... ters obtained. 

5.2 ~Q.o.~ .. l_Y§' i.Q.n. 

From the results obtained the ~o110.ing conclu.ions were 

drANn:-

(i) The water application efficiency of the syatea as it 

was. baing used MaS .. tt.ated to be 7Ut , but in order to pravent 

or liait deep percolation the water application efficiency 

_ould be greater or equal BOX • To attain this e-fficiency, the 

ti.. require for the water to advance to the end of the furrow 

tIhould not be greater than esx 0'" irrigation tll111. That is, 

quarter tt .. rule should be obeyed. 

(it) Thet op ..... ting ..,..,iciency for Nhich the syst_ was 

designed was evaluated to be 7W4 • The cause of 10.. value was 

becau.. of di1~1" .... enc. in the existing depth of' .... ter to be 

applied and the depth of MAter obtained fro. analysis Mhich were 

7~ and 97 .. raspectively. 

(iii) The infiltration characteristic equation was obtained 

-0'53 
.s 1 - 126T 

26 



Inspite D~ the discrepancy the Company should continue the 

~"D~ the ~UrrD" irrigation &ystem. but 
he can only ~viced to 
A 

l~rDve on the irrigation efficiencies by taking note of the 

4results obtained ~ro. this preliainary evaluation. 

27 
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.APPE~,Co.x~ e 
E2!myj~. y~.g jD lb. ~QmgY~.~!2D Q! g.r.m.£§!.~ 

(a) The Kotstiako (1932) equation 

(i) 1~i1tration characteristic equation 

1 - n" .••••••••••••••••••••••••••• (1) 

( i. i) Accuaa1atad depth equation 

K 
D "" ---T (n+l) •••••••••••••••• (2) 

6O(n+l) 

Where 1 - infiltration rate .. /hr 

K and n are constants ~or particular soil, n has 

negative sign. 

T - irrigation tt.. (ain) 

(b) For ..... 1. ~or cOllPUting 90- Y-notch disc:::harge 

Q == O.013E11-1-%. •••••••••••••••••••• (3) 

Where Q _ discharge (lis) 

H == head above notch (ca) 

(c) For ..... la for coaputtng i~iltration r.te 1 

Whera 

1 == 

q .. 3600 
__ ---......................... (4) 

q _ loss o~ water by i~i1tr.tion (lis) 

1 ::II infiltration rate ( .. /hr) 

W ::II furroM spacing (a) 

L _ distance betwaen the ... irs (a) 

<d) For ... 1a for co.-puting ... tted peri_ter 

p = b + 2y(~~ + " •.•••••••••••••••• (S) 

.... ere 

P ::I .. tted peri_tar (ca) 

b = Midth of flow (ca) 

Y ::II depth of floM (ca) 

side slope 2 vertical to 1 hori~onta1 (Z -1/2) 



'e) For ... 1a 'for cOllpUting average depth 0" Wilter appliad 

Q .. 360 * t 
d -

W ... L • • • • • • • • • • • • II ••••••• (6) 

Where 

d .. average depth of W.ter applied (e.) 

Q -strea. stze (l/s) 

t c:: dur.ation of irrigation (hr) 

W -'f'urroM spacing <.) 
L :: furrow length (a) 

(f) AcCUllUlatad in'f"iltration depth is datar.lnec:1 'fro. the 
'following relatiOnship. 

wetted \-he hmgth 0'" ... 
perll1etar the -test section 

(ii) Accuaul.ted in~iltration ace ...... l.tad accuaa1 ated 

(volu.e) in" 10 ... storage 

(lii) AcCUMUlated i~iltr.tion (it) 

(tV) 

(v) 

(vi) 

(depth) (1) 

Furro... cross-sectional width of depth of 
area corraspondi~ to l1li: 'flo... (ca) ... floN (ea' 
depth of 1"10"(c.1 ) 

Acc ...... latad inflow =: diacharge ... advance ti_ 

Accu.ulated stor.a.gB =: (.Iv) '* distance (ca) 

(g> Foraula 'for co.puting 'f'ield efficiencies 

aCCUMUlated infiltration depth 
(i) Applic.tion efficiency = 

average depth 0" .... ter appl ied 

design depth of wa.'ter to be applied 

evaluated depth of water applied 

(h) Foraula for the analysi& of gravi .. tric data of 

BalllPI_. 

(U 
M ••• 1i -- ... d.s 

s.m.c.p ... _._----_._-- * 100 % 
(by Meigth} w.d.s 

Where 

P 2 soil ~isture content percentage •••• c. 

30 
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w •••• • .. 1gth 0" .01.' soil (g) 

w.d •• -...1gth o'f drited solI (g) 

(11) •••• c.p -•••• c.p ... « 

(by vol ..... ) ( by ... lght) 

(iit) 
Cll - w.d.s 

... ----. 
\I 

"'r& 

.at .. bulk denaity g/c;.3 

V .. voluae o~ the core cylinder .:.3 

( I) Other "orad a 

net depth o~ appli~_tion 
<i) gro~. d~pth of application ~ 

e'f"ficiency 

(ii) volUtM! 0" water to be di .... erted (tl "" (1) • ora. 0" 'field 

(ii) 
(iii) lateral canal d •• ign capacity 1/. -.".~.---.--... -.----

irrigation tl .. 

(, iv) <!Ivai lable MDistu.re (\ ",. ch ... drz (&'ft.) 

Where 



p.. t:.-F" E; t .... Q X.:K .F:! 

~.mQj~ ~~l£Yl~~jQn ~! a~r~ID~~§r~ 

.eea.l,Og.il:! II.!..!!. 

.oisture holding capacity ch ~/. depth o~· soil. 

FroM equation (hi) of appendix A 

s ••• c.p M.M.Ii -- w .. d.& - * 100% 
(by weight) Hoodoos 

., 1022.8 - 855 .. 9 

* 100% 
855 .. 9 

:r.; 166 .. 9 

* 100~ 855.9 

::: 19.5~ 

FrDm equation (hit) of appendix A 

•••• c .. p s .. m.c.p 
II: ... « 

(by volu.e) (by weigth) 

ch 19.5 ... 1 .. 1t2 

FroM equation (hiii) 

w.d.s 
= ___ III 1.42g/cm~ 

V 602 

V III: 

2-.<7.4) .. 14 
= -_.----------------

4 

<see appendix Cl). 

(ii) rDotzone depth drz o~ the crop Nas deter.toed to be ?Oem 

(iii) available .oiature e - ch ... drz 

(lv) .. nag ....... alloMable de-ficienc:y I"IAD :::I: SOX 

(v) depth of ... ter to be app 1 ied 
D .. e .. t'IAD <-) 

1914 ... 50 

100 



(1) Accu.ulated depth o~ i~iltr.tion 

This paraeeter is to be deter.ined ~or each advance 

distance o~ ~urrow, but an ex.-pla o~ how they could be 

Equation (f) of appendix A is usedc 

For distance 40. corresponding to advance ti .. of 22ains 

(see appendix Ca,. 

::: 9Q '* 2e - 1980 litras 

AccWM~lated ~torage = furrow cros.-..ctional advanced 

Accu.ulat~d Netted 

area (Cf\1'j 

Accuaulated infi-

Itration (voluae) 

Accumulated inf'i-

ltration (depth) 

area corresponding to 
2.­

the depth o~ ~lo" c. 

- 203.0 '* 4000 

== B12OOOc.?J 

,. 812 litras 

distance 

c. 

wetted per imeter • length of' the 

(ca) section (ea) 

2 - 7B.S * ltOOO - 315700 c.' 

aecwau1 ated aecuw.&latad 

1n1'10 .. storage 

= 1990 - B12 = 1168 litr .. 

aecu.ulated infiltration (volu.e) 

Matted are. 

l16BOOOO 
=- - a.71 em 

315200 

The sa.. process was repeated for other advance distance 

C ... appendix C6). 

(li) Average depth of water applied 

Fro. equation (el of appendix A 
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q -It 360 -Itt 
-----

W*L 

1.5 * 360 * 203/60 
&:I 13.54cm a 135mm 

0.75 * 180 

The Kotatiako (1932) equation 

(i) in~iltration characterigtic equation 

1 =- KT" 

Taking logarith. o~ both sid .. o~ equ.tion M& have 

log 1 - log K + log Tn 

log 1 11:: n log T + log K ................... _ ... (*' 

EquAtion <*) is like straight line ii!.tqWl'tion with .lope n 

and intercept along the y-axia i~ log K. 

Fig. 4.1 (infiltration charACteristic curve), the 

value of' n and K Nm"f! deduced as folluw£::'" 

.' 
1.94 - 0.6 

n ;::;; 
0.3 - 2.00 

log K .. 2.10 

D .. dtIIp th 0" .... toe..- to be app l.i.tiNi ~ !WI ) 

D- KTlnt-l) 

60 (n+l) 

1 
- o·.sB+' 

~ (97(-0.53+1 )60/12.) 

'lIiII ( '7/ ( () .. it'Ji i..otl?-6 ) 
-L 
0·41 

m 11.hhrs 

t 
i 

I 
r 
! 
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(1) 

.8aaBngl.H »';..1 

Ej~jg .i!A~i§D~j •• 

The ~l.ld ~ficienci .. are calculated •• folio .. 

accuaulated intil tration depth 
App 1 iCi\.t ion e'ffic: ient:y % ::u 

average depth 0'" Natar appl ied 

96 
~ * 100X ~ 71% 

dealgn dap~ of wa't:er to be applled 
Potential e'f'ficiecy ~ s 

evaluated depth of .... ter applied 

76 .. * 100% == 78% 
97 

(i) Yoluae of water required to irrigate the field 

Volu .. of MAter = depth of application * area of field 

135 .. 29400 - 1000 

3 
., 3980.76n'1 

(i 1) later·al canal deaign c4ilpaci ty (Q) 'f'or the experiaental 

field. 

volu.e of water required 
Q ::: 

i.rrigation time 

------ • :343.20 m3 Ihr 
11..6 

..., 95 .. 331/6 



eE'ff;t:lpl~ ~ 

I~p'yj.~jP.D 9t 9s£s P'g!~jD§9 

Four tests viZ'" rootdepth deterAain..tion, lDOi'sture content 

deter.tnatlon, accunwlatf!d depth deterllination for the d_ign 

diecharge and "urroN inf'i 1 tr'ation 1""a1:e Nere carried out 1"or the 

evaluation of furrow irr1gation syat-. at central nu.bar 6c. The 

data collected are shown in appendix Cl to appendix C7. 

---r--------
(1) (2) (3 ) (4) (~) (6 ) (7) (8) 

(3)-(4) (3)-(5) (4)-H5) 

dillme- depth weight weight weight weight weight weight 
ter of of cors of core of core of core of mol- of moi- of dri-
core .empler •• mpler .ampler sampler sture sture ed 90i 1 
sampl- with wi th and 
er moist dried s011 

fiol1 soil 
d (em) h (em) (g) (9) (g) (9) (g) <g) 

7.4 14.0 1110.1 943.2 87.3 166.9 1022.8 85!S.9 

----- -----

'-'--

.tation 
distance 0 EO 40 60 80 100 120 140 160 180 

(m) 

Elapsed 
time (min) 0 12 ea S8 bO 80 100 130 165 a03 

L...-_ .L--._ 
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stream 
5i%. 
(l/min) 

dii>t;~lad-V-i\-n-c-e-~th of depth:;f wetted furrow 
(m) time flow flow perimet- eross-

(min) water water er seetion-
b (em) y (em) p (cm) al are. 

corresp­
onding 
to depth 
of .,low 
(b * y) 

~-------~------~~--------~--------+-------~---------r--------T o o 

90 eo 12 

40 22 

60 38 

80 60 

100 80 

120 1.00 

140 130 

1.60 165 

180 203 
~ _______ ~J ________ ~ ______ _ 

Note 

71.5 

72.5 

72.5 

73.0 

73.5 

73.0 

73.5 

2.8 

2.8 

2.9 

2.9 

2.9 

3.0 

3.2 

77.8 I 200.2 

78.8 

79.0 

79.5 

90.0 

79.7 

90.7 

203.0 

210.3 

elL7 

213.2 

el~.O 

235.2 



: ,,- ,.... ... 
watch elapse station A atQltion e 105se", 
time time - -(a.m) (min) Head Flo~" Head Flow Diffe- infilt-

H (cm) Q.(1/$) H (em) Ob(l/s) renee n~tion 
Q (lIs) rate I 

10.01 3 

10.05 4.5 

10.07 4.5 

10.10 4.8 

10.15 5.8 

10.18 (I 6.5 

10.20 2 6.5 1.486 5.6 1.023 0.463 74.08 

10.23 ~ 6.8 1.664 6.3 1.378 0.285 4:5.71 

10.25 7 6.6 1.544 6.2 1.301 0.243 60.32 

10.27 9 6.4 1.430 6.0 1.223 0.207 49.92 

10.28 10 6.2 1.321 5.1 0.811 0.510 91.60 

10.32 12 6.0 1.217 4.9 0.733 0.484 77.44 

10.34 14 5.9 1.167 4.9 0.733 0.484 77.44 

10.36 16 5.7 1.071 4.8 0.697 0.374 59.84 

10.38 18 5.4 0.935 4.6 0.627 0.308 49.28 

10.40 20 5.0 0.772 4.5 0.593 0.179 28.64 

10.42 22 4.8 0.697 4.4 0.561 0.136 21.76 

10.45 25 4.6 0.627 4.2 0.508 0.119 19.04 

10.47 27 5.0 0.772 4.3 0.529 0.243 38.88 

10.50 30 5.0 0.772 4.5 0.593 0.179 28.64 

10.52 32 5.0 0.772 4.5 0.593 0.179 28.64 

10.55 35 4.7 0.661 4.4 0.561 0.100 1/;'.00 

10.57 37 4.5 0.593 4.3 0.524 0.069 11.04 

11.00 40 4.4 0.500 4.2 0.494 0.066 10.50 

11.0/i 44 4.4 0.560 4.2 0.494 0.066 10.50 

38 



Note I 

3600 * Q 
I -

W*L 

(Where W =- O.75a, L = 30m) 

weight ecf weight of mc.isture volume of 
moisture d)- i ad soil content by the .amp 1 e)-

weight Yo core 
(em) ) 

(g) (g) 
2-lfd h . 

V -
(1) 4 

- *100 
(1) (2) (2) (3) 

166.9 855.9 19.5 602 

Di.tanee Ac:c:umula- Acc:umula- ,~etted Ac:c:umula-
( m) ted ted area ted 

storage inflow infiltra-
(litre) (litre) (c:m2.) tion 

<volume> 
* 1000 
<c:m3 ) 

(1) (2) (3 ) (2-1) 

-
0 

20 400.4 1080.0 155600.0 679.6 

40 812.0 1980.0 315200.0 1168.0 

60 1261.8 3420.l} 474000.0 2158.2 

80 1693.6 5400.0 636000.0 3706.4 

100 2132.0 7200.0 800000.0 5068.0 

120 2628.0 9000.0 956400.0 6372.0 

140 3292.8 11700.0 1129800.0 8407.2 

160 3552.0 14850.0 1291200.0 11298.0 

180 4262.4 18270.0 1 Lt61600 .0 14007.6 
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bulk densi-
ty 3 
od g/cm ) 

(2 ) 

<:3) 

1.42 

Ac:c:umulat-
ed 
infiltrat-
ion 
(depth) 

(c:m) 

(2-11 

(3 ) 

4.37 

3.71 

4.56 

5.83 

6.34 

6.66 

7.44 

8.75 

9.59 

,i 

, 
i 
• :1 
• 

, 

I 
.~ 

] 
j 



l 

a 

Notel 

Accumulated in~low = stream size * advance time 

Accu.ulated storage = furrow eross- * distance advance 
sectional area 

Accumulated wetted wetted perimeter * distance advance 
area = (em) (em) 

time infiltratictn 

T (min •• ) I (mm/hr) Log T Lc.g I 

0.0 

2.0 74.08 0.30 1.87 

5.0 45.71 0.70 1.66 

7.0 38.90 0.85 1.~9 

9.0 33.11 0.95 1.52 

10.0 81.60 1.00 1.91 

12.0 77.44 1.08 1.81 

14.0 77.44 1.15 1.89 

16.0 59.84 1.21 1.78 

18.0 49.28 1.26 1.69 

20.0 28.64 1.30 1.46 

22.0 21.76 1.34 1.34 

25.0 19.00 1.40 1.28 

27.0 38.88 1.43 1.59 

30.0 28.64 1.48 1.46 

32.0 28.64 1.51 1.46 

35.0 16.00 1.55 1.20 

37.0 11.00 1.57 1.04 

40.0 10.50 1.60 1.02 

44.0 10.50 1.64 1.02 
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