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'Proportioning water~iVision device 'is a simple ir.rigation water control structure .which . divides 
·:itrigqtj6J:.~t'V(ite;' :[n~ja·."c'a!Jaz. i~t9:":iWo-;-o~' fnore P'Q!tteq~itably'. 'Perfo~ance of proportioning 
'l f' -- "'~"-"~"'r~"'"'i"~' ..... "',~ f J ... • "r .... ,~ ''I. _.,. - "-- ... l_. .1 - ~ •• '" 

-water-divisiOii aevice"in a lafmet~mmiaged irrigation,systert) (FMIS) was ,assftssed using Njoro .ya 
• > • .- ,. ,,- 1"'- ...... ·•• ~ r ~ _'_." -""v ~:." ' .. ~ J. • • . '. ...~, • 

Goq. -scheme.as a "Cflse study. Njoro yo. 'Goa 'scheme has four secondary cana~ namely; .Goa .I, "Goa 
_'2: GOli<3~a1id Goa 4. GO{l'I 'and God 2'canaidvere selectftdfor.thf! study. proportioning ,water-division 
i'deVices 'were 'insiailed ii{ej"s'tilt"ioni aliitii'ooa I cana(.whiie;-Goa i ca~ai· stations,."were left as a 
• I 1..1.1' -: ... ,:: , ~_ -. ~. • f"" . r,... ..... *.' - J -l- ... ~ _. • _ .'. _ ~ 1 

'control.~Me{m hydraulic sensitivity for tertiaries alo!)g Goa I and downstream· of the Goa 1 canal llt 
+41f'!C' " ....... -t·- ~}' ""t. I • ,~:~ ._., ~ i '- .: '._ -.~ .!: 

the same station was eqUal to 0.25: Th~ mean hydraulicflexibi.lity for both tlJ-e tertiaries and the Goa 
-, '. ' it r \ • '\'" .... _...... \" " ~ " ,-' I., '- • \ _ ,. 

I canal was' -equal to 1'."00. "In' Gdq. '2 canal/ the mean,hydraulic sensitivity for the ,tertiaries (l/ld 
",d~wnst~eaTrf Goi/2 darltil at the same itation ~were difjeren't'and they were Q. 035 {In({O. 01 j r~spectil!eJj. 

... ~< ~ _ •• ", '"."/." ('.'J' . - ..•. •.. -.~- - _~.J'J'..... ... .. _" 

· The hydraulic jli!xlbility for the respective canals were I~ 9 and 1.6. ,The crop yield for the January 
~to Aprii.-·I996 season which was'under the-study was 4·tonlha and 2.9 'tonlha for Goa I and Goa 2 
(-~.''t' (', •. , - ~;, 0 .. -. '--"i" :l \",.~.::. J • - __ •• , .......... '.' ~'". '_ 

respec.tively.The..results shdw'thafthere was an equit{lb.le'irrigation water distribution along Goa-I 
r 4-, ~.-;.. -q n~. r'~ -. - • (. - -r....' ,... ~ - - .'. - j~... :. ,. . 
"'canal bupiot 'along Goa ~ -canal:-. It can therefore, .be concluded from the present study, that 

.-... ,,_,.. ... ....... r. _. ~ : ." .I ~·.l" ~ • _ ~ , 

.proportioning water-division 'devices .shoul'd be used as, water control structurf!s in farm(!r-managed 
• •• , - ~ -'. \ ,-; J _ ," :r-r' .' ... _....'. I ~ -, • ..., • J .'. .... 'J_" , ,."~ 

-irngiltion:sjstems in'Tanzania q.n'd other 'parts of Africa q.s.they. are s!"!ple (0 construct, farmers can 
'a.f.rord'ah{j'rhey::do not"need high t~chno19gical and ed~ca(ionai background.,: " .. 

• .' '\ ~. i ". .. . ,t. • ...... J. ' • ..,: :-. 

'r'Keywords:~Proportio!ling.'~ate~:-di~jsi~n devices,- Eguity~ Ta:nzani(f~:' ..0" i 1:~: .... :.:, .-

';Illtroduction" ,'" :, .. .- ,,; '. : ...... 
==::.".;0 • ..:~~~_. \"~,:'.~~ .~~ '".1_ \~' .. ' .. :~) 

::proportio'ning~water:division device is a 
" . . simpl~ irrigation' Water' control' structure 
'which is -us-iiaiiy'placed in a 'carnu perpen<Ucu

.'lar· to the dlreciii:>Ii,:of-ilow. -Insome'cases,:it 
~kaYllb~ p'laced along o'i cit an angle t()-the'diIec-
tio'Ii of flow dependihg on the·topograpl1y 

:' (piirajuli,' 1995). This structure divides irriga
.. ,tio.nJ~aterin ,a qma\ lnto- two ,or more parts 
'equitably that corresponds to the water shares 
due Ito each farmer or a group of farmers 
serv~d by branching canals (Ambler, 1990). 

I 
Parajuli (1995) reported that these structures 

[ // 

..... _,. , 

are usually made of timber with rectangular 
notches-ilthough cement made:prop6rtioning 

• :- •• • f'" 

weirs can also be used: - - .. ,. '.. . . .-
. ',- . The"basic concept 0(pr6portionahlistribu
:'tion . i~ ilia~ the irrigation water supply' is pro
. pdrtionally' distr:iJ,uted'at each off~take of'a 
"-,.' , . . '," I 
",<ommon supply sys~em. This mea,ns ·that the 
',9l¥1htity or"Water flowing in a paient'caruii and 
- off-take canals'are equally affected bfvariation 
of ~ater level in the parent can~1. Parajuli 
(1995)" indicated that'in o-rder to 'judge' the pro
portionality of water division stru~tures, hy
_draulic sensitivity and hydraulIc- flexibility are 

-'to be'considered. ,: .- ", 
•. , - The allocation ~f irrigation ~atei\linong 

. . 
. .: . 'II ... .., 

'TanzWiia J: A¢~. Sc~ (1998) 'Vol i No ,1, '71"-80 
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72 A~K.P.R.:T~o,&','\;J.I. M~ya •. , " 
,(, i :' i-c. \ ,. .~ .' .~ t, : _... i; '. I "" • 

,." ,''''''> , .: .... "e ;~, ,- 'uI' -d":":--'t~ ,-:X . t" ':'the p'erfio,'rma,n:c"e'"of_,',cp,ropor,tloning ,w, ate.r!<;liyi- . su6"lareas'bf'a isystem sho ' mee ',crop wa er: _ , 
needs 'and be equitable (Bellekens, 1995). Ac-.,' sion device for,equitable, water distriblltio~,-ina 
cording to'Yoder (1995) the primary objective ':"'FMIS'in T~." ' :1. ,,' "," 

in designing water distrib,ution structures, is to 
provide a mechanism for controlling irrigation 
water; distributioido. accommodate the-varying 
flow in a canai and distribute it as accurately as • • , ,;iL.-';- .', 

possible according to planned water allocatioIi,.;,,~·Descrlpbon·,of thestudYI'a~ea" '171 

_belowthatRoint. In Qther.~or9s .. th~ ~onc;eptqf._ -. The~research'was conductedat-an.inc4g~
equity should be taken into consideration dur- nous FMIS called Njoro ya Goa lO,cated',n:ear 
ing the design and construction process! ~ _al,-, .Moshi town in Kilimanjaro Region in th!! North 
":lowfiliwat~r 'distiibutionamong: the~ water us:::' ':~:of Tan~~'i~. 'The'scb,e~e ~ i~' ioc~tid '~pi>t~~{
;ers.'H~n~e: ~qui~ . might' to 'tie, o~~,'~'f ~inn~.~ ::.'matelY '~t la.tihide~)O S ~~noiigi~d~)7).~~, f: 
ciplealffis;~of managers of any'fur.n?-e,r-~~ed,. and about 5 km·South, _ E,ast of M9~hi ,town.' It 
iftigation systems' (FMIS)., ," ., " " ',', .e<;ns1S(S ,~f a,.rel~#v~iYnari~"Y sJiip' <?f l!ID:(de
": EquitY' o~ wate~ di~tri?uti~~ '~~~f' wa~r'. 'vel~pe4:~n:~ aliuvial p1atR.,;,'J1ii~ 'js a:~~a~ 
~ers is a fuilction of both .tec~~a1·and s,9.Clal ,scheme developeq, by water, users the1,Il,se1~es 
fa~iors (~6emet4y, 1986). Tosol~e'th:; ~ec¥i-, ' ' without go~e~nII;lent/d6npr ageiic~y in.te,r,~~#
cal part" of the. prbble,n, the deslgnccapa~lty:,' '.,' rlons wifu theexceptIDi:o(the ,ijltake. , '". 

t~eeds' the introduction ?f fl~w measUring struc~~,'~ . The }iJ~~o y~ :G~a: a~~a is', ,?bar~c;,~eii:ied.1;iy 
tur6s'. 'T!tese wbuld'facili!itte ~ distribu~g irri-. ,th~ee se~so~s': a long' niin~sea10il ,from MaiC;b 
'g~tion wate(t~'water, ~sers o~ the ~~SlS of eq:.; " ':to ~ay" ~ o/yseas~~ ~om,{~~i9, 9ctober at!9 
,wty. Unfortu~atelY,~!he.a1read¥ eXlstm~ FMI~.,. short{ain seasonfrl?!D;.Nove~Rer W,.F~b~ry. 
'i~ Tanzania' do not·ha.vef1owmeasunng'd~~:~. : Ai1:nucil 'ralnfai1~verages ~9b:'qiIh:p'f 'Nh~C;h 

"viCes'becauseo(their tJemg expens~ve to install,' . ab~ui 3'7(j mm:(63 ,%) falls 'fu th~ lQng.~~iiiy 
(and due to lack'or' tt£hilqiogicarcapabilitf~n:: . seas~n·. 60 ~ (10'%)in\:i:4~'d~y.se~'s:oI;1; an-a 
the part o'f the water u~~is~toqperate, ~~~in: ,'1,60. ~~ :(27 .~,Hn/he."shor~,rai:~¥~s~a~'o~ 
and manage them. Hence ~ess~ wo.rknorma11y' '(URTIJICA, 1988)." '" 
dominates during water .. dis~r~~utl?n proce~s:.:.:~ _., Th,e:stildy'area'refeiVes'itsji!!gat!()n wa~r 

'(Taiiirio, 1994).- -, "'-'- .. " '- ." from Njoro ya Goa spring. The spring supplies 

;,' In Tanzania! t}l~:existin~ de~e19pe~ farn:ter irrigation water to the area thro~¥hq?~;}~ G~a 
m:maged:irrig~ti~~ sys:~p.~ ~omtally us4e 'fa.~r 2, Goa 3 and Goa 4 secondary canals. The 

' control structures ~ucb~~;~ou~,. ,ste,e1,~g~tes s,tudy,~ea was, conducte,di~ G.o~) lll!d Goa:'2 
and o~erUo.distnbute. ll:ng~tlOn wate,r among ,canals with atotal;ar~a)of abo,ut 98.5J?,a and 
th,e farmers'., T~ese s'~~~tures~r,e,:c~mpl~~,to .' ~ith-abput:30ti~farm:~rs':eaSh o~irig,plots of 
tI;ie farinersin te~s of their,~p~rat1o~,ln~mte-;;difiere'llt.sizes .. Th~ mai1;t,crop grQwn is Pl;ld~y. 

~ n~nce, and:~~ui~ge~eni.: T~ey hav~ also ~~e _jhE;~J9'"ri~a"Goa,~sprip.g, av~'rage. di~charg~ ~s 
·"distinct disadvan4tge, that lS,tht!Y ~eedtQ ~e ,es'timated to ,be 129 lis., Howevt\r"its"floWlS 

' ' ,.. .," .. '., \ . , . 
,.regulate9 n?w,an.d. then,:.3}ti~:l'he~.?;m~~_nRJ- .. ~-.r~lildvely.,cons·tant through9ut the year w~th,a 
·mally brfugs apoutconf1ir~ amo~g wa~r user~. ,minimum discharge of 100 lis in Marcl}. and a 
"Ambler (1995)rip'orted. thahvhen t1J.ese. con- 'ni~xini1.{m ~~'f about 146 1/$ in Ma y, (KAD,P, 
.. flict~are.,~.?,t ~ttended".c~}ley ,ina~resu1t,into 1993).: '.~, ',~~'., ' , ",.,' ' , . - "J,~~: 

damages of botI;i 4'r~gat1qn syste~sand prop-' ..,' 
'~rty. It' is <therefore;'iIDportant.to usi,a techni- , '~~thodOIO~Y;~;' " 
cal approa~h that U!'es simple tt;chnolo~y that 
maybe easily understood and practised by the 
water users. It is from this backgrow.d, that a 

~'study 6n the effectlven'ess of proi)'ortioning 
water division weirs for enhancing a fair water 
distribution among water users was conducted. 
The objective of the study being to investigate 

The scheme has a main canal and four sec-
I 

ondary canals. The first two !~ana1s (Goa 1 and 
Goa 2) as shown in Fig. 1 were pUrPosdy se
lected for the study becaus~ all the four canals 
were similarly constructed in the sense that 
they were not lined, had 1,atera1s taken only 
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Proporti~ wlater-diviSion devices 73 

1, 

" , 

. ' 

,J.' 

.. ,'. 

, " 

,-.\. . ~ .;-

Figure i:)~"joro:ya Goa sCf:1eine oJw measuring stations 
,..::,:~~ .. e.-l ::-~~ .::_~_~'~f ~ .. .f '.~'~ ~\", • ~\":: '._' .. ~"--;- •. 

,~ ...... ~. -;-"-""" -, ... , ..... """ .... 
'ftoiIi' the'teft hand~side 'as' one moves down-

-"~ . - --: ~:" '. - -.....' . ", ~ ~ 
" stream' ana 'that they did not-have anY'water 
control structures~ The'two selected cimals'iue 
therefore, representdtiv~ of the rest '. ")

The research was conducted along" Go'a' 1 
canal with arr"'area- of 'about 63 :·7 hit and'Goa'2 

t canahvith an area 0(about·34'.8 ba. Goa 1 ca
"ria:l"had f2 tertiaries while Goa 2 canal had 9 

1 , , 

tertiaries. Each of the 12 te'rtiary canals along 
; Goi c't! was 'seiected as' la' station to be installed 
wiili~ proportioning '~at~t~ .. division' 'weir' while 

, l' I /1~ -" ~... ........ .--,"" • 

.~e f't~r~~rfc~~ alon~ Goa 2 were selected 
--as control'station because fuey do not have ,any 
• '.- "> t - .... . r' -, "', .. -... • 

- water control'structures. The proportioning 
, .. ,j , , '" ", . 
WelTS were made out of hara wood tnnber WIth 

"twol ~petimgs' as 'there wis oilly one rertiitry ca-
'nal for ~ach station. f, ,,', " - -' -.. ,: 

'" The d~sigo_ of the width of the openmg de-
peridedon the 'area iofland to be served :by" it. 
The sill fevefof each opening in a particular 
weir waskeptequai as' 'suggested by Yoderet 
a~. (1987): This means that only the width of 
the opening was, vari~d to define the proportion 

, of water that would pass thorough it. The total 
length of the weir and the:accompanied width 

-:Of their opening (notChes) depended,on the 
",measured width 'bf the canal at a station: 
'.:: "The concept'of area was used'during the'de
-'sign~worK. Por exa'tnple:-Por station 1 at Goa 

'1 ~ the area to be served,·by tertiary canal.was 
notea as being approxiinateli2:8 ha while the 
dOWnstr~ani commim<i'an!a was 60.9 ha. This 
meant that the total command area was 63.7 

·ha. Now, dividing 2.8 by 63.7 we get 0.044 or 
4.4 %, meaning 'that 4.4 % of the available 
length in the weir will be' used to allocate the 
tertiary water at station 1. The remainder (95.6 
%) would ser-ve the 'Goa ~l canal downstream 
die weir. ' 

Prom the canal width measurements taken, 
the available length of the weir' for station 1 
was 140 cm. Hence, 4.44 % of the l40"cm 

'"gave 6.216 "cm\vhich·was approximated to 6 
. cm'for the tertiary opening,as the design width. 

The rest (134 cmy' woUld 'serve 'the Goa l"canal 
, for 'the comiIiand area downstream. This proce-
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dure was followed for~ the twelve-stations and; perimposition of velocityrdistribution. This 
thus, the desIgn was c?mpleted assho~ in Ta- .-.; ,problem '00' o~cur")when water flow through 
ble 1. Unfortunately, some water us'eis tem-' - 'bends (P.arajuH,-1995). The weirs were in-
pered wifu the installation ofstation-6', '7 and 8, stalled iri, such a way that the flow above the 
and they were" therefore, discarded from the weir'cre~~ approached criticaL'depth and that 
study. ! i _"theiDiti~f flow before passing through the weir 

An operational trial period of30,days was' ' crest was subcritical so as to avoid backwater 
,necessary to acquaint the watertis~~sr.with the 'Sf{ect.~;This kind ofinstallati?n was recom-
new technology. This involved visiilllg every" '. me,nded by Chow (1959). 
farmer or group of farmers' served ,by the~same ,;.' Dally flow measurements ~ere conducted 
tertiary canal to introduce, the device as irriga- , ·along Goa I and Goa 2 canal~ for 48 days~ 
tion water was being diverted into their ~rtiary J Flow measurements were ~onducted for each 
canals automatically.,.. weir" llotch and at the s~e tim~ the expected 

However, the water users complained about flow rate was calculated for each station along 
the small amount of water flow'they'received Goa 1· canal. Alc:mg Goa 2 c'anal, flow meas-
from the tertiaries. The flow into: the tertiary 'mements were conducted for each tertiary and 
canals were visually observed by the re- ' its respective, downstream water. At the same 
searchers and the water users. The width of the, time the expected flow rate was calculated. ' 
weir notches were further adjusted to relate the{ , Using the methods of Parajuli (1995), hy-
amount of water passing througli. it to the re- draulic sensit~vitY (S) which measures the rate 
spective command sub-area 'as recommended of change of dis'charge caused by a unit rise of 
by Leliavsky (1983) and Ford Foundation "the upstreamhe.ad was calculated as follows: . 
(1995). Adjustments were -also made on each " S == 9Q/Q (1) , ' 
opening for the sake of maintaining harmony as _ where: '\ 
recommended by Yoder and Thurston (1989):' Q = Canal discharge (lis) 

Estimates of discharge were based on visual " dQ .,,;, Change of discharge caused by a unit 
inspection (Ambler, 1995) and not on directI;ise, of th~ ups~3.!ll h,fil.d; (V~) ,,~',-!i" 
physical measurements. This was done in col- While hydraulic flexibility (F) which measUres 

.','laboration with the resp~ctive water ,users for _,the ,rate. of.chang~ <;>f,discharge 9f:an off-,take 
. each tertiary canal so as to reach a consensus canal. to the rate of change of discharge .of the 
6nslot widtbs of the proportioning waterdivi- ,pru:enic,~].~as calculated as: ,;",;7,' ,,-.,,~ , 
sion devices throughout the-stations. ,To"reach F = (dq/q)f(dQ/.Q)=:=So/Sp, (2) --!;,',: c-,' ", .:. 
the' consensus, the slot widths were repeatedly '?{\l~re,: . . .,," ,~ - ," 

:,timber-nail-adjusteduntil an agreed width.in .q 7":Off-take,canal discha~ge,(I1s) "', ,,' ., 
"each station were reached. This exercise took dq = .Change,ofdisch;rrg~ in the off.,~e c'arial 
_ about one month b,efore ¢.e actual data collec- '," \ .,.ca~.sed bY.il unit"rise,of the"upstrei!m 
,.tion work started for 48 day's.i,The dimellsions, i..;':i,' ~,2 ,~ead (lI~), "', ,,'.' .... ~-y 
, of the adjusted slot width ,are shown in Table 2. - So 1'= rHydraulic sensitivity of the off-;take ,canal 

,~ . , ,.<....", ",.- . I' '. . . ~ -' 

Giyen that there were no water division : Sp = Hydraulic ,sensitivity ot ~e'I?arent canal 
; .. structures along Goa'2 canal, the widths of the ,., ,Apa,rt ft.om;;tl1e flow meaFurements, ~ec~~-
. tertiary canal and the secondarY,canal and the dary data related·to socio",economic was col-. . . . . ~."". ",' ~ i - {, .. ,. ... .1,. . 

areas commanded by each canal at a station ~ lected., The data'includes: sources of conflicts 
;. were used to· calcUlate'the' proportion of water ~ .bas~d,oni~~igatiop~:Wa~er ,qi~t.ribu~on~, ~~ce.,t-

that has to pass through them as shown in Ta- ab~lity ()f !he, ttC~glogyand1 cr~p yi~ld. PI. re-
ble3. The calculated ratios were later used to quest was made to the Njorolya Goa Iirigators 

: calculate the expected flow.rates at each sta- ,Assoc!apon tQ:measure all.tl1~ hafVt:sted paddy 
tion. ' '.' .. '.,' in all the are~ commanded by Goa I and Goa 2 

',,' The set up ,of the;,proportioning water-divi- ,·canals r,espectively because the' ass9ciation did 
sion weirs was such. that 'all possible positions ~,not have records on yield from.their scheme. 

:... '-'r.· ";_ 

,where the main canal seemed to be Qending " 
.. were avoided so as to minimiz,e problt;Ips of.su-
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Table 1: Designed notg., ,~d$h_ o!,the i~taIled,p'roport~~ning'weir~ ,aHiQa ;1::. ~aJ ;stations 

"W2" .. -, . 

1- ''::::::6ii:-''-- 2:-83- ': ' 0:044-' 
-. "_ ~.1 

2 6~.~::. ; 2.22 ..0.036 
3 

4 

5 

9 

10 

11 

12 
Ky': 

58Jc .. '.:' 
56.9 

r4~' . ~. ~ 

50, .. ~, ,~ 

27,~, .. ( 

26:8; •. n 
25.0~ ,~ 

~. " 

24.6. 

1.82 

6.10 

1.21 

0.81 

1.82 

0.40 

2.83 

A = Area commanded by Goal L canal 

,:,,, ~;031 

. ,,0.107 _.' ,', 

• ,,0.024 
, ~ J. ,L' 

.;,.0,029 

'i,0.068 
, ," 

0.016' 

- .0.115 

. B, ,= c:omI?andl?~" area }rrigat~by ,a tertia,lY' canal. !. . 

'., (cm) 

0.596 ...... ',. 140 

0.964 .:t. 100 

0.969,:;,~ 160 

0.893,;:,. 110 

0.976.:::.'.'" 90 

0.971.:,' .. , 70 

0.932' ~ 60 

0.984 ~, 60 

0.885· • 60 

c: ,= ~Proport.i:?n o~ ir;rigation "Yater !o pa~ t~ro\lg~ tertia~ canal_D<?tc,h ',' . 'J 

D =. Proportion of irrigation water to pass through main (Goa 1) canal notch 

'w, ~\v:vi~ble n?t~ide~gth,~~'the,j~~~ic~' t?,t;e .p~op~rtioned "'" .' 

WI = 1)esign nQtch width,.f!'r water supplX to ,the tertialY. canal ~ , ~ ; . 

Wi;'" Desigll. ~idiiIi 'Cor W8te~ supply to. the '~in ~nal do'wn-strea-;;; the.device • 

-.. -
(c~L 
6" ,1 
4 •.. ..:. 

5· , 
12 

2, .. 

2 

4. 

7· 

"' n(,~ :..",,-' .~ : "t ... ·~!. 'l,: .. :. ':J";: " ... 4o ... ,-. ' __ !"! .'-; '!'.. :--.': .. ~ ',j .p, ':,,~ 

(cm) 

134 

96 

155 

98 

88 

68 

56 

59 

53 

T~le2: )fin3I:notch widili {jf'the' inStailed ~roportioning weirS if Goa 1 can3Istatioris 1 , . ' .. r..... '," - . 
Station number ,.W , ".:.' '. /1..:~,~Y'.3 W4. " , <:: E 

~ • \ 1 " 
'..: ~ _ t ~. 

(cm) (cm). (cm) 

1 140 131.0. 9.0 0.936 . ,' 
2 100 96.0 4.0' .0.960 

---; ." .~ 
'~154.0 3' . "160 6.0 0.963 

4" . '-" 110 97.5- 12.5 0.886 

S· c .. '. . . 90 
-,; 

- 85.0 <1: 5.0 
. . 

0.994 

9 .. 70 .' 65.5 4.5 '0.936 
'10 .' ' 60 54 " 

~ l" , 6.0 0.900 

11··' , 160 ' '57.5 - ; 2.5 0.958 

12 ... ,60 ... . , 52.0 . 8.0' I ; _.l:. , 0:861' 
.~)., .. Key:' ,':' LJ: _. - ,. ,'I, 

E ;:: P~oportion· of irrigation water to pass throUgh main (Goa 1) ~na" notch . ~ . " .... 

F .= Pioportion of irrigation water.to pass through tertiaty canal notch .> !. 

W ~ lvailable·ootchJength in,the device to be proportioned '" 
1" . 

W3 = Design notch widith for supply to the main canal down-streain the device 

'F , . 

, ,.0.064 

0.Q4" 
0.037 
'0.114 

, .' 0.056 

" 0'.064' 
. , "\ . 
, ,. '0;100 

0.04 

0.133 
" u.· .. 

' .. ,-"" 

"1 

',-

W 4 ," I:gn oo"h wid.h roc ~ .. , _ly (0 tho ..... 'Y """ ",., ,,' 

Results and Discussion son for: the'increase is because: first, the notch 
, , j .. / widths'of the propoitionalwater division weirs 

j .' " , that led to the tertiaries' were adjusted 'to suit 
Irrigation,water,distri\lution' . ~.. the interest of the water u~ers and,s~qmdly, 
along: G.oa 1 imd ~oa 2 ,c~~als.·."',,;~:> so~e .. tp.inoXl~rrors,~~y hav~ at:'o~e.duetosome 

Tfie mean· discharge measurementS for both' 
canais are presented in Table 4. Observed dis:"' 
charge of the tertiaries along Goal I secondary 
canal are' greater than 'e:xpected. The main rea:: ; 

effec,tof'f,an;t\ bend whi~h tended to supply 
more water to the t,ertiaries as ~e >secondary 

.....~ / 

canal was slightly sipuous~ 
On, the o~~rJ1an<!, in Goa 2 secondary ca-,' 
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Table 3:" Propoitioilafwatei 'distribtitibiIcratios ~foi Goa 2 tanaf statioris'~ ,::. 
__ _ ___ . _ ~ _ ~ • ".' ...:". __ : ~ __ ~ _-;;-. __ • .:-- _". ~ __ "_7:' _- ~ _ • 

" , 

' .. ·'iC'··: . 

Station number 

~f'"'"- , 
, ,-

,I t-€i 

2 
~, ·1 

3 .:-.;: 
4 ." 

5 l.f. 

6 13-' 

7 : ~ ~ 

8 
.. -..., 

9 

Area commend~d by Area commended by Proportional irrigation water td'pass throug'h 
tertiary canal Goa' 2 secondary canal . ,tertiary canals and Goa i canal' ·~··'T .,1, 

(na):,.. .';~' ~ . , u(ha)_- - ' - Tertiary canal- :, Gol2 'canal . 
1.62' I: - 34.80:i'_"~O ~,'. ii.047 ":', , '0.953' 

3.64' c', 33.18'(';(\'" -"f' 0.110 '." 0.890'" 

,4.05 :;-,! 

2.43 C'. ' 

3.24 . G:, 

3.24 \' ' 

2.83' i}:j 

. 
1.62 

,2.43- . --..., ~ ,- 'J~' 

29.54"'('~·l 

25.49..'~ f) 

23.06:'\~ " 

19.82F '.1.J 
16.58,'e:,·,~ 

13:75,;~;n ,,: 

12.13' :,,:,,~_' .. 

L? 0',137" 0.8(j3!Jt 

':.' 8.095 " , ~ 0.905~'· 

~'S:06:140 0.860 
":':' 6:163 

:< :iJ61.171 

'LJO~118 

- ;,: 0~200, 

!' ~. 

, , 
" 

C,l 

, ,'" 

0.837 .. 
0.8i9"-

0.8s2 i : 

"0.800, . 

nal, fanners felt that the flow released from the should be; the 'same '(Paiajuli;' 1995)."Tiie nf:.. 
head work was not enough, To counter their" suits for Goa ·1 were excellent, because 'the 
feeling about the availability of iiiigation.' 'mean value of the hydraulic'sensitivity-forilie 
water, they used drainage water from Goa 1~ 'tertiaries ana the seconda:ry,'~analdoWn~!iearil 
secondary canal which drains some of its water L' of the' proportioning weirs' wen; ~e same anq 
into Goa 2 secondary canal. As in Goa 1 secon-'~' its value was-O~25.,}~fean value ofhYdrauHc· 
dary canal, more water was diverted to the ter- flexibility for both the tertiaries and the secon-
tiaries thaqJhe exp~9ted as sh9~jn Table 4 , dary,canal,downstream,the.proportioning. wP,irs 
siIp.ply bec!l~~e most 'of thetertiilries, were. not : " was 'f~iind to' be:eq~ai' to a "unity: 'Theref'O;.:,> 
located on slight bends along rue Goa 2 secon-:' there was' an equity of irrigation watt':t' dis"tribu~ 
dary canal. ,-___ ' -~.. ~: -~- tion.alongGoa-l-canai. ' - .. .:--., . - ~ -; 

Goa 1 setoridary canal waialso receiving". The case was different in:Goa 2 secondary 
drainage waier'in between'stations. But be~;'" canal. The mean value of hydraulic sensitivity 
tween stationnll!llber 5 and 6 ~a1te water cana) ~~ of the terti"ari~s was 0.035 ~nd that of the sec,: 
from Kibo Paper Mills ComJj.~y drained int~: ~ ondary canal down stream the proportioning 
this canal aswell. Some oqh~,water is taken;:; weir was 0.O~5 while, the hydraulic flexibility 
out by a draD¥lg~ canal betw~e~'stationnumber0';-' was 1.9 and J.6 respectively (Table 5). This 
9 and 10. ',' r , ' implies th~t the irrigation w~ter was not pro-

Student'~,t ~ test analysi.~- s~owed that the.~:;' portionally, gistributed and hence there was nQ 
observed and expected discharge values were' - equity in irrigation water dIstribution. This' 
not different at 5 % significant level jl}, Go~.J t,: ~.:ma:y l).av.~, been: the main reason behind the 
secondary canal. In Goa 2 secondary canal,t/:. ',. Id9mina!ing.eonflicts"that.,were· observed 'to 
there was a difference between the observed .. enipt~ontinuously,aill6ng G0a2 irrigators., 
and expeCted discharge at 1 % and 5% ·signifi-.: ',; ,;'::: -; .' 1 ,',J. .., \ ," ','" -,,",' 

~!llt)t:vel~r~sp_ectiye!y'. ,,:. _ __, _ _ ._:r:: ':F1ow through a,chanbeJ:-juilcti6n:.'L 
, i. 

H d Ii Of" °t . d fl °bil Flow'through a channel junction is a phe-
oy r~\l oC s~ons! IVI ~ a~, eXI." -:l~ nomena.that involv~s numerous variables suelr 
Ity of l~rlg~tIOA ~,~ter~ ~lo:ng .(;~,a w as the number oi'bnlnchingdf canals, angle -(i 
1 a~d goa:~ ~~nals .. : ... o· • -', r .:; intersecti~l}".sh~pe and slope 9f tlle canals,dis.~, 
, • Mean hydrau1ic sensitivity arid hydraulit; chatgeand t~iner ,rounding:,iBasicl!l1y,t!te £li~. 

flexibili'ty:resulfs'for Goal and Goa 2 canalS' vision bf flow will depend upon backwater 6f~ 
are shown in Table 5. For 'the' water division'to' ~~~t~1 qf th~ t~o'<?Jr IIJore bran~h:.canal; an~. the 
be proportional, thehydrawlc flexibility.shoUld' qy,I).amic conditions~xis ting. apl1e jurt~tion. 
be equal to a unity and'the hydrauliC:serisitivity':: (Cho,w, )959);. Such:a siiuati?~~w.a~, ~void,e4i~) 
of'tlie-'bff-take canal and the ·parent ca:,~al th,r:~tlJ~~ by se~!ing .the ,device ins~c~ ~ \yay,) 

that the flow above ~e weir crest approached 

,/ 
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Proportioning water-division devices 77 
' •• ~J ~.f.!~ .. i" ... ~_ .. ' .... -, ~<\ 

~aAle ~? .M~~ .~~s~WiYet~~ an~cexp~~~ ~~s~_m:ge}n ,bBt~, ~~.a·~1,an~;>~9a,2.,sec9~d~y c~a1s 
and their r:espective tertiaries' , -, Pi"~ ,~. ," ~ ~" .:'; 'i'~::" .. -~" ,-~ 

Observed and expected dischillii along Goa land its tertiaries 

Station number :0,:£ Flow into tertiary ca~s " Flow into the secondary canal downStreatit 'th~ 
~ ." ..it: t'. .f, J :'. 

~ , ____________ ~~----------~--'~m~at~lo~n~"-·---'~-·-'~~·---------------
, " " .. ') Expected Ols) 

---------'-,------------ - ._- ~ .- . ~ .. , ........... 

Observoo Ols) Expected Ols) Observed Ols) 

1 

2 
3 

4, 

5 

9 

10 

,,:; 4.30 
_.~ .3.64 

• -(. ~ t 

,~ 2.00 
.. ,,, 3.14 
0.0 
',! 3.03 

:: 0 5.46 

u 

I .~\ 

" .( 

" . 

r.' 
, ; I 1.60 ".' 

4.25 

2.07 

1.14 

3.43 

1.70 

2.91 

1.82 
n -·-·----'-~I~.20--·-·'-' ~-.-'O.82 

12:' ". '. -.' " '~- 2.67 1.59 

65.35 
:. ~1 

45.56 
,",J 27.30 

1.' .J 27.75 
.- ~" . 28.27 

, ... ~. ~ 

41.02 

13.83 
' .. 

'--- "':'16;95 

10.02 

, Oliserved'lirid' expected' discharge along Goa 2 secondary'canal and its tertiaries 

1 . c: ~ 1.98 0.19 1.39 
2 0.56 0.36 2.46 

3 L:: 1.08 0.66 2.75 
,) , 

4 1.22 0.30 1.20 

5 1.20 0.52 
,j 

1.69 

6 ". ~ 1.26 0.74 2.49 . )-: , 
7 c t 1.34 0.68 1.89 

j" 

8 1.13 0.51 2.09 . ': 
9 ' .. - - , ,- - -1:16 -0.70 " , . .- ,-- 1.74' 

. ~~'.-.--= -

I ;:J.' 62.66 

,: .',:, 51.22 

'~W.G 28.72'; 

~s.c 26.74 

.. ," 

,1 " 
28.98 

42.5 
.. 13.76 

18.64 

10.30 

3.96 

2.86 

4.04 

2.78 

3.12 

3.39 

3.38 

3.55 
,-2.79 

" 

critical depth, and that the initial flow. pefore, "The purpose behind this is to avoid angUl;tr 
passing the weir crest was subcritical as sug-. resolutions 'when computing .th~ discharges 
gested by Chow (1959). Apart froin the back- which may complicate the work. Henderson, 

,water.effec t,.Parajuli, (1995) explained that. ',;' (1966) <;.;tut!pned that if the oweir ,devices are, ~ot 
there e~ists superimposition of velocity distri- well set to avoid bends, it can le,ad to one notch 

,bJltion,ofan,approach·canal.acr()ss ,the ,direction extracting more water thaI). expected. . ' 
cSV'-- ,.J •••• _ .(., .... ...0. .J> ...... _ 'J.! '. _ .~ , , ~.T • ~l • 

. 9f.f!-o.l'!jus~'UPStr~_~;.0~ ~r.we,ir axis, and ~e 'Although the '~eir strUctures ~ere fustallect 
locatipn of notches of a ,p~oporiioi$.g water-di- 'in' fairly straight reaches -'o'fthe c~apnel,. one 
visioii~we'ii.'Thus: 'thtcoefficient of velocity could visualize 'that they had l;een inStalled ina 
_ ..• '~ . • .. ',,r,.':., ,'_.1.. ",:' 'I·~ .. ' ... :-f" ~ '~ " •• ' ~ .. ' 
for bojh weir notches may notbe thesam~. straight stretch of the secondary ¢a~al and the 

• • , • • , • J .' i _ . ~ '. " 

IIMI (1995) indicated that the coefficient of ve- de\;'ice w.~s;,peroendicular to the directionS of 
• l • • • •• • I. \ ,. .... oJ -. ,,! .' •. 

10Clt¥ of the bIgger notch IS slgmflcantly flow, wh~reas, when th~. canal'wl!-s vl~wed 
greater ~ that of the small notch if the' flow ~ 'from it distance, the clls.e did not hold typically 
was perp~t:ldicu.1ar JO the weir device. This true to'.every station. This situation, 'may' hav~ 
~har~ft~r!stic may hav~ le<iless .water ~ the affe~t~~ the water dis ~ribution at ~eir' struc-
d~signe4,\1alue to.-pass thr.ough the ter.tlary tures,by a notch extractmg more water than ex-
not.c~ Whenever. the ~eir wasplacedperpen- pected. ' 
P!cula,rto dire(;;.tiop.,of flow. ,:rhis phenomena 
r~ay_~,!-y~pro~ab.\Y led to the nee9 of makjng 
cont:fu,u9.u,S <!djustments of the notch wic,lths so 
,tha~ l1!e. inJende9 qUl!n!ity' of water could pass 
th!ough tht? weir crest in the pre~ent stud),. ' '7 

. The set up of. wilt~r divisors in the pr~~nt 
study was such that all possible positions where 

I 

the main canal seem to be bending are avoided. 
I . 

Acceptability of. the ~~~portion-. , 
jng; water-division deyice by,the" , 
water. users . '.~ , , _,,'. " 

-;" .. .,' ~ ,'\lJ .' , !. ' .. 

n It wa,s obset:v~d that there was no. 'conflict 
on water ,distributions along Goa 1 canal fl!-fm 

::~locks wh!c~:~ay/testify the equity of water 
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-GQA-ICANAJ:,-- --- - ,- '-
'Statioi/' \,,~:! :ST . .!I'~ , .: ss 

.... I .. YC' ,,' -0,017 -. 0.020- --- -. --1:1' _ . -. _. - 1.3 

'2- - --,~;) -,,-0,021--- ·':'--£'-:--'O.025·--~:9-'!:·~:.2~;~~-1.0·'·-_\:·"'~ '-~'':':'~'':~~-1.1 ' 

,,-,:. 0.028 0.8 3 ;:~,l:: 0,023 
4 ~ 0.017 

5 .. :_.. 0.025 

9 .:,.f.': 0.013 

10~S::' 0.058 

11 )L.' 0.031 

12 '.. 0.019 
Mean 0.025 

-GOKTCA:NAL ..:.,-.::: --- ---

-1 --. - - - 0.024'---
:. :. 

2 

3 

4 

5 

6 

7 

8 

9 
Mean '.-~' 

Key: 

r-: 0.030 

,':_, 0.032 
0.024 

0.035 

0.018 

0.081 

0.043 

0.027 

0.035 

•. , ... 0.017 
(/.\.\ 

'." . 

to', 

0.018 

0.014 

0.035 

0.029 

0.038 

0.025 

0.012--

O.ot5 

0.017 

0.010 

0.011 

0.008 

0.021 

O.ot8 

0.023 

0:015 

,- (' v, _ 
0.6 

!·:.I 
1.1 

k;;- F. 
0.7 l - . .... 
1'.8 ' 

1.1 

0.7 

1.0 

.-.- - , 

1.8 

1.6 

1.1 
~~ 

2.1 

:' 1.6 

3.5 

1.9 
,_.t· 

1.6 

"1:9 

1.0 LQ ,. 

0.6 
" GO 

0.8 
.~!:. :. 

0.8 
l-I).e 

1.1 
" : "\ 

, -
0.9 

t' 

Cu. , 
1.3 

l· , .. v:-" 
1.0 

i, 

, 'e.~ 

1.5 
t'.~ (. ... 

1.4 .. 
2.3 

~: 
1.1 

1.1 
~ 

1.7 
.)l..: I \ 

1.3 
0 .. , 

(J 
1.9 

:;~.;..l-
1.6 

St.;~rMet~: hydraulic ~enSiiivity of a tertiary- carial dOVinstream'theproPortiorung weir ,~".' ._ • 

• SS· ';": Milani hydraulic ~ii'sitivitY of a 'secondary' canaLdownstream the proPortioning' weir ~". 
FT = Mean-'hydraulic flexibility 'of:a tertiary 'canal'downstream,the propor:tioning:welr'! ;.' :' ~'. ~J. : 

~ FS = Mean hydraulic flexibility of'a'seconoar;; canal (loWnstream the iproportioning weir: . + :. _. 
.. . , 

distributio~. 'The fact' that' ~ater . hsers ~~re'ill-
'. ''- '~'':'' - .... (" 

~olved from tlie beginning in enhancing the use 
of 'these proporti~ning weirs-led the researchers 
to conduct an intei~iew' on'78 randomly sani'-

, pled tarm~rs a~oIig 'Goa I secondary cllnal ac
,~o;ctini,to age, gender anq responsibility on the 
. acc~ritance of the technologyaiid the results ar'e 
.s'ho~n 'in 1)~le .. 6 .. Me~ 'o(ab~~e '~5.·y~,a~~~:of 
age accepte~ the ,technology' slightly uiore thah 
the young on~ probably beca:'iis~"uiey had-expe
riencetl"m'o're proble:ms of'~a'ier 'distdbu'tio~ 
than them. Similarly, men of below 35 years' cif 
age accepted the technology slightly more than 
women -probab~ybecause. they. had experienced 
more problems-'ofwater :distritnitimUlian tpeni. 
It is possible that the men ingeneJaCd.o,the 
w~t~r distri,bu!ion wor,~ ~hil~ !he women,con-

'centrates mainly in farm' work which'doe's not 
,- , , ~ , . -'. ,~. . ~ , .' . 
give them the exposure on how difficult it is to 
"., ..... . ' • '"t I ~ ., • '. -. L' 

, distribute irrigation water. However, from the 

:re~~iis, if2lm be 'co#c1ud~d 'that the"techlloiogy 
'~as accepted' by; the' \vatefuseis:' The' inimrea-

.' . . r' .. ",· '.(I... L""'- .. ,.'. - :}- ..... tr"" 0_\, ~. 

son gIven by t1!e water users was that they 
could visually' verify the amount of irrigation 
water diverted 'into a'tertIary canal" ".\~t'''' :; 

. . .""; !~!~~... ... _ .. : .. ~ .;00" ... " ~ ; \. "!" •• 

\,: •• ~,~ .• ,.; .. ,: .O)~ •. .,~ -1:"')· 

,Crop yiel,d:, .-.,", 

.::1. T1ieci6p~ yield for.iGoa cl;'ilid'Goa·2 tertiary 
;dmil'blockS aiesh(j~,in Tabl~ 7.: Tiie treild'in 
';paudyyield shoWn in 'Table·7 ~dicaresIfio:re'or· 

.,....~ ..... _ •• 1'. _ ",. r,,.. •. - _ . _ .~ 1.. . .. • 

'less·umfofIll.'Yleld forGoa I farm,blbcks",while 
; those:cifGOli:i~were;fuore orTdss ·non~uIiiforill. 
~tfiem.ean.~iop y~el,~ for 'GOii'I\,iuid Goa-2.wils 
'4.0 tons/lia:'and2.9'tonslha with a standard de
'viadon of 0.16caridO:52 'tons/~a respectively. 
E veiytIiirig else being equa:l~' the 'irrigation 

, water ,supply niaYhave~ caused' the difference. 
" ~ . 1'". .' . 
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Proportioning. water-division i1eviceS 79 

Table 6: Water users' perceptiori of~tlie'technologyalong the,Goa 1 canal 
• , • ,. "'. -~ • • ).". c. ; ~"',' .'.' 

Class of Water Users 
." 

Men above 35 years 9f age; .3,4 

Men' below 35 ,years ofage f 16 

W'omen 'of mix6(j age' group' 22' ',' 

~ .: ~ , ~ . Number I 

19 

Water allocation coinmittee :6" " ,. 
members 

Total 

'. 

Percentage. NumbJr::' ." ... , Pe~entage 

87,5 2 c, 12.5 J •• ' • 

:86'.4.' ,~ .. ,; :.~, '3.', i '.: ,. , ' .... ~.~. 13'.6, 
". '100 '" ", .. ,.' . "'0 ,':1': ...... " .. 0 ",.:' 

"i ;-

- J • ~ j .:: ,I f \. ~ • I, • '·h .j 

.,' .," ... ( 

Table' 7:' Ach.a1 cr~p 'Yield '~i padd~' f~.r the croppi~g se~,~'n: urid~r tlie 's~dy' : 
Block commanded by tertiary Crop yield from the blocks Block commanded'by tertiary· Crop yield from the blocks 
~anal station along Go'a'l (tons/haY" '.' canal station' a'long Goa 2 (tonslha) 
'canal' . t. ' , ca~l 

·1 4.15 

2 3.90 

3 3.68 

'4 3.82 
5' 3.85 .. 

9 3.97 

10 4.12 

11 4.20 

12 4.07 

Mean 4.00 

Standard deviation 0.16 

Conclusion 

The case study indicates that proportioning 
water-division weirs can distribute irrigation 
water according to an area served by a canal 
system equitably. This was shown by the equi
table water distribution along Goa I secondary 

1 

canal. In addition, in irrigation water scarcity 
condltihn, farmers can visualize their share of 
irrigati6n water thus minimizing cont1icts. 

Thd,equity of irrigation water distribution 
and thelcrop yield observed in Goa I and Goa 2 
canals indicates that proportioning water divi
sion de~ices automatically distribute irrigation 
water equitably and in return may have led to a . ,/ 

higher Crop production. These weirs may pro-
vide an extra advantage on the part of manag
ers of irrigation schemes because they can eas
ily charge irrigation water fees based on land 
size owned by individuai water users. 

The weirs in the present study were made 
of timber. It would be of interest to study the 

3.18 

2 2.95 

3 2.74 

4 3.11 

5 3.89 

6 2.58 

7 2.09 

8 2.17 

9 2.96 

Mean 2.90 

Standard deviation 0.52 

use of other construction materials such as 
bricks and concrete blocks which last longer 
while taking into account affordability by the 
farmers. 
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