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5 J,0 SHELADIA Associates, Inc.
R Consulting Engineers Irrigation Systems /Iarv-ngent Froject ColomboR 71- rolonnaruwvi 

El I 35/7 Gregory's Road, Colombo 7. P. 0. Box 1874, Colombo. Tel: 596034 
arch 12, 1991 

D. Jenkins
 
ISMP Project Officer
 
USAID 
Co lombo 

Subject: End of Tour Report - D.S.A. Kulasekera 

Systems Operation Engineer
 

Dear Mr. Jenkins, 

Prior to Mr. Kulasekera's departure from the ISMP on 22 December
1990 he prepared an 
 End of Tour Report in accordance with the
requirements of the Consultants' agreement with USAID. The delay
in issuing the Report was due to preparation of Exhibits andAnnexures. The Report presents the proposed Systems Operation
Plan for ISMP and what has been accomplished to date to implementthat Plan. In addition, 
 a schedule for implementing theoutni,nding requirements of the Plan within the LOP has been
presented along with recommendations for modifications 
 to the 
Plan to initiate improvements.
 

Transmitted herewith is 
 one copy of Mr. Kulasekera's Report.Additional copies will be available at a later date if you 
so
 
desire.
 

Very truly yours,
 

.C. F. .eonhardt 

M-2 -of-Party/SAI 

Encl: 
1 Copy DSA Kulasekera End of Tour Report 

cc. G. T. Jayawardena w/Report 
L. T. WiJesooriya w/Report

DDI Polonnaruwa w/Report
 
DDI Kurunegala w/Report
 
DDI Ampara w/Report
 
SAI Polonnaruwa w/ Report
 
SAI Home Office w/Report
 
D. S. A. Kulasekera w/Report
 

t-rpt .dsa
 

Head Office: 5711 Sarvis Avenue, Riverdale, Maryland 20737 U.S.A. Tele: (301) 779 -4313 
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PREFACE
 

The opinions expressed herein are those of the author and may or
 
may not concur with those of other Sheladia Associates.
 

-- KMy-assignment--as-a-member of ---the ISMP -Techn-icaiAsistanc-(-TA-)
 
--Team,--provided --me--with -the opportunityland-time toinvestigate;A
 

- 1observe, read'-listen, ponder. and.-6-'at t =Su-igat 
-systems from.'aiawide:-perspective.-Aris ng-f-rom.:theegxperiences
 
attempted to make notes on various issues, during-the'last three
 
years that I was on this project. Although they are incomplete I
 
have -aken the liberty of attaching ,them_ s_. Anxures to this
 

As a Sri-Lankan Irrigation Engineer familiar with irrigation
 
systems of this nature, my intents in the ISMP were not combined
 
to the O&M component.
 

While carrying out my duties I was conscious of the fact that
 
Ridi Bendi Ela and Polonnaruwa Range Irrigation Schemes form an
 
important part of my heritage and the need to preset and upgrade
 
these Schemes was uppermost in my mind. There interests may have
 
contributed to the disagreements and even acrimonious debates I
 
often had with my colleges who formed the multideceplinary team
 
charged with the responsibility of evolvi ., strategies to achieve
 
the socio-economic objectives of the Project.
 

I wish to express my sincere thanks to all those who hel~ed to
 
further my education.
 

i-i
 



CHAPTER I
 

PROJECT ASSIGNMENTS.
 

The Consultant was assigned to the Project in October 1987 as
 
Adsociate-Irr-igation--Engineer. Duties--were not -defined but___the
 

derstanding was_&._that.... the Consultant-...-,was _.to_.assist.:.the 
igationErigineer-in carrying out=h's§duties pertaining-,-, to':the 
M44Icomponent .. of .. the ISMP,. whichLnmprised the,4ollowing..main

o Investigation, planning,-design, and implementation of
 
3 -- . =Structural--.improvemehts o2existing irrigation systems

o 	 Development and implementation of a water management 
improvement program. 

o 	 Development and implementation of preventative
 
maintenance programs for sustained renewal of the
 
systems.
 

The assignment entailed:
 

o 	 Assisting the ID in drawing up proposals and estimates
 
for structural improvements.
 

o 	 Design of cost effective techniques and hydraulic
 
structures
 

o 	 Assisting the ID in quality control and supervision of
 
construction
 

o 	 Development of the methodology for assessment and
 
scheduling of maintenance needs.
 

o 	 Drawing up of an action plan for improving system
 

operations.
 

o 	 Design of water measuring devices.
 

o 	 Carrying out operation surveys and identification of
 
the location and type of control and measuring devices
 
for effective regulation and monitoring of '3anal
 
deliveries.
 

)n February 1, 1989 the Consultant was assigned to work on system
 
Dperations and was mainly engaged in the following activities:
 

o 	 Review of previous studies, field observations and
 
collection of data pertaining water management.
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Identification of system operation activities, such as,
 
repetitive computations, storage of information and
 
production of evaluation reports, which could best be
 
carried out by computers and setting out input and
 
output requirements for computer models.
 

Development of a conceptual...plan. for-implemetng-

c6mP-it assisted"water 'chedules
 

Preparation of control and ' ' issue dfarams 'for' 
scheduling canal deliveries 

id fitifying t:tra ining-:i:-ed - ion 
computer assisted system operations model.
 

With effect from October 1, 1989 the Consultant was designated
 
System Operations Engineer and the duties listed. List of duties
 
and responsibilities are presented in Exhibit I-1.
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SYSTEMS OPERATIONS / WATER MANAGEMENT SPECIALIST 

DkLL.".i[i_,R2_a , .... 'n2 t!ix 1122. Ic,- _ 

This assignment will involve a 1,,:,riod of 21 mon ths beginming on I 
October 1989. lhe ,3COpe of : o0v con .for the Sri I.mnkan Systcems 
Operations/Water Ilanagement. .3pe.2citlit. wi].l be as follows: 

A7. F liiv -. I i it , ,..: Ii Io.:.. ' 1i '1 I , '. I II'.i i '1\ir.ti lii. 

]C IE?.': o)IILI,'- Ii ." (..) i i ; t'r hwr , ,1 ,. • I :,, I 1 I l i i '.'f I.oIt

al I'( i i I I 
(Plal~~n - ,,I y 't f::m 

('c]-rlu.'Ni r t-cIr jim ii,I,;l ri [ I ' ''1" , i .fi tt i i N. IiJ,, i ii )ii,( I' , , I - h':. 

Specit i] Ir r. *j ,Lr r:F. 

Ce. A ' i .Ii I I (..Il(I l ci ', -o , ' ' I 1 ,, t l [it:, il i , lI ' I .1 .,s.' ill 

i iI : r1., ( . r I nF.cr ' 1. ].1, 1 .:r,1 i '. H .:l -'II F,in I ,) l I . . I C 

rE :?!;pr ,clr~ i I " i E i' tl: imf' f: 'r I.0..i: ii-. i. - f- . (*.: ,, i . I,. ',i . .- ~ri r i f':I ', fib' 

clv :. l ac t: i -. , .i1 I ' l, t r .i i , a1).,. I D : I-.oI ., .i.(..,i-c 
Iche%,-1 i) i." ,,i, Pr; I l V,,o:, 

r I.).I.'ili o .. I'I.', i'"f f i c iiiy..IriIiI. Ii i if i ," i l 
I: h-l , ' %(-. I. I (7 r Ig', - l. 'I i I r ,, ,, 1I .t-, ( i (.-,II-- In1 I i~ ':I(lO i1. ( . 

c:.:O [Ij k.!III(;I.i.-1,I w i.H1: l , li-.I ,, I , tl , ( .,Iti: I li 7 1 , : 1 [ ~ t< 

oe1) ar- L ni. d-. ]n-, l-ii i l , I 'iI.l l 

:;,l1. trl I('la I-J.c .I.L-b: ItI A VA L: BiL1E1, C l lcC...,1 iI.Ii(:E ' - , [cr o :l: ("1(l)EflST tti.: _ c ", [fltc' ,. I , -Ci"rlIn. r-,- vm: Iig:. :,.,,[. ttrOcY i . 
via.- 5 c) f :l r :|j t f l (7 L i. v ;t :.J. C)Il i V i I . ) c. k:l auv? ai 1,<. ( d 1_1,-

-E . T he S r. L.,' t -- : :l r, 1: e ': ,,1: ( I c r-- . r., i l_ ,ja T i:.1 o(.1 p a l Ii 1',H 

S pec ia .1 i s I- : t : e v a . I. t,- .I I, I =, ,:i .l, (::1< -i ' f?:. ) : .. / l ]( 

ar c-,a s Li:o d e t r-.f t ir Ir, I:I,,:, ';I t:,y,/ I f c x <iV i -i l F . r I . rrr. ,tE i c..:, 
de ] iv e r l~e vi, . ,;r" rl-I t Ili. r'r'ow -1.ll .1. 11 1 I:1. 0 t,[h r"1.(. , - idt (-.IL:1 l r :(:)(-I(j 
a r)c ::i r r.~.l.,r c cp . 

F . "Ft E-- ys tv, ns O:pr'raL.1 !', Irt rl:,]n !:n -"' . 1:r<, .F! .) ,r .i r I .i I . .in 

;3 1.-I c: Li ] 1 . :,lrLt.-i Ic C li I,, I:I. I Y ,In '! h i=): I-.[.a J . I 1Wr: h ,i: 

r -?c.)l:Jin ,: i d I- c?*.. I i .i)F; 1: 1 '1 l )a L, u~l(/" l:l . ,(-.-' fit c? 5 , .- , ' t I I Ii i ii. 1:l w 

.t o 1:h e s;p r:, : i 111. r'-.r(-tU .J.1- :-ill,,i I I ,- l , t, ,-m', ,n i,:v , (: l I) 

o::ther- f ie .ld i-. _, (dJc'l.prviillJ.iil , i rI(i I , 
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G. 	 ''h Ie "Spec li]..n'., i cn[0S- coordination With the Expat riaQteSystems Operation 3pecialist, and the Irrigation Depart-ment
personnel, shall study the Giritale Scheme in detail review
the proposed measuring devices at thve distributory turnout
and 	 at each of the field canal turouts and makerecommendations for terms'.v ( scheme) improvemen t an ctsugetions for monitoring the recording measurements by thePC o~r ID in ,rd_-,,t o ons-r-" 'n ,, n b]K distribttitin of watirto each farmer with ,repo.,c t; t;o the atra and crop wa terrequirements for each bock (this will be utilized in the
Systems Operations Model). 

H. 	 The Systems Opera tions/watr Hanagement Specialist in close
coordinating with the Expatriate Systems OperationsSpecialist and I rrigation Department personnel shall develop
system operation plans for 	 each of the four Polonnaruwa
Scheme:.,s, Rid i Bend I Ela Scheme, Gal Oya Scheme and any
other scheme which may be taken up by ISHP. 

I. 	 T'h-. pecialist: shall work closel y with the .1) personnel andthe computer Model.ting Specialist in developing and refining
computer models for water scheduling in each of theirrigation systems covered by ISFP or any modification 
recommended byID/IND/USAID. 

J. 	 The systems Operation/Water Management Specialist shallassist the ID in implementing the system operation plans and
evaluating the performance of the Irrigation systems. 

K. 	 This specialist shall work closely With the I.D in
calibrat;ing, refining, and transferring the Giritale Model. 
to other schemes. 

L. 	 He will be responsible wit h assistance from a computer
programmer for prepa ring three computer models for theschemes under the project, namely, a reservoir operationmodel, a system operaticn/water management model, and a
seasonal water report model. 

M. 	 At the end of this assignment a detailed report shall be
prepared by the systems Operation/Water Management
Specialist on the findings and recommendations to improve
the systems operation for the four Polonnaruwa Schemes, RidiBendi Ela Scheme or any other scheme which may be taken up
by ISMP. 

Duty&res. dsa
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CHAPTER II
 

SYBTEM OPERATIONS = P =PROJECT GTATUO
 
Irrigation Department being 
a well established:old technical
-department, has over the-years 
set- down--guidelin66,-norrm-and
criteria-for -the-denign, construction,- operation- andmairitenance-%
 

'i i~to
'6f -syteii&-7However- due__to_ variou~s a6tidjg
.insufficiency of ..O&M..-funds, 
 changes in,the working-,envi:ronment,

increased value of "irrigation water caused by competing 
4demads,

it cannot be said that the irrigation systems were operated

efficiently considering the improved -. infrastrdctural.fa J:ies.. 

-and' 't~bh-i&5ies-presently tKa 6
Engineer. It is 
to the credit of the Irrigation Engineers of a by

gone era that these systems 
 which have been designed and
constructed to conserve and 
 re-use water, 
operate at acceptable

efficiencies even 
under poor management conditions.
 

In general there were 
 no water measuring devices other than the

ratings 
at the head sluice except in Gal Oya LB Scheme in which
 
a water management program had been implemented under the Gal OyaWater Management Project (1980-85). However, 
water issues to
branch and the larger 
D canals were controlled with the help of
 
gages installed in the canals. Although the quantity of water
passing through a gaged section could riot be assessed with any

degree of accuracy, these 
 gages helped to maintain supplies at

levels 
 determined from operational experience gained over 
years. In some cases the farmer representative 

the
 
initialed the
 gage records maintained by ID field staff signifying acceptance


and were satisfied when canal water levels 
were maintained at the
 
pre-determined gage readings.
 

Due to encroachment of reservations, cultivation of highlands and
 post construction changes to the distributary system, the extent

of land irrigated by any particular outlet was not known

accurately and is considerably more than originally designed for. 

In most cases the "issue trees" 
 (schematic water distribution

diagrams) which had been prepared from blocking out plans (BOP)

and updated from time to time to reflect changes, were found to
 
be inaccurate when checked in the field.
 

The control and distribution 
of water in the canal system up to

field canal head gates is the responsibility of the ID and is put

into effect 
through field depots manned by Technical Assistants.

On the average, a TA covers an extent 
of about 5000 Acres of

irrigated lands 
and is generally assisted by two Work Supervisors

(WS). The operation of the gates is accomplished by water issue

labourers, each of whom 
 is responsible 
for a area of about 500
 
Acres.
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Due to poor communication facilities between field depots and
 
IE's office, the 
 system cannot be operated to reflect un
anticipated changes, such as, rain or changes in canal discharges
 
on the request of farmers.
 

iS in ce-_.-here- -w as-_no __-measureinent Lof__can a L-elierte&th-e.peorformanefthe .she.experiepice,.a b ili ty: and---the-degree-o f -:mot irai t f- Z=thbie ~.<es pInnible 
.or
operations.""" 

Due to measures incorporated in the system design, such.as,

absorbtion ofcatchment inflows and::re-use of-drainage::water-the
f ir'rig ati 6n s emef f fi6-c ir , high -,Bl R-!~f Y&d"5e 
Yala season. During the Maha season when precipitation is heavy

the irrigation efficiencies are low due to inefficient use of
 
effective rainfall. Further discussion on the system efficiencies
 
is given in Annexure N - 6.
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CHAPTER III 

ACTION PLAN F*ORIMPROVING OYOTEM OPERATION 

After reconnaissance surveys of the.physical-: systems.'-study of
-prevalent-water - management pract-ices-and-I-D guide-i ne~san
action.-plan -- for-improving systemoperations -wasfdevelopedwith
the.a'sistan6eof*the ' .ID tci1 i6F-Eii was 
detailed- -in .-- letter
SAI-COP's -l8;4March18
dated1.8 8to~project

Director identified the various activities'redquiredfor -succsfull
 
implementation of computer assisted system operations:plan and is
 
presented on Exhibit III-1. 
 In drawing up..the, action6plan the
 
system> was '-studied as a whole-weaknesesn esy w-e
identified and proposals 
 framed taking cognizance of existing

infrastructural facilities, communications, transport facilities,

availability of personnel and data. 
Exhibits 111-2 presents a

Schematic Diagram 
 for Giritale Scheme Water Management Operation
 
as invisioned by the Consultant for improving the operation of
 
the systems.
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-OH-!LA DIA Assoc-Wtes, Ro.Fl o Consulting Enginieers -1t; F C!u

E .35/7 Gregory's Road, Colombo 7. P. 0. Box 1874, Colombo, Tul: 596034 

16 March 19803 

Mr. W.N.M. BoLejue 
Project Director
 
Irriq~tjon Managoment Division
 
Bul Iers .Road
 
Co I ombo 7
 

Subject ISHP 
Operations
 

i~ear Sir"
 

r.Tha nk.3 to the ansi stance cooperation received from the .Director Depu tyof Irrigatioh, PolonnarIuwa Range and his staff vie areto pr.isent to IHD/ID able:for theiir review and evaluationof Prpcedures of f.he ou t I i nfor a pr-el iminar$, action plan for the four Polonnarua.I'Sm -P,chemes. One of the main objectives
•operafion ths pre action 

of ISHP i ! improved system[hi ini nary plan has been prepared after astudWy of present operating procedures, existing iifrastructuralfac i I I te , ava. lab ility of porsonnel, transpo-rt faci I i ioicomnu 1ications, 
 and ava i I *abi I i ty of d a La arid flowv o-f in for'mat ion.
 

The rnP in activities are
 

Ide n t if icat ion and Es Lab I i shI e nt 
 of F ie Id Op erat ion Units and 
I'ub-Uni ts
 

Fstab Ii s lrnent of two-way Communicat ions 
 bcL115 OperaL ionsv Lo. 
.:tentors and Field OperaLion Uni L
 
)Ppdating of 
 Isue Trees and Preparation tof .ch)e,Iatic 14at. r

I) i s t i but ion Di agramo 

[nstallaLIon of Rain Gauge networ'k
 
listabl I1-hing 
 Control and Heasuring Devices in andMain 'Branch.San a 1 s
 

s tab Iishing Control 
 and Ile aurin q devices in )i lot Areas 

lstab Iishing Control and Measuring Devices otherin D-Channel q 
ssessment of Canal Losses, Seepage and Percolation in fields 

Lb€ 
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'F stab ishrnL nt of a Me teo r o Io g ica I S L a i on aL P o Io ii na u %a 

Pdveloprnent of Computer Model
 

stabl ishing Control and Mfeaz uring Devices in F canals (other;
 
han P i lot Areas)
 

fqefinemont of S'ystem Operations
 

rief description of the above 12 activitiea are as follows5
 

Ltem No. 1. Identification and Establishment pf Field Operation'..
 
'qnit- and Sub-Uni to
 

jt is envisaged ihat water management operations will be carried
 
ut through a network of Field Operation Units and Sub-Units. , 

:rechnical Assistants will be in cl)argo of Field Operation Unit 0 
ihich wi ll cover about 2000 ha of cpmmand area and wi I I. be ; 

onsisted by Work Supervisors .iho will be in cliarge of Sub-Units: 
povering about 100 ha, which are in accordancp w ith IrrIgation_
 
D)epartment Circular N O. RW/GE.U, dated 28 November 1980.
 

P!roposed Water Hlanagement .Operations Plan for l(audulla Scheme..
 
typical for all schemes) is presented as a .cj5ematic diagram..on,
 

.xhibi.t I. The jchmitic diagram il lu!strates o0w information, ;. 
Jnstructions, and feedback wi I I flow th rou gh the control. 
ie two rk 

The locations of the Field Operations Unito have been identi fied
 
in consultation with Division I.E.'s taking into consideration
 
the existing ID bui ldings, spatial di stribution,'access,
 
proximity to Post Of fice/Sub-Post Office, and town-shlp. '
 
Although mo5t of these unit! are in ID premnise, .improvoment'..to 
existing faci litLes and or construction of new ..offices:-or 
uarters may' be necessary. Cost est imates are *"now undei: 
pperat-ion. Location5 of the Field Operation Units are. presentod' 
n Exhibit 1I, Operation Data ard Control Network Plan.. 
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Item No. 2. EstablIshment of two-way Cormunications between,
.Operation 
Centers and Field Operation Unitf)
 

Th is is the mostL i mpor trI i Len which by i Lse If con Id eake an
immediate impact notf only 
 on water ma nagemre n t opera Lions .but

also on other day to day acLivities of tho Division.
 

It is ) r e se n t Iy env i5 ioned th ;1 t Le I ephones w i II be Iocat e d LField Operation Units with the possibility of extension I in 0from existing Sub-Post Of f ices. A Iterna ti ve,. w iI I be 
stud ied in
consul tation wi th TeIecom uunic ,tio n Departrnt!nt and an estimat.e'

of cost will be presented in due coirse.
 

Item No. 3. Updating "I1nue
of Trees" angJ Preparation .]of a
Schematic Water Distribution Diagrams
 

The "Issue Trees" need to be updated to reflecL changes in the.'
distributory system 5 WeI a0 the total cult[ivated area. This.could best be carried out. w.ith the aid of thit Final Colony Plans
(4 chains to an 
 inch) and Final Colony Su)plementary TenementSists prepared by the Survey Department. A'requet to Initiate
action was addressed to. DDI--Polonn iwruwa 2 March
on 1988. 

The Schematic t'ater Distribution Diagram, w'hich Is bulk
a water
"Issue Tree" showing water distribrition tip Lo D-Canal off takes
 
w I I faci I iLate compu 'ation 
of .requ ired i ssrres to the D-Can.al I.The Schematic Wafer Di st ribut ion Di agram for Gi ri tale Scheme ispresently under preparation and the ir rigated areas i I I beamended afterr completion of the ipdnting of the "Issue Tree" fo r. 
that scheme. 

Item NO. 4. Inztallation of 
a Rain Gauge notw.ork
 

Availability of 
daily rainfall data th~e
at Operation Centers.
will enable better 
 utili zationt iern o ff 
effet ive rainfall thereby
conservinq water in ra .
the-. ervoi r H o-ot If t11i'.- h,,I]efi t C'l Idbe, derived 
 prior to development of 
 COIn u Le-r lode Is arid isdependent only 
on the proposed twlo-way communicatIon system.Some thirteen locations for rain gauges have, been idonti fled and,are shown on the Operation Data and Coiltrol Network P lan,'Exhibit II. Cost estimates for rainthese gauges will be.
forwaided to you by separate letter. 

-3
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![IH1SI-IELADIA AssociaLes,Inc. 

tem No. 5. Establishing Control and Heasuripg Devices In Main
 
Ijnd ,Branch Cana 1s
 

Identi fication of control and riea 1suri n po ints and the se Iect i on 
nf the type of rneasu ting device is to he carried out during thu 
jOperation Survey. Reservoir slu ice and canal cros- regulators 
pre to be used as controls anid are included: in ES1 In most 
cases, exi sting structures are beto used for measurement arid 
pntails installation of gauges and rating of discharges by
fjeans of current meters, for completion in October 1988. 

Item No. 6 Establishing Control and Heasuring Devices in Pilot 
reas. 

[de nt i f ic a t ion o f control and measur ing p o ii Ls iid L1 e 1 L c t io ii 
,If the type of measuring device is been carried out during the 
,jurvey and design stage of the Pi lot Area. Cost of the 
m[!easuring devices are included in the Pilot Ar.a cost estimates
 
,"j.hich are expected' to be completed by 15 April 
 1988. If
 
.jpproved, the constructior can commenco in. 
 eptenbe- 1985 and
 
t'alibration in early 1959. 

Item No. 7 Establishing Control an'd Heasuring Devices In other 
Q-Cana Is 

•
Cast iron screw type I i fting gates are to ue installed 
or
 
!replaced, where necessary, 
 and measuring devices will bo
 
Instal led at each D-Canal of ftake during rehabilitation of the
 
f-Canal. This work will continue 
throughout tlhe project period.
 

I.tem No. 8 Assessment of Canal Losses, 
Seepagg and Percolatlor
 
tn Fields (other -than Pilot Areas)
 

Cana 1 oss es a r e t o be a. certa ined a fte r in.stal Ia ion a ri'd
 
cnlibration of measuring devices.
 

;'ative schedules .for establishing cannal losses are as follows
 

l4~in Snd Branch canals - 1st quarter 1989 

Pilot Areas.- 2nd Quarter 1989
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1J & F Canals in othLer areas - to be continued to the end of .he 
iroject. 

',udii:s to assiess canal losses hiive been conducted by the Irrigation 
,itertIlanagement Study at Kaudul la by llydraul ics Research 

.llingford 1978-85.. Va 11es for Haha and Yala ar - given geparately 
i.and Stage [I areas under canal. catego i es (A) Main and 

anch (B) DisLributory and Field. 

!verd other studies have been conducted in Polonmaruwa District, to 
'Sesri seepage and percolation I oise:3 in the f i el i and i nformat ior 
com I hose studies will be utilized, where app icab e, for ISlMP 

ise.'sLudies are
 

1985 -	 Diagnostic Analysis - W.I.S. Project 

986 - A study of Seepage and Percolatjon Rates in Rice. 
Cultivation in the Polonnaruwa District of Sri Lanka." 
1986. S.B. Smolnik and H.B. Riley, CS.U. 

1970-83 	 Irrigation WaLer HMn'gement SLidy at L(audu lla-
Hydraulics Research - 'JaIlingford, Epgland 

ditional studies in areas likely to exhibit upusual seepage.,and 
rco ation losses coul.d be carried out during operation of. the 
mpu. er Model . 

.Item No. 9. Establ ishment of a Meteorological Station at
 
po Ionnaruvwa
 

'resently there are two .meteorological stptions at I(audul Ia. 
s stablished und er the IrrigaLion Water Man gement Study and 
another at Aralariganwi Ia in Mahawel i Systk;m B ( about 30 km. 
SJouth East of Polonnaruwa ) In order to obtain rol iable data 
(or operation of the P .S .5 and Giri tale 5chep'e5 it is proposed 
o establish a meteorological station at Polonnaruwa, location
 

'of which is. shown in the anne:ed Operat iop Data and Control,
 
Network Plan (Exhibit I). The cor;t e::,timate f)r setting up this
 
r;tation will be intimhted to you by a separate letter..
 



SHELADIA Associaes, hrc. 

Item No. 10. Development of Cornputer lIodel
 

;Pekly" operation mode I 
 i! t.o he based on Gal Oya [_B. HodelOhich was developed in 1905-013 . S ince most of t he data requ i red
for development a model forof avai lable (audiil Ila Scheme and .it. 
s proposed that the (a idu II a Hod I be gi ven prio i t y.
 

'ith the introduction of compuLers, 
 reservoir" operaLion model.
:an be developed using historical dat3 Which will greatly as3is:. 
n deciding on cultivaLion ex.tends duin Ya IaLhe Seas;on. 

,ftem No. 11. Setting up of control measuring devices In.,!Iaals (other than In P1 lot Ar o ) 
FiOld 

.I,0 cation of control and. measurinng devices an(J the selection of
iypes is to be cai'ried out during survey and design stage 01f 
[hese canals and the con Ltruction of the devices will continuethroughouL the p.rojecL period. However, preliminary e tii Lef 
n the Pi lot Areas "indicaLe .that the USAID agree d rates of'eimbursement are insufficient to rep I cate the water 
ioasuremeon t fac i I ies as propo s(d in the P i lot Aiean to thnremain der of the 65,000 acres in the I'ol onoaruwa Rarge 

Jtom No. 12. Refinement of System OperatIons 

tith the introduction of control and measuring devices in the D
and F-Canals and avai labi Iti 1 of better da o wateriquirements, eff.ective r ai'nfal I, Icanal I o ,Se;, -seepage and,ercolation losses and experience qcitneo0 in cpur',1 ion of LI,.homputer model. the systern opera t ions w i I I be r~ f i ned dur i ng t1he 
.,Ife-o f-Project. 

he above twelve, i tems are considered to be the major and 
.ssential items required in order to implement the improved

jater management and operat ions for tile IS I .P Other
'equirements will be introduced during the colrse of the Life
f-Project as required to improve and refine t.he operations.
,phedu I e of conducting these twelve major work iLems 

A 
iS
,resonted on Exhibit I I I. 



EWF- -SHELADIAAss0ciaLes, hrc. 

' oouId be' appreciated if IHD/II) 
 would revIew this pre.Iimiinary

.Ion plail, and 
provide us your- comment5 
a3 rap1dlY a0 possible'in 
gir thaL Lhi s work can proceed in a L ime ly and efficient manner 

Iere I .
 

m; i f-o f-Pa t~y
 

closure a/s
 

C ,/cy enc I 

Hlr. S PIyadana, DDI-Po onnaruita
 
tir. L.T. Wi je5ur 1ya, ADD* ISIP/ID 
Hr S. Ranatunga, DD O&1/IHD 
Hr. Dan Jenkins, USAID 
Mr Dan Bradbury, SAl
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Unr I ir( iv. 

AQUOMPLIMENT TO DATE
 

Most 	of the activities identified in the Action Plan could not be,
-achieved--due-- to--- the very -low priority--given---to-the-water-

m en ts
-managgentl.mprovp program. The .accompl-ishments= to-datea-are*set ~it "-below: . .... 	 ..= . ..... _ 

As a 	result of operation surveys carried out in REE Scheme and in'
 
the four Polonnaruwa Schemes locations and types of control and
 
measuring devices., onsidered adequate for effective cntrol.and
 
monitoring-of canal--deliveries wer4:identifi6d_ n
 
Scheme the measuring devices in the main canal and its off-takes
 
were 	identified and proposals incorporated into the pragramatic
 
rehabilitation estimates.
 

Control and Issue Diagrams (schematic water distribution diagrams

with locations of control and monitoring points) were prepared

for Giritale, PSS, Minneriya, Kaudulla, and RBE. Control and
 
Issue Diagram of Giritale Scheme is presented on Exhibit IV-1.
 

Computers have 
 been installed at the DDI's office in Polonnaruwa
 
and at the IE's office at Polonnaruwa, Hingurakgoda, Kaudulla and
 
Nikaweratiya.
 

The 	 following Computer models have been developed and field
 
tested.
 

o 	 Reservoir Operations Model - For prereason planning and
 
for establishing a rule curve for operating the
 
reservoir during the season. A description of this
 
model is given on Exhibit IV-2.
 

o 	 Seasonal Water Report - For recording seasonal data and
 
for evaluating the performance of the irrigation scheme
 
as a whole. The Seasonal Water Report for Giritale
 
Scheme in respect of Yala 88 and Maha 89 is on Exhibit
 
IV-3.
 

o 	 System Operation Model - For scheduling of canal
 
deliveries taking into consideration such factors as
 
extents actually cultivated, crops grown, crop
 
staggers, stage of crop growth, soil properties,
 
rainfall, canal losses, drainage inflows etc. The model
 
also provides the management with an evaluation of the
 
performance of the delivery system at each monitored
 
point on a daily, weekly or periodic basis as required.
 

Technical Assistants have been trained on the Job in the
 
measurement of canal deliveries and procedures for calibration of
 
measuring devices have been established.
 

IV-I 



Training in tne use of micro-computers for water management has
 
been given to Irrigation 
 Engineers and Technical Assistants at
 
Utah University and at Polonnaruwa.
 

An attempt was made to implement computer ..assisted water

!-scheduling-inGiritale_ 
Scheme -with -a--very-___limited__number of
 
. monitoring' points-,.--(9).,..A....ample, of. the..computer__,printouts
=,obtainedduring "this exerciseare ': thee--thiachapter 
.under!Ixhibit,IV-4. The water .management.indices .for these 
monit'odC'Points for the week 06 July  12 July 1990 are less 
than unity, indicating that the actual releases are less than the 
calculated values. This is probably due to over estimation of on
farm -l6&_S_-s: (seepage=-and percolati6r-ijiy :§riC I- - . 

Estimation of on-farm water requirements and an assessment of on
farm water requirements for low 
 land paddy in Polonnaruwa was
 
made based on Diyasenpura evapotranspiration data, probable

monthly rainfall and average seepage and percolation values. The
 
results are presented at the end of this chapter under Exhibit
 
IV-5.
 

A program for computing the theoretical on-farm water
 
requirements is incorporated in 
 the Seasonal Water Report

computer model. This program takes into account time of planting,

number of staggers, percentage area in each stagger, land
 
preparation period, land preparation water requirements and field
 
losses.
 

Assessment of the costs of operation of the main and distributary

system was developed by the System Operations Engineer during his
 
assignment. 
 In order to determine the magnitude of operation

costs, an attempt was made 
to assess the operation costs of

Giritale Scheme and the results 
are presented on Exhibit IV-6..
 

Rain gages have been installed in the four Polonnaruwa Schemes as
 
envisaged in the Action Plan.
 

IV-2
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Ob-Jective No- 1
 

Preseason Planningj
 

Estimation of the probable extent of the command area that could
 
be successfully cultivated during the season 
with the available
 
water in the reservoir and anticipated catchment and augmentation
 
inflows:
 

InP~uts
 

0 	 Water level in reservoir and reference date.
 

* 	 Crop selection criteria-
 extents under different
 
crops expressed as percentages of the total extent
 
cultivated under a particular sluice.
 

0 	 Crop calenders and Kc values for 
 each sluice.
 

0 Number of staggers (max 3) and percentages in
 
respect of rice & OFC.
 

0 Augmentation i3upply 
 (from Mahaweli in the case.of 
Giritale, Kaudulla and Minneriya). 

0 	 Augmentation effeciency.
 

* 	 Eo (open water evaporation rate - daily rate for
 
each month).
 

0 	 ETO (reference crop evapotranspiration rate
daily rate for each month).
 

* 	 Probable monthly rainfall 
in catchment.
 

0 Probable monthly rainfall in command area.
 

0 Land preparation period - No of days.
 

• 	 Land preparation requirements for paddy and OFC.
 

* 	 Seepage and percolation rate in farms (for each 
sluice). 

0 
 Application efficency for OFC.
 

0 
 Conveyance efficiency 
of the distributary system
 
(for each sluice).
 



Outut
 

Maximum
M probable extent which 
 could be
successfully cultivated under each sluice with
 
each set or combiL:tion of cropping data.
 

This 	information could be the basis for ID recommendations at
Kanna Meeting, presenting the 	
the
 

farmers with various alternatives

based on 
pre- kanna meeting discussions with farmers.
 

Assumptions Made
 

1. 
 Extent of land tQ be cultivated during the season, expressed

as a percentage of the total command area under the sluice,

is the same for all sluices.
 

2. 	 Seepage and percolation rate 
for paddy is the average rate

applicable to the entire 
 extent under that particular

sluice.
 

3. 	 Conveyance losses in 
 the canal system -expressed as a
 
conveyance efficiency factor
 

Basis of Computation
 

Reservoir Inflows
 

a) 
 Inflow from direct rainfall on reservoir
 
Monthly inflow 
= Surface Area x Probable monthly rainfall
 

b) 	 Catchment inflow
 
As stream flow records are not available catchment inflow is
 
calculated as follows:
 
Monthly inflow
 

Catchment area x probable monthly rainfall x-C
 

C = run-off coefficient
 
C is obtained from iso-yield curves (prepared by ID)
 

c) 	 Augmentation inflow 
 - Obtained from 
Mahaweli Authority's

Seasonal Operation Plan. A conveyance efficiency factor is
used to account for the losses between the point of
 measurement 
and the reservoir.
 

ReservoirIjosses 

EVAPORATION LOSS FROM HEERWm 

Evaporation loss from reservoir Surface Area x EO
 
EO = Open water evaporation 

2 



Due to 
 lack of reliable data, Kaudulla data for the period 197883 measured at 
 the High level sluice site 
 and reported in
Irrigation Water Management Study at Kaudulla 
- Report No. OD 66
by Hydraulic Research 
 are used for all the reservoirs in
 
Polonnaruwa R.Dnge.
 

Month 
 EO in mm 
Monthly Daily 

Apr 
 214.8 7.1.6
 
May 
 232.6 7.50
 
Jun 
 252.4 8.41
 
Jul 
 256.8 8.28
 
Aug 
 278.8 8.99
 
Sep 
 242.0 8.07
 
Oct 
 196.6 6.34
 
Nov 
 140.6 4.69
 
Dec 
 133.6 4.31
 
Jan 
 161.4 5.21
 
Feb 
 174.2 .6.22
 
Mar 
 218.4 7.05
 

SEEPAGE AND PERCOLATION LO(E-
V,) RoQM RESERVOIR
 

In the case of Kaudulla the 
loss from seepage and percolation has
been estimated as 
4.2 mm per day (over the surface area) by
Hydraulic Research 
 from water balance studies, vide Irrigation
Water Management at Kaudulla 
- Report OD 70, July 1985. This is
very much higher than the value 
 obtained from the I.D. norm of 
0.5%of the volume per month. 

Studies of Parakrama Samudra by the 
 Consultants during 
 the 1988
March - April close season indicated losses very highermuch thanthose given by the norm thoseID or of Hydraulic Research. Highlosses in Parakrama Samudra may by due to the comparatively long
embankment. 

In view of the above seepage and percolation losses in Parakrama
Samudra and 
 Kaudulla reservoirs 
 are to be taken as 4.2 mm/day.
Losses through Giritale and Minnerlya reservoirs are beto taken as 0.5 % of the gross storage volume per month. 

3
 



Reservoir Releases
 

Releases from 
 each sluice is computed daily taking into
 
account. 

1) Staggered cultivation of each crop.
 

2) Monthly variation of ETO (constant daily rate during
 
the month).
 

3) Kc values for the growth stages for each crop.
 

4) Seepage and percolation rate in paddy areas 
(assumed

constant throughout the crop stage).
 

5) Variation in field losses in the 
case of OFC
 
(ET0 xKc)x(1/Ea-1) Ea=application efficiency
6) Conveyance losses 
 in the canal system expressed as a
 
conveyance efficiency factor.
 

Objective No. 2.
 

Evaluation of 
 reservoir performance during the season and
estimation of shortfalls 
 or reduction in issues if and when
 
necessary.
 

At the commencement of water issues the model could be run with
the actual extents to be cultivated 
as inputs and a rule-curve

plotted for the season. 
 If at any time during the season the
reservoir water level recedes below the 
 level indicated by the
rule-curve, the shortfall could be estimated or the required

reduction of issues determined.
 

RESOPMDL.DSK
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---------------------------------------------------------------

GIRITALE TANK 

RESERVOIR OPERATION STUDY 

MONTHLY INFLOWS INTO RE3[?I[V I ? 

a) 	 Catchment inflows
 
Catchment Area = 24 . s KM
 
Runoff coefficient8.; Mr Ia . 257 Yala (fro m
0.075 resservoir 
data 	file)
 
Run off for 1 mm of rainfall
 

Maha 0..57x24.3x1 - G245 M1
 
Yala 0.075x24. 3xl. - 1822 i
 

b) 	 Inflow due to direct raiinfall, on rservoir 

Surftce Area (M ) :.: 71% probable rainfall (mm)x 1/1000 

75'/ probability rain a.l 1. ( .rom 'rable 2.. [)esgn of 
hieadworks for .ma1.1. ,'.::...im,- t.s) and monthly inflows are 
as follows: 

S..opl-ab]., Ca-tc:hment Effective Direct 
rainfall, runoff Raiifall Rainfall 

Apr 127 231.4 68 0.127 A 
May 51 92.9 17 0.051 A

YALA Jun 13 23.7 0 0.013 A 
J u i0 0 0 0. 0 
Aug 13 	 23.7 0 0.013 A 
1Ept 25 	 45.5 0 0.025 A 

O t 127 793. 1 68 0.127 A 
Nov 152 949.2 85 0.152 A 

MAHA Dec 127 793.1 68 0.127 A 
Jan 76 747.6 34 0.076 A
Feb 25 156.1 0 0.025 A 
Mar 51 	 318.5 17 0.051 A 

c) 	 Augmentation inf lows
 
To be obtained from 
 Mahaweli Seasonal Operation Plan. 

SEEPAGE AND PERCOLATION CIOSS
 
Monthly loss 
 taken ais 0.5/ of storage at beginning of month. 

EVAPORATION LOSS 
Evaporation loss = Surface area (at beginning of month) x Eo 

Eo = open water evaporation (monthly) 

MTHINFG.DSK
 



--- - - - - - - -

--------------------------------------------------------------------------------------------------

---------------------------------------------------------------

BESERVOIR RELEAES
 

Monthly requirements (fr'om on -- farm water requirements file) a', 
as follows:
 

Yala. 

Month APR. MAY JIN. JLY. AUG. 

Relea se 696 4154 3-- 5513 2312 

I------------------------------------------------ ---

MA/IA
 

MONTH OCT. NON. DEC. JAN. FEB. MAR., 

Release 701 2488 287.8 3771 4135 2094 
M&/Ha 

IITHINFLG .DSK
 



GI Ii TALE RFkYQIR
 

Data 

F. S. L. 

Minimum draw dawn level (t].D. L) 

No of sluices 2 (L. B and R.B) 

Presently only R.B. Sluice is in operation 

Command area 3035 Hla 

13.00 M 

2.94 M 

1988 Yala cultivation data 

First day of water issue 

Water level on 1.5.88 

Extent cultivated 

Crops 100 % paddy 

Last day of water issue 

Water level on 26/8/88 

Rainfall in mm 

01.05.88 

11.20 M 

1619 Ha 

26/8/88 

6.40 M 

May 

33 

June July 

125 

Aug 

38 

GTLRESVO.DSK 
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Seasonal Water Report
 

Season Yala 1988 

'Name ofReservoir Giritale 

Gross Storage Capacity in 10001'3 24331.7 2.;' 

.r-rigableextent-under specifi ctioni-(Ha) . .. .2 509_-.0 

Present Irrigable Extent (ha) 3035.0 

Reservoir height at commencement of 
water issue in meters 11.2 

Anticipated seasonal inflow from 
Mahaweli System (Dry) 1000M^3 23100.0 

Anticipated seasonal inflow from 
Mahaweli System (Ave) 1000WN3 22100.0 

Seasonal 
Mahaweli 

inflow 
System 

-.
(ID) 

from, 
10001-F3 29434.7 

Seasonal inflow received from 
Mahaweli System (MASL) 1000m^3 25500.0 

Cultivation dates and extents as 
per decisions taken at
 
Kanna meeting held on 19/04/88 are as follows.
 

Item 
 Aareed 
 Actual Remarks
 

Extent Cultivated (total) 1530.0 Ha 1619.0 Ha
 

Paddy variety :-95 days 1530.0 Ha 1619.0 Ha
 

O.F.C 
 0.0 Ha 0.0 Ha 

Date of first issue of water 01/05/88 01/05/88 

Date of last water issue 20/08/88 26/08/88 

Last date for broadcasting 21/05/88 21/05/88 

Last date for transplanting / / / / Not Available 

Last date for harvesting 10/09/88 20/09/88 



Cultivation 

Extent Cultivated as a percentage of 
area under specification 64.5 

Extent .successfullyharvested (Ha), !i..1619:;V 

Percent-age of cultivation success-

Average estimated yield (T/Ha) 

..... 

. 

.. .... .1O0 'O"" 

4.5 

*";,. 

Water Issue 

Water issues to Main Canal 1000M^3 25700.0 

Total Water Issues 10001'13 25700.0 

Main Canal Duty (excluding ER) (H) 1.59 

Scheme Duty (excluding ER) 

Rainfall during the season 

(H) 

(mm) 

1.59 

196.0 

~stimated aeffective rainfall 
during the season 

Main canal duty inclding ER 

(ER) (1r1) 

(H) 

81.6 

1.67 

Scheme duty including ER (O) 1.67 

Average yield per unit of water used 

* Calculated field water requirement 

(Kg/M^3) 

(M) 

0.27 

1.31 

Calculated field.irrigation requifement 

Canal system conveyance efficiency % 

(1) 1.22 

0.77 

* Basis of calculation 

Number of staggers 
Percentage area under stagger 1 
Percentage area under stagger 2 
Land preparation period (days) 
Land preparation water requirement (inn) 
Seepage and percolation rate (wm/day) 

2 
: 50 
: 50 
: 14 
: 178 
: 5 

" -- "
 



Reservoir Water Balance
 

Yield from catchment (100013) 


--Total Inflow (1000M-3)

(Catchment yield + Augmentation Supply) 


change in storage (1000M3) 


Issues for Irrigation (1000HA3) 


Issues as measured from sluice discharges
 
(1000M-3 ) 


It 7-i Value 


Irrgation issues 25700 
Seepage 
 270 

Evaporation 2601 

Spillage 
 0 


Reservoir Water Balance
 

LEGENJD
 

Irrigat issues [ ; 

357.1
 

29791.9
 

-12144.6
 

39065.4
 

25700.0
 

Percentage
 

90 
1
 
9
 
0
 

IWE.. 



-------------------------------------------------------------------------------------- --------

"a3ter 
 e Iro-

Level .,:. Ca it7 S>.5ce 


o C: ?erco:ion Augna.ation
 
Si~i.ae Lcss Lcss Supply Catcbent


Date (M) (;a) (I000 f3) (1000,13) (O000N3) .. 000,3) {l000 .. (00N3) ....
 

01/05/88 11.2 295.3 18417.7 360.0 
 0.0 22.1 3.0 518.4 0.00
 
02/05/88 11.2 295.3 18117.7 360.0 r.0 22.1 3.0 518.4 0.00
 
03/05/88 11.2 295.3 18417.7 360.0 0.0 22.1 3.0 
 518.4 0.00
 
04/03/88 11.2 295.3 13417.7 360.0 0.0 22.1 
 3.0 518.4 0.00
 
05/0E/88 11.3 29,61.613759.6 360.0 0.0 22.2 
 3.1 518.4 0.00
 
08/05/38 1i.3 236.6 18759.6 360.0 .0 22.2 3.1 4 0.00

07105.:SS 11.4 237.9 19101.5 36.3.0 3.0 22.3 3.1 518.4 0.00
 
08/0518 I 237.9 19101.5 360.0 r.011.4 22.3 3.1 705.8 0.00 
09/05/OS 11.4 237.9 13101.5 380. . 22.3 3.1 17..5 0.00 
10/05/88 11.5 299.3 19443.4 360.0 
 0.0 22.4 3.2 625.5 0.00
 
li0i/ S 11.5 300.6 19735.2 .60.1 2. 22.5 3.3 520.1 0.00
32/4-/ 11.5 233.3 193.4 363.:. 22 A 3.2 439.7 0.00 
13/1,/% 11.5 253.3 :94,3., 260.1 2.' 22.4 3.2 293.0 0.00 
.4/.:,31 ± . ." 3 S2....... i34-'.3.,3 .. 
 3.2 46.," 0.00 

... . ... : .. .......... 1 ,. a: .3 . .. 

. .... ......• .  • .... .., .- X i. .. 
j. 7 .

--,'". . . .:.. ""63.
3/213.8. 13 17..... 2 43.5 60.!a:. 3. •~/' 36.0 22.2 2. 0All708 73132 22. 011 

:: "2.0., 2. 2.i8' c"....

22.' '723.; 260.0 0 " .. 0.00 

000 

2~'~' .. :7: -.. 2-'- 2.7.1 0.00.7.. 
 ~ .6. 

z:.: . 14 2.7 89.8 0.00

'.38 
2.4 89.8 0.00L.0 417.3 1 502 .. 2-. 2.74" - . 2 3. 63.0 0.00 

V,: . I*3 

89 6 .....71 . ,3'11.. 30.- .0 ". 14 .8 2. 3.2 0.0 0e . .. . 2..2 0.00 
08/0/3 9., 274.9 42.3...3.0 ':' :"2.3 . 0.0
 
39!06/88 :9.5 253.2 A. .34-5010/./88. 12.1 35.0:-" .. 9127.505/06/ .55.2 271.7 1. 0 0.0. 22.322.6 6 2.22.2 72.5..0 0.009.8 0.0011068 .5. _69.2 1.47.2.. .0
13/0/ 1.1 273 14896.5 39..0 0.0 22.6' 2.2 97..6 0.003 42.4 9.8 0.00 
7/06/38 10.0 271.8 110.7 370.0 '. 2S.S
9. 0.00
12/"8/28 269. '2457. 2.4 9
0.- '.:." 2.2 97.6 0.00 

01061?8 90.5 27.3 13195.5 390.0 1.3 22a.4' 2.2 139.1 0.00
 

014/06!1 9.6 271.1 13718.4 370.0 0.2 22.S 2.2 01.9 0.00
 

1317.0 69.2 22
!0/0/88 .5 .0 D0 1 .6 7 . 0.0
 

!!/057.0'3.00.022.62.297.60.0/88 .5 6. .
13 

1210/, 8 9 : .0 3 : 'lq u n 6. ) 2. 




"',r Su!face fr:: or u:i Per-oltion A-zentation r. 

-----Date 
Level 
(N) 

Area Capacity
(Hea) (HO00M3) 

eace S:u1 
IO00G3) (O00^3). 

LOSS 
(lO00f3) 

Loss 
(lO00NM3) 

Supply 
(IOO0Mi3) 

Catchnen7 
(a. 

15/06/88 9.2 263.6 12672.6 370.0 0.0 22.1 2.1 439.7 0.00 
16/06/88 9.2 261.7 12411.2 180.0 0.0 22.0 2.0 449.2 0.00 
17/06/88 9.2 263.6 12672.6 0.0 0.0 22.1 2.1 393.1 0.00 
18/06/18 9.3 265.4 12934.1 0.0 0.0 22.3 2.1 502.8 0.00 
19/06/88 9.4 265.4 12934.1 0.0 .0 22.3 2.1 466.5 0.00 
20/06/8 . 
21/01/38 

.6 
9.5 

2 
2,.2 

19.213457.0 
13457.5 

39C.3 
300. 0 

0.0 
0.0 

?2.6 
22.6 

2.2 
2.2 

432.0 
407.8 

0.00, 
0.00 

22/06/21 9.4 267.3 1319 5.5 23.0 0.0 22.4 2.2 432.0 0.00 
3/06/83 3.4 267.3 131.25.5 .1 . 2. 2.2 383.5 0.00 
24/06/83 9.5 269.2 13457.0 0.0 0.0 22.6 2.2 407.8 0.00 
25/06/88 9.6 211.1 ..1. :33.1 0.0 22.2.2 554.6 0.00 
2./,/83 3 13711.4 :3.2 2.2 2.H 2.2 552.! 0.00 
27/06/832//3 2.3 

.. .!. 3713.45:.1: - 3.5 
.. 2.c 

2.22.2 49.2652. " 3.00
.0n 

' ? . 
? S 5 

. 
.. .. . 

e. 
2.1 -: "r 

1,:/ 2.6 ::.:. ::" ": " .4 2.2 '25. .... 
...... . ... . . . ' 

....C . -,: 5 2-. 2.:1i9.2 2.0 
03.27/32 9.7 273.0 13972.3 2;." ".":2.! 2.3 2.5 60.13 
07 /071338 : ? 

.7 
". 

,,3/323.3 
7. 

13973.3 *' 

-

..: 
-, 

12.6 2.3 0.l 
., 

1,.50 
3./" /33 .177" 3. ... 3. 3 2.20.1 4..0 

1.2./.57/ 9731' 119.6 2.2 0 

... 2 13 

1/07/88 . 26 .7 124K.2 .1.6 2.0 41.4 0.00 

!5,}7/39 

.,.,111 
.2 

. 
259.5 
7.. 

12126.7 
.A . 5'72 i- 93 

2..2 21.4 2.0 
2.0 

23.. 

143. 2.00 
1.1.0V 

... 37163 * 257. 3i36 . ..; .' .. 3 1.9 ". .OG 
20107/188 S. 255.1 11665.8 .. .0 1 1.9 2c0.8 0.00 
21/071/88 8.7 252.9 11435.4 330.3 2.0 9 1.9 244.5 0.00 
221/07/88 .6 248.4 10974.5 0.0 3.0 1.8 310.1 0.00 
23/07/38 8.6 248.4 10974.5 2.5 2.. 1.8 491.7 0.00 
24,07/88 16 50.7 11205.0 121.0 0.0 7 1.8 808.7 0.00 
25/07/88 3.7 252.9 11435.4 120.0 0.0 -. 3 1.9 61.7 0.00 
26/07/88 8.3 252.9 11435.4 C.9 796.6 0.00 
27/07/88 3.9 5, 11665.3.1 3. 3." 1.9 4o.4 0.00 
28/07,I9$8 8.9 255.1 11665.8 342.0 0.0 21.1 1.9 290.3 0.00 
29/07 8 8.8 252.9 11435.4 0.0 2.0 11.91.9 307.5 0.00 

.3 



---- ------------------------------------------------------------------------------------------------------------------

~t: '~amSepg &g ?.anfal
 
m, ..... Percolation Augaentacion in
 

Level Area Capacity Sluice SPia;N Less Loss Supply Catcheen 
Date IN) (1000( 11000 00ol, 31 (1000M43} (1000K'3) _(ii(a)l3 011O0M 


30/07/88 8.9 255.1 116.5.8 0.0 0.0 21.1 1.9 
 344.7 0.00 
31/0,/88 8.9 237.3 11896.3 140.0 1.0 21.3 1.9 896.8 0.00 
'1/08/88 9.0 259.5 12126.7 140.0 .0 23.3 2.0 495.9 0.00 
22/.13/8 9.0 259.5 1212E.7 360.0 23.3 2.0 128.7 0.00
 
: ,S 0.3 257.3 11896.3 .. i 23.1 1.9 151.2 
 0.00
 

.3 -2 . -141. VD 22.7 1.9 60.4 0.O& 
" .7 23.7 11203.0 :.A.1 22. 1.8 139.1 0.00 

8.6 248.4 10974.5 .0 .. 22.3 160.7 69.24
: 1.8 

Was 31 11220.211.205.0 .... . 1 15.0
A. ~1.7 .. 21! 

%/2 /,3 8.6 2 .7 11205.0 143.0 . 22.5 1.8 175.3 0.00 
.3.5 22.2 L.8 97.6 0.
 

2:12313.4 244.1 :0513A 2.222. 1. 6.12 0 131 3.5 4" ."2 107 1 • - A "+ ... 3 V "1.7 1...1 3.'+0.D02.0 

. .. .. :.4 :.o
I. '' • A, 

. 'i 3 ^., .I.... ... .. ,....-1,. , .
 

L;.'.. 714 ...'W Y 1.2 i 1..7 .EDO 

:4E . . 223.2 M" 1. ...... .....
13. :': ' :'. 5 7.2 . :7.. : )G 0
 

: A-. . , -. 
 .7.* .4. 

, . .. .. 
 ..
 

.47 

http:3.'+0.D0
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OS."1 Veek: 

i ' e 
Latb 

.i/l 

11/2 
Hl/5 
I./7 

11/25 
1-1/27 
,1/30 
11/33 
MM/38 

Beginninc 

GIRITALE SCl{EiE 

HIIVC1!?GURADA DIVI SION 

Daily rater D:!ivnry Rc-4uirements 

12 • Datc: O?-Ju!-gn Season: Yala 

US Branch 
!de Lah.cl 

Ios-
h!i> 

Flow 
Dpth (m) 

Flow Pate 
(/s) 

Vo 
( 

Lfl/l 

I'I/i 
i'l/! 
141/i 
!HI/! 
...// 
W/i 
mlil 
Ll/1 

!cniit,, 0.767 
1io:itor 0.754 
.cnitcr 0.933 

Eorli tor 0.927 
r.e!it-,0.615 

Nomitcr 0.607 
Hcnitor 0.521 
1onitor 0.489 
!'.r,it ,'r 0.504 

3971 
3447 
3273 
3245 
1773 
1727 
1411 
1083 

947 

of Water Balance: 09-Jul-90 



------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------------

DIYASENAPURA PENMAN ET. mm
 

I :AUGII !YALA :MAHA :TOTAL
 
YEAR ',APR ',MAY :JUN JLY SEP TOTAL :OCT
:AUG !NOV :DEC :JAN !FEB MAR :TOTAL !ANNUAL
 

:1978/79 160 179 199 197 209 202 1146 165 124 112 129 130 1 163 823 1969
 

1979/80 178 195 1 228 218 221 162 1202 153 III1 107 
 117 137 162 787 1989
 

'1980/81 1 145 183 195 215 208 202 1148 148 107 109 
 119 119 159 761 1909
 

1981/82 156 175 190 172 218 172 1083 161 121 
 110 130 142 167 831 1914
 

1982/83 170 165 1 179 210 213 206 1 1143 141 104 1 91 118 139 1 
176 769 1912
 

MONTLY AVG 1161.8 !179.4 :198.2 :202.4 :213.8 :188.8 11144.4 :153.6 1113.4 105.8 :122.6 1133.4 :165.4 , 794.2 :1938.6
 
DAILY AVG. ',5.39 :,5.79 : 6.61 ',6.53 ! 6.90 
:o6.29 6.25 1 4.95 :,3.78 ',3.41 :,3.95 : 4.76 : 5.34 4.36 1 5.31
 

Source: Irrigation Water Management Study at Kaudulla - Summary Report
 
Report No. OD 66 - March 1985.
 

KAUDULLA HIGH LEVEL SLUICE - PENMAN EO in mm (OPEN WATER EVAPORATION)
 

,YALA ,. :MAH' :TOTAL
Y.AR APR YEARMAY JUN 'JLY AUG :SEP TOTAL O T ,JAN :FEB H I TOTAL T NNAL-A 
 A hTL ANUL 

i978/79 21 229 250E46 25: 28.3 272 150 210 19,7 176 172 221 i7, 1 r0 

1979/80 22 48 2 0, 1 2830 29 4 21 a 1557 1'.6 1' 136 i3 1,, 2 - 1310
 

1980/81 06 : 253 251 -5 2721 204 1.3 3 1 153
273c 1513 0 154 2!. 1
I p I r 

1981/82 207- 231 253 229 268 209 1390 
 194 147 133 163 178 209 1024 : 414
 

:1982/83 211 202 228 271 244 179
24 271 1427 128 113 152 179 222 973 2 4,_
 

:MONTHLY AV.:214.8 :232.6 :252.4 !256.8 :272.8 :242.0 ,1477.4 196.6 :140.6 133.6 161.4 :174.2 :218.4 :1024.8 , 2502
 

DAILY AV. 7.16 : 7.50 8.41 
 8.28 : 8.99 : 8.07 8.07 6.34 4.69 : 4.31 5.21 : 6.2-2 : 7.05 5.6(1 6.86
 

Source: Irrigation Water Management Study at Kaudulla - Summary Report
 
Report No. OD 66 - March 1935.
 



ON FAR1M WATER 1,EQUIREMENTS -- MAHA PADDY 

------- 135 DAY PADDY----------------------

MONTH OCT NOV DEC JAN FEB MAR TOTAL 

S TAGGE R- 1 *;. "::'." - 5.00. ... . 1.15 . - - = ..",c0
 

-STAGGER-2 ... , o -,.,sUl .
......... ....... _ 


STAGGER 3 • ... .... 0 -I 20
 

MONTHLY ETO(mm) 153.6 113.4 105.8 122.6 126.8..: "165.4 787.6 

- 37.8 40.56 - 13.'64w ! 41.661... .. 
ET -FOR STAGGER~ -I 

20.16 15.92 34.87 50.72 19.20
 
ET FOR STAGGER 2 22.24 12.65 8.00
 

2.52 31.85 47.00 10.42 49.09 
ET FOR STAGGER 3 3.92 39.85 8.00 

TOTAL ET (mm) 7. - 60.48 114.49 142.96 2 149.44"'I 84.29 551.66 • 

LAND PREP. (mm) 59.33 118.67 - - - 178 

SEEPAGE & PER. (mm) - .80.00 155.00 155.00 140.00 60070.00 


FWR (mm) 59.33 259.15 269.49 297.96 289.44 154.29 1329.66
 

75% PROB.Re (mm) 10.2 85 68 34 0 7.7 204.9
 

FIR=FWR-Re (mm) 49.13 174.15 
 201.49 263.96 289.44 146.59 1124.76
 

.,.."". FALLOW * 	 Monthly ETO taken from 5 year averages for 
Diyasenapura ref.Irrigation Water Management Study 
at Kaudulla --Report no.OD 66 - mar.1985. 

LAND PREP. *Re for oct. & mar.computed proportionately for
 
the irrigation period.
 

N O I I O 

_____ __ Seepage & percolation assumed to be 5mm per day. 

________NO IRRIGATION 

• Three equal staggers -- each covering 33.33% of
 

the area.
 



Seasonal 1ater_ Reucrt 

Seas, n 1laha 1989
 

Na'am' o[ R.. ,",rv' Giritale
 

Gross Storage Capacity -in 100Q13... -2433-1--7

Irrigab.e extent under" spccification (Ha) 2510'-

Present Irrigable Extent (ha)-*3035.0 

:.Reservoir height.at conmencen-ent of 
water issue in meters 6.:9
 

Anticipated seasonal inflo' fr-!m 
Mahaweli System (Dry) ]0001'3 0.0 

Anticipated seasonal inflot.w from.
 
Mahaweli System (Ave) 100011" 3 0'.0
 

Seasonal inflow received fr:--

Mahaweli System- 100 38705.9
 

CultiVation cates and .- :t, ts -s !:.r dcisions taken at
 
Kana neeting held on 16.110/9 S. follows.
 

Sluice numb,-i one -

IA; 1 Actual Remarks 

Extiit Cultivated (totnl) 3 ' *' 3035.0 Ha 

Paddy variety :-105day 2035.1 11a 3035.0 Ha 

O.F.C 0.. Ha 0.0 Ha
 

Dat . issue ., . '3 9/
,f of .:.-/ , 31,. 89 

...Date of last water issue 15/03/90 11/03/90 

Last date for broadcastina n 5./ 9 / / 

.Last date for transplanting / / / / 

Last dato for harvestfin,- "..0 .. ,0 / /• 

http:height.at


Details of raragmeters wir d i.n c ,-il t-ions 

Month - Oct IT," c Jan Feb HIt 

E 0 ......
.. - . . 5.0- 3.7 - _ . .4 - -- 4 :5 
mirnZ day~

Ope.n~.water evaporation - (EO) 

oiti - . Oct Nov Dec Jan-' Feb Mar 
EO 6.3 4.7 .1. 5.2 6.2 7.1 

mm/day
 

Crop Factors
 

Crop Group 1 
Kc Values 1.00 1 " 0*O 
No of days 20 20 30 11 

Seepage and percolation r:.. F:o-. /,.-,y fields (mm/day) 4.0 
Application efficiency for C.FC -0 %
 
Land prepIar'.-ion por -1. Pa.- 1y) (3 - 14 
Land preparation period. OFC Qiys) - 0 
Land preparation . . requira:,;-nt. '" ('i) 178 
Land preparation require: ,ent. OF.C (ram) 0 
Number of staggers. Paddy 
 - 2 
Number of staggers. OFC 
 - 0 
Percentage- irea (paddy) un,v-- ti'. j ger 1 - 60 
Percentaae area (paddy) und stE,.aer 2 40 
Co.veyance efficiency of augL"..ntc.i on supply 80 9 



'Cultivation 

E: t , t Cu tf.ivate d .1S -1 1, .':l': o 

are'a undi217 sp cificc-t i 120.9 

Extent successfully harvest:l (!!a) 3035.0 

-Percentage of 'cultivation succes -.400.0---

Average estimate "y:-eid (T/Ha) 5.0': 

Water Issue 

Total Water Issues 1',Q'PV 3 31159.2 

Caiculated ave: water r quiYt for OFC (HI) 0.0 

Calculated water allocation for OFC 

From sluice number on {!000113) 0.0 

Duty 

Scheme Duty (paddy) e1cudin: E?. (11) 1.03 

Rainfall 11':ingr the seas,..n (r.,m) 721.0 

Estimated ,,,ffective. .. ai , ... ..]r.. " :,') 

during thc season 432..3 

Scheme duty (paddy) in77:ud. () 1.46 

Ave. paddy yield/unit -)f ,-,i, r ,'Wrd (F,/I11 3) 0.34 

Calculated field water requfre"...nt (II) 0.99. 

Ca].ul, ted field ir-i,- t ,,n ': Lrem-nt (IT) 0.56 

Canal system effici,-ncv 0.55 



ielCatd f 'ield +'-'ug::i w: 1t: 1 Supp .y) 43208 5 y 

h~ -hneins torage 40'13 9 

.,o t r. s.. . C. e ..:. ,...., .: ... .... ir ,w a t e r -. an e , .... 

Isu s .s: m e a s ur ed:= f ro m s.I ui c,... d~is ch a r es- -:-- ...:., .. .... . . .7'--'. .. ..

4 . .o. ,IsesfrIriai,(QOW) 

1 ,Ise~a *It eem• "~ns~lsici rge.*-.; . -- .... .0---- ""*. 


Item Value . Percentage
 

Irrigation Issues 
 31159 95
 
Seepage 
 209 1
 
Evaporation 
 1494 5 
Spillage 
 0 0
 

Reservoir. Water Balance 

.... . . " .. :~ 
i.:,,. . *...: . ..,f 

." ' .",: '.- - -,."... .......... 

.... :. .... . ... . . ,. . . -.." 

LEGE11D 
*,:, . ,: ' , .- . ". :: " V ",- " ', ". ... " • ' " 

!.... -~~~./.- .". .. ;-,...................... .•. •.. ... 4. 

,. , . 4. I-

w1. 

. .... .T .BE 

Chmig trawii , ig, tion + ssO s 

4 . .' " ' i:". . 

,4....1 ... ., 

4,..' .. 4..4..4, ,. ..,



. . .,n b ion
:Percihtion "gt Cat'chieit
 

11VDate Im i:1 " (z00C !,3) :-:(.10 10 I..ogL.ss ?1301 (000? 3)11, 0 OM 3} 

11/1/39 5.9 ill,.? 7229.2 :9 ' 90.00 .. .. . . . . .. .... ... 241 ................1I/!!! 7.::.:l " 
".. . .~.-i~SA:.1 . .900

19
S9. 62.4..
16 ,
.14 


1 11/? " 177..'.3 
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ON FARM WATER REQUIREMENTS --- YALA PADDY 

------------ 105 DAY PADDY------------

MONTH APR MAY JUN JUL AUG TOTAL 

STAGGER"1 . . . " c - --. . 

_.--.STAGG.R_2- STAGE -2....'... .. '-- 0.Jc=lO .cIS__ *Hc.I c_zo - (c-, 
________ _ "..27 0 

STAGGER 3 ::,1.. . ,: 7. .. 44 k'.1c "10 Ku5 l1 ,¢c='-'.O 

MONTHLY ETO(mm) 161.8 179.4 198.2 202.4 213.8 955.6%-


ET FOR STAGGER-1 	 38.58 " 48.12 49.62 . 
24.A0_. ... 29.07 . .. 19.58 -

ET FOR STAGGER 2 	 32.79 6.61 7.51 5.52
 

68.38 73.12 20.69
 

ET FOR STAGGER 3 5.79 37.44 44.14
 

32.92 36.56 20.69 

TOTAL ET (mm) 101.56 222.54 * 228.94 91.04 644.08 

LAND PREP. (mm) 59.33 118.67 178.00 

SEEPAGE & PER. (mm) 85 150 155 J 63.3 453.33 

FWR (mm) 59.33 305.23 372.54 383.94 154.34 1275.38 

75% 	PROB. Re (mm) 10.6 14.4 0 0 0 25.00
 

FIR=FWR-Re (mm) 48.73 290.83 372.54 383.94 154.34 1250.38.

[77:1771i FALLOW 	 Monthly ETO taken from 5 year averages for
A 

Diyasenapura ref.Irrigation Water Management Study 

at Kaudulla --Report no.OD 66 - mar.1985. 

LAND PREP. Re for apr. & aug.computed proportionately for 
the irrigation period. 

O 	 I RI GA T I O 
*•Seepage & percolation assumed to be 5mm per day.
 

N Three equal staggers -- each covering 33.334 of
 

the area.
 

/ 
/
 



--- ----------------------------------------------------------

--- ----------------------------------------------------------

--- -----------------------------------------------------------

--- ------------------------------------------------------------

---------------------------------------------------------

(3IRITALE SCHEME 
MAIN SYSTEN - OPERATION COSTgd IE 	Ah 

Estimation of the operation cost of Giritale Scheme is based on 
the following assumptions. 

a) 	 In the near future the: DC 'O' will asume responsibility for 
the control and issue of water in the distributary system
below D canal head. gates, under the technical guidance of 
the ID. 

b) 	 The ID will operate the main syst,-m (inlet canal from EMYE,
Giritale Tank, R.B. Main canal including Dambala Wewa. 
Kadawala Wewa and Chandana Pokuna reservoirs) and all other 
component's of the distributary system will be operated by
the E.0. 

STAFFINGl 

The staffing schedule given below provides for the requirementsduring th-L_ initial + n.i .+ , ri y s r" i i,,] Inifv 	 Itrl. Y- - r 	 ",jLt 
management when ID field staff will have to assist the DC('s in 
their new responsibilities. When active participation of the F.O.

in the management of the distributary system becomes a reality,

ID staffing for operations should be reviewed.
 

UNIT ID STAFF 	 ANNUAL INPUTS 
PERSON - MONTHS 

Operations Center
 
(IE's Office) * Computer Operator 1 6
 

Giritale Field 	 TA 
 1 4
 
Operations Unit WS 
 1 4
 

Irrigators 2 16
 

Jayanthipura Field 	 TA 1 	 4 
Operations Unit 	 WS 1 4
 

Irrigators 2 16
 

Chandanapokuna 	 TA 
 1 4
 
Field Operations WS 1 
 4
 
Unit 	 Irrigators 2 16 

Total for scheme 	 Computer Operator 6 
TA 12 
WS 12 
Irrigators 	 48 

.!--------------------------------------------------------

Computer operator's time is divided equally between Giritale 
and Minneriya Schemes. 



---------------------------------------------------------------

----------------------------------------------------------------

-- 
---------------------------------------

------------------------------------------------

-------------------------------------------------

---------------------------------------------------

In the case o.f ''. A & W.S :I,.tached t. field opera .Atol unit.s,
during water Hd mo in year)i 1-rue 'pen ( tI an Ihalf thleir time 
is apportioned to operatnion:-_ and the other half to ma intenance.
 
ARIU!Lr2EBAtiO Lr95T.
 

The 	 annual, opera tion co, t-.t 11d be .1 y ed rnas con i :..ing of 
three m.in component ll;s an- : 

(1) 	 The direct co-t of enmoluments paid to ID operation 
s taf f. 

(2) 	 The indirect. Co..t.- f ) , p' v,-hicles and. fue1 rp-Ir to 
,-equipment. b) driver: and operators c) depreciation of 
vehicles and equipmn-t d) administ ration and
,:lepar trmenr, t.a 	 ovIrhads 

(3) 	 A con inre ny a est. 

The cost. of item (1) c.In be det ermined from required man-power 
inputs and applicable rates. 

Monthly rates of emoluments of ID operation staff 

Category 	 MonthllY Allowances O/T Total
 
Salary (Trav 1.Su-. ) Pay Ion th I y
 

.
 h . I . Plate. Ps 

Computer Operator 	 3 00 t 3000Technical Assistant. M 1250 	 1250NA 

Work Supervisor",25 51 600 
 2850 
Irrigator 	 1950 50 250 025 

-
 -
 -
 -
 -
 -
 -


" Technical 
---

Assistants salaries 
 are met. from Personal
Emoluments and is included in ID administration costs. 

Estimated Annual Emolument costs 

Category 	 Person Monthly Amount
 
Months Rate. Rs Rs.
 

Computer Operator 
 6 3000 18000
 
Technical Assistants: 12 
 1250 15000 
Work Supervisors 12 20 CO? 	 34200 
Irrigators 	 118 -,o : 108000 

Total 
 175200
 

The cost of item (2) is to be eJ;timated after a detail analysis.

Such an analysis is presented in annex A. based upon analysis of
 
1981 performance in 16 selected major Irrigation Schemes at one
 
per range and updated 	to 1988 price.
 



These are the best ava i.1-tbltf dat..a and tie per acre cout t; of cub 
items 2 (b) 2 (c) and 2 ( d) are as fo.lo ws: 

Sub Item 	 Cost/Ac 

Ps. Cts.2. a. Fuel & repairs to vehicles 	 3.72 
2. b. Drivers and Operators 	 2.54
2. c. Depreciation of vehicles 	& equipment 21 .0)
2. d . Administration e Overheads 13.50 

.btota .	 40.76 

Since cos t of lubricants, -top planks and repair of gates and
lifting mechanisms is charged to main tenanc,e there is no
identifiable ost for mat,-!ri.als and tools apportionable to 
operations. 

Annual emolument costs Ps . 175, 200 
Physical contingencies (7.5%) R-. 13,140 
Direct costs 
 rs. 188,340

Irrigable extent under scheme 7500 Ac 
Direct cost. operaition per Ac 1s. 25.11 
Indirect costs . 01w.76 
Total operation cost/Acre Rs. 65.87 

Operation cost exclusive of Rs. 65.87-Ps.13.50 
Administration & wverheads Ps. 52.37 per Ac 

http:65.87-Ps.13.50


,RAT : 'IIOPFG , 1; - I)cO AREA: 

Lm:() Ic 1 PFIRANAGANA 

Total irrigable extent 10 134 Ac
 
No of irrigators rcjui.red- 2
 
Total annual man-poTerrirerri, eciJ 2 x 3 
 16 perosn mronths 

Monthly salary Rs 60 x 30 1s 1800
 
Cycle allowance Ps,
E 100
 
Total monthly emrolurrent 13s. 1900
 
Annual emolurrer, t Costs = r; 1900 x 16
 

- ., 30400
 
Conitingoerices (7.) Pr: 2280
'. 
Direct cost 
 = u,. 326 00
 
DCO Admiristration cost

(5 % of direct costs) =s. 1634
 
Total operation cost Ps. 34314
 
Operation cost/Ac fIs. 32.25
 

GTLSCOPFP 
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CHAPTER V
 

BALANCE WORK REQUIRED TO ACHIEVE TARGETS
 

Successful implementation of improved system operations depends
 
on fulfilling a number of tasks identified on Table V-i, 
below,

however, the most important requirement is the commitment and the
 
realization -by the ID field 
 staff, that this is a worthwhile
 
pursuit.
 

TABLE V-I
 
IMPLEMENTATION PROGRAM FOR IMPROVED SYSTEMS OPERATIONS
 

SI 
 I I992
 
:Item! 
 :Organiz.; .......................... ..

!No. :Scheme :Activity 	 *Respon :ist Otr.:2 Otr :3 Otr.14 Otr.lst at:
 

1AlI :Procure and install gages in 1 ID --------.. i 
;main system i 

2 :All :Calibrate measuring devices in: ID --  --
I :main systemI 

3 :All :Up grade 'issue trees' ID -------------.. 
S I I I 

4 :Gal Oya :Procure and install computer UIMD/ID .
:at Akpara !E's office : 

A l :Assess canal lcsses inmain -... ..---I 

: syste 

6 :Cal Oya :Collect data and calibrate ID -------
;LB & RB :reservoir operation model : : 

:for Senanayaka Sapudra : : 

Oya 

R issue diagram
 

7 SGal 	:Prepare control and :ID/SAI -------

8 :All 	 :Set up two way Communication ID .... 
:system between operation i 
:center and field units 

9 :All 	 :Deployment of personnel and :GIRITALE: MIN 1KAUD GAL OYA RB
 
:ilplementation of improved -------- : ---- ......
: 
1system operations : RBE PSS 

I !AII HInstall gages indistributary ID --. 
9 9 sy teI 99 
 I 
 9 9
 

ii!All 	 !Calibrate measuring devices ID 

:in distributary system : 

12 !AIl 
 Assess canal losses in ID - ---... 
:distributary system : 

I I I 9 I
 
:13 !Gal Oya :Procure and install rain gages:IMD/ID -I
 

:RB, RBEI 
 :
 
14 :AII 	 !Refinement of system operation: ID I 
 -


BLCEWORK 
 V-I
 



The Schedule of the above activities has been drawn up on the
 
assumption that the ISMP completion date 
 is 30 June 1992. Since

it is very unlikely that construction of D canals in Gal Oya RB

will be completed by that date. Therefore, if further funding is
 
provided activities 10 to 14 will necessarily continue beyond the
 
30 June 1992. To implement the above schedules in Polonnaruwa
Range a Water Management Cell must be formed in early 1991. the 
recommended organization chart for 
 the Water Management Cell is

shown on Exhibit V-I. Exhibit V-2 presents the Water Management
Cell Functional Chart indicating the functions 
 of each component
 
of the Cell.
 

Early in the study it was realized that some of 
 the ID field
 
staff responsible for system operations are 
living far away from

their areas of work due to inadequate housing. Since it was felt 
that full attention of the staff could only 
 be 9xpected if they

live in or in close prseemety to their work areas, proposals were
 
framed for the construction of 
 8 new quarters and effecting

improvement to 13 existing quarters. Due to some reason or other

those proposals were not implemented. If funding could be found 
it is recommended that these be implemented as 
early as possible.

The locations and estimates are given on Exhibit V-3.
 

V-2
 



SYSTEMS OPERATION
 
WATER MANAGEMENT CELL
 

ORGANIZATION CHART
 

POLONNARUWA RANGE
 

S. PIYADASA D.D.I 

I
 
RANGE OPERATION CENTRE
 

NIMAL ROHANA - HEAD
 
ARIYARATNA- ASST.
 

ARAKRAMA SAMUDRA MINNERIYA SCHEME GIRITALE SCHEME KAUDULLA SCHEME 

WIJENAYAKE I.E SENARATNE I.E SENARATNE I. E THEODORE I. E 

DIVISION OPERATION DIVISION OPERATION DIVISION OPERATION DIVISION OPERATION•CENTRE 
 CENTRE CENTRE 
 CENTRE 
WANNINAYAKE PATHIRANA DAYARATNA KOSHINNA

1 1 - 1 I I F 1 -

CALIBERATING ISSUE TREE CALIBERATING ISSUE TREE CALIBERATING ISSUE TREE CALIBERATING1 ISSUE TREE 

TEAM UPDATING TEAMJ TEAM UPDATING TEAM TEAM UPDATING TEAM UPDATING TEAM 
TILAKARATNA GUNADASA MUWANWELLA PIYARATNA EKANAYAKA PIYARATNA FONSEKA RAMANAYAKEN. MAHEEPALA B. A.L.SILVA BANDUSIRI 



BEST AVAILABLE COPY e Directs the •successful implementation of the Rne 
-"-operation program-through the Range-Operation Center. 

1RANGE OPERATION CENTE R 

I
 
" Implements the Division operations program within the Range.
 

" Coordinates programs on Reservoir Operation Model. Systems
 

Operation Model and Seasonal Water Report.
 

Prepares the Giritale Scheme's System Operation Model.
* 


" 	 Replicates the Giritale Scheme System Operation Model in the
 

Parakrama Samudra, Minneriya and Eaudulla Divisions.
 

* DIVISIONS 1E OFFICE 

Direc:ts the .preparation of the models for Reservoir 

,peration, System Operationz -nd SEasonai Water Report for 

his Division 

Responsible for the preparation of the models for Reservoir.
 

Operation.. Systems Operation and 
Seasonal Water Report for
 

the Division
 

Identify and establish Fild Operation Units and Sub-Units
* 


* 	 Establish two way communicaticons between Operations Centers
 

and Field Operation Units.
 

for the Division
* 	 Install rain gauge network 


ISSUE TREE UPDATING TEAM
SCAIBRAT CN EAM 1 

* 	 Prepare issue tree for the Division Schemes* 	 Establish control and measuring devices in the Main. Branch 


Canals and at D canal offtakes. 
 * 	 Update issue trees as necessary when there are changes in
 

Scheme. the distribution system and the total cultivated area
 

Prepare discharge table: of cilibrated canals and measuring 

" 	 Calibrate canals and measuring devices within the 

Prepare Schematic Water Distribution Diagrams for the
 

epesc 
 Division Schemes
 
devices
 

least once a
 

year
 
* 	 Re-calibrate canals ahd measuring devices at 


Take and record daily discharges of calibrated canals and
 

measuring devices and communicate to the IE Division office
 

* 	 A-eess canal'losses. seepage and percolation
 

* 	 Submit records of discharges to IE office
 

S Ad just gate openings based 'pon 1E offlcn directions
 



I. :: . ,u I . , .19011 
Sey i 

Frori: .F.].eoniardt
Locationr:C )oloifbo 

l'o1 111 Utl.,Itl.Loocat.2 i oll 

Subject: Sy.s tOes OoeraLioll Pl n. 'OllilllJli( cat ioll
 

and [3t ii 1i g. I
 

ci l tue S5';LolUl (),erllItion 
USAID have aoruved in pri.

The ID/I MD/ 	 "S N!-' 
s u I,. Liit dyI 1 	 t.ct

IS*',?. AsPlan for Lhe 	 are certai iMlarc-h 1988 there 
to Mr. Dotej Ie ol 18

0oeraLonl" 	 .eCd I ilior.U " to111. . be )Co\'ifaci 1 i t 2h t.
infras truct ura I 	 l .' 

t 	 Two of t*e -Iiuti ili)ort lL inr1[ l ;o.t l cLt 
t.i .is Plall .iill eltiel	 lL ofstiabl is.'immI 

t	 No. I I(dit i taLiolnc and 
ies are Itemfacili	 2and I tell No. 

U i.Its ail S u,-un i15 

-i eid ()oeraL i oil 

OpOer ti-O (i,itncm i '
 

.1o01 betweeniCoMlIiciiiL'aEstabli S.2lItent of 	 twO-Wvay fo:to your letterr eferf 
d c ic,i.'I. d1 .r.a 	tzi 0 11i1 to Ql25 

two i. Leis. )de tails oilt t se 

' ) C 	 cllA ioII lie Lwo I-,colnflllIi."i a tt"e ,1 o0 
After inivest i_,aLion into 

iied t 12 t.leD'juneit v'as estao
for the Systemus Opera Lion Plan iv.e
 

was not [ensiblIe doe to hig'n cost. TOue a Lc i'at 

comniunication 	 -F"ia1 ow ., cl'v lv Plat i 1.t.)"o Colmmunlicationi5 a radio 	 ' 

.i rect wi th the Sc em )l1
Units to conllu1icat e0aeration radio m:ione kuni 1i ' . 'I 

twenty (20)
Centers. A total of 	

i t: ' e P I 1 -;.1 r-u a ,I0 • 
four ,rschcmejs.e . red-J Jor the 	 (.n! Iof W 1111 	 " ran ,its L Pi .s atlise t 

Pre l imiila.ry cost of 	
Win 

ni'!of t:o co"t ii'tlesDetail Ied e s 
FS.30,000/unit. 	 7 U i o"Ill 1t 'n 

f our hcoini .g for 
w ill besDecifications 

ID/IMD/USAID. 

a id "]'J , Ic L 
sheets ) resellts t1e locaLion 

Exhibit A ( two 	
new ii, ii gr;, aIlradio 1011oioes,s forthe requiremeopresents 	 j dinI1yofurVi 1]di gs . The cos ts 

-to existing tu 
or improvemflentS 	 Field t0ue:rotiOu

oc[ic're facilities for 
eight (5) new buildings Culmi 	

iI Iid-;builoillfTst.o existiii '. O 'C!lift'tL-
Units arid tLirteen (13) 	 ;i tand lc.ossarY 

on Tab Ie 11 for- your i n Corml1atiOll
presented 


coiiilII1C a ti IoII ,) 

w ith Pir . 'i va!, .s a the 

•We have discussed 	 iii. oera tion Plan and "1e 
for- thie !2;ys, ems 

building requiremellts 	 , eas(1 f u[ I.')'Therefore r e 

agreellent 
 w i to. toe reqU i 1o meillits 

for tle coimmnmnical, oio wov ond 
*submit12 the recommended pOrooo!. 

a )rov..1 so t-aI- the s 
ID/I .li)/tiSAJ.D for 

building requiremeiuts to 
at1 i early date.

call be imolomentefacilities 

C.F. Leonlaardt 

Encl.As stated. 
cc:S.Piyadasa
 

D.S. A. Ku lase'era 

4j
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CHAPTER VI
 

PRCOMMENDATI ONS 

Every effort should be made to implement the water management
 
programs in all of 
 the schemes under ISMP'. These programs which
 
have been developed after study and discussion over the last
 
three years do not aim at creating sophisticated technological

show-pieces but 
are the logical first steps in improving the
 
management of scarce
our resources. The ID has the technical
 
expertise and the 
 resources to implement them. Inorder to
 
motivate staff engaged in operations, it is necessary 
to
 
recognise water management as an important technical field by

providing opportunities for advancement in carrier and other
 
benefits for those engaged in it. 

The single factor that will have the maximum impact in 
economising water, is better utilization of rainfall. In order to
achieve this the cooperation of the farmers has to be sought
through the F.O to advance the cultivation and to repair the
ridges so as to retain the rain water at least few days priora 

to the commencement of water issues. Setting up of 
 two way
communications between the field units and the operation center 
will greatly facilitate utilization of rainfall. 

The .--. in ,hic water management activities will have the 
most. ,eneficia effects are Kaudulla, RBE, GAl Oya RB and
Girta],-. in PSS l0% of the irrigable area is cultivated in both 
seas)nls and reduction in water usage will only result in 
increas(ied tan" sp illage. Improvtment in water management should 
therefore be towards a evendirected achieving more distribution 
of water supplies. In Minneriya the Yala duty is less than the 
theoretical requirements due to re-use of water. Improved water 
management in the areas commanded by LB main canal and Raja Ela
 
may result in deficiencies in Galamuna Scheme (5000 Ac) which 
depend entirely on the drainage from irrigated lands in the 
catchment, necessitating releases to the drainage stream from the 
main canals. 

There should be better coordination between MASL officials 
responsible for planning allocations and DDI Polonnaruwa Range. 

After the water management program is well established it is
recommended that bulk water issues be made to the DCO's and a 
water levy charged based on the seasonal volumetric consumption.
This will encourage farmers to minimise wastage and also to

change over to OFC in soils more suitable for such crops. 

System Operation Computer Model.
 

Based on the very limited experience gained on the operation of 
this model (in Giritale Scheme) it is suggested that the
 
following refinements be effected during 
future revision or
 
updating of the program.
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1 Provide for rotational water issues. 

The present model computes daily water requirements on 
continuous flow 
 basis. Rotational water issue requirements

could be computed with inputs of the rotational cycle N

(number of days) and the period of water issue within the
 
rotational cycle I (number of days). 
 I
 

Rotational water issue requirement = N/I x Qc where Qc = the
 
daily requirement on continuous flow basis.
 

Using the present model rotational water issued could be

obtained by inputting 
the factor N/I into the adjustment

factor for the relevant node point.
 

2. Raising the upper limit of effective rainfall.
 

The upper limit of effective rainfall Re (daily) has been
 
set at 30mm. Any 
 figure higher than this value is rejected

as "too high". 
This limit should be raised to 100mm to make
 
the program more flexible.
 

3. Carry over of effective rainfall.
 

Provide fr-ir carry over of effective rainfall when it exceeds 
crop water requirements. In the current model effective
rainfall is accounted for only on the day after the event.
To overcome this limitation rainfall in excess of 17mm
(depth required to meeft in full the field water
requirements) could be input 
 into the computer as separate

events occurring in consecutive 
days. eg. 38mm of rainfall
 
on Tuesday could be input as 17mm on 
 Tuesday. 17mm on
 
Wednesday and 4mm on Thursday.
 

4. Sorting of nodes.
 

Sorting of nodes in system 
data edit mode under certain
 
conditions leads to disorder. This needs to be refined.
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ANNEXURES
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C JU_AT _lid _V hIA I t_'A U 1 1..Itl },; b()W LANL)~:._ ADP_._ 

The methodology presented belIow A an attempt, to .look at the main 
system as a whole and to accoun t;. for main canal di scharges u siF 
the cont inut ty pr.incipl , el im inat..ing the needl to )esort
cumulti ve loss fac tors in the 

t.o 
distributary net:work . The

resulting i,.:tie are cIo:;t no the I rrigation Depart menit design
norms in vogue during Lhe .,9l60's bi.t lower than those airrived at 
from cur1'rernt, design crit le a. 

COnsiderling the syst.em ron iHIn_d by the ma in canal 'as a whole,
variations in the st.orafe in farirms and in the canaldistributory

network can as sumed
be to e-vn-u,t and t.he daily demar d Q . is the 
quant,ity of wa;a re-'qn1 Ired in Lain the water table.t r to, m 


Q= Evapotranspirat cn)n from cro's in command area 

I Seepage i.. Io wetted areaand p-ronl.'-, i f romrn 
+ Wastage (diree tc.,. h a g-. .1rnto drains)
 
- Effect.ive_ rainfall
 
- reuse
 

Evapol.ranspi ration 
 z A x ETo x Kc for the areas under 
different growth stages. 

For paddy, crop water requtiremnts are highest during the mid stage when ETo and Kc are a maximum. Further the mid stage lasts
for 30 days and therefore it, could be assumed that the entire 
command area is in 
that stage when the demand is a maximum.
 

Evapotranspiration = AxE%,
 
Az cropped area.
 

The wetled area or the ,-.iivearea for computation of seepageand percolation losses z cropped area area+ under liyadda

ridges, canals I roadways, drains and pheripheral areas
 
surroundi ig hghlands or thew.thLI in abutAng command a rea. 

Seepage & percolation loss = (P+S) A x f 

P = percolation rat-: 
S = tbee page rate
 
f = wetted area factor
 

In the es-'tablished irrigat.ion systems the wetted area could beconsidered as 120 percent o.f cropped area (vide annexed sheet)
ie. f = 1.20 

H-1-1
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In most of the existing B" nt.em:3 t.here An ie-use o[. ArI' r ..n Li,
water. Although reuse cannot be quantified wi.ho tot ctal.i1 water
balance studies it can safely be assumed to ,:OnleWmcn _t0 for 
wastage arising from di rect di:3charce to the dra inage net.work. 

:. Q = A x ETo x Kc + (S P) A x f 
The demand is a maximum during mid stage in Yala (July - Aug)
when effective rainfall is negligible and also ETo x Kc Is a 
maximum. 

ETo is about 6.5 Hm/day and Kn = 1.20 

In the Polonnaruwa systems the average value of (P+S) is about
4mm/day. (9 mm/day for RBE well drained, 5 mm/day for RBE ill 
drained and 2 mm/day for LHG) 

Q 	 = A x 6.5 x 1.2 + (4 x 1.2 A)
 
z 12.6 A
 

Demand 12.6 rai!/day 
ie. 1.46 1/s per 'ec. or 47.9 Ac/cfs 

The above is in conformity with historical peak demands during
Yala in PSS and Minneriya Schemes. 
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I A.l 

Type * 	 Length W t.t(d Area
 
1H/ha w.i d 1.11(11) - 2I/ha
 

Main 	 2.53 30 
 75.9
 
Branch 3.50 
 25 	 87.5 
Distributary 12.75 12 153.,
 
Field 30.82 
 7 	 215.7
 

532. 1 

Assuming 25m2,-,5dr eng th S0m
 
50 in in 625 In"2 ...
 

width of ridge 	 - 0.6ne area /ha : 180 n12 

a) Length of collector dra.in, which col lect drainage directly

from the farms is approximat.ly equal to the length of field
 
canal
 

width is about 	0.6m area/ha =.6x30.8 18.48 n-2 

b) Farm drains
 
The leng~th of draIns w t.h In ['a i I
t.h,1, aP rox ima tel.y equal to 
the length of ridges, ie. 8 0 DI/lia 

Width of drain 0.25 m 
area/ha 00 . 2., 80 = 2 

c) Secondary drainage lines (Natural)
 

The length of drainages which feed the main drains be taken
can 
as equal to the length of the 1) canal ie. 12.7 m/ha 

Width of drain = 1.5 P) area/ha = 19.0 m^2 

Total wetteld area 1250 I-"m 
0 . 10I ha,/ha 

Pe rcentage inc reas, in wrcated (over cropped ara)N we t, 

112. 50/
Allowing for wetted areas su Iroundin. hgh.ands within command 
area, percentage increase in wt.,t area could be assumed as 2.
 

* These are the average vaLues for h 0onnaruwa Systems.o.1, 
Hl-1-3 
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The dclnit j S N. ;iN : NU d"ri 1q mid gIe in Yala (July - Atu,)
when ,.f'.,ot.ivo nf'. l W. nenli, ibla - and also ETo x Kc .i ai aiif. 
ma:i: I u 1 

ETo is about. 6.5 mm/day and K = 1.20 

In the Polonnaruw system:s t.he average va lue of (P+S) is about.
 
4mm/dn.. (9 n/dy fr RE w.l] dra .1nr.d, 5 mm/day f 1orBE Ii 1 
drained aiid 2 mm/day for ,lHG) 

: A x 6.5 x 1.2 + (4 x 1.2 A) 
12.6 A
 

Demand 	 12.6 mm/cay
ie. 1.46 Vs per sec. or 47.9 AOcNif 

The above is in confom'mity with historical peak demands during
Yala in P33 and Ninneriya Schemes. 
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Ef.._.U ALJ2K L l,,AT ILEA DL!Y_[ LjR_:LQLLDVU 

Main demand is during Mid stae in ya],a when ETO is high, Kc is a 
maximum and rainfall is neg.i.ible. 

ETO 6. 5 mm/day (average diaily va lte for Diyasenpura)
 
Kc 1 20
1.. 

P+S 5 m/day 

Field water requ i 'eme I- E'x( Kx ( sRe f 
6 . 5 X I . + 5 
12.8 rm/day 
1 .48 i/s/ha 
47.2 Ac/c.fs 

Allowing for a 6% loss in field canait 
Final canal peak demand = 1.57 I/s/ha 

= 44.6 Ac/cfs 
Say 1.6 ./s/ha or 45 Ac/cfr; 

Field canal peak demand is calculated on the assumption that the 
entire command area is in the mid st.age which lasts for 30 days. 

A Findings of Kaudulla Water Management Study - 1978-83 by 
Hydraulic Research - Wallingford. 

TOURRPT. DSA 
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A iinexure N- . 

ADEQUACY OF EXISTING IRRIGATION1 SY;TEIMS TO MEET OFC DEMANDS 

An analysis of the adequacy of the exis_'tirng 3" d iarret.er farm pipe
outletB to meetOFC water r.-.cirementc was made by the (onsultant
and is presented below: 

Maximum demand 50 mm in K days for a 3 Ac allotment,, therefore 
FWR for one irrigation 

7 3 - 5C /25 4 x 12 0.492 Ac ft. 

Number of hours of wa te r I npr. with a 3" diametter farm pipe
outlet = 35.5 hrs., Say 36 Hr.--, 

For a 2 Ac allotment., F'W for one irriation = 2x5-/25.4x12= 0.32 
Ac ft 

Number of hours of wat.r i ue wit.h a 3" diameter farm pipe
outlet: 23.1 hrs Say 24 HIr-. 

With a 3" diameter farm pin ,-,utlet the number of 2 Ac allotments
that conid be Irrigated simPi,1 l<aneo, sly from a field canal with a
capacity I cfs Is six. Tlhero.fore the entire command under a 1 c.f 
field canal (about 30 a:) . uld be irrigated in 3 days. 

Based upon the above analyi -, 3- diameter farm pipe outlets have
adequate capacity to irrigtLe OFC from the existing irrigation 
systems in the Polonna rn wa an.e 

ADEQIS.CFL
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CONCEPT OF ESI AS APPLIE) IN ISNPII 

Rehabi I itet iot prog ,,ti for Ihi, tour i rri go I i otl s st ems, ill I i, . 
Dist ict ihaS been limitioil to .';'; ,;Stlutlural itt ,rO (ESl).lial Imp i "itt s , 
interpreted from pro ject paper atii pr, olimti Tigil 19837 & 88 atid pt'ograi wdli 
Lo r69/ SI'S provi.'s Iot" : 

a, itiattlltt il i/il)rov(I.oilll, ilo ilfoequl,+le wit I- (r co t IIroI si [ uItrl's, wli h 
icI tudt - r'te.t I at ors.';. we i'.gs, ht'l" sit-Ilticl i' s gal(t l lot I . ,- Mi l t.1 O t,' I 

at all ttt; in, br' chh i st v cittnialstIs and the I a ,ger Lie I ri ca ilt s. 

0. 	 its . llatit, o " Ilow ile u intig devi(es to ai,,qum .ely moI1 il or" di sr ai'IT 
in maint, bllh .)nd distrtili~tt.aly' :anals and releases to larger li'id 
c:;Iaals. 

C. 	 repair, reconst r-teli i1)1 (r mli i cati lo gaget,l o l (l stttclini's 

d. 	 constrtct:iot of addititnal catalI crossings and hatthing facilities 

I. 	 intcreasing i,ttal (:,apal : iI i es- whlPre req(uired IrW I]is i-s i ntI , widuttinig 'r 
t'rie'rading of ( ,1 Ianals t 	 to stit:ut'es.aidt ii i caLions 

fK 	 strenglheni ug of canal Moltff,:ient.,s stab ilizitg ratta s l es in I.;avilv 
etoded secti til- ,ttit ;lillt id) "Ii pr'evett i ye 1it S I I I'ta . ItS i ig c - . 
elfecL ive t:echn.iqtt:s to ittiimi :e Iut'ther lo.et'ioraLion of the system. 

geteral iSi :outlld he des-ri lin! as; stahli I K7.itl and upgradittg atn exist intZ 
;:'.-e;tml to me pe. n el t i ,iui,rt: ii m-, s ItIs i.Idoy t'i o'st ef teI. i ve I (clht iques wli I 
-iding adequaLte co(ntt-o and meatsut'ing dc.vices to eff:ectivl(y regulate at l 
.c:nit or dist:ribut-ion ot water thro l,io tl the system. 

I.SI do ttot in cltde: 

VetItt.s road.1. 	 Impov'e, to netw o'lk diistrihutorv atuil field cainal s along ain 
hb"alch ti s Ur itt \'V and l i,,ltl (n:,tals 

2. 	 lining ot canals 

3. 	 imlproving the Iayoutl of tiWe ratitl system to elimnin ato Ii r'e l: i ssiu'; 
Iromt 	 disItri[ut rv cana Is ir to limilt IteiiLqthls ot" eX tlas cuiilitlt(I(I 
by field canals. 

/I. 	 illtptoving l aI, wrls 1 I , lll-; incortpor.eIl in (ihe .ys lIot 

5. 	 attgttu!ltiilg canal suppli's 1v .p gPlijdrainage streams except thioso 
alreadly incor'lp'oated intot., e systei by 1t) wi th thi, rioisl:rucl jolt ol 
perlllla l stru 'll "l tre.. 

ESI .DSK
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41. Seer'aae from the res. vtr: ,cont,Uibutte to r.,C: ting the cro;
water requirements of l.ands- immediately below them. 

Re:3ervir sepag, nu'. 1N 1 , in : rak 'cim.'. - D .-ra , 'i - a . 
,and Kaudull I, :i : ,'b:a. ",w .i , I a'nd U :',1 (.1 L_.:t. ] y ,.
indirect.ly in me,:.ing . iri., . ," ,,mcand--, III Ka d .l].a -nd 
dir 

a le v Ito:. h.r L . . . Gir t re.-rv,a i. .. eI:" ' ia .er,, 
. .are- lJ[lyu_ an~d no ,acynk",.', _ Il[C, fo in i.l,., l'':.us 1/',rvo 

]:"e l.[e,.: a,.- . rl...[ nn ., iy : C:- . ."',.. 14€t'a . I- I II I..; t, ,' 1 It::. :,'i II: 

dra ina .in by dte t3 LLU',.tn!.' and i.. .oi-:udintercepted ,!v,::i':;i.ii

for irrigati,.,n.
 

5. Co, ~i:uous. .... - "514'U uw- ... ' G ' ' ' acs i: 

(o n.and [-c ai l vu :2.' . 

Al t.hiL ,h the' a,, .,mmi .. a ,- . , H. i,.d ' :4 .p . ,..):..e."..irFri..a',.e- lands. are ,.' oi . n d, ,:-.nch}a ;: rliom ' , . I.,:l : -, 
oth r iIn ma.-n1.a intii g ., wat...r Lab ,, th,:.rclby mi. ng t.ii,: 
seepage and percolation ] t. the pherp.rv of each. 
scheme. 

pt', : of ,n er6 . ''16 p." ,:i a umb of d iv, ' . J-rUC.t'l1Ve.; 
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