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1 - INTRODUCTION 

1. 1 - Study Backgrotnd 

The high priority given by the Government of Sri Lanka for the 
settlement and development of lands in System B, traversed by the
 
Maduru Oya, led to a request by the Government to the C:_nadian 
International Development Agency (CIDA) to provide terms of refer
ence for a feasibility study of the3 2Iaduru Oya Project. CBA
 
Engineering Ltd. was 
engaged by CI.A to ,-,rite a Reconna-zsance
 
Report for the Madurn Oya Project. This report,. which was submitted
 
in August 1978, forms the basis 
for the Terms of Reference of th'.s 
study. The Central Engineering Cons..ltancy Bureau (CZCB) was gf.ven
 
the resnonsibility for, the design 
of the Lladuru Oya d.m,, spillway,
 
power facilities, irrig-tion outlets and reservoir. 
 The remainder
 
of the works required and all relevant aspects 
of an effective V'se
 
of the 
land, water and human r.sources involved in a successful
 
settlement of the region constitute the elements of the feasibility
 

study under discussion in this report. 

Acres International Ltd. undertook to carry out the work as set 
forth in the Terms of Refee..n-ce, the full feasibility report to be 
completed by .!arch 31, 1960. In order that the Governmment could
 
hold exploratory meetings regarding possible financing alternatives,
 
Acres was requested to submit an Interim Report on 
 eMarch 31, 1970.
 
This proposal ,-as agreed to, 
based upon the following considerations:
 

1. That it be understood that this report would be truly interim 
ir nature, since few of the critical tasks w':ould have bexn 

ccmpleted.
 

2. An analysis would be made of project costs 'ased on Acres' 
s-udis of local and International Contractor con!. -:t:on 
costs. 
 The cost of the dam would be based on a review of
 
CEVB's cost estimate, while the cost of the 1iJk Tunn:.1 would 
be based on Acres' design. The cost cf the irrigaticn system woult 
be based on preliminary layouts available at the tir 
 of report
 
preparation.
 

-. A preliminary assessment of nrojoct bcnefitz -. ," "- : 
T.is vwould be based on a preliminary asscomen-c of:%asilbe crops
 
and crop budgets for each soil capability grou;. The estimate 
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of 	the extent of each major group would be based mainly

on existing low-intensity soil and topographic mapping.
 

4. 	A preliminary assessment of project economics ,,vuld be made,
 
based on the above.
 

The 	main constraint on 	pioducing a comprehensive and 	detailedfeasibility study is the lack of sufficiently detailed topographic
and 	so-!s data. 
This was recognized by 	all concerned at 	the outsetand 	these deficiencies are 
being overcome with all possible speed.
The 	purpose of the Interim Report is to obtain first approrimations

of 	the benefits and 	costs cf the Maduru Oya 	 Project. 

1.2 - ThePrc-e
 
The ladu.-4. Oya Project 
 is an integral part of 	tie Zahawteli DevelopmentScheme. 
It has been designated as being of high priority by the
Government of 	 ri Lanka. The ,1.awe.i Development Scheme is majoraattack on some of 	the principal problems facing Sri 	 Lanka in 	 theimmediate as 
well as 
the 	longer term future. 
These include the need
to 	achieve greater self-sufficiency in such basic foodstuffs as 	riceand 	sugar; 
the need to strengthen the country's foreign exchange
position; to 	mitigate high levels of unemployment and 	underemploymentand last, but not 
least, tho need to foster strongly-based regional
economics. 
Thus, the resettlement aspects of the Scheme are in fact
quite cnntral to 	 the Government's objectives. 

7ni 
physical terms, the main elements of the !.aduru Cya Project include
the 	dam, link tunnel and canal systems. The 	 dam is to be a roc!:f*ll or
concrete gravity structure, some 41.5 metres in height above the
foundation and 	 1020 - 1050 metres in length along the 	crest. Thereservoir so 	 formed rill have livea storage ca-acty 0f 457 million
 m3 , compared 
 to 	an average arnual inflow of 3E5 ill-ion m3 .
 
To augment the 
natural runoff and provide irrigation w;ater for more landin 	 the do'w,nstrecm development area, 
 "atzraIl be Civerteui intc:,aduru 0ya 	 thebasin upstream from the da.. This water vill originatethe 	L:aha-:eli Ganga at in 

and*,.n,-l be,conveyed by 	 the :initpo rIzht banktrans-basin canal to the Ufhitiya Oya w.d 	iatki:'Ja Ca 	reservoirs.Prcm thcse r'Jjervoirs, tho 	.'ater ,ill -.ntera 5&03 mctre long,dIzmeter Lik Tnnel, 	
5.1 metro 

,hch.lllivr the 	 'oa'cr to 	 the Vila 	Cya, aminor laft ba ..1ributary of the uppor .aduru Oya. 



Irrigation v'ater is to be discharged from the dam through s-parate
 
powerhouses into the Left and Right Bank 1i,:,_n 
 canals.
 
The Left ?"ank ..an Canal, which ,il. serve an irrigable area of
 

about 27,000 hectares,will be about 5CE kilometres in length.
 
:,ajor branch canals will total further 75 kilomet--es. Laterals and
 
farm ditches, major and minor drainage works, and land irnprcvements
 

will also be required. 

The _ight Bank ILain Canal ..ill serve a smaller irrigable area of
 
about 1E,000 hectares. it will be some 53 I:ilcmetres long, and
 
major branch canals will total about 33 kilometres. As for the Left
 
Bank, other .,orks .ill include laterals, farm ditches, drainage
 

channels and land improve:.ents.
 

-eference has been made to the fact the settlement aspects of this 
project are of primary cncern to the Goverrnent of Sri Lanka. Rational 

national planning generally requires that specific attention be paid to 

creating and supporting balanced regional development. in the case of
 
Sri Lanka, where substantial areas of the country are sparsely populated
 
and in many respects are only peripherally involved in the mainstream 
of economio activity, it is understandable that national objectives
 
should no-: include an upgrading of the performance of such areas
 

as a mzatter of urgency.
 

I:ore advanced countries face similar political and socio-economic 
,imperatives. In the case of developing countries the basic problem 
is in rec_-nciling to the satisfaction of potential lenders the relatively 
lo- rate of econcmic return that may be expected during the first Years 
of such endeavours :,ith the real returns in terms of human development, 
political stability and lonrr-ter_ national gro-.tAh potential. 

The L:"aa:oli evclopment Scheme, being the centre-piece of the broader 
national development objectives, encompasses the Laduru Oya Project. 
It folilos that activities ithin the I,:aduru Oya Pro-ect must support 
and, ,',her . possible, augment the achievements of th- , Vhaweli Scheme 
as a :hole. In this respect it is important that the findings of this 
study be assezsed by others widthin the broador context of the TIlhaweli 
Scheme and of national developmunt. 



2 - THE SOILS AND LAND CLASSIPICATION 

2. 1 - The Environment 

The geology of the area is characterized by Pre-Cambrian rocks
 
which can be separated into the following two groups:
 

(a) 	The Vijayan series of hornblende gneiss, biotite gneiss
 
and hornblende 
biotite gneiss w'ith the associated
 
pegmatites and migmatites which dominate the project area.
 

(b) 	A transitional 
zone of rocks between the Vijayan series
 
and the Khondalite series, made up of hornblende biotite
 
gneiss, charnokitesiotite gneiss and thin caic 
- silicate 

lenses which are found mainly in the southwest. 

These very ancient 
rocks have given rise to a mature, mantled and
 
undulatr4i. peneplain which merges imperceptibly to the north and 
northeast into the Pleistocene and iocene sediments of the coastal
 
plain. 
 Large prominent isolated erosional remnants or monadnocks
 
and prominent ridges rise to heights of over 500 metres (Gunners
 
Quoin) above the general level of the surrounding plain which
 
varies in elevation from about 80 metres above sea level in the
 
south to under 30 metres in the extreme north. The thickness of
 
the mantle covering the peneplained rock is often thin 
and 	sometimes
 
non-existent as in areas of rock knob plain and out-cropping flat rock.
 

T~two 
very different soils have developed on the Pre-Cambrian rocks. On
 
those rich in ferromagnesian minerals belonging to the Vijayan se:ies
 
and especially to the transitional zone, shallow to moderately deep
 
reddish to bro;,n, 
 sandy clay loam soils have developed, on slopes
 
which often exceed two per cent and sometimes four. These soils
 
normally occur in association w-Ith prominent rock outcro,
.. Oi the 
rocks relatively poor in ferromagnesian minerals but rich in quartz, 
moderately deep to shallow, gray brovm, moderately coarse textured 
soils occur. These over lie impermeable rock and usually occur on 
slopes not greater than two per cent. 

Associated with these soils are imperfectly to poorly drained bottomland
 
and old alluvial soils of variable but usually Eandy texture. A relatively
 
wide band of imperfectly to very poorly drained recent 
alluvium ('ith
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especially the nature of the clay fraction, they also dry cut
 
rapidly n t Yala but unlike their brown
ray sandy counterparts,
 
which remain friable, they becoe exceedingly hard and difficult
 
to cultivate. 

It is obvious that geology and climate have impcsed limitations
 
on the .ils as to their agricultural development. Drainate is a
 
definite requirement to remove the e::cers water which 
 the ,nha brings. 
Applied irrigation water in the Yala should be as frugal as possible
otherwise, the undesirable wet.ess presently associated *.'.-'th the 1:aha 
will result. It has th-refore been decided that for present purposes, 
the land should be divd..'ed into four broad groups as follows:

(.) the freely draining upland red bro.n candy clay 
learns - 'Upland'. 

(2)The seasonally waterlcggcd by nevertheless upland sandy
 
soils - 'Intermediate lands'.
 

(3)The wet bottom-lands - 'Lowlands,. 

(4) Unusable - 'Unsuitable'. 

2.2 - Sol and Topograrhic Iapping 

2.2.1 - Existing Soil Laps 
Moornan and Fanabokke I identified fifteen great soil groups
 
in Sri Lanka, siz of which were shoym occurring in the Laduru
 
Oya Project area on the two miles to one inch reconnaissance 
soil map (1966), produced by the Land Use Livisicr. of the 
Irrigation Department (LUD) in association ,lth FAO as follows: 

(1) The Reddish Brow.n ZarthsRBE) 
(2) The Non Calcic Brown Soils (NCB)
 
(3) The Low Humic Gley Soils (LHG)
 

(4) The Alluvial Soils (AL)
 

(5)The Old Alluvial So.ls (OAL)
 
(6) The Solodized Solonez Soils (SS)
 

Th.is map -vas produced by using 1/4C,000 nerial phc*o'Graphy
 
combined -.
'..th fiuld checking at a density c-f cne coil profile 
observation to about 300 ha. In late 1977, us.: more recent
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1/26,500 scale photography, LUD reinterpreted the.information
 
on the soils, and identified and characterized, the main soil
 
series. They produced a soil map irith sixteen mapping units
 
(fourteen soil series or associations of soil series and two
 
miscellaneous land units), again at 
a scale of two miles to
 
cne inchn. As a check, th.ey also conducted a medium intensity
survey of approximately 7,500 ha stretch ng from the b:iaduru
 
Oya near V'elikanda eastwards to .the right .bank of ';he !uahaweli Ganga. 
This map was produced at a scale of 1/26,500. It indicated that, 
within the limitations of scale and the very broad nature of the 
mapping units, the LUD two miles to one inch map is accurate.
 
Unfcrtunately, this sample area survey, although attempting to
 
map depth phases where critical, still did not map some of 
the important soils at series level.
 

Table 2-1 compares the areas of soils mapp:ed on 
the 1:26,500
 
ample survey map -..ith the area of -oils within the same 

boundary on the 2 miles to 1 inch (1:127,000) reconnaissance
 
map. The f'ollowing observations can be made from this
 

comparison:
 

The more detailed map shows a greater area of Reddish Brow. Earth 
and less 1,on Calcic Erovn soils. 
 This can be traced largely to
 
the lower concave slopes where t.e four imperfectly drained
 
R2E's (Alawakumbura, :.:awa 
Kulam, Padumunda Kulam and Horaborawewa 
series) are mapped as occupyLng 13.8 per cent of the sample area 
as against 5.3 on the reccnnaissanco map. T7h-soe four series are
 
part of the Reddish Bro,-P Earth catenary sequences which consist 
of 23.4 per cent of t-he mapped area as upper convex slope, 13.8 
per cent lo'er concave slope, and only 0.7 per cent valley bottom. 

in contrast, 17.35 
?er cent of the area is zapped as upper convex
 
slopes with Non Calcic Brow;n soils, but 
only 1.5 per cent as lower
 
concave sluoes of Galweaa or Boattewawa ceries. As all the lower
 
concave slope soils are very similar, wit,. only slight differences 

(ospec._,lly in texture) differentiating them, this app-'arent
 
discrepancy ,'ould not .ave a -gnr.fice-A effect on the land capa

b-lt.-, asscssment. 
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in general, The overall =apping done on 'the sample area suppcrtGd 
by *Uha sovcn sample strips (see Section 2.2.3), iniica.cs tha- "he 
reco~nraissamco r is .apreasonably accurate and d'es otrovido 
any justificaticn for alteration to it until r zdi'u=
 
Lntersity soil maping of seen cnoltu
System B has • 

2.2.2 - Preser: e.nd Fut-ure Topograuliic ... 

eost usef., of the existing ;opogrphjc ::aps, covering
 
'-he whole project area, are th 
 one inch to o:.e =ile maps, wih
 
contours a: 100 
 foot .nterv_ls, the -c -es to one =ileand two 


vwih contour intervals every twonty feet 
up to 6.0 feet
 
elevation and then every 103 
 feet ther-after. 

was revised from the 1956 photography and refnr_'re: 

map
 

in 1965.
 
Toezc maps are obviously inadequa-e for fcasibility an,-*
plaznng 
studics Unfrct..ately, the 1 : I 10.CC scale map w.i
 
contour 
 interval made fro-1 1956 aerial phctgrap-z twThcut ground
checks are unreliable. Tnere are some deailed maps in tho
 
southwestern 
 Dortion of System B and at scattered location!
 
elsewhere. These naps, which 
 have a scale of 1 : 3168 and a contour 
interval of two feet are sho'm. on Figure 2. -t is the inteni cn
 
of the Survey Departi.ent to cover 
all presently unsurveyed areas 
during 1979 v,
Lth ground surveys and produce maps at 1 : 5,000 scale 
with a contour interval of one metre. 

2.2.3 - Present and - uture Soil Mapping 

ulthoud the existing maps are useful at the prefeasib=i.1.
 
level, more detailed soil raps are required can be 
 matched 
to rho 1 : 5,000 topographic maps presently being rveyed. The s a
 
maps ll allow tho production of land capability z:aps which are
 
urgently required for feasibility studies and detailed p !n
 
These maps are fundazental to the succescful implerno-tation of an
 
irr.gated agricu!Lure settlement project type.
of this V-ith this
 
in m-nd, LUD have surveyed seven sa:ple strips 
 o r h a mle 
i. width an! p tc over three mile- in lengt., .t m ...-.. 
and have produced 1 : 5,000 0r in scz:O i.stanco 

, 
1 : 6,336 scale soil 

maps. th the help cf the sample trj.. f .t.cr.. 
mapping will be u-ndertaken in 197 y and by ri-_'l P*Otgraphy
interpretation it planned extend zediumis to i tnuity =appinC to
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the who1a of the Madura Oya Project area before the end of 
1979. The 1:5,000 topographic mapping referred to ±n Section 2.2.2 
w~ll be required for use as base maps for the soil maps. 

2.3 - 3eneralized .escrintion of the 0oi1s 

Figure 3 is an adaptation o- the reconnaissance level soil map with 
non-commandable areas as definod by ,:B's preliminary main canal 
system design. 
It serves to illustrate the general distribution of
 
the Upland, Intermediate and Lowland Soil Groups. 
The gross and
 
irrigable areas of these soil groups are summarized in Table 2-2.
 

2.3.1 - Uland Soil Groun 

This group, .hich is 	never .,aterlogged for any tPpreciable
 
t±m., consists of well to moderately well drained Red Bro:, 2arths 
and upper loves bank 	soils and is estimated to cover about 20 per
 
cent of both the gross land area and gross commandable land area.
 
The LUD recognized that the soils of the group range in depth and 
identified the follo.wing phases: 

Soil Phase 	 Depth to a Depth to
 
Prominent 
 Bedrock
 
Gravel Layer (cm)
 

(cm) 

Shallow 
 Less than 30 Less than 60
 
"oderately shallow 	 30 - 60 60 - 90 

1ep 	 60 
- 90 90 - 120
 

Very Zeep 	 Greater then Grcater than
 
120 	 120 

T.,e shallow and moderately shallow phases are u tabloe forun 
'.rrlgated agriculture. Unfortunately, large of challow,areaz 

steop!yclping (greator than four per 
ccnt), gravelly or high 
(and therefore, uncomoandablo), ReddiCh Es'.;n Eart Coils occur, 
:t is estimated, thorfore, t>hat only about 1i per cant of the 
ne. co.--a:idable irrigable az-ea .,ill concist of -WI oil .(2his 
area ouuld in--roasi if the rvearea set aside for Forz,-.
is included 
 in the projec: area. An estioatod 3500 ha of irrigablo 
.JB I-oi ls are located hero - i .13 tho largeot bl "ci" of 

grod :DZ' ceils In thu ar,c. 'Jvora lff,::n r !z:, f f:'euly .to 
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2. 3.22~The Interedi at e oilGi'ouo'
 
hi roup of soils, wkhih 000.2i~.a g v2~ 
 x 
estmaedgrsscommndbl 
area i aturally W&Yatevloged 

H- p eraied eddish Brow- Earths, N~on Calco Boo- and~ 

ack sope oyea - oils. Zt~a esti-ated- that-about 35, perofthe~ soilsmappe on the reonflaft.U58cO map in this group 
at

usuitable for irrigated agiclurTh444e mprecldraind RedErown Earths occur as part of, the catenary 
~r~sequence t .710hhefreely~drained Ulhit±ya ,lya series 

'0*0. form the upper members. Pour~aeries *the Alawa kuzbura 7,,. 
lMoha iNulaxi Horaborawewa.n Padumundt 1Kulam have bee: dentified&:The Alawakcuibiira arie vfaich i.s moderati' eptodeye 1ods

brov~ledmot-andy lay o contai nitng many manganese c n re i e 
isgleyed ait:,dpth, and overlies wh±iih decaying parant materi 1.Itvaries sl*4htly in2 colour from the dark 'brovm~t yellowish 

'A, 

brown, ratheriheavior'textured, Uaa Kua 
 oaborawewa

N.Kl are.The 4 14HoJ

>,

series is dee dark grayish broraowlo-hboin m led, 
~oaidyolay lcm wih uartz an elsa gravel iafae2the' su~boil.r~tioh becomen gleyad at fgttr hL 

-

2 m-ot 


It is distinguished fOVMI the Paduada K~ula=m series by the dominimnoe 
of quartz in~ the subsoil. 

" 

The imperfectly drained llr%Caloio Brown WO) soils~are, reprecented

by the NauuOya series whc ositocoeaey do, dr 
grayish bro=n to pale* yello-.1h -brorm lo amy aand to -sandy l oam- w'th,distinat broa= mot,'.l~a and some soft mangazese oonoreatioziu over,
icpo~eable, quartz-rich, acid rock, A high 'percentage of the sand 

~'~is coarse. ?Thars sme evidence that a second beries, the ---

Woeikanda, ocours where- the clay' coIntent In the subsoil. oceds -' 

Wtoonper cents This$, however, ,may only represnt~i a transitionzone 'to Reddish' Brown Earth. M~rs' fiald wo rk swill be required 
befOre the e0d'stonce of thin second series. anbf l etlihd 

'-'' 

Toother seriesocupying-th av lobe
 '4cnasoetantativaly !dentfled. Thin see=s to b~e 'a greater seftes breakdo -,, 
thni utfeecp for depth, whiich is' hcdifrne
 

Th 
 ~o!:~ydanda4dva 

at of the Intoemldlate land 'is "'n 4 

http:yello-.1h
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rei..'esn:ved by the Hembarawa series v 
.'.c:.',o" c" 

to yellodsh '-Crov,mottled Sandy clay loams, over fine loam.y
 
sand zo sandy loam at depth. This soil merges into the
 

imperfectly zo very poorly draining soils of the floodplain.
 

2.3.3 - The lowland Soil Group 

This group of soils which occupies about 23 per cenT of the gross 
com=iandable area, is naturally waterlogged throughout the Laha
 
and for a part of the Yala. Flooding after heavy rains can be 

exnectel.. About 25 per cent of the soils m.pped on th".s group 
are 
!stlmated ,o be u.nusable for irrigated agriculture.
 

T'.he soils are imper.f-ect iy to ver'y poorly drained Alluvial, Old Alluvial, 
Low Huic Gley ad Solodized Solonetz soils. A large number of 

series have been tentatively identified among which the Handapanvila 
and its poorly and very poorly drained associated series, 
Hevz--pitiyavillu and Katuwanila are alluvials of the .ahaweli
 
Ganga floodplain. The Handapanvila scries consists of deep, dark
 
brotm, mottled clay loam, overlying increasingly mottled sandy
 
loam which eventually becomes gleyed at depth. The associated 

series are deep, dark gray to gray gleyed clays, overlying gleyed 
sandy clays, with the later of the two series subject to prolonged 
flooding during the L:aha and into the Yala. Associated with the 
LYadu:a Oya are two poorly drained and one 
imperfectly to poorly
 
drained soil. The Timbiri Aru consisting of black to dark brov.=
 
clay loam overlying mottled sandy clay, is gleyod at depth and 
occupies the gentle back slopes of the low river levee. Th'.e other 
two series are poorly drained, dark gray.ish to gray gleyed loamy 

sand to sandy clay loans. 

The Old Alluvial soils in old tributary valleys als vary in 
texture and drainage. Whereas the Ulpothawcra series is imperfectly 
dr-ained, pale ~ro to greyish brow,, loa=y sand and sand, under-
IaIn by gleyed sandy clay loam; the 1.oogamana Ela series is poorly 
drained, L-leycd -ray to dar: gray, cuandy clay :-:h a thin sand 
layer cn the surface. It is possible that other so'ies of lighter 

to;:turo may occur. 
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The Solodized Solonetz soils, which occur on nearly level
 
land, consist of light bromish to white sand, overlying
 
gray to 
olive gray, mottled alkaline clay which sometimes shows
 
colu.ar structure. The Pochchakadu series which shows a gilgai
 
surface is considered a little better drained than the poorly
 

drained Vakaneri series.
 

The remaining soils of the lowland are the Low Humic Gleys,

occupying valley bottms. 
Five poorly drained series, varying
 
in texture, have been tentatively identified. They are all
 
deep grayish or bluish gleyed soils in which a buildup of
 
salinity could take place th.:ough evaporation if the natural
 
drainaze is sufficiently disrupted end flushing during the 
.aha,
 
is prevented.
 

2.4-The Physical and Chemical Characteristics of the TMajor Soil Groups
 

2.4.1 -
Physical Characteristics
 
Existing data on 
the physical prcperties of the Reddish Brown
 
Earth soils "whichmake up the greater part of the 'Upland,
 
ind cata tWhat bulk densities are higher theun average for soils
 
of similar texture. 
Available water capacities have been deter
mined at 3.1 atmosphere, which is locally considered tr be
 
representative cf field conditions. 
 ,hile an avera~e value of
 
3.94 cm per 30 cm r.as 
obtained, this falls dramatically at the
 
0.33 atmo..here le'l to 1.2 cm per 30 cm, indicating tne relatively 
lowi tcnsicn. athich ,:ost of the 
water is held. Thfiltration rates
 
are moderate unr forest conditcns, from 2.2 
to 4.3 c3 per hour,
 
but drop to =cderately slow rates, from 0.7 to 
1.7 cm per hour,

whn cUvandeo 
 irriat cn, ercsion Can be a very
 
S...... proble.., even on 
slo- :hich do not exceed four per cent 
(the 4per.ggte,! slope limit "fsr irrigated n, .iv - )

unless careful husbandry .ethcd, 
 are employed. 
Sprinkler irrigat.ion 
1"4!l therefore probably be required. 

Because cf t'he nature cf "he clay fracticn an! te ar-.icle iZe
 
di-tribution, 
 -. le bocc=o hari anI difficult tc cultiv te
 
,wien ary. D.i.. occ'urs very 
 rap 41y duo to the lc- tensiccn 

the ioa: -c w..tt 1ld. .. ,noer hand, they are very 

..pr:vlded. or ....cultivation c-..s .ave no: 
e:::osed gravel
 
.snze3. 
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sticl:y and equally difficult -o work :hen we-. It is therefore 

important that the sail should be w-rked only ,hen mos.This 

should be possible by using a system of pre-irrigation to 

produce moist conditions. 

The Non Calcic Bro',.n scils, which make up a large proportion 

of the '-n:ermediate L:.&', are a'ways friable because of the 

high sand .nd low clay content. The bulk density of these soils 

Is normal for the textural class. Available water capacity is 
.b-ut 3.25 cm per 30 cm according to estimates prepared for the 

7AO report. The water holding capacity is again low but 
infiltration rates are very high, being greater than 10 cm per 

hour. The nature of the impermeable rock base on which these 

soils occur, together with the highi.ltaton rate means That 

-he-e soils wi,,_ch are normally only moderately deep, rapidly 

become waterlogiL' I in the Iaha, and because of the low water 

holding capacity quickly dry out in Yala, when the rains stop. 

If these soils are to be successfully cultivated, a system of
 

land management must be found -."ch will produce a much improved 

soil water relationship in the root zone at least during the
 

growing period of the crop. It is essential that an experimental
 

and demonstration farm be established on this soil type as soon 

as possible to test the various possible techniques of land and 

water ma:nagement. Conventional surface irrigation can only produce 

the watnerloggedrnditions typical of the Laha, which are reflected 

in the very poor natural vegetation cover. Therefore, a method of 

irrigation which allows careful control of water application should 

be employed if maximum cropping is to be achieved.
 

The 'lowland' soils vary considerably in texture. They are 
imperfectly to poorly drained soils and are suitable for paddy 

either because the local water table is s-.fficien.:y high, or 

heavy textured clay subsoils allow -he lighter textured surface 

horizons to be quickly topped up with water. Infiltration rates 

are low in the Lo-. 1mic Gley soils width !ady clay lcam subsoils 

and on the SJolodized Solonetz soils except where cracks in the 

subsoil are encountered. 
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2.4.2 - Chemical Characteristic.s
 

There are 
no chemical limitations to the use of the Reddish
 
Brown Earth soils for crop 
 development. The pH of these
 
soils is no-tally around 6.0 and the base saturation over
 
siy. per cnt. The zation exchange capacitv, hich 
varies
 
wth the 
 ar- content, is consistent .ith a kaolin dominated
 
clay fraction, and in zost 
instances is doublein figure

-illiequivalents per 
 100 g cf soil. The organic Matte. ccntent
 
of the Al horizon is about t"0o per cent and available phosphorus
is loi. With suitable fertilizer dressings, a. wide range of
 
crops adapted the
to climae could be successfully grovn.
 

The pH of 
the 1:on Calcic Bro.n soils varies between 5.0 and 
6.5. The cation e.-change capacity is in single milliequivalents 
per 100 g of soil. in tez.-s of clay, ho','ever, the CEC rises to 
over 60 =e. per 100 g of clay, indicating a theclay of ront
.noril1onite type. ea changeable potassium a-nd ma.ne.siu are
 
relati-ely high, indicating 
a low degree of leachi.c.
 
with tei.per..e.tly draining condition of.the soil, due to the
 
impermeable roc: on -rhich it occurs, Base saturaticn is over 
50 per con., but organic matter is low to 
very lo., espocially in
 
parkland areas.
 

The Uld Alluvial soils, ",which occur in :ide valleys and nearly

level 
 .in. in association with the Solodized Solonetz soils,
 
vary in boh 
their ;hysical and chemical properties. The cation
 
oo.-anre cazaclties of 'oth groupos 
 of soils depend on clay content
 
and ar3 ovor 70 me o---C g clay. the
of in Old Alluvial scils,

,he soil reaction 
 osmcomore acid ;in th- subsoil, aoc b.In elc' 
F 5.5, but it bec es hiShly alkaI-Ir'A. to arcu.d nI 0
 

i n the Soiodizod o-ne tz 
 soils. Values for exchangeable - - es-',c
 
are hih in the subsoilz 
 of both groups. Excangcable sodium, 
although oc^azicnall 
' high at depth in the Old Alluvial so I, is
 
always i..h in th3 
vubsool cf thc Solodized Solonetz so'l:.
 
Exchangeable sodium exceeds '15 par cent in the zub-oil end elec.trical 
conductivity of th: soil .atr extract (1:5) nsho od um :allnity.

1 ~der -. 5ns;f improvcd dr Ina e goodcon and .r.. aton, nalin tY, 

bou. grcstly r.,! Zsd. t%is rofc- crcr'dcrc.d th.t. t'."o 
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c:,. cf rice can be gro-,.- per year C.. " o 
provided the top soil is Su±';Cicntly dez-p a:d good . 
age=ent is practised. Unfortunately, the' rd tcpso-il C
thcse so:2s are extremely low in organic .. .r d .. r, nitrogen nd 
available phosphorus, and vill benefit from higher levels of 
fertilization than thso used on good paddy rice soils. Green 

a.nur.S would be useful. 

The Low hu.-ic Gley soils assCciated with the Feddizh Bro n 
Earths are from 70 to 90 per cent base saturated and can have 
secondary calcium carbonate in the subsoil. The p,: is no- ally 
betwien E ad but rises7 _ to as h-gh as E.4 in horizors ,vith 
secondary carbonates. anchagea le sodiu percent (ES?) is 
less than 15, but drainage v,il! be required to ensure that a 
build up of salinity does not take place w'-itio 
Lcv Fumic Gley soils, although a:scciat ed -th the eddiCh Ero .,n 
zarth soils, have somewhat higher caticn exchange capacities, 
which apparently reflect an increase in the percentage monwMorillo
nite in the clay fraction, which is consistent with their poor
 

drainage properties.
 

in the remaining group of soils, the Alluvial softs vary in
 
texture and drainage. The cation exchango capacity is of the 
order of 60 me per 100 g of clay and b,.se saturation is upwards
 
of sixty per cent. Soil p11 is normally near 6.0 and aside from 
the possibility of a salinity build up in low spots vh-ich could
 
be prevented by drainage, 
the chemical characteristics present
 
no P-oblems to thle cutivation of suitable crops.
 

2.5 - Land Classificati.on 

2.5.1 - General
 
After 
... nng the soils and considering the pcos-blc types of 
land use, it appears that the dual land claszfication system
used in,S'6te C, 2 would also best sui1t the requ'reonts cf 
the study of 'stem B'. Adopting this dual
 
syc_-= al" ha t,"c; ' 
 =aita...;nc _f contnu t '-n adjacent 
study are.as. 

Th: Cyrtem follo'.s the gcneral principles laid dc, by the 
United States Bureau of Reclamation (USBR), but with :zod4fcations
 

http:Classificati.on
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where necessary to meet local requirements. The USBR system
 

recognises six classes of land, four of which are irrigable,
 

one of which is temporarily non-irrigable, and one of ;hich
 

is a non-irrigable. In this dual system, land suitability
 

for rice together tith, but distinct from crops other than
 

rice (upland crops), is indicated using four main land cla"
 

This dual system is advantageous where rice, which has different
 

land requirements to upland field crops, is likely to form an
 
important element of the overall cropping pattern. This not 

only allows areas which are only suitable for rice production 

to be delineated, but also lets land which can be used to grow 

rice in preference to upland crops (if desired) be clearly 

indicated. Furthermore, land can be categorised as to its 
overall suitability for rice cultivation as well as for upland 

crops. This dual system, therefore, assists development 

planners in arriving at the optium cropping pattern for any 

particular area of land. 

The criteria used to differentiate the classes of land refer
 

mainly to topography, soil texture and profile characteristics.
 

Derived characteristics in the form of available water holding
 

capacity, infiltration rate and hydraulic conductivity are also
 

included in the classification but can only be applied for soil
 

series on which tests have been carried out.
 

2.5.2 - The land Classification Criteria 

ConoazraphZ
 

Topography affects both the cost of land development and
 

that of crop production to an extent that becomes limiting
 

cn steep or irregular slopes. There are two aspects to
 

topography, one of slope and the other of micro-relief.
 

Ana increase in slope not only causes an i.craazs in
 

i.velorm:nt cost but also in the erosion hazard and the
 

!ffficultics involved in tstosh-In- suitable water
 

control. 2.perience on the Ro.disch Brom Zarth soils in
 

neighbouring parts of Sri Lan'a indicate that the erosion
 

risk and th: cost becomo unacceptably high on slcper,of
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greater than four per cent. 'Ste:--
most of the slcpes greater than four per cent 
are
 
associated w-ith the Reddish 3ro.. 
Earth soils. 

Ticro-relief affects the amount of work and therefore 
the ccst of obtaining a suitably level field. 
 Szall
 

areas of gilai develcpment occur associated rdth
 
Sclodized Iolonetz 
 soils in the for f the Pohohakadu 
series. The cost of levelling this land ".s likely to be 
high and the danger of exposing the alh2 lnc subsoil
 
exists, especially %,,hen icro-relief is 7--cnt.7 has
 

therefore been concluded that 15 ci cu-
 and fill should 
be chosen as the upper l'mitz for land levelli . 

Texture
 

Soil texture refers to -he texture the root zone.
 
its main importance lies in its effects on available
 

water, ease of cultivation, and to a lesser degree, .he
 
capacity to retain nutrients as expressed in the cation
 
exchange capacity (CRC). 
 The coarsest acceptable texture
 

for .rrigation is a sandy loam, as text-res 
coarser than
 
this have a'limted available waterhclding capacity and
 
a low CEC. Soils with textures as coarse or coarser
 

than loamy sand are considered to be marginally suitable
 

for cultivation, while the fine sandy lo s, 
sandy clay
 
"
loams a-nd sandy clays are not texturally lii ing in
 

any way.
 

Depth to Limiting.Hcrizon
 

Due to the nature of the soils, particular attention should
 
be paid to the depth of root development, or rooting depth.
 
Rooting depth refers to that depth of soil 
.ithin :vhich
 

roots may develop without undue restricticn.
 

... the
ithin cils in 'Sy.e, B', roct ing dept'hs are best 
developed in the mo6Lraeoly fine and fine tc;:turoe soils, 
and exceed CO to 70 cm ;','here possible. :.n tI-e coarse 
toxtu.ed soils, roots arc often confincd t,; the top 20 cm 
of soil. Gravel or alkalinc claycy horizonr are important, 
an they often form impcnotrabl1 barricro to root develp
mont. The depths of coil to the layer ncvrely limiting 

http:toxtu.ed
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root penetration have been set at two levels(Table 2-3)

for the various upland land classes according to the 
predominant textures of the upper horizons. 
Depth of
 
soil is less important for rice and a limiting depth
 
has yet to be evaluated.
 

Derived Characteristics
 

These refer to soil characteristics which have only been

measured at a few sites but which have been related to
 
indiv'dual soil series. 
 Three factors 
- the subsoil
 
permeability, the infiltration rate and available water
 
holding capacity  are involved, and a prograzme of
 
study for the soils of 'System B' is presently being

pursued. 
It is e:pected that the high pereability rates
 
likely to be encountered on some of the presently

uncultivated soils will fall as soil consolidation
 
resulting from irrigated cropping takes place.
 

Land classification criteria for upland crops and paddy
 
are summarized in Tables 2-3 and 2-4."
 

2.5.3 - Land Classification Grouvs
 

Land classes with similar characteristics can be grouped together.
according to their suitability for particular cropping patterns.

The following groups can be identified .ith the limited infor
mation available at this time:
 
(a) "oderately fine textured soil, 
,,ith wel to moderately


well drained profiles, 
hich "ocause of their 
 'Tlaind, 
topograhic situation and textural properti.s ar3 con
sidered to be much better suited to the cultivatin of
 
upland crcps than to rice 
 Possible land classes in this
 
group are U1/7.23 , U2ht/.3st, U3ht/23st and U3ht/=6st;
 

(b) '4odorately
coarse textured zolls, 
.ith moderately well to 
imperfectly drainez .i lc:. 2ocru 
 of their 'Intcrmediate,
 
topographic situatlc:-. 
nd ::--' properties, plus derived 
characteristics, are suited (provided the drainage is

improved) to upland cropping. 
 They Tro not 
 ..itcI trico
.ecau e cf t.:o. ' 'f:f,., ..
 w.I zit a
 
ateth o !. 'ic'.l-eoVa, tl.ey :.ay 
 o- using carful :urzface 

ma e doin*hc 
 t, a for±enl -7 1 . .- f Z4 c c o edo 
to be ,-. 


1 .........
c-c ...6. ra farm ',f'i e ne de 
0. on 

'"armn-a!_ 
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TA1%LF 2-3 

LAND CLAFSITIVATIOn CRITi 1 ,A (rpOP, OTHER THAN RICE) 

CPITERA S'JBCRIrT CIASS U1 CLASS U2 
 CLASs U3 
Soil aector,-
Texture of root zone 
 (heavy-sl) 
 Medium textures Loamy mand (less than 
 Loamy sand (less than 

15 per cent clay) to 15 par cent clay) to

permeable clay 
 -lir.htly permeable clay
(light-s2) SL to CL LS less than 30 cm LS less than 60 em
 

Alkalinity of topsoil
 
0 to 40 cm depth 
 FSP lees
Ea than 10 
 ESP less than 15 
 ESP 15 to 25
Profile drainage d" Well to excessively roderately well or 
 Imperfectly drained
 

better 
 or better
Depth *o layer severely "h"(S1) 90 ca
limiting root penetration Go em 45 cm
(S2) 105 cm 
 75 cm 
 60 cm
 
Nature of imitinC horizon Coarse Pands and gravels--------------------
Salinity 

- C lees than 4 mahos FC les than 8 mahon 
Tlo°a-1,e Frctor- less than 2 per centZlope Leos than 2 per cent Les than 4 per centno levellinr required 
 slight levelling may moderate evelling

be required 
may be requix-:d. 
1.5em average cut
 

rerived Cheractorieties and fill. 
tubsoll rer-eability 
InfIltration final Intake 30 vm More than I cm 

ore than 0.O3=/dayrate corretted for evaporation More then O.O0lm/dsy
 
.ore than 2 Om/hr )!ore than 1 mm/dr

Available Pterholdfng 
,ore than 15 cm Wore than 10 cmcapacity for minimum rootingd -rth 

CIlas 6 Non irrigableland rith sGIl, topographic r drainage characteristics
 
not meetin; mini=t- requirements for other 
land classes. 

Based on 120 cm coil profile or effective depth v.here limiting horiznn occurs.
 
Fine textures are: SC, C, Sic, CL heavy. SiCL heavy.

Kedium textures are: SCL. CL, light, SICL, L. SiL, Silt, SL heavy.
 

Source: Preliminary Feasibility P.eport of the Vi'torta Scheme (1978)
 



TAPLE 2-4 

S FtIF1CATO';S OF LAND CLAS::RS FOR RICE 

CPI. IA ,U7'CRIpT CLASS RI CLA-S --
 CASS -

roi Factor-? 

Texture 
 either
eurfeze 0-30 fm 
 s" fine textures# 
 medium or fine texture
 

textures* Lowny sands or finer 
throughout profile, (loany7 
sand less than 15 cm)


Profile 30-120 cz Fine textures Medium or fine trtures 
less than 30 cm with more than 30 em 
medium texture provided fine texture
 
profile drainage require
=et is met.
 

Profile drainage 
 Od" Poor to moderately well Less than well drained Not limiting
 

repth tohorizonLimiting 
"h" Mors than 60 cm More than 60cm lore than 60 em 

Nature of Limitinghorizen Sand or gravels Sand or gravels rand or gravela 
!.alinity 
 ECa less than 4 mahos ECe less than 0 mnhos W e loss than 8 mahov
 
Alkalinity of 
topsoil -a- ESP less than 15 ESP 15 to 250 to 40 cm depth LSP 15 to 25
 

?orogr*Phic Factors 
 -t
slopes 
 Less than 2 per cent 
 Less than 2 per cent 
 Lora than 4 per centNormal farm levelling only slight levelling may 
 moderate levelling may be
required 
 be required 
 required 15 cm average
 

endact fill. 
11 rivod Cha'ac te -st e s. 
tlbioll rerr.teability .
 

Less than 0.06 m/day Lees t'aninfiltration final intake rate 0.06 n/day Lnss than 0, 10 m/dayLess than 10 mm/r Less than 10 mm/hr Less thnn 15 mm/hr
Avalble u terholding capacity Not limiting 
 Not l!iIting 
 Not limiting
 

Class 6 Non irrlrabl. land with P 
soil. topographic or drainage characteristics not
m-eting minimum requir=ents of the other land classes. 

Fine textures are: SC, C. SIC, CI'heavy, SICL heavy
 
kedit m textures 
are: SCL, CL, SiCL, L, SiL, Silt, SI heavy 

Soursa Preliminary Fea.ibility Report of the Victoria Schre (1978) 

0 
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(Pocsiblo Lend Classes in this Croup are U2 s41/R6st
 

C.and U3S 2 td/R6st).
 

(c) 	Pine to moderately fine textured soils, w.tn i=perfectly
 
d-raind profiles, at 'Intormediato, elevations i. river
 

valleys, suited to rice Productin and to upland cropping 
v:ith improved drainage. (Possible land classes in this 
grs,,n are U2s d/R1 and U2s i d/R2s) 

(d) 	 P-ne to moderately fine textured soils .,ith .. Orfect to 
poor drainage, suited or well suiied to rice production.
 

Two 
crops a year ,'-ill be possible if ouLficiont wzter is
 

available. (Possible land classes in t.i grcup are 

U3s.d/Ri and U3s d/R2s). 

Applying the above four Croupings to the areas summari zcd in :able 2-2 
allows the derivation of th*e preliminary land c"a. " +icatio'ism:.-rary 
presented in Ta-le 2-5. The ccmandable areas in each group can 
be used to estimate agricultural benefits from the application Cf 

irrigation. 



~Y N ~::'Cof kSSUITABLE FOR I RUGATZON 

LA17D CZASS GROUPING 

U M(aJoderately t±iae t0 'tUr
 

hcol %y4t~ oderatelyn 

profile fo - 4utal 

urpan oopp< n
 

to ieorfl draied '25,600Tpzrofi1.er.- Suitabe. fo &: -w-" 100 
- ~~
 

cr~oppingYa~
 

0 texturod soils with 
Aet~t. ~ 3,40029~r~ 1,O000~ajP rofile u' 1 o
 

paddy pen*:a amt d ulan
 

draine dn i2,.proile
 -L 
Sutalfor two crop Of. 

pe;edd nu 

D 
4 , 4 4 . 4 f . , ~ 4 ,. . , 

Exluig lrad an rrgae 

ta a44 
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?RDUCT!O!I PO=ITMju 

dat vio.~th ~tod14?--icd oo=4uosoo Partilar attention huI boz 
p-Od to crop zolotic- an rot~ation inrelation to soil characttwistloa 

r , .4 to cu ±i'atio cothoda for' volooted crops (including 2Und prapowrflio 
reuirements, zood =d ftilizer requiremento crop pz'otootiozon 

-Othcr fators daterii ;poduction potenial&Mw.o bit&Lc4s1oo 

azoou t Av . nt booz the subject of deta11oed rzeayai at 

thins stags, SchIoaaicuesbitneadntiinlcamto 
woquw.raort.oo ots1*markotua poosibltios (icuigIpr 

e:po4@lcSo agwo -!z untril posbltioa, and oOTSDmSnt policy 
objocttv. Oz17 limited~ attention has bepadto other ke otermtin
ants of proucionpoenialicldngotec anud rsartwh~wqne 

dic trilbuioj aop soroage, twrasprt prosstnandA car.tin.

interim Report (an theassesment of beefis) inthereforeplicWMW7 
andub4at to reviewfoling omleio of dea l izv stalon nt 

an aspects of Air1@ultura1 devlopent in syste B. Dotl. nyouti-
Cani continuig andwill be icludedl In the Posibilty Report* 

Vac -u 

tUin the czistl5 data cz coils Ma topography a fougtold division of 
the not copinn~blo-wss has boca pwoduoo.4 (table 24) Xt Is suxrAwtso 

-as toilloas 
- ~~(a) Me~u to moeatl fin toxtud Impefecty to porydrie 

rice*Asole Thse "owlaads"ar mi*ted to powing t, crops ofwoo 

~ (b), The fine to modeately fine tetued, Imaowtly drained sols# 

Thoce aremda rice In heaba,sitto because of their drasi*s 
charatersts Mil Aa~ocad o1p oIf pMayould b Gpor 

aupl.~d orop dawlng this seaso wuld bepferAbleo ucizu 
u IuiCsuao npt s TisA Cls shnto 

referred to asWruit Mo 

I 
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(0) a.AyoT'az mod ~ ot:I~d ~eiOZ elt mefcl
 

draine 
 sol hav problem. of driao itiMh ea
 

bo improved7. tho4y4*..A <2b-e st le4 

yieldsof~modelaed~copsh-vsJatc eepectmed o thsio voila
 

so±il. ~~t ' nirogendodTh lovn o f h coil fouo1z &-''-' 

beadwp.hol (RBE a,hotde aale rit irrgatn, ofp r.< n k 

ubdza of themodepthsofaools~ th eroio oupz to the~.~o
ik 


otabl*the lwer clpzont'kote under lcntrol.daton theiW. pl4 
ir2itoni thotfraro~o=: fereot of thee* voia.~ 

Inaditondalong h soteRgtBakfte
uplnoaetth 
(imndoz' a*arhfana of"veypol-riedln hc-athe.-

3* - aoboCu 

A 

Riooin the staple. eelm a oti 'at:oa Thaure4 a ood 
42 

00~ 



in tho rice nrc'tion nooded to meet dosctic consumpticn
 
rcqui:'m.-ts which hc.s been forecas' to extend into the late
 
10's and Pcssibly into tho 1990's. It .s the crop v.ith which 
c::iting farmesrs in the project area aod incoming settlers
 
ar:. muost familiar. Pice has a high potcntial yield 'u.ndcr
 
irrigaticr, 
 and is well suited to the Lowland and the 7ntcrmed
iato iine L:.und Class Groups. Rice also provides an attractive
 
cccnozi- r"-t in relation to other possible crops. 
 It is
 
thre.cfre n-cozended as a major crop for both subsistence 
conzu-pticn and conmercial production. 
It wculd be cultivated
 
unzcr surface irrigation cn the available Lowland area of
 
152C3 ha in both 1,1aha and Yale seasons with an overall cropping
 
intcnzity of 1.73. also
It ib recozmmended for the the Intermediato 
Pino soils comprising 14300 ha in the L'aha season only (v,-ith an
 
upa~d crcp cf grou=ndn'-ts r-nd royabears in the Yal).
 

At tho national level, average paddy yields over the _ai-/Yala 
crop under both irrigatcd and rainfed conditions increased
 
during the 1960's, but have remained at 2.3 - 2.4 toes/ha
 

thyhsut the 1970's. During this period High Yielding Varieties 
('YV's) wrth & yield capability at the farmer level of 4.5 to cvcr
 
5.0 tonncs/hia have been in widespread use. In the late 1970's
 
v.rietics a 40-5Q
Vith 
 greater yield potential have become
 

"'teilable. Actual performnncc 
on farm has been constrainod to date 
by Cxisting standards of cultural practice (especially timely
 
plantcn g and wc-.d control), as well as water management, availabil!ity 
r..d use of inpts, and availability of farm pov.er. Increased use 
cf i..puts, critical to achieving the potential yields of the 1l7Is, 

ras limited for nost of the past decade by the low controlled price
 
of rico.
 

In some tan): irraaticn schomo' uider cmallholder conditions using 
modified cultura. pra.cticos and with cubsticatial, though by no 
moans optimal, levels of inputs, paddy yields in recent years appear
 
to havc rcnchdc 4.0 - 4.5 tonncz/ha over substantial a-cue. 

In .hci: capaclty as authors of the Irplone:.'.atic:u tratc: Stu&y 
cf the :DlCOiveahr.*..a., rerocentl,: roviewod the paddy 
yioldc new being achioved in 'ri Lanka. Lvidcnco was presentcd 



03--0 0, that reXltivaly hi± h pad -yield azI ~ io 

atcx, fiv'e yeaz'o of devolopm,:tl ~asins -dolive~yadeVooio
iico of en iMprovod paoka-e of izputa and~tochnical soercoo.~4Y . 

Sai 27re MaaYl 

LIIG/AL/.fE .4.3 tonnes/ha 4*5 tonnes/ha 

§,Thone yie2.do h-a, boon' adopted for uco in this ropox't, and hav, '0 

boon ,,iZihtcd rcooordinj to appro,ima.ta proportions: of, soil typos 
~,to give tho yiel.ds Eho% in Tablo 3-1. 

4 

Groundnuto era: prosently az'ovin on a limited scale in Sr'i<Ln~ 
cu-..ntly C0=0 7000 hasmatly in the Dry Zn. ruet3 3 
uco-OfOZ' -I, x cofl.- pton,priail~±ya Itnao1IPt. oil ±o ncit~ 
produceod boca.use incQu'ficien*' quntitiosa of nutsuare cva±lb o
a~nd booiiuco of tho avi~iiyo haper coconut' oil.Wihto 
.6ailure, of cconu.t4 oilpouto to npando moit dometic 4 

0Onru.-ption roqui.romont te ai fo~uure prospoots for eroundn-ut 
could bo in,.th3 -ogtab.o oil o::;oll!=3 in u~try for".domaio±o ~ 

~. ~~ :~pt.on.Thor re roalso si±z±ficant export opportunitios. 

Pr~t a.oO.ronom±o poiat of viow, gowid.uto cn be grorm in, tI*!O 
4.4.oo ara in roato rdh paddy on the Tt. =iatIoP!n-: coil.3, 

rctaionvit oter pland oropaon latormodiato Co o(1103)
soilat Cnd Pro Particula~rly suitod'.to cultivationon tho Upl~d
(RBI,) coila.' Thara i±a0naiderable potential for inoraa:ins ied 
ucina lzpro*.od varietioa on r.:Il-drai.od soils, Ozroundnuits ea 
PrOPOZ31 Oor oultivation *"'dor 'eurfaoo' 4 1rriation on 710ha' 

"2 .~4'.44' ao paddy 
f. 

c-op czd 
.0Yaacao 

ci al'torn&to ao ~ -.op of 
oainit 

coyaboaic. mjly 
h 4-,o3.a6o"o 

4444 

aro alo prpoo for aiwglo oroppitS on 2900 ha of tho bottor 
drained Zn iu~odiato Coar.as (nonB) Coils im "otation 7.tth tob~zoo 



and cLo.ava. in a&i.,icn, come 2450 ha cf groundmuts would 
bc cultivatcd n the Uplands (POS2) in the.. Lha, and 4900 ha n 

theYal, ... sprierhbie irrigsation. 

the nte.tional levc., unshelled groundnut yiolds have shor. 
little !zproveM-nt Li 
 recent ycars, averaging 0.8 - 1,0 tonnEs/ha,
 

prL1-arily because seed quality is low. The FAOi6  
considerod
 
that a= unslAled yield of 2.0 tcnnes/ha should be possible "or 
aranfca crop, and over 4.0 tornnec/ha with supplementary 
irrigation. Yields of over 4.5 tonnes/ha (unsholled) have been 
rczord d for research station conditions . Onder improved input 
--d r gonnt conitions:-;.1T cstim.aesCO yields from improvcd 

varieties by. smll fa:Ors at 1.6 tonnies/ha (uzzs'ellcd) 
n... aha cn the 1ntc.qn.diate Coarse and Uplacnd soils, and at 

1.3 tors/ha on Intere...diate ri-e and Upland soils in the Yala. 
The System C rpoprt 2 oztizatcs average sh:clod yields under 
...... ' ccnt 4 t o.n (inoluding the package of inputs) for Systcm C 
at 1.25 tonncs/ha, or arn u.shelled yield of 1.6 - 1.0 tcnnes/ha 
(at 70 - 50*, shelling percecntage). The average NEDECO yield and 
i,-nut package have been adopted for use in this report. 

3.2.3 - Soyabcans
 

Soyabean has been cultivated in Sri Lanka only since 1972 when
 
47 ha ms recorded. The area increased to 177 ha in 1973, and 
cubso-ucntly averaged Just ovor 1000 ha annually botwcon 1974 and 1977. 
The Govcrnmcnt,3 Soyabornu Development Frogram, vrith external donor 
support, aims to dovelor production of soyaboan and range ofa 
chean, sDQbcc" fod products (flour and dairy) "acceptable to and 
w.it.in the purchazing capacity of the poorest cogments of the 
ccuntry". 17 in am'Cition, the Government wishes to develop soyaboan 
productic" for vegetable extractiont.. oil industry (there are . 
e;:Isting pilot scale plaints). Soyabonn can be grown succossfully 
and profitably in tD..Dry Zone, mnd developmcnt of prodaction is 
proposed for the project area in cupport of the ntional policy.
 

The 'aha iilurpallam Rcsearch Sitation, located in 
Systcm 11, south of 1nuradhapura. 
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Soy~o canj be s inwn
in b h coss~± 
iPropoced'>'y+~3-~-Kfoz-~clti-'ation in~ o10a ion 

3

wi th t!20 Yalu= pddy ozop a.nd "naltor~uo.,o~ 
-

-7'150 ha aSbte 'undo in 3tho: Yala. i-Ks '--- ~ik"a~~on, 
.

245,O ha o- upja,-I (ptD so±1o vwoul'd be availabl.o -foz 

~b~n~±~itho~U~aF~ ~ 2nd a' fu'hez' 2450 ha~in tL3_ yalo, vdithin 3.K'thO Pr'OPOsed Upland C-Op~rotat!.cn, 

,~'o-~~lo~aoy boa~ y~~ d~ 6n th' t tn of 4060 ha c l i r~ ed 

0-v8n15,74-1977 dalittle unidc' 1.0 tonnes/ha,. In fiLold -

4+-- -y~iedo ' 4 tonnox/ta havo boon obtaind adthe bey2o i, cultivars sh:)'ld be capabl.e u 
F 

o'deldnr 
rra2-3tr'-neS/baCa t!:-'c- -RWddish 3B'o--M Earths. ITEDECO "o~t±m.-o.as 

Yc uc.:p.ojeco~ oonditic. o a~ 1.9 tonnoz/za on--tho "Inorodiate
Vie oioc-d 2 , t oan a/4 on 

-

I ~ F' soil -< ahil 

the yiold '.:od in thio Sytz 2or t. wa anvraeo*f 1#25 
'onzc/a3o 4+---l TT. -uI0ilaO. Pcz' this Zopozt 6.;oowhc4; lover yelda 
343333- h-n those pl'opocod, byr ITEDECO have boon, aloptwed.' 

Sono 6 700h ffu-ue orCO%'eboon oultivatod annual 
in Ori L=Lbtveon 1970  1977o ytbilo -+he' cz'a plante to air'

crdt~ob&wcoooha o=;znd,d~ z'cqid1 from eo hIin 94t 
791in 1977. Zn -!!iton, omo 4800 ha a-'o plcntod~to boedi toboacco3
=nuallyr. Tobacco io a crOp l~orm to -,.=Z la=3rss and rotutzio a'o '

- - ki~h r.oltile o ~oOLG 
 CZ'poprzn mo~dtn=ots local - '3do-d-a but o:*J,7:aicu ~~b nioco 


oep paco vith Gov.1h 
in thtlzd 



endthoro" c.- cir,,ificanl *nport pooiblto or 
--

Th rcot :!or' grovdng totaooo in a ri110able roz'tion on tho
 
Uplnd 2=3coie i Sy~ve B xo ooId,ita pr'opzo to ±n..oludo
(''-24501h21la .ahn or'op~ the 3ot UpanU;4- in % Iiinaltzdoa
 

3'.- -3334
C~ruzdut, toyabooas, .konaf aud '3tonIt ioAt . pndt
dellolop anadditional 1450 h2a'o. tho batto.- Oralo110ogd±a

C81j(V Oh_6d'-ajl.na'o aL.jlo~j al COon~t~t 
':00-1tozoco",utivati:n. Tabacee woulluao bo. ZO7r..ro than 0o tr 

- -' '33"';,= C. au. -h 


.51 o plot if~A.~ ~ >'' +-< -

43'i3'32 

'3'

3 

3 
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Yields of fluc-cured tobacco have rrngcd from about 0.5 tcnnes/ha 
o.u ovor 0.6 tonno/hadry loaves between 1970-1976. but 
averagcd an c.=cptionzl 0,.8 tonnes/ha in 1977. 
 DEDCO0 has estimated 
lhat under bettcr ,, -acmanagcment conditions and ith a-:rora'ate
±.,put and tcchnical vapport, yield levels would reach 1.1 tonnes/ha. 

A o.ligtlVy lcw:cr yield of 1.0 tonne/ha. and a similar input pac,,age 
hLs been adopted for use in this report. 

3.2.5 - Cars 

Cassa-a is now gEron Ln Sri Lanka primarily as a subcistonce rainfod 
c:op for hu==n conumpition, using some 60 - 75,000 he. annually in 
.,tperiod 1970 - 1977. It is a with whichcrop many Dry Zone 

Aers aro familiar. There is potential for the development of
 
co.eraial production and procossing of the 
 crop for ezport (for
 
sMimal fod) %ith favourable economic returns.
 

Cazsava production would be developed on an available 1450 ha of
 
modorately deep wall-draied Intermediate Coarse (NCB) soils in 
rotation with groundnuts Eand tobacco. 
 The crop would be gro;.n
 
during the Laha for harvesting and drying in the Yala. 
Cassava is
 
not ncrmally irrigatcd, but the 
availability of supplementary
 
irrigation w'ould lengthen the growing season and assist yield improve
ment. 

Cassava is capable of prod7-sing exceedingly high yields under
 
conditions prevailing in Sri Laika and yields of 45 
- 60 tonnes/ha
 
have been recorded. Caczava yields nationally are currently
 
estimated at 20.0 torncz/,Aa, but available improved varietios
 
(t.J scrics) with improved huzbandry practices would allow yields 
in the area of 25 tonnos/ha to be attained by small farmcrs. 

3.2.6 - H~. 

Sml farncrz in the Dry Zone have traditionally grovan konaf as 
a rainfed wet season crop on a semi-cultivated basic both for 
domestic purposes rnd local offor the manufacture twiro ad rope. 
However, it is not Cro;n by cmall farmers in pure c-ado, and th 
r.rca undcr smaIlh:ldcr producticn nct S....maticis kwn. 



az 4 ne r y ezpez- -n a- 444f '''

a %Iatielyumoadn cro fo s=2 bers. UneITC ,-nz to 

and imported l"oa<aG tif i±onoJfoo'oajo at±1 at 4< 
?r pu'4 has ben.osi 4 

intho.J Upands orpZ'ovgd p1on incding~£±b' grodut o~ ena tobacco 

14h'co.. Udr imaprovo cropping ~1coon'meos.94 onnes/hzof d--,,~ 

i-c iznorinf~od podciao flavottab2.e,cncdorablyen thoe 190'cdd 
1-0 1 zboiznl 4 inr o steail fro 101 ha -- I154'o 
25.h in t977 UbTht arorundertirigted cottso1n,
 

porio~rd
193177, Dobr.2 4 o1'PrdutofCon isatonl a smallw 

C~tozca gro rutborotato,7O cVo311ai' bstoor-d'a aiI3.Td'n th3 
rceti', cnth rooz- supplomen-io 

ProecCXAI'0p.mopoeduato could op450 ha,p.a30 lpa on ultao,(R3dooptd -daio) UpmdB'4 is 1,liUi-I 



It is pI'opDo-c' to C.C7vlop se 
2450 he for cotton on tht Uplar.ds
 
a: a Yala crop S ri '.nle otcM wcud 'cc-r_l g a _on . T,he c o tt n w u d b
 

g-o-rn 
 in the Uplan:d crop:ping pattern which in2cludes grouz'dnuts,
 

zzyabccn, tobacco and enaf. Cotton would not b- grorn cn. the
 

. plot moro than once Ifn four years. 

Y..lds on rainfed cotton hnve boon lowavcrnging 360 hziia sod
 
cotton on the 7971 ha cultivated between 1974 and 1977. 
 Yields on the 
small area of irrigated cotton have been higher, avcraging 546 'g/ha
 
s-ed cotton on the 1307 ha cultivated in the period 1973-1977. Best
 
rcults achievcd were in 176, with 906 kg/ha on 265 ha. Yocal c::pcrt 

orin4cn -:.ets tat there are "no technological restrictions 
which would ihibit 'ho d-ovelopment of cotton in 1,07J" and ..ar ,, 23 
and Cuzgcsts that 1.2 - 1.9 tcnnos/ha seed cotton is a rcalistic 
esti=-to of prospcctive yields. In this connoction it hs been
 

otatcd that several 
 farmers produmed yields of 2.5 tcr-nes/ha tunder
 
irrigated conditions in the Uda Walawc 
area in the mid-1970's.
 
With the solution of certain technical problems (includjug the
 

establishment of seed reserves of pure-line, high-yielding cotton,
 
adequate storage under low temperature and humidity conditions,
 

roszuaption of high quality research activities with proper profoszional 

levels of staffing at Anma akolapolesn r-nd adaptive research within 
System B, it should b3 possible to get the crop off the ground and
 

a-hiovo a yield 
levol of 1.9 tonnes/ha seed cotton.

21
 

1.ED2C0 has established a targct yield for the project of 1.6 tonnoc/ha
 
r-3 chiCVablO throurh considerable improvement in the quality of
 
prcscnt manargemcnt and othor supporting services. 
A mo-**e conservative
 

:-icld estimate of 1.2 tonncs/ha has been adopted for the Interim
 

Rcport. Thi5 
 avcrage yield level should be possible with wcll-bascd 

c::tcnsion work incorp-..ating modern technology, and following adaptive 
work on the proposcd E.%perimental-Demonstration Farm. 

3.2.5 - Pilscs 

alsocs, particularly ccwpoa, black graz and Creen gram are rrown 

in ":". in .- quan1io. In rocent ,'ars the ara 
corn has increasod from 3312 ha in 1972 to 56,3L5 hr in 197C. This 

is primarily duo to cha.(:o in the guarn'tced price in "he case of 
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cow oa aLd gzeen G=~M, but io aloo ~7t1a-SOO±ro Chc.inSgvrsW 
- i mpov le-Ol..,y~> 

OvO!' to 0 i -0=3 5C6 of the ar'- h a z3bc ±navPc 25 

Sto~farC.S eV3 trad' tonaj. food crops, cuid SOZ've P3a, rna
 
Coturco of ")oxin 
- ±rL=n d-O~. Pulcezs wl bo an cz0C V

CiOMPne' of --ubs~.otence conzumino in the projoct _z'a and

nicauzpluo produoton cc--I r'aadily bej cold in the domooo 

.Piacz ,ouldform p, ,of a chi!.onizoes eotb 

zome 290O h,,: of bott-o.- IomdteCoa'7o '211CD) coils. .PFlcoro';' 
can be '; ibt coanfon and water' xoquiz'oionts az'o rxelai-7~oly 
:3=11al..~ P-olizinc-'y pvopcoals in the Inzterim Roport doN no'. a~ow, 

for of the~o crops vhich will be rroi- in tlieJ1aha.
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........ '' rgaon ",±.l
l be givcn further 
cc=..dcratio and chculd be tcstcu cn the 

-'arr.. Chillies vwould alzo be cropped in the Upland hcmestecad 
7;l:ts wiith cniuns, vegetableo cznd fruits (bananas, ccconuts, VInagocs, 

,-uavas, avocIadoes,limos)cn so 1300 ha of Uplrand ELBE soils. They 
would be sprinkler irrigated and cropped in both the '.aa and the 

'ala. 

Average yields of chillies have f.ctuated at the national lcvcl 
around 500 kg/ha in the period 1971-1977, but reached as high as 727 kg/ha 
Li 1977, an c::copticnal year. A substatial improvement in yields is 

anticip-ted under project conditions with improved inputs and techni
cal s ~rviocs. On rainfed C3 soils in the Maha,a yield of 1.1 tonnes/ha 
is anticipated, on Upland (RBE) hoaesteadand the plcts, a yield cf 

1.5 tornnes/ha is antcipated under sprinkler irrigation in both the 

I:aha and the Yala. Yields and associated input and managomcnt 
ro-ic.ento are comparable to 
toso suggested by LEDECO 21 for
 

System B, and by the Victoria team for System C 

3.2.10 - Onions 

Onion production is largely concentrated in the Dry Zone in the north 
cf Sri Lanka. About 5700 ha vras planted to rod onions in both 1971 

and 1972, and the area had increased to 8200 ha by 1977. In addition, 

somo 200 - 300 ha annually was planted to Bombay onions in the seom 
period. Onions (and garlic, for which no statistics are available)
 

plcy an important role in traditional diet and must be produced
 

primrarily for Subsistcnco consumption in the project area. 
Again,
 

hcy offcr a favourable rcturn.
 

Onions would bo grd-':, in the pulses, chillies and vegetables rotation 

cn the 290) ha of better NCB soils under rainfed conditions in the 

.'aha. A Yala cro;, u : supplementary irrigation will be con idcred 
in ongoinig studies. Onicns would also be cropped in the homestoad 
plot rotation on the 1000 ha of irrigated Upland (R:D) soils in both 

ceaconv.o
 

Ylclds of red onions have averaged Come 9.7 conneo/ha annually in 
the period 1971 - 1977 . Under project conditions with inprovod 
inputs and management, yicldIs of (3.1 tonnos/ha are anticipated on iCB 

S.:7'.' 197, " iolds dropped to 5.4 tonnoc/ha, duo 
to a opt_'.fic pu:,: problem.
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B-an grow wel'. in Sri Lanka and will undoubtedly havo an
 
important placc in, productio., for subsistenco 
 concumpticn and 
fo, the local market. Production is lizely to tals place
 
predominantly on homestead plots. 
 Possibilities for
 
cnpanioz of production will be examined in the coming monthz.
 

Coconuts
 

The non-irrigated sandy and free-draining NCB soils should be
 
c:z...cited by planting as m:.ny coconut trees as possible, primarily
 
fo:' subsistence consumption 
and also for the local market.
 

3.2.12 - Cthe- Cross 

Cr-ops included in tho preliminary proposed cropping prttern for
 
System B have been discussed in the preceding paragraphs. They
 
rwere slectC. folloting consideration of a 
idcr range of crops, some 
of r1hich v=.. excluded from the proposed cropping pattorn. The 
rain crops considered but excluded are sugar cane, 
coarso grains,
 

sunhomp and. cashew. 

A p.clim.n_.:y rcview of sugar cane suggested that, despite the
 
national nced for substantially increasing sugar production,
 
conditions in System B were ai-ronomically loco suitable than other
 
available aroas. 
 This is mainly because of the absence of low
 
temporaturos required for ripening cane, leading to lov sugar yieldc.
 
In addition, while the RBE soils in System B ara 
suitable for
 
sugar cane, 
they are not availablo in sufficiently large blocks, Y'hich
 
would be recquired to czznomically supply a mill 
 Th-r could bo cound 
social reasons which would overrule agronomic considerations and
 
sugar 
cane trials should be initiated in the project area to 
determine
 
the quali7:, attainablc and assoss the economic returns from this crop
 

relative tc 
other alto-enativos.
 

Coarso grains, particularly maize and sorghum, are 
 nowan to farmor, 
cza could be gror. in Zystcm B in the 6,"aha and the Ycla roepoct.volv. 
Maize In Ori Lanka is mainly produced at prnzont no a rt-infed clrop
in the Dr_ Zorne. From 1,74 - 1977, the r.-,c u! 'uJ.U d han .c#-.a.od 

Sub.njucntly Acres was advicod by tho G-vcrnmcnt of the
niailability cf a bloci: cf 3500 hn of RD!', zoils in the Foren:t 
Resorvo follo:','Ing the recent cyclone dam.ago to yOcun1; toa!h. 
area w.111 bc invoztigatod for nuitnbility for cano 

The1 
p-cducticnin the coming months, A prnlirnntr.r nnal:li^ Of the i:rcryctrl


bonofits cbtanaclo from nurar cmio prodtction in thin caroa in 
incluod in Chapter 11, ho .ovor. 
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(b) For all other crops tho target yields would be achieved
 
over an right year period:
 

Year 1 - 60%
 

2 - 63%
 
3 - 67% 

4- 72% 
5- 77% 
6- 85?5 

7- 94% 
8.. 100%
 

40) 	After achievement of the tarGet yields, yields are Projected
 
to increase at 
1% annually reflecting the improving per

formaco of farmers.
 

3.3 - Pronosed Croppin- Patterns 

The proposel cropping pattern related to cropped area for each Ltnd Clac

Grouping is sun.-zriz:d in Table 3-2. 
 It is based on an 
 ual two-crop
rotation coinciding rith the traditional Laha and Yale, 
 and has the
 
folloving features:
 
(a) 	For the Lolcn..ds, coaprising 15,200 ha, which ,willbe waterlogged 

for long periods of the year, the cropping pattern consists of
 
paddy in both the 'rlha c-nd Yale. 

(b) 	For the Intermodatoe FLie areas, comprising 14,300 ha, paddy is
 
colected as the 1aha c:op because of the soil drainage charactor
istics, the rcai.ily available narseot, 
end farmer preference. 
?Paddy could be cropped in the Yala 	 w~lcro water is ncn-lin-iting,
but ;orcola:ion looses will 	tend to increase tnd cuonnuts and
 
coyabeans are 
ccncidered to be preferable. 
 The possibility of a 
Yala paldy crop -ill 	 be roviewed. 

(a) 	For the in crno.iate Corse areas totallinr 6703 ha, *-t is
propo:od to develop a rr:und.i.t/:obacc:/cassava crcppL-ng pattor 
on *"he Vr') .thlch vould be !rr .atad in ::e Laha. '.'obacco 
rtou.,,. be 	 vo..y fourth :,ear. 
 it in con:1dorod that 
 oll
 
and :.or con.'Ucn.
t ill not por7-it n ccr-.orci..l la crop or.
 
t!,Oe 0o!: b. t It wOuld bD advantafgeous to .rucant a Croon
 



?ABTA 3-2
 

PR0POSE:D CROPPING PATThRII 

IAID CLASS CROP CROPPED 
 CROPS
GRlOUPING ROTATION 	 CROPPING INTENSITY %AREA1 (ILA) MAHA YALA 
 IAAIA YALA ALL 

Loalhndz 
 A 15,200 	 Paddy 
 Paddy 
 98 
 80 178
Interred. Fine 
 B 7,150 	 Paddy 
 Soyaboano )Grown in 
 98 
 80 178 
C jL1o Paddy Groundnuts)Rotation 
 98 
 80 178
Subtotal 
 14,300


Intermd. Coarso 
 D 2,9002 	 Pulses/
 

Chillies/
 

Onions/
 
Vegetables 


98
E 	 - 98
2,900 
 Groundnuts 
 )Grown 98

P 1,450 Tobacco 	

- 98 
98 
 - 98 

G 
 1,450 Cassava 
 )Rotation 98  .98
 
Subtotal 


8,7003
Uplands 
 H 2,450 
 Kenaf Groundnuts) 	 178
98 80 

I 2,450 
 Tobacco Soyabeans )Grown 
 98 80. 178

J 2,450 Soyabeans Groundnuts) 
 98 
 80 178

K 2,450 	 Groundnuts 
 Cotton )Rotation 98 80 178

L 1,000 4 	 Vegetables & IFruits 98 
 80 178
 

Subtotal 
 10,800
 

1. Derived from the areas shown in Table 2-5, with 5 per cent reduction 
to allow for irrigation infrastructure.
 
2. Within the commandable area, but not irrigated.
 
3. Of which 5800 ha is irrigated.
4. Out of command but assumed to be irrigablo b ysprinkler.
 



manure crop if feasible, 
 This should be investigated on
 
the proposed Experimental-Demonstration Farm. 
It is proposed
 
that the remaining 2900 ha of these soils have a 
Maha
 
pulse/ chillie/onion/vegetable 
crop but without irrigation.
 
Irrigation potential for this entire Land Class Grouping
 
will be the subject of further i-nvestigations prior to 
the
 
presentation of the Feasibility Report.
 

(d) The Upland areas totalling 10,800 ha, can grow a wide variety 
of crops in both the Maha and Yala under 
 irrigation. The
 
cropping pattern on the 1000 ha of homestead plots will include
 
onions, chillies, vegetables and fraits (including perennial

crop-) and individual farmer practice is likely to vary widely.
 
The cropping pattern on the 9800 ha proposed for commercial
 

production includes kenaf, tobacco, groundnuts, soyabeans and
 
cotton. 
Kenaf and tobacco offer favourable returns, while tha
 
legume crops will improve soils. 
Tobacco and cot-6on will be
 
grown on 
the same 
plot at most eviry fourth year. The develop
ment of soyabean and cotton production is an important objective
 
of Government policy.
 

Sophisticated techniques were not employed in establishing these cropping

patterns. 
Cropping patterns and rotations will be subject to review in

ongoing studies when agronomic, labour, cost and marketing determinants
 
of the proposed cropping pattern will be examinod.
 

3.4 - Cropping Intensity 

Details of cropping intensities are given in Table 3-2 and have been
 
adopted from NEDECO. 
 The overall cropping intensity for the project
 
is 1.64.
 

3.5 - Livestock
 

A major consideration in livestock development in System B is to ensure
 
the maximum availability of draught animals for field operations and
 
cartage, in addition to the production of milk and meat. 
 The livestock
 
feed production capability of System B on non-cultivable rivorine ("Villu")
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areas of the Mahaweli Right Bo.nk and -aduru Oya, Upland parkland
 
-
("Da.=an- c.) areas out of con-nd, and within the cropped area from 

residues and fallow will determine the carrying capacity of the 
project area. This will assist, inter alla, in determining the
 
relative roles of draught animals and tractors in meeting farm power
 

requirements. Peed production capability is cu-rrently being enamined,
 
and the final assess-ent -ll depend on the outcome of the land 
classification mapping to ba completed in 19$0..
 

ean7whila, a preliminary review of production potential for livestock 
products within the three milk/beef systems so far identified is given
 
in Appendiz B. The systems are as follows:
 

(a) Lmproved cross-bred buffalo, zero-grazing (cut and carry) from 
imprcved pastures (co=:rising a mixture of Para Grass and Sigal 
Grass), with supplementary feeding from a cultivated sah-rub or 
tree legume (L. Leucocenhala). la addition, crop residues, paddy 
straw, and fallow aroas would be used but no concentrate feeding 

is envisaged. 

(b) 	-mproved cross-bred Zobu cattle (vrith the later introduction of 
a o3 tauras cross) grazing similarly improved pastures, also 
fallow areas, and using crop residues. 

(c) 	Indig.nous cattle grazing the "Villu" and "am..na"1 areas 

The 	scale of intensified livestock development and the in.egra;icn of
 
the proposed systems *.ithcrop 	production cr as a complemsntary system
 
in the overall ccnto"-. of Syotem 3 agriculzurl davelo.vment Till be 

a::anine . in the Peas4z±ii:y Report. 

3.6 	- Fazent--_nratlcnF_
 

The de7o0o;zent of appropriate soil and water ma-nagement techniques for 
the Inter-ediate coarzu teintured soils (the N.-n Caltic 3rown soils) 
will 	be essential to overall of the Cya ?roject.the success Cad,,_u 
.Thoreis a l--k of inforMation on this sublect at present, while numerous 
t3chnical -robloms have been ideutifiod ,ith thaeze soils (high ilfiltra
!ion rates and pocr drzanage in particular). It is thercfore roco_-nded 
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that an E:perimental-Demonstration Farm of about 40 hectares be set up

at the earliest possible date. 
 This farm should have the following
 

objectives:
 
1. To experimentally evaluate the potential crops for this
 

soil type.
 

2. To develop land maPnagem=_t techniques which will improve the 
productivity of the soils under irrigated conditions.
 

3. To develop water management methods (water application 
and drainage) appropriate to this soil type.
 

4. To work with farmers using an 
"outreach" approach to demonstrate
 
the techniques evolved on the central farm and to 
conduct 
further experiments under actual farm conditions. 

An appropriate site for the Farm has been identified immediately to 
the
 
west of the Pimburettewa Tank Scheme. 
Water could be supplied by pumping
from the car.nl until gravity supply from the new main canal is possible.
The proposed site, which covers an area of over 40 hectares, can include 
the full range cf 'he Non Calcic Brown soils-both low and high (above

15%)clay content series. The drainage and topographic characteristics 
of the coil are typical of the other occurrences in the project area.
 

Disoussions have been held w:ith the Deputy Director (Research) of the
 
Department of Agriculture, Dr. C.R. Panabokke, and with officials of the
 
Ministry of Laha.eli Dovelopment regarding the implementation of the 
propcood farm. Based on these discussions, the folloving recommendations
 

are made:
 
1. The key staff in the early (at least three) years of operation 

would be four highly qualified expatriates. These would be: 
- Project Farm Manager 

- ACronomist
 

- Irrigation Engineer 
- Agricultural Engineer/Workshop Supervisor
 

Counterpart staff members for the above positions will be required, as 
well as clerical staff, mechanics, labourers, etc. The counterpart
 

Due to the heavy demands being placed on the skilled manpowerresources of Sri Lanka by this and other development progra=mms,i% is not assumed that 
this post can be filled by a native of 
Sri 7: 
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5 - SETTE12121T PIXN111IG 

5.1 - Nunber of Settlers
 

The prelininary assessment of land capability described in Chapter 2 and
 
sumarized in Table 2-5 forms the basis for a propused farm allocation 
scheme incorpora:ig the following prLciP2.es: 

1. Allocate one hectare of land suitable for a: least one 
paddy
 
crop per year to as many settlers as possible.
 

2. Settle families on intermediate lards, adjace-t to vegetable
 
and cash crop fields, and also reasonably close (1-ia miles) to 
their paddy fields.
 

3. Allocate one hectare blocks of uplan 
.
 

Table 5-1 su=arizes the areas of land and the number of farms allocated, 
and indicates the type of land each farm would have. The farm population 
th,at could be supported under such a scheme would be as follows: 

Lowl!ands 15,200 farms 76,000 persons* 
intermediate Lands. 14,330 farznS 71,500 persons* 
Uplands 9,800 farms 4?,C3O persons* 

Total 39,300 farms 196,500 persons* 
This estimate is very preliminary and will be reviis-t--o-rfleot infor
ation 
 .owbeing collected on present population and land use and on
 

land capability. The most 
 suitable set.tlement pattern for :he uplands

will also depend on the feazsibIlty of sprinkler irri~zt-on Ln: 
cn the 
a.'.-,:y of snall holders to effectivel:y .ana,3e a oprinkler sys-em. 

The estinate of t.he number of farms is based Cn -r.a,verage size cf 1.4 ha,
composed of 1 ha "basic far.:, and 0.4 'a for homestead, vegotable/fruit
plot and cash crop area. The latter arca iL double the size a.:ated 
in the 'H project area. Thdications are, .owever, that the 0.2 ha areas 
In the '1' project are proving to be of in...f.c.-.t size, ccn- dcring
the economics of far= operation and the cpatial refu.-eco.:s rcr draught 
aniBa sd o 

Zasad on an avorae fa-ily n -- o 5prsn 

http:prLciP2.es


FA2U AIT1.OCATIOII PAWPERI 

PARM ALLOTUENTS (HA/PARIZ)rSOIL TYPE TOTAL LMD ALLOCATED10. OP (HA)NON-COUAN- COLIJAN- IRRI- HON-COLUAAN-PARMS DABLE COmmLIA IRRIDABLE,11OT 
 GATED DABLE 
 DABLE, GATED*
 
IRRIGATED 

NOTGATEDIRRI-
A. Loland Lowland 

15,200 1.0
Intormed.Coarue 15,200 

- cash crops 

- Veg. plot 
0.2 3,000 

0.1 

1500
 

- homestead 
0.1 


1500
Total per farm
B. Intermediate 
 Intermed. Pine 1.4

14,300 


1.0
Intermed.Coarse 14,300
- cash crops 
0.2 


2,800

- homestead 

- Veg. plot 
0.1 

'1400 
0.1 


1400
 
Total per farm
C. Upland 
 Upland 1.4
- cash crops 9,800 


1.0 

9,800
 

- hocestead 
 0.1 

1000
 - veg,fruit plot 0.1 


_"1000".
 

Total per farm 
_ 

Totals-
 Locland 1.2
 

Interned. Pine 15,200 
Inter=ed. Coarse 
 - 14,300 

- 510Q 6,800 
Upland 


Grand Totals 2000
39,300  9,800
2000 

I 

2900 45,1O0

Irrigable, commandable area from Table 2-5, less 5% as allowance for irrigation infrastructure
 
Assumed to be commandable using sprinkler irrigation
 



ZrovidO S....... a.nd social sevie -- t~efr
r ouai, 

se'tentvet~t~~he~non-farmbe,-Iond t,.ato ~l c~a aset-lement~comp i 71 dpei,be requred ':j~he 
±a.nt ipofuladooen 
 among1otner factors, on the total fasrme~r~
poaulation,
 

adztd the existence of regioiai comunit--e s- ia areas ad"acent totheproectarea., -.
he transportation -etwo nd l.eevel of far-

±nc me that can be attained. 

~stmates of the number' of ~SOe4-Z familiese' to be artracted from' 
e
ou~it e ro-ject are 'wll fo emost have' to tal e in o account the4 

si z~ e the. p o o fco t 
s vizn.~or~±~oo urrn taea population .ot4 alreadyte 


formally setled.,
 

52-Basic Considerations 

'Lak- ~e io in settlement schemes =a'-ie s it clea'that af
 
~ 
 settlem.tPrjc of the scope en'>4ge forthe,...Proec 

'.TiminG of settlernent-delaysinpo dig 4 ria- aer,4 

dom~estic water. supplies, educat on, transport and~health 4 

servics nhbtetlent and exert hardships on th'earl 

"' 2. At present there are n~eut'di±Ver 
~support servIooss,,to 

Jaye~apo 4 

settlrs,> Thea =are important inadequacies' 4>, 

are tbe found Jrnthe ini of, mult±-purpos. cc-o~rtv 
<credit pr~.mos e"sso evices, -puIohaa_1ng storage; 

=arks ting, and t he provision of suLplies@4' ' 

4 . ,*It is recognized however: that~mz n,> ar uctoscudb 44 

' 4 A 'preliminaryr field suiwVey 5Was carrie16d out in 'Whawslil Devolopg'it 
44...4.' ...~, Systems: HI 6and H2 duz'ing :December 197S, 5to recordspocifio detaild'i42A 

.4i-ccoi 
 i-!C'"<'4" and to devlo 
further undorstar.!ng of 5..454.4 

%he aottlo~ont process as ithad tkn;aei 
iu eut
 
wars4 reportein 

in 4rlmnr44444.4Development4444.r.4
 

n H~'*2 _gi-Zooom4,I elevntt 
5'5 

Cn iralions D~~O~IFtur4e~g~ 

oar 8Zra~it.nt ~ 45~44 

twen,Ver &IGOa at the Xuulls2. ri~aTion Off.0el "inze 
Other soursa of iztrza tioin u *IuReforoisg~ a 10. ''4'' 

"AP I 
. 4 4 
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Unless the means can be found to overcome these types of
 
deficiencies, no 
projection of performance of the inccming settlers
 
has 	much weight.
 

3. 	Prior to a:y consideration of settler selection it is essential 
to analyze the results of the 	socio-economic survey of the area 
which was initiated 2nd Mlarch, 1979 by the Settlement Planning 
and Development Zivision of the Maha.eli Development Board.
 
It is expected that interviewing will be completed by the end
 
of March 1979, and that checking of data and preliminary tabu
lation will be completed 7within the followring few months. This 
survey will provide a valuable data base, on which criteria 
for land distribution to existing area residents may be established.
 

Without doubt the selection of settlers is 
an important consideration. 
The urgency of coming to decisions on basic questions increases 
Aaily, due to publicity given to intentions of the Government to
 
make these lands available to large numbers -f settlers. Some
 
people are now moving into the area in hopesof establishing some
 
degree of prior rights in 
the 	'ormal allocation of homesteads.
 
Preliminary reconnaissance during February 1979 *in the project. 
area indicates that people now occupying land and carrring on crop
ping and/or livestock operations inolude Sinhalese, 2amil, uslim 
and Vedah groups, some of whom axe long-time reslent3 'while
 
o:hers have encroached as recently as eight 
-cnths ago. 
Cne 	 of the factors to be considered I--nsettler selection is the 

trunstanoes under which r3si:Lens came in-o the area. 1: is
 
:ha: 	a yuth sc^heme -.,as set up in 1345 at or near the ;roect 

boundary (nrthwes: sector); other reslden:s entered the area 
under -ha Ocver.-eno Agent's authority; other people were assigned
 
la.d unLer Tillage Expansizn Schemes; there were who
some cane
 
orlg'_nally in seach of 
 land and have boen encroachers for many
 
years; 
 aloo,-d Insome aere as refugees followIng tha 
tro 	 Iof :o wou.s 77. " e:cent ':.a: i: -ay affect 
resolution of the problem of sottlors righ:Z, the :uot:irn of
 
the legal s:atus an! cItize-.n'nsp of prcont 
land cccuploro -acdz to
 
be c*arlfiod.
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In selecting new settlers fr-
 outside the -rcject area,

prefarence should be given to 
second generaticn people from
 
previous settlemen: schemes. These e::perienced pecple can 
help introduce new ccncepts of water management, crop husbandry

and formal orga.Jzaton to4Cain.ticna area rsidents. 

A further and important Consideratcn in settler selection is
 
the need to include people who 
can provide needed services
 
and skills such as carpentry, vehicle repair and maintenance,,
 
pot making, fishing and personal services• 

4. The spatial characteristics of settlement best suited in System B 
are as yet unietermined and in the firs; ins-ance require ccmpletion 
of the land classification work. 

Present settlement is in the form of villages ranging from 5 to
 
340 families (median of 65 fanii . Some villagers are long
established with legal rights to 
 and, while o-her villagers have
 
been farmingcn state land. 

Administrat.on of the project area is presently carried out by

three dlfferent adm.nistrative districts 
- Polonnaruwa, 3atticaloa 
and Amparai. Polcnnarul.'a District has Jurisdiction over about 
70 per cent of the project area, and contains the Pinburettea
 
Tank Settleent Scheme. 
 Ba:ticaloa has jurisdiction over about
 
2D per cent cf the area and contaLns the Vaka.eri Village 
-xzansicn Scheme. 
 Amparai D"SlriCt has j"ris44ctiCn over less
 
than 13 per cent of 
the prcoect area.
 

Basic Village Z-atistics for 1977 indica:e 
 that the ',ctal
 
populations in the project area from these -hree di stri cts .as
 
as folows: ?clonara 14,247 (most 
 of who. %%-ore Sinhalese);
Battlca'oa 23,6450 (most of ..hcm are Tanils) and Amparai 1,762
 
(most cf :°.hom ara Snhaleoo).
 

Attached are 
t'to reports (A,,endcoz D and Z) cf ntorViews held
 
12 :.:ar- 17 
 One is in the village of Seeiapura, ;which ljes

about ' mile south of th", ::-
 a roa! on thew'eost -.
sido of the main r:...2 d2n intc o:ropsod aiuru Cya 
I.m site. Tis current r--o-.,.,n c-.vos into t 1 -0o
 

-nclu-o, 0.5.2I, 21;., 2"7, 2.-, ',:,, , 211, 212. 

http:Administrat.on
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of Dresent settle=ent and land use on encroached lands. The
 
second interview took place 'ith an encroacher in the Pzbu

rettewa area.
 

5.3 - !:canaiement Co,.sideraon-s 

ie esziates a' agricul.tural benefit3 resulting from irrigated
 
cultivation in the project area 
assume that an appropriate and
 
successful management progra~e can be developed and Put in place.
 
To ensure that the settlement process is successful and that benefits
 
ccntribute to the national and regional economies iz 
a timely manner,
 
this programme must be developed *xithin the first five to seven years of
 
developmen:. Similarly, provision 
must be made for the required 
iarketing and processing facilities, for en effective extension service,
 
for a credit system w':hich is adequate to meet the farmer's ineeds and one
 
which he respects sufficiently to honour repayment responsibilities and,
 
f-nally, a social or.anizat.or, at the village level which encourages
 
maximum far*er partic ipatio n in the decsio.ns affecting him. 

In the case of such major crops as cotton, tobacco and soya beans, i: -dil 
be necessar, to ;ut !n place at the outset orSanizations -1it% a high degree
 
of autonomy capable of providing growers .ith all =,.cessary nput
(seed, fertilizer, pesticides, technical guidance, credit etc.) 
as well
 
as being responsible for the purchase, processing and -arheting of these
 
crs. '..his
initial period, as experience is beLni gained and 
methods !nd procedures ierfectod, co....d.ra.c shcud be Gv to gra.ual 
tr-sfer :f theso f.:..cn t:to mer-c-ne and operated organ4zaicns. 

.---ng the"ndorl .p:*oec't:ns- regard to:roppin3 pa'tor.s, yields, 
wa-er ranagezen: 3-nl crop h'ubaadry, is he assmp-ion :ha: an Eztensicn

nsora~tor or Pjot 7arnZ -till b estab'lo.ed, as propoced In Cha:ocr 3. 
Conoitant .... he .--lZhent of the sUCSooted crganizations ant
 
£:cternoicn-Jezonooraon Farm is the need -r adequate ho.n. a:-d social 
.. frao..ruture ,.articularIy elucation and hcalth zervice) to ensure 
that tech.ical zn:rofessiona. personel can 
anl Io reside perma-.otly 
..... thi or:ect area ani are accessible :z sotlers. 

http:estab'lo.ed
http:co....d.ra
http:decsio.ns
http:or.anizat.or


.6 - h1DROLOGY AND WATER BALACE 

.,*Yater requirements for irrigated agriculture are 
computed by
 
estimatizg the total 
depth of water needed over the growing
 
season for each of
type crop. This water satisfies plant. 
evapotranspIration, open water evaporation, deep percolation
 
and leaching requirements. The contribution of rainfall to
 
meeting these requirements is then accounted for, leaving a 
net requirement to be satisfied by irrigation water, 
Gross
 
water demands for the project are then calculated by summing
 
the individual crop requirements and alloing for losses in 
 the 
distribution system.
 
The water supply which is available to meet the irrlgatin dermnds 

is limited by the hydrology of the "aduru Oya bashn and by the
 
hydraulic capacity 
of the link t'--el which will transport ,ater 
from the 1!ahawoli 
to the !.'aduru Cya reservoir.
 

To balance the irrigation demands against the available supply,
 
computer simulation runs have been used to assess the performance 
of the cystem ovor a period of observed hydrolcgical record. Each
 
ccmputer run can 
reprezet different combinaticns of irrigation
 
do.and, reservoir size and 1l.:: tunnel capacity. 

6.1 - :rrcticn Demands
 

For the purposes cf produc_ t.h:is Interim Report simple, reconIizod 
techniques have been in- t..oused caleulation lrrlaticncf d0-nd-. 

:t 
 is proposed that =ore sc;hist:.cated mothods be used in the prepara
t.on of the .ea.bi.ty Report. 

- C ','a:r Reluirements 

There are fullno enoteorological s:ations w!:hiln the System 3 
pr.iJect are , a.d past ctu;ies h.ave used meteorclog1ca: data 
fra Etaticns at A-nurndhapura ar. "'iha i.=uptallao
to calculate 
water ru ureen:t for Zyatez B. Both of these stct.ns are 
sit.ated i: agr3-occ!:i±cal zone DLI (sea io.4) and are over 
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80 =s. (50 miles) from the northwest boundary of the System
B area. The meteorological station at Batticaloa has sufficient 
long term data for the calculation of Penman e7apotranspiration 
and is much closer to the project area. Unfortunately it is
 
situated by the sea, and therefore has a much greater exposure
 
to the Northeast monsoon. 
With a view to providing more
 
representative crop water requirements, the Batticaloa data
 
have been used for the Yala season, when the exposure of
 
Batticaloa to the prevailing wind is the same as for System B.
 
In the Maha season Anuradhapura wind data have been substituted
 
for the November-April period.
 

At Batticaloa, temperatures are typically high throughout the
 
year, with a mean ma-imum of 33.6 C in June (Yala) and 27.50C
 
in January (LMaha). 
 The respective mean minimum temperatures are
 
25.4 0 C and 23.2 0 C. Mean relative humidity is over 80% in the 
Y.aha season but falls to about 70% in the Yala season.
 

The most central raingauge in the project area is situated at
 
1"elikanda. 
 The records at Welikanda are interrupted but missing

data has been substituted using linear regression techniques.

Mean annual rainfall .3 1765 mm. 
 Mean rainfall in June is 22 m.,
but. is frequently zero. "enthly data (both observed and estimated)
 
are sumarized in Table 6-i. 

:'or the purposes cf calculation, of crop water requirements, the
 
method out.1,od in FAG's 1977 Pa;er cn 
 th's subject)

has bee= used to etin'ate Penman evapotrnsnpiration. 
 Batticaloa
 
data, _cd.fied as p;rviously described I-as been used for this
 
calculation wh~c.. io su-arizod in !able 6-2. 
 The resulting mean 
monthly pctentia! evapotr npiraton Yalues have been compared

with pcdlcilationt 
 .or A.nu-adhapura, fabatIluppallama 
and -mdii.j nattcaloa data in Tablle! -3. !ihows
that the 
avera, Pi.m..
d "-'ual9,t'r-- ,ratlon ca.-Iatod uZinv the 
modif-d cata a h; lcr t1ha t"*V. :alc-.atod for 
A:'Aa-u-. This 13 cot-,' '-,th' ootmc=to m In 1978 
by :r704 thAt ")Yatem Bvpo t rtion ould bo 51; hi5 er 
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TABLE 6-3 

COMPARISON OF PEnmAN POTENTIAL EVAPOTRANSPIRATION ED
FOR I&AHA ILLUPPALLANA, ANURAEJIAPUPA 0AND BATTICALA(Amm 

JAN FEB M.AR I APR MAY JU JUL AUG SEP OCT NOV DEC TOTAL 
1:aha IlluppaUan, 1=. 119 152 157 150 163 -175 191 193 191==/day 157 109 1143.84 5.43 18715.06 5.0 5.26 5.83 6.16 6.23 6.37 5.06 3.63 3.68A=:ra.hapura. c= 124 136 168 152 168 187 191 197=xieay 188 139 108 108 18664.0 4.85 5.42 5.07 5.42 6.23 6.16 6.35 6.27 4.48 3.60 3.48Batticaloa, z 138 148 205 198 202 188 198 199 187 171 140 123 2097
==day 
 4.44 5.27 6.60 6.59 6.51 6.26 6.40 6.43 6.24 5.52Pztticalca, 118 

4.66 3.97
133 188 185 202 188 198 199 187 171-cdifled xzt/day 126 108 20033.81 4.74 6.06 6.16 6.51 6.26 6.40 6.43 6.24 5.52 4.21 3.49 

I 



--
-- --

than that:of Anuadapr 

SO 12t~tSc~sumPti,'. use by the various crops during #ato.h 
atega of growth, corop coefficients are uied to convert the 

ig. -evapotraspiration of the refeirexce crop (11 vpto
piration) to that of theVorop Inquestion, The crop Coefficients
adpe here are based on AW pape'r No.24 and the cooffigionts
used by the, Land Use Division, The fol2od' offcetshv
 

-been used: 

LOU1U.APad~ ... ,e ( 35 f o i a ,* transplanting Oc ob r 

Period (days) 604' 

Coeffciient 1.15 

3 
309 

LZowland PAW~:' (103 days fro soen) taspatn ~ October 
Period (days) 60 15 30~ 
Coefficient 1.1 1,25 is 

S(105 days) panting'April, October 
Period (days) 15 20 50 20 
'Cefficien~ 0.653 0.85 1405 0.80 
Cottons: 15 days), Plionting Iazch
 
Period (days) 30 45' 745 30
 

-,Coefficient 0.65' 085 1,01 0.5. 
7cr, each crop, it has been assumed thtat ared outllnigi 
over a on# moath period#.: 3y taking intoacutteS~qarea~had to*ocopn h aveagecropped arain 

-

each non'h n tesage ofdrpdeveloent te 
erop costa codUta summarised In Table 6-4 have been used. 

-

, to1.2 n91ZBJMM 

?or thes proltanaw'y Gg-u i ay of effective rainfall, average 
a monhly rainfg~ data from Wlikanda, have bisen used, For, lowland 

a0~lahe pdy devised by the Land Use DIivi*iaf othe Xrrigation a 

-
Department has been used.- -  -

Pa 


~% or Z- L~a-a-4 w- mo tl offig'


L m a-a7 ( 

ctiv's r&Rl
'amof25
 (t
A-4 obere =Mthl r-j 
a 



TABLE C-4 

R]r tLy (?OP co;7?'Icxms 

cn? 

FaddY (135) 

FaddY (105) 
Z°Oalbccn/6c-Oundnuts 

Cotton 

JAN 

1.04 

FEB 

0.V4 

MAR 

0. 12 

0.33 

APR 

0.55 
0.35 

0.75 

MAY 

1.1 
0.91 

0.88 

JUN 

1.05 
1.05 

1.07 

JU., 

0.91 
0.79 

0.83 

AUG 

0.13 
0.1 

0.28 

SEP OCT 

0.55 

0.35 

NOV 

1.1 

0.91 

DEC 

1.08 

1.05 



--

Thsfruareflects the usaility ofi&~pxti~o h 
analu
zotl oaMxmmof. 225 Beon thi lvl
 

itis assumed that the storage capacity of the. fil hasbee 
exeeed ForA~-~.5~~A crops the iD/C methodother of estimating 
effeo .14Ve z'ai~fall h&3 been us~ed 5~ .it mu.7t be rcognizd 
t at'h aclto of the crop water requ±.rements ic1based on 

outside the project area.3 Ifv575etO3 B isto be develope~d~ln
 
3 3 carefully,,it-is important that, a full. meteorological;333~ 3 343-~Vperated 

staton e'established withinthe rjc ratpeeal 
at3 71olikanda. A price, uotation frasitabl t ato a
 
ro- nl
-
 ubmitted to the government fo r conideration.-, -
This central station should bocmlmze y ewr of four 4
orfiveraifall. stations distributed throughout the project area.

~~33 33> 6.1.3 Irrigation Ef~Ofc -- 43- -3ono3 
 3~ 
-I  rrigation efficiencies are to a1lageetent-dietene by the
333337level ofmngmn xprie9 h iapled. Thereore
 

33'--33-33--3-s-estimates of irrigation efficiency at -the feasibility stage are
 
33-4333333333-33-333
highly..subj eotive and. will be ro-evaluated T~on the management 33-3° 

Y-$too3sya ich 1. 3aohigvable for System 3hsbeen laid out in2detail. 3
 
The overal i cey ina riaiohytm= barkndw++++
~f$432>in12to three cowpnet 433+34-4++334 43343
++ 

OYfiU@ 3333mte@~*y~@e~o~o~3~33-3-4 3~33-33-'- - 3< 3333333
33 4+433343 43,-3333,3 ao 


43343 33
++*+**3 3333 333-3-4 3 33- 45- 33-3-3-3,3333
+3- 344
-~Vthe '+ ++ + ++; e+3 3-4353343433333333-333333<333433"03-3.3333433333,333
+ +,+ 334 3.3 4433 33 3333,333 333333333
++distribution........+,333 efficiency...... and the~ fiel 33;33333-3+ 3-33 
........
 4433-443 -33333.. 34-4+
.33 r-,4-3444-L~o +q 3>- ony - 433333333333-
.........+ ++++++++*+ 33333..++++++++++++343
:d 3-33 -3333343..........3.....3
+++++++++++
43335+ 333<3-333++ 

Thie Conveyance efOficiecy 1 a measure~ of lesson-duo to sepg
and owporation In thelsanal system,4before443 the, water aeoeis the"*.
. 344+"--+V3 .............


43+, +++++
33~3333~43~'3 1w ;Y#t42-fieldAs# 
 its Aticipated that the Sas*wlwl 
-pass throuaji sone very ny soils in suh ooaynelosses are;4~3: 
Potentially 3 It -3-
3-h Is assed that t@ prevent 03=933443<>443-4 
1453-33333
-o4a losses and ersc a cieabl ro& rti f h0 a 

sys 3n42 be -odtVdt-iiimpevis atwtrisa W%*h~suc~h ~3 -333333 
"Inmthmgh,at the 'system, the @@3nveanos efficiency may be 3-,3,3 ~~4453 34 

2he ditiuinefiinyi neasure of ow mh f te wte 
ant" aetam gate Is aectualll applied#.....
............ Tolotn hr
 

34,
 



tti-n problem" i=~ which a canal~ which has water' taken, 
A

it ngt 4ill~hswater flJovdmg away
of at,~ ponPtSaLOalon 

wIZSed at thie end of the canal, Another manifestato Of the 4~ 

ame problem is overppliatio, of~wter~b sers nea the
 
th th
head fcanlt Wh excss rter'beinmg lost to the7
 

driae ytm.Utibto efcency also covers the day-~
 

tbo-day mishaps wich cri ot riainscee ae
 

lo~ for' exaplo. Thus
wrongly opmned or opened for~too' ,being 

thedereowae aaeet 
conveyance an?o te
u~oosoftisroorta combine~d 

distibuton fficec f 70-Phs been assrumed. This is a
 
asal Upon experenca'w otdher
ast-At bib.t!~3~I~ acuIzibRted 


reports anirton i SiLankalrior to preparatio~n3
 
oi2. ve* aong,of the Peasibility Report , a pra=~of 


ceaa routes wi1 beoried out by
al.ong the mis iand brach 
Urgto Deprt.mt, per zmat .hXasitu permability tests
 

of potentia2.l {;
will,be coducedan a more accurst* asasems 

seepage losuses 'szi canal lnig requirsZents will.be made.4 ha
 

of&~ theU caaEUyta r mad an the more detiled. desin 

potntalfor the rouse of rainae-vter has'bees assessed# a mre 

cadet
reliti *sotWzae of ditibti eficeny cozb 

of thes out -of waer applied to ~A 4
Field efie.ncyisa.U'5I5urs 

ftleU which is~ actally2 used by the aoop Losses oo=u calmly due
 

ionaV~ lowlad.pMdy %erto. poolt=ados3uof -0 

tfe i to ept Voe~sontl flooded, th~e field eftoincy eM
 

be asialib sinply cosering~ percolatiloss e# lor rice*
 

"y Whsboe ssspmd but an th seLo interedto soils a
 
porcolati@swat 'o L#pa VU beem used,
 

f field off oaea iso
zOnpA.&W ric are the esiion@5 
In *I of th sandy matre qfthewahis e oploxe 


:WI M * eo$CI d,thi 00sequonthio infiltweLos ates,
 
fir'a L gtion. 011dsow*es 

$A'Isldh Wiatraonwenes areso hi hat 

http:Deprt.mt


tthasbeen assled that surface+ i-ouid 	 no' be ued. 
Opil~e o dri* *iiatonl vuj. be neded, and foZr tis1.und,.." .epox't 

3pr'±ikl irrigation with~ a fiold ef'Sio'.noy 0!75".)has beer. 

There is very lttle experience-with the irrigation and ph a-,al 
.4m 
 anagemont of the iritormodiate'nuplanduoils 1found inSstmB 

Asa& .sut, the above *utiCLuOW ."ir'r.oatonoUfiion iesaatpr+ioity,
 
tentative,, Better estimates of irrigation efficiencis Can only 

Apz'oG'amme 	 of inestigation ofirrigation methossoudterfr 
be carried out on ayposetv pilot far as a matdter of hig r 

-~ -. -. 4 -	 6094> - QrppzPatten.s 

- ~he irrigableT114 area inSystem 3 has beon divided into three tye 
V~ 	 i(sit Tabl.e 2-4), being lowlands, intermediate lands ad upladej~j4 

This olaasifioation Is topographic and each Group izoluis a variet 

~~~~h lowlands consist of the Low ui CLloyr ad Alluvial soils, ~.--~-.. 

j41which are the twUdionul paddy rice ilands in System 3. The4 4 	 44

4i+ ++4 ++ ++'14 	 4 4 4+, 1 'mo4 47;I<, .Worma__ 44 4 '4+ - -+ -4Th-+to soils are 	Von Oal~io'Brown 44 4.4 ';2 1. 4 .'sils A.lU1Pial and Reddish,7C-'+++! 	 + + : - 4 - ' + :+++!++ 4 : -14444 44 '444':44 1 i+ 4A+',+4 4;4e-+ 4, 	 + 4':+j
++i '~v +' ,++++
, 	 443rovm !;arths, T4is intermediate goupLng has boen sub-divided into 
++m++-++ ,4+4jW4'-,+ ++ + ' 	 444 .4,4+..°4+ 4 4 

"14>--fine 	 +++++44 +-,- !+-- I 4.4 

+++++ 


and coarsesiThe lands are44 at-:+:present sparsely cultivated.4 ~ 
++44......... +:+ + 4........ ' - '4 '4 , 4.144 44444 


+ +'' 	 +4.+ ': t - 4., 	 44-4+44: 4444+e+ 	 4 - '4<+I -+- 444" 	 4 44 4~l.-4',4' 4j1 

,: +++:...+ +++ ...Itt4 . ... rooe 4 nat on 	 f crops of paddy rice per+ .. the lowland areastw 44	 
44+446 

-'year should be groe' a Usa crop o*f a3 dayvarietyl and &T"al. . 
crpo 105 "7 Vaila1 hasbeen assuned tha pla~tSigazd , 4.44 

- harvestIza would each oninue over a~one mth peiod# 2.h* aumed 
crpqoetttiento for the calcultion of crop water equiremnts .,,,. 

--lre aboe In 	Table6-4.; 

on4 4Qthe tine textured interaodiato soils, i is proposed to grow a 
44441lJ47 ?*ha crop of patt rice anda lala crop of a Is.uzo s to.	 

1 

4c 

4jcrop4soybsa or .on"t hr r rsu14 

- ,,PON12 myabeauis hav boen chesen ~sa raferea arop.-	
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?AIPLF E-5 

CALCULTION OP VATER REQUIREMENTS 
FOR LOZ)'I~D ARKAS 

' 

- .:!c., [c 

-

-

.. L a:IUe 

' ---
- -',' 

Y . e-

C=9s e rT 

Gr.-z F~qur=. 

1 

e= 

.== 

x 

-t% 

1O a 

JAN 

118 

1.04 

123 

93 

-

216 

141 

75 

107 

16.2 

F_ 

133 

0.e4 

112 

74 

-

106 

82 

104 

149 

22.6 

A I 

18 

0.12 

23 

12 

CO 

95 

27 

(8 

97 

14.7 

APR 

185 

0.55 

102 

45 

120 

267 

42 

225 

321 

48.6 

WAY 

202 

1.1 

222 

93 

-

315 

25 

290 

414 

62.7 

J 

188 

1.05 

197 

90 

-

287 

-

287 

410 

62.1 

JUL 

198 

0.91 

180 

81 

-

261 

27 

234 

334 

50.6 

AUG 

199 

0.13 

26 

12 

-

38 

26 

12 

17 

2.6 

SEP 

187 

-

-

-

60 

60 

34 

26 

37 

5.6 

OCT 

171 

0.55 

94 

47 

120 

261 

112 

149 

213 

33.3 

NOV 

126 

1.1 

139 

90 

-

229 

197 

32 

46 

7.0 

DEC TOTAL 

108 

1.08 

11 

93 

-

210 

210 

-

- 2136 =m 

- 326.0 x 

oetes 1. Bazed on 3=/day on fields under irrigation 
2. Based on 70% conveyance efficiency 
3. Double clopped paddy rioe regime assumed 
4. Cropped area ia 15,155 ha. derived--{nee Table 6-6) 
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TA3LE 6-O
 

RAINALL STATIOIS LOCATED 
!MAR SYSMI'.S B 

Staticn Name Period of Record Hissing ata 
iEnd T toal tonhs Major Periods Uissi, 

3at:icaloa Jn.u. 1869 - 0 
.. 

Horborawewa 
Jdr. 

NoV. 1909 

"'43July 1977 

-

14 

18 

Aug. 1959 

Peb. 1971 

- Dec, 1959 

- Feb. 1972 

Polo.-a-uwra Jam. 1940 -

Aug. 1972 - Oct. 1972 

TrLcomalee J,=e 1069 - 0 
U er"1 Oc:. 1900 11or. 1972 18 Jait.1960 - Dec. 1968 
Weli da Ja.z. 1942 June 1973 21 

Oct, 1969 
Feb. 1967-

- Deco 
Jm. 

1969 
1968 



''i1lkanda have b'egin aain,'and the LMteorolo~ica D)pa'tmnt 
.t has n-iae that4 the Vakcanri sainonb eciae 

, 4 ,nS, - v ,, , .. ... +++,+:Tables, 6-1 and 6001 through 6"16 summarize' the monthly ranl 

r.10 these he.. Ye peri6d.......... 1950 to 1977,'


Ftata at' ±kl da,?ToloOnarua and Vakmnori were estimatedusn+UB
seasonal linear...gresuion relatioshi.s..de.v..opod vit nearby
 
fTstatios Missing data at W±ryakumburs and Horaborawewa 'will,.
be extinato in a similar manner for-the.. 

'.Re.po ....... 


wostream gauges have been in ope ration on the Madurul.Oya in the 
reoent past., The charaterietios of those stations re Summarz'ied 
in Table 6'-17@ This table inicoates seveawrbem ihte 

vertimSh~ts inthe, rating curwves (which are likely#: As
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TABLE 6-17 

SIP-MAJRy OF CIURACTERISTICS
 
OF LUIDURU 
 OYA STREAUPLOW
 
GAUGING STATIONS
 

Loeaticn Drainage 
 Stnge Observations 
 Uaximum
Area Begin End Misning Est'd Flow Measurements(Km2) 1m/Sc P2 Bei(I~?rn2 Begin n Mas txPlow(m3/s c) End -- . Staa Llax. plow-(.m/sec)
 

L'aduru Oya
at Da=site 
 452 Peb. 1951 Sept. 1957 2 mo. 416 
 Nov. 1951 Mar.1957 9.50 
 156
 
LUaduru Oya

below 
Dansita 
 459 Jan. 1978 present 


-27 Oct. 1978 
present NI.A. II.A. 3Maduru Oya 
at

Wellk--nda 966 Feb. 1946 present 
 15 mo. 1800oo.15 
 ue 901. 
 0
 

Dec. 1978 present I.A. 3 N.A. 3 

1- £easured from 1 inch = 1 mile maps
 
2. Estimated by extending rating curve beyond measurod range and using the observed stage 

3. 1.A. -
Not available
 

toA'U 

http:1800oo.15


6-27
 

6 .2.3-The Available Natural WNater Supply 

Table 6-18 summarizes the measured and estimated* flo-s at 
the I:aduru Oya Dasite. These flows ban be used with reason
able confidence as input to reservoir operation studies, 
although it may be possible to make adjustments to the flows 
to reflect shifts in the rating curves detected by the flow 
measurement program Ywhtch is presenly under way. Any such
 
adjustments v.ll be presented in the Final Report.
 

6.2.4 - Flood Hydrology 

Flood studies have been conducted by CECB 6 to derive design

floods at the da=site for spillway design and construction flood 
handling purposes. 

These studies, t.ich are based on unit hydrograph methods, can 
be found in the CEC3 Report. The flood studies to be carried 
out as part of this Feasibility Study relate primarily to the
 
delineation of flood-prone areas in the irrigation area.
 
Streamflow records in the Maduru Oya basin are unreliable for
 
flood analysis duo to the lack of flow measurements at high
 
stages, and due to cverbcmnk flows 'hich occur at Wel1kanda at 
moderately high flows. The program of flow measurements now 
under 
may, combined with hydraulic calculations using topographic
 
information now being collected, will porit studies using tuit 
hydrograph methods of the flooding situaticn und;: 
present conditions. 
The area found to be subject to inundation will be compared ,with
high water =arks observed along the Poloaarwa - Valachchena. 
Road during the I;o-e-ber 23 
- 24, 1978 cyclone. These marks have 
been marked with paint =dsurvoyors working in the area in the 1979 
field season will record their levels on the 1: 500C maps vhich 
will be produced as a result of their field work. 

The flood reino under future conditionn (with the 'Zaduru 
built) v.ll be examined by routing observed and simulated 

Oya 
extr

Dam 
eme 

fl=oda through the reservoir,, and combining the routed floods with 
observed or computed flood flows originating frcm the uncontrolled 

by CECB, mainly uring a rogrocsion relation--hp with flots
observed at Wiolikanda. 



TABlLE 6 - 18 

OBSERVED AID 
AT MLDtlJ OYA 

rater OCT 

Year 

44/45 10.4 

45/4 14.1 


46/47 13.6 


47/48 3.0 


48/49 3.7 

1.5 


50151 8.1 


51/5 3.0 


52/53 1.0 


53/54 25.5 


54/55 2.2 


55/5G 5.8 


56/57 8.4 


57/58 0.0 
58/59 1.5 

59/60 5.9 

60/61 37.7 

61/62 1.4 

62/63 5.4 

ESTIMLXTEP 

DALSITE
 

74.9 

11.I 

37.3 


0.7 


20.0 


17.8 


7.4 


53.2 


22.1 


22.2 


6.8 


6.3 


24.2 


78.5 

10.4 


26.6 


17.4 


179.5 


40.8 


FLOvS 

DEC 

37.4 

47.5 


108.0 


70.3 


90.3 


150.2 


17.0 


56.2 


9.7 


59.0 


85.0 


12.3 


54.0 


690.0 

51.8 


81.4 


99.2 


145.6 


69.6 


JAN 

13.4 

55.8 

193.9 


69.6 


98.4 


71.0 


333.3 


159.1 


71.7 


98.6 


134.3 


35.3 


58.6 

92.5 

20.9 


97.7 


56.2 


43.4 


111.0 

FEB 

2.8 

49.0 

20.7 


11.8 


12.6 


22.9 


1.5 


37.0 


12.2 


103.8 


76.2 


8.6 


106.9 


36.3 

7.4 


273.8 


12.6 


21.5 


59.2 


LIAR 

9.1 

35.9 

14.1 


4.4 


7.4 


59.2 


10.4 


7.4 


26.6 


24.3 


18.1 


6.5 


13.8 


9.6 

1.5 


26.6 


13.3 


18.0 


20.0 


APR 

2.8 

33.7 

14.8 


14.0 


12.3 


7.4 


8.8 


9.6 


49.7 


13.2 


17.2 


1.7 

3.0 


16.3 

7.4 


24.4 


21.5 


15.3 


18.5 


MAY 

1.7 

17.8 

6.6 


11.8 


5.2 


9,6 


3.7 


9.6 


7.5 


11.6 


15.5 


0.1 


3.5 

9.6 

3.7 


20.0 


3.7 


12.8 


35.5 


JUN 

1.4 

2.9 

2.2 


0.5 


0.2 


0.9 


5.9 


4.4 


1.8 


2.2 


2.2 


1.7 


0.1 

0.7 

0.7 


10.1 


0.7 


10.0 


5.9 


JUL 

1.0 

2.5 

0.7 


0.0 


0.0 


3.7 


3.7 

12.1 


0.1 


0.8 


0 

0.0 

0.0 


6.4 


6.2 


7.3 

5.2 


AUG 

0.9 

1.9 

2.2 


0.0 


8.1 


0.0 


3.0 


0.0 

3.1 


2.1 


11.0 


1.0 


0 

0.7 

0.0 


3.6 


3.8 


6.2 

1.5 


SEP TOTAL 

0.7 i56.5 

1.5 376.5 

0.0 424.2
 

0.0 186.3
 

1.5 257.8
 

0.0 . 340.6 
3.0 "04.8
 

0.0 343.4 
7.0 224.6
 

0.2 363.0
 

11.7 
 381.2
 

0.1 
 79.2
 

0 272.5 

0.0 854.1 
0.0 113.2
 

1.6 518.2
 

2.2 274.2 

5.3 466.1 o 
3.2 383.9 N
 

• l 



Vater OCT NOV DEC JAI FEB MAR APR MY JUN JUL AUG SEP TOTALYear 
63/64 

64/65 

65/66 

66/67 

67/68 

68/69 

69/70 

70/71 

71/72 
72/73 

73/74 

74/75 

75/76 

76/7-

4.2 110.3 131.0 102.0 67.7 22.3 18.9 15.2 11.3 0.3 5.73.3 4.2 40.0 23.7 88.9 14.8 25.2 14.8 4.4 3.0 11.85.2 71.0 90.0 66.6 30.5 35.5 16.3 14.1 3.7 0.7 15.346.6 94.0 42.2 62.9 45.1 31.0 11.8 6.6 3.0 0.7 0.714.1 125.1 142.1 82.1 15.5 22.2 12,6 6.7 4.4 0.710.4 34.8 44.4 68.8 48.1 9.6 22.0 8.9 2.2 0.7 5.225.2 37.7 231.6 139.9 90.4 25.2 0.7 30.0 8.9 0.0 .0.017.0 19.2 04.4 114.7 22.0 26.7 25.2 20.7 13.3 14.8 14.829.9 3.9 94.5 3.0 5.9 4.4 7.4 8.9 1.5 0.7 0.763.6 168.0 317.5 38.5 18.5 5.2 2.2 3.0 8.1 6.7 2.235.5 87.3 244.0 85.9 20.7 11.1 10.4 45.8 4.4 2.2 1.56.7 3.7 82.1 74.0 30.3 72.5 12.6 3.7 0.7 3.7 18.70.7 20.7 348.6 349.3 28.9 3.7 9.6 5.2 0.7 1.5 1.50.7 27.4 71.0 22.2 3.7 4.4 1.5 2.2 2.2 2.2 0.7 

Notes: From 52/53 to 56/57 Observed Flows at Maduru Oya Damite. 
Missing data are estimated using a correlation relationship establinhedwith the records at Velikanda.Source - CECB, "MLaduru Oya Reservoir Project Report", Colombo, 1979. 

3.5 

3.7 

6.7 

4.6 
6.7 

3.0 

10.4 

16.3 

0.7 
6.8 

15.5 

0.7 

0.7 

1.5 

508.1 

237.8 

362.5 

349.3 
432.2 

250.3 

607.6 

306.3 

160.6 
640.2 

563.9 

309.4 

771.2 

139.9 

0t 

£'U 
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TABLE 6- 19 

SUMARY OF PIiOGIUlM 
CHIAT?^CT i:TSTJVS 

Pro -r:m 

Ori.-tn 

JlydroloLqcal 

Period 
Time 

step 
Shortago 

Alloed 
Delivery 
Limitation 

CLCB Oct. 1946 -1976 
1 month None Minipe PLD Canal&pt.& Turniel Capsy 

IIE1UO 

IRuns 1,2 

IILD-ntO 

lm,,s 3,4 

Jail. 

Dec. 

Jan. 

Dcc. 

1950 -

1977 

1950 
1977 

1 month 

1 month 

15% 

10 

None 

Tunnel Caply 

Alone 

Mixlipo JIB Canal 
& Tunnel Cap'y 

1. A shortago factor can be specified which permits theof irrication denands reduction,whenever reservoir levelspractice, this results in a reduction in 
are loly. In 

tater delivery in mostm0oths Of the simulation. 

Ulhitiya1 

Storage
 

Not con
sidered
 

Considered 

Considered
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iAs the link tunnel capacity increases, the mar.un da heigh, 
can be decreased, and vice versa. 

As the dam height, link tunnel capacity or 1inipe ?ight 3ank 
Canal :apacity increases, the frequency of irrigation water 
shortage decreases.
 

The ultimate object._.e of the reservoir studies should be to arrive 
at an opt!_u ccmbinaticn o! the three variables, while alloying a 
reasonable =argin of additional capacity for increased irrgation 
demands. 0,InZ to the pre:iminary nature of the irrigatlon sy.-te= 
design and cropping patte-- proposed ___.4 -, the calcu.atled rri
gation dan3.Mrust also be regarded as prei=.inary. The ssi=ulaton 
studies done to date have therefcre beea examined to assess the 
nature of these relationships and to determine hether the presently 
planned dam height, tunnel capacLty and L:inipe Right Ban.k Canal 
capacity cos.titUte a litat.c on irrigation develo;=ent in System B. 
The average monthly Irrigaticn dc-ands used as input "or the siulation 
studies as calculated by NEfLECO and the Land Use Divisicn (LUD) are
 
s'rnnarized in Table 
 6-20, along with the denands computed for t-is
 
study. The latter de-ands are about 
 11 per cent lower than those
 
c ompu"ted b-y -C0, about per cent lower th~se
and 25 than calculated
 
by --- s.ulation runs zich '_"1C0 =adz in 1978 .-ith thoir
 
demands, h ever, allowed a 15 
 per cent reduction in the dcnand3 to
 
be zi-uatad in alos5t every :onuh,r tfr, 
 in clnulated d.c.._ds
 
'-,.._ ---:are e--at -.. r than the Acres dends. -: is t:osa H-ulated
 
deanda -.- ±c can be use! to indicate the d.end ,hi- can be :ct over
 
the i uation ;arizd. -able 6-20 includes estinates of the -cnthly 

de~nlzacta"'r !--~te NZ:- runsn. :-=:; cucd .:eare. 
The :=Z':O.: pro gram "cas used to examine a nunber of c - b- naticr . of 

tunnl c.pacities and .!aduru Oya da= heights. -he reult',- ,.lich 
ar cu:ted _n C3EC's eb.-ary 1979 r-o-2 Ind.lcate that the op-,t,-: 

.... t. .i. a tunnel c-^pacity of 26 m3/Ccc and a Full . ly :el&':-11 (7)'"
of -37.5 . This condition.s rin reo'nted by ru. on .Zao - 2. 
A c ....... t:-3 .irri gation deamc.do actully Ci-ulatd in t-..n 
'It". Az:-c- cc, cu'ated .co-na-ds (Tabl 6-20) I.dlicats -.!-at .'rs doands 

http:deamc.do


TATLF. 6-20 

-tr LIt/Y OP GIflSS IRAIGATIO 

Pot unar...1.% 

tl IAn--' 

Zourc JAii '3 Al 

I1 DLCO 51 67 10 

::LDLCO Run 1 49 63 9 

WJD iun C-L11 57 108 75 

LUD u 2---- ------------------

Luri !:un 3 50 95 66 

113D G. b2 99 69 

;A:iL,.zn 5 16 21 3 

.4 53 31 

6 E-'tirat ed 

-onthly 

AP 

0U 

70 

32 

lIctid 

28 

29 

24 

101 

i 

Avera c,,Demroid 

MAY JUU JUL 

1 2 192 171 

156 163 14C 

113 19L 214 

printout not 

99 174 1U8 

104 103 1tie 

55 5 6 51 

163 197 133 

(10 i3) 

AUG Si2 OCT 

15 1 09 

13 1 77 

116 39 47 

avd.Ilablc ---------------

102 34 41 

107 36 43 

5 0 28 

5 11 70 

.. 

NOV 

67 

60 

C9 

61 

64 

21 

26 

DEC 

26 

24 

57 

50 

52 

18 

10 

'uma- (10 6 m 

Yala .Iaha 
(Apr-"cp) (Oct-VLa.) 

641 310 

551 282 

712 413 

641 397* 

625 363 

657 379 

192 97 

610 234 

3 

Anuial 

Total 

951 

533 

1125 

103 

988 

1036 

289 

844 ) 

"a' 

'I 

'4l 
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1~ ~~---VQ12ld~ also 12ave~ been aa ~ 

~ 	
~

O~.tyI21d ~ 	 ±Ifbyb.ia OOmb±~2a*±gn O~ t2~el~-oa~ar 	 f -~ 

~-~' 
~ ~ ~ ~ 

he f±z'at 2?3DE~o ~ we~ baued o~ *120 austimpt±~&t~t a~y d~m~i&><'2~4 J~ 
m&tde :o~i theAUahawel± a~t 14I±~ipe could be meb.-~ 'ur*12~ ru~ were >~ 

- ~ ~ ~ ~1EDECO (~u~:~ a~d 4) ~a.~dKQEQ3 (Ru~s 6~s1 1)~ng±de~±~< ~>< 
~ l±m±ta*±o~s the supply 



±~ at 1Lin±~ imposed by ~ 
t

4 
1 {~ 4 	 K4K, 	 Syr~e~ C4oz~and~. ~hese ~ms 1r2d±oate that ~a tux~nol capacity of about


3O~m3/Seo~'would be needed ~to 

*-	

provide ±~ all y.a~a the ±rr±gat±o~~,
}	 - z'equ±weme~tg4-- calculated by kc~ea,~&A d~ab t~34~ m3/5eo would ~be needed ~ 

t~ provide4 the full LUD zequirements. 
-~ -> 

A 

-WAIt can be concluded from these studi~es, therefoz~e, ;~a~ ~the tunnel 
I 

cap~o±ty 	 34
of ~ which has been ohose~to proceed does not app.'a~' to impose o~aalow detailed 4es±~n ~ 
r 	 pme~ ~4 

K A 	
a rmsvz~.ot±o~ on the ~ievelot 



-~~ot System 	 k ~ VB for'±z~±gat±on,, M~±ncZ'ease~of~ aboutr33pez'cent Aevor 
-, ~ a~ 

~the demands oalcula~t.d'~eor thi~s rep~orVcoul& still be fulf±lled~wi~j ~' 

the t~el koapaci r now p1sn~ed, ~ In ,±AOW Koi~th. u~oertainty 	 2'su ~ VK
 
~:, 


r the *at~r r~quirem~nts compute4 by 	 Acres, ~AA7A ~,'and the 	 apossibility ,cf-~otual~ ~~a-~iJ 
a--awater ~equi:omente 

~ it isJuutifS~a-o4 WA a-*to~proce&d 

tunnel Usi~ ~this design capacity. K ~
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a' 
-a- ~a- a-a' 	 1 4 

a-	 4 
<a- aaaa-a- ;~a- -Aa;;a'a 4 a 	 a 


'a- ~ 

4 'a 	 'a-A a-'a~a-a-~a-~' 

-4 a a-a
aa-~ 

a~aa at t 

a-a-. 
 1 

~-aa, 	 '~- a-a-~ -~ 
a- a a a-a-	 a~''~-~ a a-a--a- a-	 ala- a --- a-a-a-a-a- - a a- a-a-~ 


,' a- aaa~a-<aa- > a- "a
a-  a- a-a aa-< a-a- a-' a- a Aa-A a,<a- a-a-A<a-a-a-a---a->-a-a-'' ( 

a-a- a-a- a-a- a- 4 
-a'a-~'4a-a'a 	 a a- '<'"a 'a-a-	 aa-aa- a~ a-a--a- -'a- -	 a a-a-a-. 

a ~a-a-ia 	 a-a- a- a-a a- 'a- a-a- a- a-aaKa-	 a ' a- 4 a'- ""aa- a-'a-~ ~a-~a-a-~a-a-
a-a,< --	 -'~ ~~a-a-'~'a-aa-a-'a-aa 'a-a- ~a-a-~-' a- a a a-' a a. a- a- a-~ a--a-	 a-a- a-~-a a' a-a-a- a a-ta

' a- a-a-,aaaa-" 	 A -' aa-a 4 a- ay a-"a Va-i a a 
4 

a-a-a- a a 

a--a-a. a a- a- a-a a'-a-a-, a-' a-A aa-~-a a- a-a a a-' a a- a-- a-a- K:aa-a-a-~a-~
a- a-a-

Aa a 'a a-' a- a a a a- a a-a a-' a--a~ a a a 'A a'a~	 a-a-~~ aa-a-, -' A-aaaa- -a--a a a a- -
aaai:a:;~a-a;a<a-	 'a a 'a a-a-a-a-a- a-a-a-V-a a-~.a

a 	 a-, 'a a-a-a-a- a-a-aa a-~a-a-aa-a-a- 'a <a- a, a 	 a-a - a-a-a- <a a a- -a aaa-a 'a a-a-i a- a-a-a-a-a 	 a Aa~ aa< a-a-a-a ,a-	 a aa-a--
a 	 aa a -a-a- a a a -'aa a-a-a-aaa-a-a--a~;a-a-aa-aa aa- a- a-a- a-a- a aa-a-a- a- a- a ' a- a a-a
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a-'aa--a-a-a-a-a-a-aa--a-a a-a-a-a-A a-a a-a- 1ya- a a-a-a---------
a a-a a- <a-	 a- a 

a-a-aa-a-a-a-a4>~a-a- ~a-a-a-a-a-a a-a- a-a--	 a-a a-a- a-a- a- a-Aa- a-a-a-	 - a-a-----a- a-aa- a-a- a-ta-

a- a-a a a a- Ia- a- a-a-a-a-a- a a-a-~a-a
 

a-	 a- a-a-a-a-<a-a-
t~a-a'ka-a-a-a-a-a-a-a-a-aa- -'a- a- a- a- a-a- a-aa-~ a- aa- a-a-a- aa- a- a-a-a-a-a-a-a- a- 'a-a-a-a-a-a--a-a-a--aa-a-a-ia-) a- a-	

a-a-
a- a-r a-a--a-a-2 a- ~ 

a - a- a-a-a a-a-a-a- a- a-	
a-a-a- a-a-a- a- a-a-a-a-a-a- a- -'a-a- 2a-- a-wa-


a- a-a-a- a a- a-

a-a- a a-a-"'a- a-a a-a-a- a-	

'a- t<a-a-a-" a- a-a-a-a 	 'a-~aa--l'Aa-a- a-a-a-a-a-a-	 a-a-a-a-a-a a ata-a-a-a-ga-a-a-a-a-a-a, 	 a <a- a- a- aa- a--a-	 a- a-~a-a-aa-a~a-~a-
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Hydroloizy
 

Average annual natural inflowv 3
385 million m

Average annual augmented inflow (with 

link tunnel capacity of 34 m 
3
/sec) 1121 million m

7.a.nLMuM observed discharge 382 m3 /sec
 3Maximum Probable Flood 4270 m3/sec 
River Diversion Flood (100 years) 
 2038 m3/sec
 

Reservoir
 
Fill Reservoir Elevation (FEtE) 
 97.5' m
 
Minimum Operating Level 
 85.0 m
 
Gross Storage to FRE 515.0 million m3
 

Live Storage Capacity 457.P million m3
 

Saddle Dams
 

Two minor saddle dams on the left and right banks of the reservoir 
closed by small dyko 
having lengths of 60 and 300 m respectively.
 

Left Bank Outlet Works 

The powerhouse, which is incorporated into an additional earthfill
 
sad"Oe dam, is located about 2.8 km northwest of the damsite. 
An
 
irrigation bypass with stilliig basin is provided. 
The key design
 
parameters are as follows: 

Design Water Elevations: Xaxizum Cperating :-oadwator : 97.5 m 
ILin.imum Operating Headw.ater : 87.0 m 
Na .airlm erTa.i.t : 77.7 m 

imnmum Tailwat er * 75.5 m 
YazmumLNet.Iead 19.3 m 
M!I- 1im Net Head 9.0 m 
Rated Head 


. 15.5 m 
Discharge Capacity : Powerhouse - Rated Capacity - 42.0 m3 /sec 

irrigation Bypass -.49.5 m3/soc. 

Turbines: Two - Vertical shaft, !aplan type turbines, rated head n 15.5 m 
Rated speed = 250RPM.Power per unit, rated head a 3.25 15I 
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7.1.1 - Con--oete Daum Alternative 

A straight gravity dam of mainum height 41.8 m and crest length 
1050 = is proposed at a location slightly upstream of an ancient 
bund. Pigure 7 shows the general layout and a typical section of 
this alternative. The right bank powerhouse is incorporated into 

the downstream toe of the dam. The principal design parameters 

of the concrete dam are as follows:
 

Dan 

Type - Concrete gravity dam
 

Crest Elevation - 101.75 m
 

Principal dimensicns: Length along crest - 1050 m 

Maximum height above foundation - 41.75 m 

Spillway 

Type - overflow, incorporated into the dam
 

Crest Elevation - 97.5 m 

Length - 257.0 m 

Macimurn Flood Conditions - Discha.ge - 2240 m3/sec 

- Flood lift - 2.70 m
 

Right Bank Outlet Works 

Location - 'lUght side of the dam, with powerhouse located 

at the downstream toe. 

Contents - Zatako conduit (tlrough the dam), panstocc, poworhouse 

with irri~ation by-ass and stilling basin 

Dosign ater Zlevation: As 3ank Outletfor Left orks 

Dizcharge Capacity: 2owrohouse - Ratad Capacity - 21.0 m3/sec
 

irrigation Bypass - Maxi_-a= Capacity 

35.4 31see 
-bine: - One vertical shaft,Kaplan typo turbino, ratod head a 15.5 m 

rated speed m 250 RPI. Power at rated head M 3.25f%' 

7.1.2 - TRckfill Dam Alternativo
 

A cnt-ral core rockfill dam of =acxui2 height 41.5 =etros and crest 
lonGth 1.20 motrI3 is proposei, for the same location as for th3 
concrete gravity dam. 7iguxro 8 hs-;s the Cinea. laycu: and a typical 

http:Discha.ge
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section for this alternative. The right bank powerhouse will be 
constructed at the dowstrem side of the right abutment, with a 
pressure tunnel ezcavated through the abutment conducting the water 
to the powerhouse. The spillway is a gated chute spill type, and 
is located in the left abutment of the dam. 
Rock excavated for
 
the spillway will provide the material for the dam. 
The principal
 
design parameters of the rockfill dam are as follows:
 

Dam
 

Type - Rockfill dam with central core
 

Crest Elevation - 102.5 m
 
Principal Dimensions - Length along crest 
- 1020 m 

Maximum height above foundation - 41.5 m 

Spillway
 

Type -
Gated chute spill, located on the left abutment.
 

Crest Elevation - 90.0 m
 

Length - 27.0 m - 3 gates 9.0 m x 7.5 m
 

Mazimum Flood Conditions - Discharge  1720 m3/sec
- Flood lift (above 97.50 m) - 1.9 m 
Rjizht Bank Outlet Works 

Location - Right abutment
 

Contents -
 Intake pressure tunnel, surge chamber, penstock,
 
powerhouse with irrigation bypass and stilling basin.
 

Design Water Elevations: As for Left 3ank Outlet Vorks 
Discharge Capacity: 
 As for concrete dam
 
Turbine: 
 As for concrete dam.
 

7,2 - Link Tunnel 

The link tunnel allows the diversion of water from the Ratkinda Oya 
Reservoir to the Maduxu Oya Reservoir. Water is conveyed to Ratkinda 
Oya Reservoir via the Llinipe Right Bank Canal and Ulhitiya Cya Reservoir, 
from the main stem of the Iahaweli Ganga at Minipe. 

7.2.1 - Hydraulic Asnects
 

Studies to determine the tun.nel's hydraulic capacity have been
 
carried out, and are 
summarized in S6ction 6.3. Controlling
 
upstream and don.stream water levelo are 
dotormined by the operating 
limits of the Ratkinda Oya reservoir (upstream) and :'aduru Oya 
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reservoir (downstream). The condition used for hydraulic design
 
has been the simultaneous occurrence of minimum operating level in
 
Ratkinda Reservoir. 
The 	reasons for this decision are threefold:
 

1. 	Sim-ulation studies show that the Xaduru Oya reservoir can be
 
expected to be at maximum level for from one to six months in
 
every year. Ratkcinda Oya reservoir is expected to 
operate
 
within a narrow range of levels, and the monthly variations
 
will depend heavily on tho System C demands. Thus the probability
 
of the coincidence of the critical levels is difficult to assess
 
until the System C demands are knoiwn with more accuracy, and 
until simulation studies which expressly consider the Ratkinda
 
Reservoir levels have becn completed.
 

2. The bed of Vila Oya at the outlet of the tunnel is at an elevation
 
of 94.0 metres. The hydraulic limitations imposed by the channel
 
dimensions, slope and elevation will therefore limit the minimum 
water level at the tunnel outlet to a relatively high level.
 

3. For the gate dimensions chosen, discharge is "free,, (no submergence)
 
and thus the water level in Vila"Oya will not affect the tunnel
 
flow. The minimum upstream level is thus the controlling factor.
 

In summary, the hydraulic lesign criteria for the link tunnel are as 
follows: 

Unstream Conditions (Ratkinda Oya Reservoir) 

Flood level 

,aximum Operating 
Minimum Operating 

Level 

Level 

-

-

-

107.25 m 

106.63 m 

104.42 m 

TtnelCanacity - 34 m3/sec 

Doistrea-m Condi:ions (Yaduru Oya Reseeroir) 
Flood Level 
 - 100.2 m
 

:.4:aimum Operating Level (Reservoir) - 95.5 m 

Late .'arch, 1979 docision to drop m=a'.--'_m r-ser- .i..level 
from 97.5 to 35.5 m. 
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The hydraulic dosig of the tunnel was undertaken to determine the
 
size of the tunnel required to pass a flow of 34 m /sec with an
 
upstream reservoir level of 104.42 m and a downstream level of
 
95.5 m. Consideration Tas given to lining the tunnel for hydraulic
 
reasons, although full lining is not required for structural
 
reasons (see Section 7.2.3). Table 7-1 sul-aizes the assumptions
 
used in the calculations and the tunnel diameters selected for each
 
of the four lining conditions considered. The assumed tunnel cross

section is the "straight-logged horseshoe"type.
 

Two control conditions are possible with this tunnel upstream
-

control, resulting in free flow (atmospheric pressure) through the
 
tunnel, and dovstream control, resulting in pressure flow. 

The upstream control option has the following features:
 
-
 The tunnel invert must be kept at "grade" to maintain free flow
 

conditions.
 

- Gravity dewatering for inspection is possible.
 
- Only one major structure, at the inlet, is required.
 
- Careful control of the gates is necessary to maintain free flow
 

conditions. A sudden rise in upstream reservoir level, without
 
an attendant reduction in gate opening, would result in sudden
 
transition from partly full to full flow. Structural damage
 

is possible from such a condition.
 
- No surcharge of tunnel capacity is possible under high head
 

conditicns.
 

The downstream control option has the follow-ing features:
 

- The tunnel invert can be dropped to avoid poor rock. 
- Gravity dewatoring of the tunnel for inspection 13 not possible 

if the invert is dropped. 
- Stoplog slots and trashracks are required at the inlet portal, 

and a control structure with gates and stoploL, slots is 

required at the outlet. 
- Consideration must be given to hydrostatic prossure over the 

length of the tunnel, particularly near the outlet. 

- Control gates do not require frequent adjustment.
 

- Additional discharge capacity is available under high head
 

condition3.
 



T'BLE 7-1 

SIm!r- Y OP IYYIAIILIC DESICI[ OP LINK TIJiET, 

TUIIIEL 
T'YFP 

LINING 
CONDITION 

DESIGN CONDITIONS 

WATER LEVELS (M)
UPSTREAM DOY:'tSTIREAU 

f11IILUU MAXIIUM 

UPSTREAM 

MAXIMUM 

DOV19-

STREAM 

MAIWIfIG, S H 

-DESIGH RESULTS 

GATES 
NULtER, SIZE, 

TYPE 

DIAM-

ETEIt 

Frae Plow Unlined 104.42 97.54 106.68 .029 2 - Vertical 6.0 

Froozuro 
Plow 

Unlined 

Shotcteto 

Lined 

ivert Paved 

104.42 

104.42 

104.42 

104.42 

97.54 

97.54 

97.54 

97.54 

106.68 

106.68 

106.68 

106.68 

.029 

.023 

.016 

.026 

Lift 

1 - Vertical 

Lift 
1 - Vertical 

Lift 
1 - Vertical, 

Lift 
1 - Vertical 

Lift 

55

5.0 

4.5 

5.1 

1. n Laduru Oya Reservoir is at FSL 95.5 m. 

2. i.en Uaduru Oya Reservoir is below 94.0 m. 
3. For unlined tunnel, D - mean driven diameter 

For 'iotcroto lined tunnel, D - Diameter before application
For concrato lined tunnel, D = inside diameter. 

4. Doas uot reflect recent decision to lower dam height by 20 :moetrs. 
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7.2.2 - To oraohic and Geological Aspects 

Pi,,e 8 shows the link tunnel area in plan, while Figures 9 and 10 
show the topographic and geological conditions which affect its 
desiga. The areas near the inlet and outlet portals are 
characterized by gently rolling topography. Overburden consists 
of a one to two metro.. thick. layer of clayey 
silty sand. Bedrock, consisting primarily of precambrian granitic 
gnoiss, is exposed sporadically in the portal areas. Near the 
outlet a dolerite dike cuts across the alternative aliments. The
 
bedrock is heavily weathered, up to a depth of 10 metres in some
 

areas.
 

A program of geophysical and geological surveys w'ras undertaken to
 
examine the geological conditions along the proposed tunnel
 
alignment. Geophysical surveys were run along the length of the
 
tunnel trace proposed by Acres in September 1978,along a minor
 
deviation from this trace, and along three transverse lines in the
 
outlet channel area. In addition, surveys were run in the inlet
 
areas of the trace proposed by CECB..
 

Drilling of twelvo boreholes (see Figure 8 for their locations) 
to the proposed tunnel invert vras carried out by Irrigation Depart
ment cre-as. 11ost of the holes were drilled in the inlet and outlet 
areas, to confirm geophysical information on the unweathored bedrock
 
profile. Laboratory tosts wore run on selected core 
samples. 

Overburden characteristics wore e:a-ined by digging toot pits and 
test trenches in the inlet and outlet areas and conducting laboratory
 

and field tests. Theso tests aied at assessing slope stability 
and permeability characteristics in the proposed open sections.cut 

The exploration program allowed the following conclusions beto 
reached: 
- The geophysical profiles can o ccnsidercd reliable, as very 

good agroee.ent -as observed between borehole logs and the 
geophysical data. 

The sock Quality Deoignation (RQD) of the unwcathcrcd bodrock is 
"good" to "excellent". T'he permoability rock isof the practically 
zero*
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- The follo-wing slopes can be assumed to be stable:
 

Sound fresh rock : 1 H to 6 V
 
Weathered rock 
 : 2 H to 1 V
 

Clay : 2.5 H to 1 V
 

- The rock in the vicinity of the dolerite dike has been
 
heavily fractured and Jointed. 
 This zone, about 210 metres 

wide, is considered a poor quality zone and will require full
 

concrete lining Trith steel ribs for added support.
 

-With 
 the above e::ception, no zones of poor rock are knovn to
 

e-ist along the favoured aliments. Support requ.iremonts over 
most of the tunnel length will therefore be minimal. Allowances 
should be =ado for pattern rock bolts in the tunnel roof over 
about 40 per cent of the tunnel, w.-ith additional support
 

allowances for minor unforeseen weak zones. 

7.2.3 - Alternatives Cons:lered 

A total of nine alternative tunnel configurations on three different 
alignments (Figure 3) wore considered before arriving at a final 

design. These alternatives, the characteristics of which are 

summarized in Table 7-2, ware: 

Pressure Tunnel 

The pressure tunnel variants all incorporated a dropped invert 

to allow most of the tunnol excavation to be done in sound bedrock. 

Six alternativos were considered: 

1. The Acres Trac-e - basic ali,3mnt, with a relatively
 

long outlet open cut.
 

2. The Acres Traso  basic alr-:ont, with a relatively
 

short outlet open cut.
 

3. The Acres Trace  deviated variant, with a relativoly
 

long outlet op: cut.
 

Acro3 Trace
.The - deviatel variant, .... a ralat.ely
 

short outlet open cut.
 

, The CC: Trace, with a relatively long outlet open cut. 

6. :ho CZ2 r a-. 3, with a ro.ativoly Zhort cutlo open cut. 



TABLE 7-2 

SUI! ARY OF TIUJHEL ALTEIRNATIVES 

ALTE iIATIVE 

NO. 

ALIGHIMT TUUEL TYPE 

LEUCG II (U) 

InLET OPEN CUT TUMIEL OUTLET OE CUT TOTkL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Acres Basic Pressure Plow 

Aores Basio Pressure Flow 

Acros Deviated Pressure Flow 

Acres Deviated Pressure Flow 

CECD Pressure Plow 

CECB Pressure Flow 

Acres Basic Free Flow 

Acres Deviated Free Flow 

CECD Free Flow 

920 

920 

920 

920 

500 

500 

1870 

1870 

500 

4740 

5730 

4800 

5900 

5990 

6540 

3780 

3350 

5570 

1140 

150 

1250 

150 

1400 

850 

1150 

1750 

1820 

6800 

6800 

6970 

6970 

7890 

7890 

6800 

6970 

7890 

0 
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,free Flow Tunnel 

The free flow alternatives have a higher invert level over 
most of their lengths than do the pressure flow variants, to 
allow free flow conditions to be maintained. Three alternatives 

were considered: 

1. The Acres Trace - basic alignment.
 

2. The Acres Trace.- deviated variant.
 

3. The CEC3 Trace. 

The hydraulic features of the pressure flow and free flow
 
alternatives have been discussed in Section 7.2.1. 
 Structurally,
 

the pressure flow alternatives offer significant cost advantages
 

in that most of the tunnealing can be carried out in good
 
quality rock, mak.ig lining unnecesaary. This is clearly illus

trated by the geological profile in Figure 10. However, the
 

free flow alternatives can be inspected more easily, since 
their
 

higher inverts allow 
 the tunnel to be drained by gravity. The
 
pressure flow alternatives ust be dowatered by pumping.
 

For the pressure tunnel alternative, four versions of a tunnel
 
along the aligr.mcnt proposed by Acres were analysed. 
These
 

altornatives aimed at testing the sensitivity of the turnel's 
cost to measures taken to avoid the area of ;oor quality rock near 
the outlet. The economics of deep open cut eccavation vorsus 
tunnelling in Pcor rock also influenced the outco-a. The CEC3 
trace was included for comparison, although its Creator overall
 

length (about one kilczotre) made it less economical than most of 
the alternatives considered for the Acres trace. 
 Table 7-3 sunnarizos
 

the cost comparisons wtich resulted from the analysis of the nizo 
altornatives. The figures cho,.- in Table 7-3 allow the folloTwing 

conclusions to be Jrnvn. 

1. The free flov alternative has large coot d.lsadvantagrs
 

and potential problems with deep open cuts 
which dictato 

the ch.oico of a preosuro flow tutLnel. 

:lot oho',n in ':ablo 7-2 ar; coot cc=p.ar' o:,s -hich clearly
indicato that an unlined tunnel 5.5 metros in diazter 
is loss costly anA can be constru'ctod more quickly than 
a 4.5 motro diamotar concrete lia.l tunnel or a 5.0 metro 
diameter shotcroto 1lned tunnel. 
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five days for 24 hours on a rotational basis. For this system to
 
function efficient!, it is essential to have a high degree of manage

ment and discinlin e. 

On the intermediate finegrained soils, the fam layout -,il be similar to 
that of the lowland areas, except that rice will only be grcvI in the 
11aha season. Ina the Yala season, either groundnuts or soyabeans will 

be grown and the fields prepared to allow a border strip ty:,
 

of irrigation to be carried cut. The intermediate soils have higher 

percolation rates than the lowland soils and it is possibie that water
 

will be required more frequently than on the lcwland soils. On ther 

coarse textured Intermediate soils, it is anticipated that supplementary
 

irrigation of '.aha crops (grounlnuts, tobacco and. cassava) trill be possible 

sing sarface methods. This must be confirmed by pilot farm trials. 

On the upland soils, i-.filtraticn rates are very n,' and it has been 
assumed that surface irrigation will not be practically possible. It 

has been assued therefore that sprinkler irrigation tectniques will 

be used. There is also some doubt as to the practicality of using
 

sprinkler tochn:iques because of expected high wind velocities. However,
 

there is evidence that win-rd velocities at. night are much lower than 
in daytime and that effective sprinler irrigation at night would be 
possible. The technical feasibility of using sprinkler irrigation isl
 

one of the problems "" needs to be asessed by Pilot farm trals 

befcre a final co-itm-ent is made. 

A typical upland layout is sho , n P A spacing of 13Figure m 
betw-een lateral :ositicns and ',8 m bet-;een s-!-eg -he lateral 

has been asZ-umed. A -odium pressure system (nozzles operating at 2.S 
kg/cms (40 ;. .i.) can apply 24 = in 12 hours. The -. m-um field 

i.rrga... re.isrement_£s 241 = for the month of June, or 53 =/day. 
Thus tha lateral can be operated in one postic n for 12 hous every 
three das.' .7ith -he layout sho-vn, one hydrant car. serve sin pcsi-icns 

an!. hu cne lateral can serve two-1 ha plots if irrigation is carried 

ou-. bo-.th. lay and nit. ater for irzigat.cn. could be punzzd from , 
br-a-c. canal into a b-..ried 7... rcoouro main upon ..h-ch the hyuran-s 

woul. be -ouanted :he r ll:erals .ould be "O3 mm diamoor and 

made of "-'

Drna-o a ccnierabo arem in oysoam 3 area.: rosent the 

.....y f t. toe-ciato In.he'o-ty fre r--n-'-£-. z ils are 
...... ).r;a:2 0 t:e.ri . .o3 ...o. O .- - -_o:. 

http:irzigat.cn


8-4subsurface topography. "a y of the intermediate areaslogged durizg are vaterthe Uaha season and .dry out duringThis leads the Yala neason.to a build-up of salinity n some areas.therefore than an it is essentialeffective drainage system be COnstrCted.The Principal purpose of the field drainage systemcontrol ±n System 3 is tothe "Tater table level. To have an adequated rains free draining zone,of 50 c= depth are recommended. 
In Figuredrains are 13 and 74,showa fieldat approxi-mately 
area of 20 ha. 

400 m spacing and each serving anIn addition to their role intable, controllingthese drains the waterwith a maximum velocity
to of 0.6 m/s would be ablecarry a storm water ru-off duty of 15 
1/sec per ha.
The design of the main drainage system requires detailedmapping hich.has topographicnot yet become available. It is proposed to design
the main system and reliably estimate 


The costs 
costs for the 7easibility Report.
estimated for this report and reported in Chapter 10 aretherefore to be regaided as preliminary only.
 

8.4  '.,ater '!anae,nA
 
Rice has been r on organized i-rrigation schemesover 2CCO years. in Sri Lanka forVithods of cultivation andevolved water managementover a havelong period and a concerted management effort "willbe
needed to 
change traditional methods.


One of the maJor Poblems on existing irrigation schemes is emcessive
Faater use. 
 aost farmers regv.rd the Uselattach any value to 
of ;7ater as a right and do notwater as a scarce resource.try to As a result, farmerskeep water flowi.ng through their paddyIng sufficien fields .depth aizaiaof water to con:rol weeds and toagainst the occasional inability of the 

provida incuranca 
system to provide water.To make the best Possible Use of ...
ater
. ich
considerable as been tranzorteda.
expense to System 3,
-ll be needed. 

a more ;os:itive ma-agement approach
This approach should incorporte rotational i--i--on
as the delivery =ot-od but 
 strong

*t.eupper at all levls.level, ;roJect managemcnt 

." e 
At 

;erzonnel muzt o:~ijIution of :'vater 0 the ditrito the major groups of ucers in a 
.
users of re!iab ::t acsus ".he
t of supply. 

organ 

A, the field level, farnors aurtt.....301-
 into form-l or infora! user ar7u;3 to ensurefair zharn'; cf .",at ,he
am-O..onr 


"* 
 " 
 r::oamends 5.0 i/ceC ;or ha cn Ic,'!n and13.0 1/.'co 
por ha on u;!andZ.
 

http:flowi.ng
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In addition to the problems of introducing rotational irrigation, 
many of the areas in System B-consist of soils which have never 
been irrigated before in Sri Lanka. On the free draining upland 
soils it is proposed to introduce sprinkler irrigation. If this
 
technique is to be used by =allholder farmers, a very high level 
of training, maintenance and management is required. In order 
to prove these techniques to the farmers it is necessary to have
 
a. pilot demonstration farm where the new techniques can be developed 
to suit local conditions. It is essential that farmers undergo 
some form of training before operating sprinklqr equipment. In 
addition, the operation of sprinkler equipment will require a 
substantial support organization for maintenance and supply of spare 
parts. 



9 - MIRO!nA2n'AL ASPECTS OF THE PROJECT 

Major changes in land and water use are proposed in the Mahaweli 
DeveloPmont Programme. 
Areas which are now either sparsely settled
 
or are tree-covered will be brought under intensive i.rigated
 
cultivation. 
Because of the possibility of unforeseen detrimental
 
side-effects of the development detracting from the Project's benefits, 
and because of a desire on the Government's part to conserve, where
 
possible, rare or endangered species of wildlife,, the environmental 
aspects of the development require examination during the planning 
stage.
 

9. 1 - Administrative Background 

The Mahaweli Development Board has established an Environmental Panel 
to advise it on environmental issues affecting the Mahaweli Develop
ment Programme. 
This Panel consists of representatives of 4D3B, the 
National Science Council of Sri Lanka, the University of Sri Lanka, 
interested Govern-ment departments and ministries (Wildlife Conservation,
 
Plan Implementation, Ir.-igation, Forestry, Fisheries) and a public
 
interest group - the =Yidlife and Natur6 Protection Society. The Panel 
is to provide specific advice to LTB on the follo _ng: 8 

1. Development planning of the Uahaweli Project .with minimum 

adverse impact. 

2. Conservation of soil, flora and fauna and provision of 
fuel wood plantations. 

3. Enviror.ental assessment and impact studies in the different 

systems. 

4, Environmental monitoring. 

5, Education of *ZB Staff and settlers on environmental 

conse- atlon. 
6. Environmental legislation requirements. 

An E-,irormental Assesent of the overall Mahawali Cevelo;mont is to 
be co-ordinated by the Environmental Panel, with funding provided by 
the U.S. Agency for International evolo-ment (•SA:.D)
 



9-2
 

This najor study is to commence in April 1979 and is scheduled
 
for completion in April 1980. 
 It 	 is intended that this "lviron
mental Assessment '*;jll encompass more detailed investigations of

broad issues than would be possible by the consultants studying the
 
-omponent systems, 
 and :il permit analysis of impacts on a"Bas 
affect;.d by more than one system - the lower "ahawell, for examDle. 
However, since some environmental analysis is desirable as part of
the planning process. 
 the Terms of Reference of this study include 
a limited amount of 	 environmental iorc.
 

9.2-Princizal Areas of Concern
 

The areas 
which will require attention during this study include:
 
Terrestrial Znirr.ment 

1. Soil Conservation
 
Care will be required to 
limit development in erosion-.rone 
areas, and 
to 	follo-.w clearing, grading and farming practices
which will minimise erosion. Salinity build-up on 	 new and 
existing cropped areas must be avoided through adoption of
 
appropriate development patter..s and land drainage ;ractices. 

2. 	 Forest Utilization 

Forest conservation in erosion-prone 
areas, allocaticn of
 
f're':'ocd reserves (includinZ planting of fast .aturng species)
utilization of cleared timber and development of apprc-p-ate 
clearing methods will contribute to the goal of erosion control 
and to the economic vtahility of the Project. 

3. 	 ','ildlifeC-)se:yat4ion
 

System 3 contains sign fcat 
 numbers of 
 lephannts, as 
-,el 
cs deer, sa-.bhur, bear, leopard, civets and other smaller 
animals. Attention has focussed on :he elephant T,s jue to thelr 
size and cultural si.jnificance ad to the steady reduction in 
'abitat which s placetaking throughout Z ri Lanka. A large
forest reservation has been set asido in System 2. Cne objective
of prov-ng '.?Is reservation is 	 to providev-":-. hi.
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Acuatic Evironment 

1. Reservoir Ecology 

The development of the fisheries potential of the reservoir 
will provide a valuable source of protein and income. An
 
ezamnation of the probable reservoir ecology 
 ill therefore 
be necessary.
 

2. Zetland Ecology 

Existing wetlands and new perennial w,.tiands which vwll be 
created as a result of irrigation wa!r application will be 
affected by nutrients and pesticide'sftontained in agricultural 
runoff. The resulting adverse effects on the fish rescurce 
vill depend on the type and concentrations of chemicals applied
 
and hence on the type of crop grown in the drainage area. Other 
areas of concern include nuisance growihs of aquatic weeds and
 
the expansion of breeding grounds for insects, particularly
 
disease vectors.
 

3. 'PublicHealth
 

The availability of adequate supplies of domestic water and the 
control of water-borne diseases will be important cont ibutors 
to the quality of life w.ithin the project area. Breeding grounds 
suitable for disease vectors can be minimized through consideration 
of the problem during the desi6-n stage. An eradication progran 
for malaria mosquitoes should be devised during this period and 
implementation begun at the timo of construction.
 



10 - PROJECT COSTS
 

Studies of construction costs for the major project elements have
 
.been carried out. 
 Since Acres is preparing Tender Documents for the
 

'ink Tunnel, first attention was directed at the major cost items 
for this part of th3 project. This enabled a selection of the most
 
economical tunnel configuration to be made, as described in Section 7.2.
 
The cost estimates prepared by CEC3 for the two 
possible types of dam
 
(concrete gravity and rockfill) were ne-t 
reviewed. Pinally, the
 
cost of the major elements of the downstream works (particularly the
 
main canals) w-as reviewed, using the very preliminary information
 

on the quantities inVol7ed.
 

In all cacos, th: approach taken was to establish local prices for
 
construct!on mpots:ials, machinery, fuel, labour etc. 
 This information
 
mas combined mith assessments of probable rates of construction progress
 

and labour and supervision requirements to arrive at direct costs for
 
vrarioio -cti'rties. 
!=dIrect costs, such as administration, •
 
ov:head and profit, were computed separately and added to obtain a
 
cozbined total cost, 
The total cost for~each major item was then
 
divided by the quantity ivolved,to arrive at 
a unit rato. Thscz rates
 
could then be used for different quantities in the same crker of m ni
tu 
e. Tor the dm and the link tunnel, cost estimates wero b=.zd on
 
th3 assumption that a Canadian 
 contractor would undertake the work. 
Por the do .strccz irks,.twas ass'ed that a local contractor would
 
utdorta_- th wo_!. These 
 t;o asamptions reflect current official
 
thin on tho L lein-nta:i., stage of the project.
 

10.1 - Un!t" ?icOs 

U=It pricos used in the ostimates have boon developed from first
 
princplo - calculating quantities of work to 
be done, and solecting 
units of equipmont appropriato to carry out t:e work with floibility and which 
are. u..ab.e fcr other workc on the project. 2atorial costs -,ar
 

developed using basic prices plus a percentage f:r cpoila;o, .ransporta
t- and material hl.'dling. Labcour cozts e..rocab bad by cotimating 
tho numbor of manhours th ro-Ircd. vio. to cmp1o o n ate.ty of 
of .c tattir into account the -inu-tiv-ityof both xPtriates aad 

ion:u : Pcr3.rs, C-ora:in, costs were calculatcl to include c;pcre 
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parts, fuel and lubricants, while "consumables" included blasiing 
powder, drill steel, wire stemming material, etc. Construction
 

material costs includodair duct-work, pipes, cement, reinforcing
 

steel etc. Indirect costs includedsupervision, administration
 
and contractors on field engineering. Vehicles for supervision,
 
office equipment, insurance, financing and profitwere 
 also included
 

in this category.
 

Table 10-1 summarizes the financial costs of ratorials "at source,, used 
in tha analysis, while Table 10-2 lists typical unit rates developed for 

use in the analysis.
 

10.2 - Cost of the LWnk Tunnel 

The costsof the eight alternative tunnel configurations shown in Table 7-3 
are influenced by the methodology of construction. Cost estimates for 
excavation of the link tunnel were made on the basis of the criteria
 

outlined below. 

Because of the na;ure of the rock, careful rock excavation at portals
 
and a considerable distance from 
 tunnel entrances will be necessary.
 
For the purpose 
 of the cost estimates, the following construction
 

methods have been assumed:
 

- From tunnel entrances for the first 40 feet:
 

Ten - 4 foot rounds consisting of line drilling six inches on 
centre. 4. x 4 foot Pilot Hole, 10 X,10 foot Pilot' Drift, full
 

face excavation.
 

- 7rom 40 feet to 100 feet:
 

Twelve - 5 foot rounds consliting of line drilling nine inches
 

on centre. 4 :c 4 foot Pilot Hole, 10 x 10 foot Pilot Drift, 
full face excavation.
 

- From 100 feet to 200 feet:
 

Twenty - 5 foot rounds consisting of line drilling nine inches
 
on centre (drilling 
13 foo)A x 4 foet Pilot Role, 10 x 10 foot
 

Pilot Drift, full face ozcavatvon.
 

- From 200 foot to 300 feet:
 

Ten - 10 foot rounds consisting of lino drillLng twelve inches
 

on centre, full face oxcavation.
 

- .7rom 300 foot from each tunnel entrance through the .--holo tun.nel 

length: 

.on fIot rounds, full faco oxcavat on.
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TABLE 10-1 

PIfZlTCIAL COSTS OF MATERIALS AT SOURCE 

IT" UNIT COST (RUPEES) 

Diecol Z'IUl Imperial Gallon 5.6 

Blasting Agent Pound 11.25 

Detonator Caps Each 6.0 

Reinforcing Steel Short Ton 5200 

Cement Bag of 42 kg 18.5 

Sawn Tizber Cubic Foot 25.0 
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TABLE 10-2 

MIAOR U111 PRICES DMTLOPED FOR. ESTIM TES 

ITEI DVELO PED FO R IT PRCE (RUPEES) 

1. Clearing Link Tunnel 
 ha 13,000
 

Dam 
 ha 7,80O 
Main Canals ha 7,800 

2, Comon Excavation Link Tunnel Open, Cuts 3m 58.5 
Main Canals M3 32.1 

3, Rock ExcaTation Link Tunnel 3Open Cuts m 247 
Link Tunnel m, 988 
Main Canals a, 260 

4. Concrete Link Tunnel Portal3 3 3,120 5,200m 
3
Link Tunnel Support m 5,200 

Dam (180 kg cement) m3 663 

Dam (250 kg cement) m3 725 
Main Canal Lining' m3 2,275 

5. Rock Bolts Length 2 metres each 120
 

Length 3 metres each 150
 
Length 5 metres each 220 
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he 
ultimate cost, Table 1 1teeoe uc-rz3teca fti 

affct omprisn o t~ allerZntives, butte d fec h 

altarativFfc-tl~l~tfttures, Th"O0 cosa i 1979 
rre~noy of Rs26 li ha used,in the economic analysis, 

10.3- Cost of the Damn 
Zn preparing the Interim Report, the 0EC36 estimates for both the
 

-.
 rockfill dam and oonorete gravity dam have been revievied. The review 
O7171 X7.71,1~incorporated~1l am independent check o~f quantities and use of 1979construction cost unit rates, The unit rates used by CECB are reported 

to be average rates which are expected to apply over the 1980-1982 
.costruction 
 period,. Although the total. coats estimate yCC r
hihrthan thos estimated by korea(as one would expect du to the 

-.. of anincoai on~±~ escalation factor in the estimate) h ifr 
~ in nlot significant (sea Table 104, ).eni~tohvoee.4f or
 

been adopted as 1979 coats for' conhideration in the Interim Report. 
Thea CECB estimates for all2 elements associated with the two types.
of structure are: . 

Rokildamn 
 9895 ino
1' l7.1 f 1 1 
Conree gavtydam a87mno77u  ++++e +++++++++, +++ +++++++++++,+++++++! +
 

+ + ++ +++++
77+ ++ 777. 4 .1777*he CostT~1*~ of the Concrete grviy a a:tr:ivm4 usd.inth7 iti 1 &1onomic. 
++ + + +;+.+.:++! ++++:+++++ :++++++++; + +++ ; + ,++ ++ ? + +
++ +++ ++ + , y :+#, +++ 
 i+++++++++++s+ +:+.++ ! 7 ..

analsisoHowever, the fianancia cost quoted above injs tdo 
incudethe economic price of cmn n enocn te.Ti eut 

in an additional cost of Rs*34 million for the concrete dam with a total 
cost of R8.931 million* This is still loss than the coot of the rookfil2. 
alternative, ad was used in th. analysis for this reason. Adjustmanta for tte 
econoic price of diesel fuel.were not made, an these are considered to 

1 have minimal impact on the results. 
1 A decision was made late inliaroli 1979 to lower the *rest elevation of thes 

Maduru 07a Damn by 2@0 meters. This decision was takcen because recently 
I compiled topographic informationi for the reservoir area has reivealed 

that~the sant volume of live storage is aVailable for the lower d=m as 
was previously believed for the higher dam., The rssultini; cost saving is 
estimated to be about Reo66 million, with a additional saving of 

.77 .11 :. Damt. spil.lway# powrerhouses, saddle dams Vetoo............
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TABLE 10-4 

C0 PARISOr OF DAL[ COSTS 

DAM TYM-
ACES ESTIMATE CECg ESTIATE 
(io RS) (10 RS) 

Rockfill Dam  1980 - 1982 prices - 409.2 
- 1979 prices 378.1 . 

ConcrOte Dam- 1980 - 1982 prices - 421.8 
- 1979 prices 402.7 -
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Rs.4 million resulting from the economic cost of cement 
and rein
forcing steel, 
 Thus the da.; cost used in the final economic analysis
 
presented herein is Rs.861 million.
 

10.4 - Cost of Downstreaum 'Works 

Without detailed topographical mapping and soil maps for System B, it
 
is very difficult to produce reliable estimates for the cost of the
 
irrigation works. However, for purposes of the Interim Report,
 
estimates of the 
cost of the main canals and other irrigation and
 
drainage works have been made using the limited available design
 
information.
 

10.4.1 - Main Canals 

Some preliminary design information is available from IMB for the 
main and major branch canals. 
A cost estimate for constructing
 
lined canals according to the hydraulic design criteria outlined
 
in Section 8.1 
was therefore performed. 
Soft earth excavation
 
quantities were estimated very approx-imately, given the lack of
 
adequate topographic mappIng,to total about 7 millicr m3
 .
 
An allowance of 0.2 million m 
of rock excavation was added for
 
preliminary costing purposes. 
Concrete lining costs were based on
 
a liming thickness of .075 m, with lining carried out immediately

after excava:ion to avoid side slope slumping. 
A total cost of
 
650 million rUpees, including overhead allowances, was estimated for 
the main and major brnch canals. This cost ccnverts to R3.14,400
 
per hectare, which compares withwell canal excavation costs
 
developed 
 by NEDECO in 1979. An increase in the overall cost of 
approximately 6 per cent would be expected if an international con
tractor were engaged to theb.ild canals, due primarily to 
higher mobilizaticn, demobilizaticn and overhead allowances.
 

10.4.2 - Other::rization orks 

Because of the lack of design -information, the cost of the remaining 
irrigation works was compute), 
on a "per hoc',are" baisi. 
 A basic 
rate of R.2 ("3 per hectare was derived , asJmLng cn.ractuor
 
ucing capital intensive motho's arc 
employed as for the main cana.s.
 

* Based on analysos conducted by E C7 7.7n 
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This cost includes:
 

- Major check structures in the main canals
 

11ain drains
 

- Canal service roads 

- Land clearing and levelling 

- Field and distribution channels, field drains, turnouts 

- Surveys, studies, construction supervision and contingencies. 

The 	assumptions used to compute the total system cost, which is
 

summarized in Table 10-5,are as follows: 

- In addition to the basic irrigation system, it will be 

necessa-y to install sprinklers on the upland soils, at a cost 

of about Rs.10,500 per ha. 

- The homestead plot and the vegetable plot (It acre each per family) 

on the intermediate coarse soils are not irrigated. 

- The vegetable plot for the upland f-rrers (Y, acre per family) 

is outside the comandable area but is assumed to be commendable 

using sprinklers. 

The 	total cost of Rs.2063 million computed in Table 10-5 was used in
 

the 	 economic analysis as an economic cost. 

10,5 - Other Costs 

10.5.1 - Allocation of System 'C' Costa 

Because there are additional costs associated with building the 
System C facili'ss with a capacity wich urables the water 

requirements of System 3 to be fully satisfied, those additional 

costs are chargnable to the 2aduru Oya .1roject. They include the 

following: 

1. 	 Mhe cost of increasinig the capacity of the '-U'ipo 

Right Bank Transbasln Canal from that required to 

serve System C alone to that required to serve both 

systeIs. 

2. Ihe cost of the Ratkinda Dam which would not be nocosary 

if only Oyctom C wore davoopod. 

30 	 The cost of the Ulhitiya-Rat"'InIda open cut, which
 

ccnvoys water to the P:L'id reservoir.
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TABLE 10-5
 

ESTIlilA ED COST OP RIGATION SYSTEM-

ARElA 
(HA) 

LAN;D USE UIIT COST 
FOR BASIC 
IRRIGATION 
WORKS 
(Rs/HA) 

UNIT COST 
FOR SPRtIr-
KIER SYSTEM 
(RS/HA) 

TOTAL 
COST 
(Pa106 ) 

A. Main Canals 46,101 Crops 14,400 - 664 

B. Drainage, Yinor Works, 
Land Development -

Lowlands 

Intermediate Pine 

Intermediate Coarse 

15,155 

14,271 

3,485 

Crops 

Crops 

Homestead 

28,600 

28,600 

-

-

" 

-

433 

408 

. 

Uplands 

2,943 

5,885 

9,809 

Vegetables 

Crops 

Crops 

-

28,600 

28,600 

-

-

10,500 

168 

385 
981 Vegetables/ 

fruit plot - 10,500 10 

Total Estimated Irrigation 2068 

System Cost. 
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Prelizinary estimates by NEDECO 11 for these works are 

as follows: Million Rupees
 

Transbasin Canal 110 

Ratkinda Dam & Open Cut 127
 

Total 237 

The total cost of these improvements to the System C headworks
 

amounting to Rs.237 million have been included as part of the
 

total project costs in the economic analysis. 

10.5.2 - Social Infrastructure And Settlement Costs 

Social infrastructure costs include the costs of health, education, 

administration and other services necessary to meet the needs of 

the farm families. Settlement costs include subsistence, tools,
 

and building and transport allowances during the early stages of 
settlement. IJEDECO 1 2 have estimated that these cost3 are approxi

mately Rs.16,000/- per family.
 

They also suggest that at least part of these costs are chargeable
 

to the project on the basis that the agricultaral benefits are 

unlikely to be achieved unless the social infrastructure is provided
 

very early in the life of the project. Consequently they have
 

allocated one-third of the social infrastructure costs as a charge
 

against the project. 

On the basis of an estimated 39,3CO farm families, the total costs
 

of the social infrastructure are estirated at R3.620 million. ?or
 

economic ana!ysi purposes, one-th'-d of this cost (Rs.210 million)
 

has been allccatad cs a charge against the project. A much more
 

detailed anI roliabla coat estimate for the social infrastructure 

and cost of cettlement will be included in the Feasibility Report.
 

10.5.3 - Ariculture Suonort Faciliti. 

Capital and rocurent costs of ecnnica- services in support of 

agricultural dovelop:mont (infratrcturo, vehicles, housing, oxten

otc.) included 

Organization 

sion, ntaf.1, aainL;;, azre in Project 1.anagoment 

const (oars 10.7 and Table 10-6). Costs of processing, 
markoting and input 11-tribution sorvicos are accountod fzr in the 

calculation of - pricoc or n:rclturall output and4iputs. 
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TABLE 10-6 

PROJECT COSTS USED Inr ECONIOMIC A1NALYSIS 

(MILLION RUPEES) 

IWL ECONOMIC PZRCEXT OP SOURC 
COST TOTAL
 

Revised CECB cost,
Concrete Dam 
 661 24.6 plus Rs.30 million 
to account for the economic cost
 

of cement.
 
Link Tunnel 
 256 6.0 
 Acres cost esti=ate.
 

Irrigation System
 
- Main Canals 664 Acres cost estimate, based on 
Distribution preliminar-y !ZBdesign. 

System, etc. 1404 2068 54.0 	 Based on "per hectare" costs 

developed by NEDECO, plus an 
estimated cost of Rs.10,500 

per ha for sprinklers.
 

Portion of System C 237 6.2 
 Total cost of these vorks was 
Costs Arising from estimated to ie Rs.947 million
 
Laduru Oya. Project 
 by HEDECO.
 

Experimen tal-1Dmonstration
 
Farm 
 13 0.3 
 Acres cost estimate.
 

Social Lnfrastructuro
 
and Settl mzt 210 
 5.5 1/3 of estimated social 

infrastructure cost 0
 

Ra.1G,0CO/family.
 

Project 2anagemont
 

Znfrastruoture 
 130 3.4 Preliminary Acres estimate
 

based on Systom C Report 
3775 100.0 

is Io'rF
 



11 - ECO'OTM7C ATALYSIS 

11.1 - Introduction and Approach 

The evaluation technique used to assess the economic viability of 
the :adu.ru Oya Project for the 
Interim Report is the internal rate
 
of retu-n approach. This allows the determ--ination of whethelr the 
project will contribute significantly to the development of the
 
national economy and thus justify the use of the scarce resources
 
necessary for its achievement. This technique involves the comparison
 
of cost and benefit streams over the life of the project and the
 
calculation of the dincount rate which equalizes the present worth
 

of the cost and benefit strea=s.
 

With the use of this approach, benefits and costs must be quantified
 
if they are to be included in the evaluation process. Often it is
 
difficult to assign values to certain benefits and costs and thus a
 
complete assessment of all bonefit3 and costs is usually not possible.
 
This is particularly true for a project of this nature ;rhi:ch is
 
predominantly a settlement scheme and whera it is not possIble to
 
adequately quantify the substantial soci.al benefits which are expected
 
to be achlieved.
 

11.2 - Key Assumotions 

Foreign Exchane Rate
 

Since the analysis is undertaken in the Sri Lankan currency, it is 
necessary to convert the foreign exchange component of the cost into 
local currincy. An e;:change rato nust therefore be chosen. For the 
economic analysis ,we have adop:ed e::change rates as follows: 

$ I US - .. 0 

I Car.ad.-..n = 2.13.00
 

'."heco ratos are 
sliehtly above existing (official) exchange rates 
and their uc= implies that the Cri Lan':. rupeo is not overvalued to
 
any Croat o:ctont. Mis approach is in general a roczont with the
 
"uidollneo )f both th.e !:istry of ainaco ad ?lannIng anI the Central
 
Bank of Ceylon.
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The UEDECO Master Plan team have sugested an -hango rato of $ 1
US - Ra.13.O0 on the basis that the foreign echange cost components
should be shadow priced to reflect both the sca cty of f -re±: 
e=--iange and its true vajue to the economy. !a tho Pinal aa;ort th3effoots .&-ich this hiZ:e- eheh e ate has on th eco-jomic conclusi=3 
,il1 be te~cd . Sesitivity analysis of this aspect for the
 
System 
 1C' study suggests that the use of higher excange rate ha.
 
no appreciable impact on the results.2 

Discount 2-te 
hen usin. the '"et ?resent Worth " approach, !a -^±bs iclud3 in 

the Final Report, a discount rate must be chosen to co!;ar, the cost
 
and benefit streams c~or tiJe and calculate the npt Precan- t7orth 
 C6
 
the .roJect, Both t'e "iaistry of P -z-coand Zing andK .- th2 
Central Bank of Ceylon as well as the -or~i Baa have in t-e past uzsd 
a discou=n rate of Ca for project evaluation iM Sri L na. esent
analysis &y:Z . D2-cak Lal, who worked as an Advisor on reject ..-uat.o 
to the "I-nistry of Pinance and Pl-nn~ii, has suggest d,1 however, that 
the opportn 4 ty cost of capital in Sr Lanka is in e=cess of 12-j (13-1455)
implyiZ that the discount rate f=r Prouect e-aluation should be hiher

than that which has been historically 
used. Agricultural a-I=o ecta 

settle Oat sChemes whic- axe of 
a long ter. nature and where ma-ny of tho 
social becefita are difficult to quantify may well justify the u-3 of
 
a lower disco-_t rate. 
 A discount rate of 10' will therefsro be used to
calculate the Uot present YWorth of the projclt for pr .. nt.ai_ !- the
 
Final Report.
 

...... ..ceg 

In the e~cn:mic craluation of projects of this atu-o, it 13 oesarl
to uso eccz:=ni prisc3 instoad of =i-rlet or fizacial prices. his 
L3 MccOsam7 an =rket -. ic2s are a~foctod by bid -, t-cs,
guaran,' d sup ort1. TricO. a--:! thus do 

cr 
not adequately refict the t
 

aeluo of the in--uts or the agricultural procucto gr--on. 
 - a of
 
........ fr t.hch thoro ±o a 
 ,.,
wido a bat4:en accazm4c 

;rices c2....e diesel fuol, 
a 

.,aloa is heavily ... d ri-o, 
-...valued . t '=;Ort " aO',0to t:'obe - ohaj 

http:Ra.13.O0
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savings rooulting from it production. 

The cost of inputs and the 
price of the ag-icul.t-ral co--.odities
 
produced are calculated at the faxm-gate. 
 ln the case of agriculzural
 
produce, each product's price is based on 
 -port substitution (eg. rice) 
or export (og. soyaboans). For the inputs, the economic cost is 
calculated on basisthe of its true cost and thus zhe eff.3ct of subsidies 
which are now in existence are not considered. 

'Time Prame of Analysis
 

The comparison of cost and benefits is undertahen over a 40 year time
 
fraze, a period, considered to be tie economic life of the project. All 
costs and benefits are e:pressod in 1979 constant currency. This assumes 
that priccon both the cost and benefit sides will rise in the same
 
proportion in the 
future. Thus the relative values of the costs and 
benefits do not change. 

The &aduru OyaProject will be operational scmeti-e in the future
 
and thus the prices of both inputs anl outputs should be ez:;rossed
 
in view of 
 tha r future levels and not today's lval. Comodity price
 
forecasts for the year 199013 
 which axe prepared by .722Dhave been used
 
as basis for the calculation of the econcmic zrice of a number of inputs 
and outputs over the life of the project. These forecasts are e:pressed
 
in 1973 currency and have been adjusted to 1979 levels.
 

Cnortunitv Ccst of Labour 

v-cause there is considerable uoaployment Ln Sri Lanka, isthere an 
a:gument for shado-w pricing of labour lbecause i would be ncn-pro "uctt,
 
otherwise. 7or farm labour (both hired ar.d fo-ly', NE'O1 a 
after adjustaent to 1979 leve*ls have been uzsd the econoioL Inalasis. 
All other cns.ructL: and onora:.icnal !abour iz taken =: its actual .
 
T...s is .Iuo to the fact that al:h:ujh there =ay be a cazo for' d3creasing 
the uno-illod labour cost component bocauz- cf high c'mnc-ployzont, there 's 
a balancin- factor Cus.h ots thlat the ua.o; ra:es r :ilad labour 
do not adouately r3f1OCt 1ut scarcity u i z Cost n - cu, 

-e expressod in occno.lcincreasod whn -- ezo o.zo't'..'o ".ti-.n 
facors led to t.-e dzcijlon :o value o z:rus._ca c.an-o~rat±:.... " o'. 

.~. all (;::e:-.a' for ! . ) ".ll 
ou by "he ime :ho pro o= Is 1i:.oeOnto . 

http:occno.lc


at market or financial rates for purposes of economic analul.
 

Share of Common Costs
 

To supply the amount of additional water required via the 1 .1iIc lumidl
 
to meet the demand of System B, it is necesaary to spend additlunal
 
funds on certain parts of System C. 
It is therefore appropriate to
 
charge these additional costs against the Waduru Oya project. 
 These
 
costs consist of the following:
 
- The cost of increasing the capacity of the 
Minipe Right Bank
 

Transbasin Canal from that required to 
serve System C alone
 
to that required to 
serve both systems.
 

- The cost of the Ratkinda Dam which would not be necessary if only
 
System C were developed. 

- The cost of the Ulhitiya-Rat.inda open cut which conveys water tc 
the
 
Ratkinda reservoir. 

Section 10.5.1 
details the portion of the cost which has been assigned
 
to System B.
 

11.3 - Economic ?ices 

Diesel .uel/.ra,:soort Cost 

The price o.' !osel fuel In Sri. Lanka is heavily subsidized and the
 
retail price is 
 far below its actual cost to the country'. :;ZDECO
 
calculated :"he economic price to be Rs.9.66 per gallon, in mid-1978
 
prices and using a.niexchanze rate of Is.13 a 1 UZ Dollar. The price

calculated :or use 
in this z:udy (2.arch 197) prices -ndusing an ezchanto
 
rate of Rs.16 a 
 1 US Dollar) waa iqs.1^.11 per Gallon.
 

Lorry transport costs are heavily
! pendent on the capital cost 
3f the
 
vehicle - fuel costs ,ver computed by :IEDEco to bo only 16.5 per oht or
 -


the total unit cost. 
 Their calculations of overall 
t.ransport cjzsj
 
were based on mid-1973 prioes and an 
oxc r~ange
rate of Rs.1 
 per I JS ,liur, 
Adju S for tho
t
ot - loteor exC:hange rate used 4n this study and for the 
difference betwvcen 1970 and 
1979 costj rozuA; Li ainot ilentica. 19-9
 
.ramnspc-: cots'. 
 2ho follo.vi-a ..
 C'.. po.t c.zts -oro
 

used -I ':hi :tudy: 

5 tonno lorry - Rs.2.)Z/t-r.nno -m
 
15 toanno lorry Rs.1.44/tcnno -=
 

http:iqs.1^.11
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Based on 75 per cent Utilization of 5 tomne and 25 per cent
 
utilization of 15 tonne lorries, the weighted rate is Rs.1.86
 
per tonne - m. 

Labour
 

As indicated in Secticn 11.2, all labour costs except for farm
 
labour costs are taken at the market rate. 
 Farm labour - both hired 
and family - is shadov  priced and its economic price is taken
 
at Rs.6/day. 
This is again based on NEDECO guidelines and has been
 
increased by 1C,5to represent 1979 levels.
 

Construction Materials
 

UEDECO Guidelines have been used for the economic prices for cement
 
and steel for use in this report. These prices, which will be reviewed
 
before use in the Final Report, are as follows:
 

Cement - Rs.000/tonne
 

Steel - Ra. 6750/tonne (rei-.forcing steel only) 

Agricultural Inputs
 

Because of heavy subsidies, the current prices of fertilizers do not
 
reflect the actual cost to the national economy. The economic price
 
of fcrt+l-er is based cn forecasts from the World Dank an! have been
 
adjusted for freight, transport, and marketing comzissions to give
 
economic fc.r--m-ga;e prices. 
The farm-gato prices are -uzmarizedan
 
follows:
 

Urea 3618 

Di-a-_cnium Phosphate (DAP) 5330 
Triple Euper Phcsphate (TOP) 4186 
L riato cf -otash 2501
 

Land proparati:n car bi undertaken b:r mechanical means (tractors) or 
by draught power. ,. .uldcnes for tractor power are Ps follow*: 

2- .iheel tractors .en.71/t~cur 

The crop budleot art Lazed cn the Victoria Vtudc L2114cInc,
 
tractor costa thih are 
h.er t.han the atovo ralto. k dn'lod 
invostigatoon of land1 ;re;aration coc:: .'t mo:h.=.cal an! draurht 
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pori ier be Ca1e for the :Pinal R per*. 


AawIoultursl P:'oduce 
Isidiae in*~ U o 11,2 are price for agrioultura podc 

do not adequately reflect the actual benefits of aditional.apriaultuo3, 
output because of a umber of diatortiug factors, Thoiefoe economic 
prices should be based an either .expot of the cop or substitution 
of pr'esent imports. The ohoio..of caloulating the economic price baced 
on export or i.port suabstitution Inbased4 on the forecast suppl7/demsnd 
balance of that ooo4±dtw during the life of the project and the 

r ecltuant surxplus or deficit position, 
Por sgricultm2. producots which are intornationsll7 teaded, the U3RD 
1990 aooo±ty forecasts~ were ad4justed to 1979 prices and further 
adjuastments were made Cfro eght, transport, $to. to calculate theP 
ferM-gate price of these comodities (based on export or import substi
tution). 7or products in which there is little internat'"onal twisde, 
the System 0 stud7 estizates have been used* The picoes used to 
calceulate, the agricultural benefits are summarized 

A. Zoport substitution - POO4 

B. ziport 


0, Locul consuption 

M Cottonf 

-Kenaf 


Boyabemna 


m 0:rndnats 

Tobacco (preon let!) 
-Lines 

Usize 


- chilies 
W Onions 

!!++ ( ! ....... . ....
 Par Wnernations.ll7 tradel coomodtioa, the above 
+
 

an followas 

12,0W? 

%000 

4e617 

1 n 
3o897
 
20046
 

1,0 
4,000 

economic prics 
Sreflect either an ezpowt orientalion or imp:!rt sbstitution. ZI is 

Cl,+"' 
 wecogwsL:4 
1
pwoject. 

during the 

+
~ = + +' m +++ ++ +++m 1 , Otitat thmi postions might chus over the life4 of the 
1' + +
 

++ j+ < + r ++-- + . :? '++ +++ + + + :r + ' ++ '
7ow eawpls, rice might be an import subsotitution orop 
initial stages of the projeci and be expowted during the 



latte s a e ............. .o+ co,"do.tio has] bee
...........
~prosforo,,*:? produoet, Ilowver, an overview Given+++to dual ...	 of the, expecteadsupy... 	 li ,iidemand balanoe for eacharclul product over the li~fe of th~e 
pr cc t 9-inclueio--wi,3thbe 
siven to this aspeot a that time#-'.-

11.4 -Benefit/Cost Assessment
 

The Maduru Oya Project vrill bring irrigation water to more them 
46soQo ha of land which ispreaantlyr not irrigated, Benefits to the 
project accrue pri±arily from the resulting agricultural producotion 
but other benefits are obtained as well, "hese include power, 
fisheries, forestry and livestock benefits, At this 'point mnany of the 
o~t and benefit calculations are prelimiary in areaver - one (forestry) 

work has not yet beguzif This analysis therefore only considers the agricul- p'4 	 tural and power benes' ,ifwvr all Costs are includdand consequently
the resultsi nloot the lower and of the estimate rage of potential 
returnas to the projiot.K 

Gonrs.17 	 "without project"n bneft/cs assessments of-this nature, 

S - *5tt' 	 +me++A+aa 1m *+ bk'ea..n +: i:+iS- ..
 
T~ "without benefits havehe project" not been included in the analyala,
primarily due to the fact that-a reliable estimate of the nuinbez'of people 
living in +the++;+marea++;++++is+ noi +available*+ + +II U + + + ++ 

+
+ I;++++.++However, the++...............++"without project"


'I I m s++~ + + ?m +i. + : + + e A + +~-+++++++++:+.. ++h, + +m +?+
++++ ++ 
 + ++++
benefits-,U '':++++]++: ar++ # conidered 'to be relatively small. 	 +++++ 
+:++ >++ 
 +++ + J+ + + +++++++++++ + ++++ I+++++++- - 1 - - + --+ + +++ +++++:++ 

1++++ : ++++ -- + + ++++++ - +#-+:+ - ++ -- ++ + 

-~pIW7I~. offsetting the above oziision'is the-fact 	
+

r'+ 	 that areas under the Pimburetteva+o + IU,'-- ++i191 ++++++ U 	 +:+++ ): ++	 
+U ++++++2: ++ ++++++++11++++++- +:+++:+++++++ 

--IIO IUI ;+++I +'++++++++++++++++++++<+++<UI+O 	I_.+_..+++++ ++++++II+++ ++'IU-+++++ 1 
« + +++: .++++++++ + °+++;+++' ++;+++i'iU!U+ ++ + +Ii: -;2 --- I++

+++++!!+ I < _++ < ' .p.+++ +++++++++: ++++ +,++U-ps++++!!::: IIIP#J!++! ++i:+ 	 - <I,,I'--+,++++ ++ iKUY-1 1 	
I 

11U i -II !IIp+?+++,I~U~I-	 I %1 i++~:v'i+UN 	 -- UUU<
araavailable for the pioject, and therefore,+:++++++++++++ +?++++++++ 	 from the calculation of++ : ++++++++++++++++++++!PIU++++++4 I+++~++++:+p+ -U I I?44-4+ 4++++:g+ I4U:+I., I K 4 I -- U 	 14U9the agriculturalo..I++ benfits +.,.m.,.+++ProliminaryL OalcUlations.. ,zo. 	 II+-.-p,indicate -that.opportunity for increased ariultural prodtuction -++in -these-I-I U+U-,p.I,4U theae resulting 

'rom the projet is significant. On balance, this overall approach is 
consrvative and should reflect the lower end of the ran-eo osil
 

U~~roec 
 usual qualificaton~sj~ 	 10ra---Us given theim-.w 	 with respect processng,arkstAzngg, 	and various inp~tm. 	 arvioea.--

-~p he agricultural benefits af the projecot are detailed in Chapter 4 an& are 
s hototraumper hoproened 	 eauner vaiuo cropping patterns 

http:Gonrs.17
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and yield. assumptions. The project capital costs and annual operating 

expenses are detailed.in Chapter 10, along zrith the costs used in the
 

economic analysis..
 

CCB6 has estimated that the IMaduru Oya powerhouse will generate an 

average of about 36.2 GTih* annually. This will be classed as secondary
 

energy as the water demands of the irrigation system are to be given
 

first priority. Secondary energy can only be assigned a significant
 

value when it displaces thermal generation in the power system.
 

When, it is only displacing hydro-power, water is being spilled elsewhere 

and the secondary energy has no value. In the system in Sri Lanka which 

is now predominantly hydropower, there is some question with respect to 

In this report,
whether secondary energy w-ill have value innthe system. 


the assumption is made that in the future some part of the system base 

load will be provided by thermal generation. '-;his is in agreement with
 
2
2
 

C7B load forecasts and the resultant system planning . Consequently
 

this secondary energy has been assigned a value at a rate equivalent to
 

the operation and maintenance savings (including fuel) from the thermal 

alternative. This is estimated to be Rs.55/kwh (1979 prices) and thus the
 

annual benefit is: 

36.2 Gwh x Rs.55/Kwh w Rs.20 million 

This annual benefit accrues to the project in years 4 - 40 in the 

economic analysis. Thus all secondary energy output is assumed to be 

useful to the system In the project period. 

Table 11-1 suimarizes the a-nual capital costs, operating expenses,
 

agricultural and power benefits, and the resultant cash flow for the 

:Iaduru Oya ?roect. :he agricultural benefits are calculated on the basis 

of the yield estimates dotailed in Chaptor 3. The internal rate of 

return for the project based on this cash flow is 10.3A.hen benefits
 

from livestock, fishories, and forestry are included, it is os;imated
 

that the internal rate of return of the Maduru Oya Project would increase
 

to over 115. 

As a settlemcnt project ri:h substantial non-quantifiablo cocial- and 

with the above coot and bonefit estimatesemploymont bceofits, the -ro"ect 

prov.dos a satlsfactory economic return. The objective of the next stage 

of project inveotiga:ionz -will be to ccnfirm these estimates which, in 

fairners o all readors, have been made very early ii the project analysis 

period. 

0 GWh a I,CO,o'O Kr'h 
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11.5 - SensitivitY AnalYsis 

When, as in this case, assessment of the internal rate of return 

of the project is calculated early in the study period on the
 

basis of limited information detailed sensitivity testing is not 

usually carried out. However, it has recently been decided that 

the Forest Reserve (gross area about 8500 ha) will be available for 

irrigation. Since this area incorporates a substantial block of 

good quality Upland (RBE) sol of about 3500 ha, a sugar mill becomes 

.apossibility. Thus a preliminary analysis was carried out to assess
 

the incremental agricultural benefits and system costs associated 

with the expansion of the project area to include 3500 ha under sugar 

cane. 

The agricultural benefits were calculated on the basis of the return 

from estate production of sugar cane calculated for the Victoria 

report 2 - about Rs.17,750/ha. Additional costs included the main 
canals and distribution network, as well as the costs necessary to 

provide sprinkler irrigation. The analysis indicated that the net 

effect of sugar cane production on the 3500 ha in the Forest. Reserve 

is to increase the project rate of return from 10.3% to about 11%.
 

This preliminary exercise indicates that the feasibility of establishing
 

a sugar mill and estate in the Forest Reserve area deserves further 

investigation. Much work remains to be done, however, before feasibility
 

can be firmly established. 



12 - SM.-r I"!PLE70TTATION 

The implementation schedule of the engineering works a.ssociated with the 
ir-igation and drainage system is constrained by a number of important 
factors:
 

1. 	The construction of the Maduru Oya dam. 
This must be completed 
before any -ater can enter the 	irrigation :nystem. Present plans 6, 7 
call for its completion in November 1982.
 

2. 	The construction of the YLipe Right Bank Canal, the Ulhitiya Oya
Reservoir and the Ratkinda Oya Reservoir. All of these must be 
comnleted before Yahaweli water can enter the link tunnel. The 
Victoria Report2 indicates that the former two items will be
 
completed by June 19S2, but the Ratkinda Dam will not be completed
 
until July 1964. It =7 be possible to accelerate the construction 
of Ratkinda Dam to allow completion by early 1983. 

3. 	The construction of the Link Tunnel. 
This must be ccmploted before
 
Mahaweli water can enter the 1aduru Oya Reservoir. Present plans 6' 7 
call for its completion on November 1982. The cost analysis
 
summarized in Section 10.3 confirms that this is possible.
 

4. 	 The construction of the Victoria and Kotmale Dams. TLs is
 
necessary to provide a regulated flow at Minipo sufficient to
 
supply the full requirements of both Systems B an C. 	 Tho Victoria 
Report2 indicates that the Victoria Dam can be completed by Juno 
19854 if an arch dam is built; otherwise, the completion date
 
will be June 1985.
 

5. 	 The rate of progress cn =tin canal and main drain excavaticn-us±ng 
mech=ized construction methods. Calculations sauarlzod in 
Section 10.4 indicate that the main and branch- canals can be //
complc:ed in four construction aeascns.
 

6. 	 Tl. ra'e of progress on tertiary sy:tem constructicn, land levelling, 
etc. Since this typo of work can be carried out by -=aller 
co.ctruction units using smaller equipment, it- progress can,
 
within llmits, be adaptol to tho rate of proCron: of other
 
o.em'ent n.
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7. 	 Lead time for financing, design and tenders. Preparation
 
of basic designs and tender documents for the dam and link
 
tunnel is scheduled for completion by June, 1979. A mmini m
 
period of six months for tendering, assessment of bids and. 
award of contract is normal when f'oreig contractors are
 

involved. Completion of foreigm currency fundig arrangements 
is extremely iifficullt to forecast, being partly dependent 
on. factors beyond- the scope of the present discussion. 

Am implementation schedule which incorporates the constraints 
outlined above is presented in Figure 15. This program features 

staged implementatiorn .of the irrigation delivery systen, recognizing
ted availabill;y of irrigation water untl Rat' /da Oya and4

Victor-_ Das are completed. Such a'staged program also recognizes 

the practical difficulties in settling such a large area in a brief 
Period, and allows =afxnu_ possible experience to be gained on the 
pilot farm before co-nencement of cropping on the upland and inter

=ediate areas. 	 .  " 

Also included in.Figure 15 are bar graphs which short the interpretation 
of the implementaticn schedule which has been used to formculate the
 

flow of benefits and costs during the inpleontaticn period. This 
indicates that by 1983, about 50 per cent of thw irrigation . works ,Y.I 
be opea.a:ional and cropping under way. By 7906, all of the irrigation 

works s.ould be operaticnal. 

The :easibility Repor: will examrine the quast'.on of implementation schedule 
in considerably mne doaal. ,ton6 the itecs to be covered will be: 

- fur:her wTcrk needed to p.an and .esigu the irriga:ion works
 

lon to the "ar= level.
 

-: o cons:ructicn pr:(;ra needed to impleant tle-works, includL 
an a en.--=ent- ofC : construction equipment and na=npowcr needed. 

- ,.ndgement oriLIzatlon needed to auperviset"e construction
 

pro4;r-_.
 

http:quast'.on
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AP-PE-1DIl A - PADDY =I-LDS 2T SRT LANKA 

NEDECO havy recently received Government infozmation regarding 
paddy yields which a:-
 being achieved under better-thar-average
 
cnditions i eZisting irriation schemes. This izfor'-azion. 
combined w.ith as yet unpublished data collected by Japanese

consultants worling on System D, led to 
the recent decision to
revise up.ards the expected paddy yields for the 2aha.7eli Scheme. 

EDZCO intends to compile this imformation and make it available 
by the end of Apil, 1979. A smmary will be compiled at that tine
 
amd issued as the revised. Appendix A of this report. 



APPETDIX B -:OTENTIAL LIVESTOC PRODUCTION 

I. Potential Livestock .Dr.oduction 

The main types of livestock in.System 3 are ind-ienous 
zebu type neat catle 
(Bos indicus, Sihala. breed), indigenous 
swamp buffalo (Bubalus bubalis), goats, and, poultry. 3ovi.ne 
productio= is considered to be most relevant to Systezs 3 
since it can utilize .razing resouxrces, does not have manage
meat problems under intensive farming conditions and purchased 
concentrates are not essential. 

Neat cattle and buffalo tend to be dual purpose with differiag 
emphasis on d.raught, milk and meat 
(or surplus stock) production
 
related-to soil fertility and associated Srazing resources.
 

Draugt poer is an integral part. of ir-rigated and drxland
 
farming and. therefore drauet aninal3 are 
r.un on crop stubble, 
bunds and other waste areas. 'he an'-al, geera-ly the buffalo, 

can be regarded as an outlay or as a receipt. If not owned, 
"it- -,t s to be hired. Then it is a real cost input for such 
acti7ities as ploughing, tilling, puddling and threshing. If 
owed it =ay be regarded as augmenting income from hiring out, 
with the by-products of milk, meat (or cash fro= sale of surplus 
stockc) and =anure (a sour-ce of orgazic =ater.al for crops andl 
also .otetial for biogas production). ?or road transpc:, male 
catl.e are Zenerally used in prefer.-=:e to buffalo. So far as 
!a! use is ccncerned *hen, drau nt buffalo an! oa:'lete . 

-assoca:ed r-tn arable areas, .ar:i:u:&rly =adi- 30esoils. 


buffalo is no: considorel su.i:a*le :o -'-d :cause
 
ol Lts. feer sxea: glanls a- -allovin. nabit =ud therefore
 
c4ttle are used.
 

So :Pr as other soil types are concer..ed, various leyel- of 
litest:ck are ponzible (except on rocky outcro-a)
or.:dc.on 


depend.-n :n forti.lity, flooding and sta;e of levelo.onen:. -:^.e
 

ani. ca-n u:.1je ,nat.rml pastures ':here cropplng is -t Possible 
a-. c:r.ver: "eie. :o Valuable b'...an a:t he 
an! co e.a! Ie-el. .Cr !0 -'vea;=e: :Cont.-:,L -, I:. e 

http:or.:dc.on


lack of resources relating ta s4.taabl breeds, access to
 

grazing resources because of no assured stockl drinking water
 

supply or dense tree cover. Marketig ;robls. especiaLly for
 
"ilk .roduction., are also a restriatio=. 

rhe maority of =ilk productiamn teds0 to be at subsistence levels. 

Most of the commercial production take.%Aace on the 'Vill-a' areas 

of the 1ahawelt Gaana (a--- t3 a lesser exrtelt on the Madurt Oya) 
which, af ter beLng- flooded for about three months, provide valuable 

grazing for zotfthe- re~inder of the year. Because they are 

flooded and very difficult to draln they have limited cropping 

potentiaL.. The associated. dark brown loans to loamy sands of the 

flood plain,. which are -ainly poorly drained, carry iaily water 

loving snpecies such as Pas al= vagi.natu and Socciole:sis interraota 

as -sell as naturalized 3rachiaria.-utica. 

When. the "VI.i,0 country is submerged or eaten out, alteraative 

grazing has to be provided on adjacent upland areas mainly on 

Non, Calcic Brown soils. These provide "Dat'an-" or parkland type 

of grazing- Depending on the soil type and the stage of woodland 

succession, u.iliza:ion may only be possible by specific clearing or 

after "Chena" farm=in (shifting cultivatioa)...- oorer plant stecies 

such aa lluk" (=:zerata cylinfrica) and sens.tive plant (Wlimosa 

audica) ccc'-r on. ark2.ani. Sandy alluvials can also provide useful 

graziLng, but at a. lower ca--zrrr-i capacity. Cattle there :ay also 

have. acCess :o pad,7 s:ubble. These together tth some large areas 
-of paklarn =ay not be accessible to "7ill'" grazing because of 

li saca or where development is centred aroand taaks. 

3ecaU:e of the !istribution of' rainfall, =ilk and =eat productioix 

is sea3onaL and Is also affected by nu:ritional, heat and disease 

stress. In the dry lessicating conditions from June through to 

October, the nutritive value of ;asture ;n upland soils is insuffi
cient :or =eat and milk prmducticn and indeed for maiatenance; 

body reL g.t icjnes as well as :or:i:io can occur. Reproduct.ve 

effic~ency i3 alio adversely affec:el by :hs env±.onment. 

:he:e 2z-e t.7o ap;roacaes to increasiag ;rodluctivity. Cne is to 

http:Reproduct.ve


B-3
 

adapt *the animaI to th.e e=vjrgnme=. am&- the. other is to -odify
 
the eaviro-,ent. 


. . . .. 

T-he draught buffalo's. mHik Poteatial may be increased by crossing
with the originally imported 
 nd.can lu.-rah breed, a river type
but which may have comon ancestry 
with the local ani-mal since
 
genetically 
the karyotype ia s"".ar. "Iaught cattle may also
be crossed with Killari, Kangaya or Tazankaluwa breeds.
 
The milk •rcdudtion from the
. *small id±ienous Slala cat:l. ay

be' raised by c--ossing with pure Indian :ebu 
breeds such as Slnd.hi,
Tharae.kar or Sahiwau., trthe AustraZian =Htkig Zebu (developed

from the Sahii-al) as a firs. 
stage to give higher performarce 
i.n :he F1 and subsequemt, generations. At a later- stage the
 
tea.pera:e Jersey breed 
 (Bos taurus)could be introduced into this 
upgradel animal. 
Te Jersey is the =ost sui:able 3uropean breed
 
for crossing w h i-s relatively sall size being am advantage in
 
this harsher cli ate 
azi the higher fat con'tan: of milk,. which is

preferred by- the popula:ic and has a 
grea:er rarke: value. Thus
 
the high yield, of the Zuropean breed =ay be combined 
 ',:h the resis
:"-ce of th.-
 local breed.
 

A altern--a:ire faor- cross
of breeding is to continually rotate
 
b:th. Zebu and/or 
the Jersey in contrast to thbe new breed fo--atcn 
:ec_.-ijue above. 

:he offi--a:-ca .f envircnmCet ray be achieved tec-.nica. ly by 
-u*.-:_"._O. ant diease control and by -- ov ,anure a.1

ha.- : =znazee:t. u--e rain fed ccnJijuons .oroI Oas'Lre3 also 
-'te-i- te iqua.-yiz -'. t he I-rT season and con3 ers.: _n ao.l. 
bi given to .im.ited fozle:" cose-ra:±on. in the for= of hay or sllage .
 
.--e i-oerf c'ly 
 ie'-el :Ion Calcic Brown soils are suitable for the
e3:abl.sh=e:t of --. roved pas.ire s;eci,3 such as ?ara Zraso (Britc:a.-a

=;-Ica an! .. al 3ras3 ( 
f .... c&-:a.-.th

In! :on- ter=.. AsAoo.g.a priteLn upzl-- " 
:'eucaer. e.:c . a :al 21 - 2SI, c.-s'e ;ro.,-n -.""*:Lrie!) c ; fel .rqe::!3 a l ahri -b ir trios vtinca.-ra. :-/5l 
....... %Y,iscial ' '' lo,'7 ;.iozphate status, ant ;ref:- .: at1-.tz 

http:c&-:a.-.th
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Ilan"o. rPil"!Zp1L coul4.be estublisad oz.. Red BtorA Eaths,4 
ao114 =0ook out=~Psuunwitabletopographicaly for ral 

crapeGine. Ga.a (Painzcuz an 1T0aimu fipovdswa& 

which growson .alzlla. well. drained Lightly, textiwed aoi4ssan 
doe not.. wate-toeae 44 *0. 
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- ~.Nattauu~~ 11bhwii- miawd own and' operates a. ondvunsaw 
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* towgfresh a=*~ fro a large are&of the, r an s =a4zoz 

Vat P
paJWWtqpeA~. pW dq!sZ maz: in. 13sta 3,. 

I £h.Li se"'vid 'ba' Yational Xilk Scaft twe=k or,44 

5500 litre saity which collect fresh milk fran ch4??41 ceatres . 

a:A.UAtuVUsjB MiadLyap l1tsaul aMChnaa.?ha t. 
.t at.suipplivi by poLleating poltWs ru byr zu .4 4.s 

.erai.ec* .$c$#~ daira-gus-oPus-v92 *&ad. avernet, famsS 

Zk*~~~* j~t*%APUSjl**QpWm~l
*. *~ :.:t! ,bulOlmok a1 tlMtW.sew ±38.~ bU1carGt 

*Sp9OLUqe is Posiiable inthis Lik .:ta cain -&ad thatn.6* 005h#O~ke ),U %A0 * 0 **.V minim 
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thi *06~e~~ 1.:;i..44:A uvttrash*oi_ 
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-~ .,.~On arrival a's the oo1eL~i~';the
I I44 orP 
CMl is tested for'tas. g0 0
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Condensed aILL-cmnture helps overcoe the pobleas of saa 
;supply by tho producer Ad distribution chanels *Leh laek.J 

4:,refrLgeration. It &ILA* keep# for a ;anger' time when opened tha 



f~l3~44 ~ There ~* two i4*ese 4at 9 manfcue emue 4~~ by a~~.. 

the ooudassu'y, 	 Both include the addi~tion of 170 an sup=i per tin. 

F(a) 	 Stadardised fresh milk 1utilUstiong :Ivapoate 0.69 litres
frs~ilk-n add. '.03.k6 skim~zilkto give one, 393 g=ti 

co de se 
Ina# 

S0.3 kc butter 'l; 16 'glve oje, tin... 

L (The ;1Aut 1tseu' was,'4oated by the New Zeal;and Govrmct). 
[1 Collection of zL~k by the oondmnsary from the dx7 son* has incrased 

atsadilq over' the' Poriod, 1972.1976 - 1%i ealimtod that about 
48% of this ollection, i& tz'ouiystem B'or Sust outside the imwediato 

1972 1973 1974 .1975: 1976 

in 197a, i2.8w at3,Uon tis(ouva to about 502' to~oa) ot
 
Soondensed zilk ua~tuade
were The Oresmnt capacity is redneod

because of plant age ad is about 1742 million tins per 300 Ury year.
Sena* Its output with the WAi of the wooabiniag prooess vas about 
74% of ;resent rated eapsoity. 
At the conversion Mae. xives above it Ywld. tIgo 11.J ziliLon 
Utree of fresh ailk to supplq the "ap07t of 17A millou tins 

*peryearo Mms, the 1976%.41,atieaa ,Upr of G.A auiUo litres of 
ftesh ZMi supplied 74% of lte currat Motd capaity. an*#c theres 
is scope to icrses coLleotien by Mt least 29% and reft"~ depsudee 
an foodai0 

**W. 

Buffalo.Cjs and Is 

The spoilage eosn~ pli.to fresk milk can be ocoeau by........ the prodnotion of buffalo curds 
 A welas providing subsstence 
requirezeaig, its a OwoSt coGeU LaUStri' NUPPXT1g Curd toJlocal villages LA 014 polo th potsswe mmufaastwd 1saL1w 
and *esist the keeping quslitv of the suit itself. oboe is also a 

tidslLA44~o re 	 ofSysonD# #i BLtuy* 
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depending upon oynership. A study which included the Ponnaruwa 
District found that 601% of farmers oimed buffalo and 9: owned 
tractors. here was a average of 5 animals in the owned buffalo 
herd which were mostly used Tor land preparation and tractors for 
threshing and winnowing. Bazed on a hire rate of Rs.20/- per 
pair of buffalo per-day, 19.6 buffalo days per hectarewere used
 
for land preparation in add.ition to.tractors (note current hire 
rates for buffalo are of the order of s.50/- per pair per day). 

in an earlier study of the same - isurict a much lower utilization 
of buffalo at: 9.1 days per hectare-ad 4.2 tractor.days was employed. 
It may be posaible to have sufficient area in addition to paddy 
to run buffalo cows to breed d&aught bulls. If upgraded with 
!urrah and mun on improved pasture plus the n:or-a! paddy straw, bunds, 

-e.* this r.ould be an important source of sideline income both from 
milk production and sale of. surplus animals. In any expanded... 
Irrigation prograe the breeding of dzught power by participant 
farers is.an important factor. 

...........
 

The National Livestock Development Board has .:ecogized the. need to 
supply draught Atock to arable a.ricultur.e because a~ongst other 

attributes men:ioned above,-.............unlike the ttor, aiark "ibt"
.......... -. . ... .
 
rely on imported fuel or spare parts. hey are self-reprducing 
and therefore repreosent a valuable insavig foreign exchange.' 
To this end in 1977, the Board established a 240D ha breeding system 
and holdingstation 1z System B.. =is _a4or. breel at present is the 
:a==ka:!uwa 7h1e ith a total of 500 cattle on 2C ha cleared so far. 
.t-ther clearing is proceeding an an area -of 75 ha has been soen to 
3,=jcaand 3Br±:antha._-:.-- .- .

!ilk/:,!eat "?roduction I.. - --

On the "P!u/Daaa"association, herd size tenis to c* -1arger and 
in-iv al farn-ers =ay own over 300 cat-!e. -2ov'ever, -a coon 
occurrence in for an individual to own 10 - 15 cattle, with perhaps 
3 in aitkat any pc-rticular time during the year. 

this syste=,Lalm~s~ are collectively grazed !uring the day and 
.arioe.y . pa1docke:. zoo; of the cows are -Zl~od once a day in 

Derived froa the :ndia 
 broed .harp :=. a.nd HarianA 
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to feed.on 
rnAng and sent ou.t for graZI=g during the daythe.o' 

roadsides* 
Piblia land wULtkL natural pastures, tank beds and 


arable
herds gres on 
and tanks these lazer 

Ara=& arable areas 


pad"dy strSw o other crop residule.
fVerse 

also large governMt farms inareZt should be noted that there 
and stocwith im ve pastures 

or around the project ares 


imuc&ting the levels. of production which cam be obtasned, with
 

kadus Cattle o0rJect) . 
delopment-(eg. Tam 

.more -specialised milk enterPrise, 
the her. average annual 

the performance indicator
U.... 


of the h±ghest order inj'+sId .s 

the frequency and reiabili

i., IThis also depends-uponhi.Zt 

with which cows can be brou&.t into and. maintained. in. production.
 

are important since
 
Ther fore, calving-rate and lactation, legth 

other factors affeCtinlcalved. "s
'ever cow is'mlked when she has 


life an& mortalit7.

first calf, product:Lvage atefficiency, are 

and poor eavironment =Li±gStes agalast this 
The. dal purpOSe system 	 demandLof lack of effective 

not =il1ke beca.LseisSInO every cow 

or adverse temperant.utters47-6i'mil4 defective 

to isolate three potentill milk/beet 
I. SuMMLrT. it is possible 

.npts. 
types wi~th their as.sociated. Z'ields endr 

enterprise;Mkduction 
and carrY) on 

1. 	 -rom cross '.red 3uffalo zero grain&(cut 

bri.nth
.ixt,=rof. " ut,--5.ad 3. 

improved pasture 
alsobeufaLo woul-

of L. jeucoceohla.plus & row 
a=1 f'allow areas. 10 

stubble crop resild.eutilise ;adii-


envisazed.
concentrate feed!=& is 

graztm- similarly improved
bred cat:le :ero2. .rom cross 

ani also uu+tlising stubble, etc.
 pasture 
ubllc fTOllu/"am~na

cattla grazIng
'ro= in-ii enoum3. 

at 10,000 hectares.esti=atedassociation 
production was opened
to improve !.&ir7 

Am.i=ortan jalf-help sc:.e=e 
26th:evelopezit on 

of Rural I-ndua:rial'linlsoerb7 the -onourable 
.-o o ct2eve.opment
e T aI.-wa. CaLr7

1379. .alled?ebr.iarI, 

at: ched
 
bu*d.ot euzO=Atez are 

e "..
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and to be managed by the Polonnaruwa District Producers'
 
C6;opsrative 
 Society, the first of a total of 27 milk collecting 
cent'res was opened to give "Para.na" fa.rmers better access and
 
incentive to market. The Preedom from Hunger 
 Campaign Board haa 
assisted with finance for equipment and carrier bicycles, tractors, 
etc. 

Phase two of the project involves erection of hold-ing-paddocks
 
and 40 ha of communal improved pastures in of
each 17 co-operative 
areas* Any cross-breeding 
scheme for the development of small
 
holder areas requirem provision of bulls or I.I. These Wy be
 
organised as b*.ll 
 centres by the Department of Veterinary Services. 

Government far-ms established to multiply breed-tag stock may d.stri
buts bulls as well asa united number of cross-breed preferably 

in caef-feMales. 

Reco=ended Emtension Inputs Required: 

It is generally recognized that an ecor.oic environment conducive
 
to livestock development must have government support 
 involving
 
a co-ordinated package.
 

Under the new U i atry of Rural IndUstri l Development, a co=tte 
was appointed in 1978 to prepare a astaer Plan for ani--a1 husbandry 
and dairy development in paxrticular. TMis co-mittee has several 
rab-cox:ittees one vich oncf is =ilk pr;duction and marketing 
which reviewed earlier plans an! s-;ggested a strategy for future 
plans w-.ich is now under debate. 

I-t.,a a.xi. fro= committee reviews vtich coul4 be oaf paticular 
reference to System B include: 

A,. Past Plans 

1. Several local gove.-nment farms have been established 
to -ultiply breeding stock for distribution. 
eg. Cattle - .azankaduwa ('lird ii breed), Nelu -ews 

(Sindin Jersey/Sindhi, Tharptkar); 
Buf!alo - Polonnarur . (Murra.h); 

O.-ught - ';e'.ika d ('a auwa.',,.te), 

http:auwa.',,.te
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TALE 1 

HERD EFICIENCY FACTORS 

Factor Enterorise Type 

Murrah Zebu/Temperate Imdigenoua 
Buffalo Cattle (Zebu) Cattle 

Age a' lst calviag (mths) 40 30 40 
Calving Li.ter-ral (days) 429 429 456 
Calving Rate (%) 85 85 80 
Lactation Length (dLrs) 300 300 280 
Lactating Cows (%) 70 70 61 
Dry Pregnant Cow (%) 15 15 '19 
Dry ?on-pregnt Cows (%) 15 15 20 

In Xilk yrioa!i/daay (s,) 04 04 01 
Rer-1 Aver&,Ee (over whale 

year) LUk/hd/lay (1) 02.80 02.80 00.61 

M% 02 0~05 
CaM 10 10 10 
eaner= & Repl1a .4nts (M) 02 02 05 

Cow (M) 05 05 10 

Age of :.,D-off: 

Cow (3M) 10 10 10 
~l (oa 0 08 06 

Bou () 02 02 04 

'@&nor Ite.r: & 11uIa (kg) 150 125 100 

Cull oW (k&) 320 250 160 

34u (k) 360 280 ISO 
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?A3L 2 
EIL3.RIt" .IRD COMIposiIONr BASSD ON 10c COWS 

(At e of year after surplus 'turn-ofTf) 

Enterprise Type 

?actor Age XArrah Zebu/Temperate i-digenous (Zebu) 
Group Bu: falo Cattle Cattle 
(yrs) No. Class No. Class 1o. Class 

Total Total Total 

Cows 03 149 149 176 

04 142 142 158 

05 134 134 143 

06 128 128 128 

07 121 121 115 

08 114 114 104 

09 109 109 93 

10 103 1000 103 1000 83 1000 

3uUs 03 04 04 08 

04 04 04 07 

05 03 03 07 

06 03 03 06 
07 03 03 06 

08 03 20 03 20 06 40 
Calves Pemale 425 425 400 

Maoe 425 850 425 850 400 800 

3e -0era01 '55 155 194 

3ulls 01 04 159 04 159 08 202 

Peplacemaztsl 

S e.Lras 02 152 152 185 

3ull 02 o 1.5. . O 1.6 0 193 
'0.1 2185 2155 2235 
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EQUILIBRIUM I--l COMn0SImI0N 
.OR SINGLE COW & ?0LL0MRS 

Class Cow Equ-
Enterprise TyDe 
Mirrah Zebu/Temp z-ate Indigenous(Zebu) 

valeht(c,")
Pactor 

-uffalo 
Actual C.E.'s 

Cattle 
Actual C..'s 

Cattle 
Actual C.E.'s 

ov 1.00 1.000 1.000 1.000 1.000 1.000 1.000 
Bu.11 1.00 0.020 0.020 0.020 0.020 0.040 0.040 

0.50 0.850 0.425 0.850 0.425 0.800 0.400 
-7eae=? Heifers 0.75 0.155 0.116 0.155 0.116 0.194 0.146 
Jeaner Bulls 0.75 0.004 0.003 0.004 0.003 0.008 0.006 
Ieplace~mt Heifers 0.83 0.152 0.122 0.152 0.122 0.185 0.148 

?.-pj&Cw t Dulla 0.80 0.004 0.003 0.004 0.003 0.008 0.006 
mota. 2.185 1.689 2.185 1.689 2.235 1.746 
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TA3LE 4 

Sn.PLUS TURU-OP? PER YEAR 
"-ER1000 CO;S AND PER COW 

Emte.-r se T e 

Class Age 
 Ilurmh Zebu/Te=peatu.,e Indige=ous (Zebu)
Group Buffalo Cattle Cattle
 
(Yrs) Per 1000 per cow 
 Per 1000 per cow Per 1000 per cow
 

Cows 
 Cows 
 Cows
 

Cul Cows 
 11 103 0.103 -- 103 0.103 
 83 0.0S3
 

Cull Bulls 
 09 03 0.003 03 0.003 
 06 0.006
 

Weaner Heifers 01 227 0.227 227 0.227 
 166 0.166
 

eaner 3-ls 
 01 378 0.375 378 3.378 352 0.352
 

Total 
 711 0.711 711 
 0.711 607 
 0.607
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TASLE 5 

GROSS REMNUE2S ?ER COWE' 

Enterrise Type 

.urrah Zebu/Te=perate Indigenous (Zebu) 
Luffalo Cattle Cattle 

Gross Revenue
 

11#4 1 
Price/litre (Rs.) 3 3,861 2.212 2.212
 
froduction/cow/year(13j 1022 1022 222.65
 

Subtotal Gross Revenue
 

-'?.c= "lk 394.92 2258.62 492.06
 

Surplus Stock
 

Pri.ce/kg. L.W.
 

Culls & Bulls (Rs.) 3.30 3.30 3.30
 
ieifer (Rs.) 6.60 6.60 6.60
 

L.U. Gross L.W. Gross L.X. Gross 
(kg) Revenue (kg) Revenue (kg) Revenue 

(Rs.) (R.s.) (as.) 

Cull cows 32.96 108.76 25.75 64.97 13.28 43.82 

Cull Bulls 1.08 3.56 0.84 2.*17 1.08 3.56 
;;ea-er He fers 34.05 224.73 26.37 187.24 15.60 109.56 

'ea or Bulls 56.70 187.11 47.25 155.92 35.20 116.16 

Sutctal irons Revenue 

-•. =. S:ock (Re,) 524.16 430.93 273.10 

7otal '-ois Rqe-ue "69.08 2689.52 765.16
 

1. 7% butter fat 

2. 4; butter fat
 

). All cowS Lnlu~l4. dri con-;repazt snd presan:.
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CcSTS PER, CCW 

Enterprise Tyne 
Item 	 Mu.rrah Zebu/Tomperate Inligenous (Zebu)

Buffalo Cattle Cattle 
. ..,r..) Rs.)
 

Labour 1 70.00 

Disease Control and Incidentals 	 30.00 30.00 	 30.00 

Cow and Bull Replacement 2 438M 34. GO 	 2.06 

3uilding, ?-encinz 
and equipment: 

mai-nte=z0ce 3 22.50 22.50 3.60 
Replacement 4 122.03 122.03 	 19.52 

Pasture: 

IMaintenance 434.55 434.55
 

R.placement

Ci e~vi6 227.62 5227.82 

Clearing 27a V8

Grasses 6 
 163.02 163.02 	 -

Total 1438.65 1342.52 	 346.18 

1. Shadow priced at zero since a sideline activity requixdrn& an estizated 
0.2 man-years per cow i lu ing cut and car -y. if valued at Rs.10/day 
this rould represent an allocated cost of Rz.730 per year.
 

2. Capital Recove-y ?ac^or (..?.) over 7 years at 10%,.2054.
 

3. 3% of origi.nal cost. 

4. C.a.?. over 10 years at 1O.,1627. 

5. C.R.P. over 40 ;-earn at 10%,..1023. 

6. C.R.P. over 5 years at 10, .2638. 
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flET f.ICo' PER COl" 

Znte-prise .:7pe 

Zurrah Zebu/Temperate
BuffajIo Cat:le 
(Rs.) 

:ndienous 
Cattle 

(Zebu) 

Gr'oss Revenue 

Coats 

Net income 

4469.08 

1438.65 

3030.43 

2689.52 

1342.52 

1347.00 

765.16 

346.18 

41B.98 
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ESTIAD CApI:AL COSTS . CC 

Enterprise Type 

MurTah 
 Zebu/Temperate 
 Indigenous (Zebu)
Buffalo 
 Cattle 
 Cattle
(0.33 ha. improved (0.33 ha. improved (Puhlic lamd)
pasture) 
 pasture)
 
(as.) (as.) (Re.) 

Cow 
 2112 
 1650 
 1056
 
Ban 24 
 18 

Shelter- or night 

30 

Paddoc 600 600 20zqmuip=ent
 
(buckta, troughs) 
 150 
 150 
 100
 

lzprov~d Pasture 

Ertabli hznt 3 618 
 618 -

Total 
 5781, 
 5313 
 T206
 

1. ight paddock. 

2. Clea.ing - Ri.690o/ha. 

3. Ploughing a.-d Plamting -a.58h 

Pert±±:.ler . Rs.1304//ha. (251 k9jhA urea at Ra.3618/t 

126 kg/ha upe phosphate at Ra.2043/t 
63 /ha =z-i&a.e of potaAh at b.2501/t) 
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±nVestiga~ted, Seeds -Of the b-gh Yielding vr~oty of rice' were Ln uut 
b7 &11 of the settlers who had es.ther hax Yestol crops or were patn 
thirfirt crsop. ?fon-faily: Labour was used byr 14 of the 2'1 settlers 
#LIevezhiaede Labour, one hired. laboux' a loprcie 

on* used attan, sii one1 settler uaed and).0l fo~ ie - -. 

relied solely oz fa~ily Labour; two hadT not yet ooenoed spiluma...
operations ad,on. settler did t~ -r =aVia inormaionabouthi
;raa!1a.e.. Dwihta power i uswas repor'e4 asteaa (siatles), 
tractor, sa* buffalo6 (1 'settler), tractor and ba4 abor(1;wttlei'),
buffalo (7 settlers)', had labour (==sty) 2 'settlers. 24m ca itad not. 

Fyet prepared theirz land and cae did not provide iz-formation, h 
44 reOca U=ddpracticoe of taslnighdbzue by 7, ettlars and aother 3' 



wert starting this or the first tize. Nize ofthedsetlers -- -"-

becauase a'tepresence ofrosi h sol Reozemed ohe~.oals 
-# were now. widely used inta 7stlr reported using liseottotdag 

and 12 reported usi~n ertilizer., 

It*was fon htrprionqately are of tbA ou~tsUso"tp o 

4-"" "' lisectiies and fotliaz. habituaally trsasplanted and 2eported Use 
~ highest average Tields of rice at both Masa and Yala seasons. -


Reported p&Ady. ~sfor the, twot@rop seasm p 96 are idae
 
N1owevert,there was reaarkable differenee 
 between ueitleza an Use bai 

- - - -of uooia2 Ldsleaticze OutsiderA obtained oonstaztl' hbthe r ield 
i both seasons whereas !1ha yields~ewaseded thosi of Yale for the 

ot---@her two settler group.,-
-

The sales of pady are chiefly ha"ndled through private buyers reabes', >
 
Sthan the local a*oe'atiuss" s in'tendel on this deveipmn jwa
 

Tisai due to the sALftmaiionii of the loc al o*-operatt'res (l.ack ut 
'~~'4'- V~- b.ags, ~ad/or of~ cash sand/or Of storage, $to.). !aa =AZA auu
 

th1711ers are netinig As2- o Rs#4/- less per bushel aof P4447
threighntes lo the local boutilu ler r otner bues im fU
 
opeati1Pe 'uieiocn'e"~44 wrt leily and bu-Aig at the set Govern. 

con4- paddy piArsse price o. 37 cents per pc~ds 1' ~ 
e.~ 

44T 4 4 4 - 4 ,' - 4 - ~ 44 4 4 
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Inrgadt0~ size Of farmlad andL2.., ar'.a th6'settjirdinlicot.d satisfao Lon'with thle -%jigta ace f1rladbtZ
 
2I6sid,&#LsoudWat lasu 
1* a'na~b~ 4 

ha 4.he P o4onzt,1 acreO* More space tor h~ot gjanedd0rhuo 
~>>buitZAingl,itirz'ag 4ia 'ilncof 1&lija and~welluiso 

xawasabseved, that elativ ,.i , frius, at~settler ara.ldin&she. an,. Atte~Uatz 
2'lon Zo4MWa andow. land-ares: Which ILL op~u~h4 bi on .. k~b~teUkw 

IL ~ * th -erakd &wlLDccadvfrote 

2ail Uy"CodtibaVwptn'tfIrestSz 'aedayw 

ath-rLr!Whebut p U~1l ~~bustutioa is of mud and watl~jt.WLr .j, jzoadftr~os -unrotctd dgwlls art the a0=04 Or- potabl4 water,, .
Ma.y aa~ or tankio'onrs slabsfo ti<haebeen pL'o-eled to date. 

-~~ TillagifaojltLa and, Selrogg are 4apidzjppsiug K>-
0-~Wro3Ibt ailvnews ftlohbas 4,4ll..planned business.'cetrw o # 

> 

1hw4ty 

4032-= expre4ssed, by'sveraX Of the Settlers were thaf -ocal diepeaaurigs 7 
wer a4ZUma.. h.tokeadtconditions prevene
rog-
wplw bus servtc. v&L@IL oveated. ia~lehipx tow o±xn ttauptint

twaveL to. Soa" 
'to A 

s~ a a persons aUu4.4 
W 

Z us&s&aa1 

adthe 2a41c of ppoo-a. of service at'Lou 
 a 


ZZ t~rms of aaOCLa.iterActiOn 
m 

-rn2onsteowes We taOt' that a of~v~i 3 settlawav are,ar euoLdents '(thae"remved" and ffrsjetfleA' dategarsits Ua 

Izelcato -'&4 ae=ronsctoug Oaid. edottoa igeadewusta - 'Auraia~onsa of mutaleneft: An ihegro otxwuie!meof an''4
"ou set lers
Sroup2 of side who ava'm'l ng t e j m tu o t a u 
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Tes -,I he 9Zidence of one of their mobers who i3 a 
respect ed izfor1 leader
 , mu.:ually decide on 
the fair distribution
 
of---ic.io., v.ator -o each of ;heir paddy growing ao-*6enta. :
for=al orgaziz.tions v.eem to bo operating ct this point in' time 
-zcng the seztler3 who -,ere :nterviewed. 

http:of---ic.io


N:E-..R;IEJ :I 

::aze of the Village : Seelap.".a 

"-n'ervlewcr : L4r A. U. Saearasinghe 
Date of Interview : March 12, 1979 

As the male household head waB away hi 
 wife was interviewed. 

According to her Lnfo:-r-aton, her hunband's paetn't have come here
 
about 25 years ago and have been living here cz 
 lzvanmontlad
 
as encroachors. 
Their orjgLnal village is in 1KorU=(galA ::ric:. 

Nori the infor-z.ant wid her husband are a separate fc&zily and !Ivlng
 
on encroached lcnd of about Y: 
acre.
 

The total nuzber of fanjlies In *his village is about 45, and 16
 
of them 
are given 2 a:res each of highglan± by the Sovernment. Others
 
are living on encroached land. 
 The total PoPula'tjon is about 30o
 

perncnf. 

The "Ln source of incc-e in fro= cultiva:on. "oze people do paddy

Cul!tva:icn cn the '01nde' ry stem cn land of about 1 - 2 acres. The 

ad-- invillae;o is a villagen ::1e-en' che.-O, .'.hero laud given

mainly to ";evdcha" people (or1L-:,u. L nddha'* n. 

people -nve their Paddy
given -jzdn to other V4la 1 ;oro
 
'.'mat one "VeIia" perncn 
who was Elven 3 acre- c paddy lan d 1 az:
highlan! by 'he gove:nment. But he -3 cultivatiL-ng paddy c:a!y 
cn about
 

acre area. The balance of the !and In given on "Ando". 'Ande" 
payment ii mnade Ln can, - fla.j10/- par acre for a season. Pa I!y
cul:'vation In done only once a yerr, in the L:a. ,:e1e pani:,, landc 
Cre Fr'Tn undor the Dal2'kana tawk and t.io yiaij i" )C,b-, per
 
acre, 

In a'ddition to thin, these villagorz do colnri Cultiv.%tion n., t;V! j
About Ra.1,000/- to R:.2,OO/- per year. ChenA cul--tvation in done
 
:nly cnce yeara for About 6 =on'h*. 



Some plop!* Collect care f.O the JunGIO a4"sell it to "he collac 
ing centr:e as nanother =e-- of .Licome. We observed that sam people 

ihen We wre~ do-'nI :hxis xr-ve' e had tai oppor'tniaty to have a 
group 434cUt:5.cn and .=a a nozo.L-e crcac'-e- .. has 10 cillren. 
His =j.Ir occ-upati.,n _4z pall - c':.t..vat:. za e I"Ax-1 1 I-- :altana 

buffoo~ belong~ to a~ riah i - in. 11 a-pitlyo wvho pays .3/ per 
pair of uf:faloe:: 7Or yoat i 43 'IGookt-3.c:4"f'ee. D"u:Li,6 he pea.k 
6@ft501: : : own- coez a-I 'akaa tho t,_ffa2.aej to hieI area 
arl w~near the -lo:Ic in ove he br".nga I.ac'6 'te 3_nz a~a to t"6 clrtaor. 

'hoc atco tn t21-eo tuse these at&ll f'or !lij cult7I_:O. wcrk. 
a.TheyO 1o 3'CIald voc:Ilav !=a 10 tey take thadir cattle =1n 
buffi..es towards t'o. rl'#,r x The~o anLi-ala gr.Izo wIt!,.!n =~ Pizea 
of I 

people Wh~o had Ia2J. h0=0L~,jdrens had about. Ar -,- co%-rp,a
ahcre Ia chil11las and about ',' acre lzi =I-xq-! voe aban 

their daL1;" hz~ needs sal, aozlot --a a .1 Itl surlus for -ale. 
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