{

+ 4

{&x

£y

s

—
i
farad

o






Democratic Socialist Republic of Sri Lanka

The Ministry of Mahaweli Development

FEASIBILITY REPORT
| ON

No.

. THE MORAGAHAKANDA AGRICULTURAL

DEVELOPMENT PROJECT

VOLUME 1
DOWNSTREAM DEVELOPMENT

. JE LIBRARY :

IIIIJIIlllllllll”ﬂllﬂiIlmllfll!!lll

IOZS&EETJ

OCTOBER 1979

JAPAN INTERNATIONAL COOPERATION AGENCY

AFT

CR—(7)

79—50—3




/20
7%.3

AT
/#2;?@

EE YA E LT

£

£ me o 0g 120
; — 1833 |

pouidenSirt=rt

oy

——




Democratic Socialist Republic of Sri Lanka

The Ministry of Mahaweli Development

FEASIBILITY STUDY REPORT
ON

THE MORAGAHAKANDA AGRICULTURAL
DEVELOPMENT PROJECT

VOLUME IIT :

DOWNSTREAM DEVELOPMENT

ANNEX V : SOIL SURVEY V-1~34

ANNEX VI : IRRIGATION AND LAND DEVELOPMENT VI-1.150

ANNEX VII : AGRICULTURE AND ANIMAL VII-1~55
HUSBANDRY

ANNEX VIII : AGRICULTURAL ECONOMIC, MANPOWER VITI-1~26

AND SETTLEMENT

October 1979

JAPAN INTERNATTONAL COOPERATION AGENCY






B - , .. P - . - - . . -
- - - - LR L -t " S > “o . . - - . . L
e . N s . . Vi Tt e e ) - ) | | ,
o oTen . NG . S < - . . | | | | |
| | | : \ . . s )
“ . v e - RS AT | | : .\ :.
- o i SR e y
. LT . TeoamEt - . " - (- . . - -
( el L y Lo P .o~ ) - L o .
ot o, 2 R F A.. |







ANNEX V : SOIL SURVEY
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I Summary and Conclusion

Mast of soils in project area is fairly good for agricultural develapment.

Soil units in project area can be classified into six main groups,
that is, Reddish Brown Earths—well drained series, Reddish Brown Earths-
imperfecttly drained series, Low Humic Gley soils, Alluvial Secils, Sclonetz

soils and Rockey and Shallow phase soils.

These former four soil units, which acreage are shown in the following

table, are suitable for agricultural development.

Table 5-1 Suitability of Soils for Agricultural Development

Suitability for Acreage (Acre)

Agriculture Development | A/D DiS MmN Dy G Total

Suitable 15,745 51,920 | 26,640 | 14,330 § 15,460 | 124,095
Unsuitable 2,165 6,895 1,600 370 7,720 18,750
Note

1. The above Table shows only acreage of undeveloped area in the

proposed project site,
2. Dj-N area is locating on the west and north side of A/D area.

3. The final suitable acreage for agriculture will be changed

to the result of topographical survey.

In preoject area, six main soil units are existing and the cropping

potential in each unit are as follows.

a) Reddish Brown Earths, well drained series

Very good ta good land for upland crops.
All upland crops of dry zone canm be grown.

Organic matter should be added.

b) Reddish Brown Earths, imperfectly drained series

Very good for lowlaud rice.

Lowland rice, sugar cane and pastures can be grown.



¢} Low humic gley soils

Not so good for upland crops.

Only lowland rice can be grown.
(Partly upland crops in Yala Season.)

Drainage would be beneficial.

d) Alluvial soils, wellto moderately drained series

Very good to good for cash crops.
Profitable cash crops such as tobacco and vegetables can be grown.

These soils are only existing in Dy area.

e} Alluvial soils, imperfectly drained series

Not so good for upland crops.
Only lowland rice can be grown.
Drainage would be beneficial.

Prevention of flood is necessary.
f)} Solonetz

Cenerally wvery poor to poor. -

These Lands are generally unsuitable for crops.

It would be better to abondon these land.

{Generally, leave these soils until determine their salt

content by future survey.)

g) Shallow and Rocky phase, rock knob plain

These lands are unsuitable for crops, but good for settlement.
(household area)

h) Erosional Remnants

Generally unsuitable for development.

Acreage of the above scils are given in Table 5-2 in the next page.



Table 5-2 Acreage of Main Soil Units in Underdeveloped Area (Acres)

AfD D48 DN Dy ¢ Total

Reddish brown earths

well drained series 5,510 13,645 12,640 130 7,370 39,295

Reddish brown earths
imperfectly 5,215 9,980 6,030 0 5,470 26,695
drained series

Low humic gley soils 1,260 25,150 6,030 0 2,050 34,490

Alluvial soils well
to moderately 0 a 970 3,650 570 5,190

drained series

Alluvial soils
imperfectly 3,760 3,145 970 10,550 0 18,425
drained series

Solonetz 0 2,825 0 0 0 2,825

Shallow and Rocky
phase, rock knob 2,165 4,070 1,600 370 7,720 15,925

plain and Remnants

Total 17,910 58,815 28,240 14,700 23,180 142,845
f1,/2: 8§ = South, N = North

The soil maps of Dy area and undeveloped Dy area (west side of A/D area)
have not completed yet. The new so0il maps of these areas will be completed
in future at the Land Use Division by air photo interpretation, which are

alsao not detailed map but valuable for general understanding of the soils.

As time passes after first reclamation, the crop yield decrease rapidly.
This phenomena seem to be closely related to the decrease of nutrient content
and reduction of soils itself. Therefore, it is most important to improve
the drainage condition especially on the poor drained land and need to organ-—
ize a good extension system relating with the technics of application of

chemical fertilizers and organic matters.



11 Soil Observation and Analysis

Number of the So0il Observation Points

Soil observation was done on both developed area and undeveloped
area of project site. The number of soil observation points are given

in Table 5-3.

Table 5-3 Soil Observation Points

System A/D D1 Dy G Total
Developed Area - 47 14 9 70
Undeveloped Area 15 30 15 10 70

S0il Analysis

Twenty one soil samples, that is seven samples of developed area

and fourteen samples of undeveloped area respectively were analysed.

The purpose of analysing soil samples of developed area is to
determine the best soil cendition for paddy and upland crops. For
this purpose, soil samples were taken from both good and poar paddy

as well as upland to compare these soil conditions,

The other purpose of analyzing soil samples of developed area is
to know the chemical characteristics of four soil units, such as reddish
brown earths, well drained series, reddish brown earths, imperfectly
draines series, low humic gley soils and alluvial soils and to

check the cropping potential of each soil unit.

This soil analysis was completed at the Soil Science Laboratory,
Land Use Division, Irrigaiton Department of Sri Lanka in compliance
with the request made by the Japanese Feasibility Study Team.

The location of soil survey is shown in the DWG. No. 5-1.



IIT  Soil Units in Project Area and Their Characteristics

Introduction

Soil groups in Sri Lanka are mainly based on their worphelogy, which
shows the main feature of soil profile. Twelve main great soil groups and
subgroups are found in the different natural condition of Sri Lanka. (C.R.
Panabokke, Ph.D., Soils of Ceylom and fertilizer use, page 67-81, 1967, Metro
Printers Ltd.)

An abridge soil map of Ceylon of 1971 which is annexed to the main report

shows the main soil groups which occurs in different parts of the island.

Soil maps of undeveloped area in the project area, (system A/D, D; and
G) have been complied in 1978 on scale of 1 mile to 1 inch Map (1 ¢ 31,673}
by the soil survey staff of the Land Use Division of the Irrigation Depart-—
ment. $Soil repert showing the cropping potential of these areas has prepared

by the Land Use Divisgion.

In these soil maps, we find that soil groups are closely related to the
topography of small catchment area. In the preject area, four soil units
respectively Reddish Brown Earths (well drained) Reddish Brown Earths (im-
perfectly drained), Low Humic Gley Soils (poor drained) and Alluvial Soils
are existing. That 1is, the most important and extensive soil groups in the
project area are the drainage catenary association of Reddish Brown Earths

and Low Humic Gley Soils as well as Alluvial soils.

W

Drainage Catena

As above, four main s0il units are found in the dry zone, that is, Reddish

Brown Earths (well drained}, Reddish Brown Earths {(imperfectly drained),

Low Humic Gley Soils and Alluvial soils. 1In wmost of the undulating land-

scape units of dry zone as well as in the project area, these former three

are forming a drainage catena. That is to say, reddish brown earths, well
drained, occur in the higher aspect of landscape, reddish brown earths, im-
perfectly drained, occur middle and lower aspect of landscape, and the low
humic gley soils occur in the lower aspect of landscape, as given in Fig.

5-1.
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Fig. 5.1 Secil Association or Seil Catena
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Reddish Brown Earths, well drained

The A horizon 1s dark brown to dark reddish brown, the B horizon is
more red than the A horizon, usually reddish browm to dark red. These red
colours of soils indicates the presence of unhydrated iran oxide which can
only exist in well drained condition. That is to say, these soils are

oxidized very well.

Reddish Brown Earths, imperfectly drained

The A and B horizons are dark brown to dark yellow brown. This yellow-
ish colour of soils indicates the presence of hydrate iron oxide which never
exist in well drained condition. That is to say, these soils are oxidized

not so well.

Low Humic Gley Seils

Top solls are brownish gley to gley. This gley colour indicates the
presence of ferric iron which can only exist in poor drained condition and

.

reducted condition.

As above, the drainage catena is closely related to landscape unit,
drainage condition and soil colour. Moreover, this is closely related to
the nature of clay minerals and potentiality of seils. In other words,
it is considered that potentiality of soils of project area as well as dry

zone is related to a great extent to landscape unit and seil colour.



3.1 Reddish Brown Earths, well drained series

3.1.1 Location
These soils are located on the upper aspect of the slopes, mainly

from the ridges to the almost flat aspect.

3.1.2 General description

The modal profile derived from this soil survey is as follows.

Horizon A ; -
Depth : Usually 10 - 15 cm
Colour : Dark brown to dark reddish

Texture : Sandy loam to sandy clay loam

Horizon B
Depth : 90 - 110 cm
Colour : Dark reddish brown to reddish brown

Texture : Sandy clay loam
Horizon C
Depth : Deeper that 120 ~ 150 cm

Colour : Light yellowish brown to pale brown

3.1.3 Physical Characteristics

According to SOGREAN report Vol. III, physical characteristics are

as follows.

Bulk Density : 1.5 -~ 1.6
Soil Porosity : 30 - 40 %
Available Moisture : Deep phase 100 - 125 mm

) Shallow phase 25 - 550"
Infiltration rates : ﬁeep phase 5 - 15 em/hr
After 1 hour : Gravelly soil 25 "
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MODAL PROFILE - REDDISH BROWN EARTH - WELL DRAINED

LAND USE DIVISION

Scoil and Site Description

Location : Bore No.
Area : Date :
Topography Photo No., :
Slop : Drainage : Well drained
Land Use :
Site Feature :
Moisture, Structure, Consistence, Cutants,
Depth Colour Texture Gravels, Concretion, Pores, Roots,
Mottling etc.
0~ 4 5 yR &/2 S1.S5cl Slight organic matter ns & np (W)
4-12 5 yR 4/3 Scl 55 & Sp (W}; mica feldspar; few soft Mn
concration
12-18 5 YR 4/4 Scl SS & Sp (W); mica feldspar; few soft Mn
concretion
28-36 5 YR 4/6 Sel SS & Sp (W): mica feldspar; few soft Mn
concretion
36-640 1 2.5 yR 4/6 Scl- SS & Sp (W); mica feldspar; few soft Mn
grscl concretion
40-44 ' 2.5 vyR 4/6 gr Scl 55 & Sp (W); to § & P (W) few mica,
feldspar; Mn stains
L4-48 10 R 4/6 gr Scl S &P (W); mica feldspar; Mn concreticn
Remarks
Classification : R.B.E. = Well drained,




3.2 Reddish Brown Earths, imperfactly drained series

3.2.1 Locatien
These soils are mostly found in the flat or nearly flat areas which

occur on the lower aspect of slopes.

3.2.2 General Description

The model profile derived from this soil survey is as follaows.

Horizon A

Depth

Colour : Dark brown to dark yellowish brown
Texture : Sandy clay loam to sandy loam

Horizon B

Depth

Colour : Dark yellowish brown to yellowish brown
Texture : Sandy clay loam

Hopizon C

Depth : 90 - 120 cm

Colour : Yellowish brown

3.2.3 Thysical Characteristics

According to SOGREAH report Vol. III, physical characteristics

are as follows.

Soil Porosity : 30 - 40 %
Availahlie Moisture ; 75 - 100 mm
Infiltration rate H Comparatively lower than

RBE well drained series

V=10
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MODAL PROFILE — REDDISH BROWN EARTHS — IMPERFECTLY DRAINED

Location
Area
Topography
Slope :
Land Use :

Site Features :

LAND USE DIVISION

Scil and Site Description

Bore No. :
Date
Photo No.

Drainage : Imperfectly Drained

Moisture, Structure, Consistence, Cutants,

Depth Colour Texture | Gravels, Concretion, Pores, Roots, Motting
etc.
0- 4} 10 yR 3/3| S1 Slight organic matter ns & np (w)
) -, 185 & sp (W) faint mottling; Mottle colour
4-12 [ 10 yR 4/3 Sel 7.5 R 4/4; few soft Mn Concretion
85 & Sp (W) € 1d mottles of colour 7.5 yR
12-28 [ 10 yR 474} Scl 4/4 feldspar few soft Mn Concretion o
8§ & Sp (W) C 2d mottles of colour 7.5 yR
28-40 [ 10 yR 5/6| Scl 4/4 feldspar few soft Mn Concretion
_ - S8 & sp (W) C 2d mottles of colour 7.5 yR
40-48 | 10 yR 5/6| Scl 4/4 few TIron Stones, Mn Stains
48-54 | 10 yR 5/3 ziigl 55 & sp (W) C 1lp mattles of colour 7.5 yR

4/4 feldspar; Mn Stains

Remarks

Classification :

R.B.E. Imperfectly drained

v-12




3.3 Low Humic Gley Secils

3.3.1 Location

These soils are located on the almost the whole extents of valleys,

3.3.2 General Description

The model profile derived from this soil survey is as follows,

Horizon A

Depth : 25-30en

Colour : Dark gley Brown to Brown or bluer

Texture : Loomy sand Lo sandy Loam

Horizon B

Colour : A lighter colour than A horizon strongly mottled or

Pseudo-gley appear
Texture : Sandy clay Loam to Sandy Clay

3.3.3. Physical Characteristics

Soil Porosity : Less than the porosity of RBE
Available Moisture : Usually more than that of RBE
Infiltration rate : Usually less than 5 em/hr

V=13
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MODAL PROFILE - LOW HUMIC GLEY

LAND USE DIVISION

So0il and Site Description

Location Bore No.

Area : Date

Topography : Concave bottom Photo No.

Slop 0 -2/1% Drainage : Poorly drained
Land Use

Site Feature :

Depth

Moisture, Structure, Consistence, Cutants,
Colour Texture Gravels, Concretion, Pores, Roots, Motting
etc.

h-14

15-24

24-40

40-48

10 yR 3/2 51-SC1 Slight organic matter ns & np (W} faint
mottles of colour 7.5 yR 4/4

10 yR 4/3 5C1 C1d mottles of colour 7.5 yR &/4 S5 & Sp
(W) slightly gleyed S5y 5/1 few soft MM
Concretion

2.5y 5/2 scl C1d mattles te C2d mottles of colour
7.5y 4/4 55 & Sp (W) te 85 & p Common
gleying S5y 5/1 few soft MN coucretion

2.5y 5/2 SC1-sC Cid to Cyd mottles of colour 7.5 yR 5/6
Common gleying of colour 2/2 yR 6/2 few
soft MN cancretion § & p (W)

5y 5/1 5C Czd mottles of colour 7.5 yR 5/6 Common
gleying; Commons soft MN Concretion
§ &P (W)

Remarks

Clagssification : L.H.G.

V=15




3.4 Alluvial Soils

3.4.1 Location

These soils occur in narrow styips along valleys. Especially

fairly large amount of these soils is occured in D2 area.

3.4.2 General Description

Alluvial soils are developed on recent water laid deposits in which
no profile development other than accumulation of some organic matter in A

horizon has taken places.

3.4.3 Physical Characteristics

Generally texture of these soils varies from heavy clay to coarse
sand, Although rhese soils which oeccur in D2 area have faily good physical

properties.

3.4.4. Chemical Characteristies

Soil amalysis data are given in Table 5-7.

v-16
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MODAL PROFILE - WELL DRAINED TO MOD. — WELL DRAINED

LAND USE DIVISION

Soil and Site Description

Location : Bore No.

Area : Date :

Topography : Convex Slope Photo No. :

Slope : 1 -11/2 % Drainage : W. Prained to M. W,
Land Use : Urained

Site Features :

Moisture, Structure, Consistence, Cutants,
Depth | Colour Texture | Gravels, Concretion, Pores,; Roots, Mottling
etc.
0- 4|10 yR 4/2| S1 teo Cl | Organic Matter, ns & mp (W)
Varing ]
4-18 colour cl ns & np (W) to S5 & Sp
18-40 | 10 yR 5/4 Ccl 85 & Sp (W)
40-48 | 10 yR 5/3 cl 85 & Sp (W) few soft Mn Concretion

Remarks :

Classification : Alluvium - Well drained to Mod. Well drained.
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IV Land Classification

It is to be desired that land classification should be done taking
account of many factors such as soil factors, Topographic factors and
drainage factors as refered in the general land classification specification
of U, 5, Bureau of Reclamation. However, it is very difficult to classify
the land according to the U. 8. B. R. specification during this short soil

survey period.

However, land classification that is only taking account of seil
factors such as texture, depth (limited by gravel, rock or impervious
material}, salinity, chemical characteristics and permeability seems to be

enough to know the datas which showing approximate land potential at present.

Therefore, this simple land classification has been made in this

report.

4.1 Cropping Potential of each soil wunit

4.1.1 Reddish Brown Earths, well drained series

Very good to good lands on which no limitation are imposed on the
choice of crops. On this well drained soil, a wide range of upland creps
of the dry zone can be grown, although the cultivation of paddy is not
recommended because of high permeabhility of these soils. (According to the
SOGREAH REPORT Vol. III, the average permeability of reddish brown earths
isK=1x10"" to 6 x 10“5 m/sec, this value is teo high comparing with

the adequate value that is 3-3 x 2[.(]-7 m/sec in case of paddy field.

Depending on the depth of these soils the range of crops that can

be successfully grown are given in Table 5-8.

Soil structure of reddish brown earths is sc weak that the mainte-
nance of soil structure by providing adequate quankities of organic matter
is important. This could be succeeded by the application of cattle manure
wherever a pattern of mixed farming could be practised; and where suffi-
cient quantities would not be available, it will be definitely beneficial

to introduce green manure crops in rotational cropping system.
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Exchangeable Value between Permeability and Water

Requirement in Depth

Permeability Water requirement in depth
k - m/sec mm/ day

1x 107 0.1

1x107° 0.9

1x 1077 8.6

1 x 1070 86.4

1x 107 864.0
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4.,1,2 Reddish brown earths, imperfectly drained series

The choice of crops is limited by dry and wet season, because of
low permeability of these soils (According to the SOGEAH report Vol., III,
the average permeability of imperfectly drained reddish brown earths is
K=1.5x%10"% to 9 x 10%0/s.)

As 501l moisture is so high at wet seasons, only limited crops can
be sucessfully grown on these soils, that is lowland paddy, sugar cane and
pastures.

But if adequate surface drainage is provided, some of the other up-
land crops of dry zone could be cultivated during yala season.

Rice yield on these soil series is highest amonpg the all soil groups
that are existing in project area, because these soils are fertile and mot
so reduced.

But, in a course of time after reclamation the tendency of decrease
of yield was found in this survey. The reason of this phenomenon is re-
garded mainly as the reduction of soils and lowering of its fertilities,
Reduction of soils is caused by high soil moisture and lack of air, so
drainage should be considered. (This is largely due to poor water manage-
ment in the upper slopes.)

The depth of these soils are usually deep or moderately deep so that

the depth of soilds would not become restricted for root penetration.

4.1.3 Low humic gley soil

The choice of c¢rops is severely limited. Because of low permeability
of these soils (According to the SOGREAH report Vol. III the average per-
meability of Low humic gley soil is K= 1.5 x 167% 0 9 x 10'6m/s.) Soil
moisture is too high, so only lowland paddy can be successfully grown on
these soils.

In the case of imperfectly drained Reddish Brown Earths, as time
passes after reclamation the tendency for decrease in yield was found, taoo.
This would be due to lack of sufficient fertilizer application, but drainage
may also be useful on its improvement.

So, drainage would be necessary. Open drains will generally he

beneficial for the removal of the drained water.
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4.1.4 Alluvial Soils

Drainage of these soils is mostly poor, so that these are best soils
suitable for cultivation of lowland rice.

While, there are some well drained to moderately drained alluvial
soils mainly in D2 area.il In this area, the cultivation of paddy is not
recommendable because of high permeability of soils. However, the exact
distribution of well drained Alluvial scils in D2 area is not certain.

So, further soil survey is necessary to demarkate the exact distribution of
these soils, and to plan the cropping pattern for these area which corre-

spending to the soil condition;ig

Note
/1 : Along the bank of the Mahaweli river,
/2 : An exact demarkation and location of this well drained Alluvial

soils is not available during this short survey.

4.1.5 Soledized Solonetz

Very poor to poor lands because of saline or saline - alkaline soil
condition. So these lands are normally unsuitable for crops. But these
lands could be reclaimed when amelioration of these soils would be possible
by provision of chemical amendents, drainage and leaching to remove existing
sodium and/or salts and cheap water would be available in excess.

But as these lands are always found on the lower parts of landscape,
it would be dofficult to ameliorate these land by provision of drainage
and leaching. So on the slightly saline or saline - alkaline lands, only
lowland rice could grow, although yields are likely to be smaller.

Therefore, until detailed soil survey to be proceeded and deter-
mined the level of salinity in these soils at different locations, it would

be better to abandon these lands.

4,1.6 Others
Shallow and Rocky phases and rock knob plain are unsuitable for
crops, because these soils restrict to extending root of crops, and thereby

yield would be very poor.
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However, these lands could be used for settlememt, homestead,

building sites, communication center and play land.

Erosional remnants is not suitable for agriculture or settlement.

4.2 Cropping Potential of Undeveloped Area

As stated above, cropping potential of each land is depending on

s0il condition and classified to four types, as follows.

(1 Upland crop type

These lands are suitable for upland erops, that is, fruit crop,
cotton, chillies, onion, groundnuts, soya bean, cowpea, green gram, turdhal

upland rice, maize, sugar cane, tobacco, etc.

However, fruit crops are suitable only on very deep phase, that is,
depth to prominent gravel layer is more than 120 cm or depth to bed rock is

more than 150 cm.

(2) Lowland and Upland Crop Type

These lands are suitable for lowland rice, sugar cane and pastures.

The yield of lowland rice on these lands are highest.

(3 Lowland Crop Type

These lands are suitable only for lowland rice.

(4) Unsuitable for Crop Type

Cropping potential map amnexed with this report the classified by

these criteria.

The acreage of each classification corresponding to undeveloped area,

that is A/D, D,, D, and G respectively is given in Table 5-9,

2
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v Recommendation P

5.1 Fertilizer Recommendation

Fertilizer demand of plants varies according to their species.

There seems to be tendency of increase fertilizer demand as follows.

Low Demand Gingelly
Castor
Legume
Such as groundnuts, Soya Bean etc.
Sorghumn
Paddy
High Demand Chilly

From a point of view of soil condition, fertilizer recommendation
should be different among four main soil units, that is (2) reddish brown
earths, well drained series, (b) reddish brown earths, imperfectly drained
series, (¢) low humic gley soils and (d) alluvial soils. But as shown in
Chapter III, IV, the Chemical properties of each soils are not so different

among them and it is not necessary to distinguish each other.

Although there would be the tendency that plants on the reddish

brown earths, well drained series demand more fertilizer than the others.

According to the Agriculture Research Station of Maha - II1luppallama,
crop - wise fertilizer recommendations for Low Country of Dry Zone which are

including project area are as follows.

Gingelly

Super Phosphate KCL  Ammonium Sulfate 1b/acre
Basal 112 28 -
Top dressing - - 112
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Soza bean

With inocculum
Basal

Without inoculum
Basal

Top Dressing after
3 weeks *

Top Dressing after
11 weeks *

*: From Planting

Maize and Sorghum

Basal
Basal

Top Draessing
after 4 weeks *

=

10

3

11

N

15
15

45

Py05

60

60

Pa0s

40

*%: From Planting

Cotton

Basal

Top Dressing after
4 weeks *

*: From Germinaticon

Jute and Kenaf

Basal

Top Dressing after
3-4 weeks *

Top Dressing after
8-10 weeks *

N

22

11

11

P205
50

P20y

50

%; From Germination
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Kzo

40

40

K20

25

Ko
33

K20

30

1b/acre

1b/acre

1b/acre

1b/acre



Bandakka

N P305 K20 1b/ acre
Basal 20 60 30
Top Dressing after 20 - -
3 weeks *
Top Dressing after 20 - -
6 weeks *
%: From Planting
Brinjal
N P20s K20 1b/acre
Basal 40 100 80
Top Dressing after
3 weeks * - 40 - -
Top Dressing after 40 - -
6 weeks *
#: From Planting
Tomato and Capsicum
N P205 K20 ib/acre
Basal 25 60 25
Top Dressing after 25 - 25

4 weeks *

%; From planting

According to New Fertilizer Recommendations, for Rice Productiom,
October, 1971, Agricultural Information Division, 102, Union Place,
Calowba, general fertilizer recommendation for rice production for

low - country of dry zone are as follows.
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A)

B)

3 Months Varieties for a yield

Basal; Mixture Vj
Top Dressing 2 weeks; Urea

Top Dressing 6-7 weeks; Urea

Note:

of - 60 Bushels/Acre

Quantity of Apply lb/fAcre
168
56

84

1. Content of N,P and K of Mixture V; is as follows: *

N 2.68 %

P205 27.4 %

K20 12.9 %
2, Timing of top dressing: after sowing
4 - 41/2 Months Varities for a yield of - 80 Bushels/Acre

Quantity of Apply 1lb/fAcre
Basal; Mixture V; 168
Top Dressing 2 weeks; Urea / 1 56
Top Dressing 6 weeks; Urea / 1 56
or &4 weeks /[ 2

Tap Dressing 10 weeks; Urea /1 56

or 8 weeks / 2

/.
/2.

After sowing.

After transplanting.
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According to recent findings at the Maha-Illuppallama Research
Station, paddy in well drainied RBE seils require more nitrogen

than in imperfectly drained RBE soils.

Such information is not available for low humic gley soils.
However, inferring from above, it may be said that low humic gley
soils would be closen to imperfectly drained RBE soils than the

well drained series,
Therefore, the above fertilizer recommendation should be

adjusted according to the yield expected and soil characteristics which

vary in each field.
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5.2 Manuring of Organic Matter

According to Handawela, J, Agricultural Reseayxch Station, Maha

Illuppallama, the result of nigrogen reponse in Paddy in two drainage

members in Reddish Brown Earths is as fig. 5-2,

Fig. 5-2 WNitrogen Respons in Paddy in two Drainage
members in RBE.

Paddy(t/ha)
Well Drained Series Imperfectly Drained Series
g|-
Cow Dung Cow Dung
< 10t/ha 10t/ha
8- I -
-~ 20t/ha -~ Ot/ha
// ‘/ Ot/ha ”/-/"’
~ / //;’/
-~ - -
7=~ e
é Ve
6
5=
[ 1 1 i
50 100 0 50 100 kg/ha-N

As shown in Fig. 5-2, manuring respons of cow dung is quite

effective, especially in imperfectly drained series,

Manuring of organic matter has advantage not only applying

the nutrient of plant but also producing a crumbly soil, which is

well drained and well aerated.

In ideal case, manuring 10 t/ha of organic matter is

recommended.
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5.3 Canal Construction and Dralnage

According to SQOGREAH report Vol. III - Land Classification

July, 1972, soil permeability values determined by auger hole

method are as follows.

} Condition of lower Horizon! Permeability Values
; and topography
i : '
RBE i GSL to 31 overlying the 1 x 10-5 to 6 x 10 Sm/S
decomposing Rock
RBE More thicker SCL layers
1x107°
in B Horizon
RBE More sandy and gravelly
layer overlying the decom-| 1 x 107
posing Rock
RBE SCL to SC layers at depth -6
Imperfectly 1.5 x 10
drained 3 and 7 feet, Lower aspect . 10-6
LHG of the slope
LHG Lower aspect of slopes 6 x 10_6 -5x 10_5
LHG SCL to SC without any -6 -6
interlayers of Sand or 1x10 " -3x10
Gravel

The above

estimated values of permeability seem to be adequate.

From a point of view of land use, the appropriate

canal is better to construct on lower aspect of slope and

not higher aspect.

Because, if the canal is constructed at

the higher aspect of slope, the soil moisture of lower parts of

canal will be always so high depending an the high permeability

of the soils where canal constructed!that upland crops are

unsuitable at this part.
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However, if the canal is constructed at lower aspect, the soil
moigture of lower part of canal would wot increase so much depending
on the low permeability of the soil where canal is comstructed, that

lowland paddy is not affected by the high increase of soil woisture.

Unrecommendable

} /_f—-Soil moisture of these area

would be saturated.

High permeable’

layer

Low permeable —

layer

Recommendable

High permeable
layer ~_

Low ermeable ' . .
P o rSo0il moisture of these
area increase not s¢ much.

Moreover, the lose of water from canal at high aspect of

slope is less than that at low aspect,
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I: ENGINEERING STUDIES AND INVESTIGATIONS

1.1 PRESENT IRRIGATION AND DRAINAGE SYSTEMS

1.1.1 Irrigable Area

The area covered by Moragshakanda dam comprises the existing culti-
vated lands being irrigated by main irrigation camals and a group of
tanks following as the starting point Elahera and Amgamedilla headworks
intaking water from Amban Ganga and the new land reclaimed by an increase

in water supply through the dam.

This region corresponds to Systems Dy, D2, G and A/D of the Mahaweli
Ganga Development; the total area irrigated by the dam covers approxi-
mately 1,200 km® (460 mile?).

As a result of the survey, the area irrigated by the existing tanks
and main irrigation canals is summarized in Table 6.1.1, The result
indicates that the irrigated area has become larger than that mentianed
in the report prepared by M.D.B; this is mainly because, in the previous
survey, the area reclaimed without any permission or irrigated by re-
intaking water has not been included in a part of the irrigated area,

but the area irrigated by main tanks only included.

Table 6.1.1 Existing Irrigated Area

Sygtem Report MDB (1977) JICA F/$ Team
G 4,800 ac 4,800 ac
D 49,400 " 69,100 "
D2 19,000 " 25,000 *
A/D - -
Total 73,200 ac 98,900 ac
(29,600 ha) (40,000 ha)

1.1.2 Irrigation System

The present irrigation system shows that the planting condition
realized after completion of Polgolla-Bowatenna Complex in May 1976 is

taking a favourable turn in comparison with the previous years. The
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planting conditions obtained by conducting local interviews are summarized
in Table 6.1.2Z. 1In addition, variations in the tank storage capacity
before and after completion of the Polgolla-Bowatenna Complex are shown

in Figs. 6.1.2 to 6.1.6.

Juding from these data, it is obvious that supplied water has become
more abundant; however, it is anticipated that this situvation will be
slightly deteriorated in the near future, because the newly reclaimed
land proposed under the Polgolla-Bowatenna Complex has not yet been

completed.

There are some parts suffering from shortage of irrigation water
during the Yala seasou in spite of supplying more irrigation water than
projected. This is because that the existing agricultural facilities
(irrigation canals and diversion facilities) have old vintage and the
dead water caused by their superannuation has become more abundant and
also because that due to loosening water supply management surplus

water is being intaken on the uvpstream side.

The reason why the planting condition at Parakrama Samudra is more
favourable than the others is that Kalu Ganga, a branch river of Amban
Ganga, is abundant in river water discharge and, moreover, irrigation

water management is facilitared due to the existence of one tank.
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Table 6.1

.2 Existing Irrigation Area

(unit: acs)
s Acreage under Acreage under
ystem Scheme specification unauthorized Total
cultivation

G Elahera 4,800 - 4,800
Minneriya 13,500 4,500 18,000
Giritale 6,200 1,300 7,500
Kaudulla 10,500 2,500 13,000
Kantalai

D Jendarasan= 20,800 3,100 23,900
Paravipanchan-
kulam
Galamuna 3,300 1,700 5,000
(Minneri oya)
Kahambiliya 500 100 600
Wan Ela 1,000 100 1,100
(Sub total) (55,800) (13,300) (69,100}

D2 Parakrama 19,600 5,400 25,000
samudra

A/D - - - -
Total 80,200 18,700 98,900

{32,400 ha) {7,600 ha) (40,000 ha)
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1.1.3 DBrainage System

For as the present drainage system, drained water is all flowing
down through the drainage canal system consisting of such natural rivers

as Aru, Oya and Ganga and mostly flowing into Mahaweli Gamga in the end.

Since there exists almost no emhankment along Mahaweli Ganga, but
partially, the river is overflooded over a few miles wide during the

flood season.

Particularly, System Dz encircled by rivers is isolated during the
flood season and most parts of which are inundated due to its gentle

undulations and low lands.

In addition, System A/D is embanked along Mahaweli Ganga; however,
draining is not so smooth because of its location mear to the river mouth

and low lands are inundated.

Branch rivers are all naturally formed and overflooded during the
Maha season; there are many parts inundated in the vicinity due to mazy

river channels and the low flow capacity.
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1.1.4 Existing Irrigation Facilities

They mainly consist aof tanks, anicuts and some lift-irrigation

facilities as follows:
{1} Tanks

Besides those shown in Table 6-1-3 below, the details of which have
been obtained from Polonnaruwa C.I.E office and I.EE offices at Minneriya
(Hingrakgoda) and Kantalai, there are numerous minor tanks which are of
much smaller scale in their storage capacities and irrigable areas, hence
they have been taken into account supplementarily to the major irrigation

schemes in water balance study.
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Table 6-1-3 Existing Tank Capacities

Available
Name Capacity Dead Storage Storage Capacity
10002 E510%3  1000°°7 T 10%°  10002°7FF 10%°

Kaudulla 104.0 128.0 4.5 5.0 99.5 123.0
Minneriyva 110.0 136.0 4.0 5.0 106.0 131.0
Kantalai 110.0 136.0 4.0 5.0 106.0 131.0
Vendarasan 20.2  25.0 - - 20.2 25.0

Kulan
Giritale 18.8 23.0 0 - 18.8 23.0
Sub Total 363.0 448.0 12,5 15.0 350.5 433.0
Parakkama

Samudra 110.0 136.0 15.0 19.0 95.0 117.0
Total 473.0 584.0 27.5 34.0 445.5 550.0
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Table &1-5

List of Minor Tanks {Capacity 303¢ ¥

Name of Name of Caltivable
Minor Tanks Minor Tanks Capacity Area
ac~ft ac

Kaudulla
Ambagasvwewa 2,102.5 1,188

Parakrams

Samudra

Kalahagala 30
Kadawala Wewa 104.0 300
Amaulunda 108
Aluth Wewa 150 60
Kirinatidamanawewa 500 99
Uradikulemwewa 30

Giritale
Ilukwewa 30
Galiida 516 177
Paluwewa 159 50
Baddepanwiwla 270 70
Divalamkadawala 313 100
Pahalasiyambalawewa 110 36
Wewalawewa 138 40
Deegannawewa 240 80
Nikawewa 306 102
Wijerajawewa 225 75
Ihalasiyambalawewa 129 33
Madaymalawewa 300 100
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(2) Anicuts

Besides Elahera and Angamedilla anicuts on the Amban Ganga, there are
some anicuts which collect the drainage water flown into the the riverlets
such as at Galamuna, Kahambiliya, etc. The particularsof Elahera and

Angamedilla Anicuts are shown in Table 6-1-6.

(3) Liftc Irrigation

Small acreage (19 - 200 ac) in being irrigated by low-head pumps;
more than one-half of 1lift irrigated land is in System G (600 ac) and
about 600 ac in other Systems, tatalling 1100 ac. Details of 1lift irriga-

tion schemes will be known from Table 6-1-7.
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cwras U—L—/S

List of Irrigation Scheme (Polonaruwa C.I.E. Office)

Pump 5t No.of Pump  Na.of Acreage under Total
Name

No. fore Bay Each fore Bay  Acrege
(Kaudulla)
Stage 1 TR 5 1 1/6" dia.. 1 32 32
TR 5 2 m 1 52 52
Sub.T 84
(Minneriya)
Stage 3 LB7 3 1/6" dia. 1 22 ) 49
LBY 3 L/6" 1 27 )
(Giritale)
LB 6 1/4" dia 1 27
RB Tract 5 7 1/6" « 3 (30.75) 82.5
(35.25) )
16.50)
L | 7 1/6" dia. 1 45 45
Sub.T 127.5
{G. System)
Konduru Stage II 8 1/4" dia 1 30)
Wewa 278 " 2 90) 200
80)
Stage I 9 1/6" dia 1 66)
1/6" 2 32) 158
" 62)
Bakamuna Stage ITI 10 1/6" dia 1 72 72
" II 11 1/8" 1 104 104
" I 11 /6" 60 60
Sub.T 594
(Minneriya Cya)
Sunga Wila 12 1/6" dia. 67
(r.P.5.) .
D1 Kalinga Ela ( 0.8}
Unitc I 13 1/6" dia. 2 26 ) 92
1l 13 /4" 1 32 )
11 14 1/6" 1 26 )
D2 1B 4 15 1/6" dia 1 48 58
D3 16 1/3" dia. 1 19 I
Sub.T 139
Total 1,098.5
] 1,100 ac
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IT. PLANS AND STUDIES

2.1 Identification of Irrigable Area

The area currently irrigated totalling 98,900 ac (40,000 ha} has been
included in its entirety into the irrigable area, together with 1%,500 ac
{7,900 ha) which will be developed under Polgella-Bowatenne Complex
(10,000 ac or 4,100 ha in System G and 9,500 ac or 3,800 ha in System DI1)
and the land extending over 34,400 ac (13,900 ha) in Systems D1, D2 and
A/D which will be made mewly irrigable by constructing the Moragahakanda
reservoir, and undeveloped sugar cane area of 1,000 ac {400 ha) in the
downstream of Kantalai Tank. The total irrigable area, therefore, would
be 153,800 ac (62,200 ha) as is detailed in Table 6-2.-1.

Topographic maps used for identification of the newly reclaimable area
were both outdated and incomplete; to cover such gaps coaser maps (1 inch

to 1/2 mile = 1/31680) had to be used, as follows:

System D1  .... 1 inch = 4 chains (1/3168) and 1 inch = 12 chains
(1/9504) in parts
" D2 ve.. 1 dineh = 1/2 mile (1/31680)
" A/D .... 1 inch = 1/2 mile (1/31680) and 1/10000
Contours:
1 inch = 4 chains & 12 chains .... 2 feet
1" =1/2 mile vee. 200"
1 " = 10000 cve- 5 meters

Demarkation of the newly reclaimable area{s) has been done somewhat
differently between Systems: in System D1, the main canal route was first
determined and then the irrigable area has been planimeterd, while in
System D2 and A/D for which contours on the maps used were too wide, making
it difficult to chalk out the irrigable areas, therefore, the ratio between
the gross area and net irrigable area in the adjacent places has been

applied for determining the irrigable areas there.

Since development of 19,500 ac under the Polgolla-Bowatenne Complex
and 1,000 ac sugarcane field in the downstream of Kantalai Tank should be
feasible without the Moragahakanda reserveoir, these two areas were first

put under the 'Other Schemes® apart from the Project's irrigable area, but

VI-19



as it was found out that the reservoir can make them irrigable together
with other new lands, they have been included in the Project benefit area

{see Table 6-2~2)}.

System D1

The newly irrigable area corresponds to that covered by Stages III
and IV of Kaudulla Scheme. Under Kaudula Schewme, it was made 28,000 ac
(11,300 ha) but has been revised te 22,407 ac (9,100 ha) by the present
study (Stage III = 11,500 ac and Stage IV = 10,900 ac). According to a
recent 1.D plan (January 1979), the cultivation area in System D1 was
estimated at 70 per cent of the total, that is, Stage III 13,715 ac plus

Stage IV 13,985 ac = 27,700 ac which seems to be an over—estimation.

System D2

The newly reclaimable area ig spreading in the downstream of the
existing Parakrama Samudra Tank. It is a lowland encircled by the Mahaweli
Ganga and the Periya Aru, habitually inundated during Maha season. It was
originally estimated at 9,100 ac (3,700 ha) but, as a result of the present
survey, it has been identified as net irrigable area 5,400 ac (2,200 ha)
aut 6f the gross area of 12,000 ac. This irrigable acreage may be subject

to change after the Kandukadu anicut will be completed.

System A/D

This area was previously included in System A, to be made irrigable
by Kandukadu anicut, but has been put in System A/D from water balance,
priority and topographic points-of-view. This area is lowly situated and
liable to the influences of the Mghaweli Ganga like System D2 area but is
now protected by embankment. It was originally planned to irrigate 9,100 ac
(3,700 ha) but irrigability has been reduced to 6,600 ac (2,700 ha) as a
result of the present survey. There is a plot of land which was developed
by the Tobacco Corporation to the extent of 2,000 ac and Heen Ganga Tank
has been constructed to irrigate this plet by storing the Kalu Ganga runoff.

MDB is planning to develop this land.
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2.2 Estimatiom of Irrigation Water Requirements
2.2.1 Rainfall and Meteorological Data

Major rainfall and meteorclogical stations. located in and around the
project area are illustrated in Fig. 6.2,1. Meteorological stations are
as follows:

{a) Maha-Tlluppallama

(k) Annuradhapura

(¢} Trinecomalee
Rainfall stations are as follows:

(a) Elahera (Bakamuna)

(b) Polonnaruwa

{c) Hingurakgoda

(d) Kantalai
Besides, there are several rainfall stations in and around the project area.
But, from recording years observed and location, the typical rainfall stations
are above four stations.

Meteorclogical data of three meteorclogical stations are shown in Table
6.2.3 - 6.2.6 The mean monthly rainfalls for the last twenty eight (28) years
{from 1950 to 1977) recorded at each rainfall stations are shown in Table
6.2.7 - 6.2.10. The metecrclogical observation at the Kandulla Tank left bank
is continued from 1978 by Irrigation Department. As the Kandulla area is
iocated at the centre of the project area, the observed data will be effective

meteorological data for the detailed design.
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2.2.2 Effective Rainfall

The effective rainfall, which is useful for reduction of Irrigatiom
water requirement when the rainfall reached on the soil surface and supplied
the soil moisture, vary with natural features, especially rainfall intesity,
rainfall, permeability of soils, kind of craps, growing peried of crops,
condition of farm management. Generally little rainfall is not effective.
On the crops, the effective rainfall for paddy different from for upland

crops naturalliy.

In the calculation of the water requirements under the project, effective

rainfall is separately computed for lowland paddy and vpland creps as fellows:

(1) For as lowland paddy
The following formula is applied to paddy.

ER=(R-1) x 0.67
ER = 9 inches {(228.6 mm) when ER 2 9 inches,
ER = 0 when R £ 1 inche (25.4 nm)

where ER : effective rainfall, and R : monthly rainfall
(2) For as upland crops

The effective rainfall for upland crops vary with rainfall, soils,
crops and ete.. In this project, it is assumed that effective rain-
fall for upland ecrops is computed in terms of the $.C.5. Method
adopted by U,S.D.A. (United States, Department of Agriculture's
Soil Conservation Service Method).
The effective rainfall is computed by following formula.

ER = R x Ratio (%)

where, ER

R

effective rainfall

monthly rainfall

The ratios of the effective rainfall have been obtained as following
Table ©6.2.11 by Irrigation and Prainage Pater No. 25, Effective
Rainfall, prepared by F.A.D.

Table 6.2.11 Ratio of the Eifective Rainfall to

the Month i
e Monthly Rainfall (Unit: %)

Month ! ] ] :
Crops on Jm.F%.mmuAmJ;wﬁjm.Jﬂ.A%.S@.Oa. Nov. Dec.
T 2 !Newland [ - - '~ 65 ‘75 80 70 75 ' 651! - | - -
« Q 1
- R - 1
S © | System G} - 50 65 65 75 8 70 - - - - -
Sugar Cane 60 65 70 65 65 80 70 75 80 65 40 30
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2.2.3 Method of Calculating Water Requirements

(1} Definitieon

The following terminalogical definitions, which are the same as have
been used in the development plans worked out in Asian Development Bank
and other international agencies, are used for water requirement.

Evapotranspiration = Evaporation + Transpiration

Water Requirement = Evaporation + Percolation

Irrigation Regquirement = Water Requirement + Farm Waste - Effective
Rainfall

Farm Turnouts Requirement = Irrigation Requirement + Farm Ditch Loss

Diversion Requirement = Farm Turnouts Requirement + Conveyance Loss
in the Main Canal and Lateral up to Farm
Turnout

{2} Evapotranspiration
Evapotranspiration is calculated by the following fermula;
ET = ETe x Crop Factor
where ET : Evapotranspiration
ETo : Reference Evapotranspiration
Manthly Beference Evapotranspiration (ETo), as shown in Table 6.2.12,
have heen calculated by adopting the Modified Peoman Methoed in reference

to the meteorological data obtained at Maha-Illuppallama.

Table 6.2.12 Monthly ETo

(Unit: dinch)

| - T
Month | Jan | Feb | Mar EApr 'May Jun Jul Aug Sep OctJ
: L

Nov | Dec | Total]

i
| T
ETo 4.7 15.0 6.2; 5.9 6.4 6.9 7.5 7.6 7.5 %6.2 "4.3 1.5 | 72.7

Crop factors are shown in Table 6.2.13.
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Table 6.2.13 Crop Factor

Crop

Crop and Initial Mid Late
Development

Crep Factor Stage Stage Stage Stage

Lowland Rice

{135 days) 30 days 40 days 45 days 20 days

Crop factor 1.06 1.15 1.20 0.90

Lowland Rice

(100 days) 20 days 30 days 30 days 20 days

Crop factor 1.00 1.15 1.20 .90

Lowland Rice

(90 days) 20 days 25 days 30 days 15 days

Crop factor 1.00 1.15 1.20 0.90

Upland Rice

(100 days) 20 days 30 days 30 days 20 days

{Crop facter 0.90 1.00 1.05 0.90

Upland Rice

(90 days) 20 days 25 days 30 days 15 days

Crop factor .90 1.00 1.05 0.90

Green Gram

(75 days) 15 days 20 days 25 days 15 days

Crop factor 0.50 (.80 1.05 Q.70

Chillies

(150 days) 25 days 25 days 75 days 25 days

Crop factor 0.65 0.85 1.00 0.90

Ground Nuts

(119 days) 20 days 30 days 40 days 20 days

Crop factor 0.65 0.80 1.00 ¢.80

Soya Bean

(105 days) 15 days 20 days 50 days 20 days

Crop factor 0.65 0.85 1.05 0.75

Cowpea

(90 days) 15 days 25 days 35 days 15 days

Crop factor 0.70 0.90 1.10 1.00

Pulses

(95 days) 15 days 30 days 35 days 15 days

Crep factor 0.50 0.80 1.05 G.50

Cotton

(165 days) 25 days 45 days 55 days 40 days

Crop factor 0.65 .90 1.05 G.90
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2.2.4 Irrigation Efficiency and Losses

(a} Water requirements for pudding and Land preparation

Water requirements for pudding have been determined at 7 inches
(177.8 mm) per crop of paddy, while those for land preparation of
upland crops at 1.5 inches (38.1 mm).

(b} Percolation

Percolation isassumed to be 6 inches (152.4 mm)} per month under
the project.
(c) Irrigation efficiency

Irrigation efficiency, which is used in estimating irrigation
requirement for upland crops, is assumed to be 50%.
(d) Conveyance and diversion losses

The losses due to conveyance and diversion are combipnedly esti-
mated at 30% of the diversion requirement.
(e} Cooveyance loss at Yoda Ela

The cooveyance loss from Elshera and Amgamedilla headworks to each

of the tanks is estimated at 0.3% per mile,

2.2.5 Proposed Cropping Patterns

The proposed cropping patterns under the project are shown in Table
6.2.14 (see Chapter 5, Agricultural Development Plan, Volume-I, Main
Report.)
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2.2.6 Irrigation Requirements and Diversion Requirements

The crop water requirements have been calculated on the proposed
cropping patteru. In the cagse of excluding the effective rainfall,

the irrigation requirements and diversioon requirements have been computed

as shown in Table 6.2.15 to 6,2.17.

(The amount of the total requirements are based on the relation with the

total acreage of each cropping patterns.)
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2.2.7 Tank-wise Diversion Requirements

The project area is divided into 6 systems in terms of the existing
tanks; however, as in Kantalail region further divided into paddy upland
and the sugarcane farm managed by the Sugar Coporation, diversion require-
ments calculation would be made according to the divided 7. The rainfall

data used in calculation of tank-wise diversion requirements are as follows:

No. Tank or System Rainfall Station

Parakrama Samudra Polonnaruwa
Minneriya Tank
3 Giritale Tank

& Kaudulla Tank Hingurakgoda

5 Kantalai Tank(Paddy and Upland)

6 Kantalai Tank(Sugarcane) Kantalai

7 System G Elahera (Bakamuna)

2,2.7.1 Tank-wise Diversion Requirements (Case 1)

In this case (case 1)}, diversion requirements are computed on the
following conditions;
(a) Existing area: Cropping Pattern A, 97.5%
Cropping Pattern B, 2.5%
(b) MNew Land : Cropping Pattern A. 80 7%
Cropping Pattern B, 20 %
(c) For Elahera region (System G), the cropping patterns used in
the report on the Integrated Small Farmer Development Project have
been adopted.
(d) For Kantalai rank, diversion requirements have been determined
by summing up the diversion requirements culculated for Kantalai
farm managed by the Sugar Corporation (Table 6,2.24) and for paddy
and upland (Table 6.2.23).
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2,2.7.2 Tank-wise Diversion Requirements (Case 2)

In this case (Case 2), the diversion requirements are computed on

the following conditions;

{(a) Existing area and New land

Cropping Pattern A, 80%
Cropping Pattern B, 20%

(k) For Elahera region (System G), the cropping patterns used in
the report on the Integrated Small Farmer Development Project have
been adopted.,

(c) TFor Kantalai tank, the diversion requirements have been deter-
mined by summing up the diversion requireweunts culculated for
Kantalai farm managed by the Sugar Corporation (Table 6,2.24) and
for paddy and upland (Table 6.2,31}.
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2.2.7.3. Tank-wise Diversion Requirements (Case 3)

In this case (Case 3), the diversion requirements are computed on the

following conditions;

(a} Existing Area only,

(b} Cropping Pattern &, 97.5%

Cropping Pattern B, 2.5%

(c) For Elahera region (System G), the cropping patterns ased in the
report on the Integrated Small Farmer Development Project have been
adopted. Diversion requirements are shown in Table 6.2.25.

(d) TFor Kantalai tank, the diversion requirements have been determined
by summing uwp the diversion requirements culculated for Kantalai farm
managed by the Sugar Corporation (Table 6 .2.24) and for paddy and up-
land (Table 6.2,37).

(e) For Minneriya and Giritale Tank, the diversion requirements are

shown in Table 6.2.20 and 6,2.21 as same as Case 1.
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2.2.8 BResults of Water Balance Calculation

As a result of the water balance calculation made for the Moragahakanda
dam in consideration of tank-wise water use under the project, the past
28-average value of the success percentage (the ratio of the yield area

to the whole cultivated area} has been determined at 90.5% (Table 4.2,38)}.

For reference, if ir is assumed that the water-use facilities (being
80 superannuated at present) of the existing cultivated land were improved
under the sitwvation aftercompletion of the Polgolla-Bowatenna Complex,
i.e. Post-Polgella, then the success percentapge would have been estimated
at 82.9% by applying the cropping pattern proposed under the project and
the projected water requirements to the percentage (Table 6.2,39). 1Ip
this case, however, the water balance calculation has been made, including
System G and the existing proposed site for a programme for increasing sugar

production.
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Table 6-2-38 Success Percentage of Crop Cultivation under the Praoject

Giritale Minneriya Kandulla Kantalai P. Samudra
(7500 ac) £23,000 ac) {36,000 ac) (42,100 ac) (30,400 ac)
Year Yala Maha Yala Maha Yala Maha Yala Maha Yala Maha

Tank

1950 160 100 100 100 100 100 100 100 100 100
51 100 100 100 100 1060 100 100 100 100 100

52 100 100 160 100 100 100 100 100 100 100
53 100 100 49 100 4 100 1z 100 18 100
54 100 100 100 100 100 100 100 100 100 1060
55 100 100 100 100 100 100 100 100 loo 140
56 100 100 62 100 ¢ 100 g 100 2 100
57 100 100 100 100 a 160 6 100 28 100

58 106 100 100 100 100 100 100 1040 100 100
59 100 100 100 1400 100 100 10 100 1ge 140
60 10 100 100 100 100 100 100 100 100 100

61 i00 100 160 100 160 100 106 100 100 100
62 100 100 100 100 100 100 100 100 100 100
63 100 100 100 100 100 100 100 100 100 100
64 100 100 100 100 100 100 100 100 100 100

65 160 160 100 100 1060 100 100 100 100 100
66 160 100 100 100 100 100 100 100 106 100
67 100 100 100 100 100 100 100 100 106 100
68 1060 100 100 100 100 100 100 100 100 100
69 100 100 100 100 100 100 100 100 100 100
70 100 100 100 100 160 100 100 100 100 100
7l 100 1060 100 100 100 100 100 100 100 100

72 160 100 100 100 100 100 100 100 100 100
73 100 100 100 100 65 52 48 100 100 100
74 100 100 100 100 0 0 0 54 50 100
75 100 14a0 100 100 a 100 g 140 100 100
76 100 1060 0 100 0 100 5 100 29 100
77 100 100 100 100 95 100 56 100 100 100
Mean 100 100 93 100 77 85 79 98 83 100

VI-66



Table 6-2-39% Success Percentage of Crop Cultivation
(Post-Polgolla, after improvement of inflastructures)

Tank Giritale Minneriya Kandullg Kantalai F. Samudra
Year Yala Maha Yala Maha Yala Maha Yala Maha Yala Masha

1950 1360 100 25 100 100 100 18 100 100 100
51 1060 100 100 100 100 100 47 100 63 100
32 100 100 100 100 100 100 99 100 79 100
33 100 100 27 100 0 100 8 100 22 100
54 100 100 100 160 100 100 190 1Q0Q 49 100
55 100 100 160 100 100 100 100 100 100 100
56 100 100 28 100 0 100 0 100 0 100
57 160 100 100 100 100 100 53 100 84 100
58 100 100 100 100 100 100 100 100 100 1q0
59 100 100 100 100 106 100 6 100 100 100
60 100 100 100 100 100 100 100 100 100 100
61 100 100 100 100 190 100 39 100 73 100
62 100 100 100 100 100 100 100 100 83 100
63 140 100 100 100 106 100 71 100 48 100
64 100 100 100 100 100 100 70 100 57 160
65 100 100 100 100 100 100 100 100 160 100
66 100 100 100 100 100 100 14 100 12 100
67 100 1400 100 100 160 100 o 100 100 100
68 100 100 91 100 100 144 16 100 10 100
69 100 100 1006 100 100 100 32 100 61 100
70 100 100 100 100 1060 100 106 100 100 100
71 100 100 100 100 100 100 00 100 100 100
72 100 100 27 100 100 100 0 100 76 100
73 100 100 3 100 51 12 0 60 68 100
14 100 100 100 100 0 100 0 31 84 100
75 100 100 100 100 0 100 6 100 100 100
76 100 100 g 100 0 100 0 100 29 100
17 100 100 100 100 100 100 20 100 1060 100

Mean 100 100 42 100 80 97 44 96 71 100
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2.2.9 Estimation of the Present Success Percentage (Without praject)

The success percentage of the existing cultivated land within the

project area will be estimated on the following procedures:

(a) By conducting local interviews by experts including farm man-
agement experts and agro-economists, tank-wise success percentages

under the situatlion of Post-Folgolla have been determined at 87.8%:

{b) Assuming that the infrastructures of the existing entire cultivated
land are improved under such a situation as nro river discharge control
available for Amban Ganga after completion of the Polgella-Bowatenna
Complex and the proposed cropping patterns and the irrigation require-
ments are applied, the past 28-average value of the success percentage
of the yield area to the entire cultivated area including the area,
which has already been proposed under the situation of Post-Palgella,
{new lands in System G and a programme for increasing sugar produc-
tion at Kantalai), has been estimated at 82.9%, while that in 1977

at 86,.4%Z under the situation of the recent Post-Polgolla:; and

(c) Assuming that the success percentage varies proportionally as a
result of (1} and (2), the success percentage under the situation of
leaving the present infrastructures as they are without any improve-
ments will be estimated as follows:

87.8 x 82.9 _

. Success Percentage = T = 84.2

w

Consequently, the present success percentage will be assumed to be
84.2%.
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2.2.10 Design Discharge of Irrigation Facilities

Water requirements being estimated on the basis of the propaosed
cropping patterns is 1,770 ac.ft/month per 1,000 ac under A and 1,312 ac.ft/
month under B, culminating to a peak in July. Cropping rates under A and B
are 80% and 20%, respectively. No significant effective rainfall is to be
hoped for in July. Design water requirements have been calculated as

follows:

For each 1,000 ac:
1,770 x 0.8 + 1,312 x 0.2 = 1,678.0 ac.ft/month or 54.1 ac.ft/day
Which can be converted to:

0.0273 £t3/secfac = 36.6 ac/cusec or 1.91 1/sec/ha

In determining a design crossing to meet the above water requirement,

Sri Lankan standard design duties which are given below have been taken into

consideration:

Commanded area Design duty

(1) Main canals below 1,000 ac 40 ac/cusec
1,000 - 5,000 ac 50 "
above 5,000 ac 60 "

(2) Branch canals 40

(3) Distributaries 35 "

(4) Field canals 30 "

As it has been considered somewhat uneconomical to design cross
sections of all the canals on the basis of the calculated duty of 36.6
ac/cusec and as the existing canals are regulated by the above standards,

it has been decided to adop the following:

(1) Main and Branch canals ..... 40 ac/cusec

{2) Distributaries = ..... 35 n
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ITI: HYDRAULIC AND STRUCTURAL DESIGN

3.1 Irrigation Plan

On the basis of the irrigation plan for both the existing and the new
lands as specified in the Main Report, the existing main and branch canals

will be imporved and new main and branch canals constructed ags follows:

(1) Improvement of Existing Canals length (miles)
System D1 10.18
System D2 20.80
30.98

(2) Construction of New Canals

System D1 36.18
" D2 32,84
" A/ 21,25
90,27
(3) Erahela-Minneriya Yoda Ela 13.5

(6 - 19.5 miles)
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New Kalu Ganga Tank

1. dCatchment area 6,500 acs (10.2 sq.mis)
2. Capacity 21,600 ac~ft (26.7 milion m3)
3. F.W.L. 190 ft M.S.L.
4. H.F.L. 193.5 ft M.S5.L.
5. Area at F.S5.L. 1,700 ac
6. Bund

Lenght 2,41 miles (3.88 km)

Top Level 200 ft M.S5.L.

Top Width 20 ft

Hirht 2 ft- - =45 ft

Slopes U/S 1on 2.5

D/s 1l on 2.0

7. Spillway Clear averfall 160 ft
8. Sluice Tower Sluice
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3.1.1 Irrigation Canals
(1) General

The irripation canals for the purpose of suppling the irrigation water
to the proposed irrigation area are consists of newly constructed canals
and existing irrigation canals improved to increase the flow capacities.
The existing canals to be Improved are the Main canal and the Branch canal
No. 1 in the Dl irrigation system and the Dl1-Main canal, the Dl-North

canal and D1-East canal in the D2 irrigation system,
(2) Type of Canal

In principal, irrigation canals are designed as un~lined-earthen canals.
However, in the case of improvement existing canals of the Main canal and
the Branch camal No.l in the system D1, they are designed as thin concrete
lining in order that the flow capacities of the canals can be increase
without large scale widening and the related structures of the canals

are able to be used without reconstruction or repairing.

(3) Design Discharge and Canal Net Work
The design discharge assigned with a command area, the standardized
canal types classified by the said discharges, and the diverting discharges

of turnouts are summarized in Figs. 6.3.1 to 6.3.3 and Tables 6.3.4 to

6.3.9.
(4) Canal Section

The cross section of canal sould be such as carry the required capacity.
Ags a rule, canals for the Project consists of trapezoidal earth canals.
The sections of canals to be newly constructed are determined based mainly
upon the design standards in the Mahaweli Ganga Irrigation and Hydro-power

Survey carried out by UNDP/FAO.

Fig. 6.3.4 shows the relationship of canal sections to discharges for
earthen canals and it is used for the canal desigm.

a} Velocitiy and Water Depth

Un-lined canal

Velocities and ratios of bed width to water depth usually range
from 1.0 to 3.5 fps. and from 2:1 to 8:1, respectively, depending

upon discharges.

For this Project, the permissible velocity is determined 2.7

fps. and the water depth is designed less than 5 ft.
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Thin-concrete lined canal

Lined canals permit higher velocities than un-lined canals. The
maximum veloeity for the thin-concrete lined canals is determined
5 fps.
b) Freeboard
Freeboard in a canal will normally be governed by consid-
erations of the canal size and locaiton, veleccity, flooding, wind
action, ete. For this Project, the minimum freebcard for the

Praject is decided as follows.

1)} Earth canal

Q >1,500 c.f.s. 3 fr. 0 in.
0 > 1,000 c.f.s. 2 ft. 6 ins.
Q> 500 c.f.s. 2 fr. 0 in.
G > 100 c.f.s. 1 ft. 6 ins.
Q> 10 e.f.s. 1 fr. 3 ims.
Q2 2 c.f,s. 1 ft. 0 im.
ii} Open flume and aqueduct 2 fe. O ino.

iii) Concrete lined canal

In the lined canals these are the existing canals
improved for the Project, the berms of 1/2D+2 fr.
width are used at the top of linming to be at about
1 ft. above F.S,L. and the freeboard above the top

of the lining is determined as same as earth canals.
c) Side Slope

The side slopes of canal depend upon the characteristics of
the materials in which it is comnstructed and height of embaokment,
For the Project, inside slopes of 1:1.5 (vertical to harizontal)
and 1:1.0 are determined for the un~lined canals and for the

thin-concrete lined canals, respectively, under ordinary conditioms.
d) Bank Top-width and Berm

Since there are no major highways in this area, the canal
banks as operation and maitenance roads will also serve as vseful

communication link for the development of the area. Tha banks
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have been classified three types according to their traffic density

and road requirements.

On the opposite bank, 4 ft. wide bank has been provided. The

typical widths of banks/roadways are as follow,

Type of bank/raod I II IIT
Reoad class 1T III Iv
Width of bank (ft) 30 14 12
Width of gravel pavement (ft) 8 8 8
Thickness of gravel (ins) 6

Width of opposite bank (ft) 4 & 4

Where the berm is to be needed, half the water depth plus two 7
feet ( 0.5d + 2 ft) wide berm has been provided.

(5) Hydraulic Formula

For the purpose of the hydraulic discharge studies, the Manning formula
has been adopted for all canal designs. The formula is as follows.

4
gL nse p2/31/2

Q=AY
where,

= velocity of water in fps,

slope of energy gradiemt iun feet per foot,

W ot <
]

= hydrauvlic radius in feet,

coefficient of roughness

o]
]

discharge of canal in c¢.f.s, and

= QO
1}

= cross-sectional area of water in sq.ft.

The meaning coefficient of roughness 'n' used in the design is as
follows. 'n' value
Concrete lining 0.015
Concrete block lining 0.017
Earth canal 0.0225
Existing earth canal 0.030 - 0,040
Natural stream 0.040
Slope of energy gradient of the canals may range from 0.0002 (1/5,000)
to 0.00045 (1/2,200} taking into account topographical conditious and pro-

per velocities.
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{(6) Standard Cross Section

As for the standard cross section, 34 types are designed for the main
and branch eanals, according to the secticnal discharges and the distances '
between the turnouts. The numbers of proposed standard cross sections in

the three irrigation systems are as follows.

System D1 improvement canal 4 types
new canal 5 types
System D2 improvement canal 10 types.
new canal 10 types
System A/D new canal 5 types

The hydraulic calcultaitens for determining the standardized cross
sections are tabulated in Tables 6.3.10 to 6.3.12. The standard canal

sections are illustrated in Figs. 6.3.5 tp 6.3 7.
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Table 6.3.1 Existing Channel Data in System D-3
Chl.Name | Reach | *Pn72°d pisen.) erad. | ged, | ¥sp | FTOP-
Ml- Ch Ace | cusec %o N Tt
Main Chl. 2 - o.5| 16,000 266.7] 0.3 | 20 | 4.4 | M.cC.
0
Branch 5,482| 137.3] 0.3 14 | 3.6
Chl,No.1l 1 - 36 1-1
4,427 110.7 0.3 13 3.28
1 - 50
3,823 95.61 0.3 12 | 3,16
2 - 27 1-2
3,257 B8l.4| 0.3 11 | 3.03
3 - 47
2,900 172.5 0.4 14 | 2.5
4 - 30
883%1 23.9 0.4 14 | 2.3 1-3
4 - 41
. 756 18.9 0.4 14 2.1
6 ~ 6.7
Main
4-Q" (30'-0"
Branch
(lﬁ"O"] ,

Y

Y lop+ 2-on

N
F.S.0| F.O0

VI-80

N4
Main
LIE’-O"J

Branch
8-o"



Table 6.3.2 Existing Channel Data in System D- 2

Command] . Bed Prosp.
Chl,.Name Reach Area Disch.| Grad. Widt FSD Type
M1-Ch Acs | cusec %o Tt £t
Dy-Main | 3 _ 44| 27,500 350.0| 0.200| 45.0] .50 m.c,
D, -North g o | 8500 175.0 0.252| 29.0| 3.15
) 8,110{ 167.0| 0.237| 28.0| 3.07| N-1
- 45
) s 7,770{ 160.0{ 0.238| 27.6| 3.05
- 28
s - o 7,530| 155.0| 0.238| 27.4| 3.05
. 7,530| 155.0| 0.240| 26.6| 3.00| N-2
-0
c - . 7,290| 150.0! 0.234| 26.0| 2.97
6,050] 124.6] 0.245| 23.4| 2.80| N-3
6 - 28
D.-North | O
lna1a| 4.-26] 2,280 47.0] 0.290| 13.8| 2.13| N-4
D, -East 2 o | 9000 184.0l 0.250 30.0) 5.20
; . 7,520 153.7| 0.240| 30.0| 2.99 B-1
7.070 144.5! 0.260| 25.5| 2.94} B-2
3 - 0
c o 4,730 96.7| 0.260] 20.0| 2.65| E-3
3,820, 78.0| 0.263| 18.0| 2.45{ E-4
5 - 15
D.-Bast 0
e O 820| 16.7| 0.347 E-5
(]5
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Table 6.3.3 Sectional Discharge and Type & Length of Canal
for System D-1 (1)

Canal Canal Turnout
Type A Q L 7.0. A qQ
Main* | 28,335 708 | 4.05
Exi.T.0C., 45% 11
Bxi.Dv. 10,570 264
1-1# 17,312 433 | 1,94 (D.S.)
Exi.?,0, 1,055 27
~do- : 604 15
1-2% 15,653 291 1.95
-do- - 566 14
-do- 357 9
1-3* | 14,730 368 | 2,24
=d0m 2,017 50
~do- 127 3
=dQw 756 19
1-4 11,830 296 ] 1.50
. T.O. -L"l 1’04’0 26
T,0. 1-2 2,480 62
1-5 8,310 208 1.75
TCO. 1—3 1,4‘90 37
L 530 13
1-6 4,490 113 2.25
T.0. 1-5 70 2
7.0, 1-6 1,050 26
7.0. 1-7 | L 1,400 35
R 400 10
1-7 1,570 40 1,25
T.C, 1-8 200 &
T.0, 1-9 670 17
(D.s.) 600 15

Notes ; A=commanding are in acres
Q=discharge of canal in cusec.
L=canal length in miles
T,0.=turnout
g=offtake discharge in cusec,
¥=existing canal to be improved
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Table 6.3.4 Sectional Discharge and Type & Length of

for System D-1 (2)

Canal

Canal Canal Turnout
Type A Q L T.0. A
2=-1 10,570 264 3.25
T.0. 2=1 270 7
TlOc 2-2 1’27() 3].
2-2 9,030 226 2.25
T.0, 2=3 220 6
T.0, 2~-4 480 12
T.0. 2-5 R 450 11
L 210 5
T.0. 3 4,390 110
2=3 3,280 82 2.00 (D.S.)
T.0. 2=-6 780 19
T.0. 27 |L 310 8
R 230 6
2=4 1,960 49 2,25
T.0. 2-8 R 100 3
L 80 2
T.0. 2= |L 180 4
R 100 3
T.0.2-1G 200 5
2=5 1,300 32 2,25
T.0,2-11 650 16
T.0.2-12 270 7
(D.8.)
380 9
Notes A=commanding are in acres

Q=discharge of canal in cusec.

I=canal length in miles

T.0.=turnout

g=offtake discharge in cusec,

*=existing canal to be improved
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Table 6.3.5 Sectional Discharge and Type & Length of

Canal

for System D-1 (3)
Canal Canal Purnout
Type A Q L T.0. A q
3-1 4,390 110 1.75
T.0. 3-1[L 300 8
R 290 7
7.0, 3-2 | L 1l2¢ 3
R- 70 2
T.0. 3-3 1L 1,140 28
R 90 2
3-2 2,380 601 3.25
*.0. 3-4 | R 310 8
L 180 4
T.0. 3=5|L 150 4
R 40 1
T.0. 3=-6 | L 250 6
R 100 3
3=-3 1,350 341 2.25
7.0. 3-7T| L 330 8
R 140 4
7.0, 3-8 140 4
(D.8.)
740 18
Total 36,18 28,335 708
Notes ; A=commanding are in acres

Q=discharge of canal in cusec.

=canal length in miles
T.0.=turnout
g=offtake discharge in cusec.

*¥=gxisting canal to be improved
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Table 6.3.6 Sectional Discharge and Type & Length of Canal

for System D=2 (1)

Canal Canal Turnout
Type A Q L T.0. A q
M.C.¥* 22,900 572 3.19
Exi.T.0.| 10,400 260
N-1% 12,500 312 1.85
~do- 970 24
N-2% 11,530 288 3.68
-do- 1,480 37
N=-3% 14,050 251 1.01
~do- 3,770 94
N-4% 6,280 157 4,10
-do- 2,280 57
N-5 4,000 100 1,45
T.0.N-1=1 170 4
T.0.N=2 1,850 46
N-6 1,980 50 1.70 (D.S.}
T.0.N-1-2 390 10
N-7 1,120 28 1.60
7.0,8-1-3 470 12
T.0.N=1-4 730 18
(D.s.}
390 10
N-6-1 1,850 46 0.95
T.0.N=2=1 1L 400 10
R 310 8
N=-6=2 1,140 28 1.27
T.0.N=-2=2 290 T
N=-6~3% 450 11 1.48
7.0.N-2=3 400 10
T,0.N-2~4 160 4
(p.S.)
a0 2
200 5

Notes ; A=commanding are in acres

Q=discharge of canal in cusec.

L=canal length in miles
T,0.=turnout
g=offtake discharge in cusec.

*=existing canal to be improved
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Table 6.3.7 Sectional Discharge and Type % Length of Canal

for System D-2 (2)
Canal Canal Turnout
Type A Q L 7.0, A qQ
E-1*% 10,400 260 1.00
Exi.T.0, 1,480 37
E-2% 8,920 223 1.00
. -0~ 2,790 70
BE-3% 6,130 153 2,00
wdgm 910 23
B-4%* 5,220 130 1.28 ’
-do~- 3,000 75
B=5% 2,220 55 1.28
-do~ 820 20
E-6% 1,400 35 1,50
7.0, E-1 140 3
7.0, E-2 220 6
E-7 1,040 26 1.50
T.0, E-3 300 7
T.0., E-4 280 T
E-8 460 12 1.0C
7,0, BE-5 200 5
(D.8.)
260 7
Total 32,84 22,900 572
Notes ; A=commanding are in acres

Q=discharge of canal in cusec.

I=canal length in miles

T.0.=turnocut
g=offtake discharge in cusec,

*=existing canal to be improved
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Table 6.3.8 Sectional Discharge and Type & Length of Canal

for System A/D (1)
Canal Canal Turnout
Type A Q L T.0. A q
1 6,600 165 6.80
7.0, M=1 200 5
7,0, M=2Z 150 4
T.0. M=3 200 5
T.0. M~4 - 250 6
T.0. M-5 300 8
T.0. 1 800 20
2 4,700 117 .75
T.0, 2 1,800 45
3 2,900 T2 3.10 {(D.8.)
T.0. M-6 200 5
T.0. M=T7 250 6
T.0. M-8 350 9
T.0. M=9 400 10
A 1,700 42 1.75%
7.0, M-10 300 T
T.0, M=11 400 10
7.0, M=12| R 240 6
I 160 4
8 600 15 2.35
T.0, M=13 I, 120 3
R 100 3
7.0, M-14 100 2
(D.S.) 80 2
200 5
Notes ; A=commanding are in acres

*

Q=discharge of c¢anal in cusec.

I=canal length in miles
T,0.=turnout
g=offtake discharge in cusec,

¥=existing canal to be improved
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Table 6.3.9 Sectional Discharge and Type & Length of Canal

for System A/D (2)
Canal Canal Turnout
Type A Q L T.0. A q
1-1 800 20 3,00
T.0. 1-2 200 5
(D.S.) 230 6
2=1 1,800 45 1.00
T.0. 2-1 300 a8
T.0. 2-2 | R 400 L0
L 200 5
2=2 900 22 2.50
T.0. 2=3 {R 200 5
L 100 2
200 5
200 5
Total 21.25 6,600 165
Notes ; A=commanding are inrac es

L

Q=discharge of canal in cusec.
L=canal length in miles
T.0.=%turnout
g=offtake discharge in cusec,

*=existing canal to be improved
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