appendix 8 ~ 1

MANUAL ON LAND CONSOLIDATION WORK (DEWAHUWA)

prefaca:

This manual is based on the results of the land consolidation work which

hag been carried on at the bDewahuwa Special Project for the last 5 years (from
1971 upto 1975).

As land consolidation work is in itself varied according to nature, its
contents and procedure, to make a manual of the work and to make it of use fér
other projects, the initial conditions in the wanual must be clarified,

Therefore, in this manual, the following initial conditions are to bhe
adopted, based on the results at Dowahuwa.

i.e. 1}. Border line between each allotment is left as it is.
2) . Land re-arrangement aims at effective use of 6 P two wheel
ltractors.

3). Main jobs, e.g. land grading are done with bulldozers.

1. Selection of jobs:

Since the effect of land consolidation work and the procedure to get its
results are distinguished as follows, the necessary tasks for a project must be
selected from them according to the condition of each project.

i.e.

Improvement of the productivity of land -

. Land re~arrangement to enable effective transplanting etc,

. Unification of inlets liyadda to liyadda to enable effective use of

water etc.

. Underdrainage and soil dressing, if they are necessary.

Improvement of the proudctivity of labour input -

. Extension of liyadda size to enable effective use of agro-machinery
cte.

Reinforcement of field road to enable effective transportation of
necessary materials etc.
Inprovement of the conservation of land -

Extension of livadda size to modify land gradient etc.

strengthening of border and inlets liyvadda to liyadda to stabilize

land permanently.
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Standards of each task:

2-1

2-3

Pre~survey
praw a plan scaled ahbout 1/100 with 1 ft. contour line by using a leva}
and a plane table.

Level survey is to be done in each 50 ft. at sloped arca and in each
80 ft. at flat area roughly in grating wise, and each point must e
lotted in the plan by checking each location using the plane table,
pfficiency of Lhe pre-survey per unit work is about 15AC/day/troop,

Here one troop consistes of one surveyor, 1 assistant and 3 labourers,

Allocation of field lot

. Considering ploughing efficiency with 2 wheel tractor and transplanting

efficiency with manual labour liyadda size is to be 1/4 AC at slopeq
area to 1/2 AC at flat area in standard.

although, the ideal shape for each liyadda should be rectangular from
the practic¢al point of forming, yet due to increase in cost of soil
work entrailed, adherence to this shape may be avoided.

Particularly at sloped area, arrange each liyadda so that the long
edge of each liyadda is along the contour lLine.

Minimum length of short edge is to be 30 f£t. and waximum length of long
edge is to be 300 ft, in each liyadda,.

Difference of height bhetween neighbouring liyaddas is to be aminimum

of 0.5 ft. mainly at flat area and to he a maximum of 3 ft., mainly at

sloped area.

. Both cutting height and banking height should be a maximum of 2 ft.

Land grading work

One troop of heavy machinery is to consist of 2 to 3 bulldozers which
are 90 H and 11 to 12.3 ton weight each, and out of these bulldozers
one with lipper for hard soil breaking or one swamp-typed bulldozer
for the work in marshy land should be included in case of necessity.
Incidentally land grading work by one machine alone should be avoided
in case of some mechanical trouble as it will be quite difficult to

rescue the tractor from the field,

- One way distance to grade soil by a heavy machine is to be a maximum

of 150 ft.
Although, efficiency of machinery work fluctuates largely according

. o, 3
to field condition 30M™/hx. of grading capacity and 20 hrs./AC of
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2-5

work duty are generally the standard.

Accordingly when a troop consists of 2 machines and they work 10 hrs./
day each, efficiency for land grading meets 1 AC/day/troop

Top soill treatmoent

In any land consolidation work, top soil treatment is to be recommended

from technical view point, but since the cost is rather expensive,

it is better in a case when soil fertitity is completely different, i.e.

top soll and subsoil,

{Note: at Dewahuwa top soil treatment has never bheen carried

out because top soil malurity itself was rather poor) .
When top soil treatwent is carried out in a project 0.5 ft. of top soil
in depth is Lo be treated and this soil is once to be put on the pyo-
posed liyadda border, then after land grading work and rough levelling
work,it is to be scattercd on the whole of the liyadda surface again.
When top soil treatment is not carried out, spraying of Vv 1 mixed ferti~
lizer at the rate of 0.5 to 1 bag (12,5 kg. to 25 kg.} per AC is
effedtive to prevent temporary depression of soil fertility just after

the land consolidation work.
Levelling

Levelling is one of the most important jobs in land consolidation work.
The levelling error of elevation in any point in the liyadda must be
within ¥ 2 inches against the average height of the liyadda.

Therc are two ways to establish the levelling scheme, i.e. by dried
condition and by inundated condition. In the former, elevations of
about 9 to 12 points in each liyadda are to be checked by a level he-
fore and after levelling by bulldozers, and to be repeated until the
error of each point reduces to less than 12 inches,

Against it in the latter, i.e., the inundated method, repeated checkiing
of elevations at many points is unnccessary because in the inundated
condition (2 to 4 inches depth of wakter) uneven condition of the livadda
surface is so noticeable that an operator of the bulldozer can correct
it easily without the help of level.

Generally, the dried method is 1ittle effective, i.e. about © hrs./AC
the inundated method has effeciency of about 4 hrs/AC.

by machine and

Therefore, if it is possible to make ipundated condition by filling

irrigated or rainfed water to the liyadda and also possible to use 4
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2-6

{Note

2-8

swamp~typed bulldozer, the inundated mathod is better than the drieq

method.
Border making and installation of inlets

Border is to be earth-made one, which is banked and compacted by meang

of heavy machinery. Since border making 1z done by heavy machinery,
the size of border comes to be rather big with top width of banked soi)

about 2 ft. and banked height about 2 ft., However, this enlarged size
may be useful to prevent crab-holes.

So0il c
ton weight bulldozer and supplemented by manual labour, if necessary,

ompaction for Lorder is to be carried out by using 35 H and 3

Efficiency of wmachinery for this job is about 3.5 hrs/ac.
Inlets liyadda to liyadda are o be concrete-made size 8" by. 8".

Field mix of concrete is to be 1:3:6. Incidentally, about 4" sized

cut-wall is also to be installed at -£xont and back end of concrete

flumne.,
S0i1 compacting at base and sides of concrete flume is also essential

job to inlet work.
As to design of horder and inlets,,see Fig, 4.2.3.3. in the Final

Report.
Field channel and drailnage

At flat area installation of a channel and a drainage along short
edges in both sides of a livadda is recommended so that irrigated water
can be supplied directly from the field channel to each liyadda and

also can be drained directly from each liyadda to the field drainage,

. But, particularly, at sloped area, this lay-out must be carefully

adopted, because it might cause increased water loss which is drained
from field channel to main drainage directly without being used in each
livadda if water management by farmers is slack,

Accordingly, which method is better for a project should be considered
carefully in connection with construction cost.

(Note:_ Considering the construction cost and the sloped condition of
the area, the liyadda to liyadda irrigation method was unaltercd
at Dewahuwa) .

Field Road
One field road in each of two allotents is to be installed between
the two in order to enable effective transportation of necessary mate-

rials to aﬁy allotment,
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The size of field read is to b
i e about 10 fi. wide with 4" &
k. epth grave
ag course base, ’ ’ ™
Banking and soil conpacting for field road must be carried out with

land grading work simultaneously.

Other jobs

At ill-drained field underdrainage work is Necessary. 2 ft. depth ang

50 ft. distance trenches are to be excavaled towards main drainage

and rubbish like brushwood or hroken brick is to be buried., AFfter that
excavated soil is to be replaced and to be compacted as it was.

If top soil fertility is extremely unsuitable for paddy cultivation,
soil dressing by using humus, e.g. from bottom of neighbouring

tank etc. to liyaddas is effective.

Layer thickness of humus is to be about L inch,

3. Maintenance of Heavy Machinery

As mentioned earlier, this wanuval is meant initially for proceeding

with land consolidation work performed mainly by heavy machinery. Therefore,

maintenance Of heavy machinery is a vital necessity in order to carry out the

work smoothly.

follows:—~

3-1

Here, the standard for maintenance of heavy machinery is shown, as

Instructions before operating

Open the fuel tank valve and inspect fuel on the palm, -If the fuel
contains grit, mud or water, drain out till fuel is apparently clean
Check water level in radiator and correct it, if necessary.

Check engine oil level and correct it, if necessary.

Check oil level of the transmission case and correct it.

Check hydraulic oil level.

After starting the cngine, keep the fuel control lever in half opened
position and idle the engine for about five minutes, and again check
engine oll whether the oil level is correct and if the oil contains
watex.

Then, go .round the machine and check mounting bolts and nuts for tight-
ness,

Chack the engine oil pressurc gauwge, walter temperature gauge, and

ammeter,
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Check exhaust gas colour and sound of engine.

3.2 Instructions while aperating

Scraping should be done py engaging the first gear, because the maching
is so designed, otherwise 0verheating.ﬁould result.

But hauliny and levelling can be carried out in the second ox thirg
gears.

Operators must be attentive to faulty engine sounds and must manipulate

gears so as o keep the r.p.m. constant.

3.3 fngtructions after operating

rdle the engine for about five minutes.
. Clean the machine.

. Replenish fuel.

3-4 Overheating

overheating causes varioustroubles such as ieakage of water into oylin-
ers. To prevent the engine from overheating, the following measures
are recommended:
. To operate machine at proper speed use proper gear soas to aveid over-
loading.
. Washing the radiator and using clean water.
. Keeping fan belt tension properly.
. Keeping the inside of the cooling system clean by adding rediator clea-

nex.

3-5 Special instructions of maintenance
. To clean the air cleaner every two or three days and change the element
once in two months.
. To change the engine 0il and the oil filter element every month,
. To check whether metal powders stick to the magnetic oil drain cock

and inside the oil filter element.

4. Particulars of the construction cost of the land consolidation work per acre

is based on each of the standards mentioned earlier, it may be, as follows:-

Mg;n job § Wages 10 pPersons x Rs., 8. = Rs. 80
salar .. ‘e W s ic

heavy | DYeB&Y 0i1 50 Gallons x Rs. 5. = v 350; TOF OPeRATOXs &2 ek
machinery § Others va . % 30. for pre-survey etc.

C?ncrete I Wages 8 Persons x Rs. 8, = " &5,

inlets. Y Concrete  0.25 Cuces x Rs., 360. = " 90,

Road & Others . ‘e .e o35,

s .800./AC
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. -Here, it must be noted that in the Rs.800/AC, depreciation for machi-

nery is excluded and the salary for permanent employees, e.g. operators
and a mechanic, is included.

Thus, if a project can implement the land consolidation work in a year

and carn rather large acreage for its performance, the unit price for

the vork would be discounted to less than Rs.800/-, because the share

of the salary would become less in terms of acre basis,
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MANUAL AND MAINTENANCE STANDARD

OF AGRICULTURAL MACHINERY

SRI LANKA - JAPAN RURAL DEVEIOPMENT
PROJECT, D E WA HU W A, OCT. 1975

BY D, B, NIYANGODA A. I, MACHINERY
M., NUMATA JAPANESE EXPERT
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Sri Lanka Japan Rural
Develapment Project,
DEWAHUWA,

~ DEWAHUWA -

INTRODUCTION.

A role of agricultural machinery in raising agricultural productivity is a
very impor_tant one ‘as g_agricultural sector is modernized. Nobody will deny,
referring to‘ the example in most of the developed countries, that mechani-
zation in Vagriculture was a driving force in modernization of agriculture as a
whole, by which traditional villages cast off into modern villages.

Agr‘icultural machinery, being a driving force to a mechanized agriculture,
should be properly maintained and kept always in best condition, and properly
used in order to attain a most economical and effective result in thelr works,
and to attain a longest durability.

We hope that this_ manual will give essence of maintenance, regulation
and preservance of agricultural machinery to people who are engaged in this

field, and that it may play an important role of help for mechanized farming in

Sri Lanka.

CHAPTER I.

HOW TO USE ENGINE PROPERLY,

1.  OIL PFILL-UP TO THI CRANK CASE.
At the time of oiling the engine should first be set horizontally,
and oil be filled up to the indicator line just above the oil gauge.

0il should be properly chosen according to the prescribed viscosity,

2. OIL FILL-UP TO THE AIR CLEANER,

Th.e same quality of oil as that of engine oil should be precisely

filléd up to the oil level ingdicator line.
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4,

5.

10.

COOLING WATER,
Use clean water, fill up, and close the cap flemly.

FUEIL SUPPLY.
" Tuel should be supplied through the filter net without fall, always

be ecareful that water is sometimes mixed in the fuel,

FUERL FILTER CHECK,
Check carefully the fuel filter, and if there collect dust and

water, at the bottom of filter, clean up compleétely.

CHECK OF THE PULLEY TIGHTERING KUT IN THE MAIN PULLLY,
Check, and if the pulley tightening nut is loose, fasten it tightly,

CHECK OF THE TENSION OF THE BELT.
Check and confirm the tension of the belt; push down in the central

part of the belt with your finger, it bending should not be excess

20 m/m,

ENGINE START.
Put the control lever in the starting position, push the
decompresslon lever, turn the handle, and confirm the sound of
fuel jetting, If there is no jetting sound of fuel, loose the air
breathing bolts which are installed on to the fuel filter and fuel
pump, by turning handle and let fuel jet up untill bubbles
disappear. And then tighten the air breathing bolts, push the

decompresgsion lever and start engine by 3 - 4 times of inertia.

WARNING Up
When engine starts, pul back the control lever to the idling

position, and keep engine warm up for about 5 minutes.

ENGINE STOP.
To stop engine, you have only to put the control lever to the
"'stop" position, At this time strictly refrain from hasty
movement of the control levor ap and down, and from moving

the decompression lever.
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1. After work, clean off dust and mud clung to each part of the machine

and wash with water beflore you put in the hanger

11, In case of long term storving

a) Draw off the old engine oil from the crank-case and air
cleaner, and put new otl,

b) Carry out for 5 - 10 minutes an idling operation unloaded
so that fuel and oil may go to every parts of the engine.

¢}  After (b) take off all the fuel from the tank. Turn the
starting handle and keep engine in compressed condition and
confirm the valves ave completely closed. This is in order
to avold rust from the valve seats, and yow put the machine
in the hanger.

dy  Apply cloth with the machine oil all over the machine. 1t

may prevent {rom being rusted.

CHAPTER 1L

OPERATION AND HANDLING OF 2-WHEBL TRACTORS
1.  Oil fill uwp to the main gear case.
At the time of oiling to the main gear ease, the tractor to be
kept horizontally on the stand which is provided under the engine
mounted chasgsis.
And the gear oil “#30" he filled up to the oil level mark of

indicator. The gear oit should be properly chosen according to
the prescribed viscosity.

9. Oil fill up to the rotary case.
Keep the tractor in the horizontal position as above, and fill up
the prescribed oil up to the indicated mark.

3, Lubrication for ngub-~chain case’ OF (Countex-chain case)

Greese has been filled into the sul-chain case prior to delivery
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4,

from factory, bul high quality greese should be applied after

gvery 50 hours' use.

Main Ciuteh Lever,

It has threc "controlling positions'. The first is "ON", The
main clutch lever is shifted to "on" position when the cluteh s
engaged, and the power is {ransmitted through the main cluich to
various parts of the tracior,

The second is ‘.'OFF”. When the lever is shifted to this position,
the drive force from engine is cut off within the main cluich,

You should keep the main clutch lever to "off" position before
startivg engine so that the drive force may nof be transmitted to

various paris of the tractor.

The third is "Brakes"”. When the lever is shifted to "hrake"

position wheels are braked.

Note;

The main clutch lever should be gently operated towards "ton®
position. If the main clutch lever is shifted hastily to "on" when
you are operating the tractor, it may start out suddenly or engine

may stall,

Speed change lever,

With this lever, the speed can be changed from first to third,

and reverse,
The speed change lever should be set at "neutral" position when

you start tractor engine.

Sub~speed change lever.

There are two speed positions, "high" and "low".

Note:

You should not shift it "high speed" position at the time of
reverse when operating on the field, That is very high speed

and dangerous,

~280-



Refraln from wsing this speed for any works othep than trailer
work,

7. Rotary tiller and itg speed change lever,
It has two speeds and neutral position,  When the lever ghifted
to "high' position, the revolution of the rotary is fast and soil
is pulverized fine, When the lever ig shifted to "low" position,

the revolution of the rolary is slow and the goil is pulverized

coarsely.

Note:
In case il is Qifficult to shift the lever as mentioned in Paragraph
5, 6, 17, disengage the main cluteh [ever once, and then try again,

It will be shifted casily,

8. Steering clutch lever,
This lever provided by the handle grips of right and left,
transmits or cuts the power to the wheels of right and left,
For instance, if you grip the right lever, the drive force is cut

off in the right wheel, and the tractor turns to the right,
Caution:

When operating up or down steep slope, or driving a trailer

refrain from using the steering clutch,  You should steer by

handle only,
If you steer by gripping this lever under the situation of a steep

slope or {railer driving, the tractor turns to the right or lefi

hastily. This is very daongerous.

9.  Accelerating lever,
This lever regulates the engine revolutions and power.

You should keep the acceleration lever at "'start" position when

you start tractor engine.

10, Rear wheel Light adjusting handle,
This handie is far the purpose of adjusting the tilling depth while
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in field operation,
When the handle is turned to the right, the tilling depth becomes

deep, and when turned to the left, the tilling depth becomes

shallow.

11, Rear wheel pipe fitting handle.
The above mentioned the reayr wheel hight adjusting handle is for

making a slight adjustment in the tilling depth is required. But
when deeper adjustment than that, you can get any depth by

adjustment this handle,

12. Lubrication:

{a) I'or various wires,
A few drops of engine oil should be applied to the lubricating
heles which are provided on the various wires, such as the

steering clutch wires and accelerating wires ete.

(b) Moving and sliding parts.
Before every work, you should apply engine oil to various
moving and sliding parts. They can be operated with ease
and would not become rusted by lubrication with a few drops

of engine oil.

13,  Air ioflating of tires.
The air pressure of tires should be 1.1 to 1,5 kg/cm2 and the
same pressure in hoth left and right tires must be kept.
When the pressure of right and left ilres are diffierent, the
tractor will not go straight forward. Keep the both tires in the

same pressure.

14,  Tread ac_ijustment and tire change,
Set the magic bar on the rotary shaft or protrudent hook of the
rear hitch, and lift up the handle. ‘Then the magic bar acts as
a support, and one wheel is lifted up from ground, '

Remove the wheel tube pin and make tread adjustments or change

tires,
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Note:
When using the magic har on g concrete floor or hard ground,

be careful so that the tip of the magic bar may not slip.

157 Removal and attachment of rolary tilling Unit,
Remove the set belts or set nob of the sub-chain case {or counter-
chain case), Loosen the rolary hitch bolis setiing the rotary and
rear hitch, and then pull out the front side of the sub-chain case
from the main gear case at the connecting part.
(In case of model KL.-781, pull out the sides of the counter-chain
case from the rotary tilling unit and main gear case at the
connecting parts),
How to aitach the rotary tilling unit, the way of which is in the

reverse order to the above,

Note:
After removal, be sure to cover the connecting part of {he main

gear case with a rubber cap. (Model K-550 only),

16, How to attach the tilling blades.
The ways of the blade sefling ave as follows:

fa)  Plain tilling

LAG

——

L L

(b} Out-ward tilling

IRE! 8| [l
JJIH
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17. How to aftach ridger and adjustment,
Tilt the tractor forward, insert the shaft of the ridger through the

bradkot of the ridger from underneath the rotary tilling cover, ang
then firmly tighten the ridger setting balt in a correct position,
The adjustment of the ridger angle and the hight of ridger as

shown in the following figures.

18, Rotary tilling, ospecially plain tilling.

There are many ways in the rotary tilling, but ‘"every other

space tilling method" is the most efficient way. It is the

easiest and most popular, |

(a)  First till along the band of the partition. Next till the
whole field leaving space narrower than the width of the
rotary tiller,

(b}  After you finish the above till the space which is left
untilled by on the return way. In this case, the wheel will
bass over the tilled place, so that tilling depth will be

uniform,
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19.

20,

(¢)  Finaly, till the head lands which are left untilled, and then

the way is as follows:

N

- - ‘**“_”“““‘_““”*fillﬁ_ [» 2

® T e TR [03

6 (A= 5 .

E AT RN E
S

Ridging,
The tip of the ridger should be set 1/2" ~ 3/4" high above the
straight extended line of the tangest beiween the cireumference
of rotary and the circumference of the wheel,
When the ridger is raised higher than this standard position, the
ridging becomes shallow. And when lowered, the ridging becomes

deep.

A
()  Till by "every other space tilling method" as paragraph

18 -~ a first, Next, attach the ridge and till the untilled
parts, if the soil condition is good. It saves time for
ridging.

(b)  But, if the soil is bard it should he ridged after the tilling

to over.

Cleaning after use and storage.
Be sure to wash off dirt which may have been clung to the various
parts., After washing, be sure to wipe off the water and then
apply engine oil to the various parts., If may prevent from being

rusted if the machine would be stored for a long ferm.
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_Appendi.x 8 ~ 3

STUDY ON WATER USE IN THE DRY ZONE

Preface

Elements composing Water-Use
Water Reguived in Field

Main Points of this Report
Table-2

Explanatory Note of Each Item
Ahalysis

Summary on Table-2

Subjects to be selved in the Future

Octoher 1974
By 7. Mase
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L. Preface

LIt is.génerally_said that the consumptive use of water in a paddy
fieldfﬁf the Dry Zone is about 4 to 6 Ac. ft., but one does not know how this
inferehce'was~reached, or whether what 1s meant is water issued at sluice or
water. required in field. To get precise values on water-use is very important
not only with regard to planning of proposed irrigation schemes but also to
reasonable water allocation in existing irrigation schemes, 1In order to gain
gufficient values which can be used for these purposes, we must obtain a lot
of daﬁalby means of broad-scaled and carefully weasured investigation in the
future. - However, going on this supposition, our Japanese irrigation éngineers
have tried tentatively a method of approach to final conclusions on water in
the paddy field based on our inspection tours in the Dry Zone and other data.
We are glad that this trial report would prove helpful for the sake of future

studies'in this country.
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2. Elements composing Water-Use

. The words of "Grogs duty of water" and "Nett duty of watex" are useq
often, but herein we would like to define that water-use is coﬁposedﬁof elaw
ments shown in Fig.-1 and pursue cbﬁsequgntly “Issues at sluice” and “Usable
water in field". As "Usable water in f£ield" means final quantity of water
which is offset in many féctors throughout from sluice to fiald, in total
quantity of each scheme it is to be met equally to total quantity of "Water
required in field" by adopting sﬁitable cultivation pattern or reasonable -

cultivation acreage. Here, "Water required in field" can be called. to neces~

sary quantify.of water physiologically for paddy plant, as shown in the next

section.

Fig-1

compesed figure of each elements

iasues at sluice

@ Water
Re-Use
\1,l I plus water re-use porfion
l {
© Losas
F‘T_”““/4 minus loss of water
1

plus effective rainfall in ficld

= uwsable water in field,

Rainfall
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3. "Water Required in Fieldn

‘Bs the study on “water Yequired in fieldw as |

detail from physiological 901nt mainly by Mahaillup
Institute, it seems that further studies on the wat
not go essential from the stand point of irrigation

has been done in full
allanuxhgrarian Research

er required in field are
engineering, Therefors, we
nts of it, and we will
caleulation on it by Maha Illupallama.

vwater consumption in field consists of the

will. describe here only a concept of component eleme

tntroduce a result of tentatlve
As shown in Fig.-32,

following 5 elements;-

(1) evaporation from soil surface
{2} percolation to under-soiil

{3} transpiration from paddy plant
(4) seepage from surrounding ridge
(5) groundwater runoff

Of the above montioned elements (1) to (3) are indispensable water consumption

physiologically but (4) and (5) mean an absolutely unnecessary waste of water,
Thus the water required in field coincides to (1) to (3}, and we Qeal with (4)
and {5) as 1oss of water in this report.

Meanwhlle, this evaporation, percolation and transpiration come to
change with conditions of meteorology, soil, height of groundwater and yield of -
praddy of each area. For example, suppose ah area sited in a low place of the
et Zone, consists of alluvial s50il with low permeability, and gets low yield of
paddy crops like 30 bushel/AC. In this area we can suppose following results,_

(1} low degree of evaporation from field surface due to many rainy or

cloudy days

(2) low degree of percolation through soil due to low coefficient of

of permeability and high groundwater

{3) low degree of transpiration from paddy plants due to poor growth.
Conseqﬁently we can say that in the above mentioned area the water required in
field will be reduced.

(S}transpiration
Fig-2 ?

{1} evaperation

\{/%{ v or

—
| saturated zone

’ Y
{E)percolatian
{4) seepage
loss :
/,,,/522?’ = —
S

”,’ﬂff’/’!’ {5} giound water runoff
/
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Table ~ 1, as an example of the opposite case, shows a tentative calculation of

the water required in field done hy Maha Illupallama.

rable ~ 1, Tentative Calculation on "Wateor Required in Field”

According to Maha Illupallama

Period Description Maha Yala
Preparation of | Water required 6.7" 7.1"
field for tilling,
puddling, level-
ling and
maintaining
From sowing to| evapotrans- 0.13" x 20 days 2.6"] 0,26" x 20 days 5,7
transplanting piration
From evaporation 0.13" x 100 days 0.26" x 110 Qays
transplanting | _ % 0.54 , 7.0" . x 0.54 15.1"
to harvest Transpiration 0.134 x 70 bushel/ 0.178 x 70 bushel
AC a.4" /AC 12.4
From sowing to| Percolation 0.28" x 120 days 33.6%[0.28" x 130 days 36.4"
harvest - _ o B - L ~
59.3" = 4.9 f¢t. 76.2" = 6,4 ft,

That is to say that water of 4.9 ft./AC in Maha cultivation and 6.4 £t./AC in

Yala cultivation is required in field in order to gain 70 bushels/AC yields at

Maha Illupallama area .

4,

Main Points of this Report

As stated above, there may be a noticeable difference in the water

required in field hetween the Wet Zone and the Dry Zone because of different

conditions of climate, etc.

Dxy Zone,

But if one concentrates one's study only on the

it seems thatl there may not be a big difference between ecach area and

that the water required in field of each area may be adjusted to approximate

that of Maha 11lupallama.

Thus the most influential Factors which make each

irrigation scheme in the Dry Zone different in consumptive water seem not the

water required

ratio, and effective rainfall ratio in field,

to be influenced by scale and topographical condition

in field but other subjects, i.e., water re-use ratic, loss

Besides these factors are acsumed

of each irrigation scheme.

Therefore the main peints of this report will be the above mentioned factors.

in the following séction we will show the results of ouwr calculation in Table -2

on water use of each irrigation scheme and subsequently explain calculation

ground of each itew,
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6. Explanatory Note of Each Item

Item 1. TIrrigated Acreage (AC).
This has been decided as a result of imvestigations made during an

inspection tour, But that of Uda Walawe was adopted according to the existing

R.B. acreage, because tank water has been issued only to R.B. so far,

Ttem 2., Cultivation Palttern.

It is described approximately in order to adjust to the following
values, i.e. effective rainfall in field, etc. Because if there is no culti-

vation in Yala like in Dewahuwa, we cannot use any amount of effective

rainfall in field during Yala season.

Item 3. Acreage in Tem of Paddy (AC).

There may be a remarkable difference in water consumption between
paddy and other crops. Meanwhile, this report is made by unifying the whole of
calculation into paddy cultivation. Therefore acreage of other crops hasgs been

converted into acreage of paddy cultivation by means of assuning water con-
sunmption ratio of each crop as follows.

Out of 17400 AC, 3800 AC is lift~irrigated area for chillies,

Rajanyana:
onions and other subsidiary crops, and water consumption in
average for the above crops may be ggi_%_&gi_u 24" = 1/3 of
paddy case
.. acreage in term of paddy = (17400 - 3800) + §§29-= 14900 AC
Gal Oya As same as the above, the water consumption for gugar cane may be
%2%;53% about 1/2 that of paddy. Then, acreage in term of paddy for Gal
T Oya = (121,000 - 10,000 } + ;Qéggg = 116,000 AC.

acreage in term of paddy for Uda Walawe
= (30,000 ~ 10,000) + 222 . 25,000 ac,

Item 4. Irrigation procedure,

Each scheme is irrigated respectively with one tank, many tanks, an
anicut, a diverted channel, or stream flows as shown in Item 4 column,
Item 5. Total catchment areas of tanks {sq. Mls.),.

For example, Gal Oya Scheme has 21 tanks from which catchment area
water can be expected to be used in the Scheme. Therefore the total catchment

areas of tanks are written in Item 5 column.

- 304



Item 6. Total storage capacity of tanks (1000 ac. £¢.)

As same to Item 5, total capacity is written in Item 6 colump

Jtenm 7, F.5.L. areas of reservoirs (ac),

In order to use this value in Item 10 - evaporation loss from tank

surface - F,S.L. areas of regervoirs are written in Item 7 column

Iten 8, Rainfall in 5.D.Y. {(Ins,)

$.D.,Y. means Standard Dry Year. During the last few years the
characteristic droughty condition of the Dry Zone has prevailed, so it is
intended to study water-use of each scheme in this report under the Standard
pry Year, Here 75% quantity of rainfall will be adopted of last average

records as annual rainfall of §.D.V.

Incidentally the rainfall records of following stations have heen used

for each scheme.

Name of Schewe Hame of Station Name of Scheme Hame of Station
pewahuwa -——— Galewela Uda Walawe ——— Embilipitiyam;;gk
Gal Oya ~—————  Gal Cya anicut Rajangana -———— Maha Illuppallanma
Mahakanadarawa-— Mihintale Blahera -———— Minneriva
padawiya -——— Kebitigollewa Minneriya ——— Minneriya

Item 9. VYield from catchment area (1000 AC. ft.)
= (5) % (8) x 22%
where(5) : Item 5
{8) : Item B

22% : runoff co-efficient of catchment area.

Ry means of the investigation in Dewabuwa Tank the supposed runoff co-
efficient at 25% from October to March and as 15% from April to August, and on
the other hand, by rainfall records of each area the supposed rainfall of both
seasons, mentioned above, as 70% and 30% respectively.

Thexefore, the annual runoff co-efficilent

= 70% x 25% + 30% x 15% = 22%,

Accordingly it is assumed that there is no spill-over of tank water in the

Standard Dry Year.

Incidentally about 80% of yield from catchment area is gained during
Maha Season (from October to March) according to the above mentioned calcu-

lation,

~ 5085~



Ttem 10, Evaporation loss from tank surface (1000 AC,fL.}
The annual cvaporation loss from tank reservoirs seems to be fairly

large. In Japan this loss is assumed to meet about 5% of tank storage.

It is supposed this value to 4 mm/day = 0.16"/day = 0.013 ft/day in
annuél average by means of results of invéstigation by angevaporation pan
measurement and of the data of Maha I[lluppallama., On the othér hénd, although
acreage of tank reservoir is different in each season, it is supposed its
acreage in annual average is to 1/3 of full water surface.

Thus annual evaporation loss from tahk:reServoirs will come to

0.013 ft/day x 365 days x 1/3 of tank acreage,
The results of the above calcoulation in % compared with tank yield
are as follows,

Name of Scheme Evapo-loss in %  Nawme of Scheme  Evapo-loss in %

Dewahuwa 7.5 Uda Walawe _ 6.4
Gal Oya 11.2 Rajangana 5.2
Mahakanadarawa 3.7 Elahera -

Padawiya 8.2 Minneriya 11.3

Average 7.6% each scheme.
Item 11. Useful yield at tank (1000 AC.ft.} = (9) - (10).

Item 12. Inflow from other catchment (1000 AC.ft.)},

Three schemes, i.e. Rajangana, Minnexriya and Elahera, only,

Rajangana:
As shown in Fig.-3, the henefited area of Rajangana scheme may obltain
wasted-water from the benefited area of Kalawawa sited on the upper-stream of
Rajangana in addition to the.water from its awn catchment.

Fig.-3 AT T

- calehment of Rajanga

catelment of
Katawewa Tan

297 sq-Mls

Benefited arvea
t of Kalawewa

Benefited arca
of Rajangana

m: 357 sq-Mls
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ive. yleld from catchment of Kalawewa tank
= 297 8q. Mls. x rainfall in $.p.v, 43.8" x runoff 223 = 152.6 (1000 AC, £t.)

A quantity, which is deducted 10,0 of evapo-loss from the above 152.6 and is

multiplied 24% of water re-use ratio, may be used at Rajangana Scheme
S (152.6 ~ 10.0) x 24% = 34.2 {1000 AC.EL,)

The water re-use ratio will be explained later,

Elahera. Minneriya:

As shown in Fig,-4, three trrigation schemes, as mentioned below, are

irrigated by four irrigation methods given,

The Name of Irrigated Scheme

{1} Giritale =~ 5400 aC
(2) Elahera - 7500 AC
{3) Minnerivya - 15000 AC

The Irrigation Method
(1} hAmban anicut
(2) Giritale tank

{3} Minneriya tank

{(4) Stream flow

Fig-4

vatchment of mountain stream

155s5q-Mls

catchment
946 sq-Mls

Elahera Channel

benefited area of Elahera 7500AC

benefited
arca of

Amban Ganga

Minneriya
15000 AC

area of
Giritale
sdogaC ¢4
area fed by
drainage water
( 32004C)
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The above stated scheme is rather complicated, but according to investigatio“s

made at field office, the following method of irrigation may have been carried

out,
Premise - At first: subsidiary water supply from Amban anicut to Giritale area

must be done.

Next: subsidiary water supply from Amban anicut to Elahera and

Minneriya must be done to be about same in water-use for
both schemes.
The water received from Amban anicut during the last one year was 322.5 (1000
AC.fE.),; but this amount seems to be about 20% highexr than usual years because
of the severe drought in the last Maha season. Therefore 322,5 x 0.8 = 260

(1000 AC.ft.} is adopted for available water from Amban anicut,

The quantity of water expected from each irrigation method is as follows:-

Rainfall Runcff FEvapoloss Useful
Catchment in S.D.Y. co~eff  from tank Yield
Giritale (9.4 sq.mls. x 55,5" x 22%) - 1,58 x 800 AC = 4.7 (1000 AC.ft.}
tank :
Minneriya(96.6 sq.mls. x 55.5" x 22%) - 1.58 x 4500 = 5688
tank

Mountain (13.5 sq.mls. x 55.5" x 223%) x usable ratio 20% = 2,7
stream
The annual water requirement in Giritable is not known, so 13ft/AC is assumed.
Then the subsidiary water supply from Amban anlcut to Giritale area wall bhe -
5400 AC x 13 ft/AC ~ its own yield 4.7 (1000 AC.ft.) = 65.5 {1000 AC.Fft.)

Accordingly, the balance of (260 - 65.5) = 194.5 (1000 AC.ft.} will bhe issued
to Elahera and Minneriva so as to make both schemes about egual in water-use

as follows,

{supplied water from Amban anicut (x) + vield of mountain stream
(2.7) + rainfall (10.4)} x {1.0 - loss ratio (0.39)} x {1.0 +

re-use ratioc (0.17)}

irrigated acreage of Elahera (7500)

{suppliéd water from Amban anicut (194.5 - x) + yield of
Mlnnerlya tank (55.8) + rainfall (28.3)) x {1.0 - loss ratio
0.29)} x {1.0 + re~use ratio (0,38)}

irrigateg acreage of Mimmeriya (15000)
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As the result of the calculation, 100.4 {1900 AC.ft.) to Elahera and 89.9

(1000 AC.£t.) to Minneriya will be supplied from Amban anicut

glﬁgﬁ_agL Total available for irrigation (LOB0O AC.ft.)
' = (11} + (12)

Item 14, TIssues at sluice, per acre basis {¥1/AC)
= (13) ¥ (3)

Item 15. Shape co-efficient of each scheme

As general observation, one way assume that water re-use ratio {n},
loss ratio (B). and effective rainfall ratio (C) are the function of topo-
graphical slope (D).

; o

That is - A= F10)
B = £(D)

I

T £(p)

Accordingly, if the topographical conditions including slope gradient, ele-
vations of channel and drainage, estc., are known, it might be possible to

infer the above mentioned ratios.

But so far it has not been possible to get such data from each
irrigation scheme, so each ratio has been surmiged from the shape co-efficient

as shown in the following (A) and (B} in Fig.-5,
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Fig-%

..___-\ .
—

y is the length of an edge which goes along contour lines or a channel and a

drainage.
x or 10 x are the length of edyes which go across contour lines.
If the slope gradient m of both is the sawe, the difference of elevation
between the channel and the drainage in hoth will come to

H=10h _
It means that if h is 30 ft., H is egqual to 300 ft,, and conversely, that if H
is 30 ft., h will meet to only 3 ft. But one can suppose that with an ele-
vation of 300 ft,, and a long slope will give rise to severe erosion on the
surface of the'paddy field, and simultaneously, one can suppose that 3 ft., is

sp small as the difference in height between Lthe channel and the drainage that
one cannot control the water in the paddy field,
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Thus. the above example shows that the difference between h

and Il is not so big
in comparison with the difference between x and 10 x in the :

existing schemes -
i.e. H €10 n

and this inference means that the slope gradient of {B) scheme is not equal to
that of (a) scheme but more gradual,

From the above description it is assumed that a ratio of

length across contour
length along contour

means not only a flat shape but

a vertical tendency at "the exXisting schemes",

In this way the shape co~efficient is adopted as follows:

4 e -

Sﬁane comaff :‘ length across main channeiﬂafschéﬁé
1 length along main channel of scheme

where, [~ does not have any reasonable base, but it is supposed

that a vertical tendency cannot be simple proportional to the
above ratio,

using¢“”m“

The concrete calculations led by the shape co-eff from the one inch-one mile

S0 the relation between them is modified by

map are shown respectively as follows:-

. . e
Fig,-6 (on same scale) L,
Dewahuwa 115
Drainage .
115 2]
Channel -
4 4
) = 045
Elahera -
Jf Channel R
21.5
1 4
Drainage I
. ] '5"
Minneriya ti_ - 057
20
Channel e
20
85
Drainage N
Uda Walawe 5
— =045
39
Drainage e
39

Channel e



Mahakanadarama

Channel 55 52)
i == 0’
A1 35 i1 )
Drainage - |55 . 11X25X0.52 411X20%018 059
2.0 '
2] 26 o4’ 11X58
Channel 11 )
Padawiya
Channel .
é
16 P vz T 038 ) ' e
Draimage _|as ') [16X6XD3BI16X26X0 15 _
— : - e = 058
75 25 _ o is) o 16X8.15
Channe!l R 16 )
Rajangana 425 045
71 )
Channe] —
21
Drainage = 4 78
85
425
Channel ——
= 0.60) o
h) 40X24X0.60F24X9X0D.37
, ) = 075
Gal Oya —— = (%7 24X49
z4 ' b
24 \
40 §
p NN
g NSARN
7 \ﬂ \
) N
s \\
Drainage - §
Channel o \\
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Item 16;"watef re-use ratio (3),
As shown in Fig.-4, out of 15000 ac's benefit of Minneriyé Schene,

3300 AC of the lower portion is irrigated completely by drainagae, Accordingly

Minneriya is as followgs~-
the quantity of wasted water in the upstrean

ori¢ may say that the water re-use ratio of

i

the quantity of required water in the downstrean

3300 _
15000 -~ 3300 = 28%

then re-use ratio =

Based on this ratio of Minneriya, it is assumed that the water re-use ratio of

each scheme is according to the following formula -

’

28% x shape co-eff of each scheme iéngth_aé?gggngbntour of each scheme
shape co-eff of Minneriya 0,57 length across contour if Minneriya
: : 6.5

Where is used the factor of length across contour from Fig.-6, it is inferred
that ahout'this‘length the loager the more an opportunity of water re-use will

become., But this opportunity may not simply be proportional to the ahove

length. So the relation between them is modified by using J‘ . As an
example calculation of the above formula as used in Dewahuwa -
0.42 2
28% x 0567 xJE:B-H 11%

Item 17. 7Total gquantity of water re-use (1000 AC.FL.) = {13) »x (16}
Item 18, Loss ratio including conveyance & field (%)

See Fig,.-2., In the figure, seepage loss (4) and ground-water runoff (5) are
horizontal water-flow caused by the topographical slope of each scheme and are

unnecessary water for paddy growth,.

Generally the water losses in irrigation schemes are classified into
{a) channel-loss, and
{(b) field-loss

But this classification is not so clear because both losses are similarly

caused by the topo-slope. Therefore, both have been put together in this

report,

According to the investigation made at Dewahuwa, a quantity of water flow
measured in the main drainage at the end point of the scheme fluctuates more
or less 50% of the quantity of the issued water from the tank-sluice. And of

this flow, some portion may be due to an jnflow from other catchment areas.
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Then it is assumed that about 40% of the issued water from the tank will floy

into the main drainage through channels and the.paddy field. Of:course, this
refers to the loss ratio in Dewahuwa,

Accordingly, the following formula is adopted to decide the loss ratio of each

scheme -
4 Shape co-eff of Dewahuwa 0.42
0% x Shape co-eff of each scheme
Item 19, Total quantity of water loss (1000 AC.ft.) = (13) x (18)

Ttem 20. Effective ralnfall in field (Ins.)

According to the study on the water-use for Maha cultivation by a method of a
balance calculation between demand and supply in each group of ten days, 11.0
inches of Maha rainfail can be used effectively in field. This amount means

30% of Maha rainfall of Dewahuwa.

Then it is assumed the effective rainfall of each scheme based on this 30% of

Dewahuwa by means of adjustment using shape co-¢fficient as follows:~

Shape co-eff of each scheme . '
f o i
Shaps co-eff of Dewahuwa 0.42 ®x rainfall of each scheme in S.D.Y.

30% x

For instance, in Gal Ova

0,75
30% 0.42 X 67.6 = 36.2 Ins.

Item 21, Total quantity of effective rainfall (1000 AC.ft.)
= {1} x (20)

Item 22, Usable water in field {1000 RC.ft.)

= (13} total available for irrigation.

+(17) total guantity of water re-use.

-(19) total quantity of water loss.

+(21} total quantity of effeclive rainfall,

This is the final value gained through addition and deduction as shown ahove.

Item 23. Usable water in field, per-acre-basis (FT/AC)
(22) + (3)
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7. mnalysis
- Upto this point " o determi '
P 8 point "A method Lo Getermine annual water use in irrigation

schemes of the Dry Zone" has been shown in Table-2 and its explanatory note

Then subsequently the analysis on it should be shown herc. But each item in

Table~2 is based on many assunptions and inferences, so any analysis on it will

have to wait till broadscaled and carefully measure investigations are done

later,

Therefore, only a summary on each value, which has been gained from
Table-2, may be written as follows.

8. Summary on Table-2

Usable water in field, per-acre-basis, in Table-2 is also shown in
Fig.~7 in comparison with "Water required in field" of Maha Illuppallama.
If the water required in field of each scheme is nearly the same as the one for
Maha Tlluppallama, then Fig.-7 means all the schemes have the water more or
less for both Maha and Yala cultivation, except Dewahuwa, which has the water
only for Maha cultivation, Suhsequently, each component, which is stated from
rigsues at sluice" (No.l4) to "usable water in field" {(No.23) is shown re-~
spectively in Table-3. Herein a very remarkable feature can be seen in the
Gal Oya Scheme. That is to say that the total ratio of each component of Gal
Oya 191% is in excess of the water quantity fed by its tanks and that the
effective rainfall ratio 76%, too, is nearly tank-fed guantity. It means that
the condition of Gal Oya on the water-use is rather similar to that of the Wet
Zone.

Table-3, HEach ratio comparing with issues at sluice.

B _ - Maﬁa— T - ) Aﬁérage
Rajan- | Minne~|Ela~|Uda- [kanda | Pada-}Gal~|Dewa~|Ave- excluding
gana riya |hera|walawe] rama [wiya [Oya hqu, rage Gal Ova

I I . Bk

Re-Use 18 28 17 25 17 24 67 | 11 26% 20%

ratio

Water

Loss -37 -29 |=39 | -37 -32 -31 |-22 |-40 [-33% ~-35%

ratio I R D I

Effect-

reenfan| 10 19 | 10| 12 | 13 21 |76 | 14 | 228 15%

ratio [ A [ AN SN SRS S

B e i . .’.

Total -9 18 [-12 - -2 14 |21 [-15 15% ~0%

~315-



Therefore if each ratio of Gal Oya is oxcluded from the average of
the schemes sited in the Dry %one, then the average excluding Gal Oya will he
changed as shown in the extreme right of Table - 3. Consequently, it may be

posaible to say that on a relation between "issues at sluice” and "usable

water in field" is as follows:-

In the Dry Zone on an average

*igsnes at sluice” + "usable water in field!
. Water Re-Use ratio 20%

~ Water loss ratio 35%

+ Effective Rainfall ratic 15% = 0

Incidentally, the fbllowing assumptions may'be permitted:~

{ issues at sluice > usable water in field for schemes which have relatively
{ steep topo-condition.
( issues at sluice < usable water in field for schemes which have relatively

{ gradual topo-condition.
Fig-7 Usable Water in Ficld (annuaily)
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in Kach Scheme (on samo scale)

Fig-8 Figuves Composed of Water-Uso

Gal Qya

Mahakanadarama
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Uda Walawe
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Mo&e over the figures thus composed of the water-use in each scheme are show in

Fig.8. |
9. Subjects to be gtudied in the Future

in order to gain more accurate results on water use in the Dry Zone

and to use them effectively for optimum planning and management of irrigation

gchemes, the following studies will have to be done - g

(1) To know the past records on both rainfall and acreage o
and to analyse the relation belween

i

£ cultivation over

a long duration as much as possible,

thew.

To investigate the water balance in broad-scaled area. For example, in

(2)
Dewahuwa, as shown in Fig. 09.

Fig-9 Water Balance in Dewahuwa

o ‘ ; drained water

inf kow inflow 3o

Benefited arca

z

N
S
N
\
N
N
™
N
N

g

issue

=

inf low

Supply
to Drainage

o marked quantities of water can be measured by measuring devices but

A marked ones canmot be measured due to lack of devices. So,:to get

acourate results about the water balance of Dewahuwa Scheme those marked

A must be measured by some methed in the future. -

(3) To investigate the water balance in small-scaled area including the study
on soil moisture, groundwater level, and paddy grbwth.

(4} As a result of the above mentioned study, several facts on water use will
have to be clarified,

Accordingly the optimum method of water use in the Dry Zone may be proposed

mainly from the siéﬁd'point of irrigation.

Of course, the topo-condition of each scheme cannot be éhénged, but by under-
standing the facts on water condition of each scheme, one will be able to point

out the method of improvement aiming at optimum water use.
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Fig~10
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Appendix 8 - 4
STUDY ON DUTY OF WATER IN DEWAHUWA

Intreduction

In Dewahuwa, the phenomenon of severe water shortage was seen again
in most of the fields in the Maha of 74/75, in spite of the great effort at
water management made by the Project staff, especially the irrigation T.A.s,

The reasons for this, apart from the unusual climate condition of

prolonged drought are the following: '

1. The renovation of infrastyucture, mainly land consolidation is
still of very low standard in the whole Dewahuwa area including
middle and down stream parts which is outside the direct project
area, but irrigated by the Dewahuwa Tanka (as well as the project
area) .

2. Water management by farmers themselveé {including administrative
and socio-economic conditions under which they carry‘it_out has
not yvet progressed especially in the branch and field channels
and in the fields where the water management:is not done di-
rectly by government officers. 1In short, we have not yet suf-

. ficiently established the conditions presented in the Feasibility

'Report ("F.R."),

I. Idea shown in F.R.

In the "F.R." the duty of water is shown assuning that.ponditions of
the modernised cultivation through the process of ploughing by two wheel
tractors, row transplanting, weeding by machines or agro~chemicals,.ﬁater
management and so on --- have been established amonyg farmers organized through
a "mental revolution" after completing the infrastructural renovation. And
this should be an advisible method of agriculture for paddy cultivation in
future in the dry zone of the Island. aAnd it is the main purpose of the

Dewahuwa project to show its practicality here in Dewahuwa.

However, with the four years' experience since the beginning of the
project, we have realized that (i) it is impossible to establish the above
mentioned system in the whole of the Dewahuwa area (not only in the upstream
project area) and (ii) that some standard figures for the plannlng of water use

do not match with actual conditions here.
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Therefore now we have studied again the planning on water use From

the beginning consulting reports of Maha-IYlluppallama and other institutes

L, Meaning of Irrigation water

Generally the following formulaes are used concerning "duty of water®

Net duty of water

#

Water requirement at field
~ effective rainfall at fielq

¥et duty of water

Gross duty of water
1 ~ loss rate

i

In the "F.R." and “D.R." the same diffinition is used too.
terms are after used vaguely,

But thaese

Therefore we want to clarify distinctly the meaning of "irrigation

water” here. First we must distinguish between,
A. '"the required amount of water in a field" and

b. "the required amount of water to be issued from the ‘Pank sluice

in the whole irrigation scheme.

A} The required amount of water to cultivate paddy in a field

Here, we call this "reguired quantity of water at field", and this

consists of,
i) necessary water to grow rice plants (water for growth)

. i1} necessary water for preparation of cultivation such as ploughing

{watex for preparation)

11i) necessary water for secondary purpogse such as weeding

{water for weeding)
iv) percolation and evaporation (percolation & evaporation loss)}

From the 4 factors shown above, "water for preparation" differs much

depending on soil texture, climatic condition and method of ploughing.

Wwe do not take into account water for weeding, particularly because
in this project, weedisides and instruments are included in the calculation.
(But only between lst and 2nd ploughing, standing water is estimated herxe
for the purpose}.

B) The necegsary quantity of water to be issued from the Tank sluice for

the whole area
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This is necessary amount of enough water to igsue reqguired amount of

water in entry field. Here we call this irrigation water or "gross duty of

water”,
These elements are difficult to be distinguished clearly, ard usually

it is calculated as mentioned before.

The loss in the. foramula consists of following two factors:

i) Conveyance loss in a narrow meaning and the guantity of water
re-use which differ depending on the natural conditions such as
topography, shape soil texture and ground water level, and

standard conditions of infrastructural consolidation of the area.

ii) Other than physical factors shown in i), neccessary quantity of
water For operating the whole system, which depends on the

ability of management of farmers and other responsible persons,

In other words, this is an unavoidable amount of supplementary
water such as surplus water to keep the necessary water head

to distribute or ineffective discharge caused by time lag and so

Oon.

. Water requirement in the field

The quantity of water required in the field also depends on socio—
economic conditions combined with natural conditions such.as pioughinq methods
{(Power: by men, by cattle, by machine; and with water or without water).
Cultivation methods (varieties, transplanting or broadcasting} as well as

natural conditions such as climate, geography, soil, ground water conditions.
A) General

1. Water for growing paddy

i. Fundamental theory from institutes reports,

Many reports about water for growing paddy have been written in
South Asian countries and Japan, Judging from these reports, it
will be possible to say that a definite opinion has been established

on this matter. Here we confiym it.

a) The basic method of water control is to keep shallow water

continuously.

Naturally the most important point is how much water we can save

here in the dry zone of Sri Lanka where water is very precious.
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ii.

b)

But Vig. 1 shows that most of the cases of saving water show a

lower vield than the cases of shallow continudus standing water,
except in the case where very complicated operation is done

including treatment of stopping water in certain periods.

Taking the system as a whole there is scarce benefit in

enlarging the irrigable area by saving water,

Fig, 2 shows the relation between used amount of water and yield
in the case of keeping standing water; at 100% of soil moisture,

and at 70% of s0il moisture.

Roughly we can say that the more water we use, the more vield
we get in lineal relation except in the casec of complicated

operation similarly to Fig. 1 unless we give mérshy conditions,

Fig. 3 shows the relation between water level and yield.
Compared to Lthe case where water level is the same as soil
surface, yield is less in the case where the water level is
lower than soil surface, and the yield is higher in the case of
standing water, About 2 inches of standing water gives the best

vield.

Paddy is destroved by stopping water in a certain period

In Iig. 4, effect of treatment by cutting water in several

stages of growth of paddy is shown.

Cutting water in the stage around heading gives a deadly blow
while cutting water during ineffective tillering period gives a

negligible damage or gives even rather benificial results.

In Fig. 5, the effect by treatment of non-standing water in
different stages of growth of paddy is shown. WNaturally, the
earlier and the longer the period is, the greater the effect but
on the other hand the treatment of 20 days without water from

the 30th day and the 50th day of growth gives rather good

results.

practically advisiable method
From the above mentioned reports, generally speaking, it will be

said that the best method of irxrigation is to keep shallow standing

water throughout the period, except in th

period, {to be dried up).

e ineffective tillering

In other ways, regardless of consuming
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more water or loss water or less water it will result in less vielg
without exception.

A rotation system, which we adopted for these few years as the last
resort in Dewashuwa, because of severe drought compelled to alternate
deep water supply and no water at all, So it can hardly be said to

be an advigiable wethod at least from the physiclogical point of
view of paddy.

Dr. Murakami pointed ouwt from his experience at Maha Tlluppallama
that paddy soil in the dry zone of 8ri Lanka has so poor a water
holding capacity and available moisture that once soil is dried up,
the moisture content becomes very little and therefore rotation

issue or cutting water treatment should be carefully planned.

2. Water for preparation
It seems a big debatable question yet as to whether it is always

necessary to issue water for ploughing in the dry zone., However, the
followings can be said gualitatively at present: A 4 wheel or 2-wheel
tractor of high power can work even when soil is a little too hard or a
little too soft. But for a 2-wheel tractor of 5 - 7 ps, that is a main
power in Dewahuwa, it is necessary that soil is softened enough with rain -
or issued water. Therefore under the present situation in which any re-
liable long term weather forcast can not be got, it seems advisable to

rely on issued water mainly and to c¢lose the main sluice only when there is
enough rain (for the day). Otherwise we can not carry out the ploughing

work on schedule and as the result of this more water will be used,

Based on this idea, it is proposed to issue water for preparation -
during the lst and 2nd ploughing period in principle. (the treatment of
effective rain will be mentioned later). First we want to consider the
required amount of water for ploughing according to Dr., Murakami's em-

pirical formula,

i

Y -—0.31)(l + X2 + 9.9 (cm) ~—— for the scil at Maha I1lluppallama

Y

fl

"0.34X1 + X2 + 7.2 {em} -~~~ for the soil at Paranthan (sandy)

here: xl i quantity of water in gramme included in 100 qr, of dried soil of
0 - 3 inch under the soil surfaca.
x2 : sum of standing water, percolation and evaporation in water

depth in centimeter.
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Y o Lre i
required amount of water in water depth to plough the soil

within 8 inches under the soil surface.

Influence of the numbers of ploughing day.,

Here is an example given to see the effact of the difference in
the number of necessary days for ploughing per acre.

supposed: xl = 10 gr.
standing water = 5 ¢
sum of evaporation and percolation = 1 em/day
ploughing days; case A —w-~ ] day/acre
case B -~~~ 4 days/acre

case A; X2 =5 cm= 1 cm/day x 1 day = 6 om

i

Y =6 cm+ 9.9 cm

H

3.1 cm

12.8 cm {0,427}

case B X

il

5cem+ 1 cn x4 days = 9 cn

Y = 9¢m+ 9.9 cm - 3.1 cm

13

15.8 cm (0,527}

The number of necessary days for ploughing, which is a big factor
in deciding the necessary amount of water as shown in the above example,
depends largely on the manner and the capacity of ploughing, and the

capacity of inlet discharge,

In the above example, the difference of net water requirement in

the two cases, in the whole Dewahuwa area results in,
0.52' x 2340 ac v 0.42' x 2340 ac = 1220 acft » 980 acft.

When the loss rate is supposed to be 0.3, the difference in the
quantity between the two cases above becomes 340 ac.ft. of issue from the
Tank sluice. This is only net caleculated guantity, and if the period is
lengthened, the ineffective quantity of water supplied to unnecessary

fields becomes large and far wore significant than calculated.

B) Requirxed amount of water at the field in planning

Here, the required amount of water in the field of Dewahuwa is
studied, based on the above mentioned general experimental phenomena, and

depending on the results as got in Pewahuwa.

1. Required amount of water for preparation (ploughing)

Farmers now spend 2 months for Ffirst and second ploughing in the whole

Dewahuwa area. It means they plough 78 ac. per day on an average,
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{including lst and 2nd ploughing). It is supposed to supply water fyoy
the tank during the pericd in principle, Though the actual present
condition of ploughing is not known well, and presupposing of COHdlthns
for the future is far more difficult, it is based as in the following

table, on the veport on 72/73 Maha water use. Large sized livads are
premised for tractor operation.

Table 1 Presumed conditions of pleoughing in the. future

T Lo hcreage to be ploughed &
Case | Area | Nos, Ability neccssary days Remarks
per 1 set total 1st plough 2nd plough
upper - ac day ac  day
stream|{ 30 | 1 ac/day 30 ac/day | 600 20 240 8
down-
stream 15 v 15 400 27 500 33
sub- average
total 50 " 45 1000 (27) 740 (33) 870 ac
| | acra nos
upper- day
stream | 160 0.5 20 ac/day 170 7 530 21
down-
stream | 296 " 37 1170 31 1070 28
sub- average
total 600 " 57 1340 {31) 1600 {29) 1470 ac
Total 102 2340  (31) |2340 {33)
1. e . . S e

Note: *4 wheel tractors are converted to 2 wheel tractors.
* Number of tractors means actually used ones including rented

ones from outside.

i. In case of tractor
* One 2~wheel tractor.spends 10 days net for lst and 2nd ploughing

of one allotment (5 ac,)

In the formula, ¥ = -0.31 X. + x2 + 9.9 (cm)

1
X, = X! + X
2 2 2
Xz = Standing water
cm
XB d /day X n days

d; percolation and evaporation per day
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. H
Then, (9.9 + X, = 0.31 Xl) shows the necessary quantity at the

bgginning, and d x n is the total quantity to be supplied during the
period. Xl differs much due to the soil texture and condition at
the time. Here following Dr. Murakami's example, we adopt the

following figures:

[ It
X2 5 cm (2")

xlk# 24 gr and 9.9 - 0,31 Xy = 2.5 em (1)

percolation; 8mm/day, evaporation; 2mm/day and X2 = 1 cm

Thenn 3" (75mm) of water is thought to be reasonable requirement
including 2" (50 mm) of standing water, just hefore the lst

ploughing.

During the ploughing period and the interval between lst and 2nd
ploughing, the water supply of 10 mm/day, which consists of 8 mn of

percolation and 2mm of evaporation, is thought to he necessary.

Water supply should be started from the day previous to the day of

ploughing.

6 days of interval is reasonable between lst and 2nd ploughing
judging from the present condition. Depending on these and
supposing that the supply of 75 ma per day is possible we have

formulated table 2.

Table 2 Schedule of ploughing and water use in one allotment pexr 5 acres

day | L Nl ]Ib
fie]ya 1 |2 3| a|ls |6 |7 |8 |9 |ropieital13]14]15]| 6] Tmtd
I_H i [Lst_ploughing B I A A T 2ndjpIoughing
75 10 10 “ " » " ” # “ " # " ”
2 dst|p. . 2nd p.
5 i0 10 " ’” " #” » ” o #” ” 1 , _ﬂ ]
I R A %g@ pivﬁi AR N a 2nd P
3 75 10 ” " u " ” o W " ” 1
Tl T (st 2nd|p
4 7% ffﬁ . ,124_ __II‘ ) rr_ # _ 7”)_ ~”_ 7”_ 71 al " v:’ I P N .
lst|p. 2nd p
5 YCIR T U I A I I I G T TR M N T
48 2 a1l 3.970 4.44([4.92] 538 2.34 “ - “ ” 7”7 } f: 1 :7 _;:—_ _i 1 “ __” 1]
n? 304 343{ 381|425 465 (202 ” “ “ ” ” ﬁ,__f, _i_ 7%_77”_-;:_Jgﬁ%
3.
pe fr) 25| e8] 34|, 38[ .16 52
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ii.

If interval of 6 days is not kept the quantity will be decreased by
1214 m (0.98 Ac.ft.) and total necessity becomes 155 mm in depth.

This fiqure is smaller than the figure given in "I'.R."™ {170 mwm)

Further more if we can do lst and 2nd ploughing by a set of 2
tractors without interval, the period is shortened by 10 days and

the quantity decrease by 2024 m3 and total necessity becomes
2318 m3 (115 mm) .

This will be taken place in the whole area, with supposed loss of

30%

3 2340 1 . 3 A -
2024 m x —‘-5“‘"““ bie 1?6._5 = 950 x 103 m~ (770 Ac.ft.) x 1203
1100 Ac.ft,

This water should be called water for weed prevention asg mentioned

before. And in the future it might possible to be saved by a goad

combination of works.

But here it should be estimated as water for preparation supposing
that the present situation will continuve because we must say it is
very difficult to expect that the series of works of lst and 2nd
plough and trans-planting be carried oult right on schedule con-

tinuously without any loss of time in the whole area.

The designed capacity of existing inlet is 4.16 1/sec (0.147 cusec),
while the maximum necessary amount of water to one allotment is 5.38
1/s on the 5th day, but as a matter of fact, most of the inlets have
a capacity of more than 5.38 1/s, as shown in Pig. 10 and in the

previous report.

Therefore it is proposed to supply 5.38 l/s of water in the first

5 days and 2.34 1/s in the latter 12 days. Then total quantity will
be 4750 m3 {3.85 Ac.ft.) or 235 mm (0.77 £t.) in depth, If we stop
the water during the 6 days of interval of plough, not only do we
not kill the weeds but also we lack again 75 wmm of water simul-

taneously in a wide area, so this is not a wise method,

The decrease of quantity from 5.38 1/s to 2,34 1/s has to be

practised by shortening the hours or so.

In case of cattle
The average ploughing capacity is 0.5 ac/day with 4 cattle.
Therefore it takes 20 days to finish lst and 2nd ploughing of 1
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iii,

allotment {5 ac.) with 4 cattle, Similarly as in the case of

5,35 1/sec of water is supplied for 5 days from the
previous day of starting ploughing,

tractor,

We can suppose the work will continue after this till the end of

the 2nd ploughing without interval, hecause they use their own

cattle mainly in this case, Then 2,34 1/sec of wakter is to be

supplied for 16 days.

And this will be in total : 5.3 1/s x 5 days + 2.34 1/s x 16 days =

_ 5559 m3 {4.51 Ac.ft.)
This is 275 mm {0.90') in water depth.

If farmers can store and regulate water in their own allcotment, we
can shorten the term. But according to the present sitvation, it

is dangerous to make a plan depending on this.

Average required amount of water in the total area.
If we suppose that 870 Ac. of paddy field are ploughed with tractors
and 1470 Ac. are done with cattle, as shown in Table 1, average re-

quired amount of water will be,

{235 mm x 870 ac + 275 mm x 1470 ac) + 2340 ac = 260 {0.85")

The necessary days will be; 17 x 870 + 21 x 1470 * 2340 = 19.5 =
20 days,

In conclusion it is proposed to supply 5.38 1/s throughout 5 days,
2.34 1/s for 15 days and in the total 5357 m3 {(4.34 Ac.ft.} or

265 mn (0.87 ft.)} in depth in 20 days as the water for preparation

{ploughing) in the plan of the whole area.

2. WNecessary amount of water for growing paddy plants

Here "necessary amount of water for growing paddy" means the sum of

transpiration from the surface of the leaves, evaporation from the

surface of paddy field and vertical and horizontal percolation, that is

"econsumptive use of water" during the term of growth".

"Water for stopping weed" is not considered here, because we are

supposed to use other methods of weeding.

Shallow standing water is expected for ti

@ whole season except 10 days

of water cut.

~329-



i. Transpiration
"Reguired water", that is necessary amount of water shown in (cc)

unit to produce 1 gr. of dried materials of paddy and plant, is

based rather on term of growth than on varieties and soll texture,

And the "total weight of dried materials" is prpportidnate to
transpiration, but the relation between the "weight of dried ears
maberials" and trangpiration is shown in a gquadratic equation,
(see Fig. 9)
The target of unit yield in Degahuwa is 90 bushels per acre. 1In
this case, supposing that moisture content in paddy is 12%, rate of
weight between dried ears materials and total dried wmaterials is
0.44 judging from Fig. 9, the total dried materials on target isgs
calculated as follows,
90 bushes/ac. x 21.5 kg/bushel + 4.047 (l0a/ac.)
x {1-0.12) + 0,44 = 956 kq/10a
{Here "a'" means "are")
"Required water" for 4 month varieties is Maha will be as follows

from Fig. 8,

2.27 x 100 days + 115.5 = 340 (cc)

Then total transpiration in water depth will bhe,

340 cc x 956 kg/l0a) = 325 mm

The optimum point in the gquadratic equation shown in Fig. 9 is,

(dried ears; 44 gr., water; 30 kg.)

Considering that this was given from the not experiment, we will

give an allowance of 10%, then the transpiration will be,

30 kg/0.044 kyg. x 90 days x 21.5 kg/bu. x (1-0. 12)
T 4.047 {loa/ac) x 1.1 = 316 mm

And 309 mm is adopted in “"F.R.". These figures can be said to he

much the same, so, here we will adopt 309 mm after all,
ii. FEvaporation

Evaporation from the pan ig 4.0 m/day on an average according to
Messrs. Otani, and Mase's observation at Dewahuwa. Supposing that
E/EM (rate of the evapeoration from the field and from the avapo-
ration pan) is 0.60 from Fig, 7, evaporation from the field will be

in total,
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i

i

i

*
4.Dmm x 90 days % 0.60 = 216 mn  0.71 feet
*®
10 days of water out amohg 100 Qdays in the main field is

considered,

Percolation

, . .
The above mentioned two items have not severe rcgional differences,

but the figure of the percolation varies much depending on the local
conditions.

D, Murakami found out that the vertieal percolation was 7 mm/day at
Maha Illuppallama, and 2-3 mn/day at the impervious field, and that
the heorizontal percolation (i.e. seepage from horders) bhecomes some

times 2-5 times as much as vertical percolation depending on topo-

.graphical and other conditions, But wehen liyadas are arranged

along the slope, which are often seen, most of the water runs from
the upper-most liyad to the lowest, without being consumed so much,

and so this quantity will be much reduced for a whole allotment.

éhénnelaanﬁ\n\‘m_IgﬁiJ\\"“,,,
e—

drainage

In this project area, topographic conditions and other conditions
seen to vary so greatly that it will be dangerous to adopt an
average figures for the whole area in planning, because the extra
water in the surplus side gets lost and can not be used in the field
with a shortage an shown in the previous report. {The 2nd investi-
gation team got a few data showing very high percolation.)

Therefore if possiSle, the whole area should bhe separated into

several blocks with the same conditions after practising investi-

gation.

From the observation which was carried out in the pilot farm during

the period when water consuption seemed to be at the highest in

73/74 Maha, though the term was very short, we can say that con-

sumptive use will be roughly as follows in the consolidated fields

under a good management;
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percolation (vertical) 6 mm/day

u {horizontal) 2 "
evapo- transpiration 12 H
total water reguirement

{water consumption) 20 "

the observation was done in a liyad where the percolation seemed a
little higher than average because it located ih a little higher
part. BAnd from the observation in a small liyad without paddy
plants, we found out that the sum of evaporaticn and vertical perco-

tation became about 12 mwm/day. FThen we can get the following table.

percolation {from a field without paddy plant)6 mm/day

" { " with paddy 14 " (EM=0.66)
vertical percolation { " 16 " B
horizontal " ¢ " y2
transpiration ¢« " R "
water consumption ( = water requirement 20 "

Horizontal percclation is very high in an unconsolidated field

‘undexr a poor management.,

Actual average capacity of inlets for an allotment {5 ac. each} in
tract 3 is about 8.5 l/sec (0.3 cusec} from which roughly 40% is
supposed to be used to saturate the earth and 60% is for standing
water, which is lost in about 2 days. Then water consumption in an
allotment will be,

mz/ac.

/s s/day (5°°"x 4047 y = 2 days

d 1
2988 » 0.6 x 8.57° x 86400 2 21.6 mmyaay

Then the excessive horizontal percolation will be
21,8 - 20.0 = 1.8 mn/day
This becomes for the entire season in the whole area,

ft/m days

0.0018" x 3.28 x 2340°%°° x 90
Supposing that the conveyance loss is 30%, then the amount of

= 1244 ac.ftt

water to be issued from the tank is,

1244 - (1 - 0.3) = 1775 ac.ft.

Here we suppose by experience that percolation will be 8 mm in the
whole upstream area, and 40% of the downstream area, and the rest

will be 10 mm/day, after the project term,



Then average percolation in the whole areca will he
!

. ac. ey 20,
(776777 + 157077 x 0.4) x 8™ + 1570%% 4 .6 « o

+2340%°" = 8.7 wn/day

The total for the season becomes,

8.7 mmwm x 90 days = 783 mm

Water supply of 27 mm is possible after the water cut of 10 days

during the invalid tillering stage, supposing that more than 25 mum

which iz requested before the plough.
Total required amount of water in the field

Here is a table of the total reguired amount of water in an average

field, for the whole term summarized from the ahove mentioned obser-

vationsg.
till the end of 2nd pleoughing 20 days 265 mm 0.87 ft.
&
transpiration 340 cc. x 910 X Xg./10a. 309 1,01
evaporation 4 mm x 90 days x 0.6 218 0.72
percolation 8.7 mm 2 90 days 783
*
after water cut 27 2 0.09
total 1602 - {5.3 ft.)
e —
*1 in "F.R." 2 treated as percolation

Water requirement in every stage of growth

Up to here, total amount of required water is treated as an averade in
the whole season, bul water requirement changes at every stage of
growth.

Here it is roughly studied monthly according to Fig. 7, and checking

up relation between inlet capacity and distribution method.

19-1 The figure in table 4 is only the sum of each of the elements of

water requirement amended seasonally in one field.

in the whole area, the work spread over 2 months, so, strictly speaking
it is not the proper way to adopt the same values of evaporatlion and

transpiration in the different areas. But here it is treated as an

average value for convenlence.
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In calculation, the total swm, maximum water requirement in the most

necessary stage, and ET/EM in Fig. 7 have been taken into consideration,

Percolation after the "water cut" is supposed to increase a little.

19~2 Table 4

Table 4 Water requirement and necessary discharge to

allotment in each stage ofwgrgwth

Month st Month Znd Ira Month 4th Honth ITotal
Manth B ;
Day 1 -6 |6-20 |21-30] 31--60 | 61-70| 7575 | 76—00 [91-1305 |105-120
| period (days) 5 15 10 30 1o 5 15 15 15 129
S - _— i ORI W . e SR
K R
Hater for %y kA aay| i zgy s *%’ay na
preparation 23 [ 115 10} 150 54| 27 292
evaporation 23) 231 20| G0 0 30| 15 | 30| 45 { 30| 45 | 2.0] 30 { 24| 218
transpiration 63| 3| 1.2 36 45] 225| 45| 675| 7oltos } 50| 75 | 30] 309
evapo- 26| 26 32| % 75| 375| 7siirzsjroonse | 70105 | 59|
transpization | | __ | _{ _[ SN S U Y I B N O
percolation 86| 86| 86|28 88 41 | 88(132 | 871305 ] 8811325 87| 783
Total 23 | 15| 10150 1.2fniz| 118 3| o | ofz21.7|1m5i 163|245 1&7st0.5 1582378 (1602
discharge 1/sec 538 2.3 262 275 508 352 4.3 370
quantity m3 2327 3035 2266 7163 2195 4047 5676 4806 | 32416
" Ac.FL. 189 246 1.6 581 178 100 1.66 390 | 2628
rate of pro- J 043 0.4 0.5t 094 0.71 081 0.69
portion to the
Maximum

Note : Replenishing quantity for evapo-transpiration in the

water-cut period is not estimated.

in the above table, discharge after the “water cut' is given supposing

an increased quantity is supplied in 5 days.

If the maximum discharge of 5,38 1/s is continuously supplied, then

necessary days to recover the standing water will be 4 days from

following calculation.
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mm  days mm Ac m37Ac m3/s

(0.0163 n + 0.027) x 5 x 4047 sec/day  days

= 0.00538 x 86400 x n
n = 4,05 davs

By designed discharge of 4.16 )/s, it becomes 18.5 days

From this, we can say that after the 10 days' "water cut", if 27 mnm
of additicnal supply is necessary due to dried up condition of soil,
4 days to 18 days-of time is necessary to recover the standing water

and some times recovering is very difficult depending on soil and inlet
capacity.

The above table gives the required amount of water, in an allotment
unit (5 ac.). This unit of required period in the above table, in
every allotment is spread over 2 months in the whole area. And this

tendency is inevitably supposed to continue in future too, without

radical change,

Here for practical purposes, we have arranged this unit inte 5 blocks
with a 10 days period, and the acreage is divided in the proportion of
4 ¢+ 3+ 2 21, because the acreage is larger in the earlier stage.
Then we get the table 5. Here transplanting is expected in the whole

area.
20, Here the following requirements are estimated;
., mm. day day mm/day
In lst 10 days; (115 + 10 x 5} + 10 = 16.5

7th 10 days; (108.5 + 16.3 x 5) + 10 = 18.0 "
10th 10 days; (18,7 x 5 + 15,8 x 5) + 10 = 17,25 "

From the table, we can say that the total required amount of water
consumptive use in the field jg 12,300 acft. {5.26 acft/ac.}, and max.
required amount of walter on a 10 days average becomes 130.5 acft/day
{65.3 cusec) ., Supposing 30% of the irrigation loss max. discharge of

the channel becomes 65.3 ? 0.7 = 93.3 cusec,

21. The indicated tendency towards the maximum in the table is a

1little different from actual issue. We may point out the reasons for
this as,
i) Irrigation efficiency in the ploughing period is wvery low due

to "“dried up condilion of channel", and “water goes into

unnecessary fields",
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1i)

iii)

We cannot issue enough at the time of the really required

maximum.,

The peak point of the farmers' work may come ecarlier than in

this table.

The table is expected to be amended after further study,

Table 5 Water requirement in cach'blocks of Dewahuwa

| Block T s T ¢ | T p 1 Total |

Day 780 Ac 585 Ac 390 Ac | 380 Ac | 195 Ac 2340 Ac
8 day | Actt | P day | AcEt | mday | Acky | ma/day | Aclt| m/day [AcFr| cusec | AcTt 1

1 | e

1- 104165 422 211 422
11- 20| 100 256 | 165 317 28.6 573
21- 30112 289 10.¢ 1921 165 211 34.5 G0
31- 40| 118 302 | 11.2 215 | 100 128 16.5 211 42.8 856
41- 50 # “ 118 226 11.2 143 10.0 1281 16.5 |106 45.3 905
51- 60/ ~» ” # " 11.8 151 11.2 143| 160 64 14.3 886
61- 70] © 0 " " # # 11.8 151 1.2 72 | 300 800
¥ T - T - N Y . - - .
71- 80| 19.0 486 0 0 “ ” " ¥ 118 75 43.2 863
81- 90| 163 417 | 190 365 0 ¢ o # # ” 504 1005
91-100 | 187 479 | 16.3 3137 190 243 0 0 " “ 55.5 1110

sl S - . ) -
101-110] 17.25 | 441 187 354 16.3 209 160 243 0 ] 62.6 1252
111-1201 15.8 404 | 1725 § 331| 187 239 16.3 209 190 |122 65.3 1305
121-130 15.8 303 1725 221 18.7 23%) 163 104 43.4 867
131-140 15.8 202 1725 | 221 187 |120 27.2 543
141-150 158 2021 1725 {110 15.6 312
151-160 158 |10t 5.1 101
Total 4098 3073J 12293
JESSSUSOUNNN SRS RO R B N _ E——

¥1 (23X5+10X5)-10=165
2 (2L7X54163X6)510=1090
3 (187X54158X5)+-10=1725
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BEffective rainfall

s show |
A own in the report on water use in "72/73 Maha", the rainfall of

regional and short time type is evident here, Therefore 1t is actually

impossible for farmers to go to their fields to control the water con-

dition every time it rains, because the forcast of rain can not be got

and because their fields arc separated by more than a mile from their
houses. (The pattern of rainfall is referred to in detail in
Mr. Masa's veport)

Continuous irrigation keeping shallow standing water is advisable from
the physiological point of view of paddy, as mentioned before, and
channel system is also designed expecting continuous plot to plot
irrigation. Therefore we can not expect much of effective rainfall on

the field, because we can not stove water so deep on each liyad.
It ig proposed to expect 80% of the following quantity:

for every one day rain equivalent amount of water saved
exceeding water 00 ~-eew by stopping issue

raegquirement per day ong day

for every continuous equivalent amount of water saved
‘rain exceeding water «— ----- by stopping issue for

requiremnent each day these days

Rain corresponding to this condition happened only 4 days in '74 Maha,
In 72/73 Maha which is looked upon as a standard year for the planning,

effective rainfall is calculated as follows:

22. It was proposed to stop the issue 1 - 2 days in the ploughing
period and 0.5 day in the other stages, whenever there is a rainfall

that exceeds the water reguitrement pexr day.

Table ¢ Effective rainfall in 72/73 Maha

Date

1-10|11-20]21-3031-40[41-50{51-60[61-70 71-80 ?%:??. F?féf,

U P i o

(1) No. of
days

# acft
day

3 (1)xX(@

4 @x 08

L_.

o

88.G

60.0

4 1 3 1 5 3 28

100.8

265.8

2126

~337-

G0.0

48.0

4315

345.2

3024

241.9

21129
acft,

1690
acft,
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From this table, total effective rain fall is estimated as 1700 Acfi,

(0.73 hc.Ft/Ac. )

6, Net duty of water

Here net duty of water is calculated by usual way of suﬁtradting ef-

faective rainfall from total reguirement amount of water in thea field.

Therefore, 1t will be as follows.
12,300 - 1,700 = 10,600 acft. (4,53 Ac.Ft/hc.)

This net duty of water is almost the same as the ngure got by simply

accunulated net requlred amount of water of all Lhe flelds.

In addition to required amount of water due to the diffarence of inlet
capacities, natural conditions such as soil texture, and time. lag of
field works ; this is also rathér necessary water for operation walike
waste of water of farmers, is not taken into consideration. 1In the

next paragraph, gross duty of water is studied, including the above

mentioned water.

IV. Gross duty of water (Necessary amount of water to be issued from the tank)

(In general)
1. ©Necessary water for operation
In "F.R." gross duty of water is decided, taking the conveyance

loss as 40% in the following formula,

net duty
(1 - conveyance lossg)

grogs duty =

However, it is a matter that demands special attention that only
natural phencmenon like scepage loss from the channel is generally counted as
conveyance loss and that others, if any, are apt to be regarded as waste of

water caused by farmers' faults.

In fact, natural conditions of field are not uniform, and actual
intake capacity varies greatly as shown in Fig, 10, and that most of the
allotments can automatically get excessive water in general whenever there is

enough water,

Unlflcatlon of varieties of paddy, methods of cultivat:on, or

' grouplng of works which were suggedted in "F.R." could not have been realized,
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Thesge 3 i
hese matters are mainly caused by administrative and socio-

economic reasons, and therefore, in deneral, this water should be included in

u Y .
to the "necessary water loss for operation®, (Tentative figure for this loss

is shown later,)
2, ConveYance loss

As already shown in "water nanagement in 73/74 Maha", conveyance

loss has been remarkably reduced owing to improvement to the outlet-gates,

_ Generally speaking, unlike the conveyance channel in a diversion
scheme, both main and lateral channels are in the project area, so thal most
of seepage water from the channels is utilized directly or indirectly in the
project area.

The problem which actually bothers persons concerned is rather the
delay of arrival of water to the tail end parts of each tract in the early
stages of each issue time, due to the rotation issue, and the drop in con-

veyance c¢apacity of channels due to growing of grass in channels.
Tentative plan

Main channel loss,

Taking in general the facts shown above into consideration, here

the practical situation regarding amount of loss is studied.

The conveyance logs in the main channel in a normal circumstance
was marked as 21.6% of planned discharge in 72/73 Maha report,

In 73/74 report, the decrease of loss was marked as 7% due to the
improvement to outlets,

Therefore now conveyance loss in the main channel in a normal stage
can be considered as;

21.6 - 7 5 15%

In addition to this, the amount of 3 days' average discharge, that

is about 3% of the total is reasonably estimated as the operation loss

which is at the beginning of issue and so on, Then total loss in the main

channel becomes 18%. However, about 1/2 of the former {(15%) is supposed
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to enter the field to be used., And here this is called "re~-use" ,, (7.5%),

Branch channel losses.,

We have no observed data for branch channel loss, so as in the
main channel, 15% of branch channel discharge is considered to be normal

conveyance loss, And 5% to be operation loss due to the unequality of

intake capacity, etc,

Then the total branch channel loss becomes 20% of branch dhénnel

discharge.
However, branch channels exist close to fields, so, 80% of the
former that is 12% of the branch channel discharge is supposed to enter

the field and to be re-used.

Field loss.
If we allow for the worst case, we must take into account the
guantity considering that we supply in the whole term, total amount of

each outlet capacity. The number of issue days is;

160 (full term) - 28 (effective rainy days) - 10
{water cut} = 122 Gays
Supposing the capacity is 8.5 1/s; loss is 30%, then
one day : 8.5 1/s x 2340/5 x 86400 sec/1-0.3 = 398 Ac.Ft.
in the whole term : 398 Ac.Ft. x 122 = 48,500 Ac.Pt,
(20.8 Ac.Ft/Ac.)
But main channel capacity is 190 Ac.FPt/day and annual rup off
into the tank is 16,000 Ac.Ft. in S.P.Y. (So naturally we can

not supply this quantity.)

Next, several figures of rate of seasonal change in water re-
quirement in table 4 is divided into practically three broad groups
using, 1, 0, 0.8 and 0.5 and include the quantity of water to be
added, -

The total quantity is equivalent to 6.4% of consumptive use in the

whole term in table 5,

The fifference between the quantity of water taken to an ordinary
place and to the pilot farm undor good management is 22%. A greater part

of this quantity is due to the stiructure of inlet,
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we can not do anything but expect farmers to reduce the guantity
by anusting gr.shorteninq the hours of issue, and therefore we have to

expect much difficulty, Then 15% of the necessary quantity at the field,

that is aboul doubloe 6.4% shown before, ls proposed as the field loss

Surplus water flows down directly to drainage channcls. Irrigable acreage

uwndexr apiocuts at drainage channels ig small, %o, the guantity of water
re-yse 1s supposged to be included in the quantity of re-use calculated at
the maln and branch channels. Therefore here we do not count the water

re-use. Water balance in illustration.

we can get the following illustration of water balance in Dewahuwa
in 8.0.Y. Maha, from figures so Far studied.

majin Branen
. , channel channel
Dewshuwa| —» 15088 - 12300 ez 9840
Pank 4700
X 28 affective
o .
o ?;r -3 i rainfall
e L I T I =
ST L M
S S
- Pl Bl 72 M 12300
p @ S 12841 ——> 10600 | 1234080)
g VAN B Field
Zel sy ”\‘
P e _,_f—_.,_
o & AP ‘\‘Q 7370 Lpercolation
?'_J IR | 2 [ e
R 4400 11808
Havapells Oya T T M0 Kalawews

¥1 12300 X 015 X 08
g7 7w X {10 days
unit Ac,Ft,

@ ts b 15000

¥ig. 31 The i1lustration of palance in Dewahuwa jn S.D.¥. Maha.
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Losses can be summarized as follows:

Loss of Tank issue {(for operation)  re~use
Main chamnel 18% 3% ‘ 9%
Branch channel 16 4 7
Field 12 (mostly) |

Total ' 46 ' 7 16

Irrigation loss: 46 - 16 = 30%

That is:

We propose that the necessary amount of water to be issued from the

Tank in a Maha of §.D.Y. after the project term in

Dewahuwa should be 15000 Ac,Ft;

Irrigation efficiency (= 1l-loss) will be 70%;

Effective rainfall in Ac,Ft. will be 1700; and consumptive use of water in

the field will be 12300 Ac.Ft., under fairly good management.

V. <Conclusion

1. TIn the dry zone there is not se much a regional difference of
evapo-transpiration, that is about 500 wn (1.64 ft) in case we cuitivate 4.-
month varieties in Maha, although the above evapo-transpiration, in other
words, water to he consumed for (he growth of paddy plants in the fields,
varies much or less according to kinds of varieties and target of yield per

unit area you aim at.

2. The factor that gives a big difference in deciding the planned
water are,
(1) As for the water requirement in the field it is not shown by
the above mentioned "water for growth" but by the following

two factors.

(a} percolation which varies very much according to soil and

topographical conditions of the particular region.

(b) Water for preparation {mainly for ploughing) which varics

much according to ways of working.

1 \ )
(11) As for the gross duty of water in an irrigation scheme as a

whole:

(a) physical conveyance loss
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{b) loss which should be called loss for operation and which is

indispensable to give
And

a secured quantity in the fields.
this varies very much according to the local ad-
ministrative socio-economical conditions as well as
natural conditions.

(c} R large portion of (a} can be used in the field if the

channels run through the area ~-— “water re~use",

According to topographical conditions, in some schewmes fairly good part of loss
water can be re-used. From the wide point of view 100% of loss can be re-used
in the downstream of the same basin in this country. But, in the scheme locat-
ed in the uppermost stream of a basin as Dewahuwa, the possibility of re-use is

low and consequently total loss rate becones large.

3. There are many assumptions in this report specially (ii}-b,¢ to

be seen above. And further observation is expected,

4. Duty of water varies naturally from place to place. Therefore,

following items are expected to be carried out in planning a new project.

{i} Study of irrigation method hased on the study of cultivation

method.

(i1} Survey of water requirement especially study of percolation

atc,
5. In Dewahuwa, we should adopt the following figures for planning:

Dam discharge ~ 15000 Ac.Ft, ({6.41 Ac.Ft/Ac.)

{gross duty of water)

Irrigation efficiency ; 70%
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Appendix 8 -~ §

ON_THE SHAPE OF CROSS SECTION OF CHANNEL

Mu?h labour is requested to take out silt which is cau
and entering.sand_from upland,

As for biyg channels such as Elahela Yoda ela ang Kalawewa Yoda ela, the
clgaranee is 50 big that the collapse and silting will not cause severe probrems,
but in small or medium channels like Dewahuwa in which the width is about the
"length of cattle" the effect js big.

The causes have been classified as follows after close observation.

Phenomena cause counter
Measure
1. entrance of run off shoulder ditch
sand ———>natural -—- with sand from - — — . and inlet work
A upland during
rains
energy of i. low velocity
velocity in ————» 31, gentle and
the channel even slope
. crossing and i. prevent by
bathing of enclosing
cattle \\‘\\ with shrub
2. collapse of —= non- -
3 J hedge
slope natural .
crossing and
bathing by ,,/”””%’ ii. make ponds and
people ¢rossing point
brotected

In the above figure causes are shown separately but practically they are

connected to each other.
A foothold of cattle crossing becomes the starting point of collapse caused

as run off water from upland or water flow itself in the channel strikes at

the point.
The run off of rainfall carrying sand from the upland causes silting but

what is more significant is how it aggravates the collapse of the slope.
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Some more comments are given below about the above figure.

1. & counlter measure for crossing and bhathing of cattle. _
There are 6 permanent bridges and 18 log bridges (1.4 points/mile, 4.2

points/mile respectively), in the project area.
8till more there are 43 crossing points which are habitually'used by people

and cattle. (one point in 535 feet, or one point in 463 feet except pertaining
well section).

Most of these points are in danger of being eroded or already have been

eroded.
Bathing of cattle is prohibited but practically un'preventable,

Therefore it is recommended to make bathing ponds and crossing points ang

to shut out other parts physically by shrub hedges and barbed wire.

Luackily, there is plenty of reserve land here to be used for these purposes.

2. Run off water
As for counter measures for run off water from upland, construction of

shoulder ditches has been studied and approved but unfortunately, we could not

construct these because we could not get cement for this.

The idea is to make a shoulder ditch {or catch) and to catch run off water
from upland caused by rainfall, and prevent it entering directly into the
channel,

As ecarthen ditch protected by shrub will be all right, according to the
natural conditions of the site.

The run off water caught by a shoulder ditch is allowed to flqy into an
inlet' box where the sand gets deposited and only the pure water is.led inte the
channel, or it is carried away across the channel by an under cross or an over

cross which can be used as a foot bridge, too.

3. Cross section

As for cross section, we don't see collapse at the section of gentle slope.

A section of gentle slope inevitably requires to increase land width, exe-
cution section, evaporation loss and Seepage loss,

But here in the dry zone of Sri Lanka, land width does not bring about
severe problems, and other reasons are more significant in conveyance loss.

Therefore here, only the execution section is examined.

We will study the difference in the quantity of earth work and top width
of the channel in several cases of slope gradient and the bottom width of the
section, of a channel of the same capacity as Dewahuwa with a cértain longi--

tudinal slope discharge and depth.
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Capacity, water depth, Free board, co~efficient of roughness
f

and slope gradient of the standard section are given as 2-5m3/sec,
4.0m and 1 : 0.5 respectively, and also slope gradients
are 1 : 1.0, 1 : 1.5, as shown in the following fFigure.

Crogs sectional area of flow : A, wetted perimeter.,

depth. R of each section are shown in the following table

bottom width
L.0m, 0.3m,0.03,

of the compared channels

B, hydraunlic mean

R ARt iyt k=4 | o
w ——— I I e e e —
— Ay =45 =621
T =45 :‘g_ss 4“31316 g?3045
- 1 Ay engosl Borlo | % a
P s o B i bkl k5 3
I!=]1|=!:2::n'3_-:1.a M, 3 Ag=By + 15| PeBtad s B iF_ ’ 7 —]
i . 3.506 3.
P = LR
L B=49, | 05
RN PR
By
Prom Manning formula,
1 4 2 0.g045 :
= ] 2 3 = e 1 % e
Vim TR g.05 1 ()
Q=av, e (2)
1
0,8045 o
From (1} and {2) w Y e Ko 2808 2
(1} (2) e can get ~% 0. 1

1
then, $2= 0.02071, I = £.00042

and from (1} V1 = 0.555m/s

Similarly we can get following data

St 52 83
pottom width (B) 4, m 3.54 3.15
velocity (V) 0.555 m/sec (.551 0.538
top width (W) 5.3 i 6.14 7.05
execution section (8}  6.045 m?2 6.292 6.630

Therefore difference of (S) between Sl and S, per mile is

(6.630 ~ 6.045)m? x 1609w % 0.353 = 335 cub.
Supporting the unit cost
becomes

335 cub x 15 == Rs./mile 5000
As for . Dewahuwa nain channel,

lated as
5000 X ~%"'x 9.5 miles = Rs. 32,000

of earth work is Rs.15/cub, the difference of unit cost

the total difference betwecn S1 and 83 is calcu-



"N

2 _ N Y X
supposing the average section is 3-of the 5ection at. the startlnq ébint of the
channel. This is smaller than the total expenditure Rs. 49,700 for desiltlng

work done by the Project.
It will be necessary, therefore, to study to make a channel of gentle slope

of cross section, in the dry zone where there is enough rather gently sloping
land. '
Proposals are summarized in 5 points below :
1. to make a gentle slope of cross section and to construct retaining wall
only where this is not possible. '
2. to make shoulder ditches mainly with bush and earth.
3. to lead away the run off water caught by the ditches.

. .
4. to make hedyes of shrub at the roadside, so that cattle cannot enter

the channel.
5. to make crossing points and bathing ponds with protection works where

thexe is enough space,

These ideas are illustrated in the next page.

* by under crosses or by over crosses which can be used as foot bridges,
or to lead only pure water into the channel after depositing sand

in inlet boxes.
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