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1.

Construction of A Temporary Weir: Inclined Wall Type (best suited at narrower streams)

Step

Materials to be collected

0

Collect all the following materials (refer to the illustration below);

(a) Alog: to be put horizontally on the stream bank across the diversion point (Quantity: 1 nos., Refer to Step-1)

(b) Bamboo/Twigs: to stand in front of the horizontal log (Quantity: 8 — 10 nos. per 1 meter width of the dam, Refer to Step-2)

(c) Grasses (Elephant grass): to be put in front of vertical members (Quantity: depend on the size of the dam, Refer to Step-3)

(d) Clay soil: to patch on the grasses. And, if necessary, the clay soil is put in the streambed to replace the sand foundation (Quantity: depend on
the size of the dam, Refer to Step-5)

(e) Ordinary soil: to patch on the clay soil patched on the grass (Quantity: depend on the size of the dam, Refer to Step-6)

(f) Log: to support the brush dam (Quantity: depend on the size of the dam)

(g) Creeper: to fix the bamboo/twigs to the horizontal log (Refer to Step-2)

Implements;

Hoe, Shovel, Panga knife, Wheelbarrow, Watering can, Sacks (Quantity of these implements depends on the number of participants for
construction of the Dam).

(d) Shovel
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Step

Process

Description

Remarks

Put A Log Horizontally;

Put a horizontal supporting log at the
diversion point across the stream.

It is advisable that the horizontal log is
put on a place where there are tree
stump/rock for support of the log. If
there are no objects for support, put
something such as stone to keep the
log from moving by water pressure and
weight of the brush dam itself. Length
of the log is selected depending on the
site condition such as width of the
stream.

In case of such site where the material of
stream bed is composed of thick sand
layer, there is a need to replace the sand
layer with imported clay soil. To make
replacement work easy, a cofferdam may
be constructed using sandbags. If the sacks
are not available at the site, banking (soil
filling) can be applied.

: apont
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Stand the Vertical Members;

The vertical members composed of
bamboo/twigs are put in front of the
horizontal supporting log as seen in the
illustration.

To put grasses and soil easily, the vertical
members such as bamboo/twigs should be
put as close as possible together. These
vertical members are placed into the
foundation, which in cases has been
replaced by clay soil, and again connected
to horizontal support log at the top, using
materials such as runner (see below).
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Step

Process

Description

Remarks

3 Placing the Grasses; To prevent swelling out of grasses, the
Grasses are placed or fixed in front of | grasses are bound by horizontal members
the vertical members. such as bamboo and tied together with

the vertical members as shown in the
illustration.

4 Pile the Grasses; To make the structure less porous to

Grasses are piled horizontally on vertical
standing grasses. See the illustration at
the left.

water, the horizontal layers of grass are
placed in front of wvertical layers of
grasses in a criss-crossing way. This
pattern helps in making the weir very
much water tight.

To prevent swelling out of grasses, the
grasses may be bound by a vertical
member (bamboo) once again.
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Step

Process

Description

Remarks

5 Patch the Clay Soil; To prevent water leakage, clay soil is
The clay soil is patched on the grasses as | patched tightly on the grasses. The
shown on the illustration in the left hand. clay soil is put not only on grasses as
Furth to sienificantl ¢ wat a part of dam but also on the stream

urthermore, 10 -slgni 1can‘€ Yy prevent Walelh | panks in contact with the weir to
leakage, the layer of clay soil constructed may | . . . .
. o minimize water leakage passing
be covered by soil existing around the brush
through banks.
dam.
6 Completion of Construction; Note; Maintaining the Weir

Front View

The weir is then completed. See the
illustrations in the left hand and below.

'1 ég - Back View

During operation of the irrigated
farming, the diversion weir should
be maintained carefully. For
instance, if a hole is found at the
weir, immediately stop it by sealing
with clay soil. This process will
restore the weir its former good
shape, as the hole will be a source of
weakness whereby the structure can
fail.
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Step

Process

Description

Dismantling the Weir

Transporting Materials
and

Tools to the village

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.

Setting aside the Materials & Tools
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Examples of Inclined Weir (Kawambwa District, Luapula Provicne)

wooden logs.

Back view of ziising

- X ¥,

"*(vej?rw where a 1ot
ont'of the weir body, .
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2.

Construction of A Temporary Weir: Single-line Wall Type (best suited at wider streams whose foundations are not rock)

Step

Process

Description

Remarks

1

Position the Wooden Poles;

=| Position the wooden poles at the

diversion point across the stream with
an interval of 20 — 30 cm. In short,
there should be 3 to 5 numbers of
wooden poles per one meter. The poles
are driven into the ground at a depth of
more than 0.3m, below soft foundation
if any. Length of the pole depends on
the site condition, more especially in
relation to the design tapping water
level.

In case of a certain site in Kasama District,
width of the stream at diversion point was
about 6m. About 20 wooden poles were
piled with 0.2 - 0.3m of interval.

Good straight poles with a sizable diameter
should be the ones to be used in this step.
The hammering of the poles into 0.3 m
below the bed level should be done in
order to overpass sand foundation if any,
which would be prone to scouring effect if
placed above 0.3m.

Weave the Grasses through the
Poles;

To tap the stream flow, grasses
(elephant grass etc.) are woven
horizontally through the poles. See the
illustration in the left hand.

A good chunk of grasses is taken, and then
is twisted and finally it is woven between
the poles. The bundled woven grasses are
treaded layer by layer as they are put
criss-crossing on upright logs. This kind of
compaction is required in order to achieve
water tight situation.

When the bundle has reached the end, the
next bundle should not start at the very end
of the last bundle, but rather, it should start
at midway in order to minimize gaps.




Step

Description

Remarks

8V-I-dV

3 Put the clay soil on the Grass Fence; It may not be effective to use sandbags as
Put the clay soil on the grass fence. To | @ measure of preventing leakage by
prevent water leakage from the grass | boiling/piping on the bottom of the
fence and boiling due to sand bed | stream. Rather using clay and ordinary
material of the stream, clay soils are put | soil to seal the gaps in the grass fence and
on the grass fence and the bottom of the | the bottom of stream is effective because
stream up to certain level. the gaps would be clogged with particles

N oM e of clay and soil.

After putting the clay soil on the grass
fence and the bottom of stream, soils
(stream bed material where appropriate)

are thrown to the grass fence.

R - i - "“J\" \. SR 7 T ! ;ﬂfé;-i

4 el e T L. -7 | Completion of Construction; During operation of the irrigated farming,
e T | The weir is completed after following all | the diversion weir should be maintained
: the steps above. carefully. For instance, if a hole at the

weir is found, it should be immediately
sealed with clay/ordinary soil. This
process will restore the weir its former
good shape.
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Step

Process

Description

Dismantling the Weir

Washing the Tools

h
PR

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.

R

Setting aside the Materials & Tools

f
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Examples of Single-line Weir (Mbala District (left), Mporokoso District (right), Northern Provicne)

lines of poles in which there are
grasses sand-witched.

'e#‘e anhe 2 lines of poles in which
liere’are grasses sand-witched.

10
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3.

Construction of A Temporary Weir: Double-line Wall Type (best suited at wider streams whose foundations are not rock)

Step

Materials to be collected

0

Collect all the following materials;

(a) Log/Bamboo/Twigs: to make the fence both inner and outer (Quantity: 30-35n0s. per 10 meter length of the dam, Refer to Step-1 & 5)

(b) Grasses (Elephant grass): to weave into the fences (Quantity: depend on the size of the dam, Refer to Step-2 & 6)

(c) Clay soil: to patch in front of inner fence (upstream side) and stuff into the opening of the fences (Quantity: depend on the size of the dam,
Refer to Step-4 & 7)

(d) Ordinary soil: purpose is same as clay soil

Implements;

Hoe, Shovel, Panga knife, Wheelbarrow, Hammer (Quantity of these implements depends on the number of participants for construction of the
dam)

= o Shovel

11
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Step

Process

Description

Remarks

Pile Wooden Poles to the Inner
Fence (Upstream Side);

To make the inner fence, the wooden
poles such as log, bamboo and twigs
are piled every 30-50cm interval on the
line crossing the stream.

When the poles are properly
positioned, they are driven into the
streambed by a hammer.

In fact, this process of putting inner fence
is just same as that of single-line weir
construction. As single-line weir may
hardly be able to stop water due to the
leakage through the weir body, this
double-line weir was devised. Therefore,
one may say this weir is best suited at a site
whose width is relatively wider, so that it is
impossible to construct inclined type weir,
whose foundation is formed with soil (not
rock), so that we can drive poles into the
foundation, and where we need to
minimize water leakage probably due to a
fact that there is little water flowing in the
stream.

Weave Grasses into the Inner Fence;

To tap the stream flow, grasses
(elephant grass etc.) are woven
horizontally into the inner poles
following Step-1.

Then, the grasses woven are
compacted by feet. The moment any
grass is weaved between the poles,
press it tightly with feet. Continue
doing this until a required height of
this weir is obtained. The weaving of
grass should be done to both fences, so
that a space is left in between the
parallel fences.

The grasses are bundled and woven
horizontally between the wooden poles. A
good chunk of grass twisted is taken and
finally it is woven between poles. When
the bundle has reached the end, the next
bundle should not start at the very ending
of the last bundle but it should start at
midway in order to minimize creating
gaps. The bundled grasses which are
woven between the poles are treaded layer
by layer so as to compact it in order to
achieve a water tight situation.

12
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Step

Process

Description

Remarks

Upstream Side

Put Clay/Ordinary Soil on the Inner
Fence;

Furthermore, clay/ordinary soils are put
on the upstream side of inner fence to
prevent water from passing through the
weir body as leakage.

To protect water leakage through the gap
of grass fence and boiling due to sand
bed material of the stream, the clay soils
are put on the upstream side of inner
fence and the bottom of stream up to a
certain level.

The above Steps-1, 2 and 3 are exactly
same as those of single-line weir
construction. There may be a difference
from the single-line weir; that is the
interval of the poles. Since this is to be a
double-line weir, a wider interval than
that of single-line weir may be accepted,
say 50 to even as wide as 70cm interval.

- -i;i‘lé-'-v_i"oeden pole to
Outer Fence

Pile Wooden Poles to the Outer Fence
(Downstream Side);

The outer fence is constructed following
the Step-3. As first step of making the
outer fence, the wooden poles are piled
on the line of outer fence such as that of
Step-1, preferably 50cm to 1m
downstream from the inner fence.

Then, being same as Step-2, grasses
(elephant grass etc.) are woven
horizontally into the outer poles. The
grasses should, of course, be compacted
by feet/ or using a log in order to achieve
a water tight situation.

The poles are hammered into the ground
with double lines (namely at outside of
inner fence). The whole essence of
hammering is to make the structure
strong, and to make the poles go beyond
sand deposits. The interval between the
poles can be 50cm — 70cm, a little wider
than that of single-line weir.

13
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Step

Process

Description

Remarks

Stuff Clay/Ordinary Soils;

Put the soil which exist around the site
into the opening between the inner fence
and outer fence.

To prevent water leakage from the grass
fences, clay/ordinary soils are put into the
space between the inner fence and outer
fence. The clay soil and ordinary soil can
be collected around the diversion site.

It should be noted that the wider the
space between inner and outer fences, the
more soils should be prepared and put
into. The wider the space, the less
leakage we can expect but the harder the
job of putting soils in between becomes.

s BY using a wooden log

on l').y feelf,
3 rf

Compacti

Compact the Soils;

The clay and soil ordinary soil thrown
into the space between the inner and
outer fences should be compacted heavily
by feet or with a wooden log.

After all the process above is followed,
the weir is now completed and water
starts backing up on the upstream of the
weir, then the water starts getting into the
diversion canal to flow.

Completion !

14
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Step

Process

Description

Transporting Materials
and

Tools to the village

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facilities for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.

Setting aside the Materials & Tools

15
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Examples of Double-line Weir (Mansa District (Left), Luapula Provicne, Mungwi District (Right), Northern Province)

A double-lien weir which works village road as well.

16
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4.

Construction of A Temporary Weir: Trigonal Supported Wall Type (can be installed on a rock foundation where wooden logs can’t be driven)

Step

Process

Description

Remarks

1

Assemble the Trigonal Prop
(Standing Structure);

To support the brush dam made of
grasses/clay soil, the trigonal prop
standing structures are assembled as
shown in the left illustration.

The trigonal prop can be made of
log/bamboo. The size of this structure is
adjusted depending on the site condition
with reference to the design tapping water
level. As an example, each member is cut
with a length of 1.3m for 0.5m of tapping
water depth design. The diameter can be of
the log’s/bamboo’s one for the trigonal
prop; around 7cm - 15¢m each. The front
of this structure, namely the upstream side,
has an inclination to act as support for the
fence made of logs, bamboos and grasses
with clay soil, and lastly, to stand against
the water pressure.

llllll

Refer to the Illustrations

Cutting of trigonal prop members and
assembling of this structure.

An angle of inclination of the front face is
around 70 - 80 degrees. To tie the members
to each other, local materials such as
runners/grass/sisal can be used.

The horizontal 3 members of the prop,
forming the horizontal triangular, should
be placed outside of the inclined members,
so that it can stand more against water
pressure.

17
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Step

Process

Description

Remarks

Set up the Trigonal Props across the
Stream;

The trigonal props are set at the
diversion point across the stream. Then,
horizontal members are fixed to the
trigonal props to keep them in place and
in line to each other. At least, 3
horizontal members i.e. upper, middle
and lower members should be fixed on
the trigonal props.

As a result, all of the trigonal props are
connected by the horizontal members
and will withstand the water pressure as
one structure.

The trigonal props are placed at a proper
interval in order to prevent this structure
from falling down by water pressure. In
case of a site in Mungwi district, the
width of the stream at the diversion point
was about 15m, and 10 trigonal props
were set up giving an interval of 1.5m
apart.

The diameter of fixed horizontal
members can be around 3cm - 10cm
each. The materials can be wooden poles
and bomboos.

Place the Grasses on the Trigonals;

To tap the stream flow, the grasses are
placed vertically in front of the trigonal
props touching the bed level of the
stream.

To reduce the water leakage, it is better to
put the grasses very closely. In particular,
at the bottom portion of stream, a lot of
grasses should be used and should be
placed tightly.

The horizontal member to be fastened on
the top of the grass is the bottom one.
Then the second and finally third on top.
This helps to keep the grass very tight to
the trigonal prop and indeed reinforces
the trigonal prop.

18
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Step

Process

Description

Remarks

Tie the Standing Grasses to the

Trigonal Structure;
To prevent swelling out of the standing

.| grasses, these grasses should be pressed

against the trigonal prop by using
horizontal members again tied with
runners. Three horizontally parallel

| members, at the bottom, at the middle
|| and at the top, are finally fastened with
" | the props or otherwise with the horizontal

members already set behind the grasses.
The grasses are thus sandwiched by those
horizontal members set in front and
behind.

To press down the grasses on the trigonal
prop, another layer of horizontal
members are put in front of grasses which
are made to run parallel with the first
horizontal members already placed at
beginning but at a specified interval
between each other and these are tightly
tied to the first layers of horizontal
members. In so doing, grass is tightly
sandwiched between horizontal members.

The number of layers of horizontal
members is dependent on the height of
the trigonal weir. In general, 3 lines of
horizontal members are placed.

Put the Clay Soil on the Grass Fence;
Clay soil is placed on the grass fence
starting from the foundation or streambed
level. To prevent water leakage, the clay
soil is patched on the grass fence. The
clay soil is put not only on the grasses as
a part of brush dam but also on the gap
between the bottom edge of the grass
fence and the natural ground/exposed
rock foundation.

Putting of clay soil should be started at
the bottom, and much attention should be
put at this stage. This is because this area
is very critical in reducing water leakage
and thus where the water pressure is the
highest. A lot of clay soil should be
placed at the bottom in order to make it
water tight as much as possible to prevent
leakage.

19
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Step

Process

Description

Remarks

@ Frontview

Diversion Weir in a Wide Stream:
Rock Foundation

Completion of Construction;

The front / Upstream of the Weir

Water finally backs up at the upstream of the
weir and the duration of backing up depends
on the stream width. The weir is finally

completed.

]

With this trigonal supported weir,
water depth stored could reach over
1.0 m or even more than 1.5 m.
However, the higher the water level
is, the riskier it is and therefore it
may fall down. Therefore, it is not
recommended to store water over
1.0m.

Check the inclination of the weir.
The bamboos supporting the trigonal
prop, which is at an inclined angle, is
clearly seen / shown in the pictures
with its horizontal support. The
water level in the downstream is
lower than the upper stream of the
weir. The trigonal props also help
resisting the water pressure which is
greater at the bottom, hence the
unique design the trigonal prop.

20
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Step

Process

Description

Dismantling the Weir

Washing the Tools

Note; Maintaining the Weir

During operation of the irrigated farming, the diversion weir should
be maintained carefully. For instance, if a hole is found on the weir,
it should be immediately sealed with clay/ordinary soil. This process
will restore the weir its original good shape.

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.

Setting Aside the Materials & Tools

21
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Examples of Trigonal Supprted Wall Type (Mungwi and Mpila Districts, Northern Province)

Assembling trigonal stand

- Since ﬂov(i_"in the stream is too much, right side of
the weir is intentionally left opened.

22
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5.

Canal Alignment with Sprit Line-level (Section 1; Assemble Line-level)

Step

Process

Description

Remarks

1

Adjust the Poles;

Two (2) poles should be prepared and
are cut in the same length.

Local materials such as bamboo/wooden
poles are applicable. The lengths of poles
should be adjusted to the height of pole
holders. Usually, the poles are about 1.7m
to 1.8m in height. The poles should have a
sizable diameter so that they are easy to
hold. Bigger poles with bigger diameters
would be difficult to handle.

Make Groove on the poles (to know

gradient on field);
To tie and fix a string, make circular
groove around the poles at the same
height of both poles—around 1.0-1.3
m from the bottom.

The position of the groove should be set in
accordance to the height of the reader of
the spirit level. Usually, the height of the
groove is from 1.0m to 1.3m from the
bottom of the poles. When measuring the
level point on field, the grooves should be
marked with same height of both poles.
However, when measuring a particular
slope, grooves should be set at different
heights. The table on the next page shows
an example of positioning the groove on
each pole according to a required slope
(same as canal longitudinal gradient).

23
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Step

Process

Description

Remarks

J

S
il

Put Grooves at Different Heights on
One of the Poles:

Take one of the poles and make grooves
on the pole as shown in the left
illustration. The position of the groove is
Smm lower than the first one (top one),
and another 5 mm from the first one.

In conventional way of using a sprit line
level, the 2 grooves should be put on the
same height in order to know the same
clevation points at the 2 poles. However,
to align a canal with a designed gradient,
we need to make a difference of the
clevation in between the grooves of the 2

“ ; The pole at the right side has a groove | Poles:
g P fixed at, for exarnple7 1.3m from the As an example, 5 mm difference over a
Loy A | . .
! : L bottom of the pole as an example (see | distance of Sm gives 1/1.000 (Smm/
‘ the groove on the Pole A). On the other | 5,000mm)  gradient, and 10 mm
| ‘ ‘ hand, the pole standing at the left hand | difference over the same S5m distance
! . side has 3 grooves (see the grooves on | gives 1/500 (10mm/5,000mm) gradient.
Gl e | ; the Pole B). These grooves indicate the | If the 2 poles are placed over a distance
1 - level line, 5mm lower than the level line | of 10m, 10mm difference gives 1/1,000
" B A and 10mm lower than the level line. (10mm/ 10,000mm) gradient and 20mm
difference gives 1/500 (20mm/ 10,000
mm) gradient.
- - - — The table shown on the left gives an
Design Elevation Distance The position of grooves from the bottom .
gradient of | difference of | between the 2 : : example for the position of the grooves
canal 2 grooves poles Stick-(A) Stick-(B) (tying position of the string for the 2
1/1,000 5.0 mm 5m 13m 1295 m poles) to set the designed slope of canal
on the site.
1/500 10.0 mm Sm 13 m 1.290 m On a gentle topography like Dambo
1/1,000 10.0 mm 10 m 1.3 m 1.290 m areas, 1/1,000 is recommended while on
1/500 20.0 mm 10m 13m 1.280 m @ sloped topography, 1/500 slope is
recommended.
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Step

Process

Description

Remarks

4 Fix the String;
Tie the string on a grove marked on the
above steps.
5 Testing the line-level; The length of string depends on the site

The distance should be 5m in general,
but may be extended to 10m in the site

locating at Dambo area.

Smin g‘re;\jj’eml
10m in cases
15m in a special cay

The length of the string, same as the
distance of the 2 poles, should be 5m in
most cases but in some cases it can be as
long as 10m.

I I

il
i
o _— A
i
P
e o —_—

condition. Usually, 5m length of string is
ideal as it is easy to handle. However, if
the topography is too gentle and difficult
to find an appropriate point within the 5m
distance, extend the string up to 10m.
Elevation difference of 10-20 mm could
be found within the 10m distance. In case
you cannot still find out appropriate point
within the 10m distance, you might
extend the distance of the 2 poles up to
15m as a special case. In this case, 15mm
elevation gap can give 1/1,000 gradient
(15/15,000) and 30mm elevation gap can
give 1/500 gradient (30/15,000).
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Step Process Description Remarks
6 Set _a Spirit lLevel (completion of | The position where the spirit level is
assembling the line-level): fixed should be the center of the
After the required span between the poles is | string, e.g. 2.5m point with Sm of
Setting a Spirit Level set, set the spirit level on the string. str?ng, 5.0m point with 10m of
string.
7 Starting the Canal Alignment with Sprit | A slope of 1/500 on a sloped

Line Level:

Line-level can be used to know a sloping
point for the design longitudinal slope of the
canal. To survey that, at least three persons are
needed: two for pole holders and one to read
the level.

(inclined) land is recommended
while 1/1,000 slope may be applied
on a flat land e.g. dambo areas. One
may think 1/1,000 slope is too gentle
for water to flow. However, this
slope is quite enough to let the water
flow in the canal by gravity.

As most topography in Zambia is
very gentle, steep canal slope with
more than 1/500 is not recommend.
On the other hand, gentler gradient
than 1/1,000 is not recommended
cither since spirit line level may not
accompany such accuracy.
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Step

Process

Description

Remarks

Surveyving Sloping Point on the Field;

The pole holders should stand at an interval of
5 meters or 10 meters according to the length
of the string put over the poles. At this time,
the pole holder whose string is tied at a lower
position than that of the other pole should
stand at a higher position e.g. at the starting
point of the canal (He/she stands on the left
side in the illustration).

The other pole holder (the person on the right)
will move to the point where the bubble in the
spirit level comes to the center. The level
reader checks whether the bubble in the spirit
level is at the center or not.

The tied point on the right pole is, as
an example, higher by 5 mm than the
tied point on the left pole in the
illustration. With this situation, when
the bubble in the sprit level comes to
the center, it automatically means
that the ground at the right pole is 5
mm lower than that of left pole. If
the distance of the 2 poles is 5m, it
gives 1/1,000 gradient (5Smm/ 5,000
mm) to the ground over the 2
points).

- .
o, L 4
J plL T N U R

This placing may be called off-set leveling since the
evaluation gap between the grooves is off-set by the
elevation difference of the ground where 2 poles are
placed.

Do progressing Placing of the Poles:

After a sloping point is set, the pole holder
who stands at higher point (left person in the
illustration) should move the point to where
the other one was (right person in the
illustration). The points where the pole
holders stand act as bench marks where the
pegs are now driven. After this, repeat the
same procedure until the required distance of
canal is achieved.

Upon completion of the line-leveling over the
designed distance of the canal, re-align some
pegs to get a smoother canal alignment (avoid
zigzag alignment).

This method is completely different
from conventional pole placing.
Conventional placing requires us to
place the 2 poles alternately in order
to identify a counter level, while this
canal alignment necessitates us to
place the 2 poles progressively. By
placing the 2 poles progressively,
designed  elevation  difference,
corresponding to  the  canal
longitudinal slope, over the 2 points
is secured since the tying points of
the string on the 2 poles are different
in elevation.
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6.

Canal Design and Construction

Canal Ancillaries

A Canal Bridge crossing a gully:

On the frame assembled with wooden
poles and supported by twigs from the
ground, long tall grasses are placed on
and a bunch of grasses about 20 cm in
diameter is placed on the both edges,
and thereon plastic sheet is placed.

On-farm ditch covered
with stone pitching:

Where farm land is located
on a sloped area, stone
pitching can be applied on
the ditch in order to prevent
the soil from being eroded.

If stone is not available in
and around the site, even
banana sheath can be used as
a temporal material for ditch
lining in order to prevent
soils from being eroded.
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7.

On-farm Irrigation Method (Section 1; Sunken-bed Irrigation)

Step

Process

Description

Remarks

1

Making the Sunken Bed;

This sunken-bed on-farm irrigation
system is applied to a very flat area, and
not to steep topography. To do this
on-farm irrigation method, make a
sunken bed, which is a leveled area in
the field, surrounded by earth bands. The
leveled area is flooded during the
on-farm irrigation. Sunken-bed irrigation
is suitable for many crops.

In sunken beds, the crops grow on the flat
surface, which are surrounded by small
earth embankment and are kept wet for a
long time when the bed is irrigated. The
advantages are; 1) the amount of water
can be given with a minimum amount of
labor if beds are well leveled, 2) water
losses can be kept low by minimum
run-off, and 3) beds last for a long time
once they are constructed.

Refer to the Illustrations

Sunken-bed irrigation needs a good
water supply to fill the basin quickly.
This in turn requires accurate land
leveling with a good earth embankment
surrounding the bed. Also it is required
that the intake at the bed should be
clogged when the water reaches around
3/4 of the length of the bed, after which
water is to reach up to the end by gravity
in the bed.

The width and length of the sunken bed is
normally 0.9 - 1.2m and 2.0 - 5.0m
respectively but depends on the type of
crops and soil. If the soil is sandy, it is
recommended to shorten the length, say
to 3 m or even to 2 m length.
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On-farm Irrigation Method (Section 2; Furrow Irrigation)

Step

Process

Description

Remarks

1

Furrow Irrigation

e TN T e /""“——-—_--":'I_‘--'——-._,________ X
— . Flow of Irrigation Water  ~ z '

Making the ridges and furrows:

This furrow on-farm irrigation system
is applied to a relatively steep
topography, and not to very flat area.
To practice this on-farm irrigation,
make ridges and furrows, just same as
the one for rain-fed agriculture. Note
that the interval of ridges, same as that
of furrows, should not be too wide, say
not over 100 c¢m in any case. Intervals
of over 100 ¢cm can be seen in rain-fed
agriculture, however with these wide
intervals, irrigation water can hardly
wet the crops planted on the ridges.

Under furrow irrigation, water is taken to
the plant through long and narrow on-farm
channels (on-farm furrows) formed in the
soil at regular intervals, between the crop
rows (ridges). The length of the furrow is
normally 3 - 10 m but depends on the type
of soil and the land slope. If the
topography is very uniform, the length of
furrows/ridges can be extended up to 10m
or otherwise better to limit within 5m in
most cases.

Refer to the Illustrations

Water is gradually absorbed into the
bottom and sides of the long on-farm
channel (on-farm furrow) wetting the
soil. Crops are usually grown on top of
or half way down the ridges between
furrows.

To be planted either on top or

W half way down

hates Lews

Fanahralim

It is important to use the right shape of
furrow, furrow spacing and length. Good
water management is of course very much
important for the method to work well. The
interval of ridge is usually 60 — 80 cm,
equivalent to the one applied under
rain-fed agriculture or somewhat narrower
than that. Ridge height, equally to furrow
depth, should be around 20 — 25 cm in
order for capillary to lift the water toward
ridge. Cops are planted at intervals of 25
—30 c¢cm on top of or half way down the
ridges, which is also equivalent to the
practice of rain-fed agriculture.
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Examples of On-farm Irrigation Method (Furrow rrigation and Sunken-bed Irrigation)

'
PN

On-farm Furrow

Plant, e.g. maize

.

Furrow Irrigation: Water is withdrawn into on-farm
furrow, and then wets the soils by capillary.

s 5

¥ F ) s i3 TR
Sunken-bed irrigation: Sunken-bed is a leveled area surrounded
by earthen band. Water is led to this bed and wets whole the bed
area for the plants.
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8. Discharge measurement (Section 1; Float Method)

Step

Process

Description

Remarks

1

Measurement of the Water Area;

The float method is available to know a
rough estimate of the stream flow. The
amount of flow (Q) can be estimated by
measuring the size of the stream
(A=water area) and the speed
(V=velocity) of the water (Q=A*V).

The water area of the stream (width
multiplied by depth) has to be measured.
It is better to select a clean and straight
section on the stream, at least 5 — 10m
long. Measure the depth at one
cross-section for at least 3 points (e.g. at
1/4, 1/2, and 3/4 of total width as in the
bottom illustration) and calculate the
average depth. Then, multiply the
average depth into average width of the
section, which is the width at the mid
point of the average depth from the water
level. After the water area for each
cross-section is calculated, the
representative water area (A) is estimated
by averaging all the cross-sectional areas.

How to estimate a cross sectional area:

™~

at the mid ¢f average depth fr

0.30

the water level.

0.35]the average depth

\JO.SO 0.25
Depth (m Width, m Area, m’
Depth 1 (1/4) 0.30
Depth 2 (1/2) 0.50 07 0.252 m’
Depth 3 (3.4) 0.25 ) (0.35%0.72)
Average 0.35

Measurement of the velocity;

A float (e.g. a piece of dry wood) is
thrown into the water to measure the
velocity. Measure the time (in second)
taken by the float to move between the
upstream cross-section point {section-a)
to the downstream one (section-c).
Repeat this measurement at least three
times, and calculate the average velocity.
Velocity is calculated as follows:
Velocity=Length (m) of the 2 points (e.g.
section-a to section-c in the illustration) /
time (in second)

The measured velocity at the surface is
larger than the velocity along the bottom
and sides. Therefore, the measured
velocity at the surface needs to be
corrected as follows:

-When the water depth<30cm,
Velocity=average velocity times 0.70

-When the water depth>30cm,
Velocity=average velocity times 0.85

Finally, multiply the average water area
by the corrected average velocity. This is
the amount of flow (Q=A*V) in cum per
second. When multiplied by 1,000, it is
now the flow in litter per second.
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Discharge Measurement (Section 2; V-notch Method)

The v-notch is set up at suitable site
near the place where it is planned to
construct the diversion weir.

Step Process Description Remarks
1 Making a V-notch; If the amount of stream flow is small such
Generally, the v-notch is made of | as up to 100 lit/sec, v-notch is available to
wooden board at an angle of 90 | measure the discharge. The application of
degrees. v-notch is as following (refer to the figure
show in the left):
0.5m<=W<=1.2m
0.1m<=D<=0.75m
- ¥ 0.07m<=H<=0.26m
H<=W/3
-
# __'J; ________
/ ! g W’j77
T T P i
2 Set the V-notch in the Stream; The v-notch must stand perpendicularly to

the stream flow. To stabilize the v-notch,
sand bags can be used.
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Step

Process

Description

Remarks

3 _ o .. Measure the Depth of Nappe: To measure the depth of the nappe, a
- ir(c:; E/;"’"”‘: T e After setting of the v-notch, the stream | ruler should be prepared. The ruler
- A NG R A flow starts overflowing through the | should be placed perpendicular to the
v-notch. The v-notch will be left as it is. | flow exactly, or error in the measurement
When the nappe has become stable, the | will take place.
depth of the nappe has to be measured.
The depth here means the distance
between the deepest point of the V-notch
and the water level right above the
deepest point.
4 Read the Graph or use Tables;

3

2%

20

90"
X . — L e
H em M Head & Discharge |—il
30 L ‘ ’, 1 _
V-notch A L=/£5m1 //
/ }=30rm — 1 L L
]
-/ / "/L=6[Jcm
L
/|
V5%
%
L =t5em

6 0 20 30 40 50 6C 70 BD 9C 0O 110 120 130 (40 50 160 170 180
: ! jsec

The amount of stream flow can be
known by the graph shown on the left
column, or refer to the tables on the
following table.

After measurement of the depth of nappe,
the depth is checked against the graph to
know the volume of flow. The graph
shows the relationship between the depth
of nappe and discharge. Or otherwise
refer to the table on the following page.

An exercise in case of V-notch;

The depth of nappe: 25cm
The amount of flow: 40 lit/sec

34




SEVI-dV

Step

Table of Discharge against Ovewflow Depth

4 In case of V-notch:
Over flow depth on V-notch Discharge 0.20m 0.6m 0.20m
h (m) Q (m*/min) Q (lit/sec) < > >
0.07 0.11 1.83
A A
0 H=0.30m
A
0.70m
D=0.40m
A
| W=1.00m
4 In case of rectangular notch:
0.20m B=0.3, 0.45, 0.6m  (0.20m
Discharge < > >
Over flow dspz::)on R-notch B=300m B=a5om B=600m
Q (lit/sec) Q (lit/sec) Q (lit/'sec)
0.10 16.59 2517 34.00 4

27.72 41.36 56.02
40.96 60.09 81.56

56.23 81.11 110.29
73.51 104.27 142.03

H=0.30m

D=0.40m

W=1.00m

\ 4

0.70m
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PREFACE

This guideline applies for construction of irrigation facilities for small scale irrigation schemes. It applies for
simple and small scale structures which are made of stone masonry, brick masonry, stones, carth elc.
However, it does not include construction of sophisticated structures ¢.g. reinforced concrete as well as use
of heavy equipment. Most of the works under this guideline are to be done by the farmers manually.
However, the guideline also contains other related detailed hydraulic analysis, structure analysis and stability
analysis for structures.
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CHAPTER 1 GENERAL

1.1 Definition and Ranges Covered by this Guideline

These criteria provide the fundamental concepts and points of attention with reference to the basic
factors necessary for establishing projects concerning upland irrigation. Upland irrigation is the basic
measure for supplying the water necessary for the improvement and maintenance of the growing
environment of upland crops cultivated mainly on ordinary uplands orchards and pastures. The criteria
deal with the general water utilization system for irrigation ranging from water sources to farmlands.

These criteria provide the fundamental concepts necessary for the establishment of upland irrigation
project. They are not intended to restrict the judgment of responsible persons or to make plans uniform,
but to facilitate planning work by indication ideas and planning processes that will help overcome
complicated selection.

Persons responsible for planning are required to make their utmost effort to establish a plan suitable
for local conditions through utilizing their own experience and creativity in accordance with the
courses shown in these criteria.

1.2 Objective of Upland Irrigation

The objective of upland irrigation is to improve the land productivity and the labor productivity of
project areas through supplying the water necessary for upland crops and improving the employment
of water usage by multipurpose application of irrigation facilities.

Upland irrigation supplies the moisture necessary for upland crops, thus increasing the yield and
improving the qualities. In addition, the multipurpose application of irrigation facilities contributes to
the rationalization of lot management, prevention of meteorological disasters, labor saving in
management works, and so on. Upland irrigation thus enables the introduction of profitable crops and
new varieties of crops, the rationalization of the farming system, the upgrading of crop intensity, and
planned production and marketing, and establishes the basis of farm development. Accordingly, it is
necessary to examine carefully the irrigation plan from a wide range of views.

1.3 Basis of Plan Establishment

Prior to the establishment of the plan, the accessibility and the economy of water sources, the farming
program of project areas, related projects, etc. shall be fully examined based on the principle that the
entire water utilization system needs to be well balanced including future operation and maintenance.

With regard to the production system, group unity and rearrangement of production, organizations are
required to cope with the expected rise in marketing after the initiation of water utilization. Also, in
order to stabilize production, the establishment of a production system to conduct organizational
quality control and continuous marketing is required. The point is how the benefit of upland irrigation
is utilized in the production system.

As the cropping pattern and the decision of the seasonal crop structure greatly affected water
requirements for irrigation, they shall be estimated based on the forecasted future farming system.

If the farming program on the basis of water utilization, seasonal cropping pattern considering
beneficial area are roughly decided, the total water requirements throughout the year and the
maximum water requirements for' crop cultivation could be approximately estimated in the project
arca. On the other hand, based on examination of the kinds of water sources and the volume of
available water, it is possible to decide roughly how much water should be obtained from the water
source. Accordingly, in the stage of examining the whole water supply and demand, it is necessary to
study the required volume of irrigation water and the benefit of the water utilization and compare with
the project cost, water cost, etc. in order to balance the plan as a whole economically.

In addition, when planning basic facilities such as the water source, water conveyance, water
distribution, regulating reservoir, and pump, it is necessary to prepare the basic plan to establish a
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generally consistent and balanced organization as a whole including the control method and future
organization.
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CHPATER 2 UPLAND IRRIGATION

2.1 Investigation

2.1.1 Investigation Procedures

B Procedures of investigations necessary for the establishment of the plan shall be
provided in accordance with the scale of the project to be executed and the regional
characteristics.

B |t is necessary to promote the investigation and the establishment of the plans side by
side in liaison with each other, and to conduct them rationally and efficiently.

[Explanation]

v Investigation procedures shall be decided in accordance with the scale of the project to be
executed and the regional characteristics. Therefore, it is not appropriate to provide one specific
procedure. A standard procedure is shown in Fig. 2.1

v"As a general rule, in order to make a rational and efficient investigation, regional characteristics
should first be understood comprehensively, then a detailed investigation of necessary items
should be conducted. The former is a reconnaissance investigation and the latter is a detailed
investigation.

¥v" The reconnaissance investigation is a rough study of the exiting condition by which the need for
the project is judged, basic plan prepared and basic and detailed investigation plans are prepared.

v' The detailed investigation is conducted to obtain the basic dimensions necessary for the
establishment of the plan. In accordance with the basic plan and utilizing the results of the
reconnaissance investigation, a plan of the detailed investigation is prepared and conducted.

v"As a rule the ultimate validity of a plan is judged on the basis of the result of the detailed
investigation. However, the feasibility of the whole project may depend upon the assessment on
the need and validity of the project made in the reconnaissance investigation. Accordingly, the
reconnaissance investigation has to be performed very carefully.

2.1.1.1 Reconnaissance investigation
(1) Items to be clarified by the reconnaissance investigation

1) Outline of weather, land-form, geology, and soil

2) Conditions of farmland consolidation

3) Condition of water usage (irrigation and drainage, and main irrigate drainage facilities)
4) Social, economic, and farming conditions of project areas and regions

5) Outline of development plans and related projects of the prefectures, towns, and villages

6) Intention of farmers in the project area
(2) Procedure and contents of reconnaissance investigation

Investigation procedure and contents to be noted are described below.

AP-I-B-3
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1) Collection of the following published works or literature and under-standing of the project area.

a) Topographical maps (scale of 1/25,000 - 1/50,000) .

b) Handbooks of cities, towns and villages on census (prepared by each city, town or village
office)

¢) Geological maps
d) Soil maps

¢) Irrigation blocks in each water source
2) Interview

Interviews with relevant farmers, officers of city, town, village offices, and the land improvement
districts on the present conditions of farming, roads, farm lots conditions such as arable land, irrigation
and drainage, water usage as well as, farming improvement, accessibility to applicable water sources
and future plans in the regions .

3) Survey

The scope of the survey shall be decided in accordance with the investigated results of 1) and 2)
mentioned above. Using drawings and simple measuring instruments such as a hand level, distance
measuring instruments, the following points shall be surveyed: the conditions of the farm lots, roads,
irrigation and drainage facilities, landform and geology, streams of rivers exploitable as water sources
and water-intake points. The survey results shall be specified into drawings and arranged. It is
desirable to conduct a survey with the assistance of persons who know the details of the project area.

4) Judgment based on the result of the reconnaissance investigation

On the basis of the findings obtained by the reconnaissance investigation, the need and validity of the
project in the relevant areca shall be examined. In accordance with the development plans in the
relevant land improvement projects of the prefectures, cities, towns and villages, the basis plan of the
project shall be prepared so as to be in harmony with the development goals of the region.
Contents of the basic concept - rough selection of beneficial areas, principal crops, irrigation method,
water source and intake sites, simultancous execution of land consolidation, etc.
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Definitions of project
area

ht

$i

Reconnaissance
Investigation

k!

\/

— Investigation of present conditions (natural

and social environments)

Understand the present conditions.and problems of
the project area by collecting: published ‘works and
through surveys and interviews,

(natural conditions, farmland consolidation, water
usage, socio-economic factors, agriculture; farmers’
intention, ete.}

— Investigation of related plans, etc.

Collect literature 'on the development plans and
related projects of the prefectures, towns, and
villages, and investigate the intentions of the
autharities concerned and the farmiers in the land
improvement district an the improvement of present
situation.

- Development plansof the prefectures,
cities, townsand villages

— Related land improvement projects

Judgment of theneed of
the project
Definition of basic plan

Umbrella

et -+ Developnient plans forthe agriculture
projec ‘

promotion areg

Preparation of (detailed)
investigation plan

{

4

Detailed investigation

Pre‘par'ation‘ ;o‘f basic pia‘n
Preparation of facility
plan

|

Establishmentof the
plan

Rural industry promotion plans

L Others

Decision of investigation aren

Preparation of the investigation plan based on the study of
existing references and surveys

Investigation for grasping present conditions, landform,
acreage, weather, water-usage conditions, farmers’
intentions, agriculture, socio-economic {actors, ete.

Investigation for deciding the planning of dimensions

Spil, geology, irrigation water, watersource, related
projects, ete.

Fig.2.1 Investigation Procedure
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2.1.1.2. Detailed investigation

On the basis of the results of the reconnaissance investigation, an investigation plan including the
scope of the area, necessary items to be investigated, duration of the investigation and the selection of
the sites for the installation of observation facilities shall be prepared, and put into execution. Items
and contents of the detailed investigation are described in 2.1.2 below. It is advisable to conduct the
investigation focusing on the necessary items, while fully utilizing the published works. In addition,
the detailed investigation and the establishment of the plan should be conducted hand in hand, so that
one can cope with any new conditions arising in the course of the planning.

2.1.2 Detailed Investigation Items

2.1.2.1 Landform and Acreage Investigation

B Since the landform is an important element which affects the irrigation plan, a
topographical map shall be drawn with necessary precision in accordance with contents
of the plan.

B Acreage shall be measured correctly to calculate the beneficiary area.

[Explanation]
(1) Preparation of a topographical map

If any topographical maps with sufficient precision for the plan are already available from the basic
national land survey, the cadastral survey, and the relevant land improvement projects, they can be
used. If they have not been prepared yet, it is desirable to prepare them at the initial stage of the
investigation. Necessary precision and the scope of the drawing are as follows.

1) Scale of drawing - The necessary scale for irrigation plans such as the scope of the project area,
acreage, irrigation method, irrigation systems is in the range of 1/2,500 - 1/5,000 with the contour
interval of approximately 1.0 - 2.5m.

2) Scope of drawing - Generally, the topographical map shall be prepared to cover the following
area: the beneficial area which is roughly defined in the reconnaissance investigation, its
peripheral areas, and areas necessary for planning for irrigation system.

2.1.2.2 Meteorological Investigation

B \Weather in the project area shall be investigated by analyzing data collected over a long
period at a representative meteorological station of the area.

[Explanation]

v As the weather is one of the basic factors of an irrigation plan, the data collected over long period
(10 years or more in principle, and 20 years or more with regard to data on temperature,
consecutive no-rainy days and pan evaporation, which are closely related with the irrigation plan)
at the representative meteorological stations in the arca shall be investigated. When the necessary
data are not available in the project area, those derived from similar meteorological conditions can
be used.
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v' Investigation items are classified in accordance with the type of plan as shown in Table 2.1. They
shall be selected depending on the type of plan and need.

Table 2. 1 Investigation items for each plan

Classification of Plan
ltem . Irrigation Other facilities
Farming plan
water plan plan

Temperature Mggn temperature O

Minimum temperature O O
Precipitation Daily precipitation O O

Monthly precipitation O O

Annual precipitation O O

Maximum hourly precipitation O
Rainy days O O
Sunshine duration O O
Continuous droughty days O O
Snowfall period O O
No-frost days O O
Most frequent wind direction O O
Maximum wind velocity O O
Pan evaporation O O

2.1.2.3. Soil Investigation

B As the basic reference to the irrigation plan, the soil characteristics, the intake rate, etc. the
project area shall be investigated.

[Explanation]
(1) Soil investigation

1) Investigation items - The thickness of the plow layers and effective soil layers, the soil texture, soil
color, the place of gley horizon, the hard pan and its hardness and the distribution of crop roots shall be
clarified.

(2) Investigation of intake rate

The intake rate is the rate for irrigation water or rainwater infiltrated into soil under the specific
conditions, and generally measured in terms of mm/hr. As an index of water permeability in
unsaturated soil, it is an important factor to be considered in deciding the irrigation method and the
appropriate irrigation intensity for upland irrigation. The intake rate is measured either by the cylinder
intake rate or by the furrow intake rate, depending on the purpose of the measurement. For furrow
irrigation, the intake rate is measured by the furrow intake rate.

1) Cylinder method

Iron cylinder, placing iron plate, placing hammer, hook gage, stopwatch, water transportation tools, etc.
Length of iron cylinder (height) shall be 30-50 cm, and three cylinders with diameter of 28 cm, 29 cm,
and 30 cm make up one set.
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Figure 2. 2 Cylinder Method

(2) Furrow ponding method

Feed water tank, water-blocking iron plate, hook gage, stopwatch, water transportation tools shovel
and

Mariote tank Two water-blocking

/‘#‘\ iron plates

B0cm

Gage (1mm seale)

Figure 2.3 Furrow Ponding Method
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3) Flow Method

Discharge gage, hook gage, stopwatch, shovel, tape measure, level, box scale, tape, stake, and water
transportation tools

inflow-side discharge measurement gage
{partial flume, triangular weir, etc:)

Outflow-side discharge measurement gage
(partial lume, triangular weir, ete)

Figure. 2.4 Flow Method

2.1.2.4 Geological Investigation

m Investigate the geology of the project area and its periphery as one of the basic data for
the facilities plan.

[Explanation]

v" Geological conditions greatly affect the suitability of the installation site and the possibility of
constructing various facilities. Accordingly, it is necessary to collect existing data on the geology
of the area as well as its peripheral areas, and, when necessary to conduct a site survey to
understand the geological conditions.

v Principal items to be investigated for the site survey are as follows.
(D Dam: Geological survey, geophysical prospecting, trenches, boring, adits, etc.
@ Head works, pump station, and regulating reservoir: Boring, etc.
(@ Tunnel: Geophysical prospecting, boring, etc.
@ Canal: Surface investigation, etc.

2.1.2.5 Investigation on Water Utilization Conditions

B As one of the basic references for the plan, investigate the installation and the
utilization conditions of the water-supply facilities and damage by drought, etc.

[Explanation]

(1) Contents of investigation on water-utilization conditions
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v' Investigate the irrigation arca, the amount of water intake system, the scale, the capacity and the
extent of water-supply facilities in the project area and its periphery. In addition, depict the
location of the intake facilities, the irrigation canal and the irrigation area in the drawing for
arrangement.

v' Investigate the present situation of irrigation facilities for pest control, village water supply, and
drinking water facilities, etc. in the area.

(2) Investigation on damages from drought

v' Investigate the history of the drought in the project area over approximately the past ten years
through interviews with farmers and relevant organizations and a search of existing literature in
order to clarify: the weather conditions during drought (consecutive no-rain days, precipitation,
etc.), the types of crops damaged, the damaged areas, the extent and the amount of the damage,
the countermeasures taken by farmers, etc.

2.1.2.6 Investigation of Water Source

B [n order to formulate a water-source plan, investigate the amount of water, the water
temperature, quantity and rights such as water rights for rivers, lakes, underground
water, etc. in the project area and its peripheral areas.

[Explanation]

v" Upland irrigation projects require a new water source, which greatly affects the water-supply plan,
the project costs, and the operation and maintenance after the completion of the project.
Accordingly, as the basic data for the formulation of the water-source plan, collect the existing
data, conduct interviews with officials in the cities, towns, villages, the land improvement district,
etc., while conducting survey and actual measurements on various water sources in the project
area and its periphery, if necessary.

(1) Collection of existing data

In order to examine the validity of the water source in the project area and its periphery, conduct
interviews and collect data on the currently used amount of water, the intake sites and methods, the
amount of water at the water source, the discharge observation results, etc.

In addition, as the basic data for calculation of the discharge at the water source in the planning, collect
the discharge observation data of rivers measured in the adjacent areas of the project.

(2) Examination of water volume

On the basis of the data collected in (1) above as well as the results of investigation on rights (see (4)
below), and the views and information of officials and people concerned in the cities, towns, villages
and land improvement districts, and the managers at the relevant water source, conduct the survey and
select the expected water intake point from the water source applicable to the plan. Then, examine the
amount of water, etc., and calculate the amount of applicable water.

(3) Investigation of water temperature and quality
(OWater temperature

When upland irrigation is conducted for the prevention of drought, the use of underground water as a
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water source is rare, when it has a lower temperature than the ambient temperature in summer as this
will cause cold-water damage to crops. Accordingly, the investigation of the water temperature is
required only when the temperature in melted water from up above is expected to be low, for instance,
mountains as a water source.

@Water quality

Investigate the water quality only when such problems at the water source are suspected. Investigation
items include pH, COD, SS, DO, T-N, the clectric conductivity (salinity), arsenic, and heavy metals
such as zinc and copper.

(4) Investigation on rights

Investigate rights regarding water sources in the project area and its periphery. Principal investigation
items are: 1) Agricultural and other water rights, 2) Fishing rights, and 3) Regulation on the
environment such as nature protection. Accurately investigate their contents.

2.1.2.7 Investigation on Socio-economic Conditions

B [nvestigate the socio-economic conditions that affect agriculture in the project area in
order to clarify the future direction of agriculture in the area and utilize the results for
the establishment of the most suitable plan.

[Explanation]

v" Collect statistical data such as population censuses, statistics of agriculture and forestry, cities,
towns, and villages to clarify the socio-economic environment surrounding the agriculture and its
status, and investigate constraints on agricultural development. In addition, identify goals and
strategies of agricultural development and the need for agricultural development including upland
irrigation development by analyzing the regional development plan, the agricultural development
plan, etc.

v Principal investigation items and their outline are described below.
(1) Investigation on geographical and economic conditions

Investigate the geographical and economic conditions surrounding the project area, such as, the
present situation of land utilization, the traffic system, and the river utilization conditions to assess the
suitability of the project area for upland irrigation development.

(2) Investigation of socio-economic conditions

Investigate the total population, number of households, the labor force and income structure in
industries, the major economic activities in the area, the situation of conversion of farmland into
non-farming use, etc. to identify the roles of agriculture in the socio-economy situation of the area.

(3) Investigation regarding regional plans

To examine the future development of agriculture in the project area, investigate the development
plans, town planning, various agricultural development plans, etc. of prefectures, cities, towns, and
villages in the area. The results of the investigation will be used to determine the boundaries of the
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beneficial area.
(4) Investigation of agricultural structure

Examine the constraints on the development of agricultural production in the area with respect to farm
management, income, the marketing, water supply and farmers' consciousness of them. Examine the
direction of agricultural development, the need for land improvement projects, etc. In this context, the
following items should be investigated and analyzed.

(D The investigation of farm production and income reveals those factors of land, labor, capital, crops
produced and farming houscholds which constitute agricultural production structure (scale,
organization, capital composition, and differentiation of farmers). Also, investigate the farmers'
economy and the profitability (production costs) of each crop. When the land and water-supply
conditions constitute the constraints on the increasing farm productivity, examine their present
conditions and the factors causing such problems.

@ The investigation of marketing reveals the marketing and distribution of agricultural products
focusing on the quantity and the prices of each crop for each season according to marketing and
distribution channels, and offers a prospect for the demand and supply by crops as well as
identification of the problems and measures.

(® The investigation of the water supply, reveals the current land and water utilization conditions and
the past development process of land improvement, projects, the bodies managing the land
improvement facilities, the property of water use facilities, customs of water use, and water
charges to identify the constraints on agricultural development in relation to the water supply.

2.1.2.8 Investigation on Farming and Cultivation Conditions

m [dentify the farming and cultivation problems and their causes to seek the improvement
methods and the need for the project. In addition, investigate the present conditions of
the farming and the cultivation management to enable the examination of the
development courses and the establishment of the plan.

[Explanation]
v' The main investigation items and their contents are as follows.
(1) Land utilization condition

Investigate the present patterns and recent changes in land utilization in each city, town, village, and
division. In addition, examine the direction of the farming improvement and necessary counter
projects taking account of various regulations on land utilization.

(2) Major crops and cultivation management systems

As basic data for future farming plans, the necessary project and the appraisal of economic effects,
investigate the cropping intensity, recent changes in cropping, the cropping season and technology
used for the currently cultivated major crops to identify problems of farming and cultivation
techniques.

Investigation contents and method;
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(DInvestigation of crops cultivated

a) Using statistics in the agriculture and forestry, and information from agricultural extension service,
investigate the crops cultivated (summer and winter crops) and the cropping intensity in citics, towns,
and villages.

b) Investigation in a) should be supplemented by field investigation at site in order to improve the
precision of the investigation.

@Investigation of cropping season

Investigate the cropping calendar (sowing, transplanting, and harvesting seasons respectively) of each
major crop by survey at the agricultural experimental stations, the agricultural extension service
offices, at sites, etc.

(@Investigation of cultivation technology

Investigate the present cultivation technology of major crops by survey at the agricultural experimental
stations, the agricultural extension service offices, the land improvement districts, and at sites. Based
on the investigation results from (D to @ identify farming and cultivation technological problems, and
examine their countermeasures.

(3) Yield and amount of damages

Investigate the yield of present major crops and crop losses according to factors, and the yield of such
crops to be introduced by the plan. In addition, examine the causes of damage affecting the present
yield, the possibility of improvement, and the necessary countermeasures, and utilize them as the basic
data for formulation of the farming plan and the calculation of the project economy.

(DCollect data on yields per 10acres and the amount of damages using agricultural statistics and
information from Farmers' Mutual Aid Union. — as a rule, collect information on yield per 10 acres
over the recent five years, and the amount of damages over the recent ten years (according to the
cause) in cities, towns, and villages.

@Investigation of local yields - When the local yields, depending on the factors specific to the area,
are expected to be greatly different from those given in statistical data collected in (D above, decide
the yield per 10 acres based on the yield test, the site survey, etc. In this case clarify the reason for
deciding the yield of 10 acres and the basis for the decision.

@ Investigation of local damage conditions - Based on the damage investigation records of cities,
towns, and villages and agricultural cooperatives, conduct interviews at site to identify the areas
affected by damages, the hectarage damaged, the extent of damages, the causes of the damages,
etc., and draw a map of the damage ocurrence conditions.

@Problems affecting the yield by cause and necessary countermeasures - In accordance with
investigation results in (D, @), and (@ above as well as the present field and cultivating conditions,
identify the causes of damage affecting the yield, the possibility of improvement - and the necessary
countermeasures.

(4) Conditions of livestock breeding .

Investigate the number of livestock, number of farmers keeping livestock, breeding scale, systems,
production conditions, etc. to identify present problems and examine how to improve the situation.
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(5) Agricultural management conditions

Roughly classify the farming types according to management scale and the crops produced, then
investigate the actual situation of agricultural management and the farmers' income from each farming
type. In addition, clarify the problems of agricultural management, the direction of improvement and
the measures to reduce the production costs and to increase agricultural income. This can be used as
basic data for the establishment of future management plans and the examination of the burden of the
project costs, elc.

2.1.2.9 Investigation of Farmers' Intentions

B investigate the farmers' intention on the future farming and the field irrigation plans

[Explanation]

v" Investigation shall be conducted through local farmers, the land improvement districts, the
agricultural cooperatives, the agricultural extension service offices, and city, town, and village
offices.

(1) Investigation method

Interviews are most desirable. However, if it is difficult to interview a large number of sample farmers,
investigate by sending out questionnaires. When selecting respondents by sampling, it is important to
design the sampling method so that the samples will represent the opinions of the entire district
including various areas, farm sizes, farmers' ages, etc.

(2) Investigation items

(DActual farming conditions

(@Farming improvement measures

(3lIntentions on improvement of agricultural infrastructure
@Judgment items of the burden of the project cost
(®lIntentions on operation and management of facilities

©®Other necessary items

2.1.2.10 Investigation of Related Projects

B investigate the contents of land improvement and other projects related with the
irrigation including those existing, ongoing and under planning in the district or its
peripheral areas. Also investigate areas designated for such projects.

[Explanation]
v" The major related projects to be investigated and contents of the investigation are as follows.
(1) Land improvement projects

In order to establish the design and the construction plan, examine whether there are any other
agricultural infrastructure development projects, including those under planning, in such fields as the
improvement of main irrigation and drainage facilities for agriculture, farm road improvement, soil
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dressing and under-drainage managed or financed by national or prefectural governments or groups.

If there are any, investigate the features of their plan and design, the route selection, the structure, the
construction year, the conditions at the time of construction, and conditions of the yearly repayment
for such projects. In addition, investigate how land improvement districts, cities, towns, and villages,
agricultural cooperatives and persons related with agriculture evaluate these projects by means of the
analysis of the data in the plans and design specifications of these projects as well as by interviews.

(2) Other projects
(DRiver improvement project

When there are improvement plans for rivers in the district or in the peripheral areas, investigate the
route, the river width, the section, the gradient, the flood level, the ordinary water level, the riverbed
level, the construction time, the unit drainage discharge, the submergence conditions in the district,
how to acquire the land, etc. after the completion of the improvement work.

(@Road improvement and new construction projects

When there are improvement and new construction projects of roads in the district or its peripheral
areas, investigate the route, the width of the site, the structure, the construction time, how to acquire
the land, etc.

(@ Water utilization project

When. there are dam projects for power generation and flood control etc. and industrial water projects
in the district or in its peripheral areas, investigate the contents of the plan for water utilization.

(3) Designation of regional development and protection

(DDevelopment plan for agricultural promotion areas - The plan shall be integrated into the
agricultural land utilization plan and the agricultural infrastructure development plan which are
specified in the development plan for the agricultural promotion areas. Accordingly, it is necessary to
understand thoroughly the contents of the development plan for agricultural promotion areas.

Regarding the water supply, investigate the current water requirements, the amount of water shortage,
the water utilization conditions and the custom of water use in the relevant district, and the burden of
maintenance costs of water supply facilities.

With reference to drainage, examine the displacement from the relevant district, the burden of
management costs of drainage facilities in the district, the drainage customs, etc.

Regarding roads, investigate the location, the width, the structure, the improvement plans, etc. of roads
adjacent to the district.

®Introduction of agricultural machines, facility installation projects, and other projects related with
agricultural policies.

When there is an introduction plan of agricultural machines such as tractors and various harvesters, an
installation plan for processing and storage facilities and collection and marketing facilities of
vegetables and fruits, remote rural arca development projects, a modemization plan for vegetable
production and shipment, and a fruit production development plan, etc., investigate the contents of the
construction and the projects.

AP-I-B-15



Technical Guidelines T-COBSI, 2014

(® National parks and others - Investigate the existence of the land utilization restriction areas such as
national, quasi-national, prefectural and other parks, the natural environment conservation areas,
and mining areas. If there are any, it is necessary to identify completely such designated areas, the
contents of the restrictions, etc.

2.2 Planning and Design
2.2.1 Basic Concept and Plan

2.2.1.1 Procedure of Planning

B To establish a plan, referring to a basic plan and facility planning, determine first the
major factors and then the details based on the basic concept in principle. Ask for
feedback, if necessary, to make the most suitable plan.

[Explanation]

v" To plan, based on a basic concept, the main factors should be studied first followed by details.
However, procedures depend on particular cases with a different project size or local
circumstances to be implemented.

v" The planner should select the most effective procedure, according to the plan's components. The
standard procedure for planning is shown in Fig. 2.5. This procedure is largely divided into four
steps: basic idea plan, basic plan, facility design plan, and plan evaluation. To start, a sufficient
study should be performed in the steps of basic concept, basic plan, feasibility design plan. Finally,
the plan will be evaluated and its feasibility will be judged, then the plan will be settled.

v" If evaluation proves the plan to be inadequate, the procedure returns (feedback) to the first step of
basic concept plan.

2.2.1.2 Basic Concept Planning”

1) Basic concept

B |n formulating the plan, it is, necessary that the extent of the beneficial area, farming
plan, irrigation plan, water-resources plan should be formulated considering various
regional developments in prefecture, city, town, or village.

1) Refer to FAO Irrigation and Drainage Paper NO.24, Crop Water Management, p.67, Table33 (p.88 in transiation).
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[Explanation]

v" In formulating the plan, basic items such as extents of the benefited arca, a farming plan, a
irrigation plan, and a water source plan should be taken into consideration to formulate a plan
reasonably and effectively. It is also important to examine various development plans prepared by
the prefecture, city, town or village before formulation of the basic plan.

v' For upland irrigation, it becomes increasingly difficult to secure a new water source, and
large-scale irrigation may require more than one water source. In this situation, a careful
examination of the basic items mentioned above is indispensable.

2) Delineation of benefited areas

B Delineate the benefited areas considering natural conditions, farming conditions,
socio-economic conditions, smooth operation and maintenance of proposed facilities and
other conditions.

[Explanation]

v' The benefited area shall be preliminarily identified through the examination of administrative
districts, the range of farmers' cooperatives, the coverage of collection and marketing facilities,
investigation results of farming group expansion, various development plans, future direction of
farming, and requirements of local communities, as well as natural conditions, farming conditions,
socio-cconomic conditions, smooth operation and maintenance of proposed facilities, and other
conditions.

3) Delineation of farming plan?

B Delineate a farming plan considering natural and socio-economic conditions of local
communities, various regional development plans, and farmers' intentions.

D
[Explanation]

v' A farming plan shall be a purpose or a guide for a land-use plan or individual management of
farmers after the completion of the project. The plan, therefore, should guarantee an increase in
the farmers' income and the improvement of their farm management, and also it should be a plan
which can be implemented.

¥v"In the delineation of the plan, based on the various development prepared by local governments,
the prevailing farming pattern, crops introduced, cropping pattern, and farming techniques should
be studied.

4) Delineation of irrigation plan®

m Delineate the required irrigation water requirements based on the proposed farming
plan, climate, types of soil and water-utilization condition.

[Explanation]

v' The necessary irrigation period, at first, is studied from a meteorological point of view by
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analyzing the annual rainfall and its distribution and the frequency of drought days, based on
weather data obtained.

v" Next, the seasonal farming program will be formulated by the proposed cropping pattern on the
basis of the farming plan, and it will be classified into two groups of farming programs, one
requiring irrigation and the other not, depending on the crops and the soil conditions. In this ease,
the data such as drought days, soils, and the water-supply situation are referred for the crops
requiring irrigation, the irrigation period, average water consumption per day of each month, the
number of irrigation days and the effect of irrigation for each crop should be assessed from
existing data and other local examples.

v" Then the area of each crop to be irrigated and the water requirements are estimated. Under these
situations, it is desirable to be able to estimate the irrigation requirements in the design year or a
similar drought year.

5) Delineation of water-source plan

B Estimate the available amounts of water depending on the type of water sources and
location from relevant data.

[Explanation]

v" Excluding the case of a small benefited area with a single affluent water source, the available
water source amount shall be calculated depending on the type and the location of water sources.
In this ease, it is desirable to estimate the irrigation requirements in the design year or a similar
drought year. To calculate the available amount of water, existing water utilization and water in the
rights downstream shall be taken into consideration.

v" Moreover, the type and location of water-source facilities which are important in water-sources
such as dams and headworks shall be carefully discussed with regard to the possibility of
constructing the headworks from the examination of land-form and geographical conditions etc.,
since they will influence the basic conception of the irrigation project.

6) Study of water supply and demand program

B A study of the water supply and demand shall be conducted at the stage of the basic
concept plan, based on the estimated irrigation requirements and available water
sources.

[Explanation]

v' The relation of supply and demand which affects the formulation of a plan should be carefully
examined in the stage of the basic concept plan.

v It is considered that adjustment methods when available water sources fall short include (D
re-examination of the water-source plan, @ alternation of farming and irrigation plans, and @
re-examination of the benefited areas.

v" The development of upland irrigation generally has a water shortage and requires large amounts
of money for water-source development; therefore, it is necessary to analyze the project economy
inclusive of the project cost and benefits to be created by the project.
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7) Plan of major project facility

B Plan the location, scale, structure, and cost of facilities, water-conveyance facilities,
water-distribution facilities and others.

[Explanation]

v Since the major facility plan is the basis of the estimation of the project cost and the analysis of
the project economy, and also affects the establishment of the plan, such major facilities should be
both technologically feasible and economically viable.

2.2.1.3 Preparation
1) Basic plan

B Based on the detailed investigation, farming plans, irrigation and water-source plans
will integratedly, studied and a basic plan shall be formulated in the direction of the
basic concept plan.

[Explanation]

v' The basic plan includes the determination of benefited areas, farming plans and water-source
plans.

v The basic plan influences the facility plans and overall evaluation and benefit of the project.
Therefore, the detailed investigation should be undertaken sufficiently to make the plan
harmonious.

2) Determination of the benefited areas

B Determine the benefited area properly based on the detailed investigation, It is the
fundamental of the plan formulation.

[Explanation]

v The benefited areas, which are already delineated in the basic concept plan, are determined based
on detailed investigations on the topography, geographical features, acreage, agricultural
economical aspect, farmers' intentions, and related projects, with the method and scale of
irrigation, and the smoothness of the irrigation facility management taken into consideration.

v Since the benefited area has a close relationship with the farming, irrigation and water-source
plans, the balance with these factors shall be fully taken into account.

3) Determination of farming program

m A farming plan inclusive of the cultivation period, farming method and fertilization
management which will be the basic factors for making the irrigation plan will be
formulated, and an improvement plan for farm management shall be prepared
considering the supply and demand situation of the crop.
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[Explanation]

v

In the farming plan, the land-use plan applicable to the area will be determined, and the
organization plan of the farmers necessary for the specific management plan and management
activity of each farmer categorized into same groups in terms of the farm management scale and
objectives will be prepared. The management basis such as labor force and farmland on which the
plan is prepared is subject to changes, and the supply and demand and the prices of crops also
fluctuate. Therefore, the farming program has to be flexible enough to cope with changes in
environmental and management conditions of the regions.

The selection of the crops to be introduced shall fully reflect the intentions of the farmers as well
as regional development and program, agriculture promotion arca development plans and the
expected supply and demand of the crops shall be studied for reference. The crops to be
introduced will satisfy the following conditions.

® Crops which are in line with the agricultural promotion plan of the region and match the
supply and demand situation.

® Crops which are suited to natural conditions and offer economic benefits.

® Crops whose cropping pattern is compatible with arable land and working conditionf of
farmers, as well as being efficient and reasonable.

® Crops whose cultivating method is feasible judging from the local agricultural technical
level.

A management improvement plan is prepared to set a goal or a process to improve the
management with this opportunity of an irrigation project for each major farming pattern, based
on the labor force, area, capital of the individual farmer. The plan will be made up in cooperation
with related administrative body and beneficiaries.

To judge the economic benefit of the land improvement project and the improvement level to be
realized by redemption, the plan shall contain the following items.

® Dircction of farming

® Goals and processes to attain the goals about farming size, capital, technological system, and
agricultural organization, for each typical farming pattern

® Cropping, working, financial, and farm houschold economy for each farming pattern

4) Determination of irrigation method*

Because the irrigation method is closely related to the wate supply at the on-farm level,
and affects the cost for facilities and maintenance, the most suitable irrigation method
for the area by examining its location, farming conditions, and the water-supply
situation shall be decided.

* Refer to FAQ Irrigation and Drainage Paper No. 1, Irrigation Practice and Water Management, p.44-45, Table 14 Guide for

selecting the method of Irrigation
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[Explanation]

1) Classification of irrigation methods

Irrigation methods are mainly classified into following four groups:

(1) Sprinkler irrigation:

(2) Fixed pipe irrigation: ~ Perforation piped irrigation and Drip irrigation

(3) Surface irrigation: Furrow irrigation, Border irrigation, Contour ditch irrigation and Basin
irrigation

(4) Sub-soil water irrigation:

The contour ditch and basin irrigations included in surface irrigation have rarely been performed as a
land improvement project, and are not so feasible in Japan. The technology of subsoil-water irrigation
has not yet established completely. As a result, these irrigation methods will not be covered in these
criteria.

(1) Sprinkler irrigation method

This method sprays compressed water like rainfall on the soil using a sprinkler. Several types of
sprinklers are available differing in the diameter of the spraying circle, the sprinkling type, and
pressure. Generally, a surface or an underground fixed pipe is laid on the farming field, on which
sprinkler heads are placed at certain intervals so that the sprinkling circles are overlapped, and even
sprinkling can be expected. The method lessens the penetration and loss of supplied water into deep
ground or penetration loss due to an uneven soil surface which often occurs in the surface irrigation
method, but the sprinkling is easily deflected by wind. Compared with surface irrigation, it is suitable
for frequent irrigation on a small scale, and requires less management.

(2) Fixed pipe irrigation methods
(DPerforated pipe irrigation method

This method uses perforated pipes or hoses made of aluminum, vinyl chloride, or polyethylene, placed
on the field surface. The irrigation area formed a rectangle. The method employs relatively low
pressure with a large irrigation intensity. Compared with the sprinkler irrigation, the spraying distance
is short, and the pipes are arranged densely.

@Drip irrigation method

This method is also known as trickle irrigation. The method irrigates from drip nozzles (emitters) or
drip holes made at a certain intervals on polyethylene pipes laid on the soil surface along a line of
plants. Water is slowly and frequently dripped around the roots, and is decompressed by several
pressure-reducing methods. The drip nozzles have a spiral fluid path in them and the partition tube has
a porous orifice in it, both of which are decompressed when compressed water in the primary side
passes through. In this irrigation method, only the drip points and nearby surface areas are wet, which
makes this method suitable for the smallest but frequent type of irrigation.

Features: (DAn elevated soil moisture around the drip points increases the yield. @Limited water
supply only to crop roots saves water. (3High moisture around main root zone means low salinity and
less damage even with salt-containing water. @WLow fluid rate in the pipe facilitates an even water
supply. ®1lt is controlled with less labor force.
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Generally the system operates on 1kg/cm? of terminal pressure, using a decompressor and a filter to
prevent clogging.

(3) Surface irrigation methods
(DFurrow irrigation method

The method irrigates plant roots by water permeated from the side of the furrow. Supply channels are
arranged at certain intervals between the moderately sloped furrow, and cause a fixed amount of water
to flow. Water is retained for the minimum necessary time to secure water depth downstream to supply
sufficient water to the roots, while upstream where water is retained for an excessive time, water
penetration loss to the deeper layer cannot be avoided. The irrigation efficiency is influenced by
geographical features, intake rate, furrow length, and discharge amount. To make a uniform slope of a
furrow, construction machinery is required. -

@Border irrigation method

The field is divided into bands by low boundary ridges, and sloped to cause water to flow as a thin laminar
flow. The deep layer penetration loss and irrigation efficiency are similar to those of the furrow irrigation
method. Compared with the furrow irrigation method, it requires less labor force; whereas it requires
greater amount of water and as the limitation factor is the slope, land leveling over a wider area is
indispensable. It is often used for irrigating pasture land.

@ Contour ditch irrigation method

A ditch to introduce water is prepared with a slope of 1/1,000 along the contour line, and water is
supplied from the turnout provided at the ditch. The method is applicable even on relatively irregular
land, but the irrigation efficiency is low.

® Basin irrigation method

According to this method, farm land will be flattened and enclosed by ridges. The irrigation water will
be conveyed through irrigation canals or pipelines to irrigate the farmland intermittently.

(4) Subsoil-water irrigation method

This method involves supplying water to the subsoil and irrigating roots by capillary action and is
divided into two types. The open channel method arranges water canals at certain intervals, causes
water to flow, and raises the groundwater level to supply water to the roots from the bottom. The pipe
method employs an underground pipe for the water supply. To use these methods, the texture of the
top-soil should be such that it promotes gradual capillary action in the upper and side directions, the
water permeability should be excellent, and the impermeable layer should exist in a relatively shallow
zone to prevent penetration and loss of the water into deeper layers.

2) Determination of the irrigation method

The irrigation method should be the most suitable for the area, and therefore shall be determined by
examining following various conditions fully such as a farming program.

® Location

Geographical conditions such as the land slope and contour line, and meteorological conditions such
as soil permeability and climate conditions such as wind velocity.
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® Farming conditions

Cultivated crops: Restricted factors for determining the irrigation method according to the types of
crops

Cultivation method: Plant density, furrowing method, crop rotation system

Level of grouping: Grouping of crops, possibility of cooperative management, level of mechanization
Farming Size: Size of farm management area, farming program, etc.

® Water-supply circumstances

Restriction of available water resources, water requirements and irrigation efficiency, etc.

® Economy, etc.

3) Determination of irrigation plan

B The irrigation plan is a fundamental in determining water resources and the dimension
of irrigation facilities. Based on the careful studies of these factors, the basic figures
requirement, multipurpose usage, and the amount of water shall be determined.

[Explanation]: For details of the irrigation plan, refer to 2.3.2 "Irrigation Plan".
(1) Determination of basic figures for estimating the water requirements

The soil moisture characteristics and moisture permeability of upland ficlds are investigated to
determine the total readily available moisture (TRAM), daily consumptive use of water, irrigation
interval days, and net amount of water to be replaced at each irrigation.

(2) Determination of water requirement

Irrigation water shall be determined based on the proposed irrigation arcas and available water
resources, taking into account the fundamental figures of irrigation water requirements, daily rainfall,
parameters of multipurpose usage, etc.

(3) Study on Water Resources Dependency

An available water resource will be allocated to meet the estimated water requirements, and the
required amount of each water-source will be studied.

4) Determination of Water-source Plan

B Based on the irrigation plan and the detailed investigation, the type, location of facility
and size of water resources shall be decided.

[Explanation]

v' Water requirements (water-source dependency) calculated in the irrigation plan shall correspond
to the allowable amount of water source in type and location. Then the discharge water balance of
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the source will be studied from the rainfall and river discharge to decide the design year and the
size of the water-source facilities.

v For details of the water-source plan, refer to 2.3.2.4 Water-Source Program.

2.3 Irrigation Plan

2.3.1 Basis of Water Requirement Decision

B \Water requirements will be decided properly taking the climate of the benefited area,
characteristics of soil and crops, and future direction of farming and cropping pattern
into consideration.

[Explanation]

v" To formulate the irrigation plan, the characteristics of rainfall and soil shall be examined carefully,
and it is important that the water-holding capacity of the soil should be properly used to increase
the ratio of effective rainfall in the water supply, and that the major dimension of the irrigation
plan shall be decided.

v To improve the quality as well as the yield of crops, it is important to understand the
characteristics of water relation for growing plants, so that the starting time of irrigation and the
soil moisture need to be studied for each crop.

2.3.2 Decision of Parameters for Irrigation Plan
1) Water requirement

(1) Procedure for calculation of water requirements*

B The water requirement for supplemental irrigation is decided based on the
meteorological characteristics, soil moisture and the characteristics of the benefited
area and water consumption of upland crops to be irrigated.

”

*Refer to "FAO Irrigation and Drainage Paper NO.24, Crop Water Management, pg. 2, Calculation Procedures
[Explanation]

v' The procedure of estimating the water requirements for supplemental irrigation is shown in Fig.
2.6. The calculation of the water requirements shall be proceeded by the determination of the
estimated daily consumption of water, irrigation intervals, and net amount of water to be replaced,
and these items are important figures in the irrigation plan. These figures will be decided based on
the climate, soil moisture and the characteristics in the benefited arcas and characteristics
consumptive use of water by crops to be irrigated.
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Fig2.6 Procedure of water requirement calculation

v' Field irrigation water requirements and gross irrigation water are calculated based on the net
amount of water to be replaced and irrigation efficiency.

v" The designed daily consumptive use of water is decided from the consumptive use obtained
through field investigations on crop consumptive use, and the weather characteristics.

v" For details refer to the next items.

2.3.22 1) (2) @Decision of moisture constants (water-holding capacity after 24 hours, depletion of
moisture content for optimum growth, available moisture, effective soil layers, and SMEP)

2.3.22 1) (2) @Decision of water consumption and designed daily consumption of water

2.3.2.2 1) (3) Decision of designed irrigation interval days and net amount of water to be replaced (total
readily available moisture (TRAM), designed irrigation interval, and net amount of water to be replaced)

2.3.2.3. Calculation of designed water requirements (irrigation water, application irrigation efficiency,
and rate of conveyance loss)

(2) Soil moisture investigation

1) Selection of investigation sites
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B Points to investigate the soil moisture are selected for each major soil type based on a
soil investigation. It is necessary to select crops which are planted correctly in the field
under proper management.

[Explanation]

¥v" The physical characteristics of the soil are mainly influenced by the parent material. In sloped
ground, the pattern of deposition is also an important factor in the irrigation plan. Therefore, the
soil investigation results must be fully examined to decide the investigation points.

¥v" Furthermore, from the viewpoint of crops to be introduced in the plan, the fields under good
management shall be selected. If investigation sites are located near to a large windbreak or a
wide road, those sites shall be at least 15 meters away from such a place.

2) Measurement and display of soil moisture

B Measurement and display of soil moisture shall be decided considering the objectives
of measurement and their characteristics, although there are many methods for
measurement and display of soil moisture.

[Explanation]
1) Popular measurement methods are as follows.
(1) Soil sampling method

The soil in the field is sampled directly, and is taken to the laboratory with care taken to protect it from
any change of moisture contents, and dried at 100 to 110C° until it reaches a certain weight. The
weight loss is the soil moisture. To sample the soil, it is convenient to use a soil sampler (100 cc
capacity).

The sample should not be too small to prevent a large dispersion of measured values. As the size of
gravel increases, the sampling amount should be increased. This method of measuring the absolute
amount of the soil moisture directly is a basic measurement method to obtain correct the water
consumption by the soil moisture depletion method. It is also used to verify the soil moisture by the
tensiometer method and the electric resistance method.

(2) Tensiometer method

This method measures capillary tension in the soil using a pressure gage and porous medium.
Generally the porous medium is a porous cup, and the pressure gage is a mercury manometer. The soil
moisture is obtained from a moisture tension rating curve prepared beforchand.

The tensiometer, because of its mechanism is designed to measure up to one atmospheric pressure
(pF3.0). However, as it approaches one, air enters into the measurement device causing its function to
deteriorate; the operational range is up to 0.85 atmospheric pressure. It is suitable to measure relatively
wet soil (pFo0 - 2.8).

(3) Electric resistance method

The moisture absorber with built-in electrode is laid underground to measure the electric resistance by
an ohmmeter. The prepared curve of the soil moisture and electric resistance (calibration curve) shows
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the soil moisture. For the absorber, a gypsum block, nylon unit, or glass filter block should be used.
The glass filter block in particular allows a wide measurement range (pF 1.4 - 4.6). The gypsum block
is less likely to be affected by soil salts, but is weak in water and operated on AC power.

(4) Other methods

There are many other methods such as the dielectric soil moisture meter method, the neutron moisture
meter method, and the heat ray soil moisture meter method. The most suitable one for each ease should
be selected in cooperation with research institutes.

5) Decision of moisture constants

The soil sampled from investigation sites is measured in terms of the water-holding
capacity after 24 hours of soil saturation, and the depletion of moisture content for
optimum growth to decide effective moisture.

The change of the soil moisture at the investigation site is measured to decide the
effective soil layer, the important soil layer for growth and SMEP.

[Explanation]
(1) Soil moisture characteristic investigation

The important soil moisture characteristics in the field irrigation plan are water-holding capacity after
24 hours and depletion of moisture content for optimum growth. Both of them are measured directly
from the soil sampled at the investigation sites.

(2) Investigation of moisture consumption in upland field

Changes of soil moisture at site are surveyed to decide effective soil layer, important soil layer for
growth and SMEP.

(D Effective soil layer and important soil layer for growth

Effective soil layer in the upland irrigation plan indicates the depth of soil in which moisture is
consumed by surface evaporation or moisture absorption and capillary replenishment of crop roots
after the water-holding capacity of 24 hours is attained. Here the viewpoint is different from that of
soil fertility, and not necessarily about the presence of root zone. The depth where soil water changes
fluctuate, if a dry period is long, the water level is deep. The general provision is decided on the basis
of a period of hypothetical general continuous droughty days.

Important soil layer for growth is included in effective soil layer, and dominates moisture consumption.
In other words, moisture condition in this layer directly influences the growth of crops, yield and
quality. Therefore, it is the layer with the smallest total readily available moisture to be calculated from
available moisture and SMEP. It can also be estimated by observing the layer section and judging the
root distribution.

When soil moisture of the field can be measured, and a layer is found to decrease moisture far more
than other layers' after continuous droughty days, it is an important soil layer for growth. In this layer,
the soil moisture is decreased to the depletion of moisture content against optimum growth and has
already stopped moisture reduction, (in most eases, down to 20cm from the surface), which indicates
moisture consumption will proceed in the lower layers.
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@ SMEP

Moisture decrease in effective soil layer is not uniform, and generally shrinks in the lower layers. The
SMEP is the ratio of moisture decrease in each layer of the whole effective soil layers and is an
important element to decide the required amount of irrigation water.

SMEP naturally varies with crops, soils and growing stages, and has to be measured. It may be
different with moisture conditions even with the same crops and soils.

Particularly in Japanese farmland, rootlets are dense near the surface, and effective soil layer is thin,
therefore, soil moisture is consumed in a complicated manner with the direct absorption by roots and
the capillary movement phenomenon in the layer.

Most important factor affecting SMEP will be the growing condition of crop roots and the
water-holding characteristics. Shockley supposed SMEP is nearly uniform, and water consumption in
four divided root zones is 40, 30, 20, and 10% respectively in the descending order from the surface
layer. The designed SMEP should be more than the depletion of moisture content for optimum growth.

6) Decision of consumptive use and designed daily consumptive use of water

B Consumptive use of water is the amount of moisture in the effective soil layer
consumable under the conditions where normal growing of crops and a high quality
and gross yield are expected.

® |n principle, it is decided by actual measurement and the soil moisture depletion
method.

B Designed daily consumptive use of water is decided properly by consumptive use and
additional meteorological factors etc.

[Explanation]

v" To obtain the consumptive use in the effective soil layer, the soil moisture depletion method is
considered as one of the most suitable methods. It is desirable to continue actual measurement all
through the irrigation period. However, since it takes great labor and time, it is acceptable to
measure at selected times with maximum consumptive use, and estimate the figures in the rest of
the period using reliable measured data in the nearby area and the evapotranspiration ratio method,
etc.

v" The consumptive use is affected by meteorological conditions in the measurement period, and
should be measured together with meteorological factors relating to rainfall and evaporation (pan
evaporation, quantity of solar radiation, sunshine duration, temperature, humidity, wind speed,
etc.).

v" The daily consumptive use of water (consumption of water per day) is affected by daily
meteorological factors and should be adjusted based on the following methods.

(DIt is problematic to decide the daily consumptive use of water only from observed values in a short
period. The average of the daily consumptive use of water in a period which can be regarded identical
in cultivation management level should be used.

If the designed daily consumptive use of water is thus regarded as the average in a certain period
which includes cloudy and drizzly day (ineffective rainfall value in design), the value will be much
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more realistic.

@Even if the measured value of consumptive use is obtained from the soil moisture depletion method,
the value obtained in the above item (I cannot always be used at the designed value. Meteorological
factors in the measurement period and those in the designed year are to be compared to enable the
addition of any correction.

For the study of O and @), the pan evaporation is useful. Pan evaporation represents many
meteorological factors relating to evapotranspiration. Correction is easy with the actual measurement
value. If the measurement value of pan evaporation in cumulative years cannot be obtained, the
correlation between quantity of solar radiation, sunshine duration, temperature, humidity, and wind s
peed should be analyzed statistically.

Daily consumptive use of water thus obtained in the end is called the designed daily consumptive use
of water, and the maximum value in the period is the maximum designed daily consumptive use of
water.

(3) Decision of designed irrigation interval days and net amount of water to be replaced

B The total moisture consumed in the effective soil layer when the average moisture in
the important soil layer for growth falls from the water holding capacity after 24 hours
down to the depletion of moisture content against optimum growth is called total
readily available moisture (TRAM).

B The designed irrigation interval is calculated by dividing total readily available moisture
by designed daily consumptive use of water.

B Net amount of water to be replaced is calculated by multiplying the designed irrigation
interval days by design daily consumptive use of water.

[Explanation]
(1) Total readily available moisture (TRAM)

In calculation, total readily available moisture is obtained by dividing the available moisture in the
important soil layer by the value of E MEP in that layer. This is the maximum irrigation water amount
at one time in theory. Total readily available moisture= (fe - ML) + D x 1 /Cp (mm) (3.2.4)

Here, fe : Water holding capacity after 24 hours (volume ratio %)

ML: Depletion of moisture content against optimum growth (volume ratio %)
D: Thickness of important soil layer (mm)

Cp: SMEP in the important soil layer (%)

If important soil layer is not clear, calculate total readily available moisture for each layer and set the
smallest value as designed total readily available moisture. And also, total readily available moisture
can be measured by the soil moisture depletion method and others.

(2) Designed irrigation interval days

Designed irrigation interval is calculated by dividing total readily available moisture by maximum
designed daily consumptive use of water with decimal points discarded. If the designed daily
consumptive use of water is not for the peak irrigation interval days will not be changed only with the
adjustment of irrigation water supply hours.
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(3) Net amount of water to be replaced

Net amount of water to be replaced is obtained by multiplying defined irrigation interval days by
designed daily consumptive use of water for each season. When maximum designed daily
consumption is used instead, the result will be maximum net amount of water to be replaced.

2.3.3 Decision of designed water requirements
(1) Crop Water Requirement

In the process for estimating the irrigation water requirements, the reference crop evapo- transpiration
(ETo) for upland crops could be estimated using the “CROPWAT for Windows Computer Software™ !,
being popular in the agricultural development plan in Africa, which is based on the FAO Penman-
Monteich Equation. On the other hand, the ETo for paddy rice could be estimated using the modified
Penmam Methods. The Penman-Monteith equation is given by the following equation:

0.408 A(Rn —G)+ ¥ 900 U2(es —ea)
ETo = T +273
A+y(1+0.34u2)
Where;

ETo = Reference evapo-transpitation (mm/day)
Rn = Net radiation at the crop surface (MJ/m’per day)
G = Soil heat flux density (MJ/m’per day)
T = Mean daily air temperature at 2 m height (‘C)
U2 = Wind speed at 2 m height (m/sec)
Es = Saturation vapour pressure (kpa)
Ea = Actual vapour pressure (kpa)
Es—eca = Saturation vapour pressure deficit (pka)

A = Slope of saturation vapor pressure curve at temperature T (kpa/C)

v = Psychometric constant (kpa/‘C)

Crop water requirements (ETc/CWR) were estimated by multiplying ETo mentioned in the above by a
crop coefficient (Kc), that is:

ETc =ETo x Kc

Where;
ETc/CWR = Crop water requirements (mm/day)
ETo Reference crop evapo-transpiration (mm/day)
Kc Crop coefTicient

(2) Cropping Patterns

Cropping patterns are planned to calculate crop water requirements and irrigation water requirements,
considering topography, water availability, soil conditions, current farming practices, marketing
conditions, etc. around each areas
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Sample Cropping Pattern

Cropping Pattern

Month

Type-1:

Maize (S) + Maize (W1) + Maize(W2) Maize (S) Maize (W2)
Maize (W1)

Type-2: Maize (W2)

Rice (S) + Maize (W2)

Rice (%)

(3) Estimation of Irrigation Water Requirements

In estimating irrigation water requirements applying the “CROPWAT” equation mentioned above,
following procedures and assumptions are taken into considerations;

Crop coefficient

Effective rainfall

Crop coefficients for maize and upland crop are referred to the
authorized values in the computer program, while those for paddy
rice are quoted from FAQ Technical paper NO. 24

Upland Crops
Effective rainfall for the upland crop is counted in calculating

irrigation water requirement. Following UDDA Soil Conservation
Service method (USSCS) will be applied to estimate an effective
rainfall;

Effective rainfall/month = monthly rainfall (R) x (125 -02 x R)/
125 for R <250 mm
Effective rainfall/month = 125 + 0.1 x R for R > 250 mm

Paddy Rice
Effective rainfall for paddy rice was estimated based on the

following criteria;

10-day rainfall (R10) <10mm : 0%
RI10 <(N +LP) x 10 day : 100%
R10> (N +LP) x 10 day : (N+LP)x 10 day x100/R10
Where: N : Nursery water
LP : Land preparation water
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FWS
2008/05/07 CropWat 4 Windows Ver 4.3

GCrop Water Requirements Report

— GCrop # 1 © MAIZE (Grain)
— Block # - [Al'l blocksl
— Planting date S 21/11
— Galculation time step = 10 Day (s)
— lrrigation Efficiency = 50%
Date ETo Planted Crop CWR Total Effect. lrr. FWS
Area Ke (ETm) Rain Rain Req.
(mm/period) % 00— (mm/period) ———————— (1 /s/ha)
21/11 53. 96 100. 00 0. 30 16. 19 31.54 26. 68 0. 00 0. 00
1/12 51.18 100. 00 0. 30 15.35 4247 33.55 0. 00 0. 00
11/12 47.89 100. 00 0. 33 15. 95 53.05 39.05 0. 00 0. 00
21/12 4423 100. 00 0.54 3.65 62.54 43.10 0. 00 0. 00
31/12 38. 51 100. 00 0.76 29.27 65. 95 43.61 0. 00 0. 00
10/1 38. 14 100. 00 0. 99 37. 62 70. 60 45. 61 0. 00 0. 00
20/1 38.02 100. 00 1.18 44. 77 74. 28 47.65 0. 00 0. 00
30/1 37.74 100. 00 1. 20 45. 28 75. 71 49. 02 0. 00 0. 00
9/2 37. 31 100. 00 1. 20 44.78 74.24 49 22 0. 00 0. 00
19/2 36.79 100. 00 1.20 44 15 69. 58 47.77 0.00 0. 00
1/3 36.22 100. 00 1.16 42. 20 61.79 4432 0. 00 0. 00
11/3 35. 64 100. 00 0. 96 34. 05 51.33 38. 70 0. 00 0. 00
21/3 35.12 100. 00 0.72 25.35 39. 06 31. 06 0. 00 0. 00
31/3 17. 39 100. 00 0.55 9.51 14. 69 12.17 0.00 0.00
Total 548. 15 428. 12 786. 82 551. 50 0. 00 [0. 001

* ETo data is distributed using polynomial curve fitting.
* Rainfall data is distributed using polynomial curve Titting.

G ¥CROPWATW¥REPORTS¥O1MANT ™ 1¥S—MA—1¥FWS. TXT

Calculated Crop Water Requirements (CWR)

(4) Irrigation Efficiency

B For deciding designed water requirements, water conveyance losses from water source to the
field, and various water losses due to spraying in the field is added properly to the designed
parameters for irrigation water requirements.

[Explanation]
(1) Water losses

Water losses are obtained from irrigation efficiency which includes application and conveyance
efficiencies in the field. It is decided on the reference the values shown in Table 2.2

Irrigation efficiency (IE)
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Irrigation efficiency is calculated by following formula:
Ep=Eax EbxEc
Irrigation efficiency Ep
Conveyance efficiency Ec: ratio of quantity of water at inlet of a block of field / intake water at
source
Field canal efficiency Eb: ratio of quantity of water at field inlet / a block of field
Application efficiency Ea: ratio of quantity of water directory available to the crop / field inlet
Distribution efficiency Ed = Ec x Eb
Field efficiency Ef = Eb x Ea
Table 2.2 shows values determined by international institutes.
According to the table below, following coefficients are adopted in this study.
Ed=03, Ea=0.7
Ep=0.7x03=021

Table2.2 Irrigation efficiency Ec, Eb, Ed, and Ea

Conveyance Efficiency (Ec) ICID/ILRI
Continuous supply with no substantial change in flow 0.9
Rotational supply in projects of 3,000 — 7,000 ha and rotation areas of 70 — 300 ha, | 0.8

with efficient management

Rotational supply in large schemes (>10,000ha) and small schemes (<1,000 ha) with
respective problematic communication and less effective management: Based on

predetermined schedule 0.7

Based on advance request 0.65

Field Canal Efficiency (Eb)

Blocks larger than 20 ha: unlined 0.8
lined or piped 0.9

Blocks up to 20 ha: unlined 0.7
lined or piped 0.8

Distribution efficiency (Ed = Eb x Ec)
Average for rotational supply with management and

Communication adequate 0.65
sufficient 0.55
insufficient 0.40
poor 0.30
Field Application Efficiency (Ea) USDA USSCS
Surface methods
Light soils 0.55
Medium soils 0.70
Heavy soils 0.60
Graded border 0.60-0.75 0.53
Basin and level border 0.60-0.80 0.58
Contour ditch 0.50-0.55
furrow 0.55-0.70 0.57
corrugation 0.50-0.70
Subsurface Up to 0.80
Sprinkler, hot dry climate 0.60
Moderate climate 0.70
Humid and cool 0.80 0.67
Rice 0.32

ICID: International Committee of Irrigation and Drainage

ILRI: International Institute for Land Reclamation and Improvement
USDA: United States Department of Agriculture

USSCS: United States Soil Conservation Service
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(5) Irrigation Water Requirements

Irrigation water requirements are classified into net irrigation water requirements and gross
irrigation water requirements including water losses. They are the base for designing the capacity of
irrigation facilities and are calculated by following expressions.

Net irrigation water requirements (NWR):

Net irrigation water requirements (NWR) will be calculated by
deducting the effective rainfall estimated on the 10-day basis by
following equation;

NWR =ETc - Re
Where;
NWR : Net irrigation requirements (mm/day)
ETc : Crop evapo-transpiration (mm/day)
Re . Effective rainfall (mm)

Gross irrigation water requirements (GWR):

Gross irrigation water requirements (GWR) will be calculated by
taking into consideration overall irrigation efficiencies (IE). The
GWR will be estimated by the following equation.

GWR= NIR/IE
Where;
GWR : Gross irrigation water requirements (mm/day)
NWR : Netirrigation water requirements (mm/day)
IE : Overall irrigation efficiency

(6) Irrigation Water Requirements for System Capacity

Irrigation water requirements (IWR) to plan the system capacity will be determined by taking into
consideration the time of irrigation hours per day and working day per week. The following equation
will be used for the determination of the IWR:

IWR =GWR x A x 10,000 /(Hr x 3,600) x 7/v

Where,
IWR

A

Hr
v

2.3.4 Water-Source Plan

GWR :'

Irrigation water requirements for system capacity (lit./sec)
Gross irrigation water requirements ( mm/day)

Irrigation area (ha)

Water supply hours per day (hrs)

Working days per week (days)

1) Designed year for planning

The designed year for planning is basically a drought year which after comes around once in a
decade. It should be judged based on the meteorological and rainfall records of a long period.
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[Explanation]

To prepare an irrigation plan, the designed year for planning should be set, and the possibility of water
utilization in the year is studied to prepare a plan which applicable to the water source (including
expansion of water source). The designed year for planning is usually a drought year which comes
around every ten years.

(1) Water from river run - off

The designed year for planning years is a drought year, coming about once in ten years (probability of
1/10 year).

(2) Other water sources

The designed year is decided from statistical processing of the consecutive drought days and effective
rainfall amount during irrigation period with probability of 1/10. The decision of designed year should
be based on meteorological and rainfall data of more than 20 years as a rule.

2) Effective rainfall’

B Effective rainfall is a part of rainfall in the field which is useful for the growth of crops. It is
obtained from rainfall, rainfall intensity, rainfall distribution, geographical features,
permeability of soil and kind of crops.

Refer to FAO irrigation and Drainage Paper NO.25 Effective Rainfall in irrigated Agriculiure
[Explanation]

Rainfall less than Smm in the field is not counted as effective rainfall. The effective rate of rainfall is
about 80% when geographical features, permeability of soil, kind of crops, rainfall intensity and
distribution are taken into consideration. Subtracting the available moisture of the soil just before
rainfall from total readily available moisture (TRAM) is maximum effective rainfall. Maximum value
is total readily available moisture. If it rains immediately after irrigation, effective rainfall is almost
Zero.

The upland irrigation is done intermittently according to a rotation block. Therefore, effective rainfall
and irrigation requirements are calculated on the daily basis.

Effective rainfall is calculated as follows:
@  Multiply rainfall (R) by 0.80.
0.80 x R if R < 5 mm, R =0)

@ Maximum effective rainfall (Ro) is calculated by subtracting moisture (available moisture) of the
field just before rainfall from total readily available moisture (TRAM).

Ro = (TRAM - available moisture just before rainfall)
@ Decision of effective rainfall'
a)IfRo = 0.80-R, Effective rainfall = 0.80-R
b) IfRo = 0.80-R, Effective rainfall = Ro

3) Water source plan

B Water source plan is to examine technical possibility of various water sources as rivers,
groundwater, reservoirs, and others and to decide the most economical water source according
to the irrigation method and the water requirements.
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(Explanation)

Amount of available water will be obtained from data of a long period, and its statistical processing is
used to secure the water source and the plan itself. As far as technology allows, many water sources
should be compared and examined. To optimize water from rivers with low drought discharge, it is
necessary to install a farm pond between water source and the irrigation area, and examine water
source facilities about the extension of pump operation, and the reduction of the pump capacity. A
pump is supposed to operate 24 hours.

To decide a water source plan, a cropping pattern and crop intensity are also examined to use water
source efficiently.

In addition, in some structures of irrigation facilities and water management system, operation loss in
the irrigation system is expected. Such losses should be recognized and available water source must he
sufficient to cover them.

4) Whole System Plan

B [rrigation systems from the field to the water source for the upland irrigation includes on-farm
irrigation, the water distribution, and the water conveyance systems.

B These three systems relates closely each other, and their harmonious connection with emphasis
on economy, function and safety is desired in planning of irrigation systems.

(D On-farm irrigation system

On-farm irrigation system is a general item for valves (including diversion valves) controlling a
plurality of sprinkling blocks and other secondary facilities. In 2.3.4 "On-farm Irrigation System Plan”,
the sprinkler irrigation is mainly stated, and basic explanation will be given also about fixed pipe
irrigation and surface irrigation.

@ Water distribution system

Water distribution systems is a general term for a series of facilities from a farm pond to the on-farm
irrigation systems.

@ Water conveyance system

Water conveyance system is a general term for a series of facilities from the water source to the water
distribution system.

(2) General items

Factors in upland irrigation systems relate each other. Change of one factor will influence the whole
system of the plan.

To cope with hourly fluctuation of water demand in the on-farm, the areca, except for those which can
obtain necessary water readily from the water source, should prepare a farm pond or a regulating
reservoir facilities.

The function of each factor to be furnished is, therefore, different according to the circumstances of the
area, conditions of the plan, and design conditions. Besides, each factor consists of several sub-factors.
So that these factors should keep relation and harmony with the whole systems.

2.3.5 On - farm Irrigation System Plan*
2.3. 5.1. Surface Irrigation

1) Furrow irrigation
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B For furrow irrigation planning, furrow discharge, furrow length, width, and irrigation time are
decided according to the intake rate, so that the root zone of the cultivated crops is included in
the wet area after irrigation.

[Explanation]
1) Irrigation plan
(1) Decision of proper field discharge

In order to reduce the water depth difference in the furrow longitudinal direction, the irrigation time
difference between the upper and lower streams on the field should be reduced. Proper field discharge
is the volume which does not cause soil erosion. After water reaches the lower end of the field with
maximum discharge, the volume of discharge should be cut in accordance with the reduction of intake
rate in order to prevent overflow loss in the lower field. However, with the gradual decrease of the
intake rate, which takes a long time, it is practically impossible to cut the discharge continuously. The
discharge is usually cut once or twice.

The velocity in the furrow is determined by the inclination and discharge per furrow. In designing,
examination of the erosion of the upper stream is made by actually supplying water to the sloped
furrow and deciding the maximum discharge.

(4) Decision of furrow length and width
(D Decision of furrow length

In furrow irrigation, furrow length is restricted by irrigation application efficiency, and soil
maintenance. Maximum furrow length should be the length which allows water to reach without soil
erosion or great deep zone loss. The larger the furrow discharge, or the smaller the intake rate, the
longer the furrow becomes.

To improve labor efficiency of water distribution at one time, a longer furrow is preferable. However,
there is a certain limitation in relation with the irrigation application efficiency.

Table 2.3 shows an example of maximum furrow length of different soils. The maximum furrow
length of sandy soil, which has small water-holding capacity and large intake rate, is 10m or less. In
terms of irrigation labor, furrow irrigation is not appropriate for sandy soil.

Table 2.3 Example of maximum furrow length of different soils

Soil Root zone depth One-time irrigation Maximum furrow length
volume
Sandy soil 40cm l6mm 4m
Volcanic ash soil 40cm 44mm 29m
Sandy loam 40cm 34mm 36m
Loam 40cm 38mm 99m
Clay 40cm 44mm 121m

Note: Furrow inclination is 10%.
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@ Decision of furrow width

In furrow irrigation, the distribution of irrigation water to the furrow crossing direction should be
examined. In other words, irrigation water should enter into the furrow sides, and the furrow should be
wide enough to include the root the zone in the wet area. Water distribution to the furrow of uniform
soil is as shown in Fig. 2.7. Much of the infiltration is in the horizontal direction in clayey loam, and is
in a downward direction in sandy soil. Therefore, furrow irrigation is not suitable for sandy soil,
because the width cannot be wide for furrow irrigation, while the one-time irrigation volume to the
section is limited due to deep zone loss prevention. In any case, in designing the one-time irrigation
volume that controls deep zone loss is determined by making a part of the furrow (about 50 cm)
partition to irrigate a provided volume of water to examine the mode of horizontal infiltration. When
the furrow is so wide that the crop root zone is not included in the wet area, furrows should be brought
close to the furrow.

N ™ infiltrationarea™ g

Clayey loam Sandy soil

Fig.2.7 Horizontal infiltration in furrow

(5) Irrigation efficiency

One of the concepts of irrigation efficiency in the field is an application efficiency which shows how
much irrigation water is held in the root zone and used for crop growth. In the case of furrow irrigation,
it is designed so that the application efficiency is at least 70%.

If irrigation water introduced to furrows reaches the end in t minutes, when water at end point starts
entering into the soil, infiltration has been continued for t minutes at the starting point. It shows in Fig.
2.8, that if it takes T minutes to obtain infiltration water depth of end D (mm), the infiltration time at
the starting point is (T + t) minutes . Then infiltration water volume D' is expressed as follows:

D' =K/{ 60 x (n+1)} x (T+)™! (mm)
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b= L !
Furrow starting point Furrowend

Effective rostzone

Fig.2.8 Water loss of furrow irrigation

In a rotating dry field which is flat and free from overflow loss by partitioning the field at the lower
end, application efficiency Ea is calculated by the following expression.

Ea= D/{1/2 x (D'+ D)} x 100 = (200 x D) / [{K/60 x (n+ 1) } x (T+ax LB)"*1 + D] (%)

The rate of water infiltration from the effective root zone into the lower stream is called deep zone loss
(Wp). Wr=(1-Ea)/100

From the viewpoint of the actual operation of furrow irrigation, the method which allows irrigation
water to reach the furrow end within T/m hours is usually employed. (t = T/m) Then m is decided by
soil intake constant K, and n.

If D = [K/{60 x (n+1)}] x T*!, and K/60 (n+1) = D, then D = C x T**!

In Fig. 3.4.(10), filtration water depth after + minutes is D; at point A, or zero at point B; after 2¢
minutes, the depth is D; at point A, or D; at point B. Therefore, the distribution of infiltration water
after m¢ minutes is Dn at point A, or D1 at point B ; after D1 (m=+1) minutes, it is Dme1 at point A, or
Dm at point B.

Dy =C+{(m+1) -t}*'=C-t"!+ (m+1) "
Dn=C-(m-t)*'=C-t"" m""!
Then application efficiency (Ea) is expressed as follows :
Ea= [Dw/{1/2*(Dm +1+ D)} ] x 100 = 2-m™") / {(m+1)""' + m™'} x 100
This expression is shown in Fig. 2.3. 4. (11).

As m becomes larger, discharge expands, which increases possibilities of erosion. The m should not be
too large, 3 to 4 seems appropriate from previous experiences.

Even on sloped ordinary upland, decreasing the discharge in accordance with the decreasing intake
rate could theoretically prevent overflow in the lower stream. But such an operation is difficult in
reality. Clarify the overflow loss of different soil conditions from experiments, and set the water
volume, with deep zone loss taken into account, for application efficiency.
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2) Planning of on-farm furrow
(1) Water supply system

The size of a cross section of the furrow is decided by field discharge necessary to perform efficient
irrigation. The field discharge is obtained by the discharge necessary for irrigation flow requirements
within the range of a certain application efficiency, and the most labor-saving number of furrows.
According to past examination, appropriate field discharge for water management is a minimum of
5-10 lit/sec, which is multiplied by the number of inlets simultaneously in a rotation block to obtain
the on-farm furrow system capacity. The interval of water-supply valves is slightly different according
to the soil conditions, but at least one is usually required for one field lot. When a field lot is 30 x 100
m wide with canals running along the shorter side, the intervals of turnouts are 30 m. Even in
irregular-shaped orchards, the intervals should be shorter than 100 m.

(2) Furrow irrigation facilities
1) Water-distribution facilities

The water-distribution facilities for the field should be easy to operate, with little unusable land. If
efficient surface irrigation is expected from maintenance and soil conditions, the possibility of utilizing
open channels should be examined.

2) Border irrigation

B For border irrigation planning, a proper field discharge according to intake rate, border width
and length, and irrigation duration should be determined so that the root zone of cultivated
crops is in a wet area after irrigation.

[Explanation]

v Border irrigation is an irrigation method infiltrating a thin layer of water which runs the whole
soil surface into lower furrows or border strips of the field peripheries. The field is divided by
elongated furrows. The method requires less labor than the furrow irrigation, but large discharge.
(Fig.2.9)

v The border irrigation is applied to 4% or less inclined land for cereals and upland rice, and to 6%
or less inclined land for pasture. The peripheral furrows should be high enough to prevent
irrigation water from overflowing, but should not be too high to operate agricultural machines. If
the field discharge is 30 - 50 lit/sec, the furrow should be 15 cm high and 40 - 60 cm wide.
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Fig.2.9 Example of border irrigation

(1) Irrigation plan
(D Decision of field discharge

In designing border irrigation, the discharge volume to a block should be deliberately examined to
send water uniformly to the end of the field. The field discharge is calculated by the next expression
based on intake rate and water discharge tests.

Q=(100xAxD/[(1-10xSxh)/(uxc)}!®
Q: Field discharge volume (lit/min)
A: Block area (a)
I: One-time irrigation water depth (mm)

p: Uniformity index flow-toe traveling, which is 0.5 — 0.6 in sandy soil, 0.6 — 0.7 in
loam, or 0.7 — 0.8 in clay

h: Irrigation depth at inlet (cm), usually 5 - 10cm

s: CoefTicient experimentally obtained according to the submergency type, which is
0.6 in 1/1000 inclination and 70 — 90 lit/min. discharge (per 1lm width), or 0.7 — 0.8 in zero inclination
and 60 - 120 lit/ min. discharge (per 1 m width).

Integrated infiltration and water progress characteristics are expressed as follows, which is the same as
the furrow irrigation.

D=c-T"
t=o- LP
D : Integrated infiltration
T : Time required for infiltration (min)
L : Water progressing distance (m}
t : Time required for water head to progress (min)
¢, n,a, and B: Empirical constants
The value of uis expressed as general water progress as:

p=1- {n/(B+1);

O Block width and length

The width of the block is determined by the size of discharge, land slope, the degree of land
reclamation, and the kinds of machinery to be used. The relation between the width and land slope is
shown on Table 2.4. The length of the block is mainly determined by the land slope and discharge.
Irrigation should be determined for each field individually in order to irrigate at uniformly as possible
from the upper end to the better end of the strip. Generally, more than 80% of a root zone should be
irrigated at any point of a block.

Table 2.4 Peripheral width limitation of different Land slope
Land slope (%) Peripheral width (m)
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0-0.1 36
0.1-05 18
05-1.0 15
1.0-2.0 12
2.0-4.0 9
40-6.0 6
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CHAPTER 3 DESIGN OF WEIR

Diversion weir is a structure, which diverts water from a river into a canal for irrigation use. A fixed
type weir is such a structure as to secure the required water level at intake, to avoid a considerable
obstacle to floods and to have a section which is safe enough against external forces. In this project,
fixed type weir is applied and its components are limited to main weir, apron, riverbed protection,
riverbank protection etc. On the other hand; gate facility, control facility, sluice and fish ladder have
not been included in the guideline.

3.1 Construction Criteria

1) Material

Most of materials for construction work are procured locally whilst use of input from outside is
minimized. Local materials include sand, stone, bricks, while cement, gabion, tools are regarded as
outside materials. Local materials and outside materials are to be provided by the beneficiaries and
donors respectively.

2) Labor

The construction work is done by the farmers under supervision of CEOs and TSB officers. Labor
force is provided by the farmers group.

3.2 Investigation

Field investigations are carried out at and around the site as regards river conditions, effects on flood
control and water use upstream and downstream, and foundation conditions. Prior to the investigations
selecting necessary items for investigation, the appropriate investigation plan should be put in practice.

1) Investigation of river conditions

Investigation of river condition should be executed on (i) water level and discharge, (ii) sedimentation,
(iii) stream centerline, (iv) riverbed slope, (v) riverbed materials.
(i) Water level and discharge

Highest water level and representative water level in each month are required to be obtained.
Highest water level is obtained by observing past flood mark and by interviewing the villagers.
Representative discharge in each month is estimated from water level, flow velocity and
cross-section.

(ii) Sedimentation

River sediment is measured in order to arrange for sand removal plan. Sediment at a river
structure of vicinity area can be referred.

(iii) Stream centerline

The location of the weir should be selected at a site where the stream centerline is stable and
located near the riverbank where the intake is required.

(iv) Riverbed slope
Riverbed slope is an essential hydrological parameter and necessary to estimate discharge.

Riverbed slope is obtained by surveying the elevation at 20m interval from 100m upstream to
100m downstream of the weir.

(v) Riverbed materials

Riverbed materials should be observed to estimate roughness coefficient. Value of roughness
coefficient is shown in the Table 3-1.
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Table 3-1 Roughness Coefficient of Natural Flow Canals

. " Roughness Coefficient
Materials and conditions of canals Minimum Standard Maximum

Small canals on flat land

1). Not weedy, straight. Neither cracks nor crevices are seen 0.025 0.030 0.033
when water reaches the high water level

2) Weedy and stony. Neither cracks nor crevices are seen 0.030 0.035 0.040
when water reaches the high water level

3) Not weedy but meandering. Some crevices and shallows 0.033 0.040 0.045
are seen.

4) Some weeds and stones, meandering. Some abysses and 0.035 0.045 0.050
shallows are seen.

5) Meandering. Some crevices and shallows are seen. The 0.040 0.048 0.055
changes in gradients and cross-sections are few at low
water level.

6) The same as 5) but stony. 0.045 0.050 0.060

7) Weeds and deep crevices are seen along moderate flow 0.050 0.070 0.080
areas.

8) Area where weeds grow densely, deep crevices are seen, 0.075 0.100 0.115
or many (rees are present

Canals in mountain areas. No plants in canals. River banks

are usually steep. Trees and shrubs along river banks are

submerged when water reaches the high water level.

1) Cobblestones and gravel on river bed 0.030 0.040 0.050

2) Large cobblestones on river bed 0.040 0.050 0.070

Large canals

1) Constant cross sections without large cobblestones or 0.025 0.060
shrubs

2) Rough and irregular cross sections 0.035 0.100

Source: Engineering Manual for Irrigation and Drainage Canal Works, The Japanese Institute of
Irrigation and Drainage 1987.

2) Investigation on the influence of flood control and water use

The condition of drainage discharges into rivers upstream and downstream during the ordinary flow
should be investigated in order to find the influence of rise of water level by weir upon drainability
upstream and downstream. Flood water level and flood pond area should be investigated to decide the
height of weir. Present condition of river utilization such as irrigation, hydropower, water rights,
fishery and others should also be investigated.

3) Investigation on the foundations

Investigation on the foundations are executed for items such as the structure and properties of the
ground, bearing capacity of the ground, conditions of riverbed deposits, ground water level and flow
condition of ground water.

Investigation on the foundations should be carried out in order to design suitable foundation structures
for the ground condition. Test pitting makes possible appraisal of strata and geology by the naked eye
and to estimate bearing capacity. Standard allowable bearing capacity is shown in Table 3-2.
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Table 3-2 Allowable Bearing Capacity of Foundation

Allowable Bearing Remarks
Foundation Capacity (KN/m?) N-value *qu Friction
(kKN/m?) Coefficient

Rock 1,000 ~100 0.7
Solid Sand 500 ~50 0.6
Semi consolidated 300 ~30 0.7
silt, clay
Conglomerate layer | Thick 600 0.6

Not thick 300
Sand ground Thick 300 30-50 0.6

Medium 200 20-30 0.5

thick { 100 10-20

Loose 50 5-10

Very loose 0 ~5
Clayey ground Very solid 200 15-30 ~250) 0.5

Sohq . 100 g8-15 100 — 250 0.45

Medium solid 50 4-8 50 — 100

ery so ~5s

Loam Solid 150 ~5 ~150

IS{agler solid 15000 3_5 100 — 150

? ~3 ~100

* Unconfined compression strength

Source: Technical Standard for River Works and Erosion and Sediment Control Works, Ministry of
Land, Infrastructure and Transport, 1997

4) Investigation for construction works

Investigation for construction works should be conducted on the following items, which are necessary
for construction planning.

(i) Meteorology, stream condition, ground water, riverbed conditions

Meteorology and stream condition should be thoroughly investigated because of their utmost
importance for deciding the construction schedule based on the investigation on 10 year data of
rainfall and river run off, channels, clevation of cofferdam, etc. Especially, temperature is
important for work plan of concrete (mortar) works.

(ii) Construction equipment, tools, materials, transportation and labor.

Construction materials include cement, sand, gravel, stone, steel materials, bricks and timber etc.
The supply situation of materials should be checked. Availability of local materials, necessity of
transportation, availability of transportation and availability of tools should also be checked.
Transportation of materials should be arranged if necessary. Minimum use of construction
equipment is encouraged for small scale irrigation schemes. Number of skilled labor and
unskilled labor should also be checked.

5) Topographical survey

Topographical survey for weirs should be done on the following items;

(i) Plane survey
Plane survey is necessary not only for construction of the weir and intake but also for the
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planning and design of cofferdam. Curvature conditions of the river should be surveyed. It is
desirable to draw contour lines on the map.

(ii) Longitudinal and cross section

Profile and cross section of the river are used for designing weir and hydraulic calculations.

(iii) Collection of topographic and other related maps

Prior to field investigations and surveys, topographic maps and other related maps around the
scheme should be collected in order to prepare the investigation schedule, and to make a

preliminary design.

6) Investigation for rehabilitation of existing facilities.

In case of rehabilitation of existing weir, following items should be investigated in addition to above

items.

1) Present condition of existing weir

ii) Topographical survey for rehabilitation items

Table 3-3 List of Items to be Investisated (River Diversion Weir)

Items

Description

Method

Outputs

1. River Conditions
(i) Water level and
discharge

(i1) Sedimentation

(ii1) Stream centerline

(iv) Riverbed slope

(v) Riverbed materials

- Highest water level

- Representative water
level and flow velocity in
each month

- Sediment at a structure
of vicinity area

- Stream centerline is
stable.

- Stream centerline is
located near the bank
where intake is required
- Riverbed slope

- Materials and
conditions of the river

- Observation of past flood
mark and interview to the
villagers

- Observation at the river

- Observation of sediment
configuration.

- Visual observation at the
river

- Visual observation at the
river

- Surveying. 20m interval,
from 100m upstream to
100m downstream.

- Visual observation at the
river

HWL=

WL=

Stones, sand or silt
Yes or no

Yes or no

Riverbed slope=

Estimated roughness
coefficient=

2. Influence of flood
control and water use
(i) Drainage discharge
into the river

(i1) Flood pond area

(ii1) River utilization

- Influence to the drain

- Flood pond area does
not influence farmland,
trees etc.

- Flood water level does
not exceed river bank.

- Present utilization of the
river

- Surveying location and
elevation of drain
- Observation at the site

- Observation at the site

- Irrigation for downstream
Fish pond, Others

Location=, Elevation=
No influence
No influence

No influence

Requirement= lit/s
Requirement= lit/s

- Water rights -Interview to relevant party | Quantity = lit/s. Water
fee= MK
3. Foundation
(1) River bed - Depth of bedrock, - Visual observation, Test Outcrop, Depth of
allowable bearing pitting, visual observation | bedrock=
capacity Penetration test Blow number at the
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(i1) Abutment

- Depth of bedrock, soil
property

- Ground water

- Visual observation, test
pitting

- Visual observation

depth=

Outcrop, Depth of
bedrock=, Soil
property

Ground water level=

4. Construction works
(i) Meteorology

(i1) Construction
equipment, materials,
transportation

- Collection of all
existing meteorological
data

- Availability of materials

- Number of available
tools

- Available transportation
- Number of available
labor

- Data collection and site
observation

- Stone, Sand, Cement

- Wheelbarrow, Bucket,
Shovel, Pickaxe, etc.

- Truck, tractor, oxcart

- Skilled labor, Unskilled
labor

Annual rainfall, Stream
condition, temperature,
water level, Height of
cofferdam

= km from the site,

= to be procured in___
= units, = pcs

DAO, DA, ADD,
Farmers, = number

5. Topographical survey
(i) Plane survey

(i1) Longitudinal and
cross section

(ii1) Collection of
topographic and other
related maps.

- Configuration of the
river, centerline of the
weir, location of intake,
cofferdam, stockyard etc.
should be indicated.

- Longitudinal section of
the river.

- Cross section of the
river along the weir
centerline.

- Longitudinal section of
the main canal from
inflow point to intake
structure.

- Cross section of the
main canal at the intake
structure.

- Available maps around
the scheme

- Site surveying with
measuring tape and
compass. Plane table.

- Site surveying with

measuring tape and level.

- Site surveying with

measuring tape and level.

- ditto

- ditto

- Data collection

Plan: scale 1/100

Longitudinal section:
scale 1/50

Cross section: scale
1/50

Longitudinal section:
scale 1/50

Cross section: scale
1/50

Various maps

6. Investigation for
rehabilitation

(i) Present condition of
existing weir

- Dimensions of the weir

- Material of the structure
- Condition of material

- Crack at the weir

- Water leakage

- Damage of the structure
- Stability

- Site investigation,
observation, measuring
tape.

- ditto
- ditto
- ditto
- ditto

- ditto
- ditto

Length= m,
Base width= m,
Top width= m,

Upstream slope=,
Downstream slope=,
Material is=
Condition of material
is good/bad
Location, length and
width of the crack=
Location of water
leakage. Quantity of
water leakage= lit/min.
Location, situation
Stable/not stable
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- Sediment - ditto Configuration and
depth
- Longitudinal section of | - ditto Longitudinal section:
the structures to be scale 1/200~1/500
rehabilitated.
- Cross section of the - Site surveying with Cross section: scale
(i1) Topographical survey | structures to be measuring tape and 1/50
for rehabilitation items rehabilitated. compass.

3.3 Construction Planning / Design
1) General Layout

River diversion work is comprised of main weir, intake, spillway, apron, riverbed protection and slope
protection.

The location of the weir should be decided considering stability of structure, operation and
maintenance, canal slope, canal length and elevation of beneficiary area. Intake floor must be higher
than the highest elevation of beneficiary area. The shorter length of canal is economical.

The elevation of both side banks should be high enough to avoid flooding upstream. If the elevation of
the bank is not high enough, may result into a flood upstream by rising water level by the weir. The
height of the weir should be decided considering flood water level of upstream. General layout of
gravity diversion weir type irrigation scheme is shown in Figure 3-1.

Raising the crest of existing weir should be decided very carefully considering flood elevation and
influence to riverbed, abutment and river bank.

stone masonry with mortar

main weir

gabion

v

-
main canal /

Figure 3-1 General Lay-out for Gravity Diversion Weir Type Irrigation

2) Design intake discharge and design intake water level
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Design intake discharge should be the maximum intake discharge of the main canal at intake point.
Design intake water level should be the water level of maximum intake discharge of the main canal at
intake point.

3) Design flood discharge and design flood water level

a. Design flood discharge

a

1 e f
Fb
\V4 FWL

b A2 A3 A4

c d

Figure 3-2 Sample Cross Section of a River

Design flood discharge should be the larger value of maximum experienced flood discharge or
regional maximum flood discharge. Maximum experienced flood discharge is roughly estimated by
Manning Formula. Required data and information are cross section of the river (refer to Figure 3-2),
gradient, past maximum flood mark (elevation) and roughness coefficient.

Q=AxV (m*/sec)
Where;
Q = Discharge (m%/sec)
A =TFlow area (m?)
V =Flow velocity (m/sec)
V=1mnxR¥xI"
n = Roughness coefficient refer to Table 3-1
I = Gradient of the riverbed
R = Hydraulic mean depth (m)
Example
Coordinates; a(ax, ay), b(bx, by), c(cx, cy), d(dx, dy), e(ex, ey), f(fx, fy)
FWL; h (from past maximum flood mark)
gx=ax+ (bx—ax)x(ay—h)/(ay —by),gy=h
hx=dx+ (ex—dx) x (h—dy)/(ey—dy),hy=h
A=A1+A2+A3+A4
Al=(bx—gx)x(gy—by)/2
A2=((h-by)+t(h—cy) x(cx—-bx)/2
A3=(th—cy)+(h—-dy)) x(dx—cx)/2
Ad=(hx—-dx)x(h—-dy)/2
R=A/P P: Wetted Perimeter
P=gb+bc+cd+dh
= ((bx—gx)* + (h=by)y) + ¥ ((ex—bx)* +(by —cy)) + v ((dx —cx)* + (dy —cy)?)
+ 4V ((hx —dx)?+ (h—dy)?)

Table 3-4 shows referential hydraulic analysis result of uniform flow for simple shape river.

Regional maximum flood discharge is computed from specific discharge of maximum flood discharge
of another dam in neighboring districts.

Q=Axq
Q = Discharge (m%/sec)
A = Catchment area (km?)

AP-I-B-50



Technical Guidelines T-COBSI, 2014

q = Specific discharge (m*/sec/km?)

b. Design flood water level

Design flood water level should be lower than embankment. In this guideline, difference between
design flood water level and top of riverbank (Fb in Figure 3-2) should be more than 0.6m. If Fb is
less than 0.6m, a weir should not be constructed at the location. The weir should be designed so as to
have Fb more than 0.6m.

Upstream depth of the river afier construction of a weir is computed with various hydraulic analyses.
However, in this guideline, simplified calculations, Manning Formula should be adopted. Calculation
method is the same as that of design flood discharge explained in “a. Design flood discharge”. Cross
section for calculation should be at the weir. Riverbed should assume as weir crest considering
accumulation of sediment. Water flow area for calculation should be area (j, k, 1, e, m) in Figure 3.3.

i < FWL { Fb f
Jk\ —m
ML

weir

Figure 3-3 Sample Cross Section of a Weir

In case of perfect overflow at the weir, upstream depth of the weir at the design flood discharge is
roughly estimated as below.

qgw=moxbwx v 2g)xhl*? =koxbwx hl*?* (m%/sec)

qw = Discharge (m*/sec )

mo, ko = Discharge coefficient, mo = 0.385, ko = 1.70 (considering a situation with

sedimentation expected to accumulate on the top of the weir)

bw = Weir length (m)

g = Gravity acceleration (9.8m/sec?)

h1 = Upstream head from the top of the weir (m)

hl=dl+V?/2g

V=qw/A=qw/(d]l xbw)

d1 = Upstream depth
Source: Engineering Manual for Irrigation and Drainage Head Works, The Japanese Institute of
Irrigation and Drainage 1989.

Table 3-5 shows referential hydraulic analysis result of perfect overflow at a weir.
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Table 3-4 Referential Hydraulic Analysis Results of Uniform Flow

Assumed Cross Section of River

S\ g/

width B |

Roughness coefficient n = 0.045

Table Depth — Discharge B =5.0m

Water Depth Gradient Velocity Discharge Froude
WD (m) I V (m/s) (m~3/s) Number
1.000 0.010 1.851 10.179 0.591
1.200 0.010 2.032 13.658 0.593
1.400 0.010 2.195 17.514 0.593
1.600 0.010 2.342 21.733 0.591
1.800 0.010 2477 26.305 0.590
2.000 0.010 2.602 31.222 0.588
2.200 0.010 2718 36.480 0.585
2.400 0.010 2.828 42.076 0.583
2.600 0.010 2931 48.009 0.581
2.800 0.010 3.029 54.279 0.578
1.000 0.005 1.309 7.198 0.418
1.200 0.005 1.437 9.657 0.419
1.400 0.005 1.552 12.384 0.419
1.600 0.005 1.656 15.368 0.418
1.800 0.005 1.751 18.600 0.417
2.000 0.005 1.840 22077 0.416
2.200 0.005 1.922 25,795 0414
2.400 0.005 2.000 29.752 0412
2.600 0.005 2073 33.948 0.411
2.800 0.005 2.142 38.381 0.409
1.000 0.003 1.069 5.877 0.341
1.200 0.003 1.173 7.885 0.342
1.400 0.003 1.267 10.112 0.342
1.600 0.003 1.352 12.548 0.341
1.800 0.003 1.430 15.187 0.340
2.000 0.003 1.502 18.026 0.339
2.200 0.003 1.569 21.062 0.338
2.400 0.003 1.633 24,293 0.337
2.600 0.003 1.692 27.718 0.335
2.800 0.003 1.749 31.338 0.334
1.000 0.002 0.828 4552 0.264
1.200 0.002 0.909 6.108 0.265
1.400 0.002 0.982 7.832 0.265
1.600 0.002 1.047 9.719 0.264
1.800 0.002 1.108 11.764 0.264
2.000 0.002 1.164 13.963 0.263
2.200 0.002 1.216 16.314 0.262
2.400 0.002 1.265 18.817 0.261
2.600 0.002 1.311 21.470 0.260
2.800 0.002 1.355 24.274 0.259
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Table 3-5 Referential Hydraulic Analysis Results of Perfect Over-flow at a Weir

Perfect Overflow Depth at the Weir

Q kO b w h i A \ di
8.500 1.700 5.000 1.000 3.465 2.453 0.693
11.174 1.700 5.000 1.200 3.840 2.910 0.768
14.080 1.700 5.000 1.400 4.480 3.143 0.896
17.203 1.700 5.000 1.600 5.540 3.105 1.108
20.527 1.700 5.000 1.800 6.235 3.292 1.247
24.042 1.700 5.000 2.000 6.930 3.469 1.386
27.737 1.700 5.000 2.200 7.620 3.640 1.524
31.604 1.700 5.000 2.400 8.315 3.801 1.663
35.635 1.700 5.000 2.600 9.005 3.957 1.801
39.825 1.700 5.000 2.800 9.700 4.106 1.940
17.000 1.700 10.000 1.000 6.930 2.453 0.693
22.347 1.700 10.000 1.200 7.680 2.910 0.768
28.161 1.700 10.000 1.400 8.960 3.143 0.896
34.406 1.700 10.000 1.600 11.080 3.105 1.108
41.054 1.700 10.000 1.800 12.470 3.292 1.247
48.083 1.700 10.000 2.000 13.860 3.469 1.386
55.473 1.700 10.000 2.200 15.240 3.640 1.524
63.207 1.700 10.000 2.400 16.630 3.801 1.663
71.270 1.700 10.000 2.600 18.010 3.957 1.801
79.650 1.700 10.000 2.800 19.400 4.106 1.940
25.500 1.700 15.000 1.000 10.395 2.453 0.693
33.521 1.700 15.000 1.200 11.520 2.910 0.768
42.241 1.700 15.000 1.400 13.440 3.143 0.896
51.608 1.700 15.000 1.600 16.620 3.105 1.108
61.581 1.700 15.000 1.800 18.705 3.292 1.247
72.125 1.700 15.000 2.000 20.790 3.469 1.386
83.210 1.700 15.000 2.200 22.860 3.640 1.524
94.811 1.700 15.000 2.400 24.945 3.801 1.663
106.906 1.700 15.000 2.600 27.015 3.957 1.801
119.475 1.700 15.000 2.800 29.100 4.106 1.940
34.000 1.700 20.000 1.000 13.860 2.453 0.693
44.694 1.700 20.000 1.200 15.360 2.910 0.768
56.321 1.700 20.000 1.400 17.920 3.143 0.896
68.811 1.700 20.000 1.600 22.160 3.105 1.108
82.108 1.700 20.000 1.800 24.940 3.292 1.247
96.167 1.700 20.000 2.000 27.720 3.469 1.386
110.946 1.700 20.000 2.200 30.480 3.640 1.524
126.414 1.700 20.000 2.400 33.260 3.801 1.663
142.541 1.700 20.000 2.600 36.020 3.957 1.801
159.300 1.700 20.000 2.800 38.800 4.106 1.940
42.500 1.700 25.000 1.000 17.325 2.453 0.693
55.868 1.700 25.000 1.200 19.200 2.910 0.768
70.401 1.700 25.000 1.400 22.400 3.143 0.896
86.014 1.700 25.000 1.600 27.700 3.105 1.108
102.636 1.700 25.000 1.800 31.175 3.292 1.247
120.208 1.700 25.000 2.000 34.650 3.469 1.386
138.683 1.700 25.000 2.200 38.100 3.640 1.524
158.018 1.700 25.000 2.400 41.575 3.801 1.663
178.176 1.700 25.000 2.600 45.025 3.957 1.801
199.125 1.700 25.000 2.800 48.500 4.106 1.940

2) Main Weir

Main weir should be made of concrete or stone masonry with mortar. The foundation should have
enough bearing capacity and be impervious. The sectional shape of main weir body is trapezoid, being
vertical or close to vertical on the upstream face and with a gentle slope on the downstream face,
giving some width on the weir crest. Where there is a flow of stones, it may be desirable to make the
slope of the upstream face gentle and that on the downstream face steep as in case of debris so as to
protect the weir body from damage due to falling stones. Weir should be laid on sound and stable
foundation. Surface soil of riverbed such as silt or sand should be removed. Standard cross section of
main weir is shown in the Figure 3-4 and stability condition shown in Figure 3-5.
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Figure 3-4 Standard Cross-Section of a Main Weir

a. Stability analysis
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Figure 3-5 Stability Analysis Condition (Main Weir)

Pw: Hydrostatic pressure
Pw=H?/2 (1)
Pe: Earth pressure due to sediment
Pe = (w—wo) x cox H*/ 2 (1)
w: unit weight of deposited silt (1.8 t/m?)
wo: unit weight of water (1.0 t/m?)
co: coefficient of earth pressure  co =0.45
Pd: Downstream resisting pressure against sliding (in case of soil foundation)
Pp=05xLax(23-wl)x «
La: length of apron (m)
a : coefficient of friction against ground ( refer Table 3-2)
Wd: Dead weight of weir (1)

Condition of stability is;

(i) Safety against overturning
e <l/6
ce=|XZM/ XV -172
¢: Eccentric distance (m)
2 M : total of moments (t . m)
2V : resultant force of vertical force (t)
(ii) Safety against sliding
Sf= a x XV/ XH
« : coefficient of friction against ground ( refer Table 3-2)
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Sf: safety factor Sf> 1.5
2 H : resultant force of horizontal force (t)

(iii) Safety against settlement

The compressive strength at the bottom should be within the safe bearing capacity of the
foundation.

p= XV/Ax(lx6xe/l)

p: compressive strength caused at both ends of the bottom (t/m?)

A: bottom area (m?)

Table 3-6 shows the result of sample stability analysis.

Case-1:

Case-2:

Case-3:

Case-4:

Case-5:

Rock foundation, «= 0.7, upstream slope: vertical, downstream slope 1:1.0, In case of weir
height more than 4.0m, safety factor of sliding is less than 1.5. In this case, providing cut off
is effective. There is no problem about safeness against overturning and safeness against
settlement.

Soil foundation, «= 0.45, upstream slope: vertical, downstream slope 1:1.0, Even weir
height is 1.0 m, safety factor of sliding is less than 1.5. In this case, providing the
downstream stone masonry apron is effective.

Soil foundation, « = 0.45, upstream slope: vertical, downstream slope 1:1.0, with
downstream sliding resistance force. In case that the weir height is more than 2.0m, required
length of apron is very long.

Soil foundation, «= 0.45, upstream slope: 1:0.3, downstream slope 1:1.0, with downstream
sliding resistance force. In case that the weir height is more than 3.0m, required length of
apron is very long.

Soil foundation «= 0.45, upstream slope: 1:0.5, downstream slope 1:1.0, with downstream
sliding resistance force. Making the upstream slope gentle, the length of apron can be
reduced.

In all cases, the safety against overturning satisfies required condition. Maximum required
compressive strength is about 10 t/ m? and it is smaller than allowable bearing capacity of solid clayey

soil.
Table 3-6 Results of Sample Stability Analysis (Weir)
case—1  Stability Analysis of weir a=).7, Foundation: Rock or semi consolidated clay
H L Pw Pd Pe VvV M 2H e 1/6 Sf pl p2
m m t t t t t'm t m m tm?2 | t/m2
10 1.100 0500| 0.000 0.180 2243 1.350 0.680 0052 0.183 2.308 2616 1.461
15 1.600 1.125] 0.000 0405 4.370 3.724 1.530 0052 0.267 1.999 3.266 2.196
20 2100 2000( 0.000 0.720 7073 7.816 2.720 0055 0.350 1.820 3.899 2.837
25 2.600 3.125( 0.000 1125 10350 | 14083 4.250 0.061 0433 1.705 4538 3423
30 3.100 4500] 0.000 1620 14203| 22983 6.120 0068 0517 1.624 5.186 3.976
35 3.600 6.125( 0.000 2205| 18630| 34972 8.330 0077 0.600 1.566 5.841 4.509
40 4100 8000 ( 0.000 2880 | 23633| 50509 | 10880 0087 5.028
45 4600 10125( 0.000 3645| 29210 70051 13.770 0098 5.537
case—2  Stability Analysis of weir =045, Foundation: Solid Clayey Ground, without downstream horizontal force
H L Pw Pd Pe VvV M ZH e 1/6 Sf pl p2
m m t t t t t'm t m m /m?2
10 1.100 0500] 0.000 0.180 2243 1.350 0.680 0052 0.183 1.461
15 1.600 1.125] 0.000 0405 4.370 3.724 1.530 0052 0.267 2.196
20 2100 2000( 0.000 0.720 7073 7.816 2.720 0055 0.350 2.837
25 2.600 3.125( 0.000 1125 10350 | 14.083 4.250 0.061 0433 3423
30 3.100 4500| 0.000 1620 14203| 22983 6.120 0068 0517 3.976
35 3.600 6.125( 0.000 2205| 18630| 34972 8.330 0077 0.600 4.509
40 4100 8000 ( 0.000 2880 | 23633| 50509 | 10880 0087 0683 5.028
45 4600 10125( 0.000 3645| 29210 70051 13.770 0098 0.767 5.537
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case—3  Stability Analysis of weir «=0.45, Foundation: Solid Clayey Ground, with downstream horizontal resisting force
H L Pw Pd Pe Vv M ZH e 1/6 Sf pl p2 La
m m t t t t t'm t m m vm2 | tv/m?2 m
10 1.100 0.500 | 0.146 0.180 2.243 1.350 0.534 0052 0.183 1.891 2.616 1461 0.500
15 1.600 1125 [ 0293 0.405 4370 3.724 1.238 0052 0.267 1.589 3.266 2.196 1.000
20 2.100 2000| 0731 0.720 7.073 7.816 1.989 0.055 0.350 1.600 3.899 2.837 2.500
25 2.600 3.125| 1170 1.125| 10350 | 14.083 3.080 0.061 0433 1.512 4538 3423 4.000
30 3.100 4500 | 1.901 1.620 | 14203 | 22983 4219 0.068 0517 1.515 5.186 3.976 6.500
35 3.600 6.125]| 2779 2205| 18630 | 34.972 5.551 0077 0.600 1.510 5.841 4509 9.500
40 4.100 8000 | 3803 2880 | 23.633| 50.509 7.078 0087 0.683 1.503 6.500 5028 | 13.000
45 4600| 10125] 5.119 3645| 29.210| 70.051 8.651 0098 0.767 1.519 7.163 5537 17.500
case—4  Stability Analysis of weir «=0.45, Foundation: Solid Clayey Ground, with downstream horizontal resisting force, upstream slope 1:0.3
H L Pw Pd Pe Vv M ZH e 1/6 Sf pl p2 La
m m t t t t t'm t m m vm2 | t/m2 m
10 1.250 0.500 | 0.000 0.180 2501 1.708 0.680 0.058 0.208 1.655 2.556 1446 0.000
15 1.900 1.125[ 0.146 0405 5.060 5.156 1.384 0.069 0317 1.646 3.243 2.083 0.500
20 2.550 2000 | 0.293 0.720 8366 | 11.348 2428 0.081 0425 1.551 3910 2.652 1.000
25 3.200 3.125| 0.585 1125 | 12420 21.052 3.665 0.095 0.533 1.525 4573 3.190 2.000
30 3.850 4500 | 1.024 1.620 | 17.221 35.036 5.096 0.109 0.642 1.521 5.236 3710 3.500
35 4.500 6.125| 1.609 2205 | 22770| 54.068 6.721 0.125 0.750 1.524 5.900 4220 5.500
40 5.150 8000 | 2194 2880 | 29.066 | 78.916 8.686 0.140 0.858 1.506 6.565 4723 7.500
45 5.800| 10125| 3.071 3645 | 36.110| 110.347| 10.699 0.156 0.967 1.519 7.230 5222 | 10.500
case—5  Stability Analysis of weir «=0.45, Foundation: Solid Clayey Ground, with downstream horizontal resisting force, upstream slope 1:0.5
H L Pw Pd Pe Vv M ZH e 1/6 Sf pl p2 La
m m t t t t t'm t m m vm2 | tv/m?2 m
10 1.350 0.500 | 0.000 0.180 2674 1.994 0.680 0071 0.225 1.769 2.605 1.357 0.000
15 2.100 1.125 [ 0.000 0.405 5.520 6.436 1.530 0.116 0.350 1.624 3.500 1.757 0.000
20 2.850 2.000| 0.000 0.720 9229 | 14738 2720 0.172 0475 1.527 4410 2.066 0.000
25 3.600 3.125| 0.146 1.125| 13800 28.075 4104 0.234 0.600 1.569 5.331 2.336 0.500
30 4.350 4500 | 0293 1.620 | 19234 | 47.624 5.828 0.301 0.725 1.564 6.258 2.585 1.000
35 5.100 6.125| 0439 2205| 25530 | 74.561 7.891 0.371 0.850 1.542 7.188 2.824 1.500
40 5.850 8000 | 0585 2880 | 32.689| 110.063| 10.295 0442 0.975 1.515 8121 3.055 2.000
45 6.600| 10125| 0878 3645| 40710| 155.305| 12.893 0515 1.100 1.525 9.055 3.281 3.000
3) Apron

To prevent scouring downstream of the weir by the overflowing water, a downstream apron is
provided. The length of the apron can be obtained from following formula. (Engineering Manual for
Irrigation and Drainage Head Works, The Japanese Institute of Irrigation and Drainage 1989).

L=06xCx Vv H

Where, L: length of downstream apron (m)
C: Bligh’s C, coefficient which varies depending on the type of the foundation.
(Table 3-7)
H: Height of the weir from downstream riverbed (m)

Table 3-7 Coefficients for Blichs’ Method and Lanes’ Method

Foundation Bligh’s coefficient C Lane’s coefficient C’

Silty sand or silt 18 8.5
Fine sand 15 7.0
Medium sand - 6.0
Coarse sand 12 5.0
Gravel - 4.0
Coarse gravel - 3.5
Sandy gravel 9 -

Cobble stone with gravel - 3.0
Rocks with cobble stone and gravel - 2.5
Rocks with gravel and sand 4-6 -

Soft clay - 3.0
Medium clay - 2.0
Heavy clay - 1.8
Hard clay - 1.6
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Table 3-8 below contains computed lengths of aprons for different weir heights and soil conditions,
with C for medium clay assumed at 5.0.

Table 3-8 Required Length of Apron

Required length of apron (m)
Height of weir Silty sand or silt Fine sand Coarse sand Medium clay

(m)

1.0 7.7 6.4 5.1 2.2
1.5 10.8 9.0 7.2 3.0
2.0 13.3 11.1 8.9 3.7
2.5 15.3 12.8 10.2 4.3
3.0 17.1 14.3 11.4 4.8
3.5 18.8 15.6 12.5 5.2
4.0 20.3 16.9 13.5 5.7
4.5 21.6 18.0 134 6.0

4) Riverbed Protection and Slope Protection

Riverbed protection work is provided continuously to the apron to prevent scouring. Riverbed
protection work prevent scour by reducing the energy of the high velocity flow that passes the weir
gradually using the resistance of riverbed protection, making the flow velocity the same as that of
downstream river following the riverbed protection.

The material of riverbed protection work should be gabions or stone pitching . Recommended length
of riverbed protection work should be obtained from following Bligh’s formula. Slope protection of
both sides should be the same length and same material as apron and riverbed protection.

La=L-Lb
L=067xCx v (Hxqxf
La: Length of apron
Lb: length of riverbed protection (m)
L: total length of protection including length of apron la (m)
H: height of the weir from downstream riverbed.
q: flow quantity per unit width of design flood discharge (m*/sec/m)
f: safety factor, 1.5 in case of movable weir, 1.0 in case of fixed weir
C: Bligh’s coefficient
Generally, g = 2.0 to 8.0 in small scale irrigation scheme.

From above 1) ~ 2), recommended dimensions of weir are shown in the Table 3-9.

Table 3-9 Standard Dimensions of Weir

a. Rock Foundation

Height of weir | Upstream surface Downstream Length of Length of Remarks
(m) slope surface slope apron (m) riverbed
protection
(m)

1.0 Vertical 1:1.0 0 0

1.5 Vertical 1:1.0 0 0

2.0 Vertical 1:1.0 0 0

2.5 Vertical 1:1.0 0 0

3.0 Vertical 1:1.0 0 0

3.5 Vertical 1:1.0 0 0

4.0 Vertical 1:1.0 0 0

4.5 Vertical 1:1.0 0 0 Provide cut off
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b. Soil Foundation

Height of weir | Upstream surface Downstream Length of Length of Remarks
(m) slope surface slope apron , La riverbed
(m) protection

(m)

1.0 Vertical 1:1.0 2.5 Lb

1.5 Vertical 1:1.0 3.0 Lb

2.0 Vertical 1:1.0 4.0 Lb

2.5 1:0.3 1:1.0 4.5 Lb

3.0 1:0.3 1:1.0 5.0 Lb

3.5 1:0.3 1:1.0 5.5 Lb

4.0 1:0.5 1:1.0 6.0 Lb

4.5 1:0.5 1:1.0 6.0 Lb

In case of rehabilitation of existing weir, the dimensions of the weir, apron and riverbed protection should

be modified to meet above table.

5) Intake

The intake should function to make sure that intake design discharge from a river and transfer the flow
to the irrigation canal. Generally discharges in rivers are subject to change and at the time of flood,
huge amount of soil, sand and floating debris materials are carried by the river flow. Therefore, intake
requires such as easy control of intake discharge and prevention of the materials carried from flowing
into the canal. The intake is opened in the dry season and closed in the rainy season.

Intake bottom clevation should be higher than the riverbed clevation at least 0.2m to prevent soil and

sand flowing into the canal.

Bottom width of intake is decided to meet to required discharge capacity. Table 3.10 is sample of

capacity of intake.

Table 3.10 Main Canal Hydraulic Analysis

Bottom Width = 1.0m, [ =0.002, n = 0.025

Q v A P R Water Depth Freeboard Canal Height
(m’/s) (m/s) (m?) (m) (m) (m) (m) (m)
0.200 0.6109 0.327 1.640 0.200 0.2864 0.114 0.400
0.225 0.6330 0.355 1.689 0.210 0.3080 0.192 0.500
0.250 0.6532 0.383 1.735 0.221 0.3288 0.171 0.500
0.275 0.6717 0.409 1.780 0.230 0.3487 0.151 0.500
0.300 0.6889 0.436 1.823 0.239 0.3679 0.132 0.500
0.325 0.7049 0.461 1.864 0.247 0.3864 0.114 0.500
0.350 0.7199 0.486 1.904 0.255 0.4044 0.196 0.600
0.375 0.7341 0.511 1.943 0.263 0.4219 0.178 0.600
0.400 0.7475 0.535 1.981 0.270 0.4389 0.161 0.600
0.450 0.7723 0.583 2.055 0.284 0.4716 0.128 0.600
0.500 0.7948 0.629 2.124 0.296 0.5027 0.197 0.700

» Slope of side wall shallbe 1 : 0.5

» Slope of intake canal (hydraulic gradient) : 1/500

» Thickness of stone masonry lining : minimum 20cm
»  Width of top of intake : minimum 60cm
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CHAPTER 4 DESIGN OF CANALS AND STRUCTURES

Main canal conveys the diverted water from the intake point to the farming land. An associated
problem with main canal is how to align structures according to the topographic condition without
using sophisticated survey equipment. Construction, on the other hand, is not so difficult since most of
the work required could be done with simple tools such as hoe, shovel, etc.

4.1 Construction Criteria
1) Material

Most of materials for small irrigation schemes should be locally sourced with minimum use of outside
materials. Local materials include; sand, stone, bricks, soil etc. and cement, pipes and tools are inputs
from outside.

2) Labor

The rehabilitation work should be done by the farmers under supervision of CEOs and TSB officers.
Labor force should be provided by the farmers association. Only transportation for materials (if
necessary) should be provided from outside.

4.2 Investigation

Field investigations should be carried out at and around the site on necessary items for design,
construction, rehabilitation and O&M. Prior to the investigations selecting necessary items for
investigation, the appropriate investigation plan should be put in practice. The results of investigation
are essential for design of canal system.

1) Meteorological and hydrological investigations

Meteorological and hydrological conditions of the site should be investigated through data collection
and observation. Items for meteorological and hydrological investigation include temperature,
precipitation, evaporation, wind direction, wind velocity.

2) Soil and geological investigation

Soil tests of geological investigations, including the collection of geological data reconnaissance are
important to be carried out along the proposed canal route to understand the geological structure, the
physical properties of the soil, the ground water table and other conditions.

3) Topographic investigations

Topography of the site and surrounding area should be clarified through data collection and
topographic survey. Topographic investigations are important to determine the alignment of canals and
location of gully crossing and road crossing.

i) Plane survey

Plane survey is necessary for design of facilitics and planning of construction. The location and
route of canals, gully and road should be indicated. It is desirable to draw contour lines on the
map.

ii) Longitudinal and cross section
Profile and cross section of the canal are used for determining canal alignment.

iii) Collection of topographic and other related maps

Prior to field investigations and surveys, topographic maps and other related maps around the
scheme should be collected in order to prepare the investigation schedule, and to make a
preliminary design.
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4) Investigation for construction works

Investigation for construction works should be conducted on the following items, which are necessary
for construction planning.

i) Meteorology, surface water, ground water

Meteorology and surface water should be thoroughly investigated because of their utmost
importance for deciding the construction schedule. Especially, temperature is important for
work plan of concrete (mortar) works.

ii) Construction equipment and materials

Construction materials include cement, soil, sand, gravel, stone, steel materials, bricks and
timber etc. The supply situation of materials should be checked. Availability of local materials,
necessity of transportation, availability of transportation and availability of tools should be
checked. Transportation of materials should be arranged if necessary.

5) Investigation for rehabilitation of existing facilities

In case of rehabilitation of existing facility, following items should be investigated in addition to above
items. (Refer to the Table 4-1)

i) Present condition of existing facilities
i) Topographical survey for rehabilitation items

iii) Data on water use management of existing facilities.
iv) Operation and maintenance system of existing facilities

Table 4-1 List of Items to be Investisated (Main and Secondary Canal)

Items Description Method Outputs
1.Meteorological and - Collection of - Data collection and - Annual rainfall,
hydrological meteorological and site observation temperature, wind
investigations hydrological data direction, wind velocity,etc.
2. Soil and geological
investigation

(i) Geological data

(i1) Surface geological
survey

- Collection of existing
geological data

- To grasp the condition
of the field

- Data collection

- Site surveying,
observation

Topographic map, aerial
photographs, geological
map, soil texture, soil map
Ground water table =

Soil character, unstable

topography, gully

3. Topographic
investigations
(i) Plane survey

(i1) Longitudinal and
cross section

(ii1) Collection of
topographic and other
related maps.

- Land topography,
boundaries, existing
structures, location of
gully, location of road

- Longitudinal section of
canal center line

- Cross section of canal
center line

- Available maps around
the scheme

- Site surveying with
measuring tape and
compass. Plane table

- Site survey with tape
and level

- ditto

- Data collection

Plan: scale 1/10007°1/2000

Longitudinal section: scale
1/20071/500

Cross section: scale 1/50

Various maps

4. Construction works
(i) Meteorology

(i1) Construction

- Collection of all
existing meteorological
data

- Availability of materials

- Data collection and
site observation

- Sand, Bricks,

Annual rainfall, Stream
condition, temperature,
water level

= km from the site, = to be
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equipment, materials,
transportation

- Number of available
tools
- Available transportation

Cement

- Wheelbarrow,
Bucket, Shovel

- Truck, tractor, oxcart

procured in
= units,= pcs

DAO, DA, ADD, Farmers

existing facilities

(i1) Topographical
survey for rehabilitation
items

(iii) Investigation on
water use management
of existing canals

(iv) Operation and
maintenance system of
existing canals

structures

- Cracks

- Damage of structures
- Water leakage

- Freeboard

- Water flow condition
- Function, capacity of
canals

- Sediment

- Safety

- Longitudinal section of
the structures to be
rehabilitated.

- Cross section of the
structures to be
rehabilitated.

- Discharge

- Irrigation schedule

- Water flow depth

- Operation and
maintenance

- Number of available - Skilled labor, = number
labor Unskilled labor
5. Rehabilitation of
existing facilities
(i) Present condition of | -Dimensions of existing | - Site investigation, Length= m, width= m

observation,
measuring tape.
- ditto

- ditto

- ditto

- ditto

- ditto

- ditto

- ditto

- ditto

- Site surveying with
measuring tape and
compass. Plane table.

- Daily operation
record

- Operation and
maintenance record

Depth=m, Elevation
Location, length, width
Location, situation
Location, quantity = lit/min
Fb= m

Stable or not

Enough or not

Configuration and depth
Good or bad
Longitudinal section: scale

1/20071/500

Cross section: scale 1/50

Daily discharge for the
canal.

Depth =

Operation and maintenance
record.

4.3 Construction Planning/Design

1) Canal Alignment

Recommended way of canal alignment
Interval of the
two poles should preferably be 5 meter,
and one side of the tied points should
be 0.5 — 1 cm higher than the other.
Pole with higher tied point should
always be placed foreside, not like
conventional alternate placing.
cm difference in 5 meter gives 1:1000
gradient suitable for gentle topography,
1:500 gradient
topography.
Figure 4-1 shows the process of canal

is to use line level.

and 1
adaptable

cm  gives

for sloped

alignment.

2) Canal Lining

Soun_Gom,

0.5

I

| \Q:%D%—;J g

Figure 4-1 Hlustration of Canal Alisnment Procedure |

Canal is categorized into two; either non-lining or lined. Lining is made of brick or stone masonry
(concrete lining is sometimes seen but the cost beyond farmers’ affordability excludes this option).
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Earth canal is the most simple and economical. With simple tools such as hoe, hand shovel, and
wheelbarrow, construction is very easy and cheap. However, since this is non-lining, water conveyance
loss is high due to seepage/leakage and much maintenance works such as grass cutting, de-silting,
reshaping of cross section and so on are needed in every season.

Lining can be done with clay soil, plastic paper, stone, brick, or masonry. These canals reduce the
canal conveyance loss and also minimize maintenance works as compared to earth canal. In particular,
reducing the canal conveyance loss becomes very important when diversion water is not enough to
cover all the prospective service area. Lining can also prevent the canal from being eroded, which in
turn minimizes the maintenance work and makes canal life longer.

Investment for lining, on the other hand, is higher than earth canal except for clay, stone and recycled
plastic paper linings. Farmers in rural area make bricks by themselves. Therefore, brick lining is
cheaper than stone masonry, and damaged parts or bricks can easily be replaced by the farmers. Stone
masonry lining is more durable than brick, but requires much cement, which may go beyond the
farmers’ affordability.

3) Canal Design

i) Cross-section and side-slopes
For earth canals, standard trapezoidal shape is commonly used. Required slope depends on the
stability of the soil. Recommendable side slopes for different soils are given in Table 4-2
below:

Table 4-2 Recommended Side Slopes for Different Types of Soils

Recommendable Side

Type of Soils Slope (—
(Ver.) : (Hor) Vi
Clay 2:1 er

All other soils 2:1 Hor.
Sand 1:1

Generally, rectangular cross section requires less excavation and less quantity of bricks.
Considering safety of structure, it is recommendable to adopt trapezoid cross section. However,
rectangular cross section may be adopted in case that the depth is less than 0.6 m, due to small
soil pressure.

ii) Freeboard

Freeboard acts as a reserve depth in a canal to allow some variations in water flow. The
freeboard is decided according to the planned discharge; more discharge, higher free board and
less discharge, smaller free board. Irrigation schemes undertaken in this Guideline are
small-scale, therefore a minimum 10 cm to maximum of about 20 cm frecboard is
recommended.

iii) Allowable flow velocity

The design velocity of canals must be determined within the limits of two factors; namely, 1)
the minimum allowable velocity that causes neither accumulation of sediment of soils nor
growth of waterweeds, and 2) the maximum allowable velocity that does not produce erosion
of canal materials by the flow. Refer Table 4-3 for Maximum allowable velocities of different
types of canals.

The minimum allowable velocity: 0.45 - 0.90 m/sec
Within this range of mean velocity, soil sediments are not accumulated in a canal where the

particle size of suspended sediment is not larger than silt. Waterweeds hindering the flow
capacity of the canal do not grow when the mean velocity is more than 0.7 m/sec.
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Table 4-3 Maximum Allowable Velocity

Type of Canal Maximum Allowable Type of Canal Maximum Allowable
Material Velocity, (m/s) Material Velocity, (m/s)
Sandy soil 04-0.6 Thin concrete 15-25
Sand-loam 0.5-0.7 (approx.10cm) ' '
Clay-loam 0.6-09 Brick h
- rick masonry wi
Clay 09-1.5 mortar filled 2.50
Rock 1.0-2.0

Table 4-4 Value of Roughness Coefficient

Materials and conditions of canals

Roughness Coefficient

Minimum value

Standard value

Maximum value

Concrete (cast-in-place flume, culvert, etc.)
Concrete (shotcrete)

Concrete (with precast flume, pipe, etc.)
Concrete (reinforced concrete pipe)

Concrete block masonry

Cement (mortar)

Asbestos cement pipe

Steel (locked bar or welded)

Steel (revet)

Smooth steel surface (not painted)

Smooth steel surface and pipe (painted)
Corrugated surface (steel sheet)

Cast iron (not painted)

Cast iron sheet and pipe (painted)

Chloride vinyl pipe

Reinforced plastic

Ceramic pipe

Earth lining

Asphalt (smooth surface)

Asphalt (rough stone)

Masonry (rough stone wet masonry)

Masonry (rough stone dry masonry)

Wood (wooden gutter)

Wood (lined in thin layer, treated with creosote)
Rock tunnel with no lining on overall
cross-sectional area

Rock tunnel with no lining except concrete placed
on the bottom

Vegetation coverage (turfing)

0.012
0.016
0.012
0.011
0.014
0.011
0.011
0.010
0.013
0.011
0.012
0.021
0.011
0.010

0.011

0.017
0.023
0.010
0.015

0.030

0.020
0.030

0.015
0.019
0.014
0.013
0.016
0.013
0.013
0.012
0.016
0.012
0.013
0.025
0.014
0.013
0.012
0.012
0.014
0.025
0.014
0.017
0.025
0.032
0.012
0.017

0.035

0.025
0.04

0.016
0.023
0.016
0.014
0.017
0.015
0.014
0.014
0.017
0.014
0.017
0.030
0.016
0.014

0.017

0.030
0.035
0.014
0.020

0.040

0.030
0.050

Source: Engineering Manual for Irrigation and Drainage Canal Works, The Japanese Institute of

Irrigation and Drainage 1987.

4) Canal slope (earth)

Steep canal slope creates erosion due to its high flow velocity through it. On the other hand, too gentle
slope cause heavy silting in the canal and also enlarges canal section to accommodate the required
flow. Canal slope depends on the difference between the elevation at intake and farmland. If the slope
is too steep and the water velocity is too high, the slope should be made gentler by setting a drop. If

the slope can not be made steeper, frequent maintenance of de-silting should be required.
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5) Canal dimension

The minimum canal bed width should be 0.30m considering maintenance work.

The recommended canal dimension; bottom width, water depth and total depth (= water depth +
freeboard) for different design discharges and canal slopes and are presented in Table 4-5 below:

Table 4-5 Recommended Canal Dimension for Various Discharges

Discharge

(lit./s)

Bed Width
(m)

Canal Slope
(%)

Side Slope
Ver.:Hor

Water Depth
(m)

Vmax
{m/s)

Freeboard

Canal Height
(m)

0 TS;OA

008

0173 ]

0.060

Discharge

(lit./s)

(m)

Canal Slope
(%)

Side Slope
Ver.:Hor

Water Depth

(m)

2

Discharge

(lit./s)

(m)

Canal Slope
(%)

Side Slope
Ver.:Hor

(m)

Freeboard

(m)

(m)

005

1;

0.116
ST

1.00

0.115
Discharge Bed Width Canal Slope Side Slope Water Depth Vmax Freeboard Canal Height
(it./s) (m) ) Ver..Hor (m) (m/s) (m) (m)
10 0.05 2:1 0.138

0.30
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Discharge Bed Width Canal Slope Side Slope Water Depth Vmax Freeboard Canal Height
(lit./s) (m) %) Ver.:Hor (m) (m/s) (m) (m)
15 0.05 0:

15

Discharge Bed Width Canal Slope Side Slope Vmax Frecboard Canal Height
(lit./s) (m) (%) Ver..Hor (m/s) (m) (m)
15 2:1

Discharge Bed Width Canal Slope Side Slope Water Depth Vmax Freeboard Canal Height
(lit./s) (m) %) Ver.:Hor (m) (m/s) (m) (m)
3\0‘ 0.50 0.0‘5 O 1 0.341 011‘\76 0.125 050

0.122

0.126

Discharge Canal Slope Side Slope Frecboard
(lit./s) (m) Ver..Hor

Discharge Bed Width Canal Slope Side Slope Water Depth Vmax Freeboard Canal Height
(lit./s) (m) (%) Ver.:Hor (m) (m/s) (m) (m)
50 01 [ oam \ 0131 060

o1

50 . ) : 902 ) 0.134

Discharge Bed Width Canal Slope Side Slope Water Depth Vmax Frecboard Canal Height
(lit./s) (m) (%) Ver..Hor
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Discharge

(lit./s)

Bed Width
(m)

Canal Slope
(%)

Side Slope
Ver.:Hor

Water Depth
(m)

Freeboard

(m)

Canal Height
(m)

0.05.

Side Slope Frecboard
Ver:Hor (m) (m) (m)

Discharge Canal Slope

(lit./s) (m) (%)
0

6) Turnout

Turnouts are made to distribute water to secondary and tertiary canals. Turnouts are opened and closed
following rotational irrigation schedule. Stop logs are recommended for closing turnout however sand
bags or bricks and banana leaves are also acceptable. Interval of turnout depends on a number of
factors and should lead water to secondary canal. They are mostly spaced at 40m to 60m.

7) Stream/Gully Crossing

Stream/Gully crossing should consist of brick made boxes and pipe. Boxes should be constructed at
each side of stream or gully and connected with a pipe. It is possible to make stream/gully crossing
with tree bark, logs, bamboo and plastic paper supported by logs but it should be removed during flood
season. Therefore, adoption of stream/gully crossing made of bricks and pipe is recommendable for a
small scale irrigation scheme. The length of stream/gully crossing should be less than 6m considering
the length and strength of pipe. If the length of stream/gully crossing exceeds 6m, it should be
supported. Since the support should be enough strong and durable in order not to be washed away by a
flash water, it is costly and requires technical consideration. The location of stream/gully crossing
should be determined to make the length as shorter as possible (less than 6m). The flow capacity of
pipes is shown Table 4-6 below.

Table 4-6 Maximum Pipe Flow Quantity of Uniform Flow

Pipe Diameter (Nom. Size) Gradient 1/300 Gradient 1/500
¢ 100 3.9 lit/s 3.1 lit/s
¢ 125 6.7 lit/s 5.2 lit/s
¢ 150 9.6 lit/s 7.5 lit/s
@ 200 24.4 1it/s 18.9 lit/s
@ 225 32.3 lit/s 25.1 lit/s
8) Road Crossing

Road crossing should consist of brick made boxes and pipes. Boxes should be constructed at each side
of the road and connected with pipes. Pipes should be installed at the depth of more than 30cm from
the surface of the road. 30 cm soil cover is enough safe for gross weight 14 ton truck load. Pipes
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should be installed at the height of 10cm from canal bed, refer to the Figure 4-2. Siphon type is not
recommended due to maintenance problems. It is recommended that the back filling material should

be thoroughly compacted without destroying the canal walls.

\777_/ 60 cm o
( $>30 cm

< (I)IOCm

Pipe

Main canal

Figure 4-2 Standard Cross Section of Road Crossing
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CHAPTER § WORK PLAN

5.1 Work Program

Flowchart of work program is shown below.

Site Survey/Investigation

Survey and Design
Stage

A 4

Construction Method

Detailed Design

|

Quantity Calculation

l

Construction Cost

A 4

Construction Supervision

Schedule Control
Quality Control

Cost Control

Safety and Environment Control

Required Manpower Work Plan ||
v
Work Schedule
Implementation
v
Implementation
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5.2 Work Plan
(1) General

Construction plan is to establish that the way how the project is implemented safely and within the
specified time and cost, and construction method and procedure. Construction work has different types,
sizes, and locations and construction conditions are different from one to another. To execute these
works in systematic and organized ways, the construction plan appropriate for each work needs to be
prepared.

i)  Based on design, work method is established.

ii) Based on design, quantity of required materials is calculated.

iii) Based on quantity and work method, required manpower is calculated.
iv) Based on quantity and manpower, construction cost is calculated.

v) Based on manpower, work schedule is drawn up.

(2) Bill of Quantity

Quantity of required materials should be calculated in accordance with drawing. Following items are
calculated.

- Excavation

- Embankment
- Stone masonry
- Rubble stones
- Mortar

- Sand

- Cement

- Bricks

- Pipes

- Gabions

- Others

i) Excavation
Quantity of excavation is calculated in accordance with cross section.
Vex=(A1+A2)2xL1+(A2+A3)2xL2+..... + (An-1 +An)/2 x Ln
Vex: Excavation volume (m?)
An: Cross sectional area of excavation at An (m)
Ln: Distance between An-1 and An (m)
or
Vex=AxD (m%)
A: Excavation area (m?)
D: Excavation depth (m)
ii) Embankment
Quantity of embankment shall be calculated in accordance with cross section.
Vem= (A1 +A2)/2xL1+(A2+A3)2xL2+..... + (An-1 +An)/2 x Ln
Vem: Embankment volume (m*)
An: Cross sectional area of embankment at An  (m)
Ln: Distance between An-1 and An (m)

iii) Stone masonry
Quantity of stone masonry is calculated in accordance with cross section.
iv) Rubble stone (stone masonry)
Quantity of rubble stone for stone masonry is calculated as follows
Vrs = Vsm x 1.08 (m?)
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1.08: coefTicient of loss
Vrs: Volume of rubble stone (m?)
Vsm: Volume of stone masonry (m?)

v) Mortar for stone masonry

Quantity of mortar for stone masonry is calculated as follows
Vmo =Vsm x 0.5 x 1.1 (m?)
Vmo: Volume of mortar for stone masonry (m?)
Vsm: Volume of stone masonry (m?)
0.5: coefficient of ratio
1.1: coefficient of loss

vi) Sand for mortar

Quantity of sand for mortar is calculated as follows
Vsa=Vmo x 0.8 (m%)
Vsa: Volume of sand (m?)
Vmo: Volume of mortar (m?)

vii) Cement
Quantity of cement for mortar is calculated as follows
Ve =Vmo x 9.0 (bags)
Vc: Volume of cement (bags)
Vmo: Volume of mortar (m?)
viii) Bricks
Quantity of bricks is calculated in accordance with drawings.

ix) Gabions
Dimension of gabion wire netis 1.0m x 1.0m x 4.0m or 1.0m x 1.0m x 2.0m.
x) Rubble stones for gabion
Quantity of rubble stone for gabion is calculated as follows
Vrsg = Vga x 0.95 (m?)
0.95: coefficient of ratio
Vrsg: Volume of rubble stone (m*)
Vga: Volume of gabion (m?)

Example of quantity calculation sheet is shown in Table 5-1.
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Table 5-1 Example of Quantity Calculation Sheet

Site:
No. Item Specifoiclation/ calculation Amount| Unit Remarks
Quality
1 |Weir Stone Masonry [standard cross section
Al=(06+19) x1/2x13+19x05=2575m"2
end cross section
A2=(06+09)x1/2x03=0225m"2
V1=2575x75=1931m 3
V2 =(2575 +0.225) x 1/2 x (2.0 + 3.0) =700 m"3
V=1931+70=2631
rubble stone 26.31 x 1.08 = 2841m”3 28.4 m’3
mortar 26.31 x 0.5 x 1.1 =14.47 m"3
sand 1447 x 0.8 = 11.58 m"3 11.6 m"3
cement 14.47 x 450 kg / 50 kg = 130.23 bag 1310 | bag
gabion 17.0 pc
rubble stone 10x1.0x20x095x 15=285m"3 285 m’3
2 [Intake Stone Masonry [AT=(124+264)x1/2x14=272m 2
A2=(10+22)x1/2x12=182m 2
V1=(272-192)x (10+06+12+10)=304m"3
V2=182x06=115m"3
V3=1982x1/2x12=1.15m"3
V=3804+115+115=534m"3
rubble stone 534 x1.08=577m"3 5.8 m’3
mortar 534 x05x1.1=294m"3
sand 2.94 x 08 =235m"3 2.4 m’3
cement 2.94 x 450 kg / 50 kg = 26.46 bag 26.0 bag
PVC ¢ 150 3.6 m
Box
No. Item Specxfopatxon calculation Amount| Unit Remarks
/Quality
1 |Discharge Box 1.0m x 1.0m x 0.855m (Depth) wall 9 layers
Brick wall 0.215 x 0.855 x (1.43 x 2 + 1.0 x 2) = 0.893 m"3
base 1.43 x 1.43 x 0.175 = 0.358 m"3
opening not considered
total 0.893 +0.358 = 1.251 m"3
1.251 / (0.235 x 0.115 x 0.095) x 1.1= 536.00 pc 536.0 | pc
Mortar wall 0.015x0.215x (1.43 x 2+ 1.0x 2) x 9 =0.141 m™3
0.015 x 0.215 x (0.08 x 9) x ((1.43 x 2 +1.0 x 2) / 0.235) = 0.048 m"3
base 0.015 x (1.43 x 143 + 0.175 x (1.43 / 0.235) + 0.175 x (143 / 0.115)) =0.079 m"3
opening not considered
inside plastering] 1.0 x 1.0 x 0.8 x 0.015=0.012 m"3
total (0.141 + 0.048 + 0.079 + 0.012) x 1.3 =0.364 m"3
sand 0.364 x 0.8 =0.291 m"3 0.291 |m™3
cement 0.364 x 450kg / 50kg = 3.276 bag 3.276 | bag
2 |Box 0.6m x 0.6m x 0.475m (Depth) wall 5 layers
Brick wall 0.215 x 0.475 x (1.03 x 2 + 0.6 x 2) = 0.333 m"3
base 1.03 x 1.03 x 0.175 = 0.186 m"3
opening not considered
total 0.333 +0.186 =0.519 m™3
0519 /(0.235 x 0.115 x 0.095) x 1.1= 222.37 pc 2230 | pc
Mortar wall 0.015 x 0.215 x (1.03 x 2 + 0.6 x 2) x 5 =0.052 m"3
0.015 x 0.215 x (0.08 x 5) x ((1.03 x 2 +0.6 x 2) / 0.235) = 0.018 m"3
base 0.015 x (1.03 x 1.03 + 0.175 x (1.03 / 0.235) + 0.175 x (1.03 / 0.115)) = 0.051 m"3
opening not considered
inside plastering] 0.6 x 0.6 x 0.475 x 0.015 = 0.003 m™3
total (0052 +0.018 + 0.051 + 0.003) x 1.3 =0.161 m"3
sand 0.161 x0.8=0.129 m"3 0.129 |m™3
cement 0.161 x 450kg / 50kg = 1.449 bag 1449 | bag

(3) Man Power and Tools Planning

Standard of required manpower, material and tools for each work is estimated as Table 5-2. These
were established.

(4) Construction Cost

Construction cost is calculated based on bill of quantity and man power. Example of cost calculation
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sheet is shown in Table 5-3.
5.3 Work Schedule

Based on quantity and required manpower for each item, construction period for each item is estimated.
If the available labor per day is enough, putting large manpower into the work, shorten the
construction period is shortened. Example of manpower planning is shown in the Table 5-4. Based on
this man power planning, work progress schedule is drawn up. If man power is enough, work items
can be executed simultancously. Example of work progress schedule is shown in the Figure 5-1.

1) Standard Manpower and Quantity Per Unit
Standard manpower and quantity per unit is shown below.

a. Embankment

Embankment (by hand) per 10m"3 quantity | unit

unskilled labor 7.60 Man*day

Ex. For 100m”3: 76 man*day = 10 days / 7.6 man/day = 20 days / 3.8 man/day

b. Excavation

Excavation (by hand) per 10m"3 quantity | unit

unskilled labor 7.80 Man*day

Ex. For 100m”3: 78 man*day = 10 days / 7.8 man/day = 20 days / 3.9 man/day

c. Mortar Mixing

1:4 Mortar per 0.89m"3/day quantity unit
unskilled labor (mixing) 2.0 Man*day
unskilled labor (helper) 4.0 Man*day

Ex. For 8.9 m”3 mortar: 10 days / 6.0 unskilled labors = 5 days / 12.0 unskilled labors (2 sets)

d. Stone Masonry (not including mortar mixing)

Stone Masonry per 1.0 m"3 quantity Unit
skilled labor 0.6 Man*day
unskilled labor 3.6 Man*day

Ex. For 10 m”3 stone masonry: skilled labor 6 man*day + unskilled labor 36 man*day
=6 days by (1 skilled labor and 6 unskilled labors)/day
=3 days by (2 skilled labor and 12 unskilled labors)/day = 2 sets/day

(Mortar mixing: 0.89 m”3/day/Iset. Stone masonry 1.0 m”3 requires 0.5 m”"3 mortar.
Stone Masonry 10m"3 requires 5 m”3 mortar

If 6days, mortar mixing 1set/day, If 3days, mortar mixing 2 sets)

e. Gabion Work

Gabion Work per piece 2.0 m"3 quantity Unit
skilled labor 0.25 Man*day
unskilled labor 35 Man*day

Ex. For 4 gabions: skilled labor 1 man*day + unskilled labor 14 man*day
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=1 day by ( 1 skilled labor + 14 unskilled labor)

f. Brick Canal (including mortar mixing)

Brick Canal W0.3 x D0.38 per 12m/day quantity Unit

Brick layer 1.0 Man*day

unskilled labor 12.0 Man*day

Ex. 60m/day: (1 brick layer +13 unskilled labor) x 5 set/day

g. Pipe Installation

Pipe Installation per 100m quantity Unit

unskilled labor 7.5 Man*day

Ex. For 200m installation: 15 man*day = 2 days by 7.5 unskilled labor
= 1 day by 15 unskilled labor (2sets)

2) Work Group

Work group shall be organized according to work item. Available number of work groups shall be
considered in work schedule. Number of work group depends on number of skilled labor or leader. If
number of skilled labor is not enough, OJT by skilled labor, leader for another group can be cultivated.

Generally, one group (1 set) has one skilled labor and 10 to 15 unskilled labors.

Standard organization of work item is shown in the Table-1.

Ex. Construction of brick canal 1 set
Brick laying: skilled labor 1, unskilled labor 3
Mortar mixing: unskilled labor 2
Excavation (Shaping): unskilled labor 2
Helper (carry sand, water, mortar, bricks ): unskilled labor 4

Generally, following work groups are organized;
- Excavation
- Embankment
- Stone Masonry
- Gabion Work
- Brick Laying
- Brick Molding
- Sand Carrying
- Water Carrying
- Brick Carrying
- Pipe Installation

3) Critical work

Critical work is the work item which directly affects work period. The work that, if the work
delayed, total work period will be longer than scheduled. To complete construction work within the
period, number of work group for critical work shall be increased and some work items shall be
executed simultancously.

4) Work Schedule

Work schedule shall be developed considering manpower planning (available number of skilled and
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unskilled labors, work groups) and critical work. Work schedule shall be most efficient. Work schedule

is shown in bar chart.

Manpower planning
- Number of groups for each item

U

Construction period for each item

Repeat to make the optimum
work schedule

Work Process

- Efficient Work Schedule

|

Total Work Schedule
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Table 5-2 Standards of Required Manpower, Materials and Tools

Ltabor Material and Tools
ltem neme spepificarion Tauancioy | wnit | rem arks
-1 Mortar per im "3 0.89m "3/day/iset
Material
Cement O rdinary Portiand 9.00 bags 450ksg
Sand River sand 0.80 m "3 1.0 x 0.8
M aterial Total
Labor
M ortar mixing unskilled labor 2.25 m 2 x 9 / 8
Helper unskilled labor 4.50 m 4 x 9 / 8
Labor Total 6.75 m
Tools (D aily)
Shovel 2.00 pcs
Bucket 20 lit 2.00 pcs
Wheelbarrow 1.00 pc
M ortar box 1.00 pc
1-2 Mortar per 0.89m "3 / day/ 1 set
Material
Cement O rdinary Portiand 8.00 bags 400kg
Sand River sand 0.71 "3 0.89 x 0.8
M aterial Total
Labor
M ortar mixing unskilled labor 2.00 m
Helper unskilled labor 4.00 m
Labor Total 6.00 m
Tools (D aily)
Shovel P
Bucket 20 lit pcs
Wheelbarrow pc
M ortar box pc
2-1 Construction of brick canal rectangular W=0.36m ,D=0.38m wall 4 layers
t2m / day / 1 set
Material
B ricks 7306.2¢0 pcs 60.85 x 12
Mortar 1:3 06.37 m "3 0.031 x 12
M aterial Total
Labor/day
Foreman 1.00 man
M ortar mixing unskilled labor 4. man 1t day
Excavation unskilled labor 2. man shaping
Brick laying skilled labor 1. man
unskilled labor 3. man
Helper unskilled labor 4. man
Totallabor 15.00 man
ltem name :S:I?t';'f:;':p"e' quantity un it rem arks
Tools (D aily)
Shovel 2. pos
Bucket 20 lit pcs
Wheel barrow pcs
M ortar box pc
Trowel pos
Drum pec
Hoe peos
Line level P
S tring roll
B rick bolster pec
Builder's level pc
M easucrin tape pc
Peg
2-2 Construction of brick canal rectangular W =0.36m ,D=0.475m wall 5 layers
10.4m / day / 1 set
M aterial
B ricks 730.18 pecs 70.21 x 10.4
Mortar 1:3 0.37 m "3 0.036 x 10.4
M aterial Total
Labor/day
The same as 2-1
Tools
The same as 2-1
3-1 Construction of Brick canal trapezoid W =0.36m , D =0.36m wall 4 lavers
14.2m / day / 1 set
B ricks 731.168 pecs 51.46 x 14.2
Mortar 1:3 0.53 m "3 0.037 x 14.2
M aterial Total
Labor/day
The same as 2-1
Tools
The same as 2-1
3-2 Construction of brick canal trapezoid W =0.36m, D=0.50m wall 5 lavers
12m / day / 1 set
M aterial
B ricks 730.20 pcs 60.85 x 12
Mortar 1:3 0.47 m "3 0.039 x 12
M aterial Total
Labor/day
The same as 2-1
Tools
The same as 2-1
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Item nam e

specification,
quality, shape

quantity

unit

remarks

3-3 |Construction of brick canal trapezoid W=0.36m ., D=0.62m wall6 laye
10.4m / day /
Material
Bricks 730.18 pcs 70.21 x 10.4
Mortar 1:3 0.45 m "3 0043 x 10.4

Material Total

abor/day

he same as 2-1

L
T
Tools
T

he same as 2-1

4-1 Construction of discharge box 1000m m

1000mm x

855mm (Depth})

1 location / day

Bricks 536.00 pcs
Mortar 1:3 0.36 m "3
Material Total
Labor/location lTlocation / 1 day
Foreman 1.00 man
Mortar mixing unskilled labor 4.00 m an
Excavation unskilled labor 1.00 man
Brick laying skilled labor 1.00 m an
unskilled labor 2.00 man
Helper unskilled labor 2.00 m an
Totallabor 11.00 man
Tools (Daily)
Shovel 1.00 pcs
Bucket 20 lit 3.00 pcs
Wheel barrow 2.00 pc
Mortar box 1.00 pc
Trowel 2.00 pcs
Drum 1.00 pc
Hoe 1.00 pc
Brick bolster 1.00 pc
B uilder's level 1.00 pc
Measuring tape 1.00 pc
Peg
4-2 |B ox 600mm x 600mm x 475mm (Depth) wall §
Bricks 223.00 pcs
Mortar 1:3 0.16 m "3
Material Total
Labor/location Jlocations / 1 day
Foreman 0.33 m a
Mortar mixing unskilled labor 2.00 m an
Excavation unskilled labor 0.33 man
Brick laying skilled labor 0.33 m an
unskilled labor 0.67 m a
ltem name specification, | o ntity unit rem arks
oguality, shape
Helper unskilled labocr 0.67 m an
Total labor 4.33 m an
Tools (D aily)
Shovel 1.00 pcs
Bucket 20 it 2.00 pcs
W heel barrow 1.00 k]
M ortar box 1.00 pe
Trowel 2.00 pcs
D rum 1.00 D e
Hoe 1.00 pe
B rick bolster 1.00 pe
B uilder’'s level 1.00 D e
M easuring tape 1.00 pe
Pesg
5 Excavation (by hand) per 10m "3
Labor
unskilled labocr 7.80 m an
T ools
Shovel 3.00 pcs
P ickaxe 2.00 pcs
Hoe 2.80 pcs
S tring 1.00 ro Il
Peg
8 Hauling excavated material per 1.0 m "3 by wheel arrow
Labor
unskilled labocr ~ 20m 0.02 m an
W heel barrow 20~ 40m 0.08 m an
40~ 60m 0.14 m an
60~ 80m 0.2 4 m an
80~ 100m 0.34 m an
100~ 120m 0.44 m an
120~ 140m 0.58 m an
140~ 160m 0.68 m an
160~ 180m 0.78 m an
180~ 200m 0.50 m an
one way distance
7 Embankment (by hand) per 10m "3
unskilled labocr 7.60 m an
Tools
S hovel 2.00 pcs
Hoe 3.680 pcs
Rammer 2.00 pcs
S tring 1.00 ro |l
Pesg
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ftem nam e qsf:lcit'i'f:;':p"e' quantity unit remarks
8 Finishing slope (cut earth) per 100m "2
Labor
Foreman 1.40 m
Unskilled labor 11.80 m
Totallabor 13.20 m
Tools
Shovel 4.00 pcs
Hoe 7.80 pcs
S tring 1.00 roll
9 Finishing slope (embankment) per 100m "2
Labor
Foreman 1.60 m
Unskilled labor 25.80 m
Totallabor 27 .40 m
Tools
Shovel 4.00 pcs
Hoe 21.80 pcs
S tring 1.00 roll
10 Stone masonry per im "3
M aterial
Rubble stone 1.08 m "3
Mortar 0.55 m "3
Totalmaterial
tabor (not include m ortar m ixing)
Foreman m
S killed labor m
Unskilled labor m
Totallabor m
Tools (D aily, not include mortar mixing)
Bucket 20 lit 4. pcs
Wheelbarrow 4. pc
Trowel 4. pcs
Builder’'s level 1. pc
M easuring tape 1.00 pc
Pes
11 -1 |Gabion work per piece [2.0mx 1.6mx 1.0m
M aterial
Rubble stone 1.90 m 3 .0 x 0.95
Gabion wire net 1.00 pc
Steel wire
Totalmaterial
Item name specification | o yntity | wunit remarks
quality, shape
Labor
Foreman 0.13 man
S killed labor 0.25 man
Unskilled labor 3.50 man
Total labor 3.88 man
Tools (Daily )
Wheelbarrow 2.00 pGcs
Bucket 2.00 pcs
Plier 2.00 pcs
Builder's level 1.00 pc
Measuring tape 1.00 pc
11-2 |Gabion work per piece |2 06mx $1.0mx 6.5m
Material
Rubble stone 0.95 m "3
Gabion wire net 1.00 pc
Total material
Labor
Foreman 0.10 man
S killed labor 0.20 man
Unskilled labor 2.00 man
Totallabor 2.30 man
Tools (Daily)
The same as 11-1
12 Discharge Pipe installation per 100m
Material
PVC pipe class 8 16.7 pc
Foreman 0.50 man
Unskilled labor 7.50 man
Totallabor 8.00 man
13 Gathering stones per 10m "3 distance 50m
Unskilled labor 15.00 man
Tools (daily)
Wheelbarrow 7.00 pGcs
14 |lbs hammer 4.00 pcs
4 lbs hammer 2.00 pcs
C hisel 2.00 pcs
14 Tractor trailer loading and unloading
4 m "3 / 1 trip, 4 trips / day = 12 m "3 / day
unskilled labor 15.00 man
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Cost Estimation

Table 5-3 Example of Cost Calculation Sheet

Name of the Site: Example

Specification/Qual . . Unit Price Price
No. Item ity Quantity | Unit MK ZMK Remarks
1 [Preparation Work
Site clearing unskilled labor 150 | m-d 0.0 1day
Gathering stones unskilled labor 94.8 | man 0.0 63.8/10x15
Gathering sand unskilled labor 37.8 | man 0.0 25.2/10x15
labor total 0.0
2 |Stone Masonry Weir V=] 400 m™3
rubble stone 43.2 m™3 0.0 40 x 1.08
sand 17.6 m™3 0.0 40x05x1.1x08
cement ordinary portland 198.0 bag 00 40 x 05 x1.1x9
matenal total 0.0
excavation unskilled labor 7.8 man 0.0 |10m"3
mortar mixing unskilled labor 132.0 man 00 40x05x1.1x86
stone masonry foreman 120 man 0.0 0.3 x40
skilled labor 240 man 0.0 06 x 40
unskilled labor 144.0 man 0.0 36 x40
labor total
3 |Intake V= 5.0 m3
rubble stone 54 m™3 0.0 50x1.08
sand 2.2 m™3 0.0 5x05x1.1x08
cement ordinary portland 24.8 bag 00 5x05x1.1x9
PVC =140 1.0 pc 0.0 6m
material total 0.0
excavation unskilled labor 1.6 man 0.0 2m”3
mortar mixing unskilled labor 16.5 man 00 5x05x1.1x6
stone masonry foreman 1.5 man 0.0 0.3x50
skilled labor 3.0 man 0.0 06 x50
unskilled labor 18.0 man 0.0 36 x50
labor total 0.0
4 [Main Canal Rectangular W=0.36 D=0.38 300.0 m
bricks 18,2550 pcs 0.0 1730.2x300/12
sand 7.4 m3 0.0 10.37x300/12x0.5
cement ordinary portland 83.3 bag 0.0 10.37x300/12x9
material total 0.0
excavation unskilled labor 9.6 man 0.0 |75m"3/7.8
mortar mixing unskilled labor 100.0 man 0.0 14x300/12
brick laying skilled labor 25.0 man 0.0 1x300/12
unskilled labor 225.0 man 0.0 19%300/12
labor total 0.0
5 |Gully Crossing Box 600 x 600 x 475 3.0 pcs
bricks 669.0 pcs 0.0 [223.0x3
sand 0.4 m’3 0.0 0.16x0.8x3
cement 4.3 bag 0.0 10.16x3x9
PVC pipe ¢ 140 3.0 pc 0.0 6m
material total 0.0
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Manpower Planning

Table 5-4 Example of Manpower Planning

Name of the Site:

Example

N o Item Speé:n‘fnac“attynon/ Q uantity Unit period day Rem arks
Available labor
skilled labor 2 man / day
unskilled labor 20 man / day
1 Preparation Work
Site clearing unskilled fabor 150 |/man-day 1.0 day i5man/day
G athering stones unskilled fabor 94 .8 man-day 5.0 day 20man/day
G athering sand unskilled labor 37.8 man-day 3.0 day i5man/day
total 9.0 day
2 Stone Masonry Weir
excavation unskilled fabor 7.8 man-day 1.0 day 8man/day
mortar mixing unskilled labor 132.0 man-day 6man/day
stone masonry foreman 12.0 man-day 220 day iman/day
skilled labor 240 man-day ) 2man/day
unskilled labor 1440 man-day 8man/day
total 23.0 day
3 Intake
excavation unskilled fabor 1.6 man-day 1.0 day 2man/day
mortar mixing unskilled labor 16.5 man-day 6man/day
stone masonry foreman 1.5 man-day 3.0 day iman/day
skilled labor 3.0 man-day ) iman/day
unskilled labor 18.0 man-day 6man/day
total 4.0 day
4 M ain Canal Rectangular (W=0.386 D=0.38 300.0 m
excavation unskilled fabor 9.6 man-day 1.0 day i{0ma/day
mortar mixing unskilled labor 100.0 man-day 4man/day
brick laying skilled labor 25.0 man-day 25.0 day iman/day
unskilled labor 225.0 man-day 9man/day
total 26.0 day
5 Gully Crossing Box 600 x 6§00 x 475 3.0 pcs
excavation unskilled fabor 1.0 man-day iman/day
mortar mixing unskilled labor 6.0 man-day 6man/day
brick laying foreman 1.0 man-day 1.0 day iman/day
skilled labor 1.0 man-day iman/day
unskilled labor 2.0 man-day 2man/day
total 1.0 day
6 Gabion Work 2.0x1.0x1.0 8pcs
gabion work foreman 1.0 man-day iman/day
skilled labor 2.0 man-day 2.0 day iman/day
unskilled labor 28.0 man-day {4man/day
total 2.0 day

AP-I-B-81



[XAN IR AN TR AR TRAY IR AR TR AN VAN FRAY VAN FRAN VAN FRANTRAR L ANA 1 ARA 1 ANY A RE 400 Eo: 0 NN R RA R RNE i |e3oL
0Z1]021]|0Z1|0Z1|0Z1{0Z1]|0Z L{0Z1{0Z1]|0Z L|0ZL{0ZL{0OZL{LOLLOL(LOL{LOLOL (9L (FOL{FOL|POLIEY H0geTT pAfIsun
9 (9 (9 [9 |9 |9 |9 [9 (9 (9 (9 |9 |9 (9 |9 |9 |9 | |9 [9 [9 [ |9 J0ge pafIys
L O L L S O O L L L L S S A O ueLLRIO,]
J— wadxi] YOI 4q wrsiasadng
AN | A A A A A A Bupon Appoam| L
Joqe| pajis ;‘ ep 08 Supppeg |79
40qe| pajsun g [ Ep 08 vonegeysur odig (79
ep 06 uoneaeoxg |9
Bp | poroldwnd vonesedsagong |19
uonefeysug adig( 9
as|
90598 9 dnosp ep 091 omyoug (8
60558 :¢ dnoJpn . L vopesedarg oy |1
yOSPE p dnosp g uadjay .
00858 ‘20528 ¢ dnoss Joqe| palISUN p AU JEpioN ol SOAMONIS [|BLS JO UOONASUO) S
10518 iz dnoup (4ohe soug) Joge| pajys |
- - 1] dnoa —
2-108'1-10§ | dnosp - o Iy—
ep uonesedald oug It
0tg XOg] uoislal(] Jo uononnsuo)| b
Joge| pajysun g Jadjay 51959 1956 P3¢
Joge| pajiysun ¢ BuikeT youg = T —
Joge| pajiysun p Bupw Jedoy P Lty yomyug 7€
J0qE| pajI{SUN Z uopeAROXg Bp £0r wowyuequyg £
e T CRE
) 198 e [Pomiduios uonesedald oug It
|eueD jo uonongsw)| €
hest
10Q] POAIYSUN ()| fm— Lep 0T Supygouws 9T
I Ii Lep 06 oM wogen  [$T
J0qe|paIsun G yom uoigen T = ~
J0Ge| pajISUN § BuKIW Jepojy t = = ™ P 0t siop sepopy [P
4092 paliis | 10ge| T 3 tp 0T yomong  [ET
10ge| Pafiysun o Kep ol 27
ep [poroldiios uonesedosd oyg 1T
194 Jo uonongsw)| T
Kep [ paraydios j001 jo uonesedarg  |C7L
Kep [ paraydios siezoew jo uonesedang  [E1
o uonesedaag| 1 .
3[Npayds
06 08 oL 09 0§ oy og [ ol mm@hwo.hnﬂ
DQUIDAON 1940)90) S ON
7107 Amuenp) uonduasa(g wa] V—ho\s rﬁo
spdwexy

TTINAAHDS SSTaD0ud
pofoag X

I-§ dan31y

¥10Z IS0

SoUl[apINLy [POIUYI3]

-1-B-82




Technical Guidelines 2014

CHAPTER 6 CONSTRUCTION

6.1 Work Method
(1) Surface Preparation

Ground surfaces in areas to be excavated or where facilities are to be located should be cleared of all
trees, bush, debris and surface vegetation. Stumps and roots larger than 50 mm in diameter should
completely uproot and removed. Matted roots, surface vegetation should be removed regardless of
size; they should completely remove with roots to a depth of not less than 10 cm below ground surface.
All trees or groups of trees designated should be protected from damage from any construction
operations.

(2) Excavation

Excavation should be planned and carried out to minimize adverse effects on the existing facilities and
structures, as well as the vehicular and pedestrian traffic of and around the construction site.

Over excavation, below the depths indicated, should, unless otherwise be specified, refilled and
compacted. If soft or unsuitable soil is found at the excavated depth, additional excavation should be
carried out to depth and filled and compacted. Soil disturbed or weakened and soils deteriorated by
exposure to weather should be excavated and excavated areas refilled and compacted.

Generally, all excavations should be kept free from water during construction. If soft or unsuitable soil
is encountered after excavation to the designated bottom of the trench or structure, the ground should
be excavated to a firm foundation level and filled over the excavated area with backfilling material.

(3) Replacement and Embankment

Material for the replacement and embankment should be placed in horizontal layers of uniform
thickness over a width determined and in conformity with the lines, grades, sections, and dimensions.
The layer of loose material other than rock should be not more than 30 cm thick. After adjustment of
the moisture content, the loose material should be compacted.

(4) Stone Masonry
1) Material

i) Stone

Stone for Stone Masonry should consist of field stone or rough un-hewn quarry stone as nearly
rectangular in section as is practical, including such stone or material observed being in use on
the existing work. The stone should be sound, tough, durable, dense, resistant to the action of
air and water, and suitable in all respects for the purpose intended. The size of the stone should
be 10 cm minimum and 30 cm maximum.

ii) Sand

Sand for mortar should be river sand, free from silt, salt and other organic foreign matter.

iii) Water

Water for mortar should be clean and free from harmful matter, such as oil, salts, organic
matter, or any material which may have a harmful effect on the mortar. Potable water (except
for bacteriological limits and conditions) is suitable for the mixing of mortar under all
conditions.

iv) Mortar mix

Standard mixing proportion of cement and mortar is as follows,

Ordinary Portland Cement 1 bucket of cement: 4 buckets of Sand

Mortar should be mixed uniformly with water to the proper consistency for spreading by trowel.
Mortar which has been mixed with water for more than 45 minutes should not be used.

2) Construction
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Excavation should be made to the required shape and depth, and should be compacted to a firm, even
surface. All surpluses, soft and unsuitable material should be removed and replaced with suitable
material which should be thoroughly compacted.

Stone should be washed with water before placing. Mortar should be pushed into the interstices of the
stone within a short time after placing. The spaces between the stones are then filled with mortar.
Sufficient mortar should be used to completely fill all voids, except that the face surface of the stone is
left for exposition. The surface of stone masonry should be finished neatly and smoothly. After
completion of Stone Masonry, it should be cured with water for more than 10 hours.

(5) Gabion
1) Material

The wire mesh should be made of galvanized steel having a minimum size of 2.7 mm (0.106 inch)
diameter. The length and width of bamboo gabion should be less than one meter and the height less
than 0.6 meter. The gabions should consist of hard rocks which are durable rock pieces that might not
deteriorate when submerged in water or exposed to severe weather conditions. Rock pieces should be
generally uniformly graded in sizes ranging from 100mm to 200mm. All Voids should be evenly
distributed.

2) Construction

The wire mesh should be twisted to form hexagonal openings of uniform sizes. The maximum linear
dimension of the mesh opening should not exceed 110 mm (4 %2 inches) and the area of mesh opening
should not exceed 51.6 sq.cm (8 square inches). The mesh should then be fabricated non-raveled.
Non-raveling is defined as the ability to resist pulling apart at any of the twists or connections forming
the mesh when a single wire strand in a section is cut.

Gabion should be fabricated in such a manner that the side, ends, lid, and diaphragms can be
assembled at the construction site into rectangular baskets of the specific sizes. Gabions should be of
single unit construction, base, lids, ends, and sides should be either woven into a single unit or one
edge of these members connected to the base section of the gabion in such a manner that the strength
and flexibility at the point of connection is at least equal to that of the mesh.

The gabion should be equally divided by diaphragms, of the same mesh and gauge as the body of the
gabions, into cells the length of which does not exceed the horizontal width. The gabion should be
furnished with the necessary diaphragms secured in proper position on the base, such that no
additional tying at this junction are necessary.

The gabions are then filled with stone carefully placed by hand to assure alignment and avoid bulges
with a minimum of voids. Alternate placing of rock and connection wires should be performed until
the gabion is filled. After a gabion has been filled, the lid should be bent over until it meets the sides
and edges. The lid should then be secured to the sides, ends and diaphragms with the wire ties or
connecting wire in the manner described for assembling.

(6) Brick Masonry
1) Material

Brick for brick masonry should be sound, tough, durable, dense, resistant to the action of air and water,
and suitable in all respects for the purpose intended. Standard mixing proportion of mortar should be
as follows;

Ordinary Portland Cement 1 bucket of Cement: 4 buckets of Sand
2) Construction

Bricks should be soaked in the water before laying. Brick should be laid straight. Thickness of joint
mortar shall be 1 to 2 cm. The joint between the bricks should be filled with mortar completely and the
surface of brick masonry finished neat and smooth.
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(7) Safety and Environment
1) Safety

Reasonable precaution to protect persons or property from injury should be exercised and maximum
care should also be put in place for people around them.

2) Environment

All necessary precautions should be taken to secure the efficient protection of all waterways against
pollution, including spillage of oil which may be likely to cause injury to fish or plant life. Waste water
from washing tools for mortar work such as mortar box, shovels, buckets and trowels should not be
poured into a river directly.
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6-2 Construction

(1) Stone Masonry Weir
Process Description Remark
1 ' Cofferdam Construction
Compacted clay soil (a) Cofferdam with soils - Cofferdam is constructed to
- Position wooden poles at the close the rlver.(upst];eam of
diversion point the construction site) so
W f to tap the st that the weir point is dry
r ﬂeave grass fence to tap the stream throughout the
o SN ow . construction.
\ NV 3 - Put clay soil on.the grass fence - Rammers may be used for
. . f\\.‘ \ - WY - Compact the soil using logs the compaction when
re})f:lil‘ﬁltt:t)lr:)noorf‘\ A{q{@é\ L (b) Cofferdam with sand bags available.
weir L(%f e - To fill sand bags with soils
- To place sand bags tight each other
at diversion point.
2 Excavation for Weir

1. The foundation is excavated to
bedrock at least 50 cm depth from
riverbed.

2. Abutment 1is excavated 1m
horizontal direction into river bank.

3. The line of wupstream end,
downstream end and abutment
shall be indicated with pegs and
strings.

- If soft or unsuitable soil is
found at the excavated
depth, additional
excavation shall be
carried out.

Precaution(>1.5m
excavation)

- Maximum safety against
land sliding shall be
ensured when excavating
an abutment.

- Elevation of cutting shall
be checked.
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3

De-watering
1. During the construction of the
base, ensure that foundations are
dry by dewatering using buckets.

If there is a lot of
ground water,
dewatering shall be
carried out continuously
with  buckets. Drain
ditch and drain pit are
required to be arranged.

Drainage pumps or
treadle pumps may be
used when buckets are
not sufficient.

Mortar Mixing Place Preparation

1. Excavate a curved surface on a flat
place (1.7m diameter).

2. Compact the surface with rammers
or stones.

3. Lay bricks around the curved
surface.

4. Place mortar in spaces between the
bricks.

The mixing place shall
be as close to the
construction place.

Compaction seals off all
voids.

The Place can also be
used for future
rehabilitation.

Water for Mortar

1. Prepare drum(s) of water for
mortar at the site on the day of
construction.

2. Water shall be clean water.

Number of  drums
depends on the number
of mortar mixing place.
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5)

Stages of Mortar Mixing

1. Standard mixing proportion of
cement: sand is;

1:4

2. Measure one 50kg bag of Cement
and six buckets of sand. If the sand
is dry, 20 liter of water is poured and
mixed first. Then additional water is
sprayed and mixed to the proper
consistency.

3. 1 bag of cement will be used with

sand at the standard mortar
mixing place at the same time.

Weir Construction

1. Make sure that the closed river is
dry, if not keep on dewatering.

2. Wash stones before used for
construction.

3. Line the stones with the flat
surface facing outside the structure
(use a builders’ level when
constructing).

4. Mortar 1s pushed into the
interstices and spaces between the
stones.

5. Stones are placed layer by layer.

- Washing removes all
debris thereby
increasing the bond
strength.

- Voids shall be filled with
mortar completely so
that leakage may not
happen and strength is
secured.

- Crest elevation and
dimension shall be
checked.
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Finishing and Curing
1. The surface of stone masonry needs
to be finished neatly and smoothly.

2. After completion of stone masonry,
it needs to be covered with grasses
or straw mats for curing mortar.

3. Water shall be sprayed from time
to time.
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(2) Construction of Permanent Weir: Concrete Wall type

Step Process Description Remarks

1 Tools Required:

For the construction of permanent weir,
the major tools required are:

- Wheelbarrows
- Hoes

- Panga knives
- Pickaxes

- Chisels

- Hammers

- Buckets

- Drum

- Slashers

- Shovels

- Trowel

Tools Required;

For the construction of permanent weir,
the major material required are:

- Cement

- Crushed stones

- River sand

- Reinforcement bars
- Mesh wire

- Paint
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Step Process

Description

Remarks

3

De-watering:

During the construction of weir, it is
necessary to keep the foundation of
construction site dry. To this end,
de-water the site by piling sandbags at
an upstream point from the site.

Then, dug a drain ditch to convey the
river/stream water downstream of the
construction site.

If you see a plenty of seepage at the
construction site, dewatering should be
carried out continuously with buckets.

Drain ditch and drain pit are required to
be arranged.

Drainage pumps or treadle pumps may
be applicable, when buckets are not
sufficient.

“The temjpbrary weir for
de-watering
using sand-bags —

Material for Temporal Weir:

For setting up the temporal weir to
divert stream/river water, sandbags are
appropriate.
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Step

Process

Description

Remarks

5

Excavation of River foundation:

While keeping construction site dry,
excavate the foundation of construction
point down until the bedrock.

Abutment should be also excavated at
least 2 m to the horizontal direction into
river bank on both sides.

Further Excavation:

River/stream bed should be further
excavated 50 cm to 70 cm in depth from
river/stream bed.

If soft soil or unsuitable soil is exposed,
additional excavation should be carried
out.

Attention:

To prevent landslide, shape of the wall at
abutment should be in slope, if the depth
of excavation is expected to be deeper
than 1.5m.




co-d1-dv

Technical Guidelines

2014

Step Process Description Remarks
7 Chipping Rocky Foundation; To chip the rocks, you use hammer, and
If there is rock on the bottom of river | chisel if you have.
bed, chipping should be done to make
concrete to contact with foundation
well.
8 Concrete Mixing: Prepare drums of water for concrete

In order to get proper concrete for weir
construction, standard
proportion of cement to sand and
crushed stone is: 1 : 2 : 4, which is
equivalent to 1 bag of cement (50kg), 2
wheelbarrows of sand and 4
wheelbarrows of crushed stones.

mixing

Reference:

For canal construction, the standard
mixing proportion of cement to sand
and crushed stoneis: 1 :3 :3o0r1:3:
6.

mixing at the site on the day of
construction. The water should be clean.

If the sand is dry, pour 1 jerrican (20
liter) of water and mix it in advance.
Then, additional water should be
sprayed and mixed to keep proper
consistency.

Stones should be crushed in advance
with a diameter of 15-20 mm.

The mixing should be carried out on a
steel plate or an exposed rock
foundation, otherwise soil could be
mixed up, making the concrete quality
poor.
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Step

Process

Description

Remarks

9

<Weir Construction>

1) Placing the base concrete

The base concrete with weir mesh is
placed on the bottom of construction
space (excavated area).

The thickness of the base concrete is at
least Scm.

Wait until concrete dries up while
giving it proper curing.

Unless de-watering is kept continuously,
never close the construction site
completely.

10

2) Assembling Reinforcement bars

Assemble the reinforcement bars on the
base concrete after the concrete dried

up.
It 1s recommended to assemble the bars
at intervals of 25-30cm. (usually 30cm).

As for the size of reinforcement bar,
Y12 (12mm) and Y16 (16mm) of
diameter are usually used for weir
construction. Y means deformed bar.

Y12 and Y16 are used for horizontal and
vertical members respectively.

Make sure that the persons who deal
with the reinforcement bars should wear
gloves for safe.
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Step | Process Description Remarks
1 3) Assembling Framework Make sure that the persons who deal
M\% e ) J%W L (Shuttering) with the reinforcement bars should wear
e e e A Assemble framework (Shuttering) to | gloves for safe.
s 0 8 B e Sl ) place the concrete while covering

=={3,

reinforcement bars assembled.

The inside of frame works should be
coated with a bit of oil; it helps smooth
removal of the framework after concrete
is ready.

e APV nir
o »g —y A g wu“gg%

W NV e o
o b gt tr
T e L . i \\rc:'a)/

ez JEA L MG Wl b Ll e W 0 mm]\i:);i A

Concrete wall weir supported several buttresses

4) Placing Concrete

Pour concrete into the framework layer
by layer. Split level is helpful to see the
level of the layer depending on the
preparation of frame work (shuttering).
(30cm thickness is recommended for
each layer).

Interstices and gaps inside of the frame
work should be filled thoroughly with
concrete by poking the concrete with
sticks.

Concrete should be gently placed not to
disturb reinforcement bars assembled

properly.

Voids in the weir body should be filled
with concrete entirely to stop water
leakage and strength the weir body.

After completion of placing concrete,
the top of weir should be covered with
wet grasses or wet straw mats to prevent
sunshine.

This type of weir is applied for the weir
having more than 2.0 m of weir height.
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(3) Gully Crossing and Road Crossing
Process Description Remark
1 Gully Crossing o
1. A gully crossing is constructed to | - Considering the strength of
convey water across a gully. pipe and necessity of
.. support, the length is less
2. The length of pipe is normally less | (121 6m
than 6m. . ' ..
.. ) ) - Since the length of pipe is
3. The pipe is required to be installed limited. the location of
%tdthe height of 10cm from canal gully crossing is decided
ed. considering the length.
2

Road Crossing

60 cm

Minimum 60 cm
60 cm —

Flow

Crossing pipes

Inlet bo

60cm.

WU wf/_,xﬁmuwr

Outlet box

1. Pipes are installed under ground and soil covering depth shall be more than

2. The pipes are installed at the height of 10cm from canal bed.

- Road crossing is

constructed to  convey
water across the road.
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CHAPTER 7 O&M OF IRRIGATION FACILITIES

7.1 Irrigation System’s Operation Plan
(1) Types and Selection of Irrigation Methods
In general, irrigation methods applicable for upland crops could be divided into following four types;

- Surface irrigation — basin, furrow and border strip (see Figure 7-1),

- Overhead irrigation — watering-can/bucket and sprinkler,

- Micro-irrigation — drip, micro-sprinkler, mini-sprays and mini-sprinkler, and

- Sub-surface irrigation — shallow ground water or active control of groundwater to permit
cropping in the dry season.

Each irrigation method has advantages and disadvantages that should be taken into consideration when
choosing the most suitable irrigation method. The factors influencing selection of the type of irrigation
methods are listed below;

- Natural conditions (soil type, slope, climate, water quality and quantity),
- Type of crops to be grown,

- Farmers’ previous experience of irrigation, and

- Capital and operational costs,

The subsequent discusses more details on the surface irrigation methods such as basin and furrow
(ridge) irrigation methods, which are widely and commonly applied.
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Basin Type with Level Furrow (Ridge) of Surface Irrigation

Figure 7-1 Typical Layout of Surface Irrigation Methods

a) Basin Irrigation Methods (Flat Bet, Raised Bed, Ridged Bed)

Basin is a leveled arca of land with strips enclosed by earthen border ridges of levees, witch is totally
flooded during irrigation. Water is held on the surface of the basin until it goes into the soil. Water is
normally brought to the basin in earth canal using gravity. Where water is pumped from the water
source, it should be pumped to a high portion and distributed in canals under gravity. Basins could be
flat, either sunken or raised or ridged. In all cases good basin irrigation requires the ground surface to
be level.

Basin irrigation is suitable for many crops. The advantages are; a) right amount of water can be given
with a minimum amount of labour if the beds are well leveled, b) water losses could be kept low by
minimum run-off, and c) basins last for a long time once they are constructed.

On the other hand, the basin irrigation needs a good water supply to fill the basin quickly. This in turn
requires accurate land leveling and field layout from the start, which may need a lot of manual labour.
Prolonged ponding and crop damage could occur in poorly managed flat beds. There is also the risk of
soil erosion in the supply canal as a result of the high speed of the water.

The systems on level strips are classified as the level system. The classification of the surface level
system is summarized as follows;

- Level border . Basin type with level border

- Contour level :  Basin type with contour levee
Basin type with level furrow (ridge)

Level Border

The level border type of surface system consists of a level area enclosed by earthen border ridges
of levees. When irrigating, designed amount of water is turned on the strip and allowed to spread
until it is absorbed.

For a uniform distribution of water, the rate at which the water is turned onto each strip should be
at least twice as the succeeding one as along as soil can absorb it. This rate gets water over the
entire strip as quickly as possible. Otherwise, more water than the necessary is absorbed near the
head ditch. For this reason, level border system must be constructed so that at least 3.5 lit/sec/ha of
water is available for strip. Another feature that will increase the speed of water flow across the
strip is to construct a slight grade. It may also help prevent water from pounding in low spot.

Contour Levee
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The contour levee type of surface system is similar to the level border system except that it is
adapted to the sloping land. The strips should be graded until they are level. Instead of rectangular
fields bordered by dikes or levees, the fields are bound on the contour by levees at the lower edge
of the strip.

When watering, the procedure is the same at that for the level border system. Water is applied from
farm ditch at one ends of the strip. It spreads rapidly over the area where it remains until water
becomes absorbed, unless extra water is applied for weed control.

Since contour levee systems are leveled areas on the side of a slope. There are often two or more
such strips below the highest one. In that case, water can be released from the higher strips to the
lower strips. Water is held at the desired level on each strip by small spillways in the levees. They
allow excess water from one strip to spill over onto the strip immediately below. If there is too
much water for the lowest strip, it is drained into a farm drain at the lower edge of the field.

Level Furrow (Ridge)

The level type of surface system is the same as the level border type except for the addition of
furrows. There is a little slope. The size and shape of the furrow depends on the crop grown,
equipment used and spacing between the rows.

When irrigating, a stream as large as the furrow can withstand is turned into each furrow by siphon
tubes or pipes. It is allowed to flow until the amount needed is obtained. The water stands in the
furrow until it would be absorbed into the root zone below the furrows and in the ridges between
the furrows. It is said that with this type of system, about 15 percent more than that is needed to
obtain enough water on the entire strip will generally be required. The reason is that more water is
absorbed by the area next to the farm ditch where the water is applied.

b) Furrow Irrigation Methods

Furrow irrigation is generally used on farms having large uniform fields, where long furrows can be
formed, usually using a tractor. They are not appropriate for very small-scale irrigation where farmers’
plots are small and irregular in shape.

Under furrow irrigation water is taken to the plant through long, narrow canals (furrows) formed in the
soil at regular intervals, between the crop rows (ridges). It is important to use the right shape of furrow,
furrow spacing and length. Good water management is important for the method to work well. If
managed well, furrow irrigation has the following advantages;

- Moderate and high irrigation efficiency,

- Less danger of leaching nutrients from the soil than with basin method,

- Crop stems are not wetted, and

- Even soils, which form a surface crust when flooded, can be irrigated as water moves laterally
from the furrow into the ridge, below the level of plant growth.

The disadvantages of furrow irrigation are listed as follows;

- Erosion could occur if slope is two steep,

- Labour requirement may be high as the streams must be carefully regulated to achieve uniform
water distribution,

- Salts from the soil or water supply may concentrate on the top of the ridge and eventually cause
damage to young crops planted there,

- Lateral spread of water in coarse textured soils may not be enough to wet the soil between the
furrows, and

- Careful land leveling is required for uniform furrow slope an shape.

(2) Distribution of Irrigation Water and Plan of Irrigation Schedule

a)

General Methods of Water Distribution
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Following two types of water distribution methods are generally applied at present;

- Simultaneous distribution, and
- Rotational distribution
1) Simultaneous Distribution

This method involves simultaneous supply of water to all the canals.

2) Rotational Distribution

Rotational distribution is practiced by rotating the supply of water to different areas. Under this
method there are three practices as shown below, namely:

- Rotation by section in main canal
- Rotation by section or turnouts in the lateral/feeder canals
- Rotation by section in the farm ditch

Rotation by Section in Main Canal

Irrigation water is conveyed by rotation to different sections in the main canal (refer to the following
figure). This method requires bigger capacities for both conveyance and distribution systems.

Division Box

ral B Lateral C

Generally, 3-day to 7-day rotational water supplies are adopted in the small scale irrigation schemes,
so that irrigation interval in each scheme should be carefully checked and determined, based on the
soil characteristics, estimated crop water requirement, canal and pump capacity, etc.

Rotation by Section or Turnouts in Lateral/Feeder Canals

The main canal conveys a continuous flow while the water is rotated by the section or turnouts of
the lateral/feeder canal (refer to the following figure)
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Main Canal Turnout

Lateral C

Rotation by Section in Farm Ditch

Water is rotated only in rotation area in the farm ditch, and conveyance of water in the main canal
and lateral/feeder canals are continuous.
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b) Comparison on the Water Distribution Methods
1) Advantages of Rotational Distribution Methods

Advantages of rotational water distribution are as follows;

- Water can be reasonably regulated and evenly distributed over the upper, middle and lower
reaches of canal systems to meet the requirements for reducing and/or eliminating the
droughts in the spot areas, when the water resources is scarce.

- It may save water which can be used for either extension of new irrigation areas or can be
supplied for fish culture uses.

- Furthermore, the farmers will retain confidence in getting timely delivery of a limited amount
of irrigation water during dry (summer) season and drought year.

2) Advantages of Simultanecous Water Distribution Methods

When the water resource is abundant, this method has the following advantages.
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- The investment in the irrigation system is less because of fewer water control structures and
measuring devices in the system.
- Less labour is used in simultaneous irrigation as compared with rotational irrigation.

¢) Examination of Irrigation Schedule

In order to properly manage and operate the irrigation facilities, an irrigation schedule should be
prepared. Irrigation schedule shows an irrigation interval, date and water supply duration of time,
when the farmer may irrigate. Irrigation interval should not exceed a permissible maximum irrigation
interval, which will be determined based on soil holding capacity of the soil. Though the maximum
irrigation interval depends on the soil characteristics, it can be said that the interval, in general, would
be preferable within a week in the most cases.

To examine the optimal irrigation interval for selected sites, the irrigation schedule inclusive of
irrigation schedule, date and water supply duration of time should be studied considering the concepts
of Readily Available Soil Moisture (RAM). For optimum growth of crops, the crops will be losing
water at a rate equivalent to Crop Water Requirements (ETc). The number of days for crops to deplete
available soil moisture (irrigation interval : Id) can be obtained from the following equation;

Id = RAM/ETc

Where ; Id = Irrigation interval (day)
RAM = SaxPxDxC
Sa = Available soil moisture (mm/m)
P = Fraction of available soil moisture
D = Rooting depth (m)
C = Correction for ETc
ETc = Evapo-transpiration by crop (mm/day)

Irrigation interval for selected schemes should be examined based on the above equation.

On the other hand, water supply duration of time for each crop was calculated on the basis of
following equation.

Sd = DixAx10/(Qw x 3,600)
Where; Sd = Water supply duration (hr)

Di = Depth of irrigation (mm)
A = Irrigation area (ha)
Qw = Available water (lit/sec)

(3) Operation and Maintenance and Water Management Plans at Farm Level

a) Water Allocation and Distribution Schedule to Target Farm Area

According to the rotational irrigation schedule as discussed in the above, water supply amount, supply
duration and irrigation interval to the terminal rotation unit should be determined in each scheme as
outputs in the irrigation schedule. The terminal rotation unit (TRU) is here defined as a group of fields
to which irrigation water is supplied as a rotation unit by a supplemental farm ditch as shown in
Figure 7-2.

Figure 7-3 shows an output example wherein the terminal irrigation unit is the area served by
supplementary farm ditch (SFD). The final output of operation plan for crops should therefore, answer
specific questions raised by farmers in each field or water distribution unit (refer to the following
figure).
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When to irrigate ?
How to irrigate ?

Expected Farmer’s Questioned on Crop Irrigation Operation

Although farm level irrigation schedule should be prepared in the planning/design stage, the schedule
would be based on a representative field size and crops. The specific operation schedules, thus, should
be made considering the design components such as; the design irrigation efficiency, the maximum
permitted length of furrow or border to maintain the level of the design irrigation efficiency, and the
design furrow rate of discharge/border stream size.

b) Water Management Parameters

Terminology Definitions of Parameters

Terminology definition for the following parameters should be cleared;

Number and size of terminal rotation unit (TRU),

Design flow rate of discharge (Qd) = gross irrigation water requirement (GWR) x whole
Irrigation area (A),

Water supply rate at the inlet (Qs),

Furrow discharge or Stream Size (q)

Design furrow rate of discharge or border stream size (qd)

Irrigation interval (In),

Design irrigation duration for crops (Tud), (Tpd),

Design maximum permitted length of furrow or border (Lmax), and

Design irrigation efficiency (IE) ,

Parameters Determination Principles

Considering the size of the programmed are which is small and the real conditions of farm level
practices, the following principles will be adopted to simplify the procedures;

Terminal rotation unit (TRU) is divided into irrigation blocks to simplify the operation.
Simultaneous irrigation is applied within each block.

Earthen off-take is applied to simplify the regulation of water. Thus, Qs value is used as the
supply volume ay each unit.

Bar-chart presentation of cropping pattern or schedules is applied, because the size of each unit
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may suggest early completion of farming activities such as secedling, transplanting, and
harvesting

- The design irrigation efficiencies (IE) is applied for calculating the amount of water supply
(irrigation water requirement, IWR) considering the size of the irrigation area.

Parameters given from the Planning/Design Stage

The following parameters should be defined;

- Amount of water supply at the inlet (Qs) (lit/sec),

- Supply duration of on upland crops (Tud) (hr),

- Supply duration of paddy rice (Tpd) (hr),

- Irrigation Interval (In) (day)

- Design furrow rate of discharge or border stream size (qd) (lit/sec) per furrow or unit border
strip width,

- Design maximum permitted length of furrow or border (Lmax) (m)

- Design irrigation efficiency (IE) (%)

Actual Maximum Length (Lmax) of Furrow or Border and Minimum Furrow Rate of Discharge or

Border Stream Size (qmin)

By analyzing the map or through reconnaissance field survey, identify the longest furrow length or
border strip length (Lmax) within the TRU. Considering the flow direction, the actual discharge or
stream size (q) should be calculated during the preliminary blocking. The largest block is applied to
estimate the minimum q (qmin).

For the furrow irrigation, if total number of furrow is equal to Nmax;

gqmin = Qs /Nmax (lit/sec/furrow)
Where; Nmax = maxim number of furrow for furrow irrigation or maximum
distance in meter of border width for border irrigation
Example: If the total numbers of furrows are estimated to be 50, and Qs = 41 lit/sec, qmin is
calculated as:
Qmin = 41 1it/50 x 60 sec= 49 lit/min/furrow

Block Hectare (Ai) and Consumptive Use (CU)

Dividing TRU into blocks is done considering the cropping pattern, land topography and block size for
operation. The blocks and corresponding hectarage should be delineated in the map. Consumptive use
(CU) is applied only to upland crops. For paddy rice, this is referred to as the water requirement in
depth.

Required Irrigation Water Supply per Application (V)

For upland crops, V is given as:
V=CUxInxAxI0/IE

Where; V = Volume of water irrigated per application (cu.m)
CU= Daily consumptive use (mm)
In = Irrigation interval (day)
A = Irrigation area (ha)

IE = Design irrigation efficiency (%)

Water Supply Duration (Td)
Water supply duration is given as:
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Td=V/3.6Qs
Where; Td= Water supply duration (hr/application)

¢) Crop Hectarage and Cropping Pattern

In accordance with the crop allocation, crop hectarage should be decided. The draft of blocking the
area (dividing the terminal rotation unit (TRU) area into a number of blocks should be finalized with
specific crop allocation. The following criteria should be considered in the blocking design:

- Same crops or crops with similar water consumption are planned in a block to ease up
simultaneous application of a uniform irrigation depth over the same block,

- Same irrigation method is applied within a block, and

- Based on experiences at each irrigation scheme, the water supply duration is summarized.
shown below per application to avoid wet damage on crops.
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Figure 7-2  Schematic Illustration of Terminal Rotation Unit (TRU)
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Figure 7-3 Example of Irrigation Network Diagram for Rotational Irrigation
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d) Water Allocation and Delivery Schedule

The scheduling includes following five steps, namely; a) defining the designing stage parameters, b)
preliminary blocking and evaluation, ¢) deriving crop hectarage, pattern and blocking terminal rotation
unit (TRU), d) calculating water supply durations (Td), and ¢) determining water allocation/delivery
schedule and dissemination.

Step-1. Defining the Design Stage Parameter

Define the following parameter, namely; TRU, Qd, Qs, q, qd, In, Td, Lmax and IE.

Step-2  Preliminary Blocking

Preliminarily, divide the fields in the TRU into a number of blocks considering the existing farming
conditions, topography and other physical features. Blocking is done by firstly analyzing the map. If
there are doubts in the topography, reconnaissance survey should be undertaken.

Step-3 Determining Cropping Hectarage and Pattern and Blocking TRU

Review the design cropping pattern, hectarage and crop water requirements (CWR) values for crops. If
different cropping patterns are suggested from the design, re-determine the new hectarage, cropping
pattern and CWR values. Then the specific planting area allocation would be obtained in the map and
check with the preliminary blocking draft to assign single cropping pattern to one block.

An example of blocking draft is shown in the following table;

Summary of Crop Hectarage and Cropping pattern within a TRU

Block Crop/ Wet Season Total
No CWR(mm/month) Now. Dec. Jan. Feb. Mar. Hectarage

(ha)

1-6 Maize ]

CWR(mm/day) 2.5 3.0 4.5 4.5 4.5
Tobbaco
7-1 CWR 2.5 2.5 3.5 4.0 4.0 6
Total 14

Step-4. Calculating Water Supply Duration

Based on the blocking draft, water supply duration of each block would be determined by the
following calculation and evaluation procedures;

- Maximum flow length of run,

- Paddy rice irrigation area with night time irrigation,
- Discharge rate per furrow or unit border width,

- Total water supply duration, and

- Individual block water supply duration
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Step-5.  Determining Water Allocation/Delivery Schedule and Dissemination

Based on the required water supply durations, determine the time table of water delivery in each block
for each month considering the followings;

- Rotational irrigation schedule,

- Allocating water for paddy farm during night time,
- Allocating water from upper farms to lower farms,
- Farming activities,

- Weather conditions,

- Plant conditions, and

- Others.
7.2 Maintenance of Irrigation Facilities
1) River Diversion Weir

As per fixed type weir of stone masonry or gabion, no routine maintenance work is usually required.
Inspection around the weir should be carried out periodically and after every flood and every year
before starting dry season irrigation. Following items should be inspected,

- Damaged part of stone masonry.

- Damaged part of gabion.

- Scouring at downstream of the weir.
- Sediment at upstream.

- Scouring at both side abutments.

Damaged part of stone masonry should be repaired with mortar and damaged part of gabion should
also be considered for rehabilitation. Scoured part at downstream of the weir should be protected by
gabion or stone pitching. Scoured side abutment should be replaced with stone masonry or gabion, or
reinforced with gabion or sand bags. In the case that sediment accumulated to inflow to canal, it
should be removed. Maintenance check list is shown in the Table 6-2.

2) Canals
1) Main and Secondary Canals

Stream water usually contains certain amount of suspended particulars, causing sedimentation in the
canal. Eroded soil loss from field also gets into canal, resulting in the sedimentation in the canal.
Maintenance work for canal should be done at least once before the irrigation season starts.
Maintenance works required for the canal are; cleaning, weeding, de-silting, re-shaping, and also
minor repairs as described below;

1) Earth canal

- Bushes and trees on the canal embankments should be removed. They may obstruct the
water flow and their roots open the banks and develop leakages.

- Qrasses, sediments and debris in the canal should be removed. While cleaning the canal,
care must be so taken that the original shape of the cross-sections is kept. For this, a
wooden frame with exact dimensions of the designed cross-section can be of great help.

- Crossing sections by people and animals (livestock) along the canal should be
strengthened by hard compaction or lined with stones, bricks or masonry.

- Holes/cracks in the canal should be filled with sticky clay soil, and eroded sections should
be rebuilt to the original shape.

2) Brick lined canal

- (Qrasses, sediments and debris in the canal should be removed.
- Cracks and water leaking point should be repaired with mortar.
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2) Division Box, Discharge Box and Turnout

Division box, discharge box and turnout are made of brick masonry and the same maintenance work as
brick masonry canal is required. In addition, maintenance on stop-log grooves is required. Damaged
stop-log grooves should be repaired and reshaped with mortar to meet to stop-log. In case the
connection part to earth canal is scoured, the part should be reinforced with gravel laying.
Maintenance check list is shown in the Table 7-2.

3) Maintenance Cost

Maintenance cost for each item is estimated as shown in Table 7-3.
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Table 7-2 Maintenance Check Lists

Maintenance Check List for River Diversion Weir

item Frequency Point to be checked Findings
1. River Daily Water level Enough or not.
conditions Daily Water flow conditions Stable or not. Flood, rich or drought.
Daily Sediment if it is a lot to affect intake, it shall be removed.
QOthers Water quality, flotage etc.

Crack or damage of stone
2. Weir Annually |masonry

Small scale or large scale. Need repair or not

At after |[Erosion at abutment

Need repair or protection or not

Annually |Water leakage

Small scale or large scale. Need repair or not

Riverbed scouring at
Annually |downstream

Need protection or not

Daily Sediment

if it is a lot to affect intake, it shallbe removed.

Annually |Damage of gabion

Small scale or large scale. Need repair or not

Subsidence and deformation
Annually |of gabion

Stable or not. Need repair or not.

Others

Crack or damage of stone
3. Intake Annually |masonry

Small scale or large scale. Need repair or not

Daily Sediment

Ifitis a lot to affect intake pipes, it shall be removed.

Daily Trash

Ifitis a lot to block intake pipes, it shall be removed

Daily Water level Enough or not
Monthly |[Damage of pipes Need repair or not.
Daily Function Functioning or not.
Others
4. Qthers Monthly |[Conditions of stop log Need repair or not.

Monthly |[Conditions of gate

Need painting, reapir or not.

Protection bund

Collapse or erosion. Need repair or not.

Maintenance Check List for Water Impounding Dam

item Frequency Point to be checked Findings
1. Reservoir Daily Water level Elevation
Annually [Sediment Depth
Others

Crack or damage of stone

Small scale or large scale. Need repair or not

2. Spillway Annually |masonry
At after Erosion at abutment Need repair or protection or not
every flood
At after Erosion at downstream Need repair or protection or not
every flood
Atti];l]ond Flow capacity Enough or not (at flood time)
Atti:Lond Flow condition at flood Stable or not
Annually |Conditions of channel Damage, weeds etc.
Others
3.Dam Monthly |[Crack at embankment iIf there is, consult with irrigation engineer.

embankmentl Monthly |Erosion of embankment

Small scale or large scale. need repair immediately or not.

Monthly |[Collapse of embankment

Small scale or large scale. need repair immediately or not.

Water leakage at down
Monthly |[stream

Small scale or large scale. expanding or not. Need repair

immediately or not.

Others
4. Intake and Annually |Sediment if it is a lot to affect intake pipe, it shallbe removed.
outlet Daily Trash ifitis a lot to affect intake pipe, it shall be removed.
Daily Function Functioning or not.
Others
5. Others Daily Water quality Affect to crops or not.
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Maintenance Check List for Canal System

ltem Frequency Point to be checked Findings
1.Brick or Daily Water flow conditions Smooth or not
concrete Monthly Crack or damage Small scale or large scale. Need repair or not

lined canal Annually |(along the main canal)

Conditions of drain ditch

Functioning or not. Need excavation or not.

Monthly [Sediment

Small scale or large scale. Need removal or not

Monthly Weeds

A lot or a few. Need clearing or not.

Others

2. Earth canal D aily Water flow condition

Smooth or not

Monthly Cross section area

Enough cross section or not

Monthly Erosion

Need repair or not

Monthly Weeds

Need clearing or not

Others

3. Road Daily Water flow conditions

Smooth or not

crossing and Monthly Sediment

Small scale or large scale. Need removal or not

gully crossingl Monthly Crack or damage

Small scale or large scale. Need repair or not

Daily Trash

If it is a lot to block pipe, it shallbe removed

Others
4. Structures Daily Water flow conditions Smooth or not
(division box, Monthly Sediment Small scale or large scale. Need removal or not
drop box Monthly Crack or damage Small scale or large scale. Need repair or not
turnout) Monthly Conditions of stop log Need repair or not
Others

5. Others

Maintenance Check List for Pipeline System

ltem Frequency Point to be checked Findings
1. River Daily Water flow conditions Stable or not, flood, rich or drought
conditions Daily Water level Elevation
Daily Conditions of intake point Enough depth or not, Any obstruction.
Others
2. Pipes Monthly Crack or damage Small scale or large scale. Need repair or replacement.
Monthly Water leakage Small scale or large scale. Need repair or replacement.
Others
3..Discharge Daily Water flow conditions Smooth or not
box Monthly Sediment Small scale or large scale. Need removal or not
Monthly Crack or damage Small scale or large scale. Need repair or not
Monthly Conditions of stop log and Need repair or not
groove
Others

4. Others
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Table 7-3 Maintenance Cost for Each System

Maintenance Cost Estimation

No. | Item Specification/Q | Quantity Unit Unit Price | Price Remarks
] vality ZMK ZMK
1 River Diversion Weir
1-1 | Annual maintenance
(1) | Removal of sediment unskilled labor 10.0 man 0.0 2man x 5 days
Total 10.0 man 0.0
1-2 | Every 5 years
(1) | Repair of stone | weir, intake 1.00 m"3
masonry
rubble stone 0.54 m"3 0.0
sand 0.40 m"3 0.0
cement ordinary 4.50 bags 0.0
portland
material total 0.0
mortar mixing unskilled labor 6.0 man 0.0 lday
stone masonry foreman 1.0 man 0.0 lday
skilled labor 1.0 man 0.0 lday
unskilled labor 5.0 man 0.0 lday
labor total 0.0
(2) | Repair of gabion
rubble stone 1.0 m"3 0.0
steel wire 1.0 kg 0.0
material total 0.0
gabion work skilled labor 1.0 man 0.0 lday
gabion work unskilled labor 3.5 man 0.0 lday
labor total 0.0
Every 5 years Total material 0.0
labor 0.0
2 Open Canal System
2-1 | Annual maintenance
(1) | Cleaning canal 300m
unskilled labor 20.0 man 0.0

(2) | Repair of earth canal
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Re-shaping unskilled labor 0.0 each plot owner
2-2 | Every 3 years
(1) | Repair of brick lining
equivalent to  10m 10.0 m
construction
Bricks 608.5 pes 0.0 730.2x10/12
Sand 0.2 m"3 0.0 0.34x10/12x0.5
Cement ordinary 2.6 bag 0.0 0.34x10/12x9
portland
material total 0.0
mortar mixing unskilled labor 4.0 man 0.0
brick laying skilled labor 1.0 man 0.0
unskilled labor 7.5 man 0.0
labor total 0.0
(2) | Repair of structures
equivalent to 1 box 1.0 box
construction
bricks 223.0 pes 0.0 223.0x1
sand 0.1 m"3 0.0 0.15x0.8x1
cement 1.4 bag 0.0 0.15x1x9
material total 0.0
mortar mixing unskilled labor 4.0 man 0.0
brick laying foreman 0.3 man 0.0 0.33x1
skilled labor 0.3 man 0.0 0.33x1
unskilled labor 0.7 man 0.0 0.67x1
labor total 0.0
Every 3 years Total material 0.0
labor 0.0
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CHAPTER 8. Construction of A Temporary Weir

8.1 Inclined Wall Type (best suited at narrower streams)

Step

Materials to be collected

0

Collect all the following materials (refer to the illustration below);

(a) Alog: to be put horizontally on the stream bank across the diversion point (Quantity: 1 nos., Refer to Step-1)

(b) Bamboo/Twigs: to stand in front of the horizontal log (Quantity: 8 — 10 nos. per 1 meter width of the dam, Refer to Step-2)

(c) Grasses (Elephant grass): to be put in front of vertical members (Quantity: depend on the size of the dam, Refer to Step-3)

(d) Clay soil: to patch on the grasses. And, if necessary, the clay soil is put in the streambed to replace the sand foundation (Quantity: depend on
the size of the dam, Refer to Step-5)

(e) Ordinary soil: to patch on the clay soil patched on the grass (Quantity: depend on the size of the dam, Refer to Step-6)

(f) Log: to support the brush dam (Quantity: depend on the size of the dam)

(g) Creeper: to fix the bamboo/twigs to the horizontal log (Refer to Step-2)

Implements;

Hoe, Shovel, Panga knife, Wheelbarrow, Watering can, Sacks (Quantity of these implements depends on the number of participants for
construction of the Dam).
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Step

Process

Description

Remarks

Put A Log Horizontally;
Put a horizontal supporting log at the
diversion point across the stream.

It is advisable that the horizontal log is
put on a place where there are tree
stump/rock for support of the log. If
there are no objects for support, put
something such as stone to keep the
log from moving by water pressure and
weight of the brush dam itself. Length
of the log is selected depending on the
site condition such as width of the
stream.

In case of such site where the material of
stream bed is composed of thick sand
layer, there is a need to replace the sand
layer with imported clay soil. To make
replacement work easy, a cofferdam may
be constructed using sandbags. If the sacks
are not available at the site, banking (soil
filling) can be applied.

‘ %ﬁﬂ@%@%\m’
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Stand the Vertical Members;

The vertical members composed of
bamboo/twigs are put in front of the
horizontal supporting log as seen in the
illustration.

To put grasses and soil easily, the vertical
members such as bamboo/twigs should be
put as close as possible together. These
vertical members are placed into the
foundation, which in cases has been
replaced by clay soil, and again connected
to horizontal support log at the top, using
materials such as runner (see below).




Step

Description

Remarks

Placing the Grasses;

Grasses are placed or fixed in front of

the vertical members.

To prevent swelling out of grasses, the
grasses are bound by horizontal members
such as bamboo and tied together with
the vertical members as shown in the
illustration.

L1T-4T-dV

Pile the Grasses:

Grasses are piled horizontally on vertical
standing grasses. See the illustration at
the left.

To make the structure less porous to
water, the horizontal layers of grass are
placed in front of vertical layers of
grasses in a criss-crossing way. This
pattern helps in making the weir very
much water tight.

To prevent swelling out of grasses, the
grasses may be bound by a vertical
member (bamboo) once again.
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Step Process Description Remarks
5 Patch the Clay Soil; To prevent water leakage, clay soil is
The clay soil is patched on the grasses as | patched tightly on the grasses. The
shown on the illustration in the left hand. clay soil is put not only on grasses as
.. a part of dam but also on the stream
Furthermore, to significantly prevent water . . .
. banks in contact with the weir to
leakage, the layer of clay soil constructed may | . . . .
o minimize water leakage passing
be covered by soil existing around the brush
through banks.
dam.
nt View
6 Completion of Construction; Note; Maintaining the Weir

FrontView ~—

The weir is then completed. See the
illustrations in the left hand and below.

Back View

During operation of the irrigated
farming, the diversion weir should
be maintained carefully.  For
instance, if a hole is found at the
weir, immediately stop it by sealing
with clay soil. This process will
restore the weir its former good
shape, as the hole will be a source of
weakness whereby the structure can
fail.
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Step

Process

Description

Dismantling the Weir

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.

Setting aside the Materials & Tools
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Examples of Inclined Weir (Kawambwa District, Luapula Provicne)
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8.2. Construction of A Temporary Weir: Single-line Wall Type (best suited at wider streams whose foundations are not rock)
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Step

Process

Description

Remarks

Position the Wooden Poles;

Position the wooden poles at the
diversion point across the stream with
an interval of 20 — 30 c¢cm. In short,
there should be 3 to 5 numbers of
wooden poles per one meter. The poles
are driven into the ground at a depth of
more than 0.3m, below soft foundation
if any. Length of the pole depends on
the site condition, more especially in
relation to the design tapping water
level.

In case of a certain site in Kasama District,
width of the stream at diversion point was
about 6m. About 20 wooden poles were
piled with 0.2 - 0.3m of interval.

Good straight poles with a sizable diameter
should be the ones to be used in this step.
The hammering of the poles into 0.3 m
below the bed level should be done in
order to overpass sand foundation if any,
which would be prone to scouring effect if
placed above 0.3m.

Weave the Grasses through the

Poles;

To tap the stream flow, grasses
(elephant grass etc.) are woven
horizontally through the poles. See the

1lustration in the left hand.
Y Ao B -

A good chunk of grasses is taken, and then
is twisted and finally it is woven between
the poles. The bundled woven grasses are
treaded layer by layer as they are put
criss-crossing on upright logs. This kind of
compaction is required in order to achieve
water tight situation.

When the bundle has reached the end, the
next bundle should not start at the very end
of the last bundle, but rather, it should start
at midway in order to minimize gaps.
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Step Process Description Remarks
3 e e Put the clay soil on the Grass Fence; It may not be effective to use sandbags as
rfwijmt:%z‘ Put the clay soil on the grass fence. To | @ measure of preventing leakage by
prevent water leakage from the grass | boiling/piping on the bottom of the
fence and boiling due to sand bed | stream. Rather using clay and ordinary
material of the stream, clay soils are put | soil to seal the gaps in the grass fence and
on the grass fence and the bottom of the | the bottom of stream is effective because
stream up to celtam level the gaps would be clogged with particles
of clay and soil.

After putting the clay soil on the grass
fence and the bottom of stream, soils
(stream bed material where appropriate)

are thrown to the grass fence.
4 -~ = | Completion of Construction; During operation of the irrigated farming,

e

/
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The weir is completed after following all
the steps above.

the diversion weir should be maintained
carefully. For instance, if a hole at the
weir is found, it should be immediately
sealed with clay/ordinary soil. This
process will restore the weir its former
good shape.
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Step

Process

Description

Dismantling the Weir

Washing the Tools

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.
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Examples of Single-line Weir (Mbala District (left), Mporokoso District (right), Northern Provicne)

8.3 Construction of A Temporary Weir: Double-line Wall Type (best suited at wider streams whose foundations are not rock)
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Step

Materials to be collected

Collect all the following materials;
(a) Log/Bamboo/Twigs: to make the fence both inner and outer (Quantity: 30-35nos. per 10 meter length of the dam, Refer to Step-1 & 5)
(b) Grasses (Elephant grass): to weave into the fences (Quantity: depend on the size of the dam, Refer to Step-2 & 6)

(c) Clay soil: to patch in front of inner fence (upstream side) and stuff into the opening of the fences (Quantity: depend on the size of the dam,
Refer to Step-4 & 7)
(d) Ordinary soil: purpose is same as clay soil

Implements;

Hoe, Shovel, Panga knife, Wheelbarrow, Hammer (Quantity of these implements depends on the number of participants for construction of the
dam)
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Step

Process

Description

Remarks

e 7,,1{/: A
A Ve

B Py B

2 T = b N
,.W—*&rﬁﬁ%ﬂﬁ“’” -‘\?\E:Q K e A.’J“\}f\;k A
B Ve

i

Pile Wooden Poles to the Inner
Fence (Upstream Side);

To make the inner fence, the wooden
poles such as log, bamboo and twigs
are piled every 30-50cm interval on the
line crossing the stream.

When the poles are properly
positioned, they are driven into the
streambed by a hammer.

In fact, this process of putting inner fence
is just same as that of single-line weir
construction. As single-line weir may
hardly be able to stop water due to the
leakage through the weir body, this
double-line weir was devised. Therefore,
one may say this weir is best suited at a site
whose width is relatively wider, so that it is
impossible to construct inclined type weir,
whose foundation is formed with soil (not
rock), so that we can drive poles into the
foundation, and where we need to
minimize water leakage probably due to a
fact that there is little water flowing in the
stream.

Weave Grasses into the Inner Fence;

To tap the stream flow, grasses
(elephant grass etc.) are woven
horizontally into the inner poles
following Step-1.

Then, the grasses woven are
compacted by feet. The moment any
grass is weaved between the poles,
press it tightly with feet. Continue
doing this until a required height of
this weir is obtained. The weaving of
grass should be done to both fences, so
that a space is left in between the
parallel fences.

The grasses are bundled and woven
horizontally between the wooden poles. A
good chunk of grass twisted is taken and
finally it is woven between poles. When
the bundle has reached the end, the next
bundle should not start at the very ending
of the last bundle but it should start at
midway in order to minimize creating
gaps. The bundled grasses which are
woven between the poles are treaded layer
by layer so as to compact it in order to
achieve a water tight situation.
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Step

Process

Description

Remarks

Put Clay/Ordinary Soil on the Inner
Fence;

Furthermore, clay/ordinary soils are put
on the upstream side of inner fence to
prevent water from passing through the
weir body as leakage.

To protect water leakage through the gap
of grass fence and boiling due to sand
bed material of the stream, the clay soils
are put on the upstream side of inner
fence and the bottom of stream up to a
certain level.

The above Steps-1. 2 and 3 are exactly
same as those of single-line weir
construction. There may be a difference
from the single-line weir; that is the
interval of the poles. Since this is to be a
double-line weir, a wider interval than
that of single-line weir may be accepted,
say 50 to even as wide as 70cm interval.

:ﬁfe\'%aden pole to
"~ Quter Fence

Pile Wooden Poles to the Quter Fence
(Downstream Side);

The outer fence is constructed following
the Step-3. As first step of making the
outer fence, the wooden poles are piled
on the line of outer fence such as that of
Step-1, preferably 50cm to 1Im
downstream from the inner fence.

Then, being same as Step-2, grasses
(elephant grass etc.) are woven
horizontally into the outer poles. The
grasses should, of course, be compacted
by feet/ or using a log in order to achieve
a water tight situation.

The poles are hammered into the ground
with double lines (namely at outside of
inner fence). The whole essence of
hammering is to make the structure
strong, and to make the poles go beyond
sand deposits. The interval between the
poles can be 50cm — 70cm, a little wider
than that of single-line weir.
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Step

Process

Description

Remarks
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Stuff Clay/Ordinary Soils;

Put the soil which exist around the site
into the opening between the inner fence
and outer fence.

To prevent water leakage from the grass
fences, clay/ordinary soils are put into the
space between the inner fence and outer
fence. The clay soil and ordinary soil can
be collected around the diversion site.

It should be noted that the wider the
space between inner and outer fences, the
more soils should be prepared and put
into. The wider the space, the less
leakage we can expect but the harder the
job of putting soils in between becomes.

Compacti

o/fz/b/;/ﬂfe /

Compact the Soils;

The clay and soil ordinary soil thrown
into the space between the inner and
outer fences should be compacted heavily
by feet or with a wooden log.

After all the process above is followed,
the weir is now completed and water
starts backing up on the upstream of the
weir, then the water starts getting into the
diversion canal to flow.

Completion !
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Step

Process

Description
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Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.
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Examples of Double-line Weir (Mansa District (Left), Luapula Provicne, Mungwi District (Right), Northern Province)
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8.4 Construction of A Temporary Weir: Trigonal Supported Wall Type (can be installed on a rock foundation where wooden logs can’t be driven)

Step Process Description Remarks

Assemble  the  Trigonal  Prop | The trigonal prop can be made of
(Standing Structure); log/bamboo. The size of this structure is

To support the brush dam made of | adjusted depending on the site condition
grasses/clay soil, the trigonal prop | with reference to the design tapping water
standing structures are assembled as | level. As an example, each member is cut
shown in the left illustration. with a length of 1.3m for 0.5m of tapping
water depth design. The diameter can be of
the log’s/bamboo’s one for the trigonal
prop; around 7cm - 15cm each. The front
of this structure, namely the upstream side,
has an inclination to act as support for the
fence made of logs, bamboos and grasses
with clay soil, and lastly, to stand against
the water pressure.

1

Refer to the Illustrations An angle of inclination of the front face is
around 70 - 80 degrees. To tie the members
to each other, local materials such as
runners/grass/sisal can be used.

Cutting of trigonal prop members and
assembling of this structure.

The horizontal 3 members of the prop,
forming the horizontal triangular, should
be placed outside of the inclined members,
so that it can stand more against water
pressure.
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Step

Process

Description

Remarks

Set up the Trigonal Props across the
Stream;

The trigonal props are set at the
diversion point across the stream. Then,
horizontal members are fixed to the
trigonal props to keep them in place and
in line to each other. At least, 3
horizontal members i.e. upper, middle
and lower members should be fixed on
the trigonal props.

As a result, all of the trigonal props are
connected by the horizontal members
and will withstand the water pressure as
one structure.

The trigonal props are placed at a proper
interval in order to prevent this structure
from falling down by water pressure. In
case of a site in Mungwi district, the
width of the stream at the diversion point
was about 15m, and 10 trigonal props
were set up giving an interval of 1.5m
apart.

The diameter of fixed horizontal
members can be around 3cm - 10cm
each. The materials can be wooden poles
and bomboos.

Place the Grasses on the Trigonals:

To tap the stream flow, the grasses are
placed vertically in front of the trigonal
props touching the bed level of the
stream.

To reduce the water leakage, it is better to
put the grasses very closely. In particular,
at the bottom portion of stream, a lot of
grasses should be used and should be
placed tightly.

The horizontal member to be fastened on
the top of the grass is the bottom one.
Then the second and finally third on top.
This helps to keep the grass very tight to
the trigonal prop and indeed reinforces
the trigonal prop.
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Step

Process

Description

Remarks

Tie the Standing Grasses to the

Trigonal Structure;

To prevent swelling out of the standing
grasses, these grasses should be pressed
against the trigonal prop by using
horizontal members again tied with
runners. Three horizontally parallel
members, at the bottom, at the middle
and at the top, are finally fastened with
the props or otherwise with the horizontal
members already set behind the grasses.
The grasses are thus sandwiched by those
horizontal members set in front and
behind.

To press down the grasses on the trigonal
prop, another layer of horizontal
members are put in front of grasses which
are made to run parallel with the first
horizontal members already placed at
beginning but at a specified interval
between each other and these are tightly
tied to the first layers of horizontal
members. In so doing, grass is tightly
sandwiched between horizontal members.

The number of layers of horizontal
members is dependent on the height of
the trigonal weir. In general, 3 lines of
horizontal members are placed.

Put the Clay Soil on the Grass Fence;

Clay soil is placed on the grass fence
starting from the foundation or streambed
level. To prevent water leakage, the clay
soil is patched on the grass fence. The
clay soil is put not only on the grasses as
a part of brush dam but also on the gap
between the bottom edge of the grass
fence and the natural ground/exposed
rock foundation.

Putting of clay soil should be started at
the bottom, and much attention should be
put at this stage. This is because this area
is very critical in reducing water leakage
and thus where the water pressure is the
highest. A lot of clay soil should be
placed at the bottom in order to make it
water tight as much as possible to prevent
leakage.
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Step

Process

Description

Remarks

4&. 7

<Zf v

vmyf

D

/ L,\‘
?rontgﬁ
B s (

Diversion Weir in a Wide Stream:
Rock Foundation
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Completion of Construction;

The front / Upstream of the Weir

Water finally backs up at the upstream of the
weir and the duration of backing up depends
on the stream width. The weir is finally
completed

With this trigonal supported weir,
water depth stored could reach over
1.0 m or even more than 1.5 m.
However, the higher the water level
is, the riskier it is and therefore it
may fall down. Therefore, it is not
recommended to store water over
1.0m.

The back / Downstream of the Weir

Check the inclination of the weir.
The bamboos supporting the trigonal
prop, which is at an inclined angle, is
clearly seen / shown in the pictures
with its horizontal support. The
water level in the downstream is
lower than the upper stream of the
weir. The trigonal props also help
resisting the water pressure which is
greater at the bottom, hence the
unique design the trigonal prop.
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Process

Description

Dismantling the Weir

Washing the Tools

Note:; Maintaining the Weir

During operation of the irrigated farming, the diversion weir should
be maintained carefully. For instance, if a hole is found on the weir,
it should be immediately sealed with clay/ordinary soil. This process
will restore the weir its original good shape.

Note; Dismantling the Weir and Set Aside the Main Materials

These types of weirs are constructed as temporary facility for the
intake of stream water for irrigation farming in dry season.
Therefore, the weir should be dismantled before the start of the rainy
season because such kind of structures are constructed across the
river/stream and as such, the diversion weir becomes an obstruction
for safety flow of floods. Main materials such as logs, bamboos and
twigs are then set aside at a suitable place in the village. If properly
stored, these materials will be reused for few years to come.

Setting Aside the Materials & Tools
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Examples of Trigonal Supprted Wall Type (Mungwi and Mpila Districts, Northern Province)

8.5 Canal Alignment with Sprit Line-level (Section 1; Assemble Line-level)
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Step Process Description Remarks
1 Adjust the Poles; Local materials such as bamboo/wooden
Two (2) poles should be prepared and | poles are applicable. The lengths of poles
are cut in the same length. should be adjusted to the height of pole
holders. Usually, the poles are about 1.7m
to 1.8m in height. The poles should have a
sizable diameter so that they are easy to
hold. Bigger poles with bigger diameters
W\ - would be difficult to handle.
Ve
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2 Make Groove on the poles (to know | The position of the groove should be set in

gradient on field);

To tie and fix a string, make circular
groove around the poles at the same
height of both poles—around 1.0-1.3
m from the bottom.

accordance to the height of the reader of
the spirit level. Usually, the height of the
groove is from 1.0m to 1.3m from the
bottom of the poles. When measuring the
level point on field, the grooves should be
marked with same height of both poles.
However, when measuring a particular
slope, grooves should be set at different
heights. The table on the next page shows
an example of positioning groove on each
pole according to a required slope.
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Step

Process

Description

Remarks

Put Grooves at Different Heights on
One of the Poles:

Take one of the poles and make grooves
on the pole as shown in the illustration.
The position of the groove is Smm lower
than the first one (top one), and another
5 mm from the first one.

The pole at the right side has a groove
fixed at 1.3m from the bottom of the
pole as an example. On the other hand,
the pole standing at the left hand side has
3 groves. These grooves indicate the
level line, Smm lower than the level line
and 10mm lower than the level line.

In conventional way of using a sprit line
level, the 2 grooves should be put on the
same height in order to know the same
elevation points at the 2 poles. However,
to align a canal with a designed gradient,
we need to make a difference of the
elevation in between the grooves of the 2
poles.

As an example, 5 mm difference over a
distance of S5m gives 1/1,000 (Smm/
5,000mm) gradient, and 10 mm
difference over the same S5m distance
gives 1/500 (10mm/5,000mm) gradient.
If the 2 poles are placed over a distance
of 10m, 10mm difference gives 1/1,000
(10mm/ 10,000mm) gradient and 20mm
difference gives 1/500 (20mm/ 10,000
mm) gradient.

Design Elevation Distance The position of grooves from the bottom
srntol | affnceo | bevesnhe2 |G sick
1/1,000 5.0 mm 5m 1.3m 1.295 m
1/500 10.0 mm 5m 1.3m 1.290 m
1/1,000 10.0 mm 10 m 1.3m 1.290 m
1/500 20.0 mm 10 m 1.3m 1.280 m

The table shown on the left gives an
example for the position of the grooves
(tying position of string for the 2 poles)
to set the designed slope of canal on the
site.

On a gentle topography, 1/1,000 is
recommended while on a sloped
topography, 1/500 slope is recommended.




Step Process Description Remarks

6el-d-I-dv

Fix the String;

Tie the string on a grove marked on the
above steps.

{ AT

Testing the line-level; The length of string depends on the site
condition. Usually, 5m length of string is
ideal as it is easy to handle. However, if

The length of the string, same as the

The distance should be 5Sm in general, distance of the 2 poles, should be 5m in
but may extend up to 10m. most cases but in some cases it can be as | the topography is too gentle and difficult
long as 10m. to find an appropriate point within the 5m

distance, extend the string up to 10m.

\ - “ ) 3 m — 10m (in Elevation difference of 10-20 mm could
N N be found within the 10m distance.
S W
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Step

Process

Description

Remarks

Set a Spirit  Level (completion of
assembling the line-level):

After the required span between the poles is
set, set the spirit level on the string.

=

b
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The position where the spirit level is
fixed should be the center of the
string, e.g. 2.5m point with 5m of
string, 5.0m point with 10m of
string.

Starting the Canal Alisnment with Sprit
Line Level:

Line-level can be used to know a sloping
point for the design longitudinal slope of the
canal. To survey that, at least three persons are

. needed: two for pole holders and one to read
'| the level.

A slope of 1/500 on a sloped
(inclined) land is recommended
while 1/1,000 slope may be applied
on a flat land. One may think
1/1,000 slope is too gentle for water
to flow. However, this slope is quite
enough to let the water flow by
gravity.

As most topography in Zambia is
very gentle, steep canal slope with
more than 1/500 is not recommend.
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Step

Process

Description

Remarks

Surveying Sloping Point on the Field;

The pole holders should stand at an interval of
5 meters or 10 meters according to the length
of the string put over the poles. At this time,
the pole holder whose string is tied at a lower
position than that of the other pole should
stand at a higher position e.g. at the starting
point of the canal (He/she stands on the left
side in the illustration).

The other pole holder (the person on the right)
will move to the point where the bubble in the
spirit level comes to the center. The level
reader checks whether the bubble in the spirit
level is at the center or not.

The tied point on the right pole is, as
an example, higher by 5 mm than the
tied point on the left pole in the
illustration. With this situation, when
the bubble in the sprit level comes to
the center, it automatically means
that the ground at the right pole is 5
mm lower than that of left pole. If
the distance of the 2 poles is 5m, it
gives 1/1,000 gradient (Smm/ 5,000
mm) to the ground over the 2
points).

L 2)
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Do progressing Placing of the Poles:

After a sloping point is set, the pole holder
who stand at higher point (left person in the
illustration) should move the point to where
the other one was (right person in the
illustration). The points where the pole
holders stand act as bench marks where the
pegs are now driven. After this, repeat the
same procedure until the required distance of
canal is achieved.

Upon completion of the line-leveling over the
designed distance of the canal, re-align some
pegs to get a smoother canal alignment (avoid
zigzag alignment).

This method is completely different
from conventional pole placing.
Conventional placing requires us to
place the 2 poles alternately in order
to identify a counter level, while this
canal alignment necessitates us to
place the 2 poles progressively. By
placing the 2 poles progressively,
designed  elevation  difference,
corresponding to  the  canal
longitudinal slope, over the 2 points
is secured since the tying points of
the string on the 2 poles are different
in elevation.
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8.6 Discharge measurement (Section 1; Float Method)

How to estimate a cross sectional area:

™~

the wafer level.

at the mid ¢f average depth fr

0.351the average depth

Depth (m Width, m Area, m®
Depth 1 (1/4) | 030
Depth 2 (1/2) | 0.50 o 0.252 m?
Depth 3 (3.4) 0.25 ' (0.35%0.72)
Average 0.35

A float (e.g. a piece of dry wood) is
thrown into the water to measure the
velocity. Measure the time (in second)
taken by the float to move between the
upstream cross-section point (section-a)
to the downstream one (section-c).
Repeat this measurement at least three
times, and calculate the average velocity.
Velocity is calculated as follows:
Velocity=Length (m) of the 2 points (e.g.
section-a to section-c in the illustration) /
time (in second)

Step Process Description Remarks

1 Measurement of the Water Area; The water area of the stream (width
The float method is available to know a | multiplied by depth) has to be measured.

rough estimate of the stream flow. The | It is better to select a clean and straight

amount of flow (Q) can be estimated by | section on the stream, at least 5 — 10m

measuring the size of the stream |long. Measure the depth at one

(A=water area) and the speed | cross-section for at least 3 points (e.g. at

(V=velocity) of the water (Q=A*V). 1/4, 1/2, and 3/4 of total width as in the

bottom illustration) and calculate the

average depth. Then, multiply the

average depth into average width of the

section, which is the width at the mid

point of the average depth from the water

level. After the water area for each

cross-section is calculated, the

representative water area (A) is estimated

by averaging all the cross-sectional areas.

2 Measurement of the velocity; The measured velocity at the surface is

larger than the velocity along the bottom
and sides.
velocity at the surface needs to be

Therefore, the measured

corrected as follows:

-When the water depth<30cm,
Velocity=average velocity times 0.70

-When the water depth>30cm,
Velocity=average velocity times 0.85

Finally, multiply the average water area
by the corrected average velocity. This is
the amount of flow (Q=A*V) in cum per
second. When multiplied by 1,000, it is
now the flow in litter per second.
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8.6. Discharge Measurement (Section 2; V-notch Method)

T .
e ./ NS
/7' : A\ﬁ:’; " A 4"‘ il
‘/ - »\V e = ) fx
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\\'V% g g \H\A \\
o

The v-notch is set up at suitable site
near the place where it is planned to
construct the diversion weir.

Step Process Description Remarks
1 Making a V-notch; If the amount of stream flow is small such
Generally, the v-notch is made of | as up to 100 lit/sec, v-notch is available to
wooden board at an angle of 90 | measure the discharge. The application of
degrees. v-notch is as following (refer to the figure
show in the left):
0.5m<=W<=1.2m
0.1m<=D<=0.75m
"’7/; 0.07m<=H<=0.26m
Z H<=W/3

2 Set the V-notch in the Stream; The v-notch must stand perpendicularly to

the stream flow. To stabilize the v-notch,
sand bags can be used.
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Step Process Description Remarks
3 Measure the Depth of Nappe; To measure the depth of the nappe, a
After setting of the v-notch, the stream | ruler should be prepared. The ruler
flow starts overflowing through the | should be placed perpendicular to the
v-notch. The v-notch will be left as it is. | flow exactly, or error in the measurement
When the nappe has become stable, the | will take place.
depth of the nappe has to be measured.
The depth here means the distance
N between the deepest point of the V-notch
PR ; O =<0 | and the water level right above the
1) 14 h . L .
NS (e Q\ o \® {?:M!;W g 1/ | deepest point.
\’ﬂ;‘ % N 4\ . s r/‘/j\"\\y \\;\,M d‘;
NN AERYENY ; ‘tﬁ‘\i' N JA, - 0
Nt ”\/f;} y Y /‘i?\?& T WA/\ Vi "o
4 Read the Graph or use Tables; After measurement of the depth of nappe,
90 A e L e The amount of stream flow can be | the depth is checked against the graph to
Hem M Head & Discharge 111 known by the graph shown on the left | know the volume of flow. The graph
% l . column, or refer to the tables on the | shows the relationship between the depth
30 Vonoter e = following table. of nappe and discharge. Or otherwise
s ;zmm A //,// refer to the table on the following page.
2 / ] rL=60em An exercise in case of V-notch:
1511y 5 // o The depth of nappe: 25cm
/ L~ The amount of flow: 40 lit/sec
104
'
T = Tsan

0 10 20 30 40 50 60 70 80 99 10O V(0 120 130 140 150 160 170180
: f fsec
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Step Table of Discharge against Ovewflow Depth
4 In case of V-notch:
Over flow depth on V-notch Discharge 0.20m 0.6m 0.20m
h (m) Q (m*/min) Q (lit/'sec) < > >
0.07 0.1 1.83
o4 % a0 y e
0.12 %0 H=0.30m
7 ]
0.70m
D=0.40m
A
| W=1.00m
4 In case of rectangular notch:
0.20m  B=0.3 045 0.6m  0.20m
Discharge < Pt >
Over flow dr:e;()::)on R-notch B=300m B—d5em B=60om
Q (lit/sec) Q (lit/sec) Q (lit/sec)
0.10 A
” H=0.30m
Y
0.70m
D=0.40

W=1.00m

v
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1. Implementation Procedure

1. Selection of candidate sites (TSB & CEO)

2. Investigation of candidate sites (TSB & CEO) —

Economy
3. Outline design of candidate Sites Technical
(quantity, cost) (TSB) Social
Environment
\L Farming

4. Decision of target site (TSB & CEQ)

5. Detail Design (TSB)

6. Cost estimation (TSB)

7. Work plan (TSB)

8. Preparation (TSB & CEO)

9. Construction (TSB & CEQ)

2. Selection of Candidate Sites

Candidate sites are selected considering existing information; natural conditions, social conditions,
environmental conditions and O&M such as, (1) slope of riverbank, (2) streamline, (3) terrain, (4)
riverbed material, (5) potential area, (6) number of household, (7) farmers organization, (8) available
water source, (9) water use of upstream and downstream etc.

(1) Preparation of a topographical map

If any topographical maps with sufficient precision for the plan are already available from the basic
national land survey, the cadastral survey, and the relevant land improvement projects, they can be
used. If they have not been prepared yet, it is desirable to prepare them at the initial stage of the
investigation. Generally, the topographical map shall be prepared to cover the following area: the
beneficial area, its peripheral areas, and areas necessary for planning for irrigation system. GPS and
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Google Erath can be utilized to get topographical information.

(2) Slope of riverbank

Slope of riverbank should not be very gentle. If it is gentle, the length of weir will be very long. In
many case, the height of weir is about 1.5 ~2.0m from river water level. If the slope is 10%, the length
of weir should be more than 30 ~ 40m. Water table also should be checked observing the surface of
slope.

Gentle slope

Embankmen‘t

V,/‘EL 6.70m T

7 \/\\/\\ ey

\/\\/\\
o

T R ’\ / .

T e EL 5 20m Excavation

T " e
—eno{—
River Diversion Stonew/

Steep slope
=l uE] 4—‘850"
v HWL, &.5m -
o . EL5d4m e
ELA.9m = ~=7 ~ EL4 6

~. Btap log

W=0.8m, H=0:9m

Figure 2-1 Slope of Riverbank and Weir
Source: T-COBSI Project Team

(3) Streamline
Streamline should be stable. It is also desirable to be straight. Streamline in a flat low land tends to be
unstable and winding.

(4) Terrain
Dumbo area is excluded in the candidate sites. Generally, temporary weir in dambo area is located in
wide flat low land.

(5) River bed material
Rocky foundation does not need apron. Sandy foundation requires long length of apron. Sandy
foundation has a difficulty of de-watering during construction.
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Figure 2-2 Investigation of terrain, beneficiary area, potential area, water use at upstream and
downstream, residential area, etc. with Google Earth
Source: T-COBSI Project Team

(6) Potential area
Considering economy, potential area is desirable to be more than 5 has.

(7) Number of household
Considering required labor force, number of houschold should be more than 30. It is desirable to be
more than 50.

(8) Farmers organization
If there is a farmers’ organization, it is advantageous to mobilize farmers for construction and O&M.

(9) Available water source
The river/stream should be perennial and water flow quantity should be enough and stable.

(10) Water use of upstream and downstream.
There is no water user for irrigation within 1km downstream from the weir. Water right of downstream
should be checked. Upstream water user should be checked if it affects intake water or not.

(10) Others

Consider if any problem of farming, marketing or gender issue.
3. Site Investigation

Site investigation will be conducted at each candidate site.

3.1 Items to be clarified by the investigation

1) Natural condition (water, weather, land-form, geology, soil, etc.)

2) Condition of water usage (irrigation, domestic water, fish pond, cattle, etc.)
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3) Social, economic, and farming conditions of project areas
4) Intention of farmers in the project area

5) Construction condition
3.2 Investigation items
3.2.1 Natural Condition
(1) Meteorological Data

As the weather is one of the basic factors of an irrigation plan, the data collected over long period (10
years or more in principle, and 20 years or more with regard to data on temperature, consecutive
no-rainy days and pan evaporation, which are closely related with the irrigation plan) at the
representative meteorological stations in the area shall be investigated. When the necessary data are
not available in the project area, those derived from similar meteorological conditions can be used.

Investigation items are classified in accordance with the type of plan as shown in Table 3-1. They shall
be selected depending on the type of plan and need.

Table 3-1 _Investigation items for each plan

Classification of Plan
ltem . Irrigation Other facilities
Farming plan
water plan plan

Temperature Mggn temperature O

Minimum temperature O O
Precipitation Daily precipitation O O

Monthly precipitation O O

Annual precipitation O O

Maximum hourly precipitation O
Rainy days O O
Sunshine duration O O
Continuous droughty days O O
Most frequent wind direction O O
Maximum wind velocity O O
Pan evaporation O O

Source: Engineering manual for Irrigation and Drainage “Upland Irrigation”. The Japanese Institute of
Irrigation and Drainage, 1990

(2) Investigation of river conditions

Investigation of river condition should be executed on (i) water level and discharge, (ii) sedimentation,
(iii) stream centerline, (iv) riverbed slope, (v) riverbed materials.
(i) Water level and discharge
Highest water level and representative water level in each month are required to be obtained.
Highest water level is obtained by observing past flood mark and by interviewing the villagers.
Representative discharge in each month is estimated from water level, flow velocity and
cross-section.
(ii) Sedimentation
River sediment is measured in order to arrange for sand removal plan. Sediment at a river
structure of vicinity area can be referred.
(iii) Stream centerline
The location of the weir should be selected at a site where the stream centerline is stable and
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located near the riverbank where the intake is required.

(iv) Riverbed slope

Riverbed slope is an essential hydrological parameter and necessary to estimate discharge.
Riverbed slope is obtained by surveying the elevation at 20m interval from 100m upstream to
100m downstream of the weir.

(v) Riverbed materials

Riverbed materials should be observed to estimate roughness coefficient. Value of roughness
coefficient is shown in the Table 3-2.

Table 3-2 Roughness Coefficient of Natural Flow Canals

. " Roughness Coefficient
Materials and conditions of canals Minimum Standard Maximum

Small canals on flat land

1). Not weedy, straight. Neither cracks nor crevices are seen 0.025 0.030 0.033
when water reaches the high water level

2) Weedy and stony. Neither cracks nor crevices are seen 0.030 0.035 0.040
when water reaches the high water level

3) Not weedy but meandering. Some crevices and shallows 0.033 0.040 0.045
are seen.

4) Some weeds and stones, meandering. Some abysses and 0.035 0.045 0.050
shallows are seen.

5) Meandering. Some crevices and shallows are seen. The 0.040 0.048 0.055
changes in gradients and cross-sections are few at low
water level.

6) The same as 5) but stony. 0.045 0.050 0.060

7) Weeds and deep crevices are seen along moderate flow 0.050 0.070 0.080
areas.

8) Area where weeds grow densely, deep crevices are seen, 0.075 0.100 0.115
or many (rees are present

Canals in mountain areas. No plants in canals. River banks

are usually steep. Trees and shrubs along river banks are

submerged when water reaches the high water level.

1) Cobblestones and gravel on river bed 0.030 0.040 0.050

2) Large cobblestones on river bed 0.040 0.050 0.070

Large canals

1) Constant cross sections without large cobblestones or 0.025 0.060
shrubs

2) Rough and irregular cross sections 0.035 0.100

Source: Engineering Manual for Irrigation and Drainage “Canal Works”. The Japanese Institute of
Irrigation and Drainage 1987.

(3) Investigation on the influence of flood control

The condition of drainage discharges into rivers upstream and downstream during the ordinary flow
should be investigated in order to find the influence of rise of water level by weir upon drainability
upstream and downstream. Flood water level and flood pond area should be investigated to decide the
height of weir.

(4) Investigation on the foundations

Investigation on the foundations are executed for items such as the structure and properties of the
ground, bearing capacity of the ground, conditions of riverbed deposits, ground water level and flow
condition of ground water.

Investigation on the foundations should be carried out in order to design suitable foundation structures
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for the ground condition. Test pitting makes possible appraisal of strata and geology by the naked eye
and to estimate bearing capacity.

(5) Topographical survey
Topographical survey for weirs should be done on the following items;

(i) Plane survey

Plane survey of the site is necessary not only for construction of the weir and intake but also for
the planning and design of cofferdam. Curvature conditions of the river should be surveyed. It is
desirable to draw contour lines on the map.

(ii) Longitudinal and cross section
Profile and cross section of the river are used for designing weir and hydraulic calculations.

(iii) Collection of topographic and other related maps

Prior to field investigations and surveys, topographic maps and other related maps around the
scheme should be collected in order to prepare the investigation schedule, and to make a
preliminary design.

3.2.2 Condition of Water Usage

Present condition of river utilization such as irrigation, hydropower, water rights, fishery and others
should also be investigated.

Investigate rights regarding water sources in the project area and its periphery. Principal investigation
items are: 1) Agricultural and other water rights, 2) Fishing rights, and 3) Regulation on the
environment such as nature protection. Accurately investigate their contents.

3.2.3 Investigation on Socio-economic Conditions
(1) Investigation of socio-economic conditions

Investigate the total population, number of houscholds, the labor force and income structure in
industries, the major economic activities in the area, etc. to identify the roles of agriculture in the
socio-economy situation of the area.

(2) Investigation of agricultural structure

Examine the constraints on the development of agricultural production in the area with respect to farm
management, income, the marketing, water supply and farmers' consciousness of them.

(D The investigation of farm production and income reveals those factors of land, labor, capital, crops
produced and farming houscholds which constitute agricultural production structure (scale,
organization, capital composition, and differentiation of farmers). Also, investigate the farmers'
economy and the profitability (production costs) of each crop. When the land and water-supply
conditions constitute the constraints on the increasing farm productivity, examine their present
conditions and the factors causing such problems.

@ The investigation of marketing reveals the marketing and distribution of agricultural products
focusing on the quantity and the prices of each crop for each season according to marketing and
distribution channels, and offers a prospect for the demand and supply by crops as well as
identification of the problems and measures.

(@ The investigation of the water supply, reveals the current land and water utilization conditions and
the past development process of land improvement, projects, the bodies managing the land
improvement facilities, the property of water use facilities, customs of water use, and water
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charges to identify the constraints on agricultural development in relation to the water supply.

3.2.4 Investigation on Farming and Cultivation Conditions
(1) Major crops and cultivation management systems

As basic data for future farming plans, recent changes in cropping, the cropping season and technology
used for the currently cultivated major crops to identify problems of farming and cultivation
techniques.

Investigation contents and method;

(DInvestigation of crops cultivated

a) Investigate the crops cultivated (summer and winter crops).
@Investigation of cropping season

Investigate the cropping calendar (sowing, transplanting, and harvesting seasons respectively) of each
major crop by survey at the agricultural extension service offices, at sites, etc.

@ Investigation of cultivation technology

Investigate the present cultivation technology of major crops by survey at the agricultural extension
service offices and at sites. Based on the investigation results identify farming and cultivation
technological problems, and examine their countermeasures.

(2) Yield and amount of damages

Investigate the yield of present major crops and crop losses according to factors, and the yield of such
crops to be introduced by the plan. In addition, examine the causes of damage affecting the present
yield, the possibility of improvement, and the necessary countermeasures, and utilize them as the basic
data for formulation of the farming plan and the calculation of the project economy.

(3) Conditions of livestock breeding .

Investigate the number of livestock, number of farmers keeping livestock, breeding scale, systems,
production conditions, etc. to identify present problems and examine how to improve the situation.

3.2.5 Investigation of Farmers' Intentions
(1) Investigation method

Interview to the farmers.

(2) Investigation items

Actual farming conditions

Farming improvement measures

Intentions on improvement of agricultural infrastructure
Judgment items of the burden of the project cost

Intentions on operation and management of facilities

©e®e006

Other necessary items
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3.2.6 Investigation of Related Projects
(1) Land improvement projects

In order to establish the design and the construction plan, examine whether there are any other
agricultural infrastructure development projects, including those under planning, in such fields as the
improvement of main irrigation and drainage facilities for agriculture, farm road improvement, soil
dressing and under-drainage managed or financed by national or district governments or groups.

If there are any, investigate the features of their plan and design, the route selection, the structure, the
construction year, and the conditions at the time of construction. In addition, investigate how land
improvement districts, cities, towns, and villages, agricultural cooperatives and persons related with
agriculture evaluate these projects by means of the analysis of the data in the plans and design
specifications of these projects as well as by interviews.

(2) Other projects
(DRiver improvement project

When there are improvement plans for rivers near the site or in the peripheral areas, investigate the
route, the river width, the section, the gradient, the flood level, the ordinary water level, the riverbed
level, the construction time, the unit drainage discharge, the submergence conditions in the district,
how to acquire the land, etc. after the completion of the improvement work.

(@Road improvement and new construction projects

When there are improvement and new construction projects of roads near the site or its peripheral
areas, investigate the route, the width of the site, the structure, the construction time, how to acquire
the land, etc.

(®Water utilization project

When there are dam projects for power generation and flood control etc. and industrial water projects
near the site or in its peripheral areas, investigate the contents of the plan for water utilization.

3.2.7 Construction Condition

Investigation for construction works should be conducted on the following items, which are necessary
for construction planning.

Construction materials include cement, sand, gravel, stone, steel materials, bricks and timber etc. The
supply situation of materials should be checked. Availability of local materials, necessity of
transportation, availability of transportation and availability of tools should also be checked.
Transportation of materials should be arranged if necessary. Minimum use of construction equipment
is encouraged for small scale irrigation schemes. Number of skilled labor and unskilled labor should
also be checked.

4. Basic of Irrigation Planning
4.1 Introduction

All field crops need soil, water, air and light (sunshine) to grow. The soil gives stability to the plants; it
also stores the water and nutrients which the plants can take up through their roots. The sunlight
provides the energy which is necessary for plant growth. The air allows the plants to "breathe”.
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Without water crops cannot grow. Too much water is not good for many crops either. Apart from
paddy rice, there are only very few crops which like to grow "with their feet in the water”. The most
well-known source of water for plant growth is rain water. There are two important questions which
come to mind: What to do if there is too much rain water? What to do if there is too little rain water?

If there is too much rain, the soil will be full of water and there will not be enough air. Excess water
must be removed. The removal of excess water - either from the ground surface or from the root zone -
is called drainage.

If there is too little rain, water must be supplied from other sources; irrigation is needed. The amount
of irrigation water which is needed depends not only on the amount of water already available from
rainfall, but also on the total amount of water needed by the various crops.

With respect to the need for irrigation water, a distinction can be made among three climatic situations:

1. Humid climates: more than 1200 mm of rain per year. The amount of rainfall is sufficient to cover
the water needs of the various crops. Excess water may cause problems for plant growth and thus
drainage is required.

2. Sub-humid and semi-arid climates: between 400 and 1200 mm of rain per year. The amount of
rainfall is important but often not sufficient to cover the water needs of the crops. Crop production in
the dry scason is only possible with irrigation, while crop production in the rainy season may be
possible but unreliable: yields will be less than optimal.

3. Semi-arid, arid and desert climates: less than 400 mm of rain per year. Reliable crop production
based on rainfall is not possible; irrigation is thus essential. The two major factors which determine the
amount of irrigation water which is needed are:

i the total water need of the various crops
ii. the amount of rain water which is available to the crops

In other words: the irrigation water need is the difference between the total water need of the crops and
the amount of rainfall which is available to the crops.

In many countries it is already well known what the crop water needs and irrigation water needs are of
the most commonly grown crops. Such data can usually be obtained from the Extension Service, the
Irrigation Department or Ministry of Agriculture. It is then not necessary to determine the crop and
irrigation water need. However, there may be situations where it is not possible to obtain these data
and it would thus be necessary to determine them on the spot.

4.2 Preparation of Basic Plan
(1) Basic plan

Based on the detailed investigation, farming plans, irrigation and water-source plans will
integratedly, studied and a basic plan shall be formulated in the direction of the basic concept
plan.

- The basic plan includes the determination of benefited areas, farming plans and water-source
plans.

- The basic plan influences the facility plans and overall evaluation and benefit of the project.
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Therefore, the detailed investigation should be undertaken sufficiently to make the plan
harmonious.

(2) Determination of the benefited areas

Determine the benefited area properly based on the detailed investigation, It is the fundamental of

the plan formulation.

The benefited arcas, which are already delineated in the basic concept plan, are determined based
on detailed investigations on the topography, geographical features, acreage, agricultural
economical aspect, farmers' intentions, and related projects, with the method and scale of
irrigation, and the smoothness of the irrigation facility management taken into consideration.

Since the benefited area has a close relationship with the farming, irrigation and water-source
plans, the balance with these factors shall be fully taken into account.

(3) Determination of farming program

A farming plan inclusive of the cultivation period, farming method and fertilization management

which will be the basic factors for making the irrigation plan will be formulated.

In the farming plan, the land-use plan applicable to the area will be determined.
The management basis such as labor force and farmland on which the plan is
prepared is subject to changes, and the supply and demand and the prices of
crops also fluctuate. Therefore, the farming program has to be flexible enough to
cope with changes in environmental and management conditions of the regions.

The selection of the crops to be introduced shall fully reflect the intentions of the farmers as
well as regional development and program, agriculture promotion arca development plans
and the expected supply and demand of the crops shall be studied for reference. The crops
to be introduced will satisfy the following conditions.

Crops which are in line with the agricultural promotion plan of the region and match the
supply and demand situation.

Crops which are suited to natural conditions and offer economic benefits.

Crops whose cropping pattern is compatible with arable land and working condition of
farmers, as well as being efficient and reasonable.

Crops whose cultivating method is feasible judging from the local agricultural technical
level.

(4) Determination of irrigation method

Because the irrigation method is closely related to the water supply at the on-farm level, and

affects the cost for facilities and maintenance, the most suitable irrigation method for the area by

examining its location, farming conditions, and the water-supply situation shall be decided.
1) Classification of irrigation methods

Irrigation methods are mainly classified into following four groups:

Sprinkler irrigation:

Fixed pipe irrigation: Perforation piped irrigation and Drip irrigation
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e  Surface irrigation: Furrow irrigation, Border irrigation, Contour ditch irrigation and Basin
irrigation

e  Sub-soil water irrigation
2) Sprinkler irrigation method

This method sprays compressed water like rainfall on the soil using a sprinkler. Several types of
sprinklers are available differing in the diameter of the spraying circle, the sprinkling type, and
pressure. Generally, a surface or an underground fixed pipe is laid on the farming field, on which
sprinkler heads are placed at certain intervals so that the sprinkling circles are overlapped, and even
sprinkling can be expected. The method lessens the penetration and loss of supplied water into deep
ground or penetration loss due to an uneven soil surface which often occurs in the surface irrigation
method, but the sprinkling is easily deflected by wind. Compared with surface irrigation, it is suitable
for frequent irrigation on a small scale, and requires less management.

3) Fixed pipe irrigation methods
(DPerforated pipe irrigation method

This method uses perforated pipes or hoses made of aluminum, vinyl chloride, or polyethylene, placed
on the field surface. The irrigation area formed a rectangle. The method employs relatively low
pressure with a large irrigation intensity. Compared with the sprinkler irrigation, the spraying distance
is short, and the pipes are arranged densely.

@Drip irrigation method

This method is also known as trickle irrigation. The method irrigates from drip nozzles (emitters) or
drip holes made at a certain intervals on polyethylene pipes laid on the soil surface along a line of
plants. Water is slowly and frequently dripped around the roots, and is decompressed by several
pressure-reducing methods. The drip nozzles have a spiral fluid path in them and the partition tube has
a porous orifice in it, both of which are decompressed when compressed water in the primary side
passes through. In this irrigation method, only the drip points and nearby surface areas are wet, which
makes this method suitable for the smallest but frequent type of irrigation.

Features: (DAn elevated soil moisture around the drip points increases the yield. @Limited water
supply only to crop roots saves water. (3High moisture around main root zone means low salinity and
less damage even with salt-containing water. @Low fluid rate in the pipe facilitates an even water
supply. ®1lt is controlled with less labor force.

Generally the system operates on lkg/cm? of terminal pressure, using a decompressor and a filter to
prevent clogging.

4) Surface irrigation methods
(D Furrow irrigation method

The method irrigates plant roots by water permeated from the side of the furrow. Supply channels are
arranged at certain intervals between the moderately sloped furrow, and cause a fixed amount of water
to flow. Water is retained for the minimum necessary time to secure water depth downstream to supply
sufficient water to the roots, while upstream where water is retained for an excessive time, water
penctration loss to the deeper layer cannot be avoided. The irrigation efficiency is influenced by
geographical features, intake rate, furrow length, and discharge amount. To make a uniform slope of a
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furrow, construction machinery is required. -
@ Border irrigation method

The field is divided into bands by low boundary ridges, and sloped to cause water to flow as a thin
laminar flow. The deep layer penetration loss and irrigation efficiency are similar to those of the
furrow irrigation method. Compared with the furrow irrigation method, it requires less labor force;
whereas it requires greater amount of water and as the limitation factor is the slope, land leveling over
a wider area is indispensable. It is often used for irrigating pasture land.

@ Contour ditch irrigation method

A ditch to introduce water is prepared with a slope of 1/1,000 along the contour line, and water is
supplied from the turnout provided at the ditch. The method is applicable even on relatively irregular
land, but the irrigation efficiency is low.

@ Basin irrigation method

According to this method, farm land will be flattened and enclosed by ridges. The irrigation water will
be conveyed through irrigation canals or pipelines to irrigate the farmland intermittently.

Sprinkler Irrigation Center Pivot

Drip Irrigation Basin Irrigation

AP-I-C-12



Border Irrigation

Contour Ditch Border Irrigation

5) Determination of the irrigation method

The irrigation method should be the most suitable for the area, and therefore shall be determined by
examining following various conditions fully such as a farming program.

e Location

Geographical conditions such as the land slope and contour line, and meteorological conditions such
as soil permeability and climate conditions such as wind velocity.

e Farming conditions

Cultivated crops: Restricted factors for determining the irrigation method according to the types of
crops

Cultivation method: Plant density, furrowing method, crop rotation system

Level of grouping: Grouping of crops, possibility of cooperative management, level of mechanization
Farming Size: Size of farm management area, farming program, etc.

e  Water-supply circumstances

Restriction of available water resources, water requirements and irrigation efficiency, etc.

e Economy, etc.

(5) Determination of irrigation plan

The irrigation plan is a fundamental in determining water resources and the dimension of irrigation
facilities. Based on the careful studies of these factors, the basic figures requirement, multipurpose
usage, and the amount of water shall be determined.

1) Determination of basic figures for estimating the water requirements
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The soil moisture characteristics and moisture permeability of upland fields are investigated to
determine the total readily available moisture (TRAM), daily consumptive use of water, irrigation
interval days, and net amount of water to be replaced at each irrigation.

2) Determination of water requirement

Irrigation water shall be determined based on the proposed irrigation arcas and available water
resources, taking into account the fundamental figures of irrigation water requirements, daily rainfall,
parameters of multipurpose usage, etc.

3) Study on Water Resources Dependency

An available water resource will be allocated to meet the estimated water requirements, and the
required amount of each water-source will be studied.

(6) Determination of Water-source Plan

Based on the irrigation plan and the detailed investigation, the type, location of facility and size of
water resources shall be decided.

- Water requirements (water-source dependency) calculated in the irrigation plan shall correspond
to the allowable amount of water source in type and location. Then the discharge water balance of
the source will be studied from the rainfall and river discharge to decide the design year and the
size of the water-source facilities.

- For details of the water-source plan, refer to 4.3.3.6 Water-Source Plan.

4.3 Irrigation Plan

4.3.1 Basis of Water requirement Decision

Water requirements will be decided properly taking the climate of the benefited area,
characteristics of soil and crops, and future direction of farming and cropping pattern into

consideration.

- To formulate the irrigation plan, the characteristics of rainfall and soil shall be examined carefully,
and it is important that the water-holding capacity of the soil should be properly used to increase
the ratio of effective rainfall in the water supply, and that the major dimension of the irrigation
plan shall be decided.

- To improve the quality as well as the yield of crops, it is important to understand the
characteristics of water relation for growing plants, so that the starting time of irrigation and the
soil moisture need to be studied for each crop.

4.3.2 Water requirement

1) Procedure for calculation of water requirements*

The water requirement for supplemental irrigation is decided based on the meteorological
characteristics, soil moisture and the characteristics of the benefited area and water consumption

of upland crops to be irrigated.
*Refer to "FAO Irrigation and Drainage Paper NO.24, Crop Water Management, pg. 2, Calculation
Procedures "
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- The procedure of estimating the water requirements for supplemental irrigation is shown in Fig.
4-1 The calculation of the water requirements shall be proceeded by the determination of the
estimated daily consumption of water, irrigation intervals, and net amount of water to be replaced,
and these items are important figures in the irrigation plan. These figures will be decided based on
the climate, soil moisture and the characteristics in the benefited arcas and characteristics
consumptive use of water by crops to be irrigated.

- Field irrigation water requirements and gross irrigation water are calculated based on
the net amount of water to be replaced and irrigation efficiency.

- The designed daily consumptive use of water is decided from the consumptive use
obtained through field investigations on crop consumptive use, and the weather

characteristics.
T Water holding
Soil moisture l(:‘la;[nu,‘lt ;af:tier 24 Awvailable
characteristic 1 ours ol so1 moisture
investigation saturation ¢
Depletion o
moisture content for 3:;’,}3}1 ,
optimum growth. L available —
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s Effective soil layer
Water o Designed
consumption j Soil aoisture irrigation

extraction pattern interval days

fnvestigation SMER)
in fleld ] ~ —
Consumptive E;tgffg };‘;L of
use of water ' replaced
Designed
laily
consump-
tive use of
waler
Weather , _
g Metecrological
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Gross _ Field Net
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water | water water
requirements requirements reguirements
Conveyance A&mﬁcauon
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Figd-1 Procedure of water requirement calculation
Source: Engineering Manual for Irrigation and Drainage “Upland Irrigation”. The Japanese Institute of
Irrigation and Drainage, 1990

4.3.3 Crop Water requirements

Crops need water for transpiration and evaporation. The plant roots suck or extract water from the soil
to live and grow. The main part of this water does not remain in the plant, but escapes to the
atmosphere as vapour through the plant's leaves and stem. This process is called tramspiration.
Transpiration happens mainly during the day time.

Water from an open water surface escapes as vapour to the atmosphere during the day. The same
happens to water on the soil surface and to water on the leaves and stem of a plant. This process is
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called evaporation.

The water need of a crop thus consists of transpiration plus evaporation. Therefore, the crop water
need is also called "evapotranspiration''.

The water need of a crop is usually expressed in mm/day, mm/month or mm/season.

Suppose the water need of a certain crop in a very hot, dry climate is 10 mm/day. This means that each
day the crop needs a water layer of 10 mm over the whole area on which the crop is grown. It does not
mean that this 10 mm has to indeed be supplied by rain or irrigation every day.

It is, of course, still possible to supply, for example, 50 mm of irrigation water every 5 days. The
irrigation water will then be stored in the root zone and gradually be used by the plants: every day 10
mm.

The crop water requirement mainly depends on:

- the climate: for example, in a sunny and hot climate crops need more water per day than in a cloudy
and cool climate.

- the crop type: crops like rice or sugarcane need more water than crops like beans and wheat
- the growth stage: grown crops need more water than crops that have just been planted.
(1) The Influence of The Climate on Crop Water requirement

A certain crop grown in a sunny and hot climate needs per day more water than the same crop grown
in a cloudy and cooler climate. There are, however - apart from sunshine and temperature - other
climatic factors which influence the crop water need. These factors are the humidity and the wind
speed. When it is dry, the crop water requirement is higher than when it is humid. In windy climates
the crops will use more water than in calm climates.

The effect of these four climatic factors on the water need of the crop is shown in Table 4-1.

Table 4-1 Effect of Major Climate Factors on Crop Water Requirement

Climatic Factor Crop Water Requirement

High Low
Sunshine Sunny Cloudy
Temperature Hot Cool
Humidity Low (dry) High (humid)
Wind speed High (windy) Low (little wind)

Source: Irrigation Water Management Training Manual No.3 “irrigation Water Need”. FAO, 1986
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Figure-4-2 Major climatic factors influencing crop water requirement

Source: Irrigation Water Management Training Manual No.3 “irrigation Water Need”. FAO, 1986

The highest crop water requirement is thus found in areas which are hot, dry, windy and sunny. The
lowest value is found when it is cool, humid and cloudy with little or no wind.

From the above it is clear that one crop grown in different climatic zones will have different water
requirement. For example, a certain maize variety grown in a cool climate will need less water per day
than the same maize variety grown in a hotter climate.

It is therefore useful to take a certain standard crop or reference crop and determine how much water
this crop needs per day in the various climatic regions. As a standard crop or reference crop grass has
been chosen.
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Source: Irrigation Water Management Training Manual No.3 “irrigation Water Need”. FAO, 1986

Table 4-2 indicates the average daily water needs of this reference grass crop. The daily water needs of
the grass depend on the climatic zone (rainfall regime) and daily temperatures.

Table 4-2 Average Daily Water Requirement of Standard Grass During Irrigation Season

Climatic zone Mean daily temperature
low medium high
Less than 15°C 16 —25°C More than 25°C
Desert/arid 4-6 7-8 9-10
Semi arid 4-5 6-7 8-9
Sub-humid 3-4 5-6 7-8
Humid 1-2 3-4 5-6

Source: Irrigation Water Management Training Manual No.3 “irrigation Water Need”. FAQ, 1956

For example, the standard grass crop grown in a semi-arid climate with a mean temperature of 20°C
needs approximately 6.5 mm of water per day. The same grass crop grown in a sub-humid climate with
a mean temperature of 30°C needs some 7.5 mm of water per day.

This daily water need of the standard grass crop is also called "reference crop evapotranspiration”.

(2) Influence of The Crop Type on The Crop Water Requirement
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The influence of the crop type on the crop water need is important in two ways:

1. The crop type has an influence on the daily water needs of a fully grown crop; i.c. the peak daily
water requirement: a fully developed maize crop will need more water per day than a fully developed
crop of onions.

2. The crop type has an influence on the duration of the total growing season of the crop. There are
short duration crops, ¢.g. peas, with a duration of the total growing season of 90-100 days and longer
duration crops, ¢.g. melons, with a duration of the total growing season of 120-160 days. And then
there are, of course, the perennial crops that are in the field for many years, such as fruit trees.

While, for example, the daily water need of melons may be less than the daily water need of peas, the
seasonal water need of melons will be higher than that of peas because the duration of the total
growing season of melons is much longer.

1) Influence of Crop Type on the Daily Crop Water Requirement

In the previous section it has been indicated how the daily water requirement of standard grass can be
estimated. In this section it will be explained how the daily water requirements of other crops can be
estimated using as a basis the daily water requirement of the standard grass.

It will be easy to understand that a fully grown maize crop - with its large leaf area - will use more
water per day than, for example, a fully grown crop of radishes or onions; that is when the two crops
are grown in the same area.

When determining the influence of the crop type on the daily crop water requirement, reference is
always made to a fully grown crop; the plants have reached their maximum height; they optimally
cover the ground; they possibly have started flowering or started grain setting. When the crops are
fully grown their water need is the highest. It is the so-called "peak period" of their water needs.

For the various field crops it is possible to determine how much water they need compared to the
standard grass. A number of crops need less water than grass, a number of crops need more water than
grass and a number of crops need more or less the same amount of water as grass.

2) Influence of Crop Type on the Seasonal Crop Water Requirement

The crop type not only has an influence on the daily water need of a fully grown crop, i.e. the daily
peak water requirement, but the crop type also has an influence on the duration of the total growing
season of the crop, and thus on the seasonal water requirement.

Data on the duration of the total growing season of the various crops grown in an area can best be
obtained locally. These data may be obtained from, for example, the seed supplier, the Extension
Service, TSB or Ministry of Agriculture.

The duration of the total growing season has an enormous influence on the seasonal crop water
requirement. There are, for example, many rice varieties, some with a short growing cycle (e.g. 90
days) and others with a long growing cycle (e.g. 150 days). This has a strong influence on the seasonal
rice water requirement: a rice crop which is in the field for 150 days will need in total much more
water than a rice crop which is only in the field for 90 days. Of course, for the two rice crops the daily
peak water need may still be the same, but the 150 day crop will need this daily amount for a longer
period. The time of the year during which crops are grown is also very important. A certain crop
variety grown during the cooler months will need substantially less water than the same crop variety
grown during the hotter months.
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(3) Influence of the Growth Stage of the Crop on Crop Water Requirement

A fully grown maize crop will need more water than a maize crop which has just been planted. As has
been discussed before, the crop water need or crop evapotranspiration consists of transpiration by the
plant and evaporation from the soil and plant surface. When the plants are very small the evaporation
will be more important than the transpiration. When the plants are fully grown the transpiration is
more important than the evaporation.

Figure 4-4 shows in a schematic way the various development or growth stages of a crop.

. rain I
planting flowering Eening ripening  harvest

+

Initial stage crop development mid-season late season

Figure 4-4 Growth stage of a crop
Source: Irrigation Water Management Training Manual No.3 “irrigation Water Need”. FAO, 1986

At planting and during the initial stage, the evaporation is more important than the transpiration and
the evapotranspiration or crop water requirement during the initial stage is estimated at 50 percent of
the crop water requirement during the mid - season stage, when the crop is fully developed.

During the so-called crop development stage the crop water requirement gradually increases from 50
percent of the maximum crop water requirement to the maximum crop water requirement. The
maximum crop water requirement is reached at the end of the crop development stage which is the
beginning of the mid-season stage.

With respect to the late season stage, which is the period during which the crop ripens and is harvested,
a distinction can be made between two groups of crops:

Fresh harvested crops: such as lettuce, cabbage, etc. With these crops the crop requirement need
remains the same during the late season stage as it was during the mid-season stage. The crops are
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harvested fresh and thus need water up to the last moment.

Dry harvested crops: such as cotton, maize (for grain production), sunflower, etc. During the late
season stage these crops are allowed to dry out and sometimes even die. Thus their water requirement
during the late season stage is minimal. If the crop is indeed allowed to die, the water needs are only
some 25 percent of the crop water need during the mid-season or peak period. Of course, no irrigation
is given to these crops during the late season stage.

4.3.4 Effective Rainfall

Apart from soil, air and sunlight, crops need water to grow. How much water the various crops need
has been explained in previous section.

This water can be supplied to the crops by rainfall (also called precipitation), by irrigation or by a
combination of rainfall and irrigation.

If the rainfall is sufficient to cover the water requirements of the crops, irrigation is not required.
If there is no rainfall, all the water that the crops need has to be supplied by irrigation.

If there is some rainfall, but not enough to cover the water requirements of the crops, irrigation water
has to supplement the rain water in such a way that the rain water and the irrigation water together
cover the water requirements of the crop. This is often called supplemental irrigation: the irrigation
water supplements or adds to the rain water.

Not all rain water which falls on the soil surface can indeed by used by the plants. Part of the rain
water percolates below the root zone of the plants and part of the rain water flows away over the soil
surface as run-off. This deep percolation water and run-off water cannot be used by the plants. In other
words, part of the rainfall is not effective. The remaining part is stored in the root zone and can be used
by the plants. This remaining part is the so-called effective rainfall. The factors which influence which
part is effective and which part is not effective include the climate, the soil texture, the soil structure
and the depth of the root zone.

If the rainfall is high, a relatively large part of the water is lost through deep percolation and run-off.

Deep percolation: If the soil is still wet when the next rain occurs, the soil will simply not be able to
store more water, and the rain water will thus percolate below the root zone and eventually reach the
groundwater. Heavy rainfall may cause the groundwater table to rise temporarily.

Run-off: Especially in sloping areas, heavy rainfall will result in a large percentage of the rainwater
being lost by surface run-off.

Another factor which needs to be taken into account when estimating the effective rainfall is the
variation of the rainfall over the years. Especially in low rainfall climates, the little rain that falls is
often unreliable; one year may be relatively dry and another year may be relatively wet.

In many countries, formulae have been developed locally to determine the effective precipitation. Such
formulae take into account factors like rainfall reliability, topography, prevailing soil type etc. If such
formulae or other local data are available, they should be used.

4.3.5 Decision of designed water requirements

(1) Calculation of Crop Water Requirement
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In the process for estimating the irrigation water requirements, the reference crop evapo- transpiration
(ETo) for upland crops could be estimated using the “CROPWAT for Windows Computer Software™ !,
being popular in the agricultural development plan in Africa, which is based on the FAO Penman-
Monteich Equation. On the other hand, the ETo for paddy rice could be estimated using the modified
Penmam Methods. The Penman-Monteith equation is given by the following equation:

0.408 A(Rn —G)+ vy U2(es —ea)
ETo = T +273
A+ y(1+0.34u2)
Where;

ETo = Reference evapo-transpitation (mm/day)
Rn = Net radiation at the crop surface (MJ/m’per day)
G = Soil heat flux density (MJ/m’per day)
T = Mean daily air temperature at 2 m height (‘C)
U2 = Wind speed at 2 m height (m/sec)
Es = Saturation vapour pressure (kpa)
Ea = Actual vapour pressure (kpa)
Es—eca = Saturation vapour pressure deficit (pka)

A = Slope of saturation vapor pressure curve at temperature T (kpa/C)

v = Psychometric constant (kpa/‘C)

Crop water requirements (ETc/CWR) were estimated by multiplying ETo mentioned in the above by a
crop coefficient (Kc), that is:

ETc=ETo x K¢
Where;
ETc/CWR = Crop water requirements (mm/day)
ETo = Reference crop evapo-transpiration (mm/day)
Kc = Crop coeflicient

Crop coefficient:

The relationship between the reference grass and the crop actually grown is given by the crop
coefficient.

Fully developed maize, with its large leaf area will be able to transpire, and thus use, more water than
the reference grass crop: Kc, maize is higher than 1. Cucumber, also fully developed, will use less
water than the reference grass crop: Kc, cucumber is less than 1

A certain crop will use more water once it is fully developed, compared to a crop which has just
recently been planted.

The climate influences the duration of the total growing period and the various growth stages. In a cool
climate a certain crop will grow slower than in a warm climate.

Thus, to determine the crop factor Kc, it is necessary, for each crop, to know the total length of the
growing secason and the lengths of the various growth stages.

The determination of the K¢ values for the various growth stages of the crops involves several steps:
Step 1 - Determination of the total growing period of each crop
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Step 2 - Determination of the various growth stages of each crop
Step 3 - Determination of the Kc values for each crop for each of the growth stages

Standard figures of Kc for various crops are sown in the FAO paper 56.

(2) Cropping Patterns

Cropping patterns are planned to calculate crop water requirements and irrigation water requirements,
considering topography, water availability, soil conditions, current farming practices, marketing
conditions, etc. around each areas

Table 4-3 Sample Cropping Pattern

Crops area (ha) % Jan [Feb |Mar |Apr |May |Jun |Ju| |Aug |Sep |Oct Nov [Dec

Green Maize 10.00 50 ’ o

Tomato 4.00 20

Egg plant 1.00 5

Rape 3.00 15

Cabbage 1.00 5

Okura 1.00 5

Total 20.00 100 5 5 5| 90| 100| 100| 85| 75 5

Source: T-COBSI Project Team

(3) Estimation of Irrigation Water Requirements

In estimating irrigation water requirements applying the “CROPWAT” equation mentioned above,
following procedures and assumptions are taken into considerations;

- Meteorological data

The data collected over long period (10 years or more in principle, and 20 years or more with regard to
data on temperature, consecutive no-rainy days and pan evaporation, which are closely related with the
irrigation plan) at the representative meteorological stations in the area shall be investigated. When the
necessary data are not available in the project area, those derived from similar meteorological
conditions can be used. Meteorological data of FAO-CLIMWAT can be used for CROPWAT.

- Crop coefficient
Crop coefficients for maize and upland crop are referred to the authorized values in the computer
program, while those for paddy rice are quoted from FAO Technical paper NO. 24

- Effective rainfall

A number of empirically determined formulae can be used. They have been developed under a given
set of conditions which may be very different from those under which they are to be applied. Their use
elsewhere therefore remains doubtful.
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According to FAO-CROPWAT, “In general, the efficiency of rainfall will decrease with increasing
rainfall. For most rainfall values below 100 mm/month, the efficiency will be approximately 80%.
Unless more detailed information for local conditions, it is suggested to select the Option “Fixed
percentage” and give 80% as requested value”.

In Northern, Luapula and Muchinga district, monthly precipitation in the dry season is less than 100
mm. Therefore, in this study, 80% is given as rainfall efficiency.

Table 4-4 Result of calculation

MBL 2-7 Kawama : § . : : . . . . . .

Jan Feb Mar Apr May Jun Jul Aug Sep  Oct Nov  Dec
Precipitation deficit R o
1. MAIZE (Green) 0 0 0 0 0 255 1141 244 2316 444 0 0
2. Tomato MBL2-7 0 0 0 0 0 511 141, 2334 2185 118 0 0
3. Egg plant 0 0 0. 234 1537 915 0, 0. 0. 0 0 0
4. Rape 0 0 (U 0 0 802 1848 133.7: 0. 0. 0. 0
5. CABBAGE MPR 0 0 0, 0. 0 0. 684 1691 2177 205 52 0
6. Okura MBL 0 0 0 0 0 0 914 2052 1915 0 0 0
Net scheme irrreq. . ) ) .
in mm/day 0 0 0 0 0.2 13, 39 6.8 6. 1.1 0: 0
in mm/month 0. 0. 0. 12 77 396, 121, 2104  180:. 348 03 0
in 1/s/h ! 0. 0. 0. 0 003 015 045 079, 069 013 0 0.
Irrigated area ) 0 0 0 5 5 90 95 95 80 75 5 0
(% of total area)
Irrreq. for actual area 0 0: 0. 009 057 017 048 083 087 017 002 0.
(I/s/h) ; i : : ! i : ; : i

Source: T-COBSI Project Team

(4) Irrigation Efficiency
(1) Water losses

For deciding designed water requirements, water conveyance losses from water source to the field,
and various water losses due to spraying in the field is added properly to the designed parameters
for irrigation water requirements.

Water losses are obtained from irrigation efficiency which includes application and conveyance
efficiencies in the field. It is decided on the reference the values shown in Table 4-5

Irrigation efficiency (IE)
Irrigation efficiency is calculated by following formula:
Ep=Eax EbxEc
Irrigation efficiency: Ep
Conveyance efficiency Ec: ratio of quantity of water at inlet of a block of field / intake water at
source
Field canal efficiency Eb: ratio of quantity of water at field inlet / a block of field
Application efficiency Ea: ratio of quantity of water directory available to the crop / field inlet
Distribution efficiency Ed = Ec x Eb
Field efficiency Ef = Eb x Ea
Table 4-5 shows values determined by international institutes.
According to the table below, following coefficients are adopted in this study.
Ed=03, Ea=0.6
Ep=06x03=0.18

AP-I-C-24



Table4-5 Irrigation efficiencvy Ec, Eb, Ed, and Ea

Conveyance Efficiency (Ec) ICID/ILRI
Continuous supply with no substantial change in flow 0.9
Rotational supply in projects of 3,000 — 7,000 ha and rotation areas of 70 — 300 ha, | 0.8
with efficient management
Rotational supply in large schemes (>10,000ha) and small schemes (<1,000 ha) with
respective problematic communication and less effective management: Based on
predetermined schedule 0.7
Based on advance request 0.65
Field Canal Efficiency (Eb)
Blocks larger than 20 ha: unlined 0.8
lined or piped 0.9
Blocks up to 20 ha: unlined 0.7
lined or piped 0.8
Distribution efficiency (Ed = Eb x Ec)
Average for rotational supply with management and
Communication adequate 0.65
sufficient 0.55
insufficient 0.40
poor 0.30
Field Application Efficiency (Ea) USDA USSCS
Surface methods
Light soils 0.55
Medium soils 0.70
Heavy soils 0.60
Graded border 0.60-0.75 0.53
Basin and level border 0.60-0.80 0.58
Contour ditch 0.50-0.55
furrow 0.55-0.70 0.57
corrugation 0.50-0.70
Subsurface Up to 0.80
Sprinkler, hot dry climate 0.60
Moderate climate 0.70
Humid and cool 0.80 0.67
Rice 0.32

ICID: International Committee of Irrigation and Drainage

ILRI: International Institute for Land Reclamation and Improvement
USDA: United States Department of Agriculture

USSCS: United States Soil Conservation Service

(5) Irrigation Water Requirements

Irrigation water requirements are classified into net irrigation water requirements and gross
irrigation water requirements including water losses. They are the base for designing the capacity of

irrigation facilities and are calculated by following expressions.

Net irrigation water requirements (NWR):

Net irrigation water requirements (NWR) will be calculated by
deducting the effective rainfall estimated on the 10-day basis by

following equation;

NWR =ETc - Re
Where;
NWR

Net irrigation requirements (mm/day)
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ETc : Crop evapo-transpiration (mm/day)
Re . Effective rainfall (mm)

Gross irrigation water requirements (GWR):
Gross irrigation water requirements (GWR) will be calculated by
taking into consideration overall irrigation efficiencies (IE). The
GWR will be estimated by the following equation.

GWR=NWR/IE
Where;
GWR : Gross irrigation water requirements (mm/day)
NWR : Netirrigation water requirements (mm/day)
IE : Overall irrigation efficiency

Example

Maize, 2™ decade of September : ETc = 8.69 mm/day, IE = 0.18, Re = Omm
GWR =8.69/0.18 = 48.28 mm/day

for 1 ha,

Q=48.28/1000 x 10000 / 86400 = 0.0056 m3/s =5.6 /s

(6) Irrigation Water Requirements for System Capacity

Irrigation water requirements (IWR) to plan the system capacity will be determined by taking into
consideration the time of irrigation hours per day and working day per week. The following equation
will be used for the determination of the IWR:

IWR =GWR x A x 10,000 /(Hr x 3,600) x 7/v

Where,
IWR : Irrigation water requirements for system capacity (lit./sec)
GWR :  Gross irrigation water requirements ( mm/day)
A . Irrigation area (ha)
Hr : Water supply hours per day (hrs)
v : Working days per week (days)

Example

GWR =48.28 mm/day, A= 1 ha, Hr = 8 hrs, V = 5 days
IWR =4828x 1x 10000/ (8 x3600) x 7/5=23.47 lit/s/ha
4.3.6 Water-Source Plan

(1) Designed year for planning

The designed year for planning is basically a drought year which after comes around once in a
decade. It should be judged based on the meteorological and rainfall records of a long period.

To prepare an irrigation plan, the designed year for planning should be set, and the possibility of water
utilization in the year is studied to prepare a plan which applicable to the water source (including
expansion of water source). The designed year for planning is usually a drought year which comes
around every ten years.

1) Water from river run - off

The designed year for planning years is a drought year, coming about once in ten years (probability of
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1/10 year).
2) Other water sources

The designed year is decided from statistical processing of the consecutive drought days and effective
rainfall amount during irrigation period with probability of 1/10. The decision of designed year should
be based on meteorological and rainfall data of more than 20 years as a rule.

(2) Water source plan

Water source plan is to examine technical possibility of various water sources as rivers,
groundwater, reservoirs, and others and to decide the most economical water source according to
the irrigation method and the water requirements.

Amount of available water will be obtained from data of a long period, and its statistical processing is
used to secure the water source and the plan itself. As far as technology allows, many water sources
should be compared and examined. To optimize water from rivers with low drought discharge, it is
necessary to install a farm pond between water source and the irrigation area, and examine water
source facilities about the extension of pump operation, and the reduction of the pump capacity. A
pump is supposed to operate 24 hours.

To decide a water source plan, a cropping pattern and crop intensity are also examined to use water
source efficiently.

In addition, in some structures of irrigation facilities and water management system, operation loss in
the irrigation system is expected. Such losses should be recognized and available water source must he
sufficient to cover them.

(3) Whole System Plan

Irrigation systems from the field to the water source for the upland irrigation includes on-farm
irrigation, the water distribution, and the water conveyance systems.

These three systems relates closely each other, and their harmonious connection with emphasis on
economy, function and safety is desired in planning of irrigation systems.

1) Composition of the systems
@ On-farm irrigation system

On-farm irrigation system is a general item for valves (including diversion valves) controlling a
plurality of sprinkling blocks and other secondary facilities.

@Water distribution system

Water distribution systems is a general term for a series of facilities from a farm pond to the on-farm
irrigation systems.

@ Water conveyance system

Water conveyance system is a general term for a series of facilities from the water source to the water
distribution system.

4.3.7 On - farm Irrigation System Plan

(1) Decision of furrow length and width

In furrow irrigation, furrow length is restricted by irrigation application efficiency, and soil
maintenance. Maximum furrow length should be the length which allows water to reach without soil
erosion or great deep zone loss. The larger the furrow discharge, or the smaller the intake rate, the
longer the furrow becomes.
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To improve labor efficiency of water distribution at one time, a longer furrow is preferable. However,
there is a certain limitation in relation with the irrigation application efficiency.

Table 4-6 shows an example of maximum furrow length of different soils. The maximum furrow
length of sandy soil, which has small water-holding capacity and large intake rate, is 10m or less. In
terms of irrigation labor, furrow irrigation is not appropriate for sandy soil.

Table 4-6 Example of maximum furrow length of different soils

Soil Root zone depth One-time irrigation Maximum furrow length
volume
Sandy soil 40cm l6mm 4m
Volcanic ash soil 40cm 44mm 29m
Sandy loam 40cm 34mm 36m
Loam 40cm 38mm 99m
Clay 40cm 44mm 121m

Note: Furrow inclination is 10%. Source: Engineering Manual for Irrigation and Drainage Upland
Irrigation, The Japanese Institute of Irrigation and Drainage 1990.

(2) Distribution Method of Irrigation Water

a) General Methods of Water Distribution
Following two types of water distribution methods are generally applied at present;
- Simultaneous distribution, and
- Rotational distribution
1) Simultaneous Distribution
This method involves simultancous supply of water to all the canals.
2) Rotational Distribution
Rotational distribution is practiced by rotating the supply of water to different areas. Under this
method there are three practices as shown below, namely:
- Rotation by section in main canal
- Rotation by section or turnouts in the lateral/feeder canals
- Rotation by section in the farm ditch

Rotation by Section in Main Canal
Irrigation water is conveyed by rotation to different sections in the main canal (refer to the following
figure). This method requires bigger capacities for both conveyance and distribution systems.

Main Canal 1~ Division Box
1

Lateral A Lateral'! B Lateral C
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Generally, 3-day to 7-day rotational water supplies are adopted in the small scale irrigation schemes,
so that irrigation interval in each scheme should be carefully checked and determined, based on the
soil characteristics, estimated crop water requirement, canal and pump capacity, etc.

Rotation by Section or Turnouts in Lateral/Feeder Canals
The main canal conveys a continuous flow while the water is rotated by the section or tummouts of the
lateral/feeder canal (refer to the following figure)

Main Canal

Lateral A

Rotation by Section in Farm Ditch
Water is rotated only in rotation area in the farm ditch, and conveyance of water in the main canal and
lateral/feeder canals are continuous.

Offtake

é Main Farm Ditch
> 5

Lateral Canal

Supple. Farm Ditch

b) Comparison on the Water Distribution Methods

1) Advantages of Rotational Distribution Methods
Advantages of rotational water distribution are as follows;

- Water can be reasonably regulated and evenly distributed over the upper, middle and lower
reaches of canal systems to meet the requirements for reducing and/or eliminating the
droughts in the spot areas, when the water resources is scarce.

- It may save water which can be used for cither extension of new irrigation areas or can be
supplied for fish culture uses.

- Furthermore, the farmers will retain confidence in getting timely delivery of a limited amount
of irrigation water during dry season and drought year.
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2) Advantages of Simultancous Water Distribution Methods
When the water resource is abundant, this method has the following advantages.
- The investment in the irrigation system is less because of fewer water control structures and
measuring devices in the system.
- Less labour is used in simultancous irrigation as compared with rotational irrigation.

4.3.8 Irrigation Schedule
(1) Introduction

The irrigation schedule indicates how much irrigation water has to be given to the crop, and how
often or when this water is given.

How much and how often water has to be given depends on the irrigation water requirement of the
crop. How to determine the irrigation water requirement has been discussed in 4.4.3.5. The irrigation
water requirement is defined as the crop water requirement minus the effective rainfall. It is usually
expressed in mm/day or mm/month. When, for example, the irrigation water need of a certain crop,
grown in a hot, dry climate is 8 mm/day, this means that each day the crop needs a water layer of 8
mm over the whole area on which the crop is grown. This water has to be supplied by means of
irrigation.

An irrigation water need of 8 mm/day, however, does not mean that this 8 mm has to be supplied by
irrigation every day. In theory, water could be given daily. But, as this would be very time and labour
consuming, it is preferable to have a longer irrigation interval. It is, for example, possible to supply 24
mm every 3 days or 40 mm every 5 days. The irrigation water will then be stored in the root zone and
gradually be used by the plants: every day 8 mm. The irrigation interval has to be chosen in such a way
that the crop will not suffer from water shortage.

In Figure 4-5 it can be seen that, on this soil, the plants start to suffer after approximately one week.
Irrigation water should be given before this happens, in order to allow for optimal production. In
general this means that irrigation should at the latest take place when approximately half of the
available water content of the root zone has been used by the plants. When, for example (Figure 4-6),
irrigation water is given on day 5, on day 9, on day 13, etc., the plants will not suffer from water
shortage.

In principle, the amount of irrigation water given in one irrigation application (irrigation depth) is the
amount of water used by the plants since the previous irrigation.

The amount of irrigation water which can be given during one irrigation application is however
limited.

The maximum amount which can be given has to be determined and may be influenced by:
- the soil type

- the root depth

- the irrigation method.

The soil type influences the maximum amount of water which can be stored in the soil per metre depth.
Sand can store only a little water or, in other words, sand has a low available water content. On sandy
soils it will thus be necessary to irrigate frequently with a small amount of water. Clay has a high
available water content. Thus on clayey soils larger amounts can be given, less frequently.

The root depth of a crop also influences the maximum amount of water which can be stored in the
root zone. If the root system of a crop is shallow, little water can be stored in the root zone and
frequent - but small - irrigation applications are needed. With deep rooting crops more water can be
taken up and more water can be applied, less frequently. Young plants have shallow roots compared to
fully grown plants. Thus, just after planting or sowing, the crop needs smaller and more frequent water
applications than when it is fully developed.

AP-I-C-30



}-:l:lting
ETc 5

£ 79y

Iy \

days

Figure 4-5 with no rainfall and no irrigation
Source: Irrigation Water Management Training Manual No.4 “Irrigation Scheduling”. FAO, 1989
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Figure 4-6 with irrigation
Source: Irrigation Water Management Training Manual No.4 “Irrigation Scheduling”. FAO, 1989
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The accurate determination of an irrigation schedule is a time-consuming and complicated process.
The introduction of computer programs, however, has made it easier and it is possible to schedule the
irrigation water supply exactly according to the water needs of the crops. Ideally, at the beginning of
the growing season, the amount of water given per irrigation application, also called the irrigation
depth, is small and given frequently. This is due to the low evapotranspiration of the young plants and
their shallow root depth. During the mid season, the irrigation depth should be larger and given less
frequently due to high evapotranspiration and maximum root depth. Thus, ideally, the irrigation depth
and/or the irrigation interval (or frequency) vary with the crop development.

When sprinkler and drip irrigation methods are used, it may be possible and practical to vary both the
irrigation depth and interval during the growing season. With these methods it is just a matter of
turning on the tap longer/shorter or less/more frequently.

When surface irrigation methods are used, however, it is not very practical to vary the irrigation depth
and frequency too much. With, in particular, surface irrigation, variations in irrigation depth are only
possible within limits. It is also very confusing for the farmers to change the schedule all the time.

Therefore, it is often sufficient to estimate or roughly calculate the irrigation schedule and to fix the
most suitable depth and interval; in other words, to keep the irrigation depth and the interval constant
over the growing season.

(2) Seasonal Variation of Crop Water Requirement and Available Water

Figure 4-7 shows an example of the peak irrigation requirement of each month at the intake. It varies
from 0.18 lit/s to 105.92 lit/s. there is a lot of leeway of available water in May, June, July, October
and November. If cropping pattern is planned efficiently, available water is utilized more efficiently.
The peak irrigation requirement must be less than available water.

TIR (lit/s)

200.00 - | |
180.00 ™ | Dry season !
160.00 N |
140.00 \I\\ Available water //

120.00 :
. 100.00 :
80.00 |
60.00 :
|
|

TIR (lit/s)

40.00
20.00
0.00

ey

pr— t
Nov Dec

i

Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Figure 4-7 Monthly Total Irrigation Requirement (Scheme)
Source: T-COBSI Project Team
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Table 4-7 shows example of irrigation requirement of typical crops.

In case of once/week, 8 hours irrigation, approximately 110 lit/s is required for 1ha. And it is enough
for 5 has if rotation Monday to Friday each 1 ha or without rotation.

Table 4-7 Example Irrigation Requirement for Each Crop

Crop Location CIR NIR NIR(week) | Secondary Q. Main Q Secondary Q. Main Q
frequency daily daily 1day/week daily, 8hrs daily, 8hrs | 1day/week, 8hrs | 1day/week, 8hrs
mm/dec mm/dec mm/day lit/s/ha lit/s/ha lit/s/ha lit/s/ha
Maize Mbala 92.00 153.33 97.58 4.84 16.13 33.88 112.93
Tomato Mbala 86.10 143.50 91.32 453 15.10 31.71 105.69
Egg plant |Mbala 60.30 100.50 63.95 3.17 1057 22.21 7402
Rape Mbala 68.00 113.33 7212 3.58 11.92 25.04 83.47
Cabbage |Mbala 73.60 122.67 85.87 3.87 12.91 29.81 99.38
Okura Mbala 72.90 121.50 85.05 3.84 12.78 29.53 98.44
Potato Mansa 64.80 108.00 75.60 3.75 1250 26.25 87.50
Onion Mansa 81.90 136.50 95.55 474 15.80 33.18 110.59

Source: T-COBSI Project Team
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5. Outline Design

Based on the investigation of candidate sites, outline design should be prepared for each candidate site.

5.1 Procedure of Outline Design

Decision of Flood Water Level

Drawing Cross Section

Drawing Plan

{

Quantity Calculation

Cost Estimation

5.2 Decision of Flood Water Level

Draw cross section of river at the weir center line

Put high water level in the drawing

Calculate the flow water area at the high water level : Ah

Decide intake water level (spillway crest level) : IWL

Crest level of spillway = existing intake water level + 0.1 ~0.2m

Decide the width of spillway = Width of existing river

Decide design flow water area at the high water level: Ahd > Ah x 1.2 (20% margin)
Decide the design high water level

Decide the weir crest level = DHWL + 0.6m

PO HGOeO

Flow water area at the high water level: Ah

HWL

o m |
~ gV
/ /
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Design flow water area at high water
level: Ahd > Ah x 1.2 Design high water level

Over flow depth at desi Intake water level
e (PR e Spillway crest level
high water L 7 —/ (Sp y )

Width of spillway
I

Weir crest level

\/ Design high water level : DHWL

\/ Intake water level : IWL
(Spillway crest level)

River bed

Sample calculation of Ahd

W (m) D (m) Ahd

(m2)
6.00 1.00 7.00
7.00 1.00 8.00
8.00 1.00 9.00
8.00 0.90 8.01
9.00 1.00 10.00
9.00 0.90 8.91
9.00 0.80 7.84
10.00 1.00 11.00
10.00 0.90 9.81
10.00 0.80 8.64
10.00 0.70 7.49
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5.3 General Layout

River diversion work is comprised of main weir, intake, spillway, apron, riverbed
protection and slope protection.

(1) Elevation

- River bed: actual elevation based on the survey

- High water level (Ah) : interview to the farmers, flood mark

- Intake water level (IWL): existing intake water level + 0.1 ~ 0.2 m.

- Spillway crest elevation : = IWL

- Design high water level (DHWL) : spillway crest elevation + overflow depth
- Main weir crest elevation : DHWL + 0.6m

- Intake bottom elevation : spillway crest elevation — 0.3 ~ 0.4 > riverbed

(2) Dimension

(D Stone masonry intake
- Location of intake : just beside the overflow section.
- Bottom width of intake
Bottom width of intake is decided to meet to required discharge capacity.
Rough standard bottom width is as follows;
Beneficiary area is more than 15 ha: 1.0m
Beneficiary area is less than 15 ha: 0.6m
- Slope of side wall shall be 1: 0.5
- Slope of intake canal (hydraulic gradient) : 1/500
- Thickness of stone masonry slope protection : minimum 20cm
- Thickness of stone masonry structure : minimum 45cm
- Width of top of intake : minimum 60cm

> Intake water flow quantity
Q =AxV (m3/sec)
Where;
Q = Discharge (m3/sec)
A= Flow area (m2)
V =Flow velocity (m/sec)
V=1mxR2x]12 (Manning Formula)
n = Roughness coefficient : 0.025 (rough stone wet masonry)
I = Intake canal slope (hydraulic gradient) : 0.002 (general in this project)
R = Hydraulic mean depth (m)

Table 5-1 Hydraulic calculation (Manning Formula) trapezoid 1:0.5

Bottom Depth R 1 n A% A
width (m) (m) (m) (m/s) (m2) (m3/s)
0.600 0.200 0.134 0.002 0.025 0.468 0.140 0.065
0.600 0.300 0.177 0.002 0.025 0.564 0.225 0.127
0.600 0.400 0.214 0.002 0.025 0.640 0.320 0.205
1.000 0.200 0.210 0.002 0.025 0.632 0.220 0.139
1.000 0.300 0.271 0.002 0.025 0.750 0.345 0.259
1.000 0.400 0.321 0.002 0.025 0.839 0.480 0.403
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@ Main weir

- Width of crest of overflow section : minimum 60cm

- Width of crest of non-overflow section : minimum 60cm
- Downstream slope of weir : 1:1

- Upstream face of weir : vertical

- Width of stop-log : maximum 80cm

- Thickness of apron : minimum 50cm (soil foundation)

- Setting Depth of main weir : minimum 50cm (soil foundation)
- Length of downstream apron (La): see Table 4-3

- Length of upstream apron (Lu): generally 1.0 ~ 2.0m

- Length of riverbed protection (Lb): see Table 4-4

Lu O.ﬂ La Lb

|
LN

» Length of apron

To prevent scouring downstream of the weir by the overflowing water, a downstream apron is
provided. The length of the apron can be obtained from following formula. (Engineering Manual for
Irrigation and Drainage Head Works, The Japanese Institute of Irrigation and Drainage 1989).

La=06xCx y H

Where, La: length of downstream apron (m)
C: Bligh’s C, coefficient which varies depending on the type of the foundation.
(Table 5-2)
H: Height of the weir from downstream riverbed (m)

Table 5-2 Coefficients for Blighs’ Method and Lanes’ Method

Foundation Bligh’s coefficient C Lane’s coefficient C’

Silty sand or silt 18 8.5
Fine sand 15 7.0
Medium sand - 6.0
Coarse sand 12 5.0
Gravel - 4.0
Coarse gravel - 3.5
Sandy gravel 9 -

Cobble stone with gravel - 3.0
Rocks with cobble stone and gravel - 2.5
Rocks with gravel and sand 4-6 -

Soft clay - 3.0
Medium clay - 2.0
Heavy clay - 1.8
Hard clay - 1.6
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Table 5-3 below contains computed lengths of aprons for different weir heights and soil conditions,
with C for medium clay assumed at 5.0.

Table 5.3  Length of La (m)

Height of | Silty sand | Fine sand Coarse Medium

weir (m) or silt sand clay
0.5 7.6 6.4 5.1 2.1
0.6 8.4 7.0 5.6 2.3
0.7 9.0 7.5 6.0 2.5
0.8 9.7 8.0 6.4 2.7
0.9 10.2 8.5 6.8 2.8
1.0 10.8 9.0 7.2 3.0
1.1 11.3 9.4 7.6 3.1
1.2 11.8 9.9 7.9 3.3

» Length of riverbed protection
Riverbed protection work is provided continuously to the apron to prevent scouring.
Riverbed protection work prevent scour by reducing the energy of the high velocity flow
that passes the weir gradually using the resistance of riverbed protection, making the
flow velocity the same as that of downstream river following the riverbed protection.

The material of riverbed protection work should be gabions or stone pitching.
Recommended length of riverbed protection work should be obtained from following
Bligh’s formula. Slope protection of both sides should be the same length as apron and
riverbed protection.

La=L-Lb

L=067xCx y (Hxq) xf
La: Length of apron
Lb: length of riverbed protection (m)
L: total length of protection including length of apron La (m)
H: height of the weir from downstream riverbed.
q: flow quantity per unit width of design flood discharge (m3/sec/m)
f: safety factor, 1.0 in case of fixed weir
C: Bligh’s coefficient
Generally, ¢ = 2.0 to 8.0 in small scale irrigation scheme
assumed at 5.0.

Table 5-4 Length of riverbed protection

. In T-COBSI, q is

H C q L H C q L

0.5 5.0 5.0 5.3 0.8 5.0 5.0 6.7
0.5 12.0 5.0 12.7 0.8 12.0 5.0 16.1
0.6 5.0 5.0 5.8 0.9 5.0 5.0 7.1
0.6 12.0 5.0 13.9 0.9 12.0 5.0 17.1
0.7 5.0 5.0 6.3 1.0 5.0 5.0 7.5
0.7 12.0 5.0 15.0 1.0 12.0 5.0 18.0

Medium clay: C=5.0, Coarse sand: C=12.0

» Decision of length of apron
According to Table 4-3 and 4-4, recommended length of apron is as follows;
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Table 5-5 Recommended length of apron

Foundation H (m) La (m) Lb (m) L (m)
Medium clay 0.6 2.3 3.5 5.8
Medium clay 0.8 2.7 4.0 6.7
Medium clay 1.0 3.0 4.0 7.5

Sandy soil 0.6 5.6 8.3 13.9
Sandy soil 0.8 6.4 9.7 16.1
Sandy soil 1.0 7.2 10.8 18.0

@ Embankment

If the length of weir is very long, approximately more than 15m one side, embankment is
constructed for non-overflow section to reduce cost and construction period.

- Width of crest of embankment : 2.0m

- Upstream and downstream slope : 1:1.5

@ Main canal
1) Canal Alignment

Recommended way of canal alignment is to use line level. Interval of the two poles should
preferably be 5 meter, and one side of the tied points should be 0.5 — 1 cm higher than the other. Pole
with higher tied point should always be placed foreside, not like conventional alternate placing. 0.5
cm difference in 5 meter gives 1:1000 gradient suitable for gentle topography, and 1 cm gives 1:500
gradient adaptable for sloped topography. Upstream end of main canal should not be affected by a
river flood. If it is located in the area which it is affected by a river flood, it should be constructed with
stone masonry.

2) Canal Lining

Canal is categorized into two; either non-lining or lined. Lining is made of brick or stone masonry
(concrete lining is sometimes seen but the cost beyond farmers’ affordability excludes this option).

Earth canal is the most simple and economical. With simple tools such as hoe, hand shovel, and
wheelbarrow, construction is very easy and cheap. However, since this is non-lining, water conveyance
loss is high due to seepage/leakage and much maintenance works such as grass cutting, de-silting,
reshaping of cross section and so on are needed in every season.

Lining can be done with clay soil, plastic paper, stone, brick, or masonry. These canals reduce the
canal conveyance loss and also minimize maintenance works as compared to earth canal. In particular,
reducing the canal conveyance loss becomes very important when diversion water is not enough to
cover all the prospective service area. Lining can also prevent the canal from being eroded, which in
turn minimizes the maintenance work and makes canal life longer.

Investment for lining, on the other hand, is higher than earth canal except for clay, stone and recycled
plastic paper linings. Farmers in rural area make bricks by themselves. Therefore, brick lining is
cheaper than stone masonry, and damaged parts or bricks can easily be replaced by the farmers. Stone
masonry lining is more durable than brick, but requires much cement, which may go beyond the
farmers’ affordability.

3) Canal Design

i) Cross-section and side-slopes

For earth canals, standard trapezoidal shape is commonly used. Required slope depends on the
stability of the soil. Recommendable side slopes for different soils are given in Table 4-6
below:
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Table 5-6 Recommended Side Slopes for Different Types of Soils

Recommendable Side

Type of Soils Slope ——
(Ver.) : (Hor) Ver.
Clay 2:1

All other soils 2:1 Hor.
Sand 1:1

Generally, rectangular cross section requires less excavation and less quantity of stone masonry
or bricks. Considering safety of structure, it is recommendable to adopt trapezoid cross section.
However, rectangular cross section may be adopted in case that the depth is less than 0.6 m,
due to small soil pressure.

ii) Freeboard

Freeboard acts as a reserve depth in a canal to allow some variations in water flow. The
freeboard is decided according to the planned discharge; more discharge, higher free board and
less discharge, smaller free board. Irrigation schemes undertaken in this Guideline are
small-scale, therefore a minimum 10 cm to maximum of about 20 cm frecboard is
recommended.

iii) Allowable flow velocity

The design velocity of canals must be determined within the limits of two factors; namely, 1)
the minimum allowable velocity that causes neither accumulation of sediment of soils nor
growth of waterweeds, and 2) the maximum allowable velocity that does not produce erosion
of canal materials by the flow. Refer Table 4-7 for Maximum allowable velocities of different
types of canals.

The minimum allowable velocity: 0.45 - 0.90 m/sec

Within this range of mean velocity, soil sediments are not accumulated in a canal where the
particle size of suspended sediment is not larger than silt. Waterweeds hindering the flow
capacity of the canal do not grow when the mean velocity is more than 0.7 m/sec.

Table 5-7 Maximum Allowable Velocity

Type of Canal Maximum Allowable Type of Canal Maximum Allowable

Material Velocity, (m/s) Material Velocity, (m/s)
Sandy soil 0.4-0.6 Thin concrete 15-925
Sand-loam 0.5-0.7 (approx.10cm) ) )
Clay-loam 0.6-0.9

Brick masonry

Clay 0.9- 1.5 with mortar filled 2:50
Rock 1.0-2.0
Table 5-8 Value of Roughness Coefficient
Materials and conditions of canals Roughness Coefficient
Minimum value | Standard Maximum
value value

Concrete (cast-in-place flume, culvert, etc.) 0.012 0.015 0.016
Concrete (shoterete) 0.016 0.019 0.023
Concrete (with precast flume, pipe, etc.) 0.012 0.014 0.016
Concrete (reinforced concrete pipe) 0.011 0.013 0.014
Concrete block masonry 0.014 0.016 0.017
Cement (mortar) 0.011 0.013 0.015
Asbestos cement pipe 0.011 0.013 0.014
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Steel (locked bar or welded) 0.010 0.012 0.014
Steel (revet) 0.013 0.016 0.017
Smooth steel surface (not painted) 0.011 0.012 0.014
Smooth steel surface and pipe (painted) 0.012 0.013 0.017
Corrugated surface (steel sheet) 0.021 0.025 0.030
Cast iron (not painted) 0.011 0.014 0.016
Cast iron sheet and pipe (painted) 0.010 0.013 0.014
Chloride vinyl pipe 0.012

Reinforced plastic 0.012

Ceramic pipe 0.011 0.014 0.017
Earth lining 0.025

Asphalt (smooth surface) 0.014

Asphalt (rough stone) 0.017

Masonry (rough stone wet masonry) 0.017 0.025 0.030
Masonry (rough stone dry masonry) 0.023 0.032 0.035
Wood (wooden gutter) 0.010 0.012 0.014
Wood (lined in thin layer, treated with 0.015 0.017 0.020
creosote)

Rock tunnel with no lining on overall 0.030 0.035 0.040
cross-sectional area

Rock tunnel with no lining except concrete

placed on the bottom 0.020 0.025 0.030
Vegetation coverage (turfing) 0.030 0.04 0.050

Source: Engineering Manual for Irrigation and Drainage Canal Works, The Japanese Institute of
Irrigation and Drainage 1987.

4) Canal slope (earth)

Steep canal slope creates erosion due to its high flow velocity through it. On the other hand, too gentle
slope cause heavy silting in the canal and also enlarges canal section to accommodate the required
flow. Canal slope depends on the difference between the elevation at intake and farmland. If the slope
is too steep and the water velocity is too high, the slope should be made gentler by setting a drop. If
the slope can not be made steeper, frequent maintenance of de-silting should be required.

5) Canal dimension
The minimum canal bed width should be 0.30m considering maintenance work.

The recommended canal dimension; bottom width, water depth and total depth (= water depth +
freeboard) for different design discharges and canal slopes and are presented in Table 5-9, 10, 11
below:

Q =Ax V (m3/sec)

Where;

Q = Discharge (m3/sec)

A = Flow area (m2)

V =Flow velocity (m/sec)

V=1mxR2x]12

n = Roughness coefTicient : Table 4-8

I = Intake canal slope (hydraulic gradient) : 0.002 (general in this project)
R = Hydraulic mean depth (m)
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Table 5-9 Main Canal Hydraulic Analysis (1)

Bottom Width = 0.6m, I = 0.002, n = 0.025

Q v A P R Water Depth | Freeboard Canal
(m3/s) (m/s) (m2) (m) (m) (m) (m) Height (m)
0.025 0.346 0.072 0.846 0.085 0.110 0.190 0.300
0.050 0.431 0.116 0.979 0.118 0.169 0.131 0.300
0.075 0.487 0.154 1.086 0.142 0.218 0.183 0.400
0.100 0.528 0.189 1.180 0.160 0.259 0.141 0.400
0.125 0.562 0.223 1.265 0.176 0.297 0.103 0.400
0.150 0.590 0.254 1.342 0.189 0.332 0.168 0.500
0.175 0.614 0.285 1.414 0.201 0.364 0.136 0.500
0.200 0.636 0.314 1.482 0.212 0.394 0.106 0.500
0.225 0.656 0.343 1.545 0.222 0.423 0.177 0.600
0.250 0.674 0.371 1.606 0.231 0.450 0.150 0.600

Table 5-10 Main Canal Hydraulic Analysis (2)

Bottom Width = 1.0m, I = 0.002, n = 0.025

A% A P R Water Depth | Freeboard Canal

(m3/s) (m/s) (m2) (m) (m) (m) (m) Height (m)
0.200 0.6109 0.327 1.640 0.200 0.2864 0.114 0.400
0.225 0.6330 0.355 1.689 0.210 0.3080 0.192 0.500
0.250 0.6532 0.383 1.735 0.221 0.3288 0.171 0.500
0.275 0.6717 0.409 1.780 0.230 0.3487 0.151 0.500
0.300 0.6889 0.436 1.823 0.239 0.3679 0.132 0.500
0.325 0.7049 0.461 1.864 0.247 0.3864 0.114 0.500
0.350 0.7199 0.486 1.904 0.255 0.4044 0.196 0.600
0.375 0.7341 0.511 1.943 0.263 0.4219 0.178 0.600
0.400 0.7475 0.535 1.981 0.270 0.4389 0.161 0.600
0.450 0.7723 0.583 2.055 0.284 0.4716 0.128 0.600
0.500 0.7948 0.629 2.124 0.296 0.5027 0.197 0.700

Table 5-11 Branch Canal Hydraulic Analysis

Bottom Width = 0.3m, I =0.03, n = 0.025

Q v A P R Water Freeboard Canal
(m3/s) (m/s) (m2) (m) (m) Depth (m) (m) Height (m)
0.005 0.578 0.009 0.362 0.024 0.028 0.172 0.200
0.010 0.735 0.014 0.395 0.035 0.043 0.158 0.200
0.015 0.841 0.018 0.422 0.042 0.055 0.146 0.200
0.020 0.923 0.022 0.446 0.049 0.065 0.135 0.200
0.025 0.991 0.025 0.467 0.054 0.075 0.125 0.200
0.030 1.047 0.029 0.487 0.059 0.084 0.116 0.200
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6. Preparation of Drawing

(1) Longitudinal cross section

@
@
&)

@
®

Based on the site survey along the dam axis, longitudinal cross section of existing
ground level is drawn.

According to the decided width of spillway, intake bottom and elevations of spillway
crest, crest level of non-overflow section, intake bottom, ete. longitudinal section of
weir is drawn.

Scale of the drawings shall be 1:100.

Elevations and dimensions are indicated in the drawing.

The drawing covers end of weir + 5m both sides.

(2) Plan

CISISISICIEICIS

Spillway and non-overflow section is drawn according to the dimensions.
End line of stonemasonry weir is drawn according to the slope and height.
Upstream apron and downstream apron is drawn.

Intake is drawn according to intake wall slope and bottom width.

Intake canal is drawn according to top width, slope and height of wall
Upstream of intake part is drawn.

Slope protection is drawn.

Other part is drawn.

(3) Coross Sections.

(@O Standard cross sections for spillway, non-overflow section and intake canal are drawn
@ Following cross sections are drawn

- River center line

- Left side abutment (beginning, middle, end)

- Right side abutment (beginning, middle, end)
- Intake canal (beginning, middle, end)

- Upstream of intake

- Other part as necessary

AP-1-C-44



SP-O1-dv

Stone Masonry

/‘” t=20cm
BU0G

e,
S,
o

e 250

@200

S '
!/ { froend

Stone Masorry
t=200m

','sm.h/

S0

3260

V~EL ,Z.meJ

,-L

o EL50m W

A

G

Stone Masonry
A=30cm

e 500 e

ued yo spdwexy 1-9 aangiy

%

TBEM
EL=5.491m



9y-O1-dV

uo1)I3s [ruIpniduof jo jdwexy 7°9 aangry

| #1000
% ] G0 o

000

HWL, 4.4

GL

wii{::]

EL.34m(5/ 4

e -

§mh— -ﬁmo

H

W ¢
Stop log 0.5m % 0.8m

a0

‘Stone masonry

agLi

Stone masonry

1100



LYy=D1-dV

600 Rock foundation
GL EL,a_am‘l }"

wed GO0 b

Section A
1100

-—lﬁfﬂ |—- EL5.0m

B2,

el B0

Section C
1100

EL26m [N (

R P

Section B
1100

ELSOm

Suo01329§ sso.) jo ajdmexy ¢9 dangiy

Sione Masom
=30cm x
Section D

1100




7. Work Plan
(1) General

Construction plan is to establish that the way how the project is implemented safely and within the
specified time and cost, and construction method and procedure. Construction work has different types,
sizes, and locations and construction conditions are different from one to another. To execute these
works in systematic and organized ways, the construction plan appropriate for each work needs to be
prepared.

i) Based on design, work method is established.

ii) Based on design, quantity of required materials is calculated.

iii) Based on quantity and work method, required manpower is calculated.
iv) Based on quantity and manpower, construction cost is calculated.

v) Based on manpower, work schedule is drawn up.

(2) Bill of Quantity

Quantity of required materials should be calculated in accordance with drawing. Following items are
calculated.

- Excavation

- Embankment
- Stone masonry
- Rubble stones
- Mortar

- Sand

- Cement

- Pipes

- Others

i) Excavation
Quantity of excavation is calculated in accordance with cross section.
Vex=(A1+A2)/2x L1 +(A2+A3)/2x1.2+..... + (An-1 +An)/2 x In
Vex: Excavation volume (m?)
An: Cross sectional area of excavation at An (m)
Ln: Distance between An-1 and An (m)
or
Vex =Ax D (m?3)
A: Excavation area (m?)
D: Excavation depth (m)
ii) Embankment
Quantity of embankment shall be calculated in accordance with cross section.
Vem=(A1+A2)/2xL1+(A2+A3)/2x12+..... + (An-1 +An)/2 x Ln
Vem: Embankment volume (m3)
An: Cross sectional area of embankment at An  (m)
Ln: Distance between An-1 and An (m)

iii) Stone masonry
Quantity of stone masonry is calculated in accordance with cross section.

iv) Rubble stone (stone masonry)
Quantity of rubble stone for stone masonry is calculated as follows
Vrs = Vsm x 1.08 (m?)
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1.08: coefficient of loss
Vrs: Volume of rubble stone (m?3)
Vsm: Volume of stone masonry (m?)

v) Mortar for stone masonry
Quantity of mortar for stone masonry is calculated as follows
Vmo = Vsm x 0.5 x 1.1 (m?)
Vmo: Volume of mortar for stone masonry (m?)
Vsm: Volume of stone masonry (m?)
0.5: coefficient of ratio
1.1: coefficient of loss

vi) Sand for mortar

Quantity of sand for mortar is calculated as follows
Vsa = Vmo x 0.8 (m?)
Vsa: Volume of sand (m?)
Vmo: Volume of mortar (m?)

vii) Cement

Quantity of cement for mortar is calculated as follows
Ve =Vmo x 9.0 (bags)
Ve: Volume of cement (bags)
Vmo: Volume of mortar (m?)

viii)

Example of quantity calculation sheet is shown in Table 7-1.

(3) Cost estimation

Construction cost is calculated based on bill of quantity and man power. Example of cost calculation
sheet is shown in Table 8.2.

(4) Man Power and Tools Planning

Standard of required manpower, material and tools for each work is estimated as Table 8.1. These
were established.

Example of tools planning is shown in Table 8.3.
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Table 7-1 Example of Quantity Calculation Sheet

Site Name MBL 2-7 KAWAMA
No. item Spe/c(l}f:alTi::on calculation Amount | Unit Remarks
1 |Excavation
Left side (77 x70)+(7.7+18)/2x52x06=6872m3
Right side 75 x06x15=675 m3
6872 +67.5 = 13622 m3
River diversion (2+6.0)/2 x21 = 84 m2
84 x30=252 m3
Toral 136.22 + 252 = 388.22 38800 | m®
2 |Stone masonry m
Left side abutment section A (06 +23)/2x17=2465 m2 18.01
section C (06 +1.2)/2 x06 =054 m2
(2465 + 0.54)/2 x 11.0 = 16.53 m3
2.465/2x 1.2 =148 m3
Left side slope 20x7.0x02=280m3 3.84 m
(20x52)/2x02=104m3
Weir (06 +14)/2x08 x46=368m3 3.68 m
Right side bank (10+22)/2x12=192 m2 2571 m'
(20+06)/2 x05 =065 m2
06 x0.7 =042 m2
192 +0.65 +042 =299 m2
2.99 x (3 +10/2)=2392 m3
299x12/2=179m3
Right side abutment (0.6 + 1.5)/2 x 0.9 = 0945 m2 3.26 m'
(0.945 + 0.54)/2 x 3.1 =231 m3
No. item Spe/céfoi?:tion calculation Amount | Unit Remarks
uality
Rigjht side upstream protection (21+08)x20=54m2 2.66 m
30x1.2=236 m2
(21+06+30)x15/2=4275m2
(54+36+4275)x02 =398 m3
Canal lining (11+06+1.7)x02x15=102 m3 10.20 m
intake (06+06+19)/2x19=1945m2 1.85 m'
1.945 x0.95 = 1.85 m3
River diversion 84x25=210m3 21.00 m
Total
90.20 | m’
3 |Embankmet
Right side 25x4x09/2=45m3
4x4x05x08/2=36m3
River diversion backfilling 84x10+84x30/2=210m3
45+36 +210=2181 21810 | m°
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Specifoication

No. Item . Qualit calculation Amount | Unit Remarks
uality
4 |Materials
Rubble Stone 20-30cm 902 x 1.08 = 97.42 m
Mortar 902 x05x 1.1 = 49.61 | m’
Sand 4961 x0.8 = 3969 | m
Cement ordinally portland| 48.61 x 9 = 446.49 | bags
Stop log plywood 12mx08mx2+08x18=344m2 2.00 peC
timber 50x50 [08 x2+04x5=36m 1.00 pC
5 |[Tool

rammer

4.00

8  Work Schedule

Based on quantity and required manpower for each item, construction period for each item is estimated.
If the available labor per day is enough, putting large manpower into the work, shorten the
construction period is shortened. Example of manpower planning is shown in the Table 8.4. Based on
this man power planning, work progress schedule is drawn up. If man power is enough, work items

can be executed simultaneously. Example of work progress schedule is shown in the Figure 8-1.

(1) Standard Manpower and Quantity Per Unit

Standard manpower and quantity per unit is shown below.

a. Embankment

Embankment (by hand)

per 10m”3

quantity

unit

unskilled labor

7.60

Man*day

Ex. For 100m”3: 76 man*day = 10 days / 7.6 man/day = 20 days / 3.8 man/day

b. Excavation

Excavation (by hand)

per 10m”3

quantity

unit

unskilled labor

7.80

Man*day

Ex. For 100m”3: 78 man*day = 10 days / 7.8 man/day = 20 days / 3.9 man/day

c. Mortar Mixing

1:4 Mortar per 0.89m"3/day quantity unit
unskilled labor (mixing) 2.0 Man/day
unskilled labor (helper) 4.0 Man/day
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Ex. For 8.9 m”3 mortar: 10 days / 6.0 unskilled labors = 5 days / 12.0 unskilled labors (2 sets)

d. Stone Masonry (not including mortar mixing)

Stone Masonry per 1.0 m"3 quantity Unit
skilled labor 0.6 Man*day
unskilled labor 3.6 Man*day

Ex. For 10 m"3 stone masonry: skilled labor 6 man*day + unskilled labor 36 man*day
=6 days by (1 skilled labor and 6 unskilled labors)/day
=3 days by (2 skilled labor and 12 unskilled labors)/day = 2 sets/day

(Mortar mixing: 0.89 m”3/day/Iset. Stone masonry 1.0 m"3 requires 0.5 m”3 mortar.
Stone Masonry 10m”3 requires 5 m”3 mortar
If 6days, mortar mixing lset/day, If 3days, mortar mixing 2 sets)

(2) Work Group

Work group shall be organized according to work item. Available number of work groups shall be
considered in work schedule. Number of work group depends on number of skilled labor or leader. If
number of skilled labor is not enough, OJT by skilled labor, leader for another group can be cultivated.

Generally, one group (1 set) has one skilled labor and 10 to 15 unskilled labors.

Standard organization of work item is shown in the Table-1.

Ex. Construction of brick canal 1 set
Brick laying: skilled labor 1, unskilled labor 3
Mortar mixing: unskilled labor 2
Excavation (Shaping): unskilled labor 2
Helper (carry sand, water, mortar, bricks ): unskilled labor 4

Generally, following work groups are organized;
- Excavation
- Embankment
- Stone Masonry
- Sand Carrying
- Stone Carrying
- Water Carrying
- Pipe Installation

(3) Critical work

Critical work is the work item which directly affects work period. The work that, if the work
delayed, total work period will be longer than scheduled. To complete construction work within the
period, number of work group for critical work shall be increased and some work items shall be
executed simultancously.

4) Work Schedule

Work schedule shall be developed considering manpower planning (available number of skilled and
unskilled labors, work groups) and critical work. Work schedule shall be most efficient. Work schedule
is shown in bar chart.
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Manpower planning
- Number of groups for each item

U

Repeat to make the optimum

Construction period for each item work schedule

Work Process

- Efficient Work Schedule

|l

Total Work Schedule
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Table 8.1 Standards of Required Manpower, Materials and Tools

[tem name spec':lflcatlon, quantity unit remarks
quality, shape
1-1 |Mortar per Im"3 1:3 0.89m"3/day/1set
Material
Cement Ordinary Portland 9.00 bags 450kg
Sand River sand 0.80 m3 | 1.0x0.8
Material Total
Labor
Mortar mixing unskilled labor 2.25 man [ 2x9/8
Helper unskilled labor 450 man | 4x9/8
Labor Total 6.75 man
Tools (Daily)
Shovel 2.00 pcs
Bucket 20 lit 2.00 pcs
Wheel barrow 1.00 pc
Mortar box 1.00 pc
1-2 |1:3 Mortar per 0.89m 3 / day/ 1 set
Material
Cement Ordinary Portland 8.00 bags 400kg
Sand River sand 0.71 m3 | 0.89x08
Material Total
Labor
Mortar mixing unskilled labor 2.00 man
Helper unskilled labor 4.00 man
Labor Total 6.00 man
Tools (Daily)
Shovel 2.00 pcs
Bucket 20 lit 2.00 pcs
Wheel barrow 1.00 pc
Mortar box 1.00 pc
2-1 |Excavation (by hand) per 10m”"3
Labor
unskilled labor 7.80 man
Tools
Shovel 3.00 pcs
Pickaxe 2.00 pcs
Hoe 2.80 pcs
String 1.00 roll
Peg
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specification,

[tem name . quantity unit remarks
quality, shape
2-2 |Hauling excavated material per 1.0 m"3 by wheel barrow
Labor
unskilled labor ~20m 0.02 man
Wheel barrow 20~40m 0.06 man
40~60m 0.14 man
60~80m 0.24 man
80~100m 0.34 man
100~120m 0.44 man
120~140m 0.56 man
140~160m 0.66 man
160~180m 0.78 man
180~200m 0.90 man
ohe way distance
3 |Embankment {(by hand) per 10m”3
unskilled labor 7.60 man
Tools
Shovel 2.00 pcs
Hoe 3.60 pcs
Rammer 2.00 pcs
String 1.00 roll
Peg
4—1 |Finishing slope {(cut earth) per 100m”2
Labor
Foreman 1.40 man
Unskilled labor 11.80 man
Total labor 13.20 man
Tools
Shovel 4.00 pcs
Hoe 7.80 pcs
String 1.00 roll
4-2 |Finishing slope {(embankment) per 100m”"2
Labor
Foreman 1.60 man
Unskilled labor 25.80 man
Total labor 27.40 man
Tools
Shovel 4.00 pcs
Hoe 21.80 pcs
String 1.00 roll
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specification,

Item name . guantity | unit remarks
quality, shape
5 [Stone masonry per 1m™3

Material

Rubble stone 1.08 m~3
Mortar 0.55 m 3
Total material

Labor (not include mortar mixing)

Foreman 0.30 man
Skilled labor 0.60 man
Unskilled labor 3.60 man
Total labor 450 man
Tools (Daily, not include mortar mixing)

Bucket 20 lit 4.00 pcs
Wheel barrow 4.00 pc
Trowel 4.00 pcs
Builder's level 1.00 pc
Measuring tape 1.00 pc
Peg

6 Gathering stones per 10m~3 distance 50m

Unskilled labor 15.00 man
Tools (daily)

Wheel barrow 7.00 pcs
14 Ibs hammer 4.00 pcs
4 |lbs hammer 2.00 pcs
Chisel 2.00 pcs
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Table 8.2 Example of Cost Calculation Sheet

Specification/Qual . . Unit Price Price
No. Item ity Quantity | Unit MK MK Remarks
1 |Preparation Work
Site clearing unskilled labor 50.0  man 0.0 0.0
Gathering stones unskilled labor 146.1 man 0.0 0.0
Gathering sand unskilled labor 19.8 | man 0.0 0.0
labor total unskilled labor 216.0
2 |Stone Masonry Weir V= 90.2 m'3
rubble stone 974 m 3 0.0 0.0
sand 39.7 m’ 3 0.0
cement ordinary portland 446.5 bag 75.0 33,486.8
Plywood 1200x2400x12 2.0 pc
Timber 50x50x5,500 1.0 pc
material total 33,486.8
excavation unskilled labor 302.6 man 0.0 0.0
mortar mixing unskilled labor 297.7 man 0.0 0.0
stone masonry foreman 27.1 man 0.0 0.0
skilled labor 54.1 man 0.0 0.0
unskilled labor 324.7 man 0.0 0.0
labor total 0.0
3 |Transportation
Truck 5.0 day 0.0
Total Material Cost 33,486.8
rubble stone 974 m’ 3 0.0 0.0
sand 39.7 m 3 0.0
cement ordinary portland 446.5 bag 75.0 33,486.8
Plywood 1200x2400x12 0.0 pc 0.0
Timber 50x50x5,500 0.0 pc 00
Total Labor Cost 0.0
foreman 27.1 27.1 man 0.0 0.0
skilled labor 54.1 54.1 man 0.0 0.0
unskilled labor 1,141.0 | 540.7 man 00 00
Total Construction Cost 33,486.8
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Table 8.3 Example of Tools Planning

No. Item Spemflc:ia;;;on/Qual Quantity | Unit Remarks
1 |Mortar mixing 1set 1set

Tools (Daily)
Shovel 2.00 pcs 2.00 pcs
Bucket 20 it 2.00 pcs 2.00 pcs
Wheel barrow 1.00 pc 1.00 pc
Mortar box 1.00 pc 0.00 pc

2 |Stonemasonry work 1set 1set
Tools (Daily, not include mortar mixing)
Bucket 20 lit 2.00 pcs 20 pcs
Wheel barrow 2.00 pc 20 pc
Trowel 3.00 pcs 3.0 pcs
Builder's level 1.00 pc 1.0 pc
Measuring tape 5m 1.00 pc 1.0 pc
Peg

3 |Excavation (by hand) per 10m”3 1set 2.5 set
Tools
Shovel 2.00 pcs 8.0 pcs
Pickaxe 2.00 pcs 5.0 pcs
Hoe 3.80 pcs 9.0 pcs
String 1.00 roll 1.0 roll
Peg

4 |Embankment {(by hand) per 10m"3 1set 2.5 set
Tools
Shovel 2.00 pcs 8.0 pcs
Hoe 3.60 pcs 9.0 pcs
Rammer 2.00 pcs 8.0 pcs
String 1.00 roll 1.0 roll
Wheelbarrow 4.00 pcs 10.0 pcs
TOTAL REQUIRED TOOLS
Shovel 8.0
Pickaxe 5.0
Bucket 6.0 +dewatering
Whellbarrow 100
String 1.0
Trowel 3.0
Builders level 1.0
Measuring tape 5m 1.0
Watering can 3.0

AP-I-C-58




Table 8.4 Example of Manpower Planning

No. Item Speg:‘:liiion/ Quantity Unit Remarks
Work Period
Site clearing unskilled labor 50.0 | man-day
Gathering stones unskilled iabor 974 m° 146.1 | man-day 15man/10m”™3
Gathering sand unskilled labor 39.7 m° 19.8 | man-day 5.0man/10m"3
1 |Excavation Amount m° 7.8man/10m"3
1-1 Left side 68.7 m’ 53.6 | man-day
1-2 Rigiht side 67.5 m° 52.7 | man-day
1-3 River diversion 252.0 m° 196.6  man-day
2 |Stone masonry 90.2 m°
2-1 | Left side abutment 18.0 m’
unskilled labor 64.8 | man-day 3.6man/m"3
skilled labor 10.8 | man-day 0.6man/m"3
foreman 5.4 | man-day 0.3man/m"3
2-2 | Left side slope 5.8 m’
unskilled labor 20.9 | man-day 3.6man/m"3
skilled labor 3.5 | man-day 0.6man/m"3
foreman 1.7 | man-day 0.3man/m"3
2-3 | Weir 3.7 m’
unskilled labor 13.3 | man-day 3.6man/m"3
skilled labor 2.2 | man-day 0.6man/m™3
foreman 1.1 | man-day 0.3man/m"3
2-4 | Right side bank 25.7 m°
unskilled labor 92.5 | man-day 3.6man/m"3
skilled labor 15.4 | man-day 0.6man/m"3
foreman 7.7 | man-day 0.3man/m"3
2-5 | Right side abutment 2.3 m°
unskilled iabor 8.3 | man-day 3.6man/m"3
skilled labor 1.4 | man-day 0.6man/m"3
foreman 0.7 | _man-day 0.3man/m"3
2-6 Right side upstream protectioon 4.0 m°
unskilled labor 14.4 | man-day 3.6man/m"3
skilled labor 2.4 | man-day 0.6man/m"3
foreman 1.2 | man-day 0.3man/m"3
2-7 | Canal lining 15.3 m’
unskilled labor 55.1 | man-day 3.6man/m"3
skilled labor 9.2 | man-day 0.6man/m"3
foreman 4.6 | man-day 0.3man/m"3
2-8 | Intake 1.9 m’
unskilled labor 6.8 | man-day 3.6man/m"3
skilled labor 1.1 | man-day 0.6man/m"3
foreman 0.6 | man-day 0.3man/m"3
2-9 River diversion 21.0 m
unskilled labor 75.6 | man-day 3.6man/m"3
skilled labor 12.6 | man-day 0.6man/m"3
foreman 6.3 | man-day 0.3man/m"3
3 |Embankment 218.1 m’
3-1 Right side 8.1 m° 6.2  man-day 7.6man/10m"3
River diversion backfilling 210.0 m° 159.6  man-day 7.6man/10m"3
Total
excavation unskilled labor 388.0 m° 302.6 | man-day 7.8man/10m"3
Stone masonry unskilled labor 90.2 m° 324.7 | man-day 3.6man/m"3
skilled labor 90.2 m° 54.1 | man-day 0.6man/m"3
foreman 90.2 m 27.1 | man-day 0.3man/m"3
mortar work unskilled labor 49.6 m™3 297.7 | man-day 6man/m"3
Embankment/backfiling unskilled labor 218.1 m™3 165.8  man-day 7.6man/10m"3
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Figure 8-1 Example of Work Progress Schedule.

PROGRESS SCHEDULE _MBL 2-7 Kawama

Ttem Work Description Quantity 2014

No. July August September October November
1

20 30 10 20 30 10 20 30 10 20 30 10

1 |Preparation Work

11| site clearing 50 | day sl [ 10 unskilled labor

12| Cathering stones 56 | day 30 unskilled labor

1.3 Gathering sand 58 | day : : 10 unskilled labor
14|  Preparation of tools 10 | day =t |3 unskilled labor

2 |Temporary Work

09-O1-dVv

2.1|  Preparation of access road 5.0 day e (10 unskilled labor
2.2|  Preparation of temporary stock yard 1.0 da == 10 unskilled labor
2.3|  Excavation of river diversion 113 | day 20 unskilled labor
2.4|  Excavation of left side 31 da == | 120 unskilled labor
2.5|  Excavation of right side 3.0 | day -—{ 20 unskilled labor
2.6|  Construction of coffer dam 2.0 day — 20 unskilled labor
3 |Stone masonry
31| LefUside abutment 124 | day
32| LefUside slope 40 | da ——
33| Weir 2.6 day —
34| Right side bank 177 | day i;‘;‘ema”"’v“’""‘
3-5|  Right side abutment 1.6 day 6 unskilled labor -
3.6 Right side upstream protection 28 day 1 skilledlabor —
3.9 Canallining 10.6 | day 8 helper
3-8| Intake 13 day -
3.9|  River diversion filling stone masonry 145 | day
3.10| Mortan mixing 571 day
Mortar mixing
4 |Embankment/back filling 6 unsklilled labor
4.1|  Right side 24 | day b 13 unskilled labor
4.7|  River diversion 12.2 day 15 unskilled kabor:
. 124.8 |day
5 |Weekly Mecting
supervision by CEO, TSB
“Supervision by JICA Expert
Foreman
Skilled Labor T f tf of of of of of of of of of of tf of of tof tf 1ottt 36
Unskilled Labor 20| 20| 30| 30 30[ 30 23| 30| 30| 30| 20| 20| 20| 20( 20( 20( 21| 21| 21| 21) 21 21) 21 21 21) 21 21| 21| 21| 21| 21| 21  21[21[ 21| 24|36 (36| 36|36(36(36(36[21(21(21(21| 21| 21| 21) 21 21 1257)
Total 0f 20[ 20[ 30[ ©Of30[30[30[ Of Of Of23[30[30[30]20]20]20]20|20|20| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 22| 25| 37| 37| 37| 37| 37| 37| 37| 22| 22| 22| 22| 22| 22| 22| 22] 22 1293




9. Comparison of proposed upgrade sites

In accordance with the result of the site investigations, outline design of each site is
prepared and bill of quantities, construction cost, and work period are estimated. Then,
based on such technical and economic point of view, coupled with the consideration in
environmental and social impact, farming system, and institutional arrangement,
proposed upgrade site is selected.

Table 9-1 Comparison of Candidate Sites

District Mporokoso
Site MPR 14-1 Mpela MPR 4-1 Kasanda MPR 6-1 Kapumo

. _ _ 25 households irrigate 1.5 ha.
Outline 22 households irrigate 8 ha. 16 households irrigate 3 ha.

FTC also uses the furrow

Technical View

Permanent weir is adoptable
L=40m, H=2.1m, both side
combind type weir. Width of
spillway = 4m, Stonemasonry:
185m3, Embankment: 95m3

Permanent weir is adoptable
L=35m, H=2.8m, both side
combind type weir. Width of
spillway = 8m, Stonemasonry:
255m3, Embankment: 130m3
River flow: 130 lit/s
(June,2014)

Permanent weir is adoptable.
L=40m, H=2.8m, left side
combind type weir. Width of
spillway = 10m, Stonemasonry:
125m3, Embankment: 105m3
River flow: 200 lit/s (June,
2014)

O

O

O

Vegetable, beans: 4.0 ha
Cabbage, Tomato, Onion: 4.0
ha

Maize: 1.5ha, Tomato: 0.75ha,
Vegetable: 0.5ha, Sugar cane:
0.25ha, Fish Pond: 14

Vegetable: 2.0lima, Maize:
2.0lima, Tomato: 1.5 lima, Sugar
cane: 0.5 lima

Environmental
View

around the site. Young people
are actively working for
irrigation group

impacts. No need to cut trees
around the site.

Farming O&M Maintenance of furrow is . . . .
. Maintenance of furrow is Maintenance of furrow is
carried out every three . .
) carried out by themembers carried out by themembers
months. The furrow is well .
o twice a year. once a year.
maintained.
© o o

No significant environmental

Social and impacts. Need to cut trees No significant environmental No significant environmental

impacts. Need to cut trees
around the site.

©

O

O

Socio—economic
View

Cost: 70,000ZMK, 22 HH,
Potential are 25 ha.

Cost: 95,000ZMK, 16 HH,
Potential area 16 ha.

Cost: 50,000ZMK, 25 HH,
Potential area 20 ha.

O

O

O

Current irrigated area is
enough large. Young people

Most costly and less

Most economical but current

Oveall are working actively and s . .
C L . beneficiaries. irrigated area is small.
sustainability and expansion of
area is expected
Priolity 1 3 2

10. Construction

(1) Surface Preparation

Ground surfaces in areas to be excavated or where facilities are to be located should be cleared of all
trees, bush, debris and surface vegetation. Stumps and roots larger than 50 mm in diameter should
completely uproot and removed. Matted roots, surface vegetation should be removed regardless of
size; they should completely remove with roots to a depth of not less than 10 cm below ground surface.
All trees or groups of trees designated should be protected from damage from any construction

operations.
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(2) Temporary Works

- Accessroad
Access roads should be constructed as required before or during the progress of work and maintained
thereafter. Access roads are used to carry sand, stones, cement, tools etc. to the site.

- Temporary storage yard

Temporary storage yard should be prepared to store sand and stones. This yard should have enough
space and suitably allocated so as not to interfere with cultivation. This yard should be located beside
the site.

- Temporary cofferdam

The objective of a temporary cofferdam is to divert the course of the river artificially during the
construction period. In principle, the scale of the temporary cofferdam must be sufficient to prevent
overflow by floods and the infiltration of river water during normal flow thereby ensuring the safe
performance of work.

Since temporary cofferdam is often used as an access to the other side of river, it should be enough
strong for load of wheelbarrow.

If excavation of river diversion is difficult because of rock, multiple-stage diversion can be adopted.

- Dewatering

Before commencement of the permanent works, the temporary cofferdam must first be dewatered.
Since dewatering greatly affects the quality of work and the construction schedule, careful
arrangement is required. The dewatering volume is hard to estimate because it depends on soil, the
structure of the temporary cofferdam, the difference between outside and inside water levels and the
area inside the temporary cofferdam. Basically, dewatering is done by manpower, however, if large
amount of dewatering, a pump should be prepared.

(3) Excavation

Excavation should be planned and carried out to minimize adverse effects on the existing facilities and
structures, as well as the vehicular and pedestrian traffic of and around the construction site.

Over excavation, below the depths indicated, should, unless otherwise be specified, refilled and
compacted. If soft or unsuitable soil is found at the excavated depth, additional excavation should be
carried out to depth and filled and compacted. Soil disturbed or weakened and soils deteriorated by
exposure to weather should be excavated and excavated areas refilled and compacted.

Generally, all excavations should be kept free from water during construction. If soft or unsuitable soil
is encountered after excavation to the designated bottom of the trench or structure, the ground should
be excavated to a firm foundation level and filled over the excavated area with backfilling material.

(3) Replacement and Embankment

Material for the replacement and embankment should be placed in horizontal layers of uniform
thickness over a width determined and in conformity with the lines, grades, sections, and dimensions.
The layer of loose material other than rock should be not more than 30 cm thick. After adjustment of
the moisture content, the loose material should be compacted.

(4) Stone Masonry
1) Material

i) Stone

Stone for Stone Masonry should consist of ficld stone or rough un-hewn quarry stone as nearly
rectangular in section as is practical, including such stone or material observed being in use on
the existing work. The stone should be sound, tough, durable, dense, resistant to the action of
air and water, and suitable in all respects for the purpose intended. The size of the stone should
be 10 cm minimum and 30 cm maximum.
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ii) Sand

Sand for mortar should be river sand, free from silt, salt and other organic foreign matter.

iii) Water

Water for mortar should be clean and free from harmful matter, such as oil, salts, organic
matter, or any material which may have a harmful effect on the mortar. Potable water (except
for bacteriological limits and conditions) is suitable for the mixing of mortar under all
conditions.

iv) Mortar mix

Standard mixing proportion of cement and mortar is as follows,

Ordinary Portland Cement cement 1 : sand 3in dry weight.

Mortar should be mixed uniformly with water to the proper consistency for spreading by trowel.
Mortar which has been mixed with water for more than 45 minutes should not be used.

2) Construction

Excavation should be made to the required shape and depth, and should be compacted to a firm, even
surface. All surpluses, soft and unsuitable material should be removed and replaced with suitable
material which should be thoroughly compacted.

Stone should be washed with water before placing. Mortar should be pushed into the interstices of the
stone within a short time after placing. The spaces between the stones are then filled with mortar.
Sufficient mortar should be used to completely fill all voids, except that the face surface of the stone is
left for exposition. The surface of stone masonry should be finished neatly and smoothly. After
completion of Stone Masonry, it should be cured with water for more than 10 hours.

(5) Safety and Environment
1) Safety

Reasonable precaution to protect persons or property from injury should be exercised and maximum
care should also be put in place for people around them.

2) Environment

All necessary precautions should be taken to secure the efficient protection of all waterways against
pollution, including spillage of oil which may be likely to cause injury to fish or plant life. Waste water
from washing tools for mortar work such as mortar box, shovels, buckets and trowels should not be
poured into a river directly.
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10. Construction

(1)

Stone Masonry Weir

Step

Process

Description

Remarks

1

Tools Required:

For the construction of permanent weir,
the major tools required are:

- Wheelbarrows
- Hoes

- Panga knives
- Pickaxes

- Chisels

- Hammers

- Buckets

- Drum

- Slashers

- Shovels

- Trowel

Tools Required;

For the construction of permanent weir,
the major material required are:

- Cement
- Rubble stones
- River sand
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Process

Description

Remark

Tall grasses

ST

Compacted clay soil

. AV
Excavation for. .
oqe . ,“
rehabilitation of;:£
weir k¢

Cofferdam Construction
(a) Cofferdam with soils

- Position wooden poles at the
diversion point

- Weave grass fence to tap the stream
flow

- Put clay soil on the grass fence
- Compact the soil using logs

(b) Cofferdam with sand bags
- To fill sand bags with soils

- To place sand bags tight each other
at diversion point.

- Cofferdam is constructed to
close the river (upstream of
the construction site) so
that the weir point is dry
throughout the
construction.

- Rammers may be used for
the compaction when
available.

Excavation for Weir

1. The foundation is excavated to
bedrock at least 50 cm depth from
riverbed.

2. Abutment 1is excavated 1m
horizontal direction into river bank.

3. The line of wupstream end,
downstream end and abutment
shall be indicated with pegs and
strings.

- If soft or unsuitable soil is
found at the excavated
depth, additional
excavation shall be
carried out.

Precaution(>1.5m
excavation)

- Maximum safety against
land sliding shall be
ensured when excavating
an abutment.

- Elevation of cutting shall
be checked.
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De-watering
1. During the construction of the
base, ensure that foundations are
dry by dewatering using buckets.

-If there is a lot of

ground water,
dewatering shall be
carried out continuously
with  buckets. Drain
ditch and drain pit are
required to be arranged.

Drainage pumps or
treadle pumps may be
used when buckets are
not sufficient.

Mortar Mixing Place Preparation

1. Excavate a curved surface on a flat
place (1.7m diameter).

2. Compact the surface with rammers
or stones.

3. Lay bricks around the curved
surface.

4. Place mortar in spaces between the
bricks.

The mixing place shall
be as close to the
construction place.

Compaction seals off all
voids.

The Place can also be
used for future
rehabilitation.

Water for Mortar

1. Prepare drum(s) of water for
mortar at the site on the day of
construction.

2. Water shall be clean water.

Number of  drums
depends on the number
of mortar mixing place.
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Stages of Mortar Mixing

1. Standard mixing proportion of
cement: sand is;

1:3 in weight (dry)

2. Measure one 50kg bag of Cement
and six buckets (20liter) of sand. If
the sand is dry, 20 liter of water is
poured and mixed first. Then
additional water is sprayed and
mixed to the proper consistency.

3. 1 bag of cement will be used with
sand at the standard mortar
mixing place at the same time.

Weir Construction

1. Make sure that the closed river is
dry, if not keep on dewatering.

2. Wash stones before used for
construction.

3. Line the stones with the flat
surface facing outside the structure
(use a builders’ level when
constructing).

4. Mortar 1s pushed into the
interstices and spaces between the
stones.

5. Stones are placed layer by layer.

- Washing removes all
debris thereby
increasing the bond
strength.

- Voids shall be filled with
mortar completely so
that leakage may not
happen and strength is
secured.

- Crest elevation and
dimension shall be
checked.
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Finishing and Curing
1. The surface of stone masonry needs
to be finished neatly and smoothly.

2. After completion of stone masonry,
it needs to be covered with grasses
or straw mats for curing mortar.

3. Water shall be sprayed from time
to time.
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(2) Gully Crossing and Road Crossing

Process Description Remark
1 Gully Crossing o
1. A gully crossing is constructed to | = Considering the strength of
convey water across a gully. pipe and necessity of
.. support, the length is less
2. The length of pipe is normally less than 6m
than 6m. g th. leneth of pipe i
3. The pipe is required to be installed lillillf'l’,e}ed © t}?g & loc%tilz)%)e (1)?
at the height of 10cm from canal gully c,rossing is decided
bed. considering the length.
2

Road Crossing

60 cm

’L/////;—M

Minimum 60 cm
60 cm «—

Flow

60cm.

I V.
Crossing pipes I
T T

Qutlet box

1. Pipes are installed under ground and soil covering depth shall be more than

2. The pipes are installed at the height of 10cm from canal bed.

- Road crossing is

constructed to  convey
water across the road.




11. O&M of Irrigation Facilities

11.1 Maintenance of Irrigation Facilities
1 River Diversion Weir

As per fixed type weir of stone masonry or gabion, no routine maintenance work is usually required.
Inspection around the weir should be carried out periodically and after every flood and every year
before starting dry season irrigation. Following items should be inspected,

- Damaged part of stone masonry.

- Damaged part of slope protection.

- Scouring at downstream of the weir.
- Sediment at upstream.

- Scouring at both side abutments.

Damaged part of stone masonry should be repaired with mortar and damaged part of gabion should
also be considered for rehabilitation. Scoured part at downstream of the weir should be protected by
gabion or stone pitching. Scoured side abutment should be replaced with stone masonry or gabion, or
reinforced with gabion or sand bags. In the case that sediment accumulated to inflow to canal, it
should be removed. Maintenance check list is shown in the Table 11-1.

2) Canals
1) Main and Secondary Canals

Stream water usually contains certain amount of suspended particulars, causing sedimentation in the
canal. Eroded soil loss from field also gets into canal, resulting in the sedimentation in the canal.
Maintenance work for canal should be done at least once before the irrigation season starts.
Maintenance works required for the canal are; cleaning, weeding, de-silting, re-shaping, and also
minor repairs as described below;

1) Earth canal

- Bushes and trees on the canal embankments should be removed. They may obstruct the
water flow and their roots open the banks and develop leakages.

- Qrasses, sediments and debris in the canal should be removed. While cleaning the canal,
care must be so taken that the original shape of the cross-sections is kept. For this, a
wooden frame with exact dimensions of the designed cross-section can be of great help.

- Crossing sections by people and animals (livestock) along the canal should be
strengthened by hard compaction or lined with stones, bricks or masonry.

- Holes/cracks in the canal should be filled with sticky clay soil, and eroded sections should
be rebuilt to the original shape.

2) Brick lined canal

- Qrasses, sediments and debris in the canal should be removed.
- Cracks and water leaking point should be repaired with mortar.
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2) Division Box, Discharge Box and Turnout

Division box, discharge box and turnout are made of brick masonry and the same maintenance work as
brick masonry canal is required. In addition, maintenance on stop-log grooves is required. Damaged
stop-log grooves should be repaired and reshaped with mortar to meet to stop-log. In case the
connection part to earth canal is scoured, the part should be reinforced with gravel laying.
Maintenance check list is shown in the Table 11-1.

3) Maintenance Cost

Maintenance cost for each item is estimated as shown in Table 11-2.
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Table 11-1 Maintenance Check Lists

Maintenance Check List for River Diversion Weir

Item Frequency Point to be checked Findings
1. River Daily Water level Elevation, Enough or not.
conditions Daily Water flow conditions Stable or not. Flood, Rich or Drought.
Daily Sediment If it is a lot to affect intake, it shall be removed.
Others Water quality, flotage etc.
. Crack or damage of stone Small scale or large scale. Need repair or not
2. Weir Annually [masonry
At after [Erosion at abutment Need repair or protection or not
Annually [Water leakage Small scale or large scale. Need repair or not
Riverbed scouring at Need protection or not
Annually [downstream
Daily Sediment If it is a lot to affect intake, it shall be removed.
Annually [Damage of gabion Small scale or large scale. Need repair or not
Subsidence and deformation of .
. Stable or not. Need repair or not.
Annually [gabion
Others
Crack or damage of stone .
Small scale or large scale. Need repair or not
3. Intake Annually [masonry
Daily Sediment If it is a lot to affect intake pipes, it shall be removed.
Daily Trash If it is a lot to block intake pipes, it shall be removed
Daily Water level Enough or not
Monthly |Damage of pipes Need repair or not.
Daily Function Functioning or not.
Others
4. Others Monthly |Conditions of stop log Need repair or not.
Monthly |Conditions of gate Need painting, reapir or not.

Protection bund

Collapse or erosion. Need repair or not.

Maintenance

Check List for Canal System

Item Frequency Point to be checked Findings
1. Brick or Daily Water flow conditions Smooth or not
concrete Monthly |Crack or damage Small scale or large scale. Need repair or not
Conditions of drain ditch (along .. .
. . Functioning or not. Need excavation or not.
lined canal Annually [the main canal)
Monthly |Sediment Small scale or large scale. Need removal or not
Monthly |Weeds A lot or a few. Need clearing or not.
Others
2. Earth canal Daily Water flow condition Smooth or not
Monthly |Cross section area Enough cross section or not
Monthly |Eresion Need repair or not
Monthly |Weeds Need clearing or not
Others
3. Road Daily Water flow conditions Smooth or not
crossing and| Monthly [Sediment Small scale or large scale. Need removal or not
gully crossing| Monthly |Crack or damage Small scale or large scale. Need repair or not
Daily Trash If it is a lot to block pipe, it shall be removed
Others
4. Structures Daily Water flow conditions Smooth or not
(division box, | Monthly [Sediment Small scale or large scale. Need removal or not
drop box Monthly |Crack or damage Small scale or large scale. Need repair or not
turnout) Monthly [Conditions of stop log Need repair or not
Others
5. Others

Source: T-COBSI Project Team
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Table 11-2 Maintenance Cost for Each System

Maintenance Cost Estimation

No. | Item Specification/Q | Quantity Unit Unit Price | Price Remarks
vality ZMK ZMK
1 River Diversion Weir
1-1 | Annual maintenance
(1) | Removal of sediment unskilled labor 10.0 man 0.0 2man x 5 days
Total 10.0 man 0.0
1-2 | Every 5 years
(1) | Repair of stone | weir, intake 1.00 m"3
masonry
rubble stone 0.54 m"3 0.0
sand 0.40 m"3 0.0
cement ordinary 4.50 bags 0.0
portland
material total 0.0
mortar mixing unskilled labor 6.0 man 0.0 lday
stone masonry foreman 1.0 man 0.0 lday
skilled labor 1.0 man 0.0 lday
unskilled labor 5.0 man 0.0 lday
labor total 0.0
2 Open Canal System
2-1 | Annual maintenance
(1) | Cleaning canal 300m
unskilled labor 20.0 man 0.0
(2) | Repair of earth canal
Re-shaping unskilled labor 0.0 each plot owner
2-2 | Every 3 years
(1) | Repair of brick lining
equivalent to  10m 10.0 m
construction
Bricks 608.5 pes 0.0 730.2x10/12
Sand 0.2 m"3 0.0 0.34x10/12x0.5
Cement ordinary 2.6 bag 0.0 0.34x10/12x9
portland
material total 0.0
mortar mixing unskilled labor 4.0 man 0.0
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brick laying skilled labor 1.0 man 0.0
unskilled labor 7.5 man 0.0
labor total 0.0
(2) | Repair of structures
equivalent to 1 box 1.0 box
construction
bricks 223.0 pes 0.0 223.0x1
sand 0.1 m"3 0.0 0.15x0.8x1
cement 1.4 bag 0.0 0.15x1x9
material total 0.0
mortar mixing unskilled labor 4.0 man 0.0
brick laying foreman 0.3 man 0.0 0.33x1
skilled labor 0.3 man 0.0 0.33x1
unskilled labor 0.7 man 0.0 0.67x1
labor total 0.0
Every 3 years Total material 0.0
labor 0.0

Source: T-COBSI Project Team
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Annex-1 GPS (Garmin) and Google Earth

1. GPS

(D Installation of Mapsource
@ Start up Mapsource
@ Transfer data to the computer

Large area map

Tracks(1) }
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Small area map

&5m  0:00:15
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Profile

(m)

Elevation

2002104

Distance

2. Google Erath

Transfer data to Google Earth
Tool — GPS — check Garmin, import from file — import

Save image
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Annex-2 CROPWAT

1. Irrigation Water Requirement
(1) Crop Water Requirement

In the process for estimating the imigation water requirements, the reference crop evapo- transpiration
(ETo) for upland crops could be estimated using the “CROPWAT for Windows Computer Software” *,
being popular in the agricultural development plan i Africa, which is based on the FAO Penman-
Monteich Equation. On the other hand, the Elo for paddy rice could be estimated using the modified
Penmam Methods. The Penman-Monteith equation is given by the following equation:

U 2(es - ea)

0.408 D(Rn - G)+ 7 900

ETo = +273
D+ y(1+0.34u2)

Where;
ETo = Reference evapo-transpitation (mnvday)
Rn = Netradiation at the crop surface (MY mper day)
G = Soil heat flux density (Md/m’per day)
T = Mean daily air temperature at 2 m height (°C)
U2 = Wind speed at 2 m height (m/sec)
Es = Saturation vapour pressure (kpa)
Ea = Actual vapour pressure (kpa)
Es—ea = Saturation vapour pressure deficit (pka)
AN = Slope of saturation vapor pressure curve at temperature T
(kpa/"C)
v = Psychometric constant (kpa/°C)

Crop water requirements (EETe/CWR) were estimated by multiplying ETo mentioned in the above by a
crop coefficient (Kc), thatis:

ETc =ETo x Ke
Where;
ETc/CWR = Crop water requirements (mm/day)
ETo = Reference crop evapo-transpiration (mnvday)
Ke = Crop coefficient

(2 Cropping Patterns

Cropping patterns are planned to calculate crop water requirements and irrigation water requirements,
considering topography, water availability, soil conditions, current farming practices, marketing
conditions, etc. around each areas
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Sample Cropping Paitern

Crops area (ha) % [Jan |Feb [Mar |Apr [May [Jun [Jul [Aug [Sep |Oct [Nov [Dec

Green Maize 10.00 50

Tomato 4.00 20

Egg plant 1.00 5

Rape 3.00 15

Cabbage 1.00 5

Okura 1.00 5

Total 20.00 100 5 5 5/ 90| 100| 100| 85| 75 5

(3) Estimation of Irrigation Water Requirements

In estimating imigation water requirements applying the “CROPWAT” equation mentioned above,
following procedures and assumptions are taken into considerations;

Meteorological data
The data collected over long period (10 years or more in principle, and 20 years or more with
regard to data on temperature, consecutive no-rainy days and pan evaporation, which are closely
related with the imigation plan) at the representative meteorological stations in the area shall be
mvestigated. When the necessary data are not available in the project area, those derived from
similar meteorological conditions can be used. Meteorological data of FAO-CLIMWAT can be
used for CROPWAT.

Crop coefTicient
Crop coefficients for maize and upland crop are referred to the authorized values in the computer
program, while those for paddy rice are quoted from FAO Technical paper NO. 24

Fffective vainfall
A number of empirically determined formulae can be used. They have been developed under a
given set of conditions which may be very different from those under which they are to be applied.
Their use elsewhere therefore remains doubtful.
Acconding to FAO-CROPWAT, “In generl, the efficiency of rainfall will decrease with increasing
rainfall. For most rainfall values below 100 mmymonth, the efficiency will be approximately 80%.
Unless more detailed information for local conditions, it is suggested to select the Option “Fixed
percentage” and give 80% as requested value”.
In Northern, Luapula and Muchinga district, monthly precipitation in the dry season is less than
100 mm. Therefore, in this study, 80% is given as rainfall efficiency.

2. Irrigation Water Requirement
(1) Irrigation efficiency

Irrigation efficiency is calculated by following formula:

Ep=FEaxFkbx Ec

Irrigation efficiency Fp

Conveyance efficiency Fe: ratio of quantity of water at inlet of a block of field / intake water

at source

Field canal efficiency Eb: ratio of quantity of water at field inlet/ a block of field
Application efficiency Ea: ratio of quantity of water directory available to the crop / field inlet
Distribution efficiency Ed = Ec x Eb
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Field efficiency Ef = Eb x Ea

Table 1 shows values determined by international institutes.

According to the table below, following coefficients are adopted in this study.
Ed=0.3, EFa=0.6

Ep=0.3x0.6=0.18

Table 1 Ec, Fb, Ed, and Ea

Conveyance Efficiency (Fc) ICID/ILRI
Continuous supply with no substantial change inflow 0.9
Rotational supply in projects of 3,000 — 7,000 ha and rotation areas of 70 — 300 | 0.8

ha, with efficient management

Rotational supply in large schemes (>10,000ha) and small schemes (<1,000 ha)
with respective problematic commumication and less effective management;

Based on predetermined schedule 0.7

Based on advance request 0.65

Field Canal Ffficiency (Fb)

Blocks larger than 20 ha: unlined 0.8
lined or piped 0.9

Blocks up to 20 ha: unlined 0.7
lined or piped 0.8

Distribution efficiency (Ed = Eb x Ec)
Average for rotational supply with management and

Communication adequate 0.65
sufficient 0.55
insufficient 0.40
poor 0.30
Field Application Ffficiency (Fa) USDA USSCS
Surface methods
Light soils 0.55
Medium soils 0.70
Heavy soils 0.60
Graded border 0.60-0.75 0.53
Basin and level border 0.60-0.80 0.58
Contour ditch 0.50-0.55
furrow 0.55-0.70 0.57
corrugation 0.50-0.70
Subsurface Upto 0.80
Sprinkler, hot dry climate 0.60
Moderate climate 0.70
Humid and cool 0.80 0.67
Rice 0.32

ICID: International Committee of Irrigation and Drainage

ILRI: International Institute for Land Reclamation and Improvement,
USDA: United States Department of Agriculture

USSCS: United States Soil Conservation Sexvice

(2) Irrigation Water Requirement

Imigation water requirements are classified into net imigation water requirements and gross irigation
water requirements including water losses. They are the base for designing the capacity of irigation
facilities and are calculated by following expressions.
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Net irrigation water requirements (NWR):
Net irrigation water requirements (NWR) will be calculated by
deducting the effective rainfall estimated on the 10-day basis by

following equation;
NWR=EIt - Re
Where;
NWR :  Netirrgation requirements (mm/day)
Elt : Cropevapo-transpiration (mnvday)
Re : Fifective mainfall (mm)

Gross irrgation water requirements (GWR):
Gross irrigation water requirements (GWR) will be calculated by
taking into consideration overall irigation efficiencies (JE). The
GWR will be estimated by the following equation.

GWR= NIR/IE
Where;
GWR : Gross irmgation water requirements (mm/day)
NWR : Netimigation water requirements (mm/day)
1E : Overall imgation efficiency

Irrigation Water Requirements for System Capacity

Irrigation water requirements (IWR) to plan the system capacity will be determined by taking into
consideration the time of irrigation hours per day and working day per week. The following equation
will be used for the determination of the IWR:

IWR =GWRx A x 10,000 /(Hrx 3,600) x 7/v
Where,
IWR : Trigation water requirements for system capacity (lit./sec)
GWR:  Gross irrigation water requirements ( mm/day)

A . Trrigation area (ha)
Hr : Watersupply hours per day (hrs)
\Y% : Working days per week (days)
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3 CROPWAT

Example of calculation of imgation water requirement by CROPWAT is shown in Table A2-1 - Table
A2-8,

(1) Scheme Water Requirements

Table 2 Result of calculation
MBL 2-7 Kawama .

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Precipitation deficit )
1. MAIZE (Green) 0 0 0 0 0 255 114.1 244 231.6 444 0 0
2. Tomato MBL2-7 0 0 0 0 0 51.1 141 2334 2185 11.8 0 0
3. Egg plant 0 0 0 234 153.7 91.5 0 0 0 0 0 0
4. Rape 0 0 0 0 0 802 1848 153.7 0 0 0 0
5. CABBAGE MPR 0 0 0 0 0 0 68.4 169.1 217.7 205 5.2 0
6. Okura MBL 0 0 0 0 0 0 914 2052 1915 0 0 0
Net scheme irr.req. )
in mm/day 0 0 0 0 0.2 1.3 3.9 6.8 6 1.1 0 0
in mm/month 0 0 0 1.2 7.7 39.6 1212104 180 34.8 0.3 0
inl/s/h 0 0 0 0 0.03 0.15 0.45 0.79 0.69 0.13 0 0
Irrigated area 0 0 0 5 5 90 95 95 80 75 5 0
(% of total area)
Irr.req. for actual area 0 0 0 0.09 0.57 0.17 0.48 0.83 0.87 0.17 0.02 0
(/s/h)
Example: August

Net scheme irrigation requirement in mm/month;

244 x 0.5+ 233.4x 0.2+ 153.7x 0.15 + 169.1 x 0.05 + 205.2 x 0.05 = 210.45 mm/month
Net scheme irrigation requirement in ni/day;

210.45/ 31 = 6.8 mm/day

Net scheme irrigation requirement in lit/s/h;
6.8mm/ 1000mm x 10000m2 x 10001it /86400s = 0.79 lit’'e'h

Irmigation Requirement for actual area;
0.79/0.95=0.83 lit/s/h

Irrigation water requirement at the intake is:
0.83/06/0.3=4.61 lit/s'ha

In case of 8 hours, Monday to Friday (5 days) irrigation:
4.61x 7/5x24/8=19.36 l/¢/ha.

In case of 8 hours, once a week irrigation:
461 x 7 x 24/8 = 96.811/s/ha.

It is not very practical to vary the irngation depth and frequency too much. With, i particular, surface
irgation, variations im irigation depth are only possible within limits. It is also very confusing for the
farmers to change the schedule all the time.

Therefore, it is often sufficient to estimate or roughly calculate the irrgation schedule and to fix the
most suitable depth and interval; m other words, to keep the irmgation depth and the mterval constant
over the growing season.

According to the calculation by FAO CROPWAT, irigation requirement is calculated for every ten
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days and for each crop. Since it is very difficult to arrange irrigation schedule exactly to meet to the
result of FAO CROPWAT, it is recommended to simplify the irgation schedule.

(2) Crop Water Requirements

Table 3 shows the result of calculation of Crop Water Requirement for green maize.
Planting date : June 15
Harvesting date : October 12

Table3 Crop Water Requirement, (Green Maize)

Month | Decade | Stage Ke ETe ETe Hff rain Ire. Req.

coeff mnvday mnydec mnydec mnydec
Jun 2 Init 0.30 1.57 9.4 0 9.4
Jun 3 Init 0.30 1.61 16.1 0 16.1
Jul 1 Deve 0.36 1.99 19.9 0.2 19.7
Jul 2 Deve 0.63 3.57 35.7 0 35.7
Jul 3 Deve 0.94 5.47 60.2 0 60.1
Aug 1 Mid 1.24 7.44 74.4 0 74.4
Aug 2 Mid 1.32 8.19 81.9 0 81.8
Aug 3 Mid 1.32 8.41 92.5 0.4 92.0
Sep 1 Mid 1.32 8.62 86.2 0.6 85.6
Sep 2 Late 1.30 8.69 86.9 0.9 86.0
Sep 3 Late 0.99 6.63 66.3 2.4 64.0
Oct 1 Late 0.60 412 41.2 1.4 39.7
Oct 2 Late 0.37 2.55 5.1 0.3 5.1
675.7 6.3 669.7

Example: August, 3™ decade, maize

ETe mm/dec;
ETt mn/day x 11 days = 8.41 x 11 = 92,5 mm/dec

Irrigation requirement mim/dec;

ETe mny/dec — Eff rain mmv/dec = 92.5 - 0.4 = 92.1 mm/dec

Calculation of Peak Irrigation Requirement of August (lit/s/ha);
Crop Irrigation Requirement (lit''ha) = 92.0 mny/dec
Crop Irrigation Requirement (lit/s/ha) = 92.0 /1000 x 10000 x 1000/ 11 /86400 = 0.97 lit¥s/ha
Net Irrigation Requirement = 0.97 / 0.6 = 1.61 lit/s’ha

Irrigation Requirement at the field
In case of 8 hours, Monday to Friday (5 days) irrigation:

1.61x 7/ 5x24/8=6.72 lit/s/ha.

In case of 8 hours, once a week irrigation:

1.61 x 7 x 24/8=33.81 lit/¢/ha.
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Gross Irrigation Requireiment at the intake;
In case of 8 hours, Monday to Friday (5 days) irrigation:
6.72/ 0.3 =22.40 livt¢'ha

In case of 8 hours, once a week irrigation:
33.81/0.3=112.7 lit's/ha.

(3) Crop Irrigation Schedule

Table 4 shows irigation schedule in case of full replenishment at critical depletion. Irrigation water
should be supplied required amount before indicated date. From the table, the shortest irmigation

interval is 12 days. Therefore, irigation interval should be shorter than 12 days.
Table4 Crop irrigation schedule (maize)

Date Day | Stage | Rain | Ks Ka | Depl | Nethr | Deficit | Loss | Gr. Ir | Flow
Mm | fract. % % mm mm mm mm Vg/ha
20-Jul 36 Dev 0 1| 100 56 80.9 0 0] 134.8 0.43
5-Aug 52 Dev 0 1| 100 57 97.3 0 0| 1622 1.17
18-Aug 65 Mid 0 1| 100 59| 102.7 0 0] 171 1.52
30-Aug 77 Mid 0 1| 100 57 99.9 0 0| 166.5 1.61
11-Sep 89 Mid 0 1| 100 59| 102.6 0 0| 1709 1.65
26-Sep 104 End 0 1| 100 66| 1154 0 0| 1924 1.48
12-Oct | End | End 0 1| 100 39

Ks' Water Stress Coefficient

When the potential energy of the soil water drops below a threshold value, the crop is said to be water
stressed. Where, there is no water stress, Ks=1.0

ETa: Adjusted ETe, When Ks = 1.0, Eta= 100% (1.0)

In case of full replenishment at critical depletion, deficit=0, loss=0

Deficit or loss happens when fixed amount and interval such as 40mm application every 7 days.

Gr. Ir= Net Irr / 0.6
Example 5-Aug. to 18 Aug., 13 days

Gr. Ir=102.7/0.6=171.17 mm
Fow=171.17/ 1000 x 10000 x 1000/ 13 / 86400 = 1.52 lit's’ha
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Example Output of CROPWAT

Table A2-2  Meteorological data of Mbala

Month MinTemp | Max Temp | Humidity Wind Sun Rad ETo
° °C % kny/day hours | M¥Vm2/day | mm/day
January 14.7 23.3 86 216 6 19.2 3.53
February | 14.8 23.7 81 225 5.8 19.1 3.71
March 15 24.5 79 277 6.2 19.2 3.89
April 14.7 24.8 79 372 86 214 418
May 13 24.8 68 432 11 22.9 4.9
June 10.8 24.3 56 441 10.9 21.5 5.25
July 10.5 24.2 51 475 11 22.1 5.62
August 12 25.7 50 467 11.1 24.1 6.21
September | 13.8 274 47 415 10.1 24.5 6.7
October 15.1 27.7 50 389 9.8 25.1 6.7
November | 15.1 25.2 71 285 7.3 21.2 4.62
December | 14.8 23.4 81 225 5.7 18.6 3.67
Average 13.7 24.9 67 351 86 21.6 4.92
Rain BT rain
mm mm
January 237 189.6
February | 209.5 167.6
March 233.3 186.6
April 126 100.8
May 16.6 13.3
June 1.8 1.4
July 0.2 0.2
August 0.5 0.4
September | 4.7 3.8
October 20.1 16.1
November | 137.3 109.8
December | 252.1 201.7
Total 1239.1 991.3
Table A2-3 Cropping pattern of the scheme.
Crop name Planting date Harvesting date Area%
Green Maize 15/6 12/10 50
Tomato 15/6 2/10 20
Fgg plant 15/3 17/6 5
Rape 10/6 23/8 15
Cabbage 15/7 1/11 5
Okura 10/7 27/9 5
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Table A2-4 Soil data

Soil name Medium (loam)

Total available soil moisture (FC-WP) 290 mm/meter
Maximum rain infiltration rate 40 mnv/day
Maximum rooting depth 60 centimeters
Initial soil moisture depletion (as % TAM) 0 %

Initial available soil moisture 290 mm/meter

Table A2-5 Crop data
(1) Green Maize

SMALZE [Green)

(2) Tomato
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(3) Egg Plant

10
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(6) Okura

s'CambiahTOMATO MBL 2-7.CRO

latahcr

Table A2-7 Crop water requirement

(1) Green Maize

Month | Decade | Stage Ke ETc ETc Fff rain Irr. Req.

coeff mnvday mnydec mnydec mnydec
Jun 2 Init 0.3 1.57 9.4 0 9.4
Jun 3 Init 0.3 1.61 16.1 0 16.1
Jul 1 Deve 0.36 1.99 19.9 0.2 19.7
Jul 2 Deve 0.63 3.57 35.7 0 35.7
Jul 3 Deve 0.94 5.47 60.2 0 60.1
Aug 1 Mid 1.24 7.44 74.4 0 74.4
Aug 2 Mid 1.32 8.19 81.9 0 81.8
Aug 3 Mid 1.32 8.41 92.5 0.4 92
Sep 1 Mid 1.32 8.62 86.2 0.6 85.6
Sep 2 Late 1.3 8.69 86.9 0.9 86
Sep 3 Late 0.99 6.63 66.3 2.4 64
Oct 1 Late 0.6 412 41.2 1.4 39.7
Oct 2 Late 0.37 2.55 5.1 0.3 5.1
675.7 6.3 669.7
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(2) Tomato

Month | Decade | Stage Ke ETe ETe Hff rain Irr. Req.
coeff mnyday mnydec mmvdec mnydec
Jun 2 Init 0.6 3.15 189 0 189
Jun 3 Init 0.6 3.22 32.2 0 32.2
Jul 1 Deve 0.6 3.31 33.1 0.2 33
Jul 2 Deve 0.77 4.3 43 0 43
Jul 3 Deve 1.03 6 66 0 66
Aug 1 Mid 1.23 7.38 73.8 0 73.8
Aug 2 Mid 1.24 7.67 76.7 0 76.6
Aug 3 Mid 1.24 7.87 86.6 0.4 86.1
Sep 1 Mid 1.24 8.07 80.7 0.6 80.1
Sep 2 Late 1.17 7.84 78.4 0.9 77.5
Sep 3 Late 0.99 6.64 66.4 2.4 64
Oct 1 Late 0.88 6.02 12 0.3 12
667.9 4.9 663.3
(2) Egg Plant
Month | Decade | Stage Ke ETe ETe Fff vain Ire. Req.
coeff miy/day mnydec mi/dec mnvdec
Mar 2 Init 0.7 2.73 16.4 40.3 0
Mar 3 Init 0.7 2.79 30.7 56 0
Apr 1 Deve 0.74 3.01 30.1 43.2 0
Apr 2 Deve 0.87 3.63 36.3 33.6 2.7
Apr 3 Deve 1 4.44 44.4 23.9 20.5
May 1 Mid 1.1 5.13 51.3 11.8 39.6
May 2 Mid 1.11 5.42 54.2 0.9 53.3
May 3 Mid 1.11 5.55 61 0.7 60.3
Jun 1 Late 1.08 5.56 55.6 1.5 54.1
Jun 2 Late 1.03 5.43 38 0 38
4181 211.9 268.4
(3) Rape
Month | Decade | Stage Ke ETe ETe Fff vain Ire. Req.
coeff miy/day mnydec mi/dec mnvdec
Jun 1 Init 0.7 3.59 3.6 0.1 3.6
Jun 2 Init 0.7 3.67 36.7 0 36.7
Jun 3 Deve 0.74 4 40 0 40
Jul 1 Deve 0.94 5.19 51.9 0.2 51.8
Jul 2 Mid 1.11 6.25 62.5 0 62.5
Jul 3 Mid 1.12 6.54 72 0 71.9
Aug 1 Mid 1.12 6.76 67.6 0 67.6
Aug 2 Late 1.1 6.8 68 0 68
Aug 3 Late 1.03 6.58 19.8 0.1 19.5
422.2 0.6 421.6
12
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(4) Cabbage

Month | Decade | Stage Ke Elc ETe Fff vain Ire. Req.

coeff m/day mnv/dec mi/dec mnvdec
Jul 2 Init 0.7 3.94 23.6 0 23.6
Jul 3 Init 0.7 4.07 44.8 0 44.7
Aug 1 Deve 0.74 4.44 44.4 0 44.3
Aug 2 Deve 0.87 5.41 54.1 0 b4
Aug 3 Deve 1.02 6.47 71.2 0.4 70.7
Sep 1 Mid 1.11 7.25 72.5 0.6 71.9
Sep 2 Mid 1.11 7.45 74.5 0.9 73.6
Sep 3 Mid 1.11 7.45 74.5 24 72.1
Oct 1 Mid 1.11 7.6 76 1.4 74.5
Oct 2 Late 1.09 7.53 75.3 1.5 73.8
Oct 3 Late 1.03 6.35 69.8 13.2 56.6
Nov 1 Late 1 5.25 5.2 2.6 5.2
685.9 23.2 665.4

(5) Okura

Month | Decade | Stage Ke Elc ETe Fff vain Ire. Req.

coeff m/day mnv/dec mi/dec mnvdec
Jul 1 Init 0.7 3.85 3.8 0 3.8
Jul 2 Init 0.7 3.94 39.4 0 39.4
Jul 3 Deve 0.75 4.39 482 0 482
Aug 1 Deve 0.96 5.8 58 0 58
Aug 2 Mid 1.12 6.94 69.4 0 69.3
Aug 3 Mid 1.12 7.16 78.8 0.4 78.3
Sep 1 Mid 1.12 7.35 73.5 0.6 72.9
Sep 2 Late 1.1 7.36 73.6 0.9 72.7
Sep 3 Late 1.04 6.95 486 1.6 46.3
493.3 3.7 488.9

13
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Table A2-8 Crop irrigation schedule

(1) Green Maize

Date Day | Stage | Rain | Ks Ka | Depl | Nethrr | Deficit | Loss | Gr. Irr | Flow
mm | fract. % % mm mm mm mm lV/¢/ha
20-Jul 36 Dev 0 1| 100 56 80.9 0 0| 1348 0.43
5-Aug 52 Dev 0 1| 100 57 97.3 0 0| 1622 1.17
18-Aug 65 Mid 0 1| 100 59| 102.7 0 0] 171 1.52
30-Avug 77 Mid 0 1| 100 57 99.9 0 0| 166.5 1.61
11-Sep 89 Mid 0 1| 100 59| 102.6 0 0| 1709 1.65
26-Sep 104 End 0 1| 100 66| 1154 0 0| 1924 1.48
12-Oct | End End 0 1| 100 39
14
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(2) Tomato

Date Day | Stage | Rain | Ks Ka | Depl | Nethrr | Deficit | Loss | Gr.Irr |  Fow
mm | fract % % mm mm mm mm Vs/ha
23-Jun 9 Init 0| 1.00| 100 31 28.5 0 0 47.6 0.61
4-Jul 20 Init 0| 1.00| 100 32 35.7 0 0 59.5 0.63
16-Jul 32 Dev 0| 1L00| 100 33 45.6 0 0 76 0.73
28-Jul 44 Dev 0| 1.00| 100 40 65.2 0 0| 1086 1.05
7-Aug 54 Mid 0| 1.00| 100 40 69.6 0 0| 1161 1.34
17-Aug 64 Mid 0| 1.00| 100 44 75.8 0 0| 126.3 1.46
26-Aug 73 Mid 0| 1.00| 100 40 69.9 0 0| 1166 1.5
4-Sep 82 Mid 0| 1.00| 100 11 71.3 0 0| 1188 1.53
13-Sep 91 End 05| 1.00 100 41 71 0 0 1184 1.52
25-Sep 103 End 0| 1.00| 100 49 86.1 0 0| 1434 1.38
2-Oct, End End 0] 100 100 22
15
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(3) Fgg Plant

Date Day | Stage | Rain | Ks Fta Deficit Flow
mm | fract. % mm V/s/ha
13-May | 60 Mid 05| 1.00| 100 0 0 0.26
28May | 75 Mid 0| 1.00| 100 0 0 1.04
13-Jun 91 End 0| 1.00| 100 0 1.05
17-Jun | End | End 05| 1.00| 100
16
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(4 Rape

Date Day | Stage | Rain | Ks Eta | Depl | Nethr | Deficit | Loss | Gr.Irr | Flow
mm | fract. % % mm mm mm mm lV/¢/ha
17-Jun 8 Init 0 1.00 | 100 31 29.3 0 0 48.8 0.71
28-Jun 19 Dev 0 1.00 | 100 34 43 0 0 71.7 0.75
13-Jul 34 Dev 0 1.00 | 100 46 78.5 0 0 130.8 1.01
26-Jul 47 Mid 0 1.00 | 100 48 83 0 0 138.3 1.23
7-Aug 59 Mid 0 1.00 | 100 46 80 0 0 133.4 1.29
20-Aug 72 End 0 1.00 | 100 51 88.3 0 0 147.2 1.31
23-Aug | End | End 0 1.00 | 100 7
17
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(5) Cabbage

Date Day | Stage | Rain | Ks Eta | Depl | Nethr | Deficit | Loss | Gr.Irr | Flow
mm | fract. % % mm mm mm mm lV/¢/ha
24-Jul 10 Init 0 1.00 | 100 46 39.9 0 0 66.4 0.77
5-Aug 22 Dev 0 1.00 | 100 49 50.7 0 0 84.4 0.81
16-Aug 33 Dev 0 1.00 | 100 45 54.6 0 0 9 0.96
27-Aug 44 Dev 0.3 1.00 | 100 49 66.4 0 0 110.6 1.16
6-Sep 54 Mid 0 1.00 | 100 48 69 0 0 115 1.33
15-Sep 63 Mid 0 1.00 | 100 45 65.7 0 0 109.5 141
25-Sep 73 Mid 0 1.00 | 100 50 72.5 0 0 120.8 14
4-Oct 82 Mid 0 1.00 | 100 45 65.3 0 0 108.8 14
13-Oct. 9 End 1 1.00 | 100 16 66.3 0 0 110.6 1.42
24-Oct | 102 | End 0 1.00 | 100 48 68.9 0 0 114.9 1.21
1-Nov | End | End 0 1.00 | 100 25
18
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(6) Okura

Date Day | Stage | Rain | Ks Eta | Depl | Nethr | Deficit | Loss | Gr.Irr | Flow
mm | fract. % % mm mm mm mm lV/¢/ha
20-Jul 11 Init 0 1.00 | 100 45 43.2 0 0 72 0.76
2-Aug 24 Dev 0 1.00 | 100 49 59.8 0 0 99.6 0.89
13-Aug 35 Dev 0 1.00 | 100 16 67.2 0 0 112 1.18
23-Aug 45 Mid 0.3 1.00 | 100 48 69.8 0 0 116.3 1.35
2-Sep 55 Mid 0 1.00 | 100 49 71.7 0 0 119.5 1.38
11-Sep 64 Mid 0 1.00 | 100 45 65.7 0 0 109.6 141
21-Sep 74 End 0 1.00 | 100 50 72.1 0 0 120.2 1.39
27-Sep End End 0 1.00| 100 22
19
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Reference 1: FAO Irrigation and Drainage Paper No.56 P.104 - 108

TABLE 11
Lengths of crop development stages® for various planting perieds and climatic regions {days)
Crop Tniit, Dev. Wid Lata Total |Plant Date Region
[hini! | bdev)  |lmig) | ate)
&. Small Vegetables
Brogooli 35 45 40 15 135 |Sept Calil. Desert, USA
Cahbiage 40 80 5D 15 1685 |Sept Calif. Desert, USA
Carrots 20 30 s0/30 2o 100 | Oct/dan Arid elimate
30 40 B0 20 150 | FabiMar Maditaranoan
30 50 80 30 200 Oat Calif. Desert, USA
Cauliflowsr 35 50 40 15 140 Sept Calif. Dasery, USA
Colery. 25 40 8% 20 180 |Oet {Semi) Arid
25 40 a5 15 128 | Apdl Metliterransan
30 E5 105 20 210 Jan {SemilAnd
Crusifers | 20 30 20 10 S0 April Mediterranean
25 35 25 10 95 February Maditarranean.
30 35 g0 40 1956 | OotiNov Mediterranean
Letmce 20 30 15 10 75 | April Maditarranean
30 40 25 10 108 Now/dan Mediterranoan
25 35 30 10 100 |Oct/Nov A Region
35 50 45 10 140 Fob Mediterranean
Onion {dry) 15 25 70. 40 180 April Mediterranaan
20 36 110 45 210 ety Jan. Arid Region; Calif.
Onion {green) |25 350 10 5 70 ApiiliMay Mediterranaan
20 45 20 10 95 ‘Ootober Arid Region
30 55 85 40 180 March Calif, USA
Onion {sead) 20: 45 185 45 275 Sept Calit. Dasari, USA
Spinach 20. 20 18/25- |8 60/70 |Apr; Sep/Oct |Mediterranean
20 30 40 10 100 November Ardd Région
Radish & 10 15 5 35 Mar/Apr Medit.; Europe
10 10 15 5 40 Wintar Ard Region
b. Vegetahles - Solanum Family [Solanaceas) ‘
Egg plant 30 49 40 20 180114 | October Arid Region
30 a5 40 25 0 May/June Mediterransan
Sweet p;appérs 25/30 |35 40 20 128 Al dune Eumpe:m‘d Medlir.
{bell) 30 40 110 30 210 Oetober Arid Region
Torvato 30 40 40 25 185 |Januaty Asid Region
35 40 50 30 185 |ApriMay Calil, USA
25 40 BO 30 155 Jan Calif: Desert, USA
35 45 70 30 180 | Oct/Nov Arid Rogian
30 40 45 30 145 | ApiliMay Mediterranaan
c. Vagetables - Cucumber Family (Cucurbltaceas)
Cantaloups 30 45 35 10 120 |Jdan Calif., USA
10 60 25 25 120 |Aug Calif., USA
Cucumbaer 20 30 40 18 108 June/ang Ard Region
25 35 B0 20 180 Now; Feb Arid Region
Purnpkin, 20 30 30 20 100 |Mar, Aug Mediterranean
Winter squash | 25 35 35 28 120 |June Europe
Squash, 25 35 25 15 100 Apr:-Doc, Medit; Arid Beg.
Zucchini 20 30 25 15 a0 Mayidune Medit.; Europe

continued...
* Lengths of crop development stages provided in this table are indicative of general conditions, but
may: vary substantially from region to region, with climate-and cropping. conditions, and with crop
variety. Theuseris strongly encouraged to-obiain appropriate local information.
T cruciters in clude cabbage, cauliflower, brogcooll, and Brussel sprouis. The wide range in Eengths
of seasons is-due to varietal and species differences.
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Table 11 continued

Piant Date

Crop Init. ; Dav. Mid Lata Total Haglon
“‘inﬂ’ Lgay! | Lega) {{Llata}
Sweet melons. 25 35 40 20 120 hay Mediterransan
30 30 5O 30 140 March Calif, USA
15 40 65 15 138 Atig Calif. Desert, USA
30 45 65 20 180 Dec/Jan | Arid Region
W ater melons 20 30 30 30 119 Aptl ftaly
\ 10 20 20 30 80 Mat/Ailg | Near East (desert)
d. Roots and Tubers
Beots, table 1B 25 20 10 70 ApriMay Mediterransan.
25 30 25 10 90 Feb/Mar | Maditerransan & Ard
Cassavaryoar 1 |20 40 80 80 210 Rainy Tropical ragions
k yeard | 180 40 110 BO 380 SOAS0N
‘Potato 28 30 BOME |30 115/130 | Jan/Nov | {Semi)Arid Climate .
25 30 45 30 130 May Continental Climaste
30 35 EQ 30 145 April Europe
45 30 70 20 165 AprMay | Idaho, USA
30 35 50 |25 140 Dec Calif. Desert, USA
Bwest potato 20 30 80 40 150 Apil Moditerranean.
15 30 ‘50 130 125 Rainy Tropical ragions
SHa5.
Sugatheet 30 45 80 18 180 March. Us A
25 30 80 10 158 June Calif., USA
25 85 100 |65 255 Sept Calif. Dasern, USA
50 40 50 40 180 Apsil Idahio, USA
25 35 50 5D 180 May Meaditerranean
45 75 ‘B0 30 230 Newember | Meditarranean
35 60 70 40 205 Meavember | Ard Régians
e. Legumes (Leguminosae)
Beans {green) 20 30 30 10 50 Feb/Mar Calit., Mediterranean
15 25 25 10 78 Aug/Sep. | Calif., Egvpt, Lebanon
Beans {diy) 20 30 40 20 110 May/dune | Continental Climates
15 25 35 |20 g5 June Pakistan, Calif.
25 25 30 20 100 June fddaho, USA.
' Faba bean, 15 25 '35 15 80 fay. Europe
“broad bean 20 30 35 15 1600 War/Apr Meditarransan
Ce dry 20 45 40 80 235 Nay Europs
- gresn S0 45 40 0 176 Mov Europe
Green. gram, 20 30 30 20 110 March Meditorran ean
cowWpBas
| Grourvdnut 25 35 45 25 130 Dy season | Wast Affica
35 35 35 35 140 May High Latitudes
35 45 35 25 140 Mayidune | Mediterranean
Lertil 20 30 80 40 180 Apil Europe
k 25 35 70 40 170 OetiNev Avid R@gimn :
Peas 15 25 35 15 80 May Europe
20 30 35 15 100 MarfApr Maditsrransan
35 25 30 20 110 Al ldaho, USA
Soybeans 15 15 40 15 85 Deg Tropics.
. 20 30/55 8o 285 140 May Contzal USA
20 25 75 30 180 dine dapan
continued. ..
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Table 11 continued.

Init.

increases 1o 13

Ce

These: periods for winter whiat

Crop Dev. | Mid tate |Total |PlantDate | Reglon
; Lini! [ hdev! | Lrid! | Mate!
1. Porannial Vegetahles (with winter dormancy and inltially bare or mulched. sol)
Artichoke 40 40 280 30 360 Apr (150 yn) [Califomia
20 28 250 30 325 May (2" eut in May)
i)
Asparagus 50 30 100 BO |230 |Feb Wamn Winter
‘ g0 30 200 45 |3865 Feb Mediterranisan
g, Fibya Crops
Corton 30 50 GO 55 195 MarMay Egypt; Pakistan; Calif.
45 a0 45 48 1225  |Mar Calif. Desert, USA
30 50 60 55 |195  |Sept Yormen
30 50 BE 45 180 Apil Texas
Fla. 25 35 50 40 1180 |Apdl Europo.
30 A0 100 50 |220 | Octoher Arizona
h. Ol Crope
Castor boans 25 40 85 50 180 farch (Semi) Arid Climates
20 40 BO 25 135 Now. Indoneasia
Salflower 20 35 45 25 125 April Califomia, USA
28 35. B5. 30 | 145 | Mar. High Latitudes
35 B5 80. 40 190 | Ost/Nov Arid Region
Sesame 20 30 40 20 o0 June China
Sunflower 25 35 45 25 130 AprilMay | Medit.s Calilomia
I. Cereats
Badey/Oats/ 15 25 ‘ B0 30 120 Novamber Central India
Whiat 20 25 60 30 | 138 | Mawch/Apr | 3545 9L
1B 30 B85 40 150 Jidy East Alrica
40 30 | 40 20 | 130 | Apr
40 80 | 80 40 | 200 | Nav
20 50 .80 50 160 Das Calif. -Dosar, USA
Winter Wheat 2 02‘ 502 70 30 180 Decembar Calif,, UsA
30 140 40 30 240 Novembar Muaditerranean
160 75 75 25 | 335 Oetober Idaho, USA
Grahs {smisll) 20 30 BO- 40 180 Agril Meditarranoan
25 35 65 40 185 Ost/Nov Pakistan; Arid Reg.
Maize {tjrain) 30 50 80 40 180 | April East Africa {alt)
25 40 45 30 140 Deg/dan Arid Climata
20 35 40 30 | 126 June Nigeria (hurmid)
290 3B 40 30 125 October incia {dry, cool)
30 40 80 300 | 180 | Aprl Spaln {spr, suni.); Calif.
30 40 5O 50 170 Apdl Idah o, USA
Maize {sweet) 20 20 30 10 | 80 March Philippines
20 25 25 19 80 hay/duns Mediterranean
0 30 50/30 | 10, | @0 Oct/Dee Arid Climate
3o 30 30 107 | 110 April Idaho, USA
20 40 70 10 | 140 Jawi Calif. Doser, USA
Iillet 18 25 40 25 108 June: Pakistan
20 30 55 35 | 140 Apil Central USA
continued...
2

will lengthen in frozen climates according 1o days-having zero
growth potential and wheat domnan oy, Under -general conditions and in iha absenca af iocai
data, fall planting of winter. wheat cah be presumed o occur-in northem temperate climates when
the: 1kaday gunning ‘average of :mean dai‘[‘y:‘a‘if temperature decreases 1o 1?‘3 C or Resember 1,
whichever comes first. Planting of spring wheat can. be presumed to occur when the 10-day
running average of mean daily air temperature increases to 52 C. Spring planting of maize-grain
can ‘be ‘presumed 1o ocour when ‘the 10-day minhing avarage of mean daily air températire
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The late season forsweet maize will be about 35 days if the grain is allowed to mature and dry.
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Table 11 continued

Crop Init. |Dev. Mid Late Total | Plant Date Haglon
g [Mgee) [0 1 0e0)
Sorghuim 20 35 40 30 130 May/dune US A, Pakis., Med.
200 | 8B 45 30 140 Mar/April Adid Region
Rice 30 | 30 80 30 160 Deo; May Tropies, Mediterranoan
30 | =30 80 40 180 | May Tropics
| Forages
Alfalfa, total 10 |30 Var. var var. last -49C i sprng until
season’t first -4°C in fall :
Alfal a® i@ 20 20 10 80 Jan Calif., :USA,
1% auttng eyele |10 | 30 25 10 75 Apr idalho, USA.
Alfalfa®, other 5 10 10 5 30 Mar Calif., USA.
cutting oydles 5 20 10 10 45 Jun ldaho, USA.
Bemmuda for 10 |28 35 35 105 | March Calil. Dosert, USA
sead
Bamnuda for hay |10 15 75 35 135 Calif. Desert, USA
{several cuntings)
Grass Pasture® |10 |20 - - - 7 days before last -49C in |

spring until 7 days after,
first -49C I fall

Sudan, 25 25 15 10 75 Apr Calif. Deseért, USA
15 sutting oycle ‘
Sudan, other. 3 15 12 7 37 June Calif. Desert, USA

sutting cyoles

k. Sugar Cane

Sugarcane, virgn |35 |60 180|120 408 Low Latitudes
BO 70 220 140 480 Tropics
75  |105 380 1210 720 Hawail, USA
Bugarcane, 25 70 138 ED 280 Low Latitides
ratoon 30 BO 180 80 320 Tropics
35 105 210 70 420 Hawaii, USA
1. Troploal Fruits and Troes
Banana, 1 ﬁiy; 120 |80 120 B0 380 Mar Mediterransan
Banana, 2" yr 120 80 180 B 365 Fab Mediterranean
Pineapple 80 120 S00 10 Fa0 Hawaii, USA
m. Grapes and Berrdas
Grapes 20 |40 120 850 240 Apil Low Latitudes
20 50 75 fa18] 208 Mar Calif., USA
20 50 80 20 180 May High Latitudes
30 B0 40 BO. 210 April Mid Latrudes (wins)
Hqgﬁs‘ 25 40 BO 10 1558 April idaho, USA
. Frult Troes
Citrus 1 BO S0 120 95 365 dan. Mediterranean
Deciduous 20 70 a0 30 210 March High Latitudes
Crohard 20 70 120 50 270 March Low Latinydes
30 50 130 30 240 March Calif., USA
tontinued...

4 climares having killing frosts, growing seasons can be estmated forallalfa and grass as:
alfalta: last «4°C in spring until first -49C in tall (Everson, D.0., M. Faubion and D.E. Amos
1978, “Franzing temperatures. and. growing seasons ‘in ldaho.®  Univi Idaho Agric. Exp. station
bulletin 484, 18 p} ;
grass: 7 days betore last »4°~C‘:f‘in\spring and 7 days atter last “49C in fall {Kruse E.G. and Haise,
H.R. 1974. "Water use by native grasses in high altitude Colorado meadows.” USDA Agric. Res.
Sarvica, \Westam Regian report ARS-W-5-1974. 80 pages}
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Table 11 continued

Crop Init. Dev. | Mid Lata Total |Plant Date | Reglon

W [ Wgen) [ Mnia) | ase) ;
Olives 30 B0 B0 20 270° | Mareh Masditorranean
Pistachios ‘ 20 60 30 40 1EG Feb Maditerransgan
Walnties 20 10 R EL 180 | Apd Utah, USA
o. Watlands - Temparate Climats -
Wetlands 10 50 ‘80 20 140 May Utah, USA; killing frost
{Cattails, 180 80 80 38 365 Novemnber | Florida, USA
Bulmsh)
Wetlands {shori] 180 B0 80 35 385 Novernbet frost-Troa climate
ve)

5 Olive trees gain new leaves in March. See foomore 24 -of Table 42 “for-additional informnation,
where the K, continues outside of the “growing period”,

Primary source: FAD Irrigation and Drainage Paper 24 {Doorenbos and Pruitt, 1977}, Table 22,

24

AP-I-C-104




Reference 2: FAO Irrigation and Drainage Paper No.56 P.110 - 114
TABLE 12
Single (time-averaged) crop coefficients, K., and mean maximum plant heights for non stressed,
waell-managed crops in subhumid climates RHip = 45%. up = 2 m/s} for use with the FAD

Panman-Monteith ET,.

Maximuim
Crop Height
Crop K Enij Ko ivid Kelandd {hy
{v)
a. Small Vegetables 0.7 1.0B 0.85
Brogoali 1.08 0,95 0.3
Brussel Sprouts 1.05 0.95 0.4
Cabbage 1.08 0,85 0.4
Carrors 1.06 Q.85 0.3
Cauliflower 1.08 085 0.4
Celery 1.08 1.00 0.6
Gartlic 1.00 0.70 0.3
Letiuce: 1.00 ©.95 0.3
Onions - dry 1.05 Q.75 0.4
- green 1,00 1.00 0.3

: - e 1.05 Q.80 0.5
Spinach 1.00 Q.85 0.3
Radish 0.90 0.85 0.3
b. Vegetablos — Solanum Family {Solsnaceae) 0.6 1.15 0.80
Egg Plant 1.05 0.90 0.8
Sweet Peppers (bell) 1.06¢ 0.80 0.7
Tomato 1.15= 0.70-0.80 0.6
¢. Vagetables — Cusumber Famiy  [Cucurbitaceas) 0.6 1.00 0.80
Cantaloupe: 0.8 0.885 Q.80 0.3
Cugumber  — Fresh Market. 0.8 1.00% 0.75 0.3

— bachine harvest 0.5 1.00 .80 0.3
Purnpkin, Winter Squash 1.00 0.80 0.4
Squash, Zucchind Q.98 0.75 0.3
Swaat Melons 1.05 075 0.4
Watemmslon 0.4 1.00 0.76 0.4
d. Roots and Tubers 0.5 1.10 0.95
Baels, table 1.086 0.95 0.4
Cassava ~ year 1 0.3 0.80% .30 1.0

—year2 0.3 1.10 0.50 1.5
Parsnip 0,5 1.08 0.95 0.4
Patato: 1.15 0:75% 0.5
Sweet Potato 1.18 0.65. 0.4
Tumip {and Rutabaga) 1.0 0.956 0.8
Sugar. Beet 0.35 1.20 070 |05

continued...

1 Those are genetal values for Kg 4, under typical irdgation. managament ‘and soll wetting.. Forf requem

weﬂmgs such as with high frequant:y qmmkm irrdgation or daily. rainfall, these walues may increase
auhsmnuaiiy and may approach 1.0-t0 L2, Ky 4 Is a funciion of wetting interval and pmanua§
svaporation rate dudng the inital and devempmam perots and-is mare accufaw}y estimated using
Figures 29-and 30, 0r Eguation 7- 3 in Annex 7, or using the dual Kﬂ, it K.

Baans, Peas, Legumas Tomatoss, Pappms and Cm:umbers are somatimes gmwn o stalks reaching
1.5.40 2 meters in height.  In such cases; increased K values nead to be taken. For grasn boans,
peppars and cucumbers; 1,15 can be taken, and for mmatoes dry-beans-and peas, 1.20. Underthese
conditions h should be increasad: cﬂSG

The midseason valme:, [m cassava assume non-stressed conditions. during or following the rainy
season. The Kg and vames agcount for dommncy dunng] the dry season..

The Ky ond yalue for potatoss Is about 0,40 for long svason potatoes with vine kill,

This Kc enid valug s forno m«gmmn during the last month. of the growing season, The K, eng Yalue
for sugar beets is higher, up 1010, whan srrzgatmn ar mgmfmant rain occurs duning the tast manth.

25
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Table 12 continued

Maxmmm
Crap’ Hasghz
Crap Koini'  |Kemid Kg end )
{1
o. Lagumes {Leguminosae) 0.4 1.16° 0.66
Baans, green 0.5 1.05< 0.890 0.4
Boans, dry annd Pulses 0.4 1.15< 0.35 0.4
Chick psa 1.00 0.35 0.4
Fababiean {broad bean) — Frash 0.5 1.156< 1.10 08
— Dry/Seed 0.5 1.152 0.30 08
Grabanzo 0.4 1.18 0.35 08
Greeh Gram and Cowpeas 1:08 0.60-0. 35&' 0.4
Groundnut Peanut) 1.18 0.60 0.4
Lentil 1.10 0.30 0.5
Peas -~ Fresh 0.5 1.16< 1.10 0.5
~ DryiSead 1.18 .30 0.5
Soybeans 1.18 0.50 Q.5:1:0
f. Parannial Vegetables {with winter dormancy and | g 5 1.000 0.80
Initiatly bars or mulched soff)
Artichokes 0.5 1.00 0.985 0.7
Asparagus 0.5 0.957 0.30 0.2-0.8
Mint 0.60 1.18 1.10 0.8-0.8
Strawbernies 0,40 0.85 078 0.2
g. Fibsa Crops 0.35
Cotton 1.15-1.20 |0.70-0.80 1.2-1.5
Flax 110 0.25 1.2
Sisal® 0.407 |0.407 1.5
k. Ol Crops .36 1.16 0:36
Castorbean (Ricinus) 1.8 10.55 0.3
Rapeseed, Canola 1.0-1.158% |0.35 0.6
Satflower 1.0-1,15Y |0.25 0.8
Sesame 1.10 1025 1.0
Sunflower 1.0-1.18% [0.35 2.0
L. Cersals 0.3 1.15 0.4
Barley 1.15 Q.25 1
Oats 1.15 0.25 1
Spring Wheat 115 0250419 |3
Winter Wheat - with frozen sdils 0.4 1.15 0.25-0.419 [
~with non - frozen soils 0.7 1.18 0.25:0,410
Maize, Field {grain) (Hield com) 1.20 0800357 12
Maize, Sweet [sweer corn) 1.15 1,051 1.5
Millet 1.00 0.30 1.5
Sorghum — ggrain 1.00:1.10 | 0.55. 1-2.
- swesl 1.20 1.05 2-4
Rice 1.05 1.20 0.90-0.80 1
eontinuad...
B The tirst KL ond '8 for hﬂrvusted Trash. The second value is for harvested cdry

7 The K for asparagub usually’ remains: at Kc i

of spears,

K for wisal cﬂmams on the pidnunq depysity and watsr management {o.g.,

during harvest of the spears, due 1o sparse ground
cOver. The K mig value s for following regrowth ot plant vagstation Tollowing wemination of harvest

Intentonal moisture stress).

9 The ower values are forrainfed crops having less ‘dehse plant populations.

The hzghar value is for hand-harvested GIOPS.
T The first K,

IF harvested frash for hurmnan consumpiion.
mature and dry i the field.

angt value is for harvest. at high grain moisture.

26

Thi sscond K o valud is for harvest
after compl m“e ‘hetd drying af dhe grain {to.about 18% MOISTUre, WeLMass b'mq)

Use Kc shil for fiold maize iF the swaet malze 18 allowed 1o
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Table 12 continued

Waximuny,
) ) Crop Helght
Crop Keini Ko mid Keend )
1)
j. Foragas
Alfalfa Hay  — averaged cutling effects 0.40 0,85 = 0.0 |07
~ individual cistting perdods Q. 4014 1.2014 1.1814 o7
- forsead 0.40 0:50 Q.60 o7
Banmnuda hay — averaged cutling effects 0.55 1.001% .86 0.58
— Spring crop for sead 0.35 0.80 0.85 04
Clover hay, Berssen) ~ avaraged sutting eﬂ‘ecm 0.40 0;9013‘ 0.85 0.8
_— individual cutting periods o401 14514 1.1014 |08
Rye Grass hay — averaged cutting effects .85 1.05 1.00 0.3
Sudan Grass hay {annual) — avaraged cutting sffects 0.80 0.90'4 0.85 1.2
~individual eutting periods. | 05014 11514 1014 12
Grazing Pasture - Rotated Grazing 0.40 0.85-1.08 | 0.85 0.15-0.30
- Extensive Grazing 0.30 0.75 Q.78 0.10
Turl grass - cool season ' = 0.80 0.95 0.9% Q.10
- Wam season | 2 0:80 0.85 0.85 0.10
k. Sugar Cane 0.40. 1.258 0.78 3
. Troplcal Frulte and Trees
Banana - 15 year 0.50 1.10 1.00 3
— 2V ypar 1.00 1.20 1.10 4
Cacao 1.00 1.05 1.05 3
Coffee ~ bare ground cover- 0.80 0.95 0.95 23
- with weads 1.086 1.10 1.10 2:3
Date Palms .90 0,895 0.95 &8
Pl Treas: 0.85 1.00 1.00 g
Pineapple'®  — bare soil 0.50 " 0.30 0.30 0.61.2
~ with grass coves 0.50 0.50. 0.50 0812
Rubber Treas 0.85 100 1.00 10
Tea  —non-shaded 0.85 1.00 1.00 1.6
— shaded!? 1.10 1.15 1.15 2
m. Grapes and Berrles
Barrios (bushes) 0.30 1.05 0.50 1.5
Grapes — Table or Raisin’ 0.30 0.85 0.45 2
- Wins 0.30 0.70 0.45 1.5:2
Hops 0.3 11.05 0.85 5
continued. .
13

15

18

17

This" t(c Fivich € eoollicient forh a\f cropsis an overall average: Ku e cmﬁmen: that averages K forboth
bafore and following suttings. 1t is applied to the pennd mﬂowzng the First devempnwnt panad witil
ﬂm hegmmng of the last late season period of tha growing svason,

These K cueﬂmsems for- hay crops: represent ammeadsamiv following ‘cuttin g oat full cover; and
smmedrateky before mmmg, respactively. The growing season is described as a sedes of individual
cutting perods. (F:gure 35).

Cool season. grass vardeties include dense stands of bl uegrass yegrass, aid fescue.  Warm season
varieties: include bemuda grass and S‘t Augucmne grass. The 0:88 values for mcﬁ SGAS0N . grass
rapresent a V.06 to 0.08 ‘meamowing height urider generai um sonditions.  Whaere careful wiater
managament is g:uracnced andl rapic growth Is not reiulned, Ky's for wrfcan bo reduced by 0.10,

The pinsapple plant hes very low transpiration because it f:ic:ses its stomates dudng the day am:i apens.
them during the night. Therefore, the Imyajonty of ET © fromy. pineapple isovaporaton from the soll. The
Kh e < KC ing SINGeRL g ‘socurs during full ground cover so that soil evapm&uon is less: Values
ghven assume that 50% of 1he ground surface is covered by black piaf;tm mulch and that keigation is
by sprin kiar For:ddp irigation bensath the pi&snc muleh, Kg's given can be edused by 9.0,

Includes the water requirements of the shade tress.

27
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Table 12 continued

18

18
20
21

22

23

Miaxirum
Crop Height
Crop Ky k‘inki1 Ke rmied. Keend h)
)
1. Frult Trees
Almonds, no ground cover 0.40 (.80 0.6518 g
Apples, Chersies, Pears 19 N
na ground cover, killing frost .45 .85 0.7018 4
no ground cover, ho frosts 0.60 0,95 07818 |4
- active ground cover, killing frost 0.80 1.20 0.9518 4,
- active ground cover, no Trosts 0.80 1.20 0.8518 4
Apncms Peoadhes, Stons Fmaﬂ ¥,:40 o
no gmund sover, kil lling frost 045 0:80 06518 3
- noground cover, o fresm 0.55 Q.80 D;{Ssm 3
- astive ground cover, killing frost 0.50 1.15 0.9018 3
- aptive ground cover, o Teosts 0.80 1.15 g.g518 <
Avosado, no ground cover 0.80 0.85 0.75 3
Citrus, no ground covers
- 70% canopy Q.70 0,65 0.70 4
- 50% canopy 0.65 0.80 0.65 3
-20% canopy 0.8B0 0:45 0.55 2
Cﬁ:ms with active ground cover or weeds22
?0% canopy. Q.76 Q.70 0.756 4
- BO% canopy 0.80 0.80 080 3
- 20% canopy 0.85 0.85 0886 2
Conifer Trees®> 1.00 1.00 1.00 10
Kiwi 0.40 1.08 1.08 3
Olives (40 10 50% ground coverage by canopy)=> 0.65 070 0.70 3-5
Pistachios, no ground snver 0.40 1.10 0.45 3-5
Walnut Orchard? 2 0.50 1.10 0655 145
santmuad

Thase K el values represent. KG pnm 1o leaf drop; Afer loal drop, K o and® 0.20 forbare, dry.soll
ar dead ground cover and K, and Q.50 10 0.80 for actively growing. _ggmund pover {consult Chapter
113

Refer to Eq. 94, 97 or 88 and foothotes 21 and 22 for estimating K, for immature stands.

Srone fruit catogory applies to peaches, apricots; pears, plums and p&m&um ‘

Thase K{; vam%s can be catcmamd Tram. Eq. 98 for Kc min & 0, 15 and Ke full = .78, D;,?D‘:?‘ndOJS
for the inigal, mid season and end. ui season . permds and 1., sff = T, where f Tra@ti@n of gfmnd
mvmed by tree canopy {e.g., the stin is prosumed i he dimctty evmh:aadl The. valuas listad
sanespond with those in Dmmanbﬂs and Pruits {1877) and with more recant measurements.  The
midseasan valde is lower than initial-and on wding values due 1o the sffects of stomatal slosure during
periods of peak ET For humid and: mhhum:d chma{ss WHE-‘FE them is less stomatal control by citrus,
values for V‘t i K{. i and Ke and can be increased by 0.1 -0.2, foll lowing Rogers et al. {1883).
These K vallies can ba ca{cutawd as K, =1 KE nge " RIS Kc mvar where Ky n ;s ﬂm K of
oitrus wmw no active ground cover {s&k‘;u ated as 10 Ioamopte. 21) cover 15 e K mf the dC{NG
ground cover (e} 98), and f, Is defined in [fooinote 21 The wval uas izsfed cmmspand with ‘those in
Doorenbos and me {1 9?7) and with o recent nmasmemems Ahematweiy, Ky for-citrus with
active gn:mnd cover can be estimated divectly from Eg. 98 by senmq KG min = Kc ﬁkwﬁr For humml
and-subhumide limates whers shere: Is less: -:mmdlah control by citrus, values for !‘{ & i Ko g aived K;G
angl Gan be mmreae,ed hy 0.1 - 0.2, following Bogers et Al {1 983}

For non-active. or only mcdmatg&v active ground cover {active indicates: green and . growing ground

cover. with LAI > about 210 3}, K.oshould be weightad between K, for no groundisover and K, for
active grouned cover, with the waxghung based:on the "greennoss” and approximate’ leaf arga faf ‘the
ground cover.

Ccn‘f&is‘ éxhibit:subsmnﬂ al stormatal control dusta reduced asrodynamic ‘r&sisian se. The K, can easily
roduca below the values prasented, which represent well-watered conditions for large forests.
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Tabls 12 confinued

Masirmum
; Crop Hefght
Crop Keini: Ke mid Kgond )
iy
o. Woetlands ~ temperate climate ;
Cattails, Bulrushes, Killing Frost .30 1.20 0.30 2
Cattails, Bulrushes, no frost 0.80 1.20 0.60 2
Short Veg., no frost ‘ 1.05 1.10 1.0 0.3
Reod Swamp, standing watar 1.00 1.20 1.00 1-8
Read Swamp, moist soll 0.80 1.20 0.70 1-3
P Spaeié!
Open Water, < 2 dapth ; 1.05 1.06
o subhumid climates or troplcs.
Open Water, > B m depth, clear of wrbidity, 0,65<P 1.25°%
mmmmm climate

24 Thgse cosfficients reprasent about 40 to 60% grovnd cover,

22 tor sstimating K, for inmature stands,

maonthly K.'s Tor. olive :.m,hards having 50% _graund cover

0.48; 0, 55 0,60, 0.65, 0. EQ for months. Janvary lhrougi

Refer 10 Ey. 88 and foombtes 21 and

Dag emb @

In Spaln Pastor.and Orgaz (19841 have found the following
050 0.50, 055 DGD 0,85, 050 0.45,.
Those cueffuemg caih be

invoked By using Ku ni = 085, Kemig = ‘048, ahd Ke and = 0.85, with-siage lngths = 30, 80,

B0 and 80 davs raspectively. {m initial, development, midseason and late ssason pedods; and usmq K
tmnng the ‘wintar{"off season’ ) in Decemiber to February = 0. 50

These KC s are Tordeep watef in Temperate latitudes where kqu temperamm changes: in the wawr
Body ooour cdunng the year, and initial ‘aned peak permci evaporation 18 low as radiation. ‘anargy s
absorbed into the deep water body. Duding fall and winter periods (K, engl-hoeat is released from the
watsr bad’y that increases the evapmatmn ahmve that for grass. Theremra, KG el m:fesgmnds 1o ﬂw;
peﬂcd whon ﬂ\@ water hody is gammg thermal energy and i aivdd wheon releasing themal anérgy.

Thessa K ‘s should be used with cautian.

Primary sources:

Ko init : Doorenbos and Kassam (1979)

Ko mig 4 and K. end* Doorenbos and Pruitt {1977} Pruitt {1986); Wright {1881,
1882), Snyd&r ot al., (1989)
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Promote Irrigation as a Part of Our Culture!!!

1 Place tree logs aciross the riveran ha me t e sto gly

u til a ont egrou . .4 - -
. "‘_, PRI .
{f- o . - BU ,;_:_.._; -7‘ - -
e B SN -
S )
g, ¢ s
-
v'?’:.. L
e i
Alternate bunch of grass on the tree logs. this is just weave

the grasses through the tree logs driven into the river
foundation.
N —

,_.-——/-/

Ue.

-BASED SMALLHOLDER RIGATION

No.1/ 4

Sin le-Line e Where Stream 1s Wide & Shallow
Continue alternating bunch of grass  those until
proper height is reached, and then start patching clay soil

te o.

> yg\’/
. -‘ M3
-
. // —
o -
//f i -
PR
-

Patch clay soil on the grass woven wall, starting from the
foundation, going upwards, an t e place soils the o
minimize the leakage.
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CO -BASED SMALLHOLDER RIGATION No.2/ 4

1igation as a Part of Our Culture!!! Double-Line e to Minimize Leaka e
1. Place and drive tree logs across the river and alternate a bunch 3. Make another line of tree logs woven with grasses about 70 50
of grass within these trees, jus as shown in No.2/4. downst a stwe . '
<
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2. After completing putting grass alternately, put clay soil starting 4. Place clay soil between the weirs and compact it, and continue
from foundation up to the top, an thenor ina so’ the placing and com ac " go t eclaysoiluptot e re uired
a compac o. /. level



€A I-dV

iy Y
\Vadl
W

3

8,

T\

NN

Promote

. B N
--"—@‘:_h.lf—::v yt oo
. -
P ' o
; A ) r
=
e
/A ¥ ~
i
= — P <
B o, w o -
-
&
\
s B e
|
ey

Irriéation as a Part of People’s Culture!!!
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1 CO ‘BASED SMALLHOLDER RIGATION No.3/ 4

e where Stream 1s Narrow & Dee
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1. Cut tree or bamboo logs to a required size, depending on the

2.

Yot

height, which we want to tap water. Then construct number of
trigo a stand s ctures depending on the width t e ‘ve.

Place these triigonal stands across the river, and connect them
by using horizontal members and tying them firmly. Then start
putting g asses on the horizontal members.
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CO -BASED SMALILHOLDER RIGATION No.4/ 4
te Irrm ation as a Part of Our Culture!!!

Tr1 onal e on Rock Foundation
Continue putting top of the members
and put another layer of horizontal agam them in
position.,
/

4. Place clay soil on of the grass firmly starting from the
botto u to the required level
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