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Vi-4. Reservoir Operatien

A reservoir operation study according to the irrigation scheme

was made on the basis of gravity irrigation method by using rainfall,

piver discharge, and reservoir storage water. The operation rule was

established to use the rainfall on the field first, then the river

discharge and finally the storage water for supplying the shortages.

The reservoir water should be stored in depending -upon run-off

From the catchment area of the reservoir and not depending in prin-

ciple upon run-off from the other catchment areas by trans~basin.

The irrigation plan was studied for the proposed 23 dams in the
Survey Area, but the reservoir operation computation for these dams
should be made independently on the basis of one irripable area of

the respective dams, which could successfully irrigate.

The computation method applied herein to satisfy the above
conditions is described below as a procedure with the following
input data to be vepeated for obtaining the most effective reservoir

operation program available for water utilization.

a) Catchment area of a reservoir (sg.km)

b) Catchment area of a diversion dam (sq.km)
¢) Annual mean rainfall (mm)

d) Estimated reservoir capacity (MCM)

(Estimated by topographical conditions at the proposed
dam site)

e) Full water surface area of reservoir when meeting the
above requirement d) above (sqg.km)

f) Height between the river bed and the full water surface
level in the reservoir (m)

g) Rainfall ratio of the respective years to the annual
mean rainfall adopted for computation

h) Rainfall ratio of the vespective months to the annual

rainfall

- 112 -



i) Evaporation from the water surface of the reservoir (mm/day)
j) MNames of crops to be grown in the irrigable area
k) Daily water requirements of the above crops on the basis
of monthly mean value (mm/day)
1) Water retaining capacity of the soils (mm)
m) Crop-wise irrigation acreage (ha)

n) Irrigation efficiency

The first processing electronic computer was used for carrying
out the above fully and complicated computation, The programme
applied to the said computation includes five blocks as shown in

Fig. D-6-24.

The contents of the respective five blocks are described

as follows:

1) The first block

Data reading and their conversion are carried cut; the
input data include the above items from a) to n). The deter-
mination of reservoir capaciity is considered as one of the
aims at carrying out the reserveir operation study. In this
study, however, both the H-A curve and H-V curve for the res-
pective dam sites were developed from the reservoir model
discusses in paragraph VI-5 due to detailed topo-maps being
unavoidable, and then the water depth and the water surface
area in optional storage amount of water were estimated. In
other words, the data for dam sites were estimated by inter-
preting the existing one-inch maps, shown as a), b), d), e)

and £).

The rainfall data were taken by c), g), and h} as inputs.
Since the reservoir operation study was made on the monthly
basis, the rainfall in the objective month was obtained by

¢), g), h). Furthermore, the study made in paragraph III-1
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CALCULATION OF

{THE FIFTH BLOCK)

PRINT OF MONTHLY
INFLOW, SUPPLEMENT
AND DEFICIENCY

RESERVOIR OPERATION
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PRINT OF RESERVOQIR'S
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STORAGE, WATER DEPTH,
SPILLED VOLUME AND
DEFICIENCY

FIGURE D-6-24 GENERAL FLCW CHART OF RESERAVMIR CPERATION




found that there would be a little correlations among the
annual rainfalls recorded at 19 gauging stations in the Project
Area; however, the monthly mean rainfall distribution at every

station had two patterns as shwon in Fig., D-3-u,

On the other hand, a very few stations provided observa-
tion records for more than 20 years, as shown in paragraph 1II-1,
and several lackings of the Eecords vwere found that these long-
term observation under the situation, for the annual rainfall
in a certain area, the observation records available at the
most closest station were adopted, znd if the lacking found on
the data, the records observed at the second closest station

were adopted for the data of that area,

The monthly rainfall was assumed to repeat itself with the
same pattern year by year at the constant ratio to the annual

rainfall.

This computation method applied here is aimed at enabling
to make smooth study of reservoir operation in general on the
basis of the limited data available. Further study on the res-
pective dams would require the more detailed computation on

reservoir operation of each reservoir.

Regarding evaporation from the water surface of the reser-
voir, item i) above, the following procedures were taken for
estimation due to lack of observed data; the month-wise daily
mean evaporation from the water surface, which was obtained by
substituting the value estimated by the evaporation-pan
measurement into conversion equation, was used as input data
in multiplying the number of days for each month so as to have

estimated monthly evaporation.

The value of h) corresponding to j) was obtained by the

same treatment as made in computation of 1) on the values
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computed by using the equation cited in paragraph VI-3.

The value of 1), m), and n) were computed by the equation

cited in paragraph VI-3 and used as inputs.

2) The second block
The month-wise inflow to reservoir from its catchment area

was computed in this block.

The related run-off discharge was estimated by using the
results obtained in paragraph VI-2, computed from the monthly

basis estimated rainfall (A) by the following equation:

R £ 200 mm RA = 00
200< RS 1,200 mm RA = 0.3R-60
1,200< R RA = 0.5R-300

If it is taken by index for optional menth, the monthly
effective rainfall for the said optional month (gi) is computed

by following equation,

qy = RAy
qi = RAi-RA1-1(2%5i f1a)

Based on the abave, the run-off discharge of the respective

month (Qi) is obtained as;

Qi = qi x (catchment area) (HCH)

3) The third bleck

The third block progremme could compute the crop-wise
field water requirements. The effective rainfall was essen-

tially required for computation.
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The estimated effective rainfall was used to make a com-
parison with water requirements. When the effective rainfall
exceeds the water requirements, the irrigation water would be
applied sufficiently only by rainfall. But when the water
requirements exceed the effective rainfall, the supplemental
water is required by amount computed by the following equation:

WRQ = 1,0 x 107" x FWRi x AiR/RLSS
Where, WRO: Crop-wise supplemental water requirements
FWR: Net water requirement per unit acreage
AiR: Irrigable area (ha)
RLos: Irrigation efficiency

i: index to show optinal month

4) The fourth block

The diversion dam operation was computed in this bleck
the water available for diverting was estimated by multiplying
the monthly specific discharge from the reservoir (computed

in the second block) by catchment area of the diversien dam.

When taking this monthly diversion water available by QDi,

A

Qbi WRQ1

Furthermore, the surplus discharge 0DSi could be expressed
by:
(ODSi = QDi - QDRI
This would be discharge through dam to the downstream. The

beneficial areas in Ffuture downstream from the dam were not

taken into consideration in this computation.

On the other hand in case of QDi<WRQi, the water shortage

would take place by QDDi = WRQL - QDi.

- 117 -



This amount of water should be released from the main dam.
Therefore,
QDRi = QDi

E

)} The Fifth block

The reservoir operation was computed in this block under
the comiition that the reservoir was at full surface water of
water in its initial status. The tactor teo increasc the
storage water is an inflow (QiNi), while the factor to reduce

the storage water is evaporation from water surface (VETi) and

reladse from dam (QDDI}.

The monthly variation of reservoir stlorage water was
expressed as follows by taking water storage as Vi and irs

initial amount as VIij;

(QiNi - QDBI - VETL)

-
—
1
el
=
e
+

i My

1=}

But in case of Vi > VIi taking place on the way of compu-
tation, in effective discharge should be made through the
spillway. In such case, substitution should be made as

Vi = VIi.
Also, ip case of Vi < 0 taking place, the uater shortage
was expected to occur in the said wonth and the amount in short

should be ezpressed and substitution shonld be made as Vi = 0.

Further computaticen should be proceeded in neglocting

the srale of water shortage to have occurred.

The reservoir operation study was carried our accordiuyg

to the above rule
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YI-5. Model Analysis of Reservoir

The dimensions of proposed reservoirs can be turned into a

specific model for digitally analyzing, by the following procedures.

The reservoir can be approximated by the triangular pyramid
illustrated in Fig., D-6-29, The estimated reservoir capacity in
terms of topographical conditions is taken by Vo and the water sur-
face area with Vo is expressed as Ao. When the height from the
river bed to the reservoir water surface is taken by Ho, the reser-
voir capacity Vo can be obtained by the following equation (Refer

to Pig. D-6-25).

Vo = < AoHo = %~BOLOHO wwwww {1)

And, when the optional height is taken by H, the stored water V
with H is obtained by;

Since the shapes of Vo and V are in resemblance, the following

relationship can be obtained:

From the above equations (1), (2) and (3), the values of

optional H and A can be expressed as;

= H0.3 Y: ----------------- (u)
Vo

- Ao~7T? ---------------- (5)
(%o

The computation for reservoir operation can be made in using

par g
i

=
i

the data on stored water, inflow and outflow, and evaporation from

the water surface.
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The values of A and H in any stored water in an optional month

can be computed by the above equation of {(4) and (5).

FIGURE D~6-25. MODEL OF RESERVDIR

Vi-6. Computation on Reservoir Operation

Under the conditions prescribed in the previcus paragraphs up
to VI-5, the computation on reservoir operaticn was made for 23

proposed reservoirs of the planned irrigation projects.

The said computation was carried out in aiming at irrigating
the areas as large as possible by the limited water resources along
with the direction to generate higher benefit with target cropping

intensity of 170 percent.

The scale of the respective reservoirs was determined in
taking into account number of years for storage carry-over and
shortage in irrigation water. The years for storage carry-over will

closely affect the estimation of dawm construction costs.

In the country such as Japan which has rainfall in any seasons
of the year, the necessary amount of water can be secured in increas-
ing the reserveir operation efficiency with the carry-over years
shortened; whereas in the countries with the monsoon zones such as
the Southeast Asia which has rainfall only in the rainy season, the
carry-over years should be taken around three to five years for the

effective use of limited available water in the rainy season.

- 120 -



Under the situation, the carry-over years for the proposed
dams in the Survey Area were taken by about Five years in due con-
sideration on the data of the existing dams in the country, diffi-
culty in securing the water sources in the dry season in the Survey
Area as well, and considerably low cost of earth works which will

enable to construct large-scale embankments,

The shortage amount in irrigation water was principle out of
consideration for the computation because it would be a negative
Factor for assuring the stable supply of farm products and the

stable life of farmers in the service areas.

The trial estimation of the crop-wise growing acreapes is made
on the basis that in the rainy season, the whole irrigable area would
be cropped with paddy, and in the dry season, about 10 perceut of the
irrigable area would be cropped with paddy and about 60 percent with
general crops according to the seil types. The above cropping ratic
could vary with change of the demand-and-supply programme. In other
words, the irrigation water ratio of paddy to general crops was set

by 3:1.

The study through the above revealed that the estimated irri-
gable areas toc be commanded by the 25 proposed dams including North and
South Nawin Irrigation Projects would be about 350 thousand ha (about

40 percent of the existing paddy fields sown). (Refer to Table D-6-2).

The details of the computation on reservoir operation of the

Okkan reservoir are discussed in Appendix D-%.(Ref, to Fig. D-6-25(a) )

VI.7. Pilot Land Consolidation Project

The Irrigation Project, generally takes several years from
commencement to completion with major facilities such as dam, irriga-
tion and drainage systems and on-farm facilities. After completion

of the irrigation project, the farmers concerned will be allowed to
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canvert their present rainfed farming to the irrigated farming, and
thereby the farmers will have get various knowledge on modernized

Farming like water management selection of crops with irrigation,

farm mechanization and so on.

Strengthening of the agricultural extension system by adequate
staffing is an indispensable factor to lead the irrigation projects
to success. The extension workers providing a full knowledge and
techniques of irrigated farming will give the farmers concerned a

guidance and education. The agricultural development inevitably
requires those three major factors of good opportunity, good earth
and good human resources as well as growing plants essentially
require sunshine, water and fertilizer. The Project has provided

with these major factors for successful development.

Needless toc say, about quantity, however, quality is a problem

in human resources. In other countries, in most cases that substan-
tial results could not obtained from agricultural development even
after completion of physical development, the farmers concerned
could be found to have insufficient knowledge and techniques to
successfully execute the agricultural development works in the

Projects.

Farmers’ education is more effective in being given through
Field training than by teaching in classrooms. For accomplishment
of this purpose, it would be necessary to provide with pilot land
consolidation projects or demonstration farms to show the farmers
what the future farming would and should be. If these pilot farms
can be arrangad along with the heavy traffic reads such as national
highway, not only local farmers but other farmers passing there
through can directly observe the actualities of irrigated farming,
land consolidation and other moden farming technigues. Also, these
farms will serve to call farmers' interest to modernized farming

prior to training given in a training center.
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These farms can be used as experimental farms for applied
research of the seeds to be bred in Hmawhi Extension Farm and used
as seed farms for distributing quality seeds to the farmers. The
Farmers would be able to practise seed-repnewal at proper time and

introduce new varieties smoothly. {Refer to Annex ¢, Agriculture)

Six Pilot Land Consclidation Projects (Pilot Farm) to meet the
above requirements could be provided in the Survey Area (refer to
rig. D-6-26 v Fig. D-6-32) so that the extension workers and/or
representative farmers could be trained for difusing their gained
knowledge and techniques to the local farmers. These extension

activities would allow the Project to have quick yield. Under these
considerations, the pilet farm schemes should be implemented prior to

execution of irrigation schemes.

The components to be involved in the pilot schemes are as

follows:

1) Civil works -- Construction of irrigation/drainage facili-
ties and land conselidation works with on-farm

facilities.

2) Architectural works -~ Construction of training center
building, warehouses, shelters for farming equip-
ment, drying-storage houses, office building,

research center buildings, etc.

3) Provision of machinery and equipment -- Farming machines
, research/experimental eguipment, meteorological
equipment, surveying equipment, office equipment

and devices.

Each of pilot scheme farms should have about 1,000 ha (about
3,000 acres) with water source exclusively serving for the purpose.
The land consolidation should be carried out to allow the year-round

irrigation available, and it is desirable implement the land consoli-
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dation for the whole planned area.

However, when a total execution of the scheme might reduce the

cost, a staged ﬂevelopment would be taken up to implement the cons-

truction works for on~farm irvigation/drainage facilities for a part

of the planned area, first and the land consolidation works could be

made later on. In such case, the irrigation/drainage layout should

be made on conditions that the land consolidation works would be

implemented in the said area in future. This is very important
to avoid duplicating investment to be incurred by rearranging the

irrigation/drainage facilities to meet the condition after land

consolidation.

1) Shape of plots

The plots should be formed in rectangular so as to raise the
operation efficiency of farming machines. The plat size would be

determined in depending upon the following factors:

a) Related farmers' sowing acreage,

b) Operation efficiency and capacity of farming machines to
be used.

¢} Construction cost in variable topographical conditions
and dip of the farm iands, and d) water management.

-
The average acreage sown per farmer in ‘the Survey Area is
1.6-2.0 ha (4 - 5 acres), and exchange and consolidation of these

farm lands should be made for effective farming works,

Machine operation in straight will increase the working effi-
clency; thereby the plot shape should be designed so as to reduce
the turning frequency of the farming machine. The test run conducted
in Japan clarified that the most reasonable ratio of length of run

and width of the farm land is 5:1. (Refer to Fig. D-6-33).
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The degree of the farm land inclination sometimes may be an
important factor for determining the plot size, but in the Survey
Area, the land slope will not affect to determine the plot size
because most of the farm land has a gentle slope. However, it should
be noted that the larger width of the plot will increase the construc-
tion by increase in hauling distance and earth-moving volume of equip-

ments for its works.

Heavy equipment such as bulldozers for earth-moving are commonly
used for land levelling and this is because the most reasonable
hauling distance ranges from 30 to 60 m for efficient machine opera-
tion. In considering various factors, the width of the plot should

be arranged within 45-90 m.

The size of irrigation block as a unit of irrigation service
depends upon the farmers' technical level of water management and
the extent of irrigation facilities available. The large size of
the block covers larger number of related farmers and reguires more
complicated water management techniques; contrarily, the smaller
size of the block increase the number of on-farm diversion facili-
ties, which will cause the construction cost higher and the water
management of the main canals more complicated, although water control

at on-farm level would become easy technically.
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From the above studies and various examples in other countries,
it is recommended to provide on unit of irrigation block for covering
the farm lands sown by five to ten farm households. Hence, the plot
size will be determined by about 1.0 ha (about 2.5 acres) with 200 m
length of run and 50 m width, and one block should include 10 plots

of the above. (Refer to Fig. D-6-34).

Every plot should provide a turn-out and an outlet in order to
facilitate on-farm level water management, The farm roads with 3.0 m
width {about 10 ft) and 0.5 m height from the field surface would be
constructed along the farm ditches, end planned wiéh laterite paving

materials so as for the traffics to be avoided even in the rainy

season.

The farm drains would be provided in between the farm roads for
reducing the farm land losses, When the farm drains are constructed
along the farm roads, accessing to the farm plots will be available
only by one side of the farm road. This will cause some inconveniency
to the favmers in their farming works. The land consolidation works,
once implemented in a certain area, would not be repeatedly carried
out there within 50 years at least. The farm ditches to be provided
cn both sides of the farm roads will make it easy for the farmers to

do the waier management.

In the low-lying flat lands with heavy clayey scils and com-
paratively high groundwater table, under drain works should be
constructed; however, since the provision of its works need much
construction cost, simple under-drains without drain pipes are
recommendable to be provided for the time being to save the cost,
And these simple under-drains should be replaced with its under~
drains therein, when the farmers' income increases to be or the

expenditure for such construction works.
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VII. COST ESTIMATE

VII-1. Work Volumes

The volumes of every kind of works to be reguired for the Project
were estimated on the basis of the interpretation on the one inch map
(scale: 1:63,360).

Embankment volumes of dam body was estimated by the following
cquation which had been derived from the actual results of earth dam
construction in the past.

1

V = ZB.H(Lh + Lb) + %—(m + 0n).H2.(Lh + 2Lb)

-
1l

Where; Embankment volume of dam body (cu.m)
B = Width of dam crest (m)

H = Dam height (m)

Lh = Length of dam crest (m)

Lb = Length of river bed (m)

m = Slope of upper stream (1 : m)

n = Slope of down stream (1 : n)

The results obtained from the above estimation are shown in
Table D-7-1. The work volumes other than dam construction were

estimated by measurement on the one inch map. (Ref. to Tig. D-6-36)

VII-2. Estimate of Construction Cost
1} Reservoir-Irrigation Project

The unit costs adopted in the estimation were based on those
used in the South Nawin Irrigation Project in 1978, The price esca-

lation was estimated at annual rate of eight percent.
Construction period was taken six years, including one year

for final design and five vears for civil werks. The annual basis

cost allocation is shown as follow. In the said estimate, therefore,
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the price escalation was calculated by 36 percent in total.

lst 2nd Ird Lth 5th 6th Total
Allocation 5% 15% 20% 20% 25% 15% 100%
Rate 1.08 1.17 1.26 1.36 1.47 1.59 1.36

The financial costs for the respective irrigation schemes are
shown in Table D-7-2. The cost per hectare for the dam projects
located on the left bank of the Irrawaddy river is smaller than those
on the right bank. This is because the irrigable areas commanded by
each scheme on the right bank are smaller than those on the left bank
and the reservoir areas on the right bank, forming a V-valley, are

expected to have smaller storage efficiency against their dam height.

On the other hand, the proposed dams located on the left bank
present a plate-shape reservoir, therefore, their storage efficiency

is expected to be larger compared with their dam height.

As far as the irrigation schemes are concerned, the group of
proposed dams on the left bank should be constructed first, However,
the dams at Kadinbilin, Thegaw, Thonge, and Okkan among the proposed
dams on the left bank show a smaller construction costs per hectare

than those of others,

In due consideration of the various factors, the priority was

given to the following dam construction schemes:

Priopity Name of Project Project Cost:
{UsS/ha)
A Wegyi, Taunyo, Kadinbilin, Less than 3,000 USS5/ha
Thonze, Okkan, and Thegaw
B Not belong to Projects of 3,000-5,000 US3/ha
Classes A and C :
c Gamon, Phatshin, Mamya More than 5,000 USS/ha

and Kyetpaung

Note: * including price escalation

~ 138 -



2) Pilot Land Consclidation Project

The cost estimate for the pilot land consolidation projects was
made on the basis of the data used for the estimate in the South
Nawin Irrigaticn Project. The project cost of this Project will have

a total amount of 54,3 million kyat per place. (Refer to Appendixz D-9).
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Ngamoyeik Reservoir Irrigation Project

Ngamoyeik Reservoir Irrigation Project in Hlegu Township has
specific features othepr than the reservoir irrigation projects along

the Myitamaka or the Irrawaddy River as below:-

(1) A submerging arable land is estimated at as much as about 7,500
hectares. A number of houses will be also submerged after

provision of the reservoir.

{?) No adequate dam site is found in respect with topography as well

as geological conditions.

(3) Available information is limited to establish significant

reservoir plan.

Despite the above disadvantages, a preliminary calculation was

conducted and its result is as below:-

Name of Catchment Storage Dam Irrigable Project Unit
Project area Capacity H L Area Cost Cost

(sg.km) (HCM) (m) (m) (ha) (Million Kyat) (Kyat/ha)
Ngamoyeik  &55 375 15 2,900 34,000 % 5

Note: *f can not estimate because of lack of the data like

fundation treatment.

- 142 -



=
I

L

gk

ol !

A by
q

EAS[TfaM A, '
% =
s MR P i)
"-ﬁi ‘_:f
=

\

1 [

s

WA TR

[

; o 3
\‘. 4 { & i
h 2 -
o % { Z 2 'A e
S}/ ’ 2’ -l\ b2 3 N + i
ot A \ § ~BAY
% 3 % SR
) “?-r). [ "-c N d ' s
85 3 W) } N ) 4 “\l AN Y] I
f | v L . ! ok
; IR |0 § A
? ) 7 i { .
} " Uf e i
[} { e .: 1
‘ 1 A K
[ ] -
: : 4
: ) AT N
SEAINIS o dY AR
=l SHEA] y h N r
RLEAS "\(—. W e A ; : f
{A'J {113 \d 1
)4 % f ) .a‘i TS, 7.
i . > Lt
/ iy 2 ] AT <1 \ A
ST M4 ,’ g . :
: n . 't a lﬁ
T 1 i a7 S5 ’ b 1
a2 "j
% W
3) Rt 1
* N IE
2 R 3
) 4 LON Sj oo o1 4
! - v
2 o iR 1) oy
v, hos /4--
N YA s TSy R S Y,
3 J 3 P % | i ATE WEE= K
?p & %&,@\ Y -’\%\ o
N 1B N e 52 A R 5]
) [\ h ( %WL §_c.&l.'§ :":“—- - J I(‘ﬁgj LQL
8 6 4 2 0 1 2 Miles
Ll i'l I'li 1 \\ -f'
1 R

T
000

[
9 1000 —

)

FIGURE D-6-35

--i

o
3 g $!

4000 Yards

A T

- 1}13 -

W2

ELIAYE AT Y B M e Y

LOCATIOH MAP OF KRG AMO

l-..

AT Nl

CMERAG
¥th H’ﬁ‘/f

f@%ﬁmwfw»i mwm L




	Ⅵ. IRRIGATION SCHEME
	Ⅵ-3. Gross Water Requirements
	Ⅵ-4. Reservoir Operation
	Ⅵ-5. Model Analysis of Reservoir
	Ⅵ-6. Computation on Reservoir Operation
	Ⅵ-7. Pilot Land Consolidation Project

	Ⅶ. COST ESTIMATE
	Ⅶ-1. Work Volumes
	Ⅶ-2. Estimate of Construction Cost


