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Area
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ha hectare

Capacity

% litter

cu.m cubic meter

MCM Million Cubic Meter
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Pyi 2,127 kg

basket 20.9 kg (paddy)

basket 34,0 kg (rice)

bag 75.6 kg (rice)

Chaung River or Stream

Kyat Unit of Local Currency (about 30 Japanese Yen)
In Lake or Swamp area

Yoma Mountain range

1 uss 6.44 kyats
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SUMMARY

In Burma, the Survey Area has been advantageous to other areas
in many points for agricultural development such as meteorological

conditions, land and human resources, etc.

Under the favourable conditions, the Integrated Agricultural
Bevelopment aiming at production increase in the Survey Area should be

implemented by expansion of areas sown which will be accamplished by
converting the traditional rainfed farming to irripated and modernized
farming together with introducing double cropping, and by yield
increase which will be secured by applying the advanced farming

technigues.

The development strategy of the irrigation projects inveolved in
this Project can be roughly classified into three; a development by
gravity irrigation system on the left bank of the Irrawaddy River,

a development by reservoir or pumping irrigation on the right bank
of the Irrawaddy River, and a development by pumping irrigation in

the Delta area.

The development programme of the Okkan, Tonze, Thegon and
Kadinbilin areas on the left bank is provisionally called the West
Pegu Yoma Reservoir Irrigation Project (Phase I). The Wegyi and
Taunyo Reserveir Irripation Project, which a higher priority is given
to, should be implemented preferentially. Therefore, the basic study
including preparation of topographical maps should be conducted as

urgent matter for these proposed Project Areas.

Raising the local farming techniques of extension workers
and farmers is indispensable for successful irrigated agricutlure.
In order to meet such requirements, Pilot Land Consclidation Frojects
should be accomplished prior to implementation of the other irriga-
tion projects so that they can learn the advanced farming practices

from the said pilot farms.






I. HYDROLOGICAL AND METEQROLOGICAL DATA

I-1. Collection and Review of the Existing Data Available

The plan formulation of the water resources development indis-
pensably requires the long-term cbservation data on hydreology. Some
of the important hydrological and meteorological data and other

records collected for the plan formulation are tabulated as follows:

Data Source Remarks
baily Rainfall iDn, Refer to III-1.
(19 gauging staticons) MHD
Daily Run-off Discharge ID, Refer to IV-1,
(14 gauging station) MHD
Water Level Record on the ID, 1960-1977 at Prome &
Irrawaddy River MHD Henzada
(2 gauging stations)
Water Level Records on In, 1968-1978 at Gamon
the Myitmaka River MHD 1972-1978 at Dawai
(4 gauging stations) 1970-1978 at Kunayaik

1974-1978 at Myaungtaunga

Tidal Fluctuation Records Burmese 1972, 1974, 1976
(Rangoon River) Navy
Monthly Mean Meteorological ID, Prome, Henzada &
Data (3 gauging stations) MHD Tharrawaddy
Cross-section of the Irra- MHD Prome & Henzada

waddy River (2 survey points)

Rating 1D, Prome
MHD

I-2, 1Installation of Measuring Equipment

Reviewing the existing data available has revealed that there
is no data prepared on the water level and discharge for the
tributaries on the right bank of the Irrawaddy River and some data
lacking were found on water level and discharge of the main stream

and tributaries of the Myitmaka River.

-3 -



Under the situation, the automatic water level gauges have been
installed at the locations shown in Figure D-1-1, on the Kaukper
River, the Patshin River and the Mamya River on the right hank of
the Irrawaddy River, so as to supply the necessary data for the
future study. Also for the Myitmdka River, the automatic water

level gauges have been installed at Tabingon and Pogaung,

Furthermore, the automatic water level gauges have been
installed in addition to the existing staff pauges on the Okkan
River flowing in the southern part of the Survey Area and on the
Scuth Nawin River for the basin of which the feasibility study has

been undertaken under the technical cooperation of the Japanese

Government,

All of the above automatic gauges have been installed in the
manner illustrated in Figure D-1-3 as Pogaung gauging station instead
of the Burmese conversional South Nawin gauging station (Fig. D-1-2)
by wooden bridges which have tended to be destroyed by driftwood in

floodings.

In the Survey Area, there have been no rainfall gauging stations

provided in the mountain areas, while the total 19 stations existing,

all of which are located in the piain areas. In due to consi-

deration of the future development programme, several rain pauge
stations have been so established in the mountain areas as to meet
the requirements for planning the dam construction as a component
of the comprehensive development of the Area. (Refer to Fig., D-1-1

and Appendix D-1),



FIGURE D-1-1

LOCATION MAP OF OBSERVATORIES
-5

Gauging Station

Mearaorological Obsarvatoros (MHD)
@ {Existing}

u Wator Level Guage
{Existing}

A Automatic Water Level
[New Construction)

- Automatic Ranfall Guage
[{New Construction)

O Rainfall Gouge {Exisung}

Water Level (Staff Gauge}
A {New Construction}

o) Ramnfall Gauge
[New Construction}
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IT. TRESENT CONDITIONS

oty

II-1. Climate in Burma™

The country land of Burma extends long from south to north bet-
ween 9°B'NL and 28°30'NL, bordering Thailand at the Kula Isthmus on
the south and China on the north. (Refer to Key Map).

The climate of Burma is affected by monsoon, because the
country, having a similar climatic condition to those countries in

the Scoutheast Asia, laid in the tropical monscon zone.

The climate of Burma can be specified into three as follows

similar to the climate in Thailand, the neighboring courtry.

a) Dry season (Winter season) ———wemmw—- The cool season with

little rainfall (End of Qctober to February)

b) Dry season (Summer season) -------—--- The hot season with

little rainfall (March to early Hay)

¢) The rainy season (May to October)

The south-westerly monscon bring the rainfalls to the country
from the Ocean. On the other hand, the north-easterly monsoon blows
from the continent in its dry season. It is natural that the wind
directions of these monsoons should vary from a place to another by

local topographical condition. (Refer to Fig. D-2-1 and Fig. D-2-2).

The north-easterly or north monsoon in the winter season is the
extremely dry wind blowing from the continent, while the south-westerly
monsoon is the fully humid and warm wind blowing from the southern
Indian Ocean. The south-westerly monsoon brings much rainfall to the

areas along the seashore and the mountain slopes against the wind

/% -- Refer to H. Hatakeyama, "The Climate of Asia", Climate of ‘the
World, Valume, 1864,



direction. Especially, the western mountain-side of the Arakan Yoma
and the Tenasserim Division in the southeast of the country are the
most wet areas where the monthly rainfall totals over 1,000 mm {about
40 inches) of July. Whereas the central part of the country, around
Mandalay is the so-called Dry-zone where the averdge monthly rainfall
in July does not exceed 100 mm (about four inches). This is because
the south-westerly monscon is affected by the topographical conditions,
in other words, the humid wind is blocked in blowing up to the inland

areas by the Arakan Yoma rarging in the west of the country.

Cn the other hand, in the winter season when the north-easterly
wind blows, the country has very little rainfall in every area, and
there is an extremely large fluctuation in rainfall between the dry
season and the rainy season. Hence, the distribution of annual

rainfall accords with that in the rainy season.

Some areas along the seashore in the west of the country or
west sides of the mountain slopes have the heaviest annual rainfall
that exceeds 5,000 mm (about 200 inches), while the aveas in the
central plain have the annual mean rainfall less than 1,000 mm (about
40 inches), suffering from drought in the dry year. (Refer to Figs.
D-2-3 ~ D-2-5 and Appendix D-2).

There is no correlationship observed between temperature and
latitude, and the northern inland areas have recorded higher tem-
berature than the southern areas in the summer season. The tem-
berature in Mandalay increases to 37°-38°C on an average maximum in
April and May before the rainy season starts. {In Mandalay, the

maximum temperature was recorded by 43.99C in May).

In Bhamo in the northern part of Burma, the temperature érops
te around 3°C in January, while rising up to 41.1°C recorded in the
hottest month of May. Thevefore, the temperature difference through
the year grows larger, as the location is deeper into the inland area.
(Refer to Figs. D-2-4 and D~2-5, and Table D-2-1),

- 10 -



The wind velocity is recorded very low throughout the country
because of the geographical condition that most of the countrv lands
extend between the Arakan Yoma and the India-China mountain ranges,
except for Akyab arca where there is sometimes a strong south-westerly

wind blowing from the Bay of Bengal. (Refer to Fig. D-2-6)}.

The annual mean humidity is mare than 75 percent almost
throughout the country, except the dry zone, especially exceeding

85 percent in the rainy seascn.
In the Indian Ocean, the tropical low atmospheric depressicns,

the cyclone, takes place, and high frequency in their occurrence is

recorded in a period between September and December.

- 11 -
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1¥-2. The Survey Area

The Survey Area of about 2.9 million hectares is located north
waest of Rangoon within a range from 16°55'NL to 19°10'NL and 94°40'EL
to 96°20'EL. The borders of the Survey Area at the east and the
west are the watershed of the hilly Pegu Yoma at some 600 m elevation
and the watershed of the Arakan Yoma at some 1,200 m elevation,

respectively.

Since the Survey Area is bordered by the townships® boundary,
the administrative unit in Burma, some parts of the eastern border
line of the Survey Area do not accord with the watershed of the Pegu
Yoma, and a small portion of the Sittang River basin is included in

the Survey Area. (Refer to General Map and Fig. D-2-9).

The Irrawaddy River flowing through the Survey Area from north
to south has about five kilometer width (three mile width) measursd
at its widest portion in the Survey Area. However, there is no
bridge existing to cross over the River in or around the Survey

Area.

Only the means of transportation available in linking the left
and the right banks of the Riwver are ferry beats and absence of means
of man-transportation is a bottleneck for smooth flow of passengers

and goods.

The north boundary of the Survey Area accords with the adminis-
trative boundary of the Prome township and the south boundary is

those of the Kycnpyow and the Danubyu townships.

For convenience sake, the country is divided irnto two, the Upper
Burma and the Lower Burma, and the north boundary of the Survey Area
almost accords with the boundary between the above two divisions, the
Upper and the Lower Burma. In the southern part, a part of the

northern Irrawaddy Delta Area is included in the Survey Area.
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On the right bank of the Irrawaddy River, the hilly areas and
plateau between the opposite site to Prome and Kyangin extend very
clesely to the River side; thereby there will be little possibility
to be damaged by flooding in most of the areas. Because the plain
areas extending on the left bank of the Irrawaddy River is elevated
lower than those on the right bank, flooding have damaged the area

sometimes even Prome township.

The downstream area from Henzada on the right bank is the vast
delta formed by the Irrawaddy River. The elevation of the area
around Henzada is about 12 m (40 ft) on an average. The southern
part of the said area has been somestimes damaged by floodings in

the rainy season,

In the upperstream part of the Delta, there have been the embank-
ment provided along the Irrawaddy and Bassein Rivers, which was con-
structed in the British administration, so that the floodings from

the Irrawaddy River can be controlled to some extent.

The Survey Area topographically inclines very gently at the
slope of 1/10,000 from north toward south. The inclination in
sast-west direction in the plain areas is also very gentle ranging
from 1/5,000 to 1/10,000 toward the Myitmaka River. In these flat
areas, about one million hectare except some flooded areas, are used as

rainfed paddy fields in the rainy season.

The Pegu Yoma, hilly mountains, has elevated ranging from 500 to
760 m (1,700-2,000 ft.), functioning as the watershed of the Myitmaka
River basin and the Sittang River basin. The Pegu Yoma origin tribu-
taries of the Irrawaddy River and the Myitmaka River have a very
gentle river bed slope and their valleys have been well-developed.
Thereby, it is expected that reservoirs with large capacity can
be constructed only with small dam height to be provided if any

suitable site are found out.
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The major municipalities in the Survey Area are Prome and
Henzada. Prome is jocated about 250 km northwest of Rangoon, the
capital of Burma and at the extreme north in the Survey Area. The
transportation facilities available between Prome and Rangoon are

the natiomal highway and the national railway.

Henzada, located in the extremely northern part of the
Irrawaddy Delta, is a central municipality in the southern part
of the Suvrvey Area. Henzada, however, has no direct railway and
poad 1linking with Rangoomn because it is situated on the right bank
of the Irrawaddy River. The above railway from Rangoon are avallable
only up to Tharrowaw on the opposite side (left bank) to Henzada,
and further transportation depends upon the ferry boats. As direct
means of tramspeortation available between Rangoon and Henzada are

navigation through rivers and creeks.

11-3., Topography

Topographically speaking, the Survey Area is roughly specified

into two, the hilly areas and the plain areas.

The hilly areas extend to the mountains of the Arakan and the
Pegu Yomas, and the plain areas are the lands developing along the
Irpawaddy River and the Myitmaka River, including a part of the
nopthern Irrawaddy Delta. The cross-section of the Survey Area at

Monyo is illustrated in the following figure (Figure p-2-7).

Proiject Area ]

Arakan Yoma

Irrawvaddy Myitmaka
River

River

Hiily Are Plain Area Hilly Area

FIGURE D-2-7. CROSS-SECTION OF THE SURVEY AREA AT MONYO
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The Arakan Yoma, which is considerably steep mountain range
with some 1,200 m (about 4,000 ft) elevation, is the watershed of
the Irrawaddy River basin and the basin of the rivers pouring into

the Bay of Bengal.

The Arakan Yoma, although having many suitable dam sites, will
not be expected to provide reservoirs with a large capacity so
easily because the river bed slope in the Arakan Yoma is steeper

than that in the Pegu Yoma,

IT-4, Climate

The Survey Area is under the tropical climate, being affected
by monscon, There are three seasons in a year, the rainy season, the

winter season and the summer season., (Refer to I1I-1).

The rainy season lasts from the middle of May to the middle of
Octcber and most of the rainfall in a year takes place in this season.
The annual mean rainfall is about 1,300 mm (about 50 inches) recorded
at Prome in the northern part of the Survey Area, while about
2,600 mm (about 100 inches) recorded in Kyonpvaw in the southern
part of the Survey Area. Much more rainfall takes place

in the southern part of the Project Area than in the northern part,

The rainfall put the northern limit of the rainfed paddy crop-
ping on the Prome area, and the Survey Area is considered as the
most suitable area for paddy cropping in the country in terms of

rainfall,

The winter season lasts about three months from October, the
past rainy season, to January in the following year. The monthly
mean minimum temperature in these months is about 16°C and the
lowest temperature in a year has been vecorded in this season; while
the temperature becomes minimum in this season throughout the year.
The relative humidity also becomes lowest in a year and is measured

by about 40 percent in Prome. The wintep season is most comfortable

to live in,
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The summer season, the hottest season of the year, lasts about
three months from February to April. The monthly mean maximum tem-
perature has been recorded by 40°C in Prome and 38°C in Henzada,
respectively. When the monscon comes, the summer season is over and

the rainy season starts. (Refer to Figure D-2-8).

Several typhoons occurring in the South China Sea or Pacific
Ocean reach the country in a period from July to October in a year.
However, the typhoons, weazkened in force by crossing over the

Indon-China Peninsula, have little damaged the country,

The ¢yclone, originating in the Ocean, have rarely come to the

Survey Area,
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RIVER BASIN SYSTEM

FIGURE D-2-9
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7I-5. Present Conditions of the Area

The total area of the Survey Area amounts to about 2.9 million
hectares, about 40 percent of which, about 1.18 million hectares

(2.91 million acres) is existing areas sown. The remaining 60 percent,

about 1.71 willion hectares are forest lands, waste lands and lands

used for other purposes.

The cultivable waste lands occupying about eight percent of the
Survey Area, about 240 thousand hectares (about 600 thousand acres),
are mostly the lands have been given up in cultivation. These lands
have sporadically located in the Survey Area. Approximately 85
percent of the existing cultivated area, about one million hectares
(2.47 million acres) are the rainfed paddy fields. (Refer to Table
D-2-2).

The Kaing-lands and swampy area extend to strips along the
Irrawaddy River, the Myitmaka River and the Bassein River. 1In
Kaing-lands, the upland crops such as groundnut are grown on the
river-transporting fertile soils in the dry season, although no
cultivation is carried out in the rainy season due to floodings

over the lands.

The swampy area are submerged by floodings in the rainy season
and uncultivable even in the dry season due to chronical floodingsw
or long-standing water. These uncultivable swampy area are uti-

lized for inland fisheries.
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These uncultivable lands have suffered from ill-drainage even
in the dry season when the water level of the major drainage river of
the areas, such as the Irrawaddy, the Myitmaka, the Bassein, ete. is
reduced by about 10 meters as compared with that in the rainy season.
Such ill-drainage would be caused from the facts that the elevation
of these lands is very low and the terminal drainage facilities have

not been consolidated in the area,

Most of the remaining parts in the Survey Area are paddy fields
with some Ya-lands or garden existing sporadically in high-elevated

lands.

The peripheral hilly lands and mountainous areas are forest
lands. The forest in the hilly lands have heen the resources of
firewood used as fuel by farmers. However, no reforestation after
taking firewood from the forests has heavily deteriorated the vegeta-
tion only with bamboo, bushes and weeds growing in the recent years,
The forest vegetation in the deep mountains has been reserved well
as compared with that in the hilly forest lands because of its
location remoted from the villages. But as the shortage in supply
of fuel firewood has become more sericus, the villagers! tree-cutting

has been encroaching the deep mountain forests,

The forests im the Pegu Yoma have been more quickly deteriorated
than those in the Arakan Yoma. This has resulted from the facts that
the villagers can easily access to the hilly Pegu Yoma for getting
firewood and the slash-and-burn farming has been freguently carried

cut there,

The acreage sown per farmer in the Area is about 2.01 ha
(about 4.87 acres) which is slightly smaller than the national

average of 2.19 ha {about 5.4 acres).
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TABLE D-2-2 PRESENT LAND USE (1976/77)

Percentage of Percentage of
Description Area Grand Total Cultivated Area
{x100 ha) (%) (%)

Cultivated area

Paddy 10,001 4.6 85.0
Ya-land 122 0.4 1.0
Kaing-land a7y 3.0 7.4
Garden 717 2.5 6.1
Dani 14 9.0 0.1
Shifting us 0.2 0.4
Total 11,774 ug.7 100.0

Reserved forest 9,203 31.9

Unreserved forest 1,121 3.9

Culturabie waste 2,424 8.4

Unculturable land 4,353 15.1
Grangd Total 28,875 100,90

Note: Cultivated area includes areacultivated within reserved

forest area and demarcated grazing lands.

source: Settlement and Land Records Department.
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1I-6. River Conditions '

The Survey Area, in terms of river basin, can be divided into
three, the Irrawaddy River basin, and its two branch river basins,

namely, the Bassein and the Myitmaka.

The right bank area of the Irrawaddy River belongs to the
basins of the Irrawaddy River and the Bassein River, with 11 tribu-
taries flowing from west to east. The left bank area beléngs to
the Myitmaka River basin except the area covered by the Nawin chaung

flowing into the Irrawaddy River. (Refer to Figure D-2-9).

The Irrawaddy River, which flows down through the Survey Area,
is one of the largest rivers in Burma (Irrawaddy, Sittang and
Salween}, having the total catchment area of 430 thousand square
kilometers. (This figure is 1.15 times as large as 370 thousand

square kilometers of the whole country-land of Japan.)

The Irrawaddy River, originating in the great Tibetan mountain
range in China, flows into Burma territory at the Kachin State,
and then runs through almost the central part of the country from
the extreme north to the south to empty itself in the Andaman Sea.

The total length of the Irrawaddy reaches about 2,030 km.
The Irrawaddy River, branching off the Bassein River in the

Survey Area, pours into the Andaman Sea after running down inter-

secting the southern part of the Irrawaddy Delta like cobwebs.
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The Irrawaddy river, having the Bassein river only as draining
branch in the Survey Area rises high in the water level in the rainy
season, and the water level fluctuation is about 10 m between the dry

season and the rainy season.

However, at the lower part of the Irrawaddy Delta, the water
level of the Irrawaddy River does not fluctuate so large as in the
Survey Area because so many rivers and waterways branched-off from
the main stream of the Irrawaddy control the flood discharge in the
rainy season, and the inundation depth in the area measures about 30 cm
due to the tidal effect. The tidal range of the Irrawaddy River can
not be determined due to lack of adequate observation records
of the water level, although the tidal part of the River is said to

reach up to Zalun located south of Henzada.

The average flood discharge of the Irrawaddy River which was
observed at Prome, is about 35,500 cu.m/sec and the peak discharge,
reaching 50,000-60,000 cu.m/sec, takes place in August and September,
The maximum flood discharge recorded is 63,800 cu.m/seec in 1974. There
are no data available for the discharge in the downstream from Prome
because heavy shifting of the River course has prevented the regular

observation from being practised.

On the right bank of the Irrawaddy River, there have been river
dikes, constructed under the British Administration in the downstream

parts from Kyangin to avoid flood from the Irrawaddy River.

On the left bank, there had heen the river dikes provided as
well but they were sometimes broken by flooding and an inadequate
maintenance since then has resulted in only very few traces observed.

The collapse of the left bank embankments are considered to
have caused by the fact that the said embankment were constructed
0.3-0.6 m lower than the right bank embankments so as to protect

Henzada, the wajor municipality in the area concerned, from being
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flooded. In 1974, however, the large-scale flood with about 50-year
prebability collapsed the right bank embankments at Myanaung and

Henzada and damaged the area.

The Myitmaka River flows through the castern part of the Survey
Area in parallel with the Irrawaddy River. The Myitmaka, originat-
ing in the Pegu Yoma, flows down about 390 km including the most
downstream part called the Rangoon river. The said river is specified
into two portions in terms of its characteristic features, the
upstream portion from the confluence of the Thenet chaung and the

downstream thereof.

The former portion, having average width of 20-50 m, is a
natural river punning about 240 km in meandering heavily. In the
rainy season, run-off discharge from its own catchment area and over-
flow from the Irrawaddy at northern part of the Monyo township have
raised the water level of the river fo cause the flooded areas in
strip in the low-lying hinterland along the Myitmaka River. The
relevant area totals 206,000 ha (about 509 thousand acres) with
estimated flood volume of #,120 MCM and the maximum flood depth is
estimated at one to five meters (about three to fifteen ft.). There
are many swampy areas existing even in the dry season due to absence
of proper drainage system in this low-lying hinterland.

-

For the latter, the flood water from the Irrawaddy has flown
into its downstream portion through the Thenet river, The river
width at this portion measures 200-500 m, having the similar river
conditions to the upstream portion., The tidal cempartment reaches
around Thaikkyi township, There are about 119,000 ha (about 284

thousand acres of inundation areas existing in this area as well.
The water level of the Myitmaka River, affected by change of

that of the Irrawaddy River, has its peak in August and September

and its annual change can be graphed in trapezoidal with gentle slope,
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The Bassein River, which branches-off at Henzada from the
Irrawaddy River and one of the branches of the Irrawaddy River,
flows towards south-west through the southern part of the Survey
Area, and runs about 350 km in total (about 220 km of the length
runs within the Survey Area). The River forms the northern boundary
of the Irrawaddy Delta, and branches off at Bassein so many rivers

and waterways intersecting the Delta lands like cobwebs to pour into

the Andaman Sea,

The Bassein River is the natural river with width ranging from
200 to 500 m. There are embankments constructed along the left bank,
downstream portion from Henzada, but no embankments provided on the
right bank., The swampy area of about 50,000 ha {about 124 thousand
acres) is formed around Henzada, The annual water level change has a
similar tendency to that of the Irrawaddy River. The tidal compart-
ment reaches up to around Lemythena township. (Refer to Annex E

Hydraulic Analysis and Reclamation.)

There are 26 branches or tributaries of the Rivers mentioned
previously running in the Survey Area, all of which are the natural
river with the water course shifting to a considerable extent. They
are running dry in April and May in the dry season, and their dis-
charges becomes largest after concentrative rainfall in thé rainy

season,

The general tendency of water level change of these rivers is
almost the same as those of the rivers in Japan in showing the upward
curve for several hours and the downward curve within a day or so.
There have been few weirs and other facilities on these rivers

for diverting the water.

II-7. Groundwater

The foundation of the Survey Area is composed of shales and
sand stones of the Tertiary stratum which are covered with the

Quaternary deposits. The shales and sand stones are the impervious
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foundation and the Quaternary layers form an aquifer. The aquifer
consists of chiefly coarse particle layers with silt and loam layers
lying in between, but in the upper part of the layers the clay con-
tents increase in quantity. Both of permeability coefficient and

storage coefficient are small,

The groundwater table in the Survey Area has a considerably
large seasonal fluctuation in rising closely to the ground surface
in the rainy season and lowering some 10 m below the ground surface

in the dry season.

The domestic water supply almost depends upon the shallow wells,
but the water in these wells is liable to dry up in the dry season.

There exist no areas systematically irrigated by groundwater in

the Survey Area.

The present groundwater conditicns studied as above revealed
that there would be little possibility to use the groundwater
resources for large-scale agricultural developments in the Survey

Area as compared with the possibility by surface water resources,

I1-8. Present Water Use

The irrigation project currently executed in Burma are generally
classified inte three, the projects implemented on the force account
basis by the Irrigation Department, on the community basis by villages
and on the small-scale basis in pumping irrigation by the Agricultural
Mechanization Department. The total beneficial area was estimated
at 950,000 ha, which occupies about nine percent of the total acreage

sown in the country, (Refer to Table b-2-3).

The projects on the force account basis are defined as those pro-
jects the total construction cost exceeds one million Kyat {US$154,000).
Up to date, 31 projects (covering about #13,000 ha) have already
been completed in this way. (Refer to Table D-2-4). Host of these

projects provide Fill-type dams and diversion dams as main facilities.
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Aimost all of canals provided are earth canals and the canal density

was estimated at B8 m/ha, which iIs too small fo carry out successful

irrigation.

The on-going irrigation projects account to three and cover
about 83,000 ha of beneficial area., [Five projects are now under
contemplation and to cover the beneficial area of about 156,000 ha

in total. (Refer to Tables D-2-5 and D-2-6.)

Thirty-eight village irrigation works in two divisions, concerned
Pegu and Irrawaddy, have already been completed and their beneficial
area covers about 21,000 ha in total, and 33 of 38 works located in the
Survey Area, covering about 19,000 ha of the beneficial area. (Refer
to Table D-2-7). The village irrigation works are designed and imple-
mented by ID, but 30 percent of the cost required should be borne by

the townships concerned and farmers. (Refer to Appendix D-3).

The small-scale pump irrigation projects have been executed
by AMD sinece 1970. 1In the projects, the AMD has sold portable pumps
with 5-6 Hp to the cooperative societies or individual farmers.
The projects aimed at irrigating the fields for jute and cotton

croppings.,

Cn top of the above, there have been many water tanks and
weirs for irrigation existing in the country, but the detailed study
has not been made due to absence of the data available. These faci-
lities are utilized not only for irrigation but for supply of the
domestic use water in the dry season. However, some of these faci-

lities have been time-worn and functioning insufficiently,

The irrigation method carried out in the country is flooding

irrigation for paddy fields and furrow irrigation for upland fields.
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The water management has been carried out by the way that the
assistant engineers, who control the farmers'requirements given
through gate keepers and canal inspectors, give instructions on

gate operation to gate keepers, (Refer te Fig. D-2-10),

The water charges have been collected as a part of the land
taz paid by farmers concerned. The average amount of water charges
is K 4-5/acre, but K 10-12/acre have been collected from the bene-

ficial farmers in the newly completed project areas.
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TABLE D-2-5

IRRIGATION PROJECT UNDER CONSTRUCTION

Const- Major Facilities
Irrigable ruction Canals (Km)
Name Location Area (ha) Period Dam Weir Main Secondary
Chaung Ma Gyi Dam Pyawbwe 3,710 1 i 19.7 35.5
North Nawin Prome 38,700 -1981 1 - 72.0 uy5.0
Sedaweyil Mandalay 50,800 I 1% 113.6 1,518.4
Total 93,210 205.3 1,998.9
Note: % Existing
Source: Irrigation Dept.
TABLE D-2-6 PROPOSED IRRIGATION PROJECT
(Under the 3rd 4 years Development Plan)
Major Facilities
Location Irrigable Canals (Km)
Name {Township) Area (ha) Dam Weir Pump Main Secondary
Mobye Irri. Loikan 7,980 L - 58.9  132.5
Pump Irr. Honywat+i 21,900 - - i o R
Pyinmana Pyinmana 8,080 1 1 19.5 204.8
South Nawin@#* Paukkaung 32,000 1 - - St N
Nyaunggyat® yittha 86,000 2 - - 197.6 by
Total 155,960
Note:  Existing Dam % Under detail investigetion and design
%4t The feasibility study of this project will be started
within FY 1978
Source: Irrigation Dept.

TABLE D-2-7 VILLAGE IRRIGATION WORKS IN THE SURVEY AREA

Division/Township

I. Pegu Division
Prome
Paukkaung
Shwedaung
Paungde
Thegon
Padaung
Sub-total

II. Irrawaddy Division
Myanaung

Total

No. of Project

|q oo~ & O

w
Lo I o

Irrigable Area

(ha)

3,262
1,715
4,050
4,052
5,776
2,153

21,008

266
21,274
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III. METEOROLOGY

I1I-1. Rainfall
1) Gauging Station

There have total of 19 rainfall gauging stations located in the
Survey Area, 10 of which are on the left bank of the Irrawaddy River
and 9 of which are on the right bank. All of the measuring devices
provided with these stations are not automatic rain gauges but

those for measuring the daily rainfall,

The Irrigation Department (ID) established four rainfall gauging
stations in the South Nawin chaung basin about four years ago in order
to prepare the rainfall data for the South Nawin Irrigation Project.
Furthermore, the Master Plan Study Team has established another 23
stations in the Survey Area under the cooperation of the Colombo
Rlan experts dispatched by the Japanese Government and the Burtese
officials concerned so as to start cbservation from the 1979 rainy
season. The six important gauging stations out of the newly established
23 stations have provided the automatic recording devices. These new
stations have strengthened the observation activities in the Survey
Area by increasing the density of gauging networks from 152,000 sq. km/
station to 68,000 sq., km/station in the Area, and all of these sta-
tions are expected to supply necessary data by their permanent observa-

tion. {Refer to Fig. D-1-1).

Among the existing stations, three stations at Prome, Tharra-
waddy and Henzada are the observatories belonging to the Meteorological
and Hydrological Department (MHD) and keeping considerably long-term
records which have high reliability. Other 16 stations have been
keeping the observation records for the respective periods as shown
in Pig. D-3-1. However, there have been many data lacking found for

long-term observations,
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2) Rainfall
The nine-years' basis moving average of annual rainfalls observed
at Rangoon for the past 108 years suggest that there is a tendency
to vun into the drought period in terms of long-range observation
It is considered that the drought period

In the medium-range, the

as shown in Fig. D-3-2.
would return at 100-120 vears interval.
drought period and the wet period return at 15-years interval, and

in the short-range, the return period is considered to be 3-U4 years.

The secular change of the rainfall is so heavy that every
gauging station has observed the fluctuation ranges from 70 percent
to 140 percent against the respective average rainfall. Such heavy
secular change in rainfalls have caused frequent drought damages or
flood damages to agriculture and prevented agriculture in the Area

from stable farm management, (Refer to Table D-3-1).

The annual mean rainfall is recorded less in the northern part
of the Survey Area than in the southern part, and that observed
at Prome located extremely north in the Survey Area is 1,276 mm,
while that observed at Kyonpyaw located extremely south is 2,649 mm
which is almost double of that at Prome. (Refer to Table D-3-2 and
Fig. D-3-3)}.

The monthly rainfall distribution at every station can be
classified into two patterns. A pattern has the month which has a
maximum amount of over 500 mm {about 20 inches) rainfall in July.
Annual rainfall of these stations is more than about 2,000 mm
(about 80 inches). These stations are located in the southern
part of the Survey Area. Other pattern has no particular month
such as above mentioned. Annual rainfall of these stations are less

than about 1,500 wm {about 60 inches). (Refer to Fig, D-3-u),

About 85 percent of the total annual rainfalls generally

takes place for five months from June to October,
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The monthly basis rainfall distribution in the most wet areas
and the less wet areas is illustrated in the following Table D-3~3
and Fig. D-3-t(a).

TABLE D-3-3  RAINFALL DISTRIBUTION

(Unit: %)
Host Wet Less Vet Most Wet Less Wet

Month Areas Areas Month Areas Areas
Jan. 0.2 0.2 Jul. 2u.4 19,4
Feb. 0 0 Aug, 22.1 18,3
Mar. 0.1 0.1 Sept. 12.9 15,7
Apr. 0.1 0.8 Oct. 7.6 i0.u
May 10.3 11.6 Nowv. 1.3 2.1
Juri. 149.8 21,0 Dec. 0.2 g.u4

Total 100,0 100.0

The secular change in monthly rainfalls show the similar heavy
change to that of the annual rainfalls. When a small rainfall is
recorded in May, the rainfall in October is small as well, and the
total annual rainfall tends to decrease in such years; in other
words, the rainfall available in May and October largely affect
the current rainfed farming. The rainfall in May soaks the soils
hardened during the dry season to permit the plowing and harrowing
works for nursery to be easily practised, and the rainfall in October
serves to supply water to paddy plants ip their ripening peried.
Under the circumstances, the yield of paddy that is a major crop in
the Survey Area is liable to largely depending upon the rainfalls
in May and October., (Refer to Table D-3-4),
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The rainfall pattern shows a tropical squall type with
raining zone of 30-40 sq.km moving at about 10 km/hr. Hence. there
2
are no correlations of the rainfall reccrds observed by 19 stations

in the Survey Area. (Refer to Table D-3-5).

The total amount of one rainfall is not so much due to compara-
tively short rainfall duration within about 30 minutes, although
the rainfall in density is estimated at 50-69 mm/hr. Therefore,
there is no particular runcff discharge concentration to cause flood
damages, except in the low-lying swampy areas where the drained water

concentrates after rainfall.

However, considerable erosions have been observed in those
areas where there is little coverage by vegetation or fine particle

soils such as clayey soil distribution.

I1I-2. Other Meteorological Conditions

The MHD's observatories at Prome, Tharrawaddy and Henzada have

been conducting observations on the captioned items,

The maximum temperature is measured in April, sometimes
exceeding 40°C. The temperature measured in the Survey Area shows
the similar tendency to that of the national average (refer to II-1);
higher temperature is recorded in the northern part of the Area than
that recorded in the southern part. The minimum temperature is
recorded as low as 1B°C in February, The diurnalrange of temperature
is 15-16°C on an annual average, although reaching as large as 18°C

in February. ({Refer to Table D-3-6).
The relative humidity in the Survey Area marks more than 90

percent at maximum in the rainy season, while around 50 percent of

minimum in the dry season. (Refer to Table D-3-7).

_ 5% .



The monthly mean sunshine hour is observed at the Prome observa-
tory, and it is observed by less than 200 hrs/month from June to
September in the rainy season, particularly only 120 hrs/menth in
August. The sunshine hour increases gradually from October to
reach 289 hrs/month in Januwary, February and March in the dry

season. The annual mean sunshine hour totals 2,692 hours, which is
longer by more than 30 percent than that (about 2,000 hrs) recorded

in Japan., (Refer to Table D-3-8),

The annual mean evaporation ranges from 1,750 to 1,890 mm.
The daily maximum pan-evaporation is recorded by 7-9 mm in a period
from March to May, while by about 4,0 mm in other months of the year.
A large-size pan (Pan-A class) with 1.2 m dia., (about 4 ft. dia.) is
used for measuring the pan-evaporation. The ratio of pan-evaporation
to patural evaporation is 0,76 on an average. The natural evaporation
was cbtained by Penman method calculation due to lack of the actual

measurement data available. (Refer to Table D-3-8}.

Both of the wind velocity and direction largely depend
upon the monsoon as discussed in the previous paragraph. In general,
the wind velocity is not so high and the highest velocity observed
at Prome where the strong wind is said to blow is only 6,44 km/hr

(1.79 m/s) in April,
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The south-westerly monsoon blows from the end of the dry
season to the early rainy season, and when the wind direction changes
from south to north in the early dry season, the wind velocity
decreases to breeze, Strong wind may blew locally immediately before
raining in the rainy season, but lasts only about half hour or so
to stop. Therefore, there are few wind damages recorded., (Refer

to Table D-3-10 and Table D-3-11),
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Iv. WATER, RESOURCES

1v-1. Discharge
1} Gauging Stations

The water level and discharge gauging station in the Supvey

Areca are located as shown in Fig. D-1-1 in Chapter I.

The water level and discharge of the Irrawaddy Riéer have heen

ohserved at Prome gauging station under MHD,

There are 19 gauging stations established by ID along observa-
tions have been carried out by only staff gauge measurement at three
times a day (6:00 AM, 12:00 and 6:00 PM} to cover only the rainy

season period from May to December.

As mentioned in the previous paragraph II1I-1 on rainfall gauging
stations, another five stations with automatic level gauges and 12
stations with staff gauges have been provided in the Survey Area
under the cooperation of both Governments of Burma and Japan, the
Colombe Plan experts and Burmese ID officials concerned. Furthermore,
the 0ld measurement devices at South Nawin and Okkan Stations have
been replaced with new ones. With these new facilities, the water

level gauging stations in the Survey Arez total u8 stations.

2} Discharge and Water Level

Most af the rivers in the Survey Area, except the Irrawaddy,
the Myitmaka and the Bassein Rivers, have run dry in the dry season,
and no discharge observation has been carried out for these rivers
in the dfy season., The discharge in the dry season is so small
compared with in the rainy season that the specific discharge is
estimated at 0.1 mm/day. This is considered to result from the small
storage coefficient of the aquifers in the related river basins as

discussed in the previous paragraph II-7 Groundwater.
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The Ivrawaddy River, the largest river in Burma, has the catch-
ment area of 340,390 sg,km, commanded at Prome in the extreme north

of the Survey Area (this is almost equal to the whole national land

of Japan, 370,000 sq. km),

The annual average discharge was estimated at 10,200 cu.m/s and

the maximum discharge in the past was recorded by 60,120 cu.m/s on

August 15, 1974, which is considered a flood with 50-year probability.

The diurnal fluctuation of discharges in the Irrawaddy, the

Myitmaka and the Bassein Rivers is very small. The hydrographs on

these rivers show a simple pattern of discharges that are increasing
in the early part of the rainy season to reach the peak in August and
decreasing toward the end of the rainy season, Thereby, the water
level of the Irrawaddy River fluctuate in the pattern with the

rising period in June, high water peried from July to September,
reducing pericd from October to November and low water period from

December to May in the following year. This is illustrated in the

following figure.
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FIG. D-u4-1. TYPICAL HYDROGRAFH

The water level difference between the high water level and
the low water level is about 10 m. In June when the rising period,
the water level sometimes increases by one meter per day, and in
the reducing period, it lowers by 0,2-0.3 m per dav. The fluctua-
tions in the Myitmaka and the Bassein show the similar tendency
to the above. (Refer to Fig. D-4~2 & Fig. D-4-3 and Annex E,

Hydraulic Anzlysis and Reclamation),
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Fourteen (14) tributaries of the left bank of the Irrawaddy
River have the gauging stations to carry out the discharge observa-
tion during eight months from May to December., These observations can
supply the daily discharge records available on the above 14 tribu-
taries. During the dry season from January to April, their dis-
charges preduce to very little or almost zero, and the base flow of

these tributaries has not been observed.

The flood water levels of these tributaries can be specified
into two periods, indicating very similar pattern of hydrograph to
those rivers in Japan that the peak water level lasts only one or

two hours.

The hydrograph on the South Nawin chaung which has been prepared
in this Master Plan Study, shows that the water level rise lasts

about six hours and decrease lasts about one day. (Refer to Fig. D-4-4).

Since the hourly rainfall data are not available, the detalled
study on the time of concentration can not be made in this study;
however, roughly speaking, it would take several hours or one day at
maximum for the related concentration of water. It is alsc expected
that there is the similar tendency shown in the other branch rivers

to the above Scuth Nawin case,
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Such tendency allows to assume that the rainfall takes place
with locally and hourly high intensity in the very limited area in

the related catchment area, and such concentrative strong rainfall

causes an abrupt rise of the water level in the river. Also, the

comparatively short duration of the reducing period within the

similar scale rivers in Japan of the water level is assumed to result

from the short duration of rainfall in the area conqerned.

The annual discharge and the specified discharge of the res-
pective rivers are shown in the following Table D-4-1, The said
table suggests that the specific discharges are variable according
to the annual discharges, and the discharges of the rivers in the

southern part of the Survey Area has more than double of those in

the rivers of the northern part.
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TV-2. Water Quality

Water quality analysis has not been either qualitatively or
quantitatively. Various conditions in the related River basins,
however, suggest that the water of the Irrawaddy River, the Myitmaka
River and their branches would not be harmful as irripation water,
It would be required to carry out the quality analysis and control
for the waterApf these rivers in future when the industrial develop-
ment will provide mining plants and other factories in the river
basins concerned. Furthermore, a strict water quality analysis
should be made when the irrigation water is used as the domestic

water such as potable water.

The tidal compartment of the Irrawaddy and the Bassein Rivers
reaches around Henzada and that of the Myitmaka River reaches around
Tharrawaddy. However, the salinity would be dispelled and mixed in
the river waters around the tidal compartments, and it is assumed
that the salinity concentration is increased in the water in the dry
season, Therefore, the salinity measurement should be made on the
water to be diverted for irrigation from the downstreams of the
Irrawaddy River and the Myitmaka River, and a thorouvgh study should
be made on the diversion method to supply harmless water to crop

by taking the surface water.

iv-3, Sediment Volume

The volume of sediments transported to a reservoir is one of
the important factors to determine the scale of the reservoir; the
inflow sediments to reservoir within a life of its reservoir should

be estimated into the reservoir capacity as dead water.

The sediment data are available for the Survey Area, and.
measurement was made on the Thegaw chaung to obtain 1,350 cu.m/
sq.km/year. The detailed information was not available on measure-
ment method and term, and analysis method of the records observed,

but judging from the general land conditions and the vegetation
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along the Thegaw chaung, the value seems to be larger than that in
general cases in the country. This value has been adopted for

designing of the North Nawin dam.

On the other hand, the measured value of 482 cu.m/sq.km/year
has been taken for desipning of the Sedawyi Dam located in the
irrawaddy River basin at the east side of the Pegu Yoma, and the

Pyinmana Irrigation Project located along the Pegu Yoma,has adopted

1,000 cu.m/sq.km/year.

In due consideration of the above data, results and reforesta-
tion plan in future, the sediment volume per annum is to be adopted
by 1,000 cu.m/sq.km/year (2.1 AF/sq.mile/year) for designing dams..
However, the future dam planning should adept the measurement values
on the case~by-case basis, because the above 1,000 cu.m/sq.km/year

is only an estimated value which might not be avoided For every case,
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¥, HYDROLOGICAL ANALYSIS

The following hydrological analyses were made on the basis of
various hy@rological data, meteorological data, etc. that had been

collected since the preliminary survey was started,

y-1. Probable Rainfall

The probability computation was statistically made‘by Iwai's
method on the annual maximum rainfall, daily maximum rainfall,
2-to-3-days consecutive rainfall, 106-days consecutive rainfall based

on the data prepared at 19 gauging stations in the Survey Area.

The Iwai's method is the probability treatment of the data
concerned by logarithmic regular distribution, when a sample has any

substantial value even in the lowest extremity.

The respective probable rainfalls for 19 gauging stations are
shown in the following Table D-5-1. (Refer to Annex E). The
said table suggests that there will not always be correlations
found between the daily maximum rainfall tends to take place in
the early part of the rainy season and to shift to the middle of
the rainy season as the period of consecutive rainy days becomes
longer and longer; in other words, the rainfalls in the early rainy
season can be defined to be inconsecutive. Hence, it is congidered
that the farmers in the Survey Area have been forced to practise
unstable farming due to starting their farming works depending upen

unstable rainfall in this period,

On the other hand, the long consecutive rainfalls taking place
in the middle of the rainy season has caused long-lasting flood

damages to the low-lying areas in the Survey Area.
Under the circumstances, it is required to provide reservoirs

which can store the unstable rainfalls, in the Survey Area reser-

voirs which can store the unstable rainfalls, release the stored
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eason and the dry season to serve for

and reduce the flood damage by storing

water in the early rainy s

executing planned farming,
water in the middle through the end of the ralny season.

2) Number of Rainy Days

The average number of the rainy days in the Survey Area counts
119 days; the highest by 148 days at the Hmawbi and the.lowest by
85 days at Gyaubingauk. Regarding the number of the rainy days, there
is not so much local difference observed in the Survey Area as to

be in the case of study on the annual rainfall. The rainy days with

the over 1.0 mm rainfall,

¥

The following table (Table D-5-2) shows the breakdown of the num-

ber of rainy days in a year by rainfalls.

TABLE D-5-2  NUMBER OF RAINY DAYS

Rainfall Days
Non-rainfall 246
0~ 1 mm y
1l - 5 mm 30
5« 10 mm 21
10 - 30 mm L3
30 mm N 23
Total 365

The average number of the rainy days in a year covers about
67 percent of 180 days of the rainy season between mid-May and
mid-November, and the remaining 37 percent, about 71 days, is non-
rainfall days which tends to concentratively take place in periods
from May to June and from October to November, Hence, in such years
as 1979 when rainfall had concentrated up to early June and non-
rainfall days had last since then, the farming works had been
delayed to a large extent, Then, if an adequate rainfall would
not take place in the following period, there would be a very poor

harvest expected. (Refer to Appendix D-5).
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v-2. Discharge Analysis

In taking the catchment, areal rainfalls observed at the res-
pective discharge gauging stations as those observation values at
the related rain gauge stations in the said area, the annual mean
run~off ratio was estimated at 30 percent, the maximum of 45 percent
and the minimum at 20 percent. The relationship between the accu~
mulated rainfall and the accumulated discharge was plotted and is
shown in Fig. D-5-1, The figure reveals that the initial loss is
estimated at 200 mm and the more accumulated rainfall takes place,
the higher run-off coefficient becomes. The broken line in the
figure indicates the average basis relationship between the accumu-
lated rainfall and the accumulated specific discharge., (Refer to

Appendix D-7).

In taking the accumulated rainfall by R and the accumulated

discharge by Q, relationship can be expressed by the following

equations:
<
R = 200 mm Q = 0.0
200 <R = 1,200 Q = 0.3R-60
1,200 <R Q = 0,5R-300
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yI, IRRIGATION SCHEME

VIi-l., General
1) HNecessity of Irrigation

The rainfed farming, which is the major way of agriculture in
the Survey Area, makes it hard to achieve the target of long-range
agricultural development programme. Accomplishment of this target
requires to take a measure for effective use of the rain watef that
tends to occur inadequately and sometimes unseasonably to farming
works. On the other hand, it is essential to utilize a2z much as
possible such favorable natural conditions te farming as abundant
sunshine and high temperature in the dry season. Under the situation,
it will be a fundamental issue to secure the irrigation water to meet

the requirement.

2) Water and Other Resources for Irrigation

In this connection, the natural water resources of rivers,
lakes, and groundwater are considered as the sources for irrigation
water supply. These natural water rescurces, however, are liable to
being affected by rainfall, except for the water of the three larpest
rivers in Burma, the Irrawaddy, the Sittang and the Salween. There-
fore, the facilities such as dams and weirs are required to effectively

use the precious limited water resources for the purpose.

To merely secure the water sources, however, is not effective
to utilize the reserve water resources, To secure the necessary
human resources plays an important role in the development of irri-
gated agriculture as well as to secure the water sources. Irpigation
projects executed in the past have tended to consider the humap factor
as being minor in the project., Tt is no exaggeration to say that
the successful utilization of the water resources depends largely
on the effective use of human resources both in quality and quantity.
In other words, the farmers concerned should thoroughly acquire the

knowledge and techniques on irrigated agriculture before securing
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the water sources of the projects.

3) 1Intake Methods of Irrigation Water

Pumping facilities, diversion weirs, dams, etc., are considered

as major means of diverting water from the water sources,

Pumping facilities will be inevitably required for diverting

the water from rivers, lakes and groundwaters, the water levels of

which reduce by about 10 m in the dry season., The construction cost

of pumping facilities depends largely upon their foundation treat-

ment, 1ifts, pumping-up water amounts, slope protection works, ete.

All the rivers flowing in the Survey Area are natural rivers,.
which have not provided with any flood control facilities, Under the
circumstances, the river streams have shifted by floodings year by year

as well as collapse of river slopes have taken place at many places

on the banks,

The lakes and as water sources, except the sample extending
south of Henzada, have caused floodings in the rainy season, As for
the installation of pumping facilities, therefore, the special atten-

tion should be paid to the location of the facilities.

The estimated water requirements for paddy cropping will be bet-
ween 900 and 1,000 mm per crop (refer to Chapter VI), and it is ex-
pected to develop the irrigable areas with almost tha same acreage
as that of the surface areas of lakes and swamps in taking into
consideration the water surface evaporation by some 1,800 mm and

effective water depth by around three meters.

In the dry season, there have been no large scale lakes and
swamps observed in the Supvey Area. Thereby, pumping irrigation is
recommended to be adopted for the small-scale irrigation in the
Survey Area in the dry season. However, the pumping irrigation

involves several problems of higher running cost, difficulty in
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operation and maintenance of the facilities in those areas which the

spare parts ave not available,

The groundwater irrigation has some problems in its yield
available as mentioned in the previous paragraph II-7, therefare, a
thorough study in the dry season should be made prior to implementa-

tion of the groundwater utilization,

The groundwater irrigation projects, which quick-;ielding with
comparatively short construction period, can cover only limited areas
of 10-20 ha (25-30 acres) by one well. Thereby, a large-scale ground-
water projects requires to establish the spare parts supply system for
the pumping equipment and to bring up repair mechanics to meet the
requirements as well as to study the water table intervention among a

group of wells,

The diversion dams are the effective facilities +o supplement

the irrigation water to rainy season cropping; they function more
effectively in the areas such as Survey Area where there usually
occurs a spot rainfall which cannot be expected to cover evenly the
whole area, and in case that there are several consecutive non-rainfall
days in the rainy season although there is sufficient river discharge
available. Irrigation by diversion dams will give considerably
favorable effect to paddy plants in their booting stage and ripening

stage coinciding with the end of the rainy season.

On top of the above, the diversion dams, in combination opera--
tion with dams as discussed later, will enable to divert the water
for power generation as well as to temporarily store the water by

runoff discharge from the residual catchment areas.

In the Survey Area, however, large flood discharge ratio to
normal discharge will make it unavoidable to provide weirs with
large-scale flood sluices, and according to the conditions of

foundation, a great amount of cost might be needed for foundation
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treatment works. Therefore, it is necessary to carry out a thorough

investigation on the sites before implementation,

On the other hand, mis-operation of gates would cause much
damages to the related areas with the weirs because it takes con-

siderably short period to reach the peak flood discharge from the

beginning of the water level rise,

.

In due consideration of the above matters, it could be recom-

mended to provide the water intake facilities in combination of weirs

with dam, instead of the weirs only.

In general, the reservoirs constructed in the Southeast Asian
countries where the seasons of the year can be definitely divided into
two, the rainy season and the dry season, function to store the sur-
plus water in the rainy season and to release the said water for
supplementing the irrigation water in the rainy season or for irpriga-
tion the dry season crops. The reservoi;s also serve to mitigate the
flood damage in the downstream areas by their storage capacity of a
greater part of the runoff discharge in the rainy season. Further-
more, the comparatively large amount of power generation can be
anticipated by using the water released from the reservoirs, when
proper generation facilities are provided. The aperation and main-
tenance costs for these facilities are relatively lower than those

for the pumping facilities.

Specifically speaking, in case that the dams, like in the Survey
Area, are expected to store the water as much as 100 MCM or so only
providing 30 m high embankment, the comparatively low cost dam would
enable to command the large irrigable areas, resulting in reducing
the total project cost., This would be one of the most effective
development strategies, although this will be quick remedial measure
for the development due to taking a long time, 7-8 years —- for

survey, design and implementation,
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In terms of development strategies for this Project, the follow~

ing approaches are taken into consideration:

1) Left bank of the Irrawaddy River (The Myitmaka River basin} -
A reservoir plan shall be made as mainstay of the development
program of the area and pumping irrigation shall be intro-

duced to the low-lying flat lands where the land reclamation

is implemented.

2) Right bank of the Irrawaddy River - A plan of reserveir is

combination of diversion weir shall be made as mainstay.

3) Delta Area - Pumping irrigation plan shall be made as
mainstay by utilizing the water diverted from lakes and

swamps sporadically located in the Delta.

yI-2. Reservoir Plan

Dam site hunting made on the one-inch map (scale: 1:63,360) both
for the Arakan and the Pegu Yomas revealed that topegraphically
favorable dam sites counted more than 30, which have been screened
to 23 from the viewpoint of storage capacity and other conditions.

The rough estimation was carried out on the reservoir operation for
these 23 reservoirs. For references, however, the reservoir operation
for the South Nawin Dam was taken from the result obtained by the
Teasibility Study of the South Nawin Irrigation Project. (Refer to
rFig, D-6-2 ~ Fig, D-6-23 and Fig. D-6-35).

VI-3. Gross Water Requirements
1} Cropping Pattern

The cropping pattern prepared by Agronomist and Soil Expert
of the Study Team is the base for various studies. The cropping
period for paddy has two types of 135 days and 145 days, and that
for upland crops, including various kinds of crops such as pulses,
oil-seeds crops and vegetables, shall be represented by pulses

(Beans, Dry) and groundnut in considering the simplification of
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computation. (Refer to Fig. D-6-1 and Annexes B & ).

2) Land Soaking and Land Preparation

The irrigation water for land soaking and land preparation is
used for plowing, harrowing and puddling, the preparatory works

for paddy transplanting.

The water requirements for these works were estima%ed with
soil type-wise drying ratio ranging from 60 to 80 percent and porosity
of about 50 percent. The percolation losses were taken in a range
from 1.5 mm/day to 2.5 mm/day. The standing water depth was deter-

mined by 50 mm for all cases.

The irrigation water for these works should be applied three
times as follows: the first application should be made on two days
before plowing, the second application on 1llth day from the first
irpigation day and the third application on five days prior to
transplanting day. The respective works of plowing, harrowing and
puddling should be carried out twe days later from each irrigation

day.

Irrigaticon water for top soil saturation was planned to be
supplied in the first irrigation day and that for standing water was

plamned to be supplied on the third irrigation day.

3) Vater Requirements in Growing Stage

The consumptive use (ETo) computed in item 1) above was con-
verted into monthly basis, The crop factors were quoted from the

data of the FAO Report, Crop Water Requirements, Vol. 24 on Paddy.
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4) Water Reguirements

The respective water requirements computed from items 2) and 3)
above were totaled to obtain the net water requirements. (Refer to

Table D-6-1 and Appendix D-7).

5) Irrigation Losses

Irrigation losses should include conveyance loss and application

loss for each irrigation performance.

Conveyance Application Total

Loss Loss Loss

Paddy 0.8 0.7 0.56
General Crop 0.8 4,86 0.u8

(Upland Crop)

- 87 -



4th Month §th Manth 6th Month

1st Month 2nd Month 3rd Month

145
a5 & a0 L 31 N 31 L. 12 " 10
i—1* 1 ! - l\
'\\ ~
~ ?\ Harvesting
Land ‘\\(-Transplanling Drainage \\
Preparation Growing Stage N
N
~ ~
N ' N
21 P T T TN I R R EA R X
35
WET SEASON PADDY OF TYPEA &B
135
25 46 ) 30 y 31 . 31 20
-s\ -1 1 bk 8 —L N
N \\
~ ~
™~ ~
A N
~ ~
~
\\ \\
N 5
31 14 w to] 22 | a1 ! 39 1 37 {10 1
s T | T T I T }
WET SEASON PADDY OF TYPEA"& B’
145
25 - a1 ; 31 . 28 .
<
™~
AN
~
N
~
N
N
Ny
a0 {5 25 i 31 | 28 |
35 I LY Ll L3
DRY SEASON PADDY OF TYPE A
135
25 - at _ 21 : 28 45.4..10
~~
\\ ™~
™~ \\
~ ™~
~ ~
~ ~
~ ~
3o pr— 15 16 ﬁ[sh! 22 | 28 ‘ 31 4§ 19 !10_!

DRY SEASON PADDY OF TYPE A’

FIGURED-61  PROPOSED CROPPING PATTERN

- 88 -



6r°T T18°0 - - - - -
Bii"T T18°0 - - - - -
ST"S 68°¢ - 7 - - - -

- - 089'c @g2°h ET'9 T9°§ +Hg*9
- - gh"0 ¢&Z°e €§*'h h9'h LE"Q
6h'T T80 - - - - -
Bh*T T80 - - - - -
€T°S 68°¢ - - - - -

- - 08°0C g9°h BEZ"9 LS9 EL'L
- - 6h°0 Z6'E BZ'GS 08°G #HB°9
89'T 6870 - - - - -
89°T B8°0 - - - - -
0g°S §9°¢ - - - - -
- - BL'0 98"t 9L°§ ET°9 B9h'L
- - t9'0 h6"C 9L'h ET°S -AS°9
‘080 *AON 100 'deg 3oy Tnp  unp
(Aepjuu  :3TUR)Y

6L°E
Th'e

Rl h
SL°E

05§
00°S

Leli

- £9'0 8T'¢ €9°'2 g 8df1 yo (Lap) suesg
- €T"T on"Z¢ 8E“T g =df3 yo =anN D
€6°0 B5°H 05°§ TT'h V¥ 28df1 yo Lpped -5 Laxg
- - - - g 2dA1 3o Apped -5 18M
- - - - ¥ 2dA3 yo Apped -g 3o
VAVZNZH
- TL°0 Sh't £9°% 8 9d£1 yo (Aap) suesq
- DE*T 0L B8BE'Z .4 @2dA3 3o sany o
§T'T 0T'S 00°9 TT'h v odf3 jo Apped g Laq
- - - - .4 2d&31 3o Apped g 38mM
- - - - v 2df1 yo Apped -g sy
AQAVMVEEVHL
- LLT0 LB°d 9Z2°E g od4y Jo (fap) suesq
- Th*T 80°¢ 6§6°C g 2dk1 yo siny *9
T9'T G€'9 -£9'9 T6'h v ed£3y 3o Apped s Aag
- - - - g odA3 3o Apped *S oM
- - - - 'y 8dA3 go Apped s 1M
JHoAd
ady  -aey g9 Cuep ugeiieg sutddoa)
T-9-0 378V1L

d0¥D GNV HIHOW A€ LNIWILINOIY JIIVM

- B89 -



Paukkasung
g2
- ,~

—
1

1
Padaung

...;
5

DO O bW

{

1 r
-

l
Lelpadan ¥, \
-

"\
Tharlnwaddv _— I

"h—-..v

FIGURE D-6-2 LOCATIGN MAP OF RESERVOIR

SCALE \
miex s
5 0 5 10 15 b~
[ . 3 " L d
km
5 D & 1016 20 16
(VT " M

~ 90

Neme of Raservojr
—_—

Wopyi
Taunyo
Bawblin
Gomon
Minhta
Kadinbilin
Thogaw _
Thonze
Okkan

Ny oungging
Buyo
Thaladan
Alonmoyak
North Kun
Phatshin
Mamya
Kysauyin
Menkathu
Naukathu
Gyat
Mazlilt
South Kun
Kyetpaung
South Nawin
Morth Nawin
Ngamayolk



24 g 1 = ol L y N3V el ] M
- » ™~ P 1Y L P N Wy - I AR d‘ — Y

SPRRL L WS SRR LEAN- TN SR, | Ay
E LTS L e et ey X ek DRATCEITT i ] GAOY I L LI Py M S Y IS Y B
oL G ,.}ﬂ? A L ENA SRR HION3SIY 1AD3M 30 &M NOLLYDO £-9-0 3undld = J Vs
SRR R RN ER (UG R i . —
T - e R - AR — - - . -.-..... ...nv.(\n. i,
BOTES s A0 i, e EE NN R &m\ A g z t 0
AR, T ST 2 23 Ko . o

..H\mbk.u..,‘/gf WA 2D Qu Bty AN A
- .( T ey -..M\ A 7h \\.U.Wln .\... m = A

NS\

lﬂ.f.ﬂﬂ ﬁ. ..#..-. § L] .hm\\.\lmt\u S A - A

\ »L :}.ﬁ.r\.. E :(..w@\f. ; - \ l.. L
7 JMnlr Pl M?.L.LL ‘holos A [’ ﬁﬂ

for)
-‘.n
AN
SRR
,‘S's
N
Fal
g
3

a3
UL‘L
13!
£33
£
LY 'b'.""
R
&
e 1'/:
5;: h;
T
2
M
Ju
[1}
Y
%]

J Lo R, L VL ,....‘. Hu..”\\u...nl J
A A DO 7 AR N 5 T 7 |
no—— > Mun\('\n.lg 1 kh .\H.u@.Q (’%a = ).. ?aﬂm-ﬂ-
aﬂl.\\ f—._.. W. o K \.N = 1=
“ Kl Ll & - 3 @Uu\_
A P g T
2 N 205 HORERIN ..
> o - v WJ\W\.\‘“U ) M s, .
SNudi o :

HaN

A
_ﬂf"’
b — 4
——

# 4 liﬁ
R 2] it X
E -
A S N . S
] z N yit
e N :
,
7 *
oL 2
{ra [
i % L) »
4

-Idn..:l|l\ i u m!\-smnwﬂvww- \J T
g
%&@Eﬁ-i = xQ - ~

ot Ty e AR ALk Pt SRR HaSat Y AN SR b R R e b B R R R



.‘ . .;...J.,....A T AN A Ealiis el Y A5
SR LR o Lo e = 3 il i
e ) P T TEEE et

TGt .1?:.& -
HIOAHISTY DANNYL 40 d¥iW

T YT
|._,..,_¢\ u \[*

NYXTEET; ...F
.oh..o. -

welis N0

8 AW TSR TR T
. ﬂ X3 QANONNY P

\ g
L e radedde

JE
AR

|
4
AR
v S
uf - Y

D uijuey

—ncaanu:anmf.u-....unm.. t3s




L»LT 3
|

.m../ YI0AYISTY _,:mzd.m "i0 nEz PoH._,,a.uo._. g- w 0 34nN914

»:LmAm«um mM

17_ + /Jﬂi\ Hi
v\q .ﬂ*. .

b
¢

|

]

I
k.. ¥ nimapundy o...b __-
awcnmx\-cf \

.‘\Eo_;mmmmy_ NIGMYY

Al

n .

- \Gtan___: .

- "..Zi.i..._:.: I o
¥ + -

.-\

_q \l\;,.l\r..rl.l

Fueyawy

.l. Hane

v
. .
W
B
o
Lo
e g,
o,

3 ¥ "
“ s y v V7 i
N G E + 1
_. 2 i.\ !

. s \.x..._:n.:q-.x u_ ¥ 140

T :.‘n .. ~ \Il-‘l.l
[t - ,. \..__
», . -

4 .P

- 93 -




%

YI0AYISIY NOWVD 40 d¥W NOILYIOT 9-9-a 3¥N9id

T TR A A N - ATy

[ 2ui

=

V4

i)

%)

A sadted

1 .\..‘ “w

~ m~o>mmmwm zozqw

[R———

:a.ﬁé{a!&m..d

o b T

patonc



dw,mymw/ e

e T A Db e v b

o Ry __t i o 1
] L LEe

#ﬁt.tt ﬁn..
Y|

N K’% S.h -
£ WI0AY3SIY VIHNIN
\

1 1y

- T P = T Pt Ll Tk SISl ol o n.n.ir._ e ——adia " . \- "y /A .
N N - -

I VAN AN . . .
) - T e b ’

! -1 . i - -
, ;
¥ .
¥ i

Vool M e
NOILVI0T £-9-0 3314 &

4

wo¥ayyoy "n

—_—

L

: RY i . . ; e
;~ - » b} \Ju”. N
gkl (1370 1 iep .
| i R W ST &. TR ¥
A L - a1 ot L PR
T TEVEES | ot R

AN
. VEYRL 3
- -

g3A

o
aprek _
av\-‘n.a.k_ M ...Iu.—h,ul.““i?.

' - ‘nﬁ.r

1 L aus-uh;ﬁ\?%mﬁg‘ B
G RLNTT pe s R P X
&




	Cover
	Title Page
	CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF APPENDICES
	ABBREVIATION,MEASURES AND GLOSSARIES
	SUMMARY
	Ⅰ. HYDROLOGICAL AND METEOROLOGICAL DATA
	Ⅰ-1. Collection and Review of the Existing Data Available
	Ⅰ-2. Installation of Measuring Equipment

	Ⅱ. PRESENT CONDITIONS
	Ⅱ-1. Climate in Burma
	Ⅱ-2. The Survey Area
	Ⅱ-3. Topography
	Ⅱ-4. Climate
	Ⅱ-5. Present Condition of the Area
	Ⅱ-6. River Conditions
	Ⅱ-7. Groundwater
	Ⅱ-8. Present Water Use

	Ⅲ. METEOROLOGY
	Ⅲ-1. Rainfall
	Ⅲ-2. Other Meteorological Conditions

	Ⅳ. WATER RESOURCES
	Ⅳ-1. Discharge
	Ⅳ-2. Water Quality
	Ⅳ-3. Sediment Volume

	Ⅴ. HYDROLOGICAL ANALYSIS
	Ⅴ-1. Probable Rainfall
	Ⅴ-2. Discharge Analysis

	Ⅵ. IRRIGATION SCHEME
	Ⅵ-1. General
	Ⅵ-2. Reservoir Plan
	Ⅵ-3. Gross Water Requirements


