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Fig.1 Ngamoeyeik irrigation system
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1. Introduction

Myanmar is primarily an agricultural country and

the economy of the nation is also mainly depends on

the agricultural products. To increase the agricultural

productions for the rising demand of a growing popu-

lation, double crop cultivation of paddy rice and other

crops has been introduced by implementing the large-

scale irrigation systems. In the large irrigation system

the proper water management system is essential to

develop the effective use of water resources.

The objective of this research is to study the water

management of irrigation system in the lower Myanmar.

The study area is the Ngamoeyeik irrigation system,

which is in the lower part of Myanmar. It is one of the

large-scale irrigation systems, which have been imple-

mented for the provision of adequate water for the ag-

ricultural purposes. The irrigation supply and water

management of this system have been operated since

1995. Since it was a newly established irrigation sys-

tem the concrete rules and practices of irrigation op-

eration and water management have not been devel-

oped well. The irrigation operation and management

were performed with the trials and experiences.

In this research, water management of the

Ngamoeyeik irrigation system was studied in three lev-

els:

(1) Water management of reservoir

(2) Water management of canal system and

(3) Water management of terminal system.

    For the water management of reservoir, the analysis

of rainfall, estimation of inflow for storage of reservoir

and investigation of storage utilization were studied.

For the water management of canal system, the irriga-

tion water supply and distribution systems of the canal

systems were studied. For the water management of

terminal system, estimation of the reference crop evapo-

transpiration, ET
o
, for the water requirements of the

fields and on-farm irrigation layout of the test farm were

studied.
2. Description of the study area and materials

Fig.1 shows the location and layout of the

Ngamoeyeik Irrigation system. It is located in Hlegu,

which is about 47 km northeast of Yangon, the capital

of Myanmar. The catchment area of Ngamoeyeik res-

ervoir is 414.5 km2 and the usable storage volume is

222 million m3. This irrigation scheme was designed

to irrigate the 22,000 ha of the cultivable area. The main

purpose of Ngamoeyeik irrigation project is to store

the rainwater during monsoon and to utilize the stor-

age water in pre-monsoon for double crop cultivation.

The daily meteorological data of project area, Hlegu,

and nearby station, Hmawbi, were used for the analy-

sis of rainfall. Hmawbi station is located about 31 km

in the west of the study area and, where the long- term

meteorological data were recorded. The daily- observed

reservoir management data ; inflow, storage, irrigation

release and other outflow data, were utilized for the

estimation of inflow and storage utilization.

The daily irrigation supply discharge and water depth

data of canal systems were utilized for the analyses of

water supply and water distribution systems of canals.

    The daily weather data of near station such as maxi-

mum and minimum temperature, relative humidity,

wind speed, maximum sunshine hours and pan evapo-
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Fig.2.2. Average monthly rainfall

during monsoon season

Fig.2.3. Average number of rainy

days during monsoon season
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Fig.2.1. Monthly rainfall of resrvoir site, Hlegu (1996-2001)
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Fig.4. Rainfall relationship of Hlegu and Hmawbi in 10-day- scale
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Fig.3. Annual rainfall of study area and  near station  (1952~1999)

ration data were used for the estimation of reference

evapotranspiration. The topographic map and already

designed canal layout map data of the test farm in the

terminal system were utilized for the study of on- farm

irrigation facilities layout.

3. Water management of reservoir

3.1. Rainfall analysis

Fig.2.1 shows the monthly rainfall of study area.

Most of the rainfall usually occurs during the monsoon

season (May to October) and no rainfall occurs in the

pre-monsoon season (November to April). The annual

average rainfall during monsoon season is about 2400

mm. Fig.2.2 shows the average monthly rainfall dur-

ing monsoon. Maximum rainfall usually occurred in

July with the amount of 600 mm. Fig.2.3 shows the

average number of rainy days during the monsoon pe-

riod. The average number of rainy days which rainfall

amount exceeds 5 mm was about 18 days. The average

daily rainfall during monsoon season was approxi-

mately 18- 30 mm. Hence the available rainfall is suf-

ficient for rainy rice cultivation in the monsoon sea-

son.

The critical rainfall amount was investigated for the

long- term period. Fig.3 shows the annual rainfall of

two stations. There were 3 drought years in the near

station with the minimum annual rainfall of 1872 mm,

1909 mm and 2004 mm in 1957, 1979 and 1998 years,

respectively. The total rainfall amount of the study area

was 1830 mm in 1998. The year 1998 was the third

event of least rainfall in the both stations during 41

years.

The rainfall relationship and rainfall patterns were

analyzed using the same period data of two stations for

4 years (1996-1999). The analyses were made in the

daily, 5- day, 10- day and monthly- scales. Fig.4 shows

the 10- day average rainfall of the two stations. The

study area has a high correlation relationship of rain-

fall to the near station, Hmawbi. Hence the long- term

daily rainfall data of nearby station can be used for the

analyses and estimation of inflow for the reservoir.

3.2. Estimation of reservoir inflow

Fig.5 shows the relationship of rainfall and reser-

voir inflow smoothing into the 16- days scale. The rain-

fall losses occurred in the initial period of monsoon

season. Runoff model for reservoir inflow was estab-

where R is the cumulative observed rainfall, R
e
 is the

cumulative effective rainfall. Using the above expres-

lished applying the unit hydrograph models.

Firstly, estimation of effective rainfall was assessed

using observed rainfall and inflow data. Secondly, the

unit hydrograph was established. Thirdly, the available

reservoir inflow amount was predicted utilizing the long

period daily rainfall data to the established model.

(1) Estimation of effective rainfall

    From the observed rainfall- inflow relationships, the

total excess rainfall or effective rainfall (R
e
) expres-

sion was developed as a power regression expression

described below.

1.72420.0022
e

R R=∑ ∑
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Fig.8.  Estimated and observed inflow in daily scale (1996, 1998, 2001)
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Fig.5. Observed rainfall and inflow smoothing in 16- days scale

Fig.6. Estimated cumulative excess rainfall and observed inflow vs.

observed rainfall

Fig.7. Uunit hydrograph with duration

The unit hydrograph ordinates U 
i
 (i = 1,….., M)

were determined using the least square method. Here,

M = 11 was selected for the best fit model. Fig. 7 shows

the assessed unit hydrograph of the Ngamoeyeik basin

area with the duration of 11 days. The estimated in-

flow was verified with the observed inflow data. Fig.8

shows the comparison of estimated inflow and observed

inflow for the years of 1996, 1998 and 2001. The esti-

mated inflow values were nearly fit to the observed

inflow data in all periods of consideration.

(3) Prediction of available reservoir inflow

The available amount of inflow for reservoir was

estimated for the long- term period applying the estab-

lished unit hydrograph model. The 41 years daily ob-

served rainfall data of nearby station were applied to

this model. It was found that the sufficient amount of

inflow could be available for the reservoir even in the

drought years.

From these results, the required rainfall amount for

the inflow of reservoir was estimated as a rainfall indi-

cator. The inflow was begun to increase when the ac-

cumulative rainfall amount approached 600 mm, around

45 days of monsoon began. The storage came to full

level when the accumulative rainfall approached about

1650 mm. The initial rainfall losses were supposed to

be occurred by the absorption of basin surface area and

percolations into the catchment area due to the extreme

dryness of longer dry period.
3.3. Storage utilization

Water budget calculations were made for the stor-

sion, the amount of effective rainfall for the reservoir

was estimated.

Fig.6 shows the estimated cumulative effective rain-

fall (R
e
) and observed cumulative inflow curves plot-

ted versus with the cumulative rainfall (R). The esti-

mated cumulative effective rainfall (R
e
) was fit with

the observed cumulative inflow for all years.

(2) Modeling of reservoir inflow estimation

The unit hydrograph model was expressed as fol-

lows;

age utilization of reservoir. Fig.9 shows the storage

curves of Ngamoeyeik reservoir for 6 years. The reser-

voir storage utilization is almost the same pattern in

every year, though there were some differences at the

end of irrigation seasons.

Fig.10 shows the total volume of irrigation release

and duration of irrigation period for 6 years. The irri-

gation release amounts were ranging from 160 to 220

1
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million m3. The irrigation durations ranged from 145

days to 185 days. In the early years (1996-2000), the

total irrigation volumes were associated with the dura-

tion of irrigation periods. However, in the recent years

of 2001 and 2002, the irrigation release volume was

lower and irrigation duration was longer. The average

daily release discharge in the recent 2 years was about

10 m3 s-1.

The irrigation release pattern was proposed for the

maximum water use of reservoir operation. Fig.11

shows the proposed typical irrigation release pattern

for the pre-monsoon irrigation season. The irrigation

season could be distinguished into 4 irrigation periods

for the reservoir operation as the first period (P1), sec-

ond period (P2), third period (P3) and fourth irrigation

period (P4).

The first irrigation period, P1 was the initial or pre-

liminary irrigation period for the preparation works.

The second irrigation period, P2 and third irrigation

period, P3 were the maximum irrigation supply peri-

ods for the maximum requirements of the entire irriga-

tion command area. The irrigation release drops oc-

curred at the end of P2 period because of the less irri-

gation demands before the maturing stages of summer

rice paddy. The fourth irrigation period, P4 was the

supplementary supply period for the late cultivated ar-

eas. The estimated total release volume was 180 mil-

lion m
3
 for the total irrigation duration 165 days.
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Fig.9.  Annual storage curves of Ngamoeyeik reservoir (1996-2002)
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Fig.10.  Total irrigation release volume and duration  (1996-2002)
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4. Water management of canal system

The water supply depths and water distribution pat-

terns of main canals and their distributaries or second-

ary canals were investigated utilizing the 3 years daily

irrigation supply data and applying the statistical analy-

sis methods.

Fig.12 shows the layout of canal systems. Fig.13

shows the water supply depths in the upstream and

downstream reach, M-1 and M-2, of main canal for 2

years, 2000 and 2002.  The irrigation supply and water

distribution pattern in the canal system were different

in every year.

Fig.14 shows the mean daily supply depths of ca-

nals in the main canal system from the head to tail in

order. The water supply in the main canal was flowed

at a mean depth 1.5 m in the head reach and ranging

from 1.8 to 2.0 m in the tail reach. The supply was

controlled at nearly constant depth both in the head

and tail portions during the maximum supply periods.

In the year 2002, the supplied depth in the tail reach of

main canal system, M-2, was increased than the depth

in the head reach, M-1, regulating the gates to supply

more water to the distributaries. On the other hands, in

Fig.12. Layout of main canal systems
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Fig.11. Proposed irrigation release pattern with irrigation duration
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Fig.14. Mean supply depth in the Main Canal system
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Fig.15. Water supply depth of Right Main Canal

Fig.15 shows the water supply depth of main and

diversion canals from the head to tail of the right main

canal system in year 2000. The water supply in the head

portion of right main canal, R-1 was supplied at the

almost constant depth of 1.5 m throughout the supply

period. In the tail reach the mean supply ranged from

0.6 to 0.8 m. The water supply in tail portion was rota-

tional supply with changing the depth differences ap-

proximately 0.5 m.

   The water distributions in the diversion canals,DY-1

and DY-8, were operated in rotational distribution sys-

tem. As the conclusions, the maximum supply water

was controlled with the nearly constant depth in the

main canals and rotational water distribution system

was practised in the downstream reaches.

 ETo = W . Rn + ( 1 – W ) . f ( u ) . ( ea – ed )    

5. Water management of terminal system

5.1. Estimation of reference crop evapotranspiration

    The reference crop evapotranspiration, ET
o
, was es-

timated to understand the water requirements of termi-

nal fields. The FAO modified Penman- Monteith

method was applied for the estimation using the daily

observed weather parameters. The expression for cal-

culation of reference ET
o
 was described as

ET
o
 ; evapotranspiration for reference crop, ea ; satu-

ration vapour pressure, ed ; vapour pressure from dry

and wet bulb temperature, f (u) ; values of wind func-

tion for wind run at a 2 m height, W ; value of weight-

ing factor.

    The estimated values were averaged into 5- day and

10- day scales for the irrigation season. Fig.16 shows

the estimated mean value of reference evapotranspira-

tion, ET
o
 in 10- day scale for the irrigation season. The

estimated reference ET
o
 values were nearly same pat-

tern in all years.

The estimated ET
o
 in monthly average values were

compared with the observed pan evaporation data (Eva)

and other estimated ET
o
 data of International Water

Management Institute (IWMI). Fig.17 shows the

monthly average reference ET
o
 comparing with the

other data of Eva and ET
o
. The estimated reference ET

o

values were found to be similar to the observed pan

evaporation data and the ET
o
 of the IWMI. The esti-

mated maximum ET
o
 value was 5.7 mm day

-1
 and it

was occurred in April, the hottest month in Myanmar.

The observed maximum pan evaporation was 6.5 mm

day
-1
 in April.

The maximum evaporation and reference ET
o
 usu-

ally occurred during the growing season of summer

rice paddy (February-March). In the other months, the

reference ET
o
 and observed evaporation were as low

as to about 3.5 - 4.0 mm day
-1
 because of the monsoon

rains.

The observed Pan evaporation data could be used

applying the empirical coefficients related to ET
o
 in

the estimation of crop water requirements for other ir-

rigation systems of the nearly same climate regions,
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Fig.13. Water supply depth of Main Canal system
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where the complete meteorological data are not avail-

able.

    The actual crop water requirements, ET
crop

 or ET
c

can be calculated using the estimated   values of ET
o

and corresponding crop coefficients. The more accu-

rate irrigation demands can be estimated using the es-

timated ET
o
 values for the better irrigation supply and

management for terminal fields.

5.2. The canal layout of test farm in terminal system

The topographic map and already designed canal

layout map of a test farm in terminal system were stud-

ied for the terminal facilities management. The graphi-

cal visualization maps of test farm were developed ap-

plying image processing methods.

Fig.18 shows the 2- dimensional graph of canal lay-

out. The irrigation canal alignments were laid on the

high land area for the gravitational irrigation supply.

And the drainage canals were laid on the lower land

for the proper drainage of the irrigated water.

Hence it was observed that the designed canals and

drainage layout system of test farm were properly func-

tioned. The effective water management could be op-

erated in this irrigation command area because of the

well-designed irrigation facilities. From this visualiza-

tion map, the required information could be obtained

for the preparations of irrigation planning and water

management of the terminal fields.

Fig.18. 2-Dimensional information map of the test farm
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6. Conclusions

1) The initial rainfall losses of Ngamoeyeik basin area

was approximately 600 mm. When cumulative rainfall

approached to 1650 mm, the storage came to full level

of this reservoir. The sufficient storage amount was

available even in the drought year. The utilization of

storage was similar pattern in every year. The irriga-

tion release pattern was proposed for the maximum use

of reservoir storage. The proposed total release vol-

ume was 180 million m3 for irrigation duration of 165

days.

2) Water supply in the main canals was controlled at a

constant depth. In the tail reach of main canals and di-

version canals, water supply was operated with rota-

tional distribution system.

3) The estimated reference ET
o
 of nearby station might

be utilized for the estimation of crop water requirements

in the study area. From the visualization map of the
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test farm, the required information could be obtained

for the preparations of irrigation planning and water

management of the terminal fields.
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