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 HOUSEHOLDS INTERVIEW SURVEY A.
 

Table A.1  No. of Samples for Household Interview Survey 

 
Source: JICA Urban Plan Study, 2012 
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Table A.2  Q47i Source of Water by Purpose 
Source of Water by Purpose 

 Piped 
Water 
Supply 
System 

by 
YCDC 

Public 
Well/Tap 

Private 
Tube 
Well 

Neighbors' 
Well/Tap 
(Free of 
Charge)

Bottled 
Water

Water 
Vender

Rain/ 
Creek/ 
Canal/ 
Pond

None No 
Answer

Total

No. For 
Drinking 

Main Source 1,209 169 1,700 528 4,517 709 1,212 21 4 10,069

Supplemental 
Source 
(Multiple 
Choice: 2) 

6 9 31 15 44 39 72 10,040 0 10,256

For 
Other 
Uses 

Main Source 3,370 236 3,738 900 12 873 899 41 0 10,069

Supplemental 
Source 
(Multiple 
Choice: 2) 

19 10 93 23 6 63 25 10,024 0 10,263

% of 
Total 

For 
Drinking 

Main Source 12.0 1.7 16.9 5.2 44.9 7.0 12.0 0.2 0.0 100.0

Supplemental 
Source 
(Multiple 
Choice: 2) 

0.1 0.1 0.3 0.1 0.4 0.4 0.7 97.9 0.0 100.0

For 
Other 
Use 

Main Source 33.5 2.3 37.1 8.9 0.1 8.7 8.9 0.4 0.0 100.0

Supplemental 
Source 
(Multiple 
Choice: 2) 

0.2 0.1 0.9 0.2 0.1 0.6 0.2 97.7 0.0 100.0

 

Table A.3  Q47ii Expenditure by Purpose 
 For Drinking For Other Use 
Main Source No. of Household who 

Answered 
5,567 5,376

Maximum 150,000 270,000

Minimum 0 0

Average 5,636 4,477

Median 1,200 700

Supplemental Source 
(Multiple Choice: 2) 

Number of Household 
who Answered 

77 116

Maximum 90,000 36,000

Minimum 0 0

Average 3,997 6,102

Median 0 0

 

Table A.4  Q48a: Payment Mode, To Whom Answered "Piped Water Supply System by YCDC" 
to Q47 

 Payment Mode 

Flat Rate Metered No Answer Total 

No. 1,041 1,790 570 3,401

% 30.6% 52.6% 16.8% 100.0%
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Table A.5  Q48b: Ownership of Meter, To Whom Answered "Piped Water Supply System by 
YCDC" to Q47 

 Ownership of Meter 

Yes No No Answer Total 

No. 2,132 702 567 3,401

% 62.7% 20.6% 16.7% 100.0%

 

Table A.6  Q48b: Operationality of Meter, To Whom Answered "Piped Water Supply System 
by YCDC" to Q47 

  Operationality of Meter 

Yes No No Answer Total 

No. 2,003 125 4 2,132

% 93.9% 5.9% 0.2% 100.0%

 

Table A.7  Q48d: Duration of Water Supply Hour (Hours), To Whom Answered "Piped Water 
Supply System by YCDC" to Q47 

 Duration of Water Supply Hour (Hours) 

Less than 3 4 ~ 6 7 ~ 12 13 ~ 18 19 ~ 24 No Answer Total 

No. 1,223 334 321 144 809 570 3,401

% 36.0% 9.8% 9.4% 4.2% 23.8% 16.8% 100.0%

 

Table A.8  Q48e: Usage of Water Pump Tank, To Whom Answered "Piped Water Supply 
System by YCDC" to Q47 

 Usage of Water Pump Tank 

Yes No No Answer Total 

No. 1,342 1,492 567 3,401

% 39.5% 43.9% 16.7% 100.0%

 

Table A.9  Q48f: Average Water Consumption (Gallon), To Whom Answered "Piped Water 
Supply System by YCDC" in Q47 

 Average Water Consumption (Gallon) 

Less than 
50 

51 ~ 100 101 ~ 200 201 ~ 300 301 ~ 400 More than 
400 

No Answer Total 

No. 580 1,344 608 183 71 48 567 3,401

% 17.1% 39.5% 17.9% 5.4% 2.1% 1.4% 16.7% 100.0%

 

Table A.10  Q48g: Satisfaction of Current Service Level of Water, To Whom Answered "Piped 
Water Supply System by YCDC" to Q47 
Satisfaction of Current Service Level of Water 

 Highly 
Unsatisfied 

Unsatisfied So-so Satisfied Highly 
Satisfied

No 
Answer

Total 

Number Water Pressure 48 476 773 1,520 9 575 3,401

Hours of Supply 51 515 693 1,540 36 566 3,401

Water Quantity 30 346 777 1,664 17 567 3,401

Water Quality 80 673 573 1,479 30 566 3,401

Price 30 186 1,015 1,547 42 581 3,401

% of 
Total 

Water Pressure 1.4% 14.0% 22.7% 44.7% 0.3% 16.9% 100.0%

Hours of Supply 1.5% 15.1% 20.4% 45.3% 1.1% 16.6% 100.0%

Water Quantity 0.9% 10.2% 22.8% 48.9% 0.5% 16.7% 100.0%

Water Quality 2.4% 19.8% 16.8% 43.5% 0.9% 16.6% 100.0%

Price 0.9% 5.5% 29.8% 45.5% 1.2% 17.1% 100.0%

 

Table A.11  Q48h: Reason of Non Satisfaction to Water Quality, To Whom Answered "Highly 
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Unsatisfied" or "Unsatisfied" for Water Quality in Q48g 
 Reason of Non Satisfaction to Water Quality 

Color Turbidity Odor Taste Unsanitized No Answer Total 

No. 127 255 88 16 242 773 1,501

% 8.5% 17.0% 5.9% 1.1% 16.1% 51.5% 100.0%

% 17.4% 35.0% 12.1% 2.2% 33.2%

 

Table A.12  Q49a: Time to Walk to Water Source (Minutes), To Whom Answered Not 
Connected "Piped Water Supply System by YCDC" in Q47 

 Time to Walk to Water Source (Minutes) 

None Less than 5 6 ~ 10 11 ~ 15 16 ~ 20 21 ~ 30 More than 30 No Answer Total 

No. 4,958 1,171 346 90 74 3 19 42 6,703

% 74.0% 17.5% 5.2% 1.3% 1.1% 0.0% 0.3% 0.6% 100.0%

 

Table A.13  Q49b: Frequency of Draw Water (Times), To Whom Answered Not Connected 
"Piped Water Supply System by YCDC" in Q47 

 Frequency of Draw Water (Times) 

None 1 2 ~ 3 4 ~ 5 6 ~ 7 8 ~ 9 More than 10 No Answer Total 

No. 4,695 251 461 227 223 144 672 30 6,703

% 70.0% 3.7% 6.9% 3.4% 3.3% 2.1% 10.0% 0.4% 100.0%

 

Table A.14  Q49c: Type of Container, To Whom Answered Not Connected "Piped Water Supply 
System by YCDC" in Q47 

 Type of Container 

Bucket Water Bag Polly-tank Piped Others No Answer Total 

No. 1,815 7 136 4,542 169 34 6,703

% 27.1% 0.1% 2.0% 67.8% 2.5% 0.5% 100.0%

 

Table A.15  Q49d: Water Volume per 1 Time Drawing (Gallon), To Whom Answered Not 
Connected "Piped Water Supply System by YCDC" in Q47 

 Water Volume per 1 Time Drawing (Gallon) 

Less than 10 11 ~ 20 21 ~ 30 31 ~ 40 More than 40 No Answer Total 

No. 6,167 11 19 32 340 134 6,703

% 92.0% 0.2% 0.3% 0.5% 5.1% 2.0% 100.0%

 

Table A.16  Q49e: Average Water Consumption (Gallon), To Whom Answered Not Connected 
"Piped Water Supply System by YCDC" in Q47 

 Average Water Consumption (Gallon) 

Less than 
50 

51 ~ 
100 

101 ~ 
200 

201 ~ 
300 

301 ~ 
400 

More than 
400 

No 
Answer

Total 

No. 1,813 3,190 1,198 277 110 74 41 6,703

% 27.0% 47.6% 17.9% 4.1% 1.6% 1.1% 0.6% 100.0%
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Table A.17  Q49f: Satisfaction of Current Service Level of Water, To Whom Answered Not 
Connected "Piped Water Supply System by YCDC" in Q47 

 Satisfaction of Current Service Level of Water 

Highly 
Unsatisfied 

Unsatisfied So-so Satisfied Highly 
Satisfied

No 
Answer

Total 

Number Water Quantity 17 307 1,069 5,145 132 33 6,703

Water Quality 36 927 825 4,720 153 43 6,704

Price 12 266 1,704 4,117 270 335 6,704

Access to Water 36 332 947 5,150 178 61 6,704

% of 
Total 

Water Quantity 0.3% 4.6% 15.9% 76.8% 2.0% 0.5% 100.0%

Water Quality 0.5% 13.8% 12.3% 70.4% 2.3% 0.6% 100.0%

Price 0.2% 4.0% 25.4% 61.4% 4.0% 5.0% 100.0%

Access to Water 0.5% 5.0% 14.1% 76.8% 2.7% 0.9% 100.0%

 
Table A.18  Q49g: Reason of Non Satisfaction to Water Quality, To Whom Answered Not 

Connected "Piped Water Supply System by YCDC" in Q47 
 Reason of Non Satisfaction to Water Quality 

Color Turbidity Odor Taste Unsanitized No Answer Total 

No. 244 118 136 233 143 104 978

% 24.9% 12.1% 13.9% 23.8% 14.6% 10.6% 100.0%

% 27.9% 13.5% 15.6% 26.7% 16.4%

 
Table A.19  Q50: Ideal Water Consumption Volume (Times) 

 Ideal Water Consumption Volume (Times) 

1.0 1.25 1.5 2.0 3.0 More than 3.0 No Answer Total 

No. 7,432 778 424 1,125 131 178 1 10,069

% 73.8% 7.7% 4.2% 11.2% 1.3% 1.8% 0.0% 100.0%

 
Table A.20  Q51: Treatment of Drinking Water 

 Treatment of Drinking Water 

Boiled Filtered Boiled and 
Filtered 

Buy Mineral 
Water 

No 
Treatment

Purification 
Equipment 

No 
Answer

Total 

No. 417 4,111 785 4,500 47 208 1 10,069

% 4.1% 40.8% 7.8% 44.7% 0.5% 2.1% 0.0% 100.0%

 

Table A.21  Q52: Water-borne Disease 
 Water-borne Disease 

Yes No No Answer Total 

Number Diarrhea 141 9,927 1 10,069

Dysentery 61 10,007 1 10,069

Cholera 6 10,062 1 10,069

Infectious Hepatitis 15 10,053 1 10,069

Typhoid or Paratyphoid 10 10,058 1 10,069

Malaria 8 10,060 1 10,069

Dengue Fever 42 10,026 1 10,069

Others 38 10,020 11 10,069

% of Total Diarrhea 1.4% 98.6% 0.0% 100.0%

Dysentery 0.6% 99.4% 0.0% 100.0%

Cholera 0.1% 99.9% 0.0% 100.0%

Infectious Hepatitis 0.1% 99.8% 0.0% 100.0%

Typhoid or Paratyphoid 0.1% 99.9% 0.0% 100.0%

Malaria 0.1% 99.9% 0.0% 100.0%

Dengue Fever 0.4% 99.6% 0.0% 100.0%

Others 0.4% 99.5% 0.1% 100.0%
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Table A.22  Q53: Frequency of Infection 
 Frequency of Infection 

1 2 ~ 5 6 ~ 10 11 ~ 20 More than 20 No Answer Total 

No. 121 109 7 1 1 1,391 1,630

% 7.4% 6.7% 0.4% 0.1% 0.1% 85.3% 100.0%

 

Table A.23  Q54: Willingness to Pay for Water Services (kyat/month) 
 Willingness to Pay for Water Services (kyat/month) 

Less 
than 500 

501 ~ 
1,000 

1,001 ~ 
2,000 

2,001 ~ 
3,000

3,001 ~ 
5,000

5,001 ~ 
7,000

More than 
7,000 

No 
Answer

Total 

Number For 24 Hours' Water 
Supply (Untreated) 

2,680 2,737 1,461 1,124 692 143 1,231 1 10,069

For 24 Hours' 
Drinkable Water 
Supply 

2,279 2,191 1,557 1,221 1,040 264 1,516 1 10,069

% of 
Total 

For 24 Hours' Water 
Supply (Untreated) 

26.6% 27.2% 14.5% 11.2% 6.9% 1.4% 12.2% 0.0% 100.0%

For 24 Hours' 
Drinkable Water 
Supply 

22.6% 21.8% 15.5% 12.1% 10.3% 2.6% 15.1% 0.0% 100.0%

 

 

 



The Project for the Improvement of Water Supply, Sewerage and Drainage System in Yangon City 
Vol III Water Supply System Master Plan, Appendix 

 

B-1 

 WATER SOURCE SURVEY B.
 

1. Development of Potential Surface Water (Reservoir and River) 

 

Table B.1 shows the list of water supply sources while Figure B.1 shows the map of water sources 

around Yangon City. The current water supply source of 215 MGD (977,400 m³/day) are utilized 

continually. To meet future increased water demand, the potential of Kokkowa river and Toe river as 

new sources of water are studied. The existing ground water source (20 MGD) shall be gradually 

abolished after the development of river water source and distribution facilities.  

 
Table B.1  List of Water Supply Sources  

Name 
Water Supply Volume

m3/day MGD
1) Existing Water Resource 

Gyobyu Reservoir (Surface water) 121,500 27
Hpugyi Reservoir (Surface water) 243,000 54
Hlawgar Reservoir (Surface water) 63,000 14
Ngamoeyeik (Surface water: First + Second Phase) 405,000 90

Sub-Total 832,500 185
2) Planned Water Resource 

Lagunbyin Reservoir (Surface water) 135,000 30
Total-Existing fixed sources 977,400 215
3)Required river source 

Kokkowa River 
1,909,300 420 

Toe River  
Total 1) + 2) + 3) 2,886,700 635

Source: JICA Study Team 
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Source: JICA Study Team 

Figure B.1  Map of Water Resource for Water Supply around Yangon City 
 

2. Evaluation of Existing Reservoirs 

 

In 2002 JICA-M/P study, the water balance study was carried out for Gyobyu, Phugyi, Hlawga, and 

Ngamoeyeik reservoirs (drinking water sources) and Lagunbyin reservoir (an exclusive irrigation 

reservoir). The simulation period was adopted as the last six years (May 1995–December 2000) with a 

10-year return period, which covers the severe drought year of 1998. Table B.2 shows the results of 

analysis of the water balance study in the 2002 JICA study. The capacity of the current reservoir for 

water supply was recognized as 868,600 m3/day (186.5 MGD) approximately, on condition of 

maintaining the low water level in each reservoir during the drought year. In addition, it was analyzed 

that Lagunbyin reservoir will enable to divert 10 MGD for drinking water source. 

 

Lagunbyin R.
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Table B.2  Results of Reservoir Water Balance Study 
Name Low Water level 

Unit: ft
Water Supply

Unit: m3/day (MGD)
Gyobyu Reservoir 138.0 118,300 (27.0)
Hpugyi Reservoir 90.0 245,700 (54.0)
Hlawgar Reservoir 47.0 75,075 (16.5)
Ngamoeyeik (First + Second stage) 81.0 409,500 (90.0)
Lagunbyin Reservoir 46.0 45,000 (10.0)

Source: JICA Study Team 

 

To evaluate the results of water balance study in the 2002 JICA survey, an examination was made for 

the applicability of the 2002 JICA survey to the existing conditions based on comparing the rainfall 

data of the previous study with the recent rainfall data. The methods of evaluation are summarized 

below. 

 

a. Long term fluctuation 

 

The rainfall data used in the 2002 JICA survey rainfall data was compared with the rainfall data of 

years from 2001 to 2010. As a result of comparison, it is observed that the average rainfall in 2001 to 

2010 was higher than the average rainfall in 1965 to 2000. It was also found out that little rainfall 

during 2001-2010 has not been renewed from any observatories. 

 

b. Non-exceedance probability 

 

In the 2002 JICA study, the probability by annual rainfall has been studied using the rainfall from 

January to December in Bago, Tharrawaddy, and Kaba Aye. Table B.3 shows the non-exceedance 

probability of annual rainfall at these stations as estimated by Gumbel’s Minimum Values method. 

 
Table B.3  List of Non-Exceedance Probability Annual Rainfall 

Station 
Name 

2 years 5 years 10 years 20 years 50 years 100 years Number of 
Records

Bago 3,284.9 2,922.3 2,740.0 2,598.7 2,454.5 2,369.3 36
Tharrawady 2,206.1 1,963.4 1,829.9 1,719.1 1,597.1 1,519.2 36
Kaba Aye 2,680.7 2,413.8 2,296.5 2,214.5 2,139.7 2,100.4 33

Source: 2002 JICA Study 

 

Table B.4 shows the list of non-exceedance probability estimation by the latest annual rainfall from 

2001 to 2010. There are no large differences in the past ten years for non-exceedance probability 

rainfall in each station, and no changes in water trend were also determined. 
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Table B.4  List of Non-Exceedance Probability Annual Rainfall from 2001 to 2010 
Station Name 2 years 5 years 10 years

Bago 3,386.0 2,854.0 2,513.0
Tharrawady 2,165.0 1,847.0 1,831.0
Kaba Aye 2,757.0 2,478.0 2,315.0

Source: JICA Study Team 
 

The results of water balance study in the 2002 JICA Survey (Table B.2) enabled the utilization of the 

current surface water supply sources (Table B.1).  

 

3. Evaluation of Potential Water Sources 

 

3.1 Water Flow Measurement Survey  

 

Hlaing (Gwedanshe), Kokkowa, and Toe rivers were initially considered as potential water sources. 

Bago River was not considered because it has relatively low water availability according to the 2002 

JICA survey. Available amounts of water intake from these water sources depend highly on the river 

flow from January to April which is lowest during dry season. From the river flow data in Hlaing and 

Bago rivers, the minimum flow is dropping to approximately one-hundredth of the maximum value. 

 

Currently, no water flow but water level is monitored for both rivers. To covert the water level to water 

flow, the JICA Study team requested MOAI to measure flow rate and cross section of the rivers. The 

MOAI carried out the measurement in November 2012 in Kokkowa river and in December 2012 in 

Toe river. Also, to measure the minimum flow rate, measurement was made in March 2013 in both 

rivers. In addition, planned irrigation plans were confirmed with MOAI. The following are 

measurement results.   

 

River 
Flow rate (Date) 

2012 2013

Kokkowa 1,941m3/s(24 Nov.) 1,233 m3/s (20 Mar.) 

Toe 2,572m3/s(11 Dec,) 1,930m3/s (18 Mar.) 

Source: MOAI 

 

3.2 River Maintenance Flow 

 

While planning water intake from the river, maintenance of minimum flow is considered taking into 

account the protection of nearby flora and fauna, fishing, and landscape. The definition of normal flow 

is combined with the maintenance flow, viable water source amount, flow discharge for maintaining 

normal flow functions of water, and target flow discharge on the management of low water level 

through the year.  
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Maintenance flow is the part of flow in river which cannot be utilized as water available for intake 

from the source. Following its characteristic, it is necessary to assess the distinction of each river and 

season in terms of fishing, landscape, and saltwater intrusion. However, the available information is 

insufficient to determine the ideal maintenance flow in this study. In response to this situation, 

maintenance flow is assumed to be half of the 10-year minimum drought discharge as referred to the 

Japanese manual. In the case of Japan, there was a tendency where the maintenance flow was between 

the 10-year average drought discharge and the 10-year minimum drought discharge. Though the 

characteristics of rivers in Yangon is very different from the rivers in Japan, it is assumed that: 1) 

Water levels in target rivers use a minimum value in daily fluctuations, and 2) the characteristic of 

river flow is applicable to its maintenance flow which is lower than the 10-year minimum drought 

discharge. 
 

The 10-year average drought discharge in the Kokkowa River was estimated using the following 

processes presented below, as well as the background of available amounts of direct river intake. 

 

Table B.5 Estimation of 10-year Minimum Drought Discharge in the Kokkowa River 
Process Subject Remarks
A Set of Basic Condition (River Cross Section of 

Target River)
Refer: Actual river cross section

B Set of Basic Condition (Characteristics of 
Minimum Rainfall over the Past 10 years)

Target year: 2001-2010

C Set of Cross Section Area (A) and Velocity (V) in 
10-year minimum drought discharge

Refer: Measurement of river flow 
discharge on site

D Calculation of 10-year minimum drought discharge 
(Q) 

Q = A x V

Source: JICA Study Team 

 

3.3 Water Source Evaluation  

 

3.3.1 Hlaing River (Gwedanshe) 

 

Hlaing River’s flow (10-year average drought discharge) in the dry season was applied as 11.4 m³/s, 

the data for Gwedanshe. This is same as the considerations made in the 2002 JICA survey for rainfall 

from 2001 to 2010. However, the possibility of the Hlaing River’s direct water intake in the dry season 

does not exist. The current water intake facilities for irrigation (2.287 m³/s,) were confirmed near the 

intake point and alternative irrigation projects (4.67 m³/s, 89.64 MGD) as reported by the MOAI. The 

maintenance flow in this river, assumed to be 4.0 m³/s, was considered. 
 

3.3.2 Kokkowa River 

 

a. Set of  Basic Condition (River Cross Section of Target River) 

 

Figure B.2 shows the river cross section of Kokkowa River, which was obtained from the MOAI. The 
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cross section area was approximately 2,170 m2 at a water level of 2.89 ft in the river which was close 

to the minimum water level in the past  

 
Source: MOAI 

Figure B.2  Cross Section at Pan Taing in Kokkowa River 
 

 
Source: JICA Study Team based on MOAI Data 

Figure B.3  Water Level at Pan Taing, Kokkowa River (2008 – 2011) 

 

b. Set of Basic Condition (Characteristics of Minimum Rainfall over the Past 10 years)  

 

The annual minimum rainfall occurred in 2010 during the period of 2001-2010. Table B.6 shows the 

water level changes from January 2008 to August 2011 (including 2010) in Kokkowa River. Maximum 

water level (rainy season) was 18.0 ft, the 355th day water level was 1.7 ft and the minimum water 

level (dry season) was 1.0 ft. The low water level in 2010 was the lowest. So, the 10-year minimum 

drought flow is assumed to occur in 2010, when the minimum rainfall occurred over the past ten years. 

 

Width (m) 

Measure: W=220m 

Drought: W=210m 

Measure: H=2.89ft Drought: H=1.7ft 
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Table B.6  Water Level in Kokkowa River (FY 2008-2011) 
Unit: ft 

  Max 95th day 185th day 275th day 355th day Min Mean
FY 2008 17.2 10.0 8.0 6.2 4.5 3.5 8.8
FY 2009 17.2 10.3 7.0 5.8 4.0 3.0 8.0
FY 2010 18.1 12.2 6.0 3.6 1.7 1.0 7.6
FY 2011* 17.2 12.2 7.2 4.5 1.2 1.0 8.1

*FY2011: August 2010 – July 2011 
Source: JICA Study Team 

 

c. Set of Cross Section Area (A) and Velocity (V) for 10-year minimum drought discharge 

- Water level in case of the 10-year minimum drought discharge was assumed as 1.7 ft. from the 

above.  

- River width in case of the 10-year minimum drought discharge was assumed as 210 m.  

- The cross-sectional area in case of the 10-year minimum drought discharge was assumed as 780 

m2, (A=≒ A’2,170 – H(2.89-1.7)ft x W(210 + 220) m / 2) 

- Flow rate of the 10-year minimum drought discharge is shown as the relationship between the 

cross-sectional area (A) and the velocity (V) (see Figure B.4) taken from the results of the 

cross-sectional survey in Figure B.2. Thus, the flow rate in the dry season was assumed as 0.5 m/s 

which is about one-third of the HWL during rainy season. 

 

Source: JICA Survey Team 
Figure B.4  Relation Between the Cross Section (A) and Velocity (V) of Kokkowa River 

 

d. Calculation of the 10-Year Minimum Drought Discharge 

 

Q minK = A x V ≒ 1,045 m3/s  

A = 2,090 m2: Cross-sectional area for the 10-year average drought discharge  

V = 0.5 m/s: Velocity for the 10-year average drought discharge  

 

e. Flow Measurement on 20 March 2013, the Drought Period 

 

Flow was measured as 1,233m3/s at the water level of 0.23ft which is nearly the same as the estimated 
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value. Flow measured on 24 November 2012 was 1,941 m3/s at a water level of 2.89 ft. 

 

f. Water Intake Amount for YCDC 

 

Water amount available for YCDC is at least 520 m³/s, half of the 10-year minimum drought discharge, 

considering the river maintenance flow and water required for other irrigation projects of MOAI. Total 

of 153 MGD (12.0m3/s) water is planned for irrigation schemes according to MOAI, 10.12MGD for 

Pantaing Sluice (1), 52.85MGD for Pantaing Sluice (2), 47.98MGD for Khunnaingtan Sluice, and 

42.47MGD for Chaungnyiako Sluice. 

 

3.3.3 Toe River 

 

The 10-year minimum drought discharge was estimated using the same process as used in case of the 

Kokkowa River.  

 

Figure B.5 shows the river cross section of Kokkowa River, which was obtained from the MOAI. The 

underwater cross section area was approximately 2,170 m2 at the water level of 2.89 ft which was 

close to the minimum water level in the past  

 

a. Set of Basic Condition (River Cross Section of Target River) 

 

Figure B.5 shows the cross section at the proposed intake point in the Toe River measured on 11 

December 2012. This cross section area was determined as 4,340 m2 at the water level of 60 cm, 

which was almost the lowest water level. 

 

 

 

 

 

 

 

 
 
 

Source: JICA Study Team 

Figure B.5  Cross Section in Toe River 

 

Width (m)

Measured: W=880m

Drought: W=800m 
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Source: JICA Study Team based on MOAI Data 

Figure B.6 Water Level at Pann Hlaing, Toe River (1989-2002) 

 

b. Set of Basic Condition (Minimum Drought Flow Discharge) 

 

Ten-year drought flow is estimated assuming it occurred in 2010 same as in case of the Kokkowa 

River. However, water level data in 2010 was not available so that water level data continuously 

available (between January 1989 and April 2002, March 2011 and August 2012) was alternatively 

used. 

- Water level data between January 1989 and April 2002 is shown in Table below. Water level data 

of 355th day and minimum was not estimated due to lack of data during dry period. 

- The highest water levels in the years ranged from 354 to 486 cm while the lowest ranged from 80 

to 300 cm according to the latest data (between March 2011 and August 2012). These levels are 

similar to the past records (January 1989 to April 2002). So all data were judged effective. 

- The lowest and the 355th day water levels were -46 cm and -40cm, respectively, both in 1989 

during period from January 1989 to April 2012. Thus, -46 cm water level was judged as a 10-year 

drought water level. 

 

Figure B.7 Water Level in the Toe River  (1989-2001 and 2011-2012) 
unit：cm 

 Max 95th day 185th day 275th day 355th day Min Mean
FY 1989 273 190 46 -20 -40 -46 77.1
FY 1990 312 216 84 -14 -38 -45 104.2
FY 1991 312 220 56 -18 -46 -56 101.1
FY 1992 386 296 160 0 -29 -34 158.6
FY 1993 426 292 178 127 113 100 221.1
FY 1994 314 127 105 -- -- -- 153.9
FY 1995 430 344 186 92 -- -- 234.1
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 Max 95th day 185th day 275th day 355th day Min Mean
FY 1996 432 320 190 116 85 76 218.3
FY 1997 426 168 120 96 -- -- 178.9
FY 1998 430 296 130 -- -- -- 234.6
FY 1999 690 321 180 90 60 50 211.4
FY 2000 398 270 188 140 110 100 214.1
FY 2001 376 300 180 100 60 60 201.9

Source: JICA Study Team based on MOAI Data 

 

c. Set of Cross Section Area (A) and Velocity (V) for 10-year minimum drought discharge 

 

- Water level for the 10-year minimum drought discharge was lower by 1 m than the water level 

measured on 11 December 2012. Width is assumed as 800 m. 

- The cross-sectional area for the 10-year minimum drought discharge was assumed as 4,080 m2, (A

≒ A’4,340 – H(0.6+0.4)ft x W(880 + 850)m / 2). 

- The flow velocity of 0.6 m/s was measured on 11 December 2012 which is regarded as low flow 

discharge. So, this flow velocity is also the same as for 10-year drought flow. 

 

d. Calculation of the 10-Year Minimum Drought Discharge 

 

Q minT = A x V ≒ 2,448 m3/s  

A = 4,080 m2: Cross-sectional area in case of the 10-year drought discharge  

V = 0.6 m/s: Velocity for the 10-year drought discharge 

 

e. Flow Measurement on 18 March 2013, the Drought Period 

 

Flow was measured as 1,930 m3/s at a water level of 52 cm which is nearly the same as the above 

estimated value. Flow measured on 11 December 2012 was 2,573 m3/s at a water level of 60 cm. 

 

f.  Water Intake Amount for YCDC 

 

Water amount available for YCDC is at least 1,220 m³/s, half of the 10-year minimum drought 

discharge, considering the river maintenance flow. There are no irrigation projects around here. 

 

The followings are attached to Annex.  

Flow measurement in Kokkowa river (10th August 2012, 30th November, 20th March 2013, MOAI) 

Flow measurement in Toe river (30th November, 18th March  2013, MOAI) 
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