
JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) 
NATIONAL CENTRE FOR RURAL WATER SUPPLY AND 
ENVIRONMENTAL SANITATION (N-CERWASS) 
 
 
 

THE STUDY 
ON GROUNDWATER DEVELOPMENT 

IN THE RURAL PROVINCES 
OF THE SOUTHERN COASTAL ZONE 

IN THE SOCIALIST REPUBLIC 
OF VIETNAM 

 
 

FINAL REPORT 

(SUPPORTING) 
 
 
 

MARCH 2009 

 

 

TOKYO ENGINEERING CONSULTANTS CO., LTD. 
IN ASSOCIATION WITH 

OYO INTERNATIONAL CORPORATION GED 
JR 

09-007 

No. 



 

 
 



 

JAPAN INTERNATIONAL COOPERATION AGENCY (JICA) 
NATIONAL CENTRE FOR RURAL WATER SUPPLY AND 
ENVIRONMENTAL SANITATION (N-CERWASS) 
 
 
 

THE STUDY 
ON GROUNDWATER DEVELOPMENT 

IN THE RURAL PROVINCES 
OF THE SOUTHERN COASTAL ZONE 

IN THE SOCIALIST REPUBLIC 
OF VIETNAM 

 
 

FINAL REPORT 

(SUPPORTING) 
 
 
 

MARCH 2009 

 

 

TOKYO ENGINEERING CONSULTANTS CO., LTD. 
IN ASSOCIATION WITH 

OYO INTERNATIONAL CORPORATION 

No. No. 



 

 
 



 

i 

 
Supporting 

 
Table of Contents 
List of Tables 
List of Figures 
Abbreviations 
 

Table of Contents 
 
CHAPTER 1 METEOROLOGY AND HYDROLOGY ................................................................. 1-1 

1.1 Climate type of the Study Area ............................................................................................. 1-1 
1.1.1 Hydrology (river discharges)......................................................................................... 1-6 

CHAPTER 2 GEOMORPHOLOGY AND GEOLOGY ................................................................. 2-1 
2.1 Geomorphologic and Geologic Analyses by Remote Sensing Data ..................................... 2-1 

2.1.1 LANDSAT/ETM+ ......................................................................................................... 2-1 
2.1.2 TERRA/ASTER ............................................................................................................ 2-8 
2.1.3 Space Shuttle/SRTM ................................................................................................... 2-10 

2.2 Geomorphology .................................................................................................................. 2-17 
2.2.1 Topology...................................................................................................................... 2-17 
2.2.2 Nature and Land Use ................................................................................................... 2-18 

2.3 Geology............................................................................................................................... 2-20 
2.3.1 General Geology.......................................................................................................... 2-20 
2.3.2 Geological Description................................................................................................ 2-21 
2.3.3 Photogeological Interpretation .................................................................................... 2-23 

2.4 Field Survey ........................................................................................................................ 2-31 
CHAPTER 3 SOCIO-ECONOMIC CONDITIONS ....................................................................... 3-1 

3.1 Outline of the Socio-Economic Survey................................................................................. 3-1 
3.1.1 Objective ....................................................................................................................... 3-1 
3.1.2 Survey Area and Target ................................................................................................. 3-1 
3.1.3 Survey Period ................................................................................................................ 3-1 
3.1.4 Methodology.................................................................................................................. 3-1 

3.2 Result of the Socio-Economic Survey .................................................................................. 3-2 
3.2.1 Water Source and Use (Dry season) .............................................................................. 3-2 
3.2.2 Monthly Expense in Use among Total Monthly Budget ............................................... 3-7 
3.2.3 Sanitary Condition....................................................................................................... 3-10 
3.2.4 Demands on Water Supply on Water Supply and Sanitary Condition......................... 3-12 
3.2.5 Survey for Existing Wells............................................................................................ 3-20 
3.2.6 Other (Additional Information on the Framework of Survey: Social Issue in General) ....



 

ii 

 ..................................................................................................................................... 3-22 
3.2.7 Issues of Existing Water Source and Water Use .......................................................... 3-26 

3.3 Analysis of the Result by Cross Tabulation ........................................................................ 3-35 
3.3.1 Analysis of Water Related Aspects.............................................................................. 3-35 
3.3.2 Analysis of Sanitary Related Aspects .......................................................................... 3-38 
3.3.3 Other (Ethnic Aspect) .................................................................................................. 3-39 

3.4 Commune Profile ................................................................................................................ 3-41 
CHAPTER 4 GEOPHYSICAL SURVEY ....................................................................................... 4-1 

4.1 Outline of Survey .................................................................................................................. 4-1 
4.1.1 Purpose of Survey.......................................................................................................... 4-1 
4.1.2 Survey Area and Quantity ............................................................................................. 4-1 

4.2 Methodology of the VES and HEP ..................................................................................... 4-14 
4.2.1 Principals ..................................................................................................................... 4-14 
4.2.2 Field Measurements..................................................................................................... 4-15 
4.2.3 Analysis ....................................................................................................................... 4-16 

4.3 Results and Considerations ................................................................................................. 4-19 
4.3.1 Resistivity Features for Geology ................................................................................. 4-19 

CHAPTER 5 TEST BOREHOLE DRILLING SURVEY ............................................................... 5-1 
5.1 Outline of Survey .................................................................................................................. 5-1 

5.1.1 Purpose of Survey.......................................................................................................... 5-1 
5.1.2 Survey Area and Quantity ............................................................................................. 5-1 

5.2 Selection of Test Borehole Location ..................................................................................... 5-3 
5.2.1 Concept of Selection of the Test Borehole Locations.................................................... 5-3 
5.2.2 Indices for Evaluation of Possible Test Borehole Locations ......................................... 5-3 
5.2.3 The Results of Evaluation of Test Borehole Locations ................................................. 5-4 

5.3 Survey Methodology............................................................................................................. 5-9 
5.3.1 Drilling .......................................................................................................................... 5-9 
5.3.2 Geophysical Logging in Borehole............................................................................... 5-10 
5.3.3 Well Construction ........................................................................................................ 5-10 
5.3.4 Pumping Test ............................................................................................................... 5-11 
5.3.5 Water Quality Test ....................................................................................................... 5-12 

5.4 Results................................................................................................................................. 5-13 
5.4.1 Summary of Results .................................................................................................... 5-13 
5.4.2 Drilling, Geophysical Logging in Borehole and Well Construction............................ 5-14 
5.4.3 Pumping Test ............................................................................................................... 5-14 
5.4.4 Water Quality Test ....................................................................................................... 5-18 

5.5 Availability of Groundwater Development ......................................................................... 5-20 
CHAPTER 6 WATER QUALITY SURVEY................................................................................... 6-1 

6.1 Water Quality Survey of Existing Water Sources and Test Wells ......................................... 6-1 



 

iii 

6.1.1 Purpose of the Survey.................................................................................................... 6-1 
6.1.2 Methodology of Survey................................................................................................. 6-1 
6.1.3 Water Type Analysis ...................................................................................................... 6-6 

6.2 Seawater Intrusion Survey .................................................................................................. 6-26 
6.2.1 Purpose of Survey........................................................................................................ 6-26 
6.2.2 Preparation Work......................................................................................................... 6-26 
6.2.3 Preparatory Survey ...................................................................................................... 6-27 
6.2.4 Survey Results ............................................................................................................. 6-29 
6.2.5 Detailed Seawater Intrusion Survey ............................................................................ 6-34 

CHAPTER 7 HYDROGEOLOGY.................................................................................................. 7-1 
7.1 Hydro-geological Survey ...................................................................................................... 7-1 

7.1.1 Purpose of Survey.......................................................................................................... 7-1 
7.1.2 Survey Method .............................................................................................................. 7-1 
7.1.3 The Survey Result ......................................................................................................... 7-1 

7.2 Inventory Survey of Existing Wells .................................................................................... 7-27 
7.2.1 Preparation of Provisional Inventory on Existing Wells based on Existing Information ...
 ..................................................................................................................................... 7-27 
7.2.2 Determination of Data Format for the Complementary Field Inventory Survey ........ 7-27 
7.2.3 Complementary Field Inventory Survey of Existing Wells in the Target 24 Communes...
 ..................................................................................................................................... 7-27 
7.2.4 Inventory Survey Result .............................................................................................. 7-27 

7.3 Groundwater Level Monitoring .......................................................................................... 7-33 
CHAPTER 8 GROUNDWATER POTENTIAL EVALUATION .................................................... 8-1 

8.1 Water Balance Analysis by Using Remote Sensing Techniques ........................................... 8-1 
8.1.1 Purpose of Analysis ....................................................................................................... 8-1 
8.1.2 Precipitation................................................................................................................... 8-3 
8.1.3 Evapotranspiration......................................................................................................... 8-4 
8.1.4 Runoff.......................................................................................................................... 8-13 
8.1.5 Infiltration.................................................................................................................... 8-20 
8.1.6 Water Balance Analysis ............................................................................................... 8-24 

8.2 Alternative Water Sources................................................................................................... 8-25 
8.2.1 Required Water Quantity for Abstraction from Alternative Water Sources................. 8-25 
8.2.2 Site Reconnaissance and Data Analyses of Possible Sites for Alternative Water Sources .
 ..................................................................................................................................... 8-26 
8.2.3 Water Quality Test of the Selected Alternative Water Sources.................................... 8-44 
8.2.4 Intake Conditions of the Selected Alternative Water Sources ..................................... 8-46 

CHAPTER 9 EXISTING WATER SUPPLY CONDITION ............................................................ 9-1 
9.1 Present Condition of Water Supply ....................................................................................... 9-1 
9.2 Existing Piped Water Supply Systems in the Target Communes .......................................... 9-3 



 

iv 

CHAPTER 10 WATER DEMAND AND DESIGN WATER CAPACITY.................................. 10-1 
10.1 Population Forecast............................................................................................................. 10-1 
10.2 Water Demand................................................................................................................... 10-11 
10.3 Deducted Water Demand .................................................................................................. 10-14 
10.4 Design Capacity ................................................................................................................ 10-18 

CHAPTER 11 DESIGN WATER SUPPLY SYSTEM................................................................. 11-1 
11.1 Basic Conditions for Water Supply System ........................................................................ 11-1 

CHAPTER 12 ORGANIZATIONAL PROFILES OF P-CERWASS .......................................... 12-1 
12.1 Introduction......................................................................................................................... 12-1 
12.2 Profiles of P-CERWASS ..................................................................................................... 12-1 

12.2.1 Phu Yen P-CERWASS................................................................................................. 12-1 
12.2.2 Khanh Hoa P-CERWASS ............................................................................................ 12-4 
12.2.3 Ninh Thuan P-CERWASS ........................................................................................... 12-6 
12.2.4 Binh Thuan P-CERWASS ......................................................................................... 12-10 

CHAPTER 13 SELECTION OF THE TARGET COMMUNES FOR FS .................................. 13-1 
13.1 Evaluation for Priority Commune....................................................................................... 13-1 

CHAPTER 14 Pipe Network Analysis......................................................................................... 14-1 
14.1 FPS-2................................................................................................................................... 14-1 
14.2 FPS-3................................................................................................................................... 14-4 
14.3 FPG-4 .................................................................................................................................. 14-6 
14.4 FPS-5................................................................................................................................... 14-9 
14.5 FKS-6 ................................................................................................................................ 14-12 
14.6 FKS-8 ................................................................................................................................ 14-14 
14.7 FNG-10 ............................................................................................................................. 14-16 
14.8 FBS-11 .............................................................................................................................. 14-21 
14.9 FBG-13.............................................................................................................................. 14-23 

CHAPTER 15 COST ESTIMATION .......................................................................................... 15-1 
15.1 Construction Cost of Water Supply Facility........................................................................ 15-1 

CHAPTER 16 Financial and economic analysis ......................................................................... 16-1 
16.1 Study on Water Charges ...................................................................................................... 16-1 

CHAPTER 17 ENVIRONMENTAL AND SOCIAL CONSIDERATIONS................................ 17-1 
17.1 Legal System concerning Environmental and Social Considerations................................. 17-1 
17.2 Initial Environmental Examination ................................................................................... 17-41 

 



 

v 

 

List of Tables 
 

Table 1.1.1  Period and Items of Meteorological Data Acquisition............................................ 1-1 
Table 1.1.2  Outline of each River Gauging Station................................................................... 1-6 
Table 2.1.1  List of used ETM+ Data ......................................................................................... 2-1 
Table 2.1.2  List of used ASTER Data ....................................................................................... 2-8 
Table 2.3.1  Photogeological Interpretation Chart (1) .............................................................. 2-27 
Table 2.3.2  Photogeological Interpretation Chart (2) .............................................................. 2-28 
Table 3.1.1 Distribution of Interviewees (figures are the number of interviewees in each 

commune)............................................................................................................................. 3-1 
Table 3.2.1  Primary Water Source in Dry Season ..................................................................... 3-2 
Table 3.2.2  Primary Water Source in Rainy Season .................................................................. 3-3 
Table 3.2.3  Water volume to Use Per Person in a Day.............................................................. 3-4 
Table 3.2.4  Time for Fetching Water in Dry Season ................................................................. 3-5 
Table 3.2.5  Local People’s Impression on Water Quality.......................................................... 3-6 
Table 3.2.6  Monthly Household Expense.................................................................................. 3-7 
Table 3.2.7  Percentage of Expense on Water among Monthly Budget in Dry Season.............. 3-8 
Table 3.2.8  Percentage of Expense on Electricity among Monthly Budget .............................. 3-9 
Table 3.2.9  Types of Toilet ...................................................................................................... 3-10 
Table 3.2.10  Water related Diseases ........................................................................................ 3-11 
Table 3.2.11  Demands on Water Supply.................................................................................. 3-12 
Table 3.2.12  Demands on Water Use Allocation ..................................................................... 3-13 
Table 3.2.13  Willingness/Affordability to Pay for Installation Cost (house connection) of Water 

Supply (000VND) .............................................................................................................. 3-14 
Table 3.2.14  Willingness/Affordability of Payment for Monthly Usage Cost (water tariff) of 

Water Supply (000VND).................................................................................................... 3-15 
Table 3.2.15  Necessity of Toilet Installation ........................................................................... 3-16 
Table 3.2.16  Willingness/Affordability to Pay for Installation Cost of Toilet (000VND) ...... 3-17 
Table 3.2.17  Concerns/Demands of Daily Lives (multiple answers: max 3 items)................. 3-19 
Table 3.2.18  Result of Survey for Existing Wells from the View of Water Supply................. 3-20 
Table 3.2.19  Result of Survey for Existing Wells from the View of Groundwater ................. 3-21 
Table 3.2.20  Summary of Problems of Water Quality in Existing Wells ................................ 3-22 
Table 3.2.21  Ethnics ................................................................................................................ 3-23 
Table 3.2.22  Number of Household Members ........................................................................ 3-24 
Table 3.2.23  Number of Years to Live in those Communities................................................. 3-25 
Table 3.2.24  Issues of Existing Water Source and Water Use ................................................. 3-27 
Table 3.3.1  Correlation between “Water Expense” and “Necessity of Water Supply”............ 3-36 
Table 3.3.2  Correlation between “Installation Cost (house connection)” and “Necessity of Water 



 

vi 

Supply”............................................................................................................................... 3-37 
Table 3.3.3  Correlation between “Usage Monthly Cost (water tariff) ” and “Necessity of Water 

Supply”............................................................................................................................... 3-37 
Table 3.3.4  Correlation between “Installation Cost” and “Concerns on Toilet” ..................... 3-38 
Table 3.3.5  Correlation between “Rate of Minority People’s Households” and “Necessity of 

Water Supply” .................................................................................................................... 3-40 
Table 3.4.1  Commune Profiles for each Commune 1.............................................................. 3-43 
Table 3.4.2  Communes Profile for each Commune 2.............................................................. 3-45 
Table 4.1.1  List of the VES Points ............................................................................................ 4-1 
Table 4.1.2  List of the HEP Points and Line ............................................................................. 4-4 
Table 4.2.1  Electrode Spacing of the VES: Schlumberger Configuration............................... 4-15 
Table 4.3.1  Relationship between Geology / Rock Type and its Resistivity by each Province

............................................................................................................................................ 4-19 
Table 5.1.1  Coordinates and Drilling Length of the Test Boreholes ......................................... 5-2 
Table 5.2.1  The Result of the Evaluation of Proper Test Borehole Locations (Phu Yen Province)

.............................................................................................................................................. 5-5 
Table 5.2.2  The Result of the Evaluation of Proper Test Borehole Locations (Khanh Hoa 

Province) .............................................................................................................................. 5-6 
Table 5.2.3  The Result of the Evaluation of Proper Test Borehole Locations (Ninh Thuan 

Province) .............................................................................................................................. 5-7 
Table 5.2.4  The Result of the Evaluation of Proper Test Borehole Locations (Binh Thuan 

Province) .............................................................................................................................. 5-8 
Table 5.3.1  Observation Time Schedule for each Step............................................................ 5-12 
Table 5.3.2  Measurement Interval for the Constant Rate Pumping Test ................................. 5-12 
Table 5.3.3  Parameter of the Water Quality Test ..................................................................... 5-13 
Table 5.4.1  Summary of Test Borehole Drilling Survey Results............................................. 5-13 
Table 5.4.2  Categorization of the Safety Yield by each Test Borehole ................................... 5-15 
Table 5.4.3  Conditions and Equation for Calculation of the Aquifer Constant ....................... 5-16 
Table 5.4.4  Summary of Aquifer Constant .............................................................................. 5-17 
Table 5.4.5  Verification of the Water Quality Test (Coliforms) .............................................. 5-18 
Table 5.4.6  Results of the Water Quality Test at 24 Test Boreholes........................................ 5-19 
Table 5.5.1  Suitable Test Boreholes for Groundwater Resources ........................................... 5-20 
Table 5.5.2  Expectation of Available Pump-up Volume in 24 Communes.............................. 5-21 
Table 6.1.1  Items of Water Quality Survey on Existing Water Sources .................................... 6-1 
Table 6.1.2  Timing of Water Quality Survey on Existing Water Sources ................................. 6-6 
Table 6.1.3  Water Type and Chloride Concentration (1) ......................................................... 6-22 
Table 6.1.4  Water Type and Chloride Concentration............................................................... 6-23 
Table 6.1.5  Water Type and Chloride Concentration (3) ......................................................... 6-24 
Table 6.1.6  Summary of Water Type by Commune and Water Source ................................... 6-25 



 

vii 

Table 6.2.1  Number of Preparatory Survey Points for Seawater Intrusion Investigation ....... 6-29 
Table 7.1.1  Geomorphology and Hydro-geological Characteristics of Xuan Phuoc Commune 

(P-1)...................................................................................................................................... 7-3 
Table 7.1.2  Geomorphology and Hydro-geological Characteristics of An Dinh Commune (P-2)

.............................................................................................................................................. 7-4 
Table 7.1.3  Geomorphology and Hydro-geological Characteristics of An Tho Commune (P-3)

.............................................................................................................................................. 7-5 
Table 7.1.4Geomorphology and Hydro-geological Characteristics of An My Commune (P-4) .. 7-6 
Table 7.1.5  Geomorphology and Hydro-geological Characteristics of Son Phuoc Commune 

(P-5)...................................................................................................................................... 7-7 
Table 7.1.6  Geomorphology and Hydro-geological Characteristics of Ea Cha Rang Commune 

(P-6)...................................................................................................................................... 7-8 
Table 7.1.7  Geomorphology and Hydro-geological Characteristics of Suoi Bac Commune (P-7)

.............................................................................................................................................. 7-9 
Table 7.1.8  Geomorphology and Hydro-geological Characteristics of Son Thanh Dong 

Commune (P-8) .................................................................................................................. 7-10 
Table 7.1.9  Geomorphology and Hydro-geological Characteristics of Cam An Bac Commune 

(K-1) ................................................................................................................................... 7-11 
Table 7.1.10  Geomorphology and Hydro-geological Characteristics of Cam Hiep Nam 

Commune (K-2) ................................................................................................................. 7-12 
Table 7.1.11  Geomorphology and Hydro-geological Characteristics of Cam Hai Tay Commune 

(K-3) ................................................................................................................................... 7-13 
Table 7.1.12  Geomorphology and Hydro-geological Characteristics of Nhon Hai Commune 

(N-1) ................................................................................................................................... 7-14 
Table 7.1.13  Geomorphology and Hydro-geological Characteristics of Cong Hai Commune 

(N-2) ................................................................................................................................... 7-15 
Table 7.1.14  Geomorphology and Hydro-geological Characteristics of Bac Son Commune 

(N-3) ................................................................................................................................... 7-16 
Table 7.1.15  Geomorphology and Hydro-geological Characteristics of Phuoc Minh Commune 

(N-4) ................................................................................................................................... 7-17 
Table 7.1.16  Geomorphology and Hydro-geological Characteristics of Phuoc Dinh Commune 

(N-5) ................................................................................................................................... 7-18 
Table 7.1.17  Geomorphology and Hydro-geological Characteristics of Phuoc Hai Commune 

(N-6) ................................................................................................................................... 7-19 
Table 7.1.18  Geomorphology and Hydro-geological Characteristics of Muong Man Commune 

(B-1) ................................................................................................................................... 7-20 
Table 7.1.19  Geomorphology and Hydro-geological Characteristics of Gia Huynh Commune 

(B-2) ................................................................................................................................... 7-21 
Table 7.1.20  Geomorphology and Hydro-geological Characteristics of Nghi Duc Commune 



 

viii 

(B-3) ................................................................................................................................... 7-22 
Table 7.1.21  Geomorphology and Hydro-geological Characteristics of Tan Duc Commune 

(B-4) ................................................................................................................................... 7-23 
Table 7.1.22  Geomorphology and Hydro-geological Characteristics of Me Pu Commune (B-5)

............................................................................................................................................ 7-24 
Table 7.1.23  Geomorphology and Hydro-geological Characteristics of Sung Nhon Commune 

(B-6) ................................................................................................................................... 7-25 
Table 7.1.24  Geomorphology and Hydro-geological Characteristics of Da Kai Commune (B-7)

............................................................................................................................................ 7-26 
Table 7.2.1  Number of Surface Water Resources in the Target Communes............................ 7-28 
Table 7.2.2  Perennial Surface Water Resources in the Target Communes .............................. 7-29 
Table 7.2.3  Resources for Drinking Water in the Target Communes ...................................... 7-30 
Table 7.2.4  Current Situation of Existing Wells in the Target Communes .............................. 7-31 
Table 7.2.5  Water Quality Issues of Existing Wells in the Target Communes ........................ 7-32 
Table 7.3.1  Estimated Division of Season............................................................................... 7-33 
Table 8.1.1  List of Used Monitoring Data................................................................................. 8-2 
Table 8.1.2  Albedo Values of each Land Cover Class............................................................... 8-4 
Table 8.1.3  Outer Space Solar Radiation of the Study Area, Ra (MJ/m2/day) .......................... 8-5 
Table 8.1.4  Monthly Possible Sunshine Hour of the Study Area, N (hour)............................... 8-6 
Table 8.1.5  Comparison between the Observed and Estimated Values ..................................... 8-8 
Table 8.1.6  Example of the Determination of α in the Station of Phan Rang, Ninh Thuan 

Province.............................................................................................................................. 8-10 
Table 8.1.7  Conversion Values of each Stations...................................................................... 8-11 
Table 8.1.8  Weight Value for the Calculation of Grunoff ........................................................... 8-17 
Table 8.1.9  Result of Geomorphometry in the Station’s Sub-Catchment and its Runoff ........ 8-19 
Table 8.1.10  Water Balance of each Province ......................................................................... 8-24 
Table 8.1.11  Water Balance of each Target Commune............................................................ 8-24 
Table 8.2.1  Required Water Quantity for Abstraction from Alternative Water Sources.......... 8-25 
Table 8.2.2  Number of the Candidate Sites ............................................................................. 8-26 
Table 8.2.3  Design Parameters of Phu Xuan Reservoir .......................................................... 8-29 
Table 8.2.4  Annual Minimum Water Level and Storage Volume of Phu Xuan Reservoir ...... 8-29 
Table 8.2.5  Design Parameters of Don Tron Reservoir ........................................................... 8-30 
Table 8.2.6  Annual Minimum Water Level and Storage Volume of Don Tron Reservoir....... 8-31 
Table 8.2.7  Minimum Average Monthly Discharge of the Ba River at Cum Son Gauging Station 

(Catchment Area at the G.S.: 12,400 km2).......................................................................... 8-32 
Table 8.2.8  Design Parameters of Suoi Dau Reservoir ........................................................... 8-33 
Table 8.2.9  Annual Minimum Water Level and Storage Volume of Suoi Dau Reservoir ....... 8-33 
Table 8.2.10  Design Parameters of Cam Ranh Reservoir ....................................................... 8-33 
Table 8.2.11  Annual Minimum Water Level and Storage Volume of Cam Ranh Reservoir ... 8-34 



 

ix 

Table 8.2.12  Design Parameters of Song Trau Reservoir........................................................ 8-35 
Table 8.2.13  Annual Minimum Water Level and Storage Volume of Song Trau Reservoir.... 8-35 
Table 8.2.14  Estimated Annual Minimum Discharge at Lam Cam Weir (NS-2 Site) ............. 8-36 
Table 8.2.15  Design Parameters of Bao Bau Reservoir .......................................................... 8-37 
Table 8.2.16  Design Parameters of Cam Hang Reservoir ....................................................... 8-38 
Table 8.2.17  Design Parameters of Song Quao Reservoir ...................................................... 8-38 
Table 8.2.18  Annual Minimum Water Level and Storage Volume of Song Quao Reservoir .. 8-38 
Table 8.2.19  Estimated Annual Minimum Discharge at The La Nga River (BS-4 Site) ......... 8-39 
Table 8.2.20  Summary of the Possibility for Alternative Water Sources from Surface Water 8-41 
Table 8.2.21  Summary of the Site Reconnaissance and Data Analysis of Possible Surface Water 

Sources (1/2)....................................................................................................................... 8-42 
Table 8.2.22  Summary of the Site Reconnaissance and Data Analysis of Possible Surface Water 

Sources (2/2)....................................................................................................................... 8-43 
Table 8.2.23  Selected Alternative Water Sources for Water Quality Test................................ 8-44 
Table 8.2.24  Results of the Water Quality Test at Nine (9) Selected Candidate Sites............. 8-45 
Table 8.2.25  Intake Conditions of Selected Alternative Water Resources .............................. 8-46 
Table 9.1.1 Present Condition of Piped Water Supply System in Four (4) Provinces.................. 9-1 
Table 9.1.2 Present Condition of Access to Safe Water in Phu Yen Province.............................. 9-2 
Table 9.1.3 Present Condition of Access to Safe Water in Khanh Hoa Province ......................... 9-2 
Table 9.1.4 Present Condition of Access to Safe Water in Ninh Thuan Province ........................ 9-2 
Table 9.1.5 Present Condition of Access to Safe Water in Binh Thuan Province ........................ 9-3 
Table 9.2.1 The Detail of Existing Water Supply Systems in the Target Communes................... 9-6 
Table 9.2.2  Evaluation of Existing System ............................................................................... 9-7 
Table 10.1.1  Definition of Population Growth Rate and its Background................................ 10-2 
Table 10.1.2  The result of population forecast for Phu Yen province ..................................... 10-7 
Table 10.1.3  The result of population forecast for Khanh Hoa province ................................ 10-8 
Table 10.1.4  The result of population forecast for Ninh Thuan province ............................... 10-9 
Table 10.1.5  The result of population forecast for Binh Thuan province.............................. 10-10 
Table 10.2.1  The Results of Calculation for Water Demand in the 24 Communes (1) ......... 10-12 
Table 10.2.2  The Results of Calculation for Water Demand in the 24 Communes (2) ......... 10-12 
Table 10.2.3  The Results of calculation for water demand in the 24 communes (3) ............ 10-13 
Table 10.2.4  The Results of Calculation for Water Demand in the 24 Communes (4) ......... 10-13 
Table 10.3.1  The Deducted Water Demand from 2006 to 2020 ............................................ 10-14 
Table 10.3.2  The Result of Calculation for the Deducted Water Demand in 22 Communes (1)

.......................................................................................................................................... 10-15 
Table 10.3.3  The Result of Calculation for the Deducted Water Demand in 22 Communes (2)

.......................................................................................................................................... 10-16 
Table 10.3.4  The Result of Calculation for the Deducted Water Demand in 22 Communes (3)

.......................................................................................................................................... 10-17 



 

x 

Table 10.4.1  The Results of Calculation for Design Capacity in 22 Communes from 2006 to 
2020 (1) ............................................................................................................................ 10-19 

Table 10.4.2  The Results of Calculation for Design Capacity in 22 Communes from 2006 to 
2020 (2) ............................................................................................................................ 10-20 

Table 11.1.1  Basic Design Conditions for Water Supply System............................................ 11-2 
Table 12.2.1  Main Duties by Section ...................................................................................... 12-2 
Table 12.2.2  Budgetaty Trend for Phu Yen P-CERWASS....................................................... 12-3 
Table 12.2.3  Major Assets owned by P-CERWASS................................................................ 12-3 
Table 12.2.4  Budgetaty Trend for Khanh Hoa P-CERWASS.................................................. 12-5 
Table 12.2.5  Major Assets owned by P-CERWASS................................................................ 12-6 
Table 12.2.6  Budgetaty Trend for Ninh Thuan P-CERWASS ................................................. 12-8 
Table 12.2.7  Major Assets owned by P-CERWASS................................................................ 12-8 
Table 12.2.8  Water Tariff (applicable from January 2007)...................................................... 12-8 
Table 12.2.9  Main Duties by Section .................................................................................... 12-10 
Table 12.2.10  Budgetaty Trend for Binh Thuan P-CERWASS ............................................. 12-12 
Table 12.2.11  Major Assets owned by P-CERWASS ............................................................ 12-12 
Table 12.2.12  Water Tariff (applicable from April 2007)...................................................... 12-13 
Table 13.1.1  Reslts and Calculated Data for Assessment Criteria........................................... 13-3 
Table 13.1.2  Estimated Magnitude of Criteria by DAC Indices.............................................. 13-5 
Table 13.1.3  Assessment Score for the Criteria....................................................................... 13-6 
Table 13.1.4  Scoring for the Estimation of Socio-economic Conditions for Each Commune 13-7 
Table 13.1.5  Scoring for the Estimation of Socio-economic Conditions for Each System..... 13-7 
Table 13.1.6  Evaluation of Socio-economic Conditions ......................................................... 13-8 
Table 13.1.7  Evaluation for Priority Commune (Groundwater Sources) ................................ 13-8 
Table 13.1.8  Evaluation for Priority Commune (Alternative Water Sources) ......................... 13-9 
Table 15.1.1  Volume of Excavation and Landfill .................................................................. 15-33 
Table 15.1.2  Unit Cost Per Volume of Civil Work ................................................................ 15-33 
Table 15.1.3  Unit Cost Per Construction Cost....................................................................... 15-34 
Table 15.1.4  Total Cost of Pipe Laying ................................................................................. 15-34 
Table 15.1.5  Number of Households in Each System ........................................................... 15-35 
Table 15.1.6  Building ............................................................................................................ 15-35 
Table 15.1.7  Unit cost of Building ........................................................................................ 15-36 
Table 15.1.8  Cost VND / m3 for Water Supply System ......................................................... 15-37 
Table 15.1.9  Per m3 Cost for Urban Water Supply in Vietnam ............................................. 15-38 
Table 15.1.10  Past Experience of Water Treatment Plant...................................................... 15-39 
Table 15.1.11  Capacity and Cost ........................................................................................... 15-39 
Table 15.1.12  Mechanical and Electrical Cost ...................................................................... 15-40 
Table 15.1.13  Cost Evaluation for Mechanical and Electrical Equipment............................ 15-40 
Table 15.1.14  Unit Cost of Pump .......................................................................................... 15-41 



 

xi 

Table 17.1.1  Outlines of Strategic Environmental Impact Assessment (SEA) and Environmental 
Impact Assessment (EIA) ................................................................................................... 17-2 

Table 17.1.2  Outlines of the Environmental Protection Commitments (EPC)........................ 17-4 
Table 17.1.3  Outline of Permission for Exploring, Exploiting................................................ 17-6 
Table 17.1.4  Law on Land (No. 13/2003/QH11) (abstract)..................................................... 17-9 
Table 17.1.5  Law on Land (Decree No.197/2004/ND-CP) (abstract) ................................... 17-11 
Table 17.1.6  List of Drinking and Domestic Water Quality Standards and Others ............... 17-16 
Table 17.1.7  Drinking and Domestic Water Quality Standards (1) ....................................... 17-18 
Table 17.1.8  Drinking and Domestic Water Quality Standards (2) ....................................... 17-19 
Table 17.1.9  Surface Water Quality Standards (TCVN 5942-1995) ..................................... 17-20 
Table 17.1.10  Parameter Limits and Allowable Concentrations of Pollutants in Coastal Water

.......................................................................................................................................... 17-21 
Table 17.1.11  Ground water Quality Standards..................................................................... 17-21 
Table 17.1.12  Industrial Wastewater Discharge Standards.................................................... 17-22 
Table 17.1.13  Pollution Parameters and Allowed Limitation................................................ 17-23 
Table 17.1.14  Pollution Parameters and Allowed Limitation................................................ 17-23 
Table 17.1.15  Water Quality for Irrigation ............................................................................ 17-24 
Table 17.1.16  Level of Water Quality for Protection of Aquatic Lives. ................................ 17-25 
Table 17.1.17  Limitary Value on Parameters and Concentrations of Polluted Substances in 

Industrial Waste Water when Discharging into Rivers using for Domestic Water Supply17-26 
Table 17.1.18  Limitary Value on Parameters and Concentrations of Polluted Substances in 

Industrial Wastewater when Discharging into Lakes using for Domestic Water Supply . 17-28 
Table 17.1.19  Limitary Vvalue on Parameters and Concentrations of Polluted Substances in 

Industrial Wastewater when Discharging into Rivers using for Water Sports and Recreation.
.......................................................................................................................................... 17-29 

Table 17.1.20  Limitary Value on Parameters and Concentrations of Polluted Substances in 
Industrial Wastewater when Discharging into Lakes using for Water Sports and Recreation.
.......................................................................................................................................... 17-30 

Table 17.1.21  Limitary Value on Parameters and Concentrations of Polluted Substances in 
Industrial Wastewater when Discharging into Rivers using for Protection of Aquatic Life.
.......................................................................................................................................... 17-31 

Table 17.1.22  Limitary Value on Parameters and Concentrations of Polluted Substances in 
Industrial Waste Water when Discharging into Lakes using for Protection of Aquatic Life.
.......................................................................................................................................... 17-32 

Table 17.1.23  Limitary Value on Parameters and Concentrations of Polluted Substances in 
Industrial Wastewater when Discharging into Coastal Water using for Protection of Aquatic 
Life. .................................................................................................................................. 17-33 

Table 17.1.24  Limitary Value on Parameters and Concentrations of Polluted Substances in 
Industrial Wastewater when Discharging into Coastal Water using for Water Sport and 



 

xii 

Recreation......................................................................................................................... 17-34 
Table 17.1.25  Ambient Air Quality Standards ...................................................................... 17-35 
Table 17.1.26   Maximum Allowable Concentrations of Some Hazardous Substances in 

Ambient Air (mg/m3)........................................................................................................ 17-35 
Table 17.1.27  Maximum Allowable Concentration (MAC) of Smokes, Dusts and Inorganic 

Substances in the Industrial Emission Gases.................................................................... 17-37 
Table 17.1.28  Maximum Allowable Concentration (MAC) of the Organic Substances Emitted 

into Atmosphere ............................................................................................................... 17-38 
Table 17.1.29  Noise in Public and Residential Areas Maximum Permitted Noise Level (TCVN 

5949-1995) ....................................................................................................................... 17-40 
Table 17.1.30  Road Motor Vehicle Noise Maximum Permitted Noise Level (TCVN 5948-1995)

.......................................................................................................................................... 17-40 
Table 17.1.31  Pesticide Residue in Soil: Maximum Allowable Concentrations (MAC) ...... 17-41 
Table 17.2.1  Requirement of Environmental and Social Considerations in Vietnam for the Water 

Supply Project .................................................................................................................. 17-42 
Table 17.2.2  Scope Matrix for Project Components ............................................................. 17-43 
Table 17.2.3  Project Site of Water Supply Facilities ............................................................. 17-45 
Table 17.2.4  Situation of Water Vender in the Target Commune for F/S .............................. 17-46 
Table 17.2.5  Preliminary Cost Estimation of Compensation for Private-use Land............... 17-49 
Table 17.2.6  Six Main Conservation Areas in the Study Area .............................................. 17-51 
Table 17.2.7  Other Conservation Areas in the Study Area .................................................... 17-51 
Table 17.2.8  Growth Rate of Population Served ................................................................... 17-54 
Table 17.2.9  Preliminary Monitoring Programme................................................................. 17-56 
Table 17.2.10  Summary of Adverse Impacts and Mitigation Measures................................ 17-57 
 

 

List of Figures 
 

Figure 1.1.1  Climate Types of Vietnam and the Study Area ..................................................... 1-1 
Figure 1.1.2  Locations of Observation Stations (left) ............................................................... 1-2 
Figure 1.1.3  Annual Precipitation in Study Area (right) ........................................................... 1-2 
Figure 1.1.4  Monthly Precipitation Change of Stations in Group One ..................................... 1-3 
Figure 1.1.5  Monthly Precipitation Change of Stations in Group One ..................................... 1-4 
Figure 1.1.6  Monthly Average of Air Temperature ................................................................... 1-4 
Figure 1.1.7  Monthly Average of Sunshine Duration................................................................ 1-5 
Figure 1.1.8  Pan Evaporation of Seven Stations ....................................................................... 1-6 
Figure 1.1.9  Monthly Average of River Discharges of Four Stations ....................................... 1-7 
Figure 1.1.10  Location Map of Hydrological Stations (1) ........................................................ 1-8 
Figure 1.1.11  Location Map of Hydrological Stations (2) ........................................................ 1-9 



 

xiii 

Figure 2.1.1  Index Map of Used Remote Sensing Data ............................................................ 2-2 
Figure 2.1.2  False Color Image of the Study Area .................................................................... 2-3 
Figure 2.1.3  Principle of Vegetation Index................................................................................ 2-4 
Figure 2.1.4  NDVI Image of the Study Area............................................................................. 2-5 
Figure 2.1.5  Principle of VSW Index ........................................................................................ 2-6 
Figure 2.1.6  VSW Index Image of the Study Area.................................................................... 2-7 
Figure 2.1.7  Color composite image of ASTER Data ............................................................... 2-9 
Figure 2.1.8  NDVI Image of ASTER Data ............................................................................... 2-9 
Figure 2.1.9  VSW Index Image of ASTER Data .................................................................... 2-10 
Figure 2.1.10  DEM Image of SRTM Data .............................................................................. 2-11 
Figure 2.1.11  Calculation of Planes......................................................................................... 2-12 
Figure 2.1.12  Concept of Openness ........................................................................................ 2-12 
Figure 2.1.13  Slope Image of SRTM Data .............................................................................. 2-14 
Figure 2.1.14  Shaded Relief Image of SRTM Data................................................................. 2-15 
Figure 2.1.15  Overground Openness Image of SRTM Data ................................................... 2-16 
Figure 2.2.1  Elevation Classification of the Study Area ......................................................... 2-17 
Figure 2.2.2  Slope Classification of the Study Area................................................................ 2-18 
Figure 2.2.3  Comparison between High Vegetation Areas and Steep-Sided Mountainous Areas

............................................................................................................................................ 2-19 
Figure 2.2.4  Irrigated Paddy Fields in the Delta of Da Rang River (left) ............................... 2-20 
Figure 2.2.5  Ponds for Cultivation in the Northern Part of Khanh Hoa (right)....................... 2-20 
Figure 2.3.1  Location of the Late Mesozoic Andean-type Magmatic Arc .............................. 2-20 
Figure 2.3.2  Existent Geological Map of the Study Area........................................................ 2-21 
Figure 2.3.3  Shade/Overground Openness Image of the Study Area ...................................... 2-24 
Figure 2.3.4  Interpretation Map (Lithology) of the study area................................................ 2-25 
Figure 2.3.5  Interpretation Map (Lineament) of the study area .............................................. 2-26 
Figure 2.3.6  ETM+ Image of unit PR ..................................................................................... 2-29 
Figure 2.3.7  ETM+ Image of unit Tg1 ................................................................................ 2-29 
Figure 2.3.8  ETM+ Image of unit Js ....................................................................................... 2-30 
Figure 2.3.9  ETM+ Image of unit Kg ..................................................................................... 2-30 
Figure 2.3.10  ETM+ Image of unit Qb1 ................................................................................. 2-31 
Figure 2.4.1  Location map of the Survey Points ..................................................................... 2-32 
Figure 3.3.1  Correlation between “Households who have both Toilet and Dug Well” and 

“Contract Diseases”............................................................................................................ 3-39 
Figure 4.1.1  Location Map of Geological Survey in FPS-2...................................................... 4-5 
Figure 4.1.2  Location Map of Geological Survey in FPS-3...................................................... 4-6 
Figure 4.1.3  Location Map of Geological Survey in FPG-4 ..................................................... 4-7 
Figure 4.1.4  Location Map of Geological Survey in FPS-5...................................................... 4-8 
Figure 4.1.5  Location Map of Geological Survey in FKS-6 ..................................................... 4-9 



 

xiv 

Figure 4.1.6  Location Map of Geological Survey in FKS-8 ................................................... 4-10 
Figure 4.1.7  Location Map of Geological Survey in FNG-10................................................. 4-11 
Figure 4.1.8  Location Map of Geological Survey in FBS-11.................................................. 4-12 
Figure 4.1.9  Location Map of Geological Survey in FBG-13................................................. 4-13 
Figure 4.2.1  Conceptual Diagram of the Factor versus Resistivity......................................... 4-14 
Figure 4.2.2  Electrode Array for the VES: Schlumberger Configuration ............................... 4-14 
Figure 4.2.3  Electrode Array for the HEP: Wenner Configuration ......................................... 4-15 
Figure 4.2.4  Spreading out of the HEP.................................................................................... 4-16 
Figure 4.2.5  Flowchart of Automatic Inversion ...................................................................... 4-17 
Figure 4.2.6  Example of the Analysis Results of the VES ...................................................... 4-18 
Figure 4.2.7  Example of the Analysis Results of the HEP...................................................... 4-18 
Figure 4.3.1  General Relationship between Soil/Rock Type and its Resistivity in Japan ....... 4-19 
Figure 4.3.2  Relationship between Geology / Rock Type and its Resistivity by each Province

............................................................................................................................................ 4-20 
Figure 5.1.1  Location of the Test Boreholes ............................................................................. 5-1 
Figure 5.3.1  Schematic Diagram of Well Structure................................................................. 5-11 
Figure 5.4.1  Procedure of Determination of the Safety Yield ................................................. 5-14 
Figure 5.4.2  Safety Yield and its Drawdown by each Test Borehole ...................................... 5-15 
Figure 5.4.3  Relationship between Safety Yield and Transmissivity by 24 Test Boreholes.... 5-18 
Figure 5.5.1  Expectation of Available Pump-up Volume and Water Supply in 24 Communes

............................................................................................................................................ 5-22 
Figure 6.1.1  Survey Location of Water Quality on Existing Water Sources in Phu Yen Province 

(1) ......................................................................................................................................... 6-2 
Figure 6.1.2  Survey Location of Water Quality on Existing Water Sources in Phu Yen Province 

(2) ......................................................................................................................................... 6-2 
Figure 6.1.3  Survey Location of Water Quality on Existing Water Sources in Phu Yen Province 

(3) ......................................................................................................................................... 6-3 
Figure 6.1.4  Survey Location of Water Quality on Existing Water Sources in Khanh Hoa...... 6-3 
Figure 6.1.5  Survey Location of Water Quality on Existing Water Sources in Ninh Thuan 

Province (2) .......................................................................................................................... 6-4 
Figure 6.1.6  Survey Location of Water Quality on Existing Water Sources in Ninh Thuan 

Province (1) .......................................................................................................................... 6-4 
Figure 6.1.7  Survey Location of Water Quality on Existing Water Sources in Binh Thuan 

Province (1) .......................................................................................................................... 6-5 
Figure 6.1.8  Survey Location of Water Quality on Existing Water Sources in Binh Thuan 

Province (2) .......................................................................................................................... 6-5 
Figure 6.1.9  Survey Location of Water Quality on Existing Water Sources in Binh Thuan 

Province (3) .......................................................................................................................... 6-6 
Figure 6.1.10  Water Type Classification by Hexa Diagram...................................................... 6-8 



 

xv 

Figure 6.1.11  Hexa Diagram of Existing Water Sources in Target Communes (1)................... 6-9 
Figure 6.1.12  Hexa Diagram of Existing Water Sources in Target Communes (2)................... 6-9 
Figure 6.1.13  Hexa Diagram of Existing Water Sources in Target Communes (3)................. 6-10 
Figure 6.1.14  Hexa Diagram of Existing Water Sources in Target Communes (4)................. 6-10 
Figure 6.1.15  Hexa Diagram of Existing Water Sources in Target Communes (5)................. 6-11 
Figure 6.1.16  Hexa Diagram of Existing Water Sources in Target Communes (6)................. 6-11 
Figure 6.1.17  Hexa Diagram of Existing Water Sources in Target Communes (7)................. 6-12 
Figure 6.1.18  Hexa Diagram of Existing Water Sources in Target Communes (8)................. 6-12 
Figure 6.1.19  Hexa Diagram of Existing Water Sources in Target Communes (9)................. 6-13 
Figure 6.1.20  Water Type Classification by Tri-linear Diagram ............................................. 6-14 
Figure 6.1.21  Tri-linear Diagrams of each Water Sources in Four Provinces ......................... 6-15 
Figure 6.1.22  Tri-linear Diagrams by Target Commune in Phu Yen Province (1) .................. 6-16 
Figure 6.1.23  Tri-linear Diagrams by Target Commune in Phu Yen Province (2) .................. 6-17 
Figure 6.1.24  Tri-linear Diagrams by Target Commune in Khanh Hoa Province................... 6-17 
Figure 6.1.25  Tri-linear Diagrams by Target Commune in Ninh Thuan Province .................. 6-18 
Figure 6.1.26  Tri-linear Diagrams by Target Commune in Binh Thuan Province (1)............. 6-19 
Figure 6.1.27  Tri-linear Diagrams byTarget Commune in Binh Thuan Province (2) ............. 6-20 
Figure 6.1.28  Tri-linear Diagrams of Test Boreholes.............................................................. 6-20 
Figure 6.2.1  Topographical Classification of the Central of Ninh Thuan Province and the 

Location of the Targeted Commune ................................................................................... 6-26 
Figure 6.2.2  Survey Blocks for Preparatory Suvey on Seawater Intrusion along Coastal Line in 

the Study Area .................................................................................................................... 6-28 
Figure 6.2.3  Relationship between Chloride and Electric Conductivity in the Study Area .... 6-30 
Figure 6.2.4  Salinity Distribution in both Seasons (Frequency: no of survey point) .............. 6-30 
Figure 6.2.5  Results of Seawater Intrusion Survey in August 2007........................................ 6-32 
Figure 6.2.6  Results of Seawater Intrusion Survey in November to December 2007............. 6-33 
Figure 6.2.7  Location of Related Tide Observation Station .................................................... 6-34 
Figure 6.2.8  Location of Detailed Seawater Intrusion Survey in Nhon Hai (N-1).................. 6-35 
Figure 6.2.9  Location of Detailed Seawater Intrusion Survey in Cong Hai (N-2) .................. 6-35 
Figure 6.2.10  Location of Detailed Seawater Intrusion Survey in Phuoc Minh (N-4)............ 6-36 
Figure 6.2.11  Location of Detailed Seawater Intrusion Survey in Bac Son (N-3) .................. 6-36 
Figure 6.2.12  Location of Detailed Seawater Intrusion Survey in Phuoc Hai (N-5)............... 6-37 
Figure 6.2.13  Location of Detailed Seawater Intrusion Survey in Phoc Dinh (N-6) .............. 6-37 
Figure 6.2.14  Location of Detailed Seawater Intrusion Survey in Muong Man (B-1)............ 6-38 
Figure 6.2.15  Relationship among Ground Level, Water Level, Well Depth and EC (1) ....... 6-39 
Figure 6.2.16  Relationship among Ground Level, Water Level, Well Depth and EC (2) ....... 6-40 
Figure 6.2.17  Relationship among Ground Level, Water Level, Well Depth and EC............. 6-41 
Figure 7.3.1  Location of Test Boreholes in the Study Area..................................................... 7-34 
Figure 7.3.2  Fluctuation of Groundwater Level at Test Boreholes in Phu Yen Province........ 7-35 



 

xvi 

Figure 7.3.3  Fluctuation of Groundwater Level at Test Boreholes in Khanh Hoa Province... 7-35 
Figure 7.3.4  Fluctuation of Groundwater Level at Test Boreholes in Ninh Thuan Province .. 7-36 
Figure 7.3.5  Fluctuation of Groundwater Level at Test Boreholes in Binh Thuan Province .. 7-36 
Figure 8.1.1  Location Map of Sub-Catchments, Planes, and Stations ...................................... 8-2 
Figure 8.1.2  Annual Precipitation Map of the Study Area ........................................................ 8-3 
Figure 8.1.3  VSW index Map and Land Cover Map of the Study Area.................................... 8-5 
Figure 8.1.4  Monthly Total Sunshine Duration Map (June and December) of the Study Area. 8-6 
Figure 8.1.5  Monthly Average Temperature Map (June and December) of the Study Area ..... 8-7 
Figure 8.1.6  Scatter Diagram of the Estimated and Observed Values....................................... 8-8 
Figure 8.1.7  Example of Scatter Diagram of the Station in Tuy Hoa, Phu Yen Province ......... 8-9 
Figure 8.1.8  Regional Constant value “a” and “b” Map of the Study Area .............................. 8-9 
Figure 8.1.9  Conversion Value “α” Map of the Study Area .................................................... 8-11 
Figure 8.1.10  Annual Evapotranspiration Map of the Study Area .......................................... 8-12 
Figure 8.1.11  Loading of Principle Component Analysis ....................................................... 8-15 
Figure 8.1.12  Grade Maps of the PC score ............................................................................. 8-16 
Figure 8.1.13  Grade Maps of the Result of Quantitative Runoff Evaluation .......................... 8-18 
Figure 8.1.14  Location Map of the Hydrological Stations and its Catchment ........................ 8-19 
Figure 8.1.15  Scatter Diagram of the Grunoff and Runoff Ratio at the Hydrological Stations .. 8-20 
Figure 8.1.16  Annual Infiltration Map of the Study Area ....................................................... 8-21 
Figure 8.1.17  Annual Infiltration Map (per unit area) of the Study Area................................ 8-22 
Figure 8.1.18  Annual Infiltration Ratio Map of the Study Area.............................................. 8-23 
Figure 8.2.1  Locations of Candidate Sites and High Possibility Sites for Surface Water Sources 

(1/2) .................................................................................................................................... 8-27 
Figure 8.2.2  Locations of Candidate Sites and High Possibility Sites for Surface Water Sources 

(2/2) .................................................................................................................................... 8-28 
Figure 12.2.1  Organization Chart of Phu Yen P-CERWASS................................................... 12-1 
Figure 12.2.2  Number of Staff by Education Level and Work Experience ............................. 12-2 
Figure 12.2.3  Organization Chart of Khanh Hoa P-CERWASS.............................................. 12-4 
Figure 12.2.4  Number of Staff by Education Level and Work Experience ............................. 12-5 
Figure 12.2.5  Organization Chart of Ninh Thuan P-CERWASS............................................. 12-7 
Figure 12.2.6  Number of Staff by Education Level and Work Experience ............................. 12-7 
Figure 12.2.7  Organization Chart of Binh Thuan P-CERWASS ........................................... 12-10 
Figure 12.2.8  Number of Staff by Education Level and Work Experience ........................... 12-11 
Figure 17.1.1  Flowchart of Environmental and Social Considerations Procedure.................. 17-5 
Figure 17.1.2  Procedure of Land Recovery for Public Projects ............................................ 17-11 
Figure 17.2.1  Water Pollution Mechanisms by Domestic Wastewater.................................. 17-53 
 



 

xvii 

 
Abbreviation and Acronyms 

 
ADB Asian Development Bank  

AusAID Australian Agency for International Development  

BHN Basic Human Needs  

CD Capacity Development  

CEMA Committee for Ethnic Minorities  

CPC Communal People’s Committee  

CPRGS Comprehensive Poverty Reduction and Growth Strategy  

DANIDA Danish International Development Assistance   

DARD Department of Agriculture and Rural Development 

(Provincial Level) 

 

DOET Department of Education and Training (Provincial Level)  

DOH Department of Health (Provincial Level)  

DONRE Department of Natural Resources and Environment 

(Provincial Level) 

 

DPC District People’s Committee  

DPI Department of Planning and Investment (Provincial Level)  

DVCL Double Vault Composting Latrine  

EIA Environmental Impact Assessment  

FS Feasibility Study  

GOV Government of Vietnam  

HEP Horizontal Electrical Profiling  

IEC Information, Education and Communication  

IEE Initial Environmental Evaluation  

MARD Ministry of Agriculture and Rural Development  

MOC Ministry of Construction  

MOET Ministry of Education and Training  

MOF Ministry of Finance  

MOH Ministry of Health  

MOLISA Ministry of Labour, War Invalids and Social Affairs  

MONRE Ministry of Natural Resources and Environment  

MP Master Plan  

N-CERWASS National Centre for Rural Water Supply and Environmental 

Sanitation 

 

NGO Non Government Organization  

NRWSSS National Rural Water Supply and Sanitation Strategy  



 

xviii 

NTP National Target Programme  

ODA Official Development Assistance  

O&M Operation and Maintenance  

P-CERWASS Provincial Center for Rural Water Supply and Sanitation  

PMU Project Management Unit  

PPC Provincial People’s Committee  

RWSS Rural Water Supply and Sanitation  

SRTM Shuttle Radar Topography Mission  

TPBS Targeted Programme Budget Support  

UNICEFF United Nations Children’s Fund  

USD US Dollar   

VBSP Vietnam Bank for Social Policy  

VES Vertical Electrical Sounding  

VND Vietnamese Dong (The Vietnamese currency unit)  

WSS Water Supply and Sanitation  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CURRENCY EQUIVALENTS 
(July 2008) 

USD 1.00 = JPY 106.17 

USD 1.00 = VND 16,852 

 

 



 

 

 
 
 
 
 
 
 
 
 
 
 

CHAPTER 1 

METEOROLOGY AND HYDROLOGY 



 

 



The Study on Groundwater Development in the Rural Provinces of the Southern Coastal Zone in the Socialist Republic of Vietnam 

Final Report - Supporting - Chapter 1 Meteorology and Hydrology 

 

1-1 

CHAPTER 1 METEOROLOGY AND HYDROLOGY 

1.1 Climate type of the Study Area 
Climate type of Vietnam is mainly classified into humid subtropical (Cwa), tropical monsoonal 

climate (Am) and tropical savannah climate (Aw)” based on Koppen Climate Classification as shown 
in Figure 1.1.1.  According to the climate classification, the study area in this study belongs to 
tropical savanna climate entirely. Meteorological and hydrological data such as temperature, 
precipitation, sunshine hours, potential evaporation, and river discharge have been collected and 
analyzed.  The locations of their stations are shown in Figure 1.1.2.  The period and items of data 
acquisition are shown in Table 1.1.1.  These data are used for a water balance analyses in the study 
area. 

 

Figure 1.1.1  Climate Types of Vietnam and the Study Area 
 

Table 1.1.1  Period and Items of Meteorological Data Acquisition 

 
 

Aw: Tropical Savanna Climate, Am: Tropical Monsoonal 
Climate, Cwa/Cwb: Humid Subtropical Climate, Cfa: 
Humid Subtropical (No dry season) (Source: World Map of 
Koppen-Geiger Climate Classification Updated, Univ. of 
Vienna (April 2006))Study Area 

Am

Cfa
Cwa 
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Figure 1.1.2  Locations of Observation Stations (left) 
Figure 1.1.3  Annual Precipitation in Study Area (right) 

 
(1) Precipitation 
1) Annual precipitation 

The annual and monthly precipitation map of the study area was created from the precipitation data 
of the published atlas and meteorological stations above mentioned.  Figure 2.1.2 shows the annual 
precipitation map of the study area.   

The annual precipitation varies from 780 to 3,100 mm.  The annual precipitation in most of the 
study area is greater than 1,500 mm.  Especially the mountainous area in Khanh Hoa and Binh Thuan 
province reaches to grater than 2,500 mm. On the other hand, the annual precipitation of coastal 
lowland areas in Ninh Thuan province and the northern part of Binh Thuan province is less than 1,000 
mm and the precipitation in dry season is significantly low.  Period of collected data of the nine 
meteorological stations is from 1995 to 2005.  

Annual precipitation gradually decreases from northern part to southern part in the three northern 
provinces, and shows significantly small in Phan Rang.   On the other hand, in Binh Thuan province, 
annual precipitation in inland area has 150 to 180 percent greater than that of coastal area.  The cause 
may be due to direction of seasonal wind and distribution of mountains in the area.   
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2) Monthly Precipitation 
Seasonal change of monthly precipitation of the nine meteorological stations in the study area was 

analyzed as Figure 1.1.4 and Figure 1.1.5.  This figure presents average monthly precipitations at 
each meteorological station.  Monthly variation patterns of precipitation among the stations are 
divided into two groups, which are Phu Yen, Khanh Hoa and Ninh Thuan group and Binh Thuan group.  
The stations of former group show that the rainy season begins in September and finishes in December, 
and dry season begins from January to August. (This tendency is not clear at Tan My.)  Annual 
precipitation of the group varies from 700 mm to 2,400 mm. This value is large, but the precipitation 
pattern of each rainfall event is similar to storm-water so that its contribution to groundwater recharge 
is not so much expected.   

On the other hand, the stations of the latter group show that the rainy season begins in May and 
finish in October. 

 

Figure 1.1.4  Monthly Precipitation Change of Stations in Group One 
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Figure 1.1.5  Monthly Precipitation Change of Stations in Group One 

 
(2) Air temperature 
1) Monthly average of air temperature  

Monthly air temperature of the seven stations in the study area was analyzed as Figure 1.1.6.  (The 
stations are located at coastal areas except one (Son Hoa station at mountainous area.)   

Monthly average air temperature changes from about 25 to 30 degrees and the variation among the 
stations has almost the same tendency except Phan Thiet and La Gi stations in Binh Thuan province.   
Maximum temperature is about 30 degrees on June and July.  Two stations at Binh Thuan Province 
(Phan Thiet and La Gi) have a little lower temperature from June to August.  This may be due to the 
rainy season in Binh Thuan province.   
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Figure 1.1.6  Monthly Average of Air Temperature 
 
Minimum temperature is less than 25 degrees on January.  Son Hoa and Tuy Hoa stations have 

Binh Thuan: Phan Thiet

0

100

200

300

400

500

600

700

800

900

1,000

1,100

1,200

1,300

1,400

Month

Pr
ec

ip
ita

tio
n 

(m
m

)

Average 0.5 0.3 1.4 37.5 189.2 129.9 185.6 191.7 193.4 139.1 94.6 33.1

1 2 3 4 5 6 7 8 9 10 11 12

Binh Thuan: La Gi

0

100

200

300

400

500

600

700

800

900

1,000

1,100

1,200

1,300

1,400

Month

Pr
ec

ip
ita

tio
n 

(m
m

)

Average 0.6 0.3 8.9 22.7 187.5 228.1 292.7 269.7 245.4 142.6 60.5 39.3

1 2 3 4 5 6 7 8 9 10 11 12

Binh Thuan: Ta Pao

0

100

200

300

400

500

600

700

800

900

1,000

1,100

1,200

1,300

1,400

Month

Pr
ec

ip
ita

tio
n 

(m
m

)

Average 5.3 5.1 13.6 41.7 313.6 333.6 356.0 378.4 349.7 235.7 122.9 43.2

1 2 3 4 5 6 7 8 9 10 11 12



The Study on Groundwater Development in the Rural Provinces of the Southern Coastal Zone in the Socialist Republic of Vietnam 

Final Report - Supporting - Chapter 1 Meteorology and Hydrology 

 

1-5 

lower temperature less than 25 degrees from December to February.  This may be caused by those 
locations, which are relatively at north part of the study area, and by high elevation of Son Hoa station 
in mountainous area. 
 
(3) Sunshine Duration 

Sunshine duration of the four stations in the study area was analyzed as Figure 1.1.7.  Annual 
variation patterns of sunshine duration among the stations are divided into two groups, which are Tuy 
Hoa and Nha Trang group, and Phan Rang and Phan Thiet group.  The distributions of former group 
show sharper change pattern than that of latter group. 
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Figure 1.1.7  Monthly Average of Sunshine Duration 

 
(4) Pan Evaporation 

Pan evaporation of the seven stations in the study area was analyzed as Figure 1.1.8.  Average pan 
evaporation of each station follows monthly average temperature and period of those rainy seasons.  
It shows the highest value of 190 mm in September and the lowest value of 50 to 80 mm in November 
and December at Phu Yen Province (Tuy Hoa, Son Hoa stations).   
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Figure 1.1.8  Pan Evaporation of Seven Stations 

 
In Khanh Hoa Province, Nha Trang and Cam Ranh stations have the highest value of 130 to 150 

mm in July and August, and the lowest value of 90 to 110 mm from September to November.  
However the differences among the monthly pan evaporations are relatively small throughout years.   
In Ninh Thuan Province, Phan Rang station has the highest value of 190 mm in July, and the lowest 
value of 110 to 130 mm in rainy season from September to November.   
In Binh Thuan Province, Phan Thiet and La Gi stations have the highest value of 130 to 140 mm from 
July to March, and the lowest value of 90 to 100 mm in rainy season from June to October.   
 
1.1.1 Hydrology (river discharges) 

Monthly discharges of main four rivers in the study area are collected.  The period of the data 
acquisitioned is from 1995 to 2006.  The outline of each hydrological station is shown in Table 1.1.2.   
 

Table 1.1.2  Outline of each River Gauging Station 

River Hydrological 
Station Province Notes 

Ba Cung Son Phu Yen Ba river is a main tributary of Da Rang river. The 
station stands near P-7 (Suoi Bac) about 40 km far from 
the river mouth.  The catchment area is very large 
among the four rivers.   

Cai Dong Trang Khanh Hoa Cai river flows through Nha Trang city.  The station is 
about 20 km far from the river mouth.  The catchment 
area is medium among the four rivers.   

Luy Song Luy Binh Thuan The station is about 40 km far from Phan Thiet toward 
north and about 25 km far from the river mouth.  The 
catchment area is small among the four rivers. 

La Nga Ta Pao Binh Thuan The station is about 50 km far from Phan Thiet toward 
north-west.  The catchment area is largel among the 
four rivers. 

 
The result is summarized in Figure 1.1.9. 
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Monthly Average of  River Discharge
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Figure 1.1.9  Monthly Average of River Discharges of Four Stations 

 
The characteristics of each river discharges are as follows.  
  

(1) Ba river  
The tendency of monthly river discharge change is well corresponding to monthly precipitation 

change of Son Hoa meteorological station.  The river discharge significantly increases during rainy 
season.  The monthly discharge shows the highest value of 784 m3/sec in November and the lowest 
value of 57 to 59 m3/sec from March to April.    
 
(2) Cai river  

The tendency of monthly river discharge change is corresponding to monthly precipitation change 
of a meteorological station in Nha Trang.  The river discharge increases during rainy season.  The 
monthly discharge shows the highest value of 241 m3/sec in December and the lowest value of 30 to 
36 m3/sec from March to April.    
 
(3) Luy river 

The river discharge increases during rainy season.  The monthly discharge shows the highest value 
of 65 m3/sec in October, and the lowest value of one to four m3/sec from January to April.  It 
gradually increases from May toward October.  There is no meteorological data obtained at 
surrounding area.   
 
(4) La Nga river 

The tendency of monthly river discharge change is well corresponding to monthly precipitation 
change of Ta Pao meteorological station.  The river discharge increases during rainy season.  The 
monthly discharge shows the highest value of 154 to 167 m3/sec during August to October, and the 
lowest value of 27 m3/sec during February to March.   
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Figure 1.1.10  Location Map of Hydrological Stations (1) 
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Figure 1.1.11  Location Map of Hydrological Stations (2) 
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CHAPTER 2 GEOMORPHOLOGY AND GEOLOGY 

2.1 Geomorphologic and Geologic Analyses by Remote Sensing Data 
The geomorphologic and geologic analyses were conducted to understand the features of 

geomorphology, geology and land use by the remote sensing data obtained by the Earth Observation 
Satellite (EOS). 

The remote sensing data used in the study are LANDSAT/ETM+, TERRA/ASTER and Space 
Shuttle/SRTM-3 data.  The specifications, used data and methods of data processing of each remote 
sensing data are described bellow: 
 
2.1.1 LANDSAT/ETM+ 

ETM+ (Enhanced Thematic Mapper Plus) is the sensor for observation programs in lands of the 
Earth, and was developed by the National Aeronautics and Space Administration (NASA) of the 
United States and mounted on the earth observation satellite LANDSAT of NASA.  The ETM+ has 7 
observation wavebands in the spectral region from visible ray, short wave infrared ray to thermal 
infrared ray and can acquire information about various phenomena on the Earth’s surface (ex. 
Lithology, vegetation, soil, water, land cover, land use, atmosphere, volcano, etc.) on a local or a 
regional scale. 

Six scenes of the ETM+ data, covering the whole study area, were purchased and utilized in the 
study.  The list of the used ETM+ data is shown in Table 2.1.1 and the index map of these data is 
shown in Figure 2.1.1. 
 

Table 2.1.1  List of used ETM+ Data 
 Granule ID Date Level 

1 7123051000309750 2003/04/07 Level 1G 

2 7123052000309750 2003/04/07 Level 1G 

3 7124050000006450 2000/03/04/ Level 1G 

4 7124051000006450 2000/03/04/ Level 1G 

5 7124052000308850 2003/03/29 Level 1G 

6 7124053000308850 2003/03/29 Level 1G 

       Source: JICA Study Team 
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                 Source: JICA Study Team 

Figure 2.1.1  Index Map of Used Remote Sensing Data 
 

Data processing of the ETM+ data were performed to extract information regarding geology and 
land use.  The methods of data processing applied in the study are as follows: 

 Color composite image 
 Normalized difference vegetation index 
 Vegetation – soil – water index 

 
(1) Color Composite Image 

Color composite image is a pseudo color image created by assigning primary colors (Blue, Green 
and Red: RGB) to radiance histograms of three optional wavebands.  In the study, the color 
composite image was created by assigning blue to band 3 of the ETM+ data, green to band 4, and red 
to band 7.  In the color composite image, the pixels that correspond to vegetation show greenish color.  
Similarly, rock is a reddish – pinkish color; water is a blackish – bluish color; soil is a pinkish – bright 
color; and man-made structures are a bluish color.  The color composite image of the study area is 
shown in Figure 2.1.2. 
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Source: JICA Study Team 

Figure 2.1.2  False Color Image of the Study Area 
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(2) Normalized difference vegetation index 
Vegetation displays a characteristic spectral signature; absorption in band 3 of the ETM+ and strong 

reflection in band 4 (Figure 2.1.3).  As shown in Figure 3, the depth is difference of reflectance 
between band 3 and band 4.  It is well known that the bigger the depth of absorption in band 3, the 
more abundant and the higher activity of vegetation.  Vegetation index (VI) is used to determine a 
variation of abundant and an activity of vegetation by calculating the ratio of band 3 and 4 for 
obtaining the depth. 
 

 

 Source: ERDAS IMAGINE Field Guide (modified) 

Figure 2.1.3  Principle of Vegetation Index 
 

Normalized difference vegetation index (NDVI) is the most popular VI.  NDVI is calculated by the 
following formula. 

  
34

34

bandband

bandband

RR
RR

NDVI
+
−

=  

Where, Rband4 for radiance value of band 4; and Rband3 for radiance value of band 3.  The NDVI image 
of the study area is shown in Figure 2.1.4 with color-coding. The pixels of dense or high activity of 
vegetation are shown in green and the pixels of sparse or low activity in yellow to brown. 
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Source: JICA Study Team 

Figure 2.1.4  NDVI Image of the Study Area 
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(3) Vegetation – soil – water index 
Vegetation – soil – water index (VSW index) is an advanced technique to calculate the ratio 

between vegetation, soil, and water at a particular pixel by using radiance values of band 3 and 4 of 
the ETM+ data. 

Generally, a pixel of satellite image data consists of elements reflecting such as vegetation, soil, 
rock, moisture, water, man-made structure, and so on, because the ground resolution of satellite data is 
generally 15m to 30m (30m in the spectral regions of visible ray and short wave infrared ray of the 
ETM+ data).  Such a feature of including various heterogeneous elements in a single pixel, is called a 
“mixel” (mixed pixel), and each element composing a mixel is called an “end member”.  The VSW 
index is obtained by calculation of the ratio of three end members; vegetation, soil, and water.  Such 
a technique is generally called “unmixing”. 

When plotting radiance values of band 3 and 4 to a scatter diagram, the most radiance values are 
distributed over the area in a shape of triangle (left side image of Figure 2.1.5).  The apexes of this 
triangle represent pixels of each end member; vegetation, soil, and water.  In other words, the end 
members are pixels each of which consists of only vegetation (or soil, or water) and most pixels, 
distributed inside of the triangle, correspond to mixels.  Therefore, the ratio of three end members of 
certain pixel (P in Figure 2.1.5) can be calculated by determining the ratio of distance between 
particular pixel and each end member (PV’, PS’, and PW’ in Figure 2.1.5). 
 

 

Source: JICA Study Team 

Figure 2.1.5  Principle of VSW Index 
 

The VSW index image, calculated from ETM+ data of the study area, is shown in Figure 2.1.6 with 
color-coding.  The pixels of pure vegetation are shown in green, pure dried soil in red, pure water in 
blue. 
 

Bottom Line of Vegetation (S-W): ax + by + c = 0 
a: ys – yw  b: xw – xs  c: ys * (xs – xw) + xs * (yw – ys) 

Bottom Line of Soil (V-W): ax + by + c = 0 
a: yv – yw  b: xw - xv  c: yv * (xv – xw) + xv * (yw – yv) 

Bottom Line of Water (V-S): ax + by + c = 0 
a: yv – ys  b: xs – xv  c: yv * (xv – xs) + xv * (ys – yv) 

  
Distance between P (xp, yp) and Bottom Line of X 

= PX’ = sqrt [(a * xp + b * yp + c)2 / ( a + b)2] 
VSW Index of P (xp, yp) 

Band 1: PW’ / (PV’ + PS’ + PW’) * 100 
Band 2: PV’ / (PV’ + PS’ + PW’) * 100 
Band 3: PS’ / (PV’ + PS’ + PW’) * 100 
(Band 1 + Band 2 + Band 3 = 100%) 
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Source: JICA Study Team 

Figure 2.1.6  VSW Index Image of the Study Area 
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2.1.2 TERRA/ASTER 
ASTER (Advanced Spaceborne Thermal Emission and Reflectance Radiometer) is the 

high-performance optical sensor developed by the Ministry of Economy, Trade and Industry of Japan 
(METI), and is mounted on the earth observation satellite TERRA of NASA.  The ASTER has 14 
observation wavebands in the spectral region from visible ray, short wave infrared ray to thermal 
infrared ray, especially there are 6 wavebands in the spectral region of short wave infrared ray (2 
wavebands in ETM+) and 5 wavebands in the thermal wave infrared ray (1 waveband in ETM+). 
Twelve scenes of the ASTER data, covering the target communes, were purchased and utilized in the 
study.  The list of used ASTER data is shown in Table 2.1.2 and the index map of these data is shown 
in Figure 2.1.1. 
 

Table 2.1.2  List of used ASTER Data 
 Granule ID Date Level 

1 ASTL1A 0208100320110209180115 2002/08/10 Level 1B 

2 ASTL1A 0208100320200209180116 2002/08/10 Level 1B 

3 ASTL1A 0301080325570303170079 2003/01/08 Level 1B 

4 ASTL1A 0301080326050303170080 2003/01/08 Level 1B 

5 ASTL1A 0301240326070302100165 2003/01/24 Level 1B 

6 ASTL1A 0304070319060306065718 2003/04/07 Level 1B 

7 ASTL1A 0304070319150306065719 2003/04/07 Level 1B 

8 ASTL1A 0402210319300403100192 2004/02/21 Level 1B 

9 ASTL1A 0402280325280403170468 2004/02/28 Level 1B 

10 ASTL1A 0402280325370403170469 2004/02/28 Level 1B 

11 ASTL1A 0404070331000404200793 2004/04/07 Level 1B 

12 ASTL1A 0404070331090404200794 2004/04/07 Level 1B 

 Source: JICA Study Team 

Data processing of the ASTER data was performed to extract detail information regarding geology. 
The methods of data processing applied for the ASTER in the study are the same as ETM+ data, color 
composite image, NDVI and VSW index.  The example images of these methods are shown in Figure 
2.1.7 to Figure 2.1.9. 

Color composite images were created by assigning blue to band 1, green to band 2, and red to band 
3 of ASTER data.  In a color composite image, the pixels corresponding to vegetation are show in 
reddish color, and similarly, rock in bluish color; water in blackish to bluish color; soil in brownish to 
bright color; and man-made structures in light bluish to white color. 
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 Source: JICA Study Team 

Figure 2.1.7  Color composite image of ASTER Data 

 
 Source: JICA Study Team 

Figure 2.1.8  NDVI Image of ASTER Data 



The Study on Groundwater Development in the Rural Provinces of the Southern Coastal Zone in the Socialist Republic of Vietnam 

Final Report - Supporting - Chapter 2 Geomorphology and Geology 

 

2-10 

 
Source: JICA Study Team 

Figure 2.1.9  VSW Index Image of ASTER Data 
 
2.1.3 Space Shuttle/SRTM 

SRTM (Shuttle Rader Topography Mission) obtained the elevation data on a near global scale to 
generate the most complete digital topographic database of the Earth by Space Shuttle.  SRTM data is 
a digital elevation model (DEM) generated by the method of radar interferometry.  The resolution of 
SRTM data is 1 arc-second (about 30m; SRTM-1) in the United States and 3 arc-seconds (about 90m; 
SRTM-3) in the World. 

In the study, SRTM-3 data covering the area of 4 degrees laterally (106ºE to 109ºE) and 6 degrees 
vertically (10ºN to 16ºN), were acquired and utilized.  The DEM image of SRTM data is shown in 
Figure 2.1.10. 
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Source: JICA Study Team 

Figure 2.1.10  DEM Image of SRTM Data 
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Data processing of SRTM data were performed to extract information regarding geomorphology 
and geology. The methods of data processing applied in the study are as follows: 

 Slope analysis 
 Shade image 
 Openness analysis 

 
(1) Slope analysis 

It is well known that slope image is an effective method for observations of geomorphology and 
geology.  Slope of a certain optional pixel of DEM is calculated by the following procedures. 

 

                Source: JICA Study Team 

Figure 2.1.11  Calculation of Planes 
 

1) Determination of elevation values of a certain pixel and its neighboring 4 pixels (top, bottom, left 
and right; Figure 2.1.11). 

2) Calculation of 4 planes and normal line vectors of each plane by elevation values. 
3) Calculation of the slope value of a certain pixel by averaging 4 normal line vectors. 
The slope image is shown in Figure 2.1.12. 

 

    Source: Yokoyama et al. (1991) 

Figure 2.1.12  Concept of Openness 
 
(2) Shade image 

Shade image is also known as an effective method for observing features of geomorphology.  
Shade image is created by the following procedures. 

1) Determination of a certain position and elevation angle of light source. 
2) Calculation of averaged normal line vectors of all pixels by the same method as slope analysis. 
3) Calculation of angles between normal line vectors and the beam from the light source. 

 

Plane

Top

Bottom

Left 

Right 

Overground Underground 
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4) Creation of a gray scale image by assigning magnitudes of angles to the shade of color. 
Shade image calculated from SRTM data is shown in Figure 2.1.13. 
 
(3) Ground openness analysis 

“Openness” is a new method of geomorphometry developed by Yokoyama et al. (1999) and it is 
useful to detect the relief information.  Openness is an angular measure represented by the relation 
between surface relief and horizontal distance, and has two viewer perspectives; overground and 
underground. Overground is a characteristic quantity to describe the sky extent over an optional pixel. 
On the other hand, underground is to describe the underground extent over an optional pixel (Figure 
2.1.14).  Overground openness image calculated from the SRTM data is shown in Figure 2.1.15. 
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Source: JICA Study Team 

Figure 2.1.13  Slope Image of SRTM Data 
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Source: JICA Study Team 

Figure 2.1.14  Shaded Relief Image of SRTM Data 
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Source: JICA Study Team 

Figure 2.1.15  Overground Openness Image of SRTM Data 
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