
 

 

 

 

 

APPENDICES 

 



 

 

 

 

 

APPENDIX 1 

MEMBER LIST OF THE STUDY TEAM 

 



A-1-1 

APPENDIX 1  MEMBER LIST OF THE STUDY TEAM 

< Basic Design Study Team > 

Name Assigned Work Current Position 
Hiroyuki HAYASHI Overall Supervisor Transport and Electricity Team, 

Business Company I, Grant Aid 
Management Department, JICA 

Kiyofusa TANAKA Team Leader/Power Planning Yachiyo Engineering Co., Ltd. 
Noritsune CHIBA Generating Facility Planning I  

(Hydraulic Turbine Generator) 
“ 

Takumi MARUOKA Generating Facility Planning II (Raceway)
/Natural Conditions Survey I 
(Hydraulics and Hydrology) 

“ 

Susumu IMAI Natural Conditions Survey II 
(Topography and Geology) 

“ 

Toru FUJII Work and Procurement Planning / 
Estimation 

“ 

 
< Explanation of Draft Final Report > 

Name Assigned Work Current Position 
Tetsuhiro IKE Overall Supervisor JICA Fiji & Regional Support 

Office 
Kiyofusa TANAKA Team Leader/Power Planning Yachiyo Engineering Co., Ltd. 
Noritsune CHIBA Generating Facility Planning I  

(Hydraulic Turbine Generator) 
“ 

Takumi MARUOKA Generating Facility Planning II (Raceway)
/Natural Conditions Survey I 
(Hydraulics and Hydrology) 

“ 
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APPENDIX 2  STUDY SCHEDULE 

< Basic Design Study > 

Activity Overnight Stay 
Gov. Official Consultants (Yachiyo Engineering) Day 

No. 
Date 

Day of 
Week JICA 

(Hayashi) 
A Team (Tanaka, 

Chiba & Maruoka)
B Team 
(Imai) 

C Team 
(Fujii) 

 

1 Jun. 18 Sun.  ･ Travelling (from Tokyo 21:20 JAL771→ Sydney 07:35 + 1) Onboard plane 
2 Jun. 19 Mon.  ･ Travelling (from Sidney 10:50 NF011 → Port-Vila 15:30) 

･ Courtesy visit to and meeting at the JICA Vanuatu Office 
Port-Vila 

3 Jun. 20 Tues.  ･ Courtesy visits to the MOFA, MOL, MOF and UNELCO 
and request for the gathering of data 

･ Submission to, explanation of and discussions on the I/R and 
the study schedule with the MOL 

･ Meeting with a local contractor on surveying, test pit and 
boring 

Port-Vila 

4 Jun. 21 Wed.  ･ Submission to, explanation of and discussions on the I/R and 
the study schedule with the MOL and gathering of data 
(collection rate of the electricity charge, electrification rate, 
spare parts procurement, finance, organization, staff 
assignment, power standards, future plan and power demand 
forecast, etc.) 

･ Travelling (from Port-Vila 16:00 AV208 → Santo 16:55) 

Luganville 

5 Jun. 22 Thur.  ･ Courtesy visit to the power station (UNELCO), discussions 
with staff members and gathering of data 

･ Field survey on the existing equipment, powerhouse, 
penstock and raceway of the hydroelectric power station 

Luganville 

6 Jun. 23 Fri.  ･ Field survey on the diesel power station, transmission and 
distribution facilities and the substation in Luganville 

･ Study on the maintenance records 

Luganville 

7 Jun. 24 Sat.  ･ Survey on the Luganville market, port road and electricity 
users 

Luganville 

8 Jun. 25 Sun. ･ Travelling 
(Tokyo→ 
Numea) 
Transfer 

･ Travelling (Santo 08:25 AV211 → Port-Vila 09:20) 
･ Study on the Port-Vila market 

Gov. official: 
onboard plane 
Consultants: 
Port-Vila 

9 Jun. 26 Mon. ･ Travelling 
(Numea → 
Port-Vila 17:50) 

･ Team 
discussions 

･ Gathering of supplementary data 
･ Study on the background, purpose and contents of the Project 
･ Survey-related EIA 
･ Team discussions (reporting on the progress: mechanical and 

civil engineering) 

Port-Vila 

10 Jun. 27 Tues. ･ Courtesy visit to and discussions at the 
JICA Vanuatu Office 

･ Courtesy visit to and discussions at the 
MOL (explanation of the policies 
regarding the equipment and civil 
engineering work) 

･ Study on the organization, 
generating, transmission and 
distribution facilities and the diesel 
oil cost, etc. 

･ Discussions with the local contractor 
on the surveying, test pit and boring 

･ Discussions at the MOL (as left) 

Port-Vila 

11 Jun. 28 Wed. ･ Courtesy visit to and discussions at the 
MOL (gathering of questions) 

･ Travelling (Port-Vila → Santo) 

･ Arrangement of the subcontracted work 
･ Study on the Port-Vila market 

Gov. official, A and 
B: Luganville 
C: Port-Vila 
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Activity Overnight Stay 

Gov. Official Consultants (Yachiyo Engineering) Day 
No. 

Date 
Day of 
Week JICA 

(Hayashi) 
A Team (Tanaka, 

Chiba & Maruoka)
B Team 
(Imai) 

C Team 
(Fujii) 

 

12 Jun. 29 Thur. ･ Discussions with the UNELCO 
･ Site visit 

･ Gathering of 
topographical 
data 

･ Study on the 
transmission 
and distribution 
facilities 

･ Gathering of 
meteorological 
data 

･ Arrangement of 
the subcontracted 
work 

･ Study on the 
Port-Vila 
market 

Gov. official, A and 
B: Luganville 
C: Port-Vila 

13 Jun.30 Fri. ･ Discussions with the UNELCO 
･ Site visit 

･ Examination of 
the extension of 
the powerhouse; 
study on the 
raceway 

･ Study on the 
maintenance 
system, staff 
assignment and 
technical level 

･ Study on the 
operation and 
maintenance 
system of the 
UNELCO 

･ Arrangement of 
the subcontracted 
work 

･ Study on the 
Port-Vila 
market 

Gov. official, A and 
B: Luganville 
C: Port-Vila 

14 Jul. 1 Sat. ･ Travelling (Santo → Port-Vila) ･ Field survey on 
areas around 
the intake dam 
and head tank 

･ Study on the 
powerhouse and 
raceway 

･ Discussions 
with the local 
contractor on 
the surveying, 
test pit and 
boring 

･ Study on the 
Port-Vila 
market 

Gov. official, A and 
B: Luganville 
C: Port-Vila 

15 Jul. 2 Sun. ･ Team discussions ･ Field survey on 
the powerhouse 
and raceway; 
arrangement of 
data 

･ Study on the 
Port-Vila market 

･ Travelling 
(Port-Vila → 
Santo) 

Gov. official and A: 
Port-Vila 
B & C: Luganville 

16 Jul. 3 Mon. ･ Discussions on the M/D ･ User demand survey 
･ Field survey on the substation and 

transmission route, etc. 

Gov. official and A: 
Port-Vila 
B & C: Luganville 

17 Jul. 4 Tues. ･ Signing of the M/D 
･ Courtesy visit to and discussions at the 

JICA Vanuatu Office 
   ･ Travelling  

(Port-Vila → 
Nandi → Suva) 

･ Travelling 
(Port-Vila → 
Santo) 

･ Measuring of the flow rate of the 
raceway 

･ Study on the installation of the new 
hydraulic turbine generator 

Gov. official: Suva 
Consultants: 
Luganville 
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Activity Overnight Stay 

Gov. Official Consultants (Yachiyo Engineering) Day 
No. 

Date 
Day of 
Week JICA 

(Hayashi) 
A Team (Tanaka, 

Chiba & Maruoka)
B Team 
(Imai) 

C Team 
(Fujii) 

 

18 Jul. 5 Wed. ･ Reporting to the 
EOJ and the JICA 
Fiji Office 

･ Travelling  
(Suva →  Nandi) 

･ Survey on the 
forebay and 
the site for an 
additional 
penstock 

･ Progress check (1) of the surveying, 
test pit and boring 

Gov. official: Nandi
Consultants: 
Luganville 

19 Jul. 6 Thur. ･ Travelling 
(Nandi → Tokyo) 

･ Progress check (2) of the surveying, test pit and boring 
･ Discussions with staff members of the UNELCO working 

on Santo Island (O&M, equipment and spare parts, etc.) 

Luganville 

20 Jul. 7 Fri.  ･ Progress check (3) of the surveying, test pit and boring 
･ Discussions with staff members of the UNELCO working 

on Santo Island (power demand, etc.) 

Luganville 

21 Jul. 8 Sat.  ･ Field survey on the Santo market, port and possible 
transportation route 

･ Travelling (Santo 17:25 AV209 → Port-Vila 18:20) 

Port-Vila 

22 Jul. 9 Sun.  ･ Team discussions Port-Vila 
23 Jul. 10 Mon.  ･ Preparation of the field report 

･ Arrangement of the surveying data and gathering of 
supplementary reference materials and data 

Port-Vila 

24 Jul. 11 Tues.  ･ Preparation of the field report 
･ Gathering of supplementary reference materials and data 
･ Obtaining and analysis of surveying, test pit and boring data 

Port-Vila 

25 Jul. 12 Wed.  ･ Discussions (1) with MOL officials (draft repair plan for 
the civil engineering structures and O&M) 

Port-Vila 

26 Jul. 13 Thur.  ･ Discussions (2) with MOL officials (scope of equipment 
operation and O&M) 

Port-Vila 

27 Jul. 14 Fri.  ･ Obtaining of the approval of the field report 
･ Courtesy visit to the MOL 
･ Reporting to the JICA Vanuatu Office 

Port-Vila 

28 Jul. 15 Sat.  ･ Gathering of supplementary reference materials and data 
･ Team discussions; arrangement of the gathered reference 

materials and data 

Port-Vila 

29 Jul. 16 Sun.  ･ Travelling (Port-Vila 16:30 QF387 → Brisbane 18:30) Brisbane 
30 Jul. 17 Mon.  ･ Travelling (Brisbane 09:05 JL762 → Tokyo 16:55)  

 



A-2-4 

< Explanation of Draft Final Report > 
Contents of the Study 

Official Member Consultant Member 
Day 
No. 

Date 
Day of 
Week ＪＩＣＡ 

Mr. Tetsuhiro IKE 

Mr. Kiyofusa Tanaka 
Mr. Noritsune Chiba 
Mr. Takumi Maruoka 

Stay at 

1 Oct. 29th Sun • Trip｛Narita NRT 21:25 → Sydney 8:55+1 by JL-771｝  
2 Oct. 30th  Mon • Trip｛Sydney 11:50 → Port-Vila 15:30 by DJ-181｝ Port-Vila 

3 Oct. 31st Tue 

• Visit JICA Vanuatu Office and Meeting 
• Discussion with MOL, Confirmation of the Survey Schedule 
• Explanation and Discussion of Draft Final Report  
• Move to Luganville{Port-Vila 16:00 → Luganville 16:55 by 

AV-208} 

Luganville 

４ Nov. 1st   Wed 

• Visit Luganville Power Station and Discussion with EU MLGM and 
UNELCO and Data Collection 

• Site Survey of Power Station and Intake Water Canal 
• Move form Luganville (17:25) to Port-Vila (18:20) by AV-209 

Port-Vila 

5 Nov. 2nd  Thu • Discussion with MOL Port-Vila 
6 Nov. 3rd  Fri • Confirmation of “Minute of Discussion (M/D)” with MOL Port-Vila 

7 Nov. 4th  Sat 
• Team Meeting with Team Leader 
• Market Survey in Port-Vila 

Port-Vila 

8 Nov. 5th  Sun • Market Survey in Port-Vila Port-Vila 

9 Nov. 6th  Mon 
• Signing M/D with MOL 
• Report to JICA Vanuatu Office and Discussion 

Port-Vila 

10 Nov. 7th Tue • Move from Port-Vila (16:05) to Nadi (18:40) SUVA 

11 Nov. 8th Wed 

• Move from Nadi (6:45) to SUVA (7:15) 
• Report to EOJ Fiji Office 
• Move from SUVA (12:30) to Nadi (13:00), Move from Nadi (20:40) to 

Brisbane (22:40) 

Brisbane 

12 Nov. 9th  Thu • Trip｛Brisbane BNE 8:05 → Narita NRT 16:55｝  
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APPENDIX 3  LIST OF PARTIES CONCERNED  
IN THE RECIPIENT COUNTRY 

Organization and Name Job Title 

Ministry of Foreign Affaires 

Mr. Johnny KOANAPO Acting Head of Asia Pacific Foreign Unit 

Ministry of Finance and Economic 

Mr. H.E. Willie JIMMY Minister 
Mr. Simeon ATHY Director General 
Mr. Benjamin SHING Director of Finance 
Mr. Fredrick HOSEA Acting Director of Dept. 

Ministry of Lands, Energy, Environment, Geology, Mines and Water Resources 

Mr. Russell NARI Director General 
Mr. Chris IOAN Director of Geology, Mines & Water Resources 
Mr. Leo MOLI Principal Energy Officer 
Mr. Ernest BANI Head of Environmental Unit 
Mr. Morris STEPHEN Water Technician of Geology Department 
Mr. Esline GARAE Geo-Hazards Manager of Geology Department 

Sanma Province 

Mr. Joel PATH Secretary General 

Public Works Department 

Mr. Willie WATSON Manager Projects 

Department of Labor Office 

Mr. Kasten HERVE Manager 

Vanuatu Meteorological Services 

Mr. Robson Silas TIGONA Climate Section 

UNELCO  

Mr. John CHANIEL Managing Director 
Mr. Pascal LOUVET Manager Electricite EFATE 
Mr. Frederic FEUILIYE Officer in Charge Electricity Controles 
Mr. Francois PY Islands Electricity Manager 
Mr. Stephane GARLOPEAU Area Manager - Santo 
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Embassy of Japan in the Republic of Fiji 

Mr. Masashi NAMEKAWA Ambassador of Japan 

Mr. Hiroshi WATANABE Second Secretary 

JICA Fiji Office 

Mr. Teiji TAKESHITA Resident Representative 
Mr. Tetsuhiro IKE Deputy Resident Representative 

JICA Vanuatu Office 

Mr. Yoshinori EBATA Chief Representative 
Mr. Albert KARLOSARURU Senior Program Officer 
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APPENDIX 5  LIST OF ACQUIRED REFERENCE MATERIALS AND DATA 

Basic Design Study Report on The Project for Improvement ｏｆ Power Generation in Sarakata River Hydroelectric Power Station in The Republic of Vanuatu 

No. Name 
Form 

Book/Video/Map/ 
Photograph etc. 

Original/Copy Issue organization Issue year 

1 FISCAL STRATEGY REPORT BUDGET 2006 Book Original Government of The Republic of Vanuatu 2005 
2 LAW of ENERGY SUPPLY Book Copy Government of The Republic of Vanuatu 1972 

3 LAW of SUUPLY of ELECTRICITY  
(DISTRICT) Book Copy Government of The Republic of Vanuatu   1977 

2000 

4 ENVIRONMENTAL MANAGEMENT AND 
CONSERVATION ACT No.12 of 2003 Book Original Government of The Republic of Vanuatu 2002 

5 Meteorological Records (Rainfall, Wind, 
Temperature, Cyclone) Book Copy Vanuatu Meteorological Service 2006 

6 Water Level Observation Data Book Copy UNELCO 2006 

7 QUATERLY ECONMIC REVIEW MARCH, 
JUNE, SEPTEMBER, DECEMBER, 2005 Book Original Reserve Bank of Vanuatu 2005 

8 Annual Technical Report Electricity Year 2004 Book Original UNELCO 2004 
9 LAW of EMPLOYMENT Book Copy Government of The Republic of Vanuatu 1988 

10 LAW of TRADE UNIONS Book Copy Government of The Republic of Vanuatu 1988 
11 LAW of TRADE DISPUTES Book Copy Government of The Republic of Vanuatu 1988 

12 NEW MINIMUM WAGE RATE Book Copy Department of Labour, Government of The 
Republic of Vanuatu 2005 

13 

REPORT OF THE MONITORING/ MITIGATION 
ON SOCIAL AND ENVORONMENTAL 
CONSIDERATION ON THE SARAKATA 
HYDROPOWER PROJECT 

Book Original Technical Advisory Group, MOL 2005 

14 
SLOPE STABILIZATION WORK FOR 
SARAKATA HYDRO LAND-CRAKS/ 
LANDSLIDES 

Book Original Public Works Department 2005 
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APPENDIX 6  METEOROLOGICAL DATA 
（PEKOA AIRPORT, LUGANVILLE, SANTO ISLAND） 

 (1) Rainfall (Pekoa Airport: January, 1974 – October, 2006) 
Rainfall in mm
Season Rainy Season Dry Season Rainy Season 5 Year
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total Ave.
1974 292.7 387.1 274.3 160.4 74.0 242.8 84.9 116.4 165.6 546.2 332.2 208.3 2,884.9 -
1975 200.4 257.1 346.4 282.4 205.7 524.6 144.4 105.0 190.3 231.2 273.4 179.2 2,940.1 -
1976 576.7 332.0 234.8 444.8 244.3 429.7 213.4 129.2 113.3 173.2 233.5 117.4 3,242.3 -
1977 276.7 314.3 216.5 324.7 62.3 300.7 100.2 247.1 41.1 13.5 174.8 86.7 2,158.6 -
1978 223.4 465.0 98.8 243.7 124.7 19.6 43.4 55.4 4.1 110.5 94.0 107.7 1,590.3 2,563.2
1979 341.1 283.4 132.2 146.9 145.0 78.8 110.1 1.4 69.2 62.2 126.1 216.9 1,713.3 2,328.9
1980 146.5 177.7 233.2 90.5 207.5 190.0 106.7 90.8 97.6 137.3 143.8 104.3 1,726.0 2,086.1
1981 355.0 360.5 321.5 351.6 92.7 62.0 83.1 69.9 217.2 44.4 166.7 372.5 2,497.1 1,937.1
1982 75.1 108.9 250.7 227.9 73.4 35.8 40.7 37.0 6.8 19.2 137.8 61.7 1,075.0 1,720.3
1983 78.6 34.4 25.1 67.3 17.7 53.0 13.8 21.0 2.8 44.2 180.9 146.5 685.3 1,539.3
1984 263.5 248.2 236.3 237.9 467.8 312.3 64.1 17.1 63.0 167.3 450.0 107.6 2,635.1 1,723.7
1985 530.5 79.8 149.6 242.7 264.6 276.0 175.1 74.2 153.2 86.6 216.9 157.0 2,406.2 1,859.7
1986 235.5 515.6 332.8 219.7 145.3 106.8 19.2 80.4 72.7 35.4 97.8 257.2 2,118.4 1,784.0
1987 53.0 501.2 165.2 411.0 203.0 49.5 28.1 93.8 68.2 113.0 101.4 266.1 2,053.5 1,979.7
1988 628.0 599.4 120.9 113.7 335.1 359.2 125.9 103.7 166.0 272.1 213.3 443.1 3,480.4 2,538.7
1989 323.7 221.1 182.6 645.2 315.1 161.7 11.9 252.3 76.6 561.4 315.6 293.3 3,360.5 2,683.8
1990 254.4 208.3 465.8 204.0 44.2 100.1 34.1 15.2 70.7 172.3 107.6 370.5 2,047.2 2,612.0
1991 141.6 601.0 411.2 169.4 84.0 84.5 57.9 81.9 134.5 220.3 210.6 121.7 2,318.6 2,652.0
1992 290.3 743.7 193.7 261.7 99.6 59.1 157.6 27.4 17.1 113.7 21.5 103.3 2,088.7 2,659.1
1993 72.2 189.9 270.7 82.2 122.2 90.5 49.5 116.9 35.6 26.9 58.1 97.3 1,212.0 2,205.4
1994 451.5 161.4 478.8 285.5 32.0 122.5 83.0 41.1 39.1 3.0 77.8 106.6 1,882.3 1,909.8
1995 172.7 184.2 282.1 280.2 45.3 62.3 30.3 130.9 75.1 185.1 103.4 184.8 1,736.4 1,847.6
1996 243.2 24.2 466.1 140.4 286.9 137.4 125.6 14.1 160.9 81.1 199.5 254.2 2,133.6 1,810.6
1997 338.9 163.4 276.7 271.3 334.4 91.0 104.3 44.0 9.4 18.6 59.8 158.9 1,870.7 1,767.0
1998 287.9 272.6 384.3 346.6 207.6 256.5 59.5 61.1 177.5 133.3 146.3 343.6 2,676.8 2,060.0
1999 489.8 397.4 167.1 185.9 271.4 15.3 166.1 178.1 182.6 91.9 195.5 364.3 2,705.4 2,224.6
2000 417.7 155.6 397.8 525.4 113.1 187.6 165.6 184.2 203.6 398.3 353.2 365.7 3,467.8 2,570.9
2001 295.2 472.3 179.5 309.7 132.3 246.5 200.6 52.1 172.3 96.0 253.8 75.3 2,485.6 2,641.3
2002 188.3 378.9 193.2 376.8 262.4 330.5 187.1 62.9 151.7 139.7 198.9 38.3 2,508.7 2,768.9
2003 368.3 225.8 104.0 161.1 292.3 523.9 115.1 6.1 7.8 185.9 336.9 163.5 2,490.7 2,731.6
2004 113.1 306.8 168.6 112.8 48.7 100.9 149.6 159.6 88.1 131.7 20.3 103.8 1,504.0 2,491.4
2005 509.3 374.8 198.9 949.9 225.3 112.7 99.7 58.7 72.4 41.1 139.2 149.9 2,931.9 2,384.2
2006 298.1 337.8 283.2 211.0 380.3 65.0 17.3 237.5 57.8 59.6 - - - -
Ave. 288.9 305.6 249.8 275.3 180.6 175.4 96.0 89.9 95.9 142.9 179.4 191.5 2,269.6 -
Max. 628.0 743.7 478.8 949.9 467.8 524.6 213.4 252.3 217.2 561.4 450.0 443.1 3,480.4 -
Min. 53.0 24.2 25.1 67.3 17.7 15.3 11.9 1.4 2.8 3.0 20.3 38.3 685.3 -
Ave.

'96 to '06
322.7 282.7 256.3 326.4 232.2 187.9 126.4 96.2 116.7 125.2 190.3 201.8 2,477.5 -

Discharge in m3/s
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave. -
1984 12.01 9.74 8.80 10.74 13.88 20.28 7.55 5.21 3.67 6.59 9.83 7.49 9.65 -

: Over 500mm

Monthly Total Rainfall
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Source: Vanuatu Meteorological Service 
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(2) Mean Monthly Humidity (Pekoa Airport: January, 1995 – March, 2006) 
(in %)

Season Rainy Season Dry Season Rainy Season
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.
Ave. 84.2 84.3 85.8 84.5 85.2 83.6 81.8 80.4 80.5 80.5 82.2 82.7 83.0

Monthly Mean Humidity
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Source: Vanuatu Meteorological Service 

 
(3) Mean Monthly Temperature (Pekoa Airport: January, 1995 – March, 2006) 

(in ℃)
Season Rainy Season Dry Season Rainy Season
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.
Ave. 26.6 26.6 26.6 26.0 25.5 24.5 24.0 24.1 24.7 25.4 25.9 26.3 25.5

Monthly Mean Humidity
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Source: Vanuatu Meteorological Service 
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(4) Mean Monthly Wind Velocity (Pekoa Airport: January, 1995 – March, 2006) 
(in m/s)

Season Rainy Season Dry Season Rainy Season
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ave.
Ave. 2.3 2.2 2.2 2.3 2.4 3.1 2.9 3.3 3.3 3.1 2.9 2.3 2.7

Monthly Mean Wind Speed
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Source: Vanuatu Meteorological Service 
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APPENDIX 7  EARTHQUAKE RECORDS AROUND SANTO ISLAND 
Depth

Y M D (km)
1901 8 9 1 -16.00 167.00 - 8.4 8.4 -

4 8 -15.78 167.22 35 6.4
4 21 -15.88 167.28 33 5.3
8 27 -15.99 168.10 11 5.7

12 4 -16.50 167.10 9 5.3
1974 11 19 1 -16.07 167.46 42 5.2 5.2 -

6 6 -16.29 167.33 18 5.1
6 8 -16.30 167.26 13 5.6
7 5 -16.39 167.19 22 5.4
9 22 -15.94 167.30 25 5.1

11 9 -16.24 166.86 27 5.2
2 14 -15.58 168.09 33 5.4
5 23 -16.14 167.58 47 5.2
9 8 -15.96 167.63 39 5.3

11 29 -15.51 168.08 33 5.5
1979 6 21 1 -15.61 168.00 33 5.1 5.1 -
1980 12 5 1 -16.50 167.08 35 5.0 5.0 -

5 1 -15.85 167.42 33 5.3
10 5 -15.59 168.00 17 5.8

1984 5 28 1 -15.84 167.05 33 5.2 5.2 -
1986 11 20 1 -16.26 167.55 60 5.7 5.7 -

2 11 -15.83 167.35 23 6.6
3 7 -16.02 167.40 35 5.6

11 26 -16.35 168.12 18 6.3
11 27 -16.26 168.13 32 5.5
11 27 -16.31 168.14 28 5.3
11 27 -16.37 168.12 28 6.4
11 27 -16.22 168.17 30 5.0

1988 8 20 1 -16.48 167.17 21 6.1 6.1 -
7 7 -15.52 168.09 33 5.2

12 14 -15.90 167.39 55 5.0
1992 9 19 1 -15.73 168.15 20 5.1 5.1 -
1993 4 22 1 -16.32 167.44 33 5.0 5.0 -
1994 4 17 1 -15.90 167.51 39 5.7 5.7 -
1995 6 22 1 -16.41 168.11 33 5.8 5.8 -
1996 2 11 1 -16.39 168.18 18 5.4 5.4 -
1997 4 3 1 -16.05 168.14 50 5.0 5.0 -

2 14 -15.51 168.00 10 6.0
2 15 -15.54 168.00 33 5.4
8 22 -16.12 168.04 33 6.5

11 26 -15.98 167.93 33 5.7
11 26 -15.88 167.89 33 5.3
11 26 -15.77 167.80 33 5.5
11 26 -15.91 167.89 33 5.0
11 26 -16.48 168.07 33 5.5
11 26 -15.57 167.92 33 5.9

2000 10 4 1 -15.42 166.91 23 6.7 6.7 -
2001 1 9 1 -14.93 167.17 103 7.1 7.1 -

Note: 1) Date  : Rainy Season from May to October

 : Dry Season from November to April

2) Latitude from -14 to -16 degree
Longitude from -166.2 to -168.2 degree

3) Depth < 70 km excluding an earthquake on Jan 9, 2001
Magunitude > 5.0

1999 9 6.5 inc.
Aftershock

1990 2 5.2 -

1987 7 6.6 inc.
Aftershock

1982 2 5.8 -

1978 4 5.5 -

5.6 -

1977 2 5.2 -

Date Num. Latitude

1976 3

1973 4 6.4 -

Longitude Magnitude Max. Magunitude
 in a Year Remarks

0
1
2
3
4
5
6
7
8
9
10

1
9
0
1

1
9
7
3

1
9
7
4

1
9
7
5

1
9
7
6

1
9
7
7

1
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1
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9

1
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1
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1

1
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1
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1
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1
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8

1
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1
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1
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1
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Source: Assessment of the Port Vila Earthquake Vanuatu 2nd January 2002, Department of Geology,  

Mines and Water Resources 
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APPENDIX 8  DISCHARGE STATISTICS FOR SARAKATA RIVER 
Discharge Statistics for Sarakata River 

(Mean Discharge in April and October, 2006) 
Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.165 4.60 0.17 1.26 350 1.69 7.55 4.60 2.95
2 0.165 4.60 0.20 1.61 300 1.45 7.66 4.60 3.06
3 0.220 7.08 0.16 1.15 400 1.93 10.16 7.08 3.08
4 0.205 6.37 0.27 2.53 400 1.93 10.83 6.37 4.46
5 0.220 7.08 0.18 1.37 300 1.45 9.90 7.08 2.82
6 0.200 6.13 0.17 1.26 350 1.69 9.08 6.13 2.95
7 0.175 5.02 0.13 0.84 450 2.18 8.04 5.02 3.02
8 0.165 4.60 0.12 0.75 300 1.45 6.80 4.60 2.20
9 0.155 4.18 0.18 1.37 300 1.45 7.00 4.18 2.82
10 0.150 3.98 0.17 1.26 350 1.69 6.93 3.98 2.95
11 0.160 4.39 0.20 1.61 300 1.45 7.45 4.39 3.06
12 0.155 4.18 0.18 1.37 350 1.69 7.24 4.18 3.06
13 0.193 5.81 0.20 1.61 300 1.45 8.87 5.81 3.06
14 0.158 4.31 0.18 1.37 300 1.45 7.13 4.31 2.82
15 0.150 3.98 0.23 1.99 200 0.97 6.94 3.98 2.96
16 0.155 4.18 0.20 1.61 350 1.69 7.48 4.18 3.30
17 0.150 3.98 0.20 1.61 250 1.21 6.80 3.98 2.82
18 0.152 4.06 0.18 1.37 300 1.45 6.88 4.06 2.82
19 0.152 4.06 0.18 1.37 400 1.93 7.36 4.06 3.30
20 0.152 4.06 0.18 1.37 300 1.45 6.88 4.06 2.82
21 0.154 4.14 0.17 1.26 350 1.69 7.09 4.14 2.95
22 0.200 6.13 0.18 1.37 350 1.69 9.19 6.13 3.06
23 0.220 7.08 0.18 1.37 300 1.45 9.90 7.08 2.82
24 0.160 4.39 0.18 1.37 300 1.45 7.21 4.39 2.82
25 0.170 4.81 0.20 1.61 300 1.45 7.87 4.81 3.06
26 0.150 3.98 0.18 1.37 350 1.69 7.04 3.98 3.06
27 0.160 4.39 0.18 1.37 350 1.69 7.45 4.39 3.06
28 0.150 3.98 0.18 1.37 400 1.93 7.28 3.98 3.30
29 0.160 4.39 0.18 1.37 300 1.45 7.21 4.39 2.82
30 0.160 4.39 0.16 1.15 300 1.45 6.99 4.39 2.60
31 - - - - - - - - -

Ave. 0.169 4.81 0.182 1.41 328 1.59 7.8 4.8 3.0

April

Date

 
Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.160 4.39 0.16 1.15 300 1.45 6.99 4.39 2.60
2 0.165 4.60 0.18 1.37 300 1.45 7.42 4.60 2.82
3 0.230 7.56 0.18 1.37 300 1.45 10.38 7.56 2.82
4 0.155 4.18 0.18 1.37 250 1.21 6.76 4.18 2.58
5 0.150 3.98 0.20 1.61 350 1.69 7.28 3.98 3.30
6 0.250 8.57 0.18 1.37 250 1.21 11.15 8.57 2.58
7 0.230 7.56 0.20 1.61 350 1.69 10.86 7.56 3.30
8 0.240 8.06 0.18 1.37 300 1.45 10.88 8.06 2.82
9 0.200 6.13 0.17 1.26 300 1.45 8.84 6.13 2.71
10 0.220 7.08 0.19 1.49 300 1.45 10.02 7.08 2.94
11 0.215 6.84 0.19 1.49 300 1.45 9.78 6.84 2.94
12 0.200 6.13 0.19 1.49 200 0.97 8.59 6.13 2.46
13 0.135 3.40 0.22 1.79 300 1.45 6.64 3.40 3.24
14 0.165 4.60 0.19 1.49 350 1.69 7.78 4.60 3.18
15 0.160 4.39 0.20 1.61 300 1.45 7.45 4.39 3.06
16 0.150 3.98 0.19 1.49 300 1.45 6.92 3.98 2.94
17 0.160 4.39 0.18 1.37 300 1.45 7.21 4.39 2.82
18 0.140 3.59 0.19 1.49 450 2.18 7.26 3.59 3.67
19 0.170 4.81 0.17 1.26 250 1.21 7.28 4.81 2.47
20 0.440 20.02 0.21 1.73 450 2.18 23.93 20.02 3.91
21 0.270 9.62 0.17 1.26 480 2.32 13.20 9.62 3.58
22 0.210 6.60 0.18 1.37 400 1.93 9.90 6.60 3.30
23 0.185 5.46 0.16 1.15 300 1.45 8.06 5.46 2.60
24 0.350 14.20 0.20 1.61 400 1.93 17.74 14.20 3.54
25 0.210 6.60 0.20 1.61 350 1.69 9.90 6.60 3.30
26 0.260 9.09 0.18 1.37 400 1.93 12.39 9.09 3.30
27 0.250 8.57 0.17 1.26 350 1.69 11.52 8.57 2.95
28 0.210 6.60 0.18 1.32 400 1.93 9.85 6.60 3.25
29 0.180 5.24 0.17 1.26 400 1.93 8.43 5.24 3.19
30 0.180 5.24 0.17 1.26 350 1.69 8.19 5.24 2.95
31 0.170 4.81 0.25 2.25 100 0.48 7.54 4.81 2.73

Ave. 0.207 6.65 0.186 1.45 327 1.58 9.7 6.7 3.0

Date

MAY
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Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.170 4.81 0.25 2.25 100 0.48 7.54 4.81 2.73
2 0.180 5.24 0.22 1.86 250 1.21 8.31 5.24 3.07
3 0.180 5.24 0.22 1.86 250 1.21 8.31 5.24 3.07
4 0.175 5.02 0.22 1.86 250 1.21 8.09 5.02 3.07
5 0.150 3.98 0.22 1.86 250 1.21 7.05 3.98 3.07
6 0.150 3.98 0.22 1.86 250 1.21 7.05 3.98 3.07
7 0.150 3.98 0.26 2.39 0 0.00 6.37 3.98 2.39
8 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
9 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
10 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
11 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
12 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
13 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
14 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
15 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
16 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
17 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
18 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
19 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
20 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
21 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
22 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
23 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
24 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
25 0.155 4.18 0.00 0.00 0 0.00 4.18 4.18 0.00
26 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
27 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
28 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
29 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
30 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
31

Ave. 0.158 4.32 0.054 0.46 45 0.22 5.0 4.3 0.7

JUNE

Date

 
Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
2 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
3 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
4 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
5 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
6 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
7 0.160 4.39 0.00 0.00 0 0.00 4.39 4.39 0.00
8 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
9 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
10 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
11 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
12 0.150 3.98 0.00 0.00 0 0.00 3.98 3.98 0.00
13 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
14 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
15 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
16 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
17 0.140 3.59 0.00 0.00 0 0.00 3.59 3.59 0.00
18 0.135 3.40 0.00 0.00 0 0.00 3.40 3.40 0.00
19 0.135 3.40 0.00 0.00 0 0.00 3.40 3.40 0.00
20 0.130 3.21 0.00 0.00 0 0.00 3.21 3.21 0.00
21 0.050 0.77 0.17 1.26 300 1.45 3.48 0.77 2.71
22 0.050 0.77 0.17 1.26 300 1.45 3.48 0.77 2.71
23 0.050 0.77 0.17 1.26 300 1.45 3.48 0.77 2.71
24 0.050 0.77 0.17 1.26 300 1.45 3.48 0.77 2.71
25 0.040 0.55 0.17 1.26 300 1.45 3.26 0.55 2.71
26 0.060 1.01 0.17 1.26 300 1.45 3.72 1.01 2.71
27 0.060 1.01 0.17 1.26 300 1.45 3.72 1.01 2.71
28 0.060 1.01 0.17 1.26 300 1.45 3.72 1.01 2.71
29 0.060 1.01 0.17 1.26 300 1.45 3.72 1.01 2.71
30 0.050 0.77 0.17 1.26 300 1.45 3.48 0.77 2.71
31 0.170 4.81 0.25 2.25 300 1.45 8.51 4.81 3.70

Ave. 0.118 2.94 0.063 0.48 106 0.51 3.9 2.9 1.0

JULY

Date
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Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.050 0.77 0.17 1.26 300 1.45 3.48 0.77 2.71
2 0.050 0.77 0.15 1.05 300 1.45 3.27 0.77 2.50
3 0.070 1.27 0.17 1.26 300 1.45 3.98 1.27 2.71
4 0.510 24.98 0.15 1.05 300 1.45 27.48 24.98 2.50
5 0.930 61.51 0.20 1.61 0 0.00 63.12 61.51 1.61
6 0.530 26.46 0.20 1.61 0 0.00 28.07 26.46 1.61
7 0.330 13.00 0.14 0.94 250 1.21 15.15 13.00 2.15
8 0.250 8.57 0.14 0.94 250 1.21 10.72 8.57 2.15
9 0.230 7.56 0.14 0.94 250 1.21 9.71 7.56 2.15
10 0.190 5.68 0.14 0.94 350 1.69 8.31 5.68 2.63
11 0.170 4.81 0.15 1.05 250 1.21 7.07 4.81 2.26
12 0.160 4.39 0.17 1.26 250 1.21 6.86 4.39 2.47
13 0.140 3.59 0.16 1.15 200 0.97 5.71 3.59 2.12
14 0.135 3.40 0.16 1.15 350 1.69 6.24 3.40 2.84
15 0.130 3.21 0.19 1.49 350 1.69 6.39 3.21 3.18
16 0.130 3.21 0.18 1.37 300 1.45 6.03 3.21 2.82
17 0.140 3.59 0.18 1.37 400 1.93 6.89 3.59 3.30
18 0.140 3.59 0.20 1.61 400 1.93 7.13 3.59 3.54
19 0.130 3.21 0.19 1.49 350 1.69 6.39 3.21 3.18
20 0.110 2.50 0.19 1.49 350 1.69 5.68 2.50 3.18
21 0.100 2.17 0.17 1.26 200 0.97 4.40 2.17 2.23
22 0.090 1.85 0.19 1.49 400 1.93 5.27 1.85 3.42
23 0.100 2.17 0.19 1.49 500 2.42 6.08 2.17 3.91
24 0.100 2.17 0.15 1.05 500 2.42 5.64 2.17 3.47
25 0.090 1.85 0.15 1.05 520 2.51 5.41 1.85 3.56
26 0.090 1.85 0.16 1.15 400 1.93 4.93 1.85 3.08
27 0.085 1.70 0.16 1.15 450 2.18 5.03 1.70 3.33
28 0.085 1.70 0.16 1.15 430 2.08 4.93 1.70 3.23
29 0.085 1.70 0.16 1.15 470 2.27 5.12 1.70 3.42
30 0.085 1.70 0.16 1.15 470 2.27 5.12 1.70 3.42
31 0.085 1.7 0.16 1.15 400 1.93 4.78 1.70 3.08

Ave. 0.178 6.67 0.167 1.23 330 1.60 9.5 6.7 2.8

AUGUST

Date

 

Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.090 1.85 0.19 1.49 400 1.93 5.27 1.85 3.42
2 0.090 1.85 0.19 1.49 350 1.69 5.03 1.85 3.18
3 0.090 1.85 0.19 1.49 350 1.69 5.03 1.85 3.18
4 0.090 1.85 0.19 1.43 350 1.69 4.97 1.85 3.12
5 0.075 1.41 0.17 1.26 400 1.93 4.60 1.41 3.19
6 0.080 1.55 0.20 1.61 300 1.45 4.61 1.55 3.06
7 0.080 1.55 0.18 1.37 400 1.93 4.85 1.55 3.30
8 0.080 1.55 0.17 1.26 400 1.93 4.74 1.55 3.19
9 0.070 1.27 0.15 1.05 450 2.18 4.50 1.27 3.23
10 0.070 1.27 0.22 1.86 250 1.21 4.34 1.27 3.07
11 0.070 1.27 0.20 1.61 280 1.35 4.23 1.27 2.96
12 0.070 1.27 0.17 1.26 430 2.08 4.61 1.27 3.34
13 0.080 1.55 0.17 1.26 470 2.27 5.08 1.55 3.53
14 0.070 1.27 0.17 1.26 450 2.18 4.71 1.27 3.44
15 0.070 1.27 0.17 1.26 500 2.42 4.95 1.27 3.68
16 0.070 1.27 0.17 1.26 430 2.08 4.61 1.27 3.34
17 0.080 1.55 0.17 1.26 400 1.93 4.74 1.55 3.19
18 0.080 1.55 0.17 1.26 450 2.18 4.99 1.55 3.44
19 0.070 1.27 0.17 1.26 400 1.93 4.46 1.27 3.19
20 0.070 1.27 0.15 1.05 450 2.18 4.50 1.27 3.23
21 0.080 1.55 0.16 1.15 400 1.93 4.63 1.55 3.08
22 0.070 1.27 0.19 1.49 300 1.45 4.21 1.27 2.94
23 0.070 1.27 0.18 1.37 300 1.45 4.09 1.27 2.82
24 0.100 2.17 0.15 1.05 400 1.93 5.15 2.17 2.98
25 0.100 2.17 0.17 1.26 450 2.18 5.61 2.17 3.44
26 0.100 2.17 0.15 1.05 450 2.18 5.40 2.17 3.23
27 0.080 1.55 0.15 0.99 450 2.18 4.72 1.55 3.17
28 0.090 1.85 0.14 0.94 500 2.42 5.21 1.85 3.36
29 0.190 5.68 0.14 0.94 450 2.18 8.80 5.68 3.12
30 0.160 4.39 0.15 1.05 450 2.18 7.62 4.39 3.23
31

Ave. 0.086 1.79 0.171 1.28 402 1.94 5.0 1.8 3.2

SEPTEMBER

Date
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Coｎditions
Dam Breadth 38.1 m Overflow Coefficient 1.8 (Assumption)
Oevrflow Weir Breadth 10 m Overflow Coefficient 1.8 (Assumption)

Month
Observed at 6:00 AM

Dam (D) Head Tank (E) Power Station (F) Discharge
Water Level Discharge Water Level Discharge  Output Discharge Inflow Dam Overflow Water Way

(m) (m3/s) (m) (m3/s) (KW) (m3/s) (m3/s) (m3/s) (m3/s)
1 0.200 6.13 0.21 1.73 350 1.69 9.55 6.13 3.42
2 0.190 5.68 0.21 1.73 350 1.69 9.10 5.68 3.42
3 0.280 10.16 0.28 2.67 400 1.93 14.76 10.16 4.60
4 0.240 8.06 0.15 1.05 500 2.42 11.53 8.06 3.47
5 0.180 5.24 0.20 1.61 500 2.42 9.27 5.24 4.03
6 0.150 3.98 0.14 0.94 500 2.42 7.34 3.98 3.36
7 0.130 3.21 0.15 1.05 330 1.60 5.86 3.21 2.65
8 0.120 2.85 0.14 0.94 350 1.69 5.48 2.85 2.63
9 0.115 2.67 0.17 1.26 400 1.93 5.86 2.67 3.19
10 0.110 2.50 0.14 0.94 500 2.42 5.86 2.50 3.36
11 0.100 2.17 0.14 0.94 500 2.42 5.53 2.17 3.36
12 0.095 2.01 0.14 0.94 450 2.18 5.13 2.01 3.12
13 0.090 1.85 0.14 0.94 470 2.27 5.06 1.85 3.21
14 0.085 1.70 0.15 0.99 450 2.18 4.87 1.70 3.17
15 0.110 2.50 0.13 0.84 450 2.18 5.52 2.50 3.02
16 0.145 3.79 0.14 0.94 440 2.13 6.86 3.79 3.07
17 0.150 3.98 0.14 0.94 480 2.32 7.24 3.98 3.26
18 0.165 4.60 0.15 0.99 520 2.51 8.10 4.60 3.50
19 0.140 3.59 0.14 0.94 530 2.56 7.09 3.59 3.50
20 0.150 3.98 0.14 0.94 500 2.42 7.34 3.98 3.36
21 0.140 3.59 0.15 0.99 500 2.42 7.00 3.59 3.41
22 0.150 3.98 0.15 0.99 420 2.03 7.00 3.98 3.02
23 0.150 3.98 0.16 1.15 420 2.03 7.16 3.98 3.18
24 0.190 5.68 0.16 1.15 450 2.18 9.01 5.68 3.33
25 0.200 6.13 0.16 1.15 450 2.18 9.46 6.13 3.33
26 0.170 4.81 0.16 1.15 450 2.18 8.14 4.81 3.33
27 0.150 3.98 0.16 1.15 450 2.18 7.31 3.98 3.33
28 0.180 5.24 0.16 1.15 400 1.93 8.32 5.24 3.08
29 0.170 4.81 0.16 1.15 500 2.42 8.38 4.81 3.57
30 0.190 5.68 0.21 1.73 300 1.45 8.86 5.68 3.18
31 0.160 4.39 0.16 1.1 450 2.18 7.67 4.39 3.28

Ave. 0.155 4.29 0.160 1.17 444 2.15 7.6 4.3 3.3

Date

OCTOBER

 
Source: MOL 
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APPENDIX 9  DISCHARGE MEASUREMENT RESULTS FOR 
SARAKATA RIVER 

Sarakata River Discharge Measurement Results (by the Study Team) 

The field survey discovered secular deterioration of the inner concrete faces of the raceway. The 
original design of the raceway adopted a roughness coefficient of 0.015 and a water depth of 1.3 m for 
the discharge of some 6.0 m3/sec from three generating units. The roughness coefficient literally 
means the roughness of the surface. The lower the value is, the smoother the surface is from the 
hydraulic viewpoint. 0.015 is the standard value for sound concrete but severe deterioration of the 
concrete as in the case of the raceway for the Sarakata Hydroelectric Power Plant suggests that the 
actual value has increased. 

When the roughness coefficient of the raceway increases, the raceway may only be able to carry a 
level of discharge below the design discharge even if the water is carried at the design water depth of 
1.3%. Table 1 shows the relation between the design water depth and the discharge. 

Table 1  Relation Between Water Depth of the Raceway and the Discharge 
nc= 0.015 nc= 0.015 B= 2.5 m
I= 0.001 S=     1: 0.2

Water
Depth
(m)

Wetted
Perimeter

(m)

Wetted
Perimeter
of Gunite

(m)

Wetted
Perimeter

of Concrete
(m)

Combined
Roughness
Coefficient

Area
(m2)

Hydraulic
Mean
Depth
(m)

Velocity
(m/s)

Discharge
(m3/s)

H B Bg Bc na A R V Q
0.0 2.500 0.000 2.5 0.015 0.000 0.000 0.000 0.000
0.1 2.704 0.204 2.5 0.015 0.252 0.093 0.433 0.109
0.2 2.908 0.408 2.5 0.015 0.508 0.175 0.659 0.335
0.3 3.112 0.612 2.5 0.015 0.768 0.247 0.829 0.637
0.4 3.316 0.816 2.5 0.015 1.032 0.311 0.968 0.999
0.5 3.520 1.020 2.5 0.015 1.300 0.369 1.085 1.411
0.6 3.724 1.224 2.5 0.015 1.572 0.422 1.186 1.865
0.7 3.928 1.428 2.5 0.015 1.848 0.471 1.275 2.357
0.8 4.132 1.632 2.5 0.015 2.128 0.515 1.355 2.883
0.9 4.336 1.836 2.5 0.015 2.412 0.556 1.426 3.440
1.0 4.540 2.040 2.5 0.015 2.700 0.595 1.491 4.026
1.1 4.744 2.244 2.5 0.015 2.992 0.631 1.551 4.639
1.2 4.948 2.448 2.5 0.015 3.288 0.665 1.605 5.279
1.3 5.151 2.651 2.5 0.015 3.588 0.696 1.656 5.943
1.4 5.355 2.855 2.5 0.015 3.892 0.727 1.704 6.632
1.5 5.559 3.059 2.5 0.015 4.200 0.755 1.749 7.345
1.6 5.763 3.263 2.5 0.015 4.512 0.783 1.791 8.080

0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
9.0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

H (m)

A
 V

 Q

A
V
Q
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On 6th July, 2006 during the field survey period, the flow velocity in the raceway was measured using 
a float to estimate the level of feasible discharge under the condition of a deteriorated concrete surface. 

Measurement was taken four times by placing a float at the centre of the raceway twice and near each 
side. In general, the flow velocity observed using a float is the surface flow velocity. In this test, the 
mean velocity in the raceway was calculated by multiplying each measurement result by 0.8. The 
resulting mean velocity, discharge and roughness coefficient were 1.412 m/sec, 4.22 m3/sec and 0.016 
respectively. 

During the test, the reading of the water gauge installed by UNELCO to measure the overflow 
discharge from the head tank was 0.39 m. Assuming an overflow coefficient of 1.8, the resulting 
discharge and roughness coefficient of the raceway would be 4.38 m/sec and 0.016 respectively, 
indicating similar results to those of the discharge measuring using a float. As generating operation 
was suspended at the time of measuring, the overflow discharge from the head tank was equal to the 
discharge of the raceway. Table 2 shows the discharge measurement results. 

Table 2  Discharge Measurement Results 

Date July 6, 2007
Water Depth Canal 1.1 m
Water Level（UNELCO) Head Tank 0.39 m
Coefficient 0.8

Distance Time
Floating
Position

Surface
Velocity

Mean
Velocity

(m) (Sec) in Canal (m/sec) (m/sec)
1 20 10.46 Center 1.912 1.530
2 20 10.69 Center 1.871 1.497
3 20 12.70 Side 1.575 1.260
4 20 11.75 Side 1.702 1.362
Ave. 1.765 1.412

Discharge 4.22 (m3/s)
Roughness Coefficient 0.016

Discharge from Water Level at Head Tank 4.38 (m3/s)
Roughness Coefficient 0.016
note: Overflow Coefficient C=1.8

No.
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Geological Survey Results 

Depth (m) Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value Geology N Value

0.0 Sand 2 Clay Gravel 50

0.5 9 50

1.0 20 4 22 17 17 15 6 3 32 10 2

1.5 6

2.0 12 8 12 21 22 12 29 9 33 38 4 2

2.5

3.0 16 15 18 17 17 16 15 31 35 25 2 8

3.5

4.0 16 20 12 28 50 23 22 35 37 50 26 8

4.5 50

5.0 17 16 16 25 19 50 49 49

5.5

6.0 9 16 25 27 29 31 31

6.5

7.0 18 18 30 32 33 50 50

7.5

8.0 20 22 19 31 50

8.5

9.0 19 22 21 39 Rock

9.5

10.0 17 19 19 35

N value >30 N Value ≥30
Clay, N Value ≤30 Sand, N value >30Gravel Mixed with Clay and Sand RockLegend : Gravel Mixed with Clay and Sand

4.50.0 1.5 1.0 5.05.0 3.0 0.0 0.07.0 4.0 0.0 7.0Depth of N Value of 30 or Higher (m) - - -

4.5 4.0 7.0 7.35.0 0.0 0.0 0.0Outcrop Depth of Rock (m) - - - - 4.0 0.25 9.0 5.0

Rock Rock

Gravel
Mixed
with
Clay
and

Sand

Rock Rock

Rock

Rock

Gravel
Mixed
with
Clay
and

Sand

Rock

Rock Rock Rock

Clay

Gravel
Mixed
with
Clay
and

Sand

Gravel
Mixed
with
Clay
and

Sand

Rock

Clay Gravel
Mixed
with
Clay
and

Sand

Clay Gravel
Mixed
with

Gravel
Mixed
with
Clay
and

Sand

Clay
and

Sand
Gravel
Mixed
with
Clay
and

Sand

Rock Rock RockRock Gravel
Mixed
with
Clay
and

Sand

Gravel
Mixed
with
Clay
and

Sand

Rock

7.3

Ground Condition

Sand Gravel
Mixed
with
Clay
and

Sand

Gravel
Mixed
with
Clay
and

Sand

2.0 4.5 4.0 7.05.5 5.0 2.0 2.010.0 4.5 2.5 10.0Boring Depth (m) 10.0 10.0 10.0

324 304 105 70435 402 376 350

BH16

Distance (m) - - - 804 795 512 483 461

BH12 BH13 BH14 BH15BH8 BH9 BH10 BH11BH4 BH5 BH6 BH7BH No. BH1 BH2 BH3

3 2 1

Location Tailrace Power Station Penstock Head Tank Area Intermediate Area Intake Area

No. - - -
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APPENDIX 11  WATER QUALITY ANALYSIS RESULTS  
FOR SARAKATA RIVER 

Water Analysis Report 

Project Title : Basic Design Study on the Project for Improvement of Power Generation at the 
Sarakata River Hydroelectric Power Station in the Republic of Vanuatu 

- Deposits and Water Quality Analysis – 

 
 
 
 
 
 
 

August, 2006 

 

This report explains the results of the deposits and water quality analysis. 

 
Details 

1) Requested by :  Yachiyo Engineering Co., Ltd. 
2) Project Title :  Basic Design Study on the Project for Improvement of Power 

Generation at the Sarakata River Hydroelectric Power Station 
in the Republic of Vanuatu 

3) Samples :  Deposits and River Water 
4) Date of Sampling :  29th June, 2006 
5) Location of Sampling :  Sarakata Hydroelectric Power Station 

 
 
 

Kowa Kaihatsu Co., Ltd. 
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1. Project Title 

Basic Design Study on the Project for Improvement of Power Generation at the Sarakata River 
Hydroelectric Power Station in the Republic of Vanuatu 

2. Purposes of the Analysis 

(1) Analysis of deposits at the intake and raceway of the Sarakata Hydroelectric Power Station 
(2) Analysis of the water quality of Sarakata River 

3. Analysis Methods 

(1) Analysis of Deposits 

･ Qualitative analysis by the X-ray diffraction method 
･ Qualitative analysis and semi-quantitative analysis by fluorescent X-ray spectroscopy 

(2) Water Quality Analysis 

･ Semi-quantitative analysis by ICP emission spectral analysis 
･ Water quality analysis (pH, HCO3

-, H2CO3, SO4
2-, Ca and Na) 

4. Analysis Results 

(1) Analysis Results of Deposits 

The X-ray diffraction analysis results indicate the strong presence of calcite (CaCO3) at both 
the intake and the raceway. 

As the results of the semi-quantitative analysis using fluorescent X-ray showed a very 
strong presence of CaO at both the intake and the raceway, the main constituent of the 
deposits at the intake and the raceway was inferred to be calcite (CaCO3). 

At the intake, a minor quantity of aragonite (CaCO3) was detected. 

There is a possibility that the deposits contain organic substances (those containing such 
elements as C, H and H, etc.) which were not analysed this time. 
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Table 1  Qualitative Analysis Results by the X-Ray Refraction Method 

Sampling 
Site Intake Raceway 

Identified Substances 
Sampling 

Date 29/06/2006 29/06/2006 

CaCO3 (Calcite)  ++++ ++++ 
CaCO3 (Aragonite)  + - 

Relative Strength: ++++ Very Strong +++ Strong ++ Medium + Weak (+) Extremely Weak 

 

Table 2  Qualitative Analysis Results by Fluorescent X-Ray Spectroscopy 

Sampling 
Site Intake Raceway 

Identified Substances 
Sampling 

Date 29/06/2006 29/06/2006 

++++ Very High Ca Ca 
+++ High - - 
++ Medium - - 
+ Low - - 

- Very Low (Trace) Sr, Fe, Mn, Ti, K, S, P, 
Si, Al, Mg 

Sr, Br, Cu, Fe, Mn, Ti, 
K, S, P, Si, Al, Mg 

* Subjects of analysis: atomic weight 23 (Na) – atomic weight 238 (U) 

 

Table 3   Semi-Quantitative Analysis Results of Fluorescent X-Ray Spectroscopy (Outline) 

Sampling 
Site Intake Raceway 

Identified Substances 
Sampling 

Date 29/06/2006 29/06/2006 

CaO % 88.89 96.05 
SiO2 % 5.54 1.29 

Fe2O3 % 2.05 1.05 
Al2O3 % 1.65 0.79 

* Subjects of analysis: atomic weight 23 (Na) – atomic weight 238 (U) 
* The semi-quantitative analysis results only show the rough concentration levels and are not the exact 

measurement results. 

 
(2) Water Quality Analysis Results 

The semi-quantitative analysis by ICP emission spectral analysis detected medium levels of 
Na, Mg, Si and Ca. 

The water quality analysis detected a relatively high concentration level of HCO3
- of 154 

mg/L and Ca of 36.8 mg/L. 
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Table 4  Semi-Quantitative Analysis Results of ICP Emission Spectral Analysis (Outline) 

Sampling Site Sarakata River 
Sampling Date 29/06/2006 Identified 

Substances 
Judgement Result Lower Limit 

Concentration（mg/L）
Upper Limit 

Concentration（mg/L） 
Na * 0.708 2.834 
Mg * 0.596 2.383 
Si * 0.361 1.444 
Ca * 0.311 1.245 

Judgement Results:  *** High   ** Medium   * Low 
* Subjects of Analysis: atomic weight 7 (Li) – atomic weight 238 (U) 
* The semi-quantitative analysis results only show the rough concentration levels and are not the exact 

measurement results. 

 

Table 5  Water Quality Analysis Results 

Sampling Site Sarakata River Identified 
Substances Sampling Date 29/06/2006 

pH - 7.9 
HCO3 mg/L 154 
H2CO3 mg/L 4.6 
SO4

2- mg/L 4 
Ca mg/L 36.8 
Na mg/L 2.8 

 
5. Conclusions 

The main constituent of the deposits at the intake and the raceway is inferred to be calcite 
(CaCO3). The water quality analysis results for Sarakata River show a HCO3

- level of 154 mg/L 
and a CA level of 36.8 mg/L which is some 4 – 5 times higher than the corresponding mean 
concentration level for Japanese rivers (HCO3

-: 31.0 mg/L; Ca: 8.8 mg/L). 

Although the exact cause of the deposition of calcite (CaCO3) is unknown at present, it can be 
inferred that the deposition of calcite occurs at the boundary where the water level fluctuates due 
to the reaction between the Ca in the water, which is attached to the walls, and the CO2 in the air. 
In the case of the walls which are constantly below the water level, the HCO3

- in the water is 
inferred to be involved in the deposition process. 
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(Reference)  Mean Chemical Composition of River Water in Japan 

Region 

Number 

of 

Sampled 

Dry 

Riverbed 

Ca2+ Mg2+ Na+ K+ HCO3
- SO4

2- Cl- SiO2 Fe PO4
3- NO3

--N NH4
+-N 

Evaporation 

Residual 

Suspended 

Matter 

Hokkaido (22) 8.3 2.3 9.2 1.45 33.9 10.7 9.0 23.6 0.50 0.01 0.54 0.06 87.9 76.9 

Tohoku (35) 7.7 1.9 7.3 1.06 19.9 17.6 7.9 21.5 0.49 0.01 0.26 0.06 79.1 18.6 

Kanto (11) 12.7 2.9 7.3 1.43 42.4 15.9 6.1 23.1 0.23 0.03 0.29 0.08 93.5 22.1 

Chubu (42) 8.9 1.7 4.8 1.05 30.1 7.7 3.9 13.7 0.14 0.02 0.18 0.05 62.0 26.9 

Kinki (28) 7.6 1.3 5.5 1.04 27.4 7.4 5.3 12.1 0.11 0.01 0.21 0.04 56.8 20.0 

Chugoku (25) 6.7 1.1 6.5 0.94 27.2 4.4 6.6 14.1 0.05 0.00 0.20 0.03 56.7 7.4 

Shikoku (19) 10.6 1.5 3.8 0.66 37.2 5.7 2.4 9.8 0.01 0.00 0.12 0.02 57.0 6.1 

Kyushu (43) 10.0 2.7 8.6 1.84 40.9 13.1 4.6 32.2 0.13 0.04 0.20 0.04 106.0 29.8 

Nationwide (225) 8.8 1.9 6.7 1.19 31.0 10.6 5.8 19.0 0.24 0.02 0.26 0.05 74.8 29.2 

Source: Groundwater Handbook Editing Committee, Groundwater Handbook, 1998, Kensetsu Sangyo Chosakai 

 
6. Company Conducting the Analysis 

Kowa Kaihatsu Co., Ltd. 
Shasoku Building, 3 – 13 Koto-bashi 5-chome, Sumida-ku, Tokyo 
Tel: 03-3633-7351 
Fax: 03-3633-7356 
(Person in Charge of Analysis) Hideyuki Kon, Environmental Analysis Office 

* The X-ray diffraction analysis, fluorescent X-ray spectroscopy and water quality analysis were 
entrusted to the following specialist company 

Environmental Control Centre Co., Ltd. (East Kanto Branch) 
4-17 Inari-machi 3-chome, Chuo-ku, Chiba, Chiba Prefecture 
Tel: 043-261-1100 
Fax: 043-265-2412 

7. Attachments 
(1) X-Ray Diffraction Analysis and Fluorescent X-Ray Spectroscopy Results (RC06-05802) 
(2) ICP Emission Spectral Analysis Results (No. 21-0608-013) 
(3) Water Quality Analysis Results (RC06-05801) 
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