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Appendix 1  Member List of the Study Team (1/2)

＜Site Survey＞

1. Leader Kazuo NAKAGAWA Managing Director,
Office of Technical Coordination and Examination,
Grant Aid Management Department, JICA

2. Grand Aid Atsushi OKAMOTO Assistant Director,
Cooperation Grant Aid Division, Economic Cooperation Bureau,

Ministry of Foreign Affairs

3. Coordinator Shigeru SUGIYAMA Third Project Management Division,
Grant Aid Management Department, JICA

4. Chief Consultant/ Naoji NAKATO Nippon Koei Co., Ltd.
Operation and
Maintenance
Planner/Power
System Planner

5. Electrical Kazuhiko YASUYUKI Nippon Koei Co., Ltd.
Equipment
Specialist

6. Mechanical Kenji SETO Nippon Koei Co., Ltd.
Equipment
Specialist

7. Procurement Masaaki KAMEDA Nippon Koei Co., Ltd.
Planner/Cost
Estimator
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Appendix 1  Member List of the Study Team (2/2)

<Explanation on Draft Report>

1. Leader Motoyuki UEGAKI Deputy Director,
Office of Technical Coordination and Examination,
Grant Aid Management Department, JICA

2. Coordinator Shigeru SUGIYAMA Third Project Management Division,
Grant Aid Management Department, JICA

3. Chief Consultant/ Naoji NAKATO Nippon Koei Co., Ltd.
Operation and
Maintenance
Planner/Power
System Planner

4. Electrical Kazuhiko YASUYUKI Nippon Koei Co., Ltd.
Equipment
Specialist

5. Mechanical Kenji SETO Nippon Koei Co., Ltd.
Equipment
Specialist



Appendix 2  Study Schedule (1/2)

App 2 - 1

<Site Survey>

Date Day of
the week

Place Official Consultant

1 1/22 Mon Bangkok Departure for Bangkok by TG641

2 1/23 Tue Vientiane Departure for Vientiane by TG690, Courtesy call and explanation on the
Project to Japanese Embassy and JICA Office

3 1/24 Wed Vientiane Courtesy call on Ministry of Industry and Handicrafts Lao PDR,
explanation and discussion with EDL

4 1/25 Thu Vientiane Inspection of Nam Ngum I hydropower station

5 1/26 Fri Vientiane Discussion with EDL

6 1/27 Sat Vientiane Inspection of Nam Leuk hydropower station

7 1/28 Sun Vientiane Inspection of Nam Ngum I hydropower station

8 1/29 Mon Vientiane Discussion with EDL about the minutes of discussion

9 1/30 Tue Vientiane Discussion with Ministry of Industry and Handicrafts  and EDL

10 1/31 Wed Vientiane Signing on the Minutes of Discussion and reporting to Japanese
Embassy and JICA Office

11 2/1 Thu Nam Ngum Departure for
Bangkok by TG691

Moving to Nam Ngum I hydropower station

12 2/2 Fri Nam Ngum Departure for Tokyo
by TG772/JL719

Study on time schedule of inspection

13 2/3 Sat Nam Ngum Discussion on time schedule and procedure for
inspection

14 2/4 Sun Nam Ngum Preparation of recording form, etc.

15 2/5 Mon Nam Ngum Inspection of interior Unit No. 1, operation
condition of Unit No. 2

16 2/6 Tue Nam Ngum Inspection of interior Unit No. 1

17 2/7 Wed Nam Ngum Inspection of equipment for Unit No. 1

18 2/8 Thu Nam Ngum Inspection of equipment for Unit No. 1

19 2/9 Fri Nam Ngum Inspection of power house common equipment

20 2/10 Sat Nam Ngum Inspection of power house common equipment

21 2/11 Sun Nam Ngum Compilation of inspection results

22 2/12 Mon Nam Ngum Inspection of interior Unit No. 2, operation
condition of Unit No. 1

23 2/13 Tue Nam Ngum Inspection of interior Unit No. 2

24 2/14 Wed Nam Ngum Inspection of equipment for Unit No. 2

25 2/15 Thu Nam Ngum Inspection of equipment for Unit No. 2

26 2/16 Fri Nam Ngum Data collection for cost estimate and power
generation

27 2/17 Sat Nam Ngum Data collection for cost estimate and O/M
operation

28 2/18 Sun Nam Ngum Compilation of inspection results

29 2/19 Mon Nam Ngum Data collection for rehabilitation plan

30 2/20 Tue Nam Ngum Compilation of inspection results

31 2/21 Wed Nam Ngum Compilation of inspection results

32 2/22 Thu Vientiane Final confirmation of inspection results / Moving
to Vientiane

33 2/23 Fri Vientiane Reporting to Japanese Embassy and JICA Office

34 2/24 Sat Bangkok Departure for Bangkok by TG691

35 2/25 Sun Departure for Tokyo by TG772
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<Explanation on Draft Report>

Date Day of
the week

Place Official Consultant

1 5/9 Wed Bangkok Departure for Bangkok by TG641

2 5/10 Thu Vientiane Departure for Vientiane by TG690,
Courtesy call to Japanese Embassy and
JICA Office

3 5/11 Fri Vientiane Discussion with EDL about basic
design

4 5/12 Sat Vientiane Inspection of Nam Ngum I hydropower
station

5 5/13 Sun Vientiane Inspection of Nam Ngum I hydropower
station

6 5/14 Mon Vientiane Discussion with EDL about basic
design

7 5/15 Tue Vientiane Discussion with EDL about basic
design

8 5/16 Wed Vientiane Departure for Bangkok by
TG641

Discussion with EDL about
specifications of major items

9 5/17 Thu Vientiane Departure for Vientiane by
TG690

Discussion with EDL about
specifications of major items

10 5/18 Fri Vientiane Discussion with EDL about basic design

11 5/19 Sat Vientiane Inspection of Nam Ngum I and Nam Leuk hydropower stations

12 5/20 Sun Vientiane Internal meeting

13 5/21 Mon Vientiane Discussion with EDL about basic design

14 5/22 Tue Vientiane Discussion about the minutes of
meeting

Explanation for stuff of Nam
Ngum I hydropower station

15 5/23 Wed Vientiane Signing on the Minutes of Discussion and reporting to Japanese
Embassy and JICA Office

16 5/24 Thu Bangkok Departure for Bangkok by TG691

17 5/24 Fri Departure for Tokyo by TG772
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Appendix 3  List of Parties Concerned in the Recipient Country (1/2)

＜Site Survey＞

1. Ministry of Industry and Handicraft

Interviewer Managerial Position, Charge Remarks

1 Mr. Soulivong Daravong Minister

2 Mr. Somboun Rasasombath Vice Minister

3 Mr. Houmphone Bulyaphol Director of Electricity Department

2. Electricité du Laos

Interviewer Managerial Position, Charge Remarks

1 Mr. Viraphonh Viravong General Manager

2 Mr. Khamphone Saignasane Deputy General Manager

3 Ms. Sisouda Manager of Generation Office

4 Mr. Phuommy Nettibanedith Deputy Manager
Nam Ngum I Power Station

5 Mr. Phet Sychaleune Chief of Electrical Department
Nam Ngum I Power Station

6 Mr. Boun Ome Philavanh Chief of Operation and Control Dept.
Nam Ngum I Power Station

7 Mr. Khamvene Thongphanith Chief of Mechanical Department
Nam Ngum I Power Station

8 Mr. Kham Phuoi Keorasvang Deputy Chief of Mechanical Department
Nam Ngum I Power Station

9 Mr. Bouavanh Chansavath Deputy Manager
Nam Leuk Power Station
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Appendix 3  List of Parties Concerned in the Recipient Country (2/2)

<Explanation on Draft Report>

1. Ministry of Industry and Handicraft

Interviewer Managerial Position, Charge Remarks

1 Mr. Houmphone Bulyaphol Director of Electricity Department

2. Committee for Investment and Cooperation

Interviewer Managerial Position, Charge Remarks

1 Ms. Khempheng Pholsena Vice Minister

3. Electricité du Laos

Interviewer Managerial Position, Charge Remarks

1 Mr. Viraphonh Viravong General Manager

2 Mr. Khamphone Saignasane Deputy General Manager

3 Mr. Phuommy Nettibanedith Deputy Manager
Nam Ngum I Power Station

4 Mr. Phet Sychaleune Chief of Electrical Department
Nam Ngum I Power Station

5 Mr. Boun Ome Philavanh Chief of Operation and Control Dept.
Nam Ngum I Power Station

6 Mr. Khamvene Thongphanith Chief of Mechanical Department
Nam Ngum I Power Station

7 Mr. Kham Phuoi Keorasvang Deputy Chief of Mechanical Department
Nam Ngum I Power Station
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Appendix 5 Cost Estimation Borne by the Recipient Country

No. Description Budget

1. Personnel expense Kip.70,000,000

2. Civil and building works

(a) Temporary foundations for existing main transformer US$ 1,200

(b) Oil fence around storage area of harmful equipment US$ 50

(c) Floor finishing work US$ 300

(d) Remake of foundations for fire extinguishing system US$ 50

(e) Others US$ 400

3. Air compressor for diesel engine generator US$ 6,250
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Appendix 6  References

Examination on Effect of Change in Turbine Discharge on Turbine Characteristics

Basic Policy

The rated net head of the turbines No. 1 and No. 2 is changed from 32 m to 37 m, which is equal to
that for the turbines Nos. 3 to 5, and the turbine discharge is recovered to the rated value originally
designed for them.

1. Effect on Turbine Output

Available turbine discharge will be changed hydrologically corresponding to an operating net
head of the turbine.  Therefore, technical examination was carried out for the following cases.

• Basic Plan: To change the rated net head to 37 m and to recover the turbine discharge
to 55.4 m3/s originally designed for the Units No. 1 and No. 2

• Alternative Plan: To change the rated net head to 37 m and to increase the turbine discharge
up to 58.7 m3/s hydrologically available at a net head of 37 m.

Turbine output is determined by net head and turbine discharge.  Therefore, the turbine output
is changed when either net head or turbine discharge is changed.  The following table shows a
relationship among net head, turbine discharge and output.

Net Head Discharge Turbine
Output

Generator
Output

Original Design 32 m 55.4 m3/s 15.5 MW 15.0 MW
Present Operating Condition 37 m 46.0 m3/s 15.5 MW 15.0 MW
Basic Plan 37 m 55.4 m3/s 18.3 MW 17.5 MW
Alternative Plan 37 m 58.7 m3/s 19.2 MW 18.6 MW

If the turbine discharge is recovered to 55.4 m3/s at the rated net head of 37 m, the turbine rated
output will increase to 18.3 MW.

2. Effect of Change in Rated Net Head on Turbine Design

The existing turbines No. 1 and No. 2 were designed to operate safely and satisfactory at any
net heads between 32 m to 45.5 m and at any discharges up to the rated discharge of 55.4 m3/s.
The turbines are therefore able to operate at a net head of 37 m and a discharge of 55.4 m3/s
without any technical problem.

3. Effect of Increase in Turbine Discharge on Turbine Design and Hydraulic Losses

The existing turbines No. 1 and No. 2 were designed for the discharge of 55.4 m3/s at a net head
of 32 m and 58.7 m3/s at a net head of 37 m.

On the other hand, the penstock was designed for the original discharge of 55.4 m3/s.  When
the penstock discharge exceeds 55.4 m3/s, hydraulic loss in the penstock is increased to more
than the designed value accordingly.

Net head is the gross head minus hydraulic loss and is conveniently expressed by the following
formula:

Net Head ＝ Reservoir Water Level - Tailrace Water Level - Hydraulic Loss
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The rated net head 37 m for the Units Nos. 3 to 5 is corresponding to the reservoir water level of
EL. 205.0 m as shown in the figure blow.  If the hydraulic losses for the Units No. 1 and No. 2
are increased more than the originally designed value, the reservoir water level referred to the
rated net head of 37 m for the Units No. 1 and No. 2 is different from that for the Units Nos. 3 to 5
and needs to set at higher than EL. 205 m.  This is contrary to the basic policy to coordinate the
turbine operating conditions between the Units Nos. 1/2 and the Units Nos. 3/4/5.  Therefore,
an increase of the turbine discharge exceeding 55.4 m3/s is not acceptable.

4. Effect of Increase in Turbine Output on Turbine Performance

An increase of the turbine output will modify the turbine performance.  The technical
examination was carried out for the following three items of the typical turbine performance.

Item Definition Considerations and Criteria

Maximum
pressure

Maximum momentary pressure
developed in the turbine and
penstock following a sudden load
rejection of the generator.

The maximum pressure should not
exceed 65.4 m because it will directly
affect the design condition of the
existing turbine and penstock.

(Criteria)

Not exceeding 65.4 m equal to the
guaranteed value for the existing
turbines No. 1 and No. 2.

Maximum speed
rise

Maximum momentary speed rise
caused by sudden full load rejection
of the generator.

The guaranteed value for the existing
turbines No. 1 and No. 2 was 37 m.

The rotational parts of the existing
turbine and generator were designed
to withstand the turbine runaway
speed of 386 rpm (118 % rise of the
rated speed) for one minute.  Then,
a little increase of the speed rise will
have no problem on the design of the
existing turbine and generator.

In current practice, the maximum
speed rise for Francis turbine is
usually selected at 45 to 50 %.

(Criteria)

Not exceeding 50 %.

Rated WL of Tailrace: EL. 165.5 m

Max. WL. at completion of Units 1 & 2: EL. 202.5 m

Max. WL after completion of Units 3 & 4:
212.5 m

Min. Operational Level: EL. 196.0 m

Rated WL for Units 1 & 2: EL. 200.0 m

Rated WL for Units 3 & 4 : EL. 205.0 m

Rated Head for Units 1 & 2:
32.0 m

Rated Head for Units 3 & 4:
37.0 m

Dam
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Item Definition Considerations and Criteria

Suction head Static suction head is conveniently
defined as a level difference between
elevation of the turbine centerline and
the tailrace water level.

Since the existing turbine centerline
cannot be changed, a suction head
calculated for the new turbine output
should have a sufficient safety margin
on the actual suction head.

Suction head will directly affect the
occurrence of cavitation on the
turbine.  Therefore, the calculated
safety margin on the actual suction
head should be not less than the
original design.

(Criteria)

The calculated safety margin should
be not less than +1.12 m equal to the
original design.

The results of the technical examination are summarized as tabulated below.

Basic Plan Alternative PlanItem Criteria
Results Judgement Results Judgement

Turbine output - 18.3 MW - 19.2 MW -

Specific speed - 259.5 m-kW - 268.0 m-kW -

Hydraulic losses No increase Not increased ○ Increased ×

Maximum pressure 65.4 m ≥ 65.4 m ○ 65.4 m ○

Max. speed rise 50 % ≥ 44 % ○ 52 % ×

Safety margin on
suction head

+ 1.12 m ≤ + 1.93 m ○ + 1.35 m ○

Overall Results ○ ×

5. Conclusion

As shown in the above table, the alternative plan to increase the turbine discharge is not
technically acceptable because of an increase in hydraulic losses and higher speed rise.

On the other hand, the basic plan to recover the turbine discharge to the original designed value
is achievable without any adverse effect on the turbine performance.  Therefore, the basic plan
is technically feasible.
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