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Appendix 4-5

Summary Report for Periodic Tmspection

on
Project for Operation and Maintenance
of the Rural Electrification on

Micro-hydropower in Mondul Kiri

June, 2009

JICA Study Team

Electric Power Development Co., Ltd. (J-Power) and
Chugoku Electric Power Co., Inc.(Energia)
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1. Introduction

We would like to report you that the periodic inspection for Hydropower stations (O’Moleng
and O’Romis) and Diesel power station have been carried out on May 31 to June 13, 2009 by
the staff of EUMP under the supervising of Japanese engineers.

The summary of the inspection is described as follows.
2. Activities of the Schedule

2.1 Inspection of Hydropower station
1) Pre meeting for inspection: 2009/05/30
2) Periodic inspection for O’Moleng P.S : 2009/05/31 to 2009/06/04
3) Periodic inspection for O’Romis P.S  : 2009/06/04 to 2009/06/05
4) Post meeting for inspection :  2009/06/06

2.2 Inspection of Diesel power station
1) Pre meeting for inspection:  2009/06/09
2)  Periodic inspection for Diesel P.S : 2009/06/10 to 2009/06/12
3)  Post meeting for inspection :  2009/06/13

2.3 On-the-job training for EUMP staff’
1) On-the-job training for Hydropower staff: 2009/05/31 to 2009/06/05
2)  On-the-job training for Diesel power staft : 2009/66/10 to 2009/06/12

3. The summary of the inspection results

3.1 Hydropower station
1) Check results: Good

(1) Turbine/Generator appearance inspection
(2) Runner and Turbine casing inside check and Disassembly of the front cover
(3) Inlet valve appearance inspection
(4) Speed changer appearance inspection
(5) G/V servomoror appearance inspection
(6} Generator panel appearance inspection

{7) Bearing check
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The detailed inspection results should be referred “Inspection Report of Hydropower Station” as
attached.
3.2 Diesel power station
1) Check results Good
(1) Check and clean for Four (4) kinds of Fuel oil filters
(2) Check and clean for Four (4) kind of Lub. oil filters
(3) Check the Air compressor,
{(4) Check the Cam room and Crank room
(5) Fuel nozzle injection testing

(6) Check the Lubricating oil for Engine, Generator and Air compressor.

The detailed inspection results should be referred “Inspection Report of Diesel Power Station”

as attached.

4. Training for EUMP Staff and Operators

4.1 Hydropower generating facilities
On the Job Training was carried out by the Japanese supervisor (Tanaka Suiryoku) and JICA

Project team as follows.

(1) Assembly and disassembly method for turbine covers, inspection cover
(2) Assembly and disassembly method for turbine bearing covers

(3) Inspection method for runner, inside of turbine

(4) Inspection method for turbine bearing

(5) Changing of turbine bearing grease

(6) Grease up for turbine and generator

(7) Inspection of dummy load heater unit

(8) Inspection of inlet valve, servomotor and speed changer unit

(9) Inspection of control panel and data recording

{10)Confirmation of operation method
4.2 Diesel power generating facilities
On the Job Training was carried out by the Japanese supervisor {Daihatsu diesel)

and JICA Project team as follows.

(1) In accordance with Instruction manual of Air compressor (Hasegawa Iron Works Co.),
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action was taken below.
(a) Opened cylinder-head and extract the parts of low pressure valves.
(b) Cleaned low pressure suction valve.
(c) Cleaned low pressure delivery valve and face up seating.
(d) Confirmed running condition. Result: good in order.
(2) Adjustment of Valve clearance
(a) Fly-wheel point to TOP position, with the marked line on the fuel injection pump at
the up position.
(b) Adjust T-shaped yoke to 0 position, and tight rock nut using by Vise.
(c) Assemble rocker arm, adjust the valve clearance.
Intake valve clearance: 0.3mm
Exhaust valve clearance: 0.4mm
(3) Fuel Nozzle (As attached Sect 7-sheet 3, 4).
Nozzle test using by special tools and pressure test pump were carried out.
A way of judgment for testing nozzle was instructed to operators.
{(4) Daily operation and maintenance.
In accordance with [O&M Manual for Diesel Engine] , following items were instructed
to operators.
(a)} Before running for Diesel engine.
It was especially instructed to drain out condensation from the high air pressure line
at every morning to avoid the rust.
(b) Information on safety operation for Diesel engine.
(c) Manual lubrication intervals,

(5) Assembly and disassembly method for turbine covers, inspection cover

Observation:

1) EUMP staff carried out the OJT together with supervisor according to all training items.

2) Inspection method and disassembly/assembly method has been transferred during periodic

mspection.

3) The next periodic inspection has to be carried out after 6 months operation for O’Moleng,

O’Romis and Diesel power stations.

4) Necessary drawing and procedure for periodic inspection was submitted.
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5. Comments on the O & M management

5.1 The 3 power stations, EUMP have been contributed to supply the power continuously into

Mondul Kiri power system in normal conditions since 2008.Otober 21.

5.2 Since the running hours are; O’Moleng 4,042 hours, O’Romis 5,227 hours and Diesel 1,755
hours, respectively by the end of May 2009 from initial operation on October 21, 2003.

It means that continuous operation of the power station would be stressed to the rotating
machines and will be required timely countermeasure, so that we have a plan to carry out the
periodical inspection as well as on-the-job training every 6 months under the supervising of

Japanese engineers and JICA project team.

5.3 As a result of inspection, there is no problem with any defect or malfunction such as

machine trouble or electrical failure, so on.

5.4 1t is good managed that the spare parts have been registered with Inventory book by the
EUMP staff..

5.5 The next periodic inspection (2".) is scheduled in November /December 2009.

Attachment:
1} Photo of inspection and training
2) Inspection report for hydropower generating facility and inspection procedure

3) Inspection report for diesel power generating facility and inspection procedure

-End-
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Periodic Inspection for O’Moleng Power Station, June 2009

f ——

Disassembly of turbine cover

Inspection of turbine runner

Grease up into generator bearings A4-6



Periodic Inspection for O’Romis Power Station, June 2009

Turbine runner inside

Change of bearing grease

Meeting before/after inspection A4-7



Periodic Inspection for Diesel Power Station, June 2009

Inspection of inside engine body and erank shaft

Timing adjustment by turning gear

L

Disassembly inspection of air compressor A4-8



On-the-Job Training

On-the-Job Training
—

Meeting before inspection A4-9



Appendix 4-6

Summary Report for Periodic Inspection (2"

on
Project for Operation and Maintenance
of the Rural Electrification on

Micro-hydropower in Mondul Kiri

December, 2009

JICA Study Team

Electric Power Development Co., Ltd, {J-Power) and
Chugoku Electric Power Co., Inc.(Energia)
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1. Introduction

We would like to report you that the periodic inspection for Hydropower stations (O’Moleng
and O’Romis) and Diesel power station have been carried out on November 16 to December 2,
2009 by the staff of EUMP under the supervising of Japanese engineers.

The summary of the inspection is described as follows.

2. Activities of the Schedule

2.1 Inspection of Hydropower station
1} Pre meeting for inspection: 2009/11/27
2) Periodic inspection for O’Romis P.S 1 2009/11/27 to 2009/11/30
3) Periodic inspection for O’Moleng P.S : 2009/12/01 to 2009/12/02
4} Post meeting for inspection :  2009/12/03

2.2 Inspection of Diesel power station
1} Pre meeting for inspection: 2009/11/16
2)  Periodic inspection for Diesel P.S : 2009/11/16 to 2009/11/22
3) Post meeting for inspection :  2009/11/23

2.3 On-the-job training for EUMP staff
1)  On-the-job training for Hydropower staff: 2009/11/27 to 2009/12/02
2)  On-the-job training for Diesel power staff:  2009/11/16 to 2009/11/22

3. The summary of the inspection results

3.1 Hydropower station
1} Check results: Good

(1) Turbine/Generator appearance inspection
(2) Disassembly of Inspection cover and Runner and Turbine inside check
(3) Inlet valve appearance inspection
(4) Speed changer appearance inspection
(5) G/V servomotor appsarance inspection
(6) Generator panel appearance inspection

(7) Bearing check and grease up for turbine and generator
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The detailed “Inspection Report of Hydropower Station” will be submitted later on.

3.2 Diesel power station

1) Check results Good
(1) Check and clean for Four (4) kinds of Fuel oil filters
(2) Check and clean for Four (4) kind of Lub. oil filters
(3) Check the Air compressor,
(4) Check the Cam room and Crank room
(5) Fuel nozzle injection testing

(6) Check the Lubricating oil for Engine, Generator and Air compressor.

The detailed “Inspection Report of Diesel Power Station” will be submitted later on.

4. Training for EUMP Staff and Operators

4.1 Hydropower generating facilities
On the Job Training was carried out by the Japanese supervisor (Tanaka Suiryoku) and JICA

Project team as follows.

(1) Assembly and disassembly method for turbine inspection cover

(2) Assembly and disassembly method for ground packing

(3) Inspection method for runoer, inside of turbine

(4) Grease up for turbine (50 times) and generator (100 times) by the grease gun
(5) Inspection of dummy load heater unit

(6) Inspection of control panel and data recording

(7) Lecture of trouble shooting

(8) Lecture of Sequence diagram and drawings

4.2 Dicsel power generating facilities
On the Job Training was carried out by the Japanese supervisor (Daihatsu diesel)

and JICA Project team as follows.

(1) In accordance with Instruction manual of Air compressor (Hasegawa Iron Works Co.),

action was taken below.
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(a) Opened cylinder-head and extract the parts of low pressure valves.
(b) Cleaned low pressure suction valve.
(c) Cleaned low pressure delivery valve and face up seating.
(d}y Confirmed running condition. Result; good in order.
(2) Adjustment of Valve clearance
(a) Fly-wheel point to TOP position, with the marked line on the fuel injection pump at
the up position.
(b) Adjust T-shaped yoke to 0 position, and tight rock nut using by Vise.
(¢) Assemble rocker arm, adjust the valve clearance.
Intake valve clearance: 0.3mm
Exhaust valve clearance: 0.4mm
(3) Fuel Nozzle
Nozzle test using by special tools and pressure test pump were carried out.
A way of judgment for testing nozzle was instructed to operators.
(4) Daily operation and maintenance.
In accordance with [O&M Manual for Diesel Engine | , following items were instructed
to operators.
{a) Before running for Diesel engine.
It was especially instructed to drain out condensation from the high air pressure line
at every morning to avoid the rust.
{b) Information on safety operation for Diesel engine.
{¢) Manual lubrication intervals.
(5) Assembly and disassembly method for turbine covers, inspection cover
(6) Lecture of trouble shooting

(7) Lecture of Sequence diagram and drawings

Observation:

1) EUMP staff carried out the OJT together with supervisor according to all training items.

2) Inspection method and disassembly/assembly method has been transferred during periodic

inspection.

3) We carried out the lecture of sequence diagram how to read and understanding for electrical

practice by the Instruction and maintenance manual.

4) The next periodic inspection has to be carried out after 6 months operation for O’Moleng,

O’Romis and Diesel power stations.

5) Necessary drawing and procedure for periodic inspection was submitted.
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5. Comments on the O & M management

5.1 The 3 power stations, EUMP have been contributed to supply the power continuously into

Mondul Kiri power system in normal conditions up to now without troubel.

5.2 Since the running hours are; O’Moleng 8,211 hours (2009/11/26), O’Romis 9,302 hours
(2009/11/29) and Diesel 1,799 hours (2009/11/16), respectively from initial operation on
October 21, 2008.

It means that continuous operation of the power station would be stressed to the rotating
machines and will be required timely countermeasure, so that we have a plan to carry out the
periodical inspection as well as on-the-job training every 6 months under the supervising of

Japanese engineers and JICA project team.

5.3 As a result of inspection, there is no problem with any defect or malfunction such as
machine trouble or electrical failure, so on, even if there would occur the minor trouble in the

daily operation.

5.4 It is good managed that the spare parts have been registered with Inventory book by the
EUMP staff., and is under preparation of spare parts slips for all parts.

5.5 We instructed the maintenance management to DG staff of EUMP as follows.
1) Drain out moisture from high pressure air line at every morning,
2) Preparation of lubrication oil by oil list as soon as possible,

3) Management of running data by binding book
5.5 The next periodic inspection (3rd.) is scheduled in May /June 2010.
Attachment:
1) Photo of inspection and training
2) Inspection schedule

-End-
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Periodic Inspection (224) of O’Romis Power Station,

November 27 to 30, 2009

Inspection of inside of

Turbine Runner

Inspection of inside of

Turbine Runner

Disassembly of Ground
Packing Cover for
Turbine
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I

Used ground packing
and Muddy condition

Grease up generator

bearings

Inspection of inside

Speed gear condition

A4-7



Dummy Load Governor

Meeting before/after

inspection

Periodic Inspection (2nd) of O’Moleng Power Station,
December 1 to 2, 2009

Inspection of Bearing
Packing for Turbine
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It et

Measuring of Gaps on
Bearing Packing for
Turbine

Inspection of Intake and
Sedimentation Basin
(Closing the intake gate)
at O’'Moleng Intake Dam

Muddy condition of
Sedimentation and

Cleaning at basin
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L.

Periodic Inspection for Diesel Power Station,
November 16 to 22, 2009

Checking of concrete face

on sedimentation

Water filling after cleaning

of sedimentation basin

Disassembly of Engine

Head and cover
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Inspection of inside Engine

Disassembly of Engine
head

On-the-job Training for
Spare parts
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Transmission Line Detail Inspection Check Point

Appendix 5-3

30/MAR/O9 JICA Study Team

Overhead

Pole Assembly

General

Concrete Pole

Surroundings

EUMP Staff Easy to access
Bucket Car Easy to access

Easy to climb

No dead animal around

No trace of rusty water around
No new building is near

No new construction work is near

Pole No. MV Pole No. is clear
LV Pole No. is clear
Ground Not flow up
Not sink down
Body of a pole Not incline
Not bent
Not cracked
Not weathered
Not broken
Stephbar Not remain
TV cable Attached appropriate
Guy Wire
Height Height over road
Height over building
Height over another place
Clearance Clearance to MV Lines, LV Lines OK

Clearance to another Transmission equipment OK
Clearance to a building OK

Surroundings

No trace of rusty water around
No new buiiding around

No new construction work around
No vine growing along

Not Obstruct Traffic

Ground

Not flow up
Not sink down
Anchor is Not shown

Wire

Elemental wire is Not broken
Not too rusty

Tension is not too loose
Wire End is safe for public

Coliier

Installed firmly
Not too rusty
Not broken

Parallel groove Clamp

Installed fimly
Not too rusty
Not broken

Turnbuckle

Installed firmly
Not too rusty
Not broken

Guy Insulator

Not cracked
Not broken

Not dusty

No trace of Ark

Rod Not bent too much
Not cracked too much
Not broken
Not too rusty
Guy Wire Cover Attached at necessary place

Not detached
Not broken
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Transmission Line Detail Inspection Check Point 30/MAR/02 JICA Study Team

Overhead

Pole Assembly

General

Cross Arm

Cross Arm & Arm Tie Not Incline

Not bent

Not broken

Not too rusty
Bolt & Nut Not disappeared
Not broken

Not too rusty
Not lcose

Not bent
Obstacles No nest of birds
No other obstacles

insulator

Porcelain Not broken

Not cracked

Not dusty

No frace of Ark
Bolt & Nut Not disappeared
Not broken

Not too rusty
Not loose

Not bent

Earthing Wire
General Earth Resistance Good ¥ Need to measure
Ground Not flow up

Not sink down

Earthing Rod is Not shown

Earthing wire Protected enough by pipe

Pipe not broken

Pipe not cracked

Pipe height enough

Conductor is Not shown

Insulating Cover Not broken

Insulating Cover Not cracked

insulating Cover Not melt

Joint to equipment(Transformer etc) |Jointed tightly

Not foo rusty

Wire stripping Not too much
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Transmission Line Detail Inspection Check Point

30/MAR/0S JICA Study Team

Overhead

Pole Assembly

Trangformer Assembly

Transformer

Body outside

Height is enough

Not incline

Not bent

Not dent

Not bulge

Not too rusty

No trace of ark

No oil leak

Spray Coating Not coming off
No abnormal noise
Not heated too much
Fixed fightly

Bolt & Nut

Not disappeared
Not broken

Not too rusty
Not lcose

Not bent

Insulation Resistance XIf Discharge

Insulation Resistance is engugh

Body Inside *%If Open & Discharge

Color of Qil is Clean
Tap Position is appropriate
Tap tightly fixed

Terminal(Primary/Secondary)

firmly fixed to Lead Wire & Cable
Joint Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Paint
Not heated too much

Not melt

Porcelain Not broken
Porcelain Not cracked
Porcelain Not dusty
Porcelain No trace of Ark

Lead Wire to FCO

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not mett

No trace of Ark

Wire Tension is not too loose

Wire Tension is not too tight
Clearance enough to other objectives

Joint of Lead Wire

firmly fixed o Transformer and FCO
Joint Not too rusty

Bolt & Nut Not disappeared

Bolt & Nut Not broken

Bolt & Nut Nof loose

Bolt & Nut Not bent

No Tension to Joint Point

Not heated too much

Not melt

Wire stripping Not too much

Earthing Terminal

Jointed tightly to earthing wire
Not too rusty
Wire stripping Not too much
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Transmission f.ine Detail Inspection Check Point

30/MAR/09 JICA Study Team

Overhead

Pole Assembly

Transformer Assembly

Fuse Cutout Switch

Primary Cutout Switch

firmly fixed to Cross Arm
firmly fixed to Lead Wire
Joint Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken
Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point
Not heated too much

Not melt

Porcelain Not broken
Porcelain Not cracked
Parcelain Not dusty
Porcelain No trace of Ark
Fuse Size Appropriate

Lead Wire to MV Line

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too loose

Wire Tension is not too tight
Clearance enough to other objectives

Joint of Lead Wire

firmly fixed to MV Line and FCO
Joint Not too rusty

Bolt & Nut Not disappeared

Bolt & Nut Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point

Not heated too much

Not melt

Wire stripping Not foo much
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Transmission Line Detail Inspection Check Point

30/MAR/09 _JICA Study Team

Overhead

Pole Assembly

Transformer Assembly

Lightning Arrester

Body

firmly fixed to Cross Arm
firmly fixed to Lead Wire
Joint Not too rusty

Bolt & Nut Not disappeared
Bolt & Nuf Not broken
Bolt & Nut Not [cose

Bolt & Nut Not bent

No Tension to Joint Point
Not heated too much

Not melt

Porcelain Not broken
Porcelain Not cracked
Porcelain Not dusty
Porcelain No trace of Ark
Fuse Size Appropriate

Lead Wire to MV Line

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too loose

Wire Tension is not too tight
Clearance enough to other objectives

Joint of Lead Wire

firmly fixed to MV Line

Joint Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken

Bolt & Nut Not loose

Boit & Nut Not bent

No Tension fo Joint Point
Not heated too much

Not melt

Wire stripping Not too much

Earthing Terminal

Jointed tightly to earthing wire
Net too rusty
Wire stripping Not too much
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Transmission Line Detail Inspection Check Point

30/MAR/ QY JICA Study Team

Qverhead

Pole Assermnbly

Transformer Assembly

LV Distrubution Board

Body

Body

Height is appropreate

Easy to access for Reading meters
Case is Not Charged

Front Glass Not Foggy

Front Glass Not Dirty

Locked

Fixed tightly

Not broken

Not incline

Lead Cable to Transformer

insulating Cover Not broken
Insulating Cover Not cracked
insulating Cover Not melt

No trace of Ark

Fixed firmly to the Pole

Watt-Hour Meter

Watt-Hour Meter

Fixed firmly to the Box

Not broken

Not incline

Not too rusty

Front Glass Not Foggy

Front Glass Not Dirty

No trace of Ark

Not Burned Inside

Disk Rotate is smocth

No abnormal noise

Terminal Cover is Not Charged
Terminal Cover is Fixed firmly
Wire Fixed to Terminal firmly
Terminal Voltage is appropriate
Wires connected to correct phase or neutral
Not heated too much

CT

Appropreate Combination to WattHour Meter
Fixed firmly to the Box

Not broken

Not incline

Not too rusty

Not Burned

No trace of Ark

No abnormal noise

Wire Fixed to Terminal firmly
Wires connected to correct phase
Not heated too much

MCCB

Magneting Switch

Turn On & Off Smoothly
Fixed firmly to the Box

Not broken

Not incline

Not too rusty

Not Burned

No trace of Ark

No abnormal noise

Wire Fixed to Terminal firmly
Wires connected to correct phase
Not heated too much
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Transmission Line Detail Inspection Check Point 30/MAR/D9 JICA Study Team

Overhead

Pole Assembly

Transformer Assembly

LV Distrubution Beard

Street Light Control Circuit with Timer

Timer Time Acculate(Yes/No)

Switch Tum On & Off smoothly
Fixed firmly to the Box

Not broken

Not incline

Not too rusty

Not Burned

No trace of Ark

No abnormal noise

Wire Fixed to Terminal firmly
Wires connected to correct phase
Not heated too much

Wires Inside
Wiires Inside No Abnormal Pressure from outside
Fixed to the Box firmly

Not heated too much

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too loose

Wire Tension is not too tight

Joint of Wires firmly fixed to Watt-Hour Meter etc.
Joint Not too rusty

Bolt & Nut Not disappeared

Bolt & Nui Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point

Not heated too much

Not melf

Wire stripping Not too much
Earthing Terminal Jointed tightly to earthing wire

Not too rusty

Wire stripping Net toc much
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Transmission Line Detail Inspection Check Point J0OMAR/9  JICA Study Team

QOverhead

Pole Assembly

LV Assembly

Aggregating Meter Box

Body

Body Height is appropreate

Easy to access for Reading meters
Case is Not Charged

Front Glass Not Faggy

Front Glass Not Dirty

Locked

Fixed tightly

Not broken

Not incline

Watt-Hour Meter

Watt-Hour Meter Fixed firmly to the Box

Not broken

Not incline

Not too rusty

Front Glass Not Foggy

Front Glass Not Dirty

No trace of Ark

Not Burned Inside

Disk Rotate is smooth

No abnormal noise

Terminal Cover is Not Charged
Terminal Cover is Fixed firmly
Wire Fixed to Terminal firmly
Terminal Voltage is appropriate
Wires connected to correct phase or neutral
Not heated too much

CB

CB Turn On & Off Smoothly
Fixed firmly to the Box

Not broken

Not incline

Not too rusty

Not Burned

No trace of Ark

No abnormal noise

Wire Fixed to Terminal firmly
Wires connected to correct phase
Not heated too much
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Transmission Line Detail Inspection Check Point

30/MAR/09 _ JICA Study Team

Overhead

Pole Assembly

LV Assembly

Aggregating Meter Box

Wires Inside

Wires Inside

No Abnormal Pressure from outside
Fixed to the Box firmly

Not heated too much

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too loose

Wire Tension is not too tight

Joint of Wires

firmly fixed to Watt-Hour Meter etc.
Joint Not too rusty

Bolt & Nut Net disappeared

Bolt & Nut Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point

Not heated too much

Not meit

Wire stripping Not too much

Earthing Terminal

Jointed tightly to earthing wire
Not too rusty
Wire siripping Not too much

Street Light

Body

Not Incline
Not bent

Not broken
Not too rusty

Bolt & Nut

Not disappeared
Not broken

Not too rusty
Not loose

Not bent

Circuit

Connection is correct
Bulb Not Broken
Glow Lamp Not Broken
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Transmission Line Detail Inspection Check Point

30/MAR/09 JICA Study Team

Overhead

Pole Assembly

LBS Assembly

LBS

Location

Easy fo Access
Suit Location for Grid's-Operation

Operating Bar

Locked

Not Charged

Move Smoothly

Fixed firmly to the Pole
Not broken

Not incline

Not Bent

Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken
Bolt & Nut Not lcose
Bolt & Nut Not bent

Body

No nest of birds

No Obstacles

Not broken

Not incline

Not Bent

Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken
Bolt & Nut Not locse
Bolt & Nut Not bent
No Abnormal Noise

Blade

Not brcken
Not incline

Not Bent

Not too rusty
Not too dirty
No trace of Ark

Porcelain

Not broken
Not cracked
Not dusty

No trace of Ark

Lead Wire fo MV Line

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too [oose

Wire Tension is not too tight
Clearance enough to other objectives

Joint

firmiy fixed to MV Line and Body
Joint Not too rusty

Boit & Nut Not disappeared

Bolt & Nut Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point

Not heated too much

Not melt

Wire stripping Not too much

Earthing Terminal

Jointed tightly to earthing wire
Not too rusty
Wire stripping Not too much
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Transmission Line Detail Inspection Check Point

30/MAR/09 JICA Study Team

Overhead

Pole Assembly

Underground

Connecting Assembly

MV/LV Termination

Location

Easy to climb

Termination

Fixed firmly to the Pole

No Compound Leakage

Each Termination Not Touched
Each Termination Not too close
Phase Plate Not Detached

No Tracking

Winding Tape Not ioose

Not broken

Not cracked

Not dusty

Lead Wire fo MV Line

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too loose

Wire Tension is not too tight
Clearance engugh to other objectives

Joint of Lead Wire

firmly fixed to MV Line

Joint Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken

Bolt & Nut Net loose

Bolt & Nut Not bent

No Tension to Joint Point
Not heated too much

Not melt

Wire stripping Not too much

Cable al

ong the Pole

Lead Cable along the Pole

Insulating Cover Not broken

Insulating Cover Not cracked

Insulating Cover Not melt

No trace of Ark

Causion: [f Finding abnormal condition, Check
electric Leakage by MV Voltage Detector AT FIRST
before approrching

Pipe alo

ng the Pole

Pipe along the Pole

Height is appropreate
Fixed tightly to the Pole
Not broken

Not incline
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Transmission Line Detail Inspection Check Point

30/MAR/09 JICA Study Team

QOverhead

Pole Assembly

Underground Connecting Assembly

Lightning Arrester

Body

firmly fixed to Cross Arm
firmly fixed to Lead Wire
Joint Not too rusty

Boit & Nut Not disappeared
Bolt & Nut Not broken
Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point
Not heated too much

Not melt

Porcelain Not broken
Porcelain Not cracked
Porcelain Not dusty
Porcelain No trace of Ark
Fuse Size Appropriate

Lead Wire to MV Line

Insulating Cover Not broken
Insulating Cover Not cracked
Insulating Cover Not melt

No trace of Ark

Wire Tension is not too locse

Wire Tension is not too tight
Clearance enough to other objectives

Joint of Lead Wire

firmly fixed to MV Line

Joint Not too rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tensicn to Joint Point
Not heated too much

Not melt

Wire stripping Not too much

Earthing Terminal

Jointed tightly to earthing wire
Not too rusty
Wire stripping Not too much
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Transmission Line Detail Inspection Check Point

30/MAR/GS  JICA Study Team

Overhead

Line

Ground Wire

Ground Wire

Clearance

Clearance to MV lings is enough.

Sag

Not Unbalanced
Not too loose

Wire

No Kink

Elemental Wire is not Broken

No Obstacle on the Wire
*Kite, Branch, etc.

Near the pole

Fixed firmly to the Cross Arm

Earthing Terminal

Jointed tightly to earthing wire
Not too rusty
Wire stripping Not too much

MV Wire

MV Wire

Clearance

Height is enough.

Clearance to other things is enough.
Clearance to Construction Work is enough.
Public cannot touch easily.

Neighbor

Burned Trees near a wire

Dead Animal by electrical shock

No Obstacle near the Wire
*Inclined TV Anntena or Tree
*Tin Roof easy to fly toward, etc

Sag

Not Unbalanced
Not too loose

Wire

No Kink
Insulating Cover is not Cracked
Insulating Cover is not Broken
No trace of Ark on the Insulating Cover
Insulating Cover is not burned.
No Obstacle on the Wire

*Kite, Branch, etc.

Near the pole

Elemental Wire is not Broken

Binding Wire to an Insulator is not Detached
Binding Wire to an Insulator is not Loose

Bare Conductor is not Touched to other things.

LV Cable

LV Cable

Clearance

Height is enough.

Clearance to other things is enough.
Clearance to Construction Work is enough.
Public cannot touch easily.

Neighbor

Burned Trees near a wire

Dead Animal by electrical shock

No Obstacle near the Wire
*Inclined TV Anntena or Tree
*Tin Roof easy to fly toward, etc

Sag

Not Unbalanced
Not foo loose

Wire

No Kink
Insulating Cover is not Cracked
Insulating Cover is hot Broken
No trace of Ark on the Insulating Cover
Insulating Cover is not burned.
No Obstacle on the Wire

*Kite, Branch, eic.

Near the pole

Fixed firmiy to the Clamp
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Transmissicn Line Detail Inspection Check Point
Underground

30/MAR/O9  JICA Study Team

Cubicle

Cubicle

Cubicle

Location

EUMP Staff Easy to access

No dead animal around

No new building is near

No digging construction work is near

Foundation

Not sink

Anchor Bolt is not Loose
No Crack

Not Broken

Fixed to the Case

Not incline

Not Slide

Not Collapse

Case

Not broken

Not Dent

Not bulge

Not bent

Not too rusty

Easy to read Name Plate

Spray Coating Coming Off(Yes/No)

Door

Locked

Easily Open and Close

Door Stopper works well

Gasket of the Door is good
Ventilation Opening is not Blocked

Panel

Easy to read Switch Number and symbol
No abnormal noise

No trace of entering water

No trace of animal

No Condensation

Not too dirt

Earthing wire

Earth Resistance Good % Need to measure
Insulating Cover Not broken

Insulating Cover Not cracked

Insulating Cover Not melt

Joint is tight

Joint is Not too rusty

Wire stripping Not too much

Operation

Smooth to turn ON/OFF

Switch

Blade does not Bent

Blade is not too rusty

Blade is not dirty

Charged part is covered well
Not Broken inside

No trace of Ark

Terminal

firmty fixed to MV Line

Joint Not toc rusty

Bolt & Nut Not disappeared
Bolt & Nut Not broken

Bolt & Nut Not loose

Bolt & Nut Not bent

No Tension to Joint Point
Not heated too much

Not melt

Wire stripping Not too much

Line

Cable

Cable

Location

No digging construction work is along the route

Cable

Insulating Resistance Good #Need to measure
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Appendix 5-5

Basic Rule at the MV-Line Work for Safety

1) To Confirm that all person is keeping away from MV Line.

2) To Open LBS in order to Shutdown Electric Supply to the Working MV-Circuit
*For Example, open F2 LBS in Hospital S/S for working in C12(North East Line)

3) To Ground the Working MV-Circuit by LBS in S/S

*This Procedure is impossible in case of LBS-1 and LBS-2 Operation.
4y To Ground Both Sides of Working Place of MV Line
*Please note using 22kV-insulated equipment for grounding.
*Reason why Both Sides is
that Customer’s Stand-by Generators might charge MV Line.

5) To Do MV-Line Work

6) To Remove the Ground Both Sides of Working Place of MV Line
*If forget it, Short Circuit Accident occurs when Re-Charging.

7} To Remove the Grounding by LBS in S/S
8) To Confirm that all person is keeping away from MV Line.
9) To Close LBS in order to Electric Re-Supply to the Working MV-Circuit

End



FAULT OUTAGE RECOVERY LOG SHEET (T&D) Appendix 5-6

T | .
Cappr08 | 1528 | Rain with thunder _
Scheduled Stopping (OkW) S
V0=21kV, VO-Overvoltage (124kW)
Schec.iul.t;cr S;o.pping-(OkW) -
Mr.Kong Piseth
- Mr. Savuth Sothea
. Mr Feok -
1|Diesel P/S MCB | oFr [ a-Apr | 1525
2|Diesel P/S MCB | oN | 4-Apr | 1526 V0=21KkV, VO-Overcurrent
3|Diesel P/S MCB OFF | 4-Apr | 1531
4|District S/S FIF2F3 OFF | 4-Apr | 1537 S
5|Hospital S/S F1,F2F3 OFF | 4-Apr | 1540
6|Diesel P/SMCB ON | 4-Apr | 1542 " Something is wrong
7| 15:43 DG P/S Recoverd
8|Hospitat S/SF3 " ON | 4-Apr | 1544 ~ goop
* 9|Hospital S/S Fl ON | 4-Apr | 15:44 VO-Overcurrent
10|Hospital S/S F1 COFF | 4-Apr | 1545 | GooD
" 11|Hospital S/S F2 ON | 4-Apr | 1546 GOOD
12|District S/SF2 | OoN | 4-Apr | 1550 o GOOD _
13| District S/S F3 ON | 4-Apr | 1551 GOOD
14|District S/S F1 1 oN | 4-Apr | 1551 GOOD
15]-—Inspsction o
;6 —;—Re-;ra_lacement———
17|oM-071 DGside | Earth | 4-Apr | 1650 7
18|PMT36 LV-MCB | OFF | 4-Apr | 1655 | GOOD 7
19 *;;kihsulatdt: .I%eplace at OM-07 T4k
20 6&\/[—071 DG-side Remove Earth| 4-Apr 77:35 _ )
21|PMT36 LV-MCB ON | 4Apr | 1740 |  GooD
22|Hospital S/SFI ON | 4-Aor | 1754 GOOD
MT/ Line of O'Romis Side 4-Apr . 15:61 16:20 ) Insulator broken ;OR—UTI
Pin-Insulator on OR—F? IT/—\——Phase is broken Probably by thunder shock
Hospital S/S F1 should be Earthing before repairing work.
It is desirable that Earthing tools are attached to both sides of OR-071,
PMT36 LV-MCB should be OFF before aperator approrch the MV Line.
Parts and Tools should be up and down by using tool bag, not be thrown down.
It is desirable that necessary parts for repairing is prepared enough (such as binding wire).

*EAC Standard ; 60% within 6 hours, all case within 24 hours, except MV Cable
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Annual Operation Recort

2010

Tariff 1,580Riel/kWh

4,150 Riel/US$
3,480 Riel/Litter

0.839 US$/Litter

Contingency

10%

Profit 0.8% 0.31 Litter/kWh
70%
Generation Consumption Taniff Invoice Revenue | Salary [o]] Overhead| O&M Sub-total [ Provision (Deposit for Future) Cost [kWh/Cost Profit
Date Hydro Diesel Total |Oil Spend E Loss 1 Total Contingency Hydro 0o&M Total Total Inovice)
MWh MWh MWh Litter MWh Riel/kwh| M Riels % MRiels | MRiels | MRiels | MRiels | M Riels M Riels M Riels MRiels | MRiels | M Riels | M Riels Riels M Riels %
2009] 1,078,201 210,675 1,288,876/ 65848] 1048552 19%| 1633] 1,711,984 3.00% 1661,647] 323833| 165158 314,925 116,341 920,257 100,283| 405,000/ 505,272| 1,425,530 1,360 236,118] 14%
1] 20-Jan 80,034 54,310| 134344| 17,379] 112,095| 17%] 1570 175,980 2.81% 171,037] 34,341 60,480 18,106 34,822 -25,822| 121,927 8,634 22500 31,134] 153,061 1,365 17976] 11%
2| 20-Feb 50,569 92,427 142,996| 27,728] 105456| 26%| 1569 165,416 -0.44%| 166,136| 34,459 96,494 26,319 9,077 0] 166,348 5455| 22,500| 27,955] 194,303 1,843| -28,167| -18%
3| 20-Mar 16,822| 121,319| 138,141 35183| 118276| 14%| 1568 185458 1.84% 182,047 33,811 122,435 42,453| 252,786 -210,296| 241,190 1,815 22,500) 24,315| 265,504 2,245 -83458| -47%
4[ 20-Apr 7,238| 148,293| 155531 41522] 125417 19%| 1570 196,854| 4.44% 188,106| 32,150| 144,497 21,865 68,799 -59,799| 207,511 781 22,500] 23281] 230,792 1,840] -42,686| -23%
5[ 20-May 14,153| 139,035| 153,188| 41,711] 123807 19%| 1568 194,079 1.61% 190,949 32,150 145,153 9,994| 11626 0f 198,922 1527| 22,500) 24,027] 222,949 1,801] -31,999| -17%
6] 20-Jun 10,126| 156,904| 167,030| 47,071] 136939 18%| 1569 214874 4.89% 204,371 32,616/ 163,808 13,318 1,655 0f 211,396 1,092| 22,500) 23592| 234,989 1,716] -30,618| -15%
7] 20-Jul 17,057| 135136 152,193| 40,541] 123665  19%| 1569 194,030 2.65% 188,889 27,581 141,082 17,442| 22,395 -13,395| 195,105 1840| 22,500) 24,340| 219,445 1,775| -30,556| -16%
8| 20-Aug 71,277 81,332| 152,609| 25213] 132,277| 13%| 1569 207,543] 2.65% 202,043] 32,118 87,741 13,332 6,222 139,413 7,689 22500, 30,189] 169,602 1,282 32441  16%
9] 20-Sep 132,957 22,394| 155,351 7480] 125834| 19%| 1580 198,818 2.65%| 193,550| 27,739 26,029 23,639 5,735 0 83,143 14343| 22,500 36,843] 119,986 954 73563  38%
10| 20-Oct| 140,000 10,000/ 150,000 3,100} 121,500/ 19%| 1580 191,970 2.65%| 186,883| 40,000 10,788 28,000 9,000 4,779 92,567 15103| 22,500/ 37,603] 130,170 1,071 56,713|  30%
11] 20-Nov| 120,000 30,000/ 150,000 9,300 121500, 19%] 1580 191,970] 2.65% 186,883] 30,000 32,364 21,000 9,000 6,236 98,600 12,946| 22,500| 35446| 134,046 1,103 52,837| 28%
12| 20-Dec 100,000 50,000] 150,000/ 15500 121500/ 19%| 1580 191970 2.65%| 186,883| 30,000 53,940 21,000 9,000 8394| 122334 10.788| 22500/ 33288 155622 1281 31261 17%
''Y2010 760,233| 1,041,150/ 1,801,383 311,727] 1,468,266/  18% 2,308,961 2,247,775 386,965 1,084,809 256,467| 440,116 -289,903| 1,878,455 82,014| 270,000/ 352,014] 2,230,469 1,519 17,306/ 0.8%
Ajustment -73,194 -236,118
Y2009+'10 3,909,422 2,798,712 109,103| 675,000/ 857,286 3,655,999 2,879 17,306
. 1,132,660 2.65% 1,102,645
Generation
. Unit Cost per kWh
180,000 Monthly Expendltu re (Except Pelvenouse I‘n])ests and Profit)
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2-1 Case 2012 Assumed Tariff Rate after connection with Viet Nam (Simplified and Approximate calculation)

. Input data
ltem Unit Basic Model : Isolated net work using D/G Future Condition : Connected with Vietnam
Energy Demand Level : Year 2009 Energy Demand Level : 2,000MWh
.0&M Cost Depreciation of construction is not included)
Total (Annual)
a Ration supply energy 100% 100%
b Energy sold MWh/year 1,200]year 2009 level 2,000 Assumed maximum peak demand is 1000kW
¢ Salary and overhead cost US$/year 175,000|nearly actual record 220,000 plus additional T/D cost
d Fuel Cost for D/G US$/year 96,000|(p*m) coefficient 0.35 kWh/litter 32,000 emergency use only
d' Provision for Overhaul of Grant facility US$/year 120,000]Instead of depreciation cost of Grant facility 120,000 Instead of depreciation cost of Grant facility
e Import energy cost US$/year N.A 76,456 (x*s): from Vietnam to Mondul kiri
f Sub-total US$/year 391,000{(c+d+e) excluding depreciation cost 448,456 (c+d+e) excluding depreciation cost
Hydropower
h Ration supply energy % 75%|Conservative side 60%
: b*h) About 60% of Energy is no used caused b Base supply operation: surplus energy become to be used.
i Energy by hydropower MWh/year 900 faner)qv demand pattern, Sgglrplus enerqy Y 1,200 Potentia’I)F:eﬁerzv may be at?out 2,00gyMWh/ year
j Salary and overhead US$/year 131,250 (c*h) Cost allocation in line with amount of each 132,000 (c*h) Cost allocation in line with amount of each energy
energy source source
k Generation Cost of Hydropower US$/kWh 0.15](i/1) 0.11 (/1)
D/G
| Ration supply energy % 25%|(a-h) 5% Use to be stable HZ and Voltage at Peak time
m Energy by D/G MWh/year 300{(b-i) Auxiliary power source 100 (b*l) Auxiliary power source
n Salary and overhead US$/year 43.750 g:aq\c/:c;tuﬁl:lgcatlon in line with amount of each 11,000 g%’zzcgost allocation in line with amount of each energy
0 Generation Cost excluding Fuel cost US$/year 0.15[(n/m) nearly same value of hydropower 0.11 (n/m) nearly same value of hydropower
p Fuel Cost US$/kwWh 0.32|1US$ per litter 0.32 1USS$ per litter
g Generation Cost of D/G US$/kWh 0.47](o+p) 0.43 (o+p)
Import Energy from Viet Num
r Ration supply energy N.A. 35%
s Energy imported from Viet Num MWh/year N.A. 805 (b-i) Auxiliary power source
1 Salary and overhead US$/year NA. 88,000 Ll:..l..],,,\:UbL AnuCauuIT it e WIitiT aiffourit Ui €aclt erergy
u O&M cost for T/D US$/kWh N.A. 0.11 (t/s) O&M cost for additional T/D
Construction Cost of T/D Uss$ 650,000.00
Annual Depreciation Cost US$/year 32,500.00| 20 Year
Depreciation Cost per kWh US$/kwh 0.006
v _Electric price at the border US$/kWh 0.069|FOB price from Vietnam in 2008 base 0.069 FOB price from Vietnam in 2008 base
v2 Import tax and VAT 0.012]7% of import, 10% of VAT 0.012 7% of import, 10% of VAT
w Transmission loss % N.A. 15% Loss ratio: shall be analyzed in detail
x Electric Cost including T/D loss US$/kwh N.A. 0.095 (v2*1/(1-w))
y Energy Cost of imported at demand point US$/KWh N.A. 0.21 (u+x)
Combined Energy Generation Unit Cost
g Energy Generation Cost US$/kWh 0.33](f/b): including Provision(d") 0.22 (f/b): including Provision(d’)
. Revenue
|z Income ( considering commercial loss and US$/kwWh 0.37 |3% revenue loss and 10% of profit 0.25 3% revenue loss and 10% of profit
including provision and profit) Riel/kWh 1,510 1,039

Remind !

1. Unit Cost of Eneray is not Constant. It's depend on amount of energy sold.
2. This sheet shows that unit cost of hydropower will decrees after connection with Vietnam
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2-2 Case 2014 Assumed Tariff Rate after connection with Viet Nam (Simplified and Approximate calculation)

Item

Unit

Basic Model : Isolated net work using D/G

Energy Demand Level : Year 2009

Future Condition : Connected with Vietnam
Energy Demand Level : 3,000MWh

.0O&M Cost Depreciation of construction is not included)

Total (Annual)

a Ration supply energy 100% 100%
b Energy sold MWh/year 1,200]year 2009 level 3,000 Assumed maximum peak demand is 1000kW
¢ Salary and overhead cost US$/year 175,000|nearly actual record 220,000 plus additional T/D cost
d Fuel Cost for D/G US$/year 96,000](p*m) coefficient 0.35 kWh/litter 48,000 emergency use only
d' Provision for Overhaul of Grant facility US$/year 120,000]Instead of depreciation cost of Grant facility 120,000 |Instead of depreciation cost of Grant facility
e Import energy cost US$/year N.A 147451 (x*s): from Vietnam to Mondul kiri
f Sub-total US$/year 391,000|(c+d+e) excluding depreciation cost 535,451 (c+d+e) excluding depreciation cost
Hydropower
h Ration supply energy % 75%|Conservative side 50%
. b*h) About 60% of Energy is no used caused Base supply operation: surplus energy become to be used.
i Energy by hydropower MWh/year 900 E)v e%erqv demand patterr?,y Surplus energy 1,500 Potentiall)%%/ergv may be at?out 2,00gyMWh/ year
j Salary and overhead US$/year 131,250 (c*h) Cost allocation in line with amount of 110,000 (c*h) Cost allocation in line with amount of each energy
each energy source source
k Generation Cost of Hydropower US$/kWh 0.15((j/i) 0.07 (j/1)
D/G
| Ration supply energy % 25%|(a-h) 5% Use to be stable HZ and Voltage at Peak time
m Energy by D/G MWh/year 300](b-i) Auxiliary power source 150 (b*1) Auxiliary power source
n Salary and overhead US$/year 43,750 (c*l) Cost allocation in line with amount of 11,000 (c*l) Cost allocation in line with amount of each energy
each energy source source
0 Generation Cost excluding Fuel cost US$/year 0.15f(n/m) nearly same value of hydropower 0.07 (n/m) nearly same value of hydropower
p Fuel Cost US$/kWh 0.32)1USS$ per litter 0.32 1US$ per litter
g Generation Cost of D/G US$/kWh 0.47](0+p) 0.39 (0+p)
Import Energy from Viet Num
r Ration supply energy N.A. 45%
s Energy imported from Viet Num MWh/year N.A. 1,553 (b-i) Auxiliary power source
t Salary and OVerhead US$/year NA 110,000 Ll:l'llvl":,UbL dlnucatult It mre WidT airmourit UT €dulr ETictygy
u O&M cost for T/D US$/kWh N.A. 0.07 (t/s) O&M cost for additional T/D
Construction Cost of T/D Us$ 650,000.00
Annual Depreciation Cost US$/year 32,500.00 20 Year
Depreciation Cost per kWh US$/kwh 0.005
v Electric price at the border US$/kwh 0.069|FOB price from Vietnam in 2008 base 0.069 FOB price from Vietnam in 2008 base
v2 Import tax and VAT 0.012]7% of import, 10% of VAT 0.012 7% of import, 10% of VAT
w Transmission loss % N.A. 15% Loss ratio: shall be analyzed in detail
X Electric Cost including T/D loss US$/kwh N.A. 0.095 (v2*1/(1-w))
y Energy Cost of imported at demand point US$/kwh N.A. 0.17 (u+x)
Combined Energy Generation Unit Cost
g Energy Generation Cost US$/kWh 0.33](f/b): including Provision(d") 0.18 |(f/b): including Provision(d")
. Revenue
|z Income ( considering commercial loss and US$/kWh 0.37 |3% revenue loss and 10% of profit 0.20 [3% revenue loss and 10% of profit
including provision and profit) Riel/kWh 1,510 827
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2-3 Case 2016 Assumed Tariff Rate after connection with Viet Nam (Simplified and Approximate calculation)

Item

Unit

Basic Model : Isolated net work using D/G
Energy Demand Level : Year 2009

Future Condition : Connected with Vietnam
Energy Demand Level : 5,000MWh

.0&M Cost Depreciation of construction is not included)

Total (Annual)

a Ration supply energy 100% 100%
b Energy sold MWh/year 1,200]year 2009 level 5,000 Assumed maximum peak demand is 1000kW
¢ Salary and overhead cost US$/year 175,000 nearly actual record 220,000 plus additional T/D cost
d Fuel Cost for D/G US$/year 96,000](p*m) coefficient 0.35 kWh/litter 80,000 emergency use only
d' Provision for Overhaul of Grant facility US$/year 120,000|Instead of depreciation cost of Grant facility 120,000 |Instead of depreciation cost of Grant facility
e Import energy cost US$/year N.A 354,975 (x*s): from Vietnam to Mondul kiri
f Sub-total US$/year 391,000f(ctd+e) excluding depreciation cost 774,975 (c+d+e) excluding depreciation cost
Hydropower
h Ration supply energy % 75%|Conservative side 30%
: b*h) About 60% of Energy is no used caused b Base supply operation: surplus energy become to be used.
i Energy by hydropower MWh/year 900 (ener)qv demand pattern, SgL}/rplus eneray y 1,500 PotentiaFI’Fo’s?w/erZV may be agout 2,0ogyMWh/ year
: c*h) Cost allocation in line with amount of each c*h) Cost allocation in line with amount of each ener
j Salary and overhead US$/year 131,250 (enerznv source 66,000 gour)ce Y
k Generation Cost of Hydropower US$/kWh 0.15](i/i) 0.04 (/1)
D/G
| Ration supply energy % 25%|(a-h) 5% Use to be stable HZ and Voltage at Peak time
m Energy by D/G MWh/year 300|(b-i) Auxiliary power source 250 (b*I) Auxiliary power source
c*]) Cost allocation in line with amount of each c*|) Cost allocation in line with amount of each ener
n Salary and overhead US$/year 43,750 (eneaqv source 11,000 gouace 9y
0 Generation Cost excluding Fuel cost US$/year 0.15|(n/m) nearly same value of hydropower 0.04 (n/m) nearly same value of hydropower
p Fuel Cost US$/kwh 0.32|1US$ per litter 032 1USS$ per litter
g Generation Cost of D/G US$/kWh 0.47|(o+p) 0.36 (o+p)
Import Energy from Viet Num
r Ration supply energy N.A. 65%
s Energy imported from Viet Num MWh/year N.A. 3,738 (b-i) Auxiliary power source
t Salary and overhead US$/yeaI’ NA 154,000 ‘\‘(:\'I'.Iw}n:,UbL anuouauult 11 e Wil arfiourit Ut €dulit Eneryy
u O&M cost for T/D US$/kwh N.A. 0.04 (t/s) O&M cost for additional T/D
Construction Cost of T/D Uss 650,000.00
Annual Depreciation Cost US$/year 32,500.00] 20 Year
Depreciation Cost per kWh US$/kWh 0.004
v Electric price at the border US$/kWh 0.069|FOB price from Vietnam in 2008 base 0.069 FOB price from Vietnam in 2008 base
v2 Import tax and VAT 0.012|7% of import, 10% of VAT 0.012 7% of import, 10% of VAT
w Transmission loss % N.A. 15% Loss ratio: shall be analyzed in detail
x Electric Cost including T/D loss US$/kWh N.A. 0.095 (v2*1/(1-w))
y Energy Cost of imported at demand point US$/kWh N.A. 0.14 (u+x)
Combined Energy Generation Unit Cost
g Energy Generation Cost US$/kWh 0.33|(f/b): including Provision(d'") 0.15 (f/b): including Provision(d")
. Revenue
|z Income ( considering commercial loss and US$/kWh 0.37 |3% revenue loss and 10% of profit 0.18 3% revenue loss and 10% of profit
including provision and profit) Riel/kWh 1510 718

Remind !

1. Unit Cost of Energy is not Constant. It's depend on amount of energy sold.
2. This sheet shows that unit cost of hydropower will decrees after connection with Vietnam
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5-2 Activities to be taken by the completion of this project

(1) Further up-grading of know-how, technologies and skills

EUMP
1) 12
EUMP 11
(sV) JICA

(1) JICASV

(2) JICA

(3) EUMP 15 JICA

(4) 9 00 12 00
2) 2011 2

EUMP

Appendix 4-10

(2) Grid connection
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(3) Dissemination of the Project
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FA4E REEREMN
41 F2FERODEHEHR

411 #¥E

5 2 FEIRER (R EEMEIN) X, 200044 H (BA%R) 725 20011 4F 3 H £ TOMIZ 5 EIZH7
DRBHEAFEIAE (7 KA —) ZRERFREL, PV ¥ — =K (CP)THHEL KALFY
# /14834t (Electricity of Mondulkiri, EDC : EUMP) BB (2, iEH5 - REFEM IR D D HEB L 2 52
fii L, 2008 4 11 H OIEBALLK 2011 4 3 H BUE £ Cilifpe L2 L EBNG 2 E T 7o, £/,
A2 B3N L7 @ (B8 3, 48 12X, KDBEHME LT  —BAREBEHMEZIRE L.
BLHU B ~ D3 fif nids & Bl OJT 290 L7z, AEHICLY, AV Z—_—FThH% EUMP
BB o L~midm E L, B 1ERTOEIC— R 7 —HEiliBin, F2REETDY 7 b
U =T —HARNBERS R b O LT S,

% 2 RO FEG R 72 b ONTIEB O FEM A2 LL TSR T,

41.2 PDMEEIEERIKE

(1) HEMEA TR T LY - REIOFE A ERT 5,
B L UCEBICBWCIA L, HIRBER U7 a iR, AR =R, Tk B O HF L ~L %
F . 2010 /£ 5 HIZHERMIZET 2 REMGEZ RE LT XL A, 2010 F6 A6 D
EDC (B o ARTTEIAM) ~OMEEBE I, 4% EDC IZ X 2R T HIEIEO RE LAE
MEhDZ &bl YEIL. BAERESN TV DREICN > TEBSN D Z & L L AICA
7rYx/ hF— AL EDC OFEAZZE LT, 2011 4 2 HBAfEDE 5 [7] ICC &k THEH
(2011 FELIRE) O RE LREE L, ERENT,

HITAEJE O FHEIIRE > CEH AR B E SN Em SN T\ D Z L MEETE 7225, EDC &
BHROTEOMEERREIVIRY . EMSMOFEITIISH OB EERTHIVLERS S,

EUMP O JJER 132 6% 2 000 L, EIREENEM T 20T, S%IZZ 0T EWE
L 2SR B O FE AT A - RN K 2 SEER(E L ORI X 2 R E O AESE e & A2
R U728 IH PR A2V 1A%, EUMP/EDC OB EREA M L3l 2 RETLZ L 72D,
FrlZ, A7 mv=7 MRSETT 5 2011 4 3 H LAK:IZ EUMP/EDC H & 75 F1 5= HIFHE O FRFE - 2
ATaATo TV MEDRHDH Z &6, EDC EfFROLFIEZHNDLVNENRHY | ZDTIODER
72 s, s R AR CTh D,

() EHEHHOANL—2arBIOASTF U RAIHT O~ =T Ve, LEREEZIT,

PFEND 7 A —LGEICEIER T 5,

%5 3[AJCC (2010 4F-2 H 23 H) 1BV T TR INZ O&M ~ == 7V (7 A —/LEEBR) 1X,
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K15 BT O ERGERR T E RS O BRI EIZ L 0 EERH D O RPEEZ T T, T
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Dependable Output (kW)

Water Generator Warerway level (No.4) — Generation Curve
Level Output 200
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EEWTEM L, ERTA X RATHELIREETLERMLIZLOTHY  #VIRLIHET S
ETCTHINOEERZMANEN S D, £-, V7 b TOHEKN 7 EUMP ~OHE BRI, A
R 72 EEFIH L CTEKBTOPHEDIZNIT, HLETA X AL HHMEICE R Z BV CEM LT,
BRlZ, 82 REH TIX FRLd 4) TH Sequence Diagram & 6)IEE S H D5 & £l L OWBRIZ
K oRe Ml &2 % L7, 201046 A, 9 HI LUV 2011 2 2 AICA CRMliZ FEi L, 6 AIZSLT
T va T T AHKSEZDOEINOERT L L L om BT DT,

TRLO 6 HA L, 1IRFEH LD 3H) - 2R¥EH GHNH6H) 2@LETOT L) —
DEETH 5,
1) O&M Management

F2 RF U REITORMEEEE & OEIRRTF I T 2 AR E 2,

2) Technical Issue

T R U IRAFEEITOBRFHIE T % Hfr 15,

3) Technical Trouble Shooting
F 2 RV U KIZEERTIZ BT 5 FlHoa e 51k

4) Sequence Diagram
F2 RV U SEEHTO R E OFiA ST & s HIE - SRR 0 07k

5) Small Hydropower Engineering (Plan, Design and Construction)
AKFFEBEAN Grmi, B3, &)
ANKTIFEBRTOFE, BEF BB D Bl < —Bif#(2010 4 11 H BAfE)

6) Theory of Electrical Enginering
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]
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H>

et e

DHU

JCAT=TRIT T A TEBLIQRICA Fulzl NF—AZ XA/ I T —B#

ALy ZIFBEERL AHEB LA TR BINEEIC A E L ol a® < 2 L
TERWIEFIZLY, BRELHR LN 082D D Z ENHELY, AR b5IEH I
1EiflkE L7z OJT oALABHE - BISRE D FEENRAIRTH 5,

42 RERIFEOBE LIEEREE

421 REFREOWE
2011 4 3 AHIfE, B R UV EIAENMEAET 2 HARERHI T TH 5,

(1) KIJFEERT
a) AT LK NFE  HAIVAZKKE IR E I, 0HH ) 185kwW
b) A1 I AKIIFEEHT + WAVAB KBS E 7, 32w /) 185kW

(2) T4 —BNLREH
T4 —BIEERT B (CEHIh) BBET ¢ — B LI ER, 7 7) 300kw

(3) EHLEBHIE
FE LT B INIAS TR BT O 400V/I22KkV FJEZEESRH 5 22kV EERR 2 £ H L T 22kV/400V 1K
JEAEEZHT X 5 400V/230V 4 U L W ERICEE I ND,

22kV EFERE - 28km. 400V/230V B E#E:33km,

422 +wUF/OLEAAHDERERE

2008 4F 10 H 21 HIEGERAA S 2010 4F 12 H 20 HHIE (55 2 fERESFHHAESE) £ CoOEEERG
X T Th D,

(1) #IEEES18(2010 4F 12 1 20 HERALE)

a) KIJFEEI 2,049,423kWh
by 7 4 —E/FEEH :  1,198,287kWh
¢) ARPFEEEE 3,247,710kWh

(2) FEFEFEHREH (2010 45 12 A 20 H BifE)
a) AELVIKDIEBEF 0 13,421 ¢RI
b) A wm I AKFFEEFT © 15,203 IKFfH]
c) 7 4 —BILIEH 6,999 FEfH
() kY E/ mAfOHEEILFRE
a) 2008 410 A 21 AEIHAABALGIF  0%=465/1,560=29.8%
b) 2009 4 10 H 21 H&E Lfk#s 1 1% 29.8%=1,180/1,1645 = 72%
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(4)

c) 2010 410 H 21 HEBEDOEIHEEEE.  72%=1,275/1,710 = 75%
d) 2010 4 12 A 20 HBI{EDE GRS 77.5%=1,304/1,710 = 77.6%

RS L OB HE R
a) 2008 4 10 H 21 A& HAGPRAARF O 52 757 5 465 )7 H i KT 60KW,
H i 7 /) & 773kWh

b) 1 4% 2009 4 10 H 21 H3EF 41,165 7. H A K#ET) 290kW,
H {175 /) & 3,825kWh

c) 2010 410 H 21 A& P4 1,275 7. HHKE ) 380kW,
H { FHl #8 /) & 5,232 k Wh
2010 47 12 A 20 A= 7E%% 1,304 7,
H fc KE /) 425kW (i £ i KB 490kW 2010/11/21)
H {8 F 75 /) & 5,664 k Wh (i i KA 6,576kWh 2010/11/21)

Daily Energy Consumption at Generation end
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(5)

2010/6/19

2010/5/21

2009/11/21

2010/8/21

2008/11/21

2009/5/21

ISARIEER RS

1) FEATERBFE R (1 4R : 2008 4 12 A 55 2009 4 11 )

2)

3)

FE VLV AKAFEEH 0 7,170 FEfE/ 8,760 R =81.9%

dv I AKSFEEF 0 8,313 HEfH]/ 8,760 HEfE]  =94.9%

F 4 — PR ET : 1,723 K7/ 8,760 BEfE  =19.7%
BRI 3(2010 45 1L AD 12 H)

A VUK IIFEEHT ¢ 4,966 KEfH]/ 8,760 KEf]  =57%

A v I AKNFEEHT . 5,537 FEfE/ 8,760 FEfE = 63%

F 4 — P NLIREFT : 5,213 HFf)/ 8,760 FFRE] = 60%

R

2008 4F 12 H 21 A 75 2009 4F 12 H 20 H £ T

MR EE Sl "RESEE 1x 365 H x 24 W§[i]=1,287,630/670*365*24 = 21.9 %
(k1= 1,061,948/370*365*24 = 32.7 %, DG= 210,863/300*365*24 = 8.0%)

2009 £ 12 H 21 H725 2010412 H 20 HE£ T

R EE IR HEFREE 1% 365 0 x 24 KE[H= 1,754,440/670*365%24 = 29.9%
(kK J1= 837,888/370*365*24=25.9%, DG=983,657/300*%365*24 = 37.4%)

H A fif
a) 2008 4F 10 H 21 HEILAGBALAKRE A 48%
b) 2009 4 12 H 20 HEIMAS 1 4F1% : 58%

c) 2010 4E 12 A 20 HBIfEE LS 2 414 1 56%

(6)HLfA i =2 (HEFGRE ) KWIFFEE (Fek 3 H 8 77) kW)

a) WiZ= : = (670-312)/312 = 114% (2009 4F 10 A 25 HHILE)
b) #.Z= : = (360-352)/352 = 2.2% (2010 4F 2 J 28 HHI/E)
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¢) fiZ : =(600-373)/373 = 60% (2010 4F 8 / 20 H BifE)
d) #7Z : = (360-425)/425 = -15% (2010 4F 12 J§ 20 HEHALE)

(7) FhE
BRI BRI T ) | EAR, A LA L

2010 4£ 1 A 7 A BILE:

FHORE =N LR (SR L+ SRR 1) [ SRR + A S R
=R S IR 72h + E B AR IR 4h /8,313 + 76 = 0.9 %

2009 4F 12 H 21 H72>5 2010 4 12 A 20 H

FHCR FMFUS L 12.30h + EHLARRE L 2h [ 24*365 + 4R[S I
=14.3+2/8,760+14.3=0.16 %

8) ‘FRIE S
2010 45 1 A 7 HHUE:

FEMEIMIAER = 1- CEREERRE 76h/ A= MF| FHRER 8,313h) = 99.1 %
2010 4 12 A 20 HBITE:

EME IR =1- (FFMEERH] 14.3h/ 4[| K] 8,760) = 99.8 %
el M2 E(Z A—VIEA, Fr A =—XEANE EH S ARHIRS Y .

(9) ARIFEEEKWH)

m DG
Energy Production per month for 2010 @ Hydro
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e B s Bl EES R e s EEEEEEERE
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Energy Production per Month in 2008-2009, EUMP

140,000

120,000 |

100,000

Start/Oct

804 21-2008 to
20-Nov08
60,000 -

Production (kWh)

40,000

20,000

2008/11 12 2009/1 2 3 4 5 6 7 8 9 10 11 12

2010 42 L 2009 E DK & T 4 — BN FEEOFEE R 2 ik 5 & 2010 43K 1 FEE DK 13
Thod, ZhiE, 2010 FEQREREKTH Y | AINRAERED L2729 TH 2,

L7ei> T, KFIZEBPT O A jl5E 3 B I3 RE 2 LT,

(10) EUMP &E /120G e A% (TFHR)

At the first month of commercial operation, the Energy losses is approximatly 32 % high. But the losses is
decreasing gradually in the following months, even if energy consumption is being increased.

Total Losses in Power System

T %=

g gg 2672 78 2557

8 20 238\ 2235 . -

& 15 1%9 19.257~ \’/1§.9\Y1£,\02 14.05 Y588 wq,{_s?\m-%

- 10 136 1433 13757 955 o7g
5 TS—"971
° NS P ‘ ‘

$ # P A
m@ék“' ’19@{5‘\' @0&& 00?( W@"?( (]/Qg( ,19@4& @0&3‘ @gé& 'T/@O?( W@f @éy\ (&Qé&w w@o?(» (9\9@ ’9@& @@r& (&g ,Le\é& S \9@ $ \9@ r@@,& p é&
Months

423 TEHRBREEHREBE

Ao Tvar s LR—FTHRR Lh,m#ﬁpﬁr \ZHSE | 6 AEICERT 2 EW 0 s
FEL L, TOENCHESR OCXha—) Bk (A 20) Z2EFOICERTHZ L2k,
HEERLRST B O 1E %&&{h’ﬂlu%@ﬁi%loto

FrZ, B LERICBOWTIN— FHORRICEAZES . SiiBimeM -7z, & 2 FRIZEWN
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Tlx., V7 NAOFEMBEED - O I HIE B4R O S HIEERE ORIE B L ONFE RN O 7= O
=i ADE G FE i LT,

(1) TSR
52 FFERFERFTENAE - T, 2] CEEARB XL 588) O SR % 5 L,
2 EOTEH SRS R, KEREE - HIEBER & QRBEN - T2, SRS ORI
EHERmEE GE3RBIOE4E) 23O &,
2ERIL. 5 3RS A 2010 4F 6 H 2, FoARGHMERE & 72 D5 4 [BlLA % 2010 4E 11 A2
Tl LTz, 72B. T 4 —BIDEBIZOWTUIARFED B G B KIZHLT 572012, KIFEEN
ERS S (185kW) £ THEAMZED 8 HIIER] U T3 LE N HHE A e 2 fE7E L 7=,
RSB — D OHMEER (1 4) Z2FZNChIkE L, BRSO T X 5 /KE A
K. FEEH SR B R B I OY S — o — ROEFE/R Y Y 7 Nl O AR I L.
HINBEEN R LT 5, 7 4 — B REMKERICOWTIL, 8,000 R4 — N\—kR— L1k
EAEm LT,
EHSROEEEFII TR TH D,
1. PEEHAKR (G 3 BLAK)

Inspection of Hydropower station on

(1) Pre meeting for inspection : 2009/05/30
(2) Periodic inspection for O’Moleng P.S : 2009/05/31 to 2009/06/04
(3) Periodic inspection for O’Romis P.S : 2009/06/04 to 2009/06/05
(4) Post meeting for inspection : 2009/06/06

Inspection of Diesel power station

(1) Pre meeting for inspection : 2009/06/09
(2) Periodic inspection for Diesel P.S : 2009/06/10 to 2009/06/12
(3) Post meeting for inspection : 2009/06/13

2. 1EE#HSHR (G 4 EEKR)

Inspection of Hydropower station

(1) Pre meeting for inspection : 2010/6/2
(2) Periodic inspection for O’Romis P.S : 2010/6/2 to 2010/6/3
(3) Periodic inspection for O’Moleng P.S : 2010/6/4 to 2010/6/5
(4) OJT for hydropower equipment : 2010/6/5 to 2010/6/7
(5) Post meeting for inspection : 2010/6/7
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Inspection of Diesel power station

(1) Pre meeting for inspection : 2010/8/3
(2) Periodic inspection for Diesel P.S : 2010/8/4 to 2010/8/7
(3) OJT for diesel equipment : 2010/8/8 to 2010/8/9
(3) Post meeting for inspection : 2010/8/9
7K B R PR R AR 7 4 —BNSHR R
B K OHERD

(2) H SR
AHEER OShe—L), BAH (A 2E) 3SR - BRI £ X EHRIC Eli
L. BB G2 -7,

(3) fHlEHE
2 FERIZBWTII R & B X 72 0o 72,

2 &M U TARAREFTORE RAEIL. 1 ERICEELE 1 OB T, AE L RREF
HWHOFIEZ OB ThHoT-, ZOEIZ. 2> N7 & —I2 Xk AHiEEIE & LT 2009 4 4
(I TS LTV D

F 4 — B LR %Lfmk%ﬁﬁ%mﬁ#oko2%&@%%@ﬁ%m\E@%§%
DRBIEIC & 5 EBEN & B RO 2RI O 2 TEA B IEA Z 2 ZHEE 72 LTV
f(il/\o

(4) FHHRE
1 AR & [RER 7R IEES - PRSFIRTIC B OB T3 L CIIBIHBEIL B 2355 s 7523, &
IR « B R O E R FHIZXKT L TiX EUMP O2fk B O THbit L, e/ OEEREH CTOEIR
2556, R Z DEIAG DEEMIC 0I5 2 D KHI 23 L T & 7= L i 5,

KIVREEFT O LM OKE - BEH) 1T 2 RERFHIT o7, Fo, T4 —EBARE
FTIZB L CHBMARMHE Th 0 RIFHOEEFHEIZITE > TV, FHilgGesk, BEHEiskixs
~C[Event Records]iZ THRE STV 5, (Appendix 4-5)
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1) % 6 IRILHIFHA R

20104 5 H 27 Hin b
2) BT RBIHERAS 10 20104 7 H 31 H D

6 H25H (30 HF#)
8 H14 H (15 HRE)

3) B 7 RBLHFHAL 2 0] 20104+ 9 H 25 H/»5 10 H 14 H (20 HFE)

4) %5 8 I HFH A
5) # 9 kI

4.4 FE2REHKEOHE
BAHBRED 5 B 2 WCEEBEREE NI OWT, WEICFOERRN L TEE RS,

¥, EBNEOHM & R EHIIHE T 5B A RS F 6 W), H7XR1IEH, 2[HE,

SEBLIKHE) 25Oz b,

20104£ 10 A 31 A5 11 H 29 H (30 H )

20114 2H 9HM™S 3H 2H (22 HRE)

B R AR EBENE EBERNE S i DR
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it
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it

4) 5B 3 [ EH AR O - 5
fit6 : 2010 45 6 A T7E
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45 556 XIFM{EE (2010%F 5 A~6 A)
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BIMSE B I - PRk 22 4 5 H 27 A OR) ~Fpic 22426 1 25 H (&) #H30 H

6 RBIMIFHA L, E2KEBDA BT gy - LER— FOFP & ERBFEIC OV TR -
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1. B S
55 6 RELHIR A (2 72 0 BURO AT & B EBRIRBUER D 72912, EUMP T 2 2 » 7 %
FOEMEE L OB S it L 7 —F OINEL i L7,

#5101\ : 2010466 4 2 H OK)
52108 : 2010 42 6 H 17 H (OK)
(HE&)
EUMP il : Mr. Chin Sokhun (Director of EUMP)
Mr. Thai Kihn (Deputy Director of Technical Diision)
Mr. Pen Pidu (Section Chief of Technical Division, O’Romis)
Mr. Yeb Thav (Section Chief of Technical Division, Diesel)
Mr. Yang Soyen (Section Chief of Technical Division, O’Moleng )
JCA Fuy= MF—2oM) : SFEAERE (83 )
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(4) % 3 MEIEM AR OG- SEhi : 2010 426 A TiE

(5) CPHCIHMlOEM E T 7 v a7 T OIERK
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