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1. Introduction

This book is a portfolio of good practice in oversea countries (except Japan) collected for Annex XV.

Good practice collection was conducted using a survey questionnaire in connection with the investigation for
asset management discussed in Chapter 3. In addition, we also found the possible cases for this Annex from the
cases collected for Annex-XI which are closely related to the maintenance of hydropower plants and other cases
featured in academic journals and conferences for hydropower engineering.

The basic concept for the model format is based on the process of decision making presented in the discussions
with the participant states upon preparation of Statement of Objective for Annex-XV.

Decision Making

Present Situation

. Overhaul & Repair
Prioritization

Condition Renewal & Expansion

Refurbishment
Performance —t > Decision
Redevelopment

Risk Abolition

Strategy Sfar

Fig. 4.2.2-1: Image of Decision Making Process

It is not appropriate to rigidly formulate the introductory descriptions of possible good practices as their
features are diverse, but it is still desired from the standpoint of readers to unify the format to the extent
possible for easily understanding those cases and comparing them with other cases.
For this reason, based on Fig. 1, we decided to unify the survey format as much as possible for collecting the
information in a systematic and accurate manner as mentioned below:
Plant Information (name, specifications, commissioning year and month, owner, and etc.)
Type of decision making (choices from Table 1)
Time of decision-making
Target structure(s) (choices from Table 2)
Driver (choices from Table-3)
Phenomena caused by driver
Type of Risk Management (choices from Table 4.1-2)
<> Risks for plant operation
<> Specific risk management
» (1) Current Status (Before decision making)

<~ 1) General Status

<~ 2) Operation Status

< 3)Risk

v' Potential risk in case of no decision making
v' Potential risk when implementing decision making

> (2) Priorities
»  (3) Strategy

<~ Against potential risk in case of no decision making

<~ Against potential risk when implementing decision making
»  (4) How decision-making was implemented and technologies adopted?

<> Reference documents / sources
Regarding to the relation between above items and Fig. 1 is as shown in Fig. 2.
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Present Situation Decision Making

Plant Information Type of decision making

Condition — .
Prioritization Time of decision-making
Target structure(s)
Priorities —— Overhaul & Repair
Driver
Phenomena How decision-making was implemented | Renewal & Expansion
caused by driver and technologies adopted?
> Decision —— Refurbishment
Performance—
T —— Redevelopment
Current Status Strategy
(Before decision making) Abolition
v General Status Strategy
v =
OperationStans v’ Against potential risk in case of no decision making L—— Other
Risk v' Against potential risk when implementing decision making
i -
Potential risk Type of Risk Management
v in case of no decision making ¥ Risks for plant operation

v when implementing decision making ¥ Specific risk management

Fig. 2: Position of the table items in the process of Decision-Making

Table-1: Maintenance Works and Decision-Making for Hydro Facilities

Decision making Descriptions
matters .

Overhaul & Repair Repair as an urgent measure of main plant structures / facilities or peripheral electric
(O&R) facilities
Renewal & Expansion  Planned renewal and expansion of main plant structures / facilities or peripheral electric
(R&E) facilities (for power generation)

Refurbishment required by surrounding social / natural environments of main plant
structures / facilities or peripheral electric facilities (except for power generation)
Development of plant with major construction work due to development of other
projects or disasters

Refurbishment
Redevelopment

Abolition Abolition of plant

Change in operation / management methods, construction work of other than main

plant structures / facilities or peripheral electric facilities

Main plant structures: dam, intake, headrace, tank, penstock, powerhouse building, machine unit foundation,
tailrace, outlet

Main plant facilities: electric facilities (turbine, generation, etc.), mechanical facilities (indoor crane, gate, screen,
piping, etc.)

Peripheral facilities: facilities not directly related to power generation

Other



Table-2: Target Structures of Decision Making

“

Dam Dam body. Includes weir
Spillway Concrete structure including gate and other metal components
Reservoir
Water Passage Intake, headrace, tank, penstock, tailrance, spillway and their peripheral facilities
Powerhouse building Structures above assembled units level in power plant
Turbine generator Turbine generator and its peripheral equipment. Plant foundation concrete work is for

renewal is included herein.

Peripheral electric Electric facilities other than turbine generator and its peripheral equipment
facilities
Other Facilities other than the above

Table -3: Drivers for Decision Making
| pes | pempios |
Aging Corresponds to what is being affected by aging of power generation facitlities

External factors Corresondes to Public works, third party damage prevention, turbid water
countermeasure, design standard changes, compliance

Asset optimization & Corresponds to gateless modification of spillPassage, installation of dust remover in intake,
review of operation Upgrading pump turbine generator in pumped storage plant from fixed to variable speed
type, expansion of powerhouse building in connection with the foregoing, etc

Disaster Corresponds to damage by earthquake or flood

Poor maintenance Corresponds to insufficient maintenance, management

Table -4: Risk Management

Avoidance Not engaging in actions related to risks, or withdrawing from risky situations
Reduction Reducing probability or impact scale of risks, or both of them

Transfer Insurance policies, etc.

Tolerance Positive tolerance (reserve funds, provision funds, savings, etc.), negative tolerance

(not taking any measures upon recognition, disapproval, etc.)



Vi.

vii.

As noted, this appendix is a portfolio of case studies of powerplants which have demonstrated good practice
in Maintenance Works and Decision-Making for Hydro Facilities.

The reader of this Appendix will seek examples of good practice that align with the challenges faced for their
own hydro facilities. The process to identify such examples is as follows:

What is the structure where you find some phenomena which can invite some problem for sound
operation of your plant.

Find Decision-Making Process Flowchart group whose targeted structure corresponds to the structure
you consider.

Among the targeted structure group, consider the driver which cause the phenomena. You can access
the chart you need by “Driver” group as shown in Table -3.

Or check Box with Blue color among the targeted structure group, if you refer some phenomena you
find.

Or check Box with Green color among the targeted structure group, if you refer some problem to be
solved.

When you find the Decision-Making Process Flowcharts you need, check the index number of good
practice in the charts.

Refer the number of portfolio in this book to get information. If you need more detailed information,
refer “Reference documents / sources” shown in the table.



3. Decision-Making Process Flowchart

Legends of each figure is as follows;

. Box with Pink color: Driver of Decision-Making

. Box with Yellow color: Targeted Structure

. Box with Blue color: Phenomena regarded as “Problem” at the site

. Box with Green color: Problem to be solved

. Box with Orange color: Overview of Decision-Making

. Box with Blue outline with numbers: For “5.1”, index number in Appendix-1 is shown to identify Decision-
Making Good Practice. And for “5.2”, index number in Appendix-2 is shown.

3.1 Dam

(1) Aging
The decision-making process flowchart for aging of dams is shown in Fig. 3.1-1.

Strength decline

Renewal of surface Anchor reinforcement

eld sheet Refurbishment
No.006
Refurbishment | No.042, 055

Fig. 3.1-1: Decision-Making Process Flowchart for Aging

(2) Poor Maintenance
The decision-making process flowchart for poor maintenance of dams is shown in Fig. 3.1-2.

| Malfunction of measuring instruments ‘

Dam collapse Un-controled raise of Water Level in reservoir
Overflow on earth type dam

Refurbishment of dam
Installation of control instruments

Refurbishment No. 034

Fig. 3.1-2: Decision-Making Process Flowchart for Poor Maintenance

(3) External factors
The decision-making process flowchart for external factors regarding dams is shown in Fig. 3.1-3.

External Factors

Secure of the catch

Fishery protection Compliance Secure of Lisence

Eel catching box Fishery transport system
Elevator .
g P Refurbishment No.030
efurbishment No. 007
External Factors: 2 cases

Fig. 3.1-3: Decision-Making Process Flowchart for External factors




3.2 Spillway

(1) Disaster
The decision-making process flowchart for disaster at spillway is shown in Fig. 3.2-1.

Lack of Flood control function

Damage to spillway Damage to gate bucket

O&E | O&E of front apron | | O&E of spillway, gate bucket I

No. 035 No. 046

Fig. 3.2-1: Decision-Making Process Flowchart for Disaster

(2) External factors
The decision-making process flowchart for external factors regarding spillway is shown in Fig. 3.2-2.

External factors
31 party damage Compliance
prevention

Fit for the present standard

Downstream residence

Sluice valve renewal Gate renewal

Refurbishment Refurbishment

No.016

Fig. 3.2-2: Decision-Making Process Flowchart for External factors

3.3 Reservoir

(1) Aging
The decision-making process flowchart for aging of reservoirs is shown in Fig. 3.3-1.

Aging
Water leak

O&E | O&E of reservoir lining |

No. 013

Fig. 3.3-1: Decision-Making Process Flowchart for Aging




(2) External factors
The decision-making process flowchart for aging of reservoirs is shown in Fig. 3.3-2.

External factors

Secure of habitat for some

J Downsteram Residence

specified fish
Fishery protection 31 party damage
prevention
Review water level Review water level oth
of reservoir operation of reservoir operation ther

No.008 No. 032

Fig. 3.3-2: Decision-Making Process Flowchart for External factors

3.4 Water Passage

(1) Aging
The decision-making process flowchart for aging of water passages is shown in Fig. 3.4-1.

Aging

Degradation of penstock Leakage of head gate Leakage
(Headrace)

Epoxy resin coating Gate renewal Refurbishment
. f headrace
Refurbishment Refurbishment =
No.002 No.019 Refurbishment
No.004

Fig. 3.4-1: Decision-Making Process Flowchart for Aging

(2) External factors
The decision-making process flowchart for external factors regarding water passages is shown in Fig.

3.4-2.

External factors

Environmental Demand & supply Compliance
correspondence correspondence
(peak operation) Secure of the quantity

Restoration of the of fishes running up

iginal si i
o StA"fat'on Increased level changes
after abolition

Other Tideland Preventive measure Sturgeon protection
regeneration against bank saturation | Other Screen installation
Review of operation

No.010 No.022 Refurbishment
No.009

Fig. 3.4-2: Decision-Making Process Flowchart for External factors
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3.5 Turbine Generator

(1) Aging
The decision-making process flowchart for aging of turbine generator is shown in Fig. 3.5-1.

Oil leak, water leak, cracks, fissure, aging

Renewal of T/G, foundation concrete | ’ No.023,026,027,028 |

4 cases

Foundation concrete NO

Sound?

P/S building, sound?

YES

NO
P/S Refurbishment

YES | No. 023,026,027, 028 |

Turbine type / no.
Change?

4 cases

=

NO

Parts renewal

No.001, 005, 014,017,018, 020, 024, 025,
029, 038, 039, 041, 043, 044, 045, 050, 056 16 cases

Water passages, sound?

| Water passages renewal | | No.026, 027

2 cases

Project
Continue?

Dam, sound?

NO
Dam refurbishment No.023 No.011
P/S upgrading
1 case 1case

Fig. 3.5-1: Decision-Making Process Flowchart for Aging

(2) Poor Maintenance
The decision-making process flowchart for poor maintenance of turbine generator is shown in Fig. 3.5-
2.

Poor maintenance

Aging
Spare parts not available

Fig. 3.5-2: Decision-Making Process Flowchart for Poor Maintenance




(3) External factors
The decision-making process flowchart for external factors regarding turbine generator is shown in Fig.
3.5-3.

External Factors

Demand & supply
correspondence

Income decrease
Renewal of T/G, runner

No.052

Fig. 3.5-3: Decision-Making Process Flowchart for External factors

(4) Asset Optimization & Review of Operation
The decision-making process flowchart for asset optimization & review of operation of turbine
generator is shown in Fig. 3.5-4.

Asset optimization &
Review of operation

|

Efficient operation by monitor control
& centralized protection

Analog to Digital

| Renewal of turbine / monitor control device I R&E

No.040

Fig. 3.5-4: Decision-Making Process Flowchart for Asset Optimization & Review of Operation

3.6 Peripheral Electric Facilities

(1) Aging
The decision-making process flowchart for aging of peripheral electric facilities is shown in Fig. 3.6-1.

Aging

Digital renewal | R&E Qil leak
No.051 |1 case

R&E I Transformer renewal | | Governor, etc renewal |R&E

No.015 | 1case No.003 | 1 case

Fig. 3.6-1: Decision-Making Process Flowchart for Aging

(2) Asset Optimization & Review of Operation
The decision-making process flowchart for asset optimization & review of operation peripheral electric
facilities is shown in Fig. 3.6-2.

Asset optimization &
Review of operation

Remote operation and Automation

Y
| System renewal | R&E

No.054 | 1 case

Fig. 3.6-2: Decision-Making Process Flowchart for Asset Optimization & Review of Operation




3.7 Water Passage + Turbine Generator

(1) Aging
The decision-making process flowchart for aging of water passage + turbine generator is shown in Fig.

3.7-1.
Aging

’ Intake gate, penstock, T/G, etc |

Intake gate: replacement
Penstock: O&E

Generator: replacement
Turbine: replacement
Exciter: replacement

No.031 Redevelopment

Fig. 3.7-1: Decision-Making Process Flowchart for Aging

3.8 Turbine Generator + Powerhouse Building

(1) Poor Maintenance
The decision-making process flowchart for poor maintenance of turbine generator + powerhouse

building is shown in Fig. 3.8-1.

Vibration problem, left unattended

!

Plant inundated due to
turbine upper cover damage

{

O&R of plant,
turbine, generator | ogRr

No.053

Fig. 3.8-1: Decision-Making Process Flowchart for Poor Maintenance

3.9 Water Passage + Turbine Generator + Powerhouse Building

(1) Disaster
The decision-making process flowchart for disaster at water passage + turbine generator + powerhouse

building is shown in Fig. 3.9-1.

’ Plant inundated by flood I

|

O&R of water way,
powerhouse building,
other equipment O&R

No.047

Fig. 3.9-1: Decision-Making Process Flowchart for Disaster
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3.10 All Facilities

(1) Aging
The decision-making process flowchart for aging of all facilities is shown in Fig. 3.10-1.

|

Facility aging, Lower earthquake resistance of plant building
Reservoir water utilized by other T/G not in operation for long time due to trouble
plants also Aging of entire plant facilities
Abolition as power plant Anti-seismic renovation of plant building
Utilization as museum Re-operation of T/G in shutdown
O&E of aged facilities

Abolition No.011 -
No.049 edevelopment

Fig. 3.10-1: Decision-Making Process Flowchart for Aging

(2) External factors
The decision-making process flowchart for external factors regarding all facilities is shown in Fig. 3.10-2.

External factors

Demand & supply —
correspondence Civil unrest

(peak operation)

|

| Expand water way, T/G |

O&R of all
destroyed facilities

Redevelopment
No.012 No.oag | Redevelopment

Fig. 3.10-2: Decision-Making Process Flowchart for External factors

3.11 Other

(1) External factors
The decision-making process flowchart for external factors regarding “other” is shown in Fig. 3.11-1.

External factors

Secure of License

Compliance

Other | No operation for Building hatchery for | Other
a certain period salmon / trout

No.033 No. 036, 037

Fig. 3.11-1: Decision-Making Process Flowchart for External factors

n



4. Good Practice Portfolio

001 Poatina Modernization

Plant name Poatina Power Plant
Operation start 1965 Work completion|2010
Owner Hydro Tasmania
Country Australia
Max output kw 360,000 After work|(Not given)
Max generation discharge m3/s 50.00
Effective head M 820.00
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) o
Time of decision making 2006
Target structures Turbine runner, bearing, inlet valve, governor, control / protective system
= Driver Aging
= Phenomena (caused by Driver) Generation discontinued, increased cost, declined safety of workers
Risk Reduction
= Risks for plant operation Reduction of profit, higher cost, impact on the environment
= Specific risk management Renewal / refurbishment of electric facilities

(1) Current status (before decision making)

1) General status As the electric facilities were aging, the turbine runner and control system were refurbished
and repair to restore their functions. The insufficient design and low-quality manufacture in
the 1960’s were problematic.

From the turbine bearing, 20 to 30 liters of oil leaked to the tailbay each time the turbine is
shut down. PLC-based electric governor and control system were over 40 years old without
spare parts, so it was an unreliable, out-of-date system.

2) Operation status Poatina Power Plant is the second largest plant of Hydro Tasmania with a large reservoir and
making high profit by flexible operation.

3) Risks Potential risk in case of no decision making

Declined reliability, needs for inspection, cavitation generated in turbine runner
Difficult maintenance of turbine bearing

Oil leak from turbine bearing at load shutdown

Rupture of penstock and inundation of plant due to non-operation of turbine inlet valve

Potential risks when implementing decision-making items
(Not specified)

riorities oatina Power Plant is positioned one of the 6 major hydropower of Hydro Tasmania as we
2) Prioriti Poatina P Planti itioned f the 6 major hyd f Hydro T: i Il
as one of the 3 hydro plants having a great risk impact on the portfolio profit. Refurbishment is
to be implemented from the standpoint of its strategic role.

(3) Strategy Against potential risk in case of no decision making
To refurbish the turbine runner and injector

Against potential risks when implementing decision-making items
(Not specified)

12



(4) How decision-making was
implemented and technologies
adopted

Strategic asset management was applied to the portfolio of Hydro Tasmania, and the amount
of investment was decided.

The project scope was determined in view of the asset status, required care of duty, and risk
impact. The engineering decision for selecting the best business option was made by using the
minimum lifecycle cost for 30 years or longer.

For the net present price for 30 years, pivot pad design proved to be the choice of the highest
cost effectiveness for the turbine bearing, and thus it was selected as the optimum option.

69 million AUD was invested for upgrading 3 units of T/G, 6 protective systems, inlet valve
and risk management of main transformer oil leak .

= Upgrading efficiency of turbine runner and injector

= Durability of turbine runner, improving the injector reliability
= Extension of continuous operation duration of turbine runner
* Renewal of turbine shaft

* Improvement of inlet valve control / protection system

= Prevention of oil leak from turbine bearing

= Renewal of electric governor

The main technological feature was the installation of safety device which prevents the
fracture of the penstock and inundation of the power plant by penstock pulsation caused by
the malfunctions of the turbine inlet vane.

Reference documents / sources

IEA Hydro ANNEX 11 Renewal & Upgrading of Hydropower Plants Case Portfolio No.2 (detailed data) Au.01_ Poatina
https://www.nef.or.jp/ieahydro/contents/pdf/4th all/au/01.pdf

13




002 Not specified: Poatina P/S

Plant name

Poatina Power Plant

Operation start

1965 Work completion|Unknown

Owner Hydro Tasmania
Country Australia
Max output kw 360 After work
Max generation m3/s 55.00
discharge
Effective head M 820.00
Type of decision making O&R R&E Refurbishment Extension Redevelopment Abolition Other
(o where it applies)] O
Time of decision making Not specified
Target structures Penstock
= Driver Aging

* Phenomena (caused by
Driver)

Declined facility function, declined generation efficiency / operating rate

Risk

Reduction

= Risks for plant operation

Reduction of profit, increased cost, impact on the environment

= Specific risk management

Repair of penstock

1) General status

Aging was progressing after 45 years since commissioning.

2) Operation status

(Not specified)

3) Risks

Potential risk in case of no decision making
Declined function and water leak from Penstock

Potential risks when implementing decision-making items
* Impact on the environment by wastes removed from the existing coating
* Work defects of coating implemented under cold weather
* Unsafe actions in the work done on scaffolding in steep locations

(2) Priorities

To ensure the operation of one of th most important power plants in Tasamania

(3) Strategy

Against potential risk in case of no decision making
* Removal of the existing coal tar enamel coating
* Re-coating of inner face of Penstock

Against potential risks when implementing decision-making items
Not specified

(4) How decision-making
was implemented and
technologies adopted

* Adoption of new type epoxy resin designed especially for the use in winter

14




003 Tungatinah Modernization

Plant name

Tungatinah Power Plant

Operation start

1955 Work completion|2013

Owner Hydro Tasmania

Country Australia

Max output kw 125,000 After work|140,000 Up rate (12%)

Max generation m3/s 55.00

discharge

Effective head M 290.00

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) o

Time of decision making 2008

Target structures

Inlet valve, turbine, generator thrust bearing, turbine bearing, governor, protective system,
excitation system

= Driver(s)

Aging

= Phenomena (caused by Driver)

Declined facility function, declined generation efficiency / operating rate, environmental
degradation

Risk

Avoidance

= Risks for plant operation

Reduction of profit, increased cost, impact on the environment

= Specific risk management

Renewal / refurbishment of electric facilities

(1) Current status (before decision maki

ng)

1) General status

For the aging of electric and other facilities, inlet vane, governor, etc. were renewed to
increase the generated energy.

Tungatinah Power Plant is located on River Nive upstream of River Derwent, designed with 5
Francis turbines. The degradation progressed year by year, and the generation output had gone
down to the unacceptable level.

2) Operation status

Tungatinah Power Plant is ranked No.6 in the profit making portfolio of Hydro Tasmania.

3) Risks

Potential risk in case of no decision making

Risks related to maintenance / cleaning, damage to penstock and casing, degradation of T/G
including governor and control unit

Incapable of responding as frequency control ancillary services

Risks related to waterway oil contamination by oil leak from turbine bearing

Potential risks when implementing decision-making items
(Not specified)

(2) Priorities

The water river passing through Tungatinah Power Plant is utilized by 6 more power plants
downstream, making this plant as a highly important point for water resource management of
Hydro Tasmania, and thus refurbishment was carried out.

(3) Strategy

Against potential risk in case of no decision making
3 out of the 5 T/G units were renewed.

Repair of hilltop valve, inlet valve, relief valve, introduction of new turbine operation system,
old electro-mechanical governor changed to IC based speed type, existing self-excitation type
replaced by static excitation system, change to new PLC-based protective control system,
cleaning maintenance of rotor, replacement, cleaning maintenance of stator wedges

Against potential risks when implementing decision-making items
(Not specified)

15




(4) How decision-making  was
implemented and technologies
adopted

Strategic asset management was employed to decide the timing of implementing the
maintenance and upgrading.

The project scope was determined in view of the asset status, required care of duty, and risk
impact. The engineering decision for selecting the best business option was made by using the
minimum lifecycle cost for 30 years or longer.

58 million AUD was invested for upgrading 3 out of the 5 T/G units between 2010 and 2013.

The investment covered oil mist, occupational hygiene and safety, maintenance and cleaning,
damage in the penstock and casing, aging of T/G including governor and control device, oil
contamination in the waterway dur to leakage from turbine bearing and other risk
management.

The other 2 units may likely be given partial renewal.

Reference documents / sources

IEA Hydro ANNEX 11 Renewal & Upgrading of Hydropower Plants Case Portfolio No.2 (detailed data) Au.02_ Tungatinah
https://www.nef.or.jp/ieahydro/contents/pdf/4th al11/nz/02.pdf
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004 Not specified: Upper P/S

Plant name

Upper Power Plant

Operation start

1914 Work completion|Not specified

Owner Hydro Tasmania
Country Australia
Max output kw 8,400 After work|(Not given)
Max generati 3
) X8 fon m?/s Not specified
discharge
Effective head M Not specified
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)
Time of decision making (Not specified)
Target structures Headrace
* Driver(s) Aging

* Phenomena (caused by Driver)

Declined facility function, declined generation efficiency / operating rate

Risk

Avoidance

= Risks for plant operation

Reduction of profit

= Specific risk management

Renewal of existing headrace

(1) Current status (before decision making)

1) General status

A 2.2-km long wooden headrace was renewed due to aging and severe water leakage.

2) Operation status

(Not specified)

3) Risks

Potential risk in case of no decision making
* Decline in generated energy due to water leak
* Landslide due to headrace water leak and third party damage arising from that

Potential risks when implementing decision-making items

Delayed work due to weather condition (rain, snow, etc) and labor disaster due to the
environment

(leeches, snakes, etc)

(2) Priorities

To ensure the safety of renewal work

* The work was conducted against the severe natural conditions in Tasmania (rain, snow,
leeches, snakes, etc).

(3) Strategy Against potential risk in case of no decision making

A 2.2-km long wooden headrace was renewed due to aging and severe water leakage.

Against potential risks when implementing decision-making items

The renewed headrace was made of wood similar to the existing one.
(4) How decision-making was | - Since the headrace was installed in a narrow, steep ridge in the mountains, we designed and
implemented and  technologies |manufactured a new, motor-driven transport vehicle to carry, store and install the new headrace
adopted parts to ensure work safety.

Reference documents / sources

The power of nature / Hydro Tasmania
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005 Not specified: Meadobank P/S, Paloona P/S, Cluny P/S, Repulse P/S

Plant name

Meadobank P/S,Paloona P/S,Cluny P/S,Repulse P/S

Operation start

1967/1972/1968/1968 Work completion|2010

Owner Hydro Tasmania
Country Australia

Meadowb-an Paloon-al Cluny Repulse
Max output kw 40,000 30,000 17,000 28,000
Max generation md/s ;
dis:hirge ! / (Not given) (Not given) (Not given) (Not given)
Effective head M 26.0 31.0 15.0 26.0
After work kW (Not given) (Not given) (Not given) (Not given)

Up rate (-%) Up rate (-%) Up rate (-%) Up rate (-%)

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)
Time of decision making (Not specified)

Target structures

Hydraulic system of Kaplan turbine

= Driver(s)

Aging (or improper facility specs)

* Phenomena (caused by Driver)

Generation discontinued due to oil leak

Risk

Avoidance

= Risks for plant operation

Generation discontinued, impact on the environment

= Specific risk management

Renewal of turbine hydraulic system, upgrading of oil leak prevention unit

(1) Current status (before decision mak

ing)

1) General status

Due to the oil leak from the aged hydraulic or improper use of oils, the function decline of the
facility was of concern.

2) Operation status

The total output of the Kaplan turbine plant as the target of renewal was 115,000 kW.

3) Risks

Potential risk in case of no decision making
 Adverse impact on the environment due to discontinued generation

Potential risks when implementing decision-making items
* Oil leak due to improper work procedure

(2) Priorities

Preventive maintenance against environmental damage due to oil leak from the plant

(3) Strategy Against potential risk in case of no decision making
To avoid the risk, renewal of the hydraulic system and training for handling oil leak incidents
would be implemented.
* Discontinuation of power generation and damage to the surrounding environment due to oil
leak from the plant
 Expansion of the impact scope due to delayed response to oil leakage and untrained staff for
handling oil collection
Against potential risks when implementing decision-making items
* Qil leak from the target facility
(4) How decision-making was | - Renewal of turbine hydraulic system
implemented and  technologies | - |nstallation of oil leak prevention barriers around the transformer oil tank
adopted * Reinforcement of oil pipe racks, replacement of hydraulic system valves

 Renewal of the water / oil heat exchanger of transformer cooling unit
* Arrangement of oil leak correspondence organization
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006 Not specified: Catagunya P/S

Plant name

Catagunya Power Station

Operation start

1962 Work completion|2010

Owner Hydro Tasmania

Country Australia

Max output kw 50,000 After work|50,000

Max generation m3/s (Not specified)

discharge

Effective head M (Not specified)

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making 2004

Target structures Dam body

= Driver(s)

Aging (corrosion of existing anchor cables)

= Phenomena (caused by Driver)

Lack of stability of dam body

Risk

Reduction

= Risks for plant operation

Dam failure, generation discontinued, third party damage

= Specific risk management

Connecting riverbed and dam with high-tension anchor cables

(1) Current status (before decision maki

ng)

1) General status

Catagunya Dam body and the riverbed were connected with high-tension anchor cables to
ensure stability, and the inspection of the 50-year-old anchor cables since the construction
revealed progressing corrosion and insufficent reliability, not meeting the international safety
criteria.

2) Operation status

3) Risks

Potential risk in case of no decision making
Possibility of abnormal water leak from the dam and in the worst case, the dam may fail, causing
third party damage.

Potential risks when implementing decision-making items
Weather condition, etc may increase the temporary facility construction cost and overall cost due
to the extension of work period.

(2) Priorities

(Not specified)

(3) Strategy Against potential risk in case of no decision making

To ensure the dam stability, install Extensional high-tension anchor cables.

Against potential risks when implementing decision-making items

(Not specified)
(4) How decision-making was |The world’s strongest high-tension, steel (carbon fiber) anchor cables (bearing capacity of
implemented and technologies |1,700t, $350 mm), 92 of them, were put through the dam body of 75 m in height, and
adopted connected to the foundation rock ground.

Reference documents / sources

The power of nature / Hydro Tasmania
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007 Not specified: Trevallyn P/S

Plant name

Trevallyn Power Station

Operation start

1955

Work completion

2009

Owner Hydro Tasmania
Country Australia
Max output kw 95,800 After work|95,800
Max generation m3/s "
Not fied
discharge (Not specified)
Effective head M (Not specified)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)
Time of decision making (Not specified)

Target structures

Dam (new installation of fishway)

* Driver(s)

External factors (preventing young eels from swimming upstream)

* Phenomena (caused by Driver)

Impact on natural ecosystem

Risk

Avoidance

= Risks for plant operation

Request to stop power generation (remove the dam) from environmental organization, etc

= Specific risk management

from the dam crown

Installation of a box for catching the young eels and a device which lifts up and down to and

(1) Current status (before decision maki

ng)

1) General status

swimming upstream due to the dam.

The young eels, an important species in the ecosystem of Tasmania were prevented from

2) Operation status

(Effect on power plant operation is not specified)

3) Risks

Potential risk in case of no decision making
Rapid reduction of population of Tasmanian eels and possible extinction

Restoration of eels swimming upstream

Potential risks when implementing decision-making items

(2) Priorities

Protection of social environment (natural ecosystem) surrounding the power business

number of 5,000 a week.

(3) Strategy Against potential risk in case of no decision making
To install an assisting device which enables the eels to swim upstream
Against potential risks when implementing decision-making items
The installed fish assisting unit may not function as intended as it does not suit the eels’
behavior.
(4) How decision-making was |We installed a box for catching the young eels and a device which lifts up and down 30 m on the
implemented and technologies |dam body slope in 2009. The height is the largest in the southern hemisphere.
adopted We have observed this unit helps about 100,000 eels during the ascent season, and peak

Reference documents / sources

The power of nature / Hydro Tasmania
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008 Not specified: Poatina P/S

Plant name

Poatina Power Plant

Operation start

1966, 1977 Work completion

Owner Hydro Tasmania

Country Australia

Max output kw 300,000 After work |(Not given)

Max generation m3/s 50.00

discharge

Effective head M 820.00

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making (Not specified)

Target structures

Reservoir water level

* Driver(s)

External factors (reservoir water management)

* Phenomena (caused by Driver)

Depletion of habitat suitable for small fish rare species (Galaxiid)

Risk

Avoidance

= Risks for plant operation

Request to stop power generation from environmental organization, etc

= Specific risk management

Review of reservoir water level management

(1) Current status (before decision maki

ng)

1) General status

Galaxiid, small fish, inhabiting the marshes, clear streams and lakes, are the species accounting
for 64% of freshwater fish living in Tasmania, and thus important in many aspects of the
ecosystem. 6 varieties of Galaxiid inhabit Lake Arthur and Lake Great, and 4 of them live only in
certain water areas, and thus are viewed as rare species.

2) Operation status

(Not specified)

3) Risks

Potential risk in case of no decision making
Decrease and extinction of rare species small fish (Galaxiid)

Potential risks when implementing decision-making items
Reduction of power generation due to restricted water utilization

(2) Priorities

Protection of social environment (natural ecosystem) surrounding the power business

(3) Strategy Against potential risk in case of no decision making
To review the reservoir water level management to avoid the survival threats for the 4 small fish
species and to secure their food and spawning grounds in Lake Arthur and Lake Great
Against potential risks when implementing decision-making items
To find a suitable water area for the ecosystem of Galaxiid against the social environmental risks
(4) How decision-making was |To manage reservoir water level management in the found water area to satisfy the following
implemented and technologies |conditions
adopted = To secure the habitat, spawning grounds, food and escape area for Galaxiid in Lake Arthur

= The low water level of Lake Great is to be controlled to be at a shoreline which ensures the
condition suitable for the fish hatching

= The water level of Lake Arthur and Lake Great is to be kept so as to offer a favorable living
condition for the fish

Reference documents / sources

The power of nature / Hydro Tasmania
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009 Not specified: Gordon P/S

Plant name

Gordon Power Station

Operation start

1978, 1988 (Unit 3) Work completion

Owner Hydro Tasmania
Country Australia
Max output kw 450,000 After work|(Not given)
Max generation m3/s "
Not fied
discharge (Not specified)
Effective head m (Not specified)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)
Time of decision making 2006

Target structures

Reservoir (bank protection of downstream river)

= Driver(s)

External factors (sudden water level down in downstream river due to power generation)

= Phenomena (caused by Driver)

Collapse of riverbanks downstream due to seepage water

Risk

Avoidance

= Risks for plant operation

Reduction of profit,

= Specific risk management

Restrictions of power generation

(1) Current status (before decision maki

ng)

1) General status

Experts pointed out the risk of erosion of the banks of Gordon River by the seepage water which
takes place when Gordon Power Plant in full capacity operation rapidly reduces its output, and
thus we reviewed the operation of the power plant.

2) Operation status

(Not specified)

3) Risks

Potential risk in case of no decision making
When the river level drops rapidly, due to the high saturation in the riverbanks downstream the
plant, the seepage water may cause the banks to collapse.

Potential risks when implementing decision-making items
Reduction of energy generation

(2) Priorities

Maintenance of the normal discharge capacity of the river downstream the plant

(3) Strategy Against potential risk in case of no decision making
To prevent erosion of the riverbanks downstream by reviewing the power generation operation
Against potential risks when implementing decision-making items
To minimize the reduction of energy generation according to the reviewed generation operation
status
(4) How decision-making was |Hydro Tasmania developed power generation operation rules based on the seepage flowrate for
implemented and technologies |the riverbanks. The rules allow for large operation margin when the bank saturation level is low,
adopted and the seepage flow is low but restrict the generation discharge only when the erosion risk by

the seepage flow is high. These operation rules are applied to automatically only when
applicable.

Reference documents / sources

The power of nature / Hydro Tasmania
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010 Not specified: Ripple Canal

Plant name

Operation start — Work completion|2013

Owner Hydro Tasmania

Country Australia

Max output kw - After work|(Not given)

Max generation m3/s -

discharge

Effective head m -

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making 2013

Target structures Marshland

= Driver(s)

External factors (supplying river water to a marshland to makie it a pond for irrigation)

= Phenomena (caused by Driver)

Water quality problem developed and ecosystem deteriorated

Risk

Avoidance

= Risks for plant operation

Natural environment disruption

= Specific risk management

Restoration of original natural environment, marshland

(1) Current status (before decision maki

ng)

1) General status

An ecosystem had been developed in the tidal flatland of Lagoon of Islands, but it was inundated
by floods, and then Ripple Canal was built to supply water there to be an irrigation source for the
downstream area, and thus it ceased to be used for the original purpose. Therefore, Hydro
Tasmania decided to cut off the connection with Ripple Canal and regenerate the area as a
natural, healthy, sustainable marsh land as originally intended.

2) Operation status

3) Risks

Potential risk in case of no decision making
Deterioration of water quality and depletion of ecosystem

Potential risks when implementing decision-making items
Creation of natural environment with vegetation and animals not native to the original
marshland

(2) Priorities

Restoration of natural environment

(3) Strategy Against potential risk in case of no decision making
Restoration of water quality and ecosystem
Against potential risks when implementing decision-making items
The follow-up investigation observed the water quality, vegetation, invertebrates, riverweeds,
and algae.
(4) How decision-making was |After the water supply from Ripple Canal was discontinued, and in April 2013, a 6-m high earth
implemented and technologies [dam of 320 m in crown length was built along with related facilities, the natural flora was
adopted regenerated in the tidal flatland. The follow-up investigation observed the improved water

quality, vegetation, invertebrates, riverweeds, and algae.

Reference documents / sources

The power of nature / Hydro Tasmania
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011 Not specified: Waddamana A P/S

Plant name

Waddamana A P/S

Operation start

1916 Work completion|1965 (abolished)

Owner Hydoro Tasmania

Country Australia

Max output kw 49,000 After work|(Not given)

xsa:hit:;:ration m?/s (Not specified)

Effective head M (Not specified)

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making 1964

Target structures Power plant

* Driver(s)

Aging (inefficient power generation facilicties)

= Phenomena (caused by Driver)

Occurrences of troubles, insufficient power supply capability

Risk

Avoidance

= Risks for plant operation

Increased facility maintenance cost

= Specific risk management

Power supply by more efficient plant (Poatina P/S)

(1) Current status (before decision maki

ng)

1) General status

Waddamana A P/S was commissioned in 1916, and Waddamana B P/S was built between 1939
and 1949 in response to the demand increase in Tasmania.

Waddamana A P/S and Shannon P/S operated until 1964, and Waddamana B P/S until 1994.
Waddamana A P/S was abolished and renovated as a museum.

2) Operation status

(Not specified)

3) Risks

Potential risk in case of no decision making
Increased maintenance cost due to inefficient facilities, or blackout due to plant shutdown

Potential risks when implementing decision-making items
Cost for abolishing the existing plant facilities, or accidents during the abolition work (man-made
disaster, environmental impact)

(2) Priorities

Stable supply of reasonably-priced electricity

(3) Strategy Against potential risk in case of no decision making

Continued power supply by more efficient plant (Poatina P/S)

Against potential risks when implementing decision-making items

Reduction of abolition cost by converting the existing facilities into a museum
(4) How decision-making was |The water of Lake Great is currently utilized at Poatina P/S. Thanks to the abundant rainfalls in
implemented and technologies |Great Western Tiers, this power plant operates more efficiently than Waddamana A P/S or
adopted Shannon P/S. The power plant was renovated as a museum visited by many people today.

Reference documents / sources

The power of nature / Hydro Tasmania
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012 Ranney Falls GS G3 Project: Ranney Falls GS

Plant name

Ranney Falls GS

Operation start

2015 Work completion |(Not given)

Owner Ontario Power Generation

Country Canada

Max output kw 10,000 After work| 20,000

Max generation m3/s 167.00

discharge

Effective head m 14.40

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making 2011

Target structures

Spillway, penstock, plant (T/G), transmission facilities

= Driver(s)

External factors

* Phenomena (caused by Driver)

Restricted operation of existing Ranney GS (insufficient max generation discharge)

Risk

Reduction

= Risks for plant operation

Correspondence to abnormal floods

= Specific risk management

Refurbishment of spillway and installation of penstock, T/G

(1) Current status (before decision maki

ng)

1) General status

The existing Ranney Falls G3 consists of two power plants, with max output of 5 MW each.
These plants were upgrade in 2005 and 2007 from 4 MW. The second plant also has a unit of 0.8
MW which exceeded the design life and thus abolished.

These plants share the intake facility from Trent Canal, and the penstock branched from the
intake channel supplies water to the third plant. The average total head is about 14.4 m. The
average effective intake quantity is 167 m3/s, but the maximum discharge of the existing plants
is about 100 m3/s. The spillway capacity of an existing regulating dam upstream is insufficient.

2) Operation status

The average effective intake quantity is 167 m3/s, but the maximum discharge of the existing
plants is about 100 m3/s. The plant output is 10 MW, and the average annual energy generation
is 50 to 80 GWh.

3) Risks

Potential risk in case of no decision making
Submersion of communities along the intake like in flood cases (submersion risk of communities
along the intake like of existing Ranney GS)

Potential risks when implementing decision-making items
(Not specified)

(2) Priorities

To assure OPG the public safety and to create a favorable, cooperative relationship with local
communities. The design flood inflow of TSW regulating dam is 1,110 m3/s while the design
flood capacity is only 776m3/s. The project expands the spillway capacity by 170 m3/s to
upgrade it to 946 m3/s.

(3) Strategy

Against potential risk in case of no decision making
To correspond to a worsening relationship with local communities caused by not handling the
submersion risk

Against potential risks when implementing decision-making items
To strengthen the relationship between OPG and TSW by reducing the necessity of daily
operation of TSW regulating dam in cases of generator shutdown
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() How decision-making was |To safety separate the 0.87-MW unit in the Ranney Falls GS which has finished its service life
implemented and technologies |and newly construct an 8- to 10-MW unit.

adopted
*Currently and after the project completion, TSW engages in power plant water management
and takes the responsibility for the operation of the water regulating structure (Dam #10). As
the intake quantity is upgraded by the project, TSW has to carry out water regulation only for 2
months annually, and this means they can assign their onsite staff to engage in duties other
than the operation of Dam #10. This also enables to reduce the cost between OPG-CHPG.

Reference documents / sources

Ranney Falls G3 Project - Business Case
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013 Reservoir Lining Repair: Sur Adam Beck Pump GS

Plant name Sur Adam Beck Pump GS
Operation start 1957 Work completion|1957
Owner Ontario Power Generation
Country Canada
Max output kw 174,000 After work|(Not given)
Max generation m3/s (Not specified)
discharge
Effective head M (Not specified)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition | Other
(o where it applies) O
Time of decision making 2011
Target structures Reservoir
= Driver(s) Aging

= Phenomena (caused by Driver)

Water leak occuring far away from reservoir. The foundation and dam can be easily affected by the
cavein hole.

Risk

Reduction

= Risks for plant operation

Closure of plant facilities

= Specific risk management

To shield the foundation with liner

(1) Current status (before decision making)

1) General status

SAB PGS supports the peak operation of SAB. This indicates to store water during off-peak hours
and generate the power with this water during the higher-price peak times.

The base design of a reservoir is characterised by open, interconnected, vertical and horizontal
joints. Measures need to be taken against the water leakage at locations far from the reservoir by
using the soil with favorable particle size for the openings. Due to the base characteristics, the
foundation and dam are easily affected by the formation of cave-in holes.

2) Operation status

SAB PGS operation is integrated between SAB1 and SAB2 Plants, while the water stored in the
reservoir generates peak-time power at all 3 plants. As a result, SAB PGS operation brings
remarkable summer peak value to the power system in Ontario. SAB PGS improves the entire
power management of SAB which can be used for supporting AGC (Automated Generation
Control) service and ORS (Operation Reserve Service) service for the power system in Ontario.,

3) Risks

Potential risk in case of no decision making
Destruction of dam, closure of plant

Potential risks when implementing decision-making items
1) Technical risk: plan delay or design change by unexpected discoveries in the
geological investigationto be conducted

2) Regulatory risk: unexpected delay or more cost by problems related to relevant
regulations
3) Economic risk: design change requiring increased cost by unexpected discoveries

made during thedecision-making processes

(2) Priorities

To begin the geological investigation of the site and consider optimal reservoir lining method

(3) Strategy

Against potential risk in case of no decision making

Closure of plant

Considerable cost is required to close PGS and restore safe site status. Preliminary estimation is
50 million USD.

Against potential risks when implementing decision-making items
Detailed investigation is necessary to check the behavior and decide potential measures to
ensure the current plant operation.
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(4) How
implemented
adopted

decision-making  was

and

technologies

The preliminary examination was completed, and the following two options were presented for
refurbishment.
1) To shield the reservoir base with a liner
2) To install concrete underground walls for most of the reservoir circumference which
go through thesurface ground reaching the base rock ground.

The liner shielding of the base was chosen as a favorable option due to its cost effectiveness
and lower risk. This option would be improved in the final stage by choosing optimal width and
shoulder of the liner.

Sources indicating the overview of decision-making project, etc.

DEFINITION PHASE BUSINESS CASE SUMM SAB PGS RESERVOIR REFURBISHMENT

https://www.oeb.ca/documents/cases/EB-2006-0064/oebconsultation regulatedhydroelectric mmazza 190506.pdf
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014 G3 Renewal (New Runner an

d Generator Rewinding): SIR ADAM BECK 1 GS

Plant name

SIR ADAM BECK 1 GS

Operation start

2013 Work completion|2013

Owner Ontario Power Generation
Country Canada
Max output kw 45,000 After work| 54,000
Max generation m3/s (Not given)
discharge
Effective head M (Not given)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)
Time of decision making 2009
Target structures T/G
= Driver(s) Aging

* Phenomena (caused by Driver)

Discontinuation of power generation

Risk

Avoidance

= Risks for plant operation

Reduction of energy generation

= Specific risk management

Risk reduction by renewal

(1) Current status (before decision maki

ng)

1) General status

SAB1 G3 began commercial operation in 1922, and there has been no major refurbishment since
1985. In August 2010, Hydro Engineering Division (HED) completed the status assessment of G3.
The assessment report states the following facilities have reached their service life expiration:
*Surface of air cooler, *Bearing cooler, *Stator winding, *Excitation system, *15-kV bus and
indicators, *main output transformer, *Switch, *Protection and control system

2) Operation status

The existing excitation system does not meet the current criteria of IESO such as reactive power
capacity, response time and celling level. Many components including exciter, switch, and bus
work which have completed their service life are antique products from the 1920's.

3) Risks

Potential risk in case of no decision making
Failure of T/G

Potential risks when implementing decision-making items
Reduced profit due to discontinued power generation

(2) Priorities

To ensure the continuous, reliable operation of G3

(3) Strategy

Against potential risk in case of no decision making
Discontinuation of power generation

Against potential risks when implementing decision-making items

G3 runner is suitable for service life extension according to the engineering condition
assessment, but the replacement of G3 is also valid since the expected efficiency and capacity
are at a quite high level. The design of G3 runner is the same as that of G7 and G9. The new
runner will increase the facility MCR by 9MW, contributing to the increase of 8 GWh of the total
of 13 GWh realized by the renewal of G3.

(4) How
implemented
adopted

decision-making  was
and technologies

Major refurbishment of turbine and related facilities, major refurbishment of generator
including stator rewinding, replacement of many parts of main transmission system, renewal of
exciter system, replacement of main transformer, modernization of equipment protection and
control system.

Reference documents / sources

NIAGARAOPERATION

https://www.oeb.ca/documents/cases/EB-2006-0064/oebconsultation regulatedhydroelectric mmazza 190506.pdf
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015 Renewal of Main Transformer: Des Joachims GS

Plant name Des Joachims GS

Operation start 2013 Work completion|2013

Owner Ontario Power Generation

Country Canada

Max output kw 428,800 After work|(Not given)

Max generation m3/s (Not given)

discharge

Effective head M (Not given)

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making 2006

Target structures

Main transformer

= Driver(s)

Aging

* Phenomena (caused by Driver)

Discontinuation of power generation

Risk

Avoidance

= Risks for plant operation

Discontinuation of power generation

= Specific risk management

Risk avoidance by renewal

(1) Current status (before decision maki

ng)

1) General status

The transformer is of water-cooled type (manufactured back in the 1950’s) and experienced
fracture damage in 1981. T2 Blue Phase transformer ruptured, and the oil flowed out to around
the outlet. It was operated 10% above the rated capacity for about 20 years, and thereby the
estimated life of the transformer has been reduced and close to the end of its service life. The oil
test suggested the concentration of CO and high humidity. High level CO increased the thermal
stress which degraded the transformer insulation system to a critical level. The humidity inside
the transformer is a major factor which accelerates the degradation of insulation performance,
particularly when, combined with the temperature rise during operation, the humidity level is
close to ASTM which recommends humidity level for reliably safe operation. There are no
methods to remove the humidity from deep inside the insulation system.

2) Operation status

*Des Joachims GS consists of 4 transformer systems, each supplementing 2 generators. Each
system has 3 single-phase transformers and one spare transformer in the plant (13 transformers
in total). The rating plate of the transformer in operation indicates 33 MVA, but each system
operates at 110 MVA or 10% over the rated capacity.

3) Risks

Potential risk in case of no decision making

*The oil test showed unacceptable oil humidity and gasification level, but the transformers are
operated 10% over the capacity. These transformers are close to the end of their service life,
with increased risks of destruction, jeopardizing the power generation operation.

*The past transformer repair plans were not satisfactory, and it was said that their service life
would not be extended by Extensional repairs.

Protection of asset facilities and safety of operating staff in the event of transformer destruction.

Potential risks when implementing decision-making items
Discontinuation of power generation

(2) Priorities

This investment is intended to avoid double shutdown in connection with the turbine renewal
project. The installation of transformers will be conducted during the operation shutdown
planned for the turbine renewal and major refurbishment.
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(3) Strategy

Against potential risk in case of no decision making

*The oil test showed unacceptable oil humidity and gasification level, but the transformers are
operated 10% over the capacity. These transformers are close to the end of their service life,
with increased risks of destruction, jeopardizing the power generation operation.

*The past transformer repair plans were not satisfactory, and it was said that their service life
would not be extended by Extensional repairs. Such measures are not acceptable in view of the
protection of asset facilities and safety of operating staff in the event of transformer destruction.

Against potential risks when implementing decision-making items
To list up the duties to be performed during the plant shutdown and carry them out without fail

(4) How decision-making was
implemented and technologies
adopted

Replacement with single-phase transformer of air-cooled type:

= An air-cooled single-phase transformer is the same size as the existing transformer, and thus
the civil engineering work can be minimized,

= Output upgrade by transformer is sufficient for the seasonal turbine upgrading program and
allows the output increase by 10% in connection with the generator renewal,

= Large oil tank or refurbishment of structures are not necessary,

* The cost for replacement transformer is 1/13 of the total coast and 1/5 of the 3-phase
transformer,

= Refurbishment of LV cables is not necessary as there will be no major Extensional
refurbishment

Reference documents / sources
https://mapio.net/pic/p-44764531/
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016 Renewal and Rehabilitation of Sluice Gates: Otto Holden P/S

Plant name Otto Holden Power Plant

Operation start 2015 Work completion|2015

Owner Ontario Power Generation

Country Canada

Max output kw 243,000 After work |(Not given)

Max generation m3/s (Not given)

discharge

Effective head M (Not given)

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making 2010

Target structures

Sluice gates, gate winches, gate roller paths, concrete around gain

= Driver(s)

Aging

= Phenomena (caused by Driver)

* Incapacitated flowrate control and subsequent inundation due to date malfunctions

Risk

Avoidance

= Risks for plant operation

Safety assurance for dam downstream communities

= Specific risk management

Risk avoidance by gate renewal

(1) Current status (before decision maki

ng)

1) General status

= 50 years after the commissioning, the gate had severely degraded, and water was leaking from
the seals.

= The damaged sluice gate in operation allowed overflow at the gate which poses risks
endangering the safety of workers, public and secure dam operation.

2) Operation status

Incapacitated flowrate control and subsequent inundation due to date malfunctions

3) Risks

Potential risk in case of no decision making

= Not implementing this project will impose non-compliance risks OPG dam stability. Timely,
highly reliable flowrate control by these sluice gates is necessary for handling regular discharge
requests, unexpected plant shutdown, or dam failure.

= If OGP does not implement this project, the cost invested already would not be recovered.

Potential risks when implementing decision-making items

= Public safety risk in cases of uncontrollable discharge during the gate removal work

= Environmental risk by the sluice gate repair work near the water surface for installation of new
gates

(2) Priorities

Dam stability, safety assurance for downstream communities

(3) Strategy

Against potential risk in case of no decision making
= The new gates can be in service for 50 years based on the current standard thanks to the
technological advancements made in the past 50 years

Against potential risks when implementing decision-making items

= To ensure dam safety, private and public sectors need to be involved in the matters responsible
for dam instability.

= To adopt gates which do not need anti-rust treatment, assembly and coating onsite on the
water
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(4) How decision-making was
implemented and technologies
adopted

= Replacement of 6 sluice gates in the following

processes: [2009]

= To remove the existing distribution system, dispose of properly and install a heater. To
upgrade to a new extended power system.

= To integrate the gate operation and telemetry into the Plant RTU.

= To sandblast and coat the members on the surface of gate guide

= To remove the monorail hoist, beams and crane and dispose of properly

= To design, build and install a staircase tower with grating steps and bar-type grate on the
ground on the Ontario side of the sluice structure.

+ To install lighting and kickboards where needed and installable, and repair / upgrade the
grating on the bridge deck. [from 2010 to 2015]

= To remove the existing sluice gate, dispose of properly, install a new gate, refurbish the hoist
drive, repair the concrete on downstream of the gain, and perform this at the pace of one gate
a year following the schedule below to complete the planned replacement. 2010 #1, 2011 #6,
2012 #5, 2013 #2, 2014 #4, 2015 #3

Reference documents / sources

BUSINESS CASE SUMMARY Replace Sluicegates & Rehabilitate Sluicegates System
https://commons.wikimedia.org/wiki/File:Otto Holden GS.JPG
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017 G5 Major Repair and Renewal: SIR ADAM BECK 1 GS

Plant name SIR ADAM BECK 1 GS
Operation start 2016 Work completion|2013
Owner Ontario Power Generation
Country Canada
Max output kw 45,000 After work|54,000
Max generation m3/s (Not given)
discharge
Effective head M (Not given)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition Other
(o where it applies) O
Time of decision making 2014
Target structures T/G
= Driver(s) Aging

* Phenomena (caused by Driver)

Discontinuation of power generation

Risk

Avoidance

= Risks for plant operation

Reduction of energy generation

= Specific risk management

Risk reduction by renewal

(1) Current status (before decision making)

1) General status

G5 was converted to 60Hz operation in 1985.

2) Operation status

(Not given)

3) Risks

Potential risk in case of no decision making
Damage to T/G

Potential risks when implementing decision-making items
Reduced profit due to discontinuation of power generation

(2) Priorities

To ensure the continuous, reliable operation of G3

(3) Strategy

Against potential risk in case of no decision making
Risk reduction by repairs and parts renewal

Against potential risks when implementing decision-making items
By carrying out this large-scale overhaul of the units and upgrading of components, reliable
operation can be expected for 25 to 30 years when the next major overhaul may be necessary.

(4) How decision-making was
implemented and technologies
adopted

New protector and control system, overhaul of generator, new excitation system, new switchgear,
including turbine runner with higher efficiency.

Reference documents / sources

NIAGARA OPERATION

https://en.wikipedia.org/wiki/Sir Adam Beck Hydroelectric Generating Stations




018 G4 Major Repair and Renewal: SIR ADAM BECK 1 GS

Plant name SIR ADAM BECK 1 GS
Operation start 2017 Work completion|2017
Owner Ontario Power Generation
Country Canada
Max output kw 45,000 After work| 54,000
Max generation m3/s (Not given)
discharge
Effective head M (Not given)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition Other
(o where it applies) (@)
Time of decision making 2016
Target structures T/G
= Driver(s) Aging

* Phenomena (caused by Driver)

Discontinuation of power generation

Risk

Avoidance

= Risks for plant operation

Reduction of energy generation

= Specific risk management

Risk reduction by repairs and renewal

(1) Current status (before decision m

aking)

1) General status

The project cost was decided based on the results of a unit diagnosis conducted in 2015.

2) Operation status

(Not given)

3) Risks

Potential risk in case of no decision making
Damage to T/G

Potential risks when implementing decision-making items
Reduced profit due to discontinuation of power generation

(2) Priorities

To ensure the continuous, reliable operation of G3

(3) Strategy

Against potential risk in case of no decision making
Risk reduction by repairs and parts renewal

Against potential risks when implementing decision-making items
By carrying out this large-scale overhaul of the units and upgrading of components, reliable
operation can be expected for 25 to 30 years when the next major overhaul may be necessary.

(4) How decision-making was
implemented and technologies
adopted

New protector and control system, overhaul of generator, new excitation system, new switchgear,
including turbine runner with higher efficiency.

Reference documents / sources

NIAGARA OPERATION

https://en.wikipedia.org/wiki/Sir Adam Beck Hydroelectric Generating Stations
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019 Renewal of Head Gates and Repair of Gains: Otto Holden P/S

Plant name

Otto Holden Power Plant

Operation start

2021 Work completion|2021

Owner Ontario Power Generation

Country Canada

Max output kw 243,000 After work|(Not given)

Max generation m3/s (Not given)

discharge

Effective head M (Not given)

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) O

Time of decision making 2012

Target structures

Head gates, gains (that is, slots guiding head gates)

= Driver(s)

Aging

* Phenomena (caused by Driver)

Discontinuation of power generation

Risk

Avoidance

= Risks for plant operation

Reduction of energy generation

= Specific risk management

Risk avoidance by repai and renewal

(1) Current status (before decision maki

ng)

1) General status

The head gate, its related parts and hoist were installed in the 1950’s and had been used since
the commissioning. The head gate operating for all 8 units was refurbished only once in the
1990’s. It is now in the final stage of its service life. There is a lot of water leaking from the seals
and sills of the head gate and the hoist unit has some maintenance issues.

The investigation was conducted in 2011, which checked the status of the head gate and its
embedded parts. The future project plan was drawn.,

2) Operation status

Otto Holden P/S, located on Ottawa River 9 km north of Mattawa, consists of 8 units of
generator, and began its operation in 1952 at 243 MW and average annual generated energy of
990 GWh.

3) Risks

Potential risk in case of no decision making
Discontinuation of power generation

Potential risks when implementing decision-making items
Loss of asset protection and workers safety assurance

(2) Priorities

Asset protection and workers safety assurance

(3) Strategy

Against potential risk in case of no decision making
(Not given)

Against potential risks when implementing decision-making items

* To be implemented during the overhaul of T/G planned to start in 2015

= The new gates can be in service for 50 years based on the current standard thanks to the
technological advancements made in the past 50 years

(4) How
implemented
adopted

decision-making  was
and technologies

Renewal of head gate and repair of embedded parts and hoist

The head gate is a safety facility used for shutting the water supply to turbines in cases of
emergency and the final facility that can be used for stopping the generators. It is also used
during the turbine generator repairs and inspections and when separating the T/G units. It is
important to keep the head gate and gain including the matching of their seals and seal passes in
a favorable condition for asset protection and ensuring the safety of maintenance staff.

Reference documents / sources
https://commons.wikimedia.org/wiki/Fil

e:Otto_Holden GS.JPG
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020 Upper Bonnington Old Units Refurbishment: Upper Bonnington P/S

Plant name Upper Bonnington Hydro Power Plant
Operation start 1907-1940 Work completion|2021
Owner FORTIS BC inc.
Country Canada
Max output kw 18,400 After work
Max generation m3/s (Not specified) Not changed
discharge
Effective head M (Not specified) Not changed
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition | Other
(o where it applies) O
Time of decision making 2016
Target structures T/G
= Driver(s) Aging

* Phenomena (caused by Driver)

Frequent malfunctions and troubles, releases of contaminated substances to the enrvironment

Risk

Avoidance

= Risks for plant operation

Decline in stable supply, decline in operation safety, increase in environmental impact

= Specific risk management

Risk avoidance by renewal of facilities

(1) Current status (before decision making)

1) General status

About 100 years had passed since the commissioning of Upper Bonnington Hydropower Plant,
and thus the aging (corrosion, rusting and wear) of the 4 T/G units and lack of spare parts for the
old types of machinery were outstanding. Some parts of Unit 3 were broken recently, and they
were replaced. Therefore, it was already difficult to continue highly safe and reliable operation
in an environmentally responsible manner. The T/G units had reached their service life.

2) Operation status

Despite the problems due to aging, operation is barely continued.

3) Risks

Potential risk in case of no decision making
Discontinuation of power generation due to the machinery damage

Potential risks when implementing decision-making items
Increase in repair cost

(2) Priorities

Not specified

(3) Strategy Against potential risk in case of no decision making
Selection of appropriate renewal methods and timing
Against potential risks when implementing decision-making items
Comparison and assessment of risks and cost for various options
(4) How decision-making was | Three options (abolition, life extension, renewal) were compared and assessed from the
implemented and technologies |standpoint of economy (initial cost / 50 years present value), safety, reliability and environmental
adopted impact, and the option for renewal was selected. For the selected renewal plant, more

examination was given to the initial investment. The machine renewal was planned to be
implemented in order starting from Unit 3, Unit 3, Unit 2, and Unit 1 from 2017 to 2021.
There are no special technologies to be notated.

Reference documents / sources

FORTIS BC

"Appendix D: Upper Bonnington Old Units Refurbishment Project -Business Case-"
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021 Corra Linn Dam Spillway Gates Renewal: Corra Linn P/S

Plant name Corra Linn Power Plant

Operation start 1932 Work completion (2021 (plan)

Owner FORTIS BCinc.

Country Canada

Max output kw 48,000 After work

Max generation m3/s (Not specified) Not changed

discharge

Effective head M 16.00 Not changed

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) O

Time of decision making

N/A (plan)

Target structures

Dam spillway gates

= Driver(s)

External factors (revision of design standard / regulations, aging of facilities)

* Phenomena (caused by Driver)

Operation suspended due to new standard to be met and malfunctions in gate operation

Risk

Avoidance

= Risks for plant operation

Dam instability and damage to spillway gates by large floods or earthquakes

= Specific risk management

Renewal and expansion of spillway gates by applying the new standard

(1) Current status (before decision making)

1) General status

Corra Linn Dam in operation for 84 years after commissioning has 14 spillway gates(B = H = 10
m). The dam called Kootenay Lake Reservoir is used also by another power plant, and these
spillway gates are the only discharge facility, playing a quite important role in the reservoir
management.

The investigation of gates and other facilities conducted in 2016 assessed them between
“sound and unsound,” whereby FORTIS BC realized the gates are close to the end of life,
requiring fundamental refurbishment.

At the same time, the design standard and regulations have been revised recently, and the
gates and the related facilities designed according to the old standard are now not meeting the
criteria.

2) Operation status

No specific descriptions about the status of current gate operation

3) Risks

Potential risk in case of no decision making
Obstacles to reservoir operation due to the aging of the gate facilities
Damage to the facilities by large floods and earthquakes

Potential risks when implementing decision-making items
Increased repair cost due to the new standard

(2) Priorities

Not specified

(3) Strategy Against potential risk in case of no decision making
Selection of appropriate renewal methods and timing
Against potential risks when implementing decision-making items
Consideration on measures to reduce the project cost
(4) How decision-making was |2 points were considered for the introduction of new spillway gates:
implemented and  technologies |1. By using low friction bearings, the existing hoists can be used continuously.
adopted 2. Gates are transported by section for higher work efficiency, and they are fixed and

welded on the site.As a caution for the refurbishment, the necessity of repairing the concrete
under the tower base plates was not checked in the investigation, which should be assessed
during the repair work.

Reference documents / sources

FORTIS BC

"CORRA LINN DAM Spillway Gate Replacement CPCN Application ; 3. PROJECT JUSTIFICATION"
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022 Installation of Sturgeon Screens: Waneta P/S

Plant name

Waneta Generating Station

Operation start 1954 Work completion|2015

Owner Colombia Power Corporation and Colombia Basin Trust

Country Canada

Max output kw 335,000 After work|Not changed

Max generation m3/s 312.60 Not changed

discharge

Effective head M 61.32 Not changed

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) (@)

Time of decision making Unknown

Target structures Tailbay

= Driver(s)

* Phenomena (caused by Driver)

External factors (compliance)

Risk

Avoidance

= Risks for plant operation

Discontinuation of power generation due to the license cancellation by the Federal Energy
Regulatory Commission

= Specific risk management

Installation of sturgeon exclusion screen

(1) Current status (before decision mal

king)

1) General status

At Waneta Power Plant, during the long-term T/G shutdown, white sturgeon, an endangered
species, have entered the section between the tailbay and draft tube / turbine.

Columbia River Water System spreads both the United States and Canada, and the refurbishment
was required to meet the environmental standards of both counties.

2) Operation status

In Waneta Power Plant, sturgeon have entered into the draft and turbine.

3) Risks

Potential risk in case of no decision making
License cancellation by the Federal Energy Regulatory Commission

Potential risks when implementing decision-making items
It was the first, unprecedented attempt to install such a screen for preventing the entry of
sturgeon.

(2) Priorities

Not specified particularly

(3) Strategy Against potential risk in case of no decision making
To avoid license cancellation and discharge the social responsibility implementing the preventive
measure against white sturgeon
Against potential risks when implementing decision-making items
No descriptions
(4) How decision-making was | - Adoption of sturgeon exclusion screens at installed units
implemented and technologies |Special screens (sturgeon exclusion screens) were installed at the outlet to prevent the fish entry.
adopted This screen goes down when the plant output reaches the lowest level to prevent the sturgeon to

come into the draft and runner when the power generation is shut down.
It was the first attempt to installed such a screen in North America.

* The operation requires to check if sturgeon is inside the draft tube, to conduct water extraction
from the draft tube gradually, to slow down the start-up of each unit, to monitor the outlet during
the unit start-up, record the signs of sturgeon being there, and to review the period of repair

maintenance to shut down the units during the season wherein sturgeon are active.

Reference documents / sources

https://www.ceaa-acee.gc.ca/FABAB7E3-docs/report_e.pdf

http://columbiapower.org/about/environmental-stewardship/waneta-expansion-project/
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023 Upgrading and Re-development of Embretsfoss Hydropower Plant Facilities

Plant name

Embretsfoss IV (redevelopment of Embretsfoss 1)

Operation start

1916 Work completion|2013

Owner EB Kraftproduksjon AS

Country Norway

Max output kw 9,000 After work|52,500 Up rate (583%)

Max generation m3/s 75.00

discharge

Effective head M 16.30

Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) o

Time of decision making 2009

Target structures

Dam, whole plant

= Driver(s)

Aging

= Phenomena (caused by Driver)

Decline in plant functions

Risk

Avoidance

= Risks for plant operation

increased cost, Reduction of profit

= Specific risk management

Restoration / renewal of plant functions, recovery / restoration of strength / safety

(1) Current status (before decision maki

ng)

1) General status

For the aging of electric facilities, T/G, etc. were renewed to ensure profitability.

Embretsfoss Il was a quite old hydropower plant of run-of-river type without a reservoir
capacity. The utilization efficiency of river water was low, and more maintenance was required
because of that. Also, the impact on the ecosystem environment had to be minimized. Since
1921, some issues regarding the civil engineering facilities had been pointed out. The machines
and electric facilities were low efficiency and prone to heat generation.

2) Operation status

Embretsfoss Il and Embretsfoss Il with the effective head of 16.3 m utilizes 225 m3/s and
generates 215 GWh annually.

3) Risks

Potential risk in case of no decision making

The dam is a small intake pond without reservoir capacity, and thus does not meet the design
standard for both flood response and strength. The plant’s E&M facilities have aged, making the
operation dangerous. The facility maintenance cost is increasing.

Potential risks when implementing decision-making items

Investigation was conducted as part of the long-term strategy to develop the EB hydro
portfolio within the profit limits. The consideration was given to the expected energy
generation, cost estimates, facilities’ technical service life, failure risks, electricity prices
estimated for the future. The results confirmed the profit cannot be expected for the final few
years.

(2) Priorities

To secure profits

(3) Strategy

Against potential risk in case of no decision making
In order to meet the safety standard, a new dam is to be constructed along with a new power
plantin a project.

Against potential risks when implementing decision-making items
To implement the option with the highest net present value (NPV).

To increase the generation discharge and reduce the water loss for increasing the total energy
generation by renewing the generation facilities. To take into consideration the power trade at
the Norwegian-Swedish Electricity Certificate Market (incentive for developing new renewable
energy projects).
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(4) How decision-making was
implemented and technologies
adopted

A new dam was constructed instead of refurbishing the existing dam to meet the current
design standard. The cost effectiveness was higher, and it made easier to operate the plant
during the work on the existing Plants II and III.

A new large-size Kaplan turbine (runner inlet diameter D2 = 6.7, rotational speed of 93.75 rpm
and 16.3 m for 52.5 MW) was selected to add annual generated energy of about 120 GWh from
a new renewable energy source. This more than doubled the output of the existing 2 plants.
The renewal took into consideration the 50 years to come.

Also, a new plant (V) was constructed while continue the power generation by the existing
Plants (I and I). In order to improve the project’s value, the contaminated ground surface
was removed to improve the landscape and preserve the living condition for fish. A spacious
fishway was secured for the fishery (especially salmon and eels).

Reference documents / sources

IEA Hydro ANNEX 11 Renewal & Upgrading of Hydropower Plants Case Portfolio No.2 (detailed data) Nw.01_Embretsfoss #4
https://www.nef.or.jp/ieahydro/contents/pdf/4th all/nw/01.pdf
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024 Hemsil Il Hydro Power Plant

Upgrading

Plant name

Hemsil Hydropower Plant Il

Operation start

1960 Work completion|2006

Owner E-CO Energi AS (publilc enterprise of Oslo City)
Country Norway
Max output kw 82,000 After work|98,000 Up rate (20%)
Max generation m3/s 28.00 31m3/s
discharge
Effective head M 370.00
(total head)
Type of decision making O&R R&E Refurbishment| Extension |Redevelopment| Abolition |Other
(o where it applies) o
Time of decision making 2004

Target structures

Turbine runner, guide vane, tailrace, cooling ventilator

= Driver(s)

Aging

* Phenomena (caused by Driver)

Declined facility function, environmental degradation

Risk

Avoidance

= Risks for plant operation

Increased cost, Reduction of profit, impact on the environment, opposition from local
communities and fishery cooperatives

= Specific risk management

Restoration / renewal of plant functions, recovery / restoration of strength / safety, renewal /
refurbishment of electric facilities

(1) Current status (before decision maki

ng)

1) General status

For the aging of electric facilities, turbine runner, etc. were renewed to increase the generated
energy. After the start of operation, the control center was renewed and the generator stator
was rewound (in 1990 and 1991), but no other major expansion has been implemented.

As the turbine continued to age, the generation efficiency declined by 1 to 1.5% compared to
the time of commissioning, and the grease supplied to the guide vane leaked to the river
downstream. The labyrinth seal rings were worn by the humus soil in the water, and the inlet
valve control system needed to be refurbished.

2) Operation status

Intake from Eikredammen (dam lake) on Hemsil River. The average annual generation is 9.7
TWh for the total capacity of about 2,800 MW.

3) Risks

Potential risk in case of no decision making

Declining efficiency due to facility aging.

Continuation of operation without renewal would lower the safety level, increase the
maintenance cost with passage of time as well as the risks of destruction.

The guide vane lubricating oil may leak into the river, contaminating the environment.

Potential risks when implementing decision-making items
To optimize the project (to determine the final scope)

(2) Priorities

To enhance the efficiency and increase the energy generation by renewing the facilities with
declining efficiency due to their aging

(3) Strategy

Against potential risk in case of no decision making

To renew T/G after making the comprehensive plan and giving economic and strategic
considerations. To replace the aged electrical machines (E&M) to improve the efficiency and
increase the power generation.

Against potential risks when implementing decision-making items

To identify the maintenance work to be performed by shutting down the plant operation over a
longer period of time than the annual regular inspection repairs, and to prevent unnecessary oil
leakage and contamination of the river.
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(4) How decision-making was
implemented and technologies
adopted

In order to examine the profitability of the project, the turbines and generators were renewed
after comprehensive planning and economic, strategic deliberation including cost estimation,
expected revenues, net present value (NPV) and other parameters. Lifecycle cost calculations
(simulations) were conducted with malfunction probabilities. Based on these analyses, the
project scope was decided. Moreover, the optimal equipment was selected in consideration of
the models, manufacturers, cost, know-how developed so far, advice from experts, research and
latest knowledge (most advanced technologies.

The generator capacity was raised from 2x41 MW to 2x49 MW, and the average annual
energy generation was upgraded from 503 GWh to 537 GWh (increase by about 6.8%). The
generation discharge (design flowrate) was up by 3 m3/sec.

When the operation of the upgraded machines began, the thermodynamic efficiency was
measured, and it was slightly lower than the manufacturer guarantee. This was due to the
larger turbulence inside the tailrace than the estimation, since the design of the turbine and
tailrace was not optimized comprehensively. This situation was found by a detailed computer
modelling conducted for identifying the cause of efficiency differential. No defects in the design
and manufacture were found, but the said problem may have been found if the manufacturer
had run an appropriate computer modelling in the process of selecting the runner. The
maximum generator capacity was at the guaranteed level.

Reference documents / sources

IEA Hydro ANNEX 11 Renewal & Upgrading of Hydropower Plants Case Portfolio No.2 (detailed data) Nw.02_Hemsil #2
https://www.nef.or.jp/ieahydro/contents/pdf/4th all/nw/02.pdf
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025 Hol 1 Hydro Power Plant Renewal and Upgrading

Plant name

Hol Hydropower Plant

Operation start

1949 Work completion|2012

Owner E-CO Energi AS (publilc enterprise of Oslo City)
Country Norway
Max output kw 186,000 After work|220,000 Up rate (18%)
Max generation m3/s 56.00 63.6 m3/s
discharge
Effective head M 385.00 (#1,2) 395 m (#1,2)
350.00 (#3,4) 355 m(#3,4)
Type of decision making O&R R&E Refurbishment| Extension [Redevelopment| Abolition Other
(o where it applies) o

Time of decision making

2007

Target structures

E&M facilities (turbine, generator, inlet valve, governor, unit control system, HV conductor)

= Driver(s)

Aging

= Phenomena (caused by Driver)

Declined generation efficiency / operating rate, decline in plant functions

Risk

Avoidance

= Risks for plant operation

Reduction of profit, increased cost

= Specific risk management

Restoration / renewal of plant functions, renewal / refurbishment of electric facilities

(1) Current status (before decision making)

1) General status

For the aging of electric facilities, T/G, etc. were renewed to secure the profitability.

Hol Power Plant No.1 consists of 2 tributaries called Votna and Urunda, with 2 units for each
tributary, the total of 4 turbine generators. The total head of Units 1 and 2 exceeds 400 m, which
used to be the highest in the world for Francis turbine at the point of 1949. The output of these
units is 44 MW, also the largest in the world.

In the 1970’s all generators were refurbished with new stator winding and static magnetization,
while the turbines were upgraded with new labyrinth seals. The turbines were refurbished in the
1990’s, but the runners remained the same as the time of commissioning until the extension
project between 2009 and 2012.

For the aging and degradation, E-CO Energi decided to carry out a comprehensive renewal of the
power generation units.

2) Operation status

The energy generation before the upgrading was 754 GWh/year.

3) Risks

Potential risk in case of no decision making

The risk analysis pointed out troubles in the turbine run