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Foreword

The text of document 4/231/FDIS, future edition 1 of JEC 62258, prepared by IEC TC 4, Hydraulic
turbines, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as

N 62250 on 2008-04-16.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2009-02-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2011-05-01

Endorsement notice

The text of the International Standard IEC 62256:2008 was approved by CENELEC as a European
Standard without any modification.
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INTRODUCTION

Hydro plant owners make significant investments annually in rehabilitating plant equipment
(turbines, generators, transformers, penstocks, gates etc.) and structures in order to improve
the level of service to their customers and to optimize their revenue. In the absence of
guidelines, owners may be spending needlessly, or may be taking unnecessary risks and
thereby achieving results that are less than optimal. This guide is intended to be a tool in the
optimisation and decision process.

IEC TC 4 wishes to thank IEA for providing its document “Guidelines on Methodology for
Hydroelectric Francis Turbine Upgrading by Runner Replacement” as a starting point for the
writing of this document. IEC TC 4 appreciates this contribution and acknowledges that the
IEA document provided a good foundation upon which to build this IEC document.
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HYDRAULIC TURBINES, STORAGE PUMPS AND PUMP-TURBINES -
REHABILITATION AND PERFORMANCE IMPROVEMENT

1 Scope and object

The scope of this International Standard covers turbines, storage pumps and pump-turbines
of all sizes and of the following types:

e Francis;

e Kaplan;

e propeller;

e Pelton (turbines only);
e Bulb.

Wherever turbines or turbine components are referred to in the text of this guide, they shall be
interpreted also to mean the comparable units or components of storage pumps or pump-
turbines as the case requires.

The Guide also identifies without detailed discussion, other powerhouse equipment that could
affect or be affected by a turbine, storage pump, or pump-turbine rehabilitation.

The object of this guide is to assist in identifying, evaluating and executing rehabilitation and
performance improvement projects for hydraulic turbines, storage pumps and pump-turbines.
This guide can be used by owners, consultants, and suppliers to define:

e needs and economics for rehabilitation and performance improvement;
e scope of work;
e specifications;

e evaluation of results.
The Guide is intended to be:

e an aid in the decision process;
e an extensive source of information on rehabilitation;
e an identification of the key milestones in the rehabilitation process;

e an identification of the points that should be addressed in the decision processes.

The Guide is not intended to be a detailed engineering manual nor a maintenance guide.

2 Nomenclature

For the purpose of this document, the term “rehabilitation” is defined as some combination of:

e restoration of equipment capacity and/or equipment efficiency to near “as-new” levels;
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e extension of equipment life by re-establishing mechanical integrity.

The term “performance improvement” means the increase of capacity and/or efficiency
beyond those of the original machine and may be included as part of a rehabilitation.

Many other terms are in common use to define the work of “rehabilitation” and “performance
improvement”, however it is suggested to use the above terms. Some of the terms considered
and discarded for their lack of precision or completeness include:

e upgrade or upgrading — restoration of mechanical integrity and efficiency;

e uprating — increase of nameplate capacity (power) which may result in part from efficiency
restoration or improvement;

e overhaul — restoration of mechanical integrity;

e modernization — could mean performance improvement and replacement of obsolete
technologies;

e redevelopment — term frequently used to mean replacement of the powerplant and could
involve changes to the hydraulics and hydrology of the site usually implying a change in
mode of operation of the plant;

e refurbishment — restoration of mechanical integrity usually with restoration of performance
(closely resembles “rehabilitation”, the preferred term);

e replacement — usually refers to specific components but may involve the complete
hydraulic machine in the case of small units.

The nomenclature in this Guide is in accordance with IEC/TR 61364, which provides the
“Nomenclature” in six languages to facilitate easy correlation with the terminology of this
Guide.

3 Reasons for rehabilitating

3.1 General

Hydroelectric generating facilities are among the most robust, reliable, durable structures and
equipment ever produced. The robustness of the equipment permits owners to continue
operating these facilities without major rehabilitation for relatively long periods. The reliable
life for a turbine prior to a major rehabilitation being necessary is typically between 30 and 50
years depending on type of unit, design, quality of manufacturing, severity of service, and
other similar considerations. However, all generating equipment will inevitably suffer reduced
performance, reliability and availability with time, which leads owners to the fundamental
question of what to do with an aging plant. This crucial question cannot be answered easily
since it involves many interrelated issues such as revenue, operating and maintenance cost,
equipment performance, reliability, availability, safety and mission of generating facilities
within the entire system. Ultimately, an owner will have to decide to rehabilitate the plant or
eventually to close it. At some point in time, delaying a major rehabilitation ceases to be an
option. This may come about as the result of a major component failure or as the result of an
economic evaluation. Cessation of commercial operation does not necessarily relieve an
owner of the responsibility for the maintenance of the civil structures, regulation of the flows
and any other issues which have an impact on an owner’s liability for the plant.

The governing reason for rehabilitation is usually to maximize return on investment and
normally includes one or more of the following:
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e reliability and availability increase;
e life extension and performance restoration;
e performance improvement:

— efficiency;

— power;

— reduction of cavitation erosion;

— enlargement of operating range;
e plant safety improvement;
e environmental, social or regulatory issues;
e maintenance and operating cost reduction;
e other considerations:

— modified governmental regulations;

— political criteria;

— company image criteria;

— modified hydrology conditions;

— modified market conditions.
The opportune time for starting a rehabilitation is prior to the plant being beset with frequent
and severe problems such as for example: generator winding failures, major runner cracking,
cavitation or particle erosion damage, bearing failures and/or equipment alignment problems
due to foundation or substructure movement or distortion. When a generating plant has
reached such a stage, it is obvious that a technical and an economic assessment of the
equipment should have been conducted years before. If the time frame of rehabilitation
studies is too close to the end of the useful life of the plant and its equipment, the owner may
lose the option of evaluating a range of alternatives. Catastrophic failures with potential major
damage and loss of life are, at some stage of the plant life, real risks. If significant
improvements can be made in the revenue generating capabilities of the plant by replacement
of deteriorated equipment with state-of-the-art equipment or components, there may be

justification for performing rehabilitation earlier than the date at which it would be required for
purely reliability or life extension reasons.

Typically, the renewed life of a turbine following rehabilitation would be more than 25 years
with normal maintenance. The residual life of the generating plant is dependent on the
collective residual lives of each individual component group and therefore can be determined
only by assessing all of the component groups including the civil structures.

Rehabilitation should result in a unit which is very close to its “as-new” condition.

Documents

Document Sharing Hub

Full document details: BS EN 62256:2008


http://www.avadocuments.com/doc/bs-en-62256-2008
http://www.avadocuments.com/doc/bs-en-62256-2008

—11 -

BS EN 62256:2008

Table 1 — Expected life of a hydropower plant and its subsystems before major work

Expected
Plant subsystems lifetime Considerations
(years)
Civil works
Dams, canals, tunnels, caverns, 60 to 80 Duration of water rights, quality of work, state
reservoirs, surge chambers of deterioration, safety, loss of water.
Powerhouse structures, water control 40 to 50 General condition, imposed stresses, quality
structures, spillways, sand traps, of material, state-of-the-art, safety, quality of
penstocks, steel linings, roads, bridges steel, corrosion, maintenance.
Mechanical installations
Hydraulic machines
Kaplan and Bulb turbines 25 to 50 Safety of operation, loss of water, cavitation
. . damage, erosion, corrosion, cracks,
Eranmﬁ, Pteltt())'n and Fixed-blade 30 to 50 deterioration of efficiency, performance
ropeller turbines improvement.
Pump turbines (all types) 25to 35
Storage pumps (all types) 25 to 35
Heavy mechanical equipment and
auxiliaries
Flat gates, radial gates, butterfly 25 to 40 Quality of material, operating condition,
valves, spherical valves, cranes, safety considerations, quality of equipment,
auxiliary mechanical equipment imposed stresses, performance improvement.
Electrical installations
Generators, transformers 2510 40 Winding and iron core condition, cleanliness,
safety of operation, state-of-the-art, general
condition, quality of equipment, maintenance.
High voltage switchgear, auxiliary 20 to 25
electrical equipment, control equipment
Batteries, DC equipment 10 to 20
Energy transmission lines
Steel towers 30 to 50 Right of way, corrosion, safety of operation,
climatic conditions, quality of material, state-
Concrete towers 30 to 40 of-the-art, capacity vs. service conditions.
Wooden poles 20 to 25
Lines and cables 25 to 40

3.2

Reliability and availability increase

A thorough rehabilitation can significantly increase reliability and availability of the units.
Following a thorough and well executed rehabilitation, an availability of approximately 98 %
can be expected. This normally results in less lost revenue associated with having the units

out of service for planned outages and fewer unplanned outages. By their ”atﬂ‘bé‘iffﬁ‘ients
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outages for unplanned repairs usually cost significantly more than would a similar planned
repair, particularly when the consequential impacts are evaluated.

3.3 Life extension and performance restoration

The useful life of the turbine can be greatly extended by the rehabilitation or replacement of
turbine components. The operating characteristics and the mechanical integrity of the
machine can be restored to nearly “as-new” condition, guaranteeing safe and reliable
operation for a long period.

Performance restoration is generally achieved by restoring the water passage and runner
seals to the new condition although, for the water passage outside the distributor and the
runner, this is not always economically justified, hence the term “nearly new” is often used.

The anticipated life extension of a rehabilitated turbine will depend greatly on the type of
machine involved and on its operating conditions before and after rehabilitation. However, if
major work is done, the owner would normally achieve life extension of 25 years and more.

3.4 Performance improvement

Advancement in turbine design tools, model testing, materials, manufacturing techniques, and
inspection techniques have given rise to opportunities to substantially improve capacity,
efficiency, and cavitation erosion performance. If there is no cavitation erosion problem with
the existing equipment, the replacement equipment of modern design should also be erosion
problem free, even with a significant increase in discharge. If there is a cavitation erosion
problem with the existing equipment, the replacement equipment should reduce or solve the
problem. The extent to which the performance parameters can be improved is, of course, site-
dependent, but in most cases it is found to be economically justified to replace the runner and
sometimes the guide vanes especially if the unit is being disassembled and re-assembled in
any case, for life extension repairs or for reliability reasons.

In a few cases, energy production can also be increased by increasing the specific hydraulic
energy (head) at the site if, of course, the modifications to the water retention structures and
conduits or canals are cost effective. This usually requires that administrative authorization be
obtained for modification of the water management parameters.

In some cases, a change of the speed of rotation of the unit may be justified.

3.5 Plant safety improvement

Without a pro-active maintenance and rehabilitation program, there will be a continual
increase in the risk of a major failure that may involve both major economic and potential civil
liabilities due to loss of life or contingent property damage.

An issue that should not be ignored is the ever-increasing risk of a major failure of one
component that cascades to several other components. An example of such a scenario is a
broken runner blade or guide vane failure due to serious erosion and/or cracking at the stems.
A failed guide vane can interfere with the runner blades, which could result and has been
known to result in a cascade failure of the adjacent components such as runner, discharge
ring, bottom ring, headcover and stay ring. This may seem far-fetched but there are
documented cases of such cascade type failures. Obviously, this type of failure is an extreme
example, but it should serve as a reminder that turbines have a finite life, which can be
extended by executing thorough and rigorous maintenance and ultimately, a rehabilitation
program.

3.6 Environmental, social and regulatory issues

When a hydroelectric generating station is rehabilitated, environmental improvements may be
addressed in some of the following areas without incurring any additional unit outaqgm ments
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e reduction of contaminants in water;

e minimum flow requirements;

e allowable rate of change of flows (ramping rates);

e fish and wildlife flows;

e reduction of hazardous materials in powerhouse;

e improvement of dissolved gas (oxygen) content of water;
e improvement of fish friendliness;

e provisions for recreational flows;

e provisions for domestic water/irrigation flows;

e reduction of fossil fuel emissions (any increase in hydro power production reduces the
emissions produced by fossil fuel based energy production).

3.7 Maintenance and operating cost reduction

Rehabilitation of the unit can significantly reduce maintenance costs in the form of lower
labour and material costs and often more importantly, can reduce lost revenues from lost
energy production opportunities. Rehabilitation can also provide, an opportunity to address
limitations of the existing turbine design, or changes that have occurred since construction
that cause ongoing maintenance problems such as vibration, cavitation erosion, or pressure
pulsations. The rehabilitation of the turbines can also present an opportunity to automate the
plant and reduce future operating costs.

3.8 Other considerations

There may be one or more other criteria such as those listed below which could have an
impact on the decision to rehabilitate or its timing:

e governmental regulations and their development and modification over time can support or
impose certain rehabilitation activities;

e political criteria are an external consideration which may have no direct relationship to the
physical aspects of the electrical energy generating facility, but which can play an
important part in rehabilitation decisions. Notable among those to be considered is water
management;

e company image criteria may predominate in considering a rehabilitation project
(maintenance or improvement of its image) and take precedence over other criteria;

e hydrology conditions may have changed over time;

e market conditions may have changed over time.
4 Phases of a rehabilitation project

4.1 General

Rehabilitation of a unit or a power station is a complex and iterative process which calls for
the input of a large number of disciplines, extends over a relatively long period of time and
takes place in several phases. These phases are shown in the form of a flow diagram in
Figure 1 and are discussed in more detail in the following subclauses.
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Figure 1 — Flow diagram depicting the logic of the rehabilitation process
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4.2 Decision on organization
4.21 General

When it has been determined that the possibility of rehabilitation should be studied, the owner
makes a decision on the strategy of execution of the project and puts in place the project
team that will be responsible for executing the project, from feasibility study through
commissioning. The owner needs first to determine the in-house composition of the team. The
depth to which the owner can or chooses to staff the in-house part of the team will have an
impact on the composition of the external part of the team. Obviously, establishing a qualified
and cohesive project team is essential to successful assessment, planning and execution.
During the assessment and scope determination phases there is a multitude of options to be
identified and evaluated in order to determine the most profitable strategy for the owner.
During the planning and execution phases, a solid team effort will minimize “surprises” and
thereby minimize the outage time, costs, and associated revenue loss.

4.2.2 Expertise required

When forming the team, the owner should consider that the rehabilitation process is an
iterative process in all stages. In the feasibility stages, and in the final detailed planning
stage, expertise from many different disciplines shall jointly focus on the best economic or
other solution(s). The areas of expertise required include:
e Operation and income generation:

— what are present and past operating problems?

— how are units operated today?

— how is owner paid today?

— how will units be operated in the future?

— how will owner be paid in the future?
e Hydraulic engineering:

— what are current conditions and limitations?

— what possible improvements could be made?

e Equipment assessment (condition, and power limits):
— turbine and generator;

— all other related mechanical and electrical equipment as well as civil issues;
e Cost estimating (all aspects);
e Scheduling;
e Licensing;
e Economic and financial analysis;
e Detailed engineering design;
e Model and field testing;
e Construction of new parts;
e Rehabilitation of existing parts;
e Transportation;
e Field installation;

e Commissioning.
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4.2.3 Contract arrangement

There are two basic strategies with regard to contract arrangements for all or a part only of
the project: competitive bidding or negotiated agreement with a pre-selected supplier. It is
also possible to use a combination of these strategies:

e Some prefer the traditional approach of competitive bidding, evaluating bids and awarding
contracts.

e Some prefer the negotiated agreement or partnership approach with a pre-selected
supplier to form at least the equipment supply and repair external component of the team.
Such an agreement can cover only the “equipment” phases of the process such as
dismantling, design, manufacturing, transportation and installation (typical of large
projects) or it can include all phases from feasibility study through commissioning (more
typical of small hydro projects). These agreements can cover just a single component of
hardware such as the turbine alone or one agreement can cover many types of related
hardware including, for example, turbine inlet valve, turbine, governor, generator,
excitation system and controls.

An independent consultant can be employed in either of the above approaches to whatever
degree the owner’s situation requires. The degree of involvement is usually determined by a
combination of the capabilities and availability of in-house staff, the nature and overall scope
of the rehabilitation work involving both structures and equipment and the level of comfort and
confidence the owner has in working directly with a supplier or with several suppliers.

Regardless of the composition of the team, the scope and goals shall be very clear. There is a
strong need to be precise in either approach. Clarity in any agreement or contract is essential.

The choice of contract arrangement will influence the exact steps required. However, the
basic steps are very similar regardless of contract arrangement. Therefore, the following
subclauses cover the basic steps without distinction of the contract arrangement used. The
owner shall determine how the selected contract arrangement will impact the achievement of
equipment performance improvements, costs, schedule, environmental, social and regulatory
issues, safety improvements, and future revenue generation.

4.3 Level of assessment and determination of scope
4.3.1 General

4.3.2 to 4.3.4 describe three levels of assessment and scope development: feasibility study —
stage 1, feasibility study — stage 2, and detailed study. The main differences between these
three levels are the degree of detail and the accuracy of results.

A thorough assessment of a plant will involve looking at alternatives for the turbine such as
the following, some of which could have several sub-alternatives:
e do nothing major and continue to operate the plant until “failure of the units”;

e repair components which have known physical weaknesses, then operate with normal
maintenance;

e restore the original water passage profiles to like-new condition (runner, guide vanes, stay
vanes, draft tube) without dismantling the unit and continue to operate if the physical
integrity is acceptable or re-established;
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e replace the runner and possibly replace or modify guide vanes, runner seal rings,
stationary seal rings, and stay vanes to benefit from the evolution in hydraulic profile
design, with or without modifications to the stay ring and/or draft tube.

If the latter option is considered, the evaluation of the entire power train (turbine, generator,
ancillaries, etc.) is necessary including compensation for wear and restoration of mechanical
integrity.

It should be noted that grit blast or other cleaning of existing painted surfaces may involve the
removal of lead-based coatings. This removal can be very costly when it is done respecting
environmental regulations. This cost shall be factored into the overall project cost.

The determination of scope is an iterative process requiring the skills and expertise of the
entire team. As the project moves forward, the process goes into more detail.

4.3.2 Feasibility study — Stage 1

This initial stage of feasibility is often accomplished by the owner’s in-house staff. The staff
should determine if there is enough indication that age, condition, performance, industry
practice, etc. warrant a more detailed study. See Clause 3 for a list of indicators of a need for
rehabilitation and performance improvement. If the results of this study indicate that there is
the possibility of a need to rehabilitate, a more detailed feasibility study should be performed.
If desired, a very preliminary economic analysis could be done at this stage.

4.3.3 Feasibility study — Stage 2

This feasibility study would go into more detail and look at a few alternatives. A possible
“baseline” may be restoring to as-new condition. A possible first alternative may be assumed
to consist of a new runner with other components being rehabilitated. It shall be noted that
this particular alternative may not be the best solution. Therefore, if the results of this
alternative do not look favourable, it may be necessary to look at few more alternatives. In
order to determine if this project has the potential of achieving favourable economic returns, a
rough estimate of performance, scope, cost, and schedule shall be made at this stage. If the
initial result looks favourable, the project can move to the detailed study stage.

4.3.4 Detailed study
4.3.4.1 General

In this study, there shall be enough detail and sufficient accuracy to permit the decision to
move on to the execution phase or to stop work.

During this study, all of the stakeholders should have input to the development of the scope
as well as on the methods to be used to evaluate the various alternatives. Working with and
getting the support of all of the stakeholders will greatly minimize any questions and related
delays associated with scope, analysis methods, and management approval.

It is important to note that, while this guide focuses only on the turbine, the scope, costs,
benefits, schedule, etc. shall include all equipment, including generator, transformer, etc. and
structures related to energy production and flow control in order for the economic analysis to
be meaningful.
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4.3.4.2 Data collection

The establishment of when a rehabilitation evaluation should be conducted requires that
information regarding availability, operating and maintenance costs and energy production be
assembled, evaluated and trended on a continual basis for each unit of the plant or at least
for the whole plant. Although this guide concentrates on a single plant and particularly on the
turbines within the plant, one must be aware that an overall parallel evaluation is also
required on all structures and equipment and all plants in a system to allow development of a
system strategy and prioritization. The system strategy is aimed at minimizing production
losses and maximizing profitability.

Ten (10) or more years would provide a workable database, but if this is not reasonably
obtainable, fewer years may be used with due regard for the possible impact of the reduced
data set on the accuracy of the result. A minimum period of twenty-five (25) years is desirable
for flow, head and energy production data. Flow data shall account for spillage.

Collection of information regarding the following elements is recommended:

e energy production (GWh) and value of energy;

e ancillary service production and value;

e operation and maintenance costs;

e turbine reliability and availability status (outage data — forced and planned);

e hydraulic data in whatever form it exists in (hourly, weekly or monthly discharge, net head,
head water level, and tail water level) for the longest available period of record;

e equipment assessment (mechanical integrity) and drawings for all major turbine
components and related equipment and structures;

e performance assessment (original model test and/or original prototype performance test
and recent prototype performance test or at least a recent power-gate test);

e data from original commissioning;
e operating and maintenance manual,
e history of modifications to original equipment;

e regulatory requirements, current and anticipated.
4.3.4.3 Data evaluation

4.3.4.31 General

Data evaluation is to establish:

e trend in total discharge (production and spillage) versus time;
e trend of energy production versus years;

e trend of annual operation and maintenance costs versus time;
e ftrend of revenue versus time;

e plant load factor versus time;

e determination of turbine mechanical integrity;
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e determination of potential performance enhancements with current or revised hydraulic
conditions.

4.3.4.3.2 Unit reliability, availability and restricted operation

A significant increase of the outage rate of a unit is a sign that it is time to think about the
rehabilitation of the unit. But, before starting any rehabilitation study, it is important to get a
complete history of the outages of the unit, their nature, their frequency and their duration for
at least the last ten years in order to be able to identify trends.

When evaluating outages related to failure of the equipment, a distinction should be made
between a forced outage and a planned maintenance outage because they do not have the
same consequences and costs. Often, forced outages are “failure to start”. Either type of
outage can generate, in addition to direct maintenance costs, significant revenue losses due
to a loss of production opportunity and to the cost of the energy replacement.

Restrictions on operation in certain power ranges can significantly reduce the operational
flexibility of the plant and revenue generation. Elimination or reduction of these restrictions
should be one of the performance improvement goals.

All of these factors shall be taken into account in the evaluation of the rehabilitation project.

4.3.4.3.3 Unit operation and maintenance cost

It is important to obtain all information regarding the turbine operation and maintenance
records for the repairs which have been executed and the hours (or costs corrected for
inflation) which have been incurred on the units over the last ten years or more. This
information will be instrumental in assessing the degradation of the turbine, in highlighting
troublesome components and in establishing the potential cost reductions resulting from a
turbine rehabilitation project.

Potential maintenance cost reductions are usually secondary to other benefits, but they
should be considered in the detailed economic analysis of alternatives.

It is also important to analyze the causes of the problems. For example, are they isolated
failures or repeated failures of the same parts, problems related to a structural weakness
such as runner cracking, to hydraulic design such as cavitation erosion, vibration, or hydraulic
instability, or problems related to missing or faulty instrumentation.

4.3.4.4 Determination of alternatives

A sufficient number of alternatives shall be studied to reasonably assure that the best
alternative has been identified. The number of different combinations of turbine design
characteristics, extent of life extension work, length of outage, etc. can become very large. A
logical screening method shall be established to limit the number of options to be studied and
the amount of study time involved. The screening method is very site and owner dependent
and therefore, cannot be defined in this Guide. The determination of the best alternative is an
iterative process requiring the skills and expertise of the entire team. A new runner design
can usually result in a significant increase in performance. However, if the new runner design
increases the output to the point of requiring many of the mechanical and electrical power
train components to be rehabilitated or replaced, it may not be the best solution; a smaller
increase in power with concentration on improved efficiency may prove to be the better
investment.
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Each alternative shall be clearly identified as a separate consideration with its own associated
benefits, costs, and economic analysis.

The following are examples of incremental modifications to water passage components that
could lead to different alternatives:

e replace runner including new fixed and rotating wearing rings, if applicable;

e restore water passage surfaces;

e modify shape of stay vanes;

e modify or replace guide vanes;

e increase guide vane opening;

e modify draft tube shape;

e turbine inlet valve modification or replacement;

e modify headcover to accommodate more efficient seals.

f the output from the turbine is increased, it will be necessary to analyze all of the
components (mechanical and electrical) in the power train. These include, but are not limited
to:

e channels, power tunnels and penstocks;

e shafts;

e guide vane servomotor stroke and operating pressure;

e Kaplan runner servomotor stroke and pressure;

e thrust bearing;

e governors;

e generators;

e bus and cables;

e transformers;

e excitation systems;

e transmission lines;

e switchgear.

The electrical equipment is not covered in this guide.

For evaluation purposes, the activities should be separated into those contributing to
performance improvement, those required to reinstate an acceptable degree of reliability and
those required for other reasons such as environmental, social, or regulatory.
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For powerhouses with a large number of units and a low utilization factor, one should evaluate
the benefits of not rehabilitating all of the units to the same level. A few units could be
upgraded and operated on a continual basis while the balance of units, having lower
performance, are used for infrequent high load demand periods or during short duration high
discharge periods.

It is usually possible to identify, without turbine dismantling, the necessary major activities of
a turbine rehabilitation. However, there are some types of problem, such as a crack in the
water passage surface of the headcover that cannot be detected until the unit is dismantled.
This type of problem can cause a significant extension of the outage. Appropriate
contingencies shall be a part of any rehabilitation plan.

4.3.4.5 Determination of scope for alternatives

For each alternative, a detailed listing of planned modifications or replacements of equipment
components shall be developed. It is important to identify which items can be obtained prior to
the outage and which items shall be modified during the outage. In addition to the obvious
impact on cost, this list may also significantly impact the schedule and transportation
requirements.

While this guide focuses only on the details for the turbine, the hardware modifications and
procurement decisions shall include all equipment, including governor, generator, transformer,
etc. to permit a meaningful economic analysis. Any required modifications to civil structures
shall also be included.

4.3.4.6 Determination of cost for alternatives
The cost determination should consider all of the following elements:

e all costs related to the supply of new or replacement components;

e all engineering and project related costs by the owner, suppliers, and consultants;
e costs related to the modification of existing components;

e one time costs such as model tests, field tests, patterns, etc.;

e costs of fieldwork: disassembly, re-assembly, machining, crane rehabilitation, etc.;
e lost opportunity costs during the outage (energy, capacity and other ancillary services);
e operation and maintenance cost changes;

e contingency for undetected problems in the planning phases;

e financing or interest charges;

e escalation;

e environmental/social/regulatory costs;

e influence of schedule on escalation and cash flow.
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4.3.4.7 Determination of schedule for alternatives

It is very important to consider the schedule associated with each alternative. The time of
year of the outage and length of outage can have a major impact on the cost of lost energy
production during the outage. One outage per year on a given unit, will allow that the outage
occur at the lowest energy production and value time of the year, but each outage will then
incur a mobilization and de-mobilization cost. For a multiple unit plant with a low capacity
factor, back-to-back outages will eliminate repeating mobilization and de-mobilization cost,
result in less change of people in the work crew, and allow the owner to experience the
benefits sooner. However, in many cases, back-to-back outages are not financially justified
because they would extend into the high revenue periods or reduce the opportunities of
satisfying peak demands. Changes in schedule will impact escalation and cash flow.

4.3.4.8 Determination of benefits for alternatives

The benefits for each alternative are determined by:

e obtaining the expected performance gains in efficiency and power from the hydrology and
hydraulic engineering team members;

e determining the improvement in revenue by doing a computer simulation of plant operation
with these performance gains, the anticipated operation scheme and the anticipated value
of energy for the number of years in the financial analysis;

e evaluating the reduced operation and maintenance costs;

e evaluating the ancillary benefits.
4.3.4.9 Risk management for alternatives

Risks associated with the various alternatives being studied shall be considered and, where
possible, evaluated. Areas of risk include the following:

e non-achievement of performance (power, efficiency, hydraulic instability and cavitation
pitting);

e damage to or failure of a component that was not rehabilitated and establishment of
related energy losses;

e damage to a component that was not intended to be rehabilitated, discovered after
dismantling;

e escalation rates (sensitivity analysis is recommended);

e financing or interest rates (sensitivity analysis is recommended);
e currency exchange risk (if applicable);

e extended outage period and related energy losses;

e risks related to safety, environment, etc.;

e market changes;

e bonding (required extent and timing of coverage).

Note that the scope of the rehabilitation alternative will have an impact on the level of risk
attributable to it.
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4.3.4.10 Economic analysis for alternatives

An economic analysis is first performed for each alternative to ascertain the optimal solution.
After an optimal solution has been selected, a financial analysis is performed to confirm the
financing requirements and the overall viability of the project.

4.4 Contractual issues
4.4.1 General

The following subclauses can apply to either the bidding or the partnering approach of
contract arrangement. The exact content of the documents could be different in the two
approaches, but the goal is the same: precision and clarity.

4.4.2 Specification requirements

The scope of supply for each activity or component, the goals and the assignment of
responsibility and project schedule shall be very clear and precise, as in any contract.

It is difficult when writing the specification for a rehabilitation project, to cover all work in
detail and to define the sharing of the responsibilities between the contractors and the owner
for unpredictable events and consequent changes in scope. Provisions should be made in the
contract for changes in scope and extra work. Labour rates for the various trades should be
called for in the tender to cover extra work involving field labour. For identifiable potential
additional supply items, prices should be called for in the tender.

The schedule for all activities shall be very clearly defined. These activities could include
assessment, determination of scope, preparation of specification, consulting services, supply
of equipment, rehabilitation of equipment, disassembly, re-assembly, project management,
etc.

The expected performance improvements should be clearly stated regarding power,
efficiency, cavitation erosion and operating stability. Improvement of the turbine operating
characteristics may be determined by a pre-outage “signature” test followed by a post-outage
test; both performed on the same unit, using the same method and preferably using the same
test instruments and test crew.

In the preparation of the specification, a decision is required on the method for performance
guarantee validation: model testing (fully or semi-homologous) or relative or absolute
prototype efficiency testing (in the plant), or both.

The manner in which the specifications are prepared and which team members are involved
will depend on the selected strategy for the execution of the rehabilitation project.

4.4.3 Tendering documents and evaluation of tenders

The exact use of tendering documents will depend upon the contractual arrangement used.
Tendering documents can be used to choose a partner or partners (near the beginning of the
process), procure hardware and/or services, or a combination of these. The intent and use of
tendering documents for a rehabilitation project is the same as for any other major contract.
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Tendering documents shall be prepared in a manner that assures that those responding will
submit information on a common basis and be judged on a common basis. To achieve this,
the owner should make available to all tenderers, all necessary information pertaining to the
design and performance of the existing unit and all available information on its condition. This
should be done with due respect for current laws regarding disclosure of proprietary
information. The tender documents should provide for a mandatory site visit early in the
tender period, with access to the water passages of the unit to be rehabilitated, to fully inform
all tenderers.

In the evaluation process, clarifications may be sought and adjustments made to the tendered
information. Performance improvement claims shall be very carefully analyzed during tender
evaluation to develop confidence in the technical logic which has led the potential supplier to
its conclusions, particularly in the case of turbine rehabilitation, where the other water
passage components and the unit speed may not be ideal for a new modern runner of usual
design.

The evaluation criteria shall be clear. The value of additional energy production (kWh) is most
often represented by a value on increased weighted average efficiency and/or on increased
power. The tender documents shall either specify in detail the evaluation criteria or specify
the options which are to be priced and described in the tender along with their influence on
guaranteed performance.

Another key criterion is the cost of the outage that can be represented as a cost per day for a
given period of the year. The management of the outage period involves a balance between
the costs of new parts to remove their rehabilitation from the critical path against the
reduction of the outage period. The owner can offer a bonus for early completion and exact a
penalty for late completion.

Strategies of performance evaluation should ensure that the tenderer is lead to quote a
realistic level of guarantees. all of these strategies involve evaluation of performance
guarantees at the time of tender evaluations then later with the chosen Contractor, some
involving bonuses and penalties at the conclusion of model or field testing.

4.4.4 Contract Award(s)

The contract documents shall be consistent with all other documents used prior to contract
award. These other documents include tender documents, all addenda to the tender
documents, the selected supplier(s)'s tender, minutes of clarification and/or negotiation
meetings and any other documents which may be pertinent to the execution of the contract.
The contract documents shall identify all options and scope alternatives that are to be
retained in the execution of the project.

4.5 Execution of project
4.5.1 Model test activities

The owner should monitor and review the following activities in progress or at conclusion to
the extent required by its in-house policies:

e design, drawings and bills of materials;

e manufacturing with respect to homology tolerances and conformance to drawings and bills
of materials;

e installation regarding conformance to drawings, tolerances and procedures;
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e turbine model testing in manufacturer’s laboratory or in an independent laboratory, if
specified, including instrument calibrations.

If the competitive bidding arrangement is chosen and if competitive model testing in
manufacturers’ laboratories and in an independent laboratory is chosen, then at least two
turbine suppliers shall be selected for this testing. In the case of a competitive model test,
manufacturers should be encouraged by specification to be inventive on the subject of how
best to satisfy owner’s interests regarding performance of the rehabilitated machine.

It is important to realize that fully homologous model tests will give a very reliable indication
of the increased revenue that can be generated from the upgraded units provided that the
surface condition of the entire water passage is properly taken into account. Therefore, it may
be beneficial for project planning purposes, to perform the model tests by separate contract
early in the detailed study stage.

If a project is relatively small, a model test may not be economically justifiable. In such cases,
a hydraulic design can be finalized by the use of Computational Fluid Dynamics (CFD) tools
without the execution of a model test.

4.5.2 Design, construction, installation and testing

The owner will monitor and review the following activities in progress or at conclusion to the
extent required by its in-house policies:

e component design, drawings and bills of materials;

e materials selection as compared to specified materials;

e quality assurance, and quality control (inspection) requirements;

e shop tests and inspections;

e dimensional control and homology verification (especially for the runner) in accordance

with JEC 60193 and the contract specifications;

e site disassembly, reconditioning or modifications of components, re-assembly, and
alignment;

e commissioning of the unit;

e prototype performance test (absolute efficiency), power-gate test or index (relative
efficiency) test;

e |oad rejection test;

e runner testing to identify natural frequencies and vibration mode shapes;
e turbine component strain gauge tests;

e servomotor differential pressure test;

e mechanical heat run - measuring the bearing and oil temperatures;

e measurement of draft tube and spiral case pressure fluctuations, shaft system dynamic
runouts and headcover deflections, the latter being usually limited to cases involving a
new design and large machines.

4.6 Evaluation of results and compliance with guarantees
4.6.1 General
Guarantees can be established for:

e improvements in power and/or efficiency based on model tests and/or prototype (relative
or absolute) tests;

e schedule performance;
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e Cavitation pitting limit;

e Runaway speed withstand.
4.6.2 Turbine performance evaluation

Turbine performance evaluation is done normally by model tests in accordance with
and/or by prototype tests (absolute or relative) in accordance with IEC 60041
whichever is called for in the contract documents. |EC 60041 covers the arrangement for
tests at the site to determine the extent to which the main contract guarantees are satisfied.
This is the method best suited to the case where a model test is not performed in full
homology or when the prototype components are not in full geometric similarity with the
model. The cost of the measurement and the level of inaccuracy of measurement present the
major drawbacks of this method to verify compliance of performance with guarantees,
however doing the before and after tests on the same unit using the same equipment and test
team reduce the contractual significance of systematic inaccuracies.

Every effort should be made to establish the roughness of the existing prototype water
passage surfaces before the bidding stage and therefore, before the guarantees are
established. This is particularly important for the runner and the distributor (the stay ring, the
guide vanes and the water passage surfaces of the headcover, bottom ring and discharge
ring) whose friction losses are significant in the establishment of the overall turbine efficiency.
Having this information in the tender document allows the tenderer to evaluate the potential
benefits of various options regarding the improvement of water passage surfaces.

Following the specified guaranteed period of operation, an inspection for cavitation erosion
should be performed. This inspection consists of recording and mapping any cavitation
erosion damage on the runner and adjacent components. The damage is then compared
against the guaranteed limits of the contract documents. For evaluation methods, see IEC
60609.

4.6.3 Generator performance evaluation

If the contract is based on turbine efficiency as opposed to unit efficiency, generator
performance tests should be carried out in accordance with applicable standards.

4.6.4 Penalties and/or bonuses assessment

At any point in the above processes, the owner may assess penalties and/or bonuses in
accordance with the contract. Penalties and/or bonuses can be based on model and/or
prototype performance, prototype cavitation pitting, conformance to the schedule, costs,
safety, or any other aspect of quantifiable interest to the owner.

5 Scheduling, cost analysis and risk analysis

5.1 Scheduling
511 General

Consideration should be given to scheduling all phases of a rehabilitation project including
assessment of the equipment, feasibility study, determining the scope of work, preparation of
specifications, and execution of the project. Project organization will impact scheduling of the
various project activities, but regardless of how the project is organized, all of the project
activities need to be scheduled in a logical sequence.
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Scheduling is a project management tool used to coordinate activities and ensure timely and
cost-effective completion of the work processes. To determine the Scope of Work, a realistic
work plan and schedule should be established and used to guide the work process. A realistic
work plan and schedule will ensure that all of the activities required to determine the scope of
work are completed in a timely manner, and that only activities required to determine the
scope of work are performed.

The time that will be required to complete the activities and the associated costs are almost
always significant factors in determining the feasibility of a project. Costs are closely related
to the duration of the work. Costs may increase if the work shall be completed in an unusually
brief time period and may also increase if the work is drawn out over an unnecessarily long
period.

Whatever scheduling tool is used to organize the planning process, it should be sufficiently
detailed to identify who does what and when. The more compressed the schedule, the more
important detailed planning and scheduling becomes. The planning process should include a
logical step-by-step identification of the work required to thoroughly perform the assessment
activities. Whatever method of scheduling is employed, certain requirements are common to
all methods:

e Definition — Identify work requirements and break them down into specific activities or
tasks.

e Sequencing — Establish a logical order in which the work activities shall be done.

e Dependency - ldentify inter dependency of activities or tasks. Does one activity need to be
completed before another activity can start?

e Duration — Establish a reasonable duration for each activity. Identify the amount of effort
(work) and length of time (duration) required to complete each activity.

A detailed work plan for all of the project phases needs to be developed and specific tasks
identified. Once the work plan has been established (who does what and when) the
sequencing or scheduling can be done.

5.1.2 Scheduling — Assessment, feasibility and detailed study phases

Collecting and evaluating historic river flow and plant operating data and conducting detailed
equipment assessment can be very time consuming, but this information can profoundly effect
the technical and economic aspects of the project. The organisational strategy of the project
team has a significant impact on the schedule. Will a contractor or consultant be involved in
this portion of the project? Is sufficient in-house staff available to work on multiple activities
or will additional resources be needed? How long will it take for responses from government
agencies or other sources of information or permits? Can equipment assessment activities be
conducted during regularly scheduled maintenance outages at off-peak times?

5.1.3 Evaluating the scheduling component of alternatives

When considering the “baseline” scope of work and that for each alternative, the impact on
the overall project schedule should be considered as well as the impact on the costs and
benefits. Estimates of the time requirements of each alternative, if not within the capabilities
of the owner, may be obtained from equipment manufacturers or from experienced consulting
engineers. Alternative scheduling options should be evaluated to determine the most cost-
effective option.

The cost of the construction phase of the project is a significant portion of the overall project
costs and there is often opportunity to minimize some of the construction costs by properly
scheduling the work. The advantages and benefits of the different schedule alternatives need
to be weighed against the disadvantages and costs. Some of the aspects to consider are:
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e |Is there benefit to scheduling construction outages only during non-peak energy seasons
(for minimum loss of revenue)? The time of the year and length of unit outage may have a
big impact on cost of the outage. The foregone opportunity costs, (both for energy and
capacity), should be evaluated when determining the construction schedule.

e Some of the disadvantages of split or discontinuous schedules can include project and
contractor demobilization and remobilization costs, loss of team members and skilled
craftsmen and having to repeat the learning curve with new crews.

e Can the contractor pre-assemble replacement components before the units are taken out
of service, or between split outages to reduce the outage time?

e Scheduling rehabilitation of the units concurrently, overlapping unit outages, or even
scheduling multiple unit outages can minimize the duration of the construction phase of the
project. Are the resources available to support the schedule?

e Lay down space within the powerhouse, storage space outside the powerhouse, and floor-
loading limits need to be evaluated. This is especially important if there is more than one
unit apart at the same time or if extensive generator work is also planned at the same time
or if increased capacity involves heavier components than the original components. Most
powerhouses have different load carrying capacities in different areas to satisfy the original
construction plan.

e For parts intended to be rehabilitated and reused, it shall be determined if this intent will
affect the critical path of the project. Consideration may be given to making one new part
for the first unit, and then rehabilitating the part removed from the first unit for the second
unit, and so forth for additional units. This approach is applicable only to rehabilitation of
multiple identical units.

e How will “surprises” which inevitably occur on rehabilitation projects, affect the schedule?
Is the schedule flexible enough to accommodate unanticipated changes to planned
activities or additional activities to “recover” lost time?

e Other constraints (such as fish migration periods for example) may influence the periods in
which the units are available for rehabilitation.

e Schedule duration impacts cash flow, escalation and the cost of money.
e Transportation durations.

e Seasonal access constraints.
514 Scheduling specification and tendering phase

Sufficient time should be allowed for development and review of the tendering documents to
assure completeness and accuracy. The tendering phase schedule will depend on the
strategy for picking a contractor and on contractor participation, but in any case should allow
sufficient time for:

e review of tenderer’s qualifications;

e site visit by tenderers for inspection of a typical (or “problem”) unit early in the tendering
period if practicable (the importance of this activity cannot be over emphasized);

e responses to tenderer’s questions;
e preparation of tenders;
e evaluation of tenders;

e negotiation of terms and internal approvals;

Documents

Document Sharing Hub

Full document details: BS EN 62256:2008


http://www.avadocuments.com/doc/bs-en-62256-2008
http://www.avadocuments.com/doc/bs-en-62256-2008

-29- BS EN 62256:2008

e award of contract(s) or notice(s) to proceed.
5.1.5 Scheduling project execution phases

The schedule for the execution phase of the project can have a significant impact on the
overall profitability of the project. Delays in design, construction or installation can lead to
project cost overruns. A sufficiently detailed schedule should be prepared by the tenderer
then confirmed by the selected contractor to permit the owner to monitor progress. The
schedule should be updated regularly and monitored by the project team. If the project begins
to fall behind schedule, contingency plans should be implemented to get back on the contract
schedule.

All events that can have an impact on the schedule should be evaluated. Some of the items to
consider are:

e Outage duration (lost generation opportunities).

e Schedule rehabilitation of support equipment prior to rehabilitation. This includes such
items as cranes, lifting devices, un-watering and drainage systems, headgates, turbine
inlet valves, stoplogs, etc.

e Impact of hazardous or toxic product abatement such as lead, asbestos or PCB'’s.

e Impact of inspections following disassembly and refurbishment of equipment and
components to be reused. Adequate durations shall be provided in the schedule for
refurbishment of critical components or spare components shall be made available at the
appropriate time.

e Impact of damaged equipment or components and problems not anticipated prior to
disassembly. Does the schedule provide for contingencies?

e Aspects of the planned work shift schedules such as overtime costs, worker fatigue from
excessive hours, shift-to-shift transfer of information, quality of supervision on all shifts,
etc. need to be considered and planned around.

e Transportation modes available to access the powerhouse (and their limitations),
availability of storage facilities on site, limitations of access and egress into the
powerhouse and mobilization and staging areas all need to be evaluated.

5.2 Economic and financial analyses
5.2.1 General

Before starting any major rehabilitation or performance improvement program, it shall be
recognized that major investment decisions should be evaluated over the life of the project.
Most organizations will have their own well defined economic and financial analysis
procedures which should be followed before capital can be committed and it is not intended
that the following should in any way supersede those proprietary procedures. It is
recommended that where there is any doubt, professional help should be obtained from a
financial analyst who will ensure that proper procedures are followed. It is, however, up to the
members of the project team to identify and quantify all of the factors which affect the cost(s)
and benefit(s) of the project and the various alternatives to be considered.

For any rehabilitation or performance improvement project, there could be a number of
different options and deciding the best way to proceed may not be straightforward. Some
decisions might be easy such as the need to remove grease lubricated bearings to conform to
revised environmental requirements. However, other choices are less clear-cut and require
analysis of their financial impact before a decision can be made.
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The benefit-cost analyses (economic analyses) of the various alternatives identified during the
detailed study phase should be undertaken to rank the various alternatives and determine the
most favourable course of action for the project. The benefit-cost analyses may be very
simple or quite complex depending on the size of the project, number of units involved,
number of alternatives studied, etc.

It is often useful for an engineer to complete a simplified economic analysis as a screening
tool to identify those alternatives which provide the most favourable economic value and
reduce the number of options that will subsequently be examined in more detail. As a base
case, rehabilitation or performance improvement plans may be compared against the
continued operation of the existing plant with no rehabilitation provided that the existing plant
has no evident reliability or safety problems.

Whilst determining whether to proceed, the financial performance of the plant with a minimal
intervention option should be compared against that of the plant having undergone the full
rehabilitation and performance improvement.

5.2.2 Benefit-cost analysis

Although this guide concentrates upon the framework and details of a rehabilitation or
performance improvement of hydraulic turbines, these are only one component of a complete
generating station and it would be unusual and indeed unwise to consider the rehabilitation of
a turbine on its own without regard for the condition of the remainder of the plant.
Consideration of benefits and costs should therefore include the full scope of the project
including all equipment and structures essential to reliable energy generation.

Many different economic evaluation methods are used to evaluate the feasibility of capital
expenditures. The common economic evaluation tools include:

e Net Present Value (NPV);

e Benefit/Cost ratio (B/C);

e Internal Rate of Return (IRR);
e Pay-back period.

To balance the short term costs of rehabilitation against the long-term benefits, most utilities
use some form of present worth or net present value to relate the benefit and cost streams
which occur over time. The present value method is straightforward, can be used to compare
incremental benefits and costs, and does not require detailed financial criteria.

The present value of all rehabilitation benefits achieved is compared to the present value of
all costs attributable to the rehabilitation over a fixed period of time. Comparison may be
made by subtracting the present value of the costs from the present value of the benefits or
by dividing the present value of the benefits by the present value of the costs to obtain the
B/C ratio. Theoretically, a rehabilitation investment is justified if the benefits exceed the costs
or if the B/C ratio is greater than 1.0. Typically, organizations require the B/C ratio to be
greater than 1.0 to allow for contingencies and a positive return on investment.

It shall be noted, for rehabilitation or performance improvement projects, that some costs will
be incurred regardless of whether the project is rehabilitated or not. The benefits and costs of
rehabilitation should be compared to the benefits and costs of a base case. Therefore it is
essential that the benefits and costs of this base case be properly represented. Various
approaches may be used to establish the base case, ranging from decommissioning of the
units as they fail, to maintaining the plant in operating condition by repairing or replacing
components as they fail. O&M costs would increase and generation would decrease over
time. Another approach for consideration could be termed “life extension”, whereby the unit is
disassembled and reassembled to inspect and repair the mechanical components to “like
new” condition. For this approach, the cost of disassembly and reassembly are included in the
costs along with outage and foregone income costs. Documents
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Care should be exercised when evaluating between alternatives to use only the incremental
benefits and costs directly attributable to the specific alternatives being evaluated. Each
utility’s costs and benefits are unique to that utility and as a result, the following can only be
used as a guide. The utility’s own financial arrangements should therefore be used wherever
available to determine the benefits and costs associated with any rehabilitation or
performance improvement program.

5.2.3 Identification of anticipated benefits
5.2.31 General

The time interval used to evaluate the operating benefits is the period in which the
organization wants to recover the costs of the rehabilitation or performance improvement
program. The evaluation period may be the expected life of the rehabilitated plant, the
financing period, or a shorter period should a more rapid recovery of investment costs be
desired. The evaluation period should be established by each individual organization
depending on its own unique circumstances.

5.2.3.2 Plant generation benefits
These include the following:

e Increased output — Alternatives that increase either or both the capacity or energy output
of the plant need to be evaluated and ranked to determine which provide the best
economic benefit/cost scenario.

e Increased efficiency — Efficiency gains from rehabilitation or performance improvement
shall be considered as even small efficiency gains provide substantial economic benefits
over the life of the project particularly if the units shall be rehabilitated for reasons of life
extension in any event.

e Income from ancillary services — These include such items as spinning reserve, reactive
power control (VAR), black start capability, AGC (Automatic Generation or direct frequency
Control).

e Other benefits associated with the proposed (optimal) alternative.

5.2.3.3 Operation and maintenance (O&M) benefits

These include the following:

e Increased availability - Significant benefits can be realized by reducing the forced outage

rate and increasing the unit availability thereby improving the plant’s reliability.

e Improvements to operation - Operation can be improved by incorporating modern control
systems, and replacing or rehabilitating plant auxiliary equipment that has become or will
become failure prone. Many manual devices can be replaced by automated data
acquisition or supervisory control devices.

e Reduced operating and maintenance expenses - O&M costs of a rehabilitated plant often
can be significantly lower than if the plant continued to operate with no rehabilitation.

e Evaluation of personnel requirements after rehabilitation can often provide substantial
economic benefit. This is particularly evident where 24 h staffing requirements can be
reduced to one shift staffing or remote control, for which positions may even be eliminated.
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e Intervals between maintenance may also be increased after rehabilitation, and the extent
of maintenance performed should be reduced considerably for many years as a result of
rehabilitation.

e Insurance benefits - Quite often, insurance costs can be reduced when installing modern
equipment with improved monitoring, control and protection systems.

5.2.3.4 Environmental benefits

Plant rehabilitation or performance improvement programs provide the opportunity to
incorporate technological improvements that can provide environmental benefits as well as
O&M benefits. An example would be replacing grease lubricated bearings with self-lubricating
bearings.

Improved fish passage features may be incorporated into the turbine design if passage of fish
is an issue at the particular project. Increased aeration of the discharge is also possible.

5.2.4 Identification of anticipated costs and benefits
5.2.41 General

As stated previously, care should be exercised when evaluating alternatives to use only the
incremental costs and benefits directly attributable to the specific alternatives being
evaluated. This is essential when examining the effect of increasing or decreasing the scope
of the various rehabilitation options.

An example could be to examine the effect of increasing or decreasing the scope of the
immediate rehabilitation. For instance, the remaining life of different equipment of the power
station such as the turbine and generator might be different. It might be considered that the
turbine could operate satisfactorily for a further five years before rehabilitation whereas the
generator is in urgent need of repair. A reasonable question to ask would be whether the
rehabilitation of the turbine should be delayed until repair became more nearly urgent? There
are therefore (at least) two options to be considered; firstly to rehabilitate the generator as
soon as possible while delaying the rehabilitation of the turbine and secondly to rehabilitate
both items of plant at the same time. The main advantage of the former would be that it would
minimize the immediate capital expenditure whereas by rehabilitating both components at the
same time future unit availability would be maximized. The value of unit availability often
predominates if the intervention options are in the near term.

5.2.4.2 Capital costs
The obvious capital costs include the following:

e Cost of equipment — Include all direct costs for equipment, material, construction costs
associated with disassembly, installation of new equipment, testing, and disposal of the old
equipment.

e Cost of financing — Includes cost of financing the project such as interest, escalation, and
other financing related costs.

e Contingency — Allowance for inaccuracies in other direct cost estimates as well as
miscellaneous and unexpected costs. The magnitude of the contingency costs depends on
the confidence level of the direct cost estimates.

5.24.3 Investment related factors
These include depreciation and salvage costs and other tax related costs if applicable.
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5.2.4.4 Outage costs

Income is only produced when the power station is generating or available to generate energy
or to provide ancillary services. If the design of the power station and timing of the
rehabilitation project is such that rehabilitation can be completed without spilling water, then
there should be no reduction in the energy generated. However, unless the rehabilitation is
being carried out following a plant failure that is preventing generation (forced outage), there
will be a loss of generating capacity and/or ancillary services caused by the decision to
rehabilitate (planned outage). If an adequate margin of installed capacity is available, then the
loss of capacity during rehabilitation might not result in any appreciable loss of income to the
utility. There may be seasonal periods where the value of capacity is low, or impact of
capacity loss is low. The more interconnected the system being fed, the more likely there will
be a “lost opportunity” cost associated with any rehabilitation project, even where spillage of
water can be avoided.

Outage costs include:

e forgone revenue during rehabilitation outages (loss of energy income including potential
spillage);

e lost market opportunity costs (peaking and ancillary services);

e potential loss of acquired rights (usually associated with re-licensing and not the
rehabilitation per se);

e other costs associated with the proposed alternative (de-ratings, etc).
5.2.4.5 Project staff costs

Office and staffing costs for planning, engineering, purchasing, environmental studies, factory
and site QA and inspection, commissioning, field supervision, and on-site training costs
should be considered when evaluating the project costs. While this list is not all inclusive, it
identifies some of the project staffing costs associated with the project.

Temporary office facilities are required to house project personnel at the site for the duration
of the project. Temporary facilities for project personnel include office space, support staff,
rent, office equipment, utilities, temporary computer and communications infrastructure and all
other costs necessary to support the project staff. At remote sites, this would also include
living accommodation.

5.2.4.6 Schedule duration and effect of delay on the project

The scheduled duration of the project will affect many facets of the economic evaluation. Not
only the total project duration and individual outage durations, but for multiple unit plants, the
staging of successive unit outages can significantly impact both the benefits and the costs.
Delays with respect to an established schedule affect both direct and indirect costs, their
extent depending upon the cause. These can be very significant if the unit non-availability
costs are high.

5.2.5 Sensitivity analysis

There are always uncertainties in any predictive analysis and it is good practice to determine
the sensitivity of the economics of a project to changes in the base assumptions. The
sensitivity analyses should include any parameters where a change would significantly affect
the project performance. Typical parameters which merit sensitivity analyses would be
changes in capital cost, changes in the duration of the rehabilitation project, the expected
gain in efficiency and the value of energy and other revenue products.
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Other sensitivities may be applicable for the particular project being considered and all
identifiable significant risks should be evaluated. It is often useful to plot the results of the
sensitivity analyses to more clearly indicate any trends.

5.2.6 Conclusions

The preceding clauses give a brief introduction to a simple method of economic and financial
analysis for rehabilitation projects. The procedure explained should be adequate for
evaluation of options and should help plant engineers select from the economic and financial
standpoints, the best rehabilitation option for their plant.

5.3 Risk analysis
5.3.1 General

Risk analysis is generally conducted in addition to the overall economic evaluation to justify
proceeding with a rehabilitation project or to justify not proceeding with a project. Clause 6
discusses evaluation of the scope of the project, which is a prerequisite to being able to
evaluate the risks associated with rehabilitating or not rehabilitating the plant. Risk is
generally defined as the probability of an event occurring times its quantified consequences.
Therefore, actions to decrease either the likelihood of the event occurring, or the cost of its
consequences will reduce the (financial) risk. The equipment cost and other costs which may
be incurred to reduce risk can be compared against the risk cost reduction when comparing
alternatives.

A sensitivity analysis within the risk analysis can be conducted to determine the impact of
certain assumption or factors on the alternatives. In addition to the significant influence of
economic factors, the evaluation of alternatives involves estimating the probability of failure or
when failure might occur.

Types of risks for analysis can be divided into the following categories, which will be
described separately:

e non-achievement of performance risk;

damage due to failure risk;

extension of outage risk;

financial risk;

e other risk.

Once the risk factors have been identified and assessed, contingency plans should be made
to manage the risks:

e Can the project plan be changed to avoid, diminish or eliminate the risk?

e Can the probability or consequences of an adverse risk be mitigated or reduced?

e Are the risks acceptable, or can their impact be provided for by a contingency allowance of
money, time, resources, etc.?

Like other aspects of the project, risks should be identified and monitored throughout the
project to ensure effective control. Establishing and monitoring performance measures (such
as project costs and schedules) will identify when contingency plans need to be implemented.
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5.3.2 Non-achievement of performance risk

Rehabilitation work has many risks associated with the possibility that the contractor does not
succeed in reaching its guaranteed performance values including for example power increase,
efficiency increase, hydraulic instability limits and cavitation pitting limits. The cost impact of a
failure to meet performance expectations is generally spread over the life of the equipment.
The owner may attempt to recover such costs through warranty or liquidated damage
provisions in the contracts signed with contractors.

The owner can choose some countermeasures for reducing these risks. Requiring and paying
for a demonstration that the equipment design will result in the specified or guaranteed
performance can reduce the probability of not achieving them. The use of CFD and model
testing can provide increased confidence of meeting the performance expectations (at
increased cost). The obligatory scheduling of prototype testing before and after the
rehabilitation does not permit it to be used to reduce the owner’s performance related risks.
The potential uses of CFD and of various types of model or prototype testing are discussed
elsewhere in this Guide.

5.3.3 Risk of continued operation without rehabilitation

One of the objectives of rehabilitating the turbine is to improve the reliability of the unit. It is
important to include the “do not rehabilitate” option within the risk analysis. During the early
assessment phase of the project, the risks associated with not rehabilitating the project such
as a catastrophic failure of a component causing major project damage and an extended
unplanned outage, should be determined. The evaluation of the type and magnitude of risks
associated with the “do not rehabilitate” option should use the same approach as is used to
evaluate risks of each of the rehabilitation options.

Risks associated with damage or failure can be of a minor nature, such as requiring
installation of a new spare part, or can be of major proportions including catastrophic failure
or danger to personnel. A condition, which is considered critical, potentially leading to a near
term catastrophic failure or an identifiable high consequence failure or identifiable danger to
personnel should be the basis for immediate rehabilitation.

The evaluation shall include the following costs associated with the alternative involving no
rehabilitation;

e energy loss due to efficiency deterioration;

e lost revenue due to forced outages and unscheduled downtime;

e increasing O&M cost including additional inspection costs to maintain the plant;

e increased insurance premiums.

Failure to replace any component in seriously deteriorated condition will result in a high risk of
failure and an associated high-risk cost. This can be quantified by estimating the number of
years until the component encounters a major failure resulting in substantial loss of
production and loss of life risk or both.

5.3.4 Extension of outage risk

Rehabilitation alternatives have a planned outage that is scheduled, plus the potential for the
outage extending beyond what is planned. The likelihood of the extension of the planned
outage for rehabilitation projects is higher than for new construction because of the potential
for finding equipment that needs to be repaired or replaced as it is disassembled during the
construction phase of the project.
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The no rehabilitation option has the potential for equipment failure resulting in an extensive
outage to cover design, procurement, fabrication and installation not only of the component
which failed but possibly of many other components and of other equipment and even
possibly, structures. Furthermore, the outage resulting from an equipment failure may come at
the most critical time of the year when energy replacement costs are at their highest.

5.3.5 Financial risks
Examples of financial risks are:

e risk and impact of actual escalation not matching assumed escalation rate;
e risk and impact of the actual financing interest rate not matching the assumed rate;

e risk that rates for energy and capacity from which future revenue is evaluated, and from
which the lost revenues during the rehabilitation work are evaluated, differ from the
assumed values;

e financial risks including cost to purchase replacement energy during rehabilitation;

e currency exchange risk if applicable.

In addition to evaluating the financial risks based upon the best estimates of each component,
it is generally prudent to also evaluate the sensitivity of the project economics to the
assumptions made in the financial analysis. This being said, most owners have pre-
established values for all financial parameters to be used in project evaluations.

5.3.6 Project scope risk

A good part of the financial and extension of outage risk is already built-in at the planning
stage of the project.

Depending upon the importance of the unit being rehabilitated, any work on the critical path
usually poses some risk related to its potential scope increase. Problems that are discovered
after dismantling and inspection of the unit, can lead to extensive unplanned and unbudgeted
work.

When defining the project scope, two different approaches can be taken:

e Under the terms of a contract which defines an anticipated scope, dismantle and inspect all
components and execute required repairs according to engineering recommendations. This
may and usually does give rise to scope changes.

e Plan in advance on replacing all doubtful existing components by new parts.
Those who try to minimize the initial budget and have, for reasons of plant hydrology, a

comfortable planned downtime, usually retain the first approach. This normally creates the
highest built-in risk of scope changes.

Those for whom downtime is critical usually lean toward the second approach, to minimize the
risks related to an unplanned extension of the outage. In a multi-unit plant, this approach can
be taken for the first unit and then a mix of the two approaches may be applied for
subsequent units. The optimum project scope lies usually, somewhere between the two
extremes.
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When defining the scope of work in advance of the outage, there is the risk that the scope of
the rehabilitation on a given part has been underestimated. Perhaps the larger risk is that of
finding parts in an unforeseen deteriorated condition and having to do repairs on additional
components. The solution to both of these problems is to do realistic planning which contains
some “float” in the schedule and to provide contingencies which are greater than one would
provide for new construction of comparable value. The level of contingencies will depend on
how many components are planned to be replaced by new components, how good the plant
records are concerning machine condition and how thorough an inspection was possible in
advance of unit dismantling.

5.3.7 Other risks

Other risks such as risks for human safety and environmental risk should also be evaluated.

Human risks include the potential for injury or loss of life during the rehabilitation project, or
the risk of corresponding losses from not rehabilitating the unit.

Environmental/fish damage risk from hydropower plants may be due to:
e planned or accidental flow changes caused by the outage for the rehabilitation or during
operation following rehabilitation;

e planned or accidental reservoir level changes caused by the outage for the rehabilitation or
during operation following rehabilitation;

e discharging contamination such as lubricating oil during the outage or during operation.

However, an extended outage may give an opportunity for conducting several positive
environmental programs such as water quality and river flow improvement, and bank
protection work, and environmental improvements may also result from the rehabilitation
project such as when a turbine is replaced with a more fish friendly turbine.

The rehabilitated unit may have either a positive or negative influence on the environment
depending upon the specific changes made. Generally, the environmentally least aggressive
approach to increase power production is the one which does not change the discharge. The
gain is then obtained from efficiency increase and the corresponding capacity increase from
the existing units.

6 Assessment and determination of scope of the work

6.1 General

This Clause presents the main elements which should be considered during assessment of
the turbine and related equipment and which could influence or be influenced by the turbine
rehabilitation and performance improvement work. A complete evaluation includes the
following three items:

e assessment of the site;
e assessment of the turbine;

e assessment of the related equipment.
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6.2 Assessment of the site
6.2.1 Hydrology

Optimal operation of a hydroelectric plant relies not only on the efficiency of the turbines but
also on the best use of the available flow and head. The conditions prevailing at the time of
construction of the facilities can have changed over the years. The hydraulic potential of the
site and its operating mode should then be reviewed taking current conditions into account.

A turbine efficiency increase should normally not have much effect on the operating pattern of
the plant. However, a combination of power and efficiency increase can result in a change to
the operating mode of the power plant, reducing the utilisation factor and giving increased
energy production with potential effects on the environment.

The main questions to be asked are:

e Is there any possibility to change the flow?

e Are there any new restrictions or opportunities on headwater or tailwater levels which
would result in a change in the specific hydraulic energy on the turbines or to the plant
Thoma number?

e Are there any new restrictions or opportunities on operating mode due to environmental or
social considerations?

Good records for 25 years or more are required for reliable statistical analysis of potential
future production. A summary of the site hydrology, that is the average hourly, daily, weekly
or monthly heads and flows versus time, should be available for the longest possible period of
operation.

If this information is unavailable directly via measurements it can be deduced from energy
production, headwater and tailwater elevation records calculated or measured losses outside
the turbine and measured or assumed efficiency of turbine and generator then taking into
account any water releases at the spillways. Care shall be taken in using “assumed”
efficiencies. They shall be based on original manufacturers data or earlier tests with due
regard for deterioration resulting from machine condition. This information along with a
correlation with adjacent hydraulic systems may be used to determine whether there has been
a change in the hydrology of the site or in the hydraulic parameters of the powerplant.

Changes in hydraulic parameters or in the intended mode of operation of the plant can
change the turbine rated conditions and influence the selection of the best solution for the
rehabilitation or improvement of the turbine.

6.2.2 Actual energy production

Existing data on annual energy production at the plant provides the owner with the baseline
data from which he may establish the value of any potential improvement of the performance
of the plant equipment. If independent sources of hydrologic data are available, the energy
production data also provides the possibility of establishing a performance trend toward
deterioration. If no such independent sources of hydrologic data are available, the past
records of energy production, estimated records of spillage at the site and an approximate
knowledge of the existing generating equipment characteristics allows one to construct a
history of the hydrology at the plant with a potential inaccuracy of the order of plus or minus
5 %. This is at least as good as most available methods of establishing the hydrology at any
undeveloped site.
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