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1. Commissioning

The general definition for commissioning is the process where an equipment, power plant, or any
type of facility is tested and verified [1]. The verification and testing of all the components and
systems must align with the design objectives and safety specifications. These three can be said to
have almost the same meaning, where these terminology is used frequently in the engineering field
[2-4]. The meaning of erection is basically the manufacturing end of a plant, where installation is
setting up a plant to where it is to be used. The last but not least is commissioning that means making
an overall examination of the plant installed [5-7].
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1.1 Activities of Commissioning

The commissioning process can be partitioned into several activities that consist of three main
parts. These activities comprise of the commissioning preparation, execution and the documentation
where it is handed to the operating agency [8-10]. Before any project takes place, the most crucial
element needed is the preparation phase. This phase includes the preparatory work that shall include
the activities for commissioning before the start-up process [11-14]. These activities comprises of the
development of the commissioning organization, that is the community set-up and the human
resources that is involved in their designated departments. Whether it be an engineering-based
departments (mechanical, electrical, civil, control and instrumentation) or regulatory-based
departments (safety, design basis, licensing) [15-17].The next activity is the development of system
breakdown where all the systems within the commissioning process is evaluated and constructed for
the breakdowns to be executed smoothly by the department’s set-up [18-20]. The activity that
follows is the packages definition where all of the breakdown packages is well defined in order to
establish fabrication/installation priorities. Commissioning schedules is indeed one of the important
preparatory work which pictures the project timeline and milestones that is needed to be covered
within a certain amount of time [18-23] . Then there is the commissioning budget that includes spare
parts for redundant purposes. This budget allows the commissioning project manager to allocate the
budget to all the departments and procedures needed during the commissioning process. The
commissioning preparation check record is also prepare before-hand. The status and readiness for
any power plant for the commissioning process can be presented through a commissioning checklist
that gives a list of in-depth details of a system [24-26].

The main focus in commissioning any power plant is the execution process according to the
guidelines of a detailed procedure description. We first start off with the main objective of a power
system commissioning procedure, which is to account and verify all the equipment in order to fulfil
the design criteria for operation. This equipment must also achieve all the guaranteed safety
requirements laid out by the safety authorities. The commissioning process should be conducted by
a group of highly qualified personnel and experienced professionals [27-30].

In this activity also, we must have a general description that portrays the system as a whole or
subsystems in need of commissioning, including the basis for the functions that is to be tested
according to the marked-up P&ID [31, 32]. The next crucial element is the list of equipment to acquire
for a temporary period of time or to be purchased permanently. Before even stepping to the site,
proper purchasing or rentals of equipment must be listed out based on the contract requirements by
the manager [33-35]. These equipment includes lubricants, tools, transportation requirements for
personnel, computers, printers, and software for commissioning offices, consumables, spare parts,
temporary pumps, hoses, plastic tubing and fittings, storage container for equipment that has been
temporary removed from the plant and many more according to the type of plant that is to be
commissioned.

The health, environment and safety aspect must also be considered during the commissioning
process, where safety acts as one of the most crucial element in any type of power plant especially
in a nuclear reactor. Activities that involve the operation of installing a nuclear-based applications
may lead into many risks that involves safety. This is due to the possibility of hazardous radiation
effecting the surrounding people and also the environment during normal or critical (accidents)
conditions[36]. Then there is the preservation of the system where it is required to remove any
existing preservatives within the system. In this procedure, the old preservatives are subsequently
replaced with new ones considering the system will be out of service and unable to continue
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operation for a period of time[37, 38]. The step by step detailed working that was prepared during
pre-commissioning must be executed that includes the commissioning preparation, and the checklist.
All the irregularities or faults shall be logged and recorded. Other than that is the incorporation of all
the supplier’s equipment for the start-up procedures. Before the proceeding of the handover of the
plant to the asset holder, all the final planning of the commissioning execution phase is conducted,
where the man-hours for the personnel per discipline is also taken into account [39]. The moment at
which a capital project is completed is not the moment when the life of the facility commences. It is
important to keep in mind, because the manner by which the design information is completely
transformed and transferred for the operational phase can have a profound effect on the facility’s
long term success and profitability. This is what you call the hand-over phase [40].

The last main activity for a commissioning of a power plant is the documentation and the
handover to the operating body. This process has its personal procedure because as stated earlier
the handover process is quite tedious because all the information about the plant is needed to be
transferred to the asset holder before operation can commence. It follows a formal procedure by
least that this procedure consist of the commissioning of P&ID that portrays the completed system,
the certificate that involves the acceptance of completion (sighed by both parties), authority
certificate, and operational procedures and handbooks. This review paper studies the comparison of
the commissioning of a nuclear reactor power plant to any conventional power plants that is available
around the world today [41].

2. Nuclear Power Plant Commissioning

The commissioning is an essential to the following secure operation of the Nuclear Power Plant
(NPP). So, it should be planned early in the design and acquisition process and executed carefully
according to acceptance criteria and test methods. The commissioning results should meet design
requirements. The preliminary characteristics of systems and equipment should be define the source
provided is values for normal operational tests. Nuclear power plant systems, structures and
components are verified to comply with the design, put into the operation mode and tested which
all these activities covered in the commissioning.

2.1 Commissioning Programme

The entire activities to be executed on systems, structures and components to fabricate their
functioning according to the layout requirements are cover inside the commissioning programme.
The conditions of NPP are considered in safety analysis report which the plant constantly in cozy area
and the sufficient edges between the design purpose and safety demands and the real overall
execution of the plant. The tests performed on the site might be different from off the site tests. The
on the site test should recollect to the fullest viable of the off the site tests. The applications to
structures, systems and components that mounted and integrated with their physical and practical
interfaces in the NPP should go through justification adequately when test. Since NPP involving
chemical materials, the commissioning programme includes the attention of chemical
preconditioning and passivation of the plant precedent to active commissioning. In order to reduce
the radiation dose to personnel in subsequent operations, the conditioning of the plant will diminish
the subsequent corrosion fabrication, activated products and contaminated materials [42].

In commissioning programme, despite the safety is the most important thing need to be
priorities, the responsibility allocation for safety at different milestone also should be adequately
provision. The transport of nuclear fuel onto the site and secure nuclear fuel storage consisting access
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control to buildings and the operation and monitoring of applicable systems. The loading of first fuel
and first insertion of moderator and/or reflector, thereby linking duties for safety with
responsibilities for operation of the plant.

The tests are carried out in a logical series to be progressive in order the plant is uncovered to
less oppressive situations before leading to greater inconvenient conditions. Commissioning tiers are
from non-nuclear testing tiers to nuclear testing tiers, and also from single components and system
to comprehensive testing stages for homogeneous systems for the plant at the end. Operations
personnel, maintenance personnel and support personnel are ensure participating in commissioning
activities are further trained and qualified. In order to proceed in the process of commissioning, it is
require the regulatory body’s authorization milestone which identification of milestone is included
in commissioning programme.

2.1.1 Commissioning organization

The operating organization (licensee) of the NPP is assigned as the chief responsibility for safety.
Before starting of commissioning, the management system is established earlier. This system
involving all items, services and process concerning to commissioning safety. Apart of that,
management system as the components in establishment of policies and enabling the achievement
of the objective in efficient and effective manner. All the activities regarding operation at once and
not directly is included on this responsibility which incorporates the authority on supervised of all
related organizations along with designers, providers, manufactures and constructors, employers
and contractors along with the obligation for operation of NPP.

2.1.2 Feasibility study

A feasibility study is an analytical tool used during an enterprise development method to reveal
how a business would function beneath a set of assumptions. Era used such equipment and
manufacturing procedure, financing encompass the capital need, volume and value of products, and
advertising and marketing regarding the costs and opposition are the factors that protected within
the assumptions. Key portions and facts about the project are foregather into one comprehensive
evaluation in the undertaking development process. The main motive of this feasibility study is to
regulate whether the business opportunity is possible, practical and achievable[43].

2.1.3 Nuclear power plant siting

Site selection of new NPPs, related to the investigation of a massive place to pick desired sites,
and accompanied by way of distinct evaluation of the favoured site. After the site has been
investigated and analysed, siting standards are used to evaluate unique site related problems,
activities, phenomena, hazards and different concerns. The local analysis is carried out to discover
capacity sites using well established regional criteria. Local standards are typically related to national
domestic policy, country wide financial policy, national and global environmental protection or other
related rules of the State. Technical constraints and the availability of resources along with
infrastructural constraints and availability of water on a local foundation are also vital concerns for
regional analysis. There are two essential considerations in evaluate a potential site for a NPP which
are site characteristics that have possibility effect on the safety of the plant or the transfer of
radioactive material and also the potential consequences of the plant on the surrounding area,
population and environment [44, 45].
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2.2 Commissioning Execution

The power plant need to be abundantly complete to illustrate that it could be operated in all
modes because it has been designed to be operated which fulfill the center of commissioning
programme, testing. If the plant meet the situations which include the plant determined to be safe
without been analysed or it is miles fall out of the range of assumptions made in protection
evaluation document and they could damage the plant or threaten its safety, then the tests should
not be achieved and the running modes or plant configurations status quo ought to not be
implemented. Before the initiation of each test, a risk assessment should be done and any required
precautions need to be taken in according with its findings. Identification and executions of
structures, system and components should be done. An appropriate and vast tests of the safety
capabilities for the NPP also need to be execute.

2.2.1 Safety, health and environment

The intention of protective human lifestyles, health and environment have in common in safety
and security measures. Safety and security measures must be designed and applied in an integrated
way in order that security measures do no longer compromise security. International Atomic Energy
Agency (IAEA) is an international centre for cooperation in nuclear field that works with its Member
States and various partners to stimulate the safe, secure and non-violent use of nuclear technologies
global establish the fundamental of safety concepts, requirements and measures to manipulate the
exposure of radiation and radioactive material release to surrounding. The establishment of safety
fundamental are to ensure the protection of people and environment from ionizing radiation that
harmful effects and to prevent the probability of events consisting loss of control over nuclear reactor
core, nuclear chain reaction, radioactive and radiation sources, and to reduce the outcome of such
events to occur.

2.2.2 Commissioning planning

The duration of state being inactive and the construction of other equipment might adjust the
test outcomes of equipment that had been commissioned during the construction of NPP. The
standby components that regularly not operated should consider in the planning of commissioning
tests. The procedures and specific programme should be written in assisting of the commissioning
programme. The principles, objectives and nature of the tests should be describe in the procedures
and these programme. They should encompass the standards for judging the validity of the effects
and the recognition standards. These approaches for systems crucial to safety ought to include
assessment that overall performance tiers and running parameters were validated for all operational
states (normal operation, predicted operational occurrences) and for coincidence situations to the
volume viable, without threaten protection either without delay or not directly [46].

2.2.3 Environmental issues
In the first phase of a nuclear power programme, the environmental issues is consider to an
informed decision for a nuclear programme. Reviewing the suitability of the existing framework and

organizational shape chargeable for environmental protection and with a plan on determination of
scarcity. Besides, initial siting survey, which encompass the initial environmental statistics series and
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analysis. The second phase embody essential preparatory work for the deployment of nuclear power.
Ideally, the implementation of the motion plan on legal, regulatory and organizational enhancements
for environmental safety. Next, allocation of duties and establish decision making and licensing
processes and environmental impact assessment (EIA) system finishing touch, with improvement of
the three reviews which is preliminary environmental statistics analysis, the environmental scoping
report (ESR) and the EIA report, comprise the EIA results to prepare the bid invitation specification
or contract. The third phase satisfy the specification and concludes with the NPP prepared for
operation. All the obtain licenses and permits for environmental necessity are needed during this
phase. The development and implementation of environmental monitoring are also in this phase.
Figure 1 shows the environmental issues according to the phase.

SITING STAGES ENVIRONMENTAL
‘], PROGRAMME
i Strategic environmental
assessment (SEA) r

g i Enuionmental aws and

3+ - - regulations reviewed,
= Initial environmental responsibilities of
o Potential regions/sites information callection organizations identified

] and analysis

Site selection stage

s — lace,
Candidate sites/ | Environmentalscoping | o o mﬁl'fﬂﬂi':ﬁlf&
preferred sites ' repart (ESR) B environmental permits

~and processes

Public participation

Site assessment stage Jescsmintt — |
% -environmental impacts

] i ~ Environmental laws and

G Environmental impact
Site design basis
itk
reflected in bid
specification or contract

Pre-operational stage Environmental

monitaring during Regulatory and legal Emergency
pre-operational, improvements | _ planning
Confirmation, licensing construction and
and angoing justification operation

Fig. 1. Phase approached to environmental issues in nuclear programme

2.3 Documentation and Operation Hand Over

The commissioning documentation is essential for the succeeding thoroughly operation of the
plant. The structure, content material, quantity and control of commissioning files are being distinct
inside the control system of the operating organization. The arrangements of documentation are
provide the progression of commissioning activities to ease the execution stages. Besides, the
documentation as the evidence of design requirements had been fulfil or appropriate modification
made are recorded. Information of the document supply warranty to the operating consortium that
commissioning is proceeding effectively and as the records that to be had been kept for the lifetime
of the plant [47].
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The foremost cooperation from the commissioning association compose the Tier-l documents,
illustration, and references in keeping the regulatory safety guides, safety evaluation review and
probability encounter. Well before the field commissioning activities begin, the individual
commissioning groups compose Tier-Il documents for their framework and make certain such
documents are made accessible to all different commissioning groups. A standard list of such file is
provided in Table-1.

Table 1
Documentation Prepared During Commissioning

Documentation prepared by the top level team in the commissioning Typical

organization numbers

Station Norms 22

Regulatory submission for various stages of commissioning 7 Tier-l documents
Master commissioning network 1

Documentation Prepared by commissioning groups Tier-ll documents
Commissioning Procedures (Vetting done by NPCIL Designer) 369

Equipment level maintenance procedures 337 Documents required

for Commissioning
Commissioning reports (Concurrence by NPCIL Designer and review by

Regulatory Body) 369

Operational flow sheets 195

Operating manuals 175

Operating procedure checklists 300 Documents required
Surveillance test procedures 120 for Plant operation
Emergency operating procedures (in collaboration with NPCIL 62

Designer and safety analysis group)

Training manuals 41

Documents required

SAT based checklist for station licensing programme for O&M Training

Documents are composed and issued for the handover of plant structures to confirm officially
that the system of the plant had been installed and examined as required underneath the
commissioning programme and the system is functioning according to the layout requirement and
allocation. The handover authorization are increase by means of the handover recognition package.
The transfer of documentation is a purpose of the handover process. Documentation been conveyed
in system packages and enable the plant personnel make a whole overview for each packages. These
transfers are relying at the obligations allocated for the testing after fuel loading, at initial criticality,
at low power and at increasing power level. The documentation on commissioning are blanketed the
assisting records supplied in the configuration of guidelines or methods which are needed to help the
activities inside commissioning procedure. Specimen of such files are records associated with the fuel
assembly points and other nuclear materials, approaches for radiation protection and safety, and
associated statistics. Any relevant reference additionally blanketed within the documentation.
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3. Standard Commisioning Procedure and Operation

Commissioning can be described as the process in which the facility, plant or equipment is
certified in congruent to the design purposes, particularization and industrial tests. A typical
commissioning process can be classified into commissioning preparation, execution &
documentation and last but not least is the handover to operation. These processes are the proof
record that the machinery, appliances or system have been installed or modified are capable to
perform in compliance to the specified requirements. Furthermore, commissioning is critical to
ensure that the equipment or system is safely brought into service before handing the plant to the
asset owner[48, 49].

Figure 2 shows the typical commissioning and start-up process flow of a power plant.
Commissioning involves all activities from mechanical completion down to the certification of
guarantees exhibited in the contract between the owner and the EPC (engineering procurement and
construction) contractor. Once the certification is done, the project reference documents from the
tests will be assemble. The documents involved are the installation, operation, and maintenance
manuals such as the design drawings, factory test report, vendor drawing, project one-line diagram
and purchase order. Next, the test data sheets will be reviewed to ensure that it is done correctly
and completely. Lastly, the test data records will be collected to be transfer to the maintenance and
operations personnel.

3.1 Commissioning Preparation

The commissioning preparation that is also known as the define phase, consisted of the
development of commissioning organization that will conducted the feasibility studies that include
the development of framework breakdown, packages definition, schedule, and authorizing budget
plan and commissioning check record.

3.1.1 Development of organization

First and foremost, the development of commissioning and start-up (CSU) organization is the

main priority. Prior an industrial power plant to be permitted before being constructed, an
engineering study is required to be done. This study must prove the feasibility of the plant via
determining the electric and thermal loads and cost approximation. Hence, this feasibility studies will
be conducted by the organization that was develop beforehand. CSU organization must consist of
engineering staff of adequate size and experience to make the preliminary studies, evaluation of bids
and awards contract, and supervise the construction to ensure that it will be done of the time and
budget that is allocated. The CSU team is responsible to provide consultation and expert to the
project team leader all through the project framing and concept selection[50].
However, the detailed design is usually performed by a separate engineering company that
specializes in respective aspects. Figure 4 illustrated the example of organization that can be
established for the commissioning process. The amount of skills and roles needed and obligation of
each personnel will differ dependent on the project phase.

Nonetheless, the basic responsibilities for each personnel are selecting the facility concept,
development of implementation approach, interpretation of work extension, bidding and selection
of contract, preparation of commissioning phase activities, implementation of phase and oversee the
start-up, commencement of ramp and operation to ensure the reliability and performance of plant
satisfied the operation acceptance[51].
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Fig. 1. Typical Commissioning and Startup Process Flow

Feasibility study is crucial in obtaining capital funds. This study is critical as they consider the total
investment and evaluate the operation, maintenance, depreciation, insurance, interest and taxes.
Moreover, this study must be written in such a way that it can be understood by those with finance
or law background rather than engineering as this study primary emphasis is on the economics
aspects. This economic analysis required documentation of historical steam and power requirement.
Apart from that, another essential aspect of feasibility studies is the charting of the anticipated load
for assorted condition such as daily load curve on different climate (winter, summer) and days
(weekend, weekday, holidays). Furthermore, special consideration must be given any unexpected
operating condition and the time of peak loads.
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3.1.3 Site selection (siting)

Factor such as accessibility and availability of essential energy such as coal and water must be
considered when settling on the area of power station. Siting additionally should be chosen in view
of the capacity at that the station can be further developed into a national transmission network. In
addition, site selection need to guarantee that the effects of the power station and its related
framework on environment and the local neighborhood so that they will only have a insignificant and
non-definitely impact. Apart from that, siting also must consider the power capacity of the power
plant, duration of construction, gaseous and particulate emissions, capital & operating costs and the
availability of employment or manpower. Basically the main priority of developing a power plant is
the accessibility and availability of fuel source and water. Once the potential locales have been
distinguished, they will be narrow down further by applying more detailed criteria.

3.2 Commissioning Execution

On the other hand, the commissioning execution can be described as the phases where the CSU
execution team is mobilize in accordance with the mobilization plant and strategy. This process
compromise of mechanical completion and execution of the pre-commissioning and commissioning.
In general, this phase consisted of the following activities such as a list of possible risk that concerns
the health, environment and safety must be made. The most critical process during the
commissioning execution is the detail planning of the commissioning that will ensure the
commissioning to be done within the time and budget that is allocated. In addition to that,
construction phase that is awarding of contract (list of the consumables, temporary equipment tools
and supplier assistance), site establishment and construction are the process in commissioning
execution. The style of contracting and execution strategies are different from one project to
another. They depend upon the market place and local requirements.
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Fig. 3. Project and/or Contractor Commissioning Team’s Organization Chart
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3.2.1 Health, safety, environment and security (HSES)

All through the construction period of any task the site & labour security and HSE prerequisites
are administered by the Projects HSE Manuals & Policies and HSE Plan. During the midst of progress
among the asset operation and project development, commonly the HSE area for commissioning
aspect can become a hazy region. It is, along these lines, particularly vital that the security
prerequisites and standards for Commissioning activities are drafted, concurred and solidly set up a
long time before these Commissioning activities begin. They must be developed prior the Project and
Operational HSE Plans are concluded. Every project may vary regarding plant/hardware category,
site, scope and labour, thus, the HSE standard and prerequisites will varied from one project to
another. Hence it is fundamental that all aspects are reviewed and the possible risks occurrences are
documented. This procedure must be prioritise to assure that sufficient time can be allocated for the
accurate mitigation measure to be implemented in reducing the risk of ALARP.

The HSES assessments are also known as the Technical Area Overview assessment is conducted
to ensure that the plant construction does not affect the health, environment and safety of the
public. The critical activities that are conducted in this assessment are the identification of major
construction and commissioning hazards, development of HSE plan framework, evaluate contractor
HSE Plan and award contract and execute construction and commissioning accordingly to the HSE
Plan. Apart from that, this assessment describe and include about how the existing environment will
respond towards the proposed project and whether the facilities can be developed and operated
securely and dependently align with relevant laws, mandates, directions and principles (LORS). Table
2 discussed the main HSE risk during Commissioning and Start Up their Close-out Response.

Apart from that this assessment, also state the ecological consequences of the project including
potential general wellbeing and security impacts, mitigation procedure and potential organizations
and interveners which may reduce or take out potential. Furthermore, this assessment also states
the proposed conditions under which the project ought to be built and operated if it is approved and
other project alternatives. In detail this assessment also record the air quality, public health,
transmission line and security, dangerous materials, waste administration, land utilization, trafficand
transportation, ‘clamor, visual, socioeconomics, biological and cultural assets’, soil and agrarian
assets,, water resources, geological resources, paleontology resources, facility configuration,
generating efficiency and transmission framework engineering.

3.2.2 Commissioning planning and scheduling

An effective and a thoroughly well done planning and scheduling have a significant effect on the
consequent project cost. Although it is speeding up the duration of projects are compelling, in any
case it is more crucial commit adequate time and assets to get the outline and execution components
to ensure that they are correctly done.The project execution procedure should characterize and
scope the primary project stages and the sequence of priority of the should be determined. Figure 5
& 6 illustrates the commissioning procedure process and building blocks diagrams that demonstrates
the connections of the important stages in an offshore project and start-up logic. The main objective
of planning is to characterize the methodology, principle and documentation used in the preparation
& execution of the mechanical accomplishment, pre-commissioning and commissioning activities
[52].

Planning stage is compromise of the milestone setting, commissioning budget and the
methodology to implement the commissioning and completions activities. In setting the milestones,
the milestones are development in accordance of the project phases. The milestones are pivotal as
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X 4

they give focus & structure to the framework and as verification means that the plant are ready to
be commissioned. On the other hand the commissioning budget compromise the project CSU team
costs, project and in addition the contractual worker's protuberance or potentially refundable
amounts for the preparation and execution of work. Meanwhile, the commissioning schedule is
essential in to ensure that the plant can be completed within the time and budget allocated. The

schedule that is managed must be practical and cost effective.

Table 2
Main HSE risk during Commissioning and Start Up their Close-out Response

No HSE Risk Close-Out Response

1 Non-Hydrocarbon or Hydrocarbon Utilization of Flange Management program in place and emergency
systems leaks. response training particularly for leaks.

2 Introduction of pressurised nitrogen for Give training to all staff about nitrogen and make sure the
testing. procedures for pressurized plant are oblige. Ensure all vent ways

and lines are indicated.

3 Shortcutting of procedures (e.g. Set up procedures with assistance from start-up administrators
safeguarding) or human errors dueto  who have experience. Provide training to all staff about start-up
stress (or alarm overkill). plan.

4 Non-adherence to commissioning Create start-up plan with help of experienced start-up personnel.
procedures or start-up plans. Give training to all staff about start-up plan and process and apply

consequence management (Lifesaving rules).

5 Inadequate identification of energized  Follow tagging/lock procedure. Give clear ID of live hardware and
equipment. lines.

6 No clear demarcation between Barricade the live region and plant with striped plastic tape, hang
construction and live areas of plant. relevant warning signs and control access.

7 Use of sub-standard temporary Ensure that all temporary appliances and hardware liable to
equipment (e.g. hoses, heaters, engineering discipline review to affirm technical integrity and that
burners). CSU personnel are trained to used them.

8 Use of hazardous chemicals. Utilize MSDS and HEMP to recognize vital controls.

9 Drainage system becomes live Observe drainage specification. Clearly identify live systems.
(hydrocarbon contamination).

10 Inadequate or incorrect identification of Framework limits reviewed by senior commissioning engineers. All
system boundaries and isolation points. framework limits drawings and isolation points are marked up and

frozen
11 High-temperature lines, un-insulated Utilize cages or guards to cover the high-temperature
flanges, etc. flanges/valves/lines. Barricade the region.

12 Commissioning personnel and resources Allocate sufficient time to hire personnel and determine the
not familiar with equipment. correct competency levels for all commissioning staff.

13 Overfilling of flare KO system during Train operators. Use correct commissioning procedure.
commissioning.

14  No clear or unclear line responsibility Concurred obligation matrix and strict communication protocol
during start-up. developed and put in place pre-Start-up.

15 Lack of understanding of CSU Give training to all staff. Utilize HSE meetings, bulletin boards and

hazards/awareness of the frequently
changing site conditions

Tool box talks to update affected workforce of changing site
conditions.

Figure 7 demonstrates the guide and succession in activities to build up an appropriate and
coordinated CSU schedule. In order to develop a fully integrated CSU Schedule, right off the bat, the
systemization should be actualized ahead of schedule in the project where the terms,
characterization of project phases, and milestones are unmistakably define and concurred as a part
of Project Handover process. The CSU schedules are compromise of resources, work scope, logical
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relationships, contractual milestones and interfaces with the outside world. The CSU schedules
represent the timeline of the CSU information and phase the from the activity lists. Once the
approximation durations of the activities have been overlays and the commencing dates for
commissioning per framework are included, a Gantt chart such as Figure 3.2.2.4 can be produced.

1. CSU Basis

Define CSU Philosophy and Strategy

. Terms and Definitions of Phases
and key Milestones

- Define Start and Endpoint of each
Phase

DELIVERABLE - Project Completion

Matrix

2. Systemisation

Define Systemisation structure and
guides (WBS)

- Define Start-Up sequence

. Principals and numbering
DELIVERABLES — marked up
Drawings & Systems list

v

3. Activity Listing

Define CSU activities per

Commissioning System

e Activity description

- Logic relationships

- Resources/vendor support /
special tools

- Temporary facilities

. Duration

DELIVERABLE - Activity List

4.C Logic

Work logic integration (Process plants/
» units, utilities &offsite, interfaces with
‘outside’ boundary assets)
DELIVERABLE — Work Execution

Flow
‘Construction Schedule Integration ‘
‘csu Schedule Optimisation ‘
5. CSU Schedule CSU Procedures
Tool for managing CSU execution 4 > DELIVERABLE -System files
DELIVERABLE —Primavera model

Fig. 4. Integrated CSU Schedule Roadmap

3.2.3 Construction phase

Construction stage can be characterized into awarding of contract, site establishment and
construction. The following period of site establishment is the phase comprise of the framework
arrangement needed for the principle contractual workers to commence their work. During this
phase, the water flow & sewerage and electrical services will be constructed. Apart from that, the
land also will be leveled and the roads and offices will be develop and establish. In addition, the
landscape also will fenced, security control and emergency treatment offices also will be set up[53],
[54].
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Fig. 5. Pre-commissioning Gantt Chart

Figure 9 illustrates the commissioning and startup delivery whilst Figure 10 shows the project
completion flowchart of the construction through commissioning into operation.In creating an
integrated Mechanical Completion, the CSU plan need to align with the construction plans. The
construction begins with the excavation and setting out of foundations. Trenches and pipe work must
be placed and done before construction of the turbine hall started given that the power station
utilizes a wet-cooling system. Although numerous sites are under construction simultaneously,
mostly the constructions will be focusing on the groundwork of the boiler regions, cooling towers,
turbine section and stacks area[55]. Generally, duration of siting, construction until commissioning
of the boiler and turbine, consume relatively about four to five years. The duration however varies
from one project to another and depends on the complexity of the plant.

3.2.5 Commissioning (Plant Start-Up)

After the construction stage is completed, the plant will proceed with acceptance inspection and
testing right before the plant can commissioned. They are performed to achieve the mechanical
completion and are conducted on a single discipline basis. These activities do not require the systems
or equipment to be power up. However, they may need the bench calibration of instruments,
electrical continuity & insulation tests, valve’s integrity test and hydro testing of pipes. Once the
testing and inspection is done, they commissioning will begins with the auxiliary plant systems in
order to give logistical support for turbine and boiler operation[55], [56]. Apart from the auxiliary
system, the coal supply and ash handling systems, water treatment, transmission network and the
electrical supplies will also be commissioned before the boiler and turbine. Furthermore,
fundamental appliances and machinery such as engines, lights, pumps and control circuits are among
the primary system that will be commissioned. The commissioning of boiler and turbine originally
comprise of the cleaning of all steam, auxiliary and water pipework. Once the commissioning is done

40



Progress in Energy and Environment
Volume 5, Issue 1 (2017) 27 - 49

and the system is fully proven to acquire the steady-state operations, it will be handover to the future
asset owner’s organization.

3.3 Commissioning Documentation and Handover to The Operation

Last but not least, the final step in commissioning is the documentation and handover to the
operation. Table 3 illustrates the handover steps. Prior to the plant handover to the proprietor, the
contractor is requisite to handover various areas of the plant to the owner accordingly to the order
of completion. The audit is done by the owner’s personnel and they will be thoroughly checking each
unit with respect to the P&IDs and piping, instrumentation, electrical, & structural requirements
before taking over. Once the audit is done, the owner will produce a list of defected system or
equipment that his team identified during the audit. Upon the list, the contractor will rectify the fault
and lastly the owner executes a final inspection. The audit is regard as completed once owner is
pleased and convinced. Every handover and acknowledgment should be upheld with the relevant
documentation as demanded by the CCMS and concurred by both parties. Apart from that, feasible
operation in a steady-state condition is evidence that is required[57], [58].

This assessments show that the power plant has achieved the required reliability and efficiency
with regard to the asset and design integrity. This process must be completed before the plant
handover. In addition, by conducting this assessment it infers to the understanding to transfer the
asset from the project delivery team to the operations group. Once the formal handover of plant is
completed, the Asset Holder becomes the true owner and responsible for operating and maintaining
all areas of the plant and the Project Director/Manager will be automatically released from all
obligations towards the asset. The subsequent pre-conditions appeal related to the Acceptance and
Handover of Ownership where the amenities, appliances, and machinery are demonstrably secure,
proficient yet continuous. Nevertheless, it still met the overall performance admission acceptance
standard, which include availability. In addition, the Asset Holder also wll receive the facility in
accordance where all contracts closed or transferred and all related data and documentations are
handed over and in a pre-agreed format.

4, Discussion

In commissioning, there are various parts of subtopics that need be covered. Therefore in this
section, graphical displays such as table are done as the simplified form. Table 1 shows the
requirement for organizing the commissioning[59].

Table 1

General requirement for organizing the commissioning
Nuclear Power Plant Conventional Power Plant
Licence-holder must be obliged for nuclear and The Contractor is liable for the commissioning
radiation safety process
Licence- holder shall plan and establish, a The Contractor shall plan, execute, and document
commissioning organization the commissioning work

Regarding the testing plan for the power plant, the table below show that for running a
commissioning test on power plant need to have these criteria. It shows that for both nuclear and
conventional has the criteria. Even though they have the same criteria, the method is different with
the type of power plant[60]-[62].
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Table 2

Testing plan for the power plant
Criteria Nuclear Conventional
Instructions and procedures are followed with the testing plans ' v
Utilization of the gained experience with similar plants in planning the v v
testing
Items identification of the plant that requiring special attention, and v v
separate summaries of the tests to be carried out on these items
Preliminary estimation of the testing schedule ' v
Testing roles for validating the plant operating instructions v v
An estimation of personnel required in the different organizations v v

during testing

5. Conclusion

This paper reviews the comparison for the commissioning of nuclear power plant with others
conventional power plant. First, is the explanation of the meaning of the term commissioning. Next
this paper discusses the commissioning process of the nuclear power plant (NPP). Last but not least,
general criteria of the commissioning for power plant are also explained.

Basically, commissioning process aimed to demonstrate that the constructed power plant has
met the design and safety requirements as stated in the licence conditions and in the safety analysis
report. However due to the radiation hazard from NPP, International Atomic Energy Agency (IAEA)
has come out with specific objective guideline for the commissioning of NPP[63]. One of the guideline
is to become adept in the operating, maintenance and technical staff of the nuclear power plant with
the operation of the plant. This shows that main concern from the commissioning test is that they
want the workers at NPP be aware of radiation.

Besides that, for other conventional power plant such as coal power plant which is the least costly
and most accessible fuel has the same objective that is to validate whether the constructed power
plant is according to the design criteria as proposed. Moreover most coal power plant prioritize the
efficiency of the plant, whereas the overall efficiency is about 33% efficiency. In conclusion, this
review paper is mainly the information that we have extracted from the paper from 1979 until 2017.
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Reviews PSUA Review -
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Fig. 10. Project Completion Flowchart of Construction through Commissioning into Operation
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Table 3
Handover
Handover Point Scope Prerequisites Documentation From / Acceptance By
Mechanical Completion By System / Subsystem Discipline Joint Punch Construction Handover Cert. Construction Responsible Person
(WBS) Construction / Pre-Commissioning As-Built's Pre-Commissioning Responsible
Person
By Discipline System Acceptance Cert. /
Verification of Completion
Checksheets
Pre-Commissioning Completion By System / Subsystem Discipline Punch Review Discipline Checksheet Report Pre-Commissioning Responsible
(RFC) (WBS) System Checksheet Report Person
Commissioning Responsible
Person
By Discipline

Commissioning Complete (in
support of milestone phase or
RFSU)

Ready for Startup (Interim for
Operational Purposes)

Handover of Custodianship

Final Handover / Acceptance

By System / Subsystem or
Milestone (WBS)

By System / Subsystem or
Milestone (WBS)

By Asset / Full Facility

Full Facility

Commissioning / Operations Joint
Punch List

Area Handovers / Pre-Startup Audit /
Punch List Review / Startup
Procedures / Performance Test
Procedures

Pre-Startup Audit carried out

A Class Outstanding Punchlists
cleared

Achieve Nameplate Performance /
Commence Normal Operation /
Guarantee Period Starts /

Commissioning Dossier / System
Handover Cert. / As-Builts /
Verification of Completion
Checklist Completed
Verification of Readiness for
Startup Checklist

Final Acceptance Certificate /
Performance Reliability and
Capacity verification /

Commissioning Responsible
Person
Operations Responsible Person

Commissioning Responsible
Person
Asset Operator

Project to
Asset Manager

Project to
Asset Manager
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