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Notes from the Editor

Author: Sam Billington

1. Target audience

The target audience of this manual is the UK Nuclear license holders (licensees) who will benefit by
benchmarking against this collection of best practice. For existing licensees this manual will also
provide a useful resource when considering moving away from business as usual, for example, the
initiation of a significant capital project. For companies which are considering applying to become a
Nuclear Licence Holder this manual will provide a road map to inform the development of their
commissioning project within their wider programme.

The second target group are the tier 1 contractors who provide support to the licensees and this
manual aims to provide a knowledge resource around the requirements placed on the licensees and
therefore the expectations that flow down to the tier 1 contractors.

2. Production team

This manual has been developed from the participants of the United Kingdom’s Nuclear
Commissioning Excellence Forum (NCEF) which was initiated in 2018 as an Expert Forum within the
Nuclear Institute.

The Editor would like to express his gratitude for the support of the following nuclear professionals
and their respective employers in the development of this manual:

Simon Block — EDF Energy Ltd

Sam Billington — Horizon Nuclear Power Ltd & EDF Energy Ltd
Dave Brophy — AWE PLC

Thomas Chang — Horizon Nuclear Power Ltd
Adam Daszkiewicz - AWE PLC

Mark Gargaro — Rolls Royce PLC

Paul Gavin — URENCO Ltd

Matthew Geraghty - Fennovoima

Jacob Home - Horizon Nuclear Power Ltd
Anthony Macey — Sellafield Ltd

Tony McNicol — Sellafield Ltd

Andrew Oborne — Magnox Ltd

Charlie Sanders — Magnox Ltd

Marjorie Smith - EDF Energy Ltd

Andy Waring — EDF Energy Ltd

The authorship of a particular section is noted within that section.

3. Interpretation of the text

The glossary towards the back of this manual has been developed using a list of specific definitions
from licensees. In some cases, these definitions have diverged from each other and therefore the
Editor has generalised them to be close to licensees’ definitions or those of other sources, for
example the International Atomic Energy Authority (IAEA).
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When writing this manual there has been a constant challenge of applying this to the wide range of
projects and commissioning organisations in the UK nuclear industry from new nuclear power
stations, through significant new nuclear process and production facilities to small upgrade projects.
This means that the commissioning organisation could face a range of challenges from being part of
a start up company aiming to become a nuclear licence holder, to a business as usual commissioning
organisation which has a constant portfolio of diverse projects and a steady head count to a business
as usual commissioning organisation engaging in a significant new nuclear build project. The reader
should therefore consider application of this manual to their relevant project and organisational
context.

4, Where does this manual fit in to other commissioning guidance?

This manual is not designed to replace existing international documents from the International
Atomic Energy Agency (IAEA) or UK commissioning documents from the Office for Nuclear
Regulation (ONR) or any other document source as there is little benefit in recycling the same text.
Instead it is targeted at a more practical and detailed level for use by UK nuclear commissioning
managers.

The challenge in developing such a manual to cover a range of new nuclear builds from a new power
station to replacing a small component in an existing facility has been considerable. The aim is to
provide best practice where possible but where different project or organisational structures have
been chosen by the licensee it will prompt the commissioning manager with a series of questions. In
all cases the commissioning manager should be able to address these questions but it is recognised
that the answer may be ‘not in commissioning scope’.

The benefit is that this manual will challenge the commissioning manager to answer the questions or
at least to identify the known unknowns.

5. Benchmarking

This first revision of the manual is initially for wider supply chain comment, review and feedback.
Should a licensee wish to use this as a peer review or self-assessment then the key points can be
extracted from the text. It is intended that revision 2 of this manual will include a benchmarking or
self-assessment guide.

6. Photograph credits

The photographs in this manual have been kindly provided by EDF Energy and Fennovoima.
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Part 1 - Introduction to Commissioning

1. Introduction

Author: Andy Waring

a. Reason for Publication

All projects transition through stages, often shortened to EPCC
E = Engineering: the design of the future asset
P = Procurement: the procurement and manufacturing of the components
C = Construction: the building of the asset on site
C = Commissioning: the activities to check, test and start up the asset

Commissioning is a very important part of any project and this is especially true for nuclear projects.
It is the stage of a project where assets that have been manufactured and constructed are
systematically checked, tested and brought to life. It is where any shortfalls in earlier stages are
identified and resolved before an asset can be put into operation.

There are many sources of information and guidance on the early stages of the EPCC cycle, but there
is not much that has been published to help practitioners of commissioning understand what to do,
and more importantly, how to deliver commissioning.

This manual has been developed with contributions from all of the UK nuclear licence holders who
currently perform commissioning of nuclear assets in the UK. It is intended to be a practical guide on
how to deliver commissioning of a nuclear asset in the UK and should be used by anyone
commissioning nuclear assets and facilities.

It is hoped that this manual will satisfy several requirements:

e A best practice guide to inform commissioning teams

o A self-assessment template for teams to use to check their own readiness

e A peer review and benchmarking guide helping the UK community of nuclear commissioning
professionals form a network that helps share good ideas across all parts of the UK nuclear
industry.

The UK nuclear industry, from nuclear new build to decommissioning has to be able to deliver the
highest possible levels of safety — well beyond what is normal in most industries, whilst at the same
time responding to increasing challenges to be as efficient and cost effective as possible.

This practical guide will help nuclear commissioning professionals meet these two objectives
applying commissioning methods that are both rigorous and efficient. It has to cover a wide range of
assets - from assets that have a high nuclear safety significance to normal industrial assets that are
built on nuclear licenced sites.
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b. Links to UK and international documentation

The following are key references for guidance on commissioning in the UK. Readers are advised to
familiarise themselves with these reference documents. UK licensees are required to comply with
36 licence conditions (LCs) the primary LC that applies to commissioning is LC 21 (commissioning).
Several other LCs are important to commissioning so the reader is advised to become familiar with
all 36 LCs. The Office for Nuclear Regulation (ONR) provides an easy to read handbook® of the LCs, a
link for which is provided below.

LC 21 is about one page long and therefore cannot give much specific detail about what is expected.
As a result the ONR also publish a guidance document, Technical Inspection Guide 21 (TIG21)2. This
is about 10 pages long and gives more specific guidance on what is expected for UK nuclear
commissioning.

The UK approach in TIG21 follows closely the international guidance from International Atomic
Energy Agency (IAEA) which is published in their safety standard $SSG283 (about 100 pages) and the
associated guidance note NP-T-2.10* (about 100 pages). These two documents give a comprehensive
coverage of international nuclear commissioning requirements.

At the time of writing this guidance manual there are several international industry bodies capturing
commissioning best practice and these documents will be published in due course. Some is
particularly pertinent to commissioning. The Electric Power Research Institute (EPRI) has published
best practice on how to turnover plant information and this is particularly important as a
commissioning team will receive information from construction and contractors and pass
information to the operations team. This plant information turnover guide® was developed with
significant input from US new nuclear build power station units 3 and 4 at Vogtle.

The links to these documents are:

Reference 1: http://www.onr.org.uk/documents/licence-condition-handbook.pdf

Reference 2: http://www.onr.org.uk/operational/tech insp guides/ns-insp-gd-021.pdf

Reference 3: https://www-pub.iaea.org/MTCD/Publications/PDF/Pub1595 web-30214867.pdf

Reference 4: https://www-pub.iaea.org/MTCD/Publications/PDF/P1742 web.pdf

Reference 5: https://www.epri.com/#/pages/product/000000003002007425/?lang=en-US

Reference 6: http://www.onr.org.uk/saps/

2. What is commissioning and why do it?

Author: Sam Billington

The best explanation of commissioning and also the benefits of performing commissioning are
provided by the ONR in their Safety Assessment Principles document® (SAP number 196). These are:

‘The commissioning tests should:

(a) demonstrate that, as built, the design intent claimed (in the safety case)
has been achieved;

(b) collect baseline data for equipment and systems for future reference;
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(c) validate those operating instructions (etc) for which the commissioning
tests provide representative activities and/or conditions; and

(d) familiarise the operators with the operation of the facility or process.’

The overriding consideration of all licensees is to maintain nuclear, environmental and industrial
safety and security of their plant. When making modifications or building a new plant the licensee
needs to be satisfied that the plant remains safe throughout construction, commissioning, operation
and ultimately decommissioning. The plant is required to perform certain functions which are
necessary to maintain nuclear, environmental and industrial safety as well as security. To achieve
this, performance criteria are established during the design phase and it is commissioning’s
responsibility to demonstrate through testing that these performance criteria have been met.
Successful commissioning of a plant will therefore satisfy the licensee that the plant will operate as
designed and is therefore safe and regulatory compliant.

Many nuclear plants are designed to operate for in excess of 50 years. Since the functional
requirements do not change over the life of the plant, assuming all else remains constant, it is vital
for the licensee to know if the performance of the plant is degrading to the point at which the
functional requirements and performance criteria will not be met. It is recognised the best
functional performance will be during commissioning and therefore the performance data obtained
and recorded during commissioning should be retained as a benchmark. This commissioning data is
particularly useful to licensees as it is the minimum standard they need to obtain as a result of the
capital upgrades to the plant during it operational life.

During the commissioning stage the plant operating instructions will have been developed and
reviewed. These procedures include such topics as initial valve line up, system start up, typical
isolations for maintenance, maintenance procedures and both normal and emergency operation.
The benefit of using these operating instructions during commissioning is that they can be validated
on the plant and therefore ensure that the modified or new plant corresponds to the plant operating
instructions. The commissioning phase is likely to be the first time that the actual as built plant, the
design documentation e.g. piping and instrumentation diagrams (P&IDs), single line diagrams and
logic diagrams etc. and the plant operating instructions are brought together. This will provide the
first check that the design, the plant and the documentation all align and provides the project an
early opportunity to update documentation to the as-built configuration.

The testing performed during the commissioning phase of the project can often be significant,
particularly when this is a new plant. Some of the evolutions performed, particularly when
commissioning nuclear power stations, will be very infrequent and therefore will provide the
operators an invaluable opportunity outside of the simulator to experience and respond to these
events. At a more basic level the commissioning tests will be the first time that systems have been
aligned and brought into operation, set up, calibrated and any faults rectified. There is a significant
learning opportunity of placing the future operators, maintainers and knowledgeable experts
(designers, equipment OEMs, system operators from other similar plants) together around the
systems and components at this time. The opportunity for operators, maintainers and engineers to
access buildings, rooms and areas is invaluable for their future knowledge of operations and
maintenance activities.

Taking a wider definition of the term ‘operators’ to mean all plant personnel, commissioning
provides the opportunity for all facility personnel to become familiar with not only plant operation
but also the maintenance , supporting the operation of the plant and emergency responses.
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The commissioning tests and transients present the operators with an opportunity to optimise the
performance of the plant to maximise output and reduce operating costs and inefficiencies. The
various tests and activities also allow improvement of plant operating instructions and operating
behaviours either by making them more efficient or by the removal of human error traps.

During the commissioning phase plant personnel and particularly the operators and maintainers are
building their experience which can be used to demonstrate their overall competence for their
future roles. Operator and maintainer competence is particularly important to have in place prior to
starting active testing.

3. Phased approach to commissioning

Author: Anthony Macey

a. Development of Commissioning.

The first step is to develop the commissioning strategy document which will describe how
commissioning will be delivered. This may cover a large major project or a plan for testing of simple
safety systems in an existing plant. The development of the commissioning strategy should be
started as soon as possible once the project or work scope has been initiated.

Consideration should be given to;

e Project performance requirements, functional requirements, benefits realisation and end
states.

e Regulatory interfaces and permissions.

e Legal and Statutory requirements.

e Major decision and hold points.

e Constraints (project, facility, resource).

e Risks.

e Test scope.

e Interfaces.

e Agraded approach to progressive challenge of the systems and plant at the appropriate
time.

e Management systems and governance processes.

e Validation of procedures and training of people.

e Maintenance of the asset during commissioning.

e Handover and Acceptance.

e Sources of learning from experience (LFE) and how these will be embedded.

The strategy should detail the appropriate stages of commissioning to be undertaken and the
objectives and acceptance criteria that will be achieved at the end of each stage. This may include
Factory Acceptance Testing (FAT), Site Acceptance Testing (SAT) and component testing, system
testing, integrated testing and active testing. It should define what management systems will be
applied and the governance process for assessment of commissioning results.

When developing the strategy consideration must be given to the following key points within LC 21:

e LC 21(4) which requires the licensee where appropriate to divide the commissioning into
stages and where specified by the regulator seek permission before proceeding from one
stage to the next. LC 21(7) which requires that no plant or process that may affect safety is
operated except for the purposes of commissioning until the following are in place;
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a) The appropriate stage of commissioning has been completed and a report
including any results and assessments considered in line with the licensee
arrangements.

b) A safety case(s) must be in place and the safety implications of any design,
construction or commissioning changes undertaken since commencement of
construction on the safety case(s) must have been considered in line with the
licensee arrangements.

Test scope and logic should be developed, giving consideration to the application of systemisation
and modularisation in order to effectively test components, systems and facilities.

In planning for delivery of the commissioning scope, consideration should be given to the
contracting strategy of the project and whether the contract scope should be extended to include
part of commissioning, whether commissioning should be contracted out separately or if the
licensee shall self-perform. In the UK it is considered best practice for the licensee to perform active
testing. The result of these decisions will allow a commissioning team to be developed and the
resource requirements estimated. Working closely with design, construction and operations teams
will allow detailed schedules of commissioning work to be developed and a cost estimate to be
produced. Risks associated with commissioning should be identified to allow appropriate mitigation
to be implemented.

Protocols for interfacing with the design, construction and operations teams should be considered;

e With engineering team to ensure support is available to satisfy the following;
o Clearly communicated design requirements which need to be demonstrated by
testing.
o Provision of necessary support during the commissioning phase to allow for
effective testing and acceptance of the test results.
o Ensure any modifications undertaken during this phase do not compromise the
design intent.
e With the construction team to ensure;
o Completions align with the programme to facilitate efficient delivery of
commissioning.
o Where contracted, the performance and recording of early testing.
o Knowledge transfer for maintenance activities during commissioning.
o Support for area, component and system handover to commissioning.
e With the operations team to ensure that operators are available to be seconded into or
support commissioning activities to facilitate knowledge transfer to the end users.

Consideration should be given in the plan, to the principle of early testing and involvement of the
operators as soon as possible in the construction and commissioning phases. This will aid in final
handover and if testing identifies any differences in performance from that expected by the client.

A strategy or plan should be developed for all commissioning activities although the depth and
breadth of what is documented will be commensurate and proportionate to the task being
undertaken.

b. Preparation for Commissioning.

The preparation for commissioning can be broken down into the following work areas:
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i.  Establishing a commissioning organisation and management system.

e In establishing the commissioning organisation both the nature of the project being
delivered and the business of the organisation delivering the work should be considered.
The organisation may take the form of a commissioning team for the delivery of one project
which is then disbanded. Equally it may be more appropriate to build an organisation that
has numerous delivery organisations with a central commissioning function in the Project
Office or Engineering. In this case consideration should be given to roles which manage the
capability in terms of resource, management systems and training.

e In all cases delivery of commissioning should be undertaken by an organisation led by a
commissioning manager (or commissioning director for large scale projects). The size,
complexity and roles within the organisation will depend on the nature and scope of
commissioning work. It may be made up of internally or externally sourced resource.

e A management system for the delivery of commissioning must be developed. The
management system should meet the regulatory and statutory requirements e.g. licence
conditions, Management of Health and Safety at Work regulations and be aligned to the
quality management systems set out in ISO 9001 and other ISO accreditations held by the
licensee.

ii. Establishing documentation requirements.

The management system will identify the required level of documentation and information in order
to control, document and review commissioning. It will detail the governance and approvals process
for the documentation. Documentation will typically consist of schedules/plans, test documents and
reports. In addition the management system must also identify how faults and deficiencies
highlighted during the commissioning phase will be documented and managed through to an agreed
resolution.

iii. Scheduling.

The commissioning deliverables should be identified along with the scope of work required in order
to complete all aspects of commissioning. A schedule should then be produced in order to
effectively plan and deliver the work.

The schedules should not be produced in isolation but integrated with other functions within the
project, wider business or client organisation. Key interfaces relate to the:

e delivery of the design documentation,

e inputs for safety cases,

e handover of plant to and from commissioning

e construction completion,

e availability of plant operating instructions,

e training development and courses,

e availability of licensee’s personnel to support commissioning,
e interactions with company and regulatory hold points.

iv. Interface Requirements.

Commissioning interfaces with many different aspects of the project, supplier, business and client
organisations along with other interested stakeholders such as the ONR and Environmental
Regulators. Commissioning also must take into account physical interfaces and demands.
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In order to meet expectations and requirements interface management must be considered when
building the plan or strategy. It may be necessary to build or input into:

e Stakeholder management plans,
e Boundaries and Interface Agreements,
e Service Level Agreements.

v. Evaluating Readiness

The plan or strategy should consider the need for evaluating readiness and at what stage or stages
this should be done. It may be necessary to do it several times during delivery of the project or
commissioning scope of work such as at the end of FAT’s or Inactive Testing or Active Testing.

The method of evaluating readiness should consider the requirements and success criteria for each
stage and measure if these have been adequately met.

c. Factory Acceptance Tests

Plant and equipment should be set to work and tested as comprehensively as possible whilst in the
factory in order to reduce the amount of testing carried out on site in subsequent commissioning
phases. Factory based testing may also identify and mitigate risks earlier on in the project lifecycle,
possibly allowing them to be retired prior to delivery to site and thus minimising risk to the project
carried forward. Opportunities should also be taken to collect plant and equipment from different
OEMs at a single site to perform integrated testing on interfacing equipment e.g. process plant and
equipment can be integrated with plant control systems. This facility can also be used to deliver
aspects of the operational and maintenance requirements, such as validation of working level
instructions and delivery of training to plant personnel before the equipment is delivered to site.

d. Site Acceptance and Component Testing

Upon completion of construction activities on site the plant and equipment should be brought into
service in a safe and systematic manner.

This stage of the work includes:

e Electrical and mechanical energisation of equipment,

e Input/output checks,

e Testing components as single items,

e Instrument loop acceptance tests,

e Statutory tests and inspections on lifting equipment and pressure systems.

e Integration of plant components to confirm correct operation in the plant working
environment.

These tests will be undertaken by the most appropriate person and may make use of licensee
employees or specialist OEMs and contractors.

The above and subsequent stages of testing will result in the plant being progressively energised and
challenged to confirm that it meets its design performance and any functional safety requirements.
Safety commissioning tests associated with the structures systems and components will be carried
out at the most appropriate point during the testing lifecycle. These tests will be derived from the
plant safety case and designed where possible to be end-to-end.
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e. System Testing (Inactive Testing)

This stage of testing confirms that each system operates as per the design intent defined in the
project functional specification. These tests may be delivered by licensee employees or contractors
delivering the project on behalf of the licensee organisation. This is achieved by performing system
cycle demonstration tests to confirm that each system meets the requirements specified for:

e System throughput,

e  Qutput quality,

e System reliability,

e Operability, maintainability and recovery.

f. Integrated testing (Inactive Testing)

Once the functionality of individual systems has been proven, integrated testing of systems is carried
out using an incremental systematic approach. Multiple systems should be integrated together in
clusters or process lines to demonstrate the performance of plant areas before proceeding to carry
out complete Plant Performance Demonstration test. This test demonstrates full interfacing of the
control and safety systems and full functional and performance testing of the entire plant. This stage
should also be used to deliver aspects of the operational and maintenance requirements, such as
final validation of plant operating instructions, delivery of training to plant personnel and practising
the response to the plant emergency arrangements. This work scope may be performed by licensee
employees or contractors delivering the project on behalf of the licensee organisation.

On reactor sites integrated testing is performed to demonstrate the full functionality of the power
station. This testing is carried using a staged approach.

e Non active station testing (including nuclear clean, cold functional tests and hot functional
tests).

e Full emergency core cooling (ECC) tests to prove the correct operation of all the ECC
systems.

g. Active Testing

Active testing includes those commissioning tests that cannot be carried out during inactive testing
as they can only be conducted with nuclear fuel or other nuclear process material present and all
other tests and activities required to:

e Prove aspects of plant design that have been assumed under inactive conditions e.g.
shielding.

e Demonstrate plant performance under active conditions (i.e. not using simulated process
materials).

e Validate operational and maintenance processes and procedures.

e Verify operator confidence.

On reactor sites additional requirements for active testing include the following;

e Active testing with nuclear fuel (including first criticality, power raising, grid synchronisation
and performance tests).

In the UK the licensee is responsible for delivery of the active testing scope. In this stage typically the
operations team will operate the plant with commissioning performing the testing and contract
support from the designer, OEM and construction is available.
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h. Close Out

Close out is defined as the point at which all functional requirements have been met by the project.

e Final handovers of systems and areas to operations are completed.

e Documentation identified to support ongoing operation and maintenance is handed over.

e Commissioning documents, information and records are archived.

e Any issues that remain unresolved are formally recorded and ongoing ownership agreed.

e The commissioning team members in conjunction with the wider delivery organisation will
carry out Learning from Experience (LFE).

e Commissioning team disbanded or redeployed.

4, Management Systems for Commissioning

Author: Sam Billington

a. Licensee Management Systems

Whilst this manual is focused on commissioning it may be useful to describe a typical licensee’s
management system and where commissioning fits into this prior to taking a deeper look at the
commissioning arrangements.

The requirement to develop and maintain a management system for a licensee is derived from,
amongst other sources, LC 17 (management systems). This management system will cover all
aspects of the licensee’s activities of which commissioning will be a part. The management system
will typically have the following typical hierarchy of documents:

Licensee’s Corporate Manual & Policies

Directorate Manuals (e.g.: Engineering, People, Operations, Corporate etc.)

Departmental Manuals (e.g.: Design Authority, Training, Commissioning, Maintenance etc.)
Departmental Processes (e.g.: document production)

Departmental Procedure (e.g.: document preparation, document review, document
approval etc.)

6. Templates and Guides

7. Records

e wWwN e

The ONR might request that they approve the initial and any subsequent changes to the licensee’s
management system, this typically involves many of the documents within levels 1 to 3 above. They
may also request to approve levels 4 and 5 if they see fit. The Environmental Regulator will ensure
that the management system of the licensee is compliant with the various environmental permits
issued to the licensee. A licensee will usually divide the LCs and environmental permit conditions
between their directorates and departments and thereby ensure that these requirements are
adequately addressed in the management system. This formal structure usually using a RACI
(responsible, accountable, consulted and informed) matrix ensures responsibility and accountability
for these requirements are communicated and understood by the various directors and
departmental managers.

b. Management Systems Development for a New Licensee

Companies seeking a nuclear site licence will submit an application to the ONR and then the ONR will
conduct its assessment. On satisfactory completion of this assessment the ONR will issue a nuclear
site license. For companies developing large projects such as a new nuclear power station may wish
to consider a phased approach to licensing. In applying this phased approach, the licensee may
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agree with the ONR that the parts of the management arrangements covering the following topics
are delayed, typically until before the Start of Nuclear Construction hold point is released:

e Commissioning,

e QOperations,

e Qutages & Maintenance,

e Disposal of radioactive material,
e Decommissioning,

In this instance it is likely that the ONR will require that a strategy document or other submission to
detail the broad principles and intended timeline to develop these later management arrangements
is submitted as part of the application for a nuclear site licence.

Whilst the commissioning arrangements will not yet have been prepared or approved it should be
noted that commissioning will have to comply with a range of other approved procedures as part of
this initial phase of licencing.

As part of the initial licensing the ONR would want to see that the commissioning team are on the
right track and intend to the meet the requirements of regulator. The recommended best practice is
to develop a set of strategy documents which describe what the commissioning arrangements will
do and how they will be structured. These strategy documents can also be used as evidence in early
submissions of the project safety case. For smaller projects a single commissioning strategy
document or plan which includes a description of the proposed commissioning arrangements may
suffice.

The remaining parts for the management system typically are approved prior to the start of
commissioning and enacted from a defined and agreed project hold point.

c. Commissioning Arrangements

As part of the licensee’s management system there will be commissioning management system that
govern the conduct of commissioning activities. These arrangements will follow the typical
hierarchy of documentation triangle as described below:

Commissioning Manual,
Processes,

Procedures,

Guides and templates.

PwnNPE

The Regulators will typically review the commissioning manual and possibly the processes as part of
licencing. The manual, processes and procedures will typically have a high level of approval often
involving the licensee’s Design Authority or the Nuclear Safety Committee or equivalent approval
routes for environmental and security documents. However, the guides and templates often have a
very light review and approval.

Best practice suggests that regulatory approval of the commissioning arrangements should be held
at a high a level as possible. The aim for the licensee should be to ensure that the commissioning
manual contains adequate information to provide the regulators with sufficient confidence without
the need to specify their review and approval of the lower tiers of the commissioning management
system.
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i. ~ Commissioning Manual

The commissioning manual will typically describe the activities of the commissioning team and
provide linkages to other departments and processes to be used. These linked processes could relate
to engagement of contractors, people management, security, finance, project management, safety,
regulatory interaction etc. The commissioning manual may require that a document is prepared
which describes the commissioning usage of these linked procedures, for example, a regulatory
interface plan or stakeholder communication plan.

ii. Commissioning Processes

The commissioning manual will have identified and referred out to several similar high level
activities for which commissioning is responsible. Each high level activity should be described in a
process document which forms part of the licensee’s management system. A non-exhaustive list of
commissioning processes are as follows:

e Conduct of commissioning tests,

e Conduct of handovers,

e Development of commissioning documentation,

e Oversight of commissioning tests,

e Management of commissioning hold points,

e Management of commissioning non-conformances,

e Training, development and appointment of commissioning personnel.

The above list of processes will need to interface with other non-commissioning processes, for
example the management of high level hold points or the recruitment, security clearance and
appointment of personnel. In these situations, it is recommended that the commissioning processes
simply refer out to other licensee processes and procedures to avoid duplication of effort. Should
commissioning decide to use similar or adapted processes then consideration should be given to
how commissioning will know when the rules and regulations change and therefore be able to
update their processes in a timely manner.

iii. Commissioning Procedures

These high level processes are then broken down into several subordinate procedures which
describe in a step by step manner how the activities should be performed. A procedure as part of
the management system and will have the following aspects:

e Identify the owner of the procedure.

e Identify the applicable start date and the end or review date.

e Be uniquely identifiable as a procedure.

e A description of the validity and applicability of the process to ensure that it is only applied
to the correct activities.

e Clearly and unambiguously identify the steps required.

e Identify the persons who may conduct the steps by post, title, grade, role, appointment or
qualification.

e Use the associated templates and forms to generate records of the activities performed.

e Clearly state the transmission of information to other parties as appropriate (unless stated
on the templates and forms).

e Identify the location and duration of records retention or link to where this information is
stated elsewhere.

Page 20 of 134
NOT PROTECTIVELY MARKED



NOT PROTECTIVELY MARKED
Nuclear Commissioning Excellence Manual Revision 1—January 2020

For the process structure described in the previous section the following procedures would be
typical:

e Conduct of commissioning tests. There will typically be one procedure for each category of
testing, for example, site acceptance, system, integrated and active testing. In addition to
the recommendations above these procedures should consider the mandating of walk
downs, pre-job briefings, provide links to the licensee’s permit for work process. There
should also be a process for mandating the suspension of a test and all of testing. Also there
should be linkages to the non-conformance processes when testing identifies anomalies or
performance criteria that have not been met.

e Conduct of handover and turnover. The handover of plant can be structured in many ways
and is dependent on the contracting strategy. For example, areas (i.e. the structures such as
buildings, rooms and parts of rooms) could be handed over first followed by a separate
handover for the systems and components in that room. This is particularly important if a
project contracts civil works separately to the supply of components, for example a concrete
platform may need to be handed over prior to a large external transformer being installed
upon the platform. Also the handover of plant from construction to commissioning and then
commissioning to operations could be considered as two separate procedures. The
contracting strategy will also drive the requirement for separate handovers to various
activities such as maintenance and operation particularly if these activities are not
performed by commissioning. There should also be a procedural mechanism to hand back
plant to construction should there be significant remedial work necessary on part of the
plant.

e Development of commissioning documentation. A range of commissioning documentation
will need to be prepared, reviewed, approved and verified so consideration on how best to
structure the commissioning arrangements for these activities needs to be undertaken.
There will also need to be different procedures for accepting documentation from
contractors. Other types of documentation prepared by commissioning which may require
separate procedures will include:

e Management systems documents (although this process is not usually owned by
commissioning).

e Test specification and justification documents (although these documents are usually
prepared by the engineering team or their contractors.)

e Testreports.

e Commissioning strategy & plan documents.

e Commissioning documents in support of project arrangements e.g. project execution plans /
commissioning stage plans, quality plans, stakeholder & regulator interaction plans etc.
Commissioning should aim to group documentation activities together into as few
procedures as possible but every document developed or used by commissioning should be
covered by a procedure.

e Oversight of commissioning tests. The majority of projects which involve commissioning will
outsource many activities. These may be the development of commissioning documents or
the manufacture and testing of components to the assembly of components into sub-
systems and the subsequent testing. The contracting strategy may also outsource the
construction, installation and site acceptance of plant. In each of these cases the
commissioning oversight arrangements should consider not only the acceptance of
documents issued to and plant handed over to commissioning but also auditing and
witnessing ongoing activities at these earlier stages. Procedures should address, using a
graded approach, when audits will take place and when witnessing of testing is required.

e Management of commissioning hold points will be closely linked to and mirror the licensee’s
project and company hold point process. The commissioning hold points may directly feed
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into company or project level hold points and may also require regulatory approval to
release. A procedural mechanism for the inclusion of regulatory approval or other
intervention in commissioning related hold points has to be addressed as these are
mandated in LC 21. For commissioning hold points the commissioning manager (or director
for larger projects) is typically the release authority and this may be on the recommendation
of a test & commissioning panel. For each of these hold points a management expectations
document should be prepared stating what the requirements are for the release of the hold
points.

At a lower level a commissioning hold points procedure should also address testing hold and
witness points within test procedures, in particular those that commissioning personnel
expect to attend and also those commissioning tests which Plant Operations or others
stakeholders (including the regulators) may wish to attend. At this level the procedure
should state who the release authority for that witness or hold point so that this can be
replicated in the test procedure.

e Management of commissioning non-conformances. The smooth flow of non-conformances
out from commissioning to the interested teams as well as their speedy and accurate
resolution is critical to project success in the commissioning stage. For large scale projects
the number of non-conformances raised, not just from commissioning, but also during
construction and the handover process should not be underestimated. There should be a
clear route for commissioning and handover non-conformances to be recorded in the
licensee’s corrective action programme, sentenced (possibly by commissioning or others)
addressed, remedial action undertaken and then the handover or commissioning test
repeated. Commissioning should be careful not to duplicate tracking of non-conformances
which may be managed centrally by either the licensee or the project. Commissioning
should however ensure that it has sight of and rapidly addresses actions received from this
central team.

e Training, development and appointment of commissioning personnel. The licensee should
already have processes for the recruitment, on-boarding, performance monitoring,
promotion and resignation of employees and contractors. The requirement for
commissioning to have alternative procedures is unlikely, however particular consideration
should be given to commissioning specific on-boarding activities, training and development.
One of the key challenges is getting new joiners up to speed and able to work efficiently as
soon as possible. Commissioning should focus on training based around its own
arrangements and requirements. Specific training and examination of a person’s skills may
also be considered as part of their on-boarding or development process. One specific area is
the recommendation, assessment and appointment of suitable qualified commissioning
personnel in accordance with LC 21(5) although this is similar in nature to LC 12 (duly
authorised and other suitably qualified and experienced persons) and could therefore be
combined.

iv. Commissioning Templates, Forms & Guides

A suite of templates and forms should be produced to standardise the output of the procedures. A
series of guides are often developed to provide a more detailed explanation of how to complete the
procedure.

d. Project Arrangements

There is an added complexity when considering the application of project management
arrangements on commissioning. Whilst licensees who only have one large project, for example, a
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new nuclear power station then the commissioning arrangements and project arrangements are
very similar. In this case the management arrangements will include project documentation such as
a project execution plan.

Where licensees have a large number of projects within the commissioning department, project
arrangements become more significant as they define the scope and activities to be performed.
These activities are conducted in accordance with but also bounded by the Commissioning
arrangements.

Further discussion on a commissioning project can be found in later sections of this manual.

e. Documenting the Management System

The Management System should be available to all persons working on the licensee’s site and where
appropriate tier 1 contractors and their suppliers. A common failure of projects is a lack of
communication and or understanding of the commissioning arrangements in the contractor
organisations. The licensee should take time and effort ensure that at both a contractual and
working level the contractors understand the requirements placed upon them as well as the
constraints under which the licensee is expected to operate. These requirements should be clearly
detailed in the contract requirements of the invitation to tender and they should also be explained in
the task kick off meeting post contract award.

Commissioning often requires a rapid ramp-up of personnel and the challenge is to ensure that they
are quickly able to perform the activities required of them. Whilst the licensee’s corporate induction
training courses are adequate for how to use the management system, they will not dive down into
the commissioning arrangements. The commissioning team should therefore consider a more
specific induction targeted at those parts of the management system more applicable to
commissioning.

f. Intelligent Customer capability

The Intelligent Customer is a term developed by the ONR which it relates to the capability of a
licensee to have a clear understanding and knowledge of what the licensee is procuring. The ONR'’s
definition is:

‘The capability of an organisation to understand where and when work is needed;
specify what needs to be done; understand and set suitable standards; supervise
and control the work; and review, evaluate and accept the work carried out on its
behalf.’

There is a recognition that the licensee cannot self-perform all activities, nor can it retain all
necessary skills to perform all of its activities. This leads to the licensee contracting out services and
therefore an Intelligent Customer is required to be able to correctly and knowledgably to:

e Understand if the works is of nuclear safety significance.

e Specify the works required.

e Specify the standards, requirements and procedures to be applied.

e Assess that the contractor has the management system, capability and capacity to deliver.
e Accept the design, manufacture and testing of the product.

e Inspect and oversight the works performed by the contractor.

e Ensure no counterfeit, fraudulent and suspect items are used.

e Receive appropriate records for the works conducted.
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e Capture learning and LFE and correctly apply this to future activities.

The ONR requires that the licensee shall retain adequate capability and capacity to be an Intelligent
Customer.

A licensee will typically fulfil this requirement by identify individual employees or embedded
contractors as Intelligent Customers after they have been through a formal assessment of their
knowledge, and experience. This will be conducted and recorded in accordance with the licensee’s
competency processes as part of LC 36 (organisational capability).
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Part 2 - Commissioning
Organisation and Project
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Part 2 - Commissioning Organisation and Project

1. Where does commissioning sit in a Licensee organisation?

Author: Tom Chang & Sam Billington

The IAEA states that ‘organisational arrangements should be put into place to achieve the safety
objectives of commissioning in accordance with the commissioning programme.” The requirement
to have these arrangements is clear but where in the organisation or project structure should they
be placed?

Where the commissioning organisation is placed within the licensee organisation is open to debate.
The aim of commissioning as taken from ONR SAPs is to:

(a) demonstrate that, as built, the design intent claimed (in the safety case)
has been achieved;

(b) collect baseline data for equipment and systems for future reference;

(c) validate those operating instructions (etc.) for which the commissioning
tests provide representative activities and/or conditions; and

(d) familiarise the operators with the operation of the facility or process.

From the first bullet commissioning is required to check and verify the design and construction. This
is achieved by commissioning taking the functional requirements from engineering and then testing
to demonstrate that the plant’s design and construction meet the functional requirements. Errors in
engineering design and or construction will be evident during commissioning and therefore there
needs to be adequate separation between the commissioning and both the engineering and
construction organisations. Therefore, a degree of separation between commissioning and both the
engineering and construction teams is necessary.

Bullets c) and d) show a clear linkage between commissioning and the operations organisations,
including maintenance. From a best-practice point of view, both operations and maintenance
personnel should be support or be seconded into the commissioning organisation to gain a better
understanding of the plant they will operate and maintain in the future. The early engagement not
only will assist with building and demonstration operator and maintainer competence but also will
allow early validation of plant operating instructions. The support clearly required by commissioning
from both operations and maintenance shows that the commissioning organisation leans closer
towards operations than engineering or construction. The counter to this is that operations may be
a business as usual organisation whereas commissioning is typically part of the project delivery
organisation and will be susceptible to normal project pressures (e.g., reducing costs, minimising
durations, minimising resources). These pressures do not typically align with those of a business as
usual operations team.

As with all aspects of work on nuclear projects there will be a requirement for the licensee to ensure
appropriate governance to the commissioning activities. The licensee should ensure that the
commissioning organisation is separate to the assurance organisation. For the commissioning of
large capital projects of those with a large portfolio of projects in commissioning the commissioning
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manager may also have an internal governance team reporting directly to the commissioning
manager.

a. Should commissioning own handovers?

When considering handovers of plant from construction to commissioning and then from
commissioning to operations there needs to be ownership of that process and activities. Ownership
of the handover and therefore the driving force should be the organisation that has most to benefit
from the successful completion of the handover.

For the construction to commissioning handover the challenge is that construction will plan to
construct in a room by room basis whereas commissioning will require complete systems to start
their system testing. The challenge is that a system may span several rooms and floors of a building
or even several buildings. If commissioning accept a handover then the project expectation will be
to start system testing as soon as possible. Therefore, for an efficient construction to commissioning
transition for a project commissioning team should be imposing their requirements to achieve
system completion on the construction organisation, this approach will be supported by the project
as it protects the overall project timescales. Construction will be willing to perform handovers as
they will see this as a series of steps towards completion and a ramp down in construction costs and
ultimately close out of the construction project budget. With this in mind the commissioning team
should own the construction to commissioning handover. The process and expectations of the
handover from construction to commissioning should be agreed early in the project between the
construction and commissioning teams.

The commissioning to operations handover may also be a challenge to own. From a project point of
view commissioning hold a finite budget and will therefore aim to ramp down their resources and
costs as soon as possible. Operations on the other hand are typically not structured in a project way
and are run in a business as usual manner so from a budget perspective there is little drive to receive
handover from a project. With a poor linkage between commissioning and operations the training
and competence assessment of the operators will not have been completed and therefore the plant
will remain in commissioning’s control until operations are ready to take the handover. As this
handover is the last check that everything is correct with the new plant meeting the necessary
standard for operations to accept handover can be challenging. The possibility that legacy issues
either outstanding or not identified during the construction to commissioning handover are
identified will also be a natural barrier to successful handover. However, best practice would
suggest that operations are part of the handover from construction to commissioning and accept the
construction and maintenance at this point. With this in mind the commissioning organisation is
best placed to manage the handover to operations.

Having placed the scope of both handovers with the commissioning organisation it seems that there
are more benefits of commissioning being closer aligned to operations than to engineering or
construction. Being part of a wider operations organisation and drawing on operations personnel in
support will also strengthen commissioning’s acceptance standards for their handover from
construction. This provides the licensee and the project will earlier identification of issues and time
to resolve them prior to the plant being brought into operation.

b. Business as Usual model

Where a licensee has a standing commissioning team and continuous pipeline of separate small
projects undergoing commissioning there are several considerations of where to place the
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commissioning team within the licensee’s organisation. In this model licensees tend to adopt a
more matrix style organisation with the typical skills sets of design engineering, construction,
commissioning, operations and maintenance arranged vertically. The project organisation is
arranged on the horizontal with each project depicted as a separate row.

In this model the commissioning manager is to set the standards and expectations for
commissioning and then ensure that competent commissioning personnel are allocated to the
projects in a timely manner. The commissioning manager will appoint / nominate a lead
commissioning engineer for each project. This lead commissioning engineer therefore has 2
reporting lines, the first is back to the commissioning manager for the correct performance of
commissioning against the required commissioning standards and procedures with the second to the
project manager for the project management aspects (e.g. costs and schedule). Safety, security and
quality aspects for the commissioning work on a particular project could either be the responsibility
of the commissioning manager or the project manager or both.

When comparing the respective head counts and budgets of commissioning with other organisations
the commissioning team is pretty small and therefore is often placed at a lower level in the
licensee’s organisation when compared to engineering, construction and operations. This leaves the
guestion of in which of these 3 organisations should commissioning be placed.

The licensee’s engineering organisation is typically structured in a project manner and this aligns
closely to the commissioning organisation. With commissioning’s aim to demonstrate that the plant
has been built as designed and that the plant can achieve the required performance criteria it seems
that commissioning as part of engineering is an option. Tension between engineering and
commissioning tends to arise if tests fail to meet the required criteria and concessions are requested
by the project teams. Assuming that the test was correct and was conducted correctly then
engineering has the final say in approving a concession or requesting an alternative resolution.

Placing the commissioning organisation within construction would result in a loss of checks and
balances in the as built plant and is therefore not considered best practice as the quality of
construction would likely be decreased due to pressures to handover to commissioning as soon as
possible.

Having the commissioning organisation as part of a larger operations organisation provides the best
synergy from the support required by commissioning and positive influence of operations
expectations for plant at the point of handover. The one is a lack of synergy between the business
as usual nature of the operations organisation in contrast with the project nature of the
commissioning team. However, if this can be overcome then having commissioning within the
operations organisation is a preferred option.

c. Significant project model

The difference between a business as usual model and a significant project model is that there is a
distinct life span to the engineering, construction and commissioning organisations. By definition a
project will have a critical path of activities which will move through engineering then construction
and into commissioning before ending at final handover and acceptance by operations and project
close out and therefore the project’s focus will move between the 3 organisations. Each
organisation will ramp down towards the end of the project and ultimately disband.

During the initial stages of the project, when headcount is small commissioning may best sit within
the engineering team as the main driver will be safety case submissions which will be the
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responsibility of the engineering organisation. As the project moves through the development
phase towards detailed design the construction organisation will be formed and will start to ramp
up. At this time the commissioning organisation and operations team should increase in headcount
to start detailed planning for their respective phases. At this time it would be prudent to separate
the engineering and construction organisations and depending on their respective sizes put the
commissioning and operations organisations in to a third group. Between the Final Investment
Decision and the start of nuclear construction the commissioning and operations organisations
should be separated to create 4 organisations on the same organisational level i.e. engineering,
construction, commissioning and operations.

2. The Commissioning Project

Author: Sam Billington

a. Governance

There will be a requirement in the licensee and commissioning management arrangements that
certain oversight will be performed on commissioning activities. This oversight should be applied in a
graded manner with the most significant nuclear activities (and those arrangements managing those
activities) being subjected to a higher level of scrutiny. There are usually two sets of documents
subjected to this governance process, the first is the safety, environmental and security cases for the
work being performed and the second the management arrangements. The various cases will
include at various times the following information:

e Commissioning Management Arrangements

e Commissioning strategy document and later a commissioning plan

e Other documents which describe how commissioning will be performed

e Commissioning test documentation (usually referred to or a list of references).
e Test results

The highest level of scrutiny is Regulatory Oversight as performed by the ONR will review the
Commissioning Manual and possibly several key arrangements under the manual. For highly nuclear
significant projects the ONR normally call for these arrangements to be submitted to them prior to
the ONR granting approval for construction to commence on the project.

The licensee shall have in place External Oversight in the form of a nuclear safety committee as
required by LC 13 (nuclear safety committee) and this will be composed of both highly experienced
licensee employees and external persons. This committee will scrutinise all documentation intended
for submission to the ONR and in addition the less nuclear significant arrangements. Similar
committees may be established by the licensee focussing on the environment and security aspects.

For technical issues of a minor significance the Licensee will normally use Internal Oversight using a
Site Committee chaired by the Site Director to approve these arrangements whilst those of no
significance will be managed by the Commissioning Manager.

For the witnessing of higher classified tests either engineering or operations typically a Duly
Authorised Person may be required alongside that of commissioning engineers.

b. Project Hold Points

The commissioning stage will be part of a wider project delivering a new capability and or increased
capacity to the licensee. When planning commissioning the Commissioning Manager shall develop
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the schedule around the commissioning stages described earlier in this manual. When establishing
the schedule hold points are used to separate the project stages and therefore the stages of
commissioning. This section looks at the typical hold points applied during a project and the
possible activities required to be completed by the Commissioning team for each of these hold
points.

i.  Start of Nuclear Construction

There are many terms for this hold point and each of these relate specifically to a part of
construction. The term nuclear construction relates to the construction of buildings of nuclear
significance as denoted by their safety category. Broadly speaking the building(s) chosen will have a
nuclear safety function or safety systems contained within them. The following are examples of
terms and the activity subject to the hold point:

e First Nuclear Construction — The first placement of steel rebar into the foundation area of a
nuclear significant building.

e First Nuclear Concrete — The pouring of concrete onto the steel rebar in the foundation
space of a nuclear significant building.

e For smaller projects this could be linked the first modification to a system or structure with a
nuclear safety function or the installation of a new component which has a nuclear safety
function. For example, the first time a pipe is cut, a cable connected or disconnected or a
component fixed to a structure.

This hold point is one of the major hold points on any project. The licensee will have to have
submitted a safety case called a pre-Construction Safety Report (PCSR) and this will have to have
been approved by the ONR for more significant projects or for lesser significant projects the
licensee’s nuclear safety committee or site safety committee for minor nuclear significant projects.

ii.  First Energisation

For large projects this is a major hold point as it signifies the first time that power is brought on to
the plant to be commissioned and so it constitutes a major step change in the industrial or
conventional safety of the project.

The definition will typically identify a switchboard or transformer being energised as the subject of
the hold point. Normally this would be one of the main switchboards powering the new plant. For
smaller mechanical projects then this could be the first time a fluid is admitted into the systems and
therefore a pressure could be applied to the pipework and components.

Since there is no change in the nuclear safety risk the ONR does not approve release of this hold
point and therefore it typically remains with the licensee to release the hold point. However, for
large projects the time between the ONR'’s approval of the Start of Nuclear Construction and First
Receipt of Nuclear Material may be several years. In these cases the ONR and licensee would agree
for the ONR to use its secondary powers to release this hold point.