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The commissioning of nine Magnox and two Advanced Gas-cooled
Reactor Nuclear Power Plants in the United Kingdom during the last sixteen
years under the regulatory control of the Nuclear Installations Inspec-
torate of the Health and Safety Executive has been based on a Stage
Approval Philosophy starting with proof-testing of the primary gas
circuit and concluding with tests on the reactor at full power. The
practical experience gained during this period has enabled the Nuclear
Installations Inspectorate to rationalise the procedures and test require-
ments without compromising safety standards. The Operating Rules and
Maintenance Schedules are approved for commissioning and during this
period are reviewed for their adequacy for future power operation of the
plant. The organisation, documentation, test procedures and the
commissioning programme used for the Advanced Gas-cooled Reactors are
briefly explained.



1. INTRODUCTION

The regulatory inspection activities on Nuclear Power Plant sites
•under construction in the TTnited Kingdom has already been described in
a paper presented at this conference [Ï] which included the general
aspects of site inspection, quality assurance requirements and certain
inspection activities on the licensed site and at the manufacturers*
works, and the preparations leading up to the commissioning of the reactors•

This paper covers the organisation» management, documentation,
test procedures and regulatory requirements which have been evolved in the
DZ during the past 16 years on the commissioning of NPPs and, particularly,
as applied to the Advanced Gas-cooled Reactors (AGRs) currently being
constructed and commissioned. These NPPs have an installed capacity of
1320 MW(E) and have twin reactors, each reactor associated with a single
660 MW(E) Turbo Alternator. The commissioning programme described in
this paper indicates the increasing safety requirements and operating
conditions as the reactor proceeds to full power.

Extracts from the AGR commissioning programmes and Figure 1 which
shows a cross-sectional arrangement of the reactor, are reproduced with
the permission of the Electricity Generating Boards in the UK.

2. ORGANISATION AMD MANAGEMENT FOR COMMISSIONING

The arrangements for the commissioning of the NPP are submitted by
the Licensees for approval by the Nil, each reactor and associated
auxiliary plant having a separate commissioning programme.

2.1 Station Commissioning Committee

The Station Commissioning Committee (SCC) is responsible for the
organisation and management of the resources and personnel for the purpose
of commissioning the station. The Chairman is the Station Manager and
other members include representatives from the Licensee's Design, Con-
struction, Research and Development, Nuclear Safety and Operations depart-
ments together with representatives from the Nuclear Plant Design Company
and plant manufacturers.

The terms of reference of the SCC are to prepare the Commiss-
ioning Programme (CP), formulate the principles to be adopted for all
plant system testing, and organise the resources to complete the work to
a time schedule. The Commissioning Test Schedules, which axe produced by
the Nuclear Plant Design Company, are approved by the SCC before being
implemented and the Commissioning Test Reports are endorsed by the SCC
and submitted as evidence that the tests have been completed satisfactorily
before submission to the Nil.

2.2 Independent Consultants

Independent specialists are appointed by the Licensees to approve
the construction and commissioning of the Concrete Pressure Vessels (CFVs)
which house the reactor and integral boilers in a common pressure contain-
ment. One of the specialists, the "Appointed Engineer", is primarily
responsible for all aspects of the inspection associated with the CPV
which includes the foundations* steel reinforcement and load tendons. The



Appointed Engineer reports to the Nil on any deficiencies and the results
of the inspection.

The inspection and assessment of the steel liner of the CPV, and
all the steel components forming the internal structure of the reactor
and the boilers, is carried out "by independent insurance company surveyors
appointed by the Licensees. Their inspection findings are made available
to the Nil throughout the construction period and on completion of the
proof pressure testing, certify that the CPV is satisfactory for fuel
loading.

2.3 Mil Regulatory Inspection

The site inspector appointed during the construction period of
the NPP to cover all the general aspects of regulatory inspection is
supplemented by additional inspectors from the design assessment branch
of the Nil during the period of commissioning. These specialist inspectors
will have already been involved with the design assessment of the plant
covering such aspects as:-

Reactor physics and fault studies
Heal+h physics, shielding and radioactive waste
Electrical engineering
Mechanical engineering
Control and instrumentation
Quality assurance.

The site inspector co-ordinates the activities of these specialists
to meet the commissioning programme requirements, and he is also respon-
sible for ensuring the correct and expeditious processing of all document-
ation through the Nil so that unnecessary delays are avoided. Specialist
inspectors will be involved with other stations at the same time and
priorities must be clearly defined within the Nil.

3. DOCUMENTATION

The control which is exercised by the SCC is based on document-
ation and approved procedures. The documentation also provides a history
of events and a concise record of base line parameters for all the plant
tested which can be used as a basis for comparison of the safety perform-
ance throughout the life of the plant. Other documentation concerned with
the safety control of the plant is also described.

3.1 Commissioning? Programme

The Commissioning Programme (CP) is divided into separate stages
which reflect the increasing safety requirements and provides suitable
periods for the review of the test results and the safety of the plant
and should contain the following information:-

) Commissioning stage and operation number
) Test title and CTS reference number
) Estimated duration of test
) Approximate reactor conditions (reactor power, coolant pressure,

temperature, flow)

Î Mandatory operating limits and Nil inspection requirements
Special conditions or limitations for any test.



The CP should indicate where formal approval is required to
proceed, and include the reactor trip parameters and operating rule
suspensions required in each stage.

3.2

a
b
c
d
e
f

S

3.3

Test Sched^i PB

The Commissioning Test Schedules (CTSs) consist of:-

Introduction (description of plant)
Objects of test
Method of testing
Predicted results
Responsibilities
Safety requirements (Electrical/taechanical/Radiological)
Tables» figures and references.

Commissioning Test Reports

Commissioning Test Reports (C.TOs) are produced for all tests and
give the following information:-

a Introduction (plant state)
b Sates and method of testing
c Results
d Conclusions
e Reservations
f Tables» figures and references.

3.4 Stage Completion Certificate

The Stage Completion Certificate is issued by the Station Manager
as evidence that all appropriate tests have been completed and it is
considered safe to proceed to the next stage. Any tests, or parts of
tests not completed in accordance with the CP must be described together
with the reasons for these exceptions. The Stage Completion Certificate
must be submitted to the M I before approval to proceed can be given.

3.5 Regulatory Inspection Reports

The Regulatory Inspection Reports, or Visit Reports, are produced
by the site or specialist inspectors following a visit to the MPP. These
reports give details of the period of the visit, commissioning tests in
progress during the visit, plant conditions and results of tests, any
defects or non-compliance with the statutory requirements, and action
taken in respect of such matters. Follow-up action is taken from previous
visits and outstanding matters are reviewed periodically.

3.6 Operating Rules and Plant Operating Instructions

Operating Rules (ORs) are produced by the Licensee and approved
by the M I for application during commissioning. They are based on the
design parameters and safety reports and lay down statutory safely
operating limits and auxiliary plant availability required to maintain
a reactor in a safe condition whether it is shut down or at power.



The ORs cover such matters as:-

(a) Reactor structural and fuel cladding operating temperature limits
(b) Reactor coolant pressure, temperature and purity limits
(c) The availability of auxiliary plant to ensure the reactor heat

removal requirements are adequate
(à) That emergency generators are available in the event of loss of

normal electrical supplies
(e) The fuel integrity is monitored continuously at power so that in

the event of cladding failure, the defective fuel can be safely
discharged.

(f) Adequate instrumentation and communications are available for
the control of the NPP at all times.

The Plant Operating Instructions (POIs) which implement the ORs
are submitted to the Nil and any amendments are notified within 14 days
of their implementation. Some ORs may need to be temporarily suspended
during commissioning tests and all ORs are subject to reappraisal during,
or following, the completion of commissioning.

3.7 Maintenance Schedule and Instructions

The Licensee is required to prepare a Maintenance Schedule (MS)
which is a list of safety related plant and equipment, specifying the
methods to be employed for inspection, testing and maintenance, and
.Indicating the periods between these activities. The MS is approved
by the Nil and becomes effective from the commencement of commissioning.

The methods to be used to carry out inspection, testing and
maintenance are described in the Maintenance Instructions (Mis) and these
are used to implement the MS and are verified during the commissioning
period where appropriate.

The first statutory inspection of the reactor is completed one
year from the date of its initial power raising (Stage III). Subsequent
reactor inspections are scheduled to be undertaken biennially but this
period may need to be reviewed.

5.8 Directions. Consents and Approvals

These are formal documents issued by the Nil on behalf of the
Health and Safety Executive (HSE) directing the Licensee to comply with
statutory requirements and consenting to, or approving, proposals
submitted by the Licensee under the Licence Conditions. These documents
are prepared by the Nil with advice from the HSE legal advisors before
being issued.

3-9 Consultant Certificates

These certificates are completed by the Appointed Engineer and
independent insurance company surveyor and are submitted by the Licensee
to the Nil before initial fuel loading. If modifications are found to
be necessary during commissioning, further certificates will be required
at other stage approval points. These, together with other construction
and commissioning records, form part of the case history of the CFVs and



are kept up-to-date and available for inspection on the licensed site.

3.10 Approved Drawings

Drawings of plant and equipment designated by the Nil during the
design assessment period as having significant safety implications must
be submitted for approval before commissioning. The drawings must be
certified as representing the installed state of the plant or equipment
and any modifications found to be necessary during testing are marked
up on the station master-copy of the approved drawings and, on completion
of commissioning, are resubmitted for final approval. Regulatory inspec-
tions should verify that the plant so designated is correct to the
drawings.

3.11 Emergency Plan and Instructions

Whilst the possibility of an accident at a HEP leading to a
release of significant quantities of radioactive materials is extremely
unlikely, especially with CFV reactors, nevertheless the Nil require the
Licensees to prepare an Emergency Flan (EP) to safeguard the general public
and personnel on the NPP in case of such an eventuality. The ]2P is
approved by the Nil and is implemented by detailed Emergency Instructions
which describe procedures for:-

(a) The safe evacuation of personnel from the vicinity of the
accident to pre-arranged assembly areas

(b) The immediate establishment of an emergency control centre to
control and co-ordinate the emergency procedures

(c) The assembly and deployment of trained environmental monitoring
teams to determine the extent of the radioactive release

(d) The mobilisation of specialist teams on the station to carry out
fire fighting, first-aid and rescue, and emergency plant repairs
to ameliorate the consequence of the accident

(e) The notification of all local and national organisations to assist
in the protection of the population as is considered necessary.

The Licensee is required to show the effectiveness of the
emergency arrangements before initial fuel loading (Stage II) by post-
ulating an accident to the plant and initiating these emergency procedures.
The demonstration is witnessed by Nil observers. Subsequent emergency
exercises are held to such an extent and at such times as the Nil may direct.

4. COMMISSIONING PROCEDURES

To ensure that the Nil safety requirements are implemented during
commissioning, the following procedures have been adopted.

4.1 Plant Testing

The Commissioning Programme (CP) which schedules all plant
testing is submitted to the Nil to enable the regulatory requirements for
each test to be indicated, and for the inclusion of any additional tests



which may be considered necessary in the interests of safety. Tests are
classified in the following manner:-

A - Tests to be witnessed by M I inspectors
B - CTRs required for stage approval
C - CTRs to be submitted for assessment
D - CTR which may be examined at site.

It is the responsibility of the Licensee to advise the Nil, in
writing, when Category A tests are scheduled to take place. The presence
of rja inspector to witness.a test is not made mandatory.

4«£ Assessment of Commissioning Test Reports

All Category B Commissioning Test Reports (CTRs) are submitted to
the Nil for independent assessment, for comparison with the predictions
of the Commissioning Test Schedules (CTSs) and in the design safety
reports before stage approval is given. The Nil exercises close super-
vision of the commissioning programme and this enables preliminary test
results to be accepted for stage approval in advance of the final
commissioning report so that the programme is not unnecessarily delayed.

4.3 Authorised Plant Operators

The Station Manager is responsible for the safety of the plant
and personnel during commissioning in accordance with the Licensee*s
Safety Rules. The Licence Conditions require that the plant must be
operated under the control and supervision of Duly Authorised Persons
(DAPs). These are appointed by the Licensees and approved by the Nil.

During commissioning, DAPs carry out all operational functions
under the guidance of the Nuclear Plant Design Company. All operations
must be carried out in accordance with ORs and POIs and these activities
are recorded in plant logs and test schedules and are made available for
examination by the regulatory inspectors. Appropriate plant records are
preserved for specified periods as approved by the Nil.

All plant inspection, testing and maintenance is supervised by
DAPs in accordance with the Maintenance Schedule and Instructions and they
must certify that these activities have been completed satisfactorily.

4-4 Plant Modification Procedure

In order to maintain the required standards of safety at NPPs, no
alteration, addition, modification, repair or replacement affecting
nuclear safety may be made to any part of the plant until an appropriate
safety assessment has been completed and agreed in accordance with the
Plant Modification Procedure (IMP). The PMP is produced by the Licensee
and approved by the Nil and should be introduced during the commissioning
period. Proposed modifications are prepared by the Nuclear Plant Design
Company and submitted to the SCC for their endorsement before implement-
ation. Certain modifications of major significance and specifically
those affecting plant and equipment on Approved Drawings must be agreed
by the Nil before implementation and modifications of a minor safety
category are reported to the SCC retrospectively.
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4.5 Re-porting of Incidents or Defects

The Licensee is required to report immediately any incidents or
defects which could affect the safety of the NPP. This requirement is
particularly important when the plant is first set to work and a detailed
report is required on completion of the enquiry into any such incident
or defect. Also during the period of commissioning, a report is required
to be submitted to the Nil on all unscheduled reactor trips caused by
plant defects, equipment faults, or operator errors.

4.6 Commissioning Progress Meetings

During the commissioning programme, at the discretion of the Nil,
meetings are arranged with the Licensees, at which specialists are avail-
able, to discuss the general progress of the commissioning programme,
plant modifications, reported incidents and other matters arising from
the assessment of commissioning documentation. Such meetings can be a
more effective method of rationalising procedural difficulties which may
arise and also for obtaining additonal information more expeditiously.
Formal notes of these meetings are kept, and any proposed action to be
taken is recorded.

5. COMMISSIONING PROGRAMME

The Commissioning Programme being used for the first AGR plants
is summarised below, to illustrate the stage approval philosophy for
regulatory control. The plant system tests completed in each stage are
listed and the Nil test categories assigned,, as described in Section 4
of this paper, are given. Typical reactor operating limits for each
stage are also given.

The periods estimated to complete each stage were substantially
increased due to plant defects« Considerable modifications to plant and
fuel assemblies were necessary with extensive retesting.

Stage I - Reactor system tests before fuel loading

1. CPV proof pressure and leak rate tests (A)(B)
2. Reactor safety circuit and guard line tests (A)(B)
3« Control rod electrical system and mechanism tests (A)(B)
4* Essential auxiliary plant tests (A)(B)
5. Combined gas circulator tests (B)
6. CP7 thermal insulation tests (B)
7. CFV cooling water system tests (B)
8. Burst cartridge detection system tests (B)
9* Reactor secondary shutdown system tests (A)(B)

10. Reactor data processing system tests (B)
11. Nuclear matter storage and handling facility tests (A)(B)

ÛDe2>a"fcinsr Conditions

Gas pressure 45.5 Eg/cm2

Mass flow 100% (3850 Kg/sec)
Reactor gas temperature 300°C



The stage is concluded with an internal inspection of the CPV by
the Licensee and Nil inspectors.

Before approval is given to proceed to Stage II, a demonstration
of the Station Emergency Arrangements is witnessed by Nil observers.

Stage II — Initial fuel loading, physics measurements and
reactor system tests without nuclear heating

1. Fuel loading to full size core (B)
2. Reactor physics measurements (A)(B)

a Built in reactivity of initial fuel charge
b Control rod worths and reactivity release rates
c Axial and radial flux measurements
d Local criticality tests

3. Combined gas circulator tests (B)
4* Reactor internal gas baffle overpressure tests (B)
5. Neutron flux measuring equipment tests (B)
6. fuel handling equipment tests (A)(B)
7. Fuel assembly variable flow gag tests (B)
8. Decay heat loop system tests (B)
9. Reactor trip tests (A)(B)

10. Essential supply system tests (A)(B).

The reactor physics measurements are completed in air using
pressure balancing techniques with the reactor critical. Doubling time
measurements are completed with reactor power levels not exceeding 1 MW(Th).
Dynamic testing of the fuel assemblies and the reactor internal structure
using C02 at design density at ]500°C and maximum coolant flow rates, is
completed with the reactor shut down.

The stage is concluded by a final internal inspection of the
reactor by the Licensee and Nil inspectors before the fuel is irradiated.

Stage III ~ Initial "power raising to 2096 design output

1. Raise reactor power progressively to 20% power (A)(B)
2. CPV structure temperature surveys (B)
3. Health physics and shielding measurements (B)
4. CPV thermal insulation tests (B)
5. CFV cooling water system tests (B)
6. Control rod freedom of movement tests (B)
7. Boiler and feed system tests (B)
8. Start up and steam dumping system tests (B)
9« Commission of main turbo alternator (3)

10. Channel gas outlet temperature survey and gag adjustment (B)
11. Fuel cladding integrity tests (BCD system) (B)
12. Axial and radial flux measurements (B)
13« Reactor automatic control system tests (B)
14> Data processing system tests (B)
15. Reactor trip test (A)(B)
16. Essential supplies system tests (A)(B)
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Operating ts

Reactor power 500 Mtf(Th)
Electrical power 120 HW(E)
Mass flow 60%
Circulator gas outlet temperature (Ti) 285°C
Reactor bulk gas outlet temperature (T2) •••••••• 435°C
Maximum gas pressure •« 40 Kg/cm2

Stage IV - Power raising to 5096 design output

1. Manually controlled reactor start up to critical level and
progressively raise reactor power in 5% steps to 50% power
level.

2. Repeat all tests in Stage III.

Operating "Mints

Reactor power 750 Mrt
Electrical power • 300 MW(E)
Gas pressure 40 Kg/cm«
«as flow .*.««.•*«...••...«..«...•..»••«...««...« 8O76
Tl/J-2 •••»««•..««.«.•«....«....«.«..««.*....*.•«* 285/520°C

Stage V - Power raising to design output

1. Raise reactor power to design output and repeat all tests noted
in Stage III.

O p e r a t i n g T.îTn-î-fcs

Reactor power 1550 MW(Th)
Electrical power 660 MW(E)
Mass flow * 100% (3850 Kg/sec)
Gas pressure • 40 Kg/cm2

T2y 12 Minoi......•«•*.«•«<>.«*..«»•«•.•><•..*.. 285/o50"C

The maximum power level at present achieved on the first two AGR
NPP has been restricted to 82% of the design output. This temporary
restriction has been imposed until the 9% chromium steel boiler tube
oxidation rates have been established and at present T2 is limited to
600°C.

Stage VI - Tests at power

These tests» at various power levels up to the maximum level» are
designed to show the effects of major plant disturbances.

1. Isolation and restoration of one boiler quadrant of the reactor (B)
2. Isolation and restoration of gas circulators associated with one

quadrant of the reactor (B)
3. Isolation and restoration of one of the two independent CF7

cooling water systems (B)
4. A controlled reactor shutdown (A)(B)
5. Refuelling tests on irradiated fuel assemblies at central and

peripheral core positions (B)
6. Control rod run out tests (A)(B)
7« Loss of regenerative feed heating system on main turbo alternator (B),



All appropriate temperature, flux and gas flow perturbations and
the effects on the reactor structure are recorded.

6. REGULATORY INSPECTION REQUIREMENTS DURING COMMISSIONING

The nuclear regulatory body must be able to provide the necessary
technical resources for site inspection and assessment of the test
results during the whole of the commissioning period, which in the case
cf the first reactor of a specific design may last for at least one year,
to provide the necessary regulatory controls and to avoid unnecessary delays
at each stage of the commissioning programme«

The specifio problems arising from commissioning of NPPs range over
a complex field of technology. Appropriate staff, with the neoecsary
experience and disciplines, are required for the solution of these problems
and it is desirable for these specialists to be part of the regulatory body«

The procedures for the revision, up-dating, and reissue of commiss-
ioning documentation found necessary due to plant modifications and
operational limitations, must be strictly applied by all concerned if
safety controls axe to be properly maintained.

On twin reactor stations, the segregation of commissioning from
constructional plant boundaries, especially where common services are
provided, presents security and radiological control problems during
power raising on the first reactor. The Licensee's Safety Rules must be
strictly applied if unauthorised access to safety related plant and equip-
ment and certain plant areas is to be avoided and nuclear safety standards
maintained.

7. CONCLUSIONS

The commissioning of the NPP is intended to confirm the design
safety performance of the plant and especially the safety parameters and
methods for future operation, and requires the close co-operation between
the Licensee and the regulatory body.
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