
FINNISH CENTREFORRADIATION AND NUCLEAR SAFETY
YVL 2,5 8 Jan 1991

Pre-operational and start-up testing of
nuclear power plants

1 General 3

2 General pre-operational and start-up
test objectives 3

3 Pre-operational and start-up test plans 4

4 System performance tests 5
4,1 Requirements 5
4,2 Regulatory contral 5

5 Fuel loading and reactor system pre-critical tests 6
5,1 Requirements 6
5,2 Regulatory contral 6

6 Initial criticality and low-power tests 7
6,1 Requirements 7
6,2 Regulatory contral 7

7 Power tests 8
7,1 Requirements 8
7,2 Regulatory contral 8

8 References 8

This Guide entered into force on 1 April1991. It remains in force untH further
notice. This Guide replaces Guide YVL 2.5 issued on 30 June 1976.

Second, revised edition
Helsinki 1994
Erweko Painotuote Oy
ISBN 951·47·8875-3
ISSN 0783·2348



Authorization

By virtue af section 55, second paragraph. point 3 af the Nuclear Energy Aet
(990/91) and seetion 29 af the Council af State Decision (395/91) on the General
Regulations for the Safety af Nuclear Power Plants. the Finnish Centre for
Radiation and Nudear Safety issues detailed regulations concerning the safety af
nudear power plants.

The YVL Guides are rules an individual licensee ar any other organization
concerned shaUcomply with, unless the Firmish Centre for Radiation and Nuclear
Safety has been presented with some other acceptable procedure ar solution by
which the safety level set forth io YVL Guides is achieved.
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1 General
Jo accordance with sections 2 and 8 af the
Nuclear Energy Act, the construction and
operation af a nuclear power plant are
subject to licencing. Licences are granted by
the Council af State. The pre--operational and
start-up testing af nuclear power plants is an
essential part af plant commissioning. The
licencing procedure and regulatory control af
commissioning are described io Guide
YVL 1.1.

The general requirements for and regulatory
contral af nudear power plant pre-
operational and start-up testing are presented
io this Guide. FOT applicable parts, this
Guide is alsa concerned with testing after
modifications made during pIant operation.

Pre-operational and start-up testing aims to
demonstrate that the plant has been
constructed and operates according to the
design iotent. The principal stages of testing
are as follows:

system performance tests
fuel loading and reactor system pre-
critical tests
initial criticality and low-power tests
power tests.

System perfonnance tests mean tests
conducted prior to fuel loading and those
individual tests of auxiliary systems which
can be conducted onJy during fuelloading or
after it. Reactor system pre-critical tests
mean loading measures and tests of systems
which can be made ready for operation onJy
during primary circuit closure. Low-power
tests mean tests during which reaetor power
does not exceed 5 % of rated power.

The principal stages of pre-operational and
start-up testing are divided into sub-stages.
One sub-stage is part of the pre-operational
and start-up test and a detailed test
programme is drawn up for it. During
system performance tests ooe sub-stage may
comprise e.g. all measures to demonstrate
that the boron control system meets the
requirements made of it. During power
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testing one sub-stage may be e.g. a turbine
trip test.

The Finnish Centre for Radiation and
Nuclear Safety controls nuclear power plant
pre-operational and start-up testing by
reviewing the general test plans submitted as
part of the preliminary and [mal safety
analysis report; by reviewing test
programmes; by witnessing tests at the plant
and by reviewing the documentation of test
results.

For applicable parts, this Guide is also
observed in the regulatory controt of pre-
operational and start-up testing of other
nuclear facilities.

General pre-
operational and start-
up test objectives
The scope of pre-operational and start-up
testing shall be such that the pIant can be
ascertained to function according to the
design intent and that potential errors in
design and construction. observable by
testing, are identified. In connection with
pre-operational and start-up testing, the
documentation and instructions pertinent to
plant systems, struetures, components and
their operation and periodic tests shall be
given the fmal touch. It shalt be ensured that
the instructions are free from error; their
clarity and unambiguity shall also be
ascertained.

During pre-operationat and start-up testing,
the training given to operators shall be
complemented and its sufficiency
ascertained. At the same time, the suitability
for tbeir purpose af the monitoring and
control equipment required during operation
shatl be ascertained.

In connection with the tests, the operating
parameters of systems and components shatl
be adjusted and quantitative basic data
collected which will he the starting point
later for the assessmeot of periodic test
reports.
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3 Pre-operational and
start-up test plans

guides and regulations 10be complied
with io the drawing up af the test
programme

Pre-operational and start-up test plans shall
he 50 written that they can he contained io
the plant safety analysis reports. Fae the
preliminary safety analysis repon, the
following items shatt have been c1arified:

the scope and malo stages af pre-
operational and stan-up tests; the
areas af responsibility assigned to
organizations participating io the
planning af test programmes and io
the implementation af the tests

the procedure to he followed io the
drawing up of the test programme,
including the division af duties

delineation af authority during the
tests; principles ensuring compliance
with the test programme; the
procedure for amending the test
programrne during implementation

how experience gained at similar
plants is utilized in the planning of
test programmes

the number of persormel required in
various organizations during testing.

the length of time required by the
main stages of testing

the cole of testing in the validation of
the plant operating instructions

For the final safety analysis report, the
following items shall have been clarified:

a system performance and reactor
system pre-eritical test summary pian
with the names of detailed
prograrnmes for each test; possible
preliminary requirements for the
conduct of the tests; test objective and
a brief description of test scope and
acceptance criteria

a schedule for drawing up the plant
operating instl1lctions and a pian
specifying the role oftesting ta ensure
the correctness and adequacy of these
instructions

procedures te be followed in fuel
loading and in the achievement af
criticality, including safety measures
and precautions

a testing schedule specifying the
planned duration and mutual
chronological order of the various
sub-stages of testing, including dead-
lines for the completion of detailed
test programmes

requiring
to their
separate
to be

identification of items
specialattention owing
prototype nature, including
summaries of the tests
conducted on these items

how experience gained at similar
plants is utiJized in the planning of
test programmes

guides and regulations ta be complied
with in the planning of test
programmes

pre-operational and start-up testing
principal stages and the objectives for
each stage

organizations participating io the tests
and their areas of responsibiIity;
definition of duties af the most
important persons

a low-power and power test summary
pian with the names of detailed test
programmes for each test; test
objective, a brief description of test
scope and acceptance criteria and a
description of the power Ievels at
which the tests are intended to be
conducted
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Jo addition to the above, the programme
shall have, as a separate entry, a description
of the measuring instruments or systems
which may be required and which are not
included in the plant tixed equipment.

concerning
component

instructions
safety and

systems initial state
prerequisites for test performance
conditions and instructions for test
performance
description of provision made for
transients during test performance
instruments to be employed and other
testing equipment required
number of personnel participating in
the test; requirements for and
delineation of responsibilities of the
personnel
specific
industrial
shielding
test completion
documentation of data to be
monitored during the test
documentation af test results.

procedure for the assessment af test
results, including division af duties;
actions to be taken io case some test
results fail to meet the acceptance
criteria

It shall be demonstrated by system
performance tests that every system
important to safety and every individual part
thereof is capable af fulfilling its functional
duty. It shall be further demonstrated that
the systems are capable af functioning
together as designed. As far as possible, the
tests shall ascertain operability under normal
operating conditions and alsa under the
transient and accident conditions io which
the systems are required to function.

the records retention procedure.

4 System performance
tests

4.1 Requirements

An example af system performance tests is
given io Ref. /1/, Annex J, points 1-3. Fae
applicable parts, the recommendations and
instructions given in Ref. Il!, point 3.2 and
io Refs. 121, 13/, 14/, 15/, /6/, 171 shall also
be taken into account in test planning. Test
by test justification shall be given if a system
performance test has been planned to take
place after the commencement of fuel
loading.

A detailed test programme shall be drawn up
for each test in advance; the programme
scope shall conform to the recommendations
of Ref. Il!, point 4.2. The programme main
categorization is as follows:

The tests shall be condueted as closely io
accordance with established programmes as
possible; any non-conformances including
their causes shall be documented. Ali
arrangements for measurement and output
shalt he checked prior te the test and test
results shall he documented in a way agreed
upon in advance.

Apart from tinal test results, the test report
shall present any non-conformances, their
causes and the repairs and modifications
during testing which were necessary for
attaining acceptable results.

4.2 Regulatory control

introduetion
description of test sequence, if
necessary due to test nature, scope or
clarity
test objective and methods
acceptance criteria
constraints on plant operation and
other conditions for test perfonnance

Based on the pre-operational and start-up
testing pian presented io the tinal safety
analysis repon, STUK determines the system
tests for whose programmes STUK's
approval shall be obtained by the utility. The
overall principle is that all tests involving
Safety Class 1,2 or 3 systems are subjeet to
STUK's approval. Jf programmes of a more
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5.1 Requirements

5.2 Regulatory control

general nature are first drawn up as a basis 5
for test programmes, STUK's assessment of
these can be obtained on request.

Ii a programme is subject to STUK's
approval. testing may be commenced only
upon receipt of the approval.
Commencement of testing means the tiest
procedure aimed at demonstrating the
performance capability of an inspected item;
the results will he documented for use during
the approval procedure. Instrument
calibrations, flushing of pipework and other
preparatory measures, as well as preliminary
tests, can be carried out before programme
approval, however. Prioe to operation uuder
pressure, each plant pressure vessel is
subjected to a verification iru;pection as part
of the commissioning inspection referred to
io Guide YVL 3.7.

The Finnish Centre for Radiation and
Nuclear Safety witnesses system tests at the
power plant as it deems necessary. The
overall principle is to oversee Safety Class
1, 2 and 3 system tests and part of Safety
Class 3 system tests. For the purpose of
overseeing the tests, STUK shall he provided
with a pre-operational testing schedule well
io advance. STUK shall he promptly
informed of any changes io the schedules.
STUK ,hall be informed of the lests early
eoough but the preseoce of STUK's
representative is not a prerequisite for
conducting a test. This does not apply to
pressure vessel auxiliary equipment
functional tests, however, which are part of
the conunissioning inspection, as presented
io Guide YVL 3.7, and which are overseen
by STUK, safety class notwithstanding.

To support a fuel loading application,
documentation of preliminary system test
results, which have been reviewed by the
pre-operational testing organization, shall be
submitted of all tests whose programmes are
subjeet to approval by STUK. Final
documentation of test results, which have
been reviewed by the plant supplier, shall be
submitted to STUK for approval within two
months from the accomplishment of the tests
in question.

Fuel loading and
reactor system pre-
critical tests

Guide YVL 1.1 presents requirements for
the commencement of fuel loading. There
shall be a loading pian which gives

asummary of the neutron flux and
gamma radiation monitoring
equipment required during loading
and of other special measuring
instruments which may be required

the organization responsible for
loading; the number, training and
duties of personnel required during
loading

the status of the reactor containment
building and the systems contained in
it during loading

detailed loading instructions

special safety instruetions and
precautions to he observed during
loading.

The recommendations of Ref. /11, point
3.3.2 shall be taken into account, where
applicable, when planning fuel loading.

An example of reactor system pre-criticality
tests is given in Ref. /1/, Annex I, points 1-
4.1. The requirements for system tests
presented io point 4 of this Guide also apply
to pre-critica1itytest programmes, conduet of
tests and the documentation of test results.

The loading pian and reactor system pre-
criticality test programmes are subject to
STUK', approval.
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STUK oversees fuel loading and inspects,
upon its accomplishment, that every fuel
assembly's position is according to design.

Primary circuit closure and reactor system
pre-criticality tes18 may he conunenced afier
STUK has inspeeted the COfe configuration
and approved the pre-criticaJ test
programmes. STUK oversees reactor system
pre·critical tests as it deems necessary.

When results io accordance with the
acceptance criteria have hoon attained io the
tests, STUK's approval for the
commencement of the initial approach to
criticality and for the carrying oot af low·
power tests at a power specified in the
application may he requested. Previous
preliminary test results reviewed by the pre-
operationaJ testing organization shall be
presented io support af the applicatioD, io
the extent necessary to demonstrate the
meeting of acceptance criteria.

Pre-critical test final documentation, which
has been reviewed by the plant supplier,
shall be submitted to STUK for approval
within two months from the accomplishment
of the tests in question.

6 Initial criticality and
low-power tests

6.1 Requirements

The approach to criticality is considered to
commence with

the start of boron dilution at a PWR

the withdrawal of the first control rod
from the reactor at a BWR.

During the approach to criticality, the
recommendations of Ref. /l!, point 3.3.3
and of Annex 1, point 1-4.1 shalt be taken

into accouot for applicable parts. The
procedure shall he described in a detailed
programme which, for applicable parts,
meets the requirements made of system
performance test programmes.

Io planning low-power tests, the
recommendations of Ref. /11, point 3.3.4
shall be taken into account, for applicable
parts. Ao example of low-power tests is
given io Ref. /11, Annex 1, poiot 1-4.2. The
requiremeots for system performance tests
preseoted in point 4 of this Guide also apply
to low-power tests, their performance and
test reports.

6.2 Regulatory control

The programrne concerning the approach to
criticality and low-power test programmes
are subject to STUK's approval.

The approach ta criticality may be
commenced upon receipt of STUK's consent
and approval of the programme describing
the procedure in questioo. The same consent
may also apply ta 10w-power tests, provided
that associated programmes have already
been approved. STUK oversees the approach
to criticality and low-power tests as it deems
necessary.

After attaining results conforming ta the
acceptance criteria in low-power tests,
STUK's approvaI for performing power tests
at a power level specified in tbe application
may be requested; previous preliminary test
results reviewed by tbe pre-operational
testing organization shaII be submitted in
suppon of tbe application, in the extent
necessary ta demonstrate the meeting of the
acceptance criteria.

Low power test final documentation which
has been reviewed by the plant supplier,
shall be submitted to STUK for approval
within two months from the accomplishment
of the tests io question.

7



FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY
YVL 2.5

7 Power tests
7. 1 Requirements

During power tests, the performance af the
pIant is testOOat various power levels, e.g.
at 10 %, 25 %,50 %, 75 % and 100 % 01 8
rated power.

Power test fioal documentation which has
beeo reviewed by the plant supplier, shall be
submitted to STUK for approval within two
months from the accomplishment of the tests
io question.

References
Jo planning power tests, the
recommendations given io Ref /11, point 3.4
shalt be takeo into account for applicable
parts. An example concerning power tests is
given io Ref /11, Annex 1, point 1-5.

The requirements presented io point 4 af this
Guide and which apply to system tests alsa
apply to power test programmes, their
performance and documentation af the test
results.

7.2 Regulatory control

Power test programmes are subject ta
STUK's approval.

STUK oversees the tests as it deems
necessary.

Upon achieving at a certain power level
results which conform to the acceptance
criteria, STUK's eonsen! for increasing plant
power may be requested. Ta support the
application, previous prelimioary test results
reviewed by the pre-operatiooal testing
organization shall be submitted, io the extent
necessary to demonstrate the meeting of the
acceptance criteria. Power ascension to a
new, higher power level may take place
upon receipt of STUK's consent and
approval of test programmes at this power
level.

8

1

2

3

4

5

6

7

IAEA, Safety Series, Safety Guides, No.
50-SG-04,ComrnissioningProcedures for
Nuclear Power Plants: A Safety Guide,
IAEA, Vienna 1980.
Comprehensive Vibration Assessment
Program for Reactor Internals During
Preoperationaland Initial Startup Testing,
Regulatory Guide 1.20, V.S. Nuclear
Regulatory Commission, Rev. 2,
May/1976.
PreoperationalTesting of Redundant On~
Sire Electric Power Systems to Verify
Proper Load Group Assignments,
Regulatory Guide 1.41, V.S. Atomic
Energy Commission, 3/16/73.
Preoperational and Initial Startup Testing
ofFeedwarer and CondensateSystemsfor
Boiling Warer Reactor Power Plants,
Regulatory Guide 1.68.1, V.S. Nuclear
Regulatory Commission, Rev. 1,
January/1977.
Preoperational Testing of Emergency
Core Cooling Systems for Pressurized
Warer Reactors, Regulatory Guide 1.79,
V.S. Nuclear Regulatory Commission,
Rev.l, Seprember/1975.
Preoperational Testing of Instrument and
Control Air Systems, Regulatory Guide
1.68.3 (Task RS 709-4), V.S. Nuclear
Regulatory Commission, April/1982.
Initial Test Programs for Water-Cooled
Nuclear Power Plants, Regulatory Guide
1.68, V.S. Nuc1ear Regulatory
Commission,Rev.2, August 1978.



FINNISH CENTRE FOR RADIATION AND NUCLEAR SAFETY
YVL 2.5

YVL guides
General guides

YVL 1.0 Safety criteria for design af nuclear
power plants, 1 Dee. 1982

YVL 1.1 The Finnish Centre for Radiation and
Nuclear Safety as the regulatory authority in
conlrol af the use af nuclear energy,
27 Jan. 1992

YVL 1.2 Documents to he submiued to the
Finnish Centre for Radiation and Nuclear Safety
conceming the regulation af nuclear facilities,
22 May 1991 (in Finnish)

YVL 1.3 Mechanical components aod structures
af nuclear power plants. Inspection licenses.
25 Match 1983

YVL 1.4 Quality assurance af nuclear power
plants, 20 Sep. 1991

YVL 1.5 Reporting nuclear power plant
operation to the Finnish Centre for Radiation and
Nuclear Safety, 18 Aug. 1989

YVL 1.6 Nuclear power plant operator licensing,
3 March 1989

YVL 1.7 Duties important to nuclear power plant
safety, personnel qualifications and training,
28 Dee. 1992 (in Finnish)

YVL 1.8 Repairs, modifications and preventive
maintenance at nuc1ear facilities, 2 Oct. 1986

YVL 1.9 Quality assurance during operation of
nuc1ear power plants, 13 Nov. 1991

YVL 1.13 Regulatory i.nspeetions related to
shutdowns at nuclear power plants, 9 May 1985

YVL 1.15 Meehanical components and structures
in nuclear i.nstallations, Construction inspection,
16 April 1984

Systems

YVL 2.1 Safety classification of nuclear power
plant systems, structures and components,
22 May 1992

YVL 2.2 Transient and accident analyses for
justification of technical solutions at nuc1ear
power plants, 7 Oct. 1987

YVL 2.3 Preinspection of nuclear power pJant
systems, 14 Aug. 1975

YVL 2.4 Over-pressure proteetion and pressure
contcol during disturbances in the primary circuit
and steam generators of a PWR plant,
19 Sept. 1984

YVL 2.5 Pre-operational and start-up testing of
nuclear power plants, 8 Jan. 1991

YVL 2.6 Provision against earthquakes affecting
nuclear facilities, 19 Dee. 1988

YVL 2.7 Failure criteria for the design of a
light-water reactor, 6 April 1983

YVL 2.8 Probabilistic safety analyses (PSA) in
the licensing and regulation of nuclear power
plants, 18 Nov. 1987

Pressure vessels

YVL 3.0 Pressure vessels in nuclear facilities.
General guidelines on regulation, 21 Jan. 1986

YVL 3.1 Nuclear power plant pressure vessels.
Construction pian. Safety classes 1 and 2,
11 May 1981

YVL 3.2 Nuclear power plant pressure vessels.
Construction pian. Safety class 3 and class EYT,
21 June 1982

YVL 3.3 Supervision of the piping of nuclear
facilities, 21 May 1984

YVL 3.4 Nuclear power plant pressure vessels.
Manufacturing license, 15 April 1981

YVL 3.7 Pressure vessels of nuclear facilities.
Commissioning inspection, 12 Dee. 1991

YVL 3.8 NucIear power plant pressure vessels.
Inservice inspections, 3 Dee. 1993 (in Finnish)

YVL 3.9 Nuclear power plant pressure vessels.
Construction and welding tiller materials,
6 Nov. 1978
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Buildings and structures

YVL 4.1 Nudear power plant concrete
structures, 22 May 1992 (00 Finnish)

YVL 4.2 Steel stIUCtures for nuclear facilities,
19 Jan. 1987

YVL 4.3 Fire protection at nuclear facilities,
2 Feb. 1987

Other structures and components

YVL 5.3 Regulatory contrat af nuclear facility
valves and tbeir actuators, 7 Feb. 1991

YVL 5.4 Supervision of safety relief valves in
nudear facilities, 3 June 1985

YVL 6.7 Quality assurance of nuclear fuel, 23
Nov. 1993 (00 Finnish)

YVL 6.8 Handling and storage of nuclear fuel,
13 Nov. 1991 (in Finnish)

YVL 6.9 The nationaI system of accounting for
and control ofnuclear material, 23 Nov. 1993 (in
Finnish)

YVL 6.10 Reports to he submitted on nuclear
materials, 23 Nov. 1993 (in Finnish)

YVL 6.11 Physical proteetion of nuclear power
plants, 13 July 1992 (in Finnish)

YVL 6.21 Physical protection of nuclear fuel
transports, 15 Feb. 1988 (in Finnish)

YVL 5.6 Ventilation systems and equipment for
nuclear power plants, 23 Nov. 1993 (io Finnish)

YVL 5.5 Supervision af
instrumentation systems and
nuclear facilities, 7 June 1985

electric and
components at

Radiation protection

YVL 7.1 Limitation of publie exposure in the
environment of and Iimitation of radioactive
releases from Duclear power plants,
14. Dee. 1992

YVL 5.7 Pumps at nueIear facilities,
23 Nov. 1993 (00 Finnish)

YVL 5.8 Hoisting appliances and fuel handling
equipment at nudear facilities. 5 Jan. 1987

Nuclear materials

YVL 6.1 Contro! of nudear fuel and ather
nuclear materials required in the operation of
nuclear power plants, 19 June 1991

YVL 6.2 Fuel design limits and general design
criteria, 15 Feb. 1983

YVL 6.3 Supervision of fuel design and
manufacmre, 15 Sept. 1993 (in Finnish)

YVL 6.4 Supervision of nuclear fuel transport
packages, 1 March 1984

YVI 6.5 Supervision of nuclear fuel transport,
1 March 1984

YVL 6.6 SUlVeillance of nuclear fuel
performance, 5 Nov. 1990 (in Finnish)

10

YVL 7.2 Evaluation of population doses in the
environment of nuclear power plants,
12 May 1983

YVL 7.3 Evaluating the dispersion of radioactive
releases from Duclear power plants under
operating and in accident conditions,
12 May 1983

YVL 7.4 Nuclear power plant emergency plans,
12 May 1983

YVL 7.5 Meteorological measurements of
nuclear power plants, 28 Dee. 1990 (in Finnish)

YVL 7.6 Measuring radioactive releases from
nuclear power plants, 13 July, 1992 (in Finnish)

YVL 7.7 Programmes for monitoring
radioactivity in the environment af nuclear power
plants, 21 May 1982

YVL 7.8 Reporting radiological control of the
environs of Duclear power plants to the Institute
on Radiation Proteetion, 21 May 1982

YVL 7.9 Radiation protection of nuclear power
plant workers, 14 Dee. 1992 (in Finnish)
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YVI 7.10 Individual monitoring and reporting af
radiation doses, 1 March 1984

YVI 7.11 Radiation monitoring systems and
equipment in nuclear power plants, 1 Feb. 1983

YVL7.14 Achon levels for protection af the
publie in nuclear power plant accidents.
26 May 1976

YVL 7.18 Radiation protection in design af
nuclear power plants, 14 May 1981

Radioactive waste management

YVL 8.1 Disposal af reactor waste,
20 Sept. 1991

YVL 8.2 Exemption from regulatory contrat af
Duclear wastes, 19 March 1992

YVL 8.3 Treatment and storage af radioactive
waste at the nuclear power plants, 1 July 1985

The YVL-guides without any language
marking are available both io English and
Finnish.
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