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The Finn~sh Centre for Radiatien and Nuclear Safety
(STUK) fellows this guide in regulating and controlling
pumps in Safety Classes 1, 2 and 3 at nuclear facilities.
The criteria for safety classification are presented in
Guide YVL 2.1 /1/. STUK does net conduct separate
inspectiens on pumps of Class EYT (non-nuclear) at
nuc1ear facilities, but they are inspected in connection
with the commissioning inspections ef systems er their
parts.

2 CONSTRUCTION PLAN

The censtruction pIan shall be submitted te STUK in
accordance with Guide YVL 1.2 /2/. If·a document er its
part has been delivered te STUK earIier, reference to this
document is sufficient.

The construction pIan shall comprise informatien on
following items:

1. manufacturer
2. design bases
3. rnaterials
4. fabrication methods
5. quality contrel pregram
6. basic dimensioning and stress analysis
7. drawings
8. coupling pump to motor and joining pump te piping
9. motor

10. auxiliary systems ef the pump and its motor
11. measuring and contrel devices of the pump and

its rnetor
12. instal1ation pIan of the pump and its motor
13. type tests and operating experience.

The scope of the censtruction pIan shall be determined
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taking into accQunt the safety significance of the pump
and the structural and operational requirements placed on
it.

The data relating to installation and maintenance of the
pump, as well as the data on the motor, auxiliary systems
and accessories (sections 2.9 ... 2.12), may also be
submitted later, but well before the installation is
initiated.

2.1 Manufacturer

The manufacturer of the purnp shell give an account of his
technical and administrative qualifications for fabricating
pumps described in the construction pIan. The pump manu-
facturer's experience should be demonstrated, for example,
wi th reference lists of the places where pumps of the
same type have heen installed, including the commissioning
dates

The manufacturer of pumps in Safety Classes 1 and 2 shall
present an account of his quality assurance procedures,
for instance, a quality assurance manual used in the
company. The account shall include data on the procedures
adopted by the manufacturer for supervising the subcontrac-
tors who take part 1n the fabrication, insta11ation or
quality contrel af the load-bearing and/or hydraulic
parts af the pump.

Persons responsible for design and fabrication shall be
designated for the projects defined in the construction
plans of pumps in Safety Classes 1 and 2.

The inspection agencies and inspectors conducting the
quality contrel shall be approved by STUK 1n accordance
with Guide YVL 1.3 /3/.
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As deemed necessary. STUK performs audits at the factory
so as to assess the ccmpetence of the manufacturer.

2.2 Design bases

The design data shall provide information required for
inspection of the pump type and its structural solutions,
materia1 selections, strength e1aeulations, quality
eontrol program and operational test sehemes.

The design data shall include ell operational eircumstanees
that affeet the operation of the ~ump at the nuclear
facility (norroal operation, transients and accidents),
ineluding at least following information:

the intended use ef the pump (identification
symbol)
safety elass
tightness requirements
mode of operation (continuous or intermittent
operation, paralle1 operation, ete.)
the dimensioning data used as a basis of strength
caleulations and eventual stress analysis, sueh
as pressures and temperatures and their variation
ranges, and permissible forees and torques from
piping te the pump
the medium ta be pumped, its temperature and
temperature variations
inlet pressure variations
required operating peints and/or ranges (volume
flow, head).

At least the following eharaeteristies shall be presented
af the selected pump:

eharacteristie eurves shawing a1so the required
NPSH value
need for coolin9, sealing and flushing water and
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their design data, like pressure, flow, tempera-
ture and purity af the medium
required shaft output within the operating range,
during start-up, and wi th the highest possible
laading
caunter-torque curve
required minimum flow
selection criteria for bearings
permissible vibrations and bearing temperatures
construction data on shaft sealings
rnaintenance intervals recommended by the pump
manufacturer for continuous and/or intermittent
aperation during norroal plant operation
eventual special requirements concerning the start
of the pump (e.g. start-up against a closed
vaIve, need for lubricatian 1n start-up, and
waiting time befare re-start)
protection af the pump against hydrauI1c shacks
ar back flow
special requirements far the support and instaIIa-
tian af the structures in the pump unit (pump,
mator, gearing and clutch)
tests and inspectians required for contral af
the pump condition
Iist af the measurements needed far control af
the pump aperation and operating condition.

The design data shall primarily be presented as a sumrnary
filled in a form. When necessary, the summary shall he
supplemented with a more extensive account.

2.3 Materials

1n the material data it shall he described the appli-
cability af the materials to their intended use and
presented the criteria and requirement levels for the
approval af their properties.
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The material data shall include a list of base materials
and weld filler materials with part numbers and standard
markings of the materials.

In the material data or the quality control program it
shall be described the delivery conditionl testing
requirements and type af material certificate (e.g. SFS3/4)
for alI pressure loaded structures. If the material is
subjected to heat treatmentl hot farmingl cold forming or

·some other treatment affecting its properties during the
fabricatianl the material preperties of the campleted
preduct shall he demonstrated. The same data shall also
he given on the shaft, impellers and stator blades, as
wall as on ather comparable parts affecting the operation
of the pump. The materials ef non-loaded parts welded ta
the pressure frame shall he chemically analyzed and the
materials af seals and seal supports shall he given a
quality certificate.

The base materials shall conform te the requirements of the
standards the base materials are designated ta camply
with. In the material report it shall be given eventual
additional requirements that may he placed on the materi-
a1s. Weläs and heat-affected zones shall conform te the
requirernents on strength and toughness set for the hase
material ef the finished product.

The testing methods and the scope of sampling shall he
defined on the basis af the safety class, type ef materiall

service cenditiens and dimensioning.

The fabrication and repair welding metheds af pumps in
Safety Classes 1 and 2 shall be qualified with procedure
tests. The base materials and welding filler materials
that are used in the procedure tests shall alsa be
described. The procedure test plans ef exacting welds
and the results of completed procedure tests shall he
included in the material data er in the quality contral
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prograrn. If the procedure is standardized, a reference
ta the standard is sufficient.

When necessary, additional information shall be provided
on each material, including e.g.

bases for the selection af a material, if there
is not enough experience of the use and properties
of the material in the structures in questian,
or if the selection deviates from the recommen-
dations set forth in the material standard
fabrication methods of the parts (forging,
casting, coating, heat treatment etc.) if the
method ta he used is nat canventianal or if the
completien of the werk with this method requires
special care
specified requirements for the materia1 characte-
ristics, if they are not unequivocally defined
by a standard er deviate from standards
testing methods and scepe of sampling, if they
are not defined in the materia1 standard in
question er if a deviation is made from the
requirements 1n the standard
supervision of sampling and testing.

2.4 Fabricatien metheds (only in Safety Classes 1 and 2)

1n the description of fabrication methods it shell he
given a general account of the fabricatien methods and
quality contrel procedures at the variaus manufacturing
stages. The descriptien of fabrication methods shall
include the instructions given for heat treatrnent,
casting, forming, welding and coating.

The description af fabrication i8 required only for
pressure loaded parts and, as regards to ceating, also
for other hydraulic parts and the shaft.
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The quality contral pragram shall include informatian on
the quality contral measures applied to the design,
fabrication, installation and functional tests of the
pump, including inspection procedures.

The quality control of construction materials, welds,
coatings, installation and completed structure ef the
pump shall be given part-specific.

The program shall be include:

identificatien of each part and welded joint 1n
accordance with the drawings
name and quantity ef the part
standard markings ef construction materials and
welding filler materials
procedure tests that qualify fabrication welds
and eventual repair welds
inspections required for each item and the
inspection procedures to be applied
inspector and superviser ef the inspection
(e.g. manufacturer, contractor, approved inspec-
tion agency, utility, autherity).

The inspection procedures shall cover the inspection and
supervisary measures that relate ta the design, fabrica-
tian, instellation and functianal tests of the pump. The
inspections procedures shall define the objeet, method,
scape, acceptance limits and reporting procedure concerning
the inspectionjsupervision.

The most general quality control measures given in the
inspection procedures may be grcuped as follows:

review ef the censtructian plans and drawings
identification, marking and certificates af
materials
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sampling and supervisian cancerning materials
and pracedure tests
destructive testing
non-destructive testing
inspection af the campetence af welders (the
campetence ef welders shall be verified accarding
ta standard $F$ 2218/5/ ar in some other waYI
which shall be submitted ta approval separately)
supervision af welding
supervision of heat treatment
supervision of coating or surface finishing
inspections of the dimensians of the structures
balancing af ratating parts
leak and pressure te~ts
functianal tests and supervision af tham at the
factary
inspections af the pump that has been disassembled
after the functional tests
supervision and inspectians af insta11ations.

The dimensians ef the pump hydraulic partsl their clearan-
eesl fits and.passes sh&ll be eheeked with special care.
The same applies te the way the eheckings are performed,
to the accepted accuracy limits ef the dimensians and
reperting ef the inspectiens.

The pressure test af the pump shall be conducted according
te the standard used 1n the dimensianing. 1f no such
standard existsl the requirements 1n Standard SFS 3321
/6/ shall be complied with. It is recommended that the
functianal tests be carried eut in aceordance with
Standards ISO 3555 /7/, ISO 2548 (SFS 4448) /8/, BS 599

/9/, DIN 1944 /10/.

2.6 Basie dimensianing and stress analysis

The purpose af the basic dimensioning is ta demonstrate
that the dimensians and shaping af the pump meet the
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pertinent requirements in all design canditions.

The pumps in Safety Classes 1 and 2 shall he dimensioned
to meet the requirement level presented in ASME Cade
Seetion 111, NB-3400 /11/ and NC-3400 /12/. 1n individual
eases, STUK may a1so a110w the use af some other comparable
dimensioning standard. As te pumps in Safety Class 3, it
is possible te use a standard generally used 1n the
country of fabr1eation and 1s applieable ta nuelear
fac11ity pumps.

Besides pressure laaöed parts, also the shaft and ather
parts bearing eonsiderable loeds shall be subjeet ta
dimensiening ealeulatiens.

1n additian ta the basie dimensioning, pumps 1n Safety
elass 1 shall be subjected ta a separate stress analysis
in arder ta show that the pressure 10aded parts af the
pump maintain their integrity in alI supposed loading
eonditions. The stress ana1ysis shall have the approval
af STUK before the pump is placed in operatian. The
requirements coneerning the stress ana1ysis are set ferth
in Guide YVL 3.5 /13/.

2.7 Drawings

The pump, the motor, their eoupling and installatian, as
wel1 as the parts af the auxiliary systems assaeiated
with the struetures of the pump shell be deseribed in
drawings. The drawings sha1l contain date needed for the
assessment of the aeeeptability af the dimensioning,
fabrieation, installatian and operation of the pump
struetures.

If the pump must undergo inserviee inspections with non-
destructive methods, as stipulated in Guide YVL 3.8 /14/,
the information given 1n the drawings shall make it
possible to assess whether the inspeetions of the pump
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heusing and its welds, as well as the welds between the
pump and piping, can he conducted in a reliable way.

The drawings shall he unequivocal and clear. The drawings
of the pump itself shall contain at least following
infarmatian:

the assembly with lists af parts and rnaterials
the dimensions and shapes used in the dimen-
s10ning or defined by means of the dimensiening,
with permissible tolerances, and the finishing
af surfaces
the types, locations and dimensions of joints
and fixtures
welds and coatings
the clearances, fits and passes essential to
operat1on (these data can be given 1n connection
with the construction inspection)
groundwork and installation in sufficient detail.

2.8 Coupling pump ta rnotarand cannecting pump ta piping

Design bases and drawings shall be provided of the
ceupling of the pump ta the motar. As for pumps in
Safety Class 3, a reference ta a standard i5 sufficient.

If soma special requirements are placed on the dimensions,
materials and installatian of the piping to be connected
ta the pump, they shall be specified. As te pumps connected
ta piping by welding, a description ef the welding 15
required.

2.9 Mator

If the matar is af the sa-called wet rnotartype, the same
data is pravided on the pressure loaded parts af the
motor as on the pump itsel! (sections 2.1 - 2.7 above).
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As stipulated in Guide YVL 5.5 /15/, the fo110wing
inforrnation shall be given on the motors of alI pumps in
Safety Classes 1 .and 2 and on those pump motors in Safety
Class 3 that are safety related on the basis of oper-
ational requirements placed on the pump.

safety class of the motor
mator manufacturer
quality contral program
design data, which include

aperating vQltage, contrel voI tage and the
symbols of the distribution boards supplying
them (the auxiliary voltages and the symbols
of the distribution boards_can be given in a
separate tapical report)
permissible operating times within abnormal
vaI tage and frequency range
start current and rated power
load cepacity et the long-term undervoltage
used as design basis
power faetor 1n the load range et rated
voltage and long-term undervoltage used as
design basis (calculated values)
normal environmental conditions and those
used as design basis (pressure, temperature,
humidity, chemicals, radiation level)
efficiency in the load range at rated valtage
and long-term undervoltage used as design
basis (calculated values)
?ooling system and the highest permissible
temperature of the coolant
starting and maximum torques as a function af
the speed of ratation
methods of electrical protection (can be
described 1n a separate topical report)
insulation and enclosure class
selection criteria af the bearings
permissible vibration on bearing supports
permissible bearing temperatures.
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The above data can be 1eft out from the construction
plans af pump motors in Safety C1ass 3 only for well-
founded reasons.

2.10 Auxiliary systems of the pump and its motor

Design data shall be provided on the auxiliary systems
required by the operation of the pump and its motor.

Such auxiliary systems are, for example:

sea1ing systems
co01in9 systems
lubrication systems
minimum flow piping
testing systems
flywheel
eventual missile shields
electromagnetic bearings.

The document shall define the maximum times that each
auxiliary system can.be out of operation during pump
operation.

2.11 Measuring and contrel equipment of pump and its motor

The data required 1n Guide YVL 5.5 shall be provided on
the measuring and control equipment ef the pump and its
motor. If the data have been submitted te STUK earlier,
a reference ta the docurnentin question is sufficient.

The data shall be given on the measuring and control
equipment of the pump and the motor. The equipment may
include, e. g. following devices:

flaw meters
pressure meters, alarms and switches
temperature meters, alarms and switches
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vibration rneters
devices for measuring the displacement and/or
bending af the shaft
measuring devices controlling the lubrication of
bearings.

The data shall show, among other things,

the type of the measuring instrument
measuring range
accurary ef rneasurement.

The assembly, installation and system drawings shall show
the lecatiens of the transducers and detectors and/or
rnetering and control devices.

2.12 Installation pIan

The installation pIan shall show the dimensioning,
structural salutions and inspections of the groundwork
fixtures and supports. The groundwork af pumps in Safety
Classes 1 and 2 shall be planned 1n such a way that the
significant characteristic vibration frequencies af the
pump unit and the groundwork are not the same.

The pian shall describe the installation divided into
workin~ phases. 1n addition, the pIan shall show the
limits set for the precision of the installation and the
tightness of the screw joints.

The installation pIan of pumps in Safety Class 3 can be
given 1n connection with the construction inspection af
the installation.

An account shall be g1ven of the procedure applied to the
qualification ef the subcontractors taking part 1n the
installation.
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The purpose of type tests and operating experience data
is to show that the pump and its motor work reli~bly in
1ang-term opera tien and are not subject to external
disturbances.

A detailed type test program shall be submitted te STUK
as part of the construction pIan. If the results of some
type tests cenducted earlier are ta be submitted for
approval, the applicant shall annex the result material
ef the tests to the type test program.

The operating experience encompasses the number of
similar pumps fabricated earlier, the inservice times of
the pumps and other eventual operating experience.
Sufficient operating experience can be used te substitute

/ for some of the abeve-mentioned type tests.

STUK presupposes that the moters of these pumps needed in
case ef accidents is experimentally demenstrated te
perferm as designed in the suppesed accident conditions.
More detailed requirements are give~ in Guide YVL 5.5.

3 SUPERVISION OF FABRICATION AND CONSTRUCTION INSPECTION

STUK supervises the fabrication of pumps and motors in
Safety Classes 1 and 2 by conducting audits at the
factory. STUK shall be given an opportunity ta view the
organization and quality assurance pracedures at the
factery and ta follow the fabrication and testing. Fer
the audits, STUK shall in goed time be informed af the
dates af the inspections specified in the approved
inspection plans af the pump and its motor. STUK follows
the fabrication, as deemed necessary.

If STUK finds it necessary to supervise the fabrication
of a pump ar a motor in Safety Class 3, the concerned
parties will be notified thereof.
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The canstructian inspect1an af pumps 1n Safety Classes 1,
2 and 3 is generally conducted at the factory. A request
far a construction inspection shall be made well 1n
advance of the time of inspection. If the whole construc-
tion inspection fS ta b~ carried out in the course of one
au~, STUK recommends that the 1nspection be arranged at
a time when an inspector employed or appraved by STUK can
supervise the operational tests and the subsequent
physical examinatian.

The canstruction inspectian af pumps 1n Safety Cla5ses 1
and 2 15 conducted by an 1nspector employed by ST~~ the
pump being dissambled and assembled. The fabrication
documents af pumps in Safety Class 3 are reviewed in
whale, and the rest af the construction inspection is
carried out ta the extent agreed upon separately. A
complete construction inspection is usually conducted on
anly one Safety Class 3 pump in the series af similar pumps
included 1n one consignment.

If STUK requires that an electric motor be subjected to a
construct1on inspection, the decision on the approval of
the construction pIan wiIl contain an additional require-
rnent ta this effect.

The Finnish Centre for Radiation and Nuclear Safety
supervises the installation to the extent deerned approp-
riate. STUK shall be informed of the beginning of the
installation of pumps in Safety Classes 1 and 2 1n gocd
time. The construction inspection of installation i5
conducted on alI pumps in Safety Classes 1, 2 and 3 after
the installation has been completed.

The general requirements for a construction inspection
are given 1n more detail in Guide YVL 1.15 /15/.
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pumps will undergo a commissioning inspection after
insta11ation. The request for a commissioning inspection
is made in writing in good time hefore the planned date
of inspection. An inspector employed by $TUK conducts
the commissioning inspection on alI pumps in Safety
Classes 1; 2 and 3 and on the motors of pumps in Safety
Classes 1 and 2; as well as on those pump motors io
Safety Class 3 that are specified in section 2.9. The
commissiening inspection of the motor i5 carried out 1n
accordance with Guide YVL 5.5. The commissioning inspec-
tien ef pumps io Class EYT is performed in connection
with the commissioning inspection of a system or its
part. An inspector employed by $TUK does not conduct
commissioning inspections on pumps which have been
installed in piping of Group EYT/B. The l1censee shall
see to it that also these pumps are properly controlled and
inspected.

The eommissioning inspection is divided into two parts:
the verification of installatien and inspeetion status and
the supervision of operational tests.

4.1 Verification ef installatien and inspection status

10 the
status;
issuance

verification ef installation and inspection
the safety of the pump 1s evaluated for the
of the operational test permit.

The documents concerning pumps in Safety Classes 1; 2 and
3 shall be compiled and filed separately for each pl.lmp.
The aeeeptance status af the documents is ehecked in the
verification; and the doeument materia1 sha1l include at
least:

document list
eevering letters and front leaves of the docurnents
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decisians and letters sent by STUK
inspectian pratocols af STUK
written accaunts on the notes made during
inspections
design data af the pump
results of the functional tests conducted at the
factorr
assembly and installatian drawings
results af the preservice examinatians included
in the-lnservice inspectians.

During the verificatian the representative of STUK shall
be pravided with the approved construction pIan and a
written account verifying that the notes and the addit~anal
requirements set farth in the decision has been camplied
with.

4.2 Supervisian af functional tests

The functianal tests relatlng ta the commissioning
inspection may be carried out as part af the preaperational
and start-up testing af the system, as described in Guide
YVL 2.5 /17/. STUK supervises the start-up testing by
reviewing system-specific start-up testing programs and
result reparts and by fallawing system tests. The
preaperational testing shall demonstrate the applicability
ef the pump ta the variaus aperatianal situations in the
system.

Pumps in Safety Classes 1 and 2 shall be subjected ta a
test run af at least 50 hours in conditians camparable ta
normal operation withaut interim maintenance ar repair
measures. The scape af testing af pumps in Safety elass
3 can be agreed on a case-by-case basis.

During the testing, the pumps and matars shall be deter-
mined with basic parameters characteristic af each pump
and motor so that it will later be passible ta compare
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the results of inservice tests with these parameters and
te detect any hydraulic or mechanical changes that may
have occurred in the function of the pump.

Written instructions shall be prepared for the determina-
tion of the basic parameters. These instructions and the
results af the start-up testing shall then farm the basis
for the preparation af procedures for the inservice tests.
The procedures specify the pumps involvedl the guidelines
followed in each measurementl the measuring equipment with
calibratien requirements, and the method for recerding
the results. The procedures shall also show the acceptance
limits ef the results. The limits shall be based on
accident analyses and requirements for contrel af the
pump condition. It is recommended that the preparation
of the procedures be carried out using ASME Code Section
XII Subsection IWP /18/ as a basis.

5 CONTROL OF PUMPS DURING OPERATION

5.1 Inservice tests

The Finnish Centre for Radiation and Nuclear Safety
supervises the inservice tests of pumps 1n Safety Classes
1, 2 and 3. For the testsl the operater ef the plant
shall have a testing schedule fer each pump and the rules
and instructiens te be applied in the tests. The results
ef the tests shall be filed in the way that subsequent
results can be compared with them, as deemed necessary.

STUK need net te be specifically notified ef the inservice
testsl but STUK supervises them by reviewing test results
and by fellowing the tests at random.

5.2 Inservice inspections

The inservice inspections af pumps shall be conducted in
accordance with requirements set forth in Guide YVL 3.8.
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Fer the p~eventive maintenance ef Plli~PS in Safety Classes
11 2 and 3, the eperater ef the nuclear facility shall
prepare preg~arns, which show· the preventive maintenance
measures the pump and the moter (pump unit) is subjected
ta. Typical such measures are, for example, oi1 changing,
follow-up ef the operating cendition ef the pump and
replacement ef worn parts.

At the nuclear facility, a database shall be kept ef
pumps in Safety Classes. 11 2 and 3 and their motars. The
data te be entered in the database comprise accomplished
maintenance and repair measures, etc.

STUK supervises preventive maintenance by following the
equipment database and the result material ef the condition
contral af the pump and by conducting random inspections
at the various phases ef preventive maintenance.

5.4 Repairs and modifications

The design and implementatian af repairs and modifications
shall be carried out according to the requirements set
forth in Guide YVL 1.8 /19/.

Pump mators are subjected to a commissianing inspection
after a repair, if the construction pIan of the repair or
modification shall be approved by STUK.

An approved spare pump shall be instalIed and co~~issioned
feIlowing the requirements set forth for repairs and
modifications in Guide YVL 1.8 /19/.

5.5 Spare parts

For each pump typel the operator of the nuclear faciIity
shall have a practice for follow-up af the sufficiency of
spare parts.
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The construction p1an of the pump and its motor 15 a1so
va1id for spare parts. AlI changes shall be submitted te
STUK for appreval. The construction inspectien ef spare
parts is carried out ta the same extent as the inspectien
af the ariginal parts.
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3321, Inspection of pressure vessels. Pressure
test
Centrifugal, mixed flaw and axial pumps - Code
for acceptance test - elass 8, ISO 3555

8 Centrifugal, mixed
for acceptance test.

flaw and
Class e,

axial pumps. Code
SFS 4448 (ISO 2548)

9

10

British Standards Institution, B.S. 599. Methods
of Testing Pumps
Deutsche Normen DIN 1944, Abnahmeversuche en
Kreiselpumpen

11 ASME Boiler and Pressure Vessel Code,
111, Subsection NE, Article NB-3400 Pump

Section
Design

12
13

14

ASME Boiler and Pressure Vessel eode, Section
111, Subsection Ne, Article NC-3400 Pump Design
STUK, Guide YVL 3.5, Nuclear power plant pressure
vessels. stress analysis
STUK, Guide YVL 3.8, Nuclear power plant pressure
vessels. Inservice inspections
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15

16

17

18

19

20

STUK, Guide YVL 5.5, Supervision af electric and
instrumentation systems and components at
nuclear facilities

STUK, Guide ~~ 1.15, Mechanical components and
structures 1n nuclear installations. Construction
inspection

STUK, Guide YVL 2.5, Preoperational and start-up
testing of nuclear power plants

ASME Boi1ar and Pressure Vessel Code, Section
XI, Subsection IWP, Inservice Testing af Pumps
in Nuclear Pewer Plants

STUK, Guide YVL 1.8, Supervision ef re~airs ana
modifications on nuclear power plants during
operation

ASME Boiler and Pressure Vessel Code, Section
111, Subsection NB, Article tffi-6000 Testing

1n the event ef any differences 1n interpretation of this
guide, the Finnish version shall taka precedence ovar
this translation.




