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The direct or indirect purpase ef the infarmatian received
from the measurements with the installed radiation measu-
ring systems and the partable radiatian measuring equipment
af a nuclear power plant is ta serve in the protectian
of the personnel and the papulatian af the enviranment
from hazards caused by ionizing radiation. Tnese measure-
ments are various radiation protectian measurements inside
the plant, radiation measurements of process strearns and
radiation measurements af releases. The radiation protec-
tion rneasurements inside the plant include measurements
of external exposure, measurements af surface contarnination
on various work places, camponents, persons and protective
equipment, and measurements of air contamination. The
radiation measurements of process streams are used for
following the movements of radioactive substances in liquid
and gas systems inside the plant. The rneasurernents of
releases are used for controlling liquid and gaseous efflu-
ents of radioactive substances from the plant. Besides
the above mentioned radiation measurements, which are per-
formed either regularly or as necessary, sarnples of gas,
liquid and contarnination are taken inside the plant and
measured in the laboratary af the nuclear pawer plant.
The radiation exposure af the nuclear power plant persoonel
is controlled with radiation dose meters. In addition,
radiation rneasurements are perfarmed in cannection with
the treatment and storing of radioactive waste in the nuc-
lear power plant.

2
SCOPE

This guide sets ferth requirements for the praperties,
design, type tests, quality contral af manufacture, pre-
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The pre-

operatianal testing and use of the installed radiation
measuring systems and the portable radiation measuring
equipment of nuclear power plants. The pertinent contral
activities of the regulatory authorities are alsa descri-
bed. The guide does not deal with radiation measurements
performed in a laboratory, in persanal dosimetry or in
the treatment of wastes. The guide presents requirements
both for normal operation and for accident conditions.

As concerns the measurement of radioactive releases, the
instructions presented in this quide for radiation measu-
ring systems and equipment are supplemented with the requi-
rements in Guide YVL 7.6 "Measuring Releases of Radioactive
Materials from Nuclear Power Plants".

3

QUANTITIES AND UNITS

In this guide, dose (dose rate) means dose equivalent (dose
equivalent rate) in a 30 cm sphere of density 1 g cm-3
af tissue equivalent material, when the sphere is exposed
to unidirectional radiation and the dose equivalent (dose
equivalent rate) is determined at a depth of 1000 mg cm-2
parallel ta the radiation. This definition corresponds
with the term "Depth Dose Equivalent (Depth Dose Equivalent
Rate)" specified in ref. /9/.

The SI unit for dose equivalent is sievert (Sv).
vious (subsiding) unit is rem
1 rem = 0.01 Sv.
The radiation measuring equipment used for radiation protec-
tion purposes should indicate dose equivalent and/or dose
equivalent rate. However, many af the measuring devices
used nowadays for gamma radiation measure and indicate
exposure rate. The following correlation can be used bet-
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ween dose equivalent (dose equivalent rate) and exposure
(exposure rate)

1 R 6 0.01 Sv
1 R/h ~ 0.01 SV/h.

4
DESIGN CRITERIA

This chapter contains guidance and regu1atians ccancerning
the praperties and design af radiation measuring systems
and radiation measuring equipment.

General reguirements to be set for installed radiation measuring
systems and equipment

Because af calibration, te sting and maintenance, the acces-
sibility of the measuring devices shall be given extra
consideration.

Each measurement channel of a measuring system shall remain
operable in the anticipated enviromental and operating
conditions forming a design basis. These include at least

temperature
pressure
humidity
mechanical vibrations
effect of radiation
operating vo1tage (changes of).

It shall be especia11y ensured that the components that
must be operab1e during a serious reactor accident can
withstand the conditions prevailing in an accident. Requi-
rements for the performance of type tests are given in
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Guide YVL 5.5 "Supervision of Nuclear Power Plan·t Electric
and 1nstrumentation Systems and Components".

The suppIy of eIectricity to the instaIIed radiation measu-
ring systems af a nucIear power pIant shall be ensured
either with a backed AC system or with a DC system. 1n
choosing the source af electricity, attention shall be
paid to the aIIowable interruptian times.

The saturation of the radiation detector shall nat diminish
the reading in the display of the measurement channel.
This requirement shall be met even when the dose rate is
ten times higher than the maximum display. After the dose
rate causing the saturation has reverted back to normal,
the equipment shall be operable.

The measuring assembly shall functionally follow the measu-
rement data given by the detector with such speed that
the time lag cannot affect the safety of the plant person-
nel or the publie or cause a deterioration of the plant
condition. The location of the alarm limits and other
controls of the equipment shall be such that inadvertent
changes af the limits and controls are not possible. The
alarms may not cease without operating actions.

The scale of the measuring device shall be able to indicate
a dose rate that is ten times higher than the highest esti-
mated dose rate. If it is necessary ta use two or more
measurement channels to cover a wide range of measurement,
the measurement ranges af adjacent channels shall eover
at least one deeade of the measurement ranges af each ot-
her.
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4.2
Installed measuring systems tor external radiation

The main purpose af the installed measuring equipment for
external radiation is ta continuously measure the dose
rate af gamma radiation in certain specified areas af the
nuclear power pIant and ta inform af the measl1rement re-
sults and te warn the pIant personnel if the preset value
ef the dose rate is exeeeded in some measurement area.

4.2.1
Placement and location detectors

Installed measuring instruments for external radiation
shall be located in those accessible sections af the cont-
ralled area where changes in the operational status or
condition af the pIant or some other events can cause an
essential increase in the laeal dose rate. Attention shall
be paid to those normally accessible sections which can
contain dose rates that are considerably higher than the
dose rates in the other sections, for instance due to the
gathering of activated corrosion products or due to opera-
ting transients.

At light-water reactor plants, there shall be measuring
instruments at least in the following locations:

reactor containment (in a PWR plant near the per-
sonnel hatch)
refuelling machine and room
rooms for the solidification system of wastes
rooms for handling and storing medium-activity
wastes
rooms for storing spent fuel.

The measuring instruments should be placed in such a way
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that their displays represent the dose rates in the occu-
pied area as well as possible and thus help the personnel
in keeping radiation doses low. The rooms that are the
most likely ta be occupied shall be given priority in the
placement af detectors.

In determining the location af the measuring equipment,
it shall be especially noted that there will be no such
material layers between the radiation sources and the de-
tectors that would dampen radiation and impair the repre-
sentative quality af the measurement.

4.2.2
Energy dependence and measurement range af the equipment

The response af installed gamma radiation meters, used
for the measurement af external radiation, should be inde-
pendent of the energy of gamma radiation so that the devia-
tien from the real dose rate is no more than + 30 % while
the energy ef the radiation is between 100 keV and 2.5
MeV. If the main source of radiation is 16N, the response
to the gamma radiation emitted by 16N shall be indicated.
If besides gamma radiation, also radiation ef some other
kind (beta radiation, neutrons) can appear in the place
of measurement, its response and effect on the measurement
shall be worked out and taken into account, and the need
for a separate measurement shall be considered.

The range of installed measuring devices for external radia-
tien shall be determined using the fellowing data:

the lowest assumed dese rate in the place ef mea-
surement and the impertance of measuring it
the anticipated dose rate during normal operation
the highest anticipated dose rates in operation
the estirnated dose rates during accidents, in
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case the information given by the measuring device
is utilized in accident conditions.

It shall be passible ta measure the dase rate in the reac-
tar cantainment bath in narmal operatian and in alI postu-
lated accident canditionst including an accident where
100 % of the nab1e gaseSt 25 % af the halagens and 1 %
af ather radioactive substances contained in the fuel are
re1eased into the cantainment. In a light-water reactor
plant with a maximum therma1 power from 1000 to 5000 MWt

the measurement range shall extend at least to dose rate
105sv/h (exposure rate 107 R/h). The range of the measure-
ments that are located elsewhere but are essential during
a severe accident shall extend ta 102 Sv/h (104 R/h).

4.2.3
Displays and alarms

Each measurement channel shal1 generally have a local dis-
play of dose rate and an audible and visible alarrnt which
are activated on pre-set dose rate values. 1t shall be
possible to adjust the alarm limit over the whole measure-
ment area and its value at eaeh particular time shall be
recorded. The cessation of the loeal audible alarm shall
in no way affect the visible alarm display.

1n additiont the measurement ehannels shall generally have
a display af dose rate and the indication of an alarm cau-
sed by a high dose rate in an appropriate control place.
Alarms that are common to several channels can also be
used if the channel causing the alarm can be quickly deter-
mined from the equipment nearby. The displays and alarms
af rneasurement channels that are located in the reactor
coo"tainment and intended for abserving an accident shall
also be placed in the main control room.
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The measurement channe1s that are p1aced in rooms with
a high dose rate sha11 be provided with remote equipment
(display of dos€ rate, audible and visible alarms) which
shaw the radiation level before the room is entered. The
rneasurig deviee loeated near the personnel hateh in the
eontainment of a PWR plant shall have the above-mentioned
remote equipment p1aced outside the eontaiment near the
entranee.

The 10ss of a signal io a deteetor or in the equipment
following the deteetor shall eause an alarm eonveying fai-
1ure. The failure alarm shall have a loeal visible indiea-
tion and an indieation in the remote display.

4.2.4
Capability to withstand radiation

The measuring equipment that are inside the reactor eoo-
tainment and are intended for observing an accident sha11
be so dimensioned that they retain their operability whi1e
the externa1 radiation dose is 106 Sv (exposure 108 R),
when the energy of gamma radiation is between 0.6 and 1.3
MeV. The measuring equipment to be used outside the eon-
tainment during an aecident shall be 50 dimensioned that
they retain their operability despite the effects of exter-
naI radiation in their places of operation during the ac-
cident. 1n the absence of more accurate analyses, the
value 5 x 103 SV can be used as the maxium dose (exposure
5 x 105 R) while the energy of gamma radiation is within
the above-mentioned boundaries.

4.3
Systems for monitoring air contamination

The purpose of the measuring system for air contamination
is to measure the general 1evel of radioactive air conta-
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mination inside the plant, to provide data on the possible
radiation exposure of the workers, and to give a warning
to the plant personnel if the pre-set alarm limit is ex-
ceeded. The quantity and quality of the necessary air
contamination measurements and measuring equipment depends
on the probability, amount and quality of air contamination
in the various places at the plant.

In the design of the measuring system for air contamina-
tian, attention shall also be paid ta the information recei-
ved from other radiation measurements (surface cantamina-
tion measurements, measurements af external radiation,
whole-bady measurements, and measurements of radioactive
gaseous effluents) because they often give an indication
of the appearane of air contaminatian.

Measurements of air contamination shall be performed in
such accessible sections of the controlled area where it
is possible that the air af the warking enviroment contains
significant concentratians af radioactive substances.
In designing the quantity, quality and loeation of the
measuring equipment ta be placed in such areas, an effart
shall be made ta keep the tirne-lag between the appearance
and detectian of the concentration short.

vlliena worker's breathing air is eontrolled in eonneetion
with a working operation that can cause significant air
eontamination, an effort shall be made ta perfarm the me-
asurement in such a way that sampling is representative,
taking into aceount the fact that loeal differences in
eoncentration can be considerable.

An effort sha11 be made to place the measuring equipment
for air contamination in large areas in sueh a way that
significant air contamination eannot be 1eft undeteeted.
The location of possib1e air eontamination sources and
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the ventilation of the area shall be taken into account.
When necessary, the suitability of the placement shall
also be ensured experimentally (for instance by using smo-
ke).

The measuring device shall not be placed so that it can
be unnecessarily contaminated. Also places where the con-
centration of radioactive substances in the air is unusual-
ly high without being representative shall be avoided.

It shall be possible to continuously measure the concentra-
tion of radioactive noble gases in the air inside reactor
containments that are accessible during normal operation.
The measurement of radioactive iodines and radioactive
substances in particle form shall be arranged in alI reac-
tor containments and it can also be based on sampling.
In designing and constructing sampling lines, attention
shall be paid to the fact that the sample is representative
and that it can be taken also in accident conditions.
The measurement ranges for the concentrations of iodines
and substances in particle form shall extend at least to
the value 4 x 1014 Bqjm3 (104 cijm3).

4.4
Installed systems and equipment for monitoring radioactivity in
releases

Measurements of radioactive releases are needed to ascer-
tain that nuclear power plants are operating within allo-
wable release amounts. They are also used as a calculation
basis for radiation doses received by the population in
the enviroment. Requirements for the measurement of re-
leases are alsa given in Guide YVL 7.6 "Measuring Releases
of Radioactive Materials from Nuclear Power Plants". This
guide sets forth requirements applying to the measurement
equipment in particular.
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In the design of measuring equipment for radioactive re-
leases, attention shall be paid, among other things, ta
the possibly necessary decantamination of the equipment.
Surfaces that are in contact with the release flow shall
be manufactured and treated 50 that there is not much gat-
hering of radioactive substances.

4.4.2
Measuring radioactivity in gaseous effluents

The measuring equipment for the continuous monitoring af

radioactivity in gaseous effluents, as specified in Guide
YVL 7.6, shall be provided with at least two parallel measu-
rement channels. The equipment shall be provided with
both a pre-set upper limit alarm and an aIarm indicating
component failure. The alarms shall have a dispIay in
the control room. The measurement shall be registered,
for instance, by means of a plotter. The upper limit of
the measurement range shall be such that the equipment
will function during alI postulated accident conditions,
including an accident where 100 % of the noble gases, 25 %
of the halogens and 1 % of other radioactive substances
contained in the fuel are released into the containment,
the integrity of the cantainment i6 lost, and part of the
radioactive substances are released through the stack into
the enviroment. It shall be ensured that the measurement
of releases is Dot disturbed by external radiation during
an accident.

The pumps that are possibly included in the measuring equip-
ment shall be placed downstream from any fiIter or measu-
ring unit.
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4.4.3
Measuring radioactivity in liquid effluents

The equipment for the continuous measurement af total acti-
vity, as specified in Guide YVL 7.6, shall be provided
with both a pre-set upper limit alarm and an alarm indica-
ting component failure. Both alarrn signals shal1 cause
an automatic closing af the release channel. The alarms
shall have a display in the contral rOOffi.

If it 18 possible that detectors, joints or connecting
cables can get into contact with water, they must be water-
tight.

4.5
Installed systems and equipment for monitoring radioactivity in
process streams

The information given by the radiation measurements af
liquid and gas flows on the amaunt af radioactive substan-
ces in the flows is need ed for observing the condition
of the plant and for detecting and controlling fuel damages
and radioactive leakages.

4.5.1
General requirements for system design

Each measurement channel shall have an activity display
and an alarm for the flow that is measured, and, when ne-
cessary, the measurement results shall be recorded in the
control room. In addition, it should be possible te pre-
vide the measuring equipment with leeal display for instal-
lation, maintenanee and testing activities.
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The measuring equipment, regarded as important to safety,
which send a signal used for starting the mitigation of
the consequences af malfunctions ar failures, shall carry
aut their function also in case of a single failure. If
the signal of a detector is used for starting the operation
of protective systems, the measuring equipment shall meet
the requirements that are set far the protective systems.
The measuring equipment also include the possibly existing
by-pass flow pumps and other devices that make passible
the continuous activity measurement.

The measuring equipment shall be provided with component
failure alarms (lower limit alarm) and alarms that are
actuated when the pre-set activity level is exceeded (upper
limit alarm). In case backgraund radiatian does nat exceed
the needed lawer limit value, a suitable radioac,tibe source
shall be placed ta increase background radiation. The
control room shall contain the lawer limit and upper limit
alarms for each process measurement channel.

In the design of measuring equipment, attention shall be
paid ta the possibly necessary decontamination of the equip-
ment. Surfaces that are in contact with process streams
shall be manufactured and treated so that the gathering
of radioactive substances is as little as pessible.

4.5.2
Placement and location af detectors

The amount of radioactive substances shall be measured
in such liquid or gas flows that can include radioactive
leakages essential ta the candition of the plant and/er
te the releases from the plant. Continuous measurement
shall be applied at least ta the activity of primary coo-
lant in a PWR and to the activity ef steam in a PWR and
in a BWR. Primary loaps can also be measured through sys-
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tems that are connected with the loops if delays and mixing
do not make this kind of measurement impossible. These
systems include the clean-up system of primary coolant
and the radioactive gas treatment system. Radiation measu-
rements should also be located in such steam and water
circuits that can become essentially contaminated as a
consequence of leakages in circuits containing radioactive
substances.

The detectors shall be placed in such a way that they can
quickly detect alI changes in radioactivity during opera-
tion. The detectors shall not be located in places where,
due to low process stream, radioactive substances gather
more than in other parts of the circuit.

4.5.3
Energy dependence and measurement range of the equipment

The gamma-activity measurements af systems should at least
cover gamma radiation energies 80 keV •••2.5 MeV, and the
energy response af the measuring equipment shall be knawn
in this energy range. The deviation af the display from
the real activity af the flow should be no more than +
50 %. In certain circumstances, such as in the activity
measurement of steam coming from the steam generators of
a PRW pIant, even a greater measurement error can be allo-
wed.

The measurement range and accuracy shall be suitabIe, ta-
king inta accaunt the changes in the cancentrations af
radioactive substances in the pracess stream during antici-
pated operating canditions.
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Portable measuing equipment for external radiation

Besides installed measuring equipment, alsa portable measu-
ring equipment for external radiation are used in deter-
mining the dase rate of external radiation inside a nuclear
power plant. Here the dose rate of external radiation
means the dose rate caused by gamma and neutron radiation.

General requirements

In the design of the measuring equipment, attention shall
be paid to the requirements induced by the operating condi-
tions af the equipment. At least temperature, humidity
and mechanical durability shall be taken into account.
The measuring equipment that are intended ta be used in
general measurements during severe aceidents shall be water-
proof and they shall retain their operability in the tempe-
rature range - 30 °e ••• +50 °e and in alI conditions of
relative humidity.

The saturation af the detector of a measuring deviee sha1l
not cause a deerease in the indicated dose rate. This

requirement shall be met even when the measurement range
is exeeeded tenfold. A change in the position of the devi-
ce shall not eause an essential change in its display.

It sha1l be possible ta test the operating va1tage af the
measuring equipment. The voltage supply shall be such
that it makes possible the cantinuous operation af the
measuring device for at least 12 haurs. The measuring
deviees can have an adjustable audible and visible dose
rate alarm.
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Measuring equipment for gamma radiation

A sufficient number of equipment intended for the measure-
ment of the dose rate of gamma radiation shall be provided
keeping in mind the normal operating conditions of a nuc-
lear power plant (including maintenance shutdowns) and
possible accidents. There shall be enough measuring equip-
ment for remote measurements (telescopic arms). The depen-
dence ef the meter response on the energy of gamma radia-
tion should be such that the deviation from the real dose
rate is no more than + 30 % while the energy of radiation
is between 100 keV and 2.5 MeV. The response of the measu-
ring device for neutron and beta radiation, as well as
for gamma radiation with Ef< 100 keV and Et> 2.5 MeV shall
be known.

1n case of measurements during accidents, there shall be
a sufficient number of measuring equipment with a measuring
range that covers at least the area 10-3 •••10 Sv/h (0.1 •••
103R/h).

The response of the equipment that are used for general
measurements of radiation shall not vary more than + 30 %
for gamma radiatien with energy between E = 0.6 •••1.3 MeV
and an angle of incidence that varies at random in the
semi-space of the measurement directien.

The measuring device shall follow the real dose rate 50

rapidly that when the dose rate changes suddenly from a
display that is 10 % of the measurement range te a display
that is 90 % ef the measurement range, the display of the
dose rate can follow the change in less than 5 seconds.
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4.6.3
Measuring equipment for neutron radiation

There should be no neutron radiation produced by the reac-
tor in the accessible places of a light water reactor plant
based on acceptable design, while the pIant is in opera-
tion. This shall be indicated by means of neutron radia-
tion measurements during the start-up testing of each plant
unit. Various neutron sources can be handled in a nuc-
lear power plant during operation and therefore there is
a need for measuring equipment for neutron radiation.
Measurements af neutron dose rate have to be performed,
for instance, in connection with the transfers of spent
fuel. There shall be at least two measuring devices for
neutron dose rate at the site. The neutron radiation res-
ponse of the neutron dose rate rneter shall meet the requi-
rements presented in ref. 1101.

4.7
Measuring equipment for surface contamination

Tae purpose of the surface contamination measurements is
to assist in charting the need for the protection of wor-
kers, in assessing the likelihood of air contamination,
in preventing the spreading of radioactive substances insi-
de the controlled area and away from the controlled area,
and to detect the contamination of the workers· clothing
and skin and thus ta prevent the workers· excessive exposu-
re to radiation.

There shall be a sufficient number of measuring equipment
suitable for the measurement of surface contamination (pri-
marily beta, but also alpha radiation) keeping in mind
the normal operating conditions of the nuclear pawer plant
(including maintenance shutdowns) and possible accidents.
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4.7.1
Portable measuring equipment for surface contamintion

Portable surface contamintiaon meters shall meet the gene-
ral requirements presented in section 4.6.1. The dependen-
ce of the response of beta radiation meters, used for gene-
ral contamination rneasurements, on the energy of beta radia-
tion shall be such that the deviation from the real value
to be measured is no more than + 50 % when measuring subs-
tances that emit beta radiation with the maximum energy
between 0.3 and 2.0 MeV. The response for other types
of radiation shall be known.

The measurement ranges af measuring equipment that are
used for general radiation protection measurements shall
have such lower limits that it is passible ta measure those
maximum amounts af radioactive substances on the skin that
are presented in appendix 7 to the resolution 594/68 of
the Ministry of Social Affairs and Health. The upper li-
mits of the measurement ranges shall exceed the amounts
of contamination in the highest zone of the controlled
area, specified in section 4.2 of Guide YVL 7.9 "Health
Physics Pragrammes in Nuclear Power Plants", published
21 April 1981. Use of markings facilitating the interpre-
tation of measurement results is recommended.

In case of situations where measurements cannot be carried
out as direct measurements because of background radiation,
there sha11 be necessary sampling equipment.

4.7.2
Personnel monitoring equipment

It shall be ensured that the clothing (including boat co-
vers) and skin af each person leaving the controlled area
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are free from radioactive substances. For this purpose
there shall be a sufficient number of monitoring equip-
ment. The monitoring equipment shall he capabIe of ensu-
ring that the maximum amount of radioactive substances
in a person's clothing does not exceed the maximum Iimit
given in appendix 7 to resolution 594/68 ef the Ministry
of Social Affairs and Health. The person's hands shall
be measured separately and it shall be ensured that the
maximum amaunt af radioactive substances on the skin given
in appendix 7 to the above-mentioned resolution i6 not
exceeded.

5
PRE-OPERATIONAL TESTING OF SYSTEMS AND COMPONENTS

The properties of the radiation measuring systerns and
equipment that are used in a nucIear power pIant shall
be determined by means ef type tests, tests incIuded in
the quality control program of manufacture, and pre-opera-
tional tests performed at the plant site. Special require-
ments for the pre-operational testing of each systern and
equipment are set forth below.

5.1
Installed measuring systems for external radiation

The calibration of each measurement channel shall be per-
formed in connection with the pre-eperational testing for
each decade af the graduation generally at least up ta
dose rate value 10-2 SV/h (exposure rate value 1 R/h).
The calibration technique shall be such that the radiation
doses of the calibrarion personnel can be kept Iow. The
measuring systems intended for the measurement af external
radiation in the reactor containment shall be sent to the
Institute af Radiation Pratection or to some other lahora-
tory approved by the Institute of Radiation Protection
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in order to be calibrated in the whole measurement range.
The pre-operational testing shall be accompanied by the
performance test of alarm limits in each measurement range,
an inspection of the operation of the visibIe and audibIe
alarms, and an inspection of failure aIarm. 1n addition,
there shall be an inspection of the installation, which
includes the inspection and te sting of couplings, switehes
and actuators.

5.2
Measuring systems for air contamination, installed measuring systems
for radioactivity in releases and installed radiation measuring
systems for process streams

Each rneasurement ehannel shall be calibrated in connection
with pre-operationl testing by using a suitable radioaeti-
ve source. The purpose of the ealibration is ta determine
the response af the measuring equipment reIative ta a known
radionuclide concentration. The ambient conditions shall
resemble the actual operating condition as mueh as pos-
sible. The aeeuracy of the used caIibration method shall
be known. The radioaetivity response of the deteetor shall
be determined in the actual measurement geametry, if pas-
sible. When a Iiquid calibration compound is used, its
homogeneity shall be ensured. If the radioactive calibra-
tion souree or the measurement geometry differs from the
operating conditions af the measuring equipment, the cor-
respondence between the resuIts of the ealibratian measure-
ments and the resuIts af the operating rneasurements shall
be recorded.

The alarrn limits shall be tested at least in two points
af the measurement range (highest and Iowest decade).
The operation of the visibIe and audibIe aIarrns shall be
cheeked. The prevailing backgraund radiation shall be
measured by using a suitabIe gamma radiation source. The
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operation af couplings, switches and failure alarrns shall
he ehecked. The leak-proofness af flow channels and joints
shall be ehecked. Air fIows shall be adjusted and checked.

5.3
Portable measuring equipment for external radiation

Before placed in service, the equipment intended for measu-
ring gamma radiation shall be calibrated for each deeade
af the graduation at least up ta dose rate vaIue 10-2 Sv/h
(exposure rate vaIue 1 R/h). Possible alarm limits and
alarms shall be eheeked in each area. The function af
the switches and the voI tage af the batteries or the accu-
mulator shall be ehecked.

The rneasuring equipment af gamma radiation intended for
the rneasurement af high dose rates and for accident condi-
tions shall be calibrated in the whole operating range
at the Institute of Radiation Protection or in some other
laboratory approved by the Institute of Radiation Protec-
tion before they are placed in service.

The equiprnent intended for rneasuring neutron radiation
shall at the plant site undergo an electronic linearity
check before they are placed in serviee. In addition,
possible alarm lirnits and alarrns shall be cheeked in eaeh
area. The function of the switches and the voltage af
the batteries or the accumulator shal be checked. Addi-
tionally. a unit representing each type af the measuring
equipment for neutran radiation shall he sent for check
calibration at the Institute af Radiation Pratection.

5.4
Measuring equipment for surfaee cantamintion

The aperation of the measuring equipment that are used
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for general radiation protection measurements shall be
checked for each deeade on three suitable beta source surfa-
ces. The activity in two of them shall correspond with
the limiting values for beta radiation in the highest and
lowest zones of the controlled area, as presented in sec-
tion 4.2 of Guide YVL 7.9 "Health Physics Prograrnmes in
Nuclear Power Plants", published 21 April 1981. The func-
tien ef the alarm limits shall be cheeked.

The function of personnel monitoring equipment and their
alarm limits are checked on a suitable beta surface source
in the measurement range required in seetion 4.7.2.

Installed eqiupment undergo an inspection that includes
the checking and testing of couplings, switehes and actua-
tors.

6

OPERATION, PERIODIC TESTING AND MAINTENANCE

The maintaining of the properties ef radiation measuring
systems and equipment shall be followed during the opera-
tion of the nuclear power plant, for instance by performing
periodic tests. Ii functional deviations or faults are
deteeted, necessary repair actions shall be taken. After
the repair and prior to use, the systems and components
shall be inspected with methods corresponding with the
initial inspection.

6.1
General requirements

Periodic inspections and tests shall be carried out accor-
ding to a previously set program. The results of the ins-
pections and tests shall be recorded.
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The rneasurernent results ef installed radiatien measuring
systerns and equipment shall be regularly followed by rneans
of a prograrn related to radiation control or by rneans of
some other prograrn.

A general inspection of systems and equipment means an
inspection of the general condition of the meter and the
performance ability of the meter~s auxiliary and supplemen-
tary components. It shall be ascertained in the general
inspection that the equipment is intact on the outside,
controllers and switches are in the right positions, rea-
dout indicates the expected value, and alarms are operab-
leo The general inspection is by nature a continuous ob-
servation of the meter operation, and it shall be performed
often enough, at least once every month, unless otherwise
required.

The performance tests of systems or equipment mean a simple
inspection of the meter's performance by means of a radia-
tion source. The test shall include an inspection of the
alarm functions. If the performance test utilizes a check
source included in the channel, it shall be ensured that
the source is returned to the position prevailing during
operation after the calibratien is ended. The use ef some
ether precedure in the performance test instead of a radia-
tien seurce can be allowed in separately justified cases.
Unless otherwise required, the perforrnance test ef each
measurement channel shall be performed at least once in
every three menths. The re-calibration ef systems and
equipment shall be performed regularly after the initial
calibration. The frequency and scope of calibrations are
determined on the basis of the failure frequencies of the
components. If there are no special reascns for calibra-
tion more often, a calibration performed every two years
is sufficient.
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In the case af measurements af special importance ta safe-
ty, a deviation from the above-mentioned general inspection
and test frequencies shall be made as cancerns individual
systems, components or measurements.

Each repair and/or maintenance work performed for the me-
asuring equipment shall be written down. The records shall
include at least the following information:

identification data ef the measuring equipment
types and numbers af the parts that are replaced
reasons for the work
rneeting af the rquirements set for spare parts
and fulfilment af the actions (e.g. calibration)
ta be performed for the equipment
date af repair and signature af the repairer.

6.2
System- and component-specific requirements

This section sets forth requirements for system- and COffi-

ponent-specific inspections and tests to be performed pe-
riodically.

6.2.1
Installed measuring systems for external radiation

The general inspection and the performance test are carried
out in accordance with general requirements. Re-calibra-
tion is performed as initial calibration (section 5.1),
at least every two years.

6.2.2
Measuring systems for air contamination

General inspection shall be carried out at least twice
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every month and the performance test at least once every
month.

6.2.3
Installed measuring systems of radioactivity in releases

The operation of the radiation measuring systems intended
for measuring raddioactivity in gaseous effluents shall
be followed daily, the actual general inspection and per-
formance test are carried out in accordance with the pre-
vious section and the re-calibration twice every year.

The general inspection of measuring equipment for liquid
effluents shall be carried out daily, the performance test
once every month and the re-calibration at least twice
every year.

6.2.4
Installed radiation measuring systems of process streams

Inspections and tests are performed in accordance with
the general requirements, with the exception of measure-
ments af special importance te safety. Their inspectien
frequencies are determined separately (for instance, io
the Technical Specifications of the pIant).

6.2.5
Partable measuring equipment for external radiatian

The general inspection is always performed prior ta use.
The performance test is carried out in accordance with
the general requirements. Re-calibration is performed
as initial calibration (section 5.3), at least every two
years.
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Measuring equipment for surface contamination

The general inspection of the equipment is always performed
prior to use (in installed equipment daily). The perfor-
mance test shall be carried out at least once in every
three months for portable equipment and at least once in
every month for installed equipment, following the procedu-
re adopted before the equipment were placed in service
(section 5.4).

7
SUPERVISION PERFORMED BY THE AUTHORITIES

The Institute of Radiation prote~tion (IRP) supervises
the design, manufacture, installation, pre-operational
testing and use of the radiation measuring systems and
equipment af nuclear pawer plants, as applicable in accor-
dance with Guide YVL 1.1.

The design bases and system descriptions af radiation me-
asuring systems are examined as part af the preliminary
and final safety analysis reparts. Pre-inspectian docu-
ments shall be submitted on alI radiatian measuring equip-
ment dealt with in thi5 guide. It i5 ascertained in the
pre-inspection af the equipment that the equipment meet
the requirements set forth in sectian 4 af this guide and
that the quality contral af their rnanufacture is properly
executed. Pre-inspectian shall be requested far systems
or ather companent assemblies regarded as suitable.

The Institute af Radiation Pratection shall be given an
oppertunity te supervise the type tests performed for sys-
tems and components and the quality control af manufaeture,
as judged necessary by the IRP. The type test pregrams
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and results, result material from quality control during
manufaeture, and results of delivery tests Ehall be submit-
ted to the IRP.

The II~ supervises the installation of radiation measuring
systems and equipment by following the inspections related
ta the installation, as deemed necessary, and by studying
installation procedures and instructions dealing with the
tests to be performed during installation.

The IRP supervises the pre-operational testing of radiation
measuring systems and equipment by examining the general
preoperational testing plans as part of the preliminary
and final safety analysis reports, by examining the pre-o-
perational testing programs, by following the performance
of the tests at the power plant and by inspecting the re-
ports resulting from the testing. In connection with the
preoperational testing program, the IRP shall also be deli-
vered for information a detailed description of the radia-
tion sources that are used in pre-operational testing and
of their calibration certificates.

The report on the use, periodic testing and maintenance
of radiaiton measuring systems and equipment shall be sub-
mitted to the IRP for approval in connection with the final
safety analysis report, either as part of the FSAR or as
a separate document. The IRP supervises the use, periodic
testing and maintenance of the measuring equipment by con-
ducting periodic inspections and also other inspections,
if necessary.

The IRP supervises the modifications and additions that
are made to radiation measuring systems and equipment in
the same compass as in the initial construction phase.
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