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1

GENERAL

2

scop,;

3

The radiation doses of nuclear power plant person-
nel shall be kept as low as reasonably achievabJ.e J

economic and social. factors betng taken into ac-
eaunt. Besides tndivldual doses, attentlon shall
he pald ta col1ective dos€s 1n order ta keep the
oo::;es tn conforml ty wi th the above-mentioned prin-
clpJe.

'1'he co]] ective dose 01' persons worklng at the
plant should not exceed 5 x 10 -3 manSv (0.5 man-
rem) 1'or 1 lnstalled M\-]01' electric power per
year. 11' this f'igure 18 exceeded, the licensee
shaJ] take actions ta increase the effectlveness
af radiation protection. The design and construc-
tion af a nuclear' power plant shaJ] he 80 realized
tIlat lt 1s easy ta reach values below this f'igure.

Accidents which tova] ve the ('e] ease af road1aact1ve
suhstances to large amounts insioe the pl.'3.nt
shoul d he t::tken into consirleration 1n the design
phase 80 that ~oses even 1n situatlons of this
kind ['eroain below the dose limits. The dose limits
are g1ven in the Reso1.ution (549/68) af the
Mintstry af Social Affairos and Health.

This guide does not give any unambiguous defini-
t tons of how the r1anning and implementation of
nuclear power p)ant r.'3.d1at1on protection shan
be carr1ed out, because this depends veroy much
on such factoros as the design of the plant type
and the most tmpo('tant components. Instead this
guide presents sorne objects that affect the roactia-
tion doses of the personneJ. and that shal1. there-
fore he taken into account 10 the design and
constructioo of a nuclear power plant.

'l'he guide presents a proceduroe, ::lccording to which
the appl icant shal1. show how ttle -principles set
farth 1n the guide will be taken or have been
taken tnto account 1n the design, construction
ann start-up testing of the plant.

At a completed plant, the guide may also he
appJ ted to the plannlng af plant modlficatlons
uffecting the radlation doses ta the perosonnel.

The guide does not deal w1th the hea.lth physics
programmes du~ing the start-up testing or opera-
tion of the plant unit, which are treated 1n Guide
YVL'1.9 "Healt Phys1cs Prograrnmes in Nuclear Power
Plants, 21 April 1981".
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3

OBJEC'fS REQUIRING CONSIDERA'rION OF' KADIA'flON PRO'fF;C'l'lON ASPEC'I'S

3.1
Design organizatian

}j

1n the design phase af a nuclcar power pJant,
the work of the contractors sh::d 1 be f~uidcd so
that the plant unit to be desil;ned mects the ob-
ject1ve of keeping radlation doses as ]ow as
reasonably achievable. 'l'his requires a sufficient
amount of expertise 1n radiatlon protection 1n
the design organization.

The implementation of safety-related objects that
ar-e planned shall be supcrviscd.

1n accordance with Guidez YVL 1.1 '''rhc Institute
of Radlation Protectton as the Super-vislng Autho-
rity of Nuclear Power PJants, 10 May 19'r6" and
YVL 1.4 "Quality Assurance Pro~ramme for Nuclcar
Po\'/er Plants, 20 Octobet' 197611 the applicant shall
submlt both the app]tcant~s and the main contrac-
tor~s quality assurance programmc to the Institute
af Radiation Protection for approval. 'l'he qua] ity
assurance requirements and guidellnes presented
1n Guide YVL 1.4 concerning structl1res, systerns
and camponents shaJ 1 a180 be adhered ta 80 that
the radlat Lon doses of the persons wocking at
the nuclear' power pJ ant wU) he kept as ] 0\1 as
reasonabl.y achievab]e.

3.2
Layout of rooma and ~ystAm8

The dose rate af externaJ radiation 8nd the risk
of interna] expo sure 1n rooms where work may have
to be dane 8ha]] be m'iintai.n~d I'iS ]01>1 as reasonab-
Jy achievable. The r'ooms shal1 be classtfied as
early as 1n the design ptlH.Se Ofl the hasis af ra-
diation riaka. '1'he elassU'leation sha11 be in
conformity with the I':l.~cess 1imttatlon pr8.cti.ce
to be adopted at the pJ:'lnt durlng operation.

1f possibJe. systems containLng radioacttve gases
or fluids should be 80 designed that they consist
af few components. This 1n tHr'n means that there
will be fewer radiation SQllrCeS I':l.ndobjects of
wo rk.

---- ------------
Po.t"d,.., ••
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INSTITUTE OF RADIATION PROTECTION 5

In )ayout of eornponents, attention shaJ 1. be paid
ta the test1ng, matntenance, inspections and re-
pairs that the sarety regu)ations, instructions
for' use, or the rnanufacturer"'s maintenance lnst-
ructions require.

Early infor'matlon on per10dtc inspections, main-
tenance and repair measures, and objects needing
artjustment 18 necesary to faeilitate such a layout
that the number 01' rad1ation emitttng components
in one room can be m1nimized.. This makes tt more
easy to pl'otect the objeet 01' work.

Enough room sha]] be reserved 1'or' malntenance
8.nd repa tr measures and periodic inspeet10ns to
make the work easier and faster. The redundant
parts af one system shall be properly placed 1n
separate rooms.

The adjusting, meaGurlng, control or auxiliary
equipment needing maintenance or repair shall
be detached from the component emlttlng radiation
and placed 1n a separate room or 1n a protected
al'ea.

11' the component to be repalred or malntalned
1s located 1n a room wlth a very hlgh radiation
leveJ, it should be possible to remove the com-
ponent 1'0["repair to an area with a low radiation
leveJ, or the component sha] 1 be 50 designed that
tt 18 easy and qlltck to l'eplace.

Co] lectiön, monttoring, sorting and stor-age faci-
] ities sha]] he reserved for the so] 1d waste gene-
rated 1n connect1on wlth repail' and maintenance.

Hoorn for an acttve wor-kshop sha] 1 he reserved
.ln the vtclnity of the decontam1nation ["oomat
the p] :into 10 the design af the workshop, also
the l'epair and maintenance af e) ectl'ic motors
and othel' e]ectl'lcal devices shall be taken into
consideration.

Routes fol' pel'iodic maintenance or inspections
sha]] be pJanned 80 as to be unobstructed.

A.neffOl't sha] J be made to design personnel and
materia] traffic so that it 1s flexlble and fast
1n the control] ed al'ea. Transportation flow charts
and miniature models should be used inthe design,
where necessary, espec1ally when deslgning the
tl'ansportatlon of ]al'ge components.

Arrangements concel'ning per-sonnel
be dimensioned taking into account

traffic shall
the great num-

122691 STL· SF659588
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INSTITUTE OF RADIATION PROTECTION 6

t)er af temporary employees during outages. The
prevention af traffic blocks 18 necessar-y for
the effective execution af radlatlon protectiorl
measures. Attentlon shalJ especially be paid to
the personnel l.nside the plant.

Corridors, staircases, steps and ladders shall
l)e 80 dlrnensioneJ. that, when necessary, a person
10 protective c]othing can easlJy use them.

Ar'eas wi th components conta ining act:Lve fJ uids
shal] be 80 designed that the fJ 001."channels and
tllts can dr"ain dimensioning basls ]eaka.ges r"eadl-
]y into a swnp.

B'loot" channels can become sources af external
radlatlon or alr contamination" Therefore it
should be posslblp to decontaminate 0['flush the
channeJ s. The protection af the channels shall
al.so be posstb]e, when necessary.

ln case the surnps are clogged Ol~ thetr suction
1.8 insufficient. the noor drainage :,hou] d not
cause fJ oods on the f] oors af other rooms.

Areas where removable radlatton protection struc-
tures can be placed shall be mal~ked with signs
showing the highest posslble loadlng.

Office and storage roem shall be reacrved 1'or
radiation protectlon. Especlally there 1a a need
1'or storages for rad1ation sources and portable
radiation meters, storage for protective equip-
ment, calibration room for metera and stor'age
for supplies need ed 1n emergency sltuatiens.

3.3
Arrangements concer'ning entering and leaving the control1ed area

Access to the contral1_ed area sha]1 be contro11.ed
and restricted. Per'sonnel traffic and the tr'ans-
port af radloact.ive substances and contamination
shall be supervised on the baundary of the cont-
rolled areao

The rooms af the controlled area shall be easy
ta leave. The reliable isolation of rooms af the
htghest zone shaJ_1_be possible.

-------------- _ .._ ..
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A decontamlnatian room with ernergency showers
rae per'sana, aetLvp. laundry, storage for over'a11s
and other protectlve equipment, and room for fir'st
a1d measul."es 8ha11 be p1aced 1n the contl."olled
area.

Room for rneasul~1n~ the contaminat'1on af per'sons
aori for' dos 1rneter's shall be ['eser'ved near the
bounJry of the contro1led area. Background l."adi8-
tion must not dlsturb these functions.

The 1aeker rooms, showers and t011ets that are
p] aced outs1de the contro11ed area sha11 be dimen-
s 10ned tak1ng 1nto account the great number of
workers during outages.

Radlatian shie1ds

1n the design af rad1at10n shlelJs, the principl,e
af opt1mization shal1 he fol.],owed, 1.e. radiation
doses shalJ he kept as 10w ss reasonably achievab-
1e~

Known calculation rnethods 8ha11 be emp10yed in
the dimenslonlng of ['"ad1at10n shield::,o

1n the <lestgr\ of radlatioo shiel.ds, precautions
sha] 1. be taken against accldent situations that
.i.nvol ve the ce1ease of radioactive sub8tances
in great amounts into reactor water and inside
the containment. Attention shall be paid to rooms
where one must work or which may hav~ to be visi-
ted durlng or after the ace1dent, for instance,
the ma:l.ncontra] roorn, rooms conL-t Lning componeots
of emergeney coo] ing systems, sampling areas,
1ahoratory and other' pl aces af action inside the
plant or at the p]ant stte.

The streaming of radlat:i.on and the !,lenetl."ations
and open1ne;s in the sh1e1ds shal1 be taken into
considel."ation in ca1culations. Where necessar'Y,
1abyrinth structures may be uti1i7.ed, but the
transportatton af components shalJ no1; be obstruc-
ted.

Objects af maintenance, repair, periodic inspec-
t10n or ca11br'ation should not be located io the
field of other radLation sources. This shal.l. be
prevented by carefully cons ide ['ed 1ayou t and
shielding. Hoomsha11 be reserved for a comfortab-
],e working position near anticipated objects of
wo rk.

~-----_._.----~-~--------~----~---- --------, ..._----~--
P.(J r~o)(?6S
SF ()cl1~' HELSINKI10
FINLAND
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INSTITUTE OF RADIATION PROTECTION 8

3.5
Corros1on

If an ohjeet cannot be shlelded from a radiatlon
source 1n the same rnom by using permanent 3111c-
lds> enough rcom shalJ be r'eserved for temporary
shields where necessar'y. They must be so designed
that it won't take much tirne ta lnstal1 af disas-
semble them. Any components that may obstruct
the lnstallation of' the shlelds shal1 be easy
ta t'emove and rc-instalJ..

If need he, it 8ha) 1. he poslbJe to shield piping
emitting radiaLton • for instance, by using conc-
rete troughs, w-"hich 811a11 be taken into account
i.n the dirnensioning af structures.

'I'he tr'ansport and storage af spent; ruel and parts
rernoved from the reactor core shall be g1.ven t1pe-
cia1 emphasis tn the design af 8hieJds.

If the contral rod actllators cannot be placed
anywhere else than in rooms exposed ta radlatton,
thelr remote cantro] S 3ha] 1. be ) ocated out,:;ide
radiatton protecti()n wal]8.

Attention shaJ] be paid ta the eholce of materia]
ta be used for the components of the primary coo-
l.ant clrcuit which are 1n contact with coolant
(piping, pumps, s team gene ra tors, heatel::changers ,
etc.). As regards activatton pr'oducts, espeeially
nuclides 58 Ca and 60 Co 8ha1] he avotded by u,:;ing
Gonstr'uctlon material.s with 10w cobaJt and ni~ke]
content. The hydr'ogen content af steel ShOllld
a1.80 be J.OW. The aLm t8 to Ininl.mlze corros10n. De-
contamination of components sha') also be takerl
Ln.to consideration when choostng constr'uctlon
rnaterlals.

1"or keeping cOr'r'osion 10w, there sh.all be faci1.t-
ties for the sampI Lng, anaIysis and adjustment
of coolant water chemistry.

1n the design af the primary water clean-up sy8-
tem, the highest corroston product content that
G8.n be r'egarded as dimensioning basi::; shalJ be
taken into iiccount. The systern 8ha11 be able to
function effectively 10 a] 1 operatlona] sitl.lations
or its function aha11 otherwise ensure sufficient
clean-up.

SpeciaJ attent Lon slla) 1. be paid 1:;0 the clean-up
of condensate 1.n boll tng water reactors .

..._._-------- ,--"---_.__ ...
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INSTITUTE OF RADIATION PROTECTlON 9

'1'0 keep erosion low. one sha]] pay attention to
the geametry af the ptptng and take care that
no extraneous substanees or objects are let into
the coollng circult (e.g. eleanlng 01' sealing
waters. lubrieants).

An e1'fort shall be made to prevent the sedimenta-
tian af erudl) by ereating a laminar flow where
possible. by using pipes wlth smooth and even
tnner surfaces and by av 0tding holes and grooves
whleh migh~ sather erud.

Dead spots and seetions that stop the fluid from
f] owlng sha]] be avoided in pipe lines.

'1b remove depostts. systems and piping shall
he pravided wlth flushing faeilltles.

3.6
Deeontamtnr-ttion

3.6.1

Decontaminat1.on of surfaees

The need for decontam1natlon e,an be diminished 1n
the design phase by paying attent.ion to the pre-
vention af Jeaks and by ]eading the deaeration
and dralnage lines as well as the overflow pipes
01' tanks into a elosed system.

F]oor and wall surfaces ,shall he smooth. they
::;ha) 1 not contatn poreG. craeks or ereviees. sharp
ang;les or corners. The materials chosen 1'or lining
shall facilitate and withstand the planned decon-
tarn1nat10n rneasur'es.

The ,juneture 01' the walls and the floor shall
be r'ounded. if neceasary.

Tf the f)oor 1a lined wlth a plastle mat or a
corr'es ponding cove r. the matshall be extended
on the wal1s over the he1ght af the highest fIuid
level that can be regarded as a dimensioning
basls •

.1erud means corrosion or erosion products Or' other
SO]id substances that ar'e generated chemleally
or physically on the baundary sUr'faees of fluid
and the strueture.

----- ------~~~~~------~.- ----_.- ~----------~~--
Po"o,I.~" T~lephon" T"I•••
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3.6.2

Decontaminatlon af eomponents

10

P,O. sox 26'5
'SF-00101 HELSINKI 10
FINLAND

lt shall be possihle to deeontarninate components
r'equir'ing maintenance, adjustment Or' r'epair. Sys-
tems shall he pr'ovided with neecGsary flushing
and deeontamination fae!li ties and a suffieient
amount of connection pipes, through 'Ilhich one
Gcction of the piplng, one va1.ve, ete, can be
'flushed at a time for rnalntenance. 'rhe treatment
af used decontamlnation and fJushing liqutds 8ha1.1
also be arranged.

'1'he decontaminatian of steam gcnerators shall
beeffective enough. It 8ha11 be possible ta de-
cont'amlnate the primary ci.rcuit, its var:Lous parts
and the dr-a inage sy s tem. A1BO the eoo lant trea t-
mf~nt sys terns shal1 he Pl'OV1d<~,l w1.th f1ush l.ng and
d",contam t na t "lon rae II l Lt<~!:;.

1t shall be posslbJe to dean the bottorn antI wal1s
01' the rue] basin as we]] as the c.omponents \;hat
&t'e llsed 1n the basins.

'1'he fol] owtng equtplllent :,;hOllld be prov lded for
(l e cao tarn i.na t Lan :

basins where decontarnination chemicals
can he led to i;l.odwhere they can he r'emo-
ved from
high pressure water Jets, cornpressed
air/water ,jets
treatment systern fo[' used ciecontamination
liquids
comp['essed a tr - sand/p)ass ball cleaner
aspirators
decontamination room which sball he.loca-
ted near the active wOl'kshop. The ['oorn
sha1l accomadate the blggest removable
part af the plant that 1[; ta be deconta-
mlnatede

The transportation af hip;hly-active components
shauld take place through cooms with no contempo-
['aneous personnel traffic.

r"l~phone Tele,

(,1Ml 1??691 SlL SF
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1·1. ITI'~MS '1'0 GE CONSI])I~HEJ) IN T1-H:: DESIGN Oli' COMPONEN'rS A.ND SYSTEMS

4. 1

Fuel ba'sins

Room shal.l. be reserved for the fuel. inspection
equ1prnent to be placed 1n the bas1ns. The require-
ments of rad1ation protection shall be taken into
account 10 the design of special tools needed
in 1nspections. The clean-up system of the fuel
bas1n shal.l c1rcul.ate water all. through the
baotn. Room shall be provided for leaking ruel
bundles und they shall be so placed that they
do not causc any unnecessary rad1ation expo sure.
The equipment used 1n fuel treatment must be so
designed that the probabilities af treatment acci-
dents are small and the posslble conscquences
of little irnportance.

4 • 2

Control. rod drlves

The objects of inspection. repair and maintenance
should be located in the easily accessible parts
of the control. rod drives with radiat10n l.evels
as 1.0w as possible.

Steam generators

The plugging deviee af the heat exchanger tubes
should be des1gned and tested befare the
commissioning af the plant.

The manhole shall be large enough so that a worker
in protectlve clothing can easily move 1n and
outo Passage and moving 1ns1de the steam generator
shal.l. be convenient.

3\-

PUlTlp:; f'UlIlP:-; ;;houl i.l be pl:lced ln ea:::ily acccsslble :J.l"'cas
with a ]aw r'adlation leve1.. If need be, l"'edundant.
pllmps shal.1. be placed seral"'ately in rooms protec.-
ted against radiation.

The change af pumps shaJ 1. be planned 80 that i·t
18 s.lmple antI quick. This can be achieved by
clloasing suitabJ.e connection pipes and by using
standard joints.

---~-_.._-------_. __.~-------------------
Telepnone Telex
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'NSTITUTE OF RADIATION PROTECTION l~

Ta make the periodie lnspections J ma.lntenance
and repair af the pumps more easy and qu1..ck. there
shaJ 1. be enour;h rcorn ta work around the objeet.
The remova} and r~-f lxing af heat lnsulation shall.
be easy. 1n the deslgn phase. prepar'atlons shal1
be made for the use af remotely controlled inspec-
tion devices. Especia]]y the maintenance racili-
ties af the emer~ency cooll.ng system pwnps shaJl
be glven extra eonsideration.
The inspection af the
casy. for instance by
disconnect the motor.

pump sea] s shall
el1minating the

be made
need ta

Valves

Seals and bearings shaJ 1. be durable and thelr
replacement shall. be quick. '1'0 prevent leaksJ

hermetic pumps should be utillzed. 'rhe deposition
af radioactlve substances on the seal surfaces
or cavitles can be dimtnished by flushing the
purnp seal s. Tt shoul d be possible ta 'lfater the
pu.rnphousing. Fil J ing and changing holes for lub-
ricating and cool tng 011 shoul d be placed in a
3hlelded room away from the pump emltting radla-
tion.

Valves shoul d be pJ aced ln easU y accessibJ e areas
with a low radlation level.

The va] ves that ar.'e ehosen sha]] r-equire J ittle
maintenanee. '1'0make malntenanee easier, the stems
of the \Tajves shollld be place:.'! upwards, t f pos-
sible. Forrnation of cavlties and eracks shall
be avoided in instal.]ation.

The objective af design should be the rapid detec-
tion af va1.ve leaks.

Attention shall be paid to the corrosion proper-
ties and wearing at' the valve seals and seal sur-
faces. Tt shall be possib] e ta observe the condi-
tion af the seals wlth the hel,p af l.eakage ],lnes.
The service l.it'e af the sea] scan be extended
e.g. by a dual seat structure af the steffi. The
tightening af the 1nner sea) s af the dua1. sea1.s
1n valves shall be eo.3Y. The diso.sscmbly and as-
sembly af va] ves sha] 1 occur quickly and read11y.

It shall be poss1blc ta adJust safety va)ves
withaut d1smaunting part af the valve.

P.O. 130X 261\
00101 H~lSINKI 10
FINLAND

1~1o·,.,~.•..·
{,~"",Wl t;.>;'f,'Jl Stl ~,t



INSTITUTE OF RADIATION PROTECTION 13

4.6
Pipelines

11' a vaJve cannot be placed in a low-activity
aee8-, it shoJl <13 a euJe be delven by a motoe,
ne manua1 opcration shalJ be pJaeed out31dc the
radiatlon shleld.

1n case of aecidents, it shalJ. he passibJe ta
close the important shut-off vaIves of systems
out3ide radiation shields.

Pipe1ines containing active water shauld he as
short as passib1e in rooms where work must be
done.
1n re~ard to r-adlation pr-otectlon, i t 1s 1mportant
tha t the Joca tion of pipe I tnes ts p1anned. If
p03s1b1e, the plannlng shou1d be completed hefare
the construction of the plant 1s begun. M1niature
modeJ.s, for ex:ample, may be usefuJ. 1n the plan-
ning.
Piping containing radioact1ve f1uids sha11 be
separated from clean piping and placed as far
from objects requiring ma1ntenance as poss1b1e.
Aetive pipes 3hall be designed to last for the
whole serviee 1i1'e 01' the p1ant without any re-
pairs or madl1'ieations.

Enough room shall be 1eft between the pipe1ines
and the wall s ta make periodie 1nspections and
potentiaJ. repairs and modiflcations easier.

P1pellnes 'ihall. i1' poss1bJ.e, dec1ine to the di-
rcction öf the flo\'lo Line partG with no flow 8ha11
be avoluecl.

Dra.lna~e f'aei1ities sha1l he arranged 11'1 the 10-
wc;::;t parts 01' the pipe1ines. Dra1n water shall
be led to a sump or into a c108ed system. Pipe-
lines sha11 be so designed that the need for deae-
ration and drainage lines will be as small as
posslb1e. Henee the number af maintenance and
operationa1 objeets can be diminished.

f)ownward 1egs 11'1 whieh there is normally no flow
shau1d be avolded 1n plpe1lnes. Formation of groo-
vcs and eav1tles on the 1ns1de af plpellnes shall
be av01ded by proper design and fabrication of
parts and joints.

Pipelines leading ta an objeet needing maintenance
(e.g. lines on the suction and pressure sldes
of a pump) shou1d be lnstalled from the same d1-
rection to make shieJ.d1ng easier.

--------~--------------------_._---_._---
1',0, BOX 2611
OQHJ1 H~LSINKI 10
FINI AND
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INSTITUTE OF RADIATION PROTECTION 14

Hedundant lines sha 1J be pJ aeed 1n :3eparate rooms.

Quickly ehangeable pipes and standard connections
sha1t be used 1n the design when necessary.

Pipe1ines sha) 1. be so designed that they contain
as few weJ.ded joints ta be perlodica).J.y inspecteej
a~; possible.

Piplng that
!:'e prov1ded
fae111 ties.

conta im: radioact1ve f'lu1ds 3ha11
with flushing and decontamination

1'he f'lushing facillties of' pipelines 3ha11 be
t aken into account 10 view of possib1.e accidents
10 which great amounts of r'adioactive substances
at"e r'e1eased into reactor water .'lnd into the 000-
ta1nment.

~:ampling plpes 8ha1.] be 1ed into areas w1th a
] ow radiation level. Samp1.e ) incs sha]] be oon-
ccntrated 1n alr cond1tioned and drained cubic-
les. The diameter af the sample 11nes shal] he
suf.ficlent to prevent cJ,ogging.

It sha11 be possib1e ta take samples of r'eactor'
water and af the gas 1n the containment durinp;
accldents wlthout exceeding dose 1imlts.

Pipellnes sha11 be marked c] car-ly and unarnbiguous-
Jy.

4. '1

Heat insul.ations

It shal1. passible to quickly rernove and l~c-instal1.
the heat lnsu1.ations af' systerns and pipelines
around objects of' rnaintenance and pertodic 1n8-
pectlons. The design af hcat lnsulators Gha11
be purposefu1 so that ther'e i8 as littlc air con-
tamination generated during the removal af the
insulator's as possible.

--------------------- ----------- .__ ._._-- ~-----_.~---~---------
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4.8
Leakage co1.1ection. dr'alna~e. and water treatment

15

The amount af 1.eak'Lng waters sha11 be minimized.

Wastc water shoul d be classified according to
its orlgin ta make further treatment easier. for
in8tance. leak water containing bo ron shou1d be
separated from othel" watel"s.

The sump systern s11a11 be extended ta a1.1. rooms
in which there ar'e systems cantaining radioactive
f1uids. wlth the exceptlon af r'OOillS which do not
a1.10'rl the removal of water by virtue af the oper'a-
tion af the reactor emer'gency systems.

Crystal1isation and depositlon :l.n tanks sha11
be prevented. by making the bottorns of the tanks
slant towards the olltlet. by constructing circula-
tion lines ta hatnogenize the contents and by
designlng a spray system that can mix the contents
with the help of a gas-water rnixture.

The venti1.at1.on or airing of tanks sha11 be arran-
ged ilS part of thp- gas treatment system or the
active ventilatlon system. The water locks of
the taoks shaJJ be reliab1e and uncontrol1ed lea-
king of ove rf1 ow water into rooms shaJ 1 be preven-
t eel •

Tt :,,;haJ1 be pos~3ible to cart'y out I'everse flow
fl uBhlng. washi.ng. regeneration. and change of
mass f<)r the filters by remo te contro1..

Treatment of reslns Rrld (:orlcentrates

DeposltLon af restos and evapori~ation concentra-
tes 10 the piping and 1n components nf the waste
system shal1 be l"educed:

by minimizlng the lenght af pipelines
by llsing pipes with large diameter's
by minimizlng the nurnber af pipe jcints
and connectors
hy avoiding pipp- sectLons that elin gather
80] 1.d matet'taJ s
by utiliztng eravity where possible ta
transport fluids in pipel.ines

----------". __ .._---------_ ..._-----------_ ....--------._----------- -----_.
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by minirnizing the r1Urnberaf flow-obstr'uc-
ting cornponents
by making the bottoms of the tanks o;lant
towarcls the outlet
by installing elrculatlon Jines for mi-
xing the contents af the tank

Need for Tllaintf~mHH~(~f:'l.r1he reduced

by uslnl!: val Vf,:~5 eonstrueted ta fn'evenL
res lns anel evapor iza t too concentra tes
from depositing anel obstr'ucting stem
movements
by choosing va]ves with as few cavi.ties
as possible
by provlding the tanks _'11th reserve COrl-

neet 10n pipes to roake the removal of
deposits easier

Bends ln the plpes shoul (1 he avoided 9 '1'he r'ad tus
af a benel should be fatrly Jar'ge. T-pleees should
he avoided. 10 ca::;ethey have to be used~ normaJ
fJ ow shoul d P::U3S through the straie;ht section
and the J~g should hp- placecl hor'L'1.ontally or pre-
ferably above.

'The ins ides af the p'Lpe:-:; and the pi.pe jaints
shouJ d be srnoath. Butt weJds shouJ d be used 10
jaints.

Clogging af the pipes shalJ be taken tnto aecount
and the reverse F'Jow flushing of the lLnes wi th
water/compressed atr mixture shal] be possi.bJ f3.
Also reslns can be made mare easily rnovable with
the same method.

Crystal1isfltion and deposition 1n tanks C:-in he
prevente(l by making the bottoms af the tanks ::;lant
adeqllately towarus the outlet and by destgni.ng
a mix ing sys tem to be pl aced in the tank. The
gas space tn the tanks shaJ 1 he aired. into the
treatment system for active gaseS.

'The overflow lines of the tanks should be provided
with sieves thaI; prevent the (~scape af r'es:Lm~
and concentrates from the ta[\k~>. Tt shaJ 1 be pos-
sibl.e ta fJush the sieves.

It shalJ be posstble to perform 80) iolfleatlon
and storage of resins and G()ncentrates by remote
contral wlth shieJ(iing. The soltdtfieatian plant
and the starage shoul d be located as near the
treatment facll ittes af J i.qutd waste as possible.

-- ------- ---------- ----------------~-------------_ ...-
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4.10
Verltllatlon 8.n11eas treatment systems

17

One objective in designing venti 1ation systems
18 to distribute clean air into rooms which aroe
vislted at ]east onee a year'. Air- shall normally
be so elean that no respir-ators are needed.

Operations 1n rooma, for instance, decontarnlnatlon
and treatment 0[' solid wastes, shall he so planned
th8.t they do not eause alr contarnination.

The direction of pressure differences .1n ventila-
tion sha) J be from low-activity areas ta mare
active areas. The contral af signiflcant pressure
differences sha].]. he so designed that it 1s fast
and easy.

'l'he venti'l8.tion system should he of he1p in deter-
mining in which ['oorn a contarninatlon originates.
This can be accornplished, for instanee, by provi-
ding the outlet channels of ventilat10n with pro-
per aerosol samp11ng points.

'rhe ventilation and gas treatment systems gather
rauloactive 3ubstances which may obstruct ma1n-
tcnance and r-cpa1r, testing. decontaminatlon or
rep1acement of components. Objects sha1l be so
designed that they are easily accessible. Room
3ha11 be reserved for working. Redundant compon-
ents 811a1] be placed 1n separate rooms to make
radiation shie1ding easier.

The velltl].ation ].1ne8 sha]] be provlded w1th ar-
rangements for necesary work-specific sllct.ion
facl],ities. Separate movab1e air el,eaners aha].].
be rC0erveu for the removal af air contarnination
1n pl aces af work. Arrangements H.nd equipment
i'lre needeu, for iostance, io the machining af
c()nt~ninated surfaces.

Furne hoods f:lhall 1w used to ventilate sampling
pl aee:3.

The ex:ehange nf fl1 ters of the ventll ation and
ga~l treatment systems and the1r' testlng 8ha11
be 80 designed that they can be performed practi-
ca]l.y and safe],y.

P,O. BOX 263
00101 I-1rLSINKI 10
~INI.AND
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4.11
El.ectrical. systems

Act1ve Rreas aha]} be
cab)es. Coup) inga and
in roams where wOf'king
dtatton )eve) low.

4.12
Instr'umentation, adJustment ar1d contr'ol

18

avoided 111 tlle p]aclng of
jotnts 8t'lOIJ1d be loca1;ed
is convellient ~nd the ra-

1n the deRign phase, attentinn :3hou1d he patd
to l~hepe('ton 1G tns pe(~ti.on::;, rna i.ntf';nance anti ca-
librations af lnstrumentation BO that they can
be performed 1n rooms with a low radiation level.
Indicators and contro).s af instruments sha].1 al.so
be placed 1n accessible rooms.

lf a component cannot he p) aced in an area wlth
a low r'ad.tati.on leve], tt shal] be possibJe to
perform repairs hy r-eplacing parts.

Transrni tters ShOllld be
not coll.ect radloactlve

4.13
Radiatlon measurements and dose monitor1ng

BO ehosen that
substances.

they do

Dose rate of externaJ radiation, surface and alr
contamtnation, acttvtttes 1n processes, reJ.eases,
individual eantaminatton and r'ac11at:l.an dases shall
be measured at nuclear power pl ants.

Stationary meters that are used for the measure-
ment af the dose rate of extp-rnal rad1.at1on shall
he pl aced in areas where sudden rlse of the radia-
·tion level ean he anticipated. The equipment shall
be provtded with loeal alarm and display. rfhe
display shal.l. be el.ear and simp)c ta read. If
the area ls not accessible, the display shall
be placed autside the area 1n an accesc3tble raOffi.
The reglstration af the measurement results shaJl
be possi.ble, when (leemed necessary •

--------------_._-------------_ .._----- -_._--_._- . ---.-_.- ---
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Processes dealing wLth radioactive substances
shall be pr'ovided wit.rl a sufficlent number of
activlty measurements, whlch are used when making
an attempt ta asses the dose rates induced by
parts of the proce[~s in question Ln potential
objects of work.

The display and alarms of process meter's shall
be led to the main contral r'oarn. The registr'ation
of the measurements shalJ. be possible, when deemed
necessary.

The measuring equipment for body and clothing
shalJ be located on the boundary of- the controlled
area, in an area with low r'adiation background.

The periodic inspections of stationary radiation
monitorlng equtpment shall be so designed that
they can be carr1ed out in r-oorns wlth 10N radia-
tion level.

Statlonary radlatlon mon1toring equipment shalJ.
include a circuit which gives an alarm of a COffi-

ponent fauJ.to

Dose monitoring shall be so arranged that the
requirements set forth in Guide YVL7.10 "Indivi-
dual Monltoring and Repor'ting of Results, 8 Novem-
ber 1978'1 can be fulfil_l_ed.

4.14
Qther factors It 15 r-€commended that the ln5tal1ation and d18-

mountinp:; af componcnts be vidcotaped 1n order
to J[]<1k~ the plann1np: of the work ca:,l..cr.

'l'he location of components 1n closed rooms should
be photographed 1n order to save t1me when the
objects of work are searched for in connection
with the work.

Special tools shall be developed for the removal
and lnstallation af the reactor vessel head an
internals to make work faster. The repair and
inspection of steam generators shall be so desig-
ned that they can be carried out rapidly wlth
special tools.

Lighting and proper air temperature at
places shall be taken into account as
speeding up the work.

working
facto['s

Telex
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'rhe loudspeaker system and the
shal1 reach a1l rooms. Noise and
tive equipment shall be taken
the design.

20

tclephone system
potentiaJ protec-
into account 1n

The lnstallatlon of portable '1'V cameras should
be possible.

Pressurized air system as well as distrlt;ut.ion
af water and electrici ty shall be arranfSed 1n
the vicinity of pJanned places of work.

Work1ng places shall not be left dark 1n case
nf 10s8 of electriclty, since the emergency 11gh-
ting systems shal.l be so des1gned that tt 18 sare
ta 1eave the buiJdings.

5

AI1THORITY SI1PERVISlON
'l'he Frej iminary anti PinaJ 3arety Analysls l1eport
of a nuclear power plant shall include deser1.p-
tions revealing how the requ1rernents and l~ecommen-
dations given 10 sections 3 and !j af this guide
have been or wi) 1 he effected io the design and
construction of the nuc)ear power plant. 'I'hese
descriptlons are suhrnitted to the authorities
for approvaL The de8criptions need not be presen-
ted as one document but they ean conslst of seve-
ral pieces 1n the Sarety AnaJysis Report, separate
descrlptlons or reports.

The assessment of the collective dose lnduced
by the plant operation 13 an important part of
the plannlng of the pJ ant rad ia t ion safety, and
descrlptlons of lt shalJ be pl'esented to the aut-
horitles fol' approval in connectlon with the PSAR
and FSAR. AlI slgnlflcant anticlpated activities
causlng radiation doses durlng plant operatlon
shall be taken into account. Activtt1es which
are expected ta cause a col.1ecttve dose exceedlng
0.01 manSv (1 manrem) per year are consldered
signiftcant. The :Jafet.v AnaJys18 Reports shall
incJ.ude a summary af the <.Jose assessrnents and
a surriclently detailed description af antlcipated
ractors caustng doses. These shaJ] be preseote(i
on forms whit~h include the doses i.nduced hy acti-
1/1 ties concernlng radiat lon protect 10n, opera-
tions, service and majntenance, per10dlc inspec-
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tions and rue) aod waste treatment. The forms
desct'1.bingthe acti.vitle::>shall give the average
dose rate af the ouJeet af work, working time,
number of workers and the recurrence of the acti-
vity. Dase estimates for unusual operations shall
be presented tn a simUar manner, if possible.

RF.Flmli;NCF,S 1.
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GRS, 'I'ranslation- Sarety Codes and Gui-
des, Edltton 14/78: The Precautionary
Protect1.ve Measures ta be taken during
the PJanning af the Pl_snt.
Commiss1..onaf the Ellropean Cornmunlttes,
Nuclear Scienee and TechoJogy: Reeommen-
dations ta designers aimed at minimizing
radiatian dose incurred in operation,
maintenanee, inspect1.on ann repalr of
light water t'eactors, 1978.
U.S.NHC, Draft l'1egulatoryGuide and Va-
lue/lmpact Statement Mareh 1979, Division
8, rrask OH 507-4, Proposed revision 4
to Regulatory Guide 8.8, Information
relevant to ensuring that occupational
radiation exposures at nuclear power
stations wi]J be as J.owas i8 reasonably
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U.S.NH.C, Regulatory Guide 8.19, Occupa-
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