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Table 1. Different hazards threatening the power plant. Source: authors.
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Fig. 1. The main arrangement of the whole power plant site: the nuclear island is shown by orange color and the electrical power generating island is
shown by blue. Left: 3Dimensional arrangement of the power plant EPR: 1- Reactor building, 2- Fuel building, 3-Safegaurd building, 4- Emergency
diesel building, 5- Auxiliary building, 6- Radioactive waste building, 7- Turbine building. Source: AREVA, 2009: 10-11, 13.
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Fig. 2. Reactor building (RB), Safeguard building (SB), Fuel building
(FB). Source: http://www.areva-np.com :Dec. 2013.
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Fig. 3. Right and Middle: Plan and section of EPR reactor building
walls. Source: Authors and Left: Reactor building of Olkiluoto 3 (OL3)
power plant, Finland, 2009. Source: http://www.areva.com : Nov. 2013.
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Table 2. Architectural strategies and protecting the reactor building against hazards. Source: authors.
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Table 4. Architectural strategies with the goal of increasing safety standards and protecting the fuel building against hazards. Source: authors.
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Table 5. Architectural strategies with the goal of increasing safety standards and protecting the reactor building, the safeguard buildings and the fuel
building against hazards. Source: authors and EPR, 2009: 5.

rigad 5 b O G | eyl 95T, plable 3 gylere cbo,Sal,
T T h o | cblis s el e oo Vb ie) e

B ol Is &l 2 9 = (Sl R »™ 9

b Sk | (b el (Sl 5 bzl

3; Jolgge | 5 (F & 9V O el pleidlo) ol plaiblo sl

gk b sy plasle Bl ke Cogw lodle

ol 9 sbay loe @ bolasle L}le Lloss uLoJ.o 9
@)B;ﬂ:ﬁugul)b).glﬁ)b)ﬁb ool ladles
dbgoo 4 HeSy J3b coles sl jl 5 w8 o Jos
F il Ol SGS o 6 pS ol Bas p glid oyl Lulwly yoym

Y eyl ezl

g Olez L

d3l; B9y 2 CHgw g el slalasle ;)9;'5]) oleidlw
i b g il )8 LSy 5 St 03l S

Syl s pdas ghlas ol )3 (65 YL canglin

«3l; «Sigeois] [ e ol piese 48y ke S5 g b Bl
Jbxisl g9 Ll gge | adsl Sl e (2lad iy by (V) pledle
@ e V) Sl gladle ) ouiS S i
9 oL L:zadla.‘:&b OLaA,.% 9 L?‘)JD obs! (gilwodls

5yl olyat 4 | olS 5 el Lol

Wi | il [ e 5l (s Sose 4 g ) el laglesle
Hxil zge Sxdil zge | Silad S )!)5 957, ul*”lw d)]f’ 5 5 9 0 2o
ol G5 Sy Glp Byo w55 B Jeily U

loo HRlBl el g i ] (65505 5 AL
9> Gyao & Lol by sladlg) g Ol 435 sladly
uwaL.» 09).) 9 )915‘) Ula*}l‘“ alisee Cowws 5) )
oS g Bl g48y il b Llad S 15 ¥ o) el
o il 3)Shes g 3 ] 505 Caond Caows S5

Y iadl Ol
43 Szl | 3 8 55T, plosil LI (e350s oS Jlea
) ,, . il zge | S g lie |y laplaidlo (e (b)) 2 )Shee &8
$7 3 WS yudin |y Jlad g skl lge 3 LSS5
‘ ksl (298 e Gl el i g

Lol ol 51 S s 58Ty glasle 51 LSS
Ol g gyl Wileny sy & 31,81 B 09 o 5L
oleidlo Cuaglio (30 YU )3 (3500 GISL Hloa cunlio

? A i st

j )5Sy Oles L
W7

6  iThe Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism



e

boledle Canp awdd 5 (Su5d bl cwp olhb
koo (2B 9 (B cllas ply 5 lie cblis g
Cl)b odlal Ql)'f,o 9 EPR olf,),; LgLasoLo;‘.&L» =5 Dk
Fyo i o) 2 sl (638,85 5 ol 5 ol ) 5l Jlass
A o L1, tes) o Y o Il (Sob ek
cblis Bl 3 bl sbad sbool 5 5ls] slaylislo sl b
oyl il Lao ool g GBI cllas ply 3 olie
Sl halyd 8 bgladle gly glojle (L2
0255 039l 2 53 (SLld S8 Wl oo didly b b g pSotune
bl el cnl Sl dlgie Slame 2l Sy (ol o]
oletle Jold olgys 13 (el Jla5 I ore syl
b ed )33 0y J S Slagsbl g C8gus il 55T,
polie 9 o gy (slapium 3 Slas Cua cuslie slap 3 5l 1L
b ot 48 438" o3litesl (gllgtal (glapy las llas il
Feglie 5 Conl B jlo oA S i)z sl plodr
s A3l 5elas (ol 4 o

03 lapius 3 Gl 3 Vb g (el
S 35 s il slalidd g laglosd b (gjlulin 0lSg
2B gy calidee 0,8 slagiumw @8ly 10wl Cuonl Bl
slagladlo g Blad ) 39 0 dpogi (el bis jolate &
Slodo Jisl jl g pSol> slaie 4 Jas (] L9 cuai a5l
S (53900851 k5 (55UsS (1 g (2B (sl s Sl (5L
OEZRe Spdiee Coge N Splale 4 )bxdl gse
oy 52 5l 95 blize 151 daylislo cy bls slad sl
xS ol sl wolp 5 3l 5l b oyl Sl on
sbon] (oolod (38,5 Jlai )3 b el Rl (ol gl S o
At 5 055 3l ol cblis Wl o il S 5 g 00
S Lge oy 5 5D s

VTV nolS g teg) Lial3dl skt &) g jlare (b (sl Sl VFRF o/ wmslgs Sl / ¥V oyles

ol Ol ar SLL SaS i opd g 20y O )90 (el
ol Slaal 4 dagi b g Ban cpl b () Sl S 089y
ol g ol 9,05 5 ol (6531 (Mol uiliT gy 005 iy o5
P o9y (shlere (Sl cps i calie Claal ¢ gas > glis
Do 43S s

Cllis e slone (Sl busss 685505 ingl s 3 Y
B g (Bl oy o b ylasle )

Soloxe slo Sy dbml bawg oSy el gaw 32Vl
Lol 35S 5l oS ols g onlgs 0gally (clatoly 0aiS dgamxe
GlBl pegaty (glese (b Slial 4 by jglate &
w8)S g0 Sy gy p ool g 0 gy sl lo )3 el
el ceslio oy w55 bl Jpuol £l 25550 Saicg
0y alal g bolasle g bylidle gilols uwyd dwsn
Mol g e sl leidle 59y p Slo] bl (glaojle
Ay |3 aise gl (2l ld 5], kil e bl (lad
Lal)8 sl 5l ool ylss (6,500 sl Kl 2b e
Olgee JS 50 . 1,8 eolatnl 590 Llg5 o b clylad plyy js
RSN FEREVRVS

Cawyd Al ol b olfs)ﬁj C)J" Lg)’lmoblw -

enlie (Su3 Slot (ko

Lg]o)‘lw u.éLé‘ Lgbza)t&lm u?‘)"" -

b loidbo oo bl slas sl -

o sl (o5 csjloly -

Shbs ply 5wl )8 Sleasbe lap,d I oalil -

s il sladize; 5 gulio > (S5 oty (>lib
lalad culio plade (2Ll @By cols plose (b
Olyrand il cqa calio Glods L,’_>|)L> oyt b 9
L olese ghb il Jlawe ghb Jlaise Mlgie (syldp0ye 9

S 5 4o g (G o>

P oy sl leidls 5 bpiuww jl clblis 5 drels 08,0 LS, cblos | lueb] Joas a8 5 & )o0 Sladlls @ dngi b
b 5 el g gl Blan il lsie @ 2l 5 T caliee s 51 86 Lol BT 655 e bk
bdlisy g ame g (b laody Sl ()5 B clise Gl plp )3 o5 wSb GlgSa Lk oSy bl le
ol ORIl 53 (oo sloms (A «owdine ()5BS slaatd) Lk (o 53 Wl oo Jlene Gl gl il oSy y9)3
Shbs ply o bledle jlablis a0 jlsen HL (Sl 15 jlaxe gl 068 W) s 5,858 51 liabol 5 05'g s (sl yloid s
5l cblis ol slie p b plaslo cloxe (b S an g Ll Slojen 9 @lylas alise sl (3,8 Lld b Ll 9 >,
V5 aglaibla i pliia & 48,5 0 a0 &3 a2 b 2,8 plonl Ll oS 65k 5 il iy 3 laplozile

A 5 kg g e olgan 5 Giisee (cla)ISal, 1l Sl pISIn & laso 2l (el
ol 5 (o3 lodn Ll oo olad bls)l g laylaidlo 5 alad (ol cavlio 5 Cowyd dwtin Ol b oSy )b (¢ jlwodls

A5 (il yted g (Sylome Y (g S pe w“ef—wk'“‘uﬁ 5



99
Vol.12/No.32/Spring 2015/Architectural Design’s Strategies to Increase the Safety of Power Plants against Natural... /3-16 }jf L
*

ool el LT claojles 5 layksb slb el Lialsdl Gun b o lb il (el oliio 5 b ezl 5 blis cuslis

ealgs g clylad 518 5l oSl Bua b b leid e oy bl lad sl ojle oUle iolidl jelaie 4y payl Bbd I yolus
51 oala! L@J S jed sl g aline c)f}') S i (¢l FHLATS g 3o (sl sl g by yleis L u?‘)L’ )5l>u sl el 4
Solome (b Glaal a4y iy jelaie 4y S )0 clgs g lylad ply 13 pole 9 (63,558 5 (63 Shas Hlai 5l aal)l87 Sleid b slap,d
wodlgs iy 5l eaiS (S 5l> gl Shedbul g (> g J3b Slias ply 5 b lasle jlcbles Jx Bes 0 gl oyl g
syl 5 U lazila iag] il 55 LS CSaS bl o (65lame (5o 1215 plaF 13 YU (sl lSal, slaje (ol )5 i
b oy colo ot zyb 5l (b caliseo slawlde 1 Wb b)Kaly 5 Jeol cpl 2y9] Jos 4 Sloso ialS g WaolSy s
bl et Gllail g ag dagbl B> (2b g leibls jo ()9 slalad (Sl doil o 2l bls)l g aplasls b

a3k ass b e i Sl s

oS S5 lgie 4 S O 1 oS stz Lo )3 (gl oS g5 695 o iz, (PWR),Lid cow S 1 g8y b (gl (slmolS'y 5 Pressurized Water Reactor )
S o o3liul ,giST) oS WS

Dy o Cgmxe (bl o gy (p 5 i lgie 4 a8 @bl oSS Lié o Saw o 48T, b sl 2855 Evolutionary pressurized reactor.Y
Defense in depth .Y

Nuclear Island .¥

Turbine Island .Q

Reactor Building .%

Safeguard Building.Y

Fuel Building.A

Reactor Shield Building .4

Reactor Containment Building .\ +

Redundant .Y )

Reference list

e Gharib, A. G.(2006). Creation and Applications of Nuclear Sciences and Technologies. Tehran: Atomic Energy
Organization of Iran.

o [AEA. (2000). Safety of Nuclear Power Plants: Design, IAEA Safety Standards Series, No.NS-R-1, Safety Requirements.
Vienna: International Atomic Energy Agency.

e Seddigh Y., Emamjomeh A., Seydail. S. (2007). Nuclear Energy Policy, Planning and Project Management. Tehran:
Atomic Energy Organization of Iran.

e AREVA. (2013). AREVA General Inspectorate Annual Report 2013. Status of safety in nuclear facilities, Paris, 81.
Available from: http://www.areva.com/mediatheque/liblocal/docs/groupe/Etat-Surete/2014/RIGN2013_ VA .pdf.

¢ ANDOLENKO, M. (2010). EPR projects in the world: from OL3 to the next wave, CNEC may 19, p.7. Available from:
http://www.areva.com/globaloffer/liblocal/docs/EnergyBusiness/EnergyBusiness Issuel0.pdf.

¢ AREVA. (2009). The path of greatest certainty, EDF, Paris, France, 10-11. 13. Available from: http://wenku.baidu.com/
view/ccff9339376bafl ffc4fad3 1.html.

e Dubrovsky, V.B., Levdansky P. A., & Neshumov F. S. (1979). Construction of Nuclear Power Plant. Moscow: Mir
Publishers.

o U.S. EPR Final safety analysis report. (2009). Chapter 3, Design of Structures, Components, Equipment and Systems,
Revision 0, 3.8-78. Available from: http://pbadupws.nrc.gov/docs/ML1123/ML11231A237.pdf.

e Hooshmand, R. (2008). Power Generation in Power Plants. Ahwaz: Shahid Chamran University.

e Markus, B., Markus Zink. (2009). Kerntechnik Grundlagen. Translated By Biranvand, H. Tehran: Dayere Sanat.

e Apel, F. (2006). Nuclear Renaissance: The AREVA view, Najaarssymposium 2006, Delft, 42. Available from: http://
www.paa.gov.pl/sites/default/files/Buletin3-final.pdf.

e EPR. (2009). The 1600+ Mwe Reactor, AREVA, Paris, France, 5. Available from: http://www.atomeromu.hu/
download/1722/EPR%20reaktor1.pdf.

e U.S. EPR Final safety analysis report. (2008). Chapter 1, Introduction and general description of the plant, Tier 2,
Revision 0, 1.2-5 1.2-7. Available from: http://pbadupws.nrc.gov/docs/ML1420/ML14209A385.pdf.

o Per F. Peterson. (2009). Nuclear Energy: Future Directions. Berkeley: University of California.

4 :iThe Scientific Journal of NAZAR research center (Nrc) for Art, Architecture & Urbanism



49
Vol.12/No.32/Spring 2015/Architectural Design’s Strategies to Increase the Safety of Power Plants against Natural... /3-16 }:‘L

Architectural Design’s Strategies to Increase the Safety of Power Plants against

Natural, Environmental Phenomena and Internal Occurrences *
Amir Bahramy Panah **
Iradj Mahmoudzadeh Kani***
Faramarz Yousefpour****

Abstract

One of the main principles in designing a nuclear power plant is generating safety and preventive tactics to achieve
protection of individuals, society, the environment and the power plant systems against disasters and severe hazards
resulted from nuclear radiation. Different engineering disciplines contribute in improvement of safety standards for
power plants which leads to various design requirements to ensure that the safety of the plant is provided. Architectural
design contributes in enhancing safety as well. The kinds of design principle requirements an architect must be
concerned with during designing in order to increase the safety of the plant is the most challenging questions for
architectural designers.

The goal of this research is to achieve tactics and effective principles in order to prevent accidents and dangers and
decrease the side effects to improve the safety of the plant. One of the main methods on studying architectural design
of the power plant is the analysis of the current advanced power plants. In other words, the research questions could
be traced in design ideas, being expressed in preliminary phase of power plant design.

In order to analyze the architectural design of the power plant, it is essential to describe the concept of the safety
and main resultant goals and the main threatening occurrences which the power plant would confront. Based on this
proposal, firstly the idea of the defense in depth would be studied and the related tactics in order to protect the power
plants would be analyzed in the following.

In this paper the EPR, an evolutionary pressurized water reactor in Europe which has been designed and constructed,
is surveyed as a case study. Since the buildings and structures shaping the power plant are quite a lot, the study
analyses the architectural design of the most important and sensitive buildings of this power plant in order to find all
reasonably practicable architecture measures which prevent accidents in power plants to mitigate their consequences.
The survey shows the architect-designer must always consider protection of power plant buildings against external
and internal dangers and different aspects of danger and prevent the expansion of dangers. Regarding the research
conducted, the architect-designer must consider the combination of reasonable measures and the following techniques
in order to improve the safety of the plant:

1. Physical arrangement and proper positioning of spaces and building to improve the safety.

2. Designing multiple structures in order to protect the sensitive systems and equipments.

3. Designing annulus between buildings in order to prevent expansion of dangerous accident.

4. Physical separation of equipments, spaces and buildings in order to mitigate the consequences of danger.

5. Designing efficient building regarding functionality and resistance against danger.

Considering all those solutions, architectural designs could offer immense help in preventing accidents in power
plants and mitigating their consequences as well as improving the safety of the buildings.
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