B

CLIES I,

2019. 05. 24



dongA.com

2016-07-13 03:00:00 B

[ d2t2/3s=2]al0e otEd =8, Atn2cAE8ez 8

O10¢

A2 5, BEI HE B0 83 232 BUMPMAAREE
ZE 2N M 72 EE0 SHAHE ol ol 28y HE
HE=XE §1 =gt 21 3

0

Ch. dhzi= e

Sl

poon =
i

=

2 & XS0l A0el 5, 6277 AL B 10718 HEO EN
A OECH2ID BICH JBE D2, MD22D 6N B B 21
= A2t ma}m BHCL QIE XIH0I2tD #M 2F 22 242D
@O HEOC FHECHEE HEY2 SHLISHAS HEQ SEE
22512 J‘—:‘IJI Qo0 Otoll StLE 2IE S 0| Ol &0 2
WE BESF SltE & UsIHE 200k B0

A
u 0 e
TR

o
i
[
10

HES S olHRA S

BIE A
5T AT

£ 2= G
= 5872 HI#4EHBS 680
ECL Ol= 2EE HAIS

PGS EI X0 2EE HaM
eIl e Jbsd

FIE >—c

HE' }dli‘} Flz Elﬂoir.l.

A M SN SE HHINENT CE e AES0 RF H4JISE 28 B0, A4 HE R
£ JIND YU HOF Holl, M 2 NE 4 JHSH0| $=K STE000 # H0ITH 2015 68 204
MIDOI CHE 221080 BN EEH WAMD, D20 8 J1Z JIF0| 2 38 BANAUHANS
oM HIBSCH 0 JIZ0 I2%, 4& A2ls 28 GHNSIE D261 D22 HUME S2H0} 5
0 S 2R YOl BE2 FEFE Ooist=S | ACH EAIZ AL CHshA = & X & HHl & 21 F &6t
D YE 00 AD umicﬁhlfldﬂﬂ’mmmﬂJﬁ:“mﬁNA&mu
EIA0EAE AT SA DM 2IES LR EEANE EIA0 JAEAL0EH 2 20010 5.52?1%5”
QUIle HES elsle SHEHS GEY 02 SXH 0 &HE MUNIRC O EH YU BUD,
23 WA SIHHE Lo OILIY B K FeIS0| REAES ULUCH LA (3 BHO| ER
Bt A0ICH

o gM S5 T

Ch

HE SHAGHLH S8l 92 #Mo SE 4HED HAXNE M= 2EGH0F & 3ol

#1533 AAEAAL] L3I

ook &

A1z

CRIbd

2016. 3. 24.

el

FA

oo > it {0 {0 o>

Az A

AL o] & &
(BAE A9 9 3))

A&LdA

2016. 3. 24.




31

s

e

4

jofl

e

4
r

rf

(=1
=]
=

=

(@)

3
[ A

Efl 2
(=)

e
-1
o)

FR B}
o} 7
o =%
= =
IC

Al

i

FR= O AFLL7E
At
|
f

Ngkx
ChHof

=
—

J

"2t AXIZA[A
st AFTO|
s

= ZSH0
o

_Tl_llal_

K xT_A_._LI

oF

2|

M(SCHALLL

=)
2|

EIN, AtnE2| A

S S{HMA MO SHE AR U B Al Of
TER

i

2l

), Ab2d CHA 2], Af

=
o

FAFTL

Mots 8% L7 0f

X~ —
o

HAZAIE 52| 7|&7|

AZA20] &

2 ¢

He X0 Cf
At

-
0]

* M|852&219]5:

\in}

_EI.

= (R

H|
—

= 7Ll MF71=

el s

29| &

Ll
—

M|

9] 0.1%0|3}) &

(x|
- |

* X9

T 10E-6/RY 0|35}

=
=N

ol

- Cs-137 100 TBq X1} A}

=

jod
e

7t 24

1or

Fd 871 8A

S
L —

F 8, AFET ALY

SHHof A l= AlZ20 2l

- 7|t ®At=S


http://www.law.go.kr/lsInfoP.do?lsiSeq=204230&efYd=20190215#AJAX

g 23 49

AraEe| A

—_—
™

AH Z= A~ 1
oo o

- 717

sEY

bl/717] 7|

S
=




ol

Bl
oF
14
10

=

n
2l

o+

—t

<0
<1

B

.
ol

-t

KO

Chs 1

oFJ

ol oJ 0

[0 oF 04 80
ol —, o
ol (|g SH W%%g
o) oy B 5 0o
i gy Ol S8 5 0F oW io =
ol ST or e o = . U
Way = o M= S 20
O] g U mRESE R
70 ST m oD A /A Y %au%
oF <A g M = g 30 80 2 o Of 1
B) 2t = &) AT 0w o)
=R o RIS Y
7= 30 00 O 30 00 = 2 m;i¢:A
lesoam;amowa zr o] )
BIRADARA™ ui <k OF 7
I I
e s Mo
I 7 2 O 7 S O
Iz LS 5O
2010 5 ™ 0 oF
Bl Ki
E E
ol RM ol =
JI KH =
ic ol < Ho
< O o) iy
E ol & <0
= = i OF &4
(U <0l < IH0 5 11
0 A o r RE=
o yIM o dndg= oo =
N o'y X2=Ag = W
< gl By A= B0 10 5
B DD 70 &0
o MaXppodn  mE
WEN§£%M% olic °
NEHNR DA R PE Lm0
<4 B0 O1 A 508030 gy k| ga U
R &~ <k 0= K w0 T
%Mﬂ %Mﬂ
IH JWA LWA
_)_l Kl 110 Mﬁ o
{FH m._m ~ 0 m._m
Al 10 Kb ) 16




] -
|z 4k -
< E| = =
wl
— = e e e |r_._._
W_ + .A_._._ﬂ_ + _|I_ ..A|_ )
7 ET B = BEEU (S :
I 3 L5 | AE | @
J| S 52 | g |9 2
< O < 2 g =
i + —1 " W 2+
< S S 7|7 s
) S - N,
N 3 S s
o
| = = =
N YRR ;
_L — -t - - — —
<4 . ._M._O N il |_H_O|H_ fir of oll <0 I
E ol 0f0 & o135 2
_ mr ol 1 Rrn BMoloF iy = X0 <0
— fobey o oo~ I ™| e <q{|<0 <
olo ™ 3 K migﬂﬁﬂﬂmowﬂmﬂﬁe_
41 |RT L RO < 70 0f0 KT oF = ol <H oo
i =| 70 0{0 K| oR! 00 00 & 104| <H ofo T
ml
3 = | Ul 2
<0 < | ny ) %
P~ o) = <t <
oFl ol | K -
% KF | oF n 7
|f]= o | T ad i
E = | =l or o <0
= ol B ] ] E by
= Jlo < |5 <N < = s
R O i e B A R
o> | = [F |2 i B
2N | do m [KHE R 5| %
= 1 (o |oYa Ko 0 R
N EIERRNEIEI R
A~ | 2 ls 1228 0w B
Aoﬂ Sla (S8l 2 % &
i L1 I i {1/l R i
JIL i . | = A q_.l_ -
w_..euA LT I e el Il z)
IHK Y| &7 | & 3|5 S 5| =
7|0 Q| Ko [a 1 kol = & I
T < ol Y| kI | of | o
ol | Wi =3 < 3 < <
go|D | X030 |g7 mo A8 B S oF
M ol — |2 U= <20 |20 OF
I R o do | <% 4q E (O (oH o
| = <o | K] |Sm < = | = |5
= A v N il S A
I k| g <9 ny 0 oo @
R g 1 | KHE] oo ki k9 ny Ko
= ol K ™~ NERERER
R mlmma & (S| & R R S
orl | 2|2 oo &Y iz BYop &Y




2|23 7fEal /™ Al LS

High
' Very rare but Eliminate

high scenarios by
Consequence inherent+

=i design
§ measures
]

=]

o

Q

N

=

]

o

Negligible

N events Operational
Low Transient

High

Low Probability _—

N



o Xt e JHE

- Defense in Depths

- Diversity and Redundancy
- Inherent Safety Features

- Automatic Actuation

- Response Procedures

— prevention — protection — mitigation — evacuation

Background Assumptions for Safety Design Concepts

Errors in design
Equipment occasionally fails
People make mistakes

A8y = ok .......

SWISS CHEESE FAILURE MODEL

Safe traffic

Lining up risks Safe conditions
Safe road vehicle

Driver conditions
awareness

High-volume
traffic

tread

Raining

Hands-free phone
conversation
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T

- EDG A, EDG B, AAC

\J

- SIS, Ex-Vessel Cooling, Containment Cooling

- OE Y=Y

- AOP, EOP, SAMG

® Swiss Cheesel| CHEXM Q| Atd|= Ct= 810 MH|9| sA| AIj

- L& AH|9] common mode failure (18 @FE JtHs)
- X[ &, AALH0], EfEar €2 XSRS
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® Accident Resilience (A1 $|=2)S ALDB2|0f el @ - =2 Xpel (I, BX) 27 AL 27 Y §

« 0f) EDG 1% Al & AIZICH| e = AE7F A @G Al S += by M_7f =
« Add-on 7|22 = DIDE &2 3 4= @l= Backbone System (CCWS, Power Distribution Line)0j| &8




Concept of System Resilience

4 Functions for Resilience
Responding
Monitoring

Learning

Anticipating

To be resilient, a system must respond
quickly, monitor the sitiation, learn
from experience and have a capability
to anticipate what to happen

6 Attributes of Resiliance Functions

Input(I), Output(O), Precondition(P),
Resource(R), Control(C), and
Time(T)

Plans,

( procedures

' — Fir;sjpr)n
-’
External, \\ ,/
interna —
devaapments >/
———
- S B \
—__ 100ls, materia
staff

(source: E. Hollnagel and Y. Fujita, “The Fukushima Disaster — Systematic Failures
As the Lack of Resilience)
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More specifically, resilience in
nuclear safety is the ability to
recover the function to the level
necessary to maintaine the pre-
determined safety or risk
conditions

-Redundancy
-Diversity
-Restorableness : accessibility,

repair time, teamwork efficiency

(mitigation)0f| A =

A[I|S2 2|5 80| I8

Resilience: Extension of Defence-in-Depth

» Response to & Recover from the accident

* Preparation for the accident considering all phases
(prevention, mitigation, response , recovery)

Defence-in-Depth

Equipment & procedures
to maintain effectiveness
of safety barriers

Level 2
Control of abnormal
event

Time
S
-~
Crisi
m/? Acceptable level
w7 .
Level 1 < = to resume operation
equilibrium < A
I I N . I . |
e ——

(new) equilibrium

Level 3
Control of accidents
within design basis

Level 4
Control of severe plant
conditions

Response

Difference in “resilience”
— F N F B

Level 5
Mitigation of
radiological consequenceg

\

y

Acceptable level for
regional continuity

Accident Level

(source: H. Miyano, et al, “Development of Resilience Evaluation Method for Nuclear Power Plant”, E-Jpurnal of
Advanced Maintenance Vol.8 No.4(2017) 57-65)
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Instrumentation, Lighting, Accessibility, Status identification
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Overview of the New Regulatory Standards

2 826~870 MWe)
Mo

Conventional regulatory standards New regulatory standards (enforced in 2013.7)

Design bases have been enhanced to prevent severe accidents and new standards have
been developed to deal with severe accidents and terrorist attacks should they ever occur.

No core damage is postulated.
(Only single failures are postulated, etc.)

- -

Severe accident measures
(operators’ voluntary efforts
: to ensure safety)

.

-

faking account of natural phenomen

( Taking account of fire protection

L_J;._J\_Jgﬁ_J...

L

eq ubisep paoueyus )

<Major requirements>

<Major action examples>

- Deploying water cannons and silt fencesj

24

-Installing specific safety facilities (s wmn a W;:l]
to deal with severe accidents Lperiod of fve

\

-Installing permanent and portable altemative low-pressure
flooding pumps to spray inside the primary containment vessel
- Installing passive autocatalytic recombiners (PARS) 22

N

Q

aking account of natural phenomené

N\
\
e

nave Deen aqded anew.

7~

Taking account of fire protection
(enhancing and reinforcing fire

RQIOQIEeCHOQI AN

N\

Taking account of ntemal

flooding (added anew ’

Reliability of power supplies

- Installing permanent and portable alternative low-pressure
flooding pumps to inject water directly into the reactor

1
- Deploying large-capacity pumps to intake cooling water (seawati

“Installing redundant and distributed power supplies |
(deploying permanent and portable altemative power E
25)

ing D )
19|

-Creating emergency response centers

N

pplies and enhan DOWE ipplie

N

(seismically qualified administration buildings)]

-Installing firebreaks 2
- Protecting seawater pumps and others in 18
anticipation of missiles due to tornadoes 7
-Installing firewalls, fire sensors, and automatic

or fixed firefighting systems

-Verifying the safety features are ensures against flooding

[ Reliability of power supplies e due to component breaches arising from earthquakes
} Performance of other equipment ‘J——‘( -Deploying portable monitoring posts
( Performance of ather eqaipment . _§. ..k o= — |_-Diversifying communication equipment
(Ea R T L Hoak e | [ _Installing flood barriers to prevent E‘
o R R e N D SRRt | | & | tsunami entering the site




Measures against Fires

K

o

Construction of firebreaks
(example)

5\\

(A i -

To prevent foest fires from spreading,
18m-wide firebreaks have been installed,

‘i Internal fire protection

.

. Installation of sprinklers

Installing firewalls to block flames

Fi

Tunnel water tank

(approx.700m?) e

Fire service water backup tank
(100m?*x6 units)

Fu

r Reinforcement M re

OSpecified safety facilities to deal with severe accidents will be installed, which are
necessary to prevent containment breaches in the
due to loss of features, including core cooling features,

collision, etc.

~ OAs specified safety facilities to deal with severe accidents, a permanent emergency

"~ control rooms, pumps and power supplied required for core cooling, and others will be

\\ installed in a dedicated building

event significant core damage occurs
as a result of an intentional aircraft

>

specified safety facilities to
deal with severe accidents

Primary containment

Building dedicated to

vessel

Water

Building dedicated to specified safety

ecified Safety Facilities to Deal with Severe Accidents)

Filtered venting
system

To

Pa ‘culate' containment
0 | spray

filter | G
1
e Stack I [
a five-year grace pe 1 |
With a five-year grace period] AR
Air-cooled heat exchanger = :
3 |
+4 [B
lodinej :
. | fitec. ). . - Cooling
Alternative steam - containment
generator feedwater pump atmosphere
> To steam
—0 Spent fuel pit generator
makeup pump
» To spent fuel pit
SOUfOéEH_ Alternative containment
spray pump 0
O —» Tocore
Alternative core flooding pump
Emergency ;
P S Power supplies
e e e S i SR L MBS )

facilities to deal with severe accidents
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Hurricane Florence No Match for
Nuclear Energy’s Resilience

@ NEWS RESILIENCY CHRIS CHARLES September 20, 2018

® Nuclear power plants are among the most robust in the U.S. civilian infrastructure
e These critical national assets help bring back power quickly to storm-ravaged communities

e All the reactors weathered the hurricane with no damage or safety issues

(source: NEI website)



