(A BT PN S D BT P P

KINS KOREA INSTITUTE OF NUCLEAR SAFETY Independence




Y,

Contents
ME

2 HT(APR-1400) HRA 15| sig

7S #7 HRA 115 ¢izt

ArDEE| A
QPRI ALALK| | M (2H) 7L 3

!
T




T,




A-I E P a=aseay

h KINS KOREA INSTITUTE OF NUCLEAR SAFETY

¢KINS OPIS(Operational Performance Information System
for nuclear power plants)®ll K= 197812 E 20163 M|
ST L] RITHO| F 7212 ALY F 130.M2] A1 g1p1o] !

Ry 212 (24 18%)2.

ol T g Ol = 2 T ARZA

<F 20
T
- 1
A% 20 1 1
30 afl

——OIF ML —— AR
a3 Zu AHe| ol 1 HY a3 F AHe| A=Y My A

£ X : KINS OPIS




KINS KOREA INSTITUTE OF NUCLEAR SAFETY

P o= anE e e e

M
s

— ES
T OV
) 22¢
O )
= o
EEE
o | 253
o BB
|_ML =c 8
o >
T
MHJ
[l
o
—
>
il ol = 20
r F 2
o ke ol ol
IH ol yp Gl
3 T <
- 9 <
- T o, &
= T
D o Ol
ol Kl =y Kl
_ { oK
r pl ol &
_mﬁ . ol
Sodl oA A
M g
m <

Tt 2O

=24(Human Reliability

LH

(7))

QL
572
.meum

S c©
=- 26
S3cly

o
STES| W
To o6 Mo

=
od
—
ol 3l
i ST =
< ._W ol p
I o I F
r ol ...UI <l
IE -5 #° ﬂ..l ol
of o & ®F
A
o Mo...n.v o
of I H B
< T ° H [
e < gom ¥
T IH X e O
-~ I < of m
g Tk
A N .
q __._.L
c Fl
< 7




KINS KOREA INSTITUTE OF NUCLEAR SAFETY

*
@
™
T
o
T
R
&
1
B
m

5l
To
<t
of
[

IH

ORI Rl F IR

OK
CD

Success
Fail

Success
Fail




A-I % ] = A aNIIed

KINS KOREA INSTITUTE OF NUCLEAR SAFETY

«1980LCH O|F I MIHAI O = 70017121 HRA HEI=O| M21E|Q2
204, 100121 HRA HEIE=0| 217 PSAC| AISEINE.
> 197044CH9} 19801ALH 742 E 1M HRA HES 2Helo| &
% X120 o Bl BEE £ L.

=
> 1M|CH HRA 2 20| 17k QIX| X E4

(=] b~ b~ . (=]
d= HtgolX| Xol= =
i O] =~ H HF
i Mst7] $lsl 2MIC HRA 25 2 0] 71 = E.
1st Generation HRA ' 2nd Generation HRA
1983 1984 1986 1987 : 19907 1998 1905 2000
1
THERP HCER HEART ASEP E HEMS CREAN NERMOS ATHEANA
(Swam) (Hammamen) {(Wilsarms | (Swwvam) ! (Krwmn)  (Hollangel) (EdE) (USNRO)
1
SHARP ! SPAR-H
(EPRI) (USNRO)
ST I ¥ Black color: 1= G. HREA method
{(Embrey) Blue color: Z2ud . HEA method

13, HRA W 2

-7-



M2

Kori 1
Kori 2
Kori 3,4
Hanbit 1,2

Hanbit 3,4

Hanbit 5,6

Hanul 1,2
Hanul 3,4
Hanul 5,6
Wolsong 1
Wolsong 2,3,4
Shin-kori 1,2
Shin-wolsong 1,2
Shin-kori 3,4
Shin-hanul 1,2

Shin-kori 5,6

WH 2-loop

WH 2-loop
WH 3-loop
WH 3-loop

CE

KSNP

Framatom 3-loop
KSNP
KSNP

CANDU 6
CANDU 6

OPR1000
OPR1000

APR1400

APR1400
APR1400

Full Power(FP) Lv 1,2

FPLv 1,2

FP Lv 1,2
LPSD Lv 1

FP Lv 1,2

FPLv 1,2
LPSD Lv 1

FP Lv 1,2 + Low Power/Shut Down(LPSD) Lv
1 Internal

FPLv 1,2
FP Lv 1,2
FP Lv 1,2 + LPSD Lv 1 Internal
FPLv 1,2
FP Lv 1,2

FP Lv 1,2 + LPSD Lv 1 Internal
FP Lv 1,2 + LPSD Lv 1 Internal

FPLv 1,2,3 + LPSD Lv 1

FPLv 1,2,3 + LPSD Lv 1
FP Lv 1,2

ASEP/THERP
ASEP/THERP
K-HRA
HCR/THERP
K-HRA
ASEP
ASEP
ASEP
ASEP
ASEP
ASEP
THERP
ASEP

ASEP/THERP

ASEP/THERP
ASEP/THERP

P =2 anEerdyed

KINS KOREA INSTITUTE OF NUCLEAR SAFETY

PSA Scope Applied
m (Internal & External Events) HRA Method Completion date

'07.05

'07.06
15.12(Under Review)
'03.12

"15.12(Under Review)

‘05.12

‘05.12
'04.12
'06.06
'07.12
'06.12

10.12
10.12

13.01

"15.12(Under Review)
"15.01 (for CP)



S UA Mz[E= b x[24129] KINS

II. AAM 21X (APR-1400)
HRA 1 X| o1zl



SR ARF I =

KINS KOREA INSTITUTE OF NUCLEAR SAFETY

oiz}
—_— O

3
§=
;
Loy
=)
g
i
24
o
<

M| O1A| A0

= Al

CIR]

—
—

%30

1 APR-1400 =

AN
| RITRE

1

4T

I

AN [

'FEAM, ATERNO1T], LDP

AN
e

(

il
ol
L

b

1}
Il

of]
H

~|&), NUREG/CR-6635

— NUREG/CR-6634 (D22 EAtA{Of 242k 21t

PINFSIRER|E) NUREG/CR-6684(FIMIEH BEAIAR) T

rTF 0171

e

(AZE Moo
o] HLIAMCIM

=1F
AL

I, NUREG-O71121

oL

Aevarnced MVCR
i =




4 21X (APR-1400) HRA 11X| it Fm eI

KINS KOREA INSTITUTE OF NUCLEAR SAFETY

« APR-1400% #471°] 1% 0 = TI[0[7| [0 SHARP2 =41
MHIE A 8911201, THERPE A 89101 21N |E &L
> EARO| KIZ o3 RIATIOIT I8 SHARPR| EAIN KA
ALEEL.

» THERP2 TEEZ A1 By &< EI/IFHOE S0
= |

i

poa
T s e e
AF XRIE Lol § = TIE=0 AZYt}
E" o —|-|-°“ I:Hl_ _9_11' === —-=00O.
o - Recovery failure
Error Probability \_> Probability that X PSF from X rohab}liw by
from THERP table unit action fails THERP table . .
) experts and table
Step 1 Step 2 Ei}?ei VES Step3
it et R : ; Recovery fail
Definition Screening equited) Breakdown Error Probability \_> Probability that x PSF from X ;:3;:::]]: :‘1;9
from THERP table unit action fails THERP table o
SepT experts and table Human
Lol NO
Documentation ) Error
1ES Probability
Further Qo =
Stlep b . Al Evaluation otep A— Step ‘
Quantification equined) Tmpact Assessment Representation
Error Probability = Probability that X PSF from X R‘f";";’i’ﬁft’:'l:‘“
from THERP table wnit action fails THERP table Lo
2l SHARP &AM HX} ‘ ‘ experts and table

1 12 THERP 24 X%t




rarg TR AR T

KINS KOREA INSTITUTE OF NUCLEAR SAFETY

oiz}
—_— O

3
§=
;
Loy
=)
g
i
24
o
<

>

—

L

'
Funcuional Requirements

Emergency re and
Guigelnes

Andiysis and
Function Allocation
I

h

v

Training Program

Procedure

Peromante Shaping Factrs

HSi$ 10 Review

HSI

Design

EIWE i b oo

Help Priontze Cormectve chons

4 A4
o

AN |
-

ol
LA
Fl

ATENOT] A1 2

>

=
TT

* {202] 34X 7 PSACIME ©O1F R 2

rgoy| =

E
o

CIRIE MCR2I &1

>

* {I202] 3427 PSAQINME MEER &%

of

K

s

ol

(ISV)

Klo
al

<l

L |

T

=0
| ==

°fA12] Insight™ PSA

off ErSEIN| 242,



P SR YR o &Y
ISTITUTE OF NUCLEAR SAFETY

KINS KOREA INSTIT

oiz}
—_— O

3
§=
;
Loy
=)
g
i
24
o
<

H=2]

==
o

o M1T12] 5,67 21917 AL Al PSAS] BF 2 AZAM2| EIR|E MCR HRA

oll
E._
rl
of
kil

Kl

i1 2% Database?l E|*|E MCR HRA %88

—_"1

OIR

» THERPOIM M=#°I=

- THERPOIM MIFOH= 2% 25 Hj|o|=
- THERPOIM MFOI= FE'QF

ATE NO{T] ALE

T

Ll

VAN
L—

>

39M ATE MO AL

il
o

—
oy

*

3°l EIR| 2s2 8= E|ATT]

Hrod
—_

2, &M PSACIME=E

2 HI2] THRO AL-8-OIT|

CkF A
o

Optimistic® | &

Rt BT £ X|(Multiplier)

E A1
=50

H
UO

/\
T

>

.UO

At

o]

'II'K

p]

oIxfo| Cf

AO
P15 E2&(Poor HSI T)oll &5 =H-8-°1 I5CI+I,

o

§% O|FNDE

=
[ S

T2 &X°l HRA 2119

PSA Z0|IA]



KINS KOREA INSTITUTE OF NUCLEAR SAFETY

P o= anE e e e

oiz}
—_— O

3
§=
;
ol
=)
g
i
24
o
<

A E0t0] EIR|E

Y2 1227 21017 &AL Al HISTETIT &S] ot

prp!
MCR HRA

AA
o

-
=

raN fas

ATENOT 2] HE %7t Al AMEE HURECA TEEC]

>

|

AL S I

AN

= CIX|E2 MCR2 &8 &M EB((AZE N°fT|,

0, &M 219179 AR EEZ 8.

=4
==

=1
(o]

- HURECA

FQ_A I"O'ol'(zﬂ I‘

Al &IT02] 5,677 PSA &5/ =2

I

HI°IE

%

« APR 1400

A

o]

2 12T 7] Level 1PSA2] 781 &°] PSA &A1 21789 Lt

| -

* AT
—_

-14-



S UA Mz[E= b x[24129] KINS

1. 7}= UM HRA 7H| 518




7H5 2 HRA 78| 9%

o o e
« 8| 347, PP 34T FTMR MR I QIRIEA PSAT MIZTIR
OBy, PN AIAL TN RO KoY F)
£o4017] 2% KAERI®IA et K-HRA

[e] = =.
> BRI FENYE XATION] 2% THEEII 2 0, THERP/ASEP HRA =&
of e,
> SMART PSAC%IE 82 TO| NOLL TF Mo = BT AT 812,
= 9= =01 = Al 25,
ggﬁ,‘:‘;’ - TSIOI R AIS |— s
= oo Al 2F
" =maimes, \
pem- MMI (3 =/2050).
Factor I m_gaj?:g:as Sum(S= 5 =t =1 Al 25)
eugézé—g
esme=me, )
MMI (A5 X1HH =2). | ==z
= e = ——
Dl N L. - i
TR A=, )
A =gy A T
== < e%&aﬂsa’
DR/ A=

NG
Dbi= 3 ZH=s/Wpel ==,
MMI (feedback)

38 K-HRA EMH[A|
-16-




P SR YR o &Y
ISTITUTE OF NUCLEAR SAFETY

KINS KOREA INSTIT

!

joi0

k 7F=21™ HRA 7-H|

2) SMIELA] Z1H] =™M(Cll: B BRI,

2) 4878 £ E(THERPLI2I Ao|®)

ml
| -

181 7XR| Al

A1 AJ2) TPYALY

e Infernational HRA Empirical Study®liM === K-HRAS] &%

=
—

> T8R|/MEE HRA

XFr or
LS

=4

o|7go|ny, o] ¥ £ = Empirical Study?l 2T HCHNUREG-2156)& 82! K-

-17-



at bl

S UA Mz[E= b x[24129] KINS

IV. At e A =] A

QFFE A ALK (2N W2

| N—




= b & b

o & o 3 o

1 o L W

: ~ W < 5l .

mm ME ﬂ.l < MI m=._

oq °- 1] 5 m_ﬂ

i E W oW

ol J o B

3 & 1 T

b - ol %o M

o i 5 LU

o o 1° -l

n° = I . ol

iy M &l

H Ir T m_

H IH ..EI i 5 <0

W ool ) 4P

R 5°

e o TR

o & o g 1l 5

5 ol ®° 5] T F

o g < W rl oz

oll ] fo JI Mk

J KD F =) of of

W e = o il

ol < [ = Tl ol

UF 51 &r M.M_ = =

of B o M

WaEy RPaog
o = m -

go 51 ool ol M

AR

w o d oo Moy

O mm i o of mw o]

o _ = =

M o B F w0 5 5

L m_,E_wm £ g_m.,ON

3 D Bl K & K
O oo T °

® < __..___._ mﬁ ® — 2

F

al
x

ORI INLI L

By B
£|3, EA10| MRl mA|

O] HIGE A%l EHCIME 2 Ti=

MIA[O[O1OF 2IEL,

= 7220 EZEO010ft

=o| HI=T

of gret,

D= AL YOl Sl
off mxpp 4

=

[=§|



AFTLEEE| A EI M QFE AARX|RI(QF) 7HEt 3%t s

KINS KOREA INSTITUTE OF NUCLEAR SAFETY

o AR |HIEA BEINMISIO K2t AITDEE|HIZA] QHMAAIR|E(PSA 200 O]
010

e HRA E°F &AINE THEA| 238 ASME PRA Standard, NUREG-1792(Good

Practice for Implementing Human Reliability), &AI'8&(RAIs)T] 182 &
EoI° Li8-2 I8 T

2 HF U TIAA] D A|EE|0|E] A B
2 AI8O1O] N ED! Q1B QEf A0
ECIRER| "eIpry,

Ehﬂ_i_lqé Ar_g_tr -g_cl)_' Eg—nu_l EI'IZOI'A-|
QIDICE, O mf PHM=IET HIF XL 7O 6%

LEEE|R| QJQH=R| YoIPIT|

=l I:I1'~"I1 EE.’.& I8 A
|°1E), L8 ELEEM 21 T2

8101 YNZAS RYOIN=R| Lo to]

PP G 1B T AEE

_:- =/\'|_|IH-|( O EE

Foll HITIN=R| "elgct
TP B EANMO| TN SEN

7(-||=| r -|7Htr7(| y_rowrl:l:L
NBE FY ARl &

rgsgoll Thol 752 )
Ml 28N mEl
7, =a10] MY
' syl |
| ESEL

e
to
|||
i

ko o
o

[2 T
e >
lie T

p.|
L
[

f

|:||'_
)

HL
1]/}

2o |'>| |'J

3 e

>l>l
Ik
e
P
J1°
< Iie
noa
|r§
o—
]o
d

o]

[
r
[

o3
L
32
[

fl

I

I

|.

r

:

r

(5 12 o o)
i

J

n J 07
Ran
i e

7
I
I
n
:
d

2
I
0

20

lle o
I [l
°2
a
A

52
3

I

ﬂl!dﬂﬂil’ffﬁﬁjoioi-lﬂlr

o2 Ip

- *OIM I MO 222 ME|EXLZ0f|A CHED QUS.



T,




KINS KOREA INSTITUTE OF NUCLEAR SAFETY

=
&
N
&
&
fir
4
s
L
B

MO
o =
= r
o_.v i
i ol
W__ <t
<
g
ME = r
I of X L
3 ul #®l ol
3o Kl i M| nw
1l E..I. W_E ¢t T
= o ® # 4
a Tl 1y
o Wk 2 I
T ©f m(b_m oK ol H
o o Ke 1l
R
o _ L o To ~— K
27 W oo & 5 ¢ =
b o = <| I M
ol < B 4 o5 L H oo
Al = M1 = o mu ﬁ_ &
Bl E oz % B ool o T
o u & wr o _n__vm m*m
A AHI _.u"n._ 2 b _o___” o T
rFJ A_+ __| <+ LR

: 21T PSA)

! Ejlo|={(of

4

F

AT HRA




KINS KOREA INSTITUTE OF NUCLEAR SAFETY

=
&
N
&
&
fir
4
s
L
B

IH

L.
il U I
H_OO|_ _Al
51 ol >

Kl o
_Eo__ B
o_... ol
Eom z
- £ i i

ud ol
__n__r___m____.u.A"___
Y 5 o
w > M
I < o F
T e

= 2 F
E-_HA ol
_._._A:
ul ool Y
Wm:mo_
I T
r b & ©
T...n...lﬂ

6

Moy % il
S B = =
5 Ul < o
<< A o =
g Fl g
= = 1° [
oo & &
F Wy
Bl M F o
®

TIE(HRA

=
[ =

-

O OF L, 21

| B

19] =L HRA T

e

3O R, PSA =112
AT IO
-1

o
JERIL

NIAN

I

9 HRA 212 EX

H24 Op2io] £2Q oty

(o]

=
Society)?] 2|

Ol C

e PSA Z1I°| &'2178Z M2 21%H = HRAZI i

- HIO[E{2] 2™ X N8 e/l iR T 2
e PSAE #%°17 2ICHME

_O|



o SR AR T

mns KOREA INSTITUTE OF NUCLEAR SAFETY

Alan Swain, 1972

“There should have been many more changes had the research been done to develop more
hard data on HEPs for human tasks. That failure has been a disappointment to me....I
always said that the data tables in [THERP] were not written in stone, and | was not_ not
Moses coming down from a mountain with these tables so inscribed.”
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