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Immediate Plant or H .
Memorized Action Damage 'ss'ul'fii’:i';mgrgi" Damage Screening o Assumptlon . Internal Events HEP
Action Location State Assessment? HEP o . .
Yes N/A
X 50r0.5,
whichever is . g . . .
Bin34 | TimeMarginz2min __ wa lower" = @ If the definition of the HFE (e.g., timing) is
Yes IEPRAHEP 3 substantially changed by the external
Time Margin 210min | . . . .
Bin1_ I [vo  x2 a event context, then using a multiplier is
| Time Margin <10min HEP = 1.0 6 . .
Control
Room Yes IEPRA HEP 6 Inapproprlate
Time Margin =230min
Feasible Bin 2 | LNo X5 7
Operator | Time Margin <30min HEP =1.0 8
Action Yes X5 9
Time Margin 230min
Bin 3 | No X 30* 10
| Time Margin <30min HEP = 1.0 11
Yes X 30* 12
Time Margin =230min
No Bin 4 | LNo HEP = 1.0 13
| Time Margin <30min HEP = 1.0 14
Yes IEPRA HEP 15
Time Margin 230min
Bin 1 | No X2 16
| Time Margin <30min HEP = 1.0 17
Ex
Control Yes IEPRA HEP 18
Room Time Margin 260min
Bin 2 | | No X 10 19
| Time Margin <60min HEP =1.0 20
Yes xX10* 21
Time Margin 260min I
Bin 3 | | .No X 50° 22
| Time Margin <60min HEP = 1.0 23
Bin 4 HEP =1.0 24
* Note: For high damage states (e.g., Bin 4)the uncertaintige dominate, so for screening the HEP should be capped at 0.01, even if
application of the multiplier provides a Iowelalue
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Advanced Seismic HRA Procedure [Rev.3]
1. INTRODUCTION
1. Basic Method to Use

The advanced seismic HRA method of EPRI 3002008093, entitied "An Approach to HRA
for External Events with a Focus on Seismic,” is used as the basic method herein.

2. Definition of Seismic Damage State

Atotal of four damage states are defined as shown in the following table (Table 4-2 of
EPRI 3002008093) based on the extent of damage to safety-related and non-safety
related SSCs.

Table 4-2
Damage state definitions for screening

: ‘ S —

1 No damage to the plant safety-related SSCs or non-safety SSCs required for
operation. Limited damage to non-safety, non-seismic designed SSCs like
| residences and office buildings.

2 No expected damage to the plant safety-related SSCs or to rugged industrial
type non-safety SSCs required for operation. Damage may be expected to non-
safety SSCs not important to plant cperations and to the switchyard (e.g

LOOP Some falling of ceiling panels.

expected 1o safety related SSCs.
Significant number of vibration trips and alarms requiring resetting

4 Substantial damage to safety related and non-safety SSCs. This is particularly
applicable 10 external events susceptible 10 a clff-edge effect

[
I
\‘ 3 Widespread damage to non-safety related SSCs and/or some damage

The table shown below is given as an example of damage state definition in EPRI
3002008093 (Table 4-4). This example can be actually applied in conducting an
advanced seismic HRA for Korean NPPs, and note the following:

1) SSE is used as the boundary between Bin 1 and Bin 2.
2) The 25% percentile probability of failure of turbine building, offsite power or instrument
air system is used as the boundary between Bin 2 and Bin 3.

1

September 27, 2018

3) The 26® percentile probability of failure of the most fragile Seismic Category |
structure is used as the boundary between Bin 3 and Bin 4

Tabloe 4-4
Example mapping of plant-specific ground motion bins to generic damage state definitions
EPRI
Bin # Damage State Description Plant Hazard Level Plant Specific Criteria Used
No expected damage to
1 safety and non-safety Up to Plant SSE Plant SSE
related SSCs
No expected damage to
safety-related SSCs or to 0.25 g is 25" percentile probability
rugged industrial type non- of failure of the turbine buiiding
2 safety SSCs. Damage may SSE-025 Loss of instrument air and LOOP
be expected to unimportant likely, but otherwise few failures
non-safety SSCs and to expected
| switchyard |
Start to experience significant
damage 1o Seismic Cat Il
Widespread dam: structures and failures of water
e:c:ec!e‘: to nm_s:;:“ ::n;;?pag: (u:: storage u'nks
| vaiues range from
3 related SSCs and/or some 025-05 04-06)

damage expected to safety
related SSCs. Lots of alarms
and vibration trips. | 0.5 g is the 25" percentile
probability of the most fragile
Seismic Cat | structure

Substantial damage 10
4 salety related and non- >05
safety related SSCs

As indicated in EPR! 3002008093, some plants may have unique issues such that the
hazard bins do not align well with the genenc damage states, or the defined damage
states are too coarse for screening andfor detailed analysis. In those cases, the plant
may choose to develop their own plant-specific damage state bins.

Another thing to note here is that it Wil be necessary to make mapping of plant-specific
ground motion bins (if already defined in an existing seismic PSA) to the generic
damage slate definitions in terms of damage to safety related and non-safety related
SSCs as described above. An example mapping is given in Table 4-3 of EPRI
3002008093 where eight plant-specific ground motion bins are mapped to the generic
damage state definitions consisting of 4 bins.
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Pipe Break Frequency, per ROY-ft.

8.00E-07 1

7.00E-07 4

6.00E-07 4

5.00E-07 4

4.00E-07 4

3.00E-07 4

2.00E-07 4

1.00E-07 4

0.00E+00 4

8.74E-07(100%)

4.58E-07 (68%)

1.28E-07 (19%)

100-2.000

33333
3223 5.62E-02 (8%)
- 3.37E-08 (5%)
>4 333333
500-1.000 1.000-1.500 1.500-2.000

Leak Rate Range (gpm)
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% MACSTHRA : L2 AIA, 1MW o| S &H
> NEI 16-06(Crediting FLEX in RIDM)1} S

M

HFX{ %

X} (CBDTM + THERP)

Azoz My}

r.?l 2

HEP Summary
Pcog Pexe Total HEP Error Factor
Method CBDTM THERP CBDTM+THERP
Without Recovery 6.00E-03 8.33E-02
with Recovery 3.00E-04 2.12E-03 2.42E-03 5
Task Error Type | BHEP | EF Source mean ‘c‘lte'::ls Multi | Dep. CHEP
1. 22 121014 MMDG BRA] ZHIX|Al Cognition | 6.00-03 | - CBDTM P.e 6.00E-03 - 6.00E-03 | N/A 6.00E-03
EOM 1.00€-03 | 3.0 20-7b (1) 4.17E-04
ols 2 HjX 5 g
2. MMDG 0|5 2 BiX| e oy 30-13 () s ] 8.33€-03 | N/A 8.33E-03
EOM 3.006-03 | 3.0 20-7b (2) 1.25€-03
7] =%t g 0 M ) =2 X %
3. Xpgh7| =% 9 Hlojg &2 tOC 500603 | 30 2012 13) ] 3756-03 H 2.50E-02 | ZD 2.50E-02
EOM 3.00e-03 | 3.0 20-7b (2) 1.25E-03
3 sy H 75E- 75E-
S Npa 718, 5 X EOC 5.00€-03 | 3.0 20-12 (11) 6.25E-03 A2 10 skl
EOM 3.00E-03 | 3.0 20-7b (2) 1.25E-03
s e e =l H 1.25E- 1.25E-
5. MCR 2l MMDG el 2 e oy T 2011 (1) T 256-02 | ZD 25E-02
Total (w/o Recovery) 8.93E-02
Task Recovery | EF Source mean SI:’E;S Multi | Dep. | CHEP Final
1. 22 12101 MMDG BHXI ZHIX|AJ0fl CHSE 3] % 3= K] 5.00E-02 EPRI TR-100259 | 5.00E-02 - 5.00E-02 | ZD | 5.00E-02 | 3.00E-04
2. MMDG 0I5 % BRXIOf CHSF SIS A UoCE Wrea BN SNTNeAS SPOEWSNS ®| 125E-02] - | 1.256-02| ZD | 1.256-02 | 1.04E-04
3. Xpch2| == ol #Hlolg 20 CHet 31 =X W% e &5 R ANa 440 wn Suw g v | 1.28E-02 - 1.256-02 | LD | 6.19€-02 | 1.55€-03
4. MMDG 715 ¥ S3tAZ0] it 315 =X] B R A 06 P A S e ] 25E-02 : 1.25E-02 | ZD | 1.25E-02 | 4.69E-04
Total (w/ Recovery) 2.42E-03
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< CDF &Hd =9 At 49

No.| CDF |7]d=% IE EVENT 1 EVENT 2 MACST X 24 9 T QMACSTAdH| HALA/X|E M
1 |3.21E-07 | 12.8% | %ITLOCCW VEOPHRMCLNG ESINCRY HAM A H| & AH-3633

2 | 1.85E-07| 7.4% | %ILOOP EGDGK3T-1A1B1E NR-AC15HR SBO MACST 2f - EOG-09(SBO)

3 | 145E-07| 5.8% | %ILOOP EGDGW3T-1A1B1E NR-AC7HR SBO MACST 2f - EOG-09(SBO)

4 |121E-07 | 49% | %IML-1A HSOPHHLCLR MACST F2F X - -

5 | 6.09E-08 | 2.4% | %ITLOCCW RCPSEAL_2S ES TPy Dot o|ESEHT H| & AF-3633

6 | 5.00E-08| 2.0% | %ISGTR-SG1 | CWCUK4Q-1A2A1B2B MACST F2F X - -

7 | 3.44E-08| 1.4% %IRVR MACST F2F X - -

8 |322E-08| 1.3% | %IGTRN MTC RPRDFCEA120F28 MACST F2F X - -

9 |287E-08| 1.1% | %ISGTR-SG1 MXOPHRWT RCOPHPCON ESINCPY olEHET 3| 2-04, MOG-01
10 | 2.66E-08 | 1.1% %ISL CSMPW2D-CSMP ES TPy NQTO|ESHIT | H|AH02, MOG-12
11 | 2.59E-08 | 1.0% %ISL HCCQK2D-HPPAB MACST F2F X - -

12 | 2.59E-08 | 1.0% %ISL HCCQK2D-CSPAB ESINCRY NQTO|ESHIT | H|AH02, MOG-12
13 | 2.22E-08| 0.9% | %ISGTR-SG1 FSXRWX123452 MACST F2F X - -

14 | 2.18E-08 | 0.9% %ISL CCMVW2D-1412 ESINCPY NOTO|ESHIT | H|AH02, MOG-12
15 | 2.03E-08 | 0.8% | %ILOOP EGDGK3T-1A1B1E SDOPHLATE SBO MACST X 2¢ - EOG-09(SBO)

16 | 1.91E-08 | 0.8% | %ILODCA ELXMYTRO1B MACST F2F X CES - -

17 | 1.67E-08 | 0.7% | %ISGTR-SG1 HSSVT0659A HSSVT0660B MACST F2F X Epy - -

18 | 1.67E-08 | 0.7% %ISL CSMVW2D-00356 MACST F2F X - -

19 | 1.51E-08 | 0.6% | %ILOOP EGDGMO1E EGDGRO1A SBO MACST T 2f - EOG-09(SBO)

20 | 1.45E-08| 0.6% | %IGTRN AFCVW2D-10489 MFOPHSUFWP MACST F2F X - -

21 | 1.396-08| 0.6% | %ILOOP EGDGRO1A EGDGRO1B SBO MACST X 2f EOG-09(SBO)
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units:

BIS 2/1 Note that the m es of ZR-91, NB-93, TC-99 and
@1 are listed here as input but thi are not used by the code. That
is, they are not included in any of the 12 fission product groups (see
below). These four fission products are in the list because it had been
the fission product models would have been expanded
to include them. Because they are not used it is not necessary to include
values for these masses. Also, the isotope of NB had been listed as 189
instead of 93 in the original versions of the MAAPA PWR sample parameter
* files. This s a typographical error.

Parameter (i) defines the ith initial core fission mass as:

Mass of XE AS XE-131 .
Mass of KR AS KR-84
Mass of I AS I-131
Mass of RB AS RB-26
€S AS C5-133
SR SR-88
BA BA-138
Y AS Y-89

Mass of »

Mass of

Mass of AS RU-181
S5B-122
TE-128
CE-148

Rese future use
future use
future use

£
s {
1
b ¢
p L
2
2
2
2

e
1)
2
3
5

)
3
3

* Fission product masses defined in parameter array IN() are treated
separately when in the re or the debris. The masses are then lumped
into the following M/ fission product groups when released:

GROUP

ouUP

GROUP

CRUUr

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

GROUP

s GROUP
** The initial masses of specific fission products requested for parameters

** MFPIN(1) through MFPIN(25) are used to calculate the total number of moles

VAPOR (V): Nobles (Xe + Kr)

AEROSOL All non-radioactive inert aerosols
v €SI + RbI

1eve

sro

Mo02

CsOH + RbOH

o

CRL I AR

~

+ Sm203 + Y203

C S

e
RE o
c<cccccc <<

+ NpO2 + PUO2

2018 AXIFeR| FHSEUHR] A3S

A2 AEMN ME 2|23 "o}

MAAP52| Cs-137 2 &5 =&

S Hgs

_22_

ICHN

1
o2t
Of

KOREA R@RO
NUCLEAR POWER CO., LTD



I 2018 AXI=SID| ZHSEY Y&

3.5 AL E2|AIEM PSA Mg 2l23 Tt

% Cs-137 W7} ZEMA
> STC & & AlLt2| M (0], STC 12| Bl =7} 6.91E-09/1A)

e P, el e e o o e o e A 30000 T—— T T T T
(4) oo avp | a0 [reou|  pou( HE;;P;Z’HJ;D;[ sl |5 | 56 knm‘ hecckvsed pecm o 1o =
ScTR| BT | sis [asct ;::i :’::1 1;; scsi | soc | &F r\:ﬂs:h: 0 F; L':: csle%sm: !’"*“-‘-- TS KT ImD ER\"L‘ s |oR 8- ”””””””””””””””””””””””””””””””””””””” .
p— 2737378 |
c 1
S ‘
£ :
& :
2 20000 L
2 :
0 —— Cs-137 [TBq
= 150001 -
§o)
[0}
(7))
@ |
208 9 3
%3 m{m & 10000— i ]
= m _B‘ |
2 5000 3
210 "5 ] i ]
M;Eﬂl < 3
JFW'RSC' pat 9 :
B2BEDL ko] 72hri
Les ) F vr—=
Lo ' 0 10 20 30 40 50 60 70 80
Time [hr]
Cs-137 released from Cont. to Env.(TBq)
STC 1 (at 24hr, 72hr)

MAAPS Bh=2Fm 7 Zaf, Cs-137 HhE2k0| 27,373 TBqO 2 100 TBqS X1}stE 2
6.91E-09/yr Z}2 BHALSE,

KOREA HYDRO
NUCLEAR POWER C(? LTD

2o ICHIND




=._
oF
m —_
Ljo
m |
B =
= T =
KF - ...._«.A.vo
ol ] | [N
) N o
Ar gu| B
= o T
oF) < | _
o 2l1E|]5
S AR ES
=l ] I
{oi HO
K ujo @)
R &G
= K RT
K| < | K
&+ Lo <
ol | B
~ ol
1]
m_m W oj
R
fo R
7)) o oK |
@ g 0| K
a +| B | 20
m nH o |
ofl Z& |
ud A MO
. ™
<

= MK PSA &

4

ZEE 0%

194 Y g 7|

=]
T

=5 9HE0]

X

g

S

NUCLEAR POWER CO., LTD

KOREA HYDRO

ICHN

_24_



HI:

Ly S

+




