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Risk Monitor

“A plant specific real-time analysis tool used to determine
the instantaneous risk based on the actual status of the
systems and components. At any given time, the Risk
Monitor reflects the current plant configuration in terms of
the known status of the various systems and/or
components — for example, whether there are any
components out of service for maintenance or tests. The
Risk Monitor model is based on, and is consistent with, the
LPSA. It is updated with the same frequency as the LPSA.
The Risk Monitor is used by the plant staff in support of
operational decisions”
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Typical Risk Monitor functions

Display plant risk for any configuration
* CDF, LERF, loss of shutdown cooling
» changes in plant risk over a period of time; cumulative risk

Display safety system availability
Calculate/ monitor Allowed Configuration Time

Input plant configuration changes/ maintenance
schedule

Storage/ retrieval/ display of historical
configuration data

Address “what i1f?” questions for changes to
plant configuration (hypothetical mode)

Carry out maintenance planning

. . ¢ AN
International Atomic Energy Agency \Q% ?/
NV



Risk (CDF)

Plant risk

Average risk (PSA)
Baseline risk (PSA)
Point-in-time risk (RM)
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Cumulative risk

Cumulative Risk

_ _ Cumulative
Cumulative risk average risk

Cumulative
baseline risk
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Risk increasing >

Operational Safety Criteria

Moderate
risk

Low
risk

103 /year (CDF)
104 /year (LERF)

A/I Intermediate value |
4/I Average risk (PSA) |

- | Baseline risk (PSA) |
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Typical usage of riskmonitor software at the NPP

1. Operators in control room

n real-time evaluation of the plant risk during the full power operation and
during the low power and shutdown operational modes

2. PSATeam (on-site)

u evaluation of the risk from special unexpected events,
u monthly, quarterly and annual risk reports, etc.
B AQOT calculations

3. Maintenance Team — Outage Risk Management

(online maintenance planning and maintenance planning during
refuelling outage)

L] preliminary evaluations of the planned maintenance schedules to
minimize high-risk configurations

= evaluation of the real maintenance schedules

- - vp’ \Q
International Atomic Energy Agency \\’\l‘%}
V5

2L



Control of Access

General user/ all plant staff
« view current/ past risk profiles/ data
 Input hypothetical plant configurations

Maintenance planner
e as above plus input/ manipulate proposed maintenance
schedules

Control room operator
« as above plus input/ edit actual plant configurations

Risk Monitor Administrator (PSA expert)
« as above plus import/ edit PSA model and databases
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Development of Risk Monitor PSA Model

Average PSA is not useable directly for a Risk
Monitor application

Typical changes required to PSA
« removal of asymmetries
* model system alignments; running/ standby trains
* review screening in LPSA

Enhancements often made to the PSA
* better common cause failure model
* revised human error probabillities

Required to verify that the Risk Monitor results are

consistent with PSA
« produces equivalent cut-sets
 results for new features are correct (to cover the CCF model,
HEPs, dynamic events, alignments not included in PSA, etc. as
appropriate)
)
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Risk Monitor Operation

* |[nputs: plant configuration information

components removed from service
system line-ups

mode of operation

environmental factors

= Qutputs: risk information

point-in-time risk (CDF/ LERF)

risk profile; cumulative risk

Allowed Configuration Time

safety function/ safety system status
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The most popular riskmonitors

,<Equipment Out Of Service software” (EOOS) — EPRI
product, currently renamed to ,Phoenix Risk Monitor® (model
format: CAFTA)

,Safety Monitor” developed by Scientech (model format
WinNupra)

,RiskSpectrum Riskwatcher” developed by Lloyd’s Register
RiskSpectrum AB (model format RiskSpectrum PSA)
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,EOOS* risk monitor

Operators in control room

L. Hodnotenie rizika operatorom pre 3.blok JE ¥2 - stav bloku ku 1242000 for EODS Model

Sibor Morby Toolz AOT  Pomochik
| a8 | 2| =

——_—
Pl i) A2 ‘yradene zariadenia - 05072003 10:59

3. 39FE-7 | |pwod_05m0752003 10:5%41  Preok BW Rozvadzac 6 ky

Plant
operational
State
. indicator
Porugenie podmienak prevadziy na 100% whkane bloku! PO SO [ Elektra J
Zvolensd konfinuracia wedie k bernrostrednémuy odstaveniy do THZ20 THGO BODY1 BODW2
Tyz0 | Tv40 | Tv60 KC1"1.5t" | KC2"1.51" Linka
| Bezpernosing cystarmy | TB20 | 1840 | THG0 KC1 2.5t | KC2 2.5t | Linka
1_podsystem 2_podsysterm 3_podsystém TF10 [ TF11 *ﬁ NN1 NNZ Linka 110
TJ20 TJ60 TE30 | TFa1 | TFa2 | TFas BA
THZ THGL Sluky BB
To20 TLED [HIFEEEEEEE N BC
TF20 TFG0 Hlavné cirkulaéng ferpadls | D] DV DVA(3)) BD
VD20 TVDG0 1213141516
1570-1 | 1526-2 3570-1 | #o70-2 strek K| YE10S01
DG-OV DG-0X YP10502 terpadla EMG
BY BX YE1050 3 112345 ED11
EV EX P11 0504 PG
EA EC YP10528 TZ2T3T4T5]6
APS APS3 YP10520
PY KO YP10527 PSK1 PSK2
TH10BD1 | TH11BD1 | TH1ZB01 [ TH13BO1 | YP10550 PSAZ

| Finizhed! |Prevadzkovy stav: POS1 |QEMT2003 | 11:00



L. Hodnotenie rizika operatorom pre 1.blok JE ¥1 for EDDS

Subaor Yaorby  Tool:  Pomochik

@|al% 8 #2u]=s

C:hvyl -12monMturan2ATURAN .CAF

Eile  Qptionz

File Dizplay “iew Flagz Help

,EOOS" risk monitor

Analysis tools, reports
=1 x]

=10l x|

PSA team

File Find Optionz Help

C:Av1-12monMturan2\20031027120634.CUT

Initiator Distribution, CO = 1.01E-4

Tt 110
el dd-a

el dd-tan
TFRE-TAHEALL -8 1) 8n
ol ddm e

ol dd-diay

Tl E=s1 1]

Tl fd=11101]

Tk Etd 1A

T THH = 1

TR THH=F 15

TLL oL DO 1]
b L OOF-e-d ]
b L OOF-f-= ]
b L OoF-e=i 1]
Th L4 ORI
TR THHE—= 14
TALTHH- 115

T THH— 1.5
TALTHH— 1 115

oL O 1y
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L1 S

B owersT
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SE rsK monitor

PSA team

hodnota CDF
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O
,EOOS" risk monitor

Maintenance team
E Hodnotenie rizika pri planovani ;lilil

Sobor  Uprawv  Zorad  Zobraz  Wolby Pomochik

Window widih |- 1307 2002 2355 27.08.2002 22:00—
44.92 Dni =] |gat 20 sS4t 27 Sat3 gat10 Sat17 |gat 24
042022 _______ ... —— [ |~ |

Standard maintenance
activities during
refuelling outage

Frelvencia 1E-2
tavenia
v

Identification of high risk
configuration

1E-3

Str.hodnota:
1.156-4  1E-4
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FNSK monitor

Maintenance team

Evaluation of the real risk profile during refuelling outage

CDF

1.00E-02 ~

train 3
1.00E-03 { == m=

Real Risk profile

1.00E-04

1.00E-05

train 1

LOOP

125497397 2145699317426533133363 8509385483

Time(hours)

CDF
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4.00E-05 A
3.00E-05
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1.00E-05

0.00E+00

Cumulative CDF during refuelling outage
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»oafety Monitor® risk monitor

Use of SM in Real or Hypothetical Mode
2 [SafetyiMonitor,3,5,02. HE8

Flant Wiew Zoom Tools  Options  Help

| EMOD0T Unit 1 User: Adminiztrator Level: Adminiztrator 08:43 pi, ¥ 11, 2007 |
Integrated Risk [from 1.7.2004] Settings
Mode/POS TPLMY_WWYKOM CDF LERF TRIP Auto data impart OFF
Time of last shutdown Mot applicable Integrated rigk, £.39E-05 0,00E +00 Debug mode OFF
Tirne to Bail Mot applicable Allowed Config. Time A7E0k: Orn Mot applicable Mot applicable
ACT enpires 19.05.2008 2251 Mot applicable Mot applicable
- High - Caution " arriing - Mormal
| Real Mode | Instantaneous Core Damage Frequency LERF TRIF
7.07E-03 100E-01
1.00E-03 1.00E-03 1.00E-02
2 50E-04
M 1.00E-03
R O0E-05
2 D0E-05 1.00E-04
2.83E-06 283 & 1/ 1.00E-05
11.02. 2007 00:00 12052007 01:00
4.32E-06 0,00E+00 0.00E+00
G [

« CDF ™ LERF ™ BOILING " TRIP 90 days wiew \
Important Operable Components Compotient A estoration Advice Yiew Change Plant Configuration Active Contingency Plan i Wiew/Change Operating History | L’«/




»oafety Monitor® risk monitor

Use of SM in Schedule Mode

Safety Monitor 3.5.02 - Schedule

Case Sort Tools PRATools Options Help

Search

Plant 1blok_EMO_10, Unit 1

Debug mode OFF

Basic event values MODIFIED

3POS10

<PBCTO1 - REZ, 1VS 00
CPBCTOZ : ZAP, 2VS 00
FBCE : FURM

<¥LBK01BC001 TVD3 : PRAC, 1LBK TK1
<HLBK02BC001 TVD2 : PRAC, 1LBK TK2
<{¥LBK02BC001 TVD3 : PRAC, 1LBK TK2
CH.CMA2AP001 - ZAP, 1LBKLCM2

[EF 4144003 - FURM
EliF41AP001 : FURM
EliF6144003 : FURM

61 |IMKZ02-QM1 AMKZ02-0M1
G2 [2POS10c 2POS10
63 [FBCA 7TBCA
G4 [FBCTO1-rez 7TBCTO1
65 [fBCTO02-zap 7BCTO2
G5 |FTBCB 7BCB
67 |3POS1c 3PS
68 |[7BCTO1 7BCTO1
69 [FPACO1APOO1 TPACO1APOOT
70 [1LACO1APOO1 ALACO1APOO1
71 _|4P0OS2Zc 4P0S2
72 |1LBKO01BC001 TVD3-prac 1LBKO1BC001 TVD3
73 |1LBKO02BC001 TVD2-prac 1LBKOZBC001 TVD2
74 |1LBK02BC001 TVD3-prac 1LBKOZ2BC001 TVD3
75 [1LCM12AP001-zap ALCM12AP001
76 [1JNF21AAQ03 1JNF21AA003
77 [1INF21APD01 1JNF21APO0A
78 [1INF41AA003 1JNF41A4003
79 |1INF41APD01 1JMF41APD0T
80 |1JNFG1AADD3 1JMFE1AADD3
Click on the leftrmost colurmn for options on an
activity iterm
Add activity
Calculate
h'ce Rule

Schedule Mode

Instantaneous Core Damage Freguency

1.00E-03

T e—

— — ] -1

2. 50E-04

03/26/20140000 | | varzsremam-on
<« | ¢ | @ COF " LEFF " BOILING  TRIP 5> |
@ Jweeks ™ 1week ™ 1day
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»RiskSpectrum RiskWatcher”

Two platforms:

~desktop version

~WEDB version
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L‘L«\\
N



»RiskSpectrum RiskWatcher”

desktop

Operation

' C\monitory\1T-RW-EMO12\L1\2018\RM-L1UTEMO-18.rwh - RiskSpectrum® RiskWatcher
Eile Edit View Chart Calculations Tools Whatlf Actions Administration Help

!

| Operators Screen

Risk Graph

Input Overview

Risk Evaluation
Defence-in-Depth
Dperating Modes

System Configurations
Equipment out of Service
Environmental Factors
Test Times

Equipment Importance

coF |
Risk on 06.05.2022 11:29 = 8,65E-06

Define... | AR @ 5 B (D Current time display: Entire chart [~ Cumulative Risk

Risk Level

AOT: 42 days and 5 hours

Defence-in-Depth

Description | Status |

= B & és.. [ ]
-+ 1. podsystém [ ]
. podsystém _
. podsystém [

1,
00802 1JNG10BBOOT _
1JNG11BEODT |
1UNG126B00 [
1,006-03 1UNG1388001
; i j { ; : : i i i EI Elektm:ke systémy [ —
: : : : : : : : : : Lirka 400 K ... [
3 : 3 : 3 : E : E : Lika 110KV . ey | 5%
1,006-04 ; : ; : ; i : d ; d 18BA e
3 5 3 5 3 ; 5 5 5 : 1888 e
; : ; : ; : ; : ; : 188C E—— 4 50205
; : ; : : ' : : : : 188D [
1,00€-05 ; |— : : | : ; ; ; ; Niidzovj 2droi.. [
H ! H i H 1,00-06
1,006-08 H T H T H
H } H H H CDF
05.04.2019 03.08.2019 01.12.2019 30.03.2020 28.07.2020 25.11.2020 25.03.2021 23.07.2021 20.11.2021 20.03.2022 Risk: 8.65E-06
Equipment I Equipment Groups out of Service | Syslem Cnnﬁguraﬁons
Equipment out of Service

Description Note

e - LBK
Napéjacie zariadenie bloku - LAB
ND a bérova reguldcia - KBA
ND a bérova regulacia - KBJ
[ Noimélne a rezervné napajanie




oty 1-RW-EMON 241 15201 BVRM-L 11 EMO- 1B.1wh - RiskSp

»RiskSpectrum RiskWatcher” - deskto

RiskWatcher

Eile Edit Yiew Chan Calculations Jools Whatlf Actions Agministiation fHelp

Opeishng Modes

System Configuralions
Equipmert cut of Service.
Enveormental Faciors
Test Tinst.

Equiment Impenlance

COF

Risk on 18.08.2020 12:05 = 1,43E-05
Define... | 4 (3 @0 FB [P @ Cument time display: Entire chart

Operation

I Cumulative Risk

[ RisiSpectium 3 MCS Editor: Cmonitoryy1-RW-EMC2\LTI2078\RM-LTLITEMO- 18 RES\RWOD000704 RSR

BTN B2 N0

INH-ND-1TOKY

INHND 1KY

INHND 1KY

INH-ND1TRY
INHND 1RV

ORRORO0RE CXKE

Event History Log | Rk Loa|

i
i
:

- o 20022 2502021
File Edit View Cutset Events Tosls Help
[/ ] 5/ 6] =[ ¢ CE
Ele Edt Yew
EventS | Opeation.
INH-NO-1 10KV
INHNOT0RY
INHNDT0RY Pk Greph
INHND 110KV
N NO 110KV gt e
-
PEO1DGR X201 N
INHNO-1EKY PEO2DGRIZ0Z Lo

Evert

TR062001 125312 RESTORE Gioup 1. podsystém bezpeérisirych spstimor
TATS221 123738 Tabe OUT o 1. oyt bezpervinch sty

14062021 12505 RESTORE
WE021 125505 RESTORE
03712020143216 RESTORE

[T —_——

Take OUT

ke OUT
18082020 120522 RESTORE
10082020 120518 RESTORE
1802202012012 Tahe OUT

TBOLMODI - Skcry vyprsac 6 K zastens ragaarie macts BOL 2 B0
TBAC-QMOUI - S shcry vyprosc § KV razaitens napaiarss meds BEC 8 EOM
1BBCQMO03 - Sehory vyprac § KV rezasiens napajaris meds BEC 2 EOM

RESTORE

BALD12001) TaheOUT  TMEZIROMI -Gensmaony ipinac
Taa0uT B0 Qw003 ;
RESTORE  JBBCOMO03- Sehory voma: 6 ¥ rezastens nspeiars e 06C  EOM

18062001 125333

1808200 115830
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o
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o
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o
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»RiskSpectrum RiskWatcher” - desktop

Planning

Al
Risk on 27. 10. 2017 18:00 = 2.82E-06
Octoe.. |4 BB DO Conentbme dispay Use defned 7 Comlatv isk

oeine. 4 @B B (DD Cumenttime dsplay:Uses defned ™ Cumulative B

10628 (et

1 LT R

BIAT AIAT NIAT JANT  GANT  QANT  RAAT S4BT ARV AAWT NAAT  Z4AT NAAT  ISAV  BSAT  9SAT  RSANV TAAT BA02007 SA0207 10.00.2007 10.10.2007 210,207 13902017 14102017 1SA0.2007 16002017 17002017 10207 19.00.2017 20002017 20.10.207 2.10.2007 2.00.2017 24,10.2007 251027 2.40.2017 20.40.2007
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»RiskSpectrum RiskWatcher” - desktop

Planning

CoF |

Define... | % 3D E B (D Current time display: User defined I~ Cumulative Risk

One of the requnred emergency systems is
. not operatlonal |

1.00E-04 : : : : . . : : : : - - ]

1.00E-05

1.00E-06

7.10.2017 8.10.2017 9.10.2017 10.10.2017 11.10.2017 12.10.2017 13.10.2017 14.10.2017 15.10.2017 16.10.2017 17.10.2017 18.10.2017 19.10.2017 20.10.2017 21.10.2017 22.10.2017 23.10.2017 24.10.2017 25.10.2017 26.10.2017 27.10.2017
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»RiIskSpectrum RiskWatcher” - WEB

kSpectrum RiskWatcher Web

£ | PLANNING | WHATIF

RiskGraph InputOverview DefenceinDepth Importance

fine... Entire Chart One Year One Month One Week One Day One Hour
)CDF (U LERF
sk on 2019-12-19 16:50:16 is ONLINE: 6.06E-05

Online

oTS_1 ﬂ User Management Settings Logout

Welcome sa

|
Nuclear Power Plant Risk Monitor

00E-01
00E-02
00E-03
00E-04 6.06E-05
Risk on 2019-12-19 16:50:16 : 6.06E-05 ~ ONLINE }-
B
00E-05 —
Dec 17 Dec 18 Dec 19 Dec 20 Dec 22 CDF LERF
J Operating Mode: Full power mode
" »
AOT: More than 30 days
TS Equipment out of Service
Level Description Attachment  Handled D State
1 OTS 4 - All text from the TS that is defined for the presentation as part of the OTS functionality (the docume ] () ACP-DGO1 FAILURE MODE
1 OTS 6 - All text from the TS that is defined for the presentation as part of the OTS functionality (the document whict @ O
efence in Depth
Cns Operational requirements
Feedwater supply Support Systems
Emergency Feed Water Main Feed Water AC Power Component Cooling Water Service Water
System System System System
EFW-1 ACP-1 ACP-1 SWS-1
EFW-2 ACP-2 CCW-1 SWS-2
ACP-3 CCw-2
Safety requirements
Core Cooling | 'Residual Heat Removal -
Emergency Core Cooling  Emergency Feed Water ~ Emergency Core Cooling  Emergency Feed Water ~ Residual Heat Removal
System ~ System | System = System | System
ECC CC-1. EFW-1.
ECC-2 EFW-2 ECC-2 EFW-2

[  RiskGraph

@ 2019-12-31 20:43:00
Define
® cD-EARLY () RC3 PHENOM

Risk on 2019-12-31 20:43:00 is ONLINE: 1.88E-04

1.00E+03
1.00E+02
; r 1.00E+01
1.00E+00
1.00E-01
1.00E-02

1.00E-03

RiskSpectrum RiskWatcher Web

InputOverview | DefenceinDepth

_Unm [ User Management

| PLANNING | WHATIF ::SUMMARY::

Importance TestTimes Report RiskCompare

Entire Chart One Year One Month One Week One Day One Hour

1.00E-04

RiskSpectrum RiskWatcher Web

OperatorScreen RiskGraph InputOverview

—4 Risk on 2019-12-08 17:43:00 : 3.97E-04 — ONL

User Management Settings Logout
Welcome administrator

| PLANNING | WHATIF

Report |

@ 2018-02-07 14:37:39

® COF U LERF

Nuclear Power Plant Risk Monitor

Risk Increase Factor (RIF) Restoration Worth Factor (RWF)
Component ID RIF Order by importance Component ID RWF Order by Importance
-PMO2 e — 2.036E+00 I
= 1.213E+00 | S
HX02 —_——
CPO-TK ]
EFW-VC03 jr—
VMO4 3781E+01 E=—
DWS-TK__ ===
EFW-PMO2 ]
DPS r=m .
Event Log
Event Time Point Event ) Description state Last Edit Time Edited By
201 enerator In standby supplying por 2018-11-19 10:31:37 administrator

2018-01-31 14

TAKE OUT

-01-10 143738 RESTORE

2018-01-04 14:37:39

TAKE OUT

ACP-DG01

nent Cooling Water System &

2018-11-

administrator

8-11-16 154021 administrator
tor in standby Supplying power to bu 2018-11-16 administrator
1 generator in standby supplying power 10 bu 2018-11-16 15:38.00 administrator



»RiIskSpectrum RiskWatcher” - WEB

Online

umuamgemem Seftings Logout

RiskSpectrum RiskWatcher Web : . :

OperatorScreen RiskGraph InputOverview | DefenceinDepth

¥ 2019-12-31 20:43:00

Define

® CD-EARLY () RC3 PHENOM

Risk on 2019-12-31 20:43:00 is ONLINE: 1.88E-04

1.00E+03
1.00E+02
1.00E+01
1.00E+00
1.00E-01
1.00E-02

1.00E-03

Importance

| PLANNING | WHATIF ::SUMMARY::

TestTimes Report

Entire Chart One Year One Month One Week Cne Day One Hour

1.00E-04
1.00E-05
1.00E-06
1.00E-07
1.00E-08
Nov 12

Hovy 14 Nov 16

Event Log | Risk Log

Event Log

[C]  Note Event Time Point

Nov 18

Event

Nov 20

Nov 22

n

Welcome sa

RiskCompare |

Nuclear Power Plant Risk Monitor

Cumulative Risk[_]

>

V)

——-——-——-—-—-——-——4 Risk on 2019-12-08 17:43:00 : 3. 97E-04 — ONLINE >-‘_

Nov 24 Nov 26

Nov 28 Nov 30

D

Description

Dec 10

State Last Edit Time Edited By

(] 2019-12-24 13:13.00

Config. ON SWS-1 Service Water System train 1 in operation (2 st

2019-12-21 19:4000  TAKE OUT ACP-GTO1 Gas Turbine in standby supplying power to bus
2019-12-15 10:57.00  Config. OFF MFWP1 Main Feed Water System P1 in operation

a 2019-12-1500:4200 RESTORE RHR-PM02 Residual Heat Removal System pump 1
2018-12-08 17:4300 TAKE OUT RHR-PMO1 Residual Heat Removal System pump 1
2019-11-29 19:26:00  TAKE OUT RHR-PM02 Residual Heat Removal System pump 1

O 2019-11-23 1450:00  Op. Mode ON SHUT_DOWN Shut down mode

O 2019-11-2217-19:00  TAKE OUT ECC-VC02 Emergency Core Cooling System check valve 2

] 2019-11-22 04:43.00 RESTORE ACP-DGO1 Diesel generator in standby supplying power to

PO s BBTNTF Lo 1« <« |Page[TJof5| o w10 v

2020-06-18 15:37:52 sa
2020-06-18 15:37:52 sa
2020-06-18 15:37:52 sa
2020-06-18 15:37:52 sa
2020-06-18 1537.52 sa
2020-06-18 15:37:52 sa
2020-06-18 15:37:52 sa
2020-06-18 15:37:52 sa
2020-06-18 15:37:52 sa
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Risk Increase Factor (RIF) Restoration Worth Factor (RWF)

Component ID RIF Order by Importance Component ID RWF Order by Importance
SWS-PH02 L POt 2006E+00 e
COW-PMI2 (e DRSSOt 12136400 | ——
COW-HX02 F—]

CROT_ e
VC03 =
EFWVMOS |
DWSTK_ 37796501 =1
-PMO2 3756401 [
DPS-VS06 207E:01 = -
EventLog
Event Time Point Event i} Description State Last Edit Time Edited By
20180402 143739 TAKEOUT ACP-DGO1 Diesel generator in standby supplying power o bu administrator
2180328143739 Config. ON CCW-2 Component Cooling Water System train 2 in opera adminsstrator
201802-28143739  RESTORE EFW-PMO1 Emergency Feed Water System pump 1 adminisirator
RESTORE DPS-VS01 Depressurisation System Pressure ref 1 administrator
2018013143739 TAKEOUT DPS-VSD1 Depressurisation System Pressure refief vaive 1 administrator
RESTORE ACP-DGO1 Diesel generalor in standby supplying power o bu adminisirator
TAKE OUT ACP-DGD1 Diesel generator in standby supplying power 10 bu administrator
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»RiskSpectrum RiskWatcher” - WEB

Planning

V) User Manay ent Settings LU t
RiskSpectrum RiskWatcher Web ' gement Settings Logou

ONLINE | | WHATIF ::SUMMARY:: Welcome sa

RiskGraph InputOverview RiskEvaluation = DefenceinDepth Importance TestTimes Report I

Nuclear Power Plant Risk Monitor
& 2020-04-30 12:33:00

Define. . Entire Chart One Year One Month One Week One Day One Hour
® cD-EARLY O RC3 PHENOM Cumuative Risk(_]
Risk on 2020-04-30 12:33:00 is ONLINE: 7.13E-04, UpComing Events: 6.07E-04

[

100802
1,00E+01
1.00E+00
1.00E-01
1.00E-D2

100E-03 ] l_\—

~TO0E0e

1.00E-05
1.00E-06
1.00E-07
1.00E-08
Apr 6 Apr 13 Apr 20 Apr 27 May 4 May 11 May 18 May 26 Jun 1 Jun 8 Jun 15 Jun 22 Jun 29

I A — [i

Pian List - All

|:' Name Description Start Time Owner Share To Create Date Is Published

UpComing Evi UpComing Events 2019-06-01 09:00:00 sa 2020-06-18 1523:34 NO
(]} piant 2020-06-12 00.00:00 sa 2020-06-18 16:15.50 NO

Q + 2 ? L] View 1-30f3

Event Log | Risk Log %
Event Log - ONLINE
lj Note Event Time Point Event [2] Description State Last Edit Time Edited By

3
- gy Agency ~\};l &

[ 2020-04-28 07:5600 RESTORE ACP-DGO02 Diesel generator in standby supplying power to 2020-06-18 16:18:04 sa \A Ll/
= ———
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Defence-in-Depth structures — qualitative part of

Risk monitors

» Provide risk assessment

» Provide instantaneous (visual) information about the availability
of systems, subsystems and components, safety functions.

> lllustrate relations and dependencies between systems, etc.

Examples of Ways to Use DiD Panel Displays

Item Monitored What the Colors Mean
System status Red = System unavailable
System partially available
Green = System available
Safety function status Red =  Safety function requirements not met
Safety function requirements partially
met
Green = Safety function requirements met
Compliance with technical Red = Plant is not in compliance
ification : o .
specifications Plant is partially in compliance
Green = Plantis in compliance
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Examples of Defence-in-Depth structures

~ Operator’s Risk Evaluation for 3. blok JE ¥2 - L1

File Options Tools Help

PEERTE EOOS

Frekvencia tavenia AZ

“yradene zariadenia as of 06042014 10:26
lt=m TYPE QDS RTS

_ Dezcription
1205E-5 B Prwal 0 m”'_‘” 1347 Rozvadzac B kY
Technical
specification
status

Safety system
- status

Status of specific

/ component (DG)

PO

Elektro  J

1020
B20
TF10
TE30 [ TF31

140
TB40

TYED
TEE0

| Berpednostng sysemy
1. podsystém 2. podsyste

3 podsystém

TE32 | TF33

TVD40

Vstrek

KO YE10S02
YE10S03
YE10S04
YP10528

Py KO

hode RO 060572014 11:49 I.



Structures

= Operator's Risk Evaluation for 3. blok JEV2 - L1
Fie Options Tooks Help

e EOOS

Frekvencis Lavenia AZ Vyradene zariadenia as of DEOS2014 11:53
R em TYPE 00s RTS Description
3.687E-6 [wv1iom Prvok DBAS014 11:51 Cerpadio
YD14001 Prvok DEAS2014 11:52 Cerpadio
YD1 5001 Prvok DEOS2014 11:53 Cerpadio

TS for fullpower
operation are not

|__Elektro ]

= Operator’s Risk Evaluation for 3. blok JEVZ - L1
Fle Options Took Help

| vewn 8| #2-

——F SR EOCOS

Bezpecnosing systéemy ]
2. podsystem 3. podsystém

KO YP10502
YP10503
YP10S04
YP10S28

PV KO

. TYPE 008 RTS Description
3‘637E-6 YD11D01 Prvok 06052014 11:51 Cerpadio
YD14001 Prvok 06052014 1152 Cerpado
D15001 Prvok 06052014 1153 Cerpado
YD16001 Prvok DBOS20M4 11:55 Cerpadio

This configuration
requires shutdown
to mode 3

Finighed!

Mode ]

|_Elekdro J

BezpeZnosing sysiémy ]

2 iodslstém \ 3 idslstém \
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Planning

Description

| Status

=l Operational reguirements
; = Feedwater supply
Emergency Feed Water System

- Main Feed \Water System
: ns

=l AC Power System

- AC Power System train 1

- AC Power System train 2

- AC Power System train 3

= Compaonent Cooling Water System

= Service Water System
-+ Service Water System train 1
Service Water System train 2

- Emergency Feed Water System tra...
Ermergency Feed Water Systermn tra...

Component Cooling Water System t...
+ Component Cooling Water Systemt..

Hifl

n pump 1

State

The status of
operational
requirements

=l Safety requirements
I Care Coaling
Emergency Core Cooling Swstemn

= Emergency Feed YWater System

" Residual Heat Femoval
= Emergency Core Cooling Swstem

Emergency Feed Water System

= Residual Heat Femowal System

Emergency Care Cooling System tr..
- Emergency Core Cooling Systerm tr..

- Emergency Feed Water System tra...
~ Emergency Feed Water System tra...
- Emergency Core Cooling System tr...

Erergency Core Cooling Systam tr...

Emergency Feed Water System tra...
- Emergency Feed Water System tra...

- Residual Heat Removal System tra..
Residual Heat Remowval Systerm tra...

it

Safety function
status

mnternatuonal AomiC energy Agercy




S
Examples of Defence-in-Depth structures

OoTS_ E¥2| User Management Settin Logout
RiskSpectrum RiskWatcher Web 0 gs Log

| PLANNING | WHATIF

OperatorScreen RiskGraph InputOverview DefenceinDepth Importance

Welcome sa

Nuclear Power Plant Risk Monitor

@ 2019-09-05 17:03:39

Defence in Depth | Defence in Depth Over Time R | S kwat C h er W E B

Defence in Depth [Hide OTS]

‘. _Operational requirements
L Feedwater supply . : ey — . 4 _Support Systems™—
[ icy Feed Water System  Main Feed Water System | AC Power System | ‘Component Cooling Water System
EFW-1 - | | ACP-1 [ ACP-1
EFW-2 | [ ACP-2 I CCW-1
ACP-3. | CCwW-2.

B - | The status of

operational
| requirements

P an S

rSystem  Residual Heat Removal System

R 1
RHR-2 |

The status of Safety

oTs

Level Description Attach:

1 OTS 4 - All text from the TS that is defined for the pi tion as part of the OTS functionality (the document which is referred to from the gat i}

1 OTS 6 - All text from the TS that is defined for the presentation as part of the OTS functionality (the document which is referred to from the gates) will als« fi=]

Event Log

Note Event Time Point Event 1] Description State Last Edit Time
2019-09-08 17:03:39 Config. ON MFWP2 Main Feed Water System P2 in operation 2019-12-18 18:29:20
2019-09-08 17:03:39 Config. ON MFWP3 Main Feed Water System P3 in operation 2019-12-18 18:29:20

- I E’]' " requirements/Safety
o Lsystems
Edited By
sa
sa

2019-09-01 17:03:39 Test ECC-1 Test of Emergency Core Cooling System train 1 2019-12-16 15:15:26 SYSTEM

2019-09-01 17:03.39 Test CCw-2 Test of Component Cooling Water System train 2 2019-12-16 15:15:26 SYSTEM

2019-09-01 17:03:39 Test CCw-1 Test of Component Cooling Water System train 1 2019-12-16 15:15:26 SYSTEM

2019-09-01 17:03:39 Test ACP-3 Test of AC Power System frain 3 2019-12-16 15:15:26 SYSTEM

2019-09-01 17:03:39 Test ACP-2 Test of AC Power System ftrain 2 2019-12-16 15:15:26 SYSTEM

2019-09-01 17:03:39 Test ACP-1 Test of AC Power System frain 1 2019-12-16 15:15:26 SYSTEM l/, \\‘

2019-09-01 17:03:39 EF ON SUMMER Summer conditions (May - October) 2018-12-16 15:15.26 SYSTEM ergy Agency %‘ &
L ® . << PageDofS > w1 |10 [v] View 1- 10 of 21 \}Q“LV



Xampiles o1 perence-in-vepitn structures

ﬁ Safety Monitor 4.2: Administrator (Administrator) - [Schedule case - case(]

Lod

Case Insert Sort Tools Options Wiew Help

Jemo

Unit1 |~ | Operation Schedule mode w | Graph| 7 days v

i
1 01-CwW-P 1D -1-Cw-P-1D
2 01-EE-EG -1J  -1-EE-EG-1J
3 01-CC-CKT-1CCPB 1-CC-P-1B
4 M-CC-E -1B +1-CCE-1B
5 01-CC-P -18  -F1-CC-P-1B
6 01-CC-TV -101B 1-CC-TW-101E
TOOIBAC 1 MI-BACA
8 01-8w-P 4 -F1-8w-P4
9 02CH-P -1C1  -2-CH-P-1C
m m-g5-F -1B 41-05-P-1B
11 ABENY Abnormal Eny
12 FTEWOL FIRST_EVOL
13 M-CH-P -1C1 -1-CH-PAC
14 01-CH- 4B A 1-CH-PAC
15 01-CH- -278 A 1-CH-P-1G
16 M-CH-P -2C  -H1-CH-P-2C
17 01-CH- -279 -\ Hi-Contarm
18 M1-RS-E -2B  -11-RE-P-2B
19 M-RS-F 1B -11-RE-P-1B
20 mM-R5-P 2B 41-RS-P-2B
21 M-RS-F -3B  -11-RE-P-3B
22 01-RH-E -1B 1-RH-E-1B
23 M-RH-P 1B -1-RH-P-1E
24 RWP il

|| PR& RISK.

WELECTRICAL AC

IPH\MAHY IMVENTORY

IPH\MAHWSECDNDAHY HEAT SINK.

ILILTIMATE HEAT SINK

I\NDUSTFHAL SAFETY

W[RADIOLDGICAL SAFETY

Ewventvalues unchanged | Calculate

<] 2]
‘ Rick profile| Safety functions - & | Satety functions - Orline ” Safety functions - Dutage‘
Safety Moeaitos ForHelp, PressF1 Manday February 07 2011 04:55 FM

2
. . N
Critical Safety Function Status display in Schedule Nig@tional Atomic eneray Agency {4 }

\
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Outage Risk Management General Practice

Preparation of preliminary outage schedule.
Outage risk profile calculation and identification of
the high risk plant configuration.

Discussion of findings and development of the
reviewed outage schedule.

Final outage risk profile calculation and outage
schedule authorization by safety department.

)
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Outage Risk Management General Practice

An example of specific steps of the refuelling outage
analysis using Risk monitor software:

Preparation of the outage schedule

15t preliminary analysis of the refuelling outage — eight months
before outage

2"d preliminary analysis of the refuelling outage — four months
before outage (if necessary)

3" preliminary analysis of the refuelling outage — two months
before outage — the result is sent also to regulatory authority

daily risk profile evaluation during the refuelling outage + final
real risk profile for whole refuelling outage

. . ¢ AN
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Outage Risk Management General Practice

Preliminary refuelling outage schedule

[ SYSTEM AR APRIC WAJ
LENDAR]| 31 3 4 5 1511617181920 212223 24]25]26] 27 | 28 29| 30 1
P- © UNA OIS IAVKY I & | B T6 | 17 | 18| 19 T | Z| 23| 28 [ 25| 26 | 27 B [ 29
ReZimy bloku RS 12 P5
§ Dochladzovanie: PERIS MKV
E Doachladzovanie: s 4.6 {2). HP
a H_.bezp.syst. v prev. 1.8 7 sysid X
Reaktor: o D ia] 08 i RF
Sluéka €.1: BO I
Slucka €.2: k
Sluéka €.3: BO HOC
Slucka €. 4: L, GO|PVPG Ga 1 \A0O06
‘2’ Sluéka &.5: BO HCE [BO & i
‘E Sluéka £.6:
g KBA, KBF, KBJ: GO PV AN { D, GO KBAT 012
B Dopliiov.cerpadia: RO | knAeoAR A0aR001,002 |
Aktivne SZB: | BOLINEG1AP1 - JRGZTAPO01, GO JMN21AK
Pas. HS - HA + BV: GO PYH D.3, nater sicny Ziatx) JMP10BEOO1, jopray
KO- GO JE VA DOS rvehspiral KO, BN |- kontrola
VZT V 1L.O:
Ostatné prace v PO:

Turbina MA 01:
Turbina MA 31:
Napajacie nadrze:

NC:

Kond_+chl.voda MAO1:
Kond_+chl.voda MA31:
Kolektory:

sekundéma aet’

CirkulaCna voda:
Ostainé prace v SO

Generalor MKZ01:
Generator MKZ31:

|.Kaleg6ria SZN:
VVN rozvadne:
Ostainé prace elekiro:
Meranie a regulacia:

prevéczika elektro a SKR

Navth 1

Spracované dia: 29.11.2006

Predklada :

1AP

1, G UPB

PAP001

003

Leaenda -

Funkéne skusky

Zmena dochladzovania

Striedanie bezpetnostnych systémov

Minim. kontrolovany wwkon

Prifazovanie TG11

Prifazovanie TG12

ReZim bloku

Cast Glohy ie realizovana cez skupinu elektro
Kriticka cesta

Ing. Anton Janeéko odd. 22122, Ing. Ladislav Kurina odd. B0350




Outage Risk Management General Practice

Planning Risk profiles and Real profile comparison for outage at Unit 1 NPP Mochovce

1,0E-02
Base line : 4,36E-6
Caution : 2,50E-4
High risk : 1,00E-3
1,0E-03

m
0 10E-04 1 ‘ lr-'
(&)

{ l

1,0E'06 T T T T T T T T T T T T T
date 24.03.07 27.03.07 30.03.07 02.04.07 05.04.07 08.04.07 11.04.07 14.04.07 17.04.07 20.04.07 23.04.07 26.04.07 29.04.07 02.05.07 05.05.07
instantaneous risk - first harmonogram instantaneous risk - second harmonogram
— instantaneous risk - real profile —— Base line
Warning — Caution
= High risk




Typical Reasons for Using a Risk Monitor

= Apply arisk-informed approach to managing plant
operational safety

= Schedule maintenance to avoid peaks in the risk
= Achieve greater flexibility in plant operation

= Provide justification for carrying out more
maintenance on-line

= Get information on component restoration/
Importance during maintenance

= Address US NRC Maintenance Rule

. . ¢ AN
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Using of risk monitor for risk informed decision
making — benefits

PSA methodology via risk monitor can be used by the NPP
staff without detailed probabilistic knowledge but on the
other hand with detailed deterministic knowledge. Such
situation creates good assumptions for integrated risk
Informed decision making.

Based on Configuration Risk Management the risk profile of
the plant can be optimized and minimized.

High risk plant configurations can be identified and removed
from the maintenance schedule program.

Cumulative Risk of NPPs is reduced to the minimum.

. . ¢ AN
International Atomic Energy Agency \Q% ?/
NV



References

= |AEA, SSG-3 ‘Development and Application of Level-1
PSA’, 2010

= |AEA, OECD NEA, *, WGRIsk,

A/CSNI/R(2004)20, OECD/NEA,
Paris, (2004)

= |[AEA-TECDOC-1101, ‘Framework for a Quality
Assurance Programme for PSA’, (1999).

. . ¢ AN
International Atomic Energy Agency \Q% ?/
NV



