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I&C modelling in FinPSA
= |[&C modelling feature of FInPSA is based on RELVEC algorithm.
= Models are built with success logic.

= Models are written in text files with simple and compact
expressions.

= Fault trees can contain links to control tasks of I&C model and |&C
model can include links to top events of fault trees.

= |&C models are automatically transformed into fault trees.
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I&C Model Based on RELVEC Algorithm

" RELVEC - A TOOL FOR CONTROL SYSTEM
RELIABILITY ANALYSIS
Technical Rescarch Centre of Finland, VTT,

Electrical Engineering Laboratory,
ESPOO,
FINLAND.,

(Received for publication 7th July 1983)

Developed in 1980s for

reliability analysis and
design of distributed
control systems:

Backaround is communication matrix,
expressed with vectors

RELVEC = RELiability VECtors

* Qil refinery

* Paper mills

« Power plants
« Hazardous plants

« Satellite earth station

+ Offshore
+ PRA fault tree analysis
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Isolation = Interface

Event tree / Fault tree model
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Control tasks

—

Support

functions

|&C system model

------------------------ PECCEBE BLADLAR o= mmmem oo o e

Af & ALZ & ALY & AT4 » AIS & ATé = @MY

FLERE NI E

AIT & AL8 & ATH & ATES & 113 & BTS2 & L710 = MmN
FLESE 3

04 & LOX & BOF & A0d &+ 405 = M3

53 + ABY » DAY = £F1 & (CFD # 82}

¥l = SDOL

P2 = BE0E

SLOL » 102 = BCY & (BLEAIIHAX

-CFL = k8
ALY o+ BOHA v WD

KB + KR4 = BAT

VL + BET = CF7
LFT = ST

LR + CFD + VBT = BES

L = OB
LS = SD06

SL0d + JIOT & SI08 = B4 =)
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Communication: Path Nets

Control tasks define functional
entities inside the |&C system.

Path nets of control tasks are
created and converted to fault trees.

| | |
[Ci] [C2]| [C3| ICI4IICI5I

L
CVI

TANK1 —@—»m

$ control system
D1+ D02 =01
D3+D4=C2

D5 =€£3

D6 + D7 =C4

D8 + D9=C5
C1+C2+ C3=B1
C4+C5=B2
B1+ B2=A1

$ interface to instrumentation
FCl=D2

LT1 = D4

P1=D5

K1=D8

MON1 = D9

$ control tasks

Manual_P1 = MON1 * K1 * P1
L_TANK1 =FC1 * LT1
Water=P1* L_TANK1 * CONTR
CONTR = MON1 * K1
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Interface: Fault trees — 1&C Model

Tank_rupture Irput_Fails Output_fails Control_fails
BE OR OR | OR
I . I
CV1_Blocked CV1_jams_clo | | P1_fails Water
sed
BE BE BE . uc

« Fault tree gate type LIC links to control tasks.

- Fault tree of the task is created and linked to LIC gate

Extremely fast routines, practically no delay in fault tree construction.
+ |&C fault tree is automatically created also when minimal cut set is double-clicked

» |&C model links to fault tree using fault tree name
Rack01 =Pow01 * RackO1 * DC24V_Tr_A
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Example PSA model

= Fictive and simplified nuclear power plant (BWR).
= 4-redundant safety systems.

= Fault trees for AC power system, component cooling water system,
emergency core cooling system, emergency feedwater system,
depressurasation valve system, residual heat removal system, service
water system and main feedwater system.

= Event trees for large LOCA, loss of main feedwater, transient and loss-of-
offsite power.

» |&C systems are modelled using the 1&C modelling feature of FinPSA.
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Fault tree of ECC system pump

OR
| |
ECCIOPMOOT [ [ECCIOPMODT | [ACF10-07 COWI0-01 ECCI0PMOOT | [ECCI0PMODT
A D ASO01_S | Z5001 D
BE BE LK L LHE L uc T

A link to an I&C-model.

Representing the failure of the start signal.
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I&C system

(  owisiont ) ( Dowsionz ) (  owsions )

1

(  Owisiona )

Measurement level

Acqusition &
Frocessing 2/4

Acqusition & Acqusition &

Processing 2/4

Acqusition &

FProcessing 2/4 Frocessing 2/4

Processing lavel

Digital Conirol & Relay
Voting 2/4 voting 2/4

Digital Confrol & Relay
Voting 2/4 voting 2/4

Digital Control & Relay
Voting 2/4 voling 2/4

Digital Conirol & Relay
Voting 2/4 voling 2/4

Actuation level
L. B B B & & B 3 B B B 8 & B 3 B B B & R B B B B 3 B B & B E B & B B & B B B & &

System functions System functions System functions System functions
i b X1,.%2, .. X1,.%2, .. I b
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% APU A

RPS10PUDDIIN00Z_4_I
RPS10PUDD1IN00Z_3_I
RPS10PUODLIIO00Z_2_I
RPS10PUOODLIIOOOZ2_1 I

§ APU B
RPSZOPUDOLIOOOZ _4_
RPSZOPUDDLIOO0Z2_3
RPS520PUDDLI0002

e
RPS20PUOOLIIO00N02_1

I
3
I
i B

$ APU C

RPS30PUODLIIOO0Z2_4_I
RPS30PUOOLIOO0OZ2_3_I
RPS30PUDODLIOOOZ2_2_1I
RPS30PUODLIOOOZ2_1_1I
$ APU D

RPS40PUDD1IO00Z_4_I
RPS40PUOODLIOON0Z2_3_I
RPS40PUODLIOON0Z2_2_ I
RPS40PUOODLIOON0Z2_1_I

§ APU 2/4 voting

RPS10PUDODLIIOOOZ_v_I
RP520PUO01ITI000Z_V_I
RP530PUOOLITI000Z_V_I
RPE40PUOOITIO000Z2_V_TI

§ signal from APU

RPS10PUCOZECOOL_4_T
RPS10PUCOZECOOL_3_I
RPS10PUOOZECOOL_2_T
RPS10PUODZ2ECO01_1_T

03/02/2013

ECC pump start signal 1&C model

w

RPS40PUOOLIVLOO4 |
RPS30PUODIVLOOS |
RPS20PUODIVLOO4_|
RPS10PUQOLIVLOOS

E.
B
|l
F

RPS40PUOOIVLOO4_F_5 *
RPSI0PUOOIVLOO4_F_5 *
RPS20PUODIVLOD4_F_5
RPS10PUODIVLOD4_F_5

"

k-4

RPS40PUOOIVLOO4_F_5S
RPS30PUOOIVLOO4_F_5S
RPSZ20PUOOLIVLOO4_F_5 *
RPS10PUOOLIVLOO4_F_5 *

RPS40PUODIVLOO4_F
RPS30PUOOIVLOO4_F
RPS20PUOOIVLOO4_F
RPS10PUOOIVLOO4_F

i
_5
A
_5

<2 RPS10PUDOLIIOO02_1_I
<2 RPSZ20PUOD1IIONO0Z2_1_T
<2 RPS30PUOD1IIONO0Z2_1_T
<2 RPS40PUCOIIONO0OZ2_1_T

RPS40PUOOLII0002_WV_
RPS30PUOOLIOOO2 _W_
RPS20PUODLIION002_W_
RPS10PUODIIOO02_W_

& % % %

I
I
I
I

RPS14LLAPUIAPUL_F_5
RPS13LLAPUIAPUI_F_S
RPS1ZLLAPUIAPUZ_F_5S

RPSZ24LLAPUZAPU4_F_5S
RPS2ILLAPUZAPUI_F_S

RPS21LLAPUZAPUL_F_5S

RPS34LLAPUIAPUL_F_5S

RPS32LLAPU3IAPUZ_F_5S
RPSI1LLAPUIAPUL_F_5S

RPS43LLAPU4APUI_F_5S
RPS42LLAPU4APUZ_F_5S
RPS41LLAPUL4APUL_F_S

RPS10PUOOLIIOOO2_2_I
RPS20PUODII0N00Z2_2_T
RPS30PUOOII0N00Z2_2_T
RPS40PUOOII0N00Z2_2_T

+++ +

RPS41LLAPU4VUDL_F_5
RPS31LLAPUIVUOL_F_5

+++ +

Functioning water level sensor and functioning

\ communication link required.

Links to top events of fault trees.

RPS10PUOOLII0O02_3_I
RPS20PUCOII0N002_3_T
RPS30PUOOII0N002_3_T
RPS40PUCOII0N002_3_T

Positive voting result from APU and functioning

RPS21LLAPUZVUDL_F_5
RPS10LLAPUIVUOL_F_5S

$ Actuation 2/4 voting
RPS10PUOQZECODL_5_I = <2 RPSIOPUOQZECO01_1 I + RPS10PUQDOZECOOL_2_I

§ start signal from DCV
ECC10PMO01AS001_5_T

+

+++ +

RPS10PUOOLIIOO0Z2_4_TI=
RPS20PUCOLIIO0N0Z2_4_TI=
RPS30PUOOLIIO0N02_4_TI=
RPS40PUOO1ITI00N02_4_TI>

communication link required.

RPS10PUOO2ECOO0L_3_I + RPS10PUOOZECOO1_4_TI=

RPS10PUOOZECO0L S T * RPSIOPUDO2D0003 A Sl « Positive voting result and functioning digital

output module required.
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EE IRC-ECCL0PMOOLASO0L 5.1 - View [Setl]

I&C model is automatically transformed into fault tree

OR
RPE10PLIOZ | [RPSTOFUIOOZ
ECO07_5_| DO003_A_5
OR T LMK
Iﬁz-lc-z
i 34
RPS10PLIO0Z RPS10PLIO0Z RPS10PLIONZ RPS10PLIO0Z
ECO01_1_| ECO01_2_| ECO01_3_| ECO01_4_|
OR oR [ OR [ OR
RPSI0PLOO0T | [RPSTOLLAPL | [RPSZOPLIOOT | [RPSZILLAPU RPSI0PUD0T | [RPSITLLAPL RPSA0PLOOT | [RPSATLLAPL
I0002__| TWUO_F_S I0002_._| 2YU0_F_S |000z_._| WUO_F_S I000z__| AVI0_F_3
OR T LHK [ OR | LHK [ OR I LHE | OR ' LHE
I %ZIC5 I %IC-20 I %131
I 34 ) 34 ) 314
RPEI0PUO0T | [RPSTOFUDOT | [RPSIOFUDOT | [RPSIOFUDOT | [RPSZ0PUOOT | [RPSZ0FUODT | [RPSZOFUDDT | [RPSZOFUDDT | [RPS30FUODT | [RFSS0FUDDT | [RPSS0FUDDT | [RPS30FUIO0T
I00nz_2 | I000z_3_| I0002_4_| I000z_1_| I000z_1_| |000z_3_| |0002_4_| I00nz_2 | I000z_1_| I000z_2_| I000z_4_| I000z_3_|
oR | OR | OR | OR aR | o | OR | OR OR | OR | OR | oR
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Fail-safe principles
= How to handle detected failures in 1&C system?

= When a failure is detected, the signal can be replaced by a default
value of O or 1.

» Fixed binary variables can be used to control the fail-safe principle.

RPS10PUOOLIN00Z_4_I = RPS40PUCOLVLOO4_F_5 * RPS1L4LLAPULAPU4_F_5 * ((RPS40PUDOLVLOO4_E_S ¥ RPS14LLAPULAPU4_E_S) + RPSCOPUOOLIOO002_V_DE)

\ 7 N/ )

Undetected failures Detected failures Controlling variable

= |f the first and second detected failures are handled differently, the
modelling is much more challenging.
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IC madel - Edit [Setl]

§———————————————————— JEOtEER ATALLIONH —-—-——————————m—————————
3
All + ARIZ 4 AL3 + AI4 + KIS + ALG = AMl

At Ly RO ¢ AT M Integrated to PRA data base:

AOL + AOZ + AQ3 + AO4 + ROS = DH1
ADl + ADZ + DM1 = CP1 + [CP2 T 52)

ol » CCFs between |1&C model

3101 + 3102 = BCL + (BC2*31)

: ----------------------- CONTEOL DI o o o o s gwaw[:t-wsw
A —— » Hazard Table mapping

KBl + KBz = DHE = - -
ol i » Fires, floods, seismic...
g ;
B o Display and analyze fault tree
e i of any control task
BCL + BLCZ + BC4 = BAL + ([Bhz " 34)

f A — interface TO PrOCESS EQUIPSERT ==m=e=-=me=e==e==

i < 13 Natural import & export of model
iR - Bk Fauk e o
FTZ = AI7 ]

T - ATS e

j’q = AT11 _,;|
i ¥
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Summary

= |&C model is isolated from PRA model via interface
= Simple communication system model
= Compact and computationally efficient representation
= Not much new as such

= |solation makes it possible to develop 1&C modeling
as a part of a full-scale PRA model

= |&C model development can take its own course

» Text-based model offers freedom of future development
= Expansion of modelling language
= Dynamic properties
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