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[_$purious operation:

[ spurious operation is an activation of a SIS element without
the presence of a specified process demand.

[_$purious trip:

[ spurious trip is activation of one or more SIS elements such
that the SIS performs a SIF without the presence of a
specified process demand SIS element without the presence of
a specified process demand.

[_$purious shutdown:

A spurious shutdown is is a partial or full process shutdown
without the presence of a specified process demand.

Mary Ann Lundteigen April 23, 2007 RAMS Group, NTNU - 13 / 25


http://www.ntnu.no/~lundteig

Overview

Background

Definitions

Spurious
activation causes

Causes

Failure modes and
allocation

Assessment of
spurious trip rate

Comparing
different formulas

Mary Ann Lundteigen April 23, 2007

Spurious activation causes

RAMS Group, NTNU - 14 / 25


http://www.ntnu.no/~lundteig

Spurious activation causes

Overview
Pmmmmm = . Random
Background I SIS related 1 hardware SO
: : failures “
Definitions ' I \
] ! Element '
Spurious . | (component) [’} \ Loss of
activation causes ! quality 1 Response to ) - common
1 ; false demand \ utilities
[ [ '
. 1 1 \
Flalnlure_ modes and | | Roal, but !
allocation 1 | Operation & unintended !
. :
Assessment of . | Maintenance f\ | demand Sour Souri Spurious
; . . purious | _ purious _
spurious trip rate : | operation > trip shutdown
Comparing ;
different fOI’mu|aS 1 Design, imp|e_ 1
: mentation and :
1 installation ) Prgcess
! ! equipment :I
1 failures 1
1 1 1
1
: ! Systematic Dangerous ;
! ! . detected 1
1 | Competence | SO failures . '
. & training 1 failures ’
1 pmmm—_—— <~ 7
1 ) I' Spurious ;
L _: CCFs - trip .
(SO & " (other SIFs) 1
dangerous) ~------ ’
Environ-
ment

Mary Ann Lundteigen April 23, 2007 RAMS Group, NTNU - 15 / 25


http://www.ntnu.no/~lundteig

Overview

Background

Definitions

Spurious
activation causes

Failure modes and
allocation

Failure modes

Assessment of
spurious trip rate

Comparing
different formulas

Mary Ann Lundteigen April 23, 2007

Failure modes and allocation

RAMS Group, NTNU - 16 / 25


http://www.ntnu.no/~lundteig

Overview

FTC,
LCP, DOP

Background

Definitions

Spurious

. . Critical
activation causes

Failure modes and

allocation PC

DD

Failure modes and allocation of failure rates

S\ Spurious
trip

.
Failure —— ;|

Assessment of (SIS component)
spurious trip rate

C . Degraded/
omparing incipient

different formulas

EC 61508/ !
EC 61511 1

-~

Mary Ann Lundteigen April 23, 2007

RAMS Group, NTNU - 17 / 25


http://www.ntnu.no/~lundteig

Overview

Background

Definitions

Spurious
activation causes

Failure modes and
allocation

Assessment of
spurious trip rate

Formulas

Comparing
different formulas

Assessment of spurious trip rate

Mary Ann Lundteigen April 23, 2007 RAMS Group, NTNU - 18 / 25


http://www.ntnu.no/~lundteig

Overview

Background

Definitions

Spurious
activation causes

Failure modes and
allocation

Assessment of
spurious trip rate

Formulas

Comparing
different formulas

Calculating the spurious trip rate

[l he spurious trip rate may have three separate contributions

[ BTR = STRInt. failures T STRFalse demands T STRDD
[_n the following, these contributions are referred to as STR;,

STR. and STRs.
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Contribution from internal component failures:

[ FTRq:

[_Toon (calculated for each component j):
STRy; = n(l- @SO)ASOJ + BJSOASO,j

= nXgo,; — (n—1)85%s0,

[_Hoon (also calculated for each component j):

STRYY™ = n(l—679)As0,; Pr(M >k —1)+ 67250,
n—1 n—1
~ n(l-6 0, | Y ( )pm(1 -
m=k—1 m

- 5§O>\30,j

where p = (1 — BJSO))\SOJ'MDTJ' and BJSO is the fraction of CCFs

leading to spurious operation
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Contribution from false demands:

[_1Two types of false demands:

[ Demands that are mistakenly treated by the SIS sensors

as real demands (denoted \p)

[ Demands that are real, but unintended (denoted Agr)

expressed as:

STRQ’J’ — ()\F -+ )\SF)(I — PFD)

[l he contribution from false demands may therefore be

where PFD is the (average) probability of failure on demand
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Calculating the spurious trip rate

Contribution from dangerous detected failures (if such philosophy
is implemented):
[ FTRs:

[_Toon (calculated for each component j):

STR3, = @?DADDJ

[_Hoon (also calculated for each component j):

STRES™ = n(1— BPP)App,; Pr(M* >n— k) + PP App
n—1 n—1
~ n(l-8)pp,; | Y. ( )pm(l —p)"
m=n—k m

+ B7°Xpp,;

where p = (1 — 6;.3D)>\DDJ-MDT;?.
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Comparing different formulas

O 1 . -
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Background
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Spurious
activation causes 1oo? S0 DD D
Eailure modes and 00 (2 —=8"")Aso + B~ AbpD 2250 2(Ag + App) + B2 (A\s + ApDp)
allocation
Assessment of 2003 BSOASQ + BDDADD 2-4BD>\SO ﬁD(AS + ApD)
spurious trip rate
st 2004 ﬁSOASQ + ﬁDDADD 4ﬁD>\so ﬁD(AS + ApD)

different formulas
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-i%% Discussion and conclusions

Overview [_Different formulas give quite similar results
Ea:_kgm””d [ he differences are due to:

efinitions
Spurious [T he PDS approach only considers SO-failures and not
e oD faiure
allocation [_1SA applies the same approach to DD failures as for SO
hurions srip rate failures
Comparing [_iThe PDS approach used a calibration factor for M>1
T — [T he ISA and PDS approach do not distinguish between
Bso and App
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