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- What is Safety?

“freedom from unacceptable risks”

Hgure 40, Exarnple of a vapor cloud exploston (BLEVE)
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Risk Reduction

_ Frequency of accidents without protection I
Frequency of tolerable accidents PFDavg

RRF
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Flgure G8, Baslo convept of risk reduction
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'Risk Reduction Factor

 Nr. of accidents per year without protections:10
* Nr. of tolerable accidents: 1 per 100 years

« 10x100/1=1000 = RRF
(Risk Reduction Factor)

* 1/1000 = 0.001 = PFDavg per year
(Average Probability of Failure on Demand)
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A.L.AR.P.

Intolerable Region Risk cannot De justified except in
(Red Zone) extraordinary ciroumstances
Tolerable only if further risk reduction
18 impracticable or if'ifs cost are
The ALARP or grossly disproportional to the gained
Improvement,

tolerability Reglon
(Blue Zone) As the risk is reduced. the less

proportionately, it is necessary to spend

to recluce it ﬂmh;.r,ltq aqtisi}t ALARP,
Risk is vndertaken only if The concept of diminishing proportion
a beneflt is desired is shown by the triangle.
Broadly Acceptable Region It {& necessary to maintain assurance
(Green Zone) that risk remains af this level
No need for detailed working
1o demonstiate ALARP

NEGLIGIBLE RISK

Flgure 67, Risk and ALARF zone
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Risk Reduction

ts \/s. Costs in the ALARP blue Zone

r\Where:
A B-Cratio : The ratio of benefits to costs
Benefits  Fyoss X EVNosis — Fsis X EVgig | QF, 05 @ Frequency of the unwanted event without a SIS.

aEv : Total expected value of loss of the event without a
Costs COST+ COSTir { sis, e ;

U F,s : Frequency of the unwanted event with a SIS.
U EV,. : Total expected value of loss of the event with a SIS.
U COST,,, : Total lifecycle cost of the SIS (annualized).

.1 COST,; :Costincurred due to nuisance trip (annualized)

Example:
A SIS is being installed to prevent a fire that will cost the company $1,000,000.
The frequency prior to application of SIS has been calculated in one every 10 years.
After SIS installation the expected frequency is one every 1000 years,
and its annualized cost is approximately $66.000.
Cost for nuisance trip is negligible, being F&G normally de-energized.
What is the benefit-to-cost ratio for the F&G project?
The Benefits/Costs relation will be:

1
1000

Benefits = {% x1000000) - (—— x 1000000) = 99000

Costs = (66000 + 0) = 66000
Benefits " 99000 s -
Costs 66000

A benefit-to-cost ratio of 1.5 means that for every $1 of investment the plant owner can expect $1.5 in return.
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Risk Reduction

al Risk Reduction concepts

Residual Tolerable EUC
Risk Risk Risk
| INCREASING RISK | >
MNecessary risk reduction
* : Actual risk reduction
-Er N
Partial risk covered by | : Partial risk covered by : | Partial risk covered by  |:
other technology E/E/PE safety-related external risk reduction
) ; system facilities i
L safety-related systems y
t I “ i
Risk reduction obtained by all safety-related systems and external risk reduction systems | }

Figure 66, General concepts of risk reduction, according to IEC 61508
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Risk Reduction

k Reduction with Protection Layers

A
<Other <Mech < SIS <&larms <DCS
PROCESS >
Risks
>
Level of Inherent
tolerable risk in the

risk process

Figura 4, Rigk reduction with several prevention layers
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Layers of Protection

Risk Reduction

Mitigation layer
910

HAZARDOUS EYEN]

Flgure § Freveaiion and mitgation layvers of the hazardows event
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| RISk Protection Balance

The Risk Must be balanced by the Protection Layers
(Optimal Safety Balance)

i 2 || 3|4
RISK PREVENTION
1. Plant, Process and Environment 2. DCS
3.SIS/ESD

4. Physical Protections
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Dangerous Event / Accident

b
:

W,
. t‘* 5 2

FHgure 36, Example of Paol fire
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Mitigation Layer

Mitigation Layers

‘Mitigation layers are implemented to reduce the
consequences once the event has already happened.

*They may contain, disperse or neutralize the release of
hazardous substances.
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Fundamental Concepts

MTTF

MTTF is an indication of the
average successful operating time
of a device (system) before a
failure in any mode.

Fa—— MIIF .
‘MTBF: Mean Time Between Failures
‘MTBF = MTTF + MTTR
*MTTF = MTBF - MTTR . MTBF
‘MTTR: Mean TimeToRepair | |
*Since (MTBF >> MTTR) —— -

MTBF # MTTF
(very close in values)

=igure 77, Jehenaic mpesematon of MTTRE MTTR, MTERS
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Fundamental Concepts

VITBF and Failure Rate

Failures per unit time

Failure Rate = 4. = - _
Number of components exposed to functional failure

]
MTBF = —
A
RELIABILITY
AVAILABILITY
UNRELIABILITY
UNAVAILABILITY
Successful / Unsuccessful
MTTF b
3 ,‘f MTTR

Venn Diagram: Reliabiity-Unreliability;
Avallability-Unreliability and relations with MTTF and MTTR
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Fundamental Concepts

MTBF and Failure Rate

Relation between MTBF and Failure Rate A

Failure per unit time 1

1  Quantity Exposed
L —

A Failure per unit time
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Fundamental Concepts

MTBF - Example

» Instantaneous failure rate is commonly used as measure of reliability.

« Eg. 300 Isolators have been operating for 10 years. 3 failures have
occurred. The average failure rate of the isolators is:

Failure per unit time 3
A= 2 i — -- i ==
Quantity Exposed 300*10*8760

= 0.000000038 per hour = 0.001 per year

= 38 FIT (Failure per billion hours) =

= 38 probabilities of failure in one billion hours.
= 0.001 probability of failure per year

« MTBF =1 /A= 1000 years (for constant failure rate)
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Fundamental Concepts

FIT

Failure In Time is the number of failures per
one billion device hours.

1 FIT =
= 1 Failure in 10° hours

= 10-° Failures per hour
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A tot = A safe + A dangerous
As = Asd+ Asu

Ad = Add+ Adu
Afot =Asd+ Asu+Add+ Adu
Where:

sd = Safe detected

su = Safe undetected

dd = Dangerous detected

du = Dangerous undetected

Atot = Asafe + A dangerous
(MTBF = MTBFs + MTBFd)

dd/sd

Fundamental Concepts

Failure Rate Categories

du

su

du

4 mA

A safe: spurious trip (nuisance trip) *
A dangerous: safety trip

@ Technology for Safety

dd/sd

Example for a 4-20 mA signal

o



SIT = ZLDD +ZP“‘SD +Z}-5u B
Z 51 +Z?~|3“ +Zlm +213“

R ).
| Z}‘DD +z?"DL' +Z;”S.D "'zj"su

» Type A components are described as simple
devices with well-known failure modes and a
solid history of operation.

* Type B devices are complex components with
potentially unknown failure modes, e.g.
microprocessors, ASICs, etc.

@ Technology for Safety

afe Failure Fraction (SFF

I Mardware Mardware Mardware
SFF fault fault fauic
tolerance tolerance tolerance
(] 1 2
= 6% SIL 1 SIL 2 SIL3
| 60% - < 90% SIL 2 SIL 3 SIL 4
SU% -<99% SIL3 SiL 4 SiL 4
> 9905 SIL 3 SIL 4 SIL 4

Tehle 23, SFF (Safe Failure Fraction) for A type camponents

Hardware Hardware Hardware
SFF fault fault fault
tolerance tolerance tolerance
] 1 2
< 60% Not allowed SIL1 SIL2
60% - <90% SIL | SIL 2 SIL 3
|m%--¢m SIL 2 SIL 3 SIL 4
= 99% SIL 3 S1 4 SIL 4

Table 24, SFF (Safe Fallure Fraction) for B fype components




ample of FMEDA Analysis

o
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Tty 37, Example of FHEDA aralrsls
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-Davg 1001 Calculation

Equation for 1001 loop
PFDavg (T1) = Add * RT + Adu * T1/2

Where:
RT = repair time in hours (conventionally 8 hours)

T1 =T proof test, time between circuit functional tests (1-5-10 years)

Ad‘:i = failure rate for detected dangerous failures

PFD

A1:|u = failure rate for undetected dangerous failures

+
Repeater Controller _ I |
or Tu Supply Circulc Y
moTas
Final
Elemsmt
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PFD
-Oop PFD,,, calculation

PFDavg (T1) = Add * RT + Adu * T1/2
If T1 =1 year then

PFDavg = Add * 8 + Adu * 4380
but being Ay, * 8 far smaller than A4, * 4380

PFDavg = Adu * T1/2

+
Repeater Controller ]

Sensor Power output 17
o 1 55 N
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Davg simplified equations

Architecture + V¥ FEURYS PFDavg PFDavg
TI=1year TI =3 years TI= & years TI = 10 vears
1001 fpy 3Ix Aoy %x hpy 10x Apu
b 2 2
p 2 z 2
loo2 R% 9 x lDSU 25x RI?' 100 Ay
2002 ?tw 3X ?"DU 5 x lnﬂ[ 10x }L-D.U
2003 = 9% Any” I3xkpy? 100 Ay~
3 3 a 3
4 4 4
Seus ko’ 27 %Ay’ 128x kpy’ 1000% Apyy”

@ Technology for Safety

Tabte 2 Simplifted equalions for RF=lDavg calcutation

PFD



Qmmon fault / Beta Factor

Architecture Simplified equation Simplified equation with p factor
loo2 %N(im; xI7)’ %K[ﬁ‘ﬁ)“(ﬂw“ﬂﬂa +%“(ﬁ“ﬂm‘ x1T)
loo2D %x(ﬂpyxl'?}: %x[u-ﬁ)x(,aw xﬂ}f#—%x{ﬁxﬂpgxﬂ}
2002 hpus X1 [(1- )x(apg xT1)]# 2 x(Bx gy xT1)
2003 (Apgy XTI Y [(t- B)x(Ape < 1T) T +%x(§xﬂm— <TT)
1003 %x(zm, <IT)’ %[(1- B)x(dpy xT1)T +%x( Bx Apyy XTT)

For redundant subsrstems using electronic
components, the value of B ranges from
1% to 5%.

The second term of the equations is the
PFDavg value contribution due to the B
factor, derived from the 1001 architecture.

@ Technology for Safety

Example:
Au =0.01/yr; TI=1yr; B =0.05
For 1002 the equation is:

%x[(l_ﬁ}x(’lﬂu XTI)]E +%x(ﬁx;{ﬂU xTI) =

- x[0.95x0.01] +%x(l}.l]5xﬂ.[llxi}=

3
= 0.00003 + 0.00025 = 0.00028 / yr

o



- Considerations

Comparisons using different values of B factor:

[PFDavg] lool =0.005 / yr
[PFDavg] loe2 = 0.00003 / yr (no B factor)

[RRF] lool =200
[RRF] loo2 = 33.333 = 200 x 166.6

[PFDavg] 1002 = 0.000082 / yr (with 1% p factor)

[RRI] looZ = 12.195 = 200 x 61

| [PFDavg] 1002 =0.00028 / yr (with 5% p factor)

[RRF] 1loo2 =3571 =200x 17.8

[PFDavg] 1002 = 0.000527 / yr (with 10% p factor)

[RRF] looZ = 1897 =200 x 2.48

Considerations:

» The value 0.00003 is 166.6 times lower than 0.005.
* The value 0.000082 is 61 times lower than 0.005.

» The value 0.00028 is 17.8 times lower than 0.005.
» The value 0.000527 is 9.48 times lower than 0.005.

= Without B factor the PFDavg, of 1002 architecture, is 166.6 times better than PFDavg value of 1001 architecture.
= With 1% B factor the PFDavg, of 1002 architecture, is 61 times better than PFDavg value of 1001 architecture.

= With 5% P factor the PFDavg, of 1002 architecture, is 17.8 times better than PFDavg value of 1001 architecture.
= With 10% [ factor the PFDavg, of 1002 architecture, is 9.48 time better than PFDavg value of 1001 architecture.

@ Technology for Safety

o



lool

Zood

L

o

loold

Zood

b
-

Fgure 4% Sohemaiic disgram s of some syetem arniiclires

System architectures

Probability Probability
v | g | WTTE |o g T
Pper year per year
logl Q0400 i 00200 20
loo2 0.0800 12.5 0.0004 2500
auud 0.001¢ P QG400 a¥
2003 0.0048 208 0,0012 833
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« SIL levels (Safety Integrity Level)
* RRF (Risk Reduction Factor)

 PFD avg (Average Probability of Failure on Demand)

fety Integrity Levels (SIL)

SIL PFDavg (1-PFDavg) RRF FFDavg
safety Average Safety availability | Risk Reduction Factor Average
Integrity | probability of probability of
Level | failwre on demand fhilwre on
Ter year demand per
(low demand} hour
thigh demand)
SIL3 | =104to <103 | 99.9t099.99 % 10000 to 1000 =108 to <107
SIL2 | =103 to <102 99 ta 99.9 % 1000 to 100 =107 to < 100
STL 1 > 102 to < 10~ 90 to 99 % 100 to 10 > 10 to < 105

Table 26, Rigk recuction factor, as funefion of SIL levels and Avallablity
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- PFDavg calculation

Example 1

Each subsystem’s PFDavg has a = PFDave loof (%)
ercentage value in relation to Transmitter 0%
Phe total. Barrier 0%
PLC 5%
Valve 3804
Component manufacturers list, in e To%
their functional safety manual, oy —

the value of PFDavg obtained by

authorized certification bodies Table 5, FFDavg “welghing” for 1oct system architecturs

like TUV, EXIDA, FM, etc.

These bodies apply a
conventional “weighing” of the
PFDavg of the component in
consequence of the importance
that it has in the entire loop, as
reported in the following Table:

10%

@ Technology for Safety

aoTx

H Barrier
EPLC

O Valve
mPS
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Introduction to SIS

* |tis a common thought that a safety
function or a device which are rated
SIL (1-2-3) will be so forever.

» We know that this is false:
SIL integrity level depends on the
PFDavg value, therefore, the SIL level
lasts for a certain predetermined
period of time:T-proof Time Interval.

@ Technology for Safety w



Introduction to SIS

A SIL level which is maintained for 1
year is very different from one that
remains so for 10 years; Although,
both are used on the same safety
function.

» T-proof time interval then is the time
for which the conditions for maintaining [
a certain SIL level are met.

@ Technology for Safety w



« A simple SIS, with one logic
solver, is a safety function as
shown in the picture.

1 Logic Solver |
| Dutputs l

« A SIS is made up of multiple
SIFs: one for each potentially
dangerous condition.

Programmable Electranic Contraller

@ Technology for Safety w



ty Instrumented Systems (SIS)

« |ts objective is to collect and
analyzes data information from
sensors to determine if a
dangerous condition occurs, and brogrammable Electronic Contralier l

consequently to start a shutdown
sequence to bring the process to
a safe state.

l Logic Solver I

| Dutputs !

« A potentially dangerous
condition is called "demand”.

@ Technology for Safety w



Instrumented Systems (SIS)

» The majority of SIS are based on the concept of de-energizing to trip.
In normal working conditions input and output are energized
(F&G systems are the opposite)

» For each SIF, the required Risk Reduction Factor (RRF) is determined.

[ Logic Solver l
[ ouepen ]

Programmable Electronic Controller J

 |EC 61508 and IEC 61511,
recognized Standards,
cover In detail these safety aspects.

@ Technology for Safety -y w




Example 1

SIF Example

Calculate values of MTBF, PFDavg, RRF
for a possible SIL level of the following SIF.

These values are given by the manufacturers:

Tx: MTBF =102 yrs;  ADU = 0,00080 / yr; ADD =0,0010/yr; AS = 0,00800 / yr
Barrier: MTBF =314 yrs; ADU =0,00019/yr; ADD =0,0014 /yr; AS =0,00159 / yr
PLC: MTBF =685 yrs; ADU = 0,00001 /yr; ADD = 0,0001/yr; AS =0,00135/ yr
Supply: MTBF =167 yrs;  ADU =0,00070 /yr; ADD =0,0000 /yr; AS =0,00530/yr
Valve: MTBF= 12yrs; ADU=0,02100/yr; ADD =0,0200/yr; AS =0,00400 /yr

=
PLC = Channel 1
i i W Logic Output ||
i Sensar ™ IS Input Solver circuit
Iﬂ % _P_ E: L . i:
or Tx pl barrier circut Comrnon .{l
L « circuits '
1

R |
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1014 SIL 3 Analysis

Table 12; Failvre rates

D1014 mOdU|B EF:J'I Failure rates
: ure category in FIT
Isolated Hart compatible Total FAIL Dangerous Detccted 147
Faill Diangerous Dieteeted (internal dagnoesties or ndirearly) 0
Repeater power supply Full High (defected by (Le logle salver) 12
[ Tmil Law (defaeted by the logic salver) 103
Fail Dangerous Undelected 2
No Effect 182
No Part 15
MTDF = MTTF + MTTR J12 youes
MTTFs = Uhs a7 yeam
MTTFp =1/ Adu 188 veam
[Table 13: Fuilure rales according to IEC 61308
R ‘ Jsu | add | ide | SFF | DCs | DCd
categnry
Rates | OFIT | 1%2FIT | 10FIT | 2FIT | pegehe | o | 87%

Table 14: PFDavg values

T[Proof] =1 year
PFDave = 9.43 E-05
Walid for SIL 3
Bez MNole 4 Beotlon @

T[Proof] = 3 years
PFDaveg = 4.71 E-04
Walid for SIL 2
Boe MNote § Zeotlon @

T[Proof] =10 years
FFDavg = 9.43 E-04
Walid for SIL I
See Nate 3 Seotlon €
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ummary table for SIL 1

Example 1

Sub- |MTBF| aryr= |[MHEBES| o | p | dg |TFDAVE Sof = SIL
system I/MTBF | ~ L ks /yr / };r ; yr 0 g 1/PFDavg 2 Level
3 (yr) (yr) ; /2 PFDavg

Tx 102 | 0.00980 | 125 [0.00800( 0.0010 |0.00080] 0.000400 3.52% | 2500 | 91.8% | SIL2
E‘l‘g'l'ffg 314 | 0.00318 | 629 |0.00159] 0.0014 |0.00019] 0.000095 0.84% | 10526 | 94.0% | SIL 3
PLC | 685 | 0.00146 | 741 [0.00135| 0.0001 [0.00001] 0.000005 0.049% | 200000 | 99.3% | SIL3
valve | 12 | 0.08100| 25 [0.00400| 0.0200 [0.02100| 0.010230 92.31%| 93 741% | SIL1
Power ;

Supply | 167 [0.00600 | 189 (0.00530| 0.0000 (0.00070( 0.000350 3.08% | 2857 | 88.3% | SIL3
{TS{;:tI_?‘; 10 0.10144 18 0.05624| 0.0225 (0.02270 0.011350 100 % 88 = SIL 1

Table 3, 1007 system erchitecture and Tl of 1 year
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summary table for SIL 2

Example 1

L= | MTIBFs PFDavg
Sub- | MTBF Lot % of total| RRF = SIL
1/MTBF | = ; =
system | (yr) lds | &/ 3T | dan YT Aau /3T | 1001 PFDavg 1/PFDavg i Level
peryr | (¥r) Npesl2
Tx 102 | 0.00980 125 |0.00800| 0,0010 [ 0.00080 | 0.000400 | 92.20% 2500 |921.8%| BIL2
Barrier : o
D1014S 314 | 0,00318 ¢29 [0.00139( 0.0014 | 0.00012] 0.000095 | 2.18% 10326 | 940% | SIL 3
PLC 683 | 0.00146 | 741 |0.00135| 0.0001 | 0.00001 | 0.000005 | 0.11% | 200000 [993%| SIL3
Valve |37 [og2700| 75 |0.01333) 0.0066 10.00700/ 0003500 | go 4505 | 286 [74.1%| SIL2
guu:;; 167 | 0.00600 189 | 0.00530] 0.0000 | 0.00070 | 0.000330 | 8.05% 2857 |883%| SIL3
;'HI;; 21 0.04744 34 | 0.02957 [0.00917 | 0.00870 | 0.004350 | 100 % 230 < SIL 2

Table 4, 1a01 system architecture and Tl of 1 year except for valve
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SIF PFDavg confrontation

OTX

W Barrier
EPLC

O Valve
mPS

SIL 1 SIL 2
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Example 1

Summary table for SIL 2 SIF

Since the SIF has a safety integrity level SIL 2 the
periodic proof tests can be performed according to
the following table:

Subsystem T-proof test time interval
Transmitter 1 yrs
Barrier 10 yrs
PLC 20 yrs
Valve 4 months

Table 6. 1001 system architecture and T-proof test interval optimization

@ Technology for Safety w




=

) Versus T- proof time interval (TI)

PFD degrades in time.

The probability of failure of any equipment (therefore the PFD of a SIF)
Increases with time (linearly for constant failure rate).

S

@:i:ﬁ /_I !>/‘ f_ e
f
!

BIRTET

/I!!II
[
.

4
Tim= (yearsh
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2 of PFDavg & Considerations on SIL

« Knowing that two different safety-related equipments have the same SIL level is

not enough for a complete evaluation.
The values of PFDavg can be from 1 to 10 times different.

« A lower value of PFDavg is always preferable for its lower contribution to the
total SIL level of the SIF, and because, frequently, it allows for longer T-proof

time intervals.

SIL PFDavg (1-PFDavg) RRF PFDavg
Fafety Average Safety avallabllity | Risk Reduerion Factor Avernge
Totegrity | pachability of probabdlity of
Level | failvrs on demand failurs on
per year demand per
flow demand) hour
(high demand}

SIL3 | >10%t0<10%  99.91099.99 % 10000 to 1000 | > 10 to <107
SIL2 | =103 to <102 99 t0 99.9 % 1000 to 100 > 107 tn < 100
SIL1 | >10%to<101 90 to 99 % 100 to 10 >10to <103

@ Technology for

afety
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PFDavg

low PFD changes in time

« Since PFD increases with time, its value can be kept under control by
actuating maintenance proof tests at certain time intervals.

« A periodic test at T-proof interval (as specified by the manufacturer), is
capable of identifying any non directly detectable failure mechanisms in
the equipment (dangerous undetected failures);

Note: The grade of the test effectiveness affects the value to which the
PFDavg is set afterwards.

2.FE-03
1EB-03

Ziiirrffif:fl“
e o TAEAEIN AN IANANWINEAN, P

e . —i—
= '—Hwé“%‘*f‘jf“#“f“#“ﬁ —rroms
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PFDavg

low PFD changes in time

« The grade of the test effectiveness affects the value to which the
PFDavg is set afterwards.

 If the effectiveness is (99-100%) the equipment can be considered “as
new’, from a probability of failure point of view, if it is lower then 100%
(70-80-90%), then the SIL level could expire and not reach the required

SIL level.
Co i 1 / I
e I / { v/

[Red=Cek f : f — P

A

/ /
AT
L [ F 1 !! /
. 1

Temmpo (=nnl}
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Examples

FDavg: Equations and examples

For each component of the SIF, when the effectiveness of periodic proof test to reveal dangerous failures, is
100%, the PFDavg simplified equation, is:

PFDavg = Ay # %

when the effectiveness is not 100%, the PFDavg simplified equation is:

PFDavg = (Et x Ay ¥ %) o [(I -Et) x hpy * %}

where:

Et: periodic testing effectiveness to reveal dangerous failures (e.g. 90%)

SL: system, or component, test proof interval with 99-100% effectiveness, or between two complete
replacement of the device, or the lifetime of the system, or device, if it will never fully tested or
replaced.

for Tl = 1 yr and SL = 12 years, the PFDavg simplified equation is:

P Logic Chutput
) 12 ¢ Semsor e Solver circuit
s 1 C
PFDHHQTFLSL:]Z = (B> 7 )+[(I - Et)*Apyy XE @/) i

@ Technology for Safety



Examples

PFDavg: Equations and examples

A 12
‘PFDan|H=1,5L=12 = (Et x P}U Yot [(1- Et)x A, * T-‘
| ! L =]
Example a:
Adu = 0,01/ yr T T i
= 1 yr P i ]’S_clgic qutp}:t
Et - 900/0 - Ogg i\\ i‘nﬁr T}_h ba.{'ier ?ull‘mllmu J ‘
SL = 12 yr e circuits
i Fir;\\
At installation: Qlln—i )
PFDavg = 0,01 /2 = 0,005
RRF =1 /PFDavg =1 /0,005 =200
After one year:

PFDavg = (0,9 x 0,01/2)+ (0,1 x 0,01x6)=0,0105
RRF = 1/PFDavg = 1/0,0105 = 95

Note: after one year (or after each periodic test) SIL 2 level has become SIL 1.
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Examples

’FDavg: Equations and examples

My 12

W'J‘Hﬂqz = (Et> - )+[(]-Et)x1w X?}

Example b:
Adu = 0,01/ yr ™
TI=1yr ET s
Et=99% =0,99
SL=12yrs

After one year:
PFDavg = (0,99 x 0,01/2)+ (0,01 x 0,01 x 6) = 0,0056
RRF =1/PFDavg =1/0,006 =178

Note: after one year (or after each periodic test interval)
SIL2 level is still maintained.
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interval duration influence on PFDavg

To test a safety system online (e.g. while the
process is still running), a portion of the safety
system must be placed in bypass in order to
prevent nuisance trips. The length of the manual
proof test duration can have a significant impact
on the overall performance of a safety system.

During the test, a simplex 1001 system must be
taken offline. Its availability during the test is
therefore zero. Redundant systems , however,
do not have to be completely placed in bypass
for testing. One leg, or slice, or a dual redundant
system can be place in bypass at a time.

Indeed a dual system is reduced to simplex
during a test, and a triplicate system is reduced

to dual.
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[ Interval duration influence on PFDavg

Example c:
Adu = 0,002 / yr PEDvE =y e
Tl=1yr —

TD = 8 hrs (time interval)
PFDavg = 0,001 + 0,0009 = 0,0019; — e
RRF = 1/0,0019 = 526 BBl 10p = L5 {‘ = ?J
(useful for SIL 2 level)
Example d:

)E:Iu = 0,002 / yr PEDavg = oy < 4
T =1yr
TD =96 hrs

PFDavg = 0,001 + 0,01 = 0,011; \/

RRF = 1/ 0,011 = 90 — _
(useful for SIL 1 level) PFDavg = (Et<"2 }+ﬁ+{{l—Et}XADU xﬂ

Note:

The combination of both, effectiveness and test duration, brings to the
following PFDavg equation for a 1001 architecture.
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ies for maintaining safety in a SIS

Considerations:

* The SIL level of an equipment alone gives a partial, and incomplete,
picture of the prospecting solution for a given SIF application.

* Information concerning:
—Safe and Dangerous Failure Rates,
—PFDavg Values for 1-3-5-10 years continuous operation,
—T-proof Time Intervals,
— Test proof Procedures & their percentage

of effectiveness to reveal the
dangerous undetected failures,

shall be provided in the Safety Manual of the
equipment.
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jJies for maintaining safety in a SIS

* A scheduled maintenance plan of
the system is mandatory for each
component of a SIF chain to
restore the initial level of PFD and
therefore its SIL rating.

* Maintenance, in the form of
periodic tests at T-proof time
interval, normally requires a bypass
for the equipment under test, and
often implies some critical
operations, therefore the time
interval should be the longest
possible and the proof procedure
should be safe, effective, and as
quick as possible.
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