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Vision
Creating a better world

oy making processes
safer and more efficient




Mission
We create value for our customers
oy making their invisible process
safety risks and energy or
production losses visible.
This allows targeted actions to be

taken to reduce these risks and
optimize the plant performance
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Prior In use assessment

« Safety Lifecycle
* Design
. | ssessment

slon




Safety Lifecycle

Hazard & risk Design
° P |—| A assessment (execute &
(PHA, SIL, ANALYSIS evaluate)

* Design

. tion

Installation, commissioning
& validate
(FAT, SAT, functional proof
test)

Modification

Operations

and
Decommissioning maintenance

L%



Safety Lifecycle - Design

» Selecting parts
* Proven in use

Hazard & risk Design
assessment (execute &
(PHA, SIL, ANALYSIS evaluate)

Installation, commissioning
& validate
(FAT, SAT, functional proof
test)

Modification

‘ Operations
and

Decommissioning & maintenance

L%



Safety Lifecycle - Design

Installation, commissioning
& validate
(FAT, SAT, functional proof

* Proven in use |
» Data provided by manufacturer i e e
« Generic information

Not according pl

situation (service, degradation mechanism, etc)

Not offici N IEC 61511

er with plant information -> prior use




Safety Lifecycle - Design

Installation, commissioning
& validate
(FAT, SAT, functional proof

* Certified Data x
« Clear description of failure data sy M oo

Provided installation and safety manual

Suitable for b
Cover all

e A and B components

ceds to be used to verify component

e used for validation the application



Safety Lifecycle - Design

e Prior use

* Needs evidence according IEC 61511

historical data out of the field

nd some B components
els

flied data is available

» Design
assessment (execute &

(PHA, SIL, ANALYSIS evaluate)

| B

Installation, commissioning
. . & validate
Modification (FAT, SAT, functional proof
test)

‘ Operations
and

Decommissioning e maintenance

Hazard & risk




Prior Use Assessment

» Required evidence according IEC 61511

« Consideration of the manufacturer’'s quality, management and
configuration management systems

« Adequate identification and specification of the devices

« Demonstratio e performance of the devices in similar operating

environme
e The vol

perating experience
erformance




Prior Use Assessment

« Adequate identification and specification of the devices
« Proof of manufacturer quality management

Availability of operational manual
Suitable for both
For type B a
For highe

e A and B components

ftware assessment is required

. more evidence is required




Prior Use Assessment

» Volume of the operating experience
* The reliability data uncertainties can be evaluated according to:
o Statistical approaches
o Engineering judgement techniques (generic data)
o Undertaking cific technigues (like FME(D)A)

« The amount feedback

s in higher uncertainty
cal approach

e is only for similar components (size, service, A

o U

L%



Prior Use Assessment

« Use of probabilistic distribution

« x2distribution: From a sample of n failures observed over a

cumulated observation time T the confidence upper bound can be
calculated by using the x2 function: 1 4

hog = ST %03.2(n+1)

« Can be use all size of data
%
1 time; n = observed failures




Prior Use Assessment

« Observation time (T)
« Total time (in years) where a component is in service
« Same model number
* Same service
¢ Same envir ental iImpact
on
onent * service years




Prior Use Assessment X% vs normal distribution
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« ¥2Vvs normal distribution |
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Prior Use Assessment

o y2 distribution

» Reliability (FIT) against
observation time

FIT

X% in relation amount of events
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Prior Use Assessment - examples

« Simple SIF configuration

Sensor » LS » Actuator | Valve

« Sensor, Logic Selver and Actuator does have valid SIL certificates
* Sensor; g~ 2.85X10™

| PFD,, = 482 x 10

avg = 530 X 1073

e a valid SIL certificate




Prior in Use Assessment

» Simple Safety loop
« High level in tank closes tank-valve
« All components, except valve, contain necessary certification documents
« Service time plant 18y

odel number




Prior in Use Assessment - examples

« Example 1
* Fictitious vs probabilistic (x?) approach
Ixed set of results

e data

liability and # events




Example 1 - results valve

« Out of maintenance report, the following data is acquired

Tag # date service | failure Event ? SD | SU | DD | DU | Maintenance MTTR
XV-003 25-01-99 | Clean Packing leak Fail safe 1 Packing replacement 45 min
XV-034 04-10-02 | Clean Build up material Poss. danger 1 Cleaning 1 hour

XV-010 18-08-02 | Clean Shaft d Fail to danger 1 Valve replacement 12 hours
XV-150 06-02-09 | Clean Fail safe 1 Packing replacement 1,5 uur
XV-068 19-04-15 | Clean sed 100% | Poss. Danger 1 Valve replacement 16 hours
XV-099 31-10-19 erial Poss. Danger 1 Cleaning 30 min

 Proof- - 8760 hours (1 year)

ge)

rocess safety




Example 1 - Fictitious example

 Failure rate [in FIT(Failure in Time)l.
c A=n/T
* Ayy=228 FIT, A\gp= 685 FIT; Asp= 457 FIT, A\p= 013 FIT




Example 1 - probabilistic example

« x?la/2, 2n+2]; a/2 = 0.3 (70% confidense, n = amount of events)
e A=x2/(2%xT)
| rate.

FIT: A - 825 FIT Ay - 856 FIT




Example 1

« Results prior use calculation:

* Fictitious approach (prior use): PFD,,, = 536 x 104
* Probabilistic approach (prior use): PFD,,, = 246 x 1073

avg = 06.60 X103 -> RRF 151
PFD,,q = 853 X 1073-> RRF 117




Example 2 - results valve

« Out of maintenance report the following data is acquired

Tag # date service | failure Event SD | SU | DD | DU | Maintenance MTTR
XV-003 25-01-99 | Clean Packing leak Fail safe 1 Packing replacement 45 min
XV-034 04-10-02 | Clean Build up material Poss. danger 1 Cleaning 1 hour

XV-010 18-08-02 | Clean Shaft d Fail to danger 1 Valve replacement 12 hours

XV-150 06-02-09 | Clean Fail safe 1 Packing replacement 1,5 uur

XV-068 19-04-15 | Clean sed 100% | Poss. Danger 1 Valve replacement 16 hours
31-10-19 erial Poss. Danger 1 Cleaning 30 min

- 8760 hours (1 year)




Example 2 - results valve

« Out of maintenance report the following data is acquired

Tag # date service | failure Event SD | SU | DD | DU | Maintenance MTTR
XV-003 25-01-99 | Clean Packing leak Fail safe 1 Packing replacement 45 min
XV-034 04-10-02 | Clean Build up material Poss. danger 1 Cleaning 1 hour
XV-010 18-08-02 | Clean Shaft d Fail to danger 1 Valve replacement 12 hours
XV-150 06-02-09 | Clean Fail safe 1 Packing replacement 1,5 uur
XV-068 19-04-15 | Clean sed 100% | Poss. Danger 1 Valve replacement 16 hours
XV-099 31-10-19 erial Poss. Danger 1 Cleaning 30 min

8760 hours (1 year)

A

ta — all events considered as dangerous failur -



Example 2

« x2la/2, 2n+2]: (70% confidence, n = number of events - 6)
* A=x2/(2xT)
| rate:.




Example 3

« Same data as previous examples
» Considered only Ay, values
creased number of found DU events

ution




Example 3

Reliability related to # events

# events



Prior in Use Assessment - summary

« Volume of the operating experience:
* High observation time -> decrease of FIT
» Observed events will then contribute less
» Monitoring device performance
» Better mo and documentation -> RRF increases

ew regarding reliability related to




Prior Use Assessment — Discussion

Can ‘certified data’ being replaced by prior use’ data ?

Certified data | Prior use

Used within green field & 0
Used within brown field 0y 1(5
Predictive I e
Realistic & 0
Cover all SIF & g
Clear fail & g

e LA -

e I




Prior Use Assessment — Discussion

« Can ‘certified data’ fully being replaced by ‘prior in use’ data:

ible
erformance during operational phase

reliability I




Questions




There’s More Than
One Terrific Reason
to Be Safe at Work

THEY NEED US




Back-up slides




Example 1 - fictitious example

 Failure rate;
* Ayy=1/500 =200 X103 peryear= 228 x 1077 per hour = 228 FIT
* App=37 500 =6.00 x 1073 per year = 6.85 x 1077 per hour = 685 FIT
* Asp=2 /500 = 400 X 1073 per year = 4.57 x 1077 per hour = 457 FIT
- 913 FIT

» Calculate tq¢ t., = ’?—D“ X (2—‘+ MTTR) + ("li: X MTTR)

o tp=(228 1077) " (8760/2 +53) + (6.85 X107 / 913 X 1077 " 53)

Ours
PFDave = [(Apy) + (App)] Lee

7+0.85X107) 1104 = 5,36 X 104




Example 1 - probabilistic example

» x?la/2, 2n+2]; a/2 = 0.3 (70% confidense, n = amount of events)

 Failure rate:
* ANoy=x2/(2xT)=488/(2"500)=488x%x1073 per year = 556 X 1077 per hour
s Aop-Xx2/(2XT) =952 /L2 " 500) - 9.52 x 1073 per year = 1.09 X 107° per hour
* Ap=x2/(2xT)=7, " 500) = 7.23 X 1073 per year = 8.25 x 107/ per hour
/+ 500 X107 =850 X107

t,. = ’;‘L’—;x (2+ MTTR) + (%x MTTR)

* Ap=Apy * App=
e Calculate t
107°) " (8760/2 +53) + (825X 107/ 1.09 X 10° " 5.3)
ours

PFD,,;, = [(Apy) + (App)] tee

QX 107°) " 1494 = 2.46 x 1073




Example 2 - probabilistic example

» x?la/2, 2n+2]; a/2 = 0.3 (70% confidense, n = amount of events)
 Failure rate:

* Amount of events (n) = 6
* ANou=x2/2xT)=488/
« Calculate PFD
« PFDavg -

e Calculate

" 500) = 1.62 X 1072 per year = 1.85 x 107° per hour
lve

avg

F
F4.82X104+530 X103+ 811X 1073




