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1. Prerequisites and Installation

This chapter describes the procedure to follow before the software can be used. Because an external computation
engine is used, certain prerequisites are necessary.

1.1. Prerequisites

The minimum hardware requirement is a Pentium 1V (or more) with 1 GB memory. Works under Window XP,
Vistaand 7

1.2. Installation of TotalEnergies version without installer

TotalEnergies version of the GRIF software does not require an installation procedure. Y ou must unzip the GRIF
201X-Module SIL.zipinthedirectory of your choice. The path of directory must not contain any special characters
such as: {,},[.],(,),$,%, etc.

In the following chapters, we will assume you have unzipped the file in C: \ Pr ogr anmres\ Total \ GRI F
201X- Modul e SI L\

1.3. Installation of retail version with installer and demonstration
version

The retail version of software is provided with a file whose name is GRIF 201X.zip . Unzip the file (on your
desktop for exemple), ans launch GRIF-Install-Win32.exe. A window will guide you through installation step. If
you haven't purchase GRIF, please select demo at the end of inttallation.

In the following chapters, we will assume you have install GRIF in C: \ Pr ogr ammes\ Tot al \ GRI F 201X\

1.4. Saving

Data generated by GRIF are saved in "USER" directory. With Windows XP it is C: \ Docunents And
Set ti ng\ UTI LI SATEUR, with Windows Vistaand Windows 7itisC: \ Uti | i sat eur s\ UTI LI SATEUR.
The name USER is usually your name or your identification number with which you have openned your session
on computer.

GRIF Module SIL savesitsfilesin USER/ GRI F/ SI L/ Appl i cation .

1.5. Launching

The softwareis now ready for use. To launch the SIL module, double-click on =51 bat qui isin directory where
GRIF has been installed. In retail version, you can also use the Start menu (Software/GRIF 201X).

User manua 6/125
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2. Presentation

2.1. Introduction

The SIL modulein the GRIF-Workshop software platform enablesinstrument techniciansin charge of architecture
design or maintenance of SIS (Safety Instrumented System) to evaluate the SIL (Safety Integrity Level) of
safety instrumented loops in line with standards |EC 61508 and 61511. The computations carried out are safety
computations; the top event is a non-detected dangerous failure of the SIS (Safety Instrumented System) safety
function.

The definitions and parameters used in this document are explained in the glossary (cf. Appendix F, Glossary)

2.2. Main window of the SIL module

The main window is divided into several parts:

 Titlebar: Thetitle bar shows the names of the module and file being edited.

* Menu bar: The menu bar gives access to all the application’s functions.

» lcon bar (shortcuts): The shortcut bar is an icon bar (horizontal) which gives faster access to the most
common functions. The Oper ating duration area lets you specify the operating duration in years, and launch
computation.

e Tool bar: Thetool bar (vertical) enables you to select the elements for modeling. By default, thistool bar is not
displayed. In order to make it visible, check the box Display graphical tools bar in Tools.

* Input zone: A maximum amount of space has been left for the graphical input zone for creating the model.
When module is launched, this zone contains a picture representing the architecture as well as an empty chart
as no computations have yet been carried out.

» Tree: Graphical tree is between input zone and tool bar. It enables to walk through pages and groups of the
document. It is not displayed by default.

» Configuration window: On the right of input zone, a window that contains Configuration of architecture,
Configuration of components, Report, Parameters and Attributes enables you to configure the system.

4 GRIF - Module SIL - [2021.Alpha2][Debug][DEMO] - Sif-Projectl.sil -\Page 1 - o x
File Edit Tools Document Dataand Computations Add-ons ?
Normal ilf‘ &8 sBE |Opera(mnyears 300 [~ X || Tom
| ¥ iter G =i e of [c of Report | B Parameters | ) atributes
1w SiFProjectt Sensors architecture
ar
o (] Paged | Number of channels [1_| = | configuredin [foo1 [~
Elensrt | L e
AR | r
2 | [ Betaecets0as0 [
Channel 1
Number of sensors [1 || configuredin [To01 [~ |[S [~] 1 detected failure leads to trip
-] Fakes Ctimn Caio0 Fasuret wio e ivint - .
siFt
PFD B
'
] e Actuators architecture
[ 1 1001
7 ; i Number of channels configured in [1o01 [~
[ Murti-loops s oEd sio . i
3 i s
st
. Channel 1
e Number of actuators [1_| v configuredin[1001 |+
= ST £
[} [[] Take Common Ca ailures into account
e w1 em RIS L o i o
Davg il
PFD(t): Average=D, SILO=0%, SL1=0%, SIL2=0%, SIL3=0%, SIL4=0% i
— PFDAYQ — PFD(t) — Achuators — Sersors  Solver q [=]
[] Bet

[T

D P AT | B 1 bl
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2.3. Vertical toolbar

All the graphical symbols are shown on the vertical icon bar on the left of the data input screen. This toolbar is
not visible by default, it can be displayed with the T ools menu.

ERE<

[ <

The vertical toolbar contains the following items:

» Select selectsthe desired elements.

» Group to create anew group. A group is a sub-page which can contains graphics elements.
» Comment to add text directly to the graphic.

Chartsto draw charts representing computations on the model.

User manua 8/125



~+

TotalEnergies

3. Configuration of architecture

The Configuration of architecture tab enables to define architecture. Each modification made on this tab is
visible on picture of architecture.

f Configuration of architecture |

Sensors architecture

Number of channels [Iz‘ configured in
[] Take Common Cause Failures into account

Beta inter-channels

Channel 1

Number of sensors [IE‘ configured in | 1001 |v||S |v| | | |fai|ures leads to trip
[] Take Common Cause Failures into account

oeta Sensors

Actuators architecture =
Number of channels EIE‘ configured in
[ Take Common Cause Failures into account
Beta inter-channels
Channel 1

Number of actuators EE configured in

non Cause Failures into acc

Beta actuators » Beta sub-actuators

[ Actuator 1|

1 actuator and m: sub-actuator(s) configurec i'l:lj
[] Take Common Cause Failures into account
Beta sub-actuators

4]

3.1. Architecture definition

Thetop part of the tab: Configuration of ar chitectur e enablesto define the configuration of sensor part. Possible
choices are:

e The number of channels, up to 16, and the (logical) configuration between channels (cf. Configuration des
canaux );

* Number of componentsin each channel, up to 24, and the configuration of these componentsin the channel;
» Taking Common Cause failure into account for all sensors (cf. Configuration desDCC);
» Taking Common Cause failure into account for sensors of a channel.

The bottom of Configuration of architecture tab enables to define the configuration of sensor part. Possible
choices are:

e The number of channels, up to 24, and the (logical) configuration between channels (cf. Configuration des
canaux ).

* Number of actuatorsin each channel, up to 8, and the configuration of these componentsin the channel.
* For each actuator, the number of sub-actuators (0, 1, or 2), and the configuration of these sub-actuators.
» Taking Common Cause failure into account for all actuators. (cf. Configuration desDCC )

» Taking Common Cause failure into account for actuators and sub-actuator of the channel.

» Taking Common Cause failure into account for sub-actuators of the actuator.
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.\ In case of paralldl and redundant architecture, awar ning appearsif user does not indicate common cause

failures.

B Warning =
0 error{s), 4 warning(s)
Type Localization Source Message
Message
You should use a common cause failure with parallel configuration
| Continue I Cancel |

|\ In case of serie architecture, a avertissement appearsif user indicates common cause failures.

. Warning

==l

0 error{s), 1 warning(s)

Type | Localization | Source

Message

Message

Common cause failure should not be used with serial configuration

| Continue

Cancel

3.2. Use of graphical input zone

It is possible to remove, add a channel or modify redundancy of channel using graphical input zone of safety
instrumented loops. A right click on the ellipse makes it possible to add or remove a channel. In this case, the

last channel will be removed.

A right click on channel number removes the specific channel.

@ SOLVER (30p2)
— Add channel

[ [1] [, Remove channel ¥| SIF1 - Channel 1
[s1.1] At ta] Azta Configure part  »| SIF1-Channel 2
[s12] | At | -"-%',#C{:F ’ISIF1-ChanneI3

azmfaza|] A3T | g
[513] A1.2 A2.2
SiF1

3.3. Voting for components of a channel

Usually, for each channel, a MooN voting means that you need M components at threshold (detecting problem)
to trip (put the system under control in a safe mode). For sensors, the SIL module distinguish MooNS (Safety)

and MooNA (Availability) voting.

* Votewith"S" typearchitecture: the invaidity of the sensor triggers the safety system (Safe).
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e Vote with "A" type architecture: the invalidity of the sensor triggers no action other than an alarm
(availahility). The solver logic is modified, excluding sensors with detected failure. In this case, we define
a number (X) of detected failure from which the channel trips. This number (X) is fixed by default for
TotalEnergies (but can be modified in M configuration):

— 3if 3 components or more
— 2if 2 components
— 1if 1 component

e Votewith" M" typearchitecture; It isexactly the same definition astype"A". But X (the number of detected
failure leading to trip) can be modified by users.

The reconfigurationsin A/M configuration are the following:

* 1003 -> 1002 -> 1001

e 2003 -> 1002 -> 1001

* 3003 -> 2002 -> 1001

MooN -> Moo(N-1)-> Moo(N-2) etc while N-i > M, then M and N are decreased of 1 until 2003 configuration
NooN -> (N-1)oo(N-1) etc until 1001

Example: 4008 -> 4007 -> 4006 -> 4005 -> 3004 -> 2003

Following chapters detail S and A configuration for 1002 and 2003.

3.3.1. 1002S and 1002A

Sensor in 1002A configuration

A Normal- The safety function is inactive
: Solver Tripped: The safety function is active

" 1002A B\A Normal At threshold Invalid
B : Normal Normal Normal
@ At threshold
: Invalid Normal

|
C 3 A Normal: The safety function is inactive
Solver Trpped: The safety function is active
""""""""""""" @ B1A Normal _ |Atthreshold | Invalid
B Normal Normal
—@ At threshold

Invalid
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3.3.2. 2003S
Sensors in 2003S configuration
Sensors: Normal: The safety function is inactive
Trij - The safety function is active
Lo
h g L7
R .'Normal " At thresh,”’ Invalid
I B 1 K £ ¥ P B
(-8 | \\é& >
l ”z L
| -
*—’ _____ I’
A
; ---»B
' Tripped Tripped
N
i ---»B
‘z\@&;
1
i
3
e
]
.-3,\‘55 Normal ~ Atthresh.  Invalid
N
Wow
A
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3.3.3. 2003A
Sensors in 2003A configuration
Sensors: Normal: The safety function is inactive
c Trf%ed: The safety function is active
X i
,f ! \I " K
B | Q& " Normal - At thresh.” fnva.fad S 3B
=== ¢ >
X i Normal Normal Normal
1
A 4 by )
A
Normal Normal
& Noma Normal Normal o’
N orma orma orma Invali ) __} B
2
@} y Normal'/ Normal
\\Ql

/[ /S

- C
S a5

— esh Invalid "\ g

: i $ Normal Normal Normal Q“@‘

Y W

i ;?a: Narmal g
N / /
> /

Normal At thresh.  Invalid

3.4. Configuration of channels of a part

You can select aMooN (M out of N) configuration, in this case, the system needs M working sub-systems (out
of N) to be available for its safety function. You can also choose a specific configuration. For example, if you
need to configure 3 channels as follows: channell OR (channel2 AND channel 3), select the manual button and
type: (1] (2 & 3)) inthetext field. In formula, each channel is replaced by its number. For logical OR, use pipe
() character. For AND use & . Operators have different priority, you must use parenthesis.

3.5. Take Common Cause Failures into account

You can use Common Cause Failures (CCF) at different levels of architecture. For each level, you can specify
a beta-factor. For expert-users, you can display the DDC period configuration (with Tools), it let you specify a
period (in hour) for CCF test. This period is automatically calculated. Uncheck the period checkbox if and only
if you realy know what you do.

3.6. Constraints on SIF architecture

The architectural constraints are defined by IEC61508 and 61511 standards to limit the maximum SIL that can
be achieved according to the Hardware Fualt Tolerence and caracteristics of components. This mximum SIL
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is independent from PFD and PFH. The architectural constraints differ according to the standard. This chapter
summarizes the various architectural constraints of a safety instrumented function according to the standard.

3.6.1. Definition

Please refer to standard for more details. Only small extracts are listed in next chapters.

* SFF: Safe Falure Fraction

* HFT : Hardware Fault Tolerence

» Field proven/Standard/Non-safety: The previoux IEC61511 (2003) defined caracteristics (positiv safety/
fild proven/certified etc ...) that was necessary for maximum SIL computation. Theses differences have been
removed from computation in 2016.

» TypeA : Type A component (see |[EC 61508)

» TypeB Type B component (see IEC 61508)

3.6.2. IEC 61508: Route 1H

According to Chapter 7.4.2.2 of IEC 61508, the following table define the maximum reachable SIL depending on
the number of hardware faults that are acceptable, and depending on the Safe Failure Fraction.

e TypeA:
Safe Failure Hardware fault tolerance (HFT)
Fraction (SFF) 0 1 2
< 60% SIL1 SIL2 SIL3
60% - < 90% SIL2 SIL3 SiL4
90% - < 99% SIL3 SIL4 SIL4
299% SIL3 SIL4 SiL4
* TypeB and others:
Safe Failure Hardware fault tolerance (HFT)
Fraction (SFF) 0 1 2
on | s sz
60% - < 90% SIL1 SIL2 SIL3
90% - < 99% SIL2 SIL3 SiL4
2 99% SIL3 SiL4 SiL4

User manua 14/ 125
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3.6.3. IEC 61508: Route 2H

According to Chapter 7.4.2.3 of IEC 61508, the following table define the maximum reachable SIL depending
on the hardware faults tolerance is:

2 PFD [ u ]
2 PFH @ u [
. © B B
4 V) @ e

3.6.4. IEC 61508: Route 2H - Chap 7.4.4.3.2

«For type A elements only, if it is determined that by following the HFT requirements specified in 7.4.4.3.1, for
the situation where an HFT greater than O isrequired, it would introduce additional failures and lead to a decrease
in the overall safety of the EUC, then a safer alternative architecture with reduced HFT may be implemented. In
such a case this shall be justified and documented. The justification shall provide evidence that:

a) compliance with the HFT requirements specified in 7.4.4.3.1 would introduce additional failures and lead to a
decrease in the overall safety of the EUC; and

b) if the HFT isreduced to zero, the failure modes, identified in the element performing the safety function, can be
excluded because the dangerousfailure rate(s) of theidentified failure mode(s) are very low compared to the target
failure measure for the safety function under consideration (see 7.4.4.1.1 c)). That is, the sum of the dangerous
failure frequencies of al serial elements, on which fault exclusion is being claimed, should not exceed 1 % of the
target failure measure. Furthermore the applicability of fault exclusions shall be justified considering the potential
for systematic faults»

*IfHFT=10 SIL 4
* IfHFT=00 SIL 3;

3.6.5. IEC 61511 - Version 2016

Minimum HFT requirements according to SIL

2 PFD [ u [
2 PFH @ Eﬂ ]
., @ B P
4 @ @ [

3.6.6. IEC 61511 - Version 2016 - Chap 11.4.6

For a SIS or SIS subsystem that does not use FVL or LVL programmable devices and if the minimum HFT as
specified in Table 6, would result in additional failures and lead to decreased overall process safety, then the HFT
may be reduced. This shall bejustified and documented. Thejustification shall provide evidence that the proposed
architecture is suitable for its intended purpose and meets the safety integrity requirements.

*IfHFT=10 SIL 4
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* IfHFT=00 SIL 3;

3.6.7. How to configure the standard that will be used for contraints

Y ou can choose the standard used to compute the maximum SIL inthe Data and computations/Applied standard
for contraints menu. This choice will be applied to every loop of the document, for sensor part and actuator part.
If you want to specify a specific standard pour each part of aloop, you can activate the Data and computations/
Configure specific standards in the parts option. In this case, the architectural tab will contain a Specific
standard in the part area, which can be used to define a specific standard for each part.
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4. Configuration of components

The aim isto specify values for each element of the SIF being studied.

Do thiswith the tabs of configuration window:

» The Sensor (s) tab is used to configure the sensors,

» The Solver tab isused to configure the solver,

e TheActuator (s) tab is used to configure the actuators

» And the Parameter s tab contains the definitions of the model's parameters.

:j In the following chapters, all the numerical values entered can be real numbers, where the decimal
separator isadot. It is possible to write them as such; 0.0000015 or in scientific notation: 1.5E-6

4.1. Configuring the sensors

The sensors of the safety loop can be configured in the Configuration of components/Sensor (s) Part tab. Each
sensor can be accessed separately in the sub-tabs S1.1, S1.2, etc. The first number (before the dot) is the channel
number, the second (after the dot) is the position in the channel.

Configuration of sensors is also accessible by a double click in the input zone on the sensor which user want to

set up.
B8 GRIF - SIL Module s
Test
[ | Existing component: | | | iz
Test type: ‘When unit is stopped ‘V|

Identification

Duration between tests (T1): |8 | =

Tag Name: |SIF2_S1_1 |
Time of the first test (T0): |8 | =
[] Identical to: ‘
Advanced parameters
. -
hatine ‘Instrument ‘ ‘ [ ] Component available during test (X)
Instrument type: ‘HDW transmitter ‘ = ‘ [ ] safe failure repairs don't impact safety function
Manufacturer: ‘ | Lambda during test (A*): 0 h [ | Equal to Lambda
Dats source: | | & Test duration (T): 3
Test efficiency rate (o): 1 robabili
Description: | | Y () J P -

Wrong re-setup after test (w1): 0.00 | probability

Instrument parameters Wrong re-setup after repairs (w2): |0.01 | probability

- @© Factorized ’7 - O Developed Proof test coverage: 100.0| %
Lambda (A): 1.5E6| h™ Lambda DU (A DU): [1.125E-7| h™*
0 %

DC only alarmed:
LambdaD/Lambda (Ad/A): (250 | % Lambda DD (A DD): |2 625E-7| h'?

- [] Partial tests

S @ = e b Component available during test (X)
DCs: [1000 ] % || Lambda SD(ASD): 112566 h™ | | Test duration ) § I:D
SFF: 92.5% e Percentage of detected failures: 50 %
MTTR: |96 | Hour(s) |~ Number of tests: 1
Test leads to failure (y): |U | probability
OK ” Cancel Help
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J In the following paragraph, "the component” means the sensor.

4.1.1. Existing component
The component may be already used/defined somewhere else in the system. In this case we speak about existing
component. For example, when a component isin 2 channels. The existing component can be selected in alist.

It can be a component of the current SIF, of one of another SIF. This options is only available when you have
many components of the same type.

4.1.2. Identification

Tag name : component's instrument tag on PID (e.g.: 10 PT 2034 for a sensor, 10 UV 2034 for an actuator, or
10 _ESD_06 for solver).

Near to Tag name two icons enables you to export or import parameters from axml file or from a database.

Import/Export componentspropertiesin xml format El Six actions can be chosen from the drop-down menu,
displayed with aleft click on the button:

& Reset to default values.
Save in a model-file ...

= Use a model ...

& Connect to a model-file ...
27 Disconnect from model-file

* Saveasdefault model @ saveas default model. : saves the component’s characteristics in the default
model.

* Re-initialisetodefault values @ Re-nitialyse to defaut values. : copiesinto the component the characteristics
stored in the default model.

* Savein amodel file & Saveinamodelfie.. : saves the component's characteristicsin amodel file,

whose |ocation must be specified. Thisfile can be reused or sent to another person.

Useamodel = Useamodel.. : copiesinto the component the characteristics stored in amodel
whose location must be specified. The name of the file where the model is located will be displayed at the left
of the button.

Connect toamodel file | # Comecttoamodeldie .. | - engplesto connect acomponent to amodel of acomponent
stored in a database, whose location must be specified.

Disconnect to a model file ¢ Discomectirom modelfie | - isoonnect the component to the model file.

Base of components & By clicking on theicon 3 actions are available.

&4 Use a component ...
#° Connect a component...
+7 Disconnect to the component

* Useacomponent = Useacomponent.. : copiesinto the component the characteristics stored in the base
of components.
* Connect acomponent ¢ Connecta component... : connect the component to a component stored in the base

of components. The name of the file where the component is located will be displayed at the | eft of the button.
* Disconnect a component & Disconnect to the component - disconnect a component in the base of components.

Identical to : used to specify whether the component is identical to another component of the same type (i.e. a
sensor when editing a sensor).
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By clicking on thefollowing icon @/ it is possible to copy another component's parameters.

This functionality can only be accessed when the SIF have several components of the same type. Only the
characteristics Tag and Identical to are not copied. The components available are the same as those displayed
for the functionality | dentical to.

It is different from Existing component. Here the component is not exactly the selected one, they are
physically distinct, but they have same parameters. This functionality can only be accessed when the SIF
have several components of the same type. If the checkbox is checked, only the Tag of the component
can be edited (the others are identical to the reference component).

A\

Instrument type : type of instrument used. It is selected from a drop-down menu.
Manufacturer : inform the manufacturer of the component.

Data sour ce : Indicate where reliability data are extracted.

Description : open field where the user can add his own description of the component.
) In the base of components, these information are filled in the following columns:

« ID

 REPERE

+ DESCRIPTION

¢ INSTRUMENTED_TY PE:AIl the components type are given in the Appendix C, List of components
* MANUFACTURER

+ DATA_SOURCE

4.1.3. Determined character of the component

Determined character of the component : enables you to specify the component's determined character. The
component is characterised by one of the three characters available:

* Non-type A/B : indicatesthat the component is operating in negative safety mode (energiesto trip) and without
self-diagnostic system. Corresponds to the NS type (Non-safety component) of versions previous to 2013.

» TypeB : indicates that the component is operating in positive safety mode (fail-saf€) or equipped with a self-
diagnostic system. Corresponds to the S type (Standard component) of versions previous to 2013.

» Type A : indicates that the component is operating in positive safety mode (fail-safe) and proven in use (or
certified) and equipped with a self-diagnostic system (or implementation of several proof test) and access
protected safeguarding the settings of the internal configuration parameters. Corresponds to the F type (Field
proven component) of versions previous to 2013.

8. In the base of components, these information arefilled inthe DETERMINED_CHARACTER column:

¢ NSfor No-type A/B component;
» Sfor type B component;
e Ffor type A component;

4.1.4. Test

Test type: enables you to specify the type of test used for the component. Two types of test can be selected from
the drop-down menu:

» Test when unit isstopped: meansthat the component istested when the unit is stopped. The test does hot harm
the safety function as the unit is no longer working.

» Test when unit isworking: means that the component is tested when the unit is working. The component is
no longer available to carry out its function and this affects the safety function. This can be used when a sensor
has been by-passed to be tested and the installation has not been stopped.
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J it is also possible to specify that the component will undergo no periodic test.

Duration between tests (T 1): period of time between two proof tests of the component. The time unit is selected
from adrop-down list (hours, days, months, years).

Timeof thefirst test (T0): time at which the first test of the component is carried out. The modes for editing this
characteristic (value and unit) are the same as for the duration between tests.

8. In the base of components, these information arefilled in the following columns:

« TEST_TYPE:

— TESTUNITWORK pour Test unité en mar che;
— TESTUNITSTOP pour Test unitéal'arrét;

— EXP pour Non testé;

TO: Fist test;

TO_UNIT: HOUR, DAY, MONTH or YEAR,
T1:Duration between tests;

T1 UNIT:: HOUR, DAY, MONTH or YEAR.

4.1.5. Instrument parameters
This part includes al reliability datafor a component.
For failure rates 2 different ways can be used to inform them:

Simple way: with the following parameters:

® Simple

Lambda (A): 1.5E-6| p!
LambdaDILambda (AN): [25 | %
DCd: o |
DCs: 100 |%

.;j] The value can be edited manually or selected from a drop-down list dusing automatic completion.

Lambda A: failure rate of the component (h*).

LambdaD/Lambda (A/A): proportion of dangerous failures among the total number of failures.

» DCd: on-line diagnostic coverage of dangerous failures and is a rate between 0 and 100%. A 0% rate means
that no reveal ed dangerous failures can be detected.

* DCs: on-line diagnostic coverage of safe failures and is a rate between 0 and 100%. A 0% rate means that no
revealed safe failures can be detected.

Developped way with the following parameters:

® Developed

Lambda DU (A DU): [1.125E-7| !

Lambda DD (A DD): 2.625E-7| ™!

Lambda SU (A SU): |0 R
Lambda SD (A SD): [1.125E-6| !

J The value can be edited manually or selected from a drop-down list using automatic completion.

Lambda DU (A ,,): Dangerous undetected failure rate of the component (h*).
Lambda DD (A 4): Dangerous detected failure rate of the component (h*).
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* Lambda SU (A 4): Safe undetected failure rate of the component (h*).
* Lambda SD () o): Safe detected failure rate of the component (h™).

SFF (Safe Failure Fraction): corresponds to the safe failure rate (Ay + Ag, + Agg) / A

Q] It isnot an editable field.

MTTR (Mean Time To Repair) in h: mean time between detection of afailure and the repair of the component.
Thetime unit is selected from adrop-down list (hours, days, months, years). The value can be edited manually
or selected from a drop-down list using automatic completion.

,J Thisfieldiseditableonly if DCd or A DD arenotQor if Test typeisequal to Test when unitisworking.

Test leads to failurey (Gamma): probability [0,1] that the test will cause the hardware to fail. 0 means no test
causes any failure, 1 mean every test causes failures. The value can be edited manually or selected from a drop-
down list using automatic completion.

,J Thisfield iseditable only if DCd or A DD or if Test type isdifferent of Not tested .

8 In the base of components, these information arefilled in the following columns:
¢ MODE : DEVELOPED or FACTORISED
« LAMBDA ;
* DFF ;
« DCD ;
« DC_S;

- LAMBDA_DU ;

« LAMBDA_DD ;

* LAMBDA_SU ;

* LAMBDA_SD ;

e MTTR ;

e« MTTR_UNIT :HOUR, DAY, MONTH or YEAR,
« GAMMA .

The advanced parameters of a sensor can be specified in the Advanced parameter s part.

Advanced parameters

[ | Component available during test (X)

[_] Safe failure repairs don't impact safety function

Lambda during test (A*): |U | h™ [] Equal to Lambda
Test duration (m): |3 | Hour(s) | ¥

Test efficiency rate (o): |1 | probability

Wrong re-setup after test (w1): |[}_D[} | probability

Wrong re-setup after repairs (w2): |D_D1 | probability

Proof test coverage: |1[}U_[} %

[] Partial tests
Component available during test (X)
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The advanced parameters of the sensor are as follows:

» Component available during test (X): specifies whether the component is able to carry out its safety mission
during the test (if the checkbox is checked).

Lambdaduring test A*: failure rate of the component during the test (h™). The test conditions may cause extra
stress and increase the lambda. It is possible to indicate that the value isto be equal to lambda (A o).

Test duration 1t(Pi): period of time necessary for testing the component. The time unit is selected from adrop-
down list (hours, days, months, years).

J Thisfield iseditable only if Test typeisequal to Test when unit isworking.

Test efficiency rate o (Sigma) : cover or efficiency rate of the test. The value ranges from 0 (the test never
detects anything) to 1(the test always detects the failure).

Wrong re-setup after testswl (Omegal): probability [0,1] of wrong re-setup of the equipment after the test.
It is the probability that the component will not be able to carry out its safety mission after being tested by the
operator. It can be left at O if you consider that the operators and test procedures are infallible (no omission of
a by-passed sensor, powering up the motor, etc.).

Wrong re-setup after repairsw2 (Omega2): probability [0,1] of wrong re-setup of the equipment after the
repairs. Itisthe probability that the component will not be ableto carry out its saf ety mission after being repaired
(or changed) by the operator. It can be left at O if you consider that the operators and repairs procedures are
infallible (powering up the new motor, etc.).

» Coverageof theproof test : enablesto specify if thecomponent istested on all of itsfailures, or if the component
is tested only on a part of its failures. If a component is tested on all of its failures, then the coverage of the
proof test is 100% (default value). If only a part of the component is tested, then it is possible to specify this
coverage by giving a percent of the tested failures.

) In the base of components, these information are filled in the following columns:

» X:FALSE ou TRUE;

* LAMBDASTAR;

* LAMBDASTAR_EQUALTO_LAMBDA: FALSE or TRUE;
e Pl

* PI_UNIT:HOUR, DAY, MONTH or YEAR,;

« SIGMA,;

+ OMEGAL,;

* OMEGA2

» DC only alarmed :Percentage of detected failure that are only alarmed (non-triggering). Thisfield isavailable
only if channel isin M Mode.

8 In the base of components, these information arefilled in the following column:
e DC_ONLY_ALARMED : percent of DC only alarmed.

» With partial strokingtest: if checked, specifieswhether the component takes partial stroking testsinto account,
asfor example the partial stroke testing of avalve gate.

» Component available during test (X): specifies whether the component is able to carry out its safety mission
during the test (if the checkbox is checked).

Test duration 1t(Pi): period of time necessary for testing the component. The time unit is selected from adrop-

down list (hours, days, months, years).

» Proportion of detected failure :proportion of hidden failures detected during partia stroking tests (0-100%).
0% means no failure is detected, 100% means every failure is detected. L The value can be edited manually or
selected from a drop-down list using automatic completion.

* Number of tests: number of partia stroking tests carried out between two full tests.

) In the base of components, these information are filled in the following columns:

* WITH_PARTIALSTROKING: TRUE ou FALSE;
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PARTIALSTROKING_X: TRUE ou FALSE;
PARTIALSTROKING_PI;
PARTIALSTROKING_PI_UNIT:HOUR, DAY, MONTH ou YEAR,;
PARTIALSTROKING_EFFICACITY;
PARTIALSTROKING_NBTESTS.

4.2. Configuring the solver

The solver of the safety loop can be configured in the Solver tab.

& GRIF - SIL Module

[] Existing component: !

Identification

Tag Name: |siF1_soLvErR | En::

[] dentical to: |

Instrument type: |S-PLC

Manufacturer: |ru'lanufadu rer_A

Data source |S ource_A |

Description: |r\-1y80lver

fDangerous failure | Safe failure |

Configuration
%
0.0005 probability

SIL {computed from PFD): 3

0.00000005 probability

SIL {computed from PFH): 3

Configuration type:

Instrument parameters
PFD (Dangerous) of Solver:

PFH {Dangerous) of Solver:

| oK | Cancel | Help

J In the following paragraph, "the component” means the sensor.

4.2.1. Solveur existant

The solver may be used in many SIF, and may has been defined in an existing solver of the document. The
reference-solver can be selected in alist. This optionsis only available when you have many SIF.

4.2.2. ldentification

Tag name : component's instrument tag on PID (e.g.: 10 PT 2034 for a sensor, 10 UV 2034 for an actuator, or

10 ESD_06 for solver).

Near to Tag name two icons enables you to export or import parameters from axml file or from a database.

Import/Export componentspropertiesin xml format El Six actions can be chosen from the drop-down menu,
displayed with aleft click on the button:

& Reset to default values.
Save in a modelile ...

= Use a model ...

4 Connect to a model-file ...

/7 Disconnect from model-file
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* Saveasdefault model @ saveas default model. : saves the component’s characteristics in the default
model.

* Re-initialisetodefault values & Redinitialyse to defaut values. : copiesinto the component the characteristics
stored in the default model.

* Savein amodel file @ Saveinamodelfile.. : saves the component's characteristics in amodel file,

whose location must be specified. This file can be reused or sent to another person.

Useamodel = Useamodel.. : copiesinto the component the characteristics stored in amodel
whose location must be specified. The name of the file where the model is located will be displayed at the left
of the button.

Connect toamodel file | # Comecttoamodelsie .. | - engplesto connect acomponent to amodel of acomponent
stored in a database, whose location must be specified.

Disconnect to a model file 7 Disconnect rommodeltie | - gisronnect the component to the model file.

Base of components & By clicking on the icon 3 actions are available.

&4 Use a component ...
#° Connect a component...

%7 Disconnect to the component

* Useacomponent = Useacomponent.. : copiesinto the component the characteristics stored in the base
of components.
* Connect acomponent ¢ Connecta component... : connect the component to a component stored in the base

of components. The name of the file where the component is located will be displayed at the | eft of the button.
* Disconnect a component ¢ Disconnect to the component : disconnect a component in the base of components.

Identical to : used to specify whether the component is identical to another component of the same type (i.e. a
sensor when editing a sensor).

By clicking on the following icon &/ it is possible to copy another component's parameters.

This functionality can only be accessed when the SIF have several components of the same type. Only the
characteristics Tag and Identical to are not copied. The components available are the same as those displayed
for the functionality | dentical to.

It is different from Existing component. Here the component is not exactly the selected one, they are
physically distinct, but they have same parameters. This functionality can only be accessed when the SIF
have several components of the same type. If the checkbox is checked, only the Tag of the component
can be edited (the others are identical to the reference component).

A\

Instrument type : type of instrument used. It is selected from a drop-down menu.
Manufacturer : inform the manufacturer of the component.

Data sour ce : Indicate where reliability data are extracted.

Description : open field where the user can add his own description of the component.
8 In the base of components, these information are filled in the following columns:

« ID

 REPERE

+ DESCRIPTION

*« INSTRUMENTED_TY PE:All the components type are given in the Appendix C, List of components
¢« MANUFACTURER

 DATA_SOURCE
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4.2.3. Configuration

Thereistwo types of failures for the solver: Danger ous failure and Safe failure.

Configuration type : specifies the solver's configuration type of the selected failure. Two types of configuration
can be selected from the drop-down menu:

e Simple: the solver is modelled by a constant law.
» Advanced: the solver ismodelled by afull periodic test law.
» Specific law :user can be choose the law used to modelize the solver.

8. In the base of components, these information are filled in the column TEST_TYPE

e CST :the solver ismodelled by a constant law;
e TPC : the solver ismodelled by afull periodic test law;
e LAW_SPEC : :user can be choose the law used to modelize the solver;

4.2.4. Instrument parameters

The parameters of the solver are described under Instrument parameters. They depend on the type of
configuration which has been selected.

In the case of asimple configuration, the parameters are as follows:

» PFD of solver: probability that the solver will not work when triggered. This value can be edited manually or
selected from adrop-down list displaying all of the parameters with a Probability dimension.

» SIL (computed from PFD): automatically displays the solver's SIL computed based on the solver's PFD.

» PFH of solver: the PFH of the solver, given by manufacturer or by experience feedbacks.

» SIL (computed from PFH): automatically displays the solver's SIL computed based on the solver's PFH.

In the case of an advanced configuration, the parameters are as follows:

Test

Duration between tests (T1): |E Year(s) |v
Time of the first test (T0): |E Year(s) |v

Instrument parameters
Lambda DU (ADU):  |5E-8 ot
WTTR: 9 [Hourts) =]

Test leads to failure (v): |0 probability

 Duration between tests(T 1): period of time between two proof tests of the component. Thetimeunit isselected
from a drop-down list (hours, days, months, years). This value can be edited manually or using automatic
completion.

» Timeof thefirst test (T0): time at which the first test of the component is carried out. The modes for editing
this characteristic (value and unit) are the same as for the duration between tests.

LambdaDU (A 4,): Dangerous undetected failure rate of the component (h*). Thisvalue can be edited manually
or using automatic compl etion.
* MTTR (Mean TimeTo Repair) in h: mean time between detection of afailure and therepair of the component.
Thetimeunit is selected from adrop-down list (hour s, days, months, year s). Thisvalue can be edited manually
or using automatic completion.

* Test leadsto failurey (Gamma): probability [0,1] that the test will cause the hardware to fail. 0 means no test
causes any failure, 1 mean every test causes failures. This value can be edited manually or using automatic
completion.

) In the base of components, these information are filled in the following columns;

* PFD
« PFH
e TO: First test;
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* TO UNIT:HOUR, DAY, MONTH or YEAR,;

¢ T1: Intervalle between test;

e T1 UNIT:HOUR, DAY, MONTH or YEAR.

+ LAMBDA DU ;

e MTTR;

* MTTR_UNIT: HOUR, DAY, MONTH or YEAR;
* GAMMA.

Other parameters can be accessed by left clicking on the Advanced configuration ... button (only for a solver
configured in advanced mode).

& Edit advanced configuration *

Advanced parameters

[_] Component available during test (X)

Lambda during test (A*): 0 h™ [ ] Equal to Lambda
. . I [

Test duration (1) |3 i_ij(_)il_rﬁ;vj

Test efficiency rate (o): 1 probability

Wrong re-setup after test (w1): 0.00 = probability

Wrong re-setup after repairs (w2): ﬁ‘l______ ] probability

| OK E Cancel l Help |

» Component available during test (X): specifies whether the component is able to carry out its safety mission
during the test (if the checkbox is checked).

Lambdaduring test A*: failure rate of the component during the test (h™). The test conditions may cause extra
stress and increase the lambda. It is possible to indicate that the value is to be equal to lambda (A o).

Test duration 1t(Pi): period of time necessary for testing the component. The time unit is selected from adrop-
down list (hours, days, months, years).

j Thisfield iseditable only if Test typeisequal to Test when unit isworking.

Test efficiency rate o (Sigma) : cover or efficiency rate of the test. The value ranges from 0 (the test never
detects anything) to 1(the test always detects the failure).

Wrong re-setup after testswl (Omegal): probability [0,1] of wrong re-setup of the equipment after the test.
It is the probability that the component will not be able to carry out its safety mission after being tested by the
operator. It can be left at O if you consider that the operators and test procedures are infallible (no omission of
a by-passed sensor, powering up the motor, etc.).

Wrong re-setup after repairsw2 (Omega?2): probability [0,1] of wrong re-setup of the equipment after the
repairs. It isthe probability that the component will not be ableto carry out its saf ety mission after being repaired

(or changed) by the operator. It can be left a O if you consider that the operators and repairs procedures are
infallible (powering up the new motor, etc.).

» Coverageof theproof test : enablesto specify if thecomponent istested on all of itsfailures, or if the component
is tested only on a part of its failures. If a component is tested on all of its failures, then the coverage of the
proof test is 100% (default value). If only a part of the component is tested, then it is possible to specify this
coverage by giving a percent of the tested failures.

In case of specific law, user can be choose in al law implemented in Albizia (cf. Appendix E, Law )

4.3. Configuring the actuators

The actuators of the safety loop can be configured in the Configuration of componentsActuator (s) Parts tab.
The actuators can be classified as follows:

* Main actuators: they have 0, 1 or 2 sub-actuators.
» Sub-actuators: they are set up in series with their respective actuators. The sub-actuators of a same main
actuator are set up in series (2002) or paralel (1002).
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Each main actuator can be accessed separately in the sub-tabs A1.1, A1.2, ..., and each sub-actuator in the sub-
tabsAl.la, ALl1b, ...

| | | Test

Test type: ‘When unit is stopped ‘V ‘

[] Identical to: ‘
Advanced parameters
el ‘Instrum ot | h | [ | Component available during test (X)
Instrument type: ‘ Solencid valve (de-energize to trip) | = | Safe failure repairs don't impact safety function
Manufacturer: | | Lambda during test (A%): D h™ [ | Equal to Lambda

Data Sotree: | | Test duration (): D

Test efficiency rate (o): 1 robabili
Description: | | cy (o) p ty

Instrument parameters

Wreong re-setup after test (w1): 0.00 | probability
Wrong re-setup after repairs (w2): |0.01 | probability

~® Factorized - © Developed Proof test coverage: 100.0| %
Lambda (A): 15E-6| h™! Lambda DU (A DU): [3.75E-7 | h™ -
r Partial tests
LambdaD/Lambda (Ad/A): [25.0 | % Lambda DD (A DD}): |0 h! : : ;
Component available during test (X)
. o, . -1
DCd: 0.0 Yo Lambda SU (A SU): |0 h Fast ditration (1) 0 I:D
DCs: 1000 | % Lambda SD (A SD): |1.125E-6] h Percentage of detected failures: 50 %
SFF: 75 % Number of tests: 1
MTIR: NIA
Test leads to failure (y): |[} probability
OK H Cancel Help

In the following paragraph, the actuator (main or sub) will be called "the component”.

4.3.1. Existing component

The component may be already used/defined somewhere else in the system. In this case we speak about existing
component. For example, when a component isin 2 channels. The existing component can be selected in alist.
It can be a component of the current SIF, of one of ancther SIF. This options is only available when you have
many components of the same type.

4.3.2. ldentification

Tag name : component's instrument tag on PID (e.g.: 10 PT 2034 for a sensor, 10 UV 2034 for an actuator, or
10 ESD_06 for solver).

Near to Tag name two icons enables you to export or import parameters from axml file or from a database.

Import/Export componentspropertiesin xml format El Six actions can be chosen from the drop-down menu,
displayed with aleft click on the button:

& Reset to default values.
Save in a model-file ...

= Use a model ...

A Connect to a modelfile ...
2Z Disconnect from model-file
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* Saveasdefault model @ saveas default model. : saves the component’s characteristics in the default
model.

* Re-initialisetodefault values & Redinitialyse to defaut values. : copiesinto the component the characteristics
stored in the default model.

* Savein amodel file @ Saveinamodelfile.. : saves the component's characteristics in amodel file,

whose location must be specified. This file can be reused or sent to another person.

Useamodel = Useamodel.. : copiesinto the component the characteristics stored in amodel
whose location must be specified. The name of the file where the model is located will be displayed at the left
of the button.

Connect toamodel file | # comecttoamodetie .. | - enablesto connect acomponent to amodel of acomponent
stored in a database, whose location must be specified.

Disconnect to a model file ¢ Discomectirom modelfie | - jigsonnect the component to the model file.

Base of components & By clicking on the icon 3 actions are available.

&4 Use a component ...
#° Connect a component...
+7 Disconnect to the component

* Useacomponent = Useacomponent.. : copiesinto the component the characteristics stored in the base
of components.
* Connect acomponent ¢ Connecta component... : connect the component to a component stored in the base

of components. The name of the file where the component is located will be displayed at the | eft of the button.
* Disconnect a component &7 Disconnect to the component : disconnect a component in the base of components.

Identical to : used to specify whether the component is identical to another component of the same type (i.e. a
sensor when editing a sensor).

By clicking on the following icon @/ it is possible to copy another component's parameters.

This functionality can only be accessed when the SIF have several components of the same type. Only the
characteristics Tag and Identical to are not copied. The components available are the same as those displayed
for the functionality | dentical to.

!\ It is different from Existing component. Here the component is not exactly the selected one, they are
physically distinct, but they have same parameters. This functionality can only be accessed when the SIF
have several components of the same type. If the checkbox is checked, only the Tag of the component
can be edited (the others are identical to the reference component).

Instrument type : type of instrument used. It is selected from a drop-down menu.
Manufacturer : inform the manufacturer of the component.

Data sour ce: Indicate where reliability data are extracted.

Description : open field where the user can add his own description of the component.

8 In the base of components, these information are filled in the following columns:

* ID

REPERE

DESCRIPTION

* INSTRUMENTED_TY PE:All the components type are given in the Appendix C, List of components
MANUFACTURER
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« DATA_SOURCE

4.3.3. Determined character of the component

Determined character of the component : enables you to specify the component's determined character. The
component is characterised by one of the three characters available:

* Non-type A/B : indicates that the component is operating in negative safety mode (energiesto trip) and without
self-diagnostic system. Corresponds to the NS type (Non-safety component) of versions previous to 2013.

» TypeB : indicates that the component is operating in positive safety mode (fail-saf€) or equipped with a self-
diagnostic system. Corresponds to the S type (Standard component) of versions previous to 2013.

e Type A : indicates that the component is operating in positive safety mode (fail-safe) and proven in use (or
certified) and equipped with a self-diagnostic system (or implementation of several proof test) and access
protected safeguarding the settings of the internal configuration parameters. Corresponds to the F type (Field
proven component) of versions previous to 2013.

8 In the base of components, these information arefilled inthe DETERMINED_CHARACTER column:

« NSfor No-type A/B component;
« Sfor type B component;
* Ffor type A component;

4.3.4. Test

Test type: enables you to specify the type of test used for the component. Two types of test can be selected from
the drop-down menu:

» Test when unit isstopped: meansthat the component istested when the unit is stopped. The test does hot harm
the safety function as the unit is no longer working.

» Test when unit isworking: means that the component is tested when the unit is working. The component is
no longer available to carry out its function and this affects the safety function. This can be used when a sensor
has been by-passed to be tested and the installation has not been stopped.

y it isaso possible to specify that the component will undergo no periodic test.
d

Duration between tests (T1): period of time between two proof tests of the component. The time unit is selected
from adrop-down list (hours, days, months, years).

Time of thefirst test (TO): time at which the first test of the component is carried out. The modes for editing this
characteristic (value and unit) are the same as for the duration between tests.

8. In the base of components, these information arefilled in the following columns:

e« TEST_TYPE:

— TESTUNITWORK pour Test unité en mar che;
— TESTUNITSTOP pour Test unitéal'arrét;

— EXP pour Non testé;

TO: Fist test;

TO _UNIT: HOUR, DAY, MONTH or YEAR,;

e T21:Duration between tests;

T1 _UNIT:: HOUR, DAY, MONTH or YEAR.

L]

4.3.5. Instrument parameters
This part includes al reliability datafor a component.

For failure rates 2 different ways can be used to inform them:
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Simple way: with the following parameters:

@ Simple

Lambda (A): 1.56-6) "
LambdaDiLambda (AdIA): ’E %
DCd: o %
DCs: 100 |%

J The value can be edited manually or selected from a drop-down list dusing automatic completion.

Lambda A: failure rate of the component (h*).

LambdaD/L ambda (A«/A): proportion of dangerous failures among the total number of failures.

» DCd: on-line diagnostic coverage of dangerous failures and is a rate between 0 and 100%. A 0% rate means
that no reveal ed dangerous failures can be detected.

» DCs: on-line diagnostic coverage of safe failures and is arate between 0 and 100%. A 0% rate means that no
revealed safe failures can be detected.

Developped way with the following parameters:

® Developed

Lambda DU (A DU): [1.125E-7| !

Lambda DD (A DD): [2.625E-7| !
Lambda SU (A SU): |0 !
Lambda SD (A SD}: [1.125E-6| 1

J The value can be edited manually or selected from a drop-down list using automatic completion.
* Lambda DU (A 4,): Dangerous undetected failure rate of the component (h*).
Lambda DD (A 4): Dangerous detected failure rate of the component (h).

* Lambda SU (A ,): Safe undetected failure rate of the component (h™).
* Lambda SD (A .): Safe detected failure rate of the component (h*).

SFF (Safe Failure Fraction): corresponds to the safe failure rate (Aq + Ag, + Ag) / A

';J] Itisnot an editable field.

MTTR (Mean Time To Repair) in h: mean time between detection of afailure and the repair of the component.
Thetimeunit isselected from adrop-down list ( hours, days, months, years). The value can be edited manually
or selected from a drop-down list using automatic completion.

,J Thisfieldiseditableonly if DCd or A DD arenotQor if Test typeisequal to Test when unitisworking.

Test leads to failurey (Gamma): probability [0,1] that the test will cause the hardware to fail. 0 means no test
causes any failure, 1 mean every test causes failures. The value can be edited manually or selected from a drop-
down list using automatic completion.

,J Thisfield iseditable only if DCd or A DD or if Test typeisdifferent of Not tested .

8. In the base of components, these information are filled in the following columns:

* MODE : DEVELOPED or FACTORISED
« LAMBDA ;
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« DFF ;
« DCD ;

« DCS;

« LAMBDA DU ;

« LAMBDA DD ;

« LAMBDA_SU ;

« LAMBDA_SD ;

« MTTR ;

« MTTR_UNIT :HOUR, DAY, MONTH or YEAR;
« GAMMA .

|\ Sub-actuators do not have a Deter mined character of thecomponent characteristic. The section relating
to this characteristic does therefore not appear when configuring the sub-actuators. As a rule, the sub-
actuator has the same character as the one defined for its main actuator.

The advanced parameters of an actuator (main or sub) can be specified in the Advanced parameters part.

Advanced parameters

[ ] Component available during test (X)

[ | safe failure repairs don't im pact safety function

Lambda during test (A*): |U | h™ [] Equal to Lambda
Test duration (m): |3 | Hour(s) | hd

Test efficiency rate (o): |1 | probability

Wrong re-setup after test (w1): |D_DD | probability

Wrong re-setup after repairs (w2): |[}_[}1 | probability

Proof test coverage: |1DU_D %

[] Partial tests

50

The advanced parameters of the actuator are as follows:

Safefailurerepairsdon't impact safety function : if the case is checked, during safe failure repairs have no
impact on safety function.

Component available during test (X): specifies whether the component is able to carry out its safety mission
during the test (if the checkbox is checked).

Lambdaduring test A*: failure rate of the component during the test (h*). The test conditions may cause extra
stress and increase the lambda. It is possible to indicate that the value isto be equal to lambda (A o).

Test duration 1t(Pi): period of time necessary for testing the component. Thetime unit is selected from a drop-
down list (hours, days, months, years).

.;)] Thisfield iseditable only if Test typeisequal to Test when unit isworking.

Test efficiency rate o (Sigma) : cover or efficiency rate of the test. The value ranges from O (the test never
detects anything) to 1(the test always detects the failure).

Wrong re-setup after testswl (Omegal): probability [0,1] of wrong re-setup of the equipment after the test.
It is the probability that the component will not be able to carry out its safety mission after being tested by the
operator. It can be left at O if you consider that the operators and test procedures are infallible (no omission of
a by-passed sensor, powering up the motor, etc.).

Wrong re-setup after repairsw2 (Omega2): probability [0,1] of wrong re-setup of the equipment after the
repairs. It isthe probability that the component will not be ableto carry out its saf ety mission after being repaired
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(or changed) by the operator. It can be left at O if you consider that the operators and repairs procedures are
infallible (powering up the new motor, etc.).

» Coverageof theproof test : enablesto specify if thecomponent istested on all of itsfailures, or if the component
is tested only on a part of its failures. If a component is tested on all of its failures, then the coverage of the
proof test is 100% (default value). If only a part of the component is tested, then it is possible to specify this
coverage by giving a percent of the tested failures.

8. In the base of components, these information arefilled in the following columns:

* X:FALSE ou TRUE;

* LAMBDASTAR;
 LAMBDASTAR_EQUALTO_LAMBDA: FALSE or TRUE;
e Pl

* PI_UNIT:HOUR, DAY, MONTH or YEAR,;

*+ SIGMA;

« OMEGAL,

« OMEGAZ2.

» With partial strokingtest: if checked, specifieswhether the component takes partial stroking testsinto account,
asfor example the partial stroke testing of avalve gate.

» Component available during test (X): specifies whether the component is able to carry out its safety mission
during the test (if the checkbox is checked).

Test duration 1t(Pi): period of time necessary for testing the component. The time unit is selected from adrop-

down list (hours, days, months, years).

» Proportion of detected failure :proportion of hidden failures detected during partial stroking tests (0-100%).
0% means no failure is detected, 100% means every failure is detected. L The value can be edited manually or
selected from a drop-down list using automatic completion.

* Number of tests: number of partia stroking tests carried out between two full tests.

* Sub-actuators do not take partia stroking tests into account. There is therefore no Partia stroking test
section in the sub-actuator configuration tab.

8 In the base of components, these information are filled in the following columns:

* WITH_PARTIALSTROKING: TRUE ou FALSE;

* PARTIALSTROKING_X: TRUE ou FALSE;

* PARTIALSTROKING_PI;

* PARTIALSTROKING_PI_UNIT:HOUR, DAY, MONTH ou YEAR;
* PARTIALSTROKING_EFFICACITY;

* PARTIALSTROKING_NBTESTS.

4.4. Editing the parameters

The parameters table contains all of the model's parameters.

Parameters

G ¥ 1 = P
& pName Yalue Linkedta | Dimension | Last datah...

Faram_1 true Boolean

FParam_2 12.0 Factar

Faram_3 9.4 Other

FParam_4 0.0010 Probahility

Faram_5 n.nza Rate

Faram_& 36T2.0 Time

Each parameter is defined by the following:

* Name: the parameter's name (unique).
» Value: the parameter's value (consistent with its dimension).
» Linked to: theidentifier of the database to which the parameter is linked.
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Dimension: the parameter'sdimension. It is selected from adrop-down menu: Boolean, factor, probability, rate,
time, other.
Last database: last database used to update the parameter.

The parameters can then be used to fill in the characteristics of the safety loop's components.

This table can be accessed using the tabs situated on the right but can also be opened in another window viathe
menu Data and Computations - Edit parameters.

4 5. Edition of data table

Datatableis used to have aglobal view of all components. There are 3 different tables:

Table of components:with all SIF components. It is made up of 4 columns i.e. code, tag name, description
and type.

Edit sensors gathers in a same table al information for sensors (code, tag name, description, law, law
parameters, €tc...).

Edit actuators gathers in a same table all information for actuators (code, tag name, description, law, law
parameters, €tc...).

Edit solver sgathersin asametableall information for solvers (code, tag name, description, law, lawparameters,
etc...)

Edit SIF gathersinasametable al information for SIF (code, description, SIL/RRF values obtaned or required,
etc...)

Date table is the only place where you can fix the behavior of a component:

Degraded Operation Analysis: it is possible to force the component behavior.

— By default: the component failure follows the parameters indicated by the user;

— Dangerous detected failure forced: equipment is always in dangerous detected failure;

— Dangerous undetected failure forced: equipment is always in dangerous undetected failure.

) In the base of components, these information are filled in the following column;

« BEHAVIOR : DEFAULT, FAILURE_DD or FAILURE_DU;

Itis possible to display these tables. For that,refer youto Section 1, “ Description of the Tables”’
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5. The parameters

It is possible to create constants which can be booleans, integers or reals. These parameters can then be used for
the configuration of different elements of the model (laws, events, transitions, ...)

5.1. Creation

The tab Parameter s enables the user to define his parameters.

I Parameters 5]
Domain Mame = Description Value Add-ons Add-on details|
Float DC Ex i i 083 Parameters rex1 (id: 8)
Float Gamma Ex Parameters rex1 (id: 7)
Float Inspection Ex Parameters rex1 (id: 10)
Float Lambda Ex Parameters rex1 (id: 1)
Float Lambda2 An Parameters rex1 (id: 4)
Float Lambda_PT Ex Parameters rext (id: 2
Float Lambda_SDV Ex Parameters rext (id: 3
Float Mu Ex Parameters rex1 (id: 5
Float Mu_2days Ex Parameters rex1 (id: 6
Float Prodhax Exa e of production Parameters rex1 (id: 9
Name | Location
Repair |Page 1

The toolbar enables to do basic operations of the data tables(Section 1, “Description of the Tables’). The button
"New" opens the window to create a parameter :

Variable/Parameter creation
| B
Name lLambda |
voman -
Dimension  |Other '~
owe i3 -
[ o | cmea | wew

A parameter has a hame, a definition domain (Real, Boolean, Integer), a value and a dimension (Failure rate,
probability, time, factor, ...) which allow to specify the parameter. Thistyping is at this moment informative.
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Others additional fields are available in the parameters' table.

Unit

enablesto define an unit of the parameter

Uncertainties

Activate
uncertainty

enablesto define the parameter as an uncertainty law

Law

enables to define the uncertainty law. The law is editable and taken
into account only if Activate uncertainty is selected in the parameter.
The uncertainties laws are detailed here Section 2, “Uncertainties on
the parameters’

Macro

if the parameter is defined by an uncertainty law, and if two events
use this same parameter, then the user can choose to use the same
uncertainty value for the two events, (Macro unselected) or values
distinctly computed (M acr o selected).

Add-On

enables to define the parameter by a GRIF add-on
SIL isdelivered by default with 2 add-ons for the parameters :

Parameter sdatabase : is an add-on which enables the user to get the
data of his parameter in a database or in a CSV or Excdl file. This
database is more detailed in this section Section 8.1, “Database of
parameters’.

Beta (61508) : is an add-on which enables the user to calculate the

value of his parameter () from a set of questions defined by the IEC
61508-6 Table D.1 standard - for the captors and finals elements.

Add-on details

givesasynthesis of the data defined by the add-on. A double-click on
the cell enables the user to modify its definition.

Par ameter s database

Database

Displays the database name containing the parameter.

Identifier

Displaysthe identifier of the datain the database.

Update

Displaysthedate of the last update of the parameter from the database.

Beta (61508)

MooN

Define the configuration of the system (in functional logic) to use to
calculate the beta.

Beta

Displays a button allowing to modify the choices made in the Table
D.1 of the standard |EC 61508-6
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6. Menus presentation

6.1. File
The menu File contains the basics commands : open, close, save, print, etc.

e |

(88 New (defauit) Cirin
- New blank document

B Open ... GO
E Save Chrl-S

Save as ...

Save without results ...
ﬂ Send by e-mail ...

Close Ctrl-F4
Document templates k
Export Boolean formula 4
Import a file

Export into .xlIsx... »
Create a SIL report k

Certification report generation
Checksum

Statistics of document
Document properties
Files of the document
Compare 2 documents

Recent files

Quit Cir-0

Thefunctionality New (default) opens anew document, which will beinitialized from the default module's model.
Y ou can change the default's model, see Section 18, “Document template’

The functionality New blank document creates a new blank document.
The functionality Open opens an existing document.

The functionality Save saves the current document into a file. The default proposed location for the backup is
{ répertoire home de I'utilisateur} /GRIF/2022/SIL

Thefunctionality Saveas... letsyou save acopy of thefileyou areworking on, with adifferent name or adifferent
location.

The functionality Save without results ... action saves the document without its result bank that can be be very
heavy. It will help usersto send their file by e-mail.

The functionality Send by e-mail allows you to attach the current document to an e-mail and then to send it. The
configuration of the messaging tool isto be done in the application options Section 1.2, “ Executables’

The functionality Close lets you close the current document. A window offers to save the file if changes have
been made.
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Themenu Document templatesincludesfeaturesrel ated to document reuse and pre-configuration, see Section 18,
“Document template”.

Document templates 4
- New (from template) ...

B Save as template ...

E Save as Default Template ...
Template manager ...

TheExport Boolean for mula menu contains several export actionsthat can be used to generate aBoolean formula
that can be opened with a Fault-Tree software.

Export Boolean formula 4

Export document into .dag
Export .dag (selected elements)
Exportin .dag format (Albizia)
Export .xml Open PSA

The Export .dag (selected elements) action exports into .dag the selected elements.
The Export .dag (ALBIZIA) action export into ALBIZIA format (containing CCF declatation).
The Export .xml Open PSA action exportsinto OpenPSA file format.

Function Import a file allows you to import another document into the current document. A new page will be
created from the name of the imported file.

The Export into .xIsx... action save al SIF in an Excel file. Each SIF is described in 2 tabs, one for description
and result synthesis, the other one for SIF configuration.

Exportinto xlsx... »

Excel report Excel (with charts)

Raw Excel export (data only)

Menu Create a SIL report allows you to configure and generate a complete PDF report, in French or English,
of the instrumented safety loops present in the document. For more information on configuring PDF reports of
SIL, refer to Report.

Create a SIL report 4

@ Page layout ...

PDF report {en)
PDF report (fr)
PDF external report (en)

PDF external report (fr)

The Certification report generation action computes every file in a directory and generates a synthesis of the
resultsin an .xIsx file.

The Checksum menu is used to generate the checksum of the safety loop, or to verify if a safety loop has the
same checksum of agiven one.

Thefunctionality Statistics of document alowsto have some information about the document (number of pages,
number of groups, etc.).

The functionality Document properties allows you to edit the properties of the current document. The fields
include: name, creation date, creator, description, version, ... This function is described more specificaly in the
section Section 16, “Document properties/ Track change / Images management”

The functionality Files of the document includes files within the current document. These files can then be
exported in your reports. This feature is described more specifically in the section Section 17, “Files of the
documents”.
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Thefunctionality Compar e 2 documents highlights the changes made between 2 versions of the same document.
Thisfeature is described more specifically in the section Section 13, “ Compare 2 documents”.

The menu section Recent files list recently opened files to access them faster.

The functionality Quit exits the application. Open documents will be closed.

6.2. Edit
The menu Edition contains all the commands needed to edit the current model.
Eait |

wd Undo Cirl-Z
F Redo Crl+Maj-Z
i Copy Cirl-C
% Cut Cirl-X

ﬁ Paste Crl-W

@ Paste and renumber Ciri-R
W Remove Supprimer

o]
¥

Select all
Q Properties Alt-Entrée

The functionalities Undo and Redo allow you to cancel or redo the last actions performed. The size of the history
of undoable actions are configurable in the application options.

Thefunctionalities Copy, Cut, Paste and Paste and renumber can perform these actions on curves or comments.
It isalso possible to duplicate aloop by right-clicking on it and using the contextual action Duplicate the SIF.

The functionality Remove del etes selected graphic elements.
The functionality Select all selects all the graphical elements of the page.

The functionality Properties edits the logical properties of the current selection.

6.3. Tools

The menu Tools contains all the commands needed to manage the current model (management of pages,
alignments, options ...).

Tools |
G New page

&7 New safety loop

Page manager ...

Move to page ...
Increase page size
Decrease page size

Page size

C’ Refresh F5
Charts model 4
Display toolbars k

(] Display bar of opened documents
(] Display graphical tools bar
Document options
Application options

Year lenght configuration (in hours)
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The functionality New page : Create a new graphical page on the current document.

The New safety loop action creates anew Safety Instrumented Function. A new page will be added if the current
page contains a SIF already.

Thefunctionality Page manager ... : Open a page manager on which you can rearrange the pages of the document.
The functionality M oveto page ... : Move the current selection to another page or group in the document.

The functionality I ncrease page size : Increase the graphical input area of the current page.

The functionality Decr ease page size : Decrease the graphical input area of the current page.

The functionality Page size : Open awindow to manually configure the size and zoom of the current page. This
feature is described more specifically in the section Section 14, “Zoom and page size”

The functionality Refresh : Refresh the graphical objects in the current page.
The function Charts model is used to modify the default curves displayed for a SIF.
The Display toolbar s menu lets you show or hide certain shortcut groups from the toolbar.

The functionality Display bar of opened documents : Displays in the lower part of the application, a shortcut
bar to access documents already opened in GRIF.

The Display graphical tools bar checkbox enables/hides the vertical tools bar on the | eft.

The functionality Document options : Opens a window to configure the document options. You have the
possibility to configure avery large number of GRIF-Workshop's features (cf. Section 1, “Options of GRIF - SIL”
). Some options only apply to the application and are accessible viathe menu Application options, and others are
relative to the document being edited and are defined in the menu Document options. However, to avoid having
to redefine your options between each document, document options are also available in the application options.

These options will then be applied to al newly created documents.

You can aso save the current document settings as the default settings for the application. To do this, open the
window Application options, then the tabulation Options and finally check Save the options of the current
document as default optionsin the application.

You will find in this same panel the possibility to override the document options by the application options. To
do this, check The application manages the default options of the documents. Apply the default optionsto
the current document.

The functionality Application options : Opens a window to configure the application options. This window is
described more specifically in the section Section 1, “Options of GRIF - SIL”

Thefunctionality Year length configuration (in hours) alows you to change the number of hoursin ayear. The
scope of thisoption is global to al GRIF modules.

6.3.1. Charts model

The function Charts model is used to modify the default curves displayed for a SIF.

Charts model 4

Save as default model

Save as model ...

Apply default model

Apply model ...

Restore factory parameters
Modify chart-model

The function Save as default model saves the current curves as default template for curves. New SIF will be
added with this curve template.

The function Save asmodel ... saves the current curvesin amodel file that can be used by Apply model ....
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The function Apply default model restores curves to the default template.
The function Apply modél ... applies the selected curve template file (created with Save asmode ...).

The function Restor e factory parameter s resets any modification on curve and restore the default model of the
software when it was installed.

The function Modify chart-model opens the configuration window of the selected curve.

6.4. Document

The menu Document gives access to all documents being modified or produced.

Document |

Next Ctrl-F8
Previous Ctrl+Msij-F8

¥ C:\Wsersibenoitdecournuaud\GRIFI2022\SIL\Sif-Project8.sil

The functionality Next : Selects the next document

The functionality Previous : Selects the previous document

6.5. Data and Computations

The menu Data and computations is divided into two parts : data management (creation and management
of the different parameters) and the parameterization / launch of the calculations (calculation duration, sought
calculations ...).

Data and Computations |

Edit data tables L
E Edition of assumptions

Edition of actions
T Edit test periods

Configure specific standard in the parts

El

Configure existing partsichannels
Configure Beta (dd)

Calculation of spurious trip

Add the CCF Beta factor of components
Simplified CCF for periodic tests
Calculation with uncertainty
Computation method for lambda of CCF

0 B OE O

BE Parameters database 4
!1 Base of components ]
Applied standard for constraints 4

E Compute manager
Invalidate the calculation cache
Let names and IDs be unique
Verify

Z Start computation only on the current SIF Al-C
E Start computation on invalid SIFs Alt-D

E Start computation on all $IFs and all systems

The menu Edit data tables provides access to a non-blocking window set that presents the data as tables.

Edition of assumptions : Opens a new non-blocking window containing the editing table of assumptions. The
assumptions' settings are detailed here Section 15, “Hypothesis’.
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Edition of actions: Opensanew non-blocking window containing the editing tabl e of actions. Theactions' settings
are detailed here.

The Edit test periods action change the testing period of every component. This action is also available id the
top toolbar.

The Configure specific standard in the parts action allows configuration of a specific standard for each part
(actuators/sensors) of a SIF. Is not checked, default standard of the document will be used.

The Configure existing par ts/channels action allows configuration of achannel (resp. a part) as being a channel
(resp. a part) existing somewhere else. It displays this setting panel in architecture panel.

The Configure Beta (dd) allows CCF handling for dangerous detected failure using a Beta (dd).
The Calculation of spurioustrip action enables spurioustrip are calculation.

The Add the CCF Beta factor of componentsis for advanced users. If acomponent is used in severa channels
or parts defining each CCF Betafactor:

* if checked, component will be added in all the CCFsimpacting it.
* if unchecked, component will be connected only to the "original” CCFs of the component (ie. not defining
existing component).

If Simplified CCF for periodic tests action is unchecked, when severa "Periodically tested" components are
impacted by a CCF,the worst parameters are chosen for the CCF.If the option is checked then Gamma, Fi, X,
Sigma, and Omegas are set to 0 in the CCF law,moreover repair will be instantaneously done.

The Computetheuncertaintiesallows, if selected, to takeinto account the uncertainties during the computations.

The Computation method for lambda of CCF opens a windows to configure the way to choose the lambda
of "Beta TOTAL" CCF. This feature is detailed in Appendix A, Configuration of Lambda computation method
for CCF.

The menu Parameter s database groups al the functionalities concerning the connection of the application to a
specific parameters database. For more details on the parameters databases, refer to Section 8.1, “ Database of
parameters’.

The Base of components action handles the connection to an *.xIsx file where components are stored.

Bq Base of components »

ﬁ_] Exportto xlsx
Connect to a component base

Disconnect

Convert the base to the new format of SIL
Base of components

Update the components

The Applied standard for constraints action is used to define which standard will be used to compute the
maximum SIL due to architectural constraints. The different standards are explained in Architectural constraints
definition.

Applied standard for constraints k
[J IEC 61508 (route 1H)

IZ1 |IEC 61508 (route 2H)

[0 IEC 61508 (route 2H) chap. 7.4.4.3.2
¥ IEC 61511 (Ed2 2016)

[Z IEC 61511 (Ed2 2016) chap. 11.4.6

Thefunctionality Compute manager : Opens a non-blocking window to manage the cal culations launched by the
application. For more details on the compute manager, refer to Section 9.3, “Compute manager”.

User manua 41/125



L

TotalEnergies

Thefunctionality Invalidate the calculation cache : To optimize calculations, some cal cul ations data are cached.
Invalidate calculation cache allows you to completely empty these data and ensure authentic results. In normal
use of the software, it is not necessary to use this function.

The functionality L et names and |1 Ds be unique : Identifies and modifies duplicate datain the model. In normal
use of the software, it is not necessary to use this function.

The functionality Verify : Checks model data and displays errors.

The Start computation only on the current SIF action starts computations, please see Section 9.1, “Launch
PFD/PFH computation” for more details.

The Start computation on invalid SIFs action computes only SIF that are invalidated. A SIF isinvalidated if it
as been modified since last computation, either directly (modification of the SIF itself) or indirectly (modification
of acomponent in another SIF but used be the SIF)

Only SIF that need recomputation are really recomputed.

The Start computation on all SIFs and all systems action starts computation on every SIF and every system
of the document.

6.5.1. Edit data tables

The menu Edit data tables provides access to a non-blocking window set that presents the data as tables.

Edit data tables b

Editing tables {new window)
[ Edit Parameters
{) edit Attributes

Edit components

Edit sensors

Edit actuators

Edit solvers

Edit SIF

Edit Matrix

Edit Acceptability levels

Editing tables (new window) : Opens a new non-blocking window containing all the editing tables of the data.
Edit Parameters: Opens a new non-blocking window containing the editing table of parameters.

Edit Attributes : Opens a new non-blocking window containing the editing table of attributes. The attributes
settings are detailed here Attributes.

The Edit components action opens a window displaying a table containing all components of the document.
Parameters that are common to solvers, sensors and actuators can be modified (see Section 4.5, “Edition of data
table”).

The Edit sensor s action opens awindow displaying a table containing all sensors, their configuration is detailed
in Sensor(s).

The Edit actuators action opens a window displaying a table containing all actuators, their configuration is
detailed in Actuator(s).

The Edit solvers action opens a window displaying a table containing all solvers, their configuration is detailed
in Solver.

The Edit SIF action opens awindow displaying atable containing al SIF, some parameters can be modified and
computation results are displayed.

Edit Matrixes: Opens anon-blocking window containing the matrixes editing table. Matrixes settings are detailed
here Section 12.2, “Entering risk matrix models’.
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Edit Acceptability levels : Opens a non-blocking window containing the acceptability levels editing table.
Acceptability levels settings are detailed here Section 12.1, “Entering matrix acceptability levels’.

6.5.2. Parameters database

The menu Par ameter s database groups all the functionalities concerning the connection of the application to a
specific parameters database. For more details on the parameters databases, refer to Section 8.1, “ Database of
parameters’.

% Parameters database ]

Connections ...

Update from database ...

Copy parameters from database ...
Rebuild links to the database

The functionality Connections ... : Opens the parameter connection's manager.

The functionality Update from database ... : Updates the settings of the current document parameters that are
connected to a database by updating their values. Opens awindow to select the data to update.

The functionality Copy parameters from database ... : Imports from a parameter database a set of datain the
current document. Displays a database parameter table, the user can select the data to import into his document.

The functionality Rebuild links to the database : Attempts to reconnect parameter's settings of a document to
data from the database Opens a window that highlights parameters that can be reconnected.

6.6. Add-ons

Depending on the version, some GRIF add-ons can be added to this menu.For more details on the add-ons, refer
to the add-on's documentation.

I Add-ons |

6.7. 7

Themenu ? combinesseveral GRIF global configuration functionsand provides accessto the module'sonline help.

?]

About ...

Help ... AlLF1

Configuration »
ﬁ: Send errors logs

GRIF-Workshop update
[l B Francais
EI= English

The functionality About ... : Opens an information window about the software version used.
The functionality Help ... : Provides access to the modul€'s online help.

The menu Configuration groups together several configuration elements of GRIF.

The functionality Send errorslogs: Sends an email to your reseller with the module'slog files.

The functionality GRIF-Workshop update : Updates GRIF. This function detects the existence of a more recent
version of GRIF. If such aversion exists, you will be offered to install it.

The functionality Francais : Change the application language to French.
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The functionality English : Change the application language to English.

6.7.1. Configuration

The menu Configuration groups together several configuration elements of GRIF.

Configuration »

License 3
Associate GRIF files P
Network configuration

The menu L icence groups the configuration functions of the license server. For more information on the use of
licenses, please refer to the GRIF installation manual.

Themenu Associate GRI F filesforcesyour operating system to associate the GRIF files and the different modules
that open them.

The menu Network configuration : Configures network access to update the system.

6.7.1.1. License

The menu L icence groups the configuration functions of the license server. For more information on the use of
licenses, please refer to the GRIF installation manual.

License 4
HL Key (USB dongle) #
SL Key »
Configuration

The menu Hardware Licence (HL) configures USB license dongles.
The menu Softwar e Licence (SL) configures license servers that do not require a USB dongle.

The functionality Configuration: Configures the access to the license server.

6.7.1.1.1. HL Key (USB dongle)

The menu Hardware Licence (HL) configures USB license dongles.

HL Key (USB dongle) ¢

Generate c2v...

Apply vic...

The functionality Generate c2v...: Generates a c2v (Client To Vendor) file. This file will be requested by your
reseller to create an update of your license.

The functionality Apply v2c...: Appliesav2c (Vendor To Client) file. This file will be returned by your reseller
to apply the update of your license.

6.7.1.1.2. SL Key

The menu Softwar e Licence (SL) configures license servers that do not require a USB dongle.

SL Key 4

Generate fingerprint...
Generate h2h...
Generate c2v...

Apply v2c...
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The functionality Generate fingerprint.... Generates a c2v (Client To Vendor) file. This file will be requested
by your reseller to create your license.

Thefunctionality Generate h2h...: Generates ah2h file (Host To Host) Thisfile is needed to transfer your license
to a new server. This feature must be used on the source server. For more information on the license transfer
procedure, please refer to the GRIF installation manual.

The functionality Generate c2v.... Generates a c2v (Client To Vendor) file. This file will be requested by your
reseller to create an update of your license.

The functionality Apply v2c...: Applies av2c (Vendor To Client) file. Thisfile will be returned by your reseller
to apply the update of your license.

6.7.1.2. Associate GRIF files

Themenu Associate GRI F filesforces your operating system to associate the GRIF files and the different modules
that open them.

Associate GRIF files P

For current user
For all users

The functionality For current user : Associates GRIF files to the current user

Thefunctionality For all users: Associates GRIF filesto every users. This operation requires administrator rights.
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7. Attributes

7.1. Creation

The attribute tab enables the user to create attributes that are used to qualify elements defined on system.

* € amsibutes .

W=

® HE| v
Number = Name
Zone
SeqGen

Supplier

P 7
K&l Properties of "Attributes’ - ...

Number
Name (

Domain

Automatic ) Zone
String
Deetault value

Description
Equipment zone

Zoneh

Types of data
All types of data which allow 1o use this atfribute

| Parameters L] Transitions
Places
¥ Constraint on value

Enumerate | Interval

Mame

Valug

ZoneB

ZoneC

Cancel Help

[« 1]

X

Constraint | Types of data |
{ZonwA, Zone
Transitions
{Supplier1, Su Parameters
gation

The attribute properties are the following ones:

* name;
e domain;

default value;
type of data: to choose where apply the attribute;
* congtraint.

The domain type can be of the following values:

» boolean: Thiskind of attribute is a boolean;

* integer: Thiskind of attribute is used to affect an integer value;
« float: Thiskind of attribute is used to affect afloat value;
 string: Thiskind of attributeis used to affect afree text.

In Constraint field, user can enter aconstraint on the attribute to ensure the proper use of the attribute in the model.

In addition, the attributes of float or integer type have a Constraint type Enumerate or Interval.
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7.2. Use of the attributes

InaSIF loop, it is possible to associate attributes on components directly on the components tables :

&# Components X
Columns manager
Identification
|Advanced...
ldentification i ;
= = Degraded Operati... Attribute
Tag name Description Identical to Type Manufacturer Source Loops
SIF1_51.1 Emerson 20... Pressure transmitter aaa daa By default
VER SIF1_SOLVER S-PLC .
A1l SIF1_A11 Solenoid valve (de-energi... By default
Name | Location

‘:j Attributes of a component can be imported from / exported to a component database. To import a
component with an attribute from a database, the attribute must not have a reserved name, else an error

will occur.
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8. Data Bases

8.1. Database of parameters

In every GRIF module, a connection can be established with a database of parameters, to import parameters in
GRIF. There are three ways to connect to a different database:

» connectionto a.csv file
» connection to a .xlIsfile
* other connection (viaJDBC).

8.1.1. Format of the databases

The database must contain the identifier, the name and the value of the parameter. It is possible to add to the
parameters more information, as the unit, the dimension and the description of the parameter. So we can have
three to six columns, inquiring:

Data'stype: Possible values:
Parameter'sidentifier Numbre, Text
Parameter's name Text
Parameter's value Number
Parameter's description Text
HOUR : hours
DAY : days
MONTH : months
YEAR : years
Parameter's unit HOUR_1: hours®
DAY_1: days*
MONTH_1 : month™
YEAR_1:yeas®
FIT : Failure In Time (= 10° hours®)
Parameter's dimension BOOLEAN, FACTOR, PROBABILITY, RATE, TIME, OTHER

8.1.2. Connect to a database

To access to the window to create the connections to databases, go to the menu Data and Computations ->
Par ameter s database -> Connections .... A window appears then:

GRIF 8

Parameters database

‘' 7 [
Databa... Connection url
rex jdbcireligue:csw:/../Tools/Databasefrex.csv
rex2 jdbc:religue:csw:/../Tools/Database/rex.csv
oK I Cancel Help

From thiswindow, it is possibleto :
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e Add a connection to a database.

ﬂ Modify a connection to an existing database. It opens the same window when adding a
connection, but the fields are already filled by the data previously entered.

» Delete the selected connections of the databases.

8.1.2.1. Connection to a CSV file

8.1.2.1.1. Form of the database

This type of connection is the simplest. The CSV file has for extension ".csv". It is a simple text file where the
different fields are separated by commas, tabulations or semicolons.

[[D,NOM, VALEUR , DESCRIPTION, DIMENSION
000001,Lambda,0.001,Exemple de Lamda,RATE

000002 ,Mu,0.01,Exemple de Mu,RATE

000003 ,Gamma,0.5,Exemple de Gamma,PROBABILITY

000004 ,ProdMax,1000.0,Exemple de Production maximum,0THER

8.1.2.1.2. Connection

Once clicked on the button "Add a connection to a database”, a window opens up:

Database type =

File [./Tools/Database/rex.csv ||Z|

Separator o, (O 2 'tab’
Name of "ID" field: lid

Name of "name" field: [name

Name of "value" field: [value

Name of "dimension" field: |dimension

|
|
|
Name of "description” field: [description |
|
|

Name of 'unit’ field: [unit

‘ Test Connection ‘

oK I Cancel | Help |

This window has as a common base, the selection of the database, the fields for "ID", "name", "vaue",
"description”, "dimension” and "unit", and a button Test Connection. By clicking on this button, GRIF tries to
connect to the database and so verifies the configuration provided by the user.

When adding a CSV database, the type CSV must be selected. A new field appears: the separators between the
data. To sum up, there are three steps to add a connection to a CSV database:

* First, fill the path of the CSV filein. A file explorer is at your disposal (button ...).
* Then, specify the type of the separators used in the CSV file.

* Finally, enter the six fields names of the CSV file. (Or only the ID, name and value fields) (Uppercase letters
are taken into account as lowercase)

!\ Warning : It's important to note that when creating a connection to a CSV database, you must have all
of the data on a single sheet.
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8.1.2.2. Connection to a XLS file

8.1.2.2.1. Form of the database

The databases of the .xIs or .xIsx extensions correspond to EXCEL files. Here is an example of an EXCEL
Database :

Al B [ ¢ ] D | E | F
D NOM VALEUR. DESCRIPTION DIMEMSION

1Lambda 0.001 Exemple de Lamda RATE

2 Mu 0.01 Exemple de Mu RATE

3Gamma (0.5 Exemple de Gamma PROBABILITY

4 ProdMax [1000.0  |Exemple de Production maximum OTHER

‘q‘m‘m‘h‘m‘m <

8.1.2.2.2. Connection

To connect GRIF to thisdatabase, select the XL Stypein the connection window. Thewindow isnow asfollowed:

Database type

File | |
Sheet E

Name of "ID" field: [id
Name of "name" field: [name
Name of "value" field: [value

Name of "dimension® field: [dimension

|
|
|
Name of "description” field: |descripti0n |
|
|

Name of 'unit’ field: [unit

| Test Connection |

| OK I Cancel | Help |

Sheet is the sheet's name where the data are located, and will be filled once a valid path to an EXCEL file has
been entered.
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8.1.2.3. Connection to a database (with a JDBC connection)

GRIF can connect to any database with JDBC, aslong as the database follows the same rules of the databases seen
earlier. The window for that kind of connection has multiples fields to fill:

Database type u

Database name |re}<. CSV

JDBC Driver |org.relique.jdbc.csv.CsvDriver

|
|
Connection url |jdbc:relique:csv:..;’TooIstatabasef |
|
|

Login |

Password [

SQL Request [SELECT id.name.value,description.dimension, unit FROM REX
Options [-separator=; |
Name of "ID" field: [id |
Type of ID: [VARCHAR(32) v
Name of "name" field: [name |
Name of "value" field: [value |
Name of "description” field: [description |
Name of "dimension” field: [dimension |
Name of "unit" field: [unit |

| Test Connection |

| oK I Cancel | Help |

1. Driver JDBC isthe name of the JDBC driver (ex : sun.jdbc.odbc.JdbcOdbcDriver)
2. Connection URL isthe URL of the database.
3. Thefields L ogin and Password can be left empty.

4. The SQL request SELECT id,name,value,description,dimension,unit FROM REX is used to gather the
dates.

5. Option field inform of all of the database's options: separator, ...
Once a connection with a database is ready, GRIF can now import a set of parameters from the database, but

also updates these parameters when modifications has been made in the databases, or recreate the links of these
parameters so they can now take the values of another database.
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8.1.3. Import parameters from a connected database

Once adatabase is connected, GRIF can import a set of parameters from the database, via the window reachable
by the Data and computations -> Par ameter s database -> Copy parameter s from database ... menu.

GRIF

Select a parameter database

Databa.., Connection url
rex jdbc:relique:csv:/../Tools/Database/rex.csv
rex2 jdbcireligue:cswv/../Tools/Database/rex.csv
Feuillel |xls:file:/SANSNOM.xlsx: sheet:Feuillel
Selecting the data to import
D MName Value Description Dimension Unit
000001 Lambda 0.001 Example of L... |Rate
000002 Lambda_PT 1.2E-6 Example of L... |Rate
000003 Lambda SOV |8.5E-6 Example of L... |Rate
000004 Lambda2 1.23E4 Ancther exa... |Rate
000005 Mu 0.01 Example of Mu |Rate
0000086 Mu_2days 0.02083 Example of M... |Rate
0oooo7 Gamma 0.5 Example of G... |Probability
000008 DC 0.83 Example of Di...|Probability
000009 ProdMax 125000.0 Example of pr...|0Other
000010 Inspection 720.0 Example of d... |Other
| OK I Cancel | Help |

Select the parameters you want to import, and click on OK. The parameters are now created and imported in
GRIF. The created parameters have the same names than the database's parameters, and the fields "Description”
or "Dimension” areidentical of those found in the database.

It isimportant to underline that it is possible to manually create a parameter in GRIF, and then with its Add-On
menu, assign the parameter's val ue of the connected database. This operation is detailed in thislink.
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8.1.4. Update of the parameters from the database

When an user, who has updated some of his data in his database, wants to have these modifications done on his
parameters in GRIF too, he can then use the update action, from the Data and Computations -> Parameters
database -> Update from database ... menu:

GRIF

Select data that will be update :

e Document data Datab . Database settings
Description Value |Dimens...|Unit P D Name Value Description Dimens...| Unit
Lambda2 Another example of La...|1.23... |Rate rex 2019-03-18 ... [0000...|Lambda2 1.23E-4|Another example of La...|Rate
Mu Example of Mu 0.01 |Rate rex 2019-03-18 ... |0000...|Mu 0.01  |Example of Mu Rate
Mu_Zdays Example of Mu for 2 d... |0.0208 |Rate rex 2019-03-18 ... |0000...|Mu_Z2days 0.020...[Example of Mu for 2 d... |Rate
Gamma Example of Gamma 0.5 Probab... rex 2019-03-18 ... |0000...|Gamma 0.5 Example of Gamma Probab...
Cstl Example of Gamma 0.5 Probab... rex 2019-03-18 ... |0000...|Gamma 0.5 Example of Gamma Probab...
PRODUCTION_... [Maximal prod. 1E3  |Probab... Feuillel |2019-03-18 ... |3.0 PRODUCTION_... [1000.0 [Maximal prod. Probab...
| oK I Cancel | Help

Thiswindow shows the parametersin GRIF which are connected to parameters from the databases. Thered lines
correspond to data which have been modified in the database. If the user wants to update some of his parameters
in GRIF, he must select the lines of the wanted parameters, and then press the OK button. The parameters are
now updated.

User manua

53/125




<~

TotalEnergies

8.1.5. Rebuild of the links to the database
It is possible to modify an existing parameter's connection in GRIF, by changing the database of its associated

parameter. However the parameter can only connect to the parameters with the same name. Thisaction isavailable
by the Data and Computations -> Parameter s database -> Rebuild links to the database menu.

Parameters Value Database Identifier Value Link to
Lambda2 1.23E-4 rex LambdaZ (id=0000...1.23E-4
rexz Lambdaz (id=0000...1.23E-4 O
Mu 0.01 rex Mu (id=000005) 0.01
rex2 Mu (id=000005) 0.01 |
Mu_2days 0.02083 rex Mu_2days (id=000... |0.02083
rexz Mu_2days (id=000... [0.02083 ]
Gamma 0.5 rex Gamma (id=000007)(0.5
rexz Gamma (id=000007)|0.5 O
Lambda_Exp_006& 0.042 Feuillel Lambda_Exp_006 (i...|0.042
Feuille2 Lambda_Exp_006 (i...|0.032 O
Beta_Weibull_Lawé [0.005 Feuillel Beta_Weibull_Lawé ...[0.005
Feuille2 Beta_Weibull_Law6 ...[0.005 |
PRODUCTION_MAX 1000.0 Feuillel PRODUCTION_MAX (...[L000.0
Feuille2 PRODUCTION_MAX (...[500.0 O
| oK I Cancel | Help |

Herewe can see the different parameters of the databases, which areimported in GRIF, and which are on multiples
databases. So on the line of the parameters you want to rebuild the links, select the right database, and then validate
your modifications by clicking on OK. GRIF then update the values of the parameters by rebuilding the links.
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8.2. Bases of components

Users can create base of components with all characteristics needed to create safety loops in an Excd file. This
featureis available in the menu Data and Computations - Bases of components.

Data and Computations | Add-ons ?

= EEEL BT EE EL CEL

Edit data tables

B Edition of assumptions
Edition of actions

T1 Edittest periods
Configure specific standard in the parts
Configure existing parts/channels
Configure Beta (dd)
Calculation of spurious trip
Add the CCF Beta factor of components
Simpiified CCF for periodic tests
Calculation with uncertainty
Computation method for lambda of CCF

e_;) Parameters database

nj Base of components

Applied standard for constraints

E Compute manager
Invalidate the calculation cache
Letnames and IDs be unique
Verify

4 m Export to xlsx
b Connect to a component base

Update the components

E Start computation only on the current SIF AfC

3% start computation on invalid SiFs

E Start computation on all SIF s and all systems

8.2.1. Export to xlsx

This action enables to create an Excel file with the correct format to be used for the creation of the component
base which will then be compatible with the SIL module.

This database contains by default the equipment present in the current document when it is created and can be
modified to create a database with your own data.

Thefile created has 3 tabs for each part of the the architecture :

*+ SENSORS;
* ACTUATORS;
» SOLVERS;

AUMENTED_TYPE MANUFACTURER |DATA_SOURCE |DETERMIMED CHARACTER TEST_TYPE TO [TO_UNIT |T1 [T1_UNIT |[MODE LAMBDA |DFF |DC_D |DC_S [LAMBDA
SMITTER_FLOW F TESTUNITSTOP 6.0 |YEAR 6.0 |YEAR FACTORISED |1.5E-6 250|700 [100.0 |1.125E-7
JATORS | SOLVERS |  (® [4] |

4t

All the information required for the creation of a component can be filled in the database. The headings of the

columns are indicated in the chapter "Configuration of components'

|\ I1t is not necessary to create all the columns in the Excel file. In this case, the values of the information
of the elements not present will be the default values of the components.

User manua

55/125



<~

TotalEnergies

8.2.2. Connect to a component base

This action enables, once the database file has been created, to connect it to the SIL Module. A window opens
and enables you to search thefile:

Rechercher dans: |[] Practical-Work ‘v| E
1 old

D example.xlsx
D example2. xlsx

| Nom du fichier: |exazmle2.xlsx |

Type de fichier : |.ﬂ5x ‘V|

| Open || Annuler |

After selecting the correct file the following window opens and enables to display the database information

l’ Base of sensors |/ Base of actuators r Base of solver |

.-.- Q Data source: - Manufacturer: - Instrument type: |MI |v|

Description Type Manufacturer Source Character

1 Flow transmitter Type A

8.2.3. Disconnect

This action enables to disconnect from the database currently linked to the SIL module

8.2.4. Base of component

This action enables to visualize the connected database with the same database information visualization window
dispalyed with Connexion & une base de de composant action

8.2.5. Update the components

This action enables to update components linked to a database if it has been modified

8.2.6. Convert the base to the new format of SIL

This action enables to update of the database if in the versions of GRIF subsequent to its creation modifications
have been madein its structure.
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9. Computes

9.1. Launch PFD/PFH computation

When all of the components have been configured, computations can be started. PFD and PFH Computations are
performed for each SIF. User can choise between:

* launch calculation only in the current SIF: in this case, calculations are launched via the menu Data and

Computations / Start computation only in the current SIF , or in theicon E
e lauch computation on invalided SIF: in this case, calculations are launched via the menu Data and

Computations / Start computation on invalided SIF , or in theicon E’ . All modified SIF by the user
will be calculate.

Invalided SIF are highlighted with the following icon: S

All these launch computation commands are grouped in the icon bar:

Operating duration :years}|30.0 |V|| 3 || > || T0T1 |

9.2. Computations results

When computation is performed, the chart, which contained no information, has now been updated.

[ GRIF - SIL Medule - [2016][Debug] - DOC.sil EI@

File Edit Tools Document Dataand Computations ?

‘Dperalingduration :years}|30.0 |vH A || ¥ || Tl]fI1‘

2 -
F Filter Kl e ‘ =f4 Configuration of components rRepon r[‘ﬂ Parameters |
K [ 14 Configuration of architecture L
= ooc.si oo 1001 SOLVER| ‘ :
[ i
¢ C]Paged i El i Sensors architecture 1=
| i
fji E i i Number of channels EIZ‘ configured in
¢ [ Page 2 El m [ ar 10n Cause Failures into account
B |
£ SIF2 A [ Bet.
[ PFD o [s12] ; =
¢ CJPage3 oo [513] ! Channel 1
£, SIF3 | [
|- PFD ! | Number of sensors EIZ‘ configured in m: IE‘E‘ [
| | i [] Take Common Cause Failures into account
| [ = -
| SIF1 [ B ]
J e -~
K ] \ DN
PFD & Actuators architecture =]
S || = mpeer e configuredin [fooz [
D Multi-loops syste 3E3
e [[] Take Commeon Cause Failures into account
SE3 Beta inter-channels
& ||| [ channet1 X [ channel2 X |
15E3 i
/ \IL// 1 ||| Number of actuators Dz‘ configured in
1E3 o Cause Failures int unt I
SE4 / _,/I Bet s
2 — || || Actuator 1
025 5 75 0 125 15 175 W 25 % 75 A0 i Cluator
Yearts) 1 ||| 1 actuator and sub-actuator(s) configured in
PFDAvg : Maximum=1.58E-3, B2
PFD(t) : Average=1 57E-3, SIL0=0%, SIL1=0%, SIL2=65.47%, SIL3=32.12%, SIL4=241% | ||| L] Take Common Cause Failures into account
—PFDAvg ==PFD(t) — Actuators — Sensars Salver B Beta sub-actuators 2 ]
i i |
£ = [« ’
1] I [ Tvlifa] i \ Dl Il v

J The combination Control+Scroll wheel enables you to enlarge (zoom in) or reduce the window.

Thex-axisrepresentsthetimein hoursand they-axisrepresentsthe probability of failure of the SIFwhentriggered,
also called PFD. The chart ranges from 0 to 30 years by default but it is possible to modify this value as explained
in the chapter on curves. There are 5 curvesin the chart:
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PFD(t) or PFH(t): the instantaneous value of the system's PFD/PFH.

PFD Avg or PFH: the average value of the system's PFD/PFH.

Actuators: the instantaneous value of the PFD/PFH of the actuator part of the system.
Sensor s; the instantaneous value of the PFD/PFH of the sensor part of the system.
» Solver: the instantaneous value of the solver's PFD/PFH.

The curves are located in one or several bands of color. These bands represent the PFD ranges, which define the
SIL:

* SIL 0: instantaneous PFD [0 [107; 1]. instantaneous PFH [0 [10°; +infinity].
SIL 1: instantaneous PFD O [10% 10"[. PFH instantanée O [10°; 107

SIL 2: instantaneous PFD [ [10% 107. instantaneous PFH 0 [107; 10°.
SIL 3: instantaneous PFD [ [10% 107[. instantaneous PFH [ [10°%; 107].
SIL 4: instantaneous PFD [ [0; 10°[. instantaneous PFH [ [0; 107[.

9.3. Compute manager

Compute manager shows the calculations. That are currently running or already performed.

= Computations =R
1T Re-order 0 CPUs m oA X &
Time CPU Document Computation na.. Frogress Status
08:07:10 |6 03-Club-GRIF-2...|default-Moca
08:07:27 0 03-Club-GRIF-2...|default-Moca default-Moca 0%
08:07:38 10 03-Club-GRIF-2...|Mew_lbd Hew Ibd 0%
08:08:11 1 03-Club-GRIF-2...|New_MTTR

Compute manager is automatically displayed when calculations are performed. User can display the window

using the following icon | =="1.

Thistab is made of 6 columns:

Time: The hour of calculation launch;
CPU: number of CPU used;
Document: document name;
Computation name: name of resultsfile;

Progr ess: progress bar;
Status: finished in green, in progressin yellow, error in red;

In Compute Manager some actions are available:

’ ‘ﬁ:’: display the following windows for computation settings:

1T Re-order

: allow to reorganize the calculations order;

= Computations

Maximum number of CPU :

Display the compute manager for each new computation

Mask the compute management when calculations are finished

Save results in default path of the result-bank if possible.

Automatic result display

| OK

I Cancel

Help
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: stop selected compute;

UU': suspend selected compuite;

UF*: resume compute in suspend:;

ﬂ': display results of selected compute;
{14: details errors;

.. remove selected compute;

’ %j: clear all compute;

When atask is added to Compute manager, user is not blocked until the task is ended. He can continue to work
on hismodel. He can even relaunch a calculation. The various tasks accumulate and are treated sequentially.
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10. Multi-loop systems

10.1. Creation of sevaral instrumented loops

It is possible to create several instrumented loops in a same document. To add new SIF, use the following icon

New loops are configured in the same way asthefirst one (cf. Configuration of components ).
Different SIF created can use parts or components already present in others loops:

* an existing component .The existing component can be selected in alist. It can be a component of the current
SIF, or one of another safety instrumented loop. Thisoptionsis only available when you have many components
of the sametype.

* an existing part . In this case, it is al sensor-parts or actuartor-parts which are identicals. To use this
functionality, check Configure existing PartsChannelsin Data and Computations. After, in Actuartor-part
or Sensor-part, check Existing part and select reference part.

Data and Computations | ?

Edit data tables »

TOM1 Edit test periods i |'H Zp || X H Tom |
[l Configure existing parts/channels —|/Report |/._m Darmmeia |
(] Configure the test periods of CCF Configuration of architecture

Computation method for lambda of CCF

Sensors architecture
Database k

rt: |SIF1-Sensor(s) Part [~|
Standard »

EFD Start PFD computation AlC

¥+ Start PFH computation ARD oo
Actuators architecture

[_] Existing part : | | |

A new safety instrumented loop can be created by a duplication of another one already created.

With aright click on SIF to With aright click on the SIF
duplicate in the arborescence: directly in the graphical imput zone:
= SOLVER
=3 DOC.sil
¢ ] Page 1
ShsIF—
|.___.‘ PH EXpanc
o= ] Page Collapse
P
TET -
Rename ...
& Refresh
e (o039

SIF1
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10.2. Import from a another document

It is possible to add new SIF with an import from another document. In Files menu, select Import afile.

Fie
[ New Ctrl-N
& Open ... Chrl-O
Import a file ...
Save o

‘]Importthe contents of a file into the current document
Saveds ...

[ Send by e-mail ...
Close Ctrl-F4

Export .dag ]
Export into .xISX...
Create a report »

Statistics of document
Document properties

Fichiers récents
Quit Ctrl-Q

In this case, imported SIF will bein afile which the nameisimported file:

=3 DOC sil
¢ ElPage1

£ SIF1

L~ PFD

¢ (=] Page 2
£ sIF2

L2 PFD

¢ [ Page 2
B 8IF3

L~ PFD

9 =] Page 4

£ sIFe
I

¢ [ MyDoc2.sil
LI SIF5
|~ PFD

10.3. Presentation

All impeorted SIF arein &
file which the name iz
the name of the
imported document

When severa loops (SIF) are created in a document, atree view on |eft left become visible. The upper part let
you browse the pages (one page by SIF). The lower part isfor systems that are made with several loops.

“f Filter

3 Sif_Projectd.sil
9 [ Page 1
£ 51F4
|- PFD
9 (=] Page 2

5, SIF2
| PFD

? [ My_System|
5 sIF1
5 sIF2
5 sIF3
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10.4. Input

Double-click one the root of Multi-loops systemstreein order to create an empty system.

System editing can be done either with adouble-click or with aright-click using Properties menu. The following
window is displayed:

il Properties @

Number 1|

Name ( [_] Automatic ) My_System

Description
Série

System configuration

Loops of the system

] X
D Mame
1 SIF1
2 SIF2
3 SIF3
OK I Cancel Help

You can enter Number and a Name . The Automatic checkbox generates a name starting with a base name
followed by the number.

A text areais available for adding a Description to your system.
The System configur ation defines the logical use of the loops.
» Serial : Safety loops arein serial, every loop must be available to have an available system.

» Parallel : Safety loops arein Parallel boucles de sécurité sont en parallele, le systéme reste disponible tant qu'il
reste au moins une boucle disponible.

* Manual: You can specify the configuration of the system as 1 & (2 | 3), with 1,2 et 3 corresponding to the
loopswhich IDis12and 3.

The L oops of the system part enables adding/removing/modifying of loops that are in the system.

10.5. Computations

System PFD/PFH computations are made as for SIF PFD/PFH computations. ( Section 9, “Computes’ )
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10.6. Reports and results

Results are available with aright-clic on the system, and then select Computation resultsin the menu.

9 [ Multi-loops systems
(=] My_Sys

B sIF & Refresh
S:;L SIF4 !% Expand

EhSIFT—

ﬂ Properties

The following window is displayed:

stem
-1, SIF2

rial

mand (PFD)

|v| Required RRF |10 |

1

e SIF Compliant

PFD Avg 0.0266
Computed RRF 37

SIL required 1
RRF required 10

Synthesis

PFD

SE-2

4.5E-2

4E-2

35E-2

3E-2

2.5E-2
2E-2
1.5E-2

1E-2 )

SE-3

0 25 5 F o= W0 xS s S
Year(s)
PFDAvg : Maximum=2_66E
PFD(t) : Average=2.66E-2, SIL0=0%, SIL1=8
SIL3=0%, SIL4=0%

— PFDAvg — PFD(t)

OK

Cancel

Help

The Description part sum system configuration up.
The For the system part is used to specify the target values:

* Requiered SIL : value of the SIL that is requiered for the system.
» Requiered RRF : value of the RRF that is requiered for the system.
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The Computation part displays computed values:

» Operating duration : the operating duration used for the computation.

* PFD or PFH : The computed PFDAvg or PFH.

e Computed SIL : SIL computed from PFD or PFH (architectural constraints are not taken into account).
» Computed RRF : RRF computed from PFD or PFH .

The Results part displayed achieved targets:

» Achieved SIL : Identical to computed SIL.

e Conclusion of SIL for the system : conclusion (compliant or not compliant).
* Remark : Remark generated by software.

e Comments: User descriptions.

The Synthesis part displays PFD/PFH curves of the system

10.7. PDF report and MS Excel report

If there are system in your document, they will be automatically exported in reports. An additional section will be
added for each system, at the end of the report. The system section contains information in Reports and results
window.
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11. Charts

Curves are drawn to study the results better. Five curves are available: PFDAv((t), PFDgsen(t); PFDacwaors(t),
PFDSolver(t)l PFDSensors(t)

11.1. Charts Edit window

The Charts Edit window is displayed when user double-click on charts.

e Charts Edit ==

Charts title: |PFD |

Data List
Legend ho Style &= | Average
PFDAvg v] Mo point 1| [
PFDit) v] Mo point 2 [v]
Actuators v] Mo point 1 [
Sensors v] Mo point 1 [
Salver v] Mo point 1 [
Style

Intervals : ‘Autunnﬁc without peak ‘v| Display peaks values at :
X axis unit: = | [ |Log
Y axis unit: I:D = | [ |Log

Areas: =

| OK I Cancel Help

Thiswindow is divided into several parts:
1. ChartsTitle: enablesyou to give atitle to the graphic.

2. Datalist: Thispart containsathree-columntablelisting the chart'sdifferent curves (name, description, display,
curve colour, curve style, curve thickness).Several buttons are available above thistable.

Up T : moves the selected curve upwards in the list.

Down ¥ : moves the selected curve downwardsin the list.

Save as default model i : saves current chart setting as default setting for new documents.
For each curve, you can specify its colour, its style of points, its thickness and its display options.

3. Style: This part deals with displaying curves.

» Style type: specifies the type of al the chart's curves (line or histogram). N.B: For histogram style, bars
going outside drawing zone will be drawn with a gradient to warn user that he has to change intervals to
see the entire bar.

» Intervalson X and Y: Specifies the display interval for the X and Y axes (default interval or user-defined
interval). Thislast function can, for example, be used to zoom in on the most interesting parts of the curve.
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The log check boxes are used to enable the logarithmic scale on the axis concerned. Important: O cannot be
represented on a log scale, remember to give a strictly positive starting point (e.g.: E-10). If 0 is given, the
log scale will start with an arbitrary value E-15.

When domain axe deals with time, you can choose time unit among: hours, days, months, years. Default
display is"hours" because it is the usualy used unit for modeling. It's only available in SIL module.

.;j If the computations are with uncertainties, it is possible to check the Display dispersion interval and the
chart will display the uncertaintiesinterval.

T =

o SE4 SE4 SE4 1E5 12583 1.568 1.75E5 ES SES SES 'SEY
Hour(s)
SIF1_SENSORS : Minimum=0, Maximum=7 91E-3, Average=399E-3
—SIF1_SENSORS

11.2. Editing the curves

When a curve is edited (with adouble-click onitsnamein list of curves), the curve edition window is displayed.
The following window id displayed:

S GRIF - SIL Module

Legend: |Sensors |

Computation selection
[ Computations
[} default-Albizia
D default-Maca

Result to be displayed

=/
¢ [C] Gates and Events
9 [ Probability ()

[ sIF1

D SIF1_ACTUATORS

O

[} SIF1_SOLVERS
me <]
vawe [~

Value to be displayed

[ ] Minimum [ ] Maximum [ ] Average

] siLo ] siL [] siL2
(] siL3 [ siL4
| oK | cancel Help

The window is divided into three parts:

» Legends: enablesyou to give atitle to the curve.
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» Valueto bedisplayed: used to select the values which are to be displayed or not below the curve.

For SIL curve (probability functions of times), available values are:

— SIL 0: percentage of time spent in SIL O.

— SIL 1: percentage of time spent in SIL 1.

— SIL 2: percentage of time spent in SIL 2.

— SIL 3: percentage of time spent in SIL 3.

SIL 4: percentage of time spent in SIL 4.

Minimum: the minimum instantaneous PFD over the period studied.
— Maximum: the maximum instantaneous PFD over the period studied.
— Mean: the average of the PFD over the period studied.

For average probability curves (like PFDAvg), available values are:

— Minimum: the minimum value of the average PFD over the period studied.

— Maximum: the maximum value of the average PFD over the period studied.

— Mean: the average value of the average PFD over the period studied (which is NOT the PFDAvQ).

When the values are entered, just click on OK to close the windows.
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12. Risk matrices

By default, new elements are initialized using a pre-constructed risk matrix. The default matrix can be modified
or you can construct new ones. The following sections cover how to define and use risk matrices

12.1. Entering matrix acceptability levels

Thelevelsof acceptability can be accessed only viathe data edit tables. To enter anew Acceptability level , select
the Acceptability tab in the data table and click on Add .

-

u Acceptabilities [==]
MNumber Mame Description Caolor Target
1 OK The risk is acceptable. V]
ALARP The risk is as low as re... []
3 KO The risk is not acceptabl... []
Enter name of new acceptability level @

@ Enter name of new acceptability level
|cceptabilityd] |

| OK || Annuler ‘

| MNom | Localisation

For further information on using data tables, please see ??? section.
Each acceptability level is characterized by the following parameters:

1. A number : the number is an identifier. They are automatically incremented as and when new elements are
created. Thisitem of datais hidden from the user by default.

2. A name: thisis a parameter that is defined automatically and can be modified by users. The default name
comprises the "type"" followed by the "number" (e.g." Acceptabilityl").

3. A description : thisfield is used to add a description of the element. The purpose of this function is to make
the model easier to read (by indicating the specificity of each element).

4. A color : thisisthe color that will be displayed in the risk matrix for this acceptability level.

5. A target : flag indicating whether or not the acceptability level is atarget to be reached.

12.2. Entering risk matrix models

Risk matrices are used to graphically visualize the results of cal culations run on consequences. TTo do so, at least
one risk matrix model must be defined. Risk matrices can be accessed only viathe data edit tables. To enter anew
Risk matrix model , select Risk matrix model tab in the data table and click on Add .
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For further information on using data tables, please refer to the section ???

0 tric | Properties of 'Matrices - SAFETY X | Properties of 'Matrices’ - SAFETY X
[ Details | Matrix | C | Details | Matrix | Coeffici Details | Matrix | Coefficients |
Musnhcr ' . Severity key |Injuries ____J
Name ([_| Automatic ) saFETY |
Injuries modifier coefficient
Criticality input mode ® simplified © Advanced Frequency iny™ & X
a i
Severity unit Injuries ‘
Likel
Severity Intervals 5 o | Name ‘ Description
1E-2H [Goefft |
Frequency unit: Year™? v Urlikely!
Frequency intervals 8 ot 1E-3f7
Icon v - Very Unlikely)
Description
Frequency modifier coefficient
X
Very Remote| o
Name Description
t » Coeffl

% § ﬁ g Injuries Coeff2

o 2 = =

HE g

g 8
>

[_] Hide this matrix during the export
u OK I Cancel I Help ‘ H oK ! Cancel I Help }‘ OK Cancel Help

The Detailstab is used to enter the following parameters:

1.

A number : he number and type arethetrueidentifiersfor each e ement (which will be used by the computation
engine). If a user wants to change the number of certain events, s’he must therefore make sure that no two
events have the same number. They are automatically incremented as and when new elements are created..

. A name : thisis a parameter that is defined automatically and can be modified by users. The default name

comprises the "type" followed by its "number” (eg: "MatrixModel1").

. A comment : thisfield is used to add a description of the element. The purpose of this function is to make the

model easier to read (by indicating the specificity of each element).

. A Criticity input mode:

* In simplified mode, the severity interval limits cannot be entered. The risk modifier coefficients are also
hidden. The coefficients entered for the different consequences are identified from among all the risk
intervals.

* In Advanced the severity interval limits can be entered. The coefficients entered for the different
consequences will be numerical valuesfor all the severity intervals.

. The severity unity :thisvalue is displayed on the horizontal axis of the risk matrix.
. The number of severity intervals: the number of columns displayed in the risk matrix.
. The frequency unit : thisvalue is displayed on the vertical axis of the risk matrix. Calculations are made in

h* and converted into the chosen unit.

. The number of frequency intervals: the number of lines displayed in the risk matrix.
. The option Hide this matrix during the export : if this option is selected, the matrix will not be printing on

the PDF export.

The Matrix tab is used to enter the following parameters:

1.

Acceptability levels ; if the acceptability levels have been correctly defined beforehand (see Section 12.1,
“Entering matrix acceptability levels’ ) you can allocate an acceptability for each cell in the matrix by
clicking on it and selecting the required acceptability level.

. The axes: the names of the intervals and their limits can be modified by double-clicking on the text boxes. An

increasing order must be respected on the axes.

The Coefficientsis used to define a set of frequency and risk modifier coefficients. The actual coefficient values
must then be entered on the consequences (see Section 12.3, “Entering coefficients’ )

1
2.
3.

Severity key thisisthe value affected by the risk modifier coefficients.
Severity modifier coefficient : these are used to reduce or increase the impact of the Severity key .
Frequency modifier coefficient : these are used to reduce or increase the frequency.
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12.3. Entering coefficients

Coefficients are factors for (and which may or may not reduce) risks run or for the frequency of occurrence of
a feared scenario. The frequency of occurrence of a feared scenario is determined based on the frequency of
occurrences of the upstream scenarios. Therisk of afeared event is obtained by multiplying the Severity key for
the scenario by its Severity modifier coefficient .

The risk coefficients and keys are modeled on each risk matrix (see Section 12.2, “Entering risk matrix
models’ [69] ) and allocated values for each feared event either via the scenario edit window (see ??? ), or
in the window below which can be accessed via the horizontal toolbar or viathe menu Data and Computations
- Edit coefficients

i1 Consequences coefficient modification X
All | Per matrix
B | HE | v
Safety Asset Environment
Mumber MName .
Humans Presence Asset Damage Condensate R...
1 Fire-I 2 0.125 10 0.125 0
2 Fire-U 2 0.125 100 0.125 0
3 Flash-I 05 0.06 0 ] 0
4 Flash-U 0.5 0.06 0 0 0
5 Spill-l 0 0 0 ] 10
6 Spill-U 0 0 0 0 1000
Legend
Severity key
Severity modifier coefficient
i Consequences coefficient modification X
m Per matrix
rSafety rAsset rEnvironment |
B | B v
Number MName Humans Fresence _
1 Fire-I 2 0.125
2 Fire-U 2 0.125
3 Flash-I 0.5 0.06
4 Flash-U 0.5 0.06
5 Spill-l 0 0
lls spillU 0 0
I
Legend
Severity key
Severity modifier coefficient

The All tab gives edit access to all the keys and coefficients defined on the risk matrices for the entire document.
The Per matrix tab gives edit access to the same data as for the All tab, but they are organized by matrix.

12.4. Risk matrix tool

Thistools accessible since the vertical tool bar, enablesto represent graphically the consequences through amodel
of risk matrix beforehand constructed. For more information on the construction of such a model, please refer to
the section Section 12.2, “Entering risk matrix models’ .
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To use it, select tools then on the input zone, select the rectangle of display of the matrix. This space constitutes
the zone of display of the risk matrix, it can be moved, deleted or modified the size. To configure the risk matrix,
double-click on this zone of display. The following edition opens:

[£2 Charts Edit ==
Chart title: |SAFETY |

I Data List

1

|10 L] £.5

1

| og Legend Information |  Matrix ‘Showl Color | Style |ﬁ

1

1

o8

1

1

|| o7

1

| 08

1

1

|| s Display options

i 04 Matrix rPomls rDifferences ‘

A

: Matrix transparency 1.0

| o Axis label size

1

| 02 Interval name rotation |90 degrees counler-clockwise|v‘

1

: 01 [v] Display values of risk bounds

1

| oo (®) Automatic extreme bounds

1 00 01

) Manual extreme bounds

[ oK | Cancel | Help

User can inform the following display parameters:

» Chart title: It isthetitle which will be shown above the risk matrix aswell asin the tree graphic.
» Datalist: It is computation results to use to show the consequences in the matrix.
» Digplay options: Configuration panels of the display of the matrix.

At first, select one or several calculations to be shown:

{E2 Charts Edit =]
Chart title: |[SAFETY |
| — Data List
!
I
] 19 B *
!
: 049 Legend ‘ Infurmatiun| Matrix ‘Shuw| Color | Style |i‘
!
I
: 08 &= GRIF - Event-Tree Module @
I
I
)| 07 Legend: ‘computeﬂ |
I
: 0,6 Computation selection
i .3 Computations (1,1 Mo)
s Displa @ default-Albizia
' defauit-Moca
Matri
K [ default-Albizia_2 —
: Matri
1| 0,3 .
| Axis | Result to be displayed
! d’,
|02 mterv| 3 5 piak
!
| 04 Iv] Disf [ AsseTs
C - [ [saFETY,
00— "
!
! 00 01 O ma
| ok | camca | mep |
Frequency unit: |Hour-* -
| OK I Cancel | Help |

» Legende will be displayed on each points, by prefixing the name of the consequences. It is not necessary to
inform one. it enables to identify easyli the origin of the points.
e Thelnformation column gives computation results used.
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e TheMatrix column gives the name of the matrix choosen.

» The Show column ndicates if user wants to mask or to show this results int the matrix.
The Color column enables to choose the color of pointsin the matrix.

the Style column enables to choose the form of paints.

 Thickness column enables to choose the thickness of points.

If several calculations are selected and they concern different matrices, an error message appears.

Display options Display options Display options
Matrix | Points | Differences | [ Matrix_| Points | Differences ["Matrix_| Points | Differences
Matrix transparency [0.7 | Hide points with null frequency Activate comparisen of results
Axis label size [ Center points in risk interval Display all points
Interval name rOtalIOH‘QU degrees counter-clockwise | v| Display uncertainties Differences tolerance limits |5.0 %
IRSmayaies RSN Use the consequences colors G EB
@ Automatic extreme bounds 7 Do not show labels CITCHELTT |
) Manual extreme bounds (® Display the names
( Display a point number (with a legend)
Label position Top |~
Frequency unit: : Label size

* IntheMatrix tab:

— Matrix transparency :Allows to make translucent colors defined on the levels of acceptability. It enables
you for example to put in advance the points of the consequences. The input value has to be between 0
(transparent) and 1 (opaque).

— Option Hide consequences with null frequency : Allows to take out of the risk matrix the points which
frequency is null.

— Option Automatic extremesbounds: Allowsto et the application choose the minimal and maximal extreme
bounds of the risk matrix.

— Option Manual extreme bounds : Allows to define the minimal and maximal extreme borders of the risk
matrix. Be careful it is not possible to inform values which restrict the intervals defined on the model of
the matrix.

— Frequency unit : Allows to modify the unit shown on the frequencies.

* InPointstab:

— Points style : Allows to select a predefined geometrical shape for the display of points.

— Pointssize: Allowsto select the diameter of display of points.

— Pointscolor : Allowsto select acolor for the display of points.

* IntheLabelstab:

— Option Do not show labels consequences : Allows not to show additional information other than points.

— Option Display the name of the consequences : Allows to show in each points, the name of the of
consequence to which it is up.

— Option Display the Id of the consequences (with legende) : Allows to show in each points, the Id of the
of consequence to which it is up. A legend is then added to the graph by associating in each id the name
of its of consequence.

— Label position : Allowsto select a predefined position around the point for the display of the label.

— Label size: Allowsto select a predefined police size for the label.

— Label color : Allowsto select acolor for the [abel.
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13. Compare 2 documents

Thisfunction is accessible using File/ Compar e 2 documents. The following window appears:

Icon = enables loading of the files to be compared.

Click on to launch the comparison.

Difference can be sorted using 3 criteria: internal key, external key or name for nodes

» Internal key enumerates the differences according to internal elements of the model for example identifier,
creation index, etc...

» External key differentiates elements according to the names of the elements of the model.

* Name for nodes differentiates nodes according to their names. The external key comparison will be used for
others elements.

Colour signification is:

* @: dementisidentical;
* @: dement is added:

* O: element is modified:
» : element is deleted.
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14. Zoom and page size

When creating a model, if the page size is not big enough, it can be changed using the menus: Increase page
size (Control+K eypad +), Reduce page size (Control+Keypad -), Page size (Control+Keypad /) under the
Tools menu.

The Page size menu enables the user to edit the page dimensions directly.

Size and page zoom @
Width 1200 px -
Height 850 px

[] Apply on all document pages

Default values H OK H Cancel H Help |

Page zooms can be modified either by using the toolbar menu:

Normal| | + || g
133% I
66%
5%
Normal
150%
175%
200%

Or by selecting the display and using Control+mouse wheel scroll up to zoom or Control+mouse wheel scroll
down to zoom out.

The padlock on the toolbar is used to apply the zoom to the current page or to all pagesin the document.

’The zoom appliesto al pagesin the document.

o ‘ The zoom is applied only to the current page.

Note that if an element is selected on the page, the zoom will centre the page on that element.
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15. Hypothesis

In the datatable, in Hypothesistab, it is possible to follow-up and track the studies hypothesis.

[ Assumptions €} Simulation

< v D = X
Name Description Information Proc... Proce... File
Producti... [Wells producti... ] [10/5/18 v

RepairCr... |Several teams ...

{as] Properties of '‘Assumptions' - ProductionProfile X

Number 1

Name (D Automatic ) ProductionProfile
Processed

Processing date 51[]!05!2018

--- Profile.xlsx

Description
Wells production profile

Information

OK Cancel Help

This table enables to take into account the study hypothesis and add file or date to indicate that this hypothesis
is taken into account.
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16. Document properties / Track change /
Images management

File- Document properties menu enableto save information about document: name, version, comment, ... These
information are available in General tab.

Document properties @I

l/ General r Modifications r Pictures

File : Chlsers\ovinuesa\GRIF\2016\Tree\Fault-Tree1 jtr

Name: |MySystem_xyZ |

Version: [2.0 |

PID:  [PID123456750 |

Author: [evinuesa |

Date: |07 March 2016 |

Description
Safety loop with 3 sensors

| oK | Cancel | Help

M odification tab enablesto save A history of the modifications.
There are two different ways to save modifications:

» At each saving by checking: Modification track when saving dans Tools - Document (or Application)
options.
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GRIF - Medule
Options
Modification tracking when saving: O
| OK | Cancel | Help
. . . L . . . Fl
When the user wants directly in M odification tab of the properties using the button ..
Document properties
General | Modifications | Pictures
Date User Modification description Version
20151113 )
19:03:20 cvinuesa Model for draft report rev 0 0
20151119 )
09-34:99 cvinuesa Model for draft report rev 1 1
| oK cancel | Help |

Images may bevery useful to represent sub-system. GRIF 2022 enablesto saveimagesthat can be used in different

parts of software (groups, prototypes, ...). Images management is made in | mages tab.
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Document properties @

[ General | Modifications | Pictures

Description File
OMmpressor.jpg Compressor.jpg
Power_Generator jpg Power_Generator jpg

| OK I Cancel | Help |

ey . . .
To add anew pictureinto document, use i~ icon. A double click in File column enables to select a picture (jpg,
gif or png). A double click in Description column enables to give a name or a description to selected image.

Once in document, picture can be linked to a groupe with Group - Pictur e change menu.

Images are saved inside document, pay attention to picture size. Because images are inside document, you have
to re-add pictureif picture is modified erternaly.
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17. Files of the documents

It is possible to associate external file using File - Files of the document menu.

Thefollowing icons alow to:

@ reload files;
¢ @.qopenfiles;

= open directory wherefile is saved.

~
_= Files of the document v I ; H_ M
. i i—

Mame Description Path Type Size Synchronization.. Status
02-Club-GRIF-20...|Presentation des nouve... |2 \Prezentations\Clubs-GRIFICIUD-GRIF-2017\_|Presentation 66,9 Ko 11617 Invalid path
Club-GRIF-2017-... |Programme du Club GR...|Z:\Presentations\Clubs-GRIF\CIUb-GRIF-2017\ . |Spreadsheet. 11,9 Ko 1617
Club-GRIF-2017-... [Nouveautés a présenter... (2 \Presentations\Clubs-GRIFWCIUD-GRIF-2017\_|Spreadshest. 30 Ko

A T - L S— B ——
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18. Document template

It is possible to use an existing document as base to create a new document or as a part of a document. This
functionality is accessible in File - Document template menu.

Save in RTF file ...

File |
3 New (default) Chrl-N
&= Open ... Ctrl-O
Save Chl-S
Save as ...
C4 Send by e-mail ...
Close Ctrl-F4
Document templates b [ New (from template) ...
Import a file ... | 54 Import a template ...
Export » Save as template ...
2. page layout ... = Template manager ...
& Print... Ctil-P

New (from template)... menu enables to open a new document and to initialize it with datafrom amodel aready
build. A window appears to select the existing model.

Select template to be used

Template list

Template detail

[ Templates
¢ 3 Templates (user dir.)

File location

D |PTC_30pnc [Satodev]: PTC_|

¢ 3 Templates (built-in dir.)

D PTC_60pric [Satodev]: PTC_|

D TOTAL-default [Idubernef] : T

Name of template PTC_30pric
Description of template
Prooftest coverage 30%

\GRIF\Z018\Tree\Templates\PTC_30pric jtr

Preview

4] i |

| ¥

Or

OIRO

Evit Evt2

Cancel | Help |

Import atemplate... menu enables to add to the current document data from amodel already build.

User manua

80/ 125



<~

TotalEnergies

Save astemplate enables to save the current document as template in the Template directory of the module. Once
saved as atemplate, the document appears in the Template tree of the GRIF window as well asin the Template
M anager .

I 4
7 Filter [alfr

3 PTC_60prtc jtr :
¢ [Page 1 § ; i —

£ or1 GRIF - Fault-Tree Module *
Evt1 5 | : 3 %
8512 | e (& Library : [Templates (user dir.) [~] i [ I

Templates (user dir.)
D PTC_30pric [Satodevl : PTC_30pric.jtr
D PTC_60prc [Satodev] : PTC_60prtc jtr

@ [J Logical Tree
- (A or1
: /[ Info | Preview

il File - : IGRIF2019\Tree\Templates\PTC_30pric jtr
J[Templates Nam.e:PTC_S[]prtc
¢ [J Templates (user dir.) g \;TEF)S.IOH :

D PTC_30prc [Satodev] : PTC_30pricjir |: Auth.or' Satodey

[ PTC_60prtc [Satodev] : PTC_60prcjtr |- Date - 14 February 2019
¢ ] Templates (built-in dir.) Comment

[y TOTAL-default [Idubernet] : TOTAL-defaul : Proof test coverage 30%
4] i D T

! oK | cancel | Help |

It is possible to create new files from this model using New (from a template)... action. A drag and drop to the
templates from the input area enables to import the model quickly.

o= ] Arborescence Logique

Modéles ,‘ %ﬁ |

|
i
|
| <>
D PTC_30pric [Satodev] : PTC_30prtc jir : :

[
if
I
[ Modéles (rép. utiis... i <z>
I
i
: Eut1 A Evtz
It e R R -

[ MOd2les (1 s e GRIF 20191 Tre et Template sPTC_30pric.jtr
[ TOTAL{ Prooftest coverage 30%

Save as default template menu enables to save the current document as default model in the module template
directory. This model will also be the default model of the module. It will be used as base for creating a new
document when File - New (default) action is used.
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Template manager menu opens awindow to manage the template of the document. New document libraries can
be added/deleted. To add a new library it is necessary to select a directory of the file system. The tool analyzes
the documents in this directory and builds a library that can be used by GRIF based on the compatible documents

found.

Open file Remove

in GRIF selected library

i Library: |Templates {user dir.) |~
di{r_:EpC?Q Templates (user dir) ?“ sates ( i
( emplates (user dir.
i D PR e |:\TT(-:nlglﬂh';\!'. (built-in d
[y PTC_60pric [Satodev] : P - Add new

A ) B library
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19. Generating reports

The PDF reports can be configured in the tab Report and its sub-tabs I dentification and Description:

19.1. Identification

r Configuration of archi e r(‘r' ion of r Report r W Parameters

Identification | Description | Result SIL | Spurious-irip | Picture |

SIF Identifier [SIF1 | 5
Revision
Date

Produced by | |

Checkedby | |

Validated by | |

PID

When report is generated the following fields are exported:

e SIF Identifier: identifier of the SIF or report.

* Revision: revision index of the report.

 Date: date on which the report was issued.

e Produced by: name of the author of the report.

» Checked by: name of the checker of the report.

» Validated by: name of the person who validated the report
* PID: number of the PID.
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19.2. Description

Identification | Description | Result SIL | Spuriousinp | Picture

Location =

Units

SIF Function

SIF Description |~

PSTrequired | | [secona(s) [~]

PST obtained ‘ | ‘Second{sl |V|

Data source

Comment |~
|~

When report is generated the following fields are exported:

 Localization: specify the refinery, the platform, the plant.

* Units: specify the units, the sectors, the workshops, the project.

» SIF Function: function of the SIF (top event).

» Description of the SIF: description of the SIF.

* PST required: "Process Safety Time" required with its unit.

e PST obtained: "Process Safety Time" obtained with its unit.

 Data sour ce: source of the data used in the computations (e.g.: TotalEnergies, EXIDA, OREDA, etc.).
» Comment: comments.

Y ou can save fields of SIF in amodel in order to use it for other SIF description. Click on the top right button:
Suentber [gp1 | Snamciame_ | 2
Revision =1 Use a model ...

Date (I

Producedby | |

19.3. Result SIL

Result SIL tab do a synthesis of resullts.
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For PFD calculations:

For PFH calculations:

Report Report
Description | Result SIL | Spurious-irip_| [ Description | Result SIL | Spurious-irip |
For the SIF (sensors + solver + actuators): For the SIF (sensors + solver + actuators):
Demand mode ‘Low demand (PFD) |V| Demand mode ‘“ﬂll demand or continuous mode of operation (PFH) ‘V|
ReuiredSIL [1|¥| RequiredRRF [10 RewiredSi |1 |v| prHrequired [1ES
Maximum reachable SIL due to the architectural constraints - IEC 61511 Maximum reachable SIL due to the architectural constraints - IEC 61511
Sensors 3 HFT 2 Sensors 3 HFT 2
Actuators 2 HFT 1 Actuators 2 HFT 1
Computation Computation
Operating duration (years) 30 PFD Avg 4 6327E-3 Operating duration (years) 30 PFH 1.7148E-5
Computed SIL 2 Computed RRF 215 Computed SIL (1]
Results Results
Achieved SIL 2 Achieved SIL 0
Conclusion of SIL for the SIF  Compliant Conclusion of SIL for the SIF  Not compliant
SIL limited by PLC
Remark Remark  [SILlimited by PFH of SIF
Comment
Comment
Action plan
Synthesis Action plan
Contribution of each part
B s
PFH SIL Computed
Sensor(s) Part 1.11E-7 2
Solver Part 171E5 0
PFD Avg RRF SIL Computed Contribution (%) Adtuator(s) Part 9.40E-8 3
Sensor(s) Part 1.55E-3 643.45 2 33.46% SIF 1.71E5 0
Solver Part 1.38E-3 722.85 2 29.79%
Aciualor(s) Part [171E-3 585.84 2 36.75%
SIF 463E-3 215.85 2 100%
On the top of the tab you must specify the objectives to be reached and sollicitation mode :
* Demand mode:
For the SIF {sensors + solver + actuators):
Demand mode |High demand or continuous mode of operation (PFH) b4

Required SIL

Low demand (PFD)
High demand or continuous mode of operation (PFH)

* Required SIL: value of the SIL required for the SIF.
* Required RRF: value of the RRF required for the SIF.

Then the softwre reminds you the maximum reachable SIL of each part. (not available if many channels)

» Maximum reachable SIL for sensors: maximum SIL which can be reached by the sensors due to architectural

constraints.

 Maximum reachable SIL for actuators. maximum SIL which can be reached by the actuators due to

architectural constraints.

The "Computation” part reminds the computed values:

» Operation duration: The duration used to do computation.

PFD or PFH: computed PFDAvg or PFH.

» Computed SIL: SIL obtained with computed PFD or PFH. Architectural contraints are not taken into account.

RRF Calculé RRF obtained with computed PFD or PFH.

Then the results part says if objectives are reached or not.

» Achieved SIL: SIL obtained for the SIF according to the PFD computation and architectural constraints.
» Conclusion of SIL for the SIF: conclusion (compliant or non-compliant).
* Remark: Remark generated by the software. It shows the part whose Max-SIL islimiting.
» Comments. Comments made by user.

» Action plan: List of actionsin order, for example, to met the target.
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At the end of the tab, atable shows you values for each part in order to identify the most important contributor.

19.4. Spurious-trip

Configuration of architecture | Configuration of components | Report | Parameters

Description | Result SIL | Spurious-trip

Spurious-rips during Spurious-rips
operating duration peryear
Sensor part 0.73 2.77E-6
Actuator part 1.45 5.52E-6
SIF 217 8.24E-6

When a sensor has a detected failure, it can lead to the trigger of safety function, evenif it is not necessary. It'sthe
same thing for safe failure of actuators, which triggers the safety function. That is why the MooN configuration
(with M > 1) are used, the trigger will not be made at the first safe failure.

The SIL module computes the number of expected spurious trips on a given architecture. Spurious-trip tab
displays computation results of spurious-trips.

The export of spurious-trip-computation-resultsin reportsis optional. Make surethat the Spurious-trip in reports
option is selected in Application Options/ Options.

19.5. Image

Itis possibleto assign an image to a SIF, so when the report is generated, the image displayed in the report is this
one, instead of the picture of the SIF's architecture. Thisimage can be displayed in the graphical view instead of
the graphical representation of the SIF.

B e e e —— & :r Configuration of archi e r(‘n i ion of r Report rE“ Parameters |

(ldentrf'rcation rDescr'rpnon rResun SIL r.“-n:mnus..rrip rP\clure |

1

- B 000 BE
- 4

S ®
v

s
-G L Séparateur
< principal

ESOV SOV SIS

[

Séparateur
principal

SiLo

=ILT

] 1El 2E1 3Bl 4Bl 5El  GEl  TEl  BEl  OEI 1
Yearis)

PFDAvg : Maximum=0,
PFD(t] - Average=0, SIL0=0%, SIL1=0%, SIL2=0%, SIL3=0%, SIL4=0%

—PFD&vg —PFD{t) — Actuators — Sensors — Solver

Ii [
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J It is possible to modify the image of the SIF directly by clicking on the graphical representation of the
SIF, and by clicking on Specify SIF picture

Duplicate the SIF
Recreate the chart

Specify SIF picture
Delete specific picture

19.6. PDF reports

When all the computations have been carried out, areport can be generated. The language of the report (English
or French) can be selected.

File|

[ New Ctrl-

& Open ... Cirl-0
Import a file ...

Save Ctrl-S
Save as ...

[4 Send by e-mail ...
Close Ctrl-F4
Export .dag 4
Export into .xIsX...
Create a report » 2 Page layout ...
Statistics of document Header/footer configuration
Document properties PDF report (en)
Fichiers récents [P IO,
Quit ST PDF external report (en)

PDF external report (fr)

The PDF report is generated from the File/Create areport/PDF report (en) menu (report written in English) or
fromthe File/Createareport/PDF report (fr) menu (report written in French). In all two cases, you must select
the location where the PDF file has to be stored and click on save. When the report is generated, it is opened with
the programme associated with the PDF format (generally Acrobat Reader).
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Sub-menuHeader /footer configuration specify a header, footer and background for the document.

|4 GRIF - SIL Module
Header
Print filename|

Header's text

B

[] Print date
Print GRIF version

Page of the back
[] Backaround

Watermark

Footer
Footer's text

Print page number

First number|1

I Cancel

| Help |

Report is composed with several pages depending on the configuration:

* Summary (if multiloop calculation): synthesis of the different loops with main results and page of detailed

results.

» Resultsfor each SIF: Results are presented over 2 pages.
— thefirst one for results (SIL, risk reduction factor, target met or not, contributions, time spent in each SIL if

chacked on Document options/Export time spent in each SIL) and SIF references.
— the second one for configuration of components (type of component, data used, etc...).
e Test periods synthesis: test periods for all components are summarized in one table.

» Actionsplan: if any, they are gathered in the same table.
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PDF report:
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19.7. Microsoft Excel XLSX file format export

You can also export to XLSX format thanks to File menu. The file is made of two tabs, the first one for SIF
description and results, the second one for configuration of components.
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20. Checksum

The checksum is a sequence of numbers and letters which enables to identify precisely a document. There can be
only one unique checksum by document, and only a simple variation of a property on this document will change
this checksum. When someone send you a SIL document, and you have to be sure that this document isidentical
to the one of the sender (there might sometimes have some loss of datas when a large document is sent with a
bad internet connexion), you can ask him this checksum from his document, so you can verify if the checksum
isidentical.

The creation of this checksum will depend on two parts of your SIL document :
» Thelogical part of your document (Numbers of SIF loops, numbers of sensors, ...)
» Theoptions of the document.

The graphical part of the document does not count in the creation of this checksum. Move agraphical component
will not change the checksum. The result part of the document, which is created thanks to the logical part and the
options of the document, is neither taken into account, to allow the generation of this checksum to be faster.

The actions related to the checksum, like its generation or its verification, are available from the menu File ->
Checksum:

Information .
v
@ Generation

The checksum of the document "Sif-Project1.sil’ is :

C237A033ADOEI969CEFAS4948TAB0231T2A1309883E051C44E6268040D297DEO1

Verification

Please enter the checksum :

...........................

The first part displays the checksum of the current document. A button is located on the right of this checksum,
which enablesto copy it on the clipboard.

The second part enables to verify if a checksum given by someone isidentical to the generated checksum of the
document received.
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A. Configuration of Lambda computation method for
CCF

When using common cause failure, the software must compute alambdaCCF that will be used for CCF. It isthe
one that will be multiplied by Beta. Assuming each component impacted bay a CCF has a different lambda, there
are many methods to compute the lambdaCCF from the list of lambdas. Five methods are available:

Minimum: This method uses the minimum value of lambdas. Not recommanded.

Maximum: Uses the maximum value of lambdas to be concervativ. This method was used in GRIF 2013 and
previous version. It can be penalizing when lambda of components are very different.

Average: This method uses the artimetic mean of lambdas.

Geometric mean (Method detailed in PDS): This method uses the geometric mean of lambdas. I1tisPDS Method
recommanded by SINTEF. It works fine with very different lambdas.

Quadratic mean: This method uses the quadratic mean of lambdas.

Computation of A for CCF: @

The lambda of a CCF is computed from lambdas of impacted components.
Please select a computation method:

) Minimum

® Maximum

- max A;
) Geometric mean L

i Quadratic mean

OK Cancel Help
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B. Data Editing Tables

1. Description of the Tables

To create or modify data (parameters, variables, etc.), tables are available in the Data and Computations menu
and in tabs at the right of the view. All the GRIF 2022 data tables operate in the same manner.

'J It is possible to edit all tables in another screen using Data and Computations - Editing tables (new
windows) menu.

The data editing table/pand is divided into 3 parts:

e The upper part consists of atoolbar;

» The main part containing the data table.

» Thebottom part indicating what the selected datais used for. Thistableisavailable only if the given datacan be
used by another data. The first column of this table indicates the name of these elements, the second indicates
their location in the document (page, group). A click on aline from this lower table will open the page where
theitem islocated and select it.

Here is an example illustrating the parameter table

¥ Parameters =1 B 5
B8 v B | (7 | HH| M| X
Domain MName Description WValue

Float Lambda Failure rate 1.0E-5
Float Mu Repair rate 0.0
Bool Condition Comdition to start a...|[false

MName Location

Different actions are available depending on the type of data displayed. Below is a non-exhaustive list of actions
that can be found on the data tables.

Savesthetablein atext file.

Import data from another SIL model or from CSV file.

Opens the column manager (cf. Section 1.2, “ Column manager”).

Displays a panel for searching or filtering data (cf. Section 1.1, “Filter and sorting data”).

When the display selection button is pressed, a click in the table leads to the selection in the
input area.

Find and/or replace expression in the table .

Edit the selection.

Multiple modifications made to all the selected data.

Permit to merge datain a unique data.

N E R e 6| | S B

Creates new data.

Create the number of dataindicated by user.

Duplicate the selected data (ask a new name)
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> Deletes the selected data (one or many).

1.1. Filter and sorting data
The filter panel enables you to display only what is necessary in the data table.

It consists of a search part: the text entered is searched in al the cells of the table, only the lines whose text is
present are preserved; and an advanced filtering part allowing to consider finer criteria according to the different
fields of the data. It is possible to combine several filtering criteria, as below:

Creation of data filter @
Relationships on conditions: ® AND (' OR Add a criteria:
“u’alue |V‘ |greaterthan |" |‘1.D
‘Name |V‘ |comains |V‘ |a

| oK I Cancel |

Select AND or OR to choose the type of association between each line (filter criterion). A line is a Boolean
expression divided into 3 parts:

1. thefirst isthe column on which the filter is used;
2. the second is the comparator;
3. thethird is the value to which the data will be compared.

If the Boolean expression istrue, the data will be kept (displayed); otherwise the data will be masked. When the
filter is enabled its value is displayed between < and >.

The datain a column can be sorted by double clicking the header of this column. The first double click will sort
the data in ascending order (small triangle pointing upwards). The second double click on the same header will
sort the column in descending order (small triangle pointing downwards).

Q] The choicesthat are made are kept on the current document. They will be reapplied when reopening your
document and do not affect other documents in the application.

1.2. Column manager

A table can contain many columns and to improve its readability it is possible to choose the columns that will be
displayed aswell astheir order. To do this, click on the Columns Manager button, the following window opens:

Gestionnaire des colonnes @

Sélection des colonnes a afficher et leur ordre.

[w|Name

[w]Value

[ |Description

[ |Linked to
[w]Dimension

[ |Last database

[ ]Activate uncertainty

1]

Désactiver le tri des données.
[] Les données seront affichées dans I'ordre de la
création

| OK | Annuler Aide
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Y ou can choose the columns to be displayed by selecting (or deselecting) the corresponding check boxes. The
arrows on the right are used to move the columns up or down in the list to choose the order of the columns. The
Disable data sorting check box disables the data sorting. Thisimproves the application's performance with very
complex models.

';)] The choicesthat are made are kept on the current document. They will be reapplied when reopening your
document and do not affect other documents in the application.

1.3. Multiple edition

To modify data, simply double-click on the cell to modify. When several lines are selected (using the CTRL or
SHIFT keys) changes can be made to all the selected data by using M ultiple changes. A window then opensto
allow you to make these changes.

Multiple changes @
Multiple changes of Parameters
Field &~ Value
Domain Bool -
Mame =
Description
Value false |
Dimension Boolean >
| OK I Cancel | Help |

Items which cannot be modified are greyed. The white lines indicate that the selected data does not have the same
value for the field in question. A new value can be entered which will be taken into account for all the selected
data. The lines with no background colour indicate that all the selected data has the same value for this field (in
this example the selected datais al "Float"); they can be changed to give a new value to all the selected data.

2. Table accessibility

As mentioned above, the tables can be accessed via the Data and Computations menu; in this case, each table
isdisplayed in a separate window.

To avoid having too many windows open, al the tables are grouped together in tabs on the right-hand side of the
application. This area can be hidden/displayed using the small arrows above the input zone.

Qe [« «[F» -] (] (=] e8]

@l“ Parameters |
i - = =
< ®| @ v i 8|X
Domain | Name | Description ‘Dime...l
Bool Param_1 . |Boole...
lBool  |Param_2 | [Boole...

It is possible to choose the tables in this zone by right clicking on the tabs. A contextual menu appears, in which
the user can select the tables she wishes to display.

User manua 94/ 125



—

TotalEnergies

[ 7 variables | B¥ Parameters | = Tariaa I Banjts |
™ [ Variables
¥ W Parameters [ X
Domain Name ~ | ¥ [I7| Tables Ld to
Lis Lambda ¥ Results
User manual 95/125



&

TotalEnergies

C. List of components

1. Sensors

 ANALYSER_PROBE : Analyser probe

¢ CURRENT_TRANSMITTER : Current transmitter
 DENSITY_SENSOR : Density sensor

» DENSITY_TRANSMITTER : Density transmitter

e DETECTOR_BURNER_FLAME : Burner flame detector

 DETECTOR_FIRE : Fire detector
 DETECTOR_GAS: Gas detector

* DETECTOR_PILOT_FLAME : Pilot flame detector
« DETECTOR_VIBRATION : Vibration detector

* ENERGIZE_TO_TRIP_LINK : Energizeto trip link
* INPUT_ANALOG : Andog Input

* INPUT_CARD : Input card

* INPUT_DIGITAL : Digital Input

* IS BARRIER : ISBarrier

« MISC_CONVERTER : Miscellaneous converter

* MISC_INSTRUMENT : Miscellaneous instrument
* MISC_SENSOR : Miscellaneous sensor

* MOTOR_STATUS: Motor status

* POSITION_SENSOR : Position sensor

« POSITION_TRANSMITTER : Position transmitter
« POWER_SUPPLY : Power supply

» POWER_TRANSMITTER : Power transmitter

e« PUSH BUTTON : Push button

* RELAY : Relay

* RELAY_SAFETY : Safety Relay

* ROTATION_CONTROLLER : Rotation controller
* SPEED_SENSOR : Speed sensor

* SPEED TRANSMITTER : Speed transmitter

« SURGE_PROTECTOR : Surge protector

e SWITCH_FIRE : Fireswitch

e SWITCH_FLOW : Flow switch

* SWITCH_GAS: Gas switch

 SWITCH_LEVEL : Level switch

e SWITCH_LIMIT : Limit switch

» SWITCH_PRESSURE : Pressure switch

* SWITCH_SPEED : Speed switch

* SWITCH_TEMPERATURE : Temperature switch
» TEMPERATURE_PROBE : Temperature probe

« TORQUE_CONTACTOR : Torque contactor

* TORQUE_SENSOR : Torque sensor

* TORQUE_TRANSMITTER : Torque transmitter

* TRANSMITTER_ANALYZER : Transmitter/Analyzer
* TRANSMITTER_FLOW : Flow transmitter

* TRANSMITTER_LEVEL : Leve transmitter

e TRANSMITTER_POSITION : Position transmitter
» TRANSMITTER_PRESSURE : Pressure transmitter
* TRANSMITTER_SPEED : Speed transmitter

e TRANSMITTER_TEMPERATURE : Temperature transmitter

* TRIP_AMPLIFIER : Trip Amplifier

* VIBRATION_CONTACTOR : Vibration contactor

* VIBRATION_SENSOR : Vibration sensor

* VIBRATION_TRANSMITTER : Vibration transmitter
* VICOSITY_TRANSMITTER : Viscosity transmitter

» VISCOSITY_SENSOR : Viscosity sensor
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VOLTAGE_TRANSMITTER : Voltage transmitter
WEIGHT_SENSOR : Weight sensor
WEIGHT_TRANSMITTER : Weight transmitter

2. Actuators

CIRCUIT_BREAKER : Circuit Breaker
CONTACTOR : Contactor

HARDWIRED_MOTOR_CONTROL _LOGIC : Hardwired motor control logic

LINK_ENERGIZE _TO _TRIP : Energizeto trip link
MISC_ACTUATOR : Miscellaneous actuator
MISC_CONVERTER : Miscellaneous converter
MISC_INSTRUMENT : Miscellaneous instrument
MOTOR_CONTRACTOR : Motor contactor
MOTOR_CONTROL_LOGIC : Digital motor control logic
MOTOR_ELECTRIC : Electric motor

OUPUT_DIGITAL : Digital Output

OUTPUT_CARD : Output card

RELAY : Relay

RELAY_SAFETY : Safety Relay
SUPPLY_PNEUMATIC_HYDRAULIC : Pneumatic/hydraulic supply
SUPPLY_POWER : Power supply
SURGE_PROTECTOR : Surge protector

VALVE : On/off valve

VALVE_AIR : Air operated on/off valve
VALVE_CONTROL : Control valve with actuator
VALVE_DELUGE : Deluge on/off valve
VALVE_DEPRESSURIZATION : Depressurization on/off valve
VALVE_ELECTRICAL : Electrical on/off valve
VALVE_HYDRAULIC : Hydraulic on/off valve

VALVE_SOLENOID DE_ENERGIZE : Solenoid valve (de-energize to trip)

VALVE_SOLENOID_ENERGIZE : Solenoid valve (energize to trip)
VARIABLE_SPEED_DRIVE : Variable Speed Drive

3. Solver

CERTIFIED_SAFETY_RELAY : Certified safety relays
DCS: DCS

OTHER : Other

PLC:PLC

SOLID_STATE : Solid State

SPLC:SPLC

User manua 97/ 125



&

TotalEnergies

D. Options of GRIF - SIL

1. Options of GRIF - SIL

Tools- Application Options menu opens awindow containing the following tabs:

1.1. Options

Options tab enables to tune application behavior :

Save the options of the current document as default options in the application : Save options of current
doc as application default options.

The application manages the default options of the documents, apply the default optionsto the current
document : Apply -Application options- to current document.

Delay of automatic document saving (in minutes) : Delay of automatic document saving (in minutes). A null
value disables automatic saving.

Number of undo : Specifies number of possible undo/redo.

Number of recent files: Specifies number of filesin recent fileslist.

Window display : Enables separate tables (external) or linked tables (internal).

Columnsto beresized in tables : Enables to specify the columns on which space will be taken for resizing.
Ask for confirmation before deletion outside theinput area : When deleting an element in the graphic tree
or in the table date, adialog box will be displayed.

Manage new namesto avoid name conflict : Tries to avoid name conflict, creating new objects whose name
is unique (when pasting for example).

Synchronize view with tables : Select objects in tables (on the right) when they are selected in view.
Synchronize view with explorer : Select objectsin explorer (on the left) when they are selected in view.

Ask for confirmation if closing with close button : When closing with the button at the top-right of adialog
box, the software will ask for aconfirmation. Use OK or CANCEL buttonsif you don't want to confirm closing.
Modification tracking when saving : When saving, if tacking is activated, you can add a comment about
maodifications made on the document.

Default directory for PDF report : Default path for the creation of PDF report

Default directory for default component : Default path for the use of the model of component

1.2. Executables

Executables tab enables to specify path to external executables:

Mail client : Enable you to set the mail client to use
Automatically open PDF files: Specifiesif PDF reports must be opened with generation.
Moca-RPC path : Specifies Moca version 12 path.

1.3. Graphics

Graphics tab enables to modify GUI look :

Use Windows look and feel : Use the look and feel of your operating system instead of java look and feel
(GRIF restart is needed).

Element Zoom : Changes graphics size.

Filling and outline for dynamic fields : Object outline configuration (line color, line width, background
color, ...).

Font for dynamic fields : Enables font configuration (color, size, italic ...) for information that are displayed
under objects.

Shapefilling and outlinefor commentaries : Object outline configuration (line color, line width, background
color, ...).

Font for commentaries : Enables font configuration (color, size, italic ...) for information that are displayed
under objects.

Shape filling and outline for groups : Object outline configuration (line color, line width, background
color, ...).
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Font for groups : Enables font configuration (color, size, italic ...) for information that are displayed under
objects.

Activate smoothing for texts: Activate anti-aliasing (smoothing) for texts, it can slow the display.

Activate smoothing for images : Activate anti-aliasing (smoothing) for images, it can slow the display.
Activate tooltips : Activate tooltip-system.

Hide not computed additional info : Additional information under nodes won't be displayed if it isrelated to
anot computed result. It prevents from multiple "?" display.

Display the report picture instead of schema. : It displays the picture of the SIF that is selected by user in
report tab. The default schemawon't be displayed.

1.4. Digital format

Digital format tab enables to customize digits display :

Display of parameters: Specifies the display of parameters (number of digits, ...).

1.5. Computations / Results

Computations/ Results :

Light Batch : Deletesfiles used for each computation of batch computations, it decreases memory/disk use.
Preferred frequency unit : Unit that will be used for displaying result which dimension is "frequency" in -
main view, - data tables, - and some result synthesis.If no unit is displayed (especially in detailed results) the
unitis (h-1).

Preferred duration unit : Unit that will be used for displaying result which dimension is"duration™ in - main
view, - datatables, - and someresult synthesis.If no unitisdisplayed (especially in detailed results) theunitis (h).
Apply modification factor on laws : Enables probability modification factor. If checked, an "Apply factor"
check-box will be available at the bottom of law editing pane.

Unit choicefor law parameters. : Activate unit selection for each parameter in law edition windows.
Simplify the partial tests on the components : The partial tests which have a partia test law with a small
maximum value will be replaced by a constant law. This will reduce significantly the number of pointsin the
result file, if combined with the option of reduction of points.

Use CCF with shock models : Usethis option if your SIF contains a more than 3 redundant sensors/actuators.
CCF with shocks model are more realistic than Beta Factor model that is too conservative in these cases.

1.6. Export

Export options: PDF and XLSX :

Spurious-trip in reports: Display the spurious trip rate in XLSX and PDF report.

Export summary (PDF) : Display a summary with the different loops in PDF report.

Export test periods of components (PDF) : Display a summary of the test periods of components in PDF
report.

Export time spent in each SIL (XL SX, PDF) : Display a summary of the test periods of componentsin PDF
report.

Export a summary of the actions to be made (PDF) : Display a summary of the actions to be made at the
end of PDF report.

Export picture of the SIF in report tab (XL SX, PDF) : Export the picture of the SIF that is selected by user
in report tab. The default schemawon't be exported.

Export attributes of the components in report tab (XLSX, PDF) : Export attributes of the components
(Solver, Actuators, Sensors).

Export the files attached to the document (PDF) : The files attached to the document will be exported as
an annex to the PDF

1.7. Curves

Charts tab enables to change charts drawing :

Set graphicsborders: Add bordersto charts.
Set generic values borders: Add borders to generic values under charts.
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» Display grid : Display grid on curves area.

» Display legends: Display legends under curves.

« Drawing zone transparency : Activate curves area transparency.
e Graphic transparency : Activate charts transparency.

e Titlesize: Specifies chartstitle font size.

e Genericvaluessize: Specifies generic values font size.

 Point size : Specifies point size on curves.

e Coordinates size : Specifies coordinates font size.

e Legend size: Specifieslegends font size.
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E. Law

1. Description of the laws

:j A modifier factor can be applied in al the lawx by checking Apply modification factor on laws in
document options.

" Laws rOEvents i_@ Gates/Shortcuts | |-~ Curves |
| Options | Aa Graphics | Digital format

[Appry modification factor on laws = ]

Unit choice for law parameters. =

Once the option selected, afield appears in the events to inform the factor:

Law TPS | Simple periodic test ‘v|

This law allows a component which fails to be represented
according to an exponential distribution law and whose failure
is found during a periodic te ..

Parameter(s)

Lambda (A) |Lambda |n-*

Tau(T) ITest_Valve ] h

To ITest_VaIve | h
Apply a factor |U5| I

In this case, the law is defined by:
Q(t) = factor = Qref(t)

1.1. UNDEF / Undefined

This law used as default law indicates as user, with an error message in the computation launching, that default
law was not changed.

1.2. CST/ Constant law

Thislaw hastwo parameters: the probability g and theinconditional failureratew of the event. Whatever thetime,
the probability of the component failing is constant.

Parameter:

* g (Probability)
* w (Inconditional failure rate)

Thelaw is defined as follows:
Ot)=gq

Thislaw generally correspondsto the case where the only failure considered for the componentsisthat of arefusal
to change state (e.g.: Failsto start/stop, etc.).

1.3. EXP / Exponential law

Thislaw only has a one parameter: the component's failure rate (supposed to be constant over time). It describes
the timeinterval before the first failure for a non-repairable component.
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Parameters:
* Lambda (Rate) = failurerate

Thelaw is defined as follows:

O=1-c"

Thislaw iswidely used sinceit isamost the only one to make it possible to obtain analytical results. In addition,
it describes the lifetime of a non-repairable component very well (at least when there are a large number of
components) when the component is no longer young.

1.4. EXPD / Dormant exponantial

Thislaw is used to model the dormant events in a more precise way than with asimple dormant law. It has three
parameters. the failure rate of thecomponent (supposed constant during the time), the test periodicity and the
mission time. This last parameter is not seizes by the user. It corresponds to the last wanted calculation.

Parameters:

* Lambda (Rate) = failure rate

» Tau (Duration) = test period (time interval between two consecutive tests)

e Tmax (Time) = mission time (i.e. t maximum for all t to calculate) This parameter is automaticcally generated
according to the last computation time.

Thelaw is defined as follows:

Q(t)=1-exp~?*t siTmax >t

T
Qt)=1 -exp—l*m*t siTmax<Tt

';)] Results can be different when step by step calculation is made due to the fact that mission time is the
- maximum time calculation).

1.5. IND / Unavailability law

This law describes the behaviour of a component (repairable or not), with (or without) failure to start, using
exponential expressions. It generalises the exponential law with the Lambda parameter (failure rate).

Parameters:

» Gamma (Probability) = probability of initia start failure (at t = 0)
* Lambda (Rate) = failure rate

* Mu (Rate) = repair rate

Thelaw is defined as follows:

A A= YA+ w v
A+ u A+pu

Q) =

The Gamma and Mu parameters are optional. Depending on the case, they can be zero.

« If the component is not repairable, set Mu to zero.
« If the component cannot fail to start, set Gamma to zero.

.;j] Thefailureto start is only taken into account at t = 0.
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1.6. WBL / Weibull

Thislaw hasthree parameters: alpha, beta and t0. It describesthe behaviour of acomponent whichisnot repairable
and which doesnot fail to start. Itsspecific featureisthat it takes account of the component'syoung and old periods.

Parameters:

» Alpha (Time) = scale parameter
» Beta Factor) = shape parameter
* TO (Time) = location parameter

Thelaw is defined as follows:

174

i
r—t
O@t)y=1-exp —( O]

The significance of thislaw is that new distributions can be tested by varying the beta factor:

 If Betaislessthan 1, the failure rate decreases and the law then allows the period when the component is young
to be taken into account.

 If Betais greater than 1, the failure rate increases and the law then allows the component's ageing period to
be taken into account.

» If Betaiseqgual to 1, the Weibull law is equivalent to the exponential law.

1.7. WBP / Weibull periodic

Thislaw followsthe samelogic asthe classic Weibull law. It also makesit possible to take into account exclusively
periodic preventive maintenance.

Parameters:

» Ageat t=0 (Time) = Virtual age of the component at the initial time.
Scale parameter (n) (Time) = Failure rate scale parameter
Shape parameter () (Factor) = Failure rate shape parameter

» TO (Time) = First date of preventive maintenance
e Maintenance period (T1) (Duration) = Duration between two preventive maintenance

Efficiency (a) (Factor) = Preventive maintenance efficiency (age reduction factor)
* ARA modéd (0 or 1) = Age reduction model:
~ 0 : To use an ARAx model Following preventive maintenance (with or without induced corrective

maintenance), the age of the component is reduced by afactor a.
— 1 : To use an ARAL1 model Following preventive maintenance (with or without induced corrective
maintenance), the age of the component taken since the last preventive maintenanceis reduced by afactor a.

» Coeff. applicableto thefailurerate (Factor) = If x is the coefficient, the scale parameter will be multiplying
by x"(-Ubeta)

The definition of the law is as follows:

Either (8) = "age reduction” parameter of the failure rate (in time units) cal culated according to the specified ARA
model.

h(t) = ﬁﬁ- (t—6)F1
n
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General assumptions of the age reduction model:

* Nofailureis present at theinitial time.

 Failures are only detected during preventive maintenance

 All failures are detected at each preventive maintenance

» Thefirst preventive maintenanceis carried out at TO

» From TO, preventive maintenance is carried out periodically, depending on the period T1

» Theduration of preventive maintenanceis negligible.

 If afault is detected during preventive maintenance, it is repaired immediately (the duration of corrective
maintenance induced is negligible).

1.8. WBP10 / Weibull periodic (10 parameters)

Description This law, like the Weibull law from which it is derived, makes it possible to model the
component's young and old periods.

It also makesit possibleto takeinto account periodic maintenance with adifferent rejuvenation
model between preventive and curative maintenance.

Parameters e Ageat t=0 (AgeVO0) (Time) = Virtual age of the component at the initia time.

Scale parameter (n) (Time) = Failure rate scale parameter

Shape parameter (3) (Factor) = Failure rate shape parameter

e TO (Time) = First date of preventive maintenance

e Maintenance period (T1) (Duration) = Duration between two preventive maintenance

« Aramodel of preventive maintenance (Mp) (0 or 1) = Age reduction model of preventive
maintenance:

~ 0: Tousean ARAc model. Following preventive maintenance, the age of the component

is reduced by afactor ap.
— 1:Tousean ARA1 model Following preventive maintenance, the age of the component

taken since the last preventive maintenance is reduced by afactor ap.

Efficiency of preventive maintenance (ap) (Factor) = Preventive maintenance efficiency
(age reduction factor)

« Aramodd of corrective maintenance (Mc) (0 or 1) = Age reduction model of corrective
maintenance:

~ 0: To use an ARA. Following corrective maintenance, the age of the component is

reduced by afactor ac.
— 1:Tousean ARA1 model. Following corrective maintenance, the age of the component
taken since the last preventive maintenance is reduced by afactor ac.
Efficiency of corrective maintenance(ac) (Factor) = Corrective maintenance efficiency
(age reduction factor)
« Coeff. applicableto the failure rate (Factor) = If x is the coefficient, the scale parameter
will be multiplying by x"(-1/beta)
Definition
n = number of preventive maintenances carried out before timet.
ift<TO, n=0
ift>=TO, n=1+integer part of (t- TO)/T1

Age(t) = component age reduction function.
Thisvalueis calculated according to the formulas described in the following subsections.

h(t) h(t)=%-Age(t)ﬁ_1

Q) sit<Ty : Q(t)=1-efghuadu

t
sit= TO : Q(t) = ]_-e‘fTO_Hn_l)Tlh(ll)dll
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w(t)

Text syntax

XML syntax

w(t) =h(t) (1-0(1))

"Weibull-periodic' '(' [expr]AgeV0 ',' [expr]eta ',' [expr]beta
[expr]tO '," [expr]tl '," [expr]np ',"' [expr]al phap
[expr]nt ',"' [expr]al phac ',"' [expr]l|anbdaCoeff ', tine ')’

I

"Wei bul | -periodic' [expr] AgeVO [expr]eta [expr]beta
[expr]tO [expr]tl [expr]np [expr]al phap [expr]nt [expr]al phac
[ expr] | anmbdaCoef f

<extern-functi on nanme=' Wi bul | - periodic' >
[expr] AgeVO [expr]eta [expr]beta [expr]tO [expr]tl [expr]np
[expr] al phap [expr]nt [expr]al phac [expr]| anbdaCoeff tine
</ extern-function>

1.8.1. Weibull-periodic (10-parameter) age reduction models

General
assumptions

ARA1 model

ARAo model

* Nofalureis present at theinitia time.

« Failures are only detected during preventive maintenance

« All failures are detected at each preventive maintenance

» Thefirst preventive maintenanceis carried out at TO

« From TO, preventive maintenance is carried out periodically, depending on the period T1

« If nofailureisdetected during the preventive maintenance, only the preventive maintenance
effectiveness applies (depending on the model selected).

« If afailure is detected during preventive maintenance, only the corrective maintenance
effectiveness applies (depending on the model selected).

 Preventive and corrective maintenance times are negligible.

As aresult of maintenance (preventive or corrective), the age of the component taken since
the last preventive maintenance is reduced by a factor of a. If a failure is detected during
preventive maintenance, the model selected for corrective maintenance applies with a = ac,
otherwise the model selected for preventive maintenance applies with a = ap.

NOTE: for the first preventive maintenance, it is the age of the element taken since tO which
is reduced by afactor a.

As aresult of maintenance (preventive or corrective), the age of the element is reduced by
afactor of a. If afailure is detected during preventive maintenance, the model selected for
corrective maintenance applies with o = ac, otherwise the model selected for preventive
maintenance applies with a = ap.

NOTE: the model selected for preventive maintenance may be different from the model
selected for corrective maintenance (Mc # Mp).

1.8.2. Weibull-periodic (10-parameter) modeling algorithm

t=0 n=0
Age*=Age,
0<t<T, Age(t) =Age*+t
t=T, n=n+1
Age*=Q(Ty) [Age* (1—ag (1- M¢)) + Ty (1—ag)]
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+ (1= Q(Tp)) [Age* (1-ap (1- Mp) ) + Ty (1- ap)]

Begin loop
TAHN-1)T, St < TnT, Age(t) =Age*+t—(To+(n—1)-Ty)
t=T,+nT, n=n+1

Age*=Q(Ty+n Ty)[Age* (1—ag (1- M¢)) + Ty (1- a;)]

+ (1= Q(To+n-Ty))[Age* (1-ap (1- Mp)) + T1- (11 ap)]

Return to beginning of loop

1.9. WBD / Weibull with detected failures

Model whose failure follows a classical Weibull law and whose repair begins as soon as the failure appears and
follows an exponential law with parameter Mu.

Parameters:

» Ageat t=0 (Time) = Virtual age of the component at the initial time.
* Scale parameter (n) (Time) = Failure rate scae parameter

* Shape parameter (B) (Factor) = Failure rate shape parameter

e Mu = Repair rate

 Coefficient applicable to the failure rate (Factor) = Given a coefficient x, multiply the scale parameter by
X (- 1/ beta))

General assumptions :

» Nofailureispresent at the initial time.

 All faults are detected online (i.e. immediately).

*» Repairs begin as soon as faults appear.

* Repairs cause downtime.

» There are no other causes of downtime than repairs.
e Therepairs have no effect on the age of the element.

The definition of the law is as follows:

b
=L (1 + AgeVp) ™!
0P

- 4 B
(s ! _<«\+Agevu>/+,w\_ (Aset)
Q(t)=1—e( " ) ”‘T.[u.</e g ldx )+ e\
0

1.10. TPS/ Simple Periodic Test law

Thislaw allows acomponent which failsto be represented according to an exponential distribution law and whose
failure isfound during a periodic test. The repair is then carried out instantaneously.

Parameters:

e Lambda (Rate) = failure rate
e Tau (Duration) = test period (time interval between two consecutive tests)
e TO(Time) = date of first test
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The law is defined as follows:

- i 1<,

o) = |
1— e—ﬁ{lf—fu |1110(l:] otherwise

Hereisasmall graph representing the different phases of the component's "life":

TEST TEST TEST
t=0 To t=TO Tau t=Tau +TO Tau t=2Tau + T0
operation operation operation
(law exp(M))

:j Thislaw isasimplified version of the"TPC / Full Periodic Test" law.

1.11. TPE / Extended Periodic Test law

Thislaw allows acomponent which failsto be represented according to an exponential distribution law and whose
failureisfound during a periodic test. The repair phase is then modelled by an exponentia of the Mu parameter.

Parameters:

e Lambda (Rate) = failure rate

* Mu (Rate) = repair rate (when the failure has been found during a test)

» Tau (Duration) = test period (time interval between two consecutive tests)
e TO(Time) = date of first test

Hereisa small graph representing the different phases of the component's "life":

TEST TEST TEST
t=0 To t=TO Tau =Tau +TO Tau t=2Tau + TO

operation \ operation \ operation
(law exp(A))
repair repair
(law exp(p))

:j Thislaw isasimplified version of the "TPC / Full Periodic Test" law.

1.12. TPC/ Full Periodic Test law

This law allows a periodically tested component to be represented as completely as possible. There are many
parametersin play.

Parameters:

» Lambda (Rate) = failure rate during operation or on standby

» Lambda* (Rate) = failure rate during the test

e Mu (Rate) = repair rate (once the test has shown up the failure)

» Tau (Duration) = test period (time interval between two consecutive tests)
» Theta (Time) = date of first test (ignore parameter value: Tau)
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« Gamma (Probability) = probability of failure due to starting the test (ignore parameter value: 0 = starting the
test does not cause afailure)

» Pi (Duration) = duration of test (ignore parameter value: 0 (instantaneous test))

* X = (Boolean) indicator of component availability during the test (O = component unavailable during the test;
1 = component available) (ignore parameter value: 1 = available during the test)

» Sigma (Probahility) = test cover rate (probability that the component failure is detected during the test) (ignore
parameter value: 1 = the test covers all the possible failures)

» Omega 1 ((Probability) = probability of forgetting to reconfigure after the test (ignore parameter value: 0 =
no reconfiguration problem)

» Omega 2 ((Probability) = probability of forgetting to reconfigure after the repairing (ignore parameter value:
0 = no reconfiguration problem)

J the "ignore parameter value" is the value to type if you want parameter to do not affect component
' availability.

Hereisasmall graph representing the different phases of the component's "life":

TEST TEST
t=T0 t=TO+m t=Tau+T0 t=Tau+T0O -+

operation operation operation
(law exp(M)) \ \
repair repair
(law exp(p))

1.13. TPC / Full Periodic Test with defined times
This law is the same as the Full Periodic Test law with 11 parameters (see above). The differenceisin times of

tests. This law does not have Tau or Teta, but there is a Times of tests parameter where you can specify the
times the tests will be made.

1.14. NRD / No Recovery Before Delay law

This law takes two parameters: arepair rate Mu and a delay Delay. For non repairable components, it gives the
probability of not succeeding to recover the component before a delay Delay.

.;j This law does not depend on thetime, it is a short version of a constant law.

Parameters:

* Mu (Rate) = repair rate
 d (Duration) = recovery time

Thelaw is defined as follows:
O(t)y=e™

1.15. GLM / GLM Asymptotic law

This law is a variation of the "IND / Unavailability" law. It corresponds to the probability of a "IND /
Unavailability" law computed at t = infinity.

.;j This law does not depend on thetime, it is a short version of a constant law.
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Parameters:

* Lambda (Rate) = failure rate
* Mu (Rate) = repair rate

The law is defined as follows:

(%

o=

A

A+ u

1.16. DOR / Dormant

This law has three parameters: a failure rate, a mean repair time and a delay. In addition, it does not depend on
the time.

Parameters:

e Lambda (Rate) = failure rate
* MTTR (Duration) = average repair time
e d (Duration) = delay

Thelaw is defined as follows:

—ad 2
Jd—(1—e Y+ AMTTR (1= )

o) = 7
Ad+AMTTR.(1-e )

1.17. CMT / Constant mission time

Thislaw isasimplified case of the "IND / Unavailability" law. It corresponds to an exponential law with afixed
time given as parameter.

J This law does not depend on the time, it is a short version of a constant law.
.;j] The parameter Q is optional.

Parameters:

e Lambda (Rate) = failure rate
* T (Duration) = mission time

* Q (Probability) = optional law

The law is defined as follows:
O = O+l-e™

1.18. EMP / Empiric
This not actually en law, you must enter probability and failure rate in a tableau according to the time.

|\ If you ask for computation a times which are not in the table, the value will be interpolated according
' to other points.
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1.19. MKV / Markov model
Thislaw usesaMarkov graph asdefinition. Select the path of the jmafile. In order to do Boolean computation, you

need to do apreprocessing of thelaw. The preprocessing automatically start Markov modul e and retrieve necessary
values. It can be done with aright-click on the object having the law, or in Data and computations menu.

1.20. MKVM / Markov matrix

Description This law alows the use of a monophase Markov graph defined according to its transition
matrix. Its use does not require precal culations.

This matrix is stochastic :

* OGj)P>=0
*OiyPR=1
Parameters Number of states (n) : Number of matrix states
Transition matrix : n*-size vector of P;, the probability of moving fromi to

Probability at t=0 : n-size vector of probabilities at t=0 for each state
Availablity : n-size vector of availabilities for each state (O=unavailable, 1=available)

Example Consider the following transition matrix:

State 1 State 2 State 3 State 4 State 5 State 6
- 2.1E-5 0 0 0 0

0 - 1.8E-5 0 0 0

0 0 - 15E-5 0 0

0 0 0 - 1.2E-5 0

0 0 0 0 - 9E-6

0 0 0 0 0 -

The following probabilities at t=0:

State 1 State 2 State 3 State 4 State 5 State 6
1 0 0 0 0 0
The following availabilities:

State 1 State 2 State 3 State 4 State 5 State 6
1 1 1 1 1 0

The textual syntax to use will be:

mar kov-matri x(ti ne(), 6,

rProoooo0o
o

The equivalent markov graph that will be generated will have the following form:

./ 2.1E-5 \‘.( 1.8E-5 \.( 1.5E-5 \A‘ 1.2E-5 \r 9E-6 \‘6>
N1 N2 N3 N4 N5 N6

prob =1.0 prob = 0.0 prob = 0.0 prob = 0.0 prob = 0.0 prob = 0.0
eff=1.0 eff=1.0 eff=1.0 eff=1.0 eff=1.0 eff=0.0
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time

[ expr] nbSt at es

[expr ... expr]P;
[expr ... expr]init
[expr ... expr]avail

</ ext ern-function>

<extern-functi on nanme=' markov-matri x' >

Textua syntax

extual sy "markov-matrix' ‘(' tine ' [expr]nbStates '
[expr "," ... "," expr]P; '
[expr "," ... "," exprlinit '
[expr "," ... "," exprlavail ")’

XML syntax

1.21. Redundancy laws

GRIF 2022 offersseveral functionsto cal culatethereliability and the availability of aset of elementsin redundancy
m among n. These functions generate a single-phase Markov graph to perform the calculations. The generated

transition matrix is accessible using the Transition matrix button displayed below the parameter entry.

B! Properties of ‘Events’ - Evt1 X

Number

Name ( [¥] Automatic ) Ewt1

Description

| General | Attributes Advanced...

Law |RA/ Active Redondancy [ GRIF - Fault-Tree Module

Architecture describing a redunda

elements among N. In active redul 9E5

active simultaneously but only M

4E-5

Parameter(s)

3E-5

>
M 3 [

Availablity : KO
Probability at t=0 : 0

N 5
Lambda On (AON) 1E-5
Lambda Off (A\OFF) 1E-8

Use rate (a) 1 | OK | Cancel

Help

Gamma () 0

Transition matrix

Type <> Undeveloped | Elementary event | ¥

OK l Cancel Help

The available states are shown in green, the unavailable states in red. By tooltip on the states, we can also display
theinitial probability of each state.

1.21.1. RA / Active Redundancy

Description

Parameters

Albizia offers several functions to calculate the reliability and the availability of a set of
elements in redundancy m among n. These functions generate a single-phase Markov graph
to perform the calculations (cf. Section 1.20, “MKVM / Markov matrix”).

In active redundancy configuration, the n elements are active simultaneously but only m

elements are necessary to ensure the mission.

M : Number of functional elements required to perform the function,

N : Total number of items available,

Lambda On (AON) : Element failure rate when the equipment is turned on,
Lambda Off (\OFF) : Failure rate of an element when the equipment is switched off,
Alpha () : The use rate a corresponds to the operating time of equipment over the total

time of the mission.
Gamma (I) : Probability of failure on demand.
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Definitions

Transition matrix

Textua syntax

XML syntax

)\Active =a * )\ON + (1‘ (X) * )\opp
At t = 0 the probability of being in the nominal stateis1- I

At t = 0 the probability of being in the failure state (KO) isT
The"System KO" state is a state where the system is unavailable. The system is availablein

other states.

Nin
operation
0in fault

N-1in N-2in
operation | operation
linfault | 2infault

M+1in
operation
N-M-1
in fault

M in
operation
N-M in
fault

M-1in
operation
N-M+1
in fault
System
KO

Nin -
operation
Oinfault

N * )\Active

N-1in
operation
linfault

- (N-1)

* )\Actwve

N-2in
operation
2infault

M+2)

* AAcllve

M+1in
operation
N-M-1
in fault

M +1)

* )\Active

Min
operation
N-M
infault

M * )\Active

M-1in
operation
N-M+1
infault
Systeme
KO

"markov-ra' ' ('

[expr] AOFF ',

time ', [expr]M"',"

[expr]a ',' [expr]l ")’

[expr]N ", '

[ expr] AON

time [expr]M [expr]N
</ extern-function>

<extern-function name=' markov-ra' >
[expr] AON [ expr] AOFF [expr]a [expr]l

1.21.2. RP / Passive Redundancy

Description

Parameters

Albizia offers several functions to calculate the reliability and the availability of a set of
elements in redundancy m among n. These functions generate a single-phase Markov graph
to perform the calculations (cf. Section 1.20, “MKVM / Markov matrix”).

In passive redundancy, the M elements necessary to ensure the function are active

simultaneously. The (N-M) elements are activated successively following faults.

M : Number of functional elements required to perform the function,
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Definitions

Transition matrix

Textua syntax

XML syntax

N : Total number of items available,
Lambda On (AON) : Element failure rate when the equipment is turned on,

Lambda Off (AOFF) : Failure rate of an element when the equipment is switched off,

Alpha () : The use rate a corresponds to the operating time of equipment over the total
time of the mission.

Gamma (I) : Probability of failure on demand.

A= Ancive = O * Aoy + (1- ) * Aoer

A* = Ao

At t = 0 the probability of being in the nominal stateis1-T

At t = 0 the probability of being in the failure state (KO) isT
The"System KO" state is a state where the system is unavailable. The system is availablein

other states.

Nin
operation
0in fault

N-1in
operation
lin fault

N-2in
operation
2in fault

M in
operation
N-M in
fault

M-1in
operation
N-M+1
in fault
System KO

Nin
operation
Oinfault

MA+(N-
M)A

N-1in
operation
1linfault

MA+(N-
M-T)A*

N-2in
operation
2 in fault

MA+(N-
M-2)A*

MA+A*

Min
operation
N-M
infault

MA

M-1in
operation
N-M+1
infault
System KO

"markov-rp' ' ('
[expr] AOFF ',

time ', [expr]M"','

[expr]a ' "'

[expr]l ")

[expr]N","

[ expr] AON

<extern-functi on nanme=' markov-rp' >

time [expr]M [expr]N
</ ext ern-function>

[expr] AON [ expr] AOFF [expr]a [expr]l

1.21.3. RDR / Redundancy with Reconfiguration Duration

Description

Albizia offers several functions to calculate the reliability and the availability of a set of
elements in redundancy m among n. These functions generate a single-phase Markov graph
to perform the calculations (cf. Section 1.20, “MKVM / Markov matrix”).

This configuration is characterized by an interruption of service in the event of failure of an
active element during the entire duration of the Treconf reconfiguration.
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Parameters M : Number of functional elements required to perform the function,
N : Total number of items available,

Lambda On (AON) : Element failure rate when the equipment is turned on,

Lambda Off (A\OFF) : Failure rate of an element when the equipment is switched off,
Alpha () : The use rate a corresponds to the operating time of equipment over the total
time of the mission.

Gamma (") : Probability of failure on demand.
Reconfiguration delay (Treconf) : Average switching time on one of the redundant elements

Definitions A= Aacwe = 0 * Aon + (1- 0) * Aosr
A* = Ao
tr = 1/Treconf
At t = 0 the probability of being in the nominal stateis 1- I
At t = 0 the probability of being in the failure state (System KO) isT
The"System KO" state is a state where the system isunavailable. All "reconfiguration” states

are also considered to be states where the system is unavailable. The system is available in
other states.

Transition matrix 0| 1 2 3 4 2(N- 2(N-
M) M)+1

Nofailure: 0 -Imn | (N-
M)A*
Reconfiguration : 1 - tr (M-1)A+(N-
M)A*

Lossof 1 element : 2 - MA (N-
M-1)A*

Reconfiguration : 3 - tr

Lossof 2 -
elements: 4

Reconfiguration : S| (M-)AAF
2(N-M)-1
Loss of N-M - MA
eements: 2(N-M)

System KO': -
2(N-M) +1

Textua syntax
"markov-rdr' ' (' time '," [expr]M'," [expr]N"',"' [expr]AON

", [expr]ACFF '," [expr]a ',' [expr]l ',' [expr]Treconf ')’

XML syntax
Y <ext ern-functi on nane=' mar kov-rdr' >

time [expr]M [expr]N [expr]AON [expr] ACFF [expr]a [expr]l
[ expr] Tr econf
</ extern-function>

1.21.4. RER / Redundancy of Repairable Elements

Description Albizia offers several functions to calculate the reliability and the availability of a set of
elements in redundancy m among n. These functions generate a single-phase Markov graph
to perform the calculations (cf. Section 1.20, “MKVM / Markov matrix”).
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Parameters

Definitions

Transition matrix

Textua syntax

XML syntax

This configuration is characterized by the possibility of repairing an element taking into
account its MDT. This function considers only one repairer.

M Number of functional elements required to perform the function,
N Total number of items available,

Lambda On (AON) Element failure rate when the equipment is turned on,
Lambda Off (A\OFF) Failure rate of an element when the equipment is switched off,

Alpha (o) The use rate a corresponds to the operating time of an equipment over the total
time of the mission.

Gamma (") Probability of failure on demand,
MDT (Mean Down Time) Mean down time (detection + repair or standard exchange)
A= Ancive =0 * Aoy + (1- ) * Aoke
A* = Ao
u=1UMDT
At t = 0 the probability of being in the nominal stateis1-T

At t = 0 the probability of being in the failure state (KO) isT
The"System KO" state is a state where the system is unavailable. The system is availablein
other states.

0 1 2 N-M N-M+1

No failure: 0 - M)\+(N-M))\*

Lossof 1 m - MA + (N-

dement: 1

M-1)A*

Lossof 2 1] -

eements: 2
Loss of N-M - MA

elements: N-M
System KO : u -
N-M+1
"markov-rer' '(' time '," [expr]M'," [expr]N"',"' [expr]AON
[expr]ACFF ',' [expr]a ',' [expr]l ',' [expr]MOT ")

<ext ern-functi on nane=' mar kov-rer'>
time [expr]M [expr]N [expr]AON [expr] AOFF [expr]a [expr]l
[ expr] MDT
</ ext ern-function>

1.21.5. RRR / Redundancy Repairable with Reconfiguration Duration

Description

Parameters

Albizia offers several functions to calculate the reliability and the availability of a set of
elements in redundancy m among n. These functions generate a single-phase Markov graph
to perform the calculations (cf. Section 1.20, “MKVM / Markov matrix”).

This configuration is characterized by an interruption of the function throughout the duration
of thereconfiguration inthe event of failure of an active element, considering that the elements
arerepairable.

M Number of functional elements required to perform the function,
N Total number of items available,

Lambda On (AON) Element failure rate when the equipment is turned on,
Lambda Off (\OFF) Failure rate of an element when the equipment is switched off,
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Alpha (o) The use rate a corresponds to the operating time of an equipment over the total
time of the mission.
Gamma (I") Probability of failure on demand,
Reconfiguration delay (Treconf) : Average switching time on one of the redundant elements
MDT (Mean Down Time) Mean down time (detection + repair or standard exchange)
Definitions A= Aacive = 0 * Aon + (1- 0) * Aosr
A* = Ao
tr = 1/Treconf
u=1MDT
At t = 0 the probability of being in the nominal stateis1-T
At t = 0 the probability of being in the failure state (KO) isT
The"System KO" stateis a state where the system is unavailable. All "reconfiguration” states
are also considered to be states where the system is unavailable. The system is available in
other states.
Transition matrix ol 1 2 3 4 2(N- 2(N-
M) M)+1
No failure: 0 -IMmn | (N-
M)A*
Reconfiguration: 1 || - tr (M-1)A+(N-
M)A*
Lossof 1 element: 2|, - MA (N-
M-1)A*
Reconfiguration : 3 m - tr
Loss of 2 m -
elements: 4
Reconfiguration : LT (M-D)ARA
2(N-M)-1
Loss of N-M - MA
elements : 2(N-M)
System KO : m -
2(N-M) +1
Textual syntax
"markov-rrr' ' (' time ',' [expr]M"',' [expr]N"',"' [expr]AON
[expr]ACFF ',' [expr]a ',' [expr]l '," [expr] Treconf
[expr] MOT ")
XML syntax :
<extern-function name=' markov-rrr'>
time [expr]M [expr]N [expr]AON [expr]AOFF [expr]a [expr]l
[expr] Treconf [expr] MDT
</ extern-function>

1.22. OCC / Occurrences of failures

The Failure rate is calculated divided the numbers of observed failures by the observation period. The result is
aconstant law.

Parameters:

* Number of failures
 Period (Duration) = observation duration
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The law is defined as follows:

Q) = -

1.23. SIL / SIL level

This law corresponds to a constant law with parameter Q = 1x10"~='"
Q(t) = 1x10~GIL -9

1.24. RRF / Risk Reduction Factor

Thislaw corresponds to a constant law with a parameter Risk reduction Factor (RRF)

1
t) = ——
Q) = v
1.25. EXP / Expression
Law isdefined buy user with an Albiziaexpression that containstime(). An Albiziaexpression can contain several
operators and functions (*, +, -, /, gamma(), exp(), sart(), min(), pow(), sin(), ...).

Parameters:

* Q(t): expression to evaluate Probability (must contained time());
» w(t): expression to evaluate unconditional failure rate (must contained time()).

1.26. STO / Stored Electrical Component

Thislaw correspondsto a constant law for stored electrical components according to the functioning time and the
storage time on the mission time.

The result of the computation will be a constant probability calculated at the end of the mission.
Parameters :

e Lambda (rate) = failurerate

o Tf (Duration) = yearly functioning time

» Ts(Duration) = yearly storage time

» K (Rate) = reduction coefficient (functioning failure rate is equal to storage failure divided by this coefficient)
* %FMD (Ratio) = failure mode ratio

* mission time (Duration) = duration of the mission

Thelaw is defined as follows :

Q(t) — (1 _ e(—A.TTf.%FMD)) + (1 B e(—(%).TTs.%FMD))
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J Mission time is taken into account in the computation of total functioning time (TTf) and total storage
time (TTs) for the electrical component

TTf isdefined asfollows :

TTf =T bM

f= f'8760
and TTsis defined as follows :

TTs=T bM

$= 153760

Assuming the number of hoursin ayear is set to 8760.

2. Uncertainties on the parameters

For each probability law used in the moddl, it is possible to introduce an uncertainty on each of the parameters.
There are several laws available to model them:

e "UNIF/ Uniform";

* "NORM / Norma";

"NLOG / Lognormal";

"OBS/ Observation”;

* "OBS (#) / Periodic Observation" ;
* "GAM / Gamma";

» "BET/Beta’

* "TRI/ Triangular”.

e "HST / Histogram".

Using this method, it is thus possible to introduce the impact of the uncertainties on the data into the final result.

2.1. UNI/ Uniform law
This law has two parameters: and upper limit and a lower limit.
Parameters:

* a=upper limit
* b =lower limit

Thelaw is defined as follows:

(t=a)
(b—a)

o) =

2.2. NLOG / Log normal law
Thislaw has 3 parameters: the mean and the error factor and the percentage of confidence interval.
Parameters:

» Average(Mu) = The average
e Error factor = The error factor EF (= exponential (1.645* Sigma) for a 90% confidence interval)
» Confidenceinterval at = Percent of confidenceinterval (between O and 1)
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A random variable is distributed according to alognormal distribution if its logarithm is distributed according to
anormal distribution. The law is defined as follows:

.

: P e
Q(f)=l—!f(r‘)df fy=—e 7

Where Sigma.is equal to In(EF)/coef, where coef is the quantile of the normal law conresponding to the chosen
percentage (1.645 for 90%), and where Mu = In(E(X)) - SigmaA2/2

2.3. NORM / Normale
Thislaw has two parameters: the mean and the standard deviation.
Parameters:

e Mu=mean
e Sigma = standard deviation

Thelaw is defined as follows:

l B \

e
o2rm

(-1 |
26° )

oW =1-[fndi  F()=

2.4. OBS / Observation
Thislaw hastwo parameters.
Parameters:

* Number of events (N) = Number of events observed
» Observation duration (T) = Observation duration

The probability density function of this distribution is:

1k, T
f(T) = R t2 e 2
22T(5)
With'(z) = f0+°° t*“le~tdt the Gamma function

k represents the degrees of freedom.

In options, it is possible to choose the degrees of freedom

2.5. OBS (#) / Periodique Observation

Thislaw hasthree parameters, it isbased on F.Brissaud work publishedin Rel. Eng. Sys. Safety 2017 DOI:10.1016/
j-ress.2016.11.003

Parameters:

* Number failurerevealed (N) = Total number of failure observed
» Duration between 2 tests (#) = Inspection period

User manua 119/ 125



L

TotalEnergies

e Number of proof tests (W) = Total number od proof tests.

Thisfunction is partly based on arandom number generator that uses a beta distribution (W-N + 1, N).

2.6. GAM / Gamma
The gammadistribution is atwo-parameter probability distributions: the shape parameter and the scale parameter.
Parameters:

» K = Shape parameter
°* Theta (6) = Scale parameter

The probability density of the gamma distribution is:

X
e
— k-1
fx)=x BT ()
. +co z—1 —t .
WithI'(z) = fo t*" e~ *dt the Gamma function

2.7. BET / Beta

The beta distribution is parametrized by two positive shape parameters: Alpha et Beta.

Parameters:

* Alpha (o) = Shape parameter

Beta (3) = Shape parameter

The probability density function for 0 < x < 1, and shape parametersa, B > 0is:

flxa,pB) = X@1(1 — x )B1

B(a,B)

1

B(x,y) =f t* 11— Y Ddt
0

2.8. TRI/ Triangulaire

Thislaw has three parameters : a minimum, a maximum et an optimum.
Parameétres :

* a=minimum

* b =maximum

e c=optimum

The law definitionis:

c—a

F =
b=a sed during Z testing

c

pi=Vlc—a)lb—a) .gradient between aand ¢
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p=V(b=¢)(b=a) . gradient between cand b

In propagation uncertainties:

Z randomly fired and equidistributed distributed between 0 and 1;

si Z=0
d=a
sinon
si Z<F,
d=a+p1w’7
sinon
si Z<1
d=b—p,N1-7
sinon d=5b

2.9. HST / Histogramme

Draw a random number between the minimal bound and the maximal bound, and return value corresponding to
theinterval containing the value. the law has as many parameters as desired bound.

The law definitionis:

» Bounds = bound of the value in the histogram.

« values = Vaue between two bounds. the two corresponding bounds are [A;B], where A isthe bound located in
the row before the current value and B the bound located on the same row of the value. The value on the first
row is aways empty, since the firts bound is used as the minimal bound of the value on the second row.

Parameter(s)

1%
Bounds ~ Value
0.0
03 1.0E-4
08 1.0E-5
1.0 1.0E-6

2.10. Consideration of the uncertainties
Uncertainties on parameters can be evaluated with 2 different ways:

* inthe configuration of the laws as described in the chapter Configuring the laws
* inthetab of parameters. In this case, ff a same parameter isused in 2 events, the same uncertainty is considered

Todothat, first it is necessary to select the column Activate uncertainty and L aw using the columns manager.

44) Columns manager @

Select columns that have to be displayed and their order

[wIFName Ta
[v]Value =
[¥]Dimension
[|Description 1+
[Linked to
[ ]Last database +
[w] Activate uncertainty
[v]Law

[IMacro -

O Disable sorting data.
Data will be displayed in the order of creation

| 0K I Cancel Help
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After, in the tab of parameters, It is enough to choose or not to activate the uncertainties and the law will be
applied in Law column.

Parameters |

f

Mame & Value Dimension| Activate uncertainty

Lambda_Capteur 1.0E-6 Other v] |
Lambda_Vannes 5.0E-6 Other []
Mu_Capteur 0.125 Oihor [ ] ]
Mu_Vannes 0.1 Law choice E |
Periode_Test_Capteurs [8760.0 ||
Periode_Test_Vannes 4380.0( Law NLOG | Lognormal = |
Solver 5.0E-4 -

lognormal law UNIF / Uniform

Parameters) NORM / normal

(NLOG ! Lognormal

Average (p ) 0

Error factor 3

Confidence Interval at 0.9

ok | cancel Help
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F. Glossary

1. Format

All values can be entered in two different ways.
* "Normal" notation: the decimal separator isthe dot, e.g. 0.0000015.

 Scientific notation: the decimal separator isthe dot, e.g. 1.5E-6 which corresponds to 0.0000015.

2. Definition and explanation of the acronyms and parameters

SFF (Safe Failure Fraction): corresponds to the safe failure rate (Ay + Ag, + Agg) / A

— Vote with "A" type architecture: the invalidity of the sensor triggers no action other than an alarm
(availahility). The solver logic is modified, excluding sensors with detected failure. In this case, we define
a number (X) of detected failure from which the channel trips. This number (X) is fixed by default for
TotalEnergies (but can be modified in M configuration):
3if 3 components or more
2 if 2 components
1if 1 component

— Votewith " S" typearchitecture: the invalidity of the sensor triggers the safety system (Safe).

Beta (B): proportion of common cause failures (in %).

* CCF or DCC: Common Cause Failure. When several identical elements are put in a system, there is always
a probability that they will fail at the same time from a common cause (design problem, external phenomena
for example). Thisis called acommon cause failure.

» Component available during test (X): specifies whether the component is able to carry out its safety mission
during the test (if the checkbox is checked).

» DC: on-line diagnostic coverage and is arate between 0 and 100%. A 0% rate means that no reveaed failure
can be detected.

» DCd: on-line diagnostic coverage of dangerous failures and is a rate between 0 and 100%. A 0% rate means
that no revealed dangerous failures can be detected.

» DCs: on-line diagnostic coverage of safe failures and is a rate between 0 and 100%. A 0% rate means that no
revealed safe failures can be detected.

* Detected: appliesto the equipment and means detected by diagnostic tests, periodic tests or human intervention
(e.g. physical inspection and manual tests) or during normal operation.

» DC only alarmed :Percentage of detected failure that are only alarmed (non-triggering). Thisfield isavailable
only if channel isin M Mode.

» DCS: Distributed Control System

» Determinate: A component can be one of these 3 types: "Non-type A/B", "Type A" or "Type B"

 Duration between tests (T1): period of time between two proof tests of the component.

» E/E/PE: dectrical/electronic/ programmable el ectronic. Technology based on electricity (E), and/or electronics
(E) and/or programmable electronics (EP). NB. - This term designates all devices which work according to
electrical principles.

» Proportion of detected failure :proportion of hidden failures detected during partia stroking tests (0-100%).
0% means no failure is detected, 100% means every failure is detected.

 Failure: afunctional unit ceases to accomplish its required function.

Lambda A: failure rate of the component (h*).

Lambda D (A d): dangerous failures. Failure with the potential to put the safety system into a dangerous state
or make it unable to carry out its function.

* Lambda DU (A 4,): Dangerous undetected failure rate of the component (h*).
Lambda DD (A 4): Dangerous detected failure rate of the component (h).

Lambda S (A s): safe failures. Failure with the potentia to put the safety system into a safe state in carry out
its function.
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Lambda SU (A o): Safe undetected failure rate of the component (h).
Lambda SD (A ): Safe detected failure rate of the component (h™).

Lambdaduring test A*: failure rate of the component during the test (h™). The test conditions may cause extra
stress and increase the lambda.

MDT (in h): indicates the mean time between the occurrence of afailure and the re-start of the system (Mean
Down Time). It is the average downtime.

MTTF (in h): indicates the mean time between the start-up of the system and the occurrence of thefirst failure

(Mean Time To Failure). It is the average time of operation before the first failure occurs. A = 1/ MTTF for
a component.

MTTR (Mean TimeTo Repair) in h: mean time between detection of afailureand therepair of the component.
Non-detected (Undetected): applies to the equipment and means non-detected by diagnostic tests, periodic
tests or human intervention (e.g. physical inspection and manual tests) or during normal operation.

Number of tests: number of partia stroking tests carried out between two full tests.

Operating duration (Years): means the foreseen operating industrial duration of the Safety Instrumented
Function (SIF) installed on its process unit.

PFD : Probability of Failure on Demand. Cf. Norm IEC61508. Can be defined as Unavailability

PFH : Probability of Failure per Hour. Cf. Norm IEC61508. Can be defined as Unconditionnal Failure Intensity
Redundancy : implementation in parallel of elements which have the same safety function so that the sub-
system is more available.

Repair rate i (Mu): repair rate in *, whose symbol is (). This value is equal to YMTTR, for arepair time
of 48h, Mu = /48 = 2.08E-2

Switch time parameter: isthe period of time during which the component causing the failure is disconnected
from the system and replaced by a component in working order. Thistimeis necessarily lower thanthe MMTR.
R.R.F : Risk Reduction Factor of the SIF

Safety function: function to be carried out by an E/E/EP safety system, by a safety system based on another
technology or by an external risk reduction device, designed to ensure or maintain the controlled system in a
safe state with regard to a specific dangerous event.

SIF : Safety Instrumented Function.

SIL 0: instantaneous PFD [0 [10%; 1]. instantaneous PFH [0 [10°; +infinity].
SIL 1: instantaneous PFD [0 [10?% 107[. PFH instantanée (1 [10°; 10°7.

SIL 2: instantaneous PFD [ [10°% 107. instantaneous PFH [0 [107; 10°.
SIL 3: instantaneous PFD [ [10* 107[. instantaneous PFH O [10% 107.

SIL 4: instantaneous PFD [ [0; 10°[. instantaneous PFH O [0; 107[.

SIS Safety Instrumented System. Instrumented system used to carry out one or several safety functions. An
SISismade up of sensors, alogical processing system and actuators.

System: set of elementswhich interact according to a specific model, an element, which may be another system
called a sub-system. The sub-systems can themselves be either acommand system or a controlled system made
up of hardware, software and interacting with man.

S-PLC: Safety-Programmable Logic Controller

Test duration 1t(Pi): period of time necessary for testing the component.

Test efficiency rate ¢ (Sigma) : cover or efficiency rate of the test. The value ranges from 0 (the test never
detects anything) to 1(the test always detects the failure).

Test leadsto failurey (Gamma): probability [0,1] that the test will cause the hardware to fail. 0 means no test
causes any failure, 1 mean every test causes failures.

Test when unit isstopped: meansthat the component istested when the unit is stopped. The test does not harm
the safety function as the unit is no longer working.

Test when unit is working: means that the component is tested when the unit is working. The component is
no longer availableto carry out its function and this affects the safety function. This can be used when a sensor
has been by-passed to be tested and the installation has not been stopped.

Time of thefirst test (TO): time at which the first test of the component is carried out.

Wrong re-setup after testswl (Omegal): probability [0,1] of wrong re-setup of the equipment after the test.
It is the probability that the component will not be able to carry out its safety mission after being tested by the
operator. It can be left at O if you consider that the operators and test procedures are infallible (no omission of
a by-passed sensor, powering up the motor, etc.).
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Wrong re-setup after repairsw2 (Omega2): probability [0,1] of wrong re-setup of the equipment after the
repairs. Itisthe probability that the component will not be ableto carry out its saf ety mission after being repaired

(or changed) by the operator. It can be left at O if you consider that the operators and repairs procedures are
infallible (powering up the new motor, etc.).
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