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Agenda

 Briefly introduce myself and NTNU — the Norwegian
University of Science and Technology

* Provide an overview of ongoing research activities in the
oil and gas where | am involved
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Bibliography

* Professor at NTNU in reliable and safe
instrumentation systems, Department of
Engineering Cybernetics, NTNU (before
that: RAMS group, Department of
Mechanical and Industrial Engineering)

 Education:
— MSc Engineering Cybernetics, NTNU
— PhD in reliability, availability, maintainability,
safety (RAMS), NTNU
* Industry experience:

— Phillips Petroleum (onshore, offshore
supervisor)

— DNV-GL principal engineer

— SINTEF applied Cybernetics, senior
researcher

— Nidar, automation leader




My primary research focus

Ensuring functional safety of safety-instrumented systems
(SIS).

» SIS: Safety system that actively responds to and manage
hazardous events, using electrical, electronic, programmable
electronic systems

» Functional safety: The safety achieved by using SIS, alone
or (more often) often in combination with other measures, like
control systems, passive systems,...
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My primary research focus

 Ensuring functional safety of safety-instrumented
systems (SIS) covers:

Design solutions and requirements (how to derive at these)

Monitoring and testing to evaluate reliability performance (in
design and in operation) — analyses and practices/procedures

Selection of most suited reliability, risk, and safety analysis
methods

Application of standards and regulations for functional safety
(member of IEC 61511 committee)

Managing functional safety in light of cybersecurity threats
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« Main profile in science and technology

« Academic breadth: humanities, social
sciences, medicine, health sciences,
science of education, architecture, fine arts
and performing arts

« Headquarters in Trondheim with campuses
in Gjevik and Alesund
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Key figures

e 8 faculties, 55 departments and NTNU
University Museum

e 7401 person-years (2018)

e More than 42 000 students (2018)
e 7220 completed bachelor’s and master’s degrees (2018)
e 397 doctoral degrees (2018)
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Research

« Participating in 126 Horizon 2020 projects and has 9 ERC grants

» Granted NOK 475 million from the Horizon 2020 programme so far. Goal: NOK 1 billion
* Is the institution that is awarded the most funding from the Research Council of Norway
» Host or partner for 35 major research centres (SFF, SFI, and FME)

« 395 doctoral degrees completed in 2018

« Internal initiatives to develop and recruit top researchers

» Strategic research areas and enabling technologies in 2014 — 2023:

ENERGY HEALTH OCEANS SUSTAINABILITY NTNU BIOTECHNOLOGY NTNU DIGITAL NANO@NTNU

Strategic research areas Enabling technologies
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Business
and public

administration

NTNU
Education SINTEFE

and research Contract research

Interaction model -
Extensive collaboration with
SINTEF & business and
public sector through joint
projects and research centers

For more information:
ntnu.edu/research/partnership
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About
research
projects
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Overview of research projects

- SFI SUBPRO - a research-based innovation center in subsea Ik
prOdUCtlon and proceSSIng :bJBIZEEgRODUCTION AND PROCESSING

« BRU 21 — ajoint industry collaboration funding PhD projects in
digitalization and automation, with basis in Petroleum
disciplines, cybernetics, and mechanical engineering

« Safety 4.0 — a joint industry research project in safety
demonstration of new technologies for subsea systems

« APOS - ajoint industry research project in automated process e
for follow-up of safety-instrumented systems (Selected PDS e
forum members). "
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My role in these projects

SFI SUBPRO Co-director & head of reliability, availability, maintenance, and
safety (RAMS) area

BRU 21 Co-director of research area Operations, maintenance, Safety &
Security

Safety 4.0 Work package leader (PhD project)

APQOS Research contribution in (most) packages. Project with PDS forum
partners (www.sintef.no/pds) where | am part of the organizing
committee.
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—— GNTNU
SUBPRO Norwegian University of
SUBSEA PRODUCTION AND PROCESSING Science and Technology

SUBPRO - A research-based innovation center
In Subsea Production and Processing

© Equinor ASA
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Sf- SUBPRO
SUBPRO - Centre for research-based innovation wWithin subsea

production and processing

« Established in 2015, and planned for 8
year of operation

 Headed by NTNU

« Supported by the Research Council of
Norway and industry partners

« 43 PhD and Postdocs

« The most comprehensive academic
research program within oil and gas in
Norway

* The largest academic subsea R&D center ,
in the world sfi-ge oMM

® NTNU




SUBPRO - an SFI

SFI - Center for Research-based Innovation

Characteristics:
* Long-term research (5-8 years)

« Large research capacity:
— About 10-12 MNOK per year from Norwegian Research Council (NRC)
— The host institution and partners must contribute with at least the same amount
— SUBPRO: Approximately 35 MNOK per year (3.5-3.8 million Euro per year)

* Innovation focus:
— Active cooperation between industry partners and research groups

* |International excellence:

— High scientific quality of research (PhD projects)
— Attractive for international collaboration & recruitment

i SUBPRO

NTNU: Research

S qu—

Industry partners:
Commercial utilization




i SUBPRO

SUBPRO resources

» Currently 20 PhD and 5 PostDoc/ » Contributions from industry partners (personnel,
Researcher projects ongoing knowledge, data)
> 43 PhD/Postdoc projects over 8 years » Budget of approx. 33 million NOK per year, for a period

of 8 years (2015-2023)

» 15-20 Master students per year on
topics of relevance for the center and the

subsea industry

» 20 professors from four NTNU
departments — cross discipline
collaboration

Chemical Engineering
Geoscience and Petroleum
Mechanical and Industrial
Engineering

Engineering Cybernetics




i SUBPRO

SUBPRO’s objective & goals

The primary objective of the center is to become a

global leader for research based innovation

within subsea production and processing, providing:

» International excellence in fundamental and applied research

» Knowledge, methods, technology and system understanding

— as basis for industrial innovation

» Internationally high level of graduated master and PhD candidates




i SUBPRO

Why SUBPRO?

«  Still gaps in knowledge and technology for subsea
systems and solutions, that may:
- increase the recovery from
existing fields
- enable developments of new and more demanding
oil and gas fields
- reduce cost and complexity of subsea field
developments

*  Many future challenges require
multi_disciplinary Collaboration Asgard SGC, Photo: @yvind Hagen, Statoil ASA

* Help industry to accelerate the level of innovations
within selected areas of the subsea oil and gas field

® NTNU
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i SUBPRO

Centre Board
(Chair: Stig Lyder Stgme,

Organization (1.1.2019) Lunlin

Technical Committee
(Chair: Tore Myhrvold, DNV-GL)

Centre Director

Sigurd Skogestad
Deputy Director
Mary Ann Lundteigen Adm. Coordinator
Jon Lippe

Techn. Coordinator
Gro Mogseth

___________________ P T
s Reference group . - " Reference group . . 4 ‘Reference group™ ~ N
- L. . ~ P . ~
-~ Field architecture and R,IAMS N oL Separation : >~ System contlrol N
VA A
Research areas
. . Separation — .
f:lel.d architecture L RAMS - U Fluid characterization | Separation process concepts u .System control
Sigbjgrn Sangesland Mary Ann Lundteigen Johan Sjgblom / Gisle Bye Hugo Jakobsen Sigurd Skogestad

Industry Partners

® NTNU



FIVE Research Areas

Field Architecture

e Decentralized
subsea processing

® Optimized field
development

e Models for subsea
boosting

RAMS

¢ Subsea safety and
control philosophy

® RAMS in system
design

¢ Condition based
maintenance

e Safety critical
systems on
unmanned
facilities

Fluid
Characterization

¢ Understanding of
coalescence and
droplet breakage

¢ Produced water
treatment

e Wax inhibition

Process Concepts

¢ Gas dehydration
with membranes

e Combined H2S
and hydrate
removal

e Compact pipe
separator

sfi- suBpRO

System Control

e Production
optimization

e Optimized process
control

e Optimized
remaining useful
life (RUL)

e Virtual flow
metering




Project structure, 2015 — March 2019

RELIABILITY, AVAILABILITY,
MAINTENANCE AND
SAFETY (RAMS)

FIELD ARCHITECTURE
Prof. Sigbjérn Sangesland

Prof. Mary Ann
Lundteigen

5 RESEARCH AREAS

SEPARATION - SEPARATION -

FLUID PROCESS CONCEPTS
CHARACTERIZATION

i SUBPRO

SYSTEM CONTROL
Prof. Sigurd Skogestad

Prof. Johan Sjéblom/
Prof. Gisle @ye

Prof. Hugo Jakobsen

Subsea gate box

Field development
concepts *

Multiphase booster
models

Methods for
minimizing cost and
risk in subsea field
development

16 ongoing projects
* 12 completed projects
2 associated projects

New safety and
control philosophy
for subsea systems *

Reliability and
availability
assessment in
subsea design*

Condition based
maintenance
models*

Optimizing condition
monitoring

Safety 4.0
Demonstrating safety of
novel subsea
technologies

New project:
Performance
management of SIS
for unmanned
facilities

30 PROJECTS

Produced water
quality and
Injectivity*

Influence of
production and EOR
chemicals on produced
water quality

Wax crystallization
and inhibition*

Sequential
separation*

Modeling of
coalescence*

Membranes for gas
dehydration *

Membrane testing
for gas dehydration

H,S and hydrate
control

Characterization of
fluid particle
breakup in turbulent
flow
Mechanistic
modeling of droplet
breakage

Compact separation
concepts

Dynamic simulation
model library*

Modelling and*
multivariable control
of subsea processes

Automatic control of
subsea separation

Adaptive control of
subsea processes

Estimation of un-
measured variables*

Enhanced virtual flow
metering

Control for
extending
component life

Experimental
validation of methods
for optimizing
remaining Useful Life

Production
optimization under
uncertainty

Machine learning for
production and process
optimization

Petrobras




Examples of PhD candidates (Chinese)

Reliability and availability
assessment in subsea system design

A mew Irasawork tesupsart design of cest-eilicien, relisble and sale subsea systems.

- Juntao Zhang
- (finished 2018)

Condition based maintenance models

P T pr——
Comdition Based Manbenasts palicies bor subsaa sysiess.

swsECTES e

Yun Zhang

~ (finished 2018)

Methods for minimizing cost and
risk in subsea field development

Haoge Liu
(Started 2018) =

JUNLIILIHONY 01314




Examples of PhD candidates

. Re”abi“ty and a\/a”abi"ty assessment INNOVATION IN COLLABORATION WITH DNV GL AND
of subsea systems in early design:

— Functional and operational analysis using
systems engineering methods

— Reliability modeling using e.g. Petri net

based on Gamma process model RUL distribution

RUL distribution [-]

— Safety analysis using e.g. systems il ,
theoretic approach (STPA) N L
e . ' “ cmmamal] o

- Prognostics-based maintenance cveon ' m T T

models: R ERERERERREREREE

— Multiphase Markov models I s -

— Maintenance optimization I Sl

— Degradation models I ol | r . I . I . . . —

— Maintenance models with delays =

The Matlab user interface for modelling of degradation and prediction of remaining useful life [RUL] for a choke valve.

27 ® NTNU




Example: Subsea Gatebox

“In conclusion, the subsea
gate box might be an
alternative solution for field
developments that include
large heterogeneity among

different producing regions.”
Source: Annual report 2018/19

Figure 2. Test results for the Subsea Gate //\
Box |SGB| concept appled 1o a synthetic

odl field case e ch xtr

produced 3 ife ¢ S5 P rre

nCoain re '




SUBPRO Organisation v Partners Research Lab and Test Facilities Education and Recruitment Contact Login for Partners

> Subsea production and processing

Subsea Production and Processing (SUBPRO)

Contact

SFI SUBPRO (Subsea Production and Processing) Y ~»

Se senere Del Centre Director

Sigurd Skogestad
Professor NTNU

E-mail: skoge@ntnu.no

Contact other people at
SUBPRO

SUBPRO Annual Report

Sff’ SUBPRO

www.ntnu.edu/subpro

SUBPRO ¢

> > o) 000/321 B & Youlube 2

SUBPRO is a Centre for Research-based Innovation (SFI) within subsea production and processing.

The primary objective of SUBPRO is to become a leading international subsea research centre that provides top
quality candidates, knowledge and technology innovations. This will be done in partnership with the most important
industrial players in the subsea field.

About SUBPRO and the background for the Centre
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BRU21: NTNU Research and Innovation Program
in Digital and Automation Solutions for

Oil and Gas Industry

Digital Technologies, Innovation & People

@ONTNU L.undin* .’ & AkerBP & NEPTUNE
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v TechnipFMC equinor =A DEA >)
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BRU21 — NTNU strategy for Oil and Gas

BRU21

Better Resource Utilization in the 21st century

41 Fact finding meetings with the industry & authorities

O What are the major challenges for the O&G industry?
O What are “break-through technologies” for oil prices at 30 $?
O How can NTNU contribute to deliver future technologies & education in O&G?

, A
é‘AkerBP $sam LCGG  govmu sl:nlumlmllger -]
DEA

OED " ﬁ S AkerSolutions ﬁ
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oMV & eni NTNU Strategy for
Lundin® 3 MAERSK 3 petoro encie I Norge € Tecniv Oil and Gas
ke urther What are the major challenges for the O&G industry on the
@ ’¢ REPSOL L ConocoPhiIIips ][\:Zng:;::ﬁ;tf:reg;?:tsi::gmthefutureandthecontmbuuon

BRU21 Report — NTNU Strategy for Oil & Gas www.ntnu.edu/bru21

32 Open report. Available by websearch


http://www.ntnu.edu/igp/bru21

BRU21 Report

CONTENT
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Engineering
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BRU21 - Digital & Automation Solutions for O&G

BRU21 - NTNU Strategy for Oil and Gas
Six areas identified in the fact finding meetings

New business Environmentally
models friendly production

NTNU Research and Innovation cicency e | s
boostin care B

Program in Digital and |
- . automation snl tions
Automation Solutions for \
Field development Barents sea
the O&G IndUStry Enabling Petroleum

Technologies
Late Ilfe challenges /

© @ NN U

Petroleum
Engineering

34




BRU21 - Digital & Automation Solutions for O&G

BRU21 - NTNU Strategy for Oil and Gas
Six areas identified in the fact finding meetings

Environmentally

New business
friendly production

NTNU Research and Innovation L e A s
H Hp | boos are =
Program in Digital and g

Barents sea

Automation Solutions for |
the O&G IndUStry l Enabling Retroleum ‘

Technglogies '
Late life challenges [/

Petroleum
Engineering




BRU21: Multidisciplinary expertise across NTNU

7 departments / 4 faculties at NTNU

Geoscience
and
. Petroleum—

)

. NTNU Program in
Cybernetics & Data Technolo
v &) | Digital & Automation | <) BY

Robotics & Cyber Securit
Solutions v v
I s ===
ecnnologle
Human & O C =
Work Processes
NTNU Ocean NTNU Digital NTNU Energy




Bridge (In Norwegian: Bru) between Digital and Petroleum domains

Petroleum

)

Digital and automation

(I Ny Iy Iy Iy N I

Drilling & Well engineering
Reservoir modelling and simulation
Field development

Production technology

Subsea engineering

Geophysics

Reliability, Maintainance and Safety
Economic modelling

Organization and work processes

I I N Wy Ry

Big data analytics

Autonomy and robotics

Machine learning and artificial intelligence
Automatic control

Data-driven and model-based optimization

Automatic estimation, identification and
detection methods

Stochastic programming
Integrated digitalized operations

Cyber security

& NI'NU




BRU21 Innovation model

Scaling up to 40 PhD/PostDoc Company Business Cases Educational aspect:
And 40 use cases Use cases During 3-4 years
U 40 PhD & 240 Masters
J
I |

Industrial Supervisor

1 Professor 1 MSc

Petroleum % % Petroleum/year

1 PhD/Post Doc
1 Professor % 1 MSc
Digital Digital/year

I

{

Technology, Innovation & People




BRU21 value chain and Industry partners

Industrial partners

Lundin® 4

Norway

@ AkerBP3

»
GASSCO
TechnipFMC
2

BNTNU o P.hD/PostDoc
Financed by:
v Industry: 17
v NTNU: 9
Dr||||ng v Total: 26
development and v' Goal: 40
and economics well

3 PhD 4 PhD

. Reservoir
Exploration Cross-over management @
efficiency Innovation Production ’
1PhD Education optimization
1 8 PhD

PostDqe

New Operations, PO
business maintenance,
models [safety & security 4

3 PhD 4 PhD

My focus

Industrial partners

Y
equinor
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BRU21: Digital and Automation Solutions for O&G Industry

Academic team: 19+ professors

Wis e ex

26 PhD / PostDocs

R RELO) B8

Alexey Ole Morten  Lars Erik Morten Stephen Thiago Joakim Rostrup  Kurdistan Semyon Mathilde Abu Md
Pavlov  Aamo Imsland Monteiro Hovd Wolthusen Limassilva Andersen Chawshin Fedorov Hotvedt Ariful Islam
B 1=
\ : = < ‘ | A L
Milan Sigbjgrn Jon Carl Fredrik Kenneth Magnus Guowen Danil Seok Ki
Stanko Sangesland Kleppe Berg Duffaut 7 d e pa rt m e nts / 4 fa cu Iti es ¢:i::::z E:i%:;::g: Nys%ad Lei Maksimov Moon
& &) =
™ 4 /N . L~ . ‘\J ® -
Sigve Jorn Per Per Morten Verena Tom Ivar Luc Alberts Ewa Maria Otavio Fonseca Ivan Veronica
Hovda Vatn Schjglberg  Schiefloe Hagspiel Pedersen Laskowska Ivo Pirir Torres Caceres
.
>
€
Arild Mary Ann Natalii Itishree
Nystad Luntei H . . atallla 2
e unteteen 17 industrial supervisors ck
@ “ .' 0( g" ’ L
TechnipFMC Lundin &’AK@I’BP -~ ’Y NEPTUNE
Norway =A
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BRU21 projects on operations,maintenance, safety &
security

AkerBP (Ariful Islam) - Maintenance in remote operations
— “Use of robotics and drones in ‘check-and-control’ situations” 1

— Use of robotics in “hard maintenance”
— Machine learning
— Working with cognite (AkerBP) data

— Probabilistic modelling
— Working with Lundin Valve data

* Lundin (Ewa Maria Laskowska) - Predictive maintenance ﬂ
-

* Internal funded (Tom Ivar Pedersen ) - Industry 4.0 and
smart Predictive Maintenance
— Value driven maintenance
— PdM4.0

 New: CyberSecurity and SIS (start-up 1.9.2019)



https://www.linkedin.com/start/view-full-profile?_ed=0_68CkaDBr3GhRxzy2DD5ZGVEcRqGDTFUZBRVbL4HnJy_&trk=public_profile_tc-view
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Safety 4.0

Demonstrating Safety of
Novel Subsea Technologies

A joint industry research project

Headed by DNV-GL. Developed in collaboration with
SUBPRO/NTNU

Mary Ann Lundteigen (mary.a.lundteigen@ntnu.no) — Project 111 — Beijing 10-15 June 2019



Subsea challenges and opportunities

« Cost-pressure and harsh operational conditions call for radical and innovative
production and processing solutions

«  While the Norwegian regulations encourage innovation, existing safety standards used
by the industry restrict the envelope of solutions and may impose excessive costs

« All-electric and digital technologies are challenging existing safety philosophies,
but also provides new opportunities for risk management

- How do we assure that these new subsea technologies are safe?

e
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"Subsea processing and gas compression represent the next generation oil and gas

recovery, taking us a big step forward,” she says.

* Late life
extensions of
brownfields
require new
subsea
systems, such
as boosting

Source: Equinor homepage

Mary Ann Lundteigen (mary.a.lundteigen@ntnu.no) — Project 111 — Beijing 10-15 June 2019



All-Electric system simplification potential

Less topside equipment

| Distributed controls architecture and
‘l removal of hydraulic distribution

—

Reduced size of Umbilicals

XMTs smaller and lighter
J

S Akersolut

Mary Ann Lundteigen (mary.a.lundteigen@ntnu.no) — Project 111 — Beijing 10-15 June 2019



Objective of Safety 4.0

Enable and accelerate up-take of novel subsea solutions

by developing a framework for standardized
demonstration of safety

This will be done through developing a new risk qualification framework:

modular, facilitating reuse of safety arguments

addressing safety from a systemic and life-cycle perspective, and
incorporating Petroleum Safety Authority’s uncertainty-based risk
definition

developed based on relevant use cases together with industry partners

Mary Ann Lundteigen (mary.a.lundteigen@ntnu.no) — Project 111 — Beijing 10-15 June 2019



Key project data

. Schedule: 2018-2021 (3.5 years)

. Budget: 19 MNOK (approx. 1.8 Mill Euro) (9 MNOK from the
NRC, PETROMAKS?2)

. PSA: Observer
. Funding one PhD (NTNU) and one postdoc (UiS)

NTNU

Universitetet
DNV-GL Norwegian Universily of LI i Stavanger
Science and Technology

g

equinor %< ¥ TechnPRMe k= AkerSolutions

" 5
2 NEPTUNE ' A D5
E OneSubsea  EL S Lundin FAIDED

CV) The Research Council
A

of Norway
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Po()dan(al Volume and Regulated Pressure for a Subsea Closing Event

#  Measured
Simulated

o
o

Separation &
independence

Total Volume, m*

Integration &
complexity

Regulated Pressure, Pa

Cameron XT (picture source: Oil & Gas Journal)

Mary Ann Lundteigen (mary.a.lundteigen@ntnu.no) — Project 111 — Beijing 10-15 June 2019 @ NTNU
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- Uncertainty in demonstrating comp/ianée towards regulations and standards

Hydraulic with spring Electric with spring All-electric (no spring)

Power : : P Power
Hydraulic —JMG """ —I'-l'u

" Control i z

* While regulations are flexible and functionally based — still a challenge to demonstrate compliance for new technologies

NORSOK standards and 070 guideline referred to by regulations require de-energize to safe solutions and prescribes “spring return ”

* The new solutions offer much better diagnostics, but introduce different failure modes — requiring novel way of demonstrating safety.

Mary Ann Lundteigen (mary.a.lundteigen@ntnu.no) — Project 111 — Beijing 10-15 June 2019 B NTNU



Il

- Requirements for subsea processing are not well defined

'
-
E

Physical separation and

independence Integration Scrubber

Compressor

& logical separation/independence

- AN
Y Y

Current design Potential new design principles
principle

Pic. source: Nanda Anugrah Zikrullah

: - —

¢ Separation and independence of process and safety control system is a key safety principle applied in the industry
» Can designs with shared controllers or shared sensors be acceptable?
—
* Requirements for subsea processing technology are largely based on topside requirements
» Are there alternatives to use of Safety Integrity Level (SIL) to demonstrate high quality of the control system providing equipment protection?
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* With new technologies such as all-electric, better diagnostics will be offered through monitoring.

Monitoring may allow for a different and more optimized operation because we know that we can manage the risk online

* New methods to take advantage of these opportunities need to be developed (such as how to link the monitored data to status of your system, etc.)
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Outputs from Safety4.0

Overview

(2.1)

Path to safety demonstration

Subsea hazards and challenges

(22

Regulatory requirements and
intent subsea (2.2)

WP 3 - Tests & demo.

(Use cases)

¥

Risk assessment principles (technical notes)

Assessing safety from a systemic and life-
cycle perspective (2.2)

Uncertainty-based risk (2.3)

uc1:
All-electric
safety systems

Safety philosophy and design principles (technical notes)

ucz:
Integration of
process control
and safety
(3.2)

System design
principles and SIL
allocation (2.4)

New fail-safe
principles (2.4)

Independence (2.4)

Distributed vs.
centralised safety
functions (2.4)

Hardware vs. software
dependence (2.4)

Guidelines

Generic/standardized
structured argument
for safety (2.1)

Assessing subsea risk
and setting functional
requirements (2.2)

Structured argument
for risk assessment
quality (2.3)

Method for analysing
system safety (2.4)

Condition monitoring
and diagnostics (2.5)

ucs:
Efficient use of
sensors and
data analytics
(3.3)

Modular safety demonstration framework (2.1)

Two-stage rocket illustrating Safety 4.0 results

Guidelines and examples
for what needs to be
done on a project-by-
project basis

Common basis,
i.e. genericrisk picture
description, argument
structures
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PETROMAKS 2 project (2019 — 2022)

Automated process for the follow-up of Safety-
Instrumented Systems (APQOS)

Project Responsible: Erik Korssjgen, Kongsberg Maritime
Project Manager: Lars Bodsberg, SINTEF

A PETROMAKS innovation project with funding from the Norwegian Research council & 11 industrial
partners

& AkerBP R AkerSolutions ConocoPhillips ‘..‘ loyasregter Lundlin ¢ REPsOL SAFE[EC SIEMENS "B reeorcoronmon

. . Consulting Norway
KONGSBERG equinor

NTNU - Trondheim
SINTEF Narwegian University of
Science and Technology
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About the project

Goals:

1. Enhance the use of digitalization for performance monitoring of SIS:
Develop specifications and methods that simplify and automate data
collecting, analyzing, and sharing failure data for safety-instrumented
systems

2. Simplify and align design documents and equipment inventory formats
to better prepare for digitalization in operation

Project schedule and funding:

 4years

* Funding by industry partners and research council of Norway

* Industry partners among the PDS forum participants (www.sintef.no/pds)
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Current situation

Visualization

\ETIVE] reporting of ' Failure Technical Integrity Management Portal
errors and faults classification, e

Reliability

: : : erformance
Online diagnostics * P :
analysis,
Selection of
Event tracking systems '

corrective
actions

Source: Norsk olje og gass
(Equinor presentation)
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Why this project

Use of resources

A large amount of failure
data are manually
registered, and are not
from online monitoring
systems

Reduced use
of resources

Data collection &
structuring of data

» Time

Today With new applications

https://www.sintef.no/en/projects/automatized-follow-up-of-safety-instrumented-systems/
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APOS main tasks

1. Automated follow-up of
safety-instrumented systems
(for application in operation

phase)

H1 Guideline on common «rules» for reporting and classification of SIS failures
H2 Specification of automated data classification, including use of Machine Learning
H3 (Updated) Guideline on the follow-up of Safety-Instrumented Systems

H4 Standardized and simplified templates for SIS documentation

H5 Standardized object model for SIS components

H6 Specifications for new and modified information management system (IMS)
applications

H7 Updated (and digitalized) Data dossier for reliability (PDS) data

2. Preparation for automated
follow-up of safety-
instrumented systems (for
application in design phase)
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APQOS Partners

ﬁéig S .' T "
& AkerBP B AkerSolutions ConocoPhillips .0 Loy Register hggdin‘ “~ REPsOL SAFETEC SIEMENS "B e comonnon

‘ Consulting
KONGSBERG equinor

NTNU = 'l\'u_ndh(:i :
SINTEF |0 e

All are among partners in the PDS forum (www.sintef.no/pds )
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i PDS zgieik;ill:z/t(r)ljmented Systems SF
PDS forum and PDS method

* Include 20 of the key industrial
partners from oil and gas industry,
plus research (NTNU and SINTEF) _ __

« Develops PDS method and PDS data e
handbook for reliability calculation of
safety-instrumented systems

« Two yearly seminars among PDS
forum partners

* Initiates research projects and
develop industrial practices for
sharing ﬁ

« See www.sintef.no/pds
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Summing up

« Several interesting ongoing research projects that may
frame oil and gas industry in direction of (e.g.):
— Digital and automation solutions
— Faster adaption of new technologies for safety applications
— More efficient follow-up in the operational phase
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Questions?
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