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Tema som dekkes

1. Kort om SFI SUBPRO
— senter for subsea produksjon og prosessering.

— Kort om RAMS relaterte prosjekter i SUBPRO

2. Selve hovedtemaet:
Status og mulige “mangler” i regelverk og standarder
knyttet til utforming av subsea sikkerhetssystemer

Noen slides vil veere pa engelsk. Beklager blandingen.
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Kort om SUBPRO
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iSUBPRO
SKFI SUBPRO

o Senter for forskningsbasert
Innovasjon etablert |
Innenfor subsea produksjon og
prosessering

« Senterleder Sigurd Skogestad pa
kjiemiteknikk. (Mary Ann
Lundteigen nestleder)

« Flere disipliner involvert, deriblant
miljget ved NTNU

20 PhD og postdoc — 32 millioner | :
arlige midler 7 Slie g

e Tett kobling med industripartnere



http://www.ntnu.edu/subpro

i SUBPRO
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i SUBPRO

5 fokusomrader

1. Field Architecture:
Felt-lasninger & byggeklosser

sfi- SUBPRO

wesss SUBSEA PRODUCTION AND PROCESSING

2. RAMS* (mer detaljer etterpa)

3. Systems Control:
Regulering av krevende prosesser, eksempelvis
kompakte
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4. Fluid Characterization:
Forsta fenomener pa “nano-niva”, forbedre

modeller)

5. Separation concepts: Arsrapport kan lastes ned fra:
Kompakte Igsninger, nye teknologier som www.ntnu.edu/subpro.
membran. Flerfase separasjon, vann-
oljeseparasjon)
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Research areas and Sub projects

sfi” SUBPRO

Field architecture
Sigbj@rn Sangesland

RAMS
Mary Ann Lundteigen

Separation —
Fluid characterization

Johan Sjoblom

Separation Process Concepts
| _]

Hanna Knuutila

System Control
Sigurd Skogestad

1.1 Subsea gate box
Sigbjgrn Sangesland
Mariana Diaz

3.1 Safety and control
philosophy

Mary Ann Lundteigen /
Hyunglu Kim #

2.1 Produced water
quality

Gisle @ye

Marcin Dudech

1.2 Field development
concepts

Milan Stanko

Diana Gonzalez

1.3 Booster models
Sigbjgrn Sangesland
Jesus De Andrade
Gilberto Nunez

3.2Reliability and
availabilit in design
Mary An’i Lundteigen
/Juntac, Zhang

3.3 Condition/ prognostic
maintenance

Anne Barros

Yun Zhang

Fokus her i dag!
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2.2 Particle formation
and transport
Kristofer Paso

Jost Ruwoldt

2.3 Sequential separation
Johan Sjoblom
Are Bertheussen

2.8 Mass transfer and
adsorbtion

Brian Grimes / Aleksandar
Yordanov Mehandzhiyski

2.4 Membrane and
contactors Liyuan Deng /
Kristin Dalane

2.5 H ,S and hydrate
control

Hanna Knuutila
Eirini Skylogianni

2.6 Particle breakup
Hanna Knuutila / Eirini
Skylogianni

2.7 Fluid particle
breakage

Hugo Jakobsen
Erik Helno Herg

2.9 Compact separation
Milan Stanko / NN

3.4 Model library, subsea
processes

Sigurd Skogestad
Christoph Backi

3.5 Control oriented
modelling

Olav Egeland
Torstein Kristoffersen

3.6 Control of demanding
processes

Christian Holden
Sveinung Johan Ohrem

3.7 Estimation, un-
measurable variables
Johannes Jaschke
Tamal Das

3.8 Remaining useful life
estimation

Johannes Jaschke /
Adriaen Verheyleweghen




Bakgrunn og fokus

Subsea forhold fra

“topside” forhold:
— Risikoforhold
— Fysisk tilgang
Tilgjengelighetskrav

Behov for
filosofi for kontroll og sikkerhet
subsea

Farste aktivitet har veert a
gjennomfgre en status og gap
analyse naveerende lgsninger

Primaert fokus pa

New safety and control philosophy

Project manager, Prof
Mary Ann Lundteigen

- -

Postdo, Hyung Ju Kim

Ce-supervisor,
Assaciate Prof. Christian
Holden,

The main objective in this project is to develop
a new control and safety philosophy for subsea
systems. The new philosophy aims to overcome
some of the challenges of implementing such
systems with basis in slandards developed for
topside conditions, and to ensure that the subsea
safety risks and subsea operating environment are
fully captured. It is a need to reduce complexity of
systems and their interaction, while maintaining a
high integrity of critical functions.

The first year of the project focuses on detailing
the challenges of existing subsea control and
safety systems, identifying subsea risks associat-
ed with different subsea field architectures and lo-
cations, and investigating industry practise on the
application of risk acceptance criteria for safety
and asset protection functions. We have seen

New control and safety philasophy

Figure 7. Key steps towards new philosophy

a significant interest from industry partners on
this topic. One issue already identified during the
interaction is the oppartunity to learn from recent
subsea processing installations, like Asgard sub-
sea compression. During the first half year of the
project, industry partners have contributed with
specific input in dedicated workshops and reports,
both on understanding challenges but also on
framing conditions for future field developments.
This insight will be used to propose, with support
from industry, some preliminary (and conceptual
alternative architectures. These alternatives will
be discussed, iterated, and evaluated against
regulatory requirements and subsea risk condi-
tisns. An cutcome of the project is new knowledge
and new principles that may be further adapted
into new or existing standards on subsea design
and operation.

= =

D%
Em
=

Figure 8. Main tasks of subproject




Formalet med presentasjonen her i dag

 Fortelle hva vi har sett pa sa langt

¢ Fa pa vinkling og realiteter

* Avdekke for PDS-forum og
aktiviteter

¢ Fa til (nye/andre) problemstillinger
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Status og gap analyse

Her blir det en del engelske slides
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Fremgangsmate

Kartlagt status:
1. ldentifisert risikoforhold og barrierer subsea

2. Gjennomgatt standarder og regelverk som
gjelder subsea

3. Fulgt med i diskusjoner i industrien

|dentifisert problemstillinger («gap»)
relatert til filosofi for sikkerhetssystemer




2. Safety in subsea environment
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2. Effectiveness of different barrier elements

DHSV SSIV
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Implementation (very simplified)

Production

Processing

 Wellisolation and SSIV closure
by topside ESD (topside power
isolation)

* No PCS

e Stand-alone HIPPS

e Trip signal also sent subsea

e Often A/B sensor

* Local PSD/trip functions
 PSD and PCS separated
 A/B sensors for both

* No sharing of sensors

* High complexity
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Safety barriers — summed up

For production systems: For processing systems:
 Well isolation « Local PSD/trip functions
 HIPPS (if installed) * Mainly to stop leakage and trip
o SSIV (if installed) equipment:
Installed to protect against — Most functions are to avoid damage of
“highest subsea risks” equipment
(personnel and environment) — Some are to prevent hydrocarbon
leakages
Remarks:

« EXists a number of means to isolate
leakages as long as they are detected

* Introduction of new types of subsea
processing units — e.g. subsea oil in
water separation may call for new
functions to protect environment

@ NTNU



Regulations and standards applied for
design of subsea safety systems

» Facilities Regulations of The Petroleum Safety Authority Norway (PSA)
 OLF GL 070 of the Norwegian Oil and Gas Association

« NORSOK S-001, Technical Safety

« NORSOK I-002, Safety and automation system (SAS)

« NORSOK P-002, Process system design

« NORSOK U-001, Subsea Production Systems

« |SO 10418, Offshore production installations

e ISO 13628-1, Design and operation of subsea production systems - Part 1

* 1S0O 13628-6, Design and operation of subsea production systems - Part 6
« API17N




Norwegian Continental Shelf

International Standards

/

,[ NORSOK P-002 }‘:::_—: ______

XY ~aa T T

34. Process
safety system

shutdown

PSA Facilities Regulations
33. Emergency

8. Safety
functions

.

Applied subsea & subsea

Tailor-made for subsea

Topside only

ISO 4126

ISO 23251
ISO 10418

v

ISO 10417
ISO 13702
ISO 13849
IEC 61508
IEC 61511

ISO 13628-1

ISO 13628-6

|_ Pressure relief
Safety valves

Process design

Sub-surface
valves

Control &
mitigation of
fires and expl

Safety of
machinery

_  Functional
safety

Subsea
production
systems




Status versus gaps: Facility regulations

1) Facilities Regulations — PSA

Status Gaps
* Applies for topside and subsea production | * May be questioned if subsea processing
and processing must have an independent (two level)
process safety system (in light of risks
e ESD should be independent (33) and risk level)

* Facilities ... shall have a process safety

system (34) » Difference between safety of subsea
production (i.e. well isolation) and safety
* The process safety system shall have two of subsea processing not recognized

independent levels of safety (34)

@ NTNU



Status versus gaps: GLO70

Status Gaps
e Commonly used for implementation of safety | Processing:
functions topside and subsea * Does not address whether SIL is applicable
for functions that are not strictly for safety.
e Builds on IEC 61508 & IEC 61511, but extends Like asset protection.
with best practise implementation of
requirements e Does not suggest solutions for sufficient
level of independence for asset protection
e Suggests minimum SIL requirement for functions. Implementation in PCS for low
subsea isolation of well (A.13) “AIL”? Possibility to share e.g. sensors that
- topside ESD are mainly for enhancing availability? (“App
G”)
* No safety instrumented functions for subsea
processing defined with minimum SIL Production:
requirements e ESD isolation at topside for subsea. Is this a
acceptable solution for all subsea field
solutions?

@ NTNU



Status versus gaps: NORSOK $S-001

Status

Gaps

e Commonly used for design of ESD and PSD
philosophies for topside and subsea

Design principles advocated:

* Two independent levels of protection shall be
provided for process safety (9.4.1)

e PSD shall be independent from PCS (9.4.1)

e ESD valve may be used as a PSD valve with
separated signals and solenoids (10.4.2)

e ESD functions shall be functionally and
physically segregated from others (10.4.7)

e ESD hierarchy: APS — ESD1 — ESD2 (10.4.3)

e ESD response time < 2 s/in (10.4.5)

Production:

e Isolation (on ESD) achieved by topside
isolation of power. This type of action may not
be suitable for all subsea field solutions?

Processing:

e Isitaneed to always require full independent
PSD from PCS?
(achieving same dependability, while less
abruptions that require marine
interventions?)

 Need for equipment protection philosophy?
(separate from PSD philosophy). Perhaps a
point that belongs to NORSOK P-002.

@ NTNU




Status versus gaps: Process design

4) NORSOK P-002 & ISO 10418

Status Gaps

e P-002: Referred by PSA Facilities Regulations e Directed to topside process design. In lack of
and NORSOK S-001 for process safety systems similar subsea standards, principles are often

adopted also subsea.

e |SO 10418: Referred by PSA Facilities
Regulations, NORSOK S-001, I1-002, and P-002 | Many subsea PSD functions are to protect

subsea equipment.

Subsea process systems are not adding new

e PSD and ESD shall be independent (6.1 in P- volumes, and in many cases not introducing
002 & 6.2.5in I1SO 10418) pressures above design constraints.

* Full separation of control and PSD often

e Safety system shall provide two levels of result in extensive duplications of sensors.
protection (6.2.9 in ISO 10418) Adds complexity and potentially more

failures that require marine operations.
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Status versus gaps: Subsea production

5) ISO 13628-1 (general) & ISO 13628-6 (subsea control systems)

(API 17 series, NORSOK U-001)

Status Gaps
* Focused on design of subsea production General:
systems, not processing, however, some * Do not consider all-electric
requirements are applied for both. * May need to rethink some elements of
philosophies (ESD) for more remote subsea
ISO 13628-1.: fields?
e General requirements
e Barrier philosophy (5.5.3) Reflections:
* No specific for subsea processing. Should be
ISO 13628-6: introduced as a new part ISO 13628-x? or
* Fail-safe philosophy (5.5.3) new ISO standard?
e Response time (5.5.4)
» Subsea electrical distribution and hydraulic e Transferring philosophies from this standard
distribution shall be redundant or include overly complex solutions for subsea
spare (5.4.5) processing — with the potential to cause
* ESD and optional PSD initiated from topside operational problems later
(7.4.9)

@ NTNU



Status versus gaps: IEC 61508/IEC 61511

6) IEC 61508 & IEC 61511

Status

Gaps

IEC 61508 & IEC 61511:

Used for design of safety instrumented
functions subsea

Applied for asset protection functions as
well as functions introduced to prevent
environmental leakages

Sometimes claimed that the standards lead
to excessive redundancy, but main reason
for adding redundancy (at sensor level) is
general requirements about high
availability (A and B system)

No clear position taken by process sector
on how to treat equipment protection. IEC
standards are not required to use for asset
protection (next slide).

Not necessarily the case that all design
principles in IEC 61508/1EC 61511 give
optimal solutions for asset protection?

Need for a separate philosophy for subsea
on how to ensure reliable asset protection
functions, but not necessarily in full
compliance with IEC 61508/IEC 615117




IEC 61508 & asset protection

This International Standard

- considers all relevant overall, E/E/PE system and software safety lifecycle phases (for
example, from initial concept, through design, implementation, operation and maintenance
to decommissioning) when E/E/PE systems are used to perform safety functions;

— has been conceived with a rapidly developing technology in mind; the framework is
sufficiently robust and comprehensive to cater for future developments;

— enables product and application sector international standards, dealing with E/E/PE safety-

“Telated systems, 10 De developed, the development of product and application sector
international standards, within the framework of this standard, should lead to a high level of
consistency (for example, of underlying principles, terminology etc.) both within application
sectors and across application sectors; this will have both safety and economic benefits;

Et argument for @ lage noe konkret for subsea?

[IEC 61508-1,
Introduction]
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Application of IEC 61508

AN LA e

f} iz mainly concerned with the E/E/PE safety-related systems whose failure could have an
impact on the safety of persons and/or the environment, however, it is recognized that the
consequences of failure could alsg_have serious economic implications and in such cases
this standard could be used to specify any E/E/PE system used for the protection of
equipment or product;

[IEC 61508-1, section 1.2]

ovenfor (sammen med selskapenes egne ) har medfart
at IEC 61508 OGSA anvendes for funksjoner der risikoen i hovedsak er forbundet med
tap av utstyr og verdier.
» Jeg mener at det ikke er pdkrevd G bruke standarden til dette, dersom andre Igsninger
kan bidra til bade god sikkerhet og bedre tilgjengelighet.
e 0gsd pd dette punktet kan det vaere hva som er d gjdre topside og
hva som er riktig G gj@re subsea.

@ NTNU



3. Refleksjoner og diskusjon




Oppsummert

Produksjon:

 ESD isolering topside for subsea tilstrekkelig lgsning for
alle typer feltlasninger?

Ny ESD filosofi med all electric?
Prosessering:

» Regelverk skiller ikke pa subsea prosessering og subsea
produksjonsystemer

 Riktig a alltid ha (separat) PSD system for subsea
prosessering?

« Riktig a handtere utstyrsbeskyttelse som om det var
sikkerhetsfunksjoner? (Samme krav til Igsninger for SIL
og AIL?)




Riser
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Til diskusjon

+ Refleksjoner og tilbakemelding pa vinkling og
realiteter?

 Relevans for PDS-forum og aktiviteter?
« Fainnspill til (nye/andre) problemstillinger




Takk for oppmerksomheten®©
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RAMS-gruppa institutt for produksjons-
og kvalitetsteknikk

R » ; -
e - <, X

Professor

Jgrn Vatn Associate Ass?uate Professor Professor :;“ffl.a. _ Professor
rofessor ; altrinieri
(dep head & professor P Anne Barros Antoine Mary Ann
head of group)  viliu Liu Per. (DNV-GL Rauzy [Onsager Lundteigen
Schjglberg funded) fellowship]

Temporary staff:

Postdoc HyungJu Kim

Scient.ass Andreas Marhaug

Professor .
. Adjunct professor
Marvin Bjorn Axel Gran
Rausand (SJafetec funded) * PhD students (10+)
(emeritus) » Master students (25+/-)
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