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Topics covered

• Overview of GL 070 (Norwegian Oil and Gas)

• Meaning of SIL – safety integrity level

• Meaning of Minimum SIL requirements

• How they are established

• How they are used

• Thoughts on the relevance for autonomous waterbuses



Background: Guideline NOROG 070
• Developed as joint industry project

• Aim: Simplify the adaption key standards on design and 
operation of electronic and programmable safety systems.

• Agree on best practices for the standards’ requirements on:
• Planning and life cycle activities

• Risk-based analyses

• Documentation

• Follow-up in operational phase

• Interpretation of independence

• Preserve well established safety design philosophies with 
minimum SIL requirements (“equivalence principle”)

• Referenced by Petroleum Safety Authority

1. Edition 2001
2. Edition 2004
3. Edition 2016
4. Edition 2020



What is safety integrity level (SIL)?
• Safety performance measure for safety functions that rely on 

sensors, controllers, actuators,…

• Introduced in IEC 61508

• Four levels (SIL 1  to SIL 4)

SIL has two implications:

• Defines range for failure measures (makes the link to risk 

acceptance) 

• Defines rules that frame design and operation/maintenance

• Work processes

• Competences and roles

• Safe design principles

• Software program development

• Data collection and analysis

• ….

SIL PFD - failure 
probability

4 ≤  0.01%

3 ≤  0.1%

2 ≤  1%

1 ≤ 10%

SIL table in IEC 61508



Minimum SIL requirements

• Benchmark concept coined by GL 070

• Predefined SIL requirements (1-4)  for typical/ commonly used 
safety functions (“achieving functional goals”)

• Why?

• A wish to preserve good engineering practice – despite the use of 
risk-based approaches (“standardize where possible“)

• Avoid that risk-based approaches are used to justify lower safety 
levels than in the past 



Focus of next slides

1. Explain how minimum SIL requirements have been 

developed

(“As benchmarks in GL 070”)

2. Explain how minimum SIL requirements are used

(«When designing a new system»)



Identify typical safety 
functions

•Standards

•Regulations

•Best practices

Estimation of 
historical safety level

•Reliability data

•Failure statistics

•Assumptions

Agree on safety level 
→minimum SIL req.

•Uncertainty

•Continuous 
improvement

Developing minimum SIL requirements

Steps leading up to requirements in GL 070



Minimum SIL requirements



Safety function: 
Isolation of subsea 
well

Estimation of 
historical safety level

SIL 3 level required for closure of 
specific critical valves

Example



Application of minimum SIL
HAZID of new 
facility/system Identified list of 

safety functions

On the
list of  

typicals
?

Risk-based approach to 
SIL requirement

Apply minimum SIL 
requirements

YesNo

Next
function

Design & demonstrate



What if…

1. Replacing electro-hydraulic 
valves with all-electric & battery 
assisted fail-safe closure

Existing minimum SIL requirement 
applies. It must be demonstrated that 
the new realization still meets the 
minimum SIL requirement

2. A situation awareness 
system is replacing 
operator

A new minimum SIL requirement is needed. New potential 
risks? Human-machine interfaces for remote monitoring?
For the technical part: Should the new system be at least as 
reliable as operator under best scenario («trained» and “low 
complex situations”) (e.g. < 0.01)

Sensors w/ sensor 
fusion

Logic
Actuated 
devices

Operator PB Logic
Actuated 
devices

Min SIL Min SIL



Relevance to autonomous waterbuses?

• Benefit from developing a common recommended 
practice?

Some thoughts:

• A standardization opportunity (cost-efficient, 
consistent safety target)
• Possible to establish a conceptual (Semi) autonomous 

waterbus system as basis? (Common assumptions)

• Name typical safety functions?

• Benefit from establishing a set of well 
communicated safety functions and performance 
criteria to achieve public acceptance?

Performance level?



Comments? Questions?

Professor Mary Ann Lundteigen | institutt for teknisk kybernetikk

E-mail: Mary.a.lundteigen@ntnu.no & https://www.ntnu.edu/sfi-autoship

GL 070 is found here: 
https://norskoljeoggass.no/en/working-conditions/retningslinjer/health-

working-environment-safety/technical-safety/070-guidelines/
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