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The following presentation includes forward-looking statements. These statements relate to future events, such as anticipated revenues, earnings, business
strategies, competitive position or other aspects of our operations, operating results or the industries or markets in which we operate or participate in
general. Actual outcomes and results may differ materially from what is expressed or forecast in such forward-looking statements. These statements are
not guarantees of future performance and involve certain risks, uncertainties and assumptions that may prove to be incorrect and are difficult to predict
such as oil and gas prices; operational hazards and drilling risks; potential failure to achieve, and potential delays in achieving expected reserves or
production levels from existing and future oil and gas development projects; unsuccessful exploratory activities; unexpected cost increases or technical
difficulties in constructing, maintaining or modifying company facilities; international monetary conditions and exchange controls; potential liability for
remedial actions under existing or future environmental regulations or from pending or future litigation; limited access to capital or significantly higher cost
of capital related to illiquidity or uncertainty in the domestic or international financial markets; general domestic and international economic and political
conditions, as well as changes in tax, environmental and other laws applicable to ConocoPhillips’ business and other economic, business, competitive
and/or regulatory factors affecting ConocoPhillips’ business generally as set forth in ConocoPhillips’ filings with the Securities and Exchange Commission
(SEC). We caution you not to place undue reliance on our forward-looking statements, which are only as of the date of this presentation or as otherwise
indicated, and we expressly disclaim any responsibility for updating such information.

Use of non-GAAP financial information – This presentation may include non-GAAP financial measures, which help facilitate comparison of company
operating performance across periods and with peer companies. Any non-GAAP measures included herein will be accompanied by a reconciliation to the
nearest corresponding GAAP measure on our website atwww.conocophillips.com/nongaap.

Cautionary Note to U.S. Investors – The SEC permits oil and gas companies, in their filings with the SEC, to disclose only proved, probable and possible
reserves. We use the term "resource" in this presentation that the SEC’s guidelines prohibit us from including in filings with the SEC. U.S. investors are urged
to consider closely the oil and gas disclosures in our Form 10-K and other reports and filings with the SEC. Copies are available from the SEC and from the
ConocoPhillips website.

Cautionary Statement

http://www.conocophillips.com/nongaap


Agenda
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Reliability & function testing of well barriers: 

• Background

• Requirements: NORSOK D-010 (Rev. 4)

• Requirements: NORSOK S-001 (Ed. 4)

• Comparison of alternatives



Greater Ekofisk Area
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ConocoPhillips    35,112 %
Total                      39,896 %
Eni                         12,388 %
Statoil                    7,604 %
Petoro 5,000 %

Eierskap i PL018



Background:
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Barriers (Management Regulations §5):

• What barriers are needed

• Strategies and principles for their design, use and maintenance

• The function(s) the barriers are intended to fulfill

• Performance requirements for the barriers to be effective

Source: Sintef (2016) Report no. A27623, adapted from PSA (2013), Barrierenotat

Source: PSA (2017), Barrierenotat



Background - Function Testing:
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What:    

Why: Ensure barriers are in place to maintain acceptable levels of risk 
throughout an asset’s (operational) lifecycle.

Safeguard barrier performance
• Verify barrier function, identify and correct failures.

Source: PSA (2017), Barrierenotat

Source: Sintef (2016) Report no. A27623, adapted from PSA (2013), Barrierenotat



Background – Maintenance Requirements:
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Reliability & Function Testing Requirements: NORSOK D-010

Function Testing: 
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1-1-1-3-3-3-6…



Reliability & Function Testing Requirements: NORSOK D-010

Q: What is the rational behind the 1-1-1-3-3-3-6M…test frequency?
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Reliability & Function Testing Requirements: NORSOK D-010

Reliability and Availability:

November 20, 201710

Q) What is the link between the test frequency, the reliability requirement, and risk?



Reliability & Function Testing Requirements: NORSOK D-010

Component level requirements:

November 20, 201711

Function

System

Component

What is the likelihood of shutting in the well?

What is the likelihood of each component functioning?

≤ 2%

? ≤ 2%

≤ 2%

What components is the system comprised of?



Reliability & Function Testing Requirements: NORSOK S-001 
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Reliability, Availability & Function Testing: 



Fire & Gas 
detection

Emergency 
Shutdown (ESD)

Water Fire 
Fighting

…
Emergency Power 
generation & Dist.

HVAC

Process 
Shutdown (PSD)

Safety Instrumented Systems:
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• ESD Sectioning
• Blowdown
• Isolation of topside well
• …



Reliability of Safety Instrumented Systems:

Safety Integrity Level (SIL):
• Applicable for safety instrumented systems
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If a system has an important function, it should be reliable, and the 
more important the function, the more reliable it should be.

Risk reduction framework - IEC 61508:
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Safety Integrity Level (SIL) Prob. of Failure on Demand 

(PFDavg) – low demand

systems

4 10-5 ≥ to < 10-4

3 10-4 ≥ to < 10-3

2 10-3 ≥ to < 10-2

1 10-2 ≥ to < 10-1

Source: Adapted from Norsk Olje og Gass – 070  (As shown in Figure A.1 in IEC 61508-5) Requirements: 
• Quantitative (PFD)
• Semi-quantative: Architectural constraints (HWFT)
• Qualitative: Avoidance and control of systematic faults



Safety Integrity Level:
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Ex: SIL 2, PFDavg < 0,01

Function

System

Component

What is the likelihood of shutting in the flow?

What is the likelihood of each component functioning?

Component vs. Function: 

Q: Which system has a higher likelihood of shutting in the flow? 

Q: Which system should be tested more often – to achieve the same level of safety? 

System B

≤ 2%

What components is the system comprised of?

≤ 2%≤ 2%

≤ 2%

PSD 

Top-down Approach (Functional Safety): 

System A



Determining SIL Requirements:

IEC 61508, IEC 61511: Norwegian Petroleum Industry: 
• Norsk Olje og Gass – Guideline 070:

• Minimum SIL requirements for the most common instrumented 
safety functions
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Source: NOROG-070 (ref. Figure 2 from IEC 61508-1)



SIL Example: Wells
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Safety Integrity

Level (SIL)

Probability of Failure 

on Demand (PFDavg)

4 10-5 ≥ to < 10-4

3 10-4 ≥ to < 10-3

2 10-3 ≥ to < 10-2

1 10-2 ≥ to < 10-1

Example: Standard Production Well (ref. NOROG-070)

PFD +                     PFD +      PFD 1oo3

Source: Norsk Olje og Gass - 070



SIL – Function Testing:

Implications of the PFD for determining test frequencies: 
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Proof-testing based on component performance & PFD requirement. 

λ =
𝐹𝑎𝑖𝑙𝑢𝑟𝑒𝑠

𝑆𝑒𝑟𝑣𝑖𝑐𝑒 𝑡𝑖𝑚𝑒

λDD

Revealed by self-
diagnostics

λDU

Test independent 
failures

λDU

Revealed by functional 
tests and demands

Dangerous 
failure rate



NORSOK D-010  vs. NORSOK S-001/NOG-070 – Function Testing
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Isolate Tubing
Ex: 
PFD ≤ 0,01

Isolate Ann.     
Ex: 
PFD ≤ 0,01

1-1-1-3-3-3-6-… Test More Often?

Questions: 
• How often should the component be tested? 

• What does the failure fraction imply?

• All activations included? 

• What is the effect on the ESD function reliability?

• What about previous year results?

• Concern for wells with similar components?  

• ...

• Functional requirement

• System architecture 

• Component failure rates  

Example: 

Questions: 
• Sufficient and relevant data available? 

• Are the issues well specific or is the average failure 
rate representative? 

• What data sources are used?

• Values of model parameters, e.g., common cause 
failures, test independent failures?

• Other key assumptions? 

≤ 2%

≤ 2%

≤ 2%
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NORSOK D-010  vs. NORSOK S-001/NOG-070 – Function Testing
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Well Risk Picture

Establish safety function criticality

Define performance requirements

Design functions to meet requirements

Collect data

Determine appropriate test intervals

Start with 1 month testing
Each component type: ≤2% 

Failure rate (fraction) per year

Collect data for each valve type

Successful tests: Continue 
to 3 month and evt. 6 

month freq. (until failure)

Unsuccessful tests: 
Increase test frequency

NORSOK S-001 / NOG-070NORSOK D – 010 (rev. 04)

NOG-070
(minimum req.)


