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A Smart Maintenance approach towards
extending the lifetime of existing Norwegian oll
and gas installations

A BRU21 project with NTNU and OKEA



Background of the PhD project

| BS54 BRU21

Better Resource Utilization in the 21st century
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The OKEA journey continues

OKEA is Acquiring Grevling to assess Closing of the Yme Acquire Draugen and Listing at Oslo Bars Roadmap to future
founded development acquisition Gjga from Shell value creation
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Draugen Life time Extension — Work Process
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- Long Range Plan - Vision and Strategic Priorities

Vision: Draugen 2040+
e s

Safe Production

Environment

Well and
Reservoir
Potential

Production,
Availability and
Reliability

Cash Flow

People and
organisation

O«

No harm no leaks

Prudent Operator and
Partnership

Ultimate Recovery beyond 70%
Prove additionalreserves
Develop Draugen as hub

Production to beat the plan
Availability 91%
Reliability 95%

Always cash positive
Robust at 40 dollar/barrel
TQ performance among
competition

Engaged and competent people
Robust organisation

Short Term <2023

Build/maintain a strong safety culture
Evaluate WE and safety improvementsin
lifetime extension project

Environment and energy management plans

Establish a water disposal strategy
Further mature Power from Shore
Flare Gas Recovery decision
Electrification of PWRI pumps decision

Identify and execute IOR projects
Identify infill drilling targets
Explore prospects nearby the field
Develop Hasselmus project

Be an attractive hub to nearby
discoveries

Acreage management (APA)

Water flooding strategy incl. NWIT

Maximise well productivity, PSO and
surveillance

Ensure technical integrity long term
Power robustness

Equipment lifetime review and
extension

New technologies and digitalisation

Cost effective operations
Mature Draugen 2040+
Application for consent Draugen LTE

LTE cost and engineering requirements

Contract strategy enabling cost reduction

Activity based budgeting and cost ownership

Benchmark to assess and improve

Recruitment/Apprentices/Succession
Continuous improvement culture
Agile and flexible organisation
Human Engineering (MTO)

Strong 3rd party cooperation

Medium Term 2023-2035 Long Term >2035+

Maintain a strong safety culture
Safe execution of projects

Implement WE and safety improvements in

lifetime extension project

Continuously improve environmental
footprint

Continuously improve energy efficiency
Implement water disposal strategy

Continued identify and execute of IOR
projects

Development of near field discoveries
Continued near field exploration
Improve reservoir understanding (new
data)

Evaluate and perform new 4D seismic
Tie-backs / 3rd party processing

Maximise well productivity, PSO and
surveillance

Maintain technical integrity

Define «harvest modex»

Kick off abandonment decision

New technologies and digitalisation

Cost effective operations

Contract strategy enabling cost reduction
Activity based budgeting and ownership
Define cost-effective decom strategy

Recruitment/Apprentices/Succession
Focus on retention

Continuous improvement culture
Agile and flexible organisation
Human Engineering (MTO)

Strong 3rd party cooperation

Maintain a strong safety culture
Health and safety in decommissioning

No leaks

No acute discharges
Compliant and sustainable
decommissioning

Harvest mode

Harvest mode

Maintain technical integrity
Maximise well productivity, PSO and
surveillance

Cost effective operations and decom
Investment «ramp down»

Contract strategy enabling cost reduction
Activity based budgeting and ownership

Retention of key competence
Continuous improvement culture

Agile and flexible organisation

Human Engineering (MTO)

Strong 3rd party cooperation
Organisation and people plan for decom
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Analysis
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The QUA4LITY EU Project

QUXLITY

Objectives

Ou4lity will realise a radical shift from state of the art production guality methods to the disruptive Autonomous Ouality [AQ) concept, through enabling

manufacturers and solution providers [including SMEs] to develop, validate, deploy and adopt innovative Cognitive Manufacturing solutions for ZODM.

Specification of concept & Integration and interoperability

reference architecture for of digital automation

Autonomous Quality and technologies towards
Cognitive Manufacturing for ZDM trustworthy digital continuity

Open, composable, standards-based implementation of cognitive
manufacturing processes and solutions for AQ

Establishment of ZDM Virtualized innovation hub & multisided market
experimental facilities platform for Autonomous Quality

- Certification of AQ

solutions testbeds

B NTNU | sacEandrecnoivey

ZDM equipment platforms
enhancement, integration and
customization

Lighthouse large scale pilots
and demonstrations

Community building

and engagement of
SMEs




Continental: Autonomous Quality in PCB Production for Future Mobility
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Challenge
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Analysis

« PCB data is stored in a datalake in 3 dimensional
datasets, where 30-40 columns and about 1700 rows
describe one unique PCB

» Extraction of data from datalake

* Preprocessing and formatting for analysis
 ldentifying critical variables using domain expertise
* Deciding on the most suitable method

® NTNU | bNorwegian tniversity of
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Descriptive and exploratory analysis
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Histogram (with Normal Curve) of Operating Current
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Multivariate analysis

Test and Cl for Two Variances: Average sigma; Average sigma_1
Ratio = 1 vs Ratio # 1

95% Cl for of{Average sigma) / ofAverage sigma_1)

F-Test

i P-Value 0,000

04 05 (i1 o7 08 0o 1.;3

95% Chi-square Cls for o

Hyerage sgma -
Ayerage sgma 1 L ]
0.2 03 04 0% (11 o7
Boxplot of Average sigma; Average sigma_l
Hyerage sgma ] 3
Ayerage sgma 1 | I | * * *
1] 1 2 3 4

Norwegian University of
Science and Technology

@ NTNU |

Mahalanobis Distance
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and Mahalanobis D
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var(x)
var(y)
var(z)

covar mat=
X

y
z

inv covar=

11,5
1250
110

IStance

covar(xy) 50
covar(xz) 34,75
covar(yz) 205
X y z
11,5 50 34,75
50 1250 205
34,75 205 110
3,688519 0,062731 -1,28214
0,062731 0,002219 -0,02395
-1,28214 -0,02395 0,458771
tmp= -1,90511 -0,03182 0,561149
MDsq= = 2,084269
wo- [



Formatting and preprocessing

GUI construction based on SINTEF
algorithm

Dataset extraction
and insertion

Data analysis
pipeline

Production and
test data

Anomaly detection algorithm

Automation of analysis through Python
script

< 1 sec analysis execution
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