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Vintage IO
Going back to 2005…
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Sensors
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& onboard
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Broadband 
communication 
networks
Fiber optic cables & 
wireless networks

Decision 
support tools

Real-time 
monitoring, 
simulation, 

optimization & 
automation of 

operations

Process control 
systems

Vendor

Vendor

Real-time integration
solution

Semantic models
Open industry standards

Web services
Open IT standards

Operator

Automatic detection of events
• Well, process, critical equipment

Automatic evaluation of the effect of events
on KPIs 

• Production targets, costs or HSE
• From corporate to equipment level

Automatic generation of advices on how to 
manage events

Automatic processing of events

Automatic follow-up of events, e.g. actions
required to handle events

300 bill. NOK on the NCS
Source: OLF (NOG) 2005, 2008
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2015 à Similarities across industries

“Integrated Operations”
Cross Functional – Collaborative – Operations

See “One asset” – independent of “my location”

Oil & Gas

Illustrative IO Room

Picture: Statoil (Source – IO Center Trondheim)

Health
Integrated 
Operations

Cross Functional  – Collaborative
See “One Patient”
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Industry Examples – SIS Forum 2017 

BERNARD LOONEY

Chief executive, Upstream

https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/news-and-
insights/speeches/mordernising-our-industry.pdf
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Quantum
computing
• Equips physical assets 

with digital data

• Optimizes existing 
operational processes

Mobile
• Improves identity 

management and 
distribution

• Enables transformational 
business model innovations

Cyber security
• Enhances productivity by 

working autonomously or 
in conjunction with staff

• Increases worker safety

Artificial 
Intelligence 
and Analytics
• Supports staff to make 

decisions

• Identifies business-critical 
operational improvements

Blockchain
• Improves identity 

management and 
distribution

• Enables transformational 
business model innovations

Internet of 
Things
• Equips physical assets with 

digital data

• Optimizes existing 
operational processes

Cloud
• Allows data to be stored and 

accessed, and applications 
run, from everywhere

• Delivers cost-effective 
innovation quickly

APIs and 
Microservices
• Enables ecosystem partners 

to collectively innovate

Automation and 
Advanced Robotics
• Enhances productivity by 

working autonomously or 
in conjunction with staff

• Increases worker safety

Digital 
technology 
is redefining 
possibilities 
in the Oil & 
Gas industry

Disruptive forces
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Consumer-driven innovation

Digital/AI experimentation

“User applications” driving cloud
(20% of workloads)

Public cloud

CHAPTER 1

Enterprise-driven innovation

Digital/AI embedded in the business
and at scale

“Mission critical” workloads driving 
cloud

(80% of workloads)

Hybrid cloud
Public + Private + Traditional

Open and multi-cloud

CHAPTER 2

The Cognitive Enterprise
The market is entering a new chapter in cloud and digital

• Companies ”experimenting”
• “Adding” vs. “transforming”

• Companies moving to production
• Transforming mission critical

• End-to-end integration advantaged
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Resulting in a re-invented Transform Operations imperative

Transform Operations is the strategy and framework for the 

transformation into a more predictable, controllable and 

optimized production stream through:

Ø Integration of critical processes into a cross-functional, cross-

discipline way of thinking

Ø Capture of operational data and leveraging technology to 

make better use of data and predictive analytics

Ø Knowledge sharing, streamlined workflows, and 

implementation of standard industry practices

Ø Focus on predictable business outcomes, operational 

efficiency, and sustainable performance

People
Skills Development

Virtual teams using internal / 
external experts

Multidiscipline knowledge

Attract and retain talent

Technology
Proactive monitoring and 
remote diagnostics

Sensors and Automation

Enabling infrastructure and 
data management

Collaboration environment

Work Processes
Collaborative and 
multidiscipline based

Consistent application of 
standards and processes

Real-time decision making

Leverage internal / external 
and vendor expertise

Remote / integrated decision 
making

Organizational
Organizational structure to 
support decision outcomes

Communities of Practice 
(CoP) and Centres of 
Excellence (CoE)

Emphasis on HSE 
Management

Integrate diverse initiatives 
across the organisation

&
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The approach to this challenge has 3 major dimensions

Cognitive and Analytics

Process Orchestration

Dealing with Data - Data Foundation

Source: Morburre/Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Computerposition.jpg
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Capable of extracting information from 
the most complex data sources.

PDF parsing Structure interpretation Content representation

 
Report no. 
Date 
DFS
AFE Days

7  
14-07-2017

4,54 
100,21 days

Event: Drill and Complete Start Date

Last 24Hrs
6:00 am status  
Next 24Hrs

DRILLED 17-1/2" HOLE SECTION TO 3,800 FT.  
DRILLING 17-1/2" HOLE SECTION AT 4,515 FT.
DRILL 17-1/2" HOLE TO SECTION TD. CIRCULATE CLEAN. BACKREAM OOH TO CLAY / 
SAND INTERVAL. DISPLACE WELL TO SPUD MUD. CONTINUE TO BACKREAM TO BHA. 
LAY OUT 17-1/2" MUD MOTOR BHA.

Daily Cost
Cumul Cost
Authorized Cost

Supervisor:
C. CHARLIE / D. DELTA

Engineer:
TOM. WATSON

Hole Size  
17,500 in

Midnight Depth 
Daily Progress

3.800,00 ft  
2.243,00 ft

BOP TEST Last Date Next Date DSLTI Last Casing/Liner OD: 24,000 in TVD 3.491,08 ft
Pressure 26-06-2017 17-07-2017 Stop Cards 8 Top MD: 106,08 ft Ground Elev. / Water Depth 143,00 ft
Function
Safety Drills

26-06-2017 LOT/FIT Shoe  MD: 515,88 ft
Next Planned Casing/Liner 14,000 in Active datum

Last Fire/Boat drill: 07/09/2017 Last H2S drill: 16/04/2017 MD: 4.833,00 ft TVD: 4.288,00 ft RKB @202,71ft (above Mean Sea
Level)

From To Dur. Operation PT/NPT Code Phase Job Task
(hr)

00:00 03:00 3,00   SLIDE 17-1/2" HOLE FROM 1,557 FT TO 1,869 FT WITH 800 - 850 GPM / 1,000 - P INTR1 DRILL

1,150 PSI / 15 - 30 KLB WOB. SURVEY EVERY DOUBLE UTILISING GMWD. 
MW IN 8.6 PPG. MW OUT 8.9 PPG. LOSS RATE REDUCE GRADUALLY FROM  
30 BPH TO NO LOSSES. FROM 1,230 FT COMMENCE TO DUMP SANDTRAPS 
ON EACH CONNECTION DUE TO INCREASING MW.

03:00 12:00 9,00   DRILL & SLIDE  17-1/2" HOLE FROM 1,869 FT TO 2,622 FT WITH 850 GPM / P INTR1 DRILL

1,100 - 1,200 PSI INCREASING PUMP RATE IN STAGES TO 1,200 GPM / 2,000 
PSI / 15 - 30 KLB WOB. IN ROTARY MODE: 40 RPM / 4-10 KLFTLB TQ.  SLIDING 
41 % / ROTARY 59 %. SURVEY EVERY 100 FT UTILISING GMWD.
MW IN 8.6 PPG. MW OUT 8.8+ PPG. DUMP SANDTRAPS ON CONNECTOINS 
AS REQUIRED TO MAINTAIN MUD PARAMETERS. LOSS RATE REDUCE FROM  
40 BPH TO < 5 BPH.

12:00 23:00 11,00  DRILL & SLIDE 17-1/2" HOLE FROM 2,622 FT TO 3,800 FT WITH 1,200 GPM / P INTR1 DRILL

2,000 - 2,300 PSI / 15 - 40 KLB WOB. IN ROTARY MODE: 40 RPM / 6 -13 KLFTLB 
TQ. SLIDING 42 % / ROTARY 58 %.

SURVEY EVERY 100 FT UTILISING GMWD. FROM 3,159 FT (BIT DEPTH) 
SURVEY EVERY 125 FT USING MWD AS OUT OF MAGNETIC INTERFERENCE. 
MW IN 8.7 PPG. MW OUT 8.8+ - 9 PPG. DUMP SANDTRAPS ON CONNECTOINS 
AS REQUIRED TO MAINTAIN MUD PARAMETERS. LOSS RATE < 5 BPH.

23:00 23:30 0,50   MAKE UP TDX AND OBSERVE LEAK AT CONNECTION DUE TO DAMAGED NPT NRPIPE INTR1 DRILL
THREAD. BREAK AND CHANGE OUT 6-5/8" FH SAVER SUB

23:30 00:00 0,50   CONTINUE TO DRILL 17-1/2" HOLE FROM 3,760 FT TO 3,800 FT AT 1,200 GPM / P INTR1 DRILL
2,300 PSI / 40 KLB WOB / 40 RPM / 6-13 KFTLB TQ.

06:00 update
00:00 06:00 6,00  DRILL & SLIDE 17-1/2" HOLE FROM 3,800 FT TO 4,515 FT WITH 1,200 GPM / P INTR1 DRILL

2,100 - 2,400 PSI / 15 - 40 KLB WOB. IN ROTARY MODE: 40 RPM / 10-17 KLFTLB 
TQ. SLIDING 33 % / ROTARY 67 %.

SURVEY EVERY QUAD STAND UTILISING MWD.
MW IN 8.7+ PPG. MW OUT 9 - 9.2 PPG. DUMP SANDTRAPS ON CONNECTOINS 
AS REQUIRED TO MAINTAIN MUD PARAMETERS. LOSS RATE < 5 BPH.

DISTANCE TO PLAN:
15.8 FT CENTRE TO CENTRE 
15.05 FT TO LEFT. 
4.83 FT ABOVE.

MUD - Water based
Mud desc. Time MD Density   ECD   Viscosity Gels Fann 6 API WL PV YP Cl- Ca+ pH Pm    Pf Mf LGS HGS

(ft) (ppg)    (ppg) (s/qt) (lbf/100ft²) rpm (°) (cc/30min) (cp)  (lbf/100ft²)   (mg/L) (mg/L) (cc)   (cc)  (cc) (lbm/bbl) (lbm/bbl)
WATER BASED 21:00 3.540 8,85 30 10,70
MUD

Volumes (bbl) 1.999,0 Losses (bbl) 8.882,0 Gas Concentrations Avg/Max Mud Cost
String
Annular

115,0 Pit
1.059,0 Lines

5.112,0 Surface total (bbl) 
0,0 Subsurface total (bbl)

8.642,0 Connection Gas (%)
240,0 Trip Gas (%)

/  Background Gas (%) 
/  H2S (ppm)

/ Daily
/ Cumul

10.952,00 
57.569,43

SHAKERS
No. Make/Model API size Mesh X Mesh Y Hours run No. Make/Model API size Mesh X Mesh Y Hours run

(per inch) (per inch) (hr) (per inch) (per inch) (hr)

1  
3

BRANDT / VSM-300  
BRANDT / VSM-300

24,00 
24,00

2  
4

BRANDT / VSM-300  
BRANDT / VSM-300

24,00 
24,00

5 BRANDT / VSM-300 24,00

Page 1 of 3
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§ Explosion of data generated by large-scale simulation 
leading to a paradigm shift: from simulation-centric to 
data-centric discovery

§ Data analytics and machine learning used to turn reams 
of simulation data into actionable information that can 
be used for better interpretation and steering

§ Applying machine learning for making existing 
simulation codes more intelligent, more productive, 
and more robust

§ Increasing interest in large-scale analytics and 
machine learning on high-end platforms

§ Emerging hybrid workflows that embody the 
entire inference cycle of discovery

§ Co-deployment of heterogenous software stacks

Large-scale simulation

Data Analytics

Machine Learning

Imputation of 
missing data, 
detection and 
classification

Feature 
vectors for 
training

Steering in high-
dimensional 
parameter space; 
in-situ processing

Data for training, 
augmenting real-
world data

Physics-based 
regularization

Replacement of 
models with 
learned functions; 
smart data 
compressionTraditional HPC 

Simulation-centric

Big Data Analytics

Data-centric

Diagram adapted from BDEC report
https://www.exascale.org/bdec/report

Era of Data-Centric and Intelligent Discovery
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Ingestion

W3C formats
(RDF, RDFs, 

OWL)

HK/JSON

Hyperknowledge Graph (polystore)

Hyperknowledge Query

Structured Data

OntologyOntologyOntology HyQL

SPARQL

Gremlin

Cognitive Petroleum Engineer

KES

HK Orchestrator

Provenance

Non-symbolic 
Data (anchors)

DL

Graph DL

Representation 
Learning

Simulation
(wrapper)

Data 
transformation

Jena JanusGraph

Graph 
Completion 

Graph Validation 

PO Agent Risk Mitigation 
Agent

Model Calibration 
Agent Surveillance Agent 

Data Wrappers

Data source

Geological DB

Realtime (e.g. 
SCADA)

Production DB

Drill / Completion 
Data

Reasoning

KES Custom
Provenance 

Custom

Legend
• PO Agent – Production Optimization
• KES - Knowledge Exploration System
• DL - Deep Learning

Example - Petroleum System
Knowledge Graph

Sim Models

Semi-Structured HPC KG In-Mem

ß Business Workflows à

Building “Technical Workflows”
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Building “Technical Workflows”

From 2015, SIS and IBM has provided 
clients Integrated Operations 
transformation services that unifies the 
decision environment by providing support 
critical for productivity and efficiency gains 
in today’s oilfield operations.

Together, we enable Operational 
Excellence by infusing AI into production 
optimization workflows with cloud-based 
enterprise business processes to enable 
multidisciplinary solution teams to 
implement customized business offerings 
spanning asset to enterprise levels.

&

C&P Industries
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Operational Excellence requires expertise across all capability areas

Production
Optimization

Flow 
Assurance

Reservoir 
Management

Well 
Integrity

Maintenance

Activity 
Planning

Supply 
Chain

People
Productivit

y

Integrated 
workflows

Domain technical Enterprise
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IO 2.0+ : Deliver AI infused E&P workflow automation on hybrid multi-cloud 

Envision Session - Executives
Design Thinking -

Owners

Link to Hybrid Multi-Cloud
for security, scalability 
and as-a-service

Shared Vision Smart Governance Deep EngagementLeadership for Change

Improvement 
through Learning

IO Garage 
ImplementationDesign PhaseInsight Phase

+ ++

DevOps
Cycle

Cognitive Business 
Modeler

Make Observe

Reflect

Continuous 
Improvement Cycle

Organizational 
Change 

IO Garage

Training

New AI 
Enabled 

IO 
Process“Frictionless”

“Optimization”
Production

Optimization

Flow 
Assurance

Reservoir 
Management

Well 
Integrity

Maintenance

Activity 
Planning

Supply 
Chain

People
Productivity

Integrated workflows

Domain technical Enterprise

Digital Reinvention 
Model

Experience 
& 

Economics

New 
focus

New 
expertise

New 
ways to 

work

Cloud

Analytics 
and 

Cognitive

Mobile

Internet 
of Things

Social

Security

Blockchain
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• “By 2021, 99% of chemicals and 
petroleum organizations plan to adopt 
multicloud architectures, 

• but only 44% have a multicloud
management strategy and 

• just 47% have procedures and tools to 
operate a multicloud environment.”

&

C&P IndustriesStorm clouds ahead
The Hybrid 

Cloud
Journey
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Successful enterprises accelerate
their journey to cloud…

TODAY TOMORROW

Unique workload and data needs
Compliance, security, location require choice 

Multiple clouds and vendors 
Hard to connect across clouds and the data center

Technology generation gap
Need to broker cloud-native and traditional

Build once, deploy anywhere
For optimized data and workload placement

Open, secure, and integrated
Visibility, governance, and secure data access

Culture and skill transformation
Best practices, proven methods, and tools 
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THANK YOU
Production Operations – Chapter 2 – Cognitive Enterprise

PO@Anywhere!

Øystein Haaland
CTO – WW Chemicals & Petroleum
oystein@no.ibm.com

Elisabeth Kongshavn
Application Developer & UX/UI Designer
elisabeth.kongshavn@ibm.com
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