Large Volumes, Big Data and

Advanced Analytics
in Exploration and Production
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The Oil Industry is High Tech




Big Data Challengesare More Than Data Size

And require new technologies like MapReduce

The Four Axes of Big Data

Velocity Volume

« Quantification
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Variety Complexity
Sowrce: Gartner (March 2011)

“ClOs face significant challenges in
addressing the issues surrounding
big data..

New technologies and
applicationsare emerging
(examples include Hadoop
and MapReduce)

Certre, 32 March2022



Digital Deluge

Total worldwide data volume
are doubling apprc «"1 |
every 18 months.
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More data was created ir
than existed since the
beginning of time.
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Within Chevron, we have als
seen exponential growth, =
growing from 5 million =
gigabytes in 2009 to 1‘\..:\:»
approximately 25 millio
gigabytes today. 33 bye
2012.



Chevron’s data storage is doubling

A

every year — 2006 view
TB of Technical Data

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006



Total Data Volumes (rough estimate)

Grown about 10x since 2005, backto doubling yearly




The Information Pipeline

Decision
Simulation
Model
Measure Store Process Data Quality Analysis
Visualize
Reports



Fully Instrumented Facility




Barriers To Information Flow
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Shadow systems
Lack of standards
Lack of master data
Unclear definitions

1



Where do you go to find information?




High Performance Computing

1

HPC

Big data

Workflow solutions
Digitized platform
Streaming analytics
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What Will The Future Bring?

Remote operations
Manage by exception
What if? Games
Virtual reality

Data virtualization



Growth in Demand for Data

.. But Demand is Growing Faster

PetroTech workflow
solutions

I-field

Big data
streaming analytics
social media

mobility //

d

UWT

5 year roadmap for common solutions
cross-functional
advanced analytics
(WPOT, mining data exhaust)

2004

2010

2012




And The Gap Is Growing...

Optimization

Analysis

Surveillance

Decision centers,
real time,
Manage by

Easy access to
trusted data
reporting
reliability
productivity

dashboards

B

.

3-5 years response

exception

B

“| Better data driven decisions

**Modeling
+»*Simulation
s»*Virtual reality
*»*“accelerate business
insight”

2005

2009

2012

Future




Work Process Change
The Challenge of Integration

4

W S e P
Tearing down the fences between professions is only
possible if the technological barriers are removed
Adapted from Aol Henriguez



The Whole Truth

Current Environment — World of Excel
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What is Modeling and Analytics?
When is Modeling and Analytics applied?

HOW Can we achieve the best outcome, InCluding effects of
variadility?

Optimization

HOW CAN W achieye the Dast outoome?

Predictive Modeling
What will happen next? ‘What will e outcome?

What ¥ these trends continue?

Q Simtiztical’ Armis
&0 Wrat 2ve the transs?
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g Nerts

;(0 What actions are resdec”

= -

= Query/ Drill Down

= What exactly is the prodiem?

Q

= Ad hoc reports Surveillance
g How many? How often? Where? |

O

Standerd Report
What Happened”

From the ook “Competing on Anslytics™ Dy Thomas H. Davenport , Jesnne G. Harns




Analytics — Current State at Chevron

Stage 1: Analytically Impsaired
Organzation lacks one or several of the prerequisites for serious analytical work, such as data,
analytical skills, or senior management interest

Stage 2: Localized Analytics
There are pockets of analytical activity within the organization, but they are not coordinated or
focused on strategic targets

Stage 3: Analytical Aspirations
The organzation envisions a more analytical future, has established analytical capabilities, and

has 3 few significant initiatives under way. but progress is slow — often because some critical
DECA factor has been too difficult to implement

Stage 4: Analytical Companies
The organzation has the needed human and technological resources, applies analytics regularly,
and realizes benefits across the business. But its strategic focus is not grounded in analytics, and
it hasn’t turned analytics to competitive advantage.

Stage 5: Analytical Competitors
The organzation routinely uses analytics as 3 distinctive business capability. It takes an
enterprise-wide approach, has committed and involved leadership, and has achieved large-scale
results. It portrays itself both internally and externally as an analytical competitor



Three Analytical Campsin Upstream

* The “Wizards”: physics 15 principle based
(D’Arcy’s Law, Mass Balance; Chears, Eclipse,
Intersect, Hysis)

* The “Statisticians”: data driven proxy models
(SmartSignal)

* The “Analysts”: skip the models, drive right to

the specific analysis (Bubble Maps for
waterflood pattern analysis)



Business Challenges

App/lca tionS OfModeIing and Analytics

— Predicting equipment failures
— Mining volumes of data for insights
— Scheduling:
* Rigs
* Drill ships
* Tankers
— Planning:
* Portfolio optimization

* Facilities Usage Planning
* Water Injection Planning

— Blending



Model Type

Role and Space Definition for Advanced
Analytics @ Chevron

Strategic Models
One off strategic model

Next Generation
Big problems, currently solved at

o development, R&D type projects university or research labs (e.q.
_§' ETC focuses on this Watson)
@© TMA's research scanning
%) addresses
Operational Advanced Analytics: Applied Research
T‘g Repeatable advanced analytics, New technologies to be
o simpler in complexity used by operationalized, POCs.
® many end users (e.g. D&C, TMA Advanced Research
o Procurement) focuses on this
(@) PAD BAteam's focus
Low Medium | High Unsolved

Computational Complexity
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Digital Exhaust —

Digital Information created as a result of doing something.

01010100 01101000 01100101
00100000 01100011 01101100
01100101 01100001 01110010
00100000 01101100 01100101
01100001 01100100 01100101
01110010

Digital Asset
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Analytics in Exploration & Production

Seismic

Drilling Complex Wells

Production Optimization (Heavy Oil)
Advanced Process Control

Common Earth Model/ Reservoir Simulation
Integrated Operations



Digital Oil Field: The “Fourth
Paradigm”

Thousand years ago science was empirical: describing
natural phenomena

Last few hundred years theoretical branch: using models,
generalizations

Last few decades a computational branch” simulating
complex phenomena

Today: data explosion (eScience) unify theory, experiment
and simulation

— Data captured by instruments or generated by simulator

— Processed by software

— Information/knowledge stored in computer

— Scientistanalyses database/files using data management and
statistics






