
 

 

 

A Digital Journey: 

The Transformation of the Oil and Gas Industry 

 

 

 

 

 

 

 

 

 

 

Steve Cooper, PhD, President of EnergyIQ 

Jim Crompton, MS GeoPh & MBA, Reflections Data Consulting 

 



A Digital Journey 

9 
 

Table of Contents 

1. Introduction ........................................................................................................................... 15 

1.1. Why did we write this book (and why should you read it)? .......................................... 15 

1.2. What is the purpose of this book? ................................................................................. 16 

1.3. Approach ........................................................................................................................ 20 

Section One: Back to the Future ................................................................................................... 23 

2. A Short History of the Digital Transformation ....................................................................... 23 

2.1. Fives Stage of the Digital Oilfield ................................................................................... 23 

2.2. Was the Digital Oilfield 1.0 Successful? ......................................................................... 29 

2.3. Myths and Truths ........................................................................................................... 31 

2.4. The End of Digital Oilfield 1.0 ......................................................................................... 31 

3. Lessons Learned ..................................................................................................................... 33 

3.1. Program and Project Activities ....................................................................................... 33 

3.2. Enhanced Organizational Capability .............................................................................. 34 

3.3. Technology Innovation ................................................................................................... 35 

3.4. Realizing Value from the Digital Oilfield ........................................................................ 36 

3.5. What Lessons are being Applied? .................................................................................. 39 

4. Transitioning to the Digital Oilfield 2.0.................................................................................. 42 

4.1. Barriers to Phase 2 of the Digital Transformation ......................................................... 43 

4.2. Do you need a Digital Strategy? ..................................................................................... 47 

4.3. What is happening in the Digital Oilfield 2.0? ................................................................ 49 

4.4. Analysis and Troubleshooting ........................................................................................ 50 

4.5. The Digital Oilfield Framework ....................................................................................... 52 

4.6. The Oilfield Factory ........................................................................................................ 57 

4.7. Wild West of Data Management ................................................................................... 59 

Section Two: So, What is Different this Time? ............................................................................. 61 

5. Industry Trends ...................................................................................................................... 61 

5.1. The impact of the 2014-2016 Price Crash ...................................................................... 64 

5.2. Unconventional Becomes Global Swing Producer ......................................................... 70 

5.3. The Drilling Factory ........................................................................................................ 75 

5.4. The Big Crew has left the building ................................................................................. 77 



A Digital Journey 

10 
 

5.5. The New Crew has Entered ............................................................................................ 80 

5.6. Return to Profitability..................................................................................................... 81 

5.7. Working with Legacy Assets ........................................................................................... 84 

5.8. Summary ........................................................................................................................ 85 

6. Digital Trends ......................................................................................................................... 87 

6.1. The 4 Vs: Volume, Velocity, Variety, and Value ............................................................. 89 

6.2. It all Starts with the Well ................................................................................................ 92 

6.3. Master Data Management ............................................................................................. 94 

6.4. Well Lifecycle Automation ............................................................................................. 98 

6.5. Business Systems Insights .............................................................................................. 99 

6.6. Analytics ....................................................................................................................... 102 

6.7. The Digital Twin ............................................................................................................ 109 

6.8. Cloud First..................................................................................................................... 113 

7. Summary .............................................................................................................................. 116 

Section Three: Making Sense of it all .......................................................................................... 120 

8. Breaking down the Digital Transformation ......................................................................... 123 

8.1. Well Lifecycle Data Management ................................................................................ 125 

8.2. Business Knowledge Integration .................................................................................. 130 

8.3. Insights ......................................................................................................................... 133 

8.4. Analytics ....................................................................................................................... 136 

8.5. Optimization ................................................................................................................. 137 

9. Organizational Issues ........................................................................................................... 139 

9.1. Who Owns the Data? ................................................................................................... 139 

9.2. Organizational Culture ................................................................................................. 141 

9.3. Data Management as a Professional Discipline ........................................................... 149 

9.4. Tribal Knowledge .......................................................................................................... 151 

9.5. Learning from Others ................................................................................................... 153 

9.6. Time for a Change ........................................................................................................ 154 

10. Thinking Cloud First: The Cloud as the new infrastructure ............................................. 156 

10.1. Cloud Models ............................................................................................................ 156 

10.2. Data Management as a Service ................................................................................ 158 



A Digital Journey 

11 
 

10.3. The Oil and Gas Industry in the Cloud ...................................................................... 160 

11. Benefits of a Digital Transformation ................................................................................ 161 

11.1. Improved Workforce Productivity and Creativity .................................................... 163 

11.2. Increased Confidence in Reporting .......................................................................... 163 

11.3. Improved Well Performance .................................................................................... 165 

11.4. Well Lifecycle Optimization ...................................................................................... 165 

11.5. Improved Safety ....................................................................................................... 165 

Section Four: Elements of a Data Management Strategy .......................................................... 167 

12. Data Governance ............................................................................................................. 168 

12.1. What is a Well? ......................................................................................................... 168 

12.2. Well Hierarchy .......................................................................................................... 170 

12.3. When is a Well? ........................................................................................................ 179 

12.4. Well Lifecycle Standards ........................................................................................... 179 

12.5. Depths, Heights, and Elevations ............................................................................... 189 

12.6. Who owns the Data? ................................................................................................ 190 

13. Data Quality ..................................................................................................................... 192 

13.1. What is Data Quality? ............................................................................................... 192 

13.2. Data Quality in the Oil and Gas Industry .................................................................. 196 

13.3. Best Practices for Data Quality Management .......................................................... 197 

13.4. Data Quality in the Lake ........................................................................................... 202 

13.5. Data Profiling ............................................................................................................ 202 

14. Master Data Management ............................................................................................... 204 

14.1. Enterprise or Geoscience MDM?.............................................................................. 204 

14.2. Master Data Definition ............................................................................................. 207 

14.3. Master Data Workflows ............................................................................................ 211 

14.4. Master Data Synchronization ................................................................................... 214 

14.5. Technical Master Data .............................................................................................. 215 

14.6. Master Reference Data ............................................................................................. 217 

14.7. Facilities Master Data ............................................................................................... 219 

15. Well Lifecycle Automation ............................................................................................... 224 

15.1. Concepts and Definitions .......................................................................................... 224 



A Digital Journey 

12 
 

15.2. Business Rule Capture .............................................................................................. 229 

15.3. Business Rule Execution ........................................................................................... 237 

15.4. Benefits of Well Lifecycle Automation ..................................................................... 239 

16. Business System Insights and Analytics ........................................................................... 241 

16.1. Data Warehousing and Data Lakes ........................................................................... 241 

16.2. Reporting and Trending (Dashboards) ..................................................................... 243 

16.3. Beyond the Dashboards ........................................................................................... 244 

16.4. Data Storytelling: Visual analytics ............................................................................ 246 

16.5. Data Integration and Virtualization .......................................................................... 248 

17. Data Architecture ............................................................................................................. 251 

17.1. Data Object Definition .............................................................................................. 252 

17.2. Benefits of Data Objects? ......................................................................................... 256 

17.3. MicroServices ........................................................................................................... 258 

17.4. Loading and Storage ................................................................................................. 259 

17.5. Data Exchange .......................................................................................................... 260 

17.6. Migration to the Cloud ............................................................................................. 265 

18. Summary .......................................................................................................................... 267 

Section Five: Signposts Along the Journey ................................................................................. 270 

19. Taking the First Step ........................................................................................................ 271 

20. Organizational Innovation ............................................................................................... 275 

20.1. It takes a Village ........................................................................................................ 276 

20.2. Role of the Data Scientist ......................................................................................... 278 

20.3. Role of the Data Manager ........................................................................................ 280 

20.4. Digital Competency .................................................................................................. 281 

20.5. Digital Literacy .......................................................................................................... 282 

21. Building the Platform ....................................................................................................... 287 

21.1. Governance ............................................................................................................... 288 

21.2. Architecture .............................................................................................................. 289 

21.3. Quality....................................................................................................................... 290 

21.4. Well Hierarchy .......................................................................................................... 294 

21.5. Well Lifecycle Automation ........................................................................................ 302 



A Digital Journey 

13 
 

21.6. Business Systems Integration ................................................................................... 303 

22. Measuring Data Management Maturity .......................................................................... 304 

22.1. Maturity Model Framework ..................................................................................... 304 

22.2. Approach/Deliverables ............................................................................................. 305 

22.3. Accelerating Data Management Maturity? .............................................................. 307 

22.4. What All of This Means for Data Management ........................................................ 309 

22.5. Measuring Data Maturity ......................................................................................... 311 

23. Measuring Business Impact ............................................................................................. 320 

Section Six: Wrapping it up ......................................................................................................... 322 

Section Seven: Appendix:  Well Master Case Study ................................................................... 336 

References .................................................................................................................................. 349 

 

 

  



A Digital Journey 

15 
 

1. Introduction 

1.1. Why did we write this book (and why should you read it)? 

At its core, this is a book about data and data management in the oil and gas industry. There 

are not too many books that focus on this specific domain. Two that come to mind are: “The 

Management of Oil Industry Exploration and Production Data” by Steve Hawtin and “Drilling 

Data Vortex: Where the Bits Meet the Bits” by Dr. Carlos Damski. Given the importance of 

data and the lack of visibility at higher levels of management in most companies, this topic 

needs more attention. 

Over the last year, Steve Cooper undertook a lengthy review of the industry and technology 

trends that are influencing oil and gas data management practices within the context of the 

Digital Transformation that is underway. This research resulted in a position paper, ‘Digital 

Journey’, laying out the findings and providing the groundwork for the data management 

vision for his company, EnergyIQ. Jim Crompton reviewed the document and observed that 

‘it is way too long for a White Paper and too short for a book’. The authors therefore decided 

to collaborate in expanding the scope of the document to create a book that integrates 

relevant information from the numerous papers and books that the authors have written 

over many years within the overall structure established by the Digital Journey position 

paper. 

It is our considered opinion that, while the pace of change with respect to digital technology 

is increasing at a rapid pace, the essential principles of effective data management are as 

relevant today as they ever have been, and probably more so. In this book, we attempt to 

combine lessons learned from the past with insight gained from an analysis of current and 

emerging technology to help companies who are struggling to define their own journey 

towards a Digital Transformation.  

If you want a good reason for reading our book, it might be that we try to provide an approach 

to developing a digital strategy from the bottom up, without taking the tempting short cuts, 

to deliver the data that the business needs to effectively compete in the future. We identify 

the best practices from an organization, process, and technology perspective that companies 

should be adopting to prepare for the digital journey. Do not worry, we have waded through 

all the noise and have the scars to prove it so that you don’t have to!  

If you want to read a valuable book about data and data management, the digital lifeblood 

of your organization, by two people who have spent more years then we care to count 

working with oil and gas data; read on. Do not forget to let us know what you think about our 

message and how it can be improved.  
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application of new technology to gain competitive advantage as we emerge from the 

downturn. 

 

Figure 1.1: Digital Oilfield Transition 

Through our review of industry and digital technology trends, we highlight the key changes 

that are happening today and the impact that this is having on oil and gas operators. It can 

be a very confusing landscape. The pace of technology change is increasing all the time and 

barely a week goes by without the emergence of some new product or technology that is 

going to revolutionize the way that data is captured, visualized, analyzed, or applied to work 

processes. Consulting firms are inventing new terms all the time designed to position 

themselves as thought leaders and the only ones that ‘get it’; apparently a data lake is not 

enough, and the data ocean is now in vogue. In this book, we attempt to make sense of the 

changes that are underway as part of the Digital Oilfield 2.0. A fundamental premise of this 

work is that it is not just about the technology; many of the underlying data management 

principles and organizational issues learned through the school of hard knocks remain the 

same. From our perspective, some of the important questions to be answered are what role 

does data management play in this landscape, can we keep up (or catch up) with the pace of 

change, or are we destined to keep struggling along while the challenges of the past are 

perpetuated? 

Many people see data management just as ‘the technology where data is stored’. 

Unsurprisingly, we see data management as a more complex and nuanced subject. Effective 

data governance, managing data through its lifecycle (especially well data), and building a 

trusted data foundation give a company the chance to not only build valuable solutions 

through analytics, automation and optimization, but to continue to build scalable, and 

sustainable solutions over the years. Data is dynamic. Data is an enterprise asset. Data is the 

fuel that drives the digital journey. Data is no longer the Rodney “I get no respect” Dangerfield 

of oil and gas companies. And data is becoming more valuable every day. Yet, we still observe 

that data management often gets neglected at senior levels of the organization and it is left 

to “bench level” data technician heroes that find ways to muddle through. We see too many 
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Stage 4: Big Data and Advanced Analytics:  

Even though things slowed down in the Oil and Gas Industry after 2014, the digital technology 

world kept moving forward. The three V’s (Volume, Variety and Velocity) hurdle was crossed 

by Internet retail and social media, with the development of the open source Apache Hadoop 

technology stack. This sparked interest in these developments and the potential for the E&P 

industry. Many companies have set up pilots and test environments to learn more. With 

higher oil prices since 2017, the pace of these experiments has accelerated. 

The focus is shifting from Exploration (E), finding more barrels, to Production (P), 

understanding where to exploit assets to generate positive cash flow and operate lean. The 

demand for analytics to understand spend and identify workflow inefficiencies has grown just 

as fast as the price of oil has fallen. As prices recovered, companies want to continue a strong 

focus on costs, all the while increasing activity (drilling and production). The industry has a 

technology and data enabled, manufacturing mindset that is trying to operate with fewer 

engineers and operators, using data driven approaches and field automation. Centers for 

analytics experts have been started, as well as new tools for ‘self-service’ business 

intelligence. Data Science is the new ‘cool’ discipline; but the demand greatly exceeds supply 

so almost everyone has had to develop some analysis skills.  

It is worth pointing out here, that geoscience remains very important in terms of 

understanding reservoir properties. Companies that ignore this to focus primarily on 

engineering run the risk of impacting the efficiency of operations. 

 

Figure 2.4: Big Data and Advanced Analytics 
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workflows. It should be part of an individual’s or group’s responsibility to perform this 

research on a regular basis. 

3.5. What Lessons are being Applied? 

The data challenges the industry is facing are not new. While painful, they have been 

historically more tolerable owing to: 

• A reduced focus on efficiency when oil prices were high. These have driven companies 

to focus on drilling more and more with less of a focus on the efficiency of those 

operations – Oil and Gas is an information-rich business, it needs to learn from other 

industries that are also information-rich how to exploit that information. 

• The focus has been on driving innovation within specific groups and has not taken a 

more holistic view of the enterprise. Innovation, is technically challenging and, 

particularly in large organizations, requires the cooperation of departments that have 

traditionally operated as fiefdoms with little incentive to collaborate. 

• A tendency towards big bang solutions that are long on promises, take forever, and 

then come up short on actual delivery. Numerous attempts have been made to 

address exploration data management in the past, but the initiatives end up being 

huge, expensive, and unwieldy and they are often too driven by IT rather than the 

business. Companies then tend to run out of patience when results are not 

forthcoming, or they reorganize.  

As the Digital Transformation takes hold, the industry needs to make it a priority to go 

through the exercise of capturing lessons learned and applying them to other projects. This 

will help to prevent them from replicating mistakes and ensure that the organization 

functions more effectively. These actions have manifested themselves into discreet 

operational and organizational changes within the Digital Transformation community. Some 

examples of the changes that we have observed that have made a difference to operating 

companies are listed below. 

 

Establish Strong Business Alignment 

The key takeaway from what we have learned regarding operating in a global environment is 

that we need to better understand and partner with our deployment targets in the future. 

The following are being done to improve this partnership: 

• To give the business units a voice into decisions being made by central organizations, 

projects should appoint program coordinators within each business unit.  These 

coordinators need to be well respected and trusted by the business unit and fully 

understand the local complexities and business drivers. Additionally, Regional 

Advisors located within the central development teams can be a valuable asset.  These 


