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Preface Secretary, P&NG 

 
To meet the rising energy needs of the country, the domestic upstream sector has to play 

a vital role. In the last five years, government has introduced transformational policies to 

spur investments in the exploration and production sector. These policies include launch 

of open acreage licensing policy, policies for unconventional and enhanced oil 

recovery, apart from several steps towards ease of doing business.  

 

Apart from policies, there is a huge potential in E&P sector that can be tapped with the 

use of digitalization. Digital transformation is evolving as a key catalyst of bringing 

reforms in the world around us. Digitalization in numerous forms has enabled in bringing 

communities together and creating immense business opportunities in all spheres. Oil & 

Gas industry has played a pivotal role in the economic transformation of the world yet the 

use of digitalization in the E&P has been relatively conservative as compared with other 

sectors. I am of the opinion that there is a tremendous amount of untapped potential that 

can be leveraged with the help of digitalization in the E&P industry. Digital technologies 

can act as a key enabler to revive the industry from numerous crises that it has gone 

through in recent times, including depreciating oil prices, cost overruns and the latest 

being the COVID-19 pandemic crisis. Availability of vast talent pool 

in India offers tremendous opportunities for use of digital technologies in E&P 

sector. enhancing recoveries in the producing fields is one such area. 

 

With this pretext in mind, a unified taskforce comprising of over 30 organisations came 

together at the initiative of the Ministry of Petroleum and Natural Gas to bring together 

the ideas and pave a way forward for the adoption and use of digital technologies in 

Indian E&P context. The taskforce, has prepared a Draft Digitalization Road map 

Document has been put together. The idea is now to get public overview, comments and 

suggestions on the draft document in order to make it more compact and robust for 

adoption by stakeholders. Suggestions / Feedback from stakeholders will make the 

document rich. 

 

 

 
 

(Tarun Kapoor) 
  



Digitalization Roadmap for Indian Exploration and Production (E&P) Industry 

Brief Summary: With continuous technological innovation being core to the Oil and Gas industry, 

global E&P players have been swift to adopt and harness the power of digital in creating competitive 

advantage in the industry. The impact of leveraging digital initiatives will only grow as the industry 

continues to grapple with uncertainties, volatilities and external threats. So far, the adoption of 

digital has unlocked significant value across upstream activities for global E&P players across the 

value chain in the areas of exploration, drilling, project development, operations, HSSE, de-

commissioning, etc. Indian E&P industry today is at an inflection point with policy reforms in last 5 

years translating into fresh investment and commitment to help activate India’s Hydrocarbon Vision 

of increased self-reliance and energy security. Digital will play a pivotal role in realizing this vision as 

it will offer Indian E&P industry with the toolkit for next wave of growth and value unlock 

opportunity by transforming the core business processes, operating model and ways of working and 

by integrating technology and data for action-oriented decision making. A holistic and cautious 

approach to digital road-mapping, execution and implementation is critical to achieve desired value 

unlock. While technology and data would continue to be at core of digitalization, value realization 

from digitalization is sustained by change management and enabling governance. To enable digital 

across Indian E&P industry, all key stakeholders (government, regulator, operator, and oil field 

service providers) need to come together and work collaboratively to drive a partnership driven 

model for digital transformation to embed and flourish. A self-regulating task-force to push and 

catalyze the digital journey at an industry-level can pave way forward for more empowered and 

enriching digital success story in the Indian E&P industry, and potentially pave the way for digital 

transformations in other industries. 

About Digital E&P Roadmap Document:  The intent of the digital roadmap document is to identify 

opportunities for digitalization across the upstream value chain through collaboration with the 

entire India E&P ecosystem. More than 30 organizations and institutions covering leading 

government bodies, regulator, leading Indian E&P players, management consulting companies, oil 

field service providers, educational institutions, and digital solution providers have come together in 

a first of its kind initiative to brainstorm, identify and define holistic digital agenda and use cases for 

the industry. The document is an outcome of multiple discussions between all stakeholders 

leveraging experience from digital pilots within respective organizations, novel technologies and 

global case studies. The draft of the vision paper is being released for inputs from the stakeholders. 

Your feedback or suggestions regarding the themes and content of this report will be appreciated, 

please reach out to feedback.deproadmap@gmail.com 
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Executive Summary 

Exploration and Production industry worldwide has always been at the cusp of innovation – leading 

to the extraction of hydrocarbon from the most challenging physical environments (Artic, ultra-

deep-water basins, etc.) and sub-surface geologies (subsalt basins, etc.). With technological 

innovation core to the industry’s DNA, global E&P players have been swift to adopt and harness 

the power of digital in creating competitive advantage in the industry marked with uncertainties, 

volatilities and external threats (EVs, Renewables, Energy storage, etc.). The downturn in oil price 

(twice in the last 5 years,) in the aftermath of Covid-19 pandemic has made digital an 

unprecedented need & core agenda as E&P companies are rebooting towards new operating 

models, remote working, boundary-less organization, cost reset, and lean operations.  

So far, the adoption of digital has unlocked significant value across upstream activities for global 

E&P players across the value chain. Machine learning and artificial intelligence has helped reduce 

seismic and survey data interpretation time and cost by 50-60% while operators have reduced upto 

70% engineering hours in project development through field architecture optimization with smart 

and integrated modelling and synchronized build model. The analytics-driven integrated well 

design and planning with real-time operation management has helped drill well 20-30% faster while 

real-time data enabled through IIoT has helped improve production in excess of 3-5%. As 

technologies develop and mature further, companies can unlock new wave of value benefits from 

upgradation and shift to new emerging technologies (Deep Learning, etc.) 

Indian E&P industry today is at an inflection point with policy reforms in last 5 years translating 

into fresh investment and commitment to help achieve India’s Hydrocarbon Vision of increased 

self-reliance and energy security. Digital will offer Indian E&P industry with the toolkit for next 

wave of growth and value unlock opportunity by transforming the core business processes, 

operating model and ways of working and by integrating technology and data for action-oriented 

decision making. Compared to global peers, Indian E&P players have been slow to adopt digital 

and till date continue to carry out activities across value chain conventionally with significant 

manual intervention on disparate systems with no-to-limited real time collaboration and 

coordination. The organizations continue to spend significant time on data gathering and cleaning 

over analysis and insight generation as data management systems are not fully digitalized and 

integrated. Functional team(s) continue to work in siloes with multiple handoffs on data and output 

that is optimized at function-level, resulting in sub-optimal decisions, especially in reservoir 

management and drilling. The activities, knowledge and insights continue to be people dependent 

and judgement driven from experience (seismic interpretation, sub-surface characterization, and 

workover well selection) making organizations vulnerable to talent loss and output inconsistencies.  

The players continue to operate on low frequency data and manually analyze the data in areas of 

drilling optimization, and operation management. While few players have made advancements 

towards digital, it is still long for the industry as whole to become truly digital.  

Indian E&P players can significantly benefit from learnings and success stories of global E&P 

players. While an array of digital choices are available across the value chain, Indian E&P players 

needs to judiciously select and prioritize digital journey, with a strong bias and focus on value-

driven approach and action, taking into consideration current and long-term organizational 

strategy (successful exploration, mature field play, etc.). E&P players looking to strengthen their 

play in mature fields should focus on leveraging digital to enhance reservoir management, artificial 

lift and EOR/IOR modeling, and spend analytics and robust cost management to navigate low oil 
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price scenarios. E&P player aiming to improve reserve-to-production ratio and exploration success 

rate should invest in seismic interpretation capabilities, integrated exploration portfolio 

management system, and bid analytics and modeling to win new licenses. 

With digital becoming new now, holistic and cautious approach to digital road-mapping, execution 

and implementation is critical to desired value unlock. While technology and data would continue 

to be at core of digitalization, value realization from digitalization is primarily driven by change 

management and enabling governance.  To enable digital across Indian E&P industry, all key 

stakeholders (government regulator, operator, and oil field service providers) need to come 

together and work collaboratively to drive a partnership driven model for digital transformation to 

embed and flourish. A self-regulating task-force to push and catalyze digital journey at an industry-

level can pave way forward for more empowered and enriching digital success story in the Indian 

E&P industry, something other industries in the country can follow. 
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1. Exploration & Production: Setting up the path for 
rejuvenation 

 
Hydrocarbon sector, with the share of 15% in the overall GDP, plays an important role in driving 

and sustaining the economic growth of the country. The demand for energy in the country is 

expected to grow in excess of 4% till 2040, highest in the world by any major economy, with 

increased dependence on hydrocarbons and other fossil fuels. To bridge the demand-supply gap in 

energy, Hydrocarbon Vision 2025 lays down priorities and framework to make India self-reliant in 

indigenous production and build and upgrade technological skillset to become competitive E&P 

industry in the world. The overall hydrocarbon production in India declined from 68 MMTOE in 

FY2016-17 to 62 MMTOE in FY2019-20 thereby leading to increase in dependency from nearly 80% 

to 85%.  

 

Policy Reforms 

 

With an objective to reverse the declining production and support India’s quest for energy security 

through self-reliance, the government has made significant efforts to reform the overall policy 

regime, to promote ease of doing business in hydrocarbon exploration and production. Select key 

path-breaking reforms introduced in last five years include:  

• Open Acreage Licensing Policy (OALP), a critical part of Hydrocarbon Exploration 

Licensing Policy (HELP) streamlined the licensing regime by bringing together both 

conventional and unconventional hydrocarbons under one umbrella and by offering greater 

discretions to E&P companies in the selection of regions/blocks for bidding. The policy also 

replaced Production Sharing Contracts (PSC) with revenue sharing model with attractive and 

liberal guidelines on reduced royalty rates, no oil cess, and marketing and pricing freedom on 

produced hydrocarbons.  

• Discovered Small Field (DSF) policy was introduced in 2016 to expedite extraction of 

hydrocarbon from the un-monetized small discoveries in the country. Salient policy features 

include marketing and pricing freedom, easy entry with no prior technical experience of 

bidders, simplified revenue-sharing model, and customs duty, and oil cess exemption.  

• Policy reforms targeting exploration in unexplored/unallocated blocks/regions (i.e. 

Category-II & Category-III basins) has been introduced to support E&P companies minimize 

risk to attract investment in exploration work program. Under the revised policy, there will be 

no revenue or production sharing with the government except in case of windfall gain (i.e. 

revenue net of royalty from the contract area exceeds $ 2.5 B in a financial year) 

The policy reforms have ushered into a new era of investment and renewed commitment from 

E&P during the first 3 rounds of bidding under OALP and two rounds of bidding of DSF. 

 

Priorities of Indian E&P Industry 

It quite evident that the Indian E&P industry is at an inflection point with fresh investments being 

committed to increasing the indigenous production to bridge the demand-supply gap. While the 

demand for hydrocarbons would continue to outstrip domestic supply, the key priority of the E&P 

industry has always been to increase the production, which will help reduce current account deficit 

and preserve foreign exchange reserves. With the overall industry in the state of high volatility and 
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threat, lower prices are further risking the profitability and long-term sustainability of the E&P 

operations. Considering the overall national priority, global hydrocarbon environment and internal 

goal, there 6 key priorities of the Indian E&P industry.   

Fig 01: Six Priorities of Indian E&P Industry 

 

• Accelerate exploration, geophysical study: With 19 out of 26 sedimentary basins, accounting 

for more than 2.4 mn sq. Km acreage (70 %), falling in in Category II/ Category III basins 

(contingent and prospective reserves), first step towards ensuring energy security and 

increased self-reliance is accelerated exploration and geophysical studies in the unchartered 

territories to establish reserves and draw firm plans to monetize the areas. 

• Fast track field development: Indian E&P players are currently developing more than 40+ 

projects (both greenfield & brownfield) with $ 15+ B investment at stake. While the focus on 

the players have been on timely completion, operators also looking at innovative measures to 

reduce capex intensity to survive in the low price oil scenario.  

• Enhance production & recovery: 15 out of top 20 fields which accounts for 80% of the total 

hydrocarbon are from matured/declining fields. With the focus to enhance hydrocarbon 

recovery from both matured/aging fields and new field, Indian E&P players have started 

embracing state-of-the-art technologies and processes in Enhanced Oil Recovery (EOR), putting 

India in the league of select E&P nations to use such advanced techniques. E.g. Vedanta Cairn’s 

full scale polymer flooding program at Mangala field in Rajasthan and ONGC’s pilot polymer 

flooding project at Becharaji field in Gujarat. 

• Enhance HSSE: Industry today employs more than 3+ million people directly and indirectly. 

With operations and development being carried out in harsh and sometimes ecological 

sensitive areas, wellbeing and safety of people along with surrounding ecosystem becomes a 

paramount priority of all the operators.  
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• Improve productivity and reduce cost: Oil prices continue to remain volatile and depressed, 

on account of a global oil demand shock linked to the spread of the COVID-19 pandemic, along 

with uncertainties on the supply-side. Analyst forecasts range across scenarios, including the 

possibility of oil price remaining suppressed in the near future. The crash in the oil prices brings 

the agenda of cost efficiency and productivity at the forefront of all the operators. 

• Foster collaboration: While the efforts are being made to make policy and regulations more 

conducive for investments, E&P companies, regulators, oil field services companies and other 

stakeholders should work together and deepen collaboration to help industry navigate through 

volatile and uncertain oil price scenarios and help achieve policy aspiration of increased self-

reliance and technological upgradation. The focus of E&P players has always been to foster 

collaboration between multi-disciplinary and multi-location teams to ensure overall 

optimization of development and production solutions. 
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2. Digital In E&P: New Way of Working 

Emergence of Digital in Global E&P Industry 

As industry undergoes disruption and faces volatility, uncertainty, and threat from outside, new 

priorities emerge that challenges status quo, leading the organization to the path of re-imagination 

and re-booting. The low oil price scenario of 2014 forced many E&P companies to re-evaluate their 

business strategy as cash flows dwindled and companies lost significant market value. Industries 

strived to become efficient and effective, by putting “Digital” as the core transformation lever to 

navigate through the crisis and survive in low oil price scenario. Despite the sector’s long-standing 

history of innovation and use of technology, it has been late than other industries to adopt radical 

digital solutions that have transformed businesses. The sheer amount of assets involved in the 

sector makes it more than necessary, yet challenging, to optimize utilization and drive efficiency 

by leveraging the power of technology and driving a digital culture within organization. 

While companies continue to adopt digital technology, they struggle to make a tangible impact at 

scale. This is because digital transformation is often construed as being an adoption of set of new 

technologies/analytical software to solve problems and is looked at myopically. Instead, it a 

business led transformation that exploits technology and data. It is an entirely the new way of 

working which starts with digital mindset and re-imagination of processes, structures within an 

organization and overall integration with the business strategy with its core.  

There are 4 key elements that define the digital landscape - Data, technology, new ways of working 

and new business models.  The digital toolkit may vary with industry or business or organizations, 

but the elements of the landscape that provide tools to address business challenges remain 

homogenous. Each of the elements provide different set of tools to address key business challenges 

in the new now. 

Fig 02: 4 key elements of the digital landscape 

 

The digital transformation is no longer an option that some companies are choosing to pursue but 

is now becoming a necessity and an important function. The E&P industry can immensely benefit 

from a clear digitalization roadmap that can spell out key value generating initiatives and help 

address industry’s key priorities using the digital use cases. Be it accelerating seismic interpretation 
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using AI and high-speed computers to using drones and robots for working in remote and 

dangerous operations, digital offers plethora of solutions thereby unlocking significant value for 

the operator and also help achieve key business priorities. 

Fig 03 : Value Unlock from Digital in upstream activities 

 

While the industry had just recovered from the low oil price scenario of 2014, Covid-19 and its 

aftermath lead to crash in global oil price making industry again vulnerable to uncertainties and 

cost pressure. With one wave of efficiency gains already in place, E&P industry is at cross-road to 

again innovate and deepen technology adoption to navigate and make them sustainable to face 

and embrace extreme volatile now low oil price energy world order. E&P players are re-imagining 

digital processes and systems along with lean operations and activity cuts to make them 

competitive. Boundary-less organization and remote working are emerging out as themes of the 

new now. 

Digital can help address key priorities of Indian E&P Industry 

The digital is intended to serve all Indian operators in their key areas aligned to their business 

strategy. Digital technologies can play a key role in addressing priorities of optimizing production, 

improving recovery, reduce operating cost, enhance safety and reduce time to oil;. In order to 

harness the power of digital, the industry has to break operational silos between disciplines, realize 

hidden productivity gains, improve the usability of data, and identify new areas of value creation 

by integrating diverse data, analyzing and visualizing data using new-age computers and platforms 

to augment decision-making. The digital thinking and narratives of the industry should also aim 

push beyond the envelope of data-driven insights to make changes in its physical world by 

modernizing its core assets (rigs, platforms, facilities, equipment, etc.). 
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Table 01: Role digital can play to address emerging priorities of Indian E&P Industry 

Emerging Priorities Role of digital in addressing priority 

Accelerate 

Exploration, 

Geophysical Study 

• Digital opportunities are emerging spanning across choice of 

sensors (e.g. geophones, hydrophones), storage medium, multi-

client service model, methods of data interpretation, and de-risking 

of the exploration portfolio 

• Leverages up-to-date static and dynamic models incorporating all 

subsurface, surface, operational and historical data, providing a 

robust interpretation of the subsurface, as well as consistent 

analysis of the historical performance of the fields 

Fast Track Field 

Development 

• Digital initiatives can help manage the entire lifecycle of the field 

development. Digital packages support decision-based Field 

Development Plan that outlines the optimal recovery mechanism 

and infrastructure configuration of wells and facilities 

• Integration across discipline domains refines alternative cases, 

focusing on those that deliver maximum economic value while 

honouring constraints 

Enhance Production 

& Recovery 

• Digital interventions towards artificial lift systems, reservoir 

management, and different methods of oil recoveries are being 

increasingly used to improve the production and recovery. 

• Combination of data-driven and first principle-based approaches 

are helping in pushing oil recovery from traditional 20% to 

aggressive 50% in many cases 

Enhancing HSSE 

• Digital technology and automation also serves to mitigate risk and 

prevent HSSE incidents, especially in remote or inhospitable 

operating environments, by reducing the number of people 

required to carry out the most dangerous aspects of fieldwork 

Improve 

productivity and 

reduce costs 

• Digitalisation brings better cost transparency in oilfield operations, 

production allocation, daily production reporting, supply chain 

management and employee productivity 

• Reduction of manual processes using advanced analytics and 

robotic process automation can improve manpower output 

Foster Collaboration 

• Regulator- Operator, inter-Operator, and operator-field services 

ecosystem data exchange can be accelerated by adopting global 

best practices and now maturing public cloud and other digital 

technologies  

• A central repository of data regulated by Government can help the 

E&P community for easy and faster access 

Digital Toolkit & Case Studies 

Indian E&P Industry can continue to leverage successes and failures of digital transformation of 

global E&P players and contextualize it to suit to the purpose. However, companies need to be 

cognizant of its starting position and business strategy, before adopting global use-cases, as what 

would have worked for other players may not have same-level of impact and acceptance within 

the organization. The working group after thorough study of global use cases have shortlisted 
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nearly 42 use cases that E&P companies can assess, evaluate, define and implement, if aligned with 

organization’s long-term goal and business strategy. 

Fig 04: Digital Toolkit for the E&P Value Chain  
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3. Digital in Exploration, Field Development and Capital 
Projects 

 

3.1 Transforming unstructured/legacy data into meaningful information 

Challenges & Limitations (As-Is process and system) 

The Oil & Gas industry possesses large unstructured data in the form of documents, spreadsheets, 

maps, images, emails, and reports where the metadata, which is not consistently captured makes 

finding information meaningful for business challenging. Moreover, much of the available 

historic/legacy data is not in digital e-ready format, isn’t structured, and has never been prepared 

in a format that is truly usable. 

Historically and even today E&P players store and manage a plethora of generated information 

from exploration and production activities on shared-network drive/ server in a haphazard manner 

with the inconsistent naming convention, incomplete data sets, multiple documents versions and 

in different formats/file structures. In the case of large E&P companies whose operations have 

spanned decades covering millions of surfaceacres, 

such documents/ files are generally stored in 

multiple disparate drives and siloes. 

Typically, knowledge/ information management 

manpower spends significant time to manually 

search and collate the information from a large set 

of documents that have limited scope of validation 

to ensure exhaustiveness and correctness. Such 

reliance on manual intervention to gather 

meaningful information from historic and current 

unstructured data can pose risk and delay to the 

decision making process. Alternatively, utilizing the 

time of geophysicists, engineers, and technical 

manpower to ensure exhaustiveness and 

correctness is inefficient utilization of resources. 

Solution Framework (To-be process and business impact) 

The use of AI technologies such as Optical Character Recognition (OCR), Natural 

Language     Processing (NLP) and Knowledge Graph (KG) can be used effectively to liberate and 

connect new and old information. In effect, rather than an individual requiring to navigate 

through a myriad of disconnected data sources to find information of relevance to the 

investigation, the solutions emerging out from NLP, OCR & KG  does this by design and extracts 

the pertinent information. 

Recent advances in ML and NLPs, for data search applications 

have made it possible to extract structured information from free 

text, such as that found in observers logs/well 

commentaries/reports, reservoir reports/datasheets and logs. 

Current challenges & limitations in unstructured 
data management

Inefficient utilization of skilled manpower in non-core 

activities of data search & collation

Duplication of efforts, by separate teams operating, if 

operating in siloes

Unawareness on existence of such information, resulting 

in loss of valuable business insights

Slower time-to-output, impacting the overall decision 

making timelines

Information availability in important but unsearchable 

file formats (e.g., LAN/GIS files)

Loss of storage location information in knowledge 

transfer between old and new employee

Investment $ 1-2 M

Time to implement 3-6 months

Benefits (RoI) 100+%
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Indian E&P players can potentially gain insights from the unstructured data to optimize the process, 

leading to multi-fold enhancement of capabilities and cost/resource efficiency. Some of the 

potential use of data extraction can help drive procurement excellence by collating and analyzing 

the spend residing in multiple contracts to identify gaps in sourcing efficiency with respect to 

market price movement and trend. Extracting structured information from unstructured free-text 

documents, such as handwritten maintenance notes or drilling reports might help reduce drilling 

costs associated with malfunctions or system downtimes. 

Select Global Case Studies 

(i) Applying Data 

Science Techniques to 

Improve Information 

Discovery in Oil and 

Gas Unstructured 

Data 

 

 

 

Saudi Aramco developed an approach using Data Science and 

Natural Language Processing (NLP) to extract business-related 

metadata from textual content in various legacy/unstructured 

documents (pdf, docx, xlsx, and pptx) and images. This includes 

searching for fields, wells, dates, formations, reservoirs, 

organizations, people, and determining the proper business 

category of the file. Applying Data Science and NLP on 

unstructured data helps in finding files where no metadata was 

entered manually. 
  
Key benefits observed 

• Helps in finding files even when there is no metadata 

entered manually, strengthening the overall information 

management process and leveraging historic/legacy to drive 

future decision making 

• Broadens the horizon to utilize valuable extracted metadata 

in several other business scenarios including information 

security, governance, and business reporting 

 

 

(ii) Natural Language 

Processing Enables 

Better Risk 

Management 

 

 

Equinor, back in 2015, undertook unstructured data extraction 

as one of the six technology development. By using NLP and 

image classification, Equinor started converting unstructured 

data to structured data for on-demand queries, enriching existing 

databases and creation of a new database. 

  

Leveraging natural language processing (NLP) techniques, 

Equinor developed intrusive web-application that visualizes 

different data sources into one place and provides a near real-

time overview of the integrity status of facilities. 

  

Transformation of unstructured data (primarily free-flowing 

texts and incident reports) into Knowledge Graph (KG) helped to 

connect past incidents/ lessons learned with currently planned 

work to help reduce the likelihood of a similar incident 

happening in the future, resulting in better risk management 

processes. 
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Key benefit observed 

• Fact Extraction solution enables the extraction of 

additional insights from unstructured data and integrates 

them back into systems of record, thus providing richer 

datasets for a wider audience to make more informed 

decision 

(iii) Quantify 

Organic 

Porosity and 

Predict EUR 

Using Cuttings 

Overview - An operator in the Eagle Ford Shale adopted digital 

solution to build a more detailed delineation of the economic 

extent of the play using cuttings in a very short time frame. 

 

Challenge - Due to budget constraints, the operator only had 

cuttings available for analysis from which advanced rock 

properties are challenging to obtain 

 

Solution – Digital technology was used to quantify the 

distribution of the different volume fractions and pore 

morphology data sets on drilling cuttings, providing a direct 

measure of PAOM (porosity associated with organic matter), 

and quantify apparent transformation ratio (ATR) 

 

Result - The overall correlation of EUR vs. PAOM HCPV in this 

play was quite good considering all the factors that can affect 

recovery factor.The ability to perform digital rock analysis 

(DRA) and Fourier Transform Infra-Red (FTIR) spectroscopy on 

drill cuttings provided a very economic platform to develop a 

robust geologic model without drilling pilots and taking core. 

3.2 Multi-client model for seismic survey enabled through cloud-system 

Challenges & Limitations (As-Is process and system) 

As the world is moving away from easy oil/gas to new frontiers (deepwater, ultra-deepwater, sub-

basalts, etc.) the complexity of the exploration campaign continues to grow multifold. Moreover, 

with the increasing complexity, not only does the geophysical measurements and experiments 

increase but also the importance of the regional perspective to assess the correlation between 

multiple play types and basin’s evolution strategy. Thus, putting significant pressure on both time 

and cost to acquire, condition, integrate, and process the seismic data.  

The traditional approach of proprietary data acquisition and exclusive surveys for exploration 

campaigns in new frontiers can be limiting factors in multiple ways. The high nature of cost restricts 

the survey to limited acreage and thereby difficult to integrate with the internal historic data, if 

any, due to differences in acquisition parameters and technology over the time. The proprietary 

nature of the survey further restricts collaboration across the industry to create a cohesive and an 

integrated view from the survey parameter.  The high cost of such survey and trade-offs between 

state-of-the-art-technology vs coverage leads to sub-optimal technology adoption in data collection. 

 



Revised Draft Vision Paper – Not for external distribution 16 

 

    June 2020 

Solution Framework (To-be process and business impact) 

To address the concerns and limitations of the traditional approach to conquer the next frontiers, 

the seismic survey data acquisition, in the recent past has started to move away from an exclusive 

model to a multi-client service model. Under the multi-client service model, survey companies 

either alone or in partnership with other agencies/government bodies/institutions, undertake 

seismic surveys across wide acreage spanning thousands of sq. KM or make such data available to 

E&P companies on pay-as-you-use model. The geophysical company owns the data, which it then 

markets, and licenses to as many clients as possible, making the survey less expensive on a per-

unit-area basis than proprietary data.  

Such service models have further opened up avenues of re-processing and migration of 

existing/legacy data in tapes and other old file formats, to create an integrated view of existing 

basins. This helps existing E&P companies further, improve the understanding of sub-surfaces, 

thereby optimizing the drilling campaigns in the proven and prolific basins (such as the Gulf of 

Mexico, etc.) 

The new business model enabled using cloud technology allows both companies and geoscientists 

to focus more on the interpretation of new prospects and play models. Also, the availability of data 

at basin-level further improves the success rate of exploration campaign, thereby reducing the 

overall cost of discovery.  

Fig 05: Benefits of multi-service client model based seismic surveys in E&P 

 

With 70% of India’s sedimentary basin unexplored/under-explored, the multi-client service model 

can help generate interest from E&P companies. Government/ regulator, in partnership with 

leading seismic survey companies, should help facilitate data availability to potential E&P players. 

The successful partnership models have been leveraged by regulators/governments, especially to 

attract investment & bids from leading E&P companies during new licensing/bidding rounds. 

Select Global Case Studies 

 

(i) Multi-client seismic 

survey model to 

support multiple  

licensing rounds of 

blocks in Gabon  

Direction Generale des Hydrocarbures (DGH) of Gabon 

appointed services of multiple global seismic survey service 

provides spanning 40,000+ sq km of 3D/2D survey over key 

acreage to promote the licensing round of blocks (11th and 12th 

round).  

 



Revised Draft Vision Paper – Not for external distribution 17 

 

    June 2020 

 
 

 The 11th deepwater licensing round has generated considerable 

interest from both International Oil Companies (IOC’s) and 

newcomers alike, despite depressed oil prices in 2016; As on 

May’20, the bid submission of 12th round has been pushed out 

due to global COVID crisis.   

 

(ii) Multi-client 

seismic survey 

model to support 

multiple  licensing 

rounds of blocks 

in Mozambique 

 

Instituto Nacional de Petroleo (INP), Mozambique collaborated 

with leading service provider to 15,400 km² 3D PSDM data set 

over the Beira High in the Zambezi Delta (Z5-C and Z5-D 

Blocks), offshore Mozambique, ahead of licensing round to 

drive bidding and investment in E&P in the country.  

3.3 Cloud-based seismic data collection, processing and interpretation 

Challenges & Limitations (As-Is process and system) 

One of the key priorities of the E&P player is to reduce the time to first oil/ gas Seismic data 

acquisition, processing, and interpretation, traditionally has been the key bottleneck, taking on an 

average 24-36 months, primarily because of the sequential nature of activities. This seismic 

processing is also resource-intensive activity, demanding state-of-the-art on-premise hardware and 

workstations. Under the traditional approach, E&P company has to invest upfront is workstations, 

hardware and necessary software to carry out seismic activities. 

Solution Framework (To-be process and business impact) 

With the advent of cloud-based technology, the E&P industry is shifting to data cataloguing, 

processing and archival activities on a cloud. In the cloud-enabled system, raw data, which is 

collected from the remote sites, is ingested onto a public cloud storage platform in India. The 

storage platform is enabled with automated data cataloguing with detailed metadata capturing 

with a standard global data model in the background. The solution has tools for automated data 

quality check of the ingested data to meet the operator’s data standards. Data processing is carried 

out on the cloud with the help of cloud-based G & G applications and software. The shift to a cloud-

based solution to carry out seismic activities offer numerous advantages. 

• Variabalize the fixed cost: Pay-as-you-use model of cloud helps reduce upfront investment 

in seismic processing systems and tools. This model also optimizes the cost by helping adjust 

to the dynamic and uncertain need for such activities.  

• Foster Collaboration to drive efficiency: Cloud-based solution allows users to work from 

anywhere and enables E&P companies to collaborate across borders and facilitate an 

improved working environment. 

• Scalability to adjust to varied needs: The near-unlimited scalability of the cloud 

combined with the latest cloud technologies creates new data analysis opportunities. 

Attributes can be computed on the fly to quickly understand their impact and new data 

connections can be easily made to deliver new insights on your existing seismic portfolio. 
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Fig 06: Traditional vs proposed approach in seismic data collection, processing & interpretation 

 
Select Global Case Studies 

(i) Pertamina deploys 

petrotechnical 

applications on cloud 

to manage exploration 

and production 

applications 

 

 

Pertamina, the largest Indonesian oil and gas company, has 

signed a contract with a third party digital solution provider to  

deploy all their petro-technical applications on the cloud 

thereby further accelerating their digital transformation 

journey. The contract will deploy artificial intelligence, 

machine learning, data analytics and other capabilities to 

support Pertmina’s digital transformation efforts. In addition, 

the contract recipient stated that Pertamina will be able to 

streamline E&P workflows, improve drilling performance, 

enhance decision-making and boost production. 

 

It will also help reduce corporate infrastructure costs and 

improve the effectiveness and efficiency of integrating, 

managing and supporting well data across the company’s 

units and subsidiaries. 

 

(ii) Cloud-based seismic 

data-acquisition, 

processing and 

interpretation 

 

 

 

Neptune Energy is one of Europe's leading international 

independent E&P company. The company is making use of 

ground-breaking digital technologies including the latest 

cloud infrastructure to reduce the time from “idea to 

discovery”. Neptune is working with a range of partners and 

vendors to develop new tools to scan and interpret vast 

quantities of seismic data, significantly reducing the time 

spent by geoscientists on administrative work and 

preparation, and providing them with data-informed insights 

to identify hydrocarbons more efficiently and with more 

certainty, reducing the likelihood of drilling a dry well. 
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(iii) Maximizing value 

from seismic using 

new data and 

information 

management 

technologies 

 

 

Woodside has developed a cloud-based Next Generation 

Seismic Data Management platform that will allow 

experts/engineers to extract maximum value from legacy and 

modern data. 

 

100,000  individual  pieces  of  storage media,  over  200,000  

documents,  650,000  individually indexed  data  objects  

representing  54,000  2D  lines  and 400+3D surveys, over one 

trillion seismic traces, and an additional  200,000  spatial  data  

objects  representing available multi-client seismic data have 

been transferred to a cloud. 

 

Key benefit observed 

• Reductions  in  cycle  time,  cost,  and risk;  

o 59% cost reductions  for  cloud  transfer  by  

eliminating  multiple  tape transcription, 

physical shipping, standby time, and 

additional vendor  costs  for  a  dataset  being 

copied  to  a  joint  venture partner 

• Value addition to business-critical subsurface 

decisions based on subsurface geophysical data 

o 52% increase in reserve estimates of 

Scarborough field 

3.4 Cloud hosted exploration portfolio: From regional to basin to play level 

Challenges & Limitations (As-Is process and system) 

Exploration involves understanding all elements of the petroleum system for a given basin or play 

and then examining how and where those elements come together. With the recognition of seismic 

bright spots in the 1970s, the industry work flow moved toward identifying seismic amplitude 

anomalies, delineating those anomalous events on a map, and drilling them. There are several 

pitfalls to this approach -   

• Not all amplitude anomalies represent commercial hydrocarbon accumulations, and many 

dry holes and non-commercial wells have been drilled on seismic bright spots 

• Targeting seismic bright spots skews exploration towards gas, as gas has a much stronger 

amplitude response than oil 

 

Likewise, many hydrocarbon accumulations, especially oil accumulations, do not exhibit noticeable 

amplitude anomalies and likely remain undrilled. Most significantly, amplitude hunting is a 

geophysical driven approach that focuses on leads and prospects with little to no understanding of 

the regional geology or of the petroleum system. 

 

Most of the major oil and gas exploration companies now are establishing and standardizing the 

exploration process, i.e., drilling down from a regional understanding to basin level and then to 

play level to evaluate and de-risk leads and prospects by finding out the answer to the most 

important question in exploration - ‘What is the best area of exploration and how to enhance 

exploration success by reducing the risk’? 
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Solution Framework (To-be process and system) 

To provide an integrated cloud hosted exploration framework ready for exploration which can 

answer the following questions and can evaluate the data from a regional context: 

 

1. What is type of Basin (Rift/Fore-land/Strike-Slip) & how has it formed through time? 

2. What are the play elements for a basin? 

3. What are the data available for an exploratory area? 

4. What is the depth of basement (Basement Depth Map)? 

5. What are the depositional facies and Gross Depositional Maps for individual Petroleum 

system elements? 

6. What are the organic geochemistry data (TOC, VR, etc.) which have a major role to 

understand the quality of source? 

 

In order to enhance the exploration success by answering the above challenges and by bringing 

and integrating every essential knowledge, the following digital framework is needed –  

 

Fig 07: Exploration framework integrating all the data at one place 

 
 

E&P companies across India have comprehensive information about basins they are working on. 

Bringing and integrating the information (Petroleum system, play maps, risk maps, Well info, etc.) 

and knowledge in a single cloud hosted private platform will streamline the exploration process 

and help for rapid screening of play and basins. For govt. and oil and gas regulator it will not only 

help to reach major oil companies across globe easily but can also add extra revenue through 

subscription of the framework. 
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Fig 08: Regional level to basin level context 

 

3.5 Real-time data transmission and analysis - Field to Desktop  

Challenges & Limitations (As-Is process and system) 

E&P players continue to significantly rely on low-frequency data (e.g., Daily Drilling Report (DDR), 

information shared by rig operator over the phone, physical reading of equipment conditions, etc.) 

to monitor activities and drive efficiencies. The operators then manually process and analyze, such 

low-frequency data to evaluate historic and current performance and efficacy of activities.  Such 

low-frequency data coupled with manual calculations do not facilitate tracking of operational KPIs, 

thereby limiting E&P player’s ability to make optimization on a real-time basis. 

Solution Framework (To-be process and business impact) 

E&P players now can collect and leverage significant amounts of real-time data directly at the 

extremities of their assets. Real-time data transmission alone cannot improve efficiency, as this also 

requires capable system/process that enables converting all the data into useful information and 

taking proactive steps to prevent or minimize inefficiencies. Special processes and integrated 

workflows need to be developed and implemented using operation support centre manned by a 

multidisciplinary team for data processing and coordination of the entire activities. Remote experts 

can access a large amount of real-time information with visualization tools and perform quick 

evaluations. 

Data combined with Industrial Internet of Things (IIoT) architecture is an opportunity to increase 

asset/ equipment’s uptime, reduce safety risks and optimize operational costs. However, to turn 

data into meaningful insights, Oil and Gas industry needs to leverage various statistical/ machine 

learning models, which can consume real-time data and provide insights, even at the isolated 

locations with scarce network connectivity. Some of immediate use cases of real-time data 

transmission and analysis in drilling include 

• Automation of periodic reports (e.g., Daily Drilling Report, etc.) 

• Continuous improvement in real-time to address a wide variety of problems that range from 

long connection times to stuck pipe, slow ROP (rate of penetration), hole cleaning, and more. 

• Remote monitoring and collaboration on a 24x7 basis  by multi-functional teams to utilize 

systems/equipment to its fullest potential 

• Advanced modeling on real-time data to predict issues such as stuck pipe 
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Fig 09: Real-time data transmission diagram of rig operations 

 
Select Global Case Studies 

 

 

 

 

 

(i) Utilizing Real Time 

Drilling Data to 

Remotely Support 

Drilling Operations and 

Identifying the Areas of 

Drilling Performance 

Improvement 

 

 

 

ADNOC Onshore has implemented a Real-Time Data 

Management project for enabling remote real-time drilling 

operations and performance reporting across its entire active 

rig fleet with the following objective: 

 

• To provide a technological solution enabling real-time 

data transmission from all rigs to ADNOC Onshore 

Headquarters and real-time drilling data visualization, 

• To provide an engineering solution to transform real-

time data into information to easily identify the areas 

of operational improvement allowing to implement 

specific measure to reduce Non-productive Time and 

Invisible Loss Time which can help in reducing costs & 

risks, and  

 

• To provide an automated Drill Well On Paper (DWOP) 

process where high-frequency real-time data is utilized 

along with low-frequency daily drilling report data to 

provide better insights for well planning and generate 

ideas for improving performance and reducing costs.   

 

Key benefit observed 

• ~13% improvement in drilling connection time within 

two quarters.   

• 75%+ improvement in casing speed(joints/hour) 

within the same two quarters 

• Benchmarking of key KPIs (e.g. weight-to-weight 

connection time, etc.)  with other service 

providers/team resulting in real-time improvement 

Real time drilling operation

Offshore RIG

Drilling DEPA

Asset 

TEA

Real Time

Corporate 

Database

Offshore RIG

Land RIG
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Going forward, ADNOC is planning to set up a Real-time 

Operations Center with the following objectives – supporting 

rig operations remotely providing intervention in real-time, 

automated alerts by identifying trends, ML and AI to predict 

issues, inputs for Rate of Penetration (ROP) optimization and 

automating daily drilling reports.   

 

 

(ii) IIoT Edge Analytics: 

Deploying Machine 

Learning at the 

Wellhead to identify 

Rod Pump Failure (use 

case in operations) 

 

 

 

Schneider Electric has developed an analytics solution for rod 

pumps (artificial lift pumping systems using a surface power 

source to drive a downhole pump assembly) for automated 

Dynagraph Card recognition at the wellhead for rod pump 

abnormal states identification and diagnosis using Industrial 

Internet of Things (IIoT) infrastructure and applying robust 

Machine Learning (ML) models with Edge computing 

capabilities on real-time data. 

 

Key benefit observed 

• With the insights generated at the oil fields from the 

IIoT Edge Analytics, the on-site maintenance team can 

work efficiently, reduce unplanned downtimes and 

improve pump run life. 

• Generation of instant summary of pump operating 

condition using visual analytics along with any 

detected problem and potential solution, if any. 

 

IIoT Edge Analytics can also be used for other Artificial Life 

systems, for e.g. Electric Submersible Pumps and Progressing 

Cavity Pumps. 

 

 

(iii) Ecopetrol plans to 

implement a real-

time operations 

center (RTOC) to 

have a single real-

time database 

integration  

 

 

The strategy roadmap uses visualization, a data warehouse, 

quality KPIs in real time, and dashboards, as well as 

instructor-led training (ILTs), engineering applications, and 

microservices for the daily operational challenges. Using real-

time tools and other applications that integrate and 

synchronize the private cloud with a third-party digital 

solution provider cloud, Ecopetrol is expecting to implement 

software for delivering solutions for its operations in 

descriptive and predictive analytics, helping the operational 

decisions and vision of the digital twin as an input for 

Ecopetrol’s digital well program.  

 

Several challenges such as implementing RTOC support, 

overcoming restrictions from IT and restrictions to 

synchronize data from rigs, as well as limited user experience 

to control data gathering or visualization were the key points 

targeted to overcome in this transition.  
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3.6 ML driven sub-surface characterization & interpretation models 

Challenges & Limitations (As-Is process and system) 

Sub-surface characterization and interpretation is a multi-functional iterative process to develop 

sub-surface models with an aim to reduce uncertainty in the understanding and prediction of sub-

surface processing. The sub-surface characterization and interpretation is the most core activity of 

E&P companies and key differentiating factor between best-in-class players and laggards.  

Subsurface characterization and interpretation is a complex process that involves various subject-

matter expertize, knowledge domains (G&G, Petro-physics, RE, etc.) and datasets, which are 

interpreted and then integrated, reviewed, validated and updated to come up with reservoir model 

scenarios for economic model and decision-making.  Critical decisions are often delayed due to 

extensive time it takes to perform the manual processes of reservoir model building and updation. 

The long cycle period results in reservoir model often being out of date with the latest reservoir 

information, thereby making it imperative to make processes agile to manage shorter and more 

frequent updation cycles. The manual workflow management and limited computation capability 

of the team can also result in sub-optimal outcome with high-degree of uncertainty on reservoir 

and production potential.   

Fig 10: Multi-functional activities associated with sub-surface characterization and interpretation 

 

 

 

Solution Framework (To-be process and business impact) 

AI/ML supports subsurface team, leading to enhanced productivity, testing multiple scenarios, 

significant time reduction and faster decision-making. The key areas where AI/ML, cloud 

computing and data analytics making impact are seismic interpretation, log correlation, petro-

physical tasks, facies classification, reservoir modeling, simulation etc. There is a significant scope 

for automation to reduce turnaround time in these tasks, which can provide testing of multiple 

scenarios in less time for faster and better decision-making. 
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Fig 11: Illustrative automated workflow for subsurface modelling

 
Further streamlining the whole process with shown illustration will ensure highly relevant 

evergreen subsurface models that can be used effectively to respond to the latest production and 

economic opportunities. 

Fig 12: Intelligent Integrated Subsurface Modelling Program 

 

Select Global Case Studies 

(i) Salt Classification 

Using Deep Learning  

 

 

 

Delineating salt bodies in seismic datasets is a critical step in the 

migration work-flow due to the high sound velocities associated with 

salt. Manual delineation of salt bodies is time-consuming in nature 

(especially in 3D volumes) with variance in results quality 

depending on the experience of the interpreter. Deep Learning can 

help reduce the need for manual interpretation.  
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Convolutional neural networks offer a powerful framework and 

output for salt classification in seismic data. One advantage of using 

CNN for salt classification is that the input is just a small cube from 

the raw data. This removes the need for attribute-engineering and 

makes it easy to classify any given location in the dataset without 

computing attribute-sections. 

 

 

(ii) Seismic facies 

classification using 

different deep 

convolutional neural 

networks 

 

Convolutional neural networks (CNNs) is a type of supervised 

learning technique that can be directly applied to amplitude data 

for seismic data classification. The main advantages of CNN over 

other supervised classification methods are its spatial awareness 

and automatic feature extraction. CNN analyzes the patterns among 

pixels in an image, and automatically generates features (in seismic 

data attributes) suitable for classification. 

 

The model generates superior classification result at near real-time 

speed, at the expense of more tedious labeled data picking and 

longer training time. 

 

 

(iii)  Deep Learning and 

Bayesian Inversion for 

Planning and 

Interpretation of 

Downhole Fluid 

Sampling 

 

Downhole fluid sampling is ubiquitous during exploration and 

appraisal because formation fluid properties have a strong impact 

on field development decisions. The framework consists of a deep 

learning (DL) proxy forward model coupled with a Markov Chain 

Monte Carlo (MCMC) approach for the inverse model. 

 

Key Benefits Observed 

The  deep  learning  model  achieved  significant  improvements  in  

accuracy  (upto  50%)  and  memory requirements (reduction by 10-

fold) compared to a previously-developed Gaussian Process 

Regression model without sacrificing computational speed. The 

deep learning architecture and training framework developed were 

shown to be robust and applicable to multiple probe geometry 

 

 

(iv) Embracing the Digital 

and Artificial 

Intelligence 

Revolution for 

Reservoir 

Management - 

Intelligent Integrated 

Subsurface Modelling 

(IISM) 

 

 

In order to overcome challenges associated with volatile 

hydrocarbon prices, ADNOC is integrating next generation data 

management systems, reservoir modeling workflows and AI assisted 

interpretation systems across all domains through the Intelligent 

Integrated Subsurface Modelling (IISM) program 

 

The IISM is a multi-stage program, aimed at establishing a synergy 

between all domains including drilling, petro-physics, geology, 

geophysics, fluid modeling and reservoir engineering. A continuous 

feedback loop helps identify and deliver optimum solutions across 

the entire reservoir characterization and management workflow.  
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Key benefits observed 

• Reduced the turnaround time, improved accuracy and 

better understanding of the reservoir for timelier reservoir 

management decisions.  

• Efficient, agile and sustainable management of resources  

3.7 Digital twin for integrated well planning and management 

Challenges & Limitations (As-Is process and system) 

With productivity and efficiency improvement at the forefront on E&P players’ agenda, operators 

are focusing on increasing well quality at lower construction costs, which requires real-time 

information to drive faster decisions with a higher level of accuracy. In today’s scenario, a manual 

well planning & re-planning cycle takes substantial time in repetitive analyses and hence requires 

O&G companies and teams to review their well construction process and discover how to integrate, 

automate and collaborate better across well construction projects. 

Solution Framework (To-be process and business impact) 

As more E&P companies adopt emerging technological innovations of the Digital Age, attention 

has turned to advancements in well program digitalization, or virtual representation and analysis 

(Digital Twin), of the well through its entire lifecycle. The integrated O&G Digital Twin concept 

provides a digital construct of the well construction process, which is then used to optimize the well 

construction phases of planning, design and execution, by addressing following pressing concerns: 

• Reducing well program preparation time 

• Increasing well reliability 

• Accelerating end-to-end well delivery 

• Maximizing well productivity, while lowering cost 

• Evaluate challenging well profiles such as HPHT conditions 

The Digital Twin is utilized not only to plan and track the progress of the well throughout its 

lifecycle, but also to help optimize all aspects of the phases, as adjustments are continually made 

to the “live” Digital Twin based on real-time updates from both sensor and model data, as well as 

lessons learned.  
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Fig.13: Learning and adjusting with the live Digital Twin 

 
 

Essentially, a well construction program that incorporates the Digital Twin concept is an accurate 

expression of a well, including downhole geological, reservoir and fluid properties, wellbore and 

surface components and the environment in an evergreen “live” scenario.  

In many instances, the level of integration, expertise, collaboration, interaction and automation for 

the continuous improvement of well delivery has been limited. Now, teams and individuals in 

diverse roles can use digital technology combined with systems, and systems engineering thinking, 

in place to connect to an array of internal and external (public) data sources, accessing multi-vendor 

commercial engineering software, in-house software applications or individual Excel calculation 

sheets. Optimal technical, operational, and economic success across the E&P lifecycle can quickly 

be achieved by moving away from an on-premises model to a single, enterprise cloud platform that 

helps to reduce costs and accelerate the speed of innovation. This facilitates consumption and 

application of well delivery “know-how” to keep improving the well plan over time.  

Fig 14: Overview of a comprehensive approach to well planning and development—from project 

inception to final well delivery. 
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When applied to well construction, the Digital Twin contributes to continuous optimization of well 

delivery within three action-oriented loops: 1) Field development planning, 2) Well Design and 3) 

Well Execution (see below figure). 

Fig.15: Well Construction Optimization 

 

 

During field development planning, optimization focuses on effectiveness, and is achieved through 

a holistic approach to determine the right number of wells, in the right locations, with the right 

paths, drilled in the right order to maximize NPV. This takes into account geological and reservoir 

uncertainties, production potential, time, cost to construct and complete wells and facilities, 

commodities fluctuations and fiscal regimes, plus any constraints the company might have (e.g., 

cash flow, number of units under contract, etc.). 

During well execution, optimization focuses on efficiency to ensure the right combination of 

parameters (e.g., WOB, SPM and RPM) is obtained to maximize rate of penetration (ROP) while 

operating within the safety envelop of the surface and subsurface equipment and mud system. 

The workflow solution is envisioned to be continuously enabled by a single platform to digitally 

keep everyone collaborating at all times by ensuring service company/operator convergence in real 

time; and integration of Engineering Applications/Software and Rig Instrumentation, which will 

enable digital transmission of well designs and rig control instructions & set points to the rig. 

Thereafter, changes in well design and ultimately rig instructions are computed in real time to 

minimize deviation between the target and actuals, and then delivered digitally to tools and rig 

subsystems 

The Automated Well Design and Planning Workflow solution addresses today’s well program 

challenges by enabling digital workflows that support automated, interactive and collaborative 

drilling artifacts; data-driven analytics; and seamless connectivity across multi- domain operations. 

This frees the human labour force to focus more on high value activities, like advanced analytics 

and decision-making. The automated solution enables engineers and operations managers to plan, 

approve, and monitor each phase of the well construction process through a single product Below 

figure shows this dynamic solution for well program optimization, from planning to execution. 
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Fig.16: The Drilling Life Cycle 

 

 

Select Global Case Studies 

 

(i) PTTEP signs Well 

Design Digital 

Transformation 

Contract 

 
 

PTTEP, a national petroleum exploration and production company 

in Thailand, selected a third-party company for joint development 

of new well design workflow to automate drilling and completion 

engineering processes across the well lifecycle.  

 

The new workflow is based on PTTEP well design initiative which 

will be developed using a Digital Well Program, which transforms 

how wells are constructed and delivered by combining a digitalized 

planning and design process with engineering models on a single 

and open platform. The product will support all new wells drilled 

and leverage data from over 1,500 existing wells to reduce planning 

cycle times, enable automation, advanced analytics and optimize 

well design.   

(ii) Aker BP Enters 

New Drilling and 

Well Alliances to 

reduce well 

planning cycle 

 

 

Aker BP has entered into two separate alliance agreements, one 

for Jack-Ups, and one for Semi-submersibles. Both alliances are 

formed under the “one for all, all for one” collaboration model 

where the partners align around common goals to drive continuous 

improvement and create greater value for all. 

 

The intent is that the Drilling & Wells alliances will plan and 

execute sanctioned production and exploration drilling activities 

by using an integrated well delivery model; a “Drilling & Well 

Alliance”. 

 

With this alliance and the unique integrated well delivery model, 

AkerBP is leveraging the collective experience and capabilities to 

reduce waste across the value chain. 
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3.8 Digitally enabled exploration portfolio management 

Challenges & Limitations (As-Is process and system) 

In the low-oil price environment, it is important for E&P companies to remain competitive by 

ensuring cost of discovery as low as possible. Typically, exploration management has two-fold 

challenges – one that deals with finding hydrocarbon in frontier areas and other that deals with 

maximizing play in existing fields by finding smaller and subtle traps within the existing or planned 

infrastructure.  

The conventional exploration management process and activities involve fragmented landscape, 

disparate systems, and multiple applications, with no contextual and integrated data flow. The data 

is often difficult to find, non-searchable, hidden behind applications, and in different formats. Large 

amount of time is spent upfront on data collation from multiple basins for integrated analysis. 

Insufficient communication, variation in roles and responsibility, and personal bias in 

interpretation further complicate the decision-making process, resulting in sub-optimal decisions 

from incomplete data foundation.  

Solution Framework (To-be process and business impact) 

The digital exploration management system is an interactive single platform which helps 

exploration team manage exploration portfolio in line with organization’s strategy. It allows for the 

team to screen, rank, prioritize various exploration opportunities and make faster decisions to 

accelerate timelines for first hydrocarbon. The salient features of digitally enabled exploration 

management system include:  

• Brings all exploration opportunities on single platform making them compete with each other 

for capital and resources within the exploration budget allocation 

• Integrated data-base with ability to roll-up at field-level/basin-level/country-level, etc 

• Help reduce personal bias, subjective judgements, anecdotal evidence and help characterize 

sub-surface risk in consistent manner 

• Makes decision making robust between opportunities which are inherently different in nature 

(i.e. conventional vs unconventional, deepwater vs onshore, etc.) 

• Streamlined and reduced workflows integrated with machine learning and advanced 

analytical capabilities and automation for mundane repetitive tasks 

• Facilitates collaboration for value assurance process through peer assists and peer reviews 

• Data-backed sound decision on invest, divest, abandon, etc. 
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Fig 17: Integrated solution to get superior results in exploration through digitalization 

 

Select Global Case Studies 

(i) Digitally enabled 

exploration 

portfolio 

management 

boosts the 

discovery of New 

Exploration 

Opportunities  

 

 
 

Equinor has been a leading digital explorer that manages its 

exploration portfolio by leveraging the off-the-shelf tools thereby 

digitizing its exploration funnel. The hydrocarbon exploration 

management tool plans, tracks and facilitates the creation, iteration 

and maturation of new and existing opportunities in the exploration 

funnel. Key outcomes –  

 

• Efficient ways of working 

• Always builds on knowledge, never lose it 

• Better-informed decisions  

• Faster oil discovery 

3.9 Digitally driven integrated field development planning  

Challenges & Limitations (As-Is process and system) 

Field Development Planning (FDP) is one of the important activities in the stage-gated project 

management process towards the development of the hydrocarbon field. The output of the field 

development planning activity becomes the basis for final investment decisions, also a critical 

statutory submission document for the regulator. The conventional process of field development 

planning has various limitations as teams (geologists, engineering services, petroleum engineers, 

financial analysts etc.) operate and optimize within their individual functions with limited cross-

collaboration. This primarily leads to limited scenario testing and assessment that may result in 

sub-optimal solution. Also, multiple hand-offs and iterations between teams, with late availability 

of data make overall field development process time-consuming.  

Solution Framework (To-be process and business impact) 

Integrated digital field development planning solution utilizes automation and high speed of cloud 

computing, making applications and workflows accessible to all users and enables team members 
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to build common workspaces for data, models, and interpretations while respecting proprietary 

information boundaries. Such collaborative environment transforms the FDP from a passive 

process to a live, intuitive working model where multiple projects can be managed and tracked in 

a single, connected environment. 

 

Fig 18: Integrated FDP development process leveraging digital tools and shared workspace 

 
 

Fig 19: Benefits of Integrated FDP development process  

 
 

Select Global Case Studies 

 

(i) Agile field 

development 

planning solution 

enables timely 

evaluation of field 

development options 

Orion planned to expand production in the Mira Field that 

required quick and accurate evaluation of field economics. Orion 

sought a more collaborative, timely method that would enable 

field development teams to quickly update, track, and analyze 

financials with greater reliability than conventional method and 
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better evaluate field economics for well-informed investment 

decisions. 

 

Orion leveraged digital FDP planning tools that resulted in 

providing greater insight of Mira Field economics and shortened 

planning time, enabling Orion to expand the drilling campaign. 

The tools provided a reliable, open, and collaborative workspace 

that made it easy to track deliverables.  

 

 

(ii) FDP planning digital 

tool drives a culture 

of openness at 

Woodside 

 

 

 

For a FDP preparation, Woodside suffered from siloed 

workflows, auditability and data trust issues, and complex 

processes dependent on individual capabilities. It took months 

to move opportunities through decision gates due to multiple 

interfaces, especially during appraisal/concept select stage.  

 

Woodside collaborated with third party vendor to source the 

digital planning tool to increase collaboration between multiple 

groups such as geoscience, engineering, reservoir, commercial 

etc. The tool provided a simple interface to drive rapid scenario 

screening. As a result of switching to digital FDP, Woodside was 

able to establish the project proof of concept within 2 months 

from project kickoff.  

 

3.10 Digital capital project management for integrated schedule and interface management 

Challenges & Limitations (As-Is process and system) 

As the upstream project development moves to frontiers and ultra-deepwater basins, project 

development is becoming increasingly complex and technologically demanding. On-time and on-

budget completion has become a major challenge, with operators facing significant cost and time 

overrun. The growing complexity and technological specialization further lead to dependence on 

multiple service providers and vendors to execute and deliver the project. A project involving 

multiple contractors working across different locations/environments increases the operator’s 

challenge in managing the interfaces. Contractor alignment, formation of an integrated project 

schedule using individual contractor schedule, activity sequencing post-kick-off, clash/interface 

detection, and management becomes difficult. Such challenges further aggravate, if such a project 

is a brownfield development, with issues of operations & maintenance, further adding to the overall 

complexity of interface management. 

 The traditional approach to manage schedule & interface management include contractor based 

high-level schedule, individually updated schedule from multiple contractors, weekly/monthly 

reports and manual troubleshooting of schedule & interface issues. Such manually-driven schedule 

and interface management results in inefficiency and scope for error/judgment, thereby posing risk 

to the project timetable and the overall cost. 
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Solution Framework (To-be process and business impact) 

The Digital Project Management (DPM) system helps address key challenges and limitations of the 

traditional approach, by integrating and enabling contractor/sub-contract documents on unified 

platform. The integration of different documents (schedule, 3D model, plot plan, etc.) helps create 

holistic integrated view of the project development, making easier for project team to visualize and 

simulate the progress. Thus, DPM deployment increases the schedule adherence through enhanced 

project progress monitoring and reporting, interface management, planning optimization, 

improved contractor productivity and improved risk management.  

Fig 20: Illustrative DPM process flow to form an integrated project outlook using 2 individual 

contractor inputs 

 

Fig 21: Salient features of Digital Project Management (DPM) system 
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Select Global Case Studies 

(i) Deployment of  

digital project 

management 

tools in the 

development of 

refinery by state-

owned oil 

company in 

India 

A large Indian public sector downstream petroleum major and a 

global conglomerate, was setting up a green field crude oil 

refinery with a capacity of 9 million metric tons per annum in 

India. The company was facing challenge on managing multiple 

contractors and their schedules, without standard systems or 

processes. The company adopted DPM system to navigate the 

project through the development phase to minimize cost and 

time risks. 

Key benefit observed 

• With DPM, the commissioning of the refinery was 

executed in a phased manner and the project was 

completed within 52 months of the start date  

• The deployment of DPM resulted in savings of US$22 

million in capital expenditure and of US$7 million in 

operating expenditure every year 

 

(ii) DPM enables 

SEA O&G  to 

accurately 

forecast project 

cost and time 

overruns 

A leading Oil & Gas major of South East Asia faced major issues 

of accurate cost forecasting, schedule and milestone slippages 

early on in the project. DPM helped by providing productivity 

comparisons on a weekly and monthly basis across vendors and 

projects, early warning indicator for milestone slippage, analysis 

on NPT (Non-productive time) and tool-based schedule and cost 

forecasting 

3.11 Advanced analytics based Frac design optimization 

Challenges & Limitations (As-Is process and system) 

Fracking has brought a revolution to the oil and gas industry in the unconventional reservoir by 

extracting oil and gas that cannot be produced with conventional techniques due to lower 

permeability of the reservoir rock. Fracking leads to creation of a path for the oil and gas to flow 

from the reservoir to the wellbore. It is carried out by pumping fluids (water primarily with 

proppants and additives) at a very high pressure from the surface facilities down into the wellbore 

to the reservoir rock creating channels or openings in the reservoir rock by placing proppants into 

the fractures created to stop them from closing. 

 

The conventional process for design and monitoring of the fracking operation is through a physics-

based model, whereby the overall process is being simulated by inputting all the pressure and depth 

parameters into the pre-built model based on earlier operations. These models have high 

computational efficiency but are limited in terms of fracture shape and flow conditions. The 

properties and distribution of formation matrix are pre-defined and are static in nature. The 

conventional models assume fracture length as constant and thus are unable to simulate small 

quantity fractures.  
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Solution Framework (To-be process and business impact) 

To improvise the conventional process, data-driven approach through advanced analytics can be 

adopted. The overall objective is to apply data analytics to predict and strategize right fracturing 

technique based on rock properties, reducing unwanted situations like "Pressure Out" or "Screen 

Out". The model will learn and evolve from the data generated during previous fracking jobs in 

similar fields. The solution will define the permissible limits of the channels such as pump rate, 

proppant concentration, the distance between wells, etc., which an engineer controls during the 

pumping process to prevent screen outs. 
 

Fig 22: Illustrative process highlighting use of advanced analytics to derive optimal fracking 

inputs to avoid screen-outs 

 

 
 
 
Select Global Case Studies 
 

(i) Improvement in 

fracking 

operations based 

on advanced 

analytics driven 

approach 

 

 

 

A numerical fracture model is used to design the fractures in a 

tight oil reservoir. Fracture treatment designs include selection 

of fracturing fluids, additives, proppant materials, injection rate, 

pumping schedule, and fracture dimensions. Using the fracture 

model, a statistically representative synthetic data set is 

generated for each parameter to build data-driven models. 

 

Data-driven predictive models are generated by using neural 

networks (NN) and support vector machine (SVM) algorithms. 

The SVM and NN models are used to optimize the fracturing 

treatments per well and are evaluated based on accuracy and 

computational complexity. Based on the performances of the 

models, model parameters are adjusted to obtain fit-for-purpose 

well-based hydraulic fracturing models. 
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(ii) Prescriptive 

analytics for 

Completion 

Optimization in 

Unconventional 

Resources 

 

 

Diamondback Energy applied a comprehensive prescriptive 

analytics model using machine learning for well completion 

optimization in unconventional resources. The model 

automatically searches among various machine-learning 

algorithms (e.g., neural networks, random forest), to find the 

best algorithm and associated hyper-parameters. Through a 

multi-objective optimization process, optimal strategy is being 

selected that minimizes the cost, but does not sacrifice too much 

of the yearly hydrocarbon production. 

 

Key benefit observed 

• Savings in the range of 5-32% in completion cost per well 

while maintaining similar production levels 

• Easy to visualize scatter plot of the two objectives (boepd 

and $/boepd) provides pareto with optimal strategy for 

the decision maker to select from 

3.12 Integrated data management platform for drill planning 

Challenges & Limitations (As-Is process and system) 

The well construction planning and activity still represents the large proportion of upstream 

investment, thereby offering scope to introduce new efficiencies early on. With fewer in-house 

engineers and dispersed drilling locations, operators are challenged to coordinate and manage 

more distributed teams as they drill a higher number of wells – requiring collaboration beyond 

traditional organizational set-up and workflows. At the same time, drilling engineering application 

market has become highly complex, with a multitude of niche products, designed to serve 

specialized teams and activities– all unconnected from each other. 

The traditional well planning activities involve specific domains/teams working in siloes with its 

own data sets and on disparate applications which aim to optimize within its own specific 

domain/activity (internal velocity profiling, fracture gradiency, pore pressure profiling, mechanical 

stratigraphy, etc.). The data, output, and insights are shared manually (through emails, discussions, 

etc.) in a linear workflow model. The result of these individual and linear workflows and isolated 

datasets is an incoherent and sub-optimal drilling plan.  

Fig 23: Linear work-flow for well engineering process 
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The overall process is time consuming requiring multiple review meetings and extra administrative 

effort for the drilling engineer leading the drilling project. Also, the drilling engineer need to 

proactively ensure consistency and version control across multiple disparate systems during all the 

iterations between project team, communicated via emails and/or discussion forums. 

Solution Framework (To-be process and business impact) 

It has become increasingly important to tackle unstructured data across the drilling group, where 

significant use of a proper workflow and a state-of-the-art data management application system is 

promoted within the organization. Integrated data management platform aims to achieve 

integration of drilling and completion information into one centralized database system. 

An integrated data management platform enables iterations or sensitivity evaluations across the 

entire plan through a simple platform within which all the required processes can be managed, 

requiring engineering evaluations to be executed across multiple software. An example is 

hydraulics design which requires output/data from mud design, bottom hole assembly (BHA) and 

bit design, hole cleaning and borehole stability aspects of drilling. 

Single integrated platform with open architecture allows 

contextual data (3rd party or proprietary) sharing between 

the project team members, eliminating multiple data 

entries and allowing the same data to be consumed by other 

workflows, enabling coherency across all workflows and 

tasks. For example, trajectory design data will be consumed 

by drilling fluid workflow, kick tolerance workflow, 

hydraulic workflow, casing design workflow etc. Further, 

automation of repetitive task on the platform can free 

domain experts to have more time to focus on creating new 

engineering insights. It enables circular workflow which means plans are improved as new data is 

added e.g. from drilling operations, and future programs can learn from prior experience. 

Fig 24: Circular work-flow for well engineering process 
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Select Global Case Studies 

(i) Digital 

Technology 

Solution 

Improves Well 

Planning 

Efficiency  

 

 
 

 

Petro-Hunt’s several wells in North Dakota field presented 

challenging well profile due to HPHT well conditions and 

extensive asset development. Petro-Hunt recognized that it 

needed to reevaluate its well planning technologies and 

methodologies to mitigate bottlenecks for its engineers. The 

primary issues with the company’s current process stem from the 

use of traditional software workflows, which hinder engineers 

from effectively creating multiple planning scenarios, & 

collaborating among a multidisciplinary well planning team 

during various stages of the well planning process, thereby 

impacting the efficiency and effectiveness of Petro-Hunt’s 

operations. 

 

Petro-Hunt tested a coherent well construction planning solution 

for a challenging HPHT unconventional well in North Dakota in 

tandem with the current well planning process. The goal was to 

integrate the company’s processes and policies, automatic & 

concurrent well engineering workflows, and drilling program 

generation with the digital solution to uncover opportunities for 

improving well planning efficiency.  

 

Key benefits observed 

• 50% reduction in planning time due to an integrated 

planning environment 

• Improved cross-discipline collaboration between 

engineering & geology & interaction with service 

companies.  

• Decreased time and the potential for risk by employing 

automated tools, such as automated trajectory and anti-

collision scanning, etc. 

• Enhanced well design innovation through automated 

workflows that freed engineers to focus on more value-

added tasks 

• Increased reliability of the design process with 

traceability and versioning 

3.13 Real time operation centre (RTOC) for drilling to foster collaboration 

Challenges & Limitations (As-Is process and system) 

During the last decade(s) there have been major changes in well requirements and drilling 

capabilities with increased depth, directional drilling, extended lengths and higher pressure and 

temperature, etc. emerging as the key aspects challenging and changing the rules of the game. 

More sophisticated rigs, control systems and operating models call for better collaboration with 

more, timely and shared insight during operations. 
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Delivering wells safely ahead of planned timeline and continuously improving well construction 

performance has always been E&P companies’ primary objectives. These objectives are becoming 

a priority with increasing well complexity, challenging drilling environment (basalt, salt layers, etc.), 

remote wellsite locations coupled with unstructured data, siloed workflows and work processes. 

Pore pressure challenges in deep waters and uncertainty in formation lithology add to the 

complexity to deliver top quartile drilling performance. Current drilling processes pose multiple 

challenges:  

• Each domain is organized in silos, lacking collaboration e.g. geosciences focus on geological 

monitoring while drilling function monitors drilling dynamics 

• Single instance applications prevent users within the same domain to collaborate as data is 

not accessible by other instances  

• Workflows are dis-connected i.e. geological interpretation such as formation top need to be 

shared manually with drilling operations causing delay 

• Lack of an application with smart analytics, limiting the number of wells per monitoring 

personnel as each well requires its own set of analysis and monitoring 

• Highly unstructured data which is kept in individual repositories– lack of single source of 

truth 

All of the above challenges result in slow decision-making processes that further increase risk in 

the drilling operation process. 

Fig 25: Current drilling process challenges 

 

 

Solution Framework (To-be process and business impact) 

An Integrated Real-time Operation Centre where people, process and technology are integrated, 

which intimately coupled with well construction planning can play a pivotal role in solving real-

time problems. RTOC also enables experts with remote access to quality drilling data for real time 

monitoring and advanced analytics for remote decision support of all well operations.  A well-

functioning RTOC can serve multiple benefits: 

• Prevent drilling problems by recognizing potential hazards ahead of time through the 

combination of team collaboration and analytical applications 

• Improve the efficiency of drilling operation 

• Establish drilling KPI benchmarks for continuous improvement 
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• Integrated and structured database creates opportunity for digital technology applications e.g. 

ML/AI 

An Integrated RTOC consist of 5 key elements:  

• Aggregation and Visualisation: Seamlessly integrate rig-based data and stream to WITSML 

viewers and applications 

• Advanced Drilling Analytics: With advisory that will support automated predictive 

interpretation of drilling data to identify risks and mitigate them while drilling to transform 

overall drilling performance  

• Operational Efficiency:  Benchmark and monitor KPIs for identification of lost time issues 

and continuous improvement through diagnosis and remedial measures 

• Domain Expertise: Drilling, geoscience etc. experts to transform workflows with intervention 

and advisory support, while also supporting capability development and addressing capacity 

stretch 

• Common shared environment: Where both experts (drilling, geoscience etc.) and 

stakeholders (management) can collaborate to make critical decisions on time. The web-based 

environment can be accessed from anywhere with tablet, mobile, laptop etc. 

Fig 26: Integrated RTOC to support drilling operations 

 

 
 
Another element of the Integrated RTOC 

framework is the facility itself. Integrated 

RTOC shall be built as a Collaborative 

Working Environment (CWE). A CWE is 

more than just a room with advanced 

visualization and other technologies. Its 

purpose is to drive more effective 

collaboration and decision-making leading to 

recognizable value and an increase in output 

from mixed-disciplinary teams. CWE is the 

Fig 27: Key enabling workflows for the 

Integrated RTOC 
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chosen acronym for this type of facility as it 

sums up the most important features: 

• Collaboration: workflows that take 

account of human needs and abilities 

• Working: a place where people work, 

not just visit 

• Environment: encompasses the entire 

user experience of working with new 

data and processes 

Fig 28: Conceptional CWE design 

 

AI/ML basd analytics of offset well in RTOC 

Market analysis suggests that up to 30% efficiencies and performance improvements can be 

achieved by fully utilizing existing technologies intelligently. The use of AI and ML allows users to 

leverage everything reported in offset wells for immediate, accurate, and comprehensive insight 

with the purpose of identifying geohazards, well profile, formation types and their corresponding 

mud type and operations, loss of circulation (LOC), etc. Offset well analyses is to be carried out 

right from the planning phase to the drilling operations phase and any deviation need to be 

monitored and acted accordingly through the Integrated RTOC. 

Select Global Case Studies 

 

(i) Real-Time 

Operations 

Support for 

Geographically 

Dispersed 

Operations 

 

 

A small operator without scale and resources of a supermajor has 

developed real-time operations support centre by taking 

advantage of the technologies available and leveraging the skills 

and experience embedded within a widely distributed well-

engineering organization.  The operator installed and ran real-time 

drilling-support centre with no capital expenditure & relatively 

smaller operating costs. The key features of the centre:  

 

• The global real-time collaboration environment enabled 

the decision makers in the field to access the experience of 

and support from the rest of the organization 

• The global real-time collaboration environment allowed 

the specialists to direct their attention, as required, to 

operations most in need of support at any particular time 

• The head-office organization provided technical and 

administrative support. It facilitated the design of the work 

flows and set common standards for the information-

technology and communications architecture. The design 

and the implementation of these work flows used state of 

the art real-time drilling-data analysis and drilling-support 

tools.  
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(ii) Drilling 

Performance 

Initiative in Campos 

Basin Block C-M-592 

 

 
 

A recently created operating company was undertaking 

aggressive exploratory campaigns to drill 40 wells in less than 2 

years in Campos Basin, with more than 4 semi-submersible rigs 

new to the area. An integrated approach of engineering and real 

time monitoring was deployed to control and drive operations 

along with the application of appropriate new technologies along 

with standardized, fit-for-purpose practices that have been 

implemented since the beginning of the drilling campaign 

 

Key benefits observed 

• 30% improvement in drilling time achieved 

• 40% reduction in fluid losses 

 

All this was implemented and achieved in a new company by a 

multidisciplinary task team working closely with geosciences 

support and real-time surveillance, which enabled real time 

decision making in an ever-changing exploratory environment 

 

(iii) Artificial 

intelligence 

improves real-time 

drilling data 

analysis 

 

 

 

The Maersk Oil (now Total) team explained their challenge as 

“significant NPT events and drilling performance variability” 

which experience alone would not be enough to remedy. The 

project team’s ambition was to explore how AI could provide 

improved warning time to critical situations by analyzing real-

time data coming from the drilling operation, leveraging good 

practices from predictive initiatives in other industries. 

 

The analytics approach was to start exploring data from 

previously completed well projects. Some had been delivered 

without incidents while others had experienced NPT 

(nonproductive time) problems such as stuck pipe with significant 

delay and additional cost. 

 

Data scientists used AI algorithms to analyze data selected by the 

industry experts. The key data was all recorded channels, from 

wellbore to drill rig, ahead of observed events, such as a stuck 

pipe. The objective was to identify changes in data that could 

indicate that a “precursor” to an event was developing. 

 

The data-driven approach could identify new “signatures” as it 

builds an understanding of what constitutes normal behavior. 

When a new signature is identified, the subject matter experts can 

“relate” the findings to available data, replaying data and looking 

at drilling reports for observations of the event taking place. This 

approach of “supervised learning” extends the hybrid model 

capabilities and improves the prediction levels. 
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4. Digital for Reservoir Management, Operational Excellence 
and HSSE 

4.1 Data Driven Reservoir Operations Management 

Challenges & Limitations (As-Is process and system)  

The reservoir management operates at the confluence of technical, operating, and managerial 

skillset. It is a continual process that recognizes the limitation and uncertainties in the modelling 

of complex reservoir operations. The traditional approach of reservoir modelling is based on first 

principle physics with partial differential equation and represented by a geo-cellular (static) model, 

developed by geoscientists and is dominated by interpretations and uncertain values. The problem 

further becomes challenging while dealing with unconventional reservoirs such as Shale.  

The inability of E&P companies to reduce the uncertainties in reservoir management, pose a 

significant risk to the identification of the right candidate for advanced oil recovery techniques such 

as EOR/IOR, optimal flooding pattern and RoI analysis prior to full-scale implementation, resulting 

in loss of hydrocarbon recovery potential. 

Solution Framework (To-be process and business impact) 

“Fact-Based Reservoir Modeling” or “Top-down Modeling”, data-driven reservoir modeling is a 

novel approach to build models representing fluid flow in hydrocarbon producing porous media 

that are completely based on field measurements. Instead of starting from first principle physics 

that result in partial differential equations such as the diffusivity equation, data-driven reservoir 

modeling starts from the field measurements such as well configurations, well completion, well 

logs, core analysis, well tests, and production/injection history. Such data-driven reservoir modeling 

uses artificial intelligence and machine learning to build full-field reservoir models using field 

measurements instead of mathematical formulations that represents our current understanding of 

the physics of the fluid flow through porous media. Distributed optical fibre (DOFS) are typically 

used for sensing for reservoir and production monitoring. 

Fig 29 : Reservoir management workflow using Top-Down Modeling 

 

While screening of oil fields for EOR/IOR is examined by the expert committee, drawn from 

Industry, researchers / academic in India and their global partners, Data-driven reservoir 

management supports committee in deployment of effective field selection workflow and type of 



Revised Draft Vision Paper – Not for external distribution 46 

 

    June 2020 

IOR/EOR that gives maximum ROI. The Constant surveillance and monitoring of injection methods, 

chemical miscibility and constant check on voidage replacement ratio and wettability. 

Select Global Case Studies 

 

(i) Data-Driven 

Reservoir 

Management of a 

Giant Mature 

Oilfield in the 

Middle East 

 

 

 

 

 

A novel approach to reservoir simulation and modeling was 

applied to a giant mature oilfield in Rub-Al-Khali basin in UAE. 

For the development of empirical, full-field reservoir simulation 

and model, multiple data sets were used, such as production and 

injection history, well configurations, well-head pressure, well 

logs, time-lapse saturation logs, and well tests. The well tests 

were used to estimates the static pressure of the reservoir as a 

function of space and time.  

  

The full-field model was built using machine learning technology 

to train and history match a Top-Down Model (TDM) using data 

from 1975 to 2001. The history matched TDM was deployed in 

prediction mode to forecast production from 2002 to 2010 and 

compared the results with the historical production from this 

period (Blind History Match). Future production from the field 

(on a well by well bases), based on the Top-Down Model, was 

forecasted. 

 

Key benefits observed 

• Increase in oil production by selective optimization of 

injection quantity, with total injection less than what was 

originally scheduled 

4.2 Big data driven polymer dosage optimization in Chemical EOR technique 

Challenges & Limitations (As-Is process and system) 

Polymers are one of the most expensive and critical raw materials for heavy oil matured field 

upstream operations. The current process of polymer dosage is largely manual and people 

dependent. It doesn’t leverage advanced capabilities, like data analytics and machine learning. 

Mostly the dosing is done based on a generic analysis of the flow rate and past production output. 

The decisions are driven by experienced operators based on their understanding of the situation. 

As improving the recovery factor of fields in the cost-effective manner becomes a key priority in 

the low oil price scenario, a crucial element of improved recovery methods is the estimation of 

accurate dosage of polymer at well and field level. Pilot studies serve as the starting point for 

estimation but as operations increase across the field, the dosage needs to be monitored and altered 

based on production results and reservoir adaptability. Some of the key challenges that operators 

face in current polymer dosage processes are the following:  

• Inaccurate chemical dosage at field  

• No accurate forecasting of days to react for chemical and polymer supplies 

• Lack of capability to predict sweep efficiency and identify sweep pattern 
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Solution Framework (To-be process and business impact) 

Use of advanced data analytics capabilities and machine learning models to co-relate the polymer 

injection with output and flow rate impact can lead to significant improvement in the polymer 

dosage process. With the availability of large volume of historical data, machine learning models 

can be built, which can take into consideration a large number of input parameters such as field 

type, artificial lift type, type of polymer and EOR process etc. This process can serve multiple 

benefits to operators:  

• More optimum utilization of chemicals for production enhancement operations 

• Improved production and output 

• Reduced Opex spend 

Daily and weekly monitoring of current inventory levels along with continuous update of 

simulations on a single platform for visualization can assist in accurate predictions based on pattern 

recognition, historical performance and effective collaboration amongst different functions of the 

organization.  

Global Case Studies 

(i) Polymer Injectivity 

Model Establishment 

and Application for 

Early Polymer 

Injection  

 

 
 

 

In China, early polymer injection based on a analytics driven 

model has been proved to be an effective way to enhance oil 

recovery in Bohai offshore field.  

 

Since the near wellbore controls injectivity, two-phase flow 

function needs to be appropriately accounted for to predict 

polymer injectivity. Compared to the traditional numerical 

simulation methods, this new model has improved the injectivity 

prediction efficiency in early polymer injection. The new model 

is a numerical simulator that can predict the dynamic polymer 

injectivity based on several field data obtained during an early 

polymer flood.  

4.3 Integrated field operations (Integrated view of the field performance from sub-surface, 
wells, surface networks and facilities) 

Challenges & Limitations (As-Is process and system) 

Many fields and assets continue to get operated conventionally with high reliance on onsite manual 

intervention and disparate systems in siloed structure. Due to siloed nature of the operation, E&P 

companies lose out on key insights/implications that integrated and aggregated generally offers. 

The poor-to-low adoption of digital leads to inadequate and poor quality data. Even in companies 

which have invested heavily in disparate digital systems find it challenging to move and integrate 

a massive amount of data from unconnected IT architecture to generate meaningful information 

and insight. 

Solution Framework (To-be process and business impact) 

The objective of the integrated field operations is to establish a state of the art surveillance system 

for, monitoring, and analyzing the field data into a Collaboration Centre where all the disciplines 

(Production Surveillance, Production Technology, Facilities, Process, and Reservoir) can effectively 

interface to operate, manage and optimize the asset in order to improve asset productivity, 
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improve/maintain recoveries and maximize return on investment, while in compliance with HSSE 

standards and procedures. Integration, Collaboration, Automation, and Visualization with 

diagnostics are 4 key principles for the successful implementation of integrated operations at a field 

level 

Fig 30: Guiding principles and benefits of integrated field operations  

 

The scope of the IO implementation typically starts with an IO conceptual study which focuses on 

gathering the requirements for an end-to-end IO system (from downhole sensors through data 

acquisition, storage, monitoring, surveillance, decision making, and control actions) including 

collaboration centres in the field and headquarters. 

Select Global Case Studies 

 

 

 

 

 

(i) Business value 

from Smart 

fields 

 

 
 

 

 

The Smart Fields programme has been active in Shell since the 

beginning of the decade and has unlocked significant value.  

 

Smart Fields covers a spectrum of solutions –  

• Real time well monitoring and optimization, data 

acquisition and security, and model-based production 

forecasting  

• Shell's proprietary Production Universe software for real 

time well monitoring and optimization and virtual metering, 

integrated production system modeling (IPSM), production 

allocation and the Data Acquisition and Control 

Architecture (DACA) standard for secure link between office 

and field. 

• Integrated operations are also supported by Collaborative 

Work Environments, in production and drilling operations 
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• Advanced real-time equipment monitoring for facilities 

management is available on an increasing number of 

compressors, pumps, generators and pipelines 

• Exception based surveillance solutions with guided 

workflows for problem resolution have been added to the 

suite 

 

Key benefits observed 

• $5 Bn value realation between 2002 to 2009 from 5 assets 

through Smart Wells, followed by well optimization and 

reservoir optimization 

 

 

(ii) Maximizing the 

Value of Real-

Time 

Operations for 

Diagnostic and 

Optimization at 

the Right Time  

  

Kuwait Oil Company (KOC), back in 2009, launched Kuwait 

Integrated Digital Field (KwIDF) at select fields with an objective to 

attain HSE benefits, production optimization, artificial lift 

performance optimization and improved reservoir 

management.KwIDF establishes a new way of working though 

integration of People, Process, Technology and Space for making 

collaborative decisions at the right time. 

 

The automated workflow covering production surveillance 

(including alarming and alert events), well performance, 

production losses, and artificial lift optimization was established 

within the collaborative work environment 

 

Key benefits expected 

• 80% improvement in productivity of production engineer 

 

 

 

 

 

(iii) Innovation 

centric 

Chevron’s 

Intelligent 

fields 

 

 
 

 

 

Chevron's i-fieldTM harnesses advanced technology and 

communications to improve performance at 40 strategic assets 

throughout the world, including some of its biggest and most 

productive oil and gas fields.  

The company has rolled out mission-control centers focused on 

separate business areas, ranging from machinery to drilling to 

wells and reservoirs, that monitor those assets in real-time and rely 

on sophisticated computer algorithms for early detection of 

problems. The salient features of the i-fieldTM program. 
 

• Deployed thousands of sensors to monitor field operations 

and transmit data, both wired and wirelessly, back to 

central locations 

• Carry out analytics to evaluate data streams in real-time 

from oil wells, drill rigs, ships, and elsewhere 

• Established 2 mission-control facilities in Houston that 

oversee drilling and machinery support and 2 in Lagos, 

Nigeria, and Covington, LA., that monitor deepwater 

drilling 
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4.4 Integrated Asset modelling in field development: Subsurface and surface digital twin 

Challenges & Limitations (As-Is process and system) 

E&P operators seeks opportunities for cost-effective production gain and increased cash flow 

through integrating surface and sub-surface, especially for Mature Assets in India. Most of the assets 

produce well below their installed potential with reasons varying from suboptimal well/equipment 

set points, flow bottlenecks to inefficiently managed operational anomalies.  

 

Applying digital technology in the E&P business is hard work. There is no single universally 

applicable implementation blueprint as different producing assets vary in their digital maturity, 

organization skillsets, and operational workflows, with the added challenges of non-heterogeneous 

software systems, fragmented data environments, and siloed decision making. Operators need 

support to design the solutions that are easy to use and maintain, work with their existing 

operational and IT environments, and scale to their future needs.  

 

A Digital twin through open platform which can provide rapid and scalable deployment for solution 

customized and fit for purpose for the asset. 

Fig 31: Current modelling challenges for operators 
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Solution Framework (To-be process and business impact) 

A key goal for the operator is to achieve dynamic optimization capability through live and up-to-

date performance models (or digital twins) of the production systems. This would allow them to 

adjust the operating set points of the wells and equipment to optimize product yields and prevent 

excursion of sand and water from the wells. 

Operators need to have a scalable and vendor-agnostic digital platform which is necessary to 

connect with wide range of data streams and deliver purpose-built digital twins and visualization 

to automate surveillance and optimization workflows. The latter includes Sand Prediction, Flow 

Assurance, Pressure-Rate Correlation, Suction Pressure Optimization, Corrosion Inhibitor Injection 

Management, and Condensate Stabilization, to name a few. 

 

The solution proposed by Service Provider for the NOC is a cloud-based solution that offers rapid 

deployment and flexibility to tailor digital solutions to the specific needs of hydrocarbon producing 

assets. Its open, technology-neutral, modular, and interoperable architecture enables seamless 

orchestration of performance models and integration with disparate data sources. The underlying 

technology building blocks (e.g. data connectors, business rules, data-driven models, and 

visualization) accelerate the solution deployment. 

 

For each workflow, the solution will deliver a digital twin using a blend of first principle and 

machine learning techniques - the latter necessitated by lack of data or inadequacies of the former 

since good quality data is key to maintaining trust in the models. The platform will ingest, clean 

up, and transform the data streams from sensors and non-real time systems before feeding them 

into the models. 

 

Fig 32: Digital Twin Architecture: To be process 

 
 

Key benefits observed –  

• Maximizing the production potential of the asset by removing bottlenecks in surface and 

sub-surface environment 

• Open, technology-neutral, modular, and interoperable architecture enables seamless 

orchestration of performance models and integration with disparate data sources 
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• Customizable approach through scalable and integrated platform as assets vary in their 

digital maturity, organization skillsets, and operational workflows.  

 

Select Global Case Studies 

 

(i) Large Scale 

Subsurface and 

Surface 

Integrated Asset 

Modeling - An 

Effective 

Outcome Driven 

Approach 

 

 

ADNOC implemented an innovative approach to develop a large 

scale subsurface to surface integrated asset modeling (LSSSIAM) 

solution by focusing on the desired business outcome.  

The proposed methodology resulted in the design of a solution 

where the subsurface phenomena are represented with a data-

driven model to specifically address the requirements of the 

decision-making process which the solution supports. 

This resulted in the development of a first-of-its-kind 

countrywide production model that rigorously considers the 

properties and physics from the wells to the point of supply while 

also considering the subsurface phenomena as related to the 

production potential of the reservoirs and wells. 

The solution can run in a matter of seconds, allowing for the 

optimization of a desired objective function or the effective 

analysis of operational scenarios, which can include short- and 

mid-term production assurance, opportunities identification to 

increase production to capture value opportunities from a 

country-wide production capacity context, and compensating for 

possible shortfalls resulting from unplanned operational 

disturbances in other assets. 

 

(ii) Complex 

Facilities & 

Multireservoir 

Production 

Management 

Using a Tightly 

Integrated High 

Performance 

Simulator 

 

 

The new reservoir simulation tool was applied to the multi-

reservoir Greater Plutonio (GtP) field in offshore Angola and to 

the giant Prudhoe Bay Unit (PBU) field in Alaska. These cases 

have provided the greatest challenges to the simulator in the BP 

system and have driven development. In both cases, the 

simulations were developed coupling the reservoir to the surface 

facilities, and user-developed procedures were included to 

manage and optimize production. Numerous algorithmic 

improvements were made to the base code to accommodate 

additional required functionality for the user management 

procedures and to achieve sufficient performance for the 

extensive PBU network model. 

The updated simulator represents a step change in reservoir 

engineering management capability for the operator, resulting 

from increased accuracy, performance, and user flexibility. The 

inclusion of an extensive user procedure facility for customizable 

production management algorithms enables both mirroring of 
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existing management practices and the testing of a variety of 

proposed alternatives. User procedures can be reused and 

shared among assets. 

 

4.5 Automated selection and workflow for well workover 

Challenges & Limitations (As-Is process and system) 

Asset teams are entrusted with proposing sufficient well production enhancement opportunities 

on a regular basis, reflecting the available budget at their disposition. Current process of well 

selection is based on the current performance of wells and the historical data of production. In 

most of the fields, well decline curve and the variation of the production from the well is considered 

as a main input to select the well to carry out well workover. Usually any well producing 

significantly below the average historical production is also considered as a good candidate for well 

workover selection. While this process is crucial to sustain asset production, the identification of 

potential workover candidates poses multiple challenges: 

• Firstly, it remains a manual, tedious and repetitive process consuming several weeks of 

engineers’ time in every iteration 

• Moreover, best practices and lessons learned from past interventions are rarely 

captured, preventing a systematic improvement of the candidate selection methodology 

and choice of intervention 

• The process currently also doesn’t consider multiple parameters and their 

interdependencies to arrive at the most optimized list of wells for workovers 

Solution Framework (To-be process and business impact) 

The proposed digital solution would be an automated mathematical tool which analysis multiple 

parameters to minimize erroneous selection would help operator identify suitable well candidates 

for workover jobs. The key selection parameters for mathematical tools in workover selection 

should include 

• Residual hydrocarbon reserves in the well drainage area 

• Performance of the adjacent wells, including recent workover results 

• Performance of the adjacent injection wells 

• Candidate well performance 

• Reservoir energy state 

• Difference between the cumulative oil production in the candidate well and average 

hydrocarbon production in adjacent wells 

• Well serviceability or possibility of bottom hole cleanout in the killed wells 

The solution typically also consists of an Advisory System providing a standardized and automated 

approach to rapidly screen and rank hundreds or thousands of wells. The proposed solution should 

enable the proactive management of existing wells by keeping the production enhancement 

opportunity pipeline full and expediting potential candidates through a Maturation Process. 

The advisory system should incorporate recommendations based on automated decision-support 

systems to continuously improve. Integration of traditional petroleum-engineering analysis 
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methods and best practices with advanced algorithms for autonomous well performance signature 

identification, as well as client business logic will be crucial for the success of this initiative. 

Fig 33: Maturation process in automated well workover selection journey 

 

Select Global Case Studies 

 

(i) Smart and 

Automated 

Workover 

Candidate 

Selection  

 

 

A probabilistic expert system assisting workover candidate 

selection and increasing the technical and economic success rate 

of workovers, has been developed to streamline and standardize 

the workover candidate selection process across 240 fields using 

a corporate-wide software solution integrating expert 

knowledge, data analytics and already existing workflows. The 

software solution includes applied procedures and methods such 

as data analytics, machine learning, and reasoning tools such as 

Bayesian Belief Networks 

Key benefits observed:  

• Intuitive multi-level web-based dashboard for robust 

decision making 

• Increase in available professional time from 25% to 

75% for experts for analysis  

• Reduced costs, helps to remove non value adding 

work through automation and improves the overall 

workover success 

Over the last 2 years, several studies in more than 30 fields - with 

a total number of 7,600 wells - representing a wide variety of 

reservoir and well characteristics have been performed using the 

software solution.  

 

(ii) Best practice well 

candidate selection 

for workover  

 

Kurau (K) Field is located within the Padang Island Of Malacca 

Strait Block, Riau Province, Sumatra.  With 33 producing wells 

and 15 shut in wells, the field has already been producing oil for 

23 years. As a mature oilfield, production in the K Field declined 

rapidly due to an increase in water cut. The workover program 
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often failed as no risk factors were accounted for during the 

economic analysis and additional CO log data. 

This led to develop a comprehensive data-backed solution for 

selecting the best well candidates and to rank each candidate for 

workover. The input parameter method/criteria was based on 

Open Hole log, RST log, workover history, WO type, geological 

analysis, and chance of success.  

Key benefits observed 

• This method reduced workover failure and costs 

successfully and maintained oil production at 16% per 

year. 

4.6 Well testing automation and data management 

Challenges & Limitations (As-Is process and system) 

Well testing is an important aspect of reservoir management, routinely used to evaluate well and 

field performance, diagnose reservoir characteristics, integrate test results with other studies, plan 

for future development, and perform the overall management of the reservoir. Well tests are 

performed throughout the life cycle of a reservoir to gather invaluable information, such as 

formation transmissibility and storability, average reservoir pressure, interlayer communication in 

stratified reservoir, and many other parameters. Presently, operators follow a testing process that 

is disparate with manual intervention. The steps followed are: 

• Scheduling the well test - Well tests are scheduled according to the different level of needs. 

A list of wells to be tested is created with their priorities. A set of logical rules is used to 

determine the priority of the well that will follow in the sequence 

• Preparing the test - Preparation stage is used to configure the basic parameters that the 

system needs to carry out during the testing of the well. 

• Executing and Controlling the test - Once the well has been programmed and prepared 

to be tested, the well test is carried out using the system and instrumentation selected for 

each case. Depending on the infrastructure of processes (well test resource), 

instrumentation, control, and communications, the test can be fully automatic or have tasks 

that must be performed manually 

• Visualize, analyze, use and sharing the results - Once the well test is finished, the results 

are sent to a database where they will be stored historically. Finally, the well test results are 

stored including history of execution of the test, its parameters, the qualification of the test 

and all parameters that have been relevant during execution 

Some of the key issues and challenges associated with conventional well testing include:  

• Reliability of data collected directly impacts the quality of data recorded 

• This data becomes the basis for production allocation for various wells and indirectly 

blinds the operator for sick wells in assets, until failure  

• Lack of high frequency real time data availability during an ongoing testing operation 
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Solution Framework (To-be process and business impact) 

Considering the importance of the information provided by a well test, it is highly desirable to 

increase both the frequency and accuracy of measurements.  Introduction of a data platform where 

all the live data from the testing facility can be grouped in an intelligent manner would serve the 

above purpose. Key elements of this platform would include:  

• Minimal manul intervention to ensure reliability of the collected data 

• Integrated data platforms based on IOT to enable the user to target the well test 

frequency, purge duration and validation of reservoir models based on real time data 

ingestion and continuous understanding of reservoir though historical patterns 

• Well Model Validation workflow which can be a part of integrated operations - which 

will utilize the latest well valid test and update it into well models to check whether the 

model is representative of the field conditions 

• User can store this data for future references and allocation can be done in a more accurate 

manner 

An automated well-testing mechanism can serve multiple benefits:  

• Accurate production allocation for grouped wells to a particular facility and thereby less 

production deferment 

• Better decision making in analysing well performance during changing conditions 

• Improved well test quality can improve utilization of test separator and other field 

instruments 

Select Global Case Studies 

(i) Well-Testing 

Challenges in 

Unconventional 

and Tight Gas 

Reservoirs 

Traditionally, newly drilled wells are tested using a drillstem test 

(DST) or wireline formation test (WFT) to evaluate production 

potential and help make development and completion decisions. 

These methods are typically designed to flow the well under 

controlled conditions and then shut in the flow to achieve a 

pressure buildup (PBU).  One issue with unconventional wells, 

particularly tight gas wells, is that the wellbore storage lasts 

significantly longer than in standard wells  

 

Even though injection/falloff (IFO) is also an established testing 

type, it is not conducted as often as a standard pressure drawdown 

(PDD) and pressure build-up (PBU) test within the petroleum 

industry because of possible formation damage resulting from a 

non-compatible injection fluid. Such tests are usually conducted to 

determine injection efficiency for water injection wells, 

communication between an injection and a production well during 

a secondary oil recovery project, such as water-flooding, in mini- 

or micro-fracturing to determine formation and rock mechanics 

properties, and in nonproducing wells where a standard PDD and 

PBU test would not work. 
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Because of controlled rates with an IFO test in low-permeability 

wells, faster flow stabilization can be achieved, resulting in shorter 

wellbore-storage durations. This technique can obtain well and 

reservoir information faster than a conventional PBU test. 

4.7 ML based prediction of well choking 

Challenges & Limitations (As-Is process and system) 

Big challenge operators face is the lack of early detection mechanisms that can pre-empt/ reduce 

downtime and well productivity in case of well choking. Usually the as-is process is to respond 

when the well flow rate starts to drop – which is as an indication of choking. This can drastically 

decrease the efficiency of the entire oil/gas recovery and transfer system including flow lines, pipes, 

tubing and the oil/gas well itself. In most of the cases, there are methods available, which are used 

to remove the root cause for well choking. While there are no fool proof methods available to 

predict well choking, operators are moving to a model where these conditions can be identified 

early, predicted, and prevented to mitigate losses and downtime.  

Solution Framework (To-be process and business impact) 

Use of machine learning & data analytics to predict the build-up conditions (such as 

paraffin/condensate buildup, hydrate blockage,etc.) before it starts to impact the flow rate can 

provide significant value tooperators. The approach is based on leveraging the clustering model of 

machinelearning where a number of variables are used in an unsupervised machine 

learningapproach to group the data points together based on their features and thenused to predict 

when a particular output/ event will occur. The adoption Thisapproach can have significant 

benefits:   

• Increase in output by reducing downtime 

• Potential to identify and rectify situations of well choking from happening sooner 

The approach is fit to enhance the multiple rules identifiedand to substitute rule-based alerts with 

adaptive models based on machinelearning. Additional use cases can further be developed with 

machine learningto improve production in areas of well loading, auto choke plugging and gaslift 

valve plugging. 

Select Global Case Studies 

(i) Predicting liquid 

flow-rate 

performance 

through wellhead 

chokes with genetic 

and solver 

optimizers: Reshadat 

oil field case study 

 

 

National Iranian Oil Company developed a model to predict 

liquid production-flow rates for the Reshadat oil field offshore 

southwest Iran, applying a customized genetic optimization 

algorithm (GA) and non-linear and evolutionary optimization 

algorithms.  

  

The methodology applying either the customized GA algorithm 

demonstrates significant improvements in QL-prediction 

accuracy with the lowest MSE (91,871–316,429), and RMSE 

(303.1–562.52); and the highest R2 (greater than 0.997) as 

compared other previous models, thereby significantly 

improving the flow-rate predictions. 
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4.8 Pipeline Integrity Management (leak detection and anomaly identification) 

Challenges & Limitations (As-Is process and system) 

Pipelines are one of the important assets of the overall oil and gas value chain, used primarily in 

bulk transportation of hazardous hydrocarbons. The overall pipeline network in the country runs 

in thousands of kilometers and is expected to increase as companies start exploiting resources in 

harsher and remote environments and connect and new demand centers. With increasing 

awareness about safety and the implications of accidents on environment and society, pipeline 

integrity is the topmost priority in the overall pipeline operations and maintenance.  

To ensure safety and reliability of pipeline operations, Pipeline Integrity Management (PIM) 

deploys cradle-to-grave approach, comprising of all stages of the pipeline life cycle, from conception 

to engineering and design, construction, operation, inspection, and finally to repair/replacement 

when necessary. PIM addresses key areas related to both integrity issues (mechanical failure, 

corrosion, and cracks) and flow assurance issues (water content, solids deposition, wax and hydrate 

precipitation, two-phase flow conditions / cavitation, etc.). Due to submerged/buried or insulated 

nature of pipeline installation and sometimes in difficult terrains (river bed, deltas, open ocean, 

etc.), monitoring of incipient damages becomes challenging, making pipeline vulnerable to 

accidents. 

While operators do lay strong emphasis on robust pipeline integrity management, the traditional 

approach possesses many limitations. Most of the processes today are disconnected with pigging 

results being studied in isolation and as a result, there is lack of holistic integrity framework. E.g., 

field report which reports gas leak and GPS coordinate is not correlated with inline inspection 

providing location of wall pipeline corrosion using an odometer reading. The data collected from 

SCADA and RTUs are not leveraged to build data-backed analytical model of degradation, which 

can help operators identify risks early on.  Thus in the current scheme of things, there is a scope 

for optimizing the overall repair and remediation philosophy for pipeline maintenance. 

Solution Framework (To-be process and business impact) 

To overcome the shortcomings of the conventional approach, holistic and advanced pipeline 

integrity management approach and system needs to be developed that use modern measurement 

technologies, identify risks and threats, manage testing, structure repairs, manage mitigations and 

remediation if necessary, and streamline documentation and reporting tasks. A continuous and 

integrated approach for data analysis to identify vulnerable sections to scientifically arrive at the 

repair and remediation plan will enhance the overall reliability and the safety of pipeline 

operations. A model-driven approach helps to make the flow assurance and multiphase fluid 

models of complete pipeline in order to predict, monitor and detect any unplanned deferment, 

optimize pigging operations, leak detection system and anomaly identification. 

The key success factors in reducing systemic risks of pipeline integrity management program 

depends on many factors - integrating real-time data into a unified platform, identifying threats, 

modeling risks, and then taking the best actions to mitigate issues. E.g., the operators leverage real-

time data from SCADA and perform transient modeling for leak detection. The operators are also 

investing significantly in Digital Twin capabilities that can mimick the overall pipeline network to 

enhance decision making and operational performance that can catapult operations into new levels 

of safety and profitability.  
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The Willbros PIM lifecycle is made up of 13 separate, yet intertwined areas of integrity; all of which 

are continually monitored and re-evaluated. These areas are identified in the U.S. Department of 

Transportation’s (DOT) Title 49, CFR Part 192 for natural and other gas, and CFR Part 195 for 

hazardous liquids. Industry groups such as International Association of Oil and Gas Producers and 

the American Petroleum Institute (API) have developed guidance documents that can be used as 

additional references for developing management systems. 

Fig 34: Pipeline Integrity Management Lifecycle 

 
Select Global Case Studies 

 

 

 

(i) Pipeline Integrity 

Management 

System in South 

East Sumatra 

Offshore 

 

 
 

 

 

Many current oil fields in the world were developed several decades 

years ago that have the facilities more than 30 - 40 service years or 

already over the design live. South East Sumatra block is as an offshore 

operation that operates more than 800 KM long covering 136 pipelines, 

in which more than 50% of them had over the design life. Various 

diameter of pipelines are installed between 4" - 22" and delivering of 

trace oil, multi-phase fluids, produced water, sea water, wet and dry gas. 

 

PIMS was introduced in order to identify the integrity of pipelines, the 

risk, probability of failure, consequence of failure, remaining maximum 

operating pressure, reasonable and efficient inspection, monitoring to 

be proceeded, proper maintenance and adequate repair to be executed. 

The automation and simulation of probability of failure and 

consequence of failure improve the annual integrity mitigation plan and 

update the priorities in the overall maintenance plan.  
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4.9 Non-contact magnetometry diagnostic of pipeline  

Challenges & Limitations (As-Is process and system) 

Pipeline systems are integral part of hydrocarbon transportation especially across long-distances 

that traverses through challenging and difficult terrains. With emphasis on safe and reliable 

pipeline operations, operators are in constant pursuit to identify and monitor defects that could 

lead to catastrophe. However, due to inaccessible nature of pipeline location, detection of defects 

can become challenging especially by conventional non-destructive testing (NDT) methods. The 

most common method to for in-line inspection in the pipeline is pigging. However, when the 

pipeline is unpiggable conventional in-line inspection methods become challenging and requires 

selective excavation of problematic section of the pipeline.  The selective excavation technique, 

which are typically non-scientific, and experience driven, can further become complicated and 

costly if problematic section of the pipeline is failing under the urban areas.  

Solution Framework (To-be process and business impact) 

The challenges currently faced in assessing the health of buried / underwater pipelines can be 

addressed by the adoption of emerging monitoring techniques such as Non-Contact Magnetometry 

(NCM). Such emerging techniques for pipeline integrity assessment can provide external scanning 

facility to cover the total span through a quick, above-ground survey. Locations found critical based 

on this first-cut assessment can then be investigated in detail through actual excavation and 

inspection. The adoption of a quick, non-invasive scanning technique like NCM for buried / under-

water non-piggable pipelines can deliver several benefits: 

• Significantly reduction in the cost, time and efforts of non-scientific selective excavation 

technique followed by NDT based inspections 

• Provision of a scientific basis to identify critical damage locations and prioritize remedial 

measures proactively 

• Optimization of frequency and duration of pipeline inspection 

• Avoidance of catastrophic pipeline failures and consequent production loss / hazards 

Non-contact magnetometric diagnostics (NCMD) is based on the following principles: (i) 

Measurement of distortions of the magnetic field of the earth (Hearth), conditioned by the variation 

of the pipe metal’s magnetic permeability in stress concentration zones (SCZs) and in zones of 

developing corrosion-fatigue damage; (ii) The pattern of the Hearth field variations (frequency, 

amplitude) is conditioned by the pipeline strain occurring in it due to the exposure to a number of 

factors: residual process and installation stresses, working load and self-compensation stresses at 

outdoor air and environment (soil, water, etc.) temperature fluctuation 

The red line below represents the natural magnetic fields distribution which is transmitted by the 

buried pipeline whilst the blue line represents the local earth magnetic fields in parallel with the 

buried pipeline. The dotted box represents the location of distortion or the location of anomaly. X1 

and X2 are start and end of the anomaly respectively. Locations found critical based on this first-

cut assessment can then be investigated in detail through actual excavation and inspection.  

 

 

 



Revised Draft Vision Paper – Not for external distribution 61 

 

    June 2020 

Fig 35: Illustrative non-contact magnetometry diagnostic of pipeline with 4 key stages  

  

 

 Select Global Case Studies 

 

(i) Non-contact 

magnetometric 

diagnostics of 

potentially 

hazardous sections of 

buried and insulated 

pipelines  

 

 

In Russia, China, and other countries, the NCMD is used for gas 

and oil pipelines, water conduits, heating system pipelines, and 

other service buried pipelines.  The main task of the NCMD is 

the detection of the potentially dangerous sections of buried 

pipelines, on which, as a rule, it is impossible to carry out the in-

line inspection 

(ii) Magnetic 

Tomography Method 

(MTM) & A Remote 

Non-destructive 

Inspection 

Technology for 

Buried and Sub Sea 

Pipelines 

 

 

Magnetic Tomography Method (MTM) Technology is 

developed for assessing safety and integrity of pressurized 

pipelines of any purpose made of ferromagnetic materials. 

It is based on remote registration of a pipeline background 

magnetic field along the axis. The technology allows 

carrying out an inspection of 100% of pipelines length while 

guaranteeing the probability of stress-deformed state 

anomalies detection (probability of detection (POD)) > 80% 
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4.10 Artificial Lift performance surveillance and failure prediction 

Challenges & Limitations (As-Is process and system) 

Artificial lift systems are among the most widely 

used production technologies in global oil and gas 

operations. Industry observers estimate that 90% 

to 95% of the world’s producing wells currently use 

artificial lift. Selecting the right lift technology is 

the complex process that requires detailed 

analysis, including gas, oil, and water property 

predictions; pressure loss from inflow to wellhead; 

variation in gas and oil ratio; and water cut over a 

time period.   Once implemented, monitoring and 

optimizing the artificial lift system is equally 

important, because the improper operation of the 

lift system generally leads to higher operating 

costs, ultimately requiring additional capital investment. Monitoring is generally performed using 

downhole and surface sensors since these provide basic information about lift performance. 

However, this information is generally insufficient to determine optimal and efficient well 

operations as such calculations require a sophisticated mathematical model to capture physical and 

chemical processes that take place during the lifting process.   

Solution Framework (To-be process and business impact) 

Since moving the needle on artificial lift optimization by 3-4% can translate into significant financial 

benefits, operators and oil field service providers do leverage such solutions. Introduction of a data 

platform where all the live data as well as static data can be intelligently grouped to unlock value 

from under and over pumping wells, ESP performance surveillance, optimal gas lift candidate 

selection, and smart alarms, automation, and personal management. 

The solution framework is built on the Industrial Internet of Things (IIoT) and edge computing. 

These innovative technologies enable the use of machine learning and artificial intelligence-based 

applications at the edge. The solutions may also include any optimization related services, which 

may leverage a supplier’s software, as applicable for the main types of artificial lift systems such as 

electric submersible pump (ESP), rod pump, progressing cavity pump (PCP), gas lift system, plunger 

lift system, hydraulic submersible pump (HSP), and jet pump. It includes understanding well 

dynamics, physical pump operating conditions (temperature, oil viscosity, vibration, etc.), and 

performance of key components such as variable speed drives, motors, etc. 
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Fig 36: Key Impact of Artificial Lift Optimization 

 

Select Global Case Studies 

(i) ESP Data Analytics: 

Predicting Failures 

For Improved 

Production 

Performance 

 
 

 

 

Failures of Electric Submersible Pumps (ESPs) are common 

occurrences in the oil industry. The random nature of these 

failures results in production disruption that amounts to 

hundreds of millions of barrels of lost or deferred oil 

production annually. The industry still lacks a system that 

can provide ESP health condition monitoring with the 

capability to accurately predict impending ESP failures.  

 

PCA has the potential to be used as a tool to identify 

dynamic changes in the ESP system and therefore to detect 

developing ESP problems. PCA can also be used as 

unsupervised Machine Learning (ML) technique to identify 

hidden patterns and as an essential pre-processing 

technique for other ML algorithms. PCA can be used as the 

foundation for the development of better tools for detection 

of developing ESP failures and prediction remaining ESP 

run time. 

(ii) Real-Time 

Monitoring and 

Predictive Failure 

Identification for 

Electrical 

Submersible Pumps 

 

The maintenance of electrical submersible pumps (ESPs) is 

a highly capital and manpower-intensive exercise that is 

traditionally performed by reactive process monitoring of 

multivariate sensor data.  

 

A real-time alarming system was developed for predictive 

ESP failure identification by constructing dynamic operating 

envelopes on real-time sensor indicators using ML. The ML 

model identifies the complex relationships between 
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pressure head, pump losses, and supplied electrical energy. 

Recommendations for the amount of data required to 

provide reliable predictions and an alarming system to 

classify an ESP trip as a failure are also incorporated in the 

model.  

 

The new workflow with the predictive model can provide 

signals two weeks before the actual failure event, as 

indicated by the traditional workflow.  

4.11 Drone-based surveillance of upstream/midstream assets and infrastructure 

Challenges & Limitations (As-Is process and system) 

Proactive monitoring and surveillance of upstream/midstream (i.e. pipeline carrying crude and gas) 

infrastructure are of paramount importance to the E&P companies. The pipelines that are used for 

transportation from fields/processing terminal to ports/ demand locations are typically susceptible 

to corrosion (internal and external), degradation and external damages, human negligence, and 

installation/erection deficiencies. Typically, P/L surveillance in carried out on foot along the Right 

of Use (RoU) corridor. Such on-the foot surveillance can become challenging and difficult in non-

motorable/non-accessible routes (farm, forest, hills, rivers, etc.). In addition to the pipeline, high-

rise offshore installation and tall onshore structures (roofs, cranes, tank farms, etc.) generally 

require periodic surveillance and monitoring. The overall process of physical surveillance is manual 

intensive and people dependent on many safety/HSSE hazards. 

Solution Framework (To-be process and business impact) 

Use of drones, unmanned aerial vehicles (UAVs) in surveillance of physical assets can provide 

significant improvement to the process of inspection and surveillance by bringing consistency, 

standardization and easy accessibility to remote locations and inaccessible areas. UAVs or drones 

offer a cost-effective platform for inspection for the oil and gas industry due to their availability, 

range and ease of operations. The shift to drone-based surveillance can offer multiple advantages:  

• Standardization, higher quality and faster turnaround times for inspections: Drones 

offer higher quality of inspection due to their ability to fly closer to the source and also offer 

flexibility to perform a variety of roles in a short duration of time 

• Reduced cost of operations: Operators typically rely on manual inspections that require 

deploying workforce, heavy equipment, vehicles or special aircrafts to oil facilities. This 

approach is expensive and slow. Drones offer a much more cost effective option 

• Better data gathering capabilities: Advanced sensors and technologies help to increase 

the scope and value of the data that the drone collects. This gives them the ability to gather 

a wide range of data, uncover information invisible to the eye, and even flag the potential 

issues that a human may miss out 

• Easier transmission of data across the organization: Better communication and data 

sharing through cloud and wireless communications make it possible to easily transmit and 

share the inspection data between different departments and professionals, hence allow 

analysis brainstorming, collaboration, and better responses  

• Increased safety of employees: By eliminating the need for human workers, Drones 

provide an easier, safer and quicker means of accessing difficult and hazardous locations or 
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environments. This will enable operators to carry out safer and better inspections and 

monitoring of assets. 

The proposed solution is based on mounting sensors on the drone connecting them to a drone 

platform, which is either on premise or hosted in the cloud. Communication from drone to the on-

premise/cloud system can be achieved through 4G, WiFi, LoRa or any such low cost and short 

distance connectivity options. Edge processing can be enabled, which could potentially send alerts 

in case any abnormality is identified. Otherwise, in case of use cases of surveillance and inspection, 

data can go to the cloud and could be made available in the form of analytics and insights. The 

below image provides a typical view on the various components of the overall technology 

architecture:  

Fig 37: Typical view drone-mounted surveillance technology architecture 

 

Select Global Case Studies 

(i) Using drones and 

cloud based platforms 

for surveillance 

 

 

 

Surveillance drones are used daily across Shell’s global portfolio.  Shell 

initiated pilot of drone development program at the Permian asset in 

US, is overcoming some of these challenges.  The drone pilot has 

demonstrated the potential for multi-mission surveillance drones 

operated beyond visual line of sight and supported by advanced 

analytics to be an integral part of operations. Shell is expanding this 

pilot beyond their Permian asset to their entire shale portfolio in North 

America and Argentina.  

 

Key benefits observed 

• Significant safety and efficiency benefits –  

• Automated anomalies & issue detection through drone 

surveillance  

 

(ii) Using data, drones 

and AR to transform 

 

Chevron leverages the aerial data acquisition capabilities of drones 

for improving safety and productivity at oilfields. It is also applying 
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energy output 

 

augmented reality (AR) to drone feeds to evaluate field equipment 

and infrastructure during inspection and monitoring operations. 

Going forward, Chevron is also evaluating the application of drones in 

the event of industrial accidents, particularly for assisting in oil spills. 

 

Key benefit observed 

• $ 40 mn savings due to accurate monitoring of equipment and 

identification of anomalies 

 

4.12 Predictive Maintenance of Pumps, Compressors, and other surface equipment 

Challenges & Limitations (As-Is process and system) 

Current predictive maintenance efforts of critical upstream/midstream assets (such as compressors, 

pumps, and other rotating machinery) is constrained due to possible errors, limited specialist and 

subjective bias, primarily because of high reliance on manual data analysis/trend review and 

decisions based on individual judgment. The difficulty to process large unstructured legacy data 

from operating assets using human operators and limited on-site subject matter expertize leads to 

productivity loss and higher O&M costs. 

The condition-based assessment and time/counter-based approaches towards maintenance further 

add to the complexity as generally does not take in consideration operating conditions and its 

impact on equipment performance. Conventionally, operators translate OEM guidelines into the 

task list and inspection check-list for regular maintenance. The data and anomalies gathered from 

inspection and regular maintenance is utilized for historical analysis and correlations, thereby 

lacking a holistic perspective, especially multiple different variables of current operating 

conditions. 

Solution Framework (To-be process and business impact) 

Automated predictive maintenance helps addresses challenges in conventional maintenance 

practices through “end-to-end” integrated system (i.e. from the sensors deployed on the assets to 

the overall plant-level and up to enterprise-level decision-making and management systems). While 

the current OEM equipment manufacturer offers limited performance monitoring, diagnostic 

solutions and remote monitoring facility, E&P companies have to deploy a digital monitoring / 

predictive maintenance platform, extended to cover all their critical rotating equipment. Though 

such digital solutions can be expensive (depending on the scale/functionality), there are several 

cases studies to show that such investments  have realized value and benefits for the operators, if 

the solution is well-designed and effectively implemented.  
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Fig 38: Benefits of predictive maintenance systems of surface equipment 

 

The Automated Predictive solution is based on capturing real-time information through sensors for 

analyzing the health performance of the equipment. AI / ML assisted diagnostics and decision-

making can further augment the quality of decisions taken. Machine Learning based models, like 

Weibull lifetime distribution, principal component analysis, etc. are used for arriving at a model 

for predicting the failure of the equipment. The key here is to derive co-relations of various data 

points collected via sensors or sourced through PLC/DCS systems, including operational 

parameters. However overall success of such a solution requires close coordination between the 

plant operators, the OEM of assets, domain experts in the maintenance / diagnostics area, and 

system integrators with capabilities in IIoT based solutions. 

Fig 39: Illustrative predictive maintenance setup and data flow 
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Select Global Case Studies 

(i) Increasing 

Production 

Efficiency via 

Compressor Failure 

Predictive Analytics 

Using ML 

 

To reduce unintended loss of uptime (trips) in offshore gas 

compressor systems, Shell UK designed and developed ML based 

predictive maintenance systems which captured data from 2,000 

sensors low-pressure compressor as well as processes tied to the 

compressors. Support Vector Machines (SVM) were used for 

detecting abnormal machine states.  

 

Key benefits observed: 

• Prediction accuracy of 50% (11 out of 23 failures that 

occurred in during the period) 

• Predicted many failures in advance (as high as 36 hours in 

advance and median hours of greater than 5+ hours) 

 

(ii) Maximising value 

through predictive 

maintenance 

 

 

 

Repsol is rapidly embracing digital transformation to enhance 

productivity, particularly in areas related to equipment health 

and undertaking maintenance activities. Repsol is harnessing the 

power of AI/ML to perfect its predictive maintenance solutions to 

provide fillip to the overall operations. 

Key benefits observed 

• 15% decline in corrective maintenance activities 

 

4.13 Full scale asset simulation on cloud 

Challenges & Limitations (As-Is process and system)  

As we know, better data analysis could help oil and gas companies significantly boost production.  

Oil and gas operators typically lack access to different software available in the market for data -

analysis for better decision making, resulting in less than one percent of the data collected being 

utilized for the same. Huge investments in physical IT infrastructure for data storage, faster 

computing, limited scalability etc too diminishes E&P operators’ interest for using data. 

In addition, the data produced by downhole tools and surface sensors is available in view-only 

format. The traditional task of monitoring drilling parameters is still constrained by the constant 

need for human intervention. For reservoir management, the data is analyzed months after 

collection, mainly at the time of field development planning.  

 

Solution Framework (To-be process and system) 

Full Scale Asset Simulation should allow operator to efficiently run advanced reservoir simulations 

in the cloud—leveraging the “elastic” capability for limitless scalability, computing, modeling, and 

data storage. It should also provide the accuracy and model fidelity one needs for complex reservoir 

studies to optimize field development and operations. It also provides the ability to simultaneously 

model multiple subsurface reservoir systems with surface facilities in a tightly coupled solution 

environment at operator’s fingertips, enabling them to arrive at informed decisions, faster. It 

should be built in an open architecture to seamlessly integrate with third-party tools for a complete, 
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end-to-end workflow that supports creativity to innovate, collaborate, and drive customer’s digital 

transformation objectives. 

The solution Framework will help the operator to: 

• Model oil and gas production from pore space, through surface facilities, to the point of sale 

• Streamline collaboration through a central repository that helps operator manage real-time 

and historical knowledge, track model changes, search/query categorized information, and 

prevent data loss 

• Customized and automated simulation workflows as per operator’s requirement, so they 

can add more value by focusing on what matters most—doing their core job of 

assessing/interpreting simulation results 

• Regardless of scale, operators should be able to run their complex, simulation models in 

hours rather than days—reducing the run time, and minimizing the use of expensive IT 

infrastructure 

• Should be able to access data and associated simulations 24/7 keeping operator connected 

and equipped to deal with all challenges, big and small, as soon as they occur—keeping 

geographically dispersed teams in sync while working on the same model or project.  

The above solution will result in enhanced user experience through automation and artificial 

intelligence (AI), allowing engineers to focus on assessment of the models, creating more value. 

Furthermore, it combines the reservoir simulation service with data storage, database management, 

and customer-defined libraries for an integrated workflow. 

 

4.14 Efficient Asset management through Operator driven reliability 

Challenges & Limitations (As-Is process and system) 

Operator Driven Reliability (ODR) is an asset management program that seeks to improve the 

maintenance and upkeep of the equipment by involving operators. The core objective is to ensure 

that any early signs of issues or malfunctioning are identified well in advance by involving the 

operators, who are working closer to equipment. In case of E&P sector, this can be implemented 

for surface assets new well pads or gathering stations.  

In simple words, it is to transfer basic preventive maintenance tasks on the assets from the 

maintenance team to the operators who use the assets. This saves time and resources for the 

maintenance team to concentrate on higher and more complex maintenance activities. 

Implementing a new system for equipment maintenance, or adjusting existing system, takes careful 

planning—and effective interdepartmental coordination. To introduce an operator driven 

reliability strategy, it will be critical to decide in tandem with the maintenance department which 

maintenance functions should be relegated to operators, and which should be elevated to 

maintenance.  

The current process involves a paper-based system that is time-consuming and error-prone. Every 

day, the operator would have to do a physical round of the place and capture any abnormal 

condition. This needs to be done using a paper-based process. Also, while doing the round the 

operator would have to use LLF (look, listen and feel) approach to sense if there are any problems 

with the equipment.  

 
Solution Framework (To-be process and system) 

Operator Driven Reliability programs are typically implemented by deploying mobile device-based 
maintenance. Through mobile devices operators have access to real-time process data in the field 
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so they can make faster and safer decisions when dealing with minor or critical field issues. Other 
elements of the solution include: 

• Better and quicker workflow management to reduce manual error, thus minimizing rework. 

• A collaborative decision support environment between the field and the control room—
enabled through mobile tools—can help improve daily operations and emergency response 
during incidents, and increase production uptime 

Fig 40: Digital schematic required for operator driven reliability 

 
 
 
 
Empowering operators to record and observe abnormalities improves the functioning of, and 
thereby lowers Total Cost of Ownership (TCO), in multiple ways: 

• Increased Effectiveness: Accurate and timely data collection of Non-DCS (P&ID) tags for 
monitoring equipment and process performance   

• Improved Productivity: Make the process of scheduling and planning of field rounds by 
O&M more efficient. 

• Reduced time between observation and correction of maintenance issues 

• Freeing up maintenance department resources via operator driven reliability 

• Reduced equipment downtime 

• Extended mean times to and between failures 

• Reduced potential for safety issues related to inadequate maintenance 

• Increased plant oversight 

• A more efficient allocation of maintenance resources 

 

4.15  Integrated shutdown, turnaround and outage management 

Challenges & Limitations (As-Is process and system) 

Currently shutdown/turnaround programs are planned and executed by the operators of Oil & gas 
facilities, through multiple sub-contracts issued to multiple agencies for handling specific work 
scope / tasks. The major challenge of such an approach is the complexity of such events, involving 
multiple agencies and huge volume of information (mostly unorganized). Lack of coordination 
among agencies / departments and non-availability of a common data base of the latest 
information to all stakeholders invariably leads to delay, rework and time / cost overruns.   
 
Planning for shutdown process starts with the organizations defining the overall scope of shutdown 
and listing down the core activities needed to be accomplished during the process. Many times, the 
missing link is the integration between the strategic planning and the actual planning for the 
shutdown event.  
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Another challenge and draw back in current as-is approach is the manual nature of activities across 
the various processes, leading to information being lost or not being utilized fully. In summary the 
following are the key gaps in the current process: 

• Limited activities on the strategic planning front  

• Activities being executed manually leading to lack of integrated view of information 

• Loss of information from one activity to other due to lack of automation 

• Lack of analysis of existing data such as budget and cost reports from previous 
turnarounds to manage the estimation of cost and finalization of scope 

• Diverse set of teams working on the project leading to inefficient collaboration among 
multiple teams 

Solution Framework (To-be process and system) 

The to-be approach is based on the key aspect of integrating the entire process, starting from the 
strategic planning exercise and all the way to evaluation and analysis. The objective is to ensure 
that there is adequate effort in the strategic planning across the multiple teams of operations, 
production and maintenance, which ensures that scope is well defined, and the subsequent 
activities are aligned to the scope. Using a software tool/platform will help in capturing all the 
details during the strategic planning and subsequently helping convert them in a schedule of 
activities. 
 

Fig 41: Shutdown process map with activities 

 
 
An appropriately designed and deployed digital platform can mitigate most of the traditional “pain 
areas” associated with Shutdown / Turnaround events, by: 
 

a) Inter-connecting all stakeholders  
b) Providing real-time access to the latest data ("Single Version of Truth") to all concerned 

agencies 
c) Providing the latest status of progress, updated schedules, activity sequences and resource 

requirements in real-time 
d) Recommending the prioritized action list to stay on course vis-à-vis the original execution 

plan 
 
Such a digital solution platform can be configured at the planning stage of an upcoming Shutdown 
/Turnaround program, based on the planned activities, schedules and resources and through active 
participation of all stakeholders.  
 
Use of a software tool ensures that across the levels of strategic, tactical and operational, 
information flow is smooth without the loss of any information. 
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Fig 42: Level of integration across the hierarchy of the shutdown project 

 
 
Global Case Studies 
 
(i) Effective 

Shutdown 
Management 
using digital tool 
for a 
multinational 
chemical 
manufacturing 
company 

 
 
 

 
SABIC is a Saudi multinational chemical manufacturing 
company which is a subsidiary of Saudi Aramco. Its main priority 
in case of an STO is the safety of its staff and the surrounding 
community as the plant equipment stretches approx. 2000 acres 
which requires high levels of control when planning and 
executing maintenance.  
 
SABIC Teesside signed up with digital solution provider 
company for 12 months in order to try the effectiveness of using 
software for planning and execution of its offsites shutdown, 
consisting of 1000kms of above ground high hazard pipelines, 
storage vessels, & the hub of the UK’s ethylene control. 
 
The software system was used by shutdown teams across both 
sites at the Teesside plant, (North Tees & Wilton) to –  

• Support with extensive pre-planning 

• Ensuring comprehensive work packs are built and 
stored in one place 

• Easily accessible to all parties involved 

• To eliminate any known works not being planned in 
detail and having to be included in the emerging work 
during the shutdown which could cause unnecessary 
risk or costly delays. 

4.16 Analytics driven spare parts inventory optimization 

Challenges & Limitations (As-Is process and system) 

E&P companies manage spare inventory across their assets as contingency measures to ensure 

quick replacement in the event of failure to keep assets onstream. With many locations, with the 

majority being remote, spares generally get stockpiled to minimize the wait time. Also the long 
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lead time of specialized spares along with the associated complex supply chain further complicates 

the overall inventory management. 

The prevalent stocking practices are deterministic in 

nature and are based on OEM recommendations, prior 

operational experience, and experience of 

individuals.  The traditional process of spares parts 

management is based on assessing multiple parameters, 

like, lead time, categorization of the spares as vital, 

essential and desirable, their movement (fast, slow or non-

moving) and then setting up the right safety stocks and re-

order quantities. The utilization of spares is further 

impacted by failure rate and maintenance policies. Due to 

the cost of downtime, organizations tend to have large 

quantities of spare parts to serve maintenance when 

failures occur, leading to high inventory holding costs. With overall biasness towards historic data 

and past experience, spare inventory is generally either excessive or sufficient.  

Fig 43: Typical deterministic approach towards inventory management 

 

Solution Framework (To-be process and business impact) 

Predictive capabilities, leveraging advanced analytical algorithms and simulations can be used to 

optimize the overall inventory management process (i.e. ordering, storage, and utilization of spare 

part inventory). The underlying principle is shift from deterministic to stochastic/probabilistic 

approach. Instead of fixing a standard lead time and safety stock levels, these algorithms/models 

analyze the historical data and provide a probability distribution for the spares demand. This 

solution would involve a Monte Carlo (MC) simulation model that will be applied to each and every 

material issued across all the plants. Each individual material model involves simulating iterations 

to capture the historical distribution of issues. MC simulations will help in determining the 

appropriate inventory level to match the service level at which the operator wishes to operate for 

an asset. MC simulation is done basis multiple parameters to more accurately arrive at the outputs 

with the objective of optimized cost by maintaining a specific service level. This will help in fine-

tuning the MRP parameters (safety stock) and the forecasted requirement on which then MRP can 

be run to arrive at the optimized requirements. 
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Fig 44: Analytical driven spare inventory optimization – Model inputs, approach & outcome  

 

Select Global Case Studies 

 

 

 

 

 

(i) Leveraging  

Data Science for 

Spare parts 

optimization 

 

 
 

 

 

Shell is deploying a data science tool globally to help it 

manage and optimise the $1 billion in spare part inventory 

it holds in case something breaks on its assets. 

 

The first version of the analytical tool saw Shell extracting 

historical- data from ERP platform system and run the data 

through algorithms on a basic laptop. The team later 

upgraded the hardware to high-performance system.  

 

Because the tool is intended to aid decision making, but 

leave the actual decisions to inventory analysts, it provides 

a range of options and a recommendation of the optimum 

amount of spares needed for a particular part. It partially 

bases this recommendation on a “criticality score” attached 

to the part. The algorithms also calculate appropriate 

“reorder points for the inventory levels.  

 

Key benefits observed 

• Optimization on inventory holding cost through review 

of dormant stocks and bill of materials 

• Change in the ways of working ensuring consistency 

inventory management across the business 

4.17  Reliability centered maintenance and asset performance management 

Challenges & Limitations (As-Is process and system) 

In the current way of working, most of the operators deploy either a condition based or 

time/counter-based maintenance, using specific task list, which have been recommended by the 
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OEMs and equipment manufacturers without assessing the condition of the equipment in real time.  

Many times, the philosophy of a time-based maintenance misses the aspect of holistic view of the 

equipment (considering the operative conditions) and the ways in which it can potentially fail. 

Companies have traditionally followed preventive maintenance strategies that leads to –  

 

1. Higher cost due to over-maintenance of equipment 

2. Reduction in plant output  

3. More worker required because of regular checks 

 

Fig 45: Conventional linear maintenace process map 

 
 

Solution Framework (To-be process and system) 

With the advancement in diagnostic tools, it is now possible to assess the condition of the 

equipment in real time. This is increasingly leading to the concept of proactive and reliability-based 

maintenance of equipment. Reliability Centered Maintenance (RCM) is a widely proven and 

accepted, thorough methodology to develop or review maintenance strategies. RCM and asset 

performance management is aimed to improve the overall reliability of the equipment. The use of 

RCM based asset performance maintenance takes into consideration all possible ways in which 

equipment can fail, thus helping operators in defining the appropriate strategy. The overall areas 

of opportunities with RCM include the following: 

1. Improve asset availability and reduce maintenance cost 
2. Increase Operational efficiency 

3. Maximize uptime and prevent unplanned production losses and downtime  
4. Recommend maintenance strategy based on asset health and performance (preventive to 

predictive, etc.) 
5. Avoid adverse HSE impact arising out of unforeseen failures of assets  

The to-be process involved here involves the following: 

1. Use of criticality analysis for segregating the equipment as per their criticality. Criticality 

here is done based on production, safety and environmental impact 

2. Carrying out failure mode effect analysis to identify all kinds of modes through which an 

equipment or a system can fail 

3. Review of the preventive maintenance plans for each of the rotating assets 

4. Creating a maintenance strategy and its constant evaluation  
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Fig 46: Reliability centered maintenance process  

 
 

The overall impact of RCM is to improve the long-term reliability, availability and maintainability 

of assets. RCM philosophy will help predict asset life cycle curve of “rotating equipment” and shall 

auto generate recommendations like repair vs replace. Some of the other benefits are: 

1. Help operators increase turnaround schedules and avoiding shutdown inspection activities 

while maintaining production 
2. Predicting any failure prior to occurrence, whether catastrophic of minor, can have a large 

impact on reputation in the market space and the community. 
3. Understanding and mitigating failures, using tools like RBI, can help owner/operators 

maintain licensing permits and avoid shutdowns  
4. Generally, requires 50% to 90% fewer inspection points than a traditional API inspection 

program while reducing the risk of failures by 80% to 95% 
5. Extends plant shutdown intervals and reduces the number of equipment items being 

opened by 30% to 60% 
6. Help operators understand if the plant is not being run as designed or if a new feedstock is 

causing more harm than expected to remaining life of equipment. 

7. Identifies when to perform Fitness for Service Assessments 
8. At the FEED stage of the Asset Life-Cycle, when executing a RBI analysis helps produce the 

optimal construction and in-service inspection plans 

 

Global Case studies 

(i) Use of Reliability 

Centered 

Maintenance 

(RCM) Analysis in 

Petroleum 

Development 

Oman (PDO) for 

Maintenance 

Rationalization  

In order to realize the benefits of RCM in its true sense in 1999, 
the newly formed Reliability Management section in PDO was 
tasked to take a more integrated team approach and to use new, 
user friendly RCM software. Accordingly, a project with a team was 
set up in September to carry out RCM analysis for all the North 
Oman facilities. The objective of the project was to provide the 
Asset Managers with an optimized maintenance package, 
identifying cost benefits,where achievable. While rationalization of 
maintenance routines and realizing cost benefits are the main 
objectives, the project puts emphasis on bringing everyone in the 
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Asset Teams and the Service providers together on board to create 
a change in the "mind set" towards "effective maintenance" 

4.18 Virtual cloning of physical asset using digital engineering twin 

Challenges & Limitations (As-Is process and system) 

Digital twin refers to a digital replica of physical assets. High-fidelity dynamic simulators are offline 

digital twins that provide a digital representation of physical processes and their dynamics. 

Dynamic process models are built with a high-fidelity simulation platform providing simulation 

solutions based on physically based fluid dynamics, rigorous thermodynamics and equipment 

models. They integrate the process model as well as the associated control and security logics. 

While there are multiple techniques of creating a digital twin, the most common one is hybrid 

digital twin. 

 

Digital twin is a new concept and in the current way of working, operators use P&ID diagrams or 3-

D static pdfs to assess the equipment which is not the most efficient way. These are mostly used 

for helping technicians carry out the maintenance and repair jobs. 

 

Solution Framework (To-be process and system) 

Hybrid approach combining first principle physics-based and data-driven approach could 

potentially leverage the strengths of both approaches and provide superior insights. Knowledge-

based models bring constraints based on nonlinear physical laws to statistical models. First-

principles dynamic process model could be tuned with advanced numerical technics and artificial 

intelligence to match real plant data. 

Combining machine learning on historical data and high-fidelity dynamic simulation might provide 

better solutions for a larger range of operations with a self-calibrating “first-principles” model.  

 

Fig 47: Virtual simulation of physical asset using digital twin engineering 
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By incorporating multi-physics simulation, data analytics, and machine learning capabilities, 

digital twins are able to demonstrate the impact of design changes, usage scenarios, environmental 

conditions, and other endless variables – eliminating the need for physical prototypes, reducing 

development time, and improving quality of the finalized product or process.  

 

To ensure accurate modelling over the entire lifetime of a product or its production, digital twins 

use data from sensors installed on physical objects to determine the objects’ real-time 

performance, operating conditions, and changes over time. Using these data, the digital twin 

evolves and continuously updates to reflect any change to the physical counterpart throughout the 

product lifecycle, creating a closed-loop of feedback in a virtual environment that enables 

companies to continuously optimize their products, production, and performance at minimal cost. 

Fig 48: Digital twin based on physical and machine learning model 

 
 

Global Case studies 

 

(i) Building a digitalize 
model of the 

Nyhamna facility in 
western Norway 

 

 

Nyhamna facility in western Norway serves as the gas processing 
and export hub for Ormen Lange and other fields connected to the 
Polarled pipeline. A/S Norske Shell, as operator of Ormen Lange 
and technical service provider at Nyhmana, will work with 
technology company to develop a digital twin of the facility on 
behalf of operator Gassco, based on an open and collaborative 
business model. 
 
They will apply Dynamic Digital Twin to create a dynamic virtual 
representation of the gas plant and its behavior, and this will be 
continuously updated with information from various sources to 
reflect the status of the facility in real time. 
 
“With the digital twin we expect new insights that we can leverage to 
further improve the productivity, reliability, and performance of the gas 
facility,” said Agnete Johnsgaard-Lewis, managing director of A/S 
Norske Shell 
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4.19 CCTV based surveillance monitoring 

Challenges & Limitations (As-Is process and system) 

A major challenge in managing a remotely located, large construction site or operating oil & gas 

facility is to have a real-time visibility of the area in terms of entry / exit of workforce, deployment 

of personnel, security breaches or safety violations, etc. Traditional way of monitoring involves 

periodic inspection rounds by a limited number of supervisors, safety engineers and/or security 

staff.  

Solution Framework (To-be process and business impact) 

An Oil and Gas remote site requires intelligent, robust and proactive “Vision based” security 

systems for various purposes and activities. CCTV camera technology has evolved over the years 

and is able to support various technology architectures base on the unique needs of a site and 

monitoring requirements. Enhanced positioning and situation awareness enhancements can be 

used for monitoring requirements where overt coverage provides a visual deterrence to intrusion, 

including in mission critical situations requiring highly durable and reliable camera systems. 

Infrared and advanced camera systems can be used where visible light is not desired/ permitted, 

or where lighting and weather conditions vary frequently. There are multiple factors that needs to 

be considered to decide on a specific camera and backend processing technology 

Use of cameras coupled with “Computer Vision and Analytics” can provide a significant 

improvement to the process of monitoring without requiring the overhead of needing to send 

people to remote locations and inaccessible areas. 

Fig 49: Applicatiion and Benefits of CCTV based surveillance 
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Table 02: Key Features and advancement in camera techology 

• Resolution (typically measured in 

Megapixel )  

• Local storage  

• PTZ (Pan, Tilt, Zoom) Considerations  • Standard/Compliance Requirements such 

as ONVIF Profile S, Profile G, & Profile Q 

• Frames per second (fps) • Software compatibility for media 

processing  

• Need for wide angle and low-light 

performance 

• Integration with SCADA, Historian or 

other systems 

• Compression Technology • Explosion Proof 

• Onboard video analytic requirements • Connectivity Support (Wifi, LORA,  etc.) 

 

Fig 50: Typical architecture of CCTV based monitoring solution: 

 

Select Global Case Studies 

(i) Utilizing Downhole 

Camera & Video 

Inspection For 

Well Intervention 

 

 

Expro – a UK based Oil & Gas player is using a combined camera 

and caliper system to monitor wellbore conditions. The combined 

caliper and video string, CalVid, allows wellbores to be measured 

and visualized at the same time, giving operators a complete 

understanding of the wellbore. Critical decisions regarding well 

and production integrity can be made based on a complete and 

accurate assessment of the entire wellbore, minimizing separate 

runs and rig time, savings both cost and time. 

 

 

 

 

 

 



Revised Draft Vision Paper – Not for external distribution 81 

 

    June 2020 

4.20 Wearable based tracking for workers 

Challenges & Limitations (As-Is process and system) 

While working in the E&P sector, an average worker on a platform or at a remote facility faces a 

host of occupational hazards such as slips and falls, electrocution, falling objects, cuts and burns 

and toxic and flammable gas exposure, any of which could seriously injure or kill the personnel.  

For instance, Hydrogen Sulphide (H2S), a toxic gas, has been a major cause of accidents and deaths 

in the industry due to overexposure. In order to detect the presence of H2S, workers carry an 

electronic H2S tester which can provide the PPM concentration of H2S at the site. The gas detection 

system needs to tackle the harsh conditions - sand storms, varied temperatures - and always provide 

a reliable reading.  

One of the missing elements in the current as-is process is the real time monitoring of the workers 

and their health conditions. Considering that fields can be very vast and the emergency response 

can take time if timely information is not available (in case of any emergency), then this could be 

potentially lethal. 

Solution Framework (To-be process and business impact) 

The to-be process is based on the concept of real time monitoring of site conditions and the workers’ 

health condition being employed at the site.  The overall architecture is based on the following key 

components: 

• Use of industrial grade sensors for sensing the gaseous concentration of harmful gases (H2S, 

COx, NOx) etc. 

 

• Use of wearables, which include multiple different type of sensors 

o Location tracking of the worker 

o Posture tracking of the worker 

o Bodily parameters, like blood pressure, heart rate and temperature 

o Panic button 

• Connectivity via – GSM, WIFI or LoRa for connecting sensors to Modbus/Router 

• Integrated HSE application for triggering incident reporting and investigation 

• A cloud-based management dashboard, accessible from any computer or mobile device can 

deliver near real-time safety and operational intelligence in the form of visibility, alerts and 

analytics  
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Fig 51: System process flow for site and personnel monitoring, data transmission and analysis 

 

In addition to the improvement in the safety of the remote workers working on platforms or oil 
rigs, the system offers numerous other advantages –  

• Merging of IT and OT automates the business processes of Incident Management and Proactive 

Action 

• Ensures Regulatory Compliance, thus reducing the risk of noncompliance with gas detection or 

company safety procedures. 

• Reduces the manual time and cost – required for tracking down lone workers, verifying their 

compliance, collecting data and checking the maintenance status of vehicles. 

Select Global Case Studies 

(i) End-to end gas 

detection and alarm 

management system 

 
 

 

Marathon Petroleum, the US-based refiner, has developed 

an end-to-end gas detection and alarm management 

system. 

The system comprises a wearable multi-gas detection sensor 

with integrated wireless infrastructure and location tag to 

transmit gas-level data and personnel location 

simultaneously. 

Key benefits observed 

• In the event of hazardous gas leakage, the system 

automatically triggers an alarm, informs the 

individual and nearby crew members and also sends 

an alert to the centralised monitoring centre.  

• This helps the crew to follow the standard evacuation 

procedure that is then tracked by the monitoring 

centre in real-time to ensure personnel safety.  

• The location-based system also helps to deploy first 

responders in the event of an accident. 
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Posture tracking of 

workers 

 

BP provides its workforce with a wearable jacket that has 

sensors placed at strategic points to monitor physical 

movements of personnel in heavy lifting operations. 

Key benefits observed 

• The company aims to use sensor data from these jackets 

to train personnel on the correct posture to be adopted 

while lifting heavy materials. 

 

4.21 AR/VR assisted safety training 

Challenges & Limitations (As-Is process and system) 

HSE has always been the top priority for E&P operators. In most organizations, contractors and 

employees are required to undergo mandatory safety trainings that are imparted by safety 

engineers / instructors. The mode of instruction is mostly classroom lectures / demos, printed 

literature or video clips. Usually the training is tracked through a database and as and when new 

employees or workers join, the training is carried out. The process is not only time consuming but 

also lacks effectiveness. With increased scrutiny and awareness, it is paramount that every person 

coming into the site facility is aware of all safety related procedures and potential impact.This 

approach has challenges such as:  

• Limited availability of classroom infrastructure 

• Limited number safety instructors or trainers having requisite experience 

• Training ability / language proficiency of instructors or trainers 

• Fixed time slots where all trainees need to be present together 

• Limited effectiveness of hand-outs / training manuals to ensure full understanding 

Solution Framework (To-be process and business impact) 

The training process could become highly automated with increased effectiveness with the use of 

AR/VR based tools. Using virtual 

reality, learners can engage in 

environments that reflect different 

real-world conditions, even 

potentially dangerous ones, without 

being exposed to the actual risk 

factors. They can safely practice site-

specific skills while being monitored 

and assessed until they have 

mastered their training. Thus the 

overall impact of the training could 

increase manifold. This could be very 

relevant for scenarios where workers 

have to work on remote/offshore and hazardous locations. Such training can be imparted through 

a digital platform, across geographies and at any time to individuals. 
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Select Global Case Studies 

(i) Deep-water safety 

training at the oil 

production project 

in Malikai 

 

 
 

 

Malikai, which started production at the end of 2016, lies 100 

kilometres off the coast of Sabah. It is Shell’s second deep-

water project in Malaysia.  

VR is used to impart training in operational safety 

procedures by having people navigate the decks and spaces 

of the Malikai platform as if they were actually there. 

Shell has inserted the VR experience into their life-saving 

rules and basics of process safety. This helps to train the 

technicians to be more effective in identifying and taking 

steps to remedy unsafe conditions, or actions. 

Key benefits observed 

• The VR kit shortens the learning time for new teams 

as they come onboard 

• They can learn and familiarize themselves with the 

project, even before they step foot on the platform 

 

(ii) Leading oil and gas 

companies adopting 

virtual reality for 

safety training 

 

 

ExxonMobil, launched a 3D immersive training platform 

which creates a virtual plant environment to provide 

knowledge about equipment and processes to plant 

operators and engineers. The simulated facility mimics 

variety of real-life scenarios (viz. unplanned shutdowns, 

abnormal operations, and emergency responses). The 

technology enables this to happen in a safe controlled 

environment. The Immersive 3D Training Environment 

(I3TE) technology facilitates the trainees to understand and 

act based on situation 

 

Key benefits observed 

• The VR-based training replicates critical conditions of the 

various activities. This facilitates the workers to get 

accustomed to the situations in advance 

• The VR platform helps in enhancing the efficiency of 

training exercises at reduced training cost 

4.22 Managing environmental impact during operations planning 

Challenges & Limitations (As-Is process and system) 

Operators conduct EIA (environmental impact assessment) study to assess the impact of the 

operations on the environment. Typically, impact study in today’s scenario is focused on gaseous 

emissions, like greenhouse gases, which include carbon dioxide (CO2), methane (CH4) and nitrous 

oxide (N2O), occurring naturally and as the result of operational activity. 
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In most of the cases, the focus is on assessing the impact of proposed exploration and drilling 

activities and does not factor environmental impact in subsequent operations. Thus the impact 

during the operation phase is missed out, for example, how each activity performed on the oil field 

over its lifecycle impact the environment. One of the reasons is the lack of capabilities to capture 

environmental footprint of each of the activities in terms of emissions and waste. 

Solution Framework (To-be process and business impact) 

The to-be approach for this problem must be built in partnership or validated by an independent 

and non-industry stakeholder for it to have broader acceptance. This should simply factor all the 

operations that happen at the wellsite and use accepted conversion metrics to translate the activity 

into emissions, water and waste 

metrics. This way a baseline case 

for the planned operations can be 

built.  

 

The output can be easily visualized 

in the form of a report showcasing 

the impact of the different activities 

and the overall impact after 

considering different scenarios.  

 

A software tool that allows for 

simulating different scenarios by 

making changes to baseline scenario will allow operators to look at different scenarios and quantify 

the impact of the decisions taken in each scenario. 
 

The tool could have 3 or 4 modules covering the various stages in the life of a well – looking at 

drilling, completions, production, for example. For each of these, there would be need to define 

boundary conditions to fix what inputs would be considered for the calculations as the impact of 

operations can extend way beyond the immediate operational scope (including manufacturing of 

different components being used – which while important, may make it too complex to calculate). 

Once done, each of the activities in the operations can be looked at in detail – from mobilization 

to consumables & waste related transportation and all the operations happening during different 

phase of the well. The tool can then allow looking at different KPIs to estimate impact as well as 

allow simulation of different scenarios to look at resulting impact. 
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Fig 52: Schematic diagram of multiple operations conducted during a Drilling program  

 

Fig 53: Illustrative output to quantify impact of different activity on environment 

 

This planning solution can eventually also be integrated with real-time edge deployed sensor 

measurements to calibrate in real-time and validate for present and future operations. 

In addition to better estimate the environmental footprint of planned operations, this solution 

offers numerous advantages – 

• Reduction in overall system costs 

• Better management of operational risks associated with the environment 

• Improvement of the operator’s reputation and access to capital in the long run 

Select Global Case Studies 

(i) Impact assessment 

of projects on the 

environment 

 
 

Shell carries out detailed assessments of the potential 

environmental impacts when planning new projects by using a 

consistent process across all new project or existing facilities and 

apply stringent standards, particularly when operating in critical 

habitats with rich biodiversity. 

Key benefits observed 

https://www.shell.com/sustainability/environment/biodiversity.html
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• The assessments help manage and reduce any negative 

impacts on the environment throughout the lifetime of the 

project, from initial planning to final decommissioning and 

can influence the direction of a project 

4.23 Electronic Barrier using Image analytics and AI based alerts 

Challenges & Limitations (As-Is process and system) 

Operators have traditionally been protecting facilities and assets using a fence or a gate. These 

traditional fence surveillance systems are based on older technologies that were neither designed 

for AI nor capable of holistic, large-scale environmental analytics and many times are a simple 

obstacle to overcome. Achieving comprehensive insight from these systems in a timely manner 

often relies on consolidating input from large numbers of individual sensors, costly in both 

equipment expenditure and high-bandwidth data transmission over networks.  

Also, traditionally, security teams have been reviewing the tapes once the incident has already 

occurred (for example, an unwanted element gained access to a restricted area or an HSE incident). 

Thus, the response to the incidents has traditionally been reactive. 

Solution Framework (To-be process and business impact) 

 
Cameras and other sensors (eg. motion detection) can be used to effectively create an electronic 

barrier and bring different advantages 

such as real time surveillance, motion 

detection, tracking and tracing and also 

facial recognition. Advances in the edge 

processing has further enabled the 

creation of electronic barrier and real-

time processing of data. Creation and 

monitoring of the electronic barrier is 

performed at the edge (remotely), and 

data is sent back to the server only when 

a violation or incident is detected. This 

system provides a near-real-time 

responsiveness; and eliminates the high cost of transmitting huge amounts of rich metadata to the 

cloud.   
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Fig 54: Two options of electronic barrier technology 

 

 

Centralized Architecture:  

This can be utilized for an on-premise deployment of the computer vision algorithms. Such an 

architecture is ideal for a closed environment where security teams is located onsite. 

 

Distributed Architecture:  

This architecture comprises of using edge devices (cameras) for remote deployment and real-time 

execution of the computer vision algorithms.   

 

Following are few examples of scenarios where electronic barrier and usage of computer vision can 

be of significant value: 

 

• Scale the existing in-house security and large-scale analytics 

For larger operators and facilities that have an in-house security, an electronic barrier provides 

additional support. A typical large facility may have hundreds of cameras and monitors often 

making it difficult for humans to track everything that happens on monitor. When the invisible 

electronic barrier is breached, an alert immediately draws security personnel’s attention to that 

violation. This can lead to an instantaneous evaluation of the situation and an appropriate response 

can be taken. 

 

• Instant notifications in case of incidents 

Electronic barrier, AI and Computer Vision can help operators in staying ahead of incidents and 

proactively respond to any potential situations. Notifications on a mobile device can be sent, 

allowing the security team to immediately review the video in case of breach of line and to 

determine if a situation exists that requires a response. Even appropriate authorities can be 

automatically notified while the trespassing is still in progress. 
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Select Global Case Studies 

 

(i) Using advanced 

video analytics for 

security needs of 

BORL  

 

 

BORL planned to tighten up the security and surveillance 

system for its facility in Bina, Madhya Pradesh.  

 

For the same, BORL leveraged of-the-shelf available digital 

solution to address its needs that allowed BORL’s authorities 

to identify and restrict access to sensitive areas via video 

analytics, track suspicious people and vehicles. Furthermore, 

the perimeter was also protected by additional features such 

as –  

 

• Any real time intrusion detection without people 

intervention  

 

• Virtual fencing of restricted area to detect movement of 

objects in and out of the virtual area, thereby enabling 

perimeter protection and sterile zone trespassing 

4.24 Intelligent permit to work 

Challenges & Limitations (As-Is process and system) 

Almost 70% to 80% of the maintenance and operational work at well pads require permits to be 
issued. In most of the organization, as-is process of permit to work involves the following activities: 

• Permit being requested by performing authority. Most of the operators either use desktop-
based systems or paper-based process  

• Issuing authority reviews the permit and checks all the details before issuing it. This is usually 
done over a web portal or in bulk as part of the daily meetings 

• Subsequently, approving authority further reviews, including all the certificates and then 
approves it 

Throughout this process, each of the responsible personnel needs to carry out activities of updating 
the permit to work. The present process is thus time consuming and involves a significant manual 
intervention. 

In the as-is process, even if its automated over a system has no intelligence. For example, if there 
are already open permits in the vicinity, the system doesn’t prompt and stop the performing 
authority to raise the permit or provide insights to issuing/approving authority before them 
issuing/approving it. 

Solution Framework (To-be process and business impact) 

The proposed solution is aimed at automating the process of permit request, approval and issuance 

and integrating it with risk and safety assessment studies.  Broadly the solution framework for the 

end to end intelligent solution for PTW should include the following: 
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Integrated approach for PTW 

Integrated workflow for carrying out the 

processes of request, review, approval, issue 

and closure of work permits – including geo-

fencing, job safety analysis, risk assessment, 

hazard and operability study. 

• Geo-fencing  
o Geo-fencing-based approvals 

ensures physical visit to site for 

critical safety checks. 

  

• Job safety analysis (JSA) 

o JSA provides a systematic way of identifying, analyzing and mitigating risks that may 

exist while performing a job.  

o System should cross verify the compliance with JSA before issuing the permit to ensure 

that appropriate safety measures are in place.  

 

• Operational Risk Management 
o Ability to get operational data and condition of the safety critical equipment in the plant 

o Auto creation of permit and certificate for a work order based on hazard involved 

 

• Hazard and Operability Study 

o Integration of hazards, control and certificate, leading to substantial reduction in 

multiple selections - Selection of a set of hazards will automatically select controls and 

certificates with list of items/equipment to be isolated 

o Recommended hazard and control as per RA compared to the hazard and control 

selected by performing authority 

 

• Mobile Enablement 

o Mobile enablement of work permit (making it possible to create a permit while in the 

field) and certificate creation, work order completion.  

 

• Operational Data Integration 

o Machine data integration using IoT for real time atmospheric condition monitoring and 

visibility into deviations. 

o Pre-population of the permit with WO details (functional location, equipment) 

o Machine learning based exception detection to avoid unsafe condition. 

 

• Monitoring of permits 

o Geospatial view of all the existing and ongoing permits. 
o Visual representation of all the permits at one place to immediately respond to any 

critical exceptions and a timeline based view of all the approvals with time stamp. 

o Cross reference documents (all the permits, issued in the vicinity) in one place again 

simplifying the process of checking on all the open permits in the vicinity. 
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Select Global Case Studies 

(i) Permit To Work 

(PTW) System at 

Repsol Sinopec 

 

 

  

 

 

Repsol Sinopec Resources UK is based in Aberdeen, Scotland 

and has interests in 48 fields, of which 38 are operated, on 

the UK Continental Shelf with 11 offshore installations and 2 

onshore terminals. 

Repsol Sinopec Resources UK used digital PTW solutions for 

their Oil and Gas operational sites, starting with the North 

sea. The project scope includes the deployment of e-PTW 

and risk assessment at all sites. 

Key benefits observed 

The fully integrated PTW system provides the following 

benefits to Repsol-Sinopec: 

• Better understand, guide and perform their operations, 

with full oversight and control from the front line to 

corporate management  

• Increase the level of safety and efficiency in their 

operations 

4.25 Energy monitoring and optimization 

Challenges & Limitations (As-Is process and system) 

Presently, most of the operators use data from electricity meters to capture the monthly 

consumption of energy. While operators do carry out measurements for water, air, steam and gases, 

seldom there is an integrated approach of calculating the total energy impact. The challenge is 

mainly due to the following: 

• Lack of an energy policy that governs the overall plan and usage of energy 

• Inability to capture all the energy sources at a granular level 

• Lack of energy analytics, which drives improvement opportunities 

Solution Framework (To-be process and business impact) 

Increase usage of energy management systems (EMS), which are computer-based systems that 

measure energy consumption. Energy management systems provides the ability to meter, 

submeter, and monitor functions that allow facility and building managers to gather data and 

insights to enable them to make more informed decisions about energy activities across the 

operations. This will help to look for areas where there might be room to improve energy efficiency. 

 

 

 

 

http://www.repsolsinopecuk.com/
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The to-be process shall be as follows: 

Dashboard to observe and monitor data 

• Energy Dashboard to observe energy 

data in various graphical tools such as 

various types of charts, gauge, table 

and graphical image.  

• Drill down to be used to pursue the 

abnormality when an alarm comes 

out. By clicking a bar or a line in a 

column or line chart, a lower layer 

chart linked to the bar will be 

displayed. By clicking a hot spot or a 

value label in a graphical screen, a 

lower layer graphical screen will be displayed. 

Root Cause Identification 

• Monitor the entire plant energy consumption from site-wide down to equipment level 

• Automatically detect the plant states and operating modes and accordingly adjust target 

• Early identification of performance gaps and pinpoint equipment responsible 

• Isolate root cause behind the performance gap 

• Provide corrective actions in line the best practices and optimal settings to minimize the cost 

of energy consumption 

 

Fig 55: Overview of digital energy management solution 

  

Select Global Case Studies 

(i) Real-time 

analytics, 

diagnostics and 

decision support 

leading to energy 

savings at Saudi 

Saudi Aramco Abqaiq Plants is the company's largest oil 

processing and crude stabilization facility. It is the main oil 

processing center for Arabian Extra Light and Arabian Light 

crude oils, with a capacity of more than 7 million bpd. 
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Aramco Abqaiq 

Plants 

 

 
  

 

 

 

The Saudi Aramco Abqaiq Plants teamed up with Integration 

Objects to engineer and build a state-of-the-art solution that 

enables energy consumption calculation and monitoring for 24 

production units, 57 non-production units and 237 pieces of 

critical equipment, representing the main energy consumers. 

The system keeps a history of all computed KPIs, root cause 

identification and recommended corrective actions in a database. 

The results are then published in web dashboards for user access. 

The application included: 

• Dynamic Targets for Reliable and Accurate Energy 

Consumption Warnings 

• Automated Root Cause Analysis for Immediate Resolution 

• Data Validation to Eliminate Erroneous Instrument Readings 

• An Innovative Approach to Detect and Warn about 

Impending Problems 

• Online Visualization for Operations Performance Insights 

Key benefits observed 

Abqaiq Plants estimates a potential energy savings in excess of 

tens of millions of dollars per year. 

 

 

 

 

 

 

 

 

 
 
  

http://www.integrationobjects.com/
http://www.integrationobjects.com/
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5. Digital Platforms for Industry Collaboration 

 

5.1 Developing a common O&M and Projects Spares Platform 

Challenges & Limitations (As-Is process and system) 

Upstream capital projects represent the largest category of an O&G Company’s spending. Even 

when oil prices were above $60 per barrel, the rising cost of these projects was putting companies 

under pressure. And in the new low-price oil environment, these companies are finding that many 

projects on their drawing boards are / may no longer remain viable. Many are making changes to 

reduce their opex spending, but more is needed. 

 

Currently each company has its own platform to manage the O&M and project spares. It is tightly 

coupled with their ERP process and does not provide opportunities to learn from their colleagues 

within E&P industry. Also, the OEM collaboration is very limited to provide the necessary services 

within the contract. The OEMs are not challenged enough to provide optimized and predictive 

services. The asset maintenance at the best is proactive maintenance, we have still not reached a 

comprehensive predictive maintenance due to lack of enough data. 

Solution Framework (To-be process and business impact) 

The collaboration platform will have players across the value chain on one platform – thus 

providing end to end visibility on the supply and demand of the O&M and project spares. The 

platform will not only unlock value for 

OEM but also for the operators. It 

enables opportunities to optimize the 

entire life cycle of the spare parts by 

allowing access to a greater ‘virtual’ 

pool of resources. In addition, 

companies too can list up its own dead 

inventory on the portal and liquidate 

its asset.  

 

For OEM, it will aid proactive 

maintenance of the assets. Now that it 

has substantial data coming from 

different operators, they are in a 

better position to predict and proactively plan for maintenance – leading to longer asset life, 

optimized cost and reduced downtime.  

 

This platform will also provide opportunities to benchmark suppliers’ risk, encouraging healthy 

competition. 
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Select Global Case Studies 

(i) Online trading 

platform for 

managing tools 

and spare parts 

 

 

Oil and Gas companies operating in the North Sea (viz. Shell, EnQuest 
Plc, Marathon Oil Corp., Apache Corp., Centrica and Repsol SA’s 
Talisman) - have collaborated to establish a shared online trading 
platform for managing tools and spare parts. They have set up a pool 
of spares, ranging from nuts and screws to valves and compressors, 
and have catalogued and stored more than 200,000 parts in 
warehouses in Aberdeen, Scotland.5523 
 
The trading platform is managed by an online company called 
Ampelius Trading. With the online platform, in case Shell needs any 
spare part for a North Sea facility, Shell can log onto the system, scan 
the catalogue and place an order accordingly. This enables reduction 
of inventory costs and hence leads to operational efficiency. 
 
The project has been promoted by the industry led Efficiency Task 
Force, set up by Oil and Gas UK in September 2015. 
  

Key benefits observed 

The collaborative model has helped companies to reduce lead times 

and inventory costs for spare parts. 

5.2 Developing a common emergency response platform 

Challenges & Limitations (As-Is process and system) 

Currently each O&G Company have their own processes and systems to track and close near misses 

and emergency events.  Many of the near misses are not captured, simply because of lack of focus 

on such events. Such misses can eventually cause a big disaster. It is of utmost importance to treat 

each miss and event equally and share and learn the lessons across the industry.  

Also, current ecosystem lacks mechanism wherein the E&P industry can proactively manage issues. 

Many times the area of production between operators are adjacent to each other – thus the near 

misses and events can be of very similar nature, yet there is no mechanism to capture such events 

and near misses as an industry and collaboratively act on it. 

Currently every Operator is responsible for their own HSSE Policies and experience is not shared 

amongst each other. Small players are not able to responsibly mitigate the risks when it comes to 

HSSE Risks. 

Solution Framework (To-be process and business impact) 

By setting up a common collaboration platform (E&P Contingency Mitigation Portal) to manage 

and learn about issues both proactively and reactively (in newer cases). The new process will be –  

 

• Identification of hazardous areas using GIS 

• Assembly of department heads to collaborate, make decisions, and develop priorities using the 

platform 

• Provide warnings and notifications to the public and others of pending, existing, or unfolding 

emergencies based on the location or areas to be impacted by the incident 

• Determine appropriate response based on the incident location and optimum routing for 

affected populations to access appropriate safe areas 
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• Identify the locations and capabilities of existing and mutual aid public safety resources 

• Maintain continuity of 

operations in safe areas: 

supply inventories, external 

power requirements, shelter 

population capacities, etc.  

• Establish the capability to 

collect and share 

information among 

department heads for 

emergency decision making 

to support emergency 

operations and sustain 

government operations; and 

the capability to share 

information and status with 

regional, state, and federal 

agencies 

 

Such a portal will offer numerous advantages – 

• Prevent events / near misses 

• Un-interrupted license to operate  

• Save human lives, assets and private and public properties 

• Increased confidence of public/employees in operations leading to more productivity 

Select Global Case Studies 

(i) Emergency 

Response Platform 

for Healthcare in 

India 

 

 

 

Covid 19 management across states in India is a very good 

example of different players have come together and are 

managing the situation.  . It enables collaboration at different 

levels - single hospital, hospitals across region, across state and 

then at national level. 

 

Key benefits observed 

• The hospital-level platform provides mobile apps for 

frontline staff, a decision support dashboard and an 

administrative view for drilling down into details and quickly 

configuring the mobile apps to adapt to changing conditions 

 

5.3 Developing a joint operator-supplier cooperation model 

Challenges & Limitations (As-Is process and system) 

Currently there are siloed contracts between the O&G companies and the suppliers, who are 

contracted for a specific piece of work. Unless the contract has risk-reward structure, there are no 

incentives for suppliers to perform better or deliver more as they do not stand to gain anything 

substantial in return. The operator ends us taking majority of the risk and at the same time fails to 

innovate in this space. 
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Solution Framework (To-be process and business impact) 

Joint decision making is an important attribute of a more cooperative supply chain relationship 

that may ultimately result in a better performance. Set up a collaboration platform with each 

operator where in all the suppliers (both IT and Non-IT) can clearly see the impact of their work.  

A clear traceability of the activities and the 

impact it makes to the operators’ KPIs like 

top line growth, bottom line and HSSE will 

encourage the suppliers which will 

ultimately benefit both the operator and 

the supplier. AI and ML layer sitting on top 

of this data will predict the performance of 

the KPIs based on the historical trends, 

current constraints and future predicted 

market conditions. Suppliers can then be 

ranked basis their performance.   

For this, there must be an end to end 

integration of all the business process and monitored through dashboards at the operator. Decision 

Support and Visualization layer on top will provide the traceability and the key KPIs. KPIs managed 

by different suppliers will also be shown. This will give adequate visibility to all the suppliers and 

the operator on the risk they can potentially carry and plan accordingly. 

Such a portal will offer numerous advantages such as lower risk and costs, higher innovations and 

achievement of desired production targets. 

Select Global Case Studies 

(i) Decom North Sea 

organization 

connecting 

capability across the 

O&G 

decommissioning 

sector 

 

 

 

L2P2 (Late Life Planning Portal) has been designed to 

support the North Sea oil and gas industry in the planning 

and execution of late life and decommissioning projects. 

Providing a single access point for knowledge sharing and 

cross sector learning, L2P2 reflects Decom North Sea’s 

overarching objective to bring the regulators, operators and 

supply chain together to create the co-operative environment 

required by the decommissioning industry. 

Key benefits observed 

Decom North Sea enhances knowledge transfer and 

facilitates collaborative activities to deliver “innovative 

models” that  

• Minimize decommissioning costs,  

• Ensures best value for tax payers and  

• Maximizes business potential for its member 

companies. 
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5.4 National Data Lake and Data Science CoE powered by NDR & Open Community 

Challenges & Limitations (As-Is process and system) 

Currently there is lack of collaboration within the organizations and across organizations within 

Indian E&P industry in terms of sharing data.  The challenges faced by the organizations while 

sharing data: 

• Focus is only on sharing data with the regulator rather than across the ecosystem: It is mandatory to 

share data with the regulator to obtain license to operate. There are no incentives for the 

operators to share data across the ecosystem 

• Lack of digital infrastructure to share data: Currently the data is shared through disk tapes/hard 

drives etc. This introduces delays and makes the entire process very tedious. 

• Unfit data security regulations: Intellectual-property frameworks have not yet adapted to a new 

era of data sharing along value chains, in which companies must feel confident that, by 

dispersing their data, they are not compromising it. 

• Lack of data standardization while sharing: There is no single standard enforced to share data. 

Different vendors/partners use different data standards.  While some of the energy standards 

like PRODML, WTSML etc. are being adopted it is still not consistent. 

• Lack of standard on data processing techniques: There is no industry standard defined on different 

data processing techniques that can be applied to obtain clean and good data. Each player has 

their own set of rules and checks which makes the process quite inconsistent. 

Solution Framework (To-be process and system) 

For Oil and Gas, efficiency, productivity, and health and safety will only be maximized if systems, 

equipment and sensors from across the industry's value chain are sharing data and learning from 

one another. National Data Lake (NDL) is the solution for this problem. This platform will 

encourage collaborations among E&P player and their vendors. It will help operators and service 

providers share information seamlessly and open up opportunities to deliver data driven insights 

and collaborations for training, knowledge management, R&D and sharing of infrastructure. It will 

also fuel many innovations in this space, which is currently going slowly due to lack of collaboration 

across ecosystem partners. 

National Data Lake should be set up on 

top of National Data Repository (NDR). 

NDR is currently restricted to seismic and 

well logs. National Data Lake will have 

data coming from systems, sensors, 

equipment, etc. from different 

vendors/contracts across the value chain. 

 

NDL can be built on available clouds solutions provided by tech companies. Key features of NDL 

would include: 

• Provide the necessary infrastructure to upload the data, process the data and store the data as 

marketplace; adequate APIs will be built on top of the marketplace to enable ease of access. 

• Right access control to the users, data protection and ensure data privacy. 
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• Integrate and present the data in the right format and in the required form. 

• Leverage knowledge graphs to provide Natural Language querying facilities which will ensure 

right data is available. 

 

A layer of data science can then be provided on top of this data. This data science will be provided 

by a dedicated COE which will leverage open community to deliver deeper insights using advanced 

analytics and machine learning.  This COE can be run by professional service providers in this area 

under the control of Govt. of India. This process can be enabled when the following are clearly 

defined and adopted: 

 

• Standardization of Data Standards  

• Data management and governance framework 

 

Global Case Studies 

(i) Using industrial data 

for exploring the 

“Untapped 

Hydrocarbon 

Potential” in the 

Northern North Sea 

area 

 
  

 

 

 

The UK Oil and Gas Technology Centre (OGTC) called out to 

industry by asking Oil & Gas companies active throughout 

the Northern North Sea, the Norwegian Petroleum 

Directorate (NPD) and the UK Oil & Gas Authority (OGA) to 

provide petrophysical log data with associated metadata and 

documents for more than 7,000 well bores.  

Regulator of UK oil and gas industry has enabled the 

innovative project providing data from the NDR to the OGTC 

and industry to look for Untapped Hydrocarbon Potential in 

the Northern North Sea using machine learning.  

With the input data donated from 9 industry sponsors, plan 

is to automate petrophysical characterization of well logs and 

apply advanced analytics (a combination of artificial neural 

network and component analysis algorithms) to extract 

geological intervals of interest. 

Key benefits observed 

• This project will produce the data in a digital format that 

will allow powerful analytics to be run that should help 

identify remaining exploration potential in the Northern 

North Sea area. 
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6. Making Digital Vision a Reality – Governance & Enablement 

E&P Industry is undergoing a paradigm shift, impacting how operators organize and navigate 

through a volatile and dynamic environment. Digital can be the true value partner in the 

organization’s journey to stimulate changes in ways activities and workflows are organized from 

winning licenses for new blocks to successful decommissioning of the assets. Multiple elements 

need to come together to enable digital and ensure its success, both at an industry and company 

level. MoPNG, DGH, FIPI, and other government departments, boards (OIDB, PESO, etc.), and 

industrial bodies (CII, FICCI, etc.) should continue to make digital a key-priority alongside policy 

reforms and advocacy measures. Indian operators, oil field service providers, and other 

stakeholders should collaborate to win in a world of extremely volatile oil prices and push forward 

the peak demand envelope of hydrocarbons. 

6.1 Task Force for “Digital in Indian E&P Industry” – Industry-level governance and 
enablement 

A self-regulating task-force with participation from different spheres of industry ecosystem with a 

focus to drive digital adoption to maximize value from core E&P activities would be key enabler 

for the overall industry-wide digital agenda. The task-force should continue to take forward the 

agenda laid out in the Vision Paper through collaborative approach to foster growth of digital 

technology and business/operating models. Since the task-force would be self-regulated, it would 

continue to create its own operational guidelines, internal governance core committee constitution, 

roles and responsibility chart and holistic activity charter.  
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Core Committee 

• Representation from DGH 

• Representation from FIPI 

 

Invite Basis 

• MoPNG 

• E&P operator(s) 

• Consultant(s) & subject-matter 

expert(s) 

• Technology/ service provider(s) 

• Other government boards/ 

bodies (OIDB, etc.) 
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Activities Frequency 

Work with industry body to carry out workshops/ 

webinars/ session for education and awareness 
Quarterly 

Monitoring and update from industry on digital adoption Quarterly 

Recommend policy changes and reforms to MoPNG, DGH 

and other government bodies/departments for digital 

adoption 

Need-basis 

Help set-up incubators in educational institute through 

industry collaboration 
Need-basis 

Drive newsletter and email campaign on digital in E&P Half-Yearly 

Develop technical guidelines and define 

specifications/standards on digital to drive interoperability 

(e.g. data, IT, KPIs, etc.) 

Need basis 

Updation of digital vision document 
At the end of 12 months in the first 

year/ Biennial post year 1 
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6.2 Governance and Enabler for Digital Transformation for an E&P Player 

The overall success of digital transformation hinges on a holistic approach encompassing data, 

technology, and change management, towards solving for core business problem of the 

organization - reduced $/bbl, improved exploration success rate, lower discovery and development 

cost $/bbl, etc.. While data and technology continue to be at the core of the digitalization journey, 

value creation is primarily driven by change management and people initiatives. The learnings 

from the successful digital adoption and transformation journey across the world suggest change 

management is imperative for more than 2/3rd of the overall value realization. 

Fig 55 : Key value drivers in digital transformation – learnings for successful digital journeys 

 

While investment in digital technology, processes and system continues to be one of the key success 

factors, investment, and expenditure in digital must be well supported by governance, change 

management, robust initiative scoping, and  IT/Data architecture and solution delivery. 

Fig 56: 4 key elements of transforming digital vision into successful reality 
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6.2.1 Initiative scoping and prioritization on value creation 

Most digital journeys fail at the start when organizations do not define purpose and mission in their 

organizational and industrial context. Hence, a clear mission on the role of digital helps align 

organizational priorities and provide guidance to the team in the identification and scoping of 

initiatives. The successful digital adopters have conceptualized and implemented a value-based 

approach. The value-based approach begins with the tear-down of the organization’s value pool 

into value and cost drivers/trees and identifying areas of opportunities that can unlock maximum 

value potential. Thus value-based approach can help segregate between initiatives that are “must-

to-have”, “good-to-have” and “just-like-that”. For e.g., a company which low reserve replacement 

ratio and poor exploration success rate should aim to leverage digital to strengthen exploration 

capabilities by bringing advanced algorithms/analytics for seismic interpretation, integrated 

exploration portfolio management systems, and other use cases that addresses E&P player’s core 

business problem. Similarly for E&P companies which have poor project development track record 

and long first oil/gas timelines should invest digital capabilities in project management to improve 

design engineering and minimize interface issues. 

The development and roll-out of digital initiative start small with a long-term view in place. The 

successful initiative scoping and planning start with the minimum viable product (MVP), which is 

further scaled-up and upgraded on the agile model. This helps to improve the speed to output and 

provide scope for improvisation and further optimization to better suit the purpose. 

Funding the journey: The one key differentiating traits of a digital champion from that of laggard 

is the financial commitment that an organization makes towards digital transformation. The best-

in-class digital champions invest more than 5% of opex every year towards digitalization. 

6.2.2 IT/Data architecture and solution delivery 

As E&P companies advance towards digital transformation, systemic complexity increases 

manifold as organizations mature. While complexity at the beginning of the journey and rollout is 

low, it scales up exponentially thereafter. Hence core issues of IT and data architecture, if ignored 

can become a costly bottleneck in scaling up and future migration to new advanced applications. 

Poor system performance and bad user experience can also lead to challenges in digital adoption 

and making change management more challenging. Thus companies need to have a holistic and 

long-term approach to core IT systems requirements - Data architecture, enterprise architecture, 

cybersecurity, and mobile systems. 

[A] Enterprise Architecture 

One of the most important element of technological success in digital transformation hinges on 

alignment and harmony between business strategy and digital/IT systems.  However, these 

transformation efforts often spiral down in the wrong direction or are unable to generate enough 

anticipated value as they fail to consider Enterprise Architecture Planning (EAP).  While planning 

has always been critical for businesses, the urgency to digitally transform and the growing 

complexity of applications and technologies (IoT, Machine Learning, Cloud, edge computing, etc.) 

has arguably made enterprise architecture planning even more challenging and critical.  

Enterprise Architecture helps businesses structure IT systems and policies to achieve desired 

business results and to stay on top of industry trends and disruptions. It helps provide the roadmap 
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for optimal and targeted placement of IT resources and infrastructure to support the business 

function. Robustness, modularity with emerging technologies and reliability under extreme 

conditions are key attributes of sound enterprise architecture. The right enterprise architecture 

design requires series of strategic choices stemming from business objective and company 

philosophy with holistic approach that takes into consideration both as-is and to-be business 

process architecture, information/data architecture, application architecture and technology 

architecture. Some of the key strategic choices include but not limited to are – where to store and 

process data, what kind of databases (cloud, on premise, etc.) to use, how to ensure right access 

control, etc.?. The successful digital enabled companies have established sound processes for EA 

design, analysis, organizational buy-in and implementation of target architecture.  

Fig 57: Key components of Enterprise Architecture  

 

[B] Data Architecture 

The right data architecture that supports business needs is imperative for effective data usage. The 

focus on technologies and applications alone can severely impact an organization’s ability to 

leverage the full potential of digital use cases and limit scaling up of digital use cases across the 

organization. The key pitfalls for over-indexation on technology and applications overlooking data 

architecture include redundant and inconsistent data storage and overlapping functionality across 

various applications. 

As E&P companies gear up to cope up with large, complex, and heterogeneous data volumes from 

multiple fields/assets in different basins spread across the world, traditional data infrastructure 

needs to be scaled down and integrated with a high-speed modular architecture that can support 

state-of-the-art emerging technologies and new workflows.  

A data lake is a centralized repository that allows E&P companies to store all structured and 

unstructured data at any scale. Organizations can store raw seismic and processed data as-is, 

without having to first structure the data, and run different types of analytics—from dashboards 

and visualizations to big data processing, real-time analytics, and machine learning to guide better 

decisions. Data Lakes can help E&P companies turn the vast information stored in data lakes into 

fast-flowing rivers of insight for every part of the business. In Upstream, the biggest benefit of a 

data lake is de-risking of huge investment decisions, which speeds up time to first prospect and 

hydrocarbon. 
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Fig 58: Typical Components of Data Lake Architecture 

 

[C] Cybersecurity 

The innovations in Information Technology have sped up the cyberattacks and threats in recent 

years with O&G companies being no exception.  With the O&G industry moving towards a wide-

scale digitalization, the number and the manner of these threats are bound to increase with more 

connected technology and lower cyber maturity of the industry. For years, the industry has 

naturally focused on producing more barrels with limited priority being given to data security. The 

widespread operations and complex data structure further add to the lower cyber maturity.  

With the adoption of digital solutions, the E&P Company is on the path to use tens of thousands of 

processors, record, transmit and store terabytes of sensitive information across geographies, fields, 

vendors, service providers, and partners. 

Fig 59: Typical inhibitors to a robust cybersecurity 

 

 

A holistic cybersecurity management program is required to secure the existing data, watchful of 

any new threats and a robust threat management plan in case of cyberattack. Upstream companies 

need to transform their IT environments and technology infrastructure into tightly integrated and 

secure platforms for managing all types of data, including structured and unstructured data. To 
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manage the rapidly increasing data flow, O&G companies should look at various initiatives and 

security approaches, including cloud, as the foundational technology for transformation. 

Fig 60: NIST framework highlighting process to improve cybersecurity standard 

 

 

Select Global Case Studies 

(i) Shamoon 

Attack – One of 

most 

destructive 

cyberattack 

conducted 

against a single 

business 

company  

 

 
 

 

 

 

 

Incident - On August 15, 2012, Saudi Aramco that had invested 

in securing Aramco facilities with an armed force of 33,000 

soldiers and 5,000 guards became the victim of a cyber-attack 

that “wiped” 30,000 computers and forced employees to 

disable several of its internal networks for weeks. 

 

Impact - While oil production, remained unaffected because 

those were automated, the rest of the business went old-school 

– i.e. managing everything on paper (supplies, tracking 

shipment, handling contracts etc.) and significantly affected 

payments to its vendors.  

 

Response – As part of the recovery effort, the company 

assembled the best team staffed with international and 

domestic experts to set up a new and secure network, 

expanded the cybersecurity team, and built a security 

operations center. Continuous monitoring gave the security 

team the most up-to-date understanding of the environment, 

making it possible for IT to become more proactive. 

[D] Mobile Technology 

The shifting personal preference towards mobile and tablet devices coupled with the nature of 

working on field/outdoors (processing terminal, pipelines, etc.) by a large workforce in E&P makes 

mobile technology an important part of the overall value proposition. Mobile technology can be an 

important productivity tool to enhance productivity such as – communications, working on 

spreadsheets and presentation, utilization of collaborative tools, etc. Beyond productivity 

enhancement, mobile technology can further empower the workforce in carrying out tasks 

effectively and safely. Imagine field engineering moving through processing facility and tank farms, 
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mobile technology can be his/her professional guide in providing necessary information and 

knowledge related external surrounding, equipment and machinery details, etc.  

Developing applications for mobile devices are different from desktop/laptop applications due to 

limitations of screen size, CPU, and memory management. Hence considerable choices need to be 

made towards application development and enterprise architecture in making mobile technology 

available. E&P companies that have successfully adopted digital have leveraged the power of 

mobile technology. A key success factor here is what applications to make available on 

mobile/tablets, how to ensure cybersecurity as mobiles/tablets possess higher risks due to theft and 

loss and what design choices with respect to architecture, presentation layer, data layer, etc. 

organizations should make to maximize business logic re-usability.    

6.2.3 Robust internal governance with bias on action and scale-up 

[A] Overall Digital Governance 

Digital Governance within an organization is critical for controlling & navigating digital agenda in 

an efficient, effective, and secure way. It helps define the framework around accountability, roles 

and responsibilities, and decision rights to drive digital strategy through collaboration and team 

effort. With digital becoming core to all business activities within the organization, digital 

governance has become a part of permanent organizational structure as opposed to project-based 

structure that existed a few years back. 

(i) Governance Model & Set-up: The digital governance model and set-up varies across 

organizations based on parent organization design philosophy, number of working locations & 

geographic coverage, and nature and complexity of operations. Organizations that are more 

decentralized in their approach tend to embed digital governance within their business units 

with no-to-limited centralized support. At another end of the spectrum, organization’s embed 

digital governance on corporate services/centre of excellence model with business units 

operating as executing arm of the digital initiatives that are driven top-down. Many 

organizations also prefer to operate on a hybrid model with centralized support and 

enablement and de-centralized accountability. There are typically three trade-offs 

organizations need to evaluate in making model choices - the speed of change, value realization, 

and capabilities build-up. 

 

(ii) Roles & Responsibilities: While digital governance continues to operate at the confluence of 

multiple functions, expertize, business units, it becomes imperative to define the non-

overlapping and clear mandate of the governance. The key activities and roles of established 

governance include, but not limited to   

• Develop, prioritize and manage corporate digital strategy, portfolio and roadmap 

• Oversee and drive execution of digital initiatives 

• Define and adopt corporate standards, policies and processes related to digital (security, 

access, etc.) 

• Manage overall change management, incl. operation model change, communication and 

employee engagement, talent pool through upskilling and recruitment, etc. 

• Secure funding and disburse funds judiciously 

• Incubate disruptive business models 
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To help navigate digital agenda within the organization, key roles and positions needs to be 

evaluated and created. Clearly the roles and positions stem from the model and set-up choices to 

drive agenda, but it becomes imperative to define key positions/ roles within the organization to 

drive the adoption. 

• Digital Leader: The overall accountability and ownership of the digital agenda reside with 

the leader. Depending on the model & set-up choices digital leadership role can either be 

added to the responsibility of the business unit head/CIO or separate leadership position 

can be created, reporting either to CEO or head of corporate services. The organizations 

which have championed digital agenda successfully chose to create new leadership position 

– Chief Digital Officer. 

• Enterprise Architect: The role helps bridge the gap between business need and system/ 

architecture design. The person holding the position should have sound understanding of 

IT systems, emerging technologies, data standards, network protocols and tech 

specifications along with business understanding, operating environment, and equipment 

& asset conditions. 

• Digital Initiative/Idea Owner or Team Lead: The key responsibility of idea owner or 

team lead is ensure end-to-end ownership from ideation to full-scale implementation. 

Generally, Idea Owner or Team lead manages multi-functional cross-location initiative 

team, created to achieve the dedicated purpose. 

• Domain/Business Experts: Such roles are for subject-matter experts on topics/functions 

which support idea-owner with knowledge and inputs to achieve the overall business 

function. They generally help define starting position, boundary conditions, multiple 

scenarios and other regulatory/statutory inputs in framing and driving digital initiatives. 

Domain/Business experts, depending on the scale and geographic presence of the 

organization are either full-time positions or added responsibilities within business 

functions.  

• Digital Change Agents: Typically such roles are created by adding responsibilities to 

existing employees in different functions/departments to act as a bridge between concerns 

and need of business and implementation agenda of the digital team. Generally, these roles 

are assigned to employees who are passionate about technology and change within their 

respective domains. They help control the narrative by rallying support for new 

technologies and operating models. 

 

(iii) Decision & Review Rights: The strategic decision on the future of digital and its imperative 

would continue to be deliberated and decided in line with overall corporate portfolio 

management alongside other business initiatives and priorities seeking resources, capital and 

managerial bandwidth. Such decisions would continue to follow the status-quo of executive 

committee cadence, chaired by CEO/MD with all functional directors/business and function 

heads.  

There are multiple operational decisions required during the digitalization process to track and 

drive value identification to a timely, value realization. To address the need for operational 
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decisions, Digital Board/Committee is created under the chairmanship of Digital Leader (Chief 

Digital Officer) and quorum consisting of business and functional heads, initiative owners to 

review and take decisions. The Digital Board/Committee meets periodically (typically monthly) 

to review and take decisions. The key activities of the board include, but not limited to  

• Review and approve initiatives (pilots and products), propose sponsors 

• Review performance of digital (and BU/function) initiatives 

• Facilitate cross-BU digital initiatives and facilitate cross-BU collaboration 

• Arbitrate in case of misalignment between BU/function and Digital implementation 

teams 

• Firm-up and finalize digital proposal/ key asks for Ex-Com on matters related to digital 

strategy and implementation 

 [B] Data Management Office – Custodian of Single Point of Truth 

The key foundation and starting point to any digitalization is the data, an important ingredient of 

all transformative approaches (Artificial Intelligence, Machine Learning, Deep learning, etc.) in 

generation of insights to support decision making and drive business initiatives. Thus, good quality 

data needs robust governance, especially in the industry like E&P where the overall data landscape 

is highly complex and challenging. Without effective data governance, no one can be certain about 

what data assets an organization has, who controls them and who can access and use them, what 

information and insight they can provide and how they should be used. 

Data governance include both organizational and technological elements that facilitate the 

sustainable improvement of a company’s data quality – i.e. data completeness, accuracy, 

consistency, accessibility. The lack of necessary experience and expertise to drive a data 

governance operation and lack of a shared understanding of data ownership are two key obstacles 

in developing and embedding robust data governance 

Setting up of data management office, spearheaded by chief data officer can help improve data in 

an organization to enable data-based decision-making process.  The strong and proactive data 

management office can help address priority across 4 key sub-domains – Data structure, data 

policies, data organization, and target operating model, and data tools, each important to ensure 

completeness, accuracy, consistency, and accessibility. 

Fig 61: 4 key elements of data architecture 
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6.2.4 Change management towards new ways of working 

Change management process is at the core of any large scale digital transformation, bridging the 

gap between ideation and implementation and value identification and value realization. Since the 

digital transformation program impacts all the spheres of existing value chain (exploration, project 

development, operations & maintenance, engineering services, etc.) and functional domains (HR, 

IT, Finance, Admin), change management process starts shaping up in tandem with data and 

technology agenda. 

 

Change Management program are typically tailor-made and created to suit the requirement of 

individual organization, taking into consideration organization’s starting position and nature of 

disruption and shift envisaged. Historically the industry has not lived up to the expectations as 

evidence (self-reported CEO data) suggests that 50% of change programs fail to achieve their 

objectives. To make change management a success, 3 key elements – Communication management, 

talent pool management and new ways of working– needs to come together, contextualized to the 

organization’s need with top-down commitment towards change agenda.   

Fig 62: Overall change management framework 

 

[A] Communication Management 

A well-grounded communication strategy begins with a thorough analysis of stakeholders to enable 

targeted interventions and engagement. Prioritization of key stakeholders’ basis importance to 

program success vs level of support for the program, forms the rock bed of overall communication 

planning. Since stakeholder engagement and investment vary throughout the project duration, it 

is important to continually monitor the stakeholder support throughout the project.  Generally, 

communication program is 2 layered (program-level and initiative-level) that leverages all possible 
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communication channels to inform and motivate the target stakeholder groups. Although 25+ 

communication channels (1-on-1, intranet, website, townhalls, etc.) of communication exist, but 

the key to the overall success depends on identifying the optimal channel for the target audience, 

which ensures buy-in and awareness and allays concerns around the program uncertainty. 

[B] Talent Pool Management 

E&P companies need an optimal talent pool management strategy that blends upskilling with 

lateral talent acquisition to reflect emerging responsibilities and priorities of the organization (such 

as data scientist, data curator, etc.).  Upskilling,  which is beyond access to training, is about 

identifying the knowledge, skills and experience that will be most valuable in the future for new 

and transformed roles, and the individuals who can excel in those roles. Upskilling should aim at 

covering both digital (Analytics, AI, ML, etc.) and functional (HR, Finance, Procurement, etc.) topics 

to meet the overall objective of the organization. The successful digital transformation models 

suggest that organization should aim at upskilling in excess of 20% of the entire workforce. 

[C] New ways of working 

With digital technology breaking the traditional siloes and legacy workflows, it is imperative to shift 

to new operating models which promotes collaboration on a real-time basis and quicker turn-

around time. Until and unless E&P companies re-organize to define new ways of working around 

new digital technology (real-time operation center, integrated well planning platform, digital 

capital management system, digital exploration management systems, etc.), the value realization 

and impact would continue to be low. There are multiple ways in which change of the operating 

model and ways of working can further support the cause of the digital transformation for yielding 

better outcome and short turn-around time for activities   

• Agile & lean operating model – a division of initiatives into short phases of work and 

frequent reassessment and adaptation of plans 

• Workflow standardization across e locations/geographies to ensure collaboration @ scale 

• Modularization of initiatives – ability to work independently yet able to integrate to form a 

complete system on real-time basis 

Select Global Case Studies 

(i) Intelligent 

Digital Oilfield 

Implementation

: A Case Study 

of Change 

Management 

Strategies to 

Ensure Success 

 

 

 

The successful implementation of a world-leading integrated 

digital oilfield (IDOF) program with a national oil company 

(NOC) required extremely careful and innovative 

management of the large-scale change. From the very 

beginning of the IDOF project, the NOC leadership was clear 

in its vision that the project and the people side change 

management process were to be parallel activities. 

 

Select key lessons learnt 

• Executive leadership and senior management should 

drive, promote, and communicate the change message, 

especially when rewarding and celebrating successes. 
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• Placing people at the forefront of any change 

management process should be given priority at the 

very beginning of any project 

• Use  very  simple  communication  messages  and  be  

consistent  with  said  messages; where  possible, use  

the  people within the change to communicate these 

messages. 

• Celebrate success at every opportunity, especially 

people-side success, and where possible and relevant, 

reward this success. 
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7. Policy Recommendations & Wayforward 

Digital transformation could transform the way people work and live at a scale comparable to 

major industrial revolutions of the past. While digital transformation has tremendous potential to 

benefit industry and society, it is by no means guaranteed that its full value will be unlocked. To 

do so, all major stakeholders – including coordinated regulatory efforts– must engage in focused 

collaboration and determined action to maximize the value of digitalization for society and across 

industries. Successful digitalization will require collaboration between industry leaders, 

communities and policy-makers. 

Regulatory frameworks struggling to adapt to a new era of data sharing along value chains remains 

one of the major barriers to change in addition to a lack of standardization in data coming from 

sensors, an inability to share information across the ecosystem, and the challenge of recruiting 

millennials to replace an ageing workforce. Moreover, some senior industry leaders have not yet 

made the necessary shift in mindset to embrace digital's potential value. This is particularly so 

when digital is considered at odds with deeply entrenched safety concerns, which can be triggered, 

for example, by discussion of unmanned assets. Structural inhibitors that may result from such a 

conservative approach are another key barrier to digital transformation, as in the industry's lack of 

desire to take a more experimental, "fail-fast" approach because of concern about the potential 

consequences of change.  

 

The policy framework should be based on following 3 principles - Data Sharing, Innovation and 

Low Carbon Economy, that should be reviewed and considered by O&G policy makers to keep up 

with – and stay ahead of – digital transformation, thereby promoting digitalization in the industry. 

 

1. Develop global data standards and policies related to data sharing and security - This 

includes policies related to data sharing and security with the objective of  

a. Encouraging transparency in operations 

b. Promoting public sharing of data for open innovation 

c. Increasing collaboration between operators for building robust machine learning 

models 

d. Focusing data security over data residency by relaxing data residency policy  

Additionally, data security regulations and intellectual property frameworks needs to be 

assessed and redefined in line with the new era of data sharing along value chains, so that the 

companies feel confident and not compromised in dispersing their data.  

2. Foster an ecosystem for innovation - Policy-makers have an important role in driving 

future prosperity. The onus has shifted today onto governments to help build the 

innovation ecosystem and innovate within their organizations too to unlock value and meet 

their constituents' ever-changing and diverse needs. The policy framework should 

incentivize investment in digital technology and drive minimum investment commitments 

/ work program and promote setting up of digital innovation/ smart labs at a national level 

to share knowledge, train personnel and drive R&D. 

 

For instance, policy makers can leverage the abundance of talent India has to offer by 

tapping into the current growing startup ecosystem due to Government initiatives such as 

Startup India, Atal Innovation Mission etc. This will require engaging innovators & 
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entrepreneurs to deliver technologically advanced solutions for digital upgradation of the 

Indian E&P sector.  

 

A similar initiative named iDex (Innovations for Defense Excellence) was launched by the 

Ministry of Defense in April 2018 with the aim to achieve self - reliance and foster 

innovation and technology development in Defense and Aerospace by engaging Industries 

including MSMEs, start-ups, individual innovators, R&D institutes and academia. iDEX has 

partnered with leading incubators in the country to provide handholding, technical support 

and guidance to the winners of iDEX challenges. iDex aims to target three critical functions–  

 

a. Exploration and development of new technologies 

b. Rapid piloting of prototype and ensuring quick feedback to innovators 

c. Indigenization of sector related platforms 

MoPNG too can leverage the learnings of the iDex initiative and work collaboratively with 

key E&P sector stakeholders to run pilot initiatives using the ideas from the digital roadmap 

and foster an ecosystem for digital adoption.  

3. Create clear regulatory frameworks to promote the shift towards the low-carbon 

economy - Promote the shift towards the low-carbon economy and support an inclusive 

society, thereby accelerating adoption of digital technologies for green and sustainable 

development and reducing carbon footprint. Promoting a more inclusive society should 

lead to a related impetus to create a broader reform agenda for greener, more resilient and 

inclusive growth. 

 

The largest pools of value in the future are likely to 

be driven not just by advanced analytical models, or 

by adopting digitalization rapidly across all aspects 

of the industry, but also by sector working 

proactively and collaboratively –possibly, more 

closely than in the past. The industry, governments 

and civil society will not maximize the benefits of 

digitalization to the industry, wider society and the 

environment if they each act separately on the 

important topics. Instead, addressing digital 

transformation with a multi-stakeholder approach 

stands to reap potential gains that have never been 

greater.  

A collaborative approach requires clear 

understanding and alignment of roles and responsibility for each stakeholder group. 
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Table 03: Key next steps for different stakeholders 

Stakeholder Roles & Responsibility 

MoPNG 

• Review and approve policy recommendations that will help progress 

identified digital initiatives 

• Actively involve inter-ministerial group to expedite approvals. For 

example - Unmanned aircraft (drones) are governed by the Civil Aviation 

Requirements (CAR) issued by the Directorate General of Civil Aviation 

(DGCA) from time to time 

DGH 

• Responsible for the implementation of policy recommendations  

• Lead and drive central initiatives identified in the roadmap with significant 

potential to unlock value in India’s E&P sector 

• Identify and mandate common minimum set of digital initiatives that all 

Operators should deploy. 

• Create and facilitate forums to promote sharing of ideas and best practices 

across the ecosystem by global players with significant focus on 

digitalization in EP industry such as Equinor, Shell etc.  

• Collaborate with NDR to revamp existing portal for easy and seamless 

access to data by EP players 

• Create dedicated EP industry portal to access and share ideas, learning 

modules, industry trends etc 

E&P 

Operators 

• Make digital a priority: develop a digital strategy roadmap 

• Drive a culture of innovation and technology adoption: create digitally 

powered, multidisciplinary teams 

• Invest in human capital and development programs: promote new, digital 

thinking 

• Collaborate with e-learning platform to upskill current workforce 

• Conduct company-wide digital idea generation sprints/workshops to solve 

process level problems 

• Continue to develop digital capabilities: invest, build, buy or partner 

• Reform the company’s data architecture: optimize use of data platforms 

• Invest in the collaborative ecosystem: use partnerships and platforms that 

work in the sharing economy 

Industry 

Groups 

• Create forums/platforms to discuss digitalization in O&G industry in India 

• Proactively engage with policy groups to advise on policies supporting and 

motivating adoption of digital tools by EP operators  

• Collaborate with policy groups to create EP portal to access and share 

latest industry trends 

Technology 

Providers 

• Partner with operators on deployment of roadmap identified digital 

initiatives 

• Assign representatives to continually sustain and refresh the Digital 

roadmap beyond initial release 

• Update products and solution roadmaps in-line with India specific needs 

identified 
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Appendix I: E&P Digital Roadmap Development Approach & 
Contributors 

The intent of the extensive exercise was to ensure the digital roadmap document for digitalization 

opportunity across the value chain. It was thus important that the entire ecosystem come together 

and collaborate on creating the roadmap. With the aforesaid objective and purpose, a Steering 

committee driven by the Joint Secretary office of MoPNG was setup with representations from all 

key stakeholder organizations across the value chain. Further, four Working Groups were formed 

involving the E&P ecosystem with organization(s) assigned to one or more such working groups, so 

as to work on targeted areas and domains. Find below a snapshot of the entire committee formed 

to compile a detailed list of possible digital use cases relevant for Indian E&P players. 

Fig 63: Digital roadmap creation team and steering committee structure 

 

Collaboration and inclusion were the cornerstone of the entire roadmap creation journey. The 

entire exercise saw over 6 meetings among the entire group which included one full day 

brainstorming workshop. The workshop saw each group present relevant initiatives in respective 

areas, which were then deliberated and discussed at length to identify relevant digital use cases. 

The detailed workshop ensured the formation of an outline of the final document and also 

prioritized digital use cases for the roadmap. 

Table 04: List of Key Contributors 

S.N Name Role Organisation 

1 Amar Nath Initiator JS (E), MoP&NG 

2 TK Sengupta Mentor FIPI 

3 Biswanath Ghosh Mentor Cairn 

4 Shaji Zacharias Mentor Wipro 

5 Srinivas KRD Mentor IBM 

6 Harjot Singh Kalra Chair AWS 

7 Amrit Raj Chair Halliburton 

8 Nubeel Ansari Chair SAP 

9 P.K. Painuly Chair UPES 

10 L Balasubramanian  Co- chair Sclumberger 

11 Shridevi Bale Co-Chair Accenture 
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12 Vikram Bhattacharya Co-Chair AWS 

13 Rahul Khare Co-Chair Honeywell 

14 Richa Mukherjee Member AWS 

15 Anand Laxshmivarahan Member Cairn 

16 Indradyumna Datta Member Cairn 

17 Harish Agarwal Member Cairn 

18 Sandhya Sharma Member Cairn 

19 Subhayan Dasgupta Member MoP&NG 

20 Ajay Kansal Member DGH 

21 Sanjay Sood Member Emerson 

22 Sunil Verma Member Emerson Automation 

23 Dharam Raj Member Ex-ONGC 

24 Anand Vaidyanathan Member FIPI 

25 Sachin Yadav Member Gartner 

26 Dibakar Chakraborty  Member Halliburton 

27 Vividh Paliwal Member Halliburton 

28 Sagar Kalra Member Halliburton 

29 Ajay Deshmukh Member Honeywell 

30 Prabhat Manocha Member IBM 

31 Kirthi Ganapathy Member IBM 

32 Devendra Singh Member IBM 

33 Barun Chakrabarti Member L&T Hydrocarbon Engineering Limited 

34 Sudhanshu Gupta  Member Microsoft 

35 Seepak Talwar  Member Microsoft 

36 Ranjit Dutta Member Oil India Limited 

37 Dharam Singh Manral Member Oil India Limited 

38 Atindra Roychoudhary Member Oil India Limited 

39 Anoop Sharma Member ONGC 

40 Praful Talaha Member P2P Energy Solutions 

41 
Balasubramanian 
Krishnamoorthy Member RIL 

42 Kaustav Mukherjee Member BCG 

43 Kaustubh Verma Member BCG 

44 Chitwan Garg Member Schlumberger 

45 Rajvardhan Singh Member Schlumberger 

46 Uday Shanker Mishra  Member Sclumberger 

47 Amandeep Singh Rana Member Siemens 

48 Dr. Sunil Khare Member UPES 

49 Dr. Gita Heggde Member UPES 

50 Nitin Kapoor Member Wipro 

51 Rohit Arora Member Wipro 
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https://www.software.slb.com/-/media/software-media-items/software/documents/external/technical-presentations/sis-global-forum-2019/da/the-exploreplan-journey--striving-to-reveal-exploration-opportunities-with-equinor.ashx?la=en&hash=C84F3334C5A62DED677BD2362FCCAAA353677208
https://www.software.slb.com/-/media/software-media-items/software/documents/external/technical-presentations/sis-global-forum-2019/da/the-exploreplan-journey--striving-to-reveal-exploration-opportunities-with-equinor.ashx?la=en&hash=C84F3334C5A62DED677BD2362FCCAAA353677208
https://www.slb.com/resource-library/case-study/so/fdplan-orion-energy-cs
https://www.software.slb.com/-/media/software-media-items/software/documents/external/technical-presentations/sis-global-forum-2019/fd/an-automated-end-to-end-evaluation-workflow-for-offshore-conventional-settings-using-fdplan.ashx?la=en&hash=4CDFB36164473A870ABB81905835690BF3430BAA
https://www.software.slb.com/-/media/software-media-items/software/documents/external/technical-presentations/sis-global-forum-2019/fd/an-automated-end-to-end-evaluation-workflow-for-offshore-conventional-settings-using-fdplan.ashx?la=en&hash=4CDFB36164473A870ABB81905835690BF3430BAA
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https://www.software.slb.com/-/media/software-media-items/software/documents/external/technical-presentations/sis-global-forum-2019/fd/an-automated-end-to-end-evaluation-workflow-for-offshore-conventional-settings-using-fdplan.ashx?la=en&hash=4CDFB36164473A870ABB81905835690BF3430BAA
https://doi.org/10.2118/177549-MS
https://doi.org/10.2118/195311-MS
https://www.slb.com/resource-library/case-study/so/drillplan-willistonbasin-cs
https://doi.org/10.2118/168007-PA
https://doi.org/10.4043/22511-MS
https://www.offshore-mag.com/drilling-completion/article/16764029/artificial-intelligence-improves-realtime-drilling-data-analysis
https://www.offshore-mag.com/drilling-completion/article/16764029/artificial-intelligence-improves-realtime-drilling-data-analysis
https://www.offshore-mag.com/drilling-completion/article/16764029/artificial-intelligence-improves-realtime-drilling-data-analysis
https://doi.org/10.2118/170660-MS
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• A Polymer Injectivity Model Establishment and Application for Early Polymer Injection; 
Xiang’an Lu et al; https://doi.org/10.1007/s13369-017-2950-z 

• Business Value From Intelligent Fields;  Frans G. Van Den Berg (Shell) et al; 
https://doi.org/10.2118/128245-MS 

 

• Maximizing the Value of Real-Time Operations for Diagnostic and Optimization at the Right 
Time (KwIDF Project); A. Al-Jasmi (Kuwait Oil Company);    https://doi.org/10.2118/167397-
MS 
 

• The Future of Integrated Operations; Jim Crompton (Chevron); 
https://doi.org/10.2118/127715-PA 
 

• Large Scale Subsurface and Surface Integrated Asset Modeling - An Effective Outcome 
Driven Approach; Hafez Hafez (ADNOC), Sergio Sousa (Halliburton) et al; 
https://doi.org/10.2118/193049-MS 
 

• Complex Facilities and Multireservoir Production Management Using a Tightly Integrated 
High Performance Simulator with a Flexible User Procedure Facility; W. B. Vanderheyden 
(BP); G. T. Smart (Halliburton) et al; https://doi.org/10.2118/181597-MS 
 

• Smart and Automated Workover Candidate Selection;  Georg Zangl; 
https://doi.org/10.2118/181072-MS 
 

• Best Practice Well Candidate Selection For Workover, Proceedings, Indonesian Petroleum 
Association, Thirty-Eighth Annual Convention & Exhibition, May 2014, 
(http://archives.datapages.com/data/ipa_pdf/2014/IPA14-E-264.htm) 
 

 

• Well-Testing Challenges in Unconventional and Tight-Gas-Formation Reservoirs; Mehdi 
Azari (Halliburton), et al; https://doi.org/10.2118/190025-PA 

• Predicting liquid flow-rate performance through wellhead chokes with genetic and solver 
optimizers: an oil field case study; Hamzeh Ghorbani (NIOC), et al; 
https://doi.org/10.1007/s13202-018-0532-6 

• Pipeline Integrity Management System in South East Sumatra Offshore; Mohammad Habil 
(CNOOC SES Ltd);  https://doi.org/10.2118/165916-MS 

• Non-contact magnetometric diagnostics of potentially hazardous sections of buried and 
insulated pipelines susceptible to failure, Journal - Welding in the World; 
https://link.springer.com/article/10.1007/s40194-016-0402-0 

• Magnetic Tomography Method (MTM) & A Remote Non-destructive Inspection Technology 
for Buried and Sub Sea Pipelines; I. Kolesnikov;  https://doi.org/10.4043/24569-MS 

• ESP Data Analytics: Predicting Failures for Improved Production Performance; ; Mohannad 
Abdelaziz (Saudi Aramco);  https://doi.org/10.2118/188513-MS 

• Real-Time Monitoring and Predictive Failure Identification for Electrical Submersible 
Pumps; Abhijeet Sandeep Bhardwaj (Halliburton) et al; https://doi.org/10.2118/197911-MS 

• Shell Launches Drone Inspection Trial https://www.natlawreview.com/article/shell-
launches-drone-inspection-trial 

https://doi.org/10.1007/s13369-017-2950-z
https://doi.org/10.2118/128245-MS
https://doi.org/10.2118/167397-MS
https://doi.org/10.2118/167397-MS
https://doi.org/10.2118/127715-PA
https://doi.org/10.2118/193049-MS
https://doi.org/10.2118/181597-MS
https://doi.org/10.2118/181072-MS
http://archives.datapages.com/data/ipa_pdf/2014/IPA14-E-264.htm
https://doi.org/10.2118/190025-PA
https://doi.org/10.1007/s13202-018-0532-6
https://doi.org/10.2118/165916-MS
https://link.springer.com/article/10.1007/s40194-016-0402-0
https://doi.org/10.4043/24569-MS
https://doi.org/10.2118/188513-MS
https://doi.org/10.2118/197911-MS
https://www.natlawreview.com/article/shell-launches-drone-inspection-trial
https://www.natlawreview.com/article/shell-launches-drone-inspection-trial
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• Chevron Uses Data, Drones and AR to Transform Energy Output; 
https://www.intertrust.com/intertrustblog/chevron-uses-data-drones-and-ar-to-transform-
energy-output/ 

• Increasing Production Efficiency via Compressor Failure Predictive Analytics Using 
Machine Learning; D Pandya (Shell) et al; https://doi.org/10.4043/28990-MS 
 

• Predictive maintenance in oil and gas: Top upstream companies; https://www.offshore-
technology.com/comment/predictive-maintenance-oil-gas-top-upstream-companies/ 
 

• SABIC – iPlanSTO ; https://www.iamtech.com/case-studies/sabic 
 

• Inside Shell's 'spare parts' data science project https://www.itnews.com.au/news/inside-
shells-spare-parts-data-science-project-476863 
 

• Use of Reliability Centered Maintenance (RCM) Analysis in Petroleum Development Oman 
(PDO) for Maintenance Rationalization; Busaidi Khamis (Petroleum Development Oman), 
et al; https://doi.org/10.2118/87249-MS 
 

• Kongsberg, Shell to work on Nhyamna terminal digital twin; https://www.offshore-
mag.com/production/article/14068484/kongsberg-shell-to-work-on-nhyamna-terminal-
digital-twin 
 

• Utilizing Downhole Camera And Video Inspection For Well Intervention; 
https://www.hartenergy.com/exclusives/utilizing-downhole-camera-and-video-inspection-
well-intervention-177251 

• Oil and gas industry warming up to wearable tech; Globaldata; 
http://www.hazardexonthenet.net/article/176672/Oil-and-gas-industry-warming-up-to-
wearable-tech.aspx 

• Deep-water safety training goes virtual; https://www.shell.com/inside-energy/deep-water-
safety-training-goes-virtual.html 

• How leading oil and gas companies are adopting virtual reality; https://www.offshore-
technology.com/comment/oil-gas-virtual-
reality/#:~:text=ExxonMobil,to%20plant%20operators%20and%20engineers. 

• Impact assessments; https://www.shell.com/sustainability/our-approach/impact-
assessment.html 

• Learn how Oil and Gas Industry is using AllGoVision’ Video Analytics for their security 
needs; https://www.allgovision.com/case-study-oil-gas-industry.php 
 

• Major offshore Permit Vision implementation for Repsol-Sinopec; https://www.evision-
software.com/project/repsol-sinopec/ 
 

• Intelligent Dashboards Reap Millions in Energy Savings - Real-time analytics, diagnostics 
and decision support pays off for Saudi Aramco Abqaiq Plants;  Adel O. BenDuheash, Samy 
Achour;  https://www.controlglobal.com/articles/2015/webhed-intelligent-dashboards-
reap-millions-in-energy-savings/ 
 

• New ‘E-Bay’ online trading platform for North Sea oil and gas tools is launched by 
Edinburgh-based ‘virtual’ factor; http://www.scottishenergynews.com/new-e-bay-online-

https://www.intertrust.com/intertrustblog/chevron-uses-data-drones-and-ar-to-transform-energy-output/
https://www.intertrust.com/intertrustblog/chevron-uses-data-drones-and-ar-to-transform-energy-output/
https://doi.org/10.4043/28990-MS
https://www.offshore-technology.com/comment/predictive-maintenance-oil-gas-top-upstream-companies/
https://www.offshore-technology.com/comment/predictive-maintenance-oil-gas-top-upstream-companies/
https://www.iamtech.com/case-studies/sabic
https://www.itnews.com.au/news/inside-shells-spare-parts-data-science-project-476863
https://www.itnews.com.au/news/inside-shells-spare-parts-data-science-project-476863
https://doi.org/10.2118/87249-MS
https://www.offshore-mag.com/production/article/14068484/kongsberg-shell-to-work-on-nhyamna-terminal-digital-twin
https://www.offshore-mag.com/production/article/14068484/kongsberg-shell-to-work-on-nhyamna-terminal-digital-twin
https://www.offshore-mag.com/production/article/14068484/kongsberg-shell-to-work-on-nhyamna-terminal-digital-twin
https://www.hartenergy.com/exclusives/utilizing-downhole-camera-and-video-inspection-well-intervention-177251
https://www.hartenergy.com/exclusives/utilizing-downhole-camera-and-video-inspection-well-intervention-177251
http://www.hazardexonthenet.net/article/176672/Oil-and-gas-industry-warming-up-to-wearable-tech.aspx
http://www.hazardexonthenet.net/article/176672/Oil-and-gas-industry-warming-up-to-wearable-tech.aspx
https://www.shell.com/inside-energy/deep-water-safety-training-goes-virtual.html
https://www.shell.com/inside-energy/deep-water-safety-training-goes-virtual.html
https://www.offshore-technology.com/comment/oil-gas-virtual-reality/#:~:text=ExxonMobil,to%20plant%20operators%20and%20engineers.
https://www.offshore-technology.com/comment/oil-gas-virtual-reality/#:~:text=ExxonMobil,to%20plant%20operators%20and%20engineers.
https://www.offshore-technology.com/comment/oil-gas-virtual-reality/#:~:text=ExxonMobil,to%20plant%20operators%20and%20engineers.
https://www.shell.com/sustainability/our-approach/impact-assessment.html
https://www.shell.com/sustainability/our-approach/impact-assessment.html
https://www.allgovision.com/case-study-oil-gas-industry.php
https://www.evision-software.com/project/repsol-sinopec/
https://www.evision-software.com/project/repsol-sinopec/
https://www.controlglobal.com/articles/2015/webhed-intelligent-dashboards-reap-millions-in-energy-savings/
https://www.controlglobal.com/articles/2015/webhed-intelligent-dashboards-reap-millions-in-energy-savings/
http://www.scottishenergynews.com/new-e-bay-online-trading-platform-for-north-sea-oil-and-gas-tools-is-launched-by-edinburgh-based-virtual-factor/
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trading-platform-for-north-sea-oil-and-gas-tools-is-launched-by-edinburgh-based-virtual-
factor/ 
 

• Hospital Emergency Response solution: A Microsoft Power Platform solution for healthcare 
emergency response; Sangya Singh; https://powerapps.microsoft.com/en-
us/blog/emergency-response-solution-a-microsoft-power-platform-solution-for-healthcare-
emergency-
response/#:~:text=Hospital%20Emergency%20Response%20solution%3A%20A%20Microsof
t%20Power,solution%20for%20healthcare%20emergency%20response&text=As%20the%20
COVID%2D19%20crisis,managing%20communications%20across%20an%20organization.&t
ext=Joseph%20Health%20system%2C%20with%20which%20Swedish%20is%20affiliated 
 

• Collaborative Tool Helps Companies Plan Decommissioning, Share Lessons Learned; 
https://pubs.spe.org/en/ogf/ogf-article-detail/?art=3408 
 

• Can Data Analytics identify potential missed pay in the North Sea? ; Christopher Frost; 
http://dataco-global.com/ogtc-project/ 

• Good Data Starts with Great Governance; https://www.bcg.com/en-
gb/publications/2019/good-data-starts-with-great-governance.aspx 

• Saudi Arabia's response to cyber conflict: A case study of the Shamoon malware incident; 
Zakariya Dehlawi et al; 10.1109/ISI.2013.6578789 

• Intelligent Digital Oilfield Implementation: A Case Study of Change Management Strategies 
to Ensure Success; Ahmad Al-Jasmi (Kuwait Oil Company) et al; 
https://doi.org/10.2118/167395-MS 

• The Role Of Data In The Age Of Digital Transformation ; 
https://www.forbes.com/sites/forbestechcouncil/2019/01/17/the-role-of-data-in-the-age-of-
digital-transformation/#6d82fffc4509 

• How Digital Champions-invest?; https://www.bcg.com/en-gb/publications/2019/how-
digital-champions-invest.aspx 

• Design and Development of Data-Driven Screening Tools for Enhanced Oil Recovery 
Processes; G. Yalgin et al; https://doi.org/10.2118/190028-MS 

• Artificial Intelligence-Based Screening of Enhanced Oil Recovery Materials for Reservoir-
Specific Applications; Ronaldo Giro (IBM Research); https://doi.org/10.4043/29754-MS 

• Efficient Use of Data Analytics in Optimization of Hydraulic Fracturing in Unconventional 
Reservoirs; C. Temizei Aera Energy et al; https://doi.org/10.2118/177549-MS 

• Transient well pressure analysis; AbdusSatter & Ghulam M.Iqbal; 
https://doi.org/10.1016/B978-0-12-800219-3.00010-3 
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https://doi.org/10.4043/29754-MS
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Appendix III: Abbreviations & Acronyms 

 

AI Artificial Intelligence 

AL Artificial Lift 

BHA Bottom Hole Assembly 

BOEPD Barrels of Oil Equivalent Per Day 

CII Confederation of Indian Industry 

CNN Convolutional Neural Network  

DACA Data Acquisition and Control Architecture 

DCS Distributed Control System 

DFIT Diagnostic Fracture Injection Test 

DGH Directorate General of Hydrocarbon 

DPM Digital Project Management 

DSF Discovered Small Fields 

DST Drill Stem Test 

DWOP Drill Well on Paper 

EAP Enterprise Architecture Planning 

EOR Enhanced Oil Recovery 

ESP Electric Submersible Pump 

FDP Field Development Plan 

FICCI Federation of Indian Chambers of Commerce and Industry 

FIPI Federation of Indian Petroleum Industry 

GA Genetic Algorithm 

GIS Geographic Information System 

HELP Hydrocarbon Exploration Licensing Policy 

HPHT High Pressure High Temperature 

HSP Hydraulic Submersible Pump 

HSSE Health, Safety, Security and Environment 

IDOF Integrated Digital Oil Field 

IFO Injection/ Fall off 

IIoT Industrial Internet of Things 

IISM Intelligent Integrated Subsurface Modelling 

IOR Improved Oil Recovery 

IoT Internet of Things 

INP Instituto Nacional de Petroleo 

LoRa Low Range 

ML Machine Learning 

MoPNG Ministry of Petroleum & Natural Gas 

MRP Material Requirement Planning 

MTM Magnetic Tomography Method 

MVP Minimum Viable Product 

NCM Non-Contact Magnetometry 

NLP Natural Language Processing 

NN Neural Networks 
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NPT Non-Productive Time 

NPV Net Present Value 

OALP Open Acreage Licensing Policy 

OCR Optical Character Recognition 

OEM Original Equipment Manufacturer 

OIDB Oil Industry Development Board 

PAOM Porosity associated with organic matter 

PBU Pressure Buildup 

PCC Progressing Cavity Pump 

PDD Pressure Drawdown 

PESO Petroleum And Explosives Safety Organisation 

PIM Pipeline Integrity Management 

PLC Programmable Logic Controller 

POD Probability of Detection 

PSC Production Sharing Contract 

PTW Permit to Work 

ROP Rate of Penetration 

RTOC Real Time Operations Centre 

RTU Remote Terminal Unit 

SCADA Supervisory Control and Data Acquisition 

SPM Strokes Per Minute 

SVM Support Vector Machine 

RPM Rotations Per Minute 

RTU Remote Terminal Unit 

WFT Wireline Formation Test 

WITSML Wellsite Information Transfer Standard Markup Language 

WOB Weight on Bit 
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