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Summary 

 

This paper demonstrates  how the  upstream Oil and 

Gas Company ONGC, if adopts digital 

transformation and shifts its G&G data on  cloud and 

hightlight the benefits of same in preserving data and 

its uses for Exploration and Production activities by   

keeping it in data lake.    Digital computing will also 

help G&G fraternity to work from anywhere and take 

faster and timely decision in operational area.  

Company faces challenges to handle the massive 

amounts of data available to them and need  

advanced technologies to help them optimize the 

work to improve operational efficiency, optimize 

production, and minimize non-productive time to 

compete successfully in the market. The enormous 

growth in the volume and complexity of data, 

together needs to reduce costs of data preservation 

and enhance productivity in the oil and gas.  The 

rapid changes in hardware, operating systems and 

middleware focuses on the need to replace an agile, 

scalable compute and storage environment 

upgradation. Many companies are turning to the 

cloud as the solution of choice, and as the technology 

matures and becomes more affordable. The cloud 

option is increasingly attractive. For that reason 

ONGC can think of moving to the private/hybrid 

cloud depending upon the types of data to leverage 

the  operative  computing infrastructure.  

 

Introduction 

 

Traditionally, exploration data storage has been 

siloed, limited by user, department, and even 

location, with each user receiving a narrow, limited 

view of the overall picture. However, in today’s 

hyper-competitive landscape, storing data and 

workflows on premises in proprietary, disjointed 

systems can have sweeping repercussions both in 

terms of analysis speed and overall operational cost. 

 

The increasing volume of multifold seismic data in 

processing department now exceeding  in Terabytes  

per day for a small area of 50 Sq. Km — can also 

create challenges in terms of costs and duration for 

on premises storage and compute resources.  To 

avoid getting to the point at which there simply aren’t 

enough cluster computing servers like HPCC for all 

the proceesing data, company depends on on-site 

servers, a needless expense in today scenario. 

Moving exploration data to the cloud eliminates the 

risk of over-or underprovisioning, because storage 

and compute resources can be dynamically scaled to 

meet actual demand. There’s no need to buy more 

servers or request few thousands cores and keep them 

idle in slow times. The scaling ensures that company 

is only paying for the storage they use. In short, 

scalability in the cloud translates to agility in the 

business. 

 

As a large business, the cloud increases your agility, 

reduces unnecessary hardware expenses, and lets you 

maximize valuable resources elsewhere. Any size 

business benefits from the capabilities of the cloud— 

large or small, one asset or more assets.  

 

ONGC's on-going upstream exploratory efforts are an 

important segment of its core E&P business in India 

with the responsibility of finding and accreting oil 

and gas reserves for India and abroad. So far, 26 

sedimentary basins have been recognized and have 

been divided into four categories based on their 

degree of prospectivity by DGH.  Each work Centre 

has a large processing and an Interpretation Centre 

spending huge Capital & operational expenditure on 

hardware, software and other infrastructure. More 

over manpower deployment at every work Centre 

adds to more on CapEx and OpEx. Improved OpEx 

with less hardware/Software frees manpower to   

deploy elsewhere. It will reduce project time and 

costs with faster deployments and enable access to 

the latest technology.  
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Cloud adoption in ONGC – Technical challenges   

  

 Data Formats: 

 

ONGC a biggest E&P company in India having 

terabytes of data and majority of it is unstructured 

data which is undefined content that does not fit into 

database tables’ i.e. Seismic bulk files, horizons and 

others data. Sorting these types of data is difficult 

because they are not streamlined and with such a 

diverse range of file formats and data types, it needs a 

platform and process that can intelligently ingest, 

index, and apply metadata to ensure that users can 

successfully search through them in the cloud.  

 

At the most fundamental level, it need to be able to 

access, read and display their aggregated geophysical 

and petro physical data in the cloud. However, there 

are significant challenges to doing so successfully.  

 

For platforms like IVAAP (The next-Generation 

upstream Data Visualization Platform), all of the 

native file formats are stored in a data lake. INT then 

indexes the seismic datasets, by selectively reading 

certain sections of particularly large datasets. By 

using combined filters and queries, Cloud solution 

provider Amazon ElasticSearch is able to comb 

through those files—even massive seismic data or 

well log files—to find the dataset in question.  

 

 

 

 Deployment: 
 

AWS natively provides the ability to perform blue-

green deployments where a small subset of users can 

be exposed to a new feature, thus minimizing the risk 

of system-wide failures. If something goes wrong, 

AWS provides the tools to rapidly rollback to the 

stable environment. This is an exciting development 

for E&P companies looking to increase efficiency, 

and they’ll need to look specifically for tools that 

utilize a micro services-based architecture through 

infrastructure designed to work with AWS. But there 

are couple of challenges of upstream data 

visualization 

  

 Indexing of specialized upstream data format 

 Ingestion and reading of E&P data types (LAS, 

DLIS, SEG-Y, WITSML) 

 Visualization of very large data volumes  

 Security and entitlements 

 

 Data Lake  

   

Relying on data lakes enables ONGC to ingest and 

store vast quantities of data—both structured and 

unstructured as our company has large pool of 

Seismic and other data i.e. Processing and 

Interpretation. Cloud venders provide a number of 

migration tools to move resources and data from on-

premises to the cloud. Existing large amounts of data 

can be migrated using AWS services like Snowball 

and Snowmobile, each capable of ingesting hundreds 

of Terabytes to Exabyte of data respectively. And 

core services such as Amazon Kinesis, AWS IoT 

Greengrass, Amazon Storage Gateway enable real-

time ingestion. 

 

 
 

 Exploration application & Data :  

 

ONGC uses hundreds  of  applications for 

exlporation  across all over India & Abraod. They are 

frequently challenged by the need to migrate only 

some of them to the cloud while still maintaining 

access to others. Migrating this huge exploration data 
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to the cloud and deploying a platform is a multiyear 

journey, so it’s important to find a platform that can 

integrate with existing applications and workflows 

while that process is ongoing. Cloud leaders like 

AWS has a deep understanding of the complexity 

associated with keeping existing applications 

accessible and functional while moving to the cloud. 

 

 Data sharing and security 

Data security is a vital part for petroleum companies. 

The protection of data is the strategic resource to 

protect for survival and development of the 

enterprise. Data quality standards are inconsistent. 

The authenticity and availability of data are not 

guaranteed. It causes great difficulties during data 

acquisition.  

Overview of Cloud Architecture  

 

Strong architecture evolves with smart design 

decisions. With the cloud, the options can seem 

almost limitless. By focusing on business and 

application needs, and how they may change over 

time, it will be an intelligent choices, leading to a 

more efficient, cost-effective infrastructure. 

 

Oil and Gas Industry data and applications are unique 

and different from other industry when going on 

cloud. Graphic virtualisation and voluminous   

exploration data access over internet are the tasks that 

need to be analysed  and implimented based on 

expertise of the Industry. There are three types of 

Cloud solution and implimentation modules based on 

the business and work environment of company.  

 

 Public cloud is a deployment model where the 

Cloud is open to a largely unrestricted 

potential client. Non-critical application, 

which can get flexibility and low cost 

management from SAAS vendor’s service, 

should be deployed on public cloud. 

 Private cloud is designed for restricting access 

to a single enterprise. The critical 

application of oil and gas industry should be 

deployed in the form of enterprise private 

Cloud 

 Hybrid cloud solution, which combines private 

cloud with public cloud resources, is a smart 

way to reap many benefits from the public 

cloud while ensure data security. Enterprise 

hybrid cloud mod, which combines private 

Cloud with public Cloud, can gain a balance 

between safety and efficiency. 

 

The cloud computing of information management 

system in oil and gas industry can not be achieved 

overnight. Firstly, we should build private cloud to 

meet specific business needs of working environment 

in the oil and gas industry. Secondly, we should 

continue to gather service and data expansion in 

platform. Thirdly, to continue with data extension. 

 

 
 

 

The cloud architecture can be exlplained with the 

help of following  two figures which seems to be 

identical at a first glance but structuraly differnent (In 

case of distributed cloud system).  (Fig.1 and Fig.2) 

 

Distributed computing is a model in which 

components of a software system are shared among 

multiple computers to improve efficiency and 

performance. Distributed computing is limited to 

programs with components shared among computers 

within a limited geographic area. 

 

Fig.1: Distribution Data Centre with cloud distributed 

and all cloud are cascaded into parent cloud through 

API (Application program interface) and managed by 

parent cloud, where single virtual cloud serves for 

end users, hence VM migration may be slow. 
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Fig. 1 Distributed Private Cloud (Cascaded) 

 

Fig.2: Here Distributed Private Cloud is linked with 

user service portal and each site has independent 

cloud admin portal to provide services. Advantage of 

this model as all resources are visible to end user and 

sercive request are site specfic.  

 

 
Fig. 2 Distributed Private Cloud  

 

 

Cloud Storage Application – Possible Solution for 

ONGC.  

 

With the broad application of 3D seismic 

exploration and high-precision 3D seismic 

acquisition techniques, the data volume of 

petroleum exploration is very huge. Seismic data 

management requires an effective system, as well 

as high performance and large capacity storage 

device. The seismic data storage for processing 

and interpretation are vital part of geophysical 

exploration. It has the characteristics of fast 

storage, large capacity, strong environment 

adaptability, high reliability and long storage cycle 

as ONGC flagship National Oil Company thrust 

for more oil for country. In recent years, ONGC 

acquired 3D Seismic data based on latest 

technology available in market for big oil hunt. 

The data is in the form of Broad band and OBN 

which is four/eight fold data and require bigger 

storage space.  The cloud storage technology 

facilitates for such data and, thus, has become 

more and more popular. 

  

To meet the storage requirement of the oil and gas 

industry, a distributed parallel cloud storage 

system is used to build storage architecture with 

high stability, high security and sustainability. It 

can meet the demand of massive seismic data 

storage in oil and gas industry, the high I/O 

reading and writing bandwidth and the high 

floating point computing performance. The cloud 

storage architecture has four important modules, 

including storage subsystem, computing 

subsystem, network subsystem and seismic data 

processing and interpretation subsystem. The 

Portable Operating System Interface (POSIX) 
protocol is configured for high performance 

computing application scenarios, with higher 

bandwidth and consistency in the data cache. 

Computation subsystem is a critical part of oil 

exploration and production, mainly engages in 

seismic data processing.  High performance 

Computing Cluster and fat node servers are usually 

selected, in order to meet user's demand for high 

floating point computing capacity, high scalability 

and high system memory bandwidth of the seismic 

data processing. The entire architecture selects 

10GbE-100 Gbps on Ethernet, FDR or EDR high-

speed network, to ensure data transmission rate 

and meet customer requirement for high-speed 

network. The workstation shows the results of 

seismic data processing, and explains the strata and 

faults after the processing of seismic data. It 

provides information on drilling decision analysis 

for geology engineers. 
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                               Storage architecture of seismic data storage 

Servers 

 
Distributed Storage architecture of seismic data storage  

 

Overall Cost Reduction and faster business 

opportunty. 
 

Cost reduction by leveraging the economies of scale 

beyond the four walls of the data center. Businesses, 

no matter what their type or size, by moving 

to cloud infra can save substantial capital costs 

through reduction in spending on equipment, 

infrastructure and much more on software. It allows 

rent additional processing power over the Internet 

without having to use million-dollar machines as 

servers. Every ONGC business units across the 

country as well as Worldwide do not need to worry 

about the procurement of hardware infrastructure. 

The rented prices will be depending on the actual 

uses by the G & G users pay per use, no cost for ideal 

CPU and other resources so as to reduce capital 

expenditures and provision IT resources (license, 

storage, computing and bandwidth) on a per need 

basis. 

Hence in other words transition from CapEx to OpEx 

with flexible options to increase and decrease 

capacity on demand which means approximately 

50% reduction in total cost of ownership and 100 per 

cent resource utilization. 

 

                 
 
Server resources for compute can be scaled up or 

down within 5-10 minutes, so operating expenses 

should align with internal and customer demand, or 

be included in the all-inclusive pricing. This makes 

calculating ongoing costs easier and more 

predictable. For many companies, these costs become 

an operating expense, hence moving IT-cost from 

CAPEX to OPEX. 

 

Cloud implementations have a longer lifespan than 

on premise because hardware does not become 

obsolete or incapable of operating the 

software/application. It is also no longer your 

responsibility ensure the hardware can do its job! By 

unhitching oil and gas companies from the cost and 

burden of managing large data/compute 

infrastructure, they will be able to have greater focus 

on their core competence. For energy consulting 

firms, it will be able to provide more value to clients 

with faster and better business solutions.  

 
E&P Software Remote Visualization Advantages 

 

Designed specifically to address the challenges that 

ONGC face with existing workflows, IVAAP is a 

cloud-based data visualization platform built to 

empower product owners, developers, and architects 

to accelerate the development of subsurface digital 

solutions for oil and gas. IVAAP was designed to 

give explorationists, engineers, and anyone who 

needs to display complex, domain-specific data the 

functionality to centralize, aggregate, search and 

interact with different data types — seismic, well log, 

schematics, drilling, real time, and more — in one 

browser. Moreover, IVAAP is specially designed tool 

to meet seismic data migration in easy way rather 

than develop a new application from scratch. ONGC 

can customize and implement IVAAP in the entire 

work centre for visualization purpose in a fraction of 
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the time where all the Critical data is kept in the 

data center and rest on cloud.   
 

Proposed POC in SPIC Processing data on Cloud. 

 

SPIC (Seismic data Processing & Interpretation 

Centre) maintains a data tape archival system like 

other RCCs which processes nearly 1 PB of data 

annually and houses more than one lakh data tapes. 

Every 4 years these tapes have to be re-mastered as 

they have limited shelf life and media/drive become 

obsolete, to overcome these tape handling problems, 

the tape library gets archives the bulky data by hiring 

outside agencies. The proposed POC for processing 

data archival on cloud by Amazon S3 Glacier Deep 

Archive which can provides secure long-term storage 

for large amounts of data at a very low cost of $0.002 

per GB per month. Data is ingested via Amazon 

Snowball device that can carry 50 TB of data from 

user premises to cloud data center.  

 

Data security is typically a shared responsibility 

between the cloud service provider and 

the cloud consumer.  Data encryption without the 

need to modify applications is a key 

requirement in this environment to remove the 

custodial risk of IaaS infrastructure personnel 

accessing sensitive data. MeitY (Ministry of 

Electronics and Information Technology) has 

announced the MeghRaj Policy to formulate strategic 

direction for adoption of cloud services by the 

Government and also empaneled a number of Cloud 

Service Providers that have been audited by STQC 

Directorate. MeitY also ensured that Cloud data will 

be resided in India only and no Indian company data 

will host in other country premises, so that Indian 

Government control over data security under strict IT 

regulation and act. It’s worth mentioning here that 

ONGC ISMS policies have also been derived from 

National Cyber Security Policy – 2013, prepared by 

MeitY which actively pushing for adoption of cloud 

services by the government, it is evident that PSUs 

should adopt these services for cost cutting.      

 

The proposed POC will test for keeping 50 TB 

seismic data in AWS Deep Glacier with small sized 

data processing project on Paradigm platform on this 

data using 200-250 cores. AWS have agreed to 

allocate all the resources required any cost to ONGC 

which will be a beginning chapter of cloud services. 

   

Conclusions  

 

The Oil and Gas industry has changed dramatically 

over the last 20 years. With Geo political forces 

creating a highly volatile, rapidly fluctuating crude 

oil and gas market, the competition for depleting 

resources continues to grow. Main business drivers 

include lowering operating costs and increase finding 

and recovery rates.  Moving exploration data to the 

cloud can be a game-changer for companies looking 

to become faster and more efficient than their 

competitors in this new energy environment. 

However, the simple act of moving data to the cloud 

is not enough to ensure success. ONGC must go 

beyond just storing data in a central location in the 

cloud and instead take a holistic approach to data 

visualization which would enables seamless 

collaboration between different physical location all 

over India and abroad. Remote visualization also 

reduced costs at delivery point – thin client versus 

workstations; heat/power/ AC reduction and increase 

flexibility in delivery of IT resources. Consolidation 

from office workstations to managed pool of data 

Centre resources will certainly increase productivity 

by taking fast decision. End-users can access the 

latest E&P technologies in the way that best meets 

their business needs—from anywhere, at any time. 

E&P cloud-native applications that leverage advances 

in digital technology to help G&G fraternity to 

reduce exploration risk, improve reservoir 

characterization and boost drilling efficiency.  

 

Abbreviations 

 
 SAAS: software as a service; SCADA: supervisory 

control and data acquisition; WITSML: Well 

information transmission standard mark language; 

POSIX Portable Operating System Interface; CapEx 

& OpEx Capital Expenditure & Operational 

Expenditure; Application program interface API; 

E&P Exploration & Production; 3D 3-Dimension;  

IVAAP: Upstream Data Visualization and Analytics 

Platform 
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