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Executive Summary

Oil and gas companies operate in some of the
most demanding environments on
earth—offshore rigs, subsea wells, harsh
deserts, shale basins, and complex midstream
networks. These environments now generate
massive amounts of telemetry from field

GridGain provides a high-performance
distributed in-memory computing platform that
empowers oil and gas organizations to process,

sensors, SCADA systems, drilling data, pipeline
monitoring systems, and equipment diagnostics.
However, legacy data systems were never
designed to process this volume of data in real
time or make it actionable for predictive
operations.

analyze, and act on operational data at
sub-second speed—whether at the edge, in the
control center, or in the cloud.

Real-time Data Challenges in the Oil & Gas

Industry

Oil and gas operations contend with a uniquely
complex data landscape shaped by remote
assets, safety-critical processes, and
high-frequency machine telemetry. Offshore
rigs, shale well pads, LNG terminals, refineries,
and pipelines continuously produce sensor and
event data from control systems, SCADA
environments, etc. However, these systems were
originally designed for monitoring and data
logging rather than real-time analytics. As a
result, operators often rely on delayed,
batch-driven insights rather than immediate
situational awareness. Latency is not simply a
performance issue in oil and gas—it is a safety
risk, as slow detection of pressure surges,
compressor vibration anomalies, drill string
dysfunction, or flow imbalances can escalate
into catastrophic failures within seconds.

. . /‘
GridGain/=m

Power Realtime Oil and Gas Operations

Fragmented system landscapes and connectivity
limitations compound these  challenges.
Operational data is often isolated across various
systems, control networks, and analytics
platforms that cannot easily interoperate. Many
assets function in bandwidth-constrained or
offline environments, making centralized or
cloud-dependent processing impractical. At the
same time, unplanned equipment failures remain
a major financial risk. Predictive maintenance
efforts frequently underperform because they
lack access to streaming operational data. To
overcome these limitations, oil and gas
organizations require a data architecture that
eliminates latency, enables distributed
processing, and supports continuous decision
intelligence at an industrial scale.

www.gridgain.com
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Why In-memory Distributed Architecture
Matters

Traditional systems with centralized databases fail under high data ingestion and real-time decisioning
loads. Qil and gas companies need a fast, distributed data layer that operates across edge, core, and
cloud environments. They need:

e Sub-millisecond latency: Industrial telemetry must be processed in-memory to avoid disk I/O
delays and deliver deterministic response times required for real-time control logic.

e Distributed compute at the edge: Analytics and decision functions must execute directly
where data is generated (such as on rigs and compressor stations) to maintain operational
continuity during periods of intermittent or high-latency connectivity.

e Streaming and historical analytics together: Real-time anomaly detection and equipment
health scoring require a unified data model that can correlate live sensor streams with
historical baselines and model states without ETL delays.

e ACID compliance: Operational decisioning for shutdown logic, alarm correlation, and state
changes must run on a transactional data layer with gquaranteed data correctness,
consistency, and rollback protection under concurrent workloads.

e No single point of failure: Mission-critical production environments demand a distributed
architecture where system components remain online even after a node failure.

How GridGain Addresses These
Requirements

GridGain’s distributed in-memory computing platform (Figure 1) delivers on these requirements. It
enables real-time transactional, streaming, and analytical processing at a massive scale without
requiring a re-architecture. The platform enables a simplified and optimized data architecture for
enterprises that require extreme speed, massive scale, and high availability from their data
ecosystem, while working with the systems you have today.

It allows enterprises to combine a fast multi-model database with robust, colocated compute to
deliver ultra-low-latency data processing and analytics. The storage or compute layer can be scaled
independently, and the storage layer can be backed by an ANSI-2016 SQL, fully ACID-compliant
disk-based store that provides added reliability, durability, and low-cost scalability. GridGain also
ensures your data is Al-ready by allowing you to extract features, generate vector embeddings, and
execute Al models in real time for in-transaction analytics.
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| Figure 1: GridGain Distributed data grid architecture

GridGain is uniquely suited for hybrid industrial environments. It supports different deployment models
that reflect real-world oil & gas requirements:

e Centralized Command & Control: Some midstream operators favor a centralized GridGain
cluster in which real-time telemetry from pipelines flows into a central analytics platform. This
model works well when reliable connectivity is available, enabling use cases such as
centralized real-time analytics and anomaly detection.

e Hybrid Edge + Core: This is the most common model in upstream and offshore environments.
Edge clusters run locally at rig sites or drilling platforms for live anomaly detection and buffer
data during outages. Data later syncs with a central cluster for fleet-wide analysis.

e Autonomous Edge Processing: For remote well pads or subsea control systems with
unreliable networks, GridGain can run as a fully autonomous mini-cluster—delivering local
compute, local time-series intelligence, and decision support with periodic sync to
headquarters.

The following table summarizes common real-time data and analytics use cases in the oil and gas
industry and shows how GridGain enables each with in-memory speed, distributed processing, and
edge-to-core resilience.
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Use Case Purpose Key Requirement GridGain Value
Real-time Detect abnormal Low-latency stream Runs anomaly rules in real
anomaly operating conditions ingestion & time using streaming +
detection instantly in-memory analysis compute grid

Hosts feature store and model
Predictive Prevent equipment Combine historical +

maintenance

failure

live telemetry

inference for fast health
scoring

Digital
twins/simulations

Model equipment
behavior in real time

Fast access to state +
model data

Co-locates data and compute
for rapid what-if simulations

Pipeline
monitoring & leak
detection

Detect leaks and
pressure anomalies
continuously

High-throughput
streaming analytics

Correlates data across sensors
to detect transient events

Asset integrity

Track corrosion and

Fast time-series

Serves time-series analytics

monitoring fatigue trends queries with in-memory lookup speed
Operational Provide real-time Low-latency Serves dashboards at speed,
dashboards visibility aggregation & joins offloads SCADA/historian
Field & edge Local processing at Edge resilience + Runs edge clusters with sync
operations remote sites offline capability to central systems
Track carbon, _ -

Emissions . Real-time Hosts emissions data + models

o methane, flaring ) .
monitoring aggregation for ESG reporting

metrics

Reference Architectures for Oil & Gas Using

GridGain

Oil and gas operational environments are inherently hybrid. They span edge locations such as offshore
rigs and well pads, industrial control centers, regional data centers, and increasingly cloud-based
analytic environments. GridGain provides a set of reference architectures that align with these realities
and support real-time workloads under industrial constraints.

Each reference architecture meets the following four fundamental operational priorities:

e Low latency for time-sensitive events
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e Edge autonomy and resilience
e Streaming analytics integration
e Gradual modernization without rip-and-replace

These reference architectures support the deployment models mentioned above.

Pattern A - Centralized Processing

This architecture (Figure 2) centralizes processing in a regional or enterprise data center, ideal for
midstream pipeline operators with reliable network connectivity.

In this model, supervisory control systems stream telemetry to GridGain for real-time anomaly
detection. Continuous SQL queries and distributed compute functions can process new data points and
detect anomalies in a few milliseconds, dramatically improving safety and response times.

Dashboards and
compute-intensive
analytics run on top of

Dashboard Analytics

GridGain Cluster Continuous Query,
SQL access
Data stored in memory + 2 ‘ o
persistence ;“ . Memory first & distributed
Co-located compute for a8 . 8SQL, streaming, No-SQL
compute-intensive modeling GridGain - Co-located compute
. Data & transaction integrity

Streaming Data
(Kafka, MQTT, etc.)

Edge / field sensors and

SCADA system. SCADA
PLC Syst

Streaming ingestion Sensors bl

feeds into GridGain

cluster

| Figure 2: Centralized processing pattern

This pattern is frequently used for control room monitoring, SCADA stream processing, and real-time
compliance reporting. GridGain executes co-located compute logic on streaming data without moving
data across the network, minimizing latency. This capability enables use cases such as faster problem

Py
’
GridGaini.= Power Realtime Oil and Gas Operations www.gridgain.com


http://www.gridgain.com

or anomaly detection. Benefits include faster response times, reduced environmental damage, and
lower risk of requlatory penalties.

Pattern B - Hybrid Edge with Control Center

This architecture is well-suited to remote drilling operations, offshore platforms, and LNG terminals
where latency and connectivity are variable.

Instead of sending raw streams to a central system, GridGain runs local anomaly detection logic on
telemetry from PLCs and sensors. Local compute ensures continued operation even when satellite
connectivity is offline. Data is then asynchronously sent to the central GridGain cluster for applications
such as enterprise dashboards and predictive maintenance.

Central cluster aggregates ] -

data from multiple sites, Analytics, ‘,“

supports global dashboards Fl |
GridGain

dashboards, analytics,

cross-site correlation Central cluster 2
ﬁ;nc Connectic\

Data stored in memory +

persistence in the edge : Edgg

clusters Analytics, Analytics,

Analytics / compute run on dashboards dashboards

edge GridGain cluster Edge cluster 1 Edge cluster 2

Streaming Data

Streaming Data
(Kafka, MQTT, etc.)

(Kafka, MQTT, etc.) I

SCADA SCADA

PLC System | PLC System
Sensors Sensors

Edge / field sensors and
SCADA system.

Streaming ingestion
feeds into GridGain
cluster

| Figure 3: Hybrid Edge + Control Center pattern

This pattern supports use cases such as rig uptime optimization, drilling data management, and
remote edge resiliency. GridGain edge clusters support offline processing and can automatically
reconcile data and compute state after reconnection, ensuring data integrity. This model prevents
downtime by enabling low-latency decision-making locally rather than relying on remote cloud logic.
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Pattern C — Cache-accelerated Legacy System Integration

Most oil and gas companies depend on legacy platforms such as OSlsoft PI, which struggle to handle
modern workloads. This GridGain architecture accelerates queries and can boost performance
dramatically without replacing these systems.

Instead of querying the systems directly, analytics applications read through GridGain, which
maintains a live in-memory cache of hot Pl tags and calculations. This pattern leverages an
in-memory model execution for ultra-fast simulation and provides legacy systems a scalable real-time
layer with SQL access, without changing existing SCADA integration.

Applications access
in-memory data in GridGain
for ultra-fast analysis and
visualization App 1

N
Analytic Analytic e
APP 2 | GridGain

Change Data Capture,
Streaming AP, etc.

Legacy systems —

sync relevant data Application
to GridGain cache

| Figure 4: Cache-accelerated legacy system pattern

This model is useful for plant dashboards, analytics, and KPI monitoring by eliminating slow dashboard
refresh rates that frustrate operators and slow response times. The pattern also helps reduce safety
incidents by predicting equipment failure sooner.

Why GridGain is the Right Solution for the Oil & Gas Industry

GridGain enables real-time operational intelligence across upstream, midstream, and downstream
environments (Figure 5) by solving a fundamental architectural problem in oil and gas: traditional data
systems were built to store information, not act on it instantly. Legacy and SCADA systems provide

Py
s’
GridGainili Power Realtime Oil and Gas Operations www.gridgain.com


http://www.gridgain.com

visibility but lack advanced analytics, while cloud platforms introduce latency, making them unsuitable
for time-critical decisions. GridGain closes this gap (Table 1) by delivering a distributed in-memory
data fabric that processes streaming telemetry at millisecond speed—at the edge, in the control
center, or across hybrid environments.

Unified Data and
Compute Fabric

GridGain unifies distributed in-memory data storage and co-located compute in a
single fabric, eliminating network bottlenecks and delivering millisecond execution.
Data is stored off-heap using a binary page format for deterministic performance,
and when persistence is enabled, the same binary structure is written to disk with
no serialization overhead. This architecture allows GridGain to run analytics and
operational workloads directly on data in motion, making it suitable for real-time
models in drilling, compression, and pipeline monitoring.

Resilient
Real-Time Data
Flows

GridGain ingests operational data streams from Kafka, MQTT, and other sources,
making data immediately available for continuous queries and rule execution.
Real-time logic is applied during ingestion, enabling inline anomaly detection,
pattern recognition, and model scoring without waiting for batch ETL. This
streaming-first approach removes latency and supports continuous operational
intelligence.

High Availability
and Disaster
Resilience

GridGain operates as a clustered system, eliminating single points of failure. If any
node becomes unavailable, operations continue automatically, and data is
rebalanced to maintain consistency and replica availability. This architecture ensures
continuous uptime for mission-critical industrial systems

Edge-to-Core
Distributed
Topology

GridGain can be deployed as a cluster across edge, regional, and central control
environments, enabling local decision-making where latency matters. Edge nodes
operate autonomously during network disruption and resynchronize to the core
cluster when connectivity is restored. This topology supports upstream well pads,
offshore rigs, and pipeline compressor stations with uninterrupted operational logic.

| Table 1: Highlights of GridGain architecture
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| Figure 5: How GridGain enables real-time data processing
Unlike  conventional databases or cloud in  midstream control centers, or operate

warehouses, GridGain analyzes data as it arrives,
allowing operators to detect equipment failures
sooner, respond faster to pipeline anomalies,
and drive predictive maintenance with greater
accuracy. It integrates easily with existing
process control environments and with Kafka or
MQTT streaming pipelines, enabling
enhancements without forcing redesigns or
rip-and-replace projects. This is particularly
valuable in mission-critical settings where
platform continuity and reliability are essential.

GridGain also gives oil and gas operators
deployment flexibility. It can run inside refineries
as a high-speed analytics tier over existing
historians, act as an operational data backbone
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autonomously on offshore rigs or remote well
pads where intermittent connectivity demands
local decision-making. In each case, GridGain
brings computation to the data, eliminating the
delays and bandwidth dependence that limit
cloud-first architectures.

Most  importantly, GridGain  supports a
progressive modernization path. Companies can
start by accelerating historian access, then add
real-time event processing and Al scoring, and
finally evolve toward closed-loop optimization
and autonomous operations. In this way,
GridGain not only delivers real-time performance
but also supports long-term digital
transformation without operational risk.

www.gridgain.com
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Conclusion

GridGain provides the distributed real-time computing foundation required for modern oil and gas
operations by addressing the core limitations of traditional data architectures that cannot meet
millisecond decision latency, deterministic performance, or edge resilience requirements. It delivers an
engineering-grade solution suitable for mission-critical energy environments where reliability,
real-time processing, and operational integrity are mandatory.

About GridGain

GridGain provides the only unified real-time data storage and processing platform for transactions,
analytics and Al. Brought to you by the original creators of Apache Ignite, the GridGain platform
combines a fast distributed ACID-compliant multi-model database with the execution of Al, analytical
and transactional workloads in real time, with unlimited horizontal scalability and high availability.
With GridGain, users can deliver all relevant data and analytics to their most demanding applications
at low-millisecond latencies and massive scale. GridGain is trusted by leading companies like Citi,
Barclays, RBC, American Airlines, AutoZone, and UPS to accelerate their existing applications, speed
operational analytics, risk analysis and fraud detection, power Al operations, and provide fast-access
data hubs. To learn more, please visit www.aridgain.com.
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