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1. The CCS Challenge

The CCS Monitoring Challenge: Alighing Operators, Regulators and Technology Providers
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A COMMON GOAL

Demonstrate safe,
permanent and
verifiable CO, storage
for a sustainable
low-carbon future.
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THE MMV TRIANGLE

Aligning Operators, Regulators and Technology Providers for Successful CCS

OPERATORS WANT:
OPERATIONAL
CONFIDENCE

REGULATORS WANT:
STORAGE
ASSURANCE

Plume tracking Containment
verification
Reservoir

performance

.’ Environmental

\ protection
Injection El Regulatory
optimisation \\ =1 compliance
Cost efficiency CARBON GUARD (CCG) SRR .- jo Citbon

o0 : . b il aecounting
<% Credible. Continuous. Cost-effective. / ,‘ |

o Evidence that builds confidence
Optimized for all stakeholders. ' Reg

operations

The Regulator's Challenge
Objective: Protect the environment, public safety and long-
term storage integrity.
Key Question:
"Can the operator demonstrate, with credible evidence, that
the CO, will remain safely stored for decades to centuries?"

The Operator's Challenge
Objective: Maximise storage performance while minimising
cost and risk.
Key Question:
"Can | safely store more CO, while reducing operational
uncertainty and monitoring costs?"

with lower "
risk and cost < @
TECHNOLOGY PROVIDEREw SHARED OUTCOME

MUST DELIVER:
TRUSTED EVIDENCE

g’a Technical credibility
Continuous monitoring

N Q Independent verification

' {:S:} Commercial viability

Trusted data.
Informed decisions.
Long-term assurance.
Successful CCS.

The Technology Provider's Challenge

Objective: Deliver trusted, technically credible and economically
viable monitoring solutions.

Key Question:
"How do we provide credible, scientifically defensible evidence of

storage integrity at a cost that operators can justify and regulators
can trust?"

The future success of CCS depends on aligning three critical needs:
operators require operational confidence, regulators require storage
assurance, and technology providers must bridge both through
credible, cost-effective MMV solutions.

CCG (LFS + FWL) bridges the needs of Operators and Regulators with credible technology that delivers trusted,
cost-effective monitoring across the entire CCS lifecycle.




1. The CCS Challenge — Our Solution
The Cuttlefish Carbon Guard (CCG) Technology Description
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What is Cuttlefish Carbon Guard ?

v' Cuttlefish Carbon Guard (CCG) is an innovative passive
seismic monitoring technology designed for both
onshore and offshore applications.

v"  CCG delivers comprehensive subsurface insights
across a broad frequency range (0.1 Hz to >100 Hz).

Value

A

Detect the fluid front movement of injected CO2
Detect induced microseismicity during CO2 injection
Delineate hydrocarbon deposits/injected CO2
Monitor the integrity of the reservoir caprock
Environmentally friendly
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Low Frequency Seismic Full Wave Location
Technology (LFS) Technology (FWL)
0.1-5Hz 5hz - >100 Hz

* LFSto monitor and
visualize CO2 rock
saturation velocity
changes.

* LFS to monitor the spatial
distribution of CO2 in the
reservoir to ensure CO2 is
contained within the
defined storage
boundaries

Monitor and detect induced
microseismic activity.

Using the full wave
information from seismic
trace rather than to use
travel time information only.

Better understanding of the
CO2 injection impact on the
reservoir




ONSHORE GASE STUDY

Cuttiefish Garbon Guard (CCG) Subsurface MMV
Technology Deployed in the UAE to Monitor C02-EOR

Subsea Microseismic Technology
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2. Onshore Case Study - CO,, EOR Storage Monitoring Tenzor(dze]
CCG Method Workflow for Deploying Onshore

A . . d Deol Desi Sensor and Model Calibration
cquisition an eployment Design * Calibrating surface sensors and

* Combination of sensors 3c and 1¢ =) . ———
. model at depth to increase
* Full grid deployment

accuracy

Method A (LFS)
Freq 0.1hz - 5hz
Analyse the spectral response of vertically directed P-
waves from ambient background noise.

Processing and Interpretation Workflow
* Filtering of noise
* Model building
* Combined interpretation methods
(Method A and Method B) integrating
frequencies from 0.1 to > 100Hz

Method B (FWL)
Freq S5hz - >100hz
Aims to locate the microseismic events and determine
the moment tensor in the reservoir rock

Obstacles /noise
Deployment Design sources identification

Y

/,’ { Data Filtration

Data recording [

° Data processing &Interpretation

Preparation and “ﬁn l P\/'\*:J

Planning . .
Sensors deployment Model Calibration

Data acquisition preparation

Field survey &Deployment plan




3. Application and Strategic Value for Deploying CCG - Onshore

CCG Technology Application and Monitoring Capability

CO, STORAGE
MONITORING

Co,

Timelapse
Hydrocarbon
Delineation

CO, EOR
MONITORING

Co, o

v ¢

Hydraulic
Fracture
Monitoring
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FLUID EOR
MONITORING

FLUID o1L

Fault &
Fracture
Activation
Monitoring

g

HYDROCARBON
DELINEATION
(INCLUDING GAS)

Gas [ Oil M Water

Caprock &
Seal Integrity
Monitoring

—

sl

RESERVOIR INTEGRITY
MONITORING

Caprock

Fault &
Fracture
Activation
Monitoring

—5—

RESERVOIR
CONTAINMENT
MONITORING

CO, Plume
Monitoring
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In Mature fields experiencing
pressure decline, decreased
production, and water
breakthrough,

CCG offers a powerful, non-
intrusive tool that can be
integrated with other Reservoir
Monitoring Technologies i.e
downhole monitoring tools.



4. Onshore Case Study - CO, Storage Monitoring Tenzor(dze]
CCG Method Workflow for Deploying Onshore — Sensor Deployment

Temporal Monitoring Sensors
30 -50 days continuous recording battery life
INOVA QUANTUM Sensors and
SmartSolo IGU-16HR 3C

(’ \‘ W

-

1 i

A

—

| A

|

Permanent Monitoring Sensors
SoloNet-3C BH Monitor
Real-time borehole Seismic Monitoring
System
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4. Onshore Case Study - CO, Storage Monitoring Tenzor(439]

CCG Method Workflow for Deploying Onshore - Results

Reservoir Formation, After Stage 2 - CO2 Injection (10 - 12.07.2023)
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4. Onshore Case Study - CO, Storage Monitoring

CCG Method Workflow for Deploying Onshore - Results

Before injection CO2 After injection CO2
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CCG Method Workflow for Deploying Onshore - Results cu tle
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Reservoir Formation

LFS, Stage 3 - Stage 1 il FWL, Stages 2+4+6+8 - CO, injection
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Subsea Microseismic Technology

OFFSHORE APPLIGATION

Cuttlefish Carbon Guard - Offshore (CCG - Offshore)
subsurface MMV Technology and Offshore
Deployment
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5. CCG-OFFSHORE DEPLOYMENT WORKFLOW

Project Objectives & Survey Design — Vessel & ROV Selection — OBS Deployment & Monitoring — Data Processing & Interpretation —

Cost, Value & Long-Term Monitoring Strategy
— Q@ — O

® 0 06

r PROJECT OBJECTIVES VESSEL & ROV OBS DEPLOYMENT | DATA PROCESSING & g COST, VALUE & LONG-TERM
& SURVEY DESIGN SELECTION & MONITORING - | INTEGRATED INTERPRETATION | MONITORING STRATEGY
m > > = ll g
| | | SHORT-TERM VALUE
j ; + De-risk exploration & appraisal drilling
« Define hydrocarbon & CCS » DP2/DP3 Offshore Support Vessel e Select short-term or long-term | * Data retrieval & quality control + Improve hydrocarbon delineation
objectives selection OBS systems * Low Frequency Seismic (LFS) processing « Identify sweet spots & reservoir continuity
* Review data & target intervals * Working-class ROV selection * Sensor quantity & spacing optimisation = | * Full Wave Location (FWL) processing \ * Support well testing & development
i i . ot | Velocity model calibration 1 decisions
< Siyveey desirr & ey otinisation & integration Mobilisation & offshore deployment ‘ it ohaiite sl \
A bed « Navigation & positioning systems « Baseline seismic monitoring ; P g LONG-TERM VALUE
% CSGtachicl & seaber Masessmant + Deployment & recovery planning « Drilling surveillance monitoring % Nl fracture.& adind . * Establish baseline reservoir monitoring
* Well programme integration o Offshors loalstics & hal + Parforation callliation & woll-test f-. Caprock & seal integrity assessment e Enable future field surveillance
ot . . % loglstics & supply chaln s . * CCS suitability evaluation o Su ccs ing & st evaluati
¢ HSE, logistics & operational planning o Pcbonial  etecnariodetion monitoring | : ] pport screening & storage ion
 Project execution strat « Post-test monitoring | Magrated guologicel & peophysicet * Improve reservoir management & recovery
‘ egy * Operational readiness reviews 55 s interpretation strategies
* Sensor recovery & demobilisation K Technical reporting & presentations % o Fokmdition Jor Rl MMV OGN

@ OUTCOME: Fully engineered OUTCOME: Offshore vessel > OUTCOME: Continuous acquisition OUTCOME: Improved understanding OUTCOME: Reduced exploration risk,
Lol

offshore monitoring programme s and support infrastructure
ready for deployment. prepared for 24/7 operations.

of hydrocarbons, fractures, containment improved investment decisions &

‘ of passive seismic & microseismic
integrity & CCS potential. long-term monitoring capability.

data throughout the programme.

OBS Sensors or OBN Nodes




6. THE VALUE OF CCG-OFFSHORE Tenzor GEO

Passive Seismic & Microseismic Monitoring for CO, Offshore Projects CCG-OFESHORE
DE-RISKING CO, STORAGE. ENHANCING CONFIDENCE. DELIVERING LONG-TERM VALUE.

1. RESERVOIR CHARACTERISATION o 4. MICROSEISMIC & GEOMECHANICAL
& SITE SELECTION . oA MONITORING

* Delineates reservoir extent and — : Cmest * Detects and locates microseismic
fluid distribution — = i ‘ = — events in real time

 Identifies high-quality storage R - OBS NETWORK * Maps natural fractures and
intervals and sweet spots = ‘ i e e Capture Passive Seismic fault networks

* Improves understanding of 2 e o 025 : H e & Microseismic Data « Evaluates stress redistribution
reservoir continuity — T e S in reservoir and overburden

* Supports screening and ranking = - ; i = = * Improves understanding of
of CO, storage sites SEAFLOOR ~ ~ \e B reservoir response to injection

2. CO, PLUME MONITORING ' [ 5. MONITORING, MEASUREMENT
& TRACKING SEAL/ CAPROCK iie it e | - & VERIFICATION (MMV)

* Monitors CO, movement T e 5 - , = Provides independent subsurface
and distribution ke > S S S T = : ‘ monitoring for CO, storage

» Tracks plume migration 5 - : j - == = > - ° SUSponsr:ggulatow compliance
pathways over time e T e /A ~ 2 L and reporting

« Identifies preferential flow RESERVOIR S e I S/ R : MICROSEISMIC * Generates baseline and time-lapse
and storage zones L NN s L s COp PEUME = w EVENTS datasets -

= Optimises injection strategies S N = o : Fracture & Fault o Fnhances stakeholder confidence
and storage efficiency o s — 2 ; S TR, Activity Detection u in storage performance

3. CAPROCK & CONTAINMENT ' s 2 o 6. RISK REDUCTION & OPERATIONAL
INTEGRITY MONITORING BASEMENT = ASSURANCE

performance throughout Enhances confidence in long-term

injection storage security and project economics
* Provides early warning of

geomechanical changes KEY OUTCOME

7. ENVIRONMENTAL & OPERATIONAL BENEFITS 8. LONG-TERM STRATEGIC VALUE COEOffohors Galivecs asiole Wtepratad

passive seismic and microseismic solution
that images reservoir fluids, monitors CO,
plume behaviour, assesses caprock integrity,
detects microseismic activity, and supports
; * Foundation for long-term MMV programmes and long-term storage verification throughout
environment ‘ carbon storage assurance the life of an offshore CCS project.

IMPROVED INVESTMENT REDUCED EXPLORATION ENHANCED SAFETY STAKEHOLDER CONFIDENCE E REAL-TIME INSIGHT.
DECISIONS & STORAGE RISK & ENVIRONMENTAL STEWARDSHIP & REGULATORY TRUST =@/ LONG-TERM VALUE.

* Passive system — no airguns « Suitable for continuous long-term » Establishes a permanent reservoir monitoring framework
or active seismic sources offshore monitoring * Supports future expansion of CO, storage operations

* Low environmental footprint « Integrates with existing well, « Enables digital reservoir and storage management models
* Minimal impact on marine seismic and reservoir datasets

« Assesses caprock and seal * Reduces uncertainty and subsurface risk
integrity * Supports futormed operational and

* Detects leakage pathways, mves.tment' decisions .
faults and fracture activation fa — = = ~ Identifies risks before they impact

* Monitors containment [ CONTINUOUS MONITORING - REAL-TIMEINSIGHT + LONG-TERM ASSURANCE ) operations




CO, Storage Monitoring — Offshore Modelled Scenario Tenzor{SX8]

Hypothetical Scenario — Detecting injected CO, in a Saline Aquifer/Basalt Formation - Mineralization
Detecting the change in velocity (saturation) due to injected CO, substituting the in-situ water.
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