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Statement of problem

* As source industries consider storage, they need reliable
information on cost & risk of developing suitable storage resource

* Cost and risk are not fixed; vary depending on geology, project
characteristics & regulatory conditions

* Uncertain cost = deterrent to project development,
* Especially early stages when total project risk is high
* Site characterization = sunk cost whether or not project proceeds
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Phases of a CCS project

* Capture
* Exploration * Transport Post-
* FEED * Injection closure
» Storage

|

Today’s topic




Cost elements in first phase of CCS project

o Source of CO, Vendor selection FEED Product sales negotiation
=

2 Cost of capture and compression Pre FEED Yendo.r .

o negotiations

Project value Project finance gates FID

Cost of
transportation
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Total Cost Variables

* Top costs variables
1. site geologic

complexity
2. data availability

e Other factors
1. risk tolerance
2. permitting demands
3. existing wells

high

[
»

. Highest costs

Site data availability

low

. Lowest costs

low » high

Site geologic complexity
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Site selection end members

J Multiple sources,
multiple injection

One source, one projects
injection project

/
Distance X SCIAEE
Sleipner Examples:
Tundra Northern Lights
Wabash Small X Rotterdam
Decatur Alberta trunk line
Snghvit
Air Products / Hastings
< FutureGen Large X
Petra Nova
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Stratigraphic Complexity

Louisiana Land & Expl.

Oxy 1 SL M-79272 Oxy 1 SL M-79459 Oxy 1 5L M-80399 Oxy1 5L M-79457 15T 00718-5 Exxon 1 ST00713-S Union 1 SL7337
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Depth

Annother complex case
(Repetto Formation, CA)

Net Sand

Mapped Faults

Los Angeles Basin, Repetto Formation

California

1o

Depth to top (m)
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Simpl(er) site

* Little to no structure
* Little to no reservoir heterogeneity
* Confining system thick and laterally extensive
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Simpler region- Cape Fear SC

Depth

Sand thickness

Seal coninuity

South Carolina Coastal Plain, Cape Fear Formation

South Carolina Coastal Plain, Cape Fear Formation

i eorgia

Depth to top (m)

[] 49 - 400

[ 401 - 60O
I 601 -800
I 501 - 1,000
M 1,001-1.410

South Carolina Coastal Plain, Cape Fear Formation

Salinity
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Water salinity (ppm)
[] 500 - 900

[ 901 - 1,200

B 1,201-2000

I 2,001 - 3,000

I 3001-7605
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Project Status

* Conducted about a dozen studies (onshore and offshore) - mined
for input data
* What was done
* Motivation
* Method
* Cost

* Use other sites characterized by others (data challenge)
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Project Goal

lllustrative example for sites A through G
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Example sites
B Permit negotiation
m Permit preparation
) m Site-specific data collection
Project stages m Detailed project costing
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® Monitoring design

m fluid flow modeling and Risk assessment
Characterization for initial model

m Downslection
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* Develop geologic
characterization :

1. Constrained cost
curve

2. Cost-predictive matrix
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Spending per Project Stage

o _— Well drilling and
= seismic collection
A3
\ {4 10000 /
=
%)
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S Feasibilit . Char for ee sl design oct Permit prep  Permit
R _ Down-selection g iq o and risk projec Data for permit negotiation
. Site nomination modeling  assessment costing
1 2 3 4 5 6 7 8 9 10
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Representative sites A-G
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Site-specific data collection Permit preparation Permit
e negotiation
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Data Types

 Comprehensive list of data needs (e.g. reservoir thickness and
porosity)
* Types of input
e core, thin sections, SCAL, logs, log calibration
* Risk based driver
* thickness and porosity limit project?
* need large investment?

* Data availability at sites

* Order-of-magnitude cost for acquiring data
* analyze existing vs. collect new core
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Capacity Estimation

* Rate based because it must match project economics
mass per year x planned project duration < total capacity

EASI Tool as a first step:
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Linking risk assessment with monitoring

Select monitoring systems
Risk Assessment method

[£] See page th magh tie caprock
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Process of designing and selecting
monitoring can be complex,

e cos conducted W'It_hOUt doc;utr:entfed SRR
process, non-linear and therefore Ohkawa, 2009

difficult to duplicate or justify
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Proposed Method for Linking

* Matching monitoring to risk via forward modeling -variant using
an ALPMI* process

Assessment of Low Probability Material Impact (ALPMI)
* Part 1: Describing material impact* quantitatively
e Part 2: Sensitivity of monitoring strategy to material impact*

* Attaining confidence in retention prior to closure
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Sensitivity analysis for leakage detection time in models

Coverage of P&A wells (%)

Detecting pressure signal
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Detecting geochemical signal
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Characterization ALPMI Monitoring options
Uncertainty: Fault-seal? -3
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ALPMI method overview

Risk assessment method

as usual
Quantify risks to define Specify magnitude, : Avoid subjective terms like safe and effective.
material impact duration, location, rate of . E.g: Specify mass of leakage at identified horizon or magnitude
material impact of seismicity.
. Specify certainty with which assurance is needed
Explicitly model Model material impact ALPMI uses models differently than
unacceptable outcomes scenarios the typical history matching the
showing leakage cases. expected performance
Identify signals in the earth system that indicate or This method down selects to consider only
preferably precede material impact signals that may indicate material impact

is occurring or may occur.

Forward modeling tool response is essential to
developing the expected negative finding: “No
material impact was detected by a system that
could detect this impact.”

Approaches like those normally seismic survey
design should be deployed for all modeling tools

This activity as traditionally conducted. Deploy tools and collected
Include all the expected components, such as and analyze data
attribution, updating as needed, feedback, etc.

Only via this ALPMI process can a
finding that the material impact Report if material impact

did not occur be robustly did/did not occur
documented
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Suggestions?

Susan Hovorka
www.gulfcoastcarbon.org
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