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Objective

» Develop an in-situ CO, leak detection technology
based on the concept of Smart Fields.

— Using real-time pressure data from permanent
downhole gauges to estimate the location and the
rate of CO, leakage.
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Industrial Advisory Committee (IAC)

* Project goes through continuous peer-review by an Industrial Review

Committee.
Name Affiliation
Neeraj Gupta Battelle
Dwight Peters Schlumberger
George Koperna ARI
Grant Bromhal DOE-NETL
Richard Winschel CONSOL

*  Meetings:
— November 61" 2009 :
Conference call
Site selection criteria
— November 17t 2009:
A meeting during the Regional Carbon Sequestration Partnership Meeting in Pittsburgh
Selection of a suitable CO, sequestration site
— November 18" 2011:
Reporting the modeling process to IAC
— February 16" 2012
* Reporting the modeling process to NETL/DOE



Background

=
{A} e Citronelle Oil Field
me Extant

[ ] Type of Waste:
Carbon Dioxide

® Depth of Well: 11,800 feet

@ Depth and Geological Name of Injection Zone:

Paluxy Formation

@ Depths and Geologic Name of Injection Interval:

9,400 - 10,500 feet below GL
Paluxy Formation

Deep Wells : :
A Active Salt Water Disposal Producing OIl |n]ect|on Volumes:
& Active Water Injection ®~ Temporary Abandoned Oil
} e W Repeiimsionniiiiioio Average Daily Volume: 148,000 gal/day (500 ton/day)-- 182500 ton/year
Plugged and Abandoned Oil

Temporary Plugged and Abandoned Water Injectiory

£, Plugged and abandoned Salt Water Disposal




Steps Involved in the Methodology

Building a Geological Model.
« Using Well Logs (40 wells)
» Using Core Data
» Multiple Rock Types
Building a Reservoir Simulation Model.
« 1.2 Million-cell, base model.
Building a Leakage Model.
* Modeling leakage through abandoned wells.
« Seismic studies have concluded no faults in the area.
Real-Time Data Preparation.
« Data cleansing and abstraction.
Pattern Recognition for Leakage Detection.
« Data set preparation
« Data-Driven Model Training, Calibration and Validation



_
Geological Model

!HMHEQEI'

g

%720

-

Cross Section B-B”



Geological Modeling

Geological Model

- 17 Geological Layers
- 51 Simulation Layers

Grid Thickness (ft) 2012-01-01
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Geological Modeling

Porosity Determination

Well Log data from 40 wells were used to

generate porosity distribution for the reservoir
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Geological Modeling

Reservoir Rock Types using Core

Permeability Values
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Geological Modeling

Permeability Realizations

ROCK TYPE

Permeability
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Plume Extension

- CO, Injected for three years. Plume extension is

- on: NI i shown only for the
Plume extension: 20 years after injection ends. e Apaiiol

- Rock Type = Conductive

Gas Saturation 2035-01-01 K layer: 1

L\I\\\IIIIIIII|IIIIIII\I|\I\\\\\\\l\II\I\II\lIIIIIIIIIl\II\I\\\\‘\\\\I\\I\III

1,268,000 1,269,000 1,270,000 1,271,000 1,272,000 1,273,000

File: wwu model-ba
User: PNGE User
Date: 11/6/2011
Scale: 1:12463
Y/X: 1.00:1

Axis Units: ft

11,280,000

3870

1.00

000'622'L L
11,279,000

0.91

0.81

000'84Z°L1
11,278,000

—10.71

—0.62

—0.52

000°LLT'LL
11,277,000

—0.43

—0.34

000'9.2'LL
11,276,000

| | | —0.24

I I
000  795.00  1590.00 feet |0 14
[ - . ) -

000 24500  490.00 mete
| mmm mmmmem s _

o 1005

1,268,000 1,269,000 1270000 1271000 1272000 1,273,000 ]

FroroT

injection



Reservoir Simulation & Modeling

Permeabllity Realizations

Cumulative Injected Volume
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_
Pressure Behavior

(Observation Well)

33,28,1/6,3,1 wvu model-base case.irf
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Leakage Modeling

Leakage Modeling
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Leakage Modeling

Leakage Modeling
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Leakage Modeling

Examples of leakage in the
Leakage Rate=40Mcf/day @ Well D-9-6 reservoir (through existing wells)
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Real-Time Data Processing

|
High-frequency data
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Real-Time Data Processing ‘

Data Cleansing

De-noising Using Wavelet Threshold Method

Data De-Noised
Noisy Data ] First Pass

14000

Original and Denolsed

Data De-Noised
Second Pass

14000



Real-Time Data Processing ‘

Leakage Detection
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Real-Time Data Processing

|AP in the observation well
Leakage in well D-9-2 (Leakage rate = 30MSC/day)
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Pattern Recognition
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Pattern Recognition ‘

Results of Detection System (ILDS)
Leakage Rate and Location
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Pattern Recognition

Validation of the
Intelligent Leakage Detection System (ILDS)
Blind Run Results - Leakage Location

Nine new leakage Scenarios

SECARB Phase 3 - Plant Barry
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Pattern Recognition

Blind Run Results - Leakage
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Accomplishments to Date

Geological model was developed.
Reservoir Simulation Model was developed.
CO, Leakage was modeled.

High Frequency data was cleansed and summarized.

Intelligent Leakage Detection System (ILDS) was
designed and developed.

— Initial Design
— Validated for Simple Reservoir System
— Validated for Simple Leakage System



Summary

Key Findings:

- Location and amount of CO, leakage can be detected and quantified, rather quickly, using
continuous monitoring of the reservoir pressure.

- Pattern recognition capabilities of Artificial Intelligence and Data Mining may be used as a
powerful deconvolution tool.

Lessons Learned(proof of concept):.

- Development of an Intelligent Leakage Detection System (ILDS) is initiated for detection and
guantification of CO, leakage.

Future Plans:

- Increase the robustness of ILDS by:
+ Including permeability heterogeneity (multiple rock types),
+ Examining impact of different boundary conditions,
+ Including more sources of leakage,
+ Examining detection of simultaneous multiple leakages.






Appendix
Benefit to the Program

 Program goals :

— Develop technologies to demonstrate that 99 percent
of injected CO,, remains in the injection zones.

 Benefits statement:

— This project is developing the next generation of
Intelligent software that takes maximum advantage of
the data collected using “Smart Fields” technology to
continuously and autonomously monitor and verify
CO, sequestration Iin geologic formations. This
technology will accommodate in-situ detection and
qguantification of CO, leakage in the reservaoir.



Appendix
Project Overview:.
Goals and Objectives

Goals and objectives in the Statement of Project:
— This project proposes developing an in-situ CO, Monitoring and

Verification technology based on the concept of “Smart Fields”.
This technology will identify the approximate location and
amount of the CO, leakage in the reservoir in a timely manner
S0 action can be taken and ensure that 99 percent of the injected
CO, remains in the injection zone.

Success Criteria and Decision Points:
— There are a total of 10 milestones (and 4 sub-Milestone) IN this project.
— Decision points come at the end of quarters 4 (vilestone 2.2) and 15

(Milestone 6). At the decision points a “go” or “no go” decision on the
continuation of the project iIs made based on the
accomplishments of the project up to that point.
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Organization Chart

Shahab D. Mohaghegh, Ph.D.
Principal Investigator

v

Full Time Research
Associate

{ Ph.D. Students ](7 H

[ M.S. Students }

Main Contributors (Research & Development): Alireza Haghighat,
Alireza Shahkarami, Daniel Moreno, Najmeh Borzoui, and Yasaman
Khazaeni.

Full Time Research Associate: Vida Gholami,



Appendix
Gantt Chart

Task Title

Project
Tasks

August 15, 2012

Budjet Period 1

Budget | eriod 2
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Application to
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Milestone Timelines

Milestone log
Related task or

Title Description subtask

Budget Period 1

Completion Date

Advisory board should get together for a meeting (or conference call) Subtask 2.1

Milestone 1.1 Advisory Board Meeting to select a site for the project, End of First Quarter
Milestone 1.2 Site Selection A site must be selected for the project. Subtask 2.2, 2.3 End of Second Quarter
Milestone 2.1 Data collection Completion of geologic and production data collection Subtask 3.2 End of Third Quarter
Milestone 2.2 Completion of geological model Completion of geologic/geo-cellular model Subtask 3.3 End of Fourth Quarter
Milestone 2.3 Completion of the base model Completion and testing the base flow model Subtask 3.6 End of Fifth Quarter
Milestone 3 Sensitivity Analysis Completion of the sensitivity analysis on the reservoir model Subtask 4.3 End of Sixth Quarter
Budget Period 2
Milestone 4.1 CO2 Leakage Modeling Model realistic CO2 leakage from the formation Subtask 5.1 End of Eighth Quarter
Milestone 4.2 Downhole pressure modeling Model realistic real-time downhole pressure measurements. Subtask 5.2, 5.3,5.4  End of Eleventh Quarter
Milestone 5 Handling High Frequency Data Developing techniques for handling high frequency data Subtask 6.1, 6.2, 6.3 End of Thirteenth Quarter
Milestone 6 Pattern recognition Completing pattern recognition analysis Sum?_sj 7715 77% 73, End of Fifteenth Quarter
Milestone 7 Q;sﬁgﬁtion B R EeET=elE Completing of analysis and application to Homogeneous system Task 8 End of Fifteenth Quarter
Milestone 8 CO2 Injection Modeling Completion of modeling the CO2 injection. Subtask 9.3 End of Fifteenth Quarter
Milestone 9 IR EES I 1D (- S Eeets Completing of analysis and application to Heterogeneous system Task 10 End of Sixteenth Quarter

system

Milestone 10 Build Program Interface Completion of Software Package Task 11 End of Sixteenth Quarter



