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Objective of Project

The overall objective of this project is the development
of a novel computer model for predicting long-term
leakage risks of wells exposed to CO,.

The final goal is to deliver DOE and public a useful tool
for evaluating the risk of long-term leakage of wells
in future CO, sequestration projects.



Methodology

* Create likely leakage scenarios for specific well attributes
(injection wells, producing wells, abandoned wells, and wells
subjected to corrosion). The goal of this stage is to understand
the major leak mechanisms in different well conditions.

* Develop a neural-genetic algorithm model to predict leakage
risks for CO2 —exposed wells. The goal of this stage is to
develop a comprehensive computer model ready to be
validated using field data.

* Verify model results by conducting field sampling including
side wall cores samples, pressure testing data, and well logs of
existing wells and compare the results with the model’s results.
This is a stage to verify the accuracy of the computer model
with field data.



Project Schedule

Team Member and

Year 2013 2014 2015

Role
Quarter Q1 02 03 Q4 Q1 Q2 Q3 04 Q1 Q2 @3 Q4
Task 1: Project Management Guo (PI), Nygaard (Co-
and Planning Pl), Duguid (Co-PI)

> Guo (Pl), Nygaard (Co-
Pl), Duguid (Co-PI)

N

Task 2: Data Mining

N
\ 4

Task 3: Statistical Analysis of Nygaard (Co-PI)

Database
_ Phase I Phase II
Task 4: Developing Leakage <> Guo (PI), Nygaard (Co-
Scenarios Pl), Duguid (Co-PI)
“—>

Task 5: Constructing
Preliminary Neural-Genetic
Algorithm

Guo (Pl), Sedaghat
and Li (programmers)




Year

Quarter

Task 6: Constructing
Comprehensive Neural-
Genetic Algorithm

Task 7: Field Work
Confirmation of
Leakage Scenarios

Task 8: Field Sample
Analysis

Task 9: Verification of
Model with Field and
Lab Results

Task 10: Risk Study,
Mitigation Actions, and
Standard
Recommendations

2014

Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

2015

N

Phase Il

\ 4

e

Phase III
—>

Team Member and
Role

Guo (Pl), Sedaghat and
Li (programmers)

Duguid (Co-Pl)
Guo (Pl), Sedaghat and
Li (data analysts)

Guo (Pl), Sedaghat and
Li (data analysts)

Guo (PI1), Nygaard (Co-
Pl), Duguid (Co-PI)



Accomplishments to Date

v" Phase I: Data Mining
v" Phase lI: Neural-Genetic Modeling
> Phase llI: Field Testing



Review of Phase |
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Oyster Bayou Oil field

West Hastmgs Oil Field



Data Collected from 510 wells

;o S
%34025 |" . Oil
' Field
Oyster Bayou 56 372 428
West Hastings 27 55 82
E},%\\ 1 R l'm
e w 544 TOTAL 83 427 510
— sy

1/4 Mile Radius of Well 4847



72 parameter values for each well

Dt ) Statistical Analysis
|

Risk Analysis and Workover
Candidates Selection

‘ Combined Genetic Algorithm/
Neural network (Evaluating
leakage scenarios)

-

¢

Field Verification

(Side-wall cores,
VIT, and Logs)




Well Integrity Information

A.Analytical solutions

« The maximum permissible pressure (MaxPP)
* The minimum permissible pressure (MinPP)

B. Finite-element modeling

« Mechanical loads
« Thermal load



Staged approach to finite-element modeling including thermal and
mechanical loads has been developed

Step 1- Loading the model
with in-situ stress (horizontal
and vertical stresses)

Step 2- Simulating of drilling
step by removing wellbore
elements and applying

mud weight

Step 3- Adding casing
elements to the model

Cement

Step 4- Adding cement

Mechanical and elements to the model

: Thermal Loads
Casing

Step 5- Applying mechanical

and thermal loads to the
cased wellbore




The developed Finite Element model have been verified with
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Finite Element Model for well integrity analysis shows that de-bonding
can create leakage pathways during CO2 injection
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Review of Phase Il

- Software Development

- Neural-Genetic Model for CO2-Explosed wells
- Finite Element Model for well integrity analysis

- Field Work

- logs
- Pressure transient tests
- Sidewall core samples



Neural-Genetic Model for CO2-Explosed wells

Predicted Value
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Leakage-safe Probability Index (LPI)

1. Well Schematic Indicator (WSI)

2. Cement Sheath Integrity Indicator (CSllI)
3. Cement Type Indicator (CTI)

4. Well Age Indicator (WAI)

LPI=f(WSI, CSII, CTI, WAI)
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Preliminary Field Verification of the Model

Cranfield field site in southwest Mississippi Well CFU31F2

- Cement sidewall core at 3 depths (7,900 ft — 9,800 ft)
- Pressure data at 9,535ft
- Micro de-bonding log at 9,000ft-10,000ft

- Isolation scanner log 7,000ft-10,000ft

Leakage-Safe Probability Index (LPI) = 0.780.
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Cement sidewall core at 3 depths
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Pressure data at 9,535ft
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Formation pressure is 4,300psi
Inner casing pressure: 1,750psi
Minimum Permissible Pressure (MinPP) = 2,835psi



Micro debonding log at 9,000ft-10,000ft
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Isolation scanner log 7,000ft-10,000ft
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Field Testing & Data Analysis

Dr. Andrew Duguid



Field Testing at Cranfield Field

* SECARB’s Phase Il Gulf Coast Stacked

Storage Project

* Characterization for Well Integrity
— To be used in the overall project models

e Two Wells

— Samples in and above the production zone
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Cranfield CFU31F2 and CFU31F3

 Monitoring Wells
— Constructed in 2009 and P&A’d 2015
— Very similar construction

* 7-in 26lb N80 to ~10,200ft

 75/8-in Bluebox 2500 from ~10,200 to
~10,700ft

e 7-in 26lb N80 to ~10,700ft to TD
(~10,790ft)

* Electrodes and other jewelry in the well
12 Y-inch bit (large cemented annulus)

* Production reservoir ~10,435ft to
~10,518ft (CFU31F2)

ALL DEPTHS ARE REFERENCED FROM
TVDSS + 315.5' surveyed boarded location GL
or lower most flange on "C" section + 18' KB
(333.5)

There are 3 penetrations through the packer and 5 lines
strapped to the outside of the tubing.

There are 6 lines to be mounted externally on the casing.

The tubing hanger will have 8 ea. 3/8" NPT penetrations
and the wellhead will have 8 ea. 1/2" NPT penetrations

Pressure/Temp gauge W/ 11.63" running OD on 13' casing
pup joint @ 10,033" - 10,046' w/ .426" OD 7-conductor DAC]|
cable to surface. Pressure sensor at 10,044'

7" 26 Ib/ft, N-80 grade, LT&C steel casing w/ 6.276"
nominal 1D and 7.656" connection OD set @ 0-10,193'

2 ea. DAC/TEC splitters w/ 11.63" running OD on 7" 26 Ib/f
L-80 grade casing pup joints @ 10,193-206' & 10,206-219'
w/ 2 ea. .42" OD 7-conductor DAC cables to surface. Each
DAC/TEC splitter has 7 ea. 1/4" encapsulated TEC single
conductor lines running to ERT electrodes.

2-7/8" EUE8RD, 6.5 Ib/ft, N-80 grade fiberglass lined
tubing from surface to +/-10,414'. 2-7/8" Fox NU T&C, 6.5
Ib/ft, 13CH80 tubing from 10,414 to 10,536'

LBNL proprietary casing mounted DPTS system consisting
of; 2 ea. 1/4" encapsulated TEC lines w/ 8 AWG insulated
heating conductors from surface to 10,197', splicing into 2
ea.1/4" encapsulated TEC lines with 3 x 18 AWG insulated
heating heating conductors from 10,182' to 10,568'. 1 ea.
1/4" encapsulated TEC line with two fiber optic strands
from surface to 10,695

U-Tube sampler w/ 2 ea. 1/4" control lines from 10,402' to
surface, U-Tube block & check valve, and 1 ea. 1/4"
control line through packer with 3/4" OD x 2' long filter @
10,450 - 452'

4.625" OD Piezo Tube Source mounted on 2-7/8" Fox NU
T&C, 6.5 Ib/ft, 13CH8O0 tubing pup joint @ 10,414-420" w/
1/4" 16 AWG single conductor TEC electrical powerline to
surface

4.75" OD x 2.347" ID Side Pocket Mandrel to accept 1"
‘OD memory gauge from 10,433-10,441'

7" LT&C 13CH80 Casing Seal Receptacle w/ 5.75" ID @
10,441'-446.2', over wrapped with fiberglass and crossed

/

over to 7-5/8" fiberglass.

Multiple Feed-Thru packer w/ 6 ea. 1/4" NPT penetrations
@ 10,441-445'

Pressure/Temperature sensor w/ 1/4" 18 AWG single
conductor TEC to surface @ 10,452"

Tuscalusa "D & E" perforations from 10,450' to 10,518
with 0 degree phasing, 2 shots per foot, less than 1/2"
entry holes

4.625" OD Piezo Tube Source mounted on 2-7/8" Fox NU
T&C, 6.5 Ib/ft, 13CH8O tubing pup joint @ 10,524-530' w/
1/4" 16 AWG single conductor TEC electrical powerline to
surface

2-7/8" Fox NU T&C, 6.5 Ib/ft, 13CH80 tubing from 10,414
to 10,536'". Perforated from 10,450-484' (top half of
injection interval), with re-entry guide @ 10,539'.

14 ea. ERT electrodes W/ 14 ea.1/4" encapsulated TEC
single conductor lines running to DAC/TEC splitters. The
top electrode is @ 10,381" and the bottom electrode is @
10,570" with +/-15' spacing between electrodes

Sl

T

—

‘7" LT&C Float Collar @ 10,693.93' - 10,695.58'

‘7" LT&C Float Shoe @ 10,10,772.24' - 10,774

A

7-5/8" Bluebox 2500 Fiberglass casing w/ 6.21" nominal
ID and 9.40" connection OD @ 10,223.4' - 10,693.93'

2 joints of 7" 26 Ib/ft, LT&C, N-80 steel casing @
10,695.58' - 10,772.24'

00 00OG

0000 O0CDO0TCYT9aO

[12-1/4" drilled hole to 10,790 e R B
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New Data

Logging Tools
USIT* ultrasonic imager tool

Isolation Scanner* cement
evaluation service

Sonic Scanner* acoustic
scanning platform

SCMT* slim cement mapping
tool

LEGEND

m— Perforation for VIT test

CHDT Sample Point

®  Fluid Sample Point

° Point permeability
measurement

Sidewall Core Sample

B4 VIT Interval

l:l Wellbore

Well Cement

T

"i| Geologic Formation

Testing and Sampling Tools

CHDT* cased hole dynamics
tester

MSCT* mechanical sidewall
coring tool




Data Analysis

* Log Comparisons
— 2009 USIT to 2015 Isolation Scanner
— 2009 CBL to 2015 Slim Cement Logging Tool (CBL)

* Core Assessment

— Planning to make the most of each core
* Non-destructive
* Destructive



Log Analysis : Casing Collapse? Time-Lapse Ultrasonic Logging in
Fiberglass Casing (CFU 31F3)
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Log Analysis: Loss of Bond in CBL Logging in Steel Section (CFU 31F2)
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Log Analysis : Loss of Acoustic Impedance in Steel Section (CFU 31F2)
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Sidewall Core Analysis

Non-Destructive

— Surface Mapping
— Surface XRD

— TBD

Destructive

—  Porosity

—  Permeability

— XRD

— ESEM

— Mechanical Properties

7,900

CFU31F2 Sidewall Cores



Summary

A Neural-Genetic Model has been developed for predicting
leak probability of CO2-Explosed wells.

A finite element model has been established for predicting
integrity of CO2-injection wells.

Field logs/tests/sampling have been run and partially
analyzed.

The next step is to validate models with field data.



Synergy Opportunities

1. The Neural-Genetic Model for predicting leak probability of
CO:-Explosed wells is open for testing by collaborative
researchers and the industry upon DOE’s permission.

2. Field test data are available to share by others upon DOE’s

permission. We are seeking collaborative research partners
for future development.
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Anticipated Benefits from the Project

The project will conduct research under DOE’s Fossil Energy
Research and Development Area of Interest 1, Studies of Existing
Wellbores Exposed to CO,.

The project will perform analysis of available industry and
regulatory data to assess risks of well failure by various factors
such as age of construction, region, construction materials,
incident reports, logging and Mechanical Integrity Testing.

The computer model developed in this project will contribute to
the DOE programs’ effort of ensuring 99% CO, storage
permanence in the injection zone(s) for 1000 years and support
the development of Best Practices Manual.
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