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Benefit to the Program 

• This project addresses Funding Opportunity 1240 Area of 

Interest 2: Wellbore Leakage Identification and 

Characterization. 

• The project is designed to establish an effective approach 

to determining the location/depth, nature, and severity of 

well integrity issues for wells exposed to CO2

environments in the subsurface.

• Project results will provide new and improved predictive 

methods to survey, identify, characterize, and manage 

wellbore integrity defects for CO2 storage applications.
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Project Overview:  
Goals and Objectives

• The objective of this project is to develop and validate a 

program for identifying and characterizing wellbore 

leakage potential for CO2 storage applications based on 

analytics of well records validated with sustained casing 

pressure field monitoring. 

• The project will develop and advance technologies that 

will significantly improve the effectiveness and reduce the 

cost of implementing carbon storage. 
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Project Overview:  
Goals and Objectives

• Integration of casing pressure test results with automated 

machine based learning analytics can identify wells with 

poor integrity 

• Development of an integrated program to identify, survey, 

measure, analyze, and remediate CO2 migration in 

wellbores. 

• In addition, the type of well defect (micro-annulus, cracks, 

cement voids, and incomplete cement coverage) may be 

better characterized to select to the most appropriate 

remediation technology.
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Project Overview

3-Year Project;  October 2015 - September 2018



Technical Status - Well Integrity Registry 

Task 2

Well Construction

• Methods

• Materials

Well Casing

• Corrosion/wear

• Leaks

Well Cement

• Contamination

• Defects

Geologic 
Processes

• Geomechanical

• Geochemical

CO2 
Environments

• Influence of 
CO2 of cement, 
casing, etc.
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• Literature and experience based research

• Identify wellbore integrity issues, and where and how they 

occur

• Five subtasks explored
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Well 

Component

Integrity 

Issue

Description Causes When Leakage 

Pathway

C
a
s
in

g
Thermo-

mechanical 

cycling

Contraction and 

expansion of well 

casing 

Differences 

between 

properties of 

materials

Construction, 

operation, 

workover, 

abandonment

Debonding 

along cement 

interface 

(microannulus)

Wear Wear to the 

casing 

Casing 

interactions with 

wellbore and 

tools

After drilling, 

during 

workovers

Burst, collapse, 

holes in casing

Corrosion Corrosion of 

casing

Contact with 

corrosive fluids 

saturated with 

CO2

Construction, 

operation, 

workover, 

abandonment

Holes in casing, 

cracking

C
e
m

e
n

t

Degradation Dissolution or 

alteration of 

cement

Contact with 

corrosive fluids 

saturated with 

CO2

Construction, 

operation, 

workover, 

abandonment

Pores in cement 

or along 

degraded 

cement at 

interfaces

Microannulus 

and cracking

A small gap 

between casing 

and cement and 

cracks in the 

cement

Casing and 

cement debond, 

or bond was 

never 

established or 

was broken

Construction, 

operation, 

workover, 

abandonment

Along casing-

cement 

interface

Mud 

contamination

Poor mud 

removal before 

cementing

Poor cement job 

design, poor hole 

cleanout

During 

construction

Along interfaces 

or through bulk 

cement

Eccentering Casing is not 

centered in the 

borehole

Poor 

centralization

During 

construction

Along casing, 

cement, or mud 

interfaces

Mud channels Cement slurry 

fingers through 

the mud in the 

annulus

Poor cement job 

design

During 

construction

Along mud 

channel 

interface or 

through flowing 

mud

Fluid invasion Invasion of fluids 

into cement 

Poor cement 

slurry design and 

loss of 

hydrostatic 

pressure 

During 

construction

Poor zonal 

isolation

B
o

re
h

o
le

 w
a
ll

 

(G
e
o

lo
g

ic

P
ro

c
e
s
s
e
s
)

Formation 

lithology

Borehole 

breakout and 

drilling induced 

fractures

Induced stress 

greater than 

maximum of the 

formation stress

During drilling Poor cement 

bond to 

borehole wall

Geomechan-

ical stresses

Changes in 

stress field 

Pressure 

gradient changes 

and creep

Construction, 

operation, 

workover, 

abandonment

Cement and 

casing damage 

or failure



Technical Status - Well Data Collection 

Task 3

• Goal is to collect readily available well records

• Built a database of well construction, operation, and 

workovers/leakage

• Databases will be used to develop models to predict 

wellbore integrity problems
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Well Construction

• Cementing

• Drilling

• Casing

Operational

• Pressure

• Production

• Tests

Workover/leakage

• History of leaks, 
defects

• Mechanical 
stresses



Technical Status - Well Data Collection 

Task 3

• Over 1600 wells within the 

study area

• Antrim shale natural CO2

producer

• Niagaran reef CO2 enhanced 

oil recovery project
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Michigan Basin Site
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Technical Status – Well Data Collection

Task 3

• Located in the northern rim of the 

Williston Basin, 16 km south east of 

Weyburn

• Approximately 650 production and 

injection wells in operation

• Vast, publicly accessible collection 

of historic records back to 1954

 Approximately 600 cores and geophysical 

logs

• CO2 injection commenced in 2000
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Weyburn CO2 Storage Project

Geographic location of the Weyburn field taken from Wilson et 

al. (2004). The field is set in the Williston sedimentary basin, 

which stretches across much of the north of the USA and 

central

Canada



Technical Status - Well Data Collection 

Task 3

• Natural CO2 producing field

• Approximately 40 producing wells

• Producing formation is the 

Silurian-aged Tuscarora 

sandstone

• Gas analysis indicated 61% to 

65% CO2 content in the gas

• Industrial gas supplier purchases 

gas and upgrades CO2 for sale to  

food and beverage industry
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Indian Creek Field, Kanawha County, WV



Technical Status – SCP Analysis

Task 5

• Michigan Niagaran Reef EOR field

• Weyburn field 

 CO2 EOR/Storage Project

 30 Wells with SCP

 SCP data gathering kits

− Pressure recorders

− Choke nipples

− Instructions for measuring head space

• Indian Creek, WV field

 Communicating with operator to acquire SCP data

13



Technical Status – SCP Analysis

Task 5

Business Sensitive14

Piping Manifold Cost: $220 
(includes parts and assembly)

Data Collected At Each Well 

Site:

1. GPS coord. & timestamped 

photo of well connection

2. Initial pressure

3. Orifice size

4. Time and delta P of 

depressurization

5. Record of pressure build-up

Note: Drawing is of a tube assembly. Same can be replicated in pipe.

Monitoring 

Depressurization



Technical Status – SCP Analysis

Task 5

Business Sensitive15

Vessel Pressure After 30 seconds of Venting

Orifice Sizing 

Calculator                   
for Design 

Optimization 



Technical Status – SCP Analysis

Task 5

Business Sensitive16

Madgetech image from: http://www.madgetech.com/data-loggers/product-applications/compressor-and-pump-monitoring/prtemp1000.html

Frequent Pressure Logging 

for First 10 Minutes

Occasional Pressure 

Logging Thereafter

Pressure 

Build-Up 

Monitoring



Accomplishments to Date

Task 2: Well Integrity Registry
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• Construction Methods

• Casing Integrity Issues

 Wear, Corrosion

• Cement Issues

 Primary, Remedial and Plugging

• Geological Processes

• CO2 Environments



Synergy Opportunities

Synergy to DOE-NETL Carbon Storage Program

• Project has significant synergies with other ongoing work 

on carbon storage technologies (carbon capture & 

storage), shale gas developments, other CO2 storage 

research.

• Provides a better understanding of wellbore integrity, a key 

issue for CO2 storage in the region’s deep rock formations.

• Reduces uncertainty related to existing/future power plant 

locations by.
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Task 3:  Well Record Data Collection and Review

In progress

Task 4:  Log and Testing Based on Well Integrity Assessment

Task 5:  Sustained casing Pressure Analysis

In progress

Task 6:  Well Integrity Analysis with Machine Based Learning

Task 7:  Wellbore Integrity Factor Uncertainty Analysis

Task 8:  Reporting and Technical transfer  

Summary- Future Work
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Future Work – Task 6

• Big Data

 Typically characterized as the “3 Vs”

− Volume (large amounts of data)

− Variety (many different sources of data)

− Velocity (real-time streaming data)

• Analytics with Machine Learning

 Transform raw data into information for decision-making

 Includes all of the infrastructure required to do that transformation:

Business Sensitive20

− Data collection & management

− Predictive modeling

− Exploratory data analysis

− Visualization & reporting



Future Work – Task 6

• A few examples:

 Identify groups of wells for which construction is similar, and better 

understand the variables that differentiate between those groups

 Determine whether technique A is better than technique B based 

on historical data

 Given operational and geological data, rank several candidate 

locations based on predicted performance

 Analyze sensor and image logs to flag formations of interest, going 

beyond simple threshold and rule-based calculations

Business Sensitive21
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The End. Thank You!
Mark Moody 

moodym@battelle.org
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Project Organization Chart
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Gantt Chart

• Project is 

designed with a 

sequential series 

of tasks over 3 

years.
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 BP1 BP2 BP3 

Task Name 
FY2016 FY2017 FY2018 

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

Task 1: Project Management & Planning             

1.1 Update Project Mgmt. Plan             

1.2 Project Management             

1.3 Progress Reporting             

1.4 Project Controls             

1.5 NEPA Reporting             

Task 2: Well Integrity Registry             

2.1 Well Construction Methods             

2.2 Well Casing Integrity Issues             

2.3 Well Cement Issues             

2.4 Geologic Processes             

2.5 CO2 Environments             

Task 3: Well Record Data Collection & Rev.             

3.1 Cement & Drilling Records             

3.2 Operational Records             

3.3 Well Workover/Leakage Records             

Task 4: Log & Testing Based Well Int. Asmt.             

4.1 Log Analysis             

4.2 Well Record Analysis             

4.3 Well Integrity Evaluation             

Task 5: Sustained Casing PressureAnalysis             

5.1 SCP Field Site Description             

5.2 SCP Field Data Collection             

5.2 SCP Data Analysis             

Task 6: Well Integrity w/Machine Learning             

6.1 Well Int. Regression of Well Int. Indicators             

6.2 Data Analysis Algorithm Dev.w/Mach. Lrng             

6.3 Meta-Modeling on Test Fields              

Task 7: WBI Uncertainty Factor Analysis             

7.1 WBI Identification             

7.3 Uncertainty Reduction             

Task 8: Reporting and Tech Transfer             

9.1 Progress Reports             
9.2 Technical Reports             

9.3 Final Reporting             

9.4 Project Meetings             

9.4 DOE BPM             

 



Deliverables/Milestones
Milestones
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Budget 

Period
Milestone Description Planned Due Date Verification Method

1
Update Project 

Management Plan

30 days after initial 

award
Project Management Plan

1
Complete Wellbore 

Integrity Registry
June 2016

Well Integrity Registry 

Summary Report

2 Collect Well Record Data June 2017 Well Record Data

2

Complete Log & Testing 

Based Well Integrity 

Assessment

September 2017

Log & Testing Based Well 

Integrity Assessment Summary 

Report

3

Collect All Sustained 

Casing Pressure Analysis 

Data

March 2018

Complied database of 

Sustained Casing Pressure 

Analysis Data

3

Complete Well Integrity 

Analysis Machine Based 

Learning

June 2018

Well Integrity Analysis Machine 

Based Learning Summary 

Report
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