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Origins and Charter

@ Founded by Charles Christopher and developed
in collaboration with John Gale

@ Funded by IEA Greenhouse Gas R&D

@ Annual meetings gather experts in industry,
academia, government laboratories, as well as
policy makers

@ Purpose is to assess and communicate the
state of knowledge, nature of research
programs, and the research needs to
understand the long-term integrity of wellbore
systems in CO,-rich environments
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Steering Committee Members
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Workshop Format

Invited presentations in key areas

@ Informal format with extended discussion

Breakout groups develop approaches and
philosophies surrounding a key issue

@ A summary report of the presentations,

discussion, and breakouts is written by IEA
Greenhouse Gas R&D Programme
Meetings
(Organized and supported by the IEA Greenhouse Gas
R&D Programme, BP, EPRI and the host institutions)

@ 1st: Houston, Texas, April 2005
@ 2nd: Princeton, New Jersey, March 2006
o, @ 3 Santa Fe, New M;xico, March 2007
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Wellbore Integrity Focus Areas

1. Field experience of CO, and wellbore
materials including EOR and CO, fields

2. Research and development of field
monitoring and evaluation methods

3. Remediation approaches

4. Experimental research on cement-CO,
interactions including new cement
formulations

5. Numerical modeling of CO, in the wellbore
and in multiple-well fields

6. Policies and regulations

bp
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Topics in Field Experience (1.)

@ Practice and art of cement placement in
the wellbore environment

@ Case histories from EOR fields and CO,
reservoirs

@ Coring, sampling, and logging studies of
wells with significant CO, exposure

@ Case histories from sequestration sites

@ Wellbore statistics from petroleum
provinces
bp)
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Topics in Field Monitoring Evaluation (2.)

@ Review of logging methods

@ Research into enhanced acoustic logging
methods

@ Results of wellbore logging

bp
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Topics in Wellbore Remediation (3.)

» Experience with remediation
@ Methods of remediation

bp
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Topics in Laboratory Experiments (4.)

@ Cement samples studied in CO,-rich
environments at room conditions, at
various temperatures, and at elevated
pressures to simulate wellbore
environments

@ Results from both closed-system and
flow-through experiments

@ New CO,-resistant cement formulations
evaluated

bp
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Topics in Numerical modeling of CO,
and the Wellbore Environment (5.)

@ CO, distribution and fate in the reservoir

@ Effects of CO, on water saturation and possible
desiccation of pore system

@ Reactive transport modeling of CO,-cement

@ Simulation of CO, leakage through wellbore
annulus or open %ole

@ Simulation of wellbore leakage in a field of
many wells

@ Incorporation of wellbore integrity into system-
level modeling of CO, sequestration

bp
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Policies and Regulations (6.)

@ American Petroleum Institute
recommended practices

@ Mineral Management Service (MMS)
regulations (particularly with respect to
sustained casing pressure)

# Alberta, Canada regulatory framework
European approaches
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Topics in Breakout Groups

@ Do wellbores represent a significant leakage risk?

@ Do we know how to reduce the potential for CO2-
induced cement degradation?

@ Are there standard industry methods to minimize
leakage?

@ How are leaky wells remediated?

@ Historical wellbore integrity record

@ Wellbore materials and mechanisms of reaction
@ Design of a wellbore integrity experiment

@ Research Directions

bp
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Summary of Key Issues (1)

@ Wellbore integrity problems do exist in oil and gas operations
(e.g., SCP) and are often due to cementing practices. We need
to develop a basis for evaluating leakage potential from legacy
wells

@ New approaches to wellbore remediation are needed as well as
means to evaluate the potential costs of remediation for
sequestration projects

@ Laboratory experiments on reactivity of CO, and cement need
to reconcile effects of key variables: confining pressure, fluid
flow, matrix vs. interface flow, and effect of reservoir rock

@ New CO,-resistant cements are in development and methods
for evaluating their performance and determining their
suitability are needed

@ Casing and tubular corrosion can be more rapid than cement
degradation

@ More sensitive and diagnostic logging and field monitoring tools
are needed

bp
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Key Issues cont. (2)

@ Numerical models of wellbore geochemistry and
geomechanics are needed for providing long-term
predictions

@ Numerical models incorporating realistic permeability
distributions for wells are needed to evaluate the leakage
potential of fields with multiple wells

@ [ntegrated field evaluations in fields with long CO2
exposure are needed to develop logging/monitoring
methods, understand mechanisms of CO2-induced
degradation, and assess effective permeability of the
wellbore

@ Data mining of the rich resources available in private
companies and regulatory bodies should be a priority for
developing a statistical basis for evaluation of wellbore

performance
bp)
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Mechanism of CO2 Interaction W|th
Wellbore Systems

» Determine mode of CO,
interaction with cement

@ Develop model of changes drout.Cas Grout.Shale
in effective cement rﬁﬁérf;;séng Interface
permeability as function of casing Hydrated Cement ___ Shale
CO, reaction \, -

@ Couple with geomechanics

Fracture Flow

‘Matrix Diffusion

Interface Flow Interface Flow

Example Focus: Reconciling Field, Lab, and
Modeling in CO,- Cement Reactivit

@Lab results vary from extensive reactivity (Duguid et )
al.) to limited reactivity (Kutchko et al.) and depend on
imposed conditions (T,P, fluid, etc.).

aField observations (Carey et al., SACROC) show CO,-
induced alteration similar in character to some lab
experiments but without significant apparent CO,
leakage.

sModeling studies have the potential to reconcile
laboratory and field observations and provide a
mechanism to predict long-term performance.
However, significant work remains to attain this goal.
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Carey et al. (2007a) Reactive transport calculations Carey et al. (2007b) field study at SACROC
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Conclusions

@ Meeting summaries and details are
available at

# Discussion point: will wells in a potential
CO2 storage field that have been
plugged and abandoned by UIC-
approved methods be considered
“sequestration-ready”?
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CO,-cement interactions: from the lab to

the well
EPA CO, Geosequestration Workshop
2007 Mar 14

Matteo Loizzo

SCS engineering program manager
Andrew Duguid
SCS senior w ellb

Outline of the presentation
T

* Portland cement and CO2

* Length and time scales

* CO2 reaction effects on well integrity

* From lab to well: acceleration of CO2 degradation
* Cement sheath defects and effect on scales

* Assuring cement integrity over the well life

* Risk mitigation: CO2 Resistant Cement

* Conclusions

We wish to thank Veronique Barlet-Gouedard and her team at Schlumberger Well Services,
without whose data and insight this presentation would not have been possible
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Portland cement and CO,: a 3-step process
T

* Carbonic acid diffusion

* Dissolution/Carbonation ;
* Portlandite (Ca(OH),) and CSH gel  _= 5
* Precipitation of CaCO, w —

* Leaching P
Schlumberger Carbon Services _ m

Portland cement and CO,: reactions
o TTT——

* CO, dissociation
¢ CO, +H,0 <> H,CO,* <> H* + HCO, «» 2H* + CO,>
* Cement dissolution and calcium carbonate precipitation
o Ca(OH),(s) + 2H* + COZ — CaCO,(s) + 2H,0
* Cy4S,Hg(S) + 2H* + CO,% — CaCOy4(s) + SO, OH,(s)
e Ca(OH),(s) + H* + HCO; — CaCOy(s) + 2H,0
¢ Cy4-S,-Hy(s) + H* + HCO, — CaCO,(s) + SiO,0H,(s)
* Calcium carbonate dissolution (*leaching”)
¢ CO, +H,0 + CaCO4(s) <> Ca2* + 2HCO,
¢ 2H* + CaCO4(s) «» CO, + Ca? + H,0

CO2-cement interactions: from the lab to the well



Length and time scales: long and slender wells

e Length: isolation across a gas-tight
boundary (cap rock) Cement
» ~100 ft scale (10s to 100s of meters) / Casing
* Length: isolation through the cement sheath g af

* %" (20to 30 mm) scale
* Casing eccentering may reduce to 0 T i

 Design of casing and production

tubing/packer 10s -~ 100s nj. |
* Joint effect of chlorides, H,S, temperature L
* Safe-life design of carbon steel vs. premium
grades

e Time: 40 years of injection life, or 1000 20— 30 mm—!

years of storage

Experimental results

After
3 weeks
(523 hrs)

Before
experiment

After
6 weeks
(1006 hrs)

Culsing plane

Wet Super-
critical GOz

[T

CO: saturated
‘water

|

e~Tmm 5=23% e~5mm 5=84% e~7mm s=100%

Figure 16. Cuttings of the Portland cement cores before aftack and at
different selected durations of experiment at T=90°C and P=280 bars,
according to the fluid-type in which the samples are placed in the
reactor. e: thickness of the alteration front, s: ratio between the
alteration front surface and the whole cutting surface.
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Diffusion-controlled reaction

y=21.762x+ 0.0854

e CO,-saturated water )
* Time to react to 25 mm — 1.3 years ' .
* Time to react to 1000 mm - 2100 years >

Depth (mm)

e Wet supercritical CO,

* Time to react to 25 mm - 1.4 years
* e — Linear fit

* Time to react to 1000 mm - 2200 years

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Sqrt time (yr'?)

CO, reaction effects on well integrity
o TTTII—

e Carbonation
* Matrix reacts: Portlandite/CSH — Calcite

*Water release
* Atan early stage, may affect marginally matrix e . .
permeability (104—10 mD) Eue| 4 ¢ . :
* May lead to mechanical instability (Calcite molar €113 | T o
volume increase) e oot £ o :
. . =1.08
* ¥"in 7-10 months, 1 m in 2000 years gm g Wet supercritical CO, 8
*CO, diffusion in water: %" in 3 days, 1 min 20 years 2% €O saturated water
* Leaching 100 ‘ ‘ ‘ ‘
. 0 1000 2000 3000 4000
* Strong dependency on local CaZ* concentration Time [h]
gradient

* Cement effectively dissolves o

CO2-cement interactions: from the lab to the well



From lab to well: acceleration of CO, degradation
o TTT—

* CO,-cement reactions are diffusion-driven processes through the
cement matrix
e Surface-to-volume ratio
* Fluid volumes
* Effective transport
* At the well length scale, matrix permeability seems to guarantee
isolation

* Cement sheath defects will cause acceleration

Cement sheath defects - liquid cement

* Placement defects — fluid dynamics

* Channels
*Pockets or strings of bypassed drilling mud

eIncrease of fluid volumes and SVR, direct communication to the casing, may increase
transport by establishing a communication path

* Mud films
eIncrease of fluid volumes, further reduction of cement thickness
* Gas migration during cement hydration may cause channels
* Driven by a drop in cement pore pressure during hydration
* Placement design and system selection

CO2-cement interactions: from the lab to the well



Cement sheath defects — solid cement
- TTTTT——

* Solid mechanics
e Cracks and microannuli
*Cracks caused by cement failure in compression/traction, microannuli caused by
debonding at the interfaces with casing and/or rock
eIncrease of SVR, may increase transport by establishing a communication path

* Worst case: channels, microannuli and cracks leaving a path for fluids

= - ik

to flow =
}

* Wet CO, much more likely to flow, even in ~20 um gap

el [T st of | [ostargia

Schlumberger Carbon Services

Cement sheath defects — effects on scale
- TTTTT——

* Fluid flow vs. matrix diffusion
* Preferential path of fluid flow bridges the scales
* Issue not limited to CO,: 15%-20% of wells may show hydraulic communication to
surface
* Carbonation healing/plugging may be effective only at small scales
* Karst
* Positive feedback effect from enhanced leaching on defect walls

CO2-cement interactions: from the lab to the well



Assuring cement integrity over the well life

* Risk factors and scales
e Casing corrosion
* Leakage to shallower formations or to surface
* Multiple layers of risk mitigation
* Especially when repair is difficult
 Cement system selection and optimization
* Minimize or eliminate cement sheath defects

* Minimize or eliminate cement degradation
*Not necessarily cement reaction!

Risk mitigation: CO, Resistant Cement

* Novel formulation based on “CRETE” technology
and reduced-Portland binder

* Particle size distribution optimized to minimize ’ N b —
porosity and permeability and maximize y s
mechanical properties !

* (Reduced) Portland cement content increases
compatibility with CO,

* Quick reaction, no degradation

* Reduced Portland content and porosity — good
residual CS, no mechanical instability 2 i s 5

* Limited calcite — limited leaching DAYS
* Excellent engineered expansion behavior
* To match casing contraction during CO, injection

% LINEAR EXPANSION

CO2-cement interactions: from the lab to the well



Conclusions

* Interaction between cement and CO, follows a 3-step process

* A relatively quick dissolution carbonation is followed by a (possibly) slower leaching of
calcium carbonate

» Carbonation and CaCO, precipitation may cause mechanical instability of the cement
sheath

e Leaching may become a concern when effective transport (fluid flow) is present. Fluid
flow is in turn caused by cement sheath defects. Experiments are needed to
substantiate this positive feedback hypothesis

 Sound cement design is required, both for the placement and post-placement phases

* Use of cement that minimizes leaching potential adds a risk mitigation layer to better
ensure medium-term well integrity

CO2-cement interactions: from the lab to the well
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Well Integrity Experience in Alberta, Canada

Dr. Stefan Bachu

Alberta Geological Survey
Alberta Energy and Utilities Board

L&! E UB Alberta

Canada’s Constitutional Division of Jurisdictions

» Provinces have sole jurisdiction over natural resources,
including the subsurface

» The federal government has jurisdiction over territories,
territorial waters, ocean and fisheries, trans-boundary.
issues and international matters (Kyoto Protocol, London
Convention of the Seas)

» Bothi provincial and federal governments have
jurisdiction over environmental issues: federal on air, lake
sediments, provincial on water quality (groundwater and
rivers), both on emissions

» Deep injection falls entirely under provincial jurisdiction

I AGS

Well Integrity Experience in Alberta,
Canada
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Alberta’s Regulatory Agencies

» Alberta Department of Environment is in charge of
groundwater protection (establishes the depth of protected
groundwater: TDS<4000 ppm; licenses water wells)

» Alberta Energy and Utilities Board (EUB) has jurisdiction
over oll and gas production, and deep well injection and
disposal (licenses all deep wells), including well
construction and abandenment

Directive 65 for Application for Disposal Operations, and
Directive 51 for Well Construction

http://www.eub.ca/docs/documents/directives/Directive051.pdf
http://www.eub.ca/docs/documents/directives/Directive065.pdf

L&! _E UB Alberta E

Main Regulatory Objective in Deep Well Injection

Ensure that there is no migration and/or leakage
out of the injection target that would:
- Contaminate energy and mineral resources
- Contaminate potable groundwater resources
- Endanger life and property:

Regulatory attention focuses on:
- Wellbore integrity
- Formation suitability to ensure confinement
- Suitability of the injected stream in regard to the
nature of the fluid and well'and formation integrity.
- Reporting
- Early detection and mitigation of potential problems

I AGS

Well Integrity Experience in Alberta,
Canada
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Injection Well Classification in Alberta

Class la — oilfield, industrial waste
Class Ib — produced water/specified wastes
Class Il — produced water/brine equivalent

Class IV — steam/potable water

L&! _E UB Alberta

Class llI'Injection Wells in Alberta

Injection of hydrocarboens, or inert or other gases, for the
purpoese of storage or enhanced hydroecarbon recovery.

« Solvent or other HC products for enhanced recovery.

» Sweet natural gas for storage

. , N5, O,, air, other gases for storage or enhanced recovery
 Sour or, acid gases for disposal, storage or cycling operations

Well Integrity Experience in Alberta,
Canada
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Requirements for Class lll Injection Wells in Alberta

» Hydraulic isolation ofi the host zone

» Cementing across protected groundwater;

« Logging for cement top, hydraulic iselation and casing inspection

« Initiallannulus pressure test

» Annual packer isolation test

 Wellhead pressure limitation at <90% of rock fracturing threshold

« Area of review based on reservoir modelling

 Hydraulic isolation of offset wells that penetrate the same zone
within the area of review

L&! _E UB Alberta

EUB’s Current Position in Regard to CO, Injection

CO, — enhanced hydrocarbon recovery falls
under Oil & Gas Conservation Regulations

CO; injection into deep saline aquifers and
depleted oil and gas reservoirs is covered
under Disposal Regulations

In both cases Class lll wells have to be used

Well Integrity Experience in Alberta,
Canada
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Drivers of Acid Gas and CO; Injection Activities
In Canada

Regulatory control on H,S emissions

» Additional oil production
o Government incentives for CO2-EOR

» Economics of H,S incineration or sulfur recovery

WEUB .

Location of Acid-Gas Injection;Sites in Canada

Well Integrity Experience in Alberta,
Canada



Average Composition of Acid Gas Injected
In Western Canada

Mole Fraction of Injected Gas

1hco; H:5 | Other,

Average and Maximum Approved Injection Rates
for Acid Gas Injected in Western Canada

® Average injection rate
Maximum approved injection rate

Daily Injection Rate (1000 m3/d)

| II_|,| 1 | |] Hl

: i ol ol [H ¢ 4 _dladdd dl Bl A i d 4 d
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Cumulative Amounts of Acid Gas
Injected Annually in Western Canada
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Cumulative Amount of Acid Gas
Injected in Western Canada

Cumulative Injection Volume (kt)

Well Integrity Experience in Alberta,
Canada
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Operating Ranges of Acid-Gas Injection
Schemes in Western Canada

Characteristic Minimum | Maximum
Licensed H,S (mol fraction) 0.05 0.97
Actual injected H»S (mol fraction) 0.02 0.83
Actual injected CO; (mol fraction) 0.14 0.95
In-situ acid gas density (kg/m’) 204.8 7283
In-situ acid gas viscosity (mPa-s) 0.02 0.09
Maximum well head pressure (kPa) 3,750 19,000
Maximum injection rate (10° m*/day) 42 900

Actual average injection rate (10° m”/day) 1.0 500

Maximum injection volume (10° m’) 6 1,876

[kk! _E UB Alberta gy and Utilit

Performance of Acid Gas Injection Wells

One acid gas injection well in/ British Columbia failed in
2004 (tubing and production casing) not because of
corrosion or H,S imbrittlement, but because of ice
formation in the annular fluid!

Injection of very cold acid gas (-10°C to -20°C) at 20-30
MMSCF/D for two years led to a substantial cooling of the
upper well section and adjacent rock. Water in the 178 mm
x 273 mm annulus froze and created sufficient mechanical
force to damage the 178 mm casing and 114 mm tubing.
The ice plug prevented acid gas leakage (85% H.,S).

» Well repaired and production casing cemented to surface
» Acid gas run through a line heater prior to injection

I AGS

Well Integrity Experience in Alberta,
Canada
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Performance of Acid Gas Injection Operations

» No other problems with injection wells

» Two operations injecting acid gas into depleted oil
reservoirs in pinnacle reefs have experienced over-
pressuring and have been rescinded by EUB

» Three operations injecting acid gas into depleted gas
reservoirs have experienced acid gas breakthrough at
producing offset wells

» One operation injecting acid gas into a depleted oill
reservoir has experienced acid gas breakthrough acress a
fault (assumed closed) in producing wells from another
reservoir and has been rescinded

L&! E _!_—’_B__J':_l_=:l".‘-_ Joard —‘

Location of Current CO, EOR Operations in Canada

e Pilot

Commercial
Scale

Well Integrity Experience in Alberta,
Canada
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Flow Systems in the Williston Basin

I Aquitard

Flow of deep
= basin brines

(Bachu and Hitchon, 1996) [ Flow of fresh
meteoric water.

L&! _E UB Alberta

Weyburn Oil Field History.

Discovered in 1954, containing ~1.4 Bbl oll
Primary recovery to 1964

Secondary recovery (water flooding) to 2000
Horizontal wells since 1991

Tertiary recovery (CO, flooding) since 2000

Well Integrity Experience in Alberta,

Canada

10



Capture, Transportation and Injection

Capture at Dakota Coal Gasification Plant in Beulah
Transportation by pipeline 320 km to Weyburn

Gas purity: 95% CO,, with H,S

Injection rate: 5000 t/d (=95 mmccfd) at ~1500 m depth
Injected in 18 inverted 9-spot patterns
Expected duration: 25 years for 75 patterns

[&!EUBM:] rta Energy 2 oare
Spread of Injected CO, at Weyburn

Detected by Seismic Monitoring
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L&! !E LI apens t re
Location of the Pembina-Cardium CO,-EOR Pilot

L&! _E UB Alberta

Distribution of Wells in the Local-Scale Study Area

Rg 9 Rg 8 Well Status
r14 ﬁ 4:_13 }y ¥ ’ﬁ/ Ml Gas
T e A S S Ped Injection
# _ﬁ*}o )??" A I N O

Disposal
. . . W Abandoned

AW ¥ o M2 o0 o Abandoned Gas
P i Abandoned Oil

* s

i ,Fg' : Drilled and Cased

oxd o o Foglel ot o A Suspended
Seo Fele LU Suspended Gas

Lo o gle Fo ZP® # ] Suspended Oil
-4 s < '*‘ s o o o e
'DW .}5/. g ® e & e
® o F | T H g el e g

CO2 Injectors

Pilot Producing Wells
* Observation/Monitoring Well

Pilot Site
\— e\ /'

Kilometres

Well Integrity Experience in Alberta,
Canada
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Leakage Risk Rating of Wells
in the Pembina Cardium
Local-Scale Study Area

Well Type Risk Rating
Medium

Active 94
Suspended 38
Abandoned 2
Drilled and Abandoned

Miscellaneous

Total

L&! _E U B Albe

Lessons Regarding Injection Wells

» Horizontal wells will likely be used for high injection rates
in relatively thin injection units (aguifers, reservoirs)

*Regulatory reguirements and control seem toe be adeguate
» Periodic checking of injection-well integrity is critical!

» Monitoring of injection and offset producing wells is
essential

* Proper selection and characterization of the disposal zone
is fundamental!

» We don’'t know about the long term effects of the injected
acid gas on cements and casing in old existing wells

I AGS

Well Integrity Experience in Alberta,

Canada
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[t:1S not the €Oy, injection wells that may/will pese: a sk,
they will'be properly: constructed and monitered, and,
relatively speaking woen't be too many.

Bachu and Watson — Possible Indicators for CO, Leakage along Wells, GHGT-8, 2006
Watson and Bachu - Factors Affecting or Indicating Potential Wellbore LLeakage;
SPE Paper 106817, 2007

NS PR Rnnas

Abandoned Well Leaking Brine and Gas
near Peace River, Alberta

I&E, Orphan Well
1A ﬁnr?‘socalashon
-4-85-21-

THS SITE UNDER THE MMMIH?NT Jmis
ORPHAN WELLASSOCIATION, FOR INFORMATION
PLEISEGALL(403)297.6415 DURINE OFFICE HOURS

= |

Well Integrity Experience in Alberta,
Canada
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Gas Bubbling at the Cap Welding
of the Surface Casing

S ! #
-

L&! E UB Alberta

End of 2004

- 316,439 total
- 108,706 abandoned

'G_.qr.r.qu,q'
~ _

~

~

L G S End of 2006

- 362,265 total
- 116,550 abandoned

Oldest: 1893

Area: 664,332 km?

Well Integrity Experience in Alberta,
Canada
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One Last Word

CO, Capture and Geological Sequestration (CCGS)
Is more than just Underground Injection Control (UIC)
and'it requires involvement and cooperation of state
and federal regulators, on both sides: protection

(Environment) and development (Resources)

Well Integrity Experience in Alberta,

Canada
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s CO, Capture Project

e

Wellbore Integrity
Study

Charles Christopher
Walter Crow

BP Houston

Questions

» What is the magnitude of the problem?
= How are problems detected?

=  Remediation methods

Tl S (Vi FEAES I CN AR

CO2 Capture Project Wellbore Integrity

Study



CO, Capture Project

A Comprehensiv Wéllor Integrity
Program

= Analysis of current well stock
Compilation of historical statistics on
effects of CO2
Autopsies of wells in contact with CO2
« Logging analysis as well as sample recovery
» Laboratory analysis of recovered cement
and tubulars
= Laboratory understanding of kinetics and
mechanisms of attack
Reactive transport simulation of CO2 attack
. Steﬁistical evaluation of large numbers of
wells

COg Well Inteqrity Survey

Objective
=  Project the effect of CO2 on the well barrier system
and determine mitigation options

Methodology _
= Use existing wells to sample and evaluate barrier

conditions
* Analyze the samples _
= Create simulation to project the future alteration

Status

= First field survey data/samples under evaluation

= Modeling has been progressing independent of well
data. Model program details will follow sample
analysis results

- European . Norges

CO2 Capture Project Wellbore Integrity

Study



CO, Capture Project

R —

CO2 Well Inteqgrity Survey

Obligation
» Results will be carefully

evaluated
= Nothing will be hidden
= No conclusions/results
will be released until
they have been
thoroughly evaluated

. European Ijﬂ‘, Norges

CoO, Captu re Pro Ject

—

Orlqmal Well
Drilled & completed 1976
(deviated well)

= Sandstone formation

= QOriginal test: 10 MMSCF/D
(CO,)

= Tubing change out in 1984 to
increase dia.
(prior to production)

» No significant corrosion

= Normally pressured reservoir
~0.4 psil/ft

= Water saturation ~20%

Oil-Based Mud

Caprock

4-1/2" thy

1
=)
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Production

Initial production 1984

1 BBL/MMSCF water
production

Water cut increase in 1997
from lowest zone
Attempted water shut off -
unsuccessful

Continued production ~1
MMSCF/D CO,

Reservoir pressure less than
0.1 psi/ft

. European I <l Norges

Well Integrity Survey

October 2006

Rig removed tubing and packer
Acoustic cement evaluation
tools

Casing caliper log

Pulsed neutron log

Fluid samples attempted
Pressure drawdown tests in
cement sheath

Sidewall cores
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CO, Capture Project
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CO, Capture Project

Logging Run

Ised Neutron Lo

Pu
Legend 3
- g‘
Cement core recovery i
Pressure test cement sheath Ll
Fluid / gas sample L = 4199 .
Snnm
Recovery Summary A=
-
= 6 Cement cores 5
= 6 Cement pressure tests o
I -

= 2 Fluid samples ?
|
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CO, Capture Project

a— T e

Cement / Caprock Shale

Recovered sidewall cores

Cement

CO, Capture Project

Data and Sample Analysis

» Solids Analysis / Cement Cores (Los Alamos)
» Xray diffraction
« Scanning Electron Microscope
» Fluid/gas analysis (SLB - Oilphase)
Gas-Water ratio
pH
Total dissolved solids
Elemental analysis
= Log Analysis (SLB)
o Permeability measurement from drawdown tests
o Cement evaluation (bonding / gas or fluid cut)
« Casing corrosion

= US Department = — o =
e o JO" o Sl sje e @]—
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CO, Capture P

roject

Modeling / Simulation

Reaction kinetics (lab and field may be
different)

Depiction of well condition

History match of well condition

Well forward simulation

Engineering solutions for remediation,
monitoring & surveillance

CO, Capture Project

A Comprehensiv elor Inteqrit"

Program - Status

Analysis of current well stock — In Design
Compilation of historical statistics on effects of
CO2 - In Design
Autopsies of wells in contact with CO2 —In
Progress

Logging analysis as well as sample recovery
Laboratory analysis of recovered cement and
tubulars — In Progress
Laboratory understanding of kinetics and
mechanisms of attack - Continuing
Reactive transport simulation of CO2 attack — In
Design
Statistical evaluation of large numbers of wells — In
Progress
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Geological Storage of Carbon
Dioxide: Models and Parameters

Michael A. Celia (Princeton University)

Jan Nordbotten (U. Bergen and Princeton U.)
Sarah Gasda (Princeton U.)

Dmitri Kavetski (Princeton U.)

Stefan Bachu (Alberta EUB)

REUB

& -2 Princeton University

Three Questions

* How can (should) we model the system?
* What are the critical parameters?

* Can we identify these parameters?

Geological Storage of Carbon Dioxide: Models
and Parameters



Worldwide Density of Oil and Gas Wells

Number of Wells Drilled per ~10,000 km2
[1-100 [00100-300 [ 300-1,000 [N 1,000 -4,400 [N 4,400 -23,400 [ 23,400 - 61,000 No Wells/Data

End of 2004
From IPCC SRCCS, 2005

Potential CO, Migration and Leakage Paths

Injection Well Abandoned m

COz _ e Cluster of Producing Oil Wells
-l Vadose _ n *

Zone Flo
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Modeling Options

* Full 3-D numerical solutions

* Vertically-averaged equations in aguifers,
coupled by leakage in the vertical direction
(along wells and through the caprock).

* Semi-analytical solutions

Two lrmportant Progeriies:
Density ratios: 0.25 to 0.75
Viscosity ratios: 5 to 40.

M0

Abandoned wells

Location of Major CO, Sources
in the Edmonton —Wabamun Lake Area
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Probability Distribution fo
Permeabilities

0
-25-24-23-22 -21-20 18 -18 1T -16-15-14-13-12 -11 10 -8

Well permeability, lagm[m: 1
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Leakage statistics after 50 years
4:1 Gaussian mixture (10-2° m2: 10-16 m?)

Mean ~ -3.1 [0.08%]

—

Leakage >1%
occurs 8% of the
time

WH;?:BWO

T T T T
7 6 5 -4 3 B e 0

Frequency [-]

Leakage fraction (mass outside injection formation) log, [MT/MT]

How can we identify this distribution?

<1514 -23-22-N 10 181 ATAB 1514 17121110 0

Wall permeailay, log ‘Iﬂ‘" 1

We need a targeted field campaign:
o Re-enter existing (abandened) wells.
» Use statistical mix offwells: (location, depth, age; ...).
 Simple pressure tests to identiiy: K. injwell'segments.

Geological Storage of Carbon Dioxide: Models
and Parameters



Pressure Test to Determine K, .

casing » Pressurize lower
comen e T formation and

ek~ N measure pressure
signall aboeve.

» ASSUIME WE can
estimate the

>"°“‘m e permeability in the
e formation and the
] | caprock.

Tt imposed » Relate ki, to the
' PressUre response.

upper formation

intermediary caprock

Can we detect k., from a pressure signal?

relative arrorin k&,
W

o Simulated response cunves: have chiaracteristic shape
» Error ininstrument accuracy: leads to) error in estimating k
* Fracture pressures limit strengths ofi the pressure signal

well

Critically leaky wells are detectable

Geological Storage of Carbon Dioxide: Models
and Parameters



Broader Numerical Framework

Vertically-averaged eguations in aquifers, coupled by
leakage in the vertical direction (along wells and through
the caprock).

Numerical solution for injection and migration through
aguifers.

Embedded analytical solutions for flow through wells.

Non-uriforrn geology:

Sloping formations

Structural features

M0

Abandoned wells
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Selecting Sites for
Geological
Sequestration:
Wellbore Integrity and
Other Criteria

EPA CO,
Geosequestration Workshop
on Well Construction and
Mechanical Integrity Testing

March 14, 2007

Jason Heath and Brian McPherson
Southwest Regional Partnership on Carbon Sequestration

N=TL

The Southwest Carbon
Sequestration Partnership

In all partner states:
* major universities

* geologic survey

« other state agencies

as well as

» Western Governors Association
« five major utilities

* seven energy companies

« three federal agencies

« the Navajo Nation

* many other critical partners

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria




Southwest Portfolio

MRCSP

- MGSC
SECARB
- SWRP
- WESTCARB
- Big Sky
- PCOR
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N U
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. Terrestrial

Southwest
CO, Sources

« electrical power plants
« cement & other plants
« urban centers

e non-point sources

Total regional point
source emissions

~
~108 t/yr Figure compliments
of Rick Allis, UGS
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Key Aspect for Site Selection:
Identify Best Sink for the Source

For example, in the
Southwest project, our
first tasks were:

e Characterized region’s
sources and sinks

* |dentified best options by
tying sources to sinks

* Outcome: In Southwest,
“first opportunities” lie along
existing CO, pipelines

Regional — Pilot — Full-Scale
Characterization Demos Deployment

Site Selection
Concept:
“String of Pearls”

Ongoing pilot
demonstrations will test
short-term strategy:

' sequester along
pipelines

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria



What is a good approach for
selecting a site for
commercial-scale geologic
sequestration?

Sequestration Site
Selection Depends
on some important
practical issues:

* site ownership

* details of liability
for site

|
~ |Anadarko _|
o | Basin

* details of
regulatory

requirements e
associated with site Vs
Major basins (CO sinks) S /\7
- capability for long- s ‘L\\ e
term monitoring at —— \
the site
@ Matural CO, sources }

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria



Sequestration Site
Selection Depends
on some critical
technical issues:

e proximity to high-
capacity storage
reservoirs

e proximity to
existing pipelines

e proximity to
transmission lines
or railroads (e.g., for
right-of-way)

« low-risk geology,

Basin

Major basins (CO; sinks)

s GO Pipeline infrastructure

| River

Wind River

COLORD Qg Sords
Sprinp

|Powder

Basin

—

EBRASKA

o s o

e Benver

(oww Basin |
i

criterion:

* Well Integrity

Basin

Major basins (CO; sinks)
s GO Pipeline infrastructure

ﬁ' Proposed pilot test

@ Natural CO; sources

COLORD Qg Sords
Sprinp

e.g., deep, thick Y Proposed pilt test b
seals, no faults, etc. @ Naturai GOy sources "-zL
I
B | Powder
| 5 | River
Wind River ~ Basin
Another S

5} — & o

e Denver

(oww Basin |
i

OKLAHOM
Anadarko =
Basin
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Example: Well integrity
analysis at the SWP Phase Il
test site, the Aneth Unit in
southern Utah

Greater Aneth Oil Field: History

| Greater Aneth QOil Field
(| _| » Long history of oil field
' operations since 1956
| | » Secondary recovery by
/| injection of produced water
|— and “make-up” water from
the alluvial aquifer

» Kimball (1992)
hypothesized that oil field
operations have caused
high salinity in the Navajo

GREATER ANETH Aquifer

» High salinity in the aquifer
iS @ major concern

» However, high salinity was

. rt documented in some wells
e prior to oil company
Shapefiles from Utah AGRC and the operatlons In the fleld
Utah Geologic Survey (Spangler et al., 1996)

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria
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Aneth Unit Oil Field: The New Pilot

Aneth Unit will be flooded with
CO, this June

.

Shapefiles from Utah AGRC and the
Utah Geologic Survey

Concern: will CO, leak from
the target reservoir (e.g., to
adjacent reservoirs) and
how may this be monitored
effectively?

Easiest way to address this
guestion: measure salinity,
which may be a tracer for
leaky wells in the system

Impacts of leakage: monitor
groundwater chemistry

. ‘SYSTEM FORMATION
MORRISON  FM.

=

WINGATE S8

JURASSIC

GHINLE M.

1,000 < < CHELLY >

CUTLER  FM [ as0

PERMIAN

000

A PENNSYLVANIAN

Stratigraphy

The USGS (Spangler et al., 1996)
found a correlation between the
Cutler Formation water and the high
salinity in the Navajo Sandstone

West

East

Honaker Trail Formation ‘__‘_______-—
= Ismay
= c
= o 5 Desert Creak*
- =1
= 2 'i ] P
| so | 5E Akah
gl = (=2
g Barker Creek
-5

Pinkerton Trall Formation

Molas Formation

g W
= Leadville Limestone

*Reservoir Unit at Greater Aneth field

(Peterson, 1992; Chidsey and Wakefield, 2006)
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Well Construction: Potential Effects on Pilot Test

EPA’s (Jim Walker) work on well integrity
USEPA Region IX Ground Water Office

Quotes are from a recent memorandum from EPA (Walker)

Well construction details from:
» Texaco Exploration & Production, Inc.
* EPA Region IX Navajo injection well database
» Bureau of Land Management well files
« Utah Oil and Gas Information Center website
* USGS Report 96-4155 (Spangler et al., 1996)

Well Construction: Potential Effects on Pilot Test

Definition of construction deficiencies:

Some wells possess “insufficient casing and cementing to isolate the
Navajo aquifer from the Upper Paleozoic saline aquifer, such as the De
Chelly sandstone in the Cutler formation...”

Completion information:

“Many of the early wells drilled in the Aneth Field were completed with
insufficient surface or intermediate casing to entirely cover the Navajo
aquifer, which includes the Entrada, Navajo, and Wingate Sandstone.”

“...the long string casing/wellbore annulus was usually filled only with
sufficient cement to cover the Paradox formation... No cement was
placed in the annulus of those wells at the Upper Paleozoic and Navajo
aquifer intervals.”

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria



Well Construction: Potential Effects on Pilot Test

Potential impact of construction o forsTen Jromumion
deficiencies: I il -

@ 1000 e

g NAVAJO S8 >
Construction deficiencies could o owaare s
“provide a potential pathway for fluid P
migration between aquifers where . ——
there exists a differential in hydraulic K .

CUTLER  FM [ as0

head between aquifers.”

PERMIAN

“Because the De Chelly aquifer
hydraulic head exceeds the Navajo
aquifer head in much of the Aneth toso ]
Field area, saline water from the De
Chelly Aquifer could potentially

# PENNSYLVANIAN

IPPAN  [LEADVILLE LS.

migrate upward into the Navajo aquifer oo o ST
through the partially cemented M e
wellbores.” e e

Well Construction: Potential Effects on Pilot Test

Analysis of well construction deficiencies used the following:
* Calculation of the top of the cement

» Temperature logs or cement bond logs

* Information on the depth of surface or intermediate casing

These were used to look for potential communication from the
Upper Paleozoic to the Navajo Sandstone.

Now let’s visually inspect the data. Note that the information
provided is for injection wells. EPA (Walker) is currently
compiling well construction information for production wells
and abandoned wells.

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria



Well Construction: Potential Effects on Pilot Test
)
Phass |l Pilot 1998
Phase IV
0 05 1 2 Miles

= Phase Boundaries IS S |
[ Aneth unit ’Nk
:ITownship

Well Construction: Potential Effects on Pilot Test

= Qil wells in Aneth Unit o s 2 Miles ’x

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria
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Well Construction: Potential Effects on Pilot Test

+« \Wells Investigated by the EPA oS

2 Miles ’k

Well Construction: Potential Effects on Pilot Test

& Morstoring Wel CI135E
® Wells Investigated by the EPA
Land Use
NAMES
BLM
BLMPOWER WITHDRAWAL & CLASS.
HATIONAL PARKSMONUMENTSHISTORIC 5

MATIVE AMERICAN RESERVATIONS.
NATIVE AMERICANPOWER WITHORAWAL
PRIVATE

PRIVATE/POWER WITHDRAWAL & CLASS

[ sTATE

TRIBAL

05 1 2 Miles }
{1 N TN W I O

N
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Well Construction: Potential Effects on Pilot Test

* EPAWells - Navajo Vulnerable o: ms . 2Miles ’k
*  Monitoring Well C313SE

Well Construction: Potential Effects on Pilot Test

How “risky” for CO, migration are the wells that are
vulnerable to communication between the Upper Paleozoic
Aquifer and the Navajo Aquifer?

We think that the integrity and reactivity of the cement
at/above/below the target reservoir (e.g., at the Paradox
Formation in this case) is very important.

If CO, can leak through these “vulnerable” cement zones
(e.g., the Paradox Formation here), then superjacent
groundwater reservoirs may be impacted. Well cements
must be sampled and characterized, and the conditions
recorded and implemented in associated reservoir models
for quantifying potential risk.

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria




General Summary

Sequestration site selection depends on both practical and
technical issues:

* site ownership

* details of liability for site

* regulatory requirements associated with site

 capability for long-term monitoring at the site

* proximity to high-capacity storage reservoirs

* proximity to existing pipelines

e proximity to transmission lines or railroads (e.g., for right-

of-way)

* low-risk geology, e.g., deep, thick seals, no faults, etc.

» well integrity screening:
* How “risky” is a system that is vulnerable to
interformational migration of fluids above an oil reservoir
that is cased and cemented?

Mechanical Integrity Testing

Notes about mechanical integrity testing:

The current portfolio of Regional Partnership pilot tests are
small enough, in terms of injection rates, that special
mechanical integrity testing is not necessary. Only “routine”
mechanical testing is being done for these tests.

For Phase lll, which will involve injection of over 1,000,000
tons/year in relatively few wells, plans are in place to include
in situ tiltmeters and strain gauges (San Juan Basin). Water
injection pressure transient tests will be carried out prior to
CO, injection to characterize state-of-stress and response.

Selecting Sites for Geological Sequestration:
Wellbore Integrity and Other Criteria



API Activity on CO, Well Construction-Integrity
and CO, Capture and Geo-sequestration

Co-authors: R. Sweatman, S. Crookshank. M. Parker, S. Meadows, K Ritter; B-Beéllinger
Presented at iy
EPA CO, Geosequestration Workshop on Well Construction and Mechanical Integrity Testin
Albuquerque, New Mexico !
14 March, 2007
Organized by:

API History and Mission

1919: API founded as national trade association
for US oil and gas industry

APl is only US trade association representing all
segments of oil and gas industry -

API represents industry before government,’
develops standards, and conducts resea"[c\

Bl

Certification Program for ISO 14001 on
Environmental Management System

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



API| Standards Process

* The Process is
— Open

— Transparent e
— Consensus-based 1
APl is an American National Standards Ilf.is it
(ANSI) accredited Standards Developing“i‘
Organization : a
rl

CCS Work Group - Mike Parker, ExxonMobil
» Upstream Environmental (Water) & Production EXperts
» Studying CO, Enhanced Oil Recovery Practices

» Working on a Report of Industry Experiences

Produced ol or gas
B injecied GO,
EEECISEN Stored CO,
Geological Storage Options E
1 Depleted il and gas reservairs
2 Use of CO, in enhanced oil and gas recovery

3 Deep saline formations — (a) offshore (b) onshore
4 Use of CO, in enhanced coal bed methane recovery

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



Guidelines for Emission Reductions from CCS Projects
— Frede Cappelen, Statoil
— Joint API/IPIECA Project
— GHG Inventory Experts and CCS Experts
— May, 2007

Schematic diagram of possible CCS systems

API/IPIECA CCS Project Emission Reductions

Common issues
— Boundary e
— Baseline : } )
— Additionality | s
— Methodology
— Monitoring

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



API/IPIECA Project Guidance Objectives

* Provide guidelines on identifying, assessing, and
developing candidate projects that would lead to
credible emission reductions X

Develop a framework for assessing emission s
reductions associated with specific project
“families”, including references to relevanty
methodologies or guidance

* Requires the application of oil mdustryé‘

» Guidance to be regime neutral

Example Monitoring Techniques
» Tailored to site specific characteristics

» Provide data to update modeling & risk.assessment

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



API RP 90 Committee - Phil Smith, Shell
Annular Casing Pressure Management for Ofishore Wells

- Well Planning & Design (refers to API RP-65 forbarriers
* Pressure Containment Design Considerations
» Maximum Allowable Wellhead Operating Pressure
« Detection and Monitoring of SCP and TCP. -
» Diagnostic Testing 1
> Determines Severity & Need for Remediatic
> SCP Pathways & Source Zones (morein RP;
» Well Barriers and Barrier Elements

 Casing Integrity Pressure Testing 1{ i
» Record Keeping = B
|

* Risk Analysis Considerations

RP 65 Task Group - Ron Sweatman, Halliburton

Drilling, Production and Other Experts such as Regulators, Academia
Studying Well Casing Pressure Prevention and Remediation‘Practices
Recommended Practices intended for US Federal Regulations
RP 65-2 (relevant for preventing CO, leaks during well eenstruction)

— Pressure Barrier and other Related Well Construction"Practices

— Passed letter ballot Feb’07 with comments to resolve '
RP 65-3 (includes prevention and remediation of CO; leaks)

— Pressure Barrier Practices for Well Injection, Production and Aba
— Started last year and expect publication in'late 2008 or200|9|f.| '

Potential Escape Mechanisms

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



leak

Mu? cake leaks Casing SCP So u rces

WeII—head leak

Tensile cracks in cement
caused by temperature
& pressure cycles

Low pressure sand

High pressure sand/y B i Y =
Underground blowout S : : y >
= I E- g A P

Channel caused by flow
after cementlng

Figure from “A Review
of Sustained Casing
Pressure (SCP)
Occurring on the OCS”
by Bourgoyne et al

i) Micro-annulus caused 3 -
(March 2000) \Harper - KDHE

by casing contraction

RP 65-3 Scope and Objective

Title: “Practices to Prevent or Remediate Annular Casing Pressure"

Scope & Objective: y

Communicate proven practices to prevent, detect; dlagnose and
remediate annular casing pressure (ACP) during well'construction,
production, injection, & abandonment: '

> Sustained Casing Pressure (SCP) by formation or |nje
(hydrocarbons, CO,, H,S, H,O, brine, etc.) R

)

» Thermal induced ACP (TIACP) caused by trapped f|UI
inside or near the wellbore

Include other practices that may: |

a) Positively or negatively affect pressure barriers
b) Help avoid or vent TIACP —
¢) Increase or decrease the occurrence of SCP and TIA

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



RP 65-3 Draft Outline

Preventive Practices for Sustained Well Integrity.
* Well Planning & Design
> Avoiding & Venting Annular Pressure fraps
> Pressure Barrier Selection & Design
» Corrosion Prevention Methods to Maintain:Integrity
Detection & Diagnostics During Well Construction
» Find & Record SCP Source Zones
» Unexpected Annular Pressure Traps (low TOC, etc.)
Mechanical Barriers (sealing devices & tubulars)
Cementing Barriers (primary & secondary apphcatlons)
Formation Barriers Near the Wellbore —
> Unplanned Casing Seats Across Weak Zones = |
» Unexpected Pore Pressures Higher Than Shoe ei
> Borehole Integrity Strengthening Methods
Chemical Sealant Barriers
» SCP Source Zone Permeability Barriers
» Annular Chemical Packers

Preventive Practices (cont’d)
* Well Integrity Verification Evaluation and Testing
> Types of Tests: Casing & Shoe, Liner Lap, Packer, etc:
» Positive vs. Negative Pressure Tests
» Casing Pressure Tests Just After Cementing
» Cement Evaluation Logs (Refer to API 10TR1)

Remedial Well Integrity Practices
* ACP Detection & Diagnostics (Expand RP 90 Sections)
» Logging Methods to Identify SCP Flow Paths
Casing/Liner Caliper & Inspection Logs
Gauge Ring Tests
Straddle Packer Pressure Tests
Downhole Cameras
Pressure & Temperature Monitoring by Permanent Downho
»> Others (Preventive Practices above) ]
Well Integrity Monitoring After Abandonment h
Annular SCP Flow Path Sealing Methods and Materlals
Rock Barriers (Sealing Methods for Permeability, Fissures, Fractures,
Cementing Barriers (Squeeze & Plug Cementing)
Casing/Liner Pipe Repair Methods and Materials

API Activity on CO2 Well Construction-Integrity
and CO2 Capture and Geo-sequestration



RP 65-3 Appendices:
Background: API activity on SCP and TIACP
Case histories, studies & statistics .
Lessons Learned

Underground storage history: Acid gas,’

natural gas, brines, etc.

CO, injection well applications: m|SC|bIe"
|mm|SC|bIe pressure for EOR, EGR, ECB

References
Definitions
Etc.

RP 65 Study - Example of Remediation
System Overview of CARS

o L
HOSE REEL
CONTROL (;\
PLWP i
St [ u |

|||||
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Questions, Comments, and
New Members are Welcome
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and CO2 Capture and Geo-sequestration



UIC Program Class | and I
EPA Construction and MIT
Requirements

Federal Requirements for Construction (1)

Class | Nonhazardous New Class Il

Casing and e« prevent fluid * prevent fluid

Cement movement into USDWs  movement into USDWs
?’(‘ « designed for well’s life «designed for well’s life
Rel expectancy expectancy
—

Packer e required unless a fluid < not required

i seal is approved
« designed for expected
service

Well Factors to Consider Factors to Consider
Materials e injection pressure, e internal, external, and
and fluid, and rate injection pressure
Cementing °témperature « axial loading
» well depth * well and USDW depth
e annular pressure e formation fluid and
lithology

UIC Program Class | and Il EPA
Construction and MIT Requirements



Federal Requirements for Construction (2)

Class | Nonhazardous

Logs and e deviation checks
Tests e other appropriate logs
and tests i.e., SP,
W g‘ resistivity, caliper,
i

CBL, temperature,
porosity, GR

Injection e« pressure and
Formation temperature

Info « fracture pressure
» fluid properties
* matrix properties

New Class Il

e deviation checks

* other appropriate logs
and tests i.e., SP,
resistivity, caliper,
CBL, temperature,
porosity, GR

* pressure

» estimated fracture
pressure

e injection zone
properties

Base of Lowermost USDUE

WELLBORE SCHEMATIC

Legend

Cement

Confining Zone

Injection Zons

J Injection Intensal

UIC Program Class | and Il EPA
Construction and MIT Requirements




Federal Requirements for
Mechanical Integrity Testing (MIT)

Class | Nonhazardous New Class Il

MIT Part 1 Initial pressure test Initial pressure test

UriEiie) 1) monitor annulus 1) monitor annulus
n pressure pressure
(148
2) pressure test every 2) pressure test every
5 years 5 years
MIT Part 2 temperature, noise e temperature, noise

(external) ~ or other approved or other approved
e log every 5 years log every 5 years

* adequate cement
records

Safe Drinking Water Act
Section 1422 vs. 14257

e Section 1422 delegation requires
equivalent or more stringent regulation

« Section 1425 allows a state agency
related to oil and gas injection activity
to make an alternative demonstration
which requires “an effective program”
to prevent endangerment of USDWs

UIC Program Class | and Il EPA
Construction and MIT Requirements
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