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1.1. ACKNOWLEDGEMENTS AND SCOPE

1.1.1. ACKNOWLEDGEMENTS AND DISCLAIMER

This Industry Recommended Practice (IRP) is a set of best practices and guidelines,
compiled by knowledgeable and experienced industry and government per sonnel and is
intended to provide the operator with advice regarding Drilling Critical Sour Wells

The IRP was developed under the auspices of the Drilling and Completions Committee

(DACC).

DACC is a joint industry/government committee established to devel op safe, efficient , and
environmentally suitable operating practices for the Canadian oil and gas industry in the

areas of drilling, completions and servicing of wells. The primary effort is the development

of IRP's with priority given to:

f development of new IRPs where non -existent procedures result in issues because of
inconsistent operating practices;

I review and revision of outdated IRPs particularly where new technology requires new
operating procedures; and

' provide general support to foster development of non -IRP industry operating
practices that have current application to a limited number of stakeholders.

IRP FLEXIBILITY

The recommendations set out in this IRP are meant to allow flexibility and must be used in
conjunction with competent technical judg ement. It remains the responsibility of the user
of the IRP to judge its suitability for a particular application.

Throughout this IRP the terms "shall", "must" or "will"* are used to indicate firm
recommendations. However, acceptable alternatives may be considered provided:

T itis clearly indicated in the planning documentation what recommendations have
been modified,;

{ the alternative provides an equivalent degree of safety and technical integrity; and

I the alternative is reviewed and endorsed by a "qualifie d technical expert" see IRP
1.3.1 Project Approval

LEGISLATION

If there is any inconsistency or conflict between any of the recommended practices

contained in the IRP and the applicable legislative requirement, the legislative requirement
shall prevail.
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ACCURACY AND DISCLAIMER

Every effort has been made to ensure the accuracy and reliability of the data and
recommendations contained in the IRP.

However DACC, its subcommittees, and individual contributors make no rep resentation,
warranty, or guarantee in connection with the publication or the contents of any IRP
recommendation and hereby disclaim liability of responsibility for loss or damage resulting

from the use of this IRP, or for any violation of any legislative requirements.
SANCTION
The following organizations have sanctioned (sanction = review and support of the IRP as a
compilation of best practices) this document:

 Alberta Employment, Immigration , and Industry

I British Columbia Oil and Gas Commission

' British Co lumbia Workers Compensation Board (WorkSafeBC)

 Canadian Association of Oilwell Drilling Contractors

{ Canadian Association of Petroleum Producers

 Energy Resources Conservation Board (formerly AEUB)

T International Intervention and Coil Tubing Association (Cana da)

f Manitoba Energy and Mines

{ National Energy Board

f NWTand Nunavut Wor ker sd Compensation Board

{ Petroleum Services Association of Canada

{ Saskatchewan Industry and Resources

Y Saskatchewan Labour

{ Small Explorers and Producers Association of Canada

ARP REVIEW SuB-COMMITTEE

A sub -committee of DACC made up of knowledgeable and experienced industry and
government personnel developed this IRP.

Many others also contributed to specific sections of the IRP. While the list is not complete,
the following individuals are recognized for their significant contributions
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IRP 1 Review Sub T Committee
Name Company Organization
Represented

Richard Corvari Gulf CAPP
Dennis High BP CAPP
Mike MacKinnon Husky Oil CAPP
Mike Read (Chair) Shell CAPP
Drew Taylor Chevron CAPP
John Mayall Alberta Energy Utilities Board
Warren Randall Nabors Drilling CAODC
Lorne Thompson Akita Drilling CAODC
Darwin Hartley Precision Drilling CAODC
Bob Cunningham PSC
Dick Bissett Bissett Resource Consultants PSAC

Chris Knoechel

National Energ y Board

Other Contributors

Name Company Organization
Represented
Miles Sweep Chevron CAPP
Rick Kirkpatrick Weatherford PSAC
Miguel Stevens Weatherford PSAC
Jean-Paul Saulnier Energy Rentals PSAC
Ramsey Kostandi Talisman Energy CAPP
Karol Szklarz Shell CAPP
Glenn Brown Grant Pridco PSAC
Ed Murphy Grant Pridco PSAC
Scott Biluk Energy Rentals PSAC
Dan Belczewski Bissett Resource Consultants PSAC
Malcolm Hay Shell CAPP
Jerry Thomson Summit Tubulars PSAC
Bruce Williams Triumph Tubulars PSAC
Ron | singer Precision Drilling CAODC
Darwin Hartley Precision Drilling CAODC
Glen Rabby Hi-Kalibre Equipment PSAC
Dick Molner Baroid Drilling Fluids PSAC
Jim Masikewich Newpark Drilling Fluids PSAC
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1.1.2. SCOPE
Goal
The goal of this IRP is to provide a set of b est practices that will prevent a blowout while

drilling a critical sour well.
Application

This IRP applies to overbalanced drilling of high H 2S (sour) wells using jointed drill strings
on conventional drilling or modified service rigs.

It comprises a set  of equipment specifications, practices and procedures to address sour
drilling issues.

Critical Sour
Critical sour refers to wells where the formation fluids are expected to contain hydrogen
sulphide (H,S) in sufficient quantities such that the potential r elease during a blowout would

have significant impact on the public (either high release rate or close proximity to the
public).

Critical sour or the equivalent designation is usually explicitly specified by the applicable
jurisdictional regulation, such a sin Alberta Directive 056: Energy Development Applications and
Schedules.

Good Drilling Practice s

This IRP is meant to supplement the normal good drilling practices ap plied by competent
operators and as required by governmental regulations and guidelines.

It is not meant to be a complete compilation of, or replace, good drilling practices; the focus
is on sour drilling issues only.

Competent and Experienced Drilling Per sonnel

This IRP is meant to be a tool for competent, experienced , and knowledgeable drilling
personnel.

It is not meant to be used by inexperienced personnel; it makes no attempt to go into
enough detail to train inexperienced personnel.

Further discussio n of the experience and competencies expected are given in Sections 1.3
Planning and 1.13 Wellsite Personnel

Underbalanced Drilling
This IRP applies to overbalanced drilling only.

For underbalanced drilling, consult IRP 6 : Critical Sour Underbalanced Drilling.

Coil Tubing Drilling
This IRP applies to jointed pipe drillstring drilling only.
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For drilling with continuous tubing (coil tubing), consul t IRP 21: Coil Tubing Operations
currently under development. In the absence of IRP 21 consult IRP 6 : Critical Sour
Underbalanced Drilling.

1.1.3. CONTENTS
The following table briefly describes the contents of each section of the IRP.

A more detailed discussion is given in the Scope subsection at the start of each section.

1 Recognizes the organizations and individu als who developed
1.1 Acknowledgement this IRP.
and Scope 1 States the disclaimers associated with the IRP
1 Describes the scope, contents, format , and history of the
IRP

Organization represented

= =

Outlines a hazard assessment that was conducted that
1.2 Hazard Assessment confirms that all the hazards that could potentially lead to a
blowout have been addressed

1 Describes the planning and review practices that should be

1.3 Planning conducted
91 Describes the design and material specification for sour
1.4 Casing Design and casing
Metallurgy

1  Describes the equipment specifications for a sour BOP stack
1.5 Blowout Preventer
Stack

1  Describes the equipment specifications for a sour choke
1.6 Choke Manifold manifold

91 Describes the equipment specifications for sour open bottom
1.7 Mud Gas Separators and enclosed mud -gas separators.

1 Describes the design and material specification for sour,

1.8 Drill String Design jointed drill strings.
and Metallurgy 1 Describes the specifications for current, not fully sour
service drill strings.

1 Describes the specificati  on for new, fully sour service drill
strings.

1 Sets the expectation that after Jan 1, 2002, all new drill
strings for critical sour wells will be manufacture to the full
sour service specifications and that by Jan 1, 2010, only the
full sour service drill  strings will be acceptable on critical sour
wells.

1 Describes the welding guidelines for sour service equipment

1.9 Welding

1  Describes the drilling fluid density, H 2S scavenging,
1.10 Drilling Fluids rheological , and acidity requirements.
Outlines additional equipment and practices

= =

Describes the equipment specifications and practices
1.11 Kick Detection required for kick detection equipment

1 Describes the unique safety personnel and equipment
1.12 Wellsite Safety required for a critical sour well

January 200 8


http://www.enform.ca/319
http://www.enform.ca/304
http://www.enform.ca/304

Critical Sour Drilling

requirements, and minimum qualification for wellsite
personnel.
1  Describes the enhanced practices or restrictions that should

1.13 Wellsite Personnel

1 Describes the responsibilities, level of supervisi on, crew

1.14 Practices be applied to critical sour wells

1.1.4. HISTORY
ARP 1, 1987

ARP 1 Drilling Cri tical Sour Wells was developed in the mid 1980's in response to the
findings of the Lodgepole Blowout Inquiry Panel (ERCB Decision Report 84 -9).

The topics covered by ARP 1 were selected by the Blowout Prevention Review Committee
based on the findings of ~ the panel and general industry best practices of the day.

ARP 1 Critical Sour Well Drilling was published in 1987.
ARP 1 Review, 1993

DACC considered revising ARP 1 in 1993 but after a preliminary review, it was felt that there
were no significant revision s required.

It should be noted that ARP 1 has proven very successful since there have been no blowouts

on any well drilling following ARP 1 (to the best knowledge of the ARP 1 Review Committee)
IRP 1, 2002
DACC again considered revising ARP 1 in 1999 and i t was felt that there had been enough

improvements in practices that a more rigorous review and revision was worthwhile.

The ARP 1 Review Committee was established in late 1999 to review and revise the existing
ARP 1.

The committee finished its work and the revised IRP was sanctioned in January, 2002
ARP vs. IRP

To facilitate comparing the revisions to the original ARP, the following Table 1.1.5.1 ARP 1
vs. IRP 1 summarizes the sections in ARP and the corresponding section in IRP 1.

Table 1.1.5.1 ARP 1 vs .IRP 1
ARP (1987) IRP (2001)
ARP 1.0 Scope and Contents IRP 1.1 Acknowledgement, Scope &
Introduction
IRP 1.2 Hazard Assessment & Blowout Look
Back
ARP 2.2 Blowout Preventer Stack IRP 1.5 Blowout Preventer Stack
ARP 1.2 Drill Pipe Design And Meta  llurgy IRP 1.8 Drill String design And Metallurgy
ARP 1.3 Mud 7 Gas Separators IRP 1.7 Mud 7 Gas Separators
ARP 1.4 Choke Manifolds IRP 1.6 Choke Manifold
ARP 1.5 Auxiliary Equipment IRP 1.8 Drill String Design And Metallurgy
ARP 1.6 Sour Service Casi ng IRP 1.4 Casing Design And Metallurgy
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ARP (1987) IRP (2001)
ARP 1.7 Mud System Design IRP 1.10 Drilling Fluids
ARP 1.8 Kick Detection IRP 1.11 Kick Detection Equipment
ARP 1.9 H,S Detection IRP 1.11 Kick Detection Equipment
ARP 1.10 H,S Monitoring IRP 1.12 Wellsite Safety
ARP 1.11 Rig Inspection IRP 1.14 Practices
ARP 1.12 Wellsite Supervision IRP 1.13 Wellsite Personnel
ARP 1.13 Information Exchange IRP 1.3 Planning
ARP 1.14 Human Factors IRP 1.13 Wellsite Personnel
ARP 1.15 Welding Guidelines IRP 1.9 Welding
IRP 1, 2004
During 2002 and 2004 some minor editing, technical corrections to Section 1.4 Casing

Design and Metallurgy  and technical corrections to Section 1.9 Welding  were identified.

Small task groups addressed the issues, IRP 1 was revised in late 2003 and sanction by
DACC in January 2004

The revisions are summarized in Section 1.1. 6 2003 Revisions.

IRP Volume 1, 2004

Document was revised with the new IRP s tyle guide and released for industry review.
Comments received  were not substantive to warrant a review. Document will be reviewed in
2010 if necessary.

1.1.5. REvViEwW PROCESS
DACC IRP Review Process

The sanctioned IRP will have a scheduled review date. Enform wil | track this date and bring
it to DACCb6s attention when required. At the schedul ed
asked if a review is necessary (i.e., change in scope, purpose, technology, practices, etc.).

If at a scheduled review a scope change is ne cessary, the change must be approved by
DACC. If areview is deemed necessary, a new IRP Subcommittee will be created, and the
steps of the IRP Development Process followed. If a review is determined not to be

necessary, the document will be copyedited by Enform (links, legislative references, etc.)
and republished with a new review date.

Notwithstanding , the scheduled review date , a DACC member organization , may request a
review of a sanctioned IRP at anytime. To initiate an unscheduled review of a sanctio ned
IRP, a DACC member organization representative must present a completed IRP Proposal,

as described in this document, at a scheduled DACC meeting for consideration.

IRP 1 Review Frequency
DACC will formally review the need to revise IRP 1 every two year s.

However, should a DACC member organization request, and with DACC approval, IRP 1
could be reviewed more frequently.
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1.1.6.

2003 REVISIONS

Editing and Typos

During the use of IRP 1 through 2002 and, 2003, a few editing and typographical errors
were noted and r  evised.

1.4 Casing Design and Metallurgy

In 2003 a small task group revised this section; the task group consisted of:

o Malcolm Hay, Shell Canada Ltd

o Dan Belczewski, Bissett Resource Consultants Ltd

The following revisions were made to Section 1.4 Casing De sign and Metallurgy
Table 1.4.7.1
 L80 type 1 column, Manganese line: Add a ( %) beside 1.20; (i.e.,changeto 1.20 ?)
f C90 type 1 column, Carbon line: typographical error, (i.e.,change t0 0.32 )
f T95 type 1 column, Carbon line: Add a ( %) beside 0.30; (i.e., ¢ hangeto 0.30 3)
{ At the bottom of the table, below

o ! Not normally added to this grade: Add:

0 2 Manganese may be increased to 1.40 % maximum if the sulfur is 0.005 %
maximum.

o 3 Carbon may be increased to 0.35 % maximum and Phosphorus may be
increased to 0.01 5 % maximum if the molybdenum is 0.50 % minimum.

Clause 1.4. 11.1

{ Fourth paragraph : Change to read as follows:
SSC testing of casing and couplings for critical sour gas service sh all be performed in
solution A.

Clause1.4.1 5.1

Add extra bullets above the ex isting bullets:

1

1)
2)

The following outlines the HIC testing requirements for J55 and K55 casing and
couplings.

There are two protocaols:
Testing of all casing and couplings as outlined below.

Pre-qualification of the manufacturer and subsequent testing of select ed casing and
couplings at the discretion of the purchaser/user. The protocol used for

manufacturer pre  -qualification (for acceptable SSC resistance) given in clause

1.4.11.1, and the same testing procedure and acceptance criteria as outlined below

shall be followed.
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I HIC testing is not required on a heat by heat (order) basis if the manuf acturer has
been pre -qualified.

Table 1.8.6.3

A Under Grade Maximum Average T column SS105 change 27.0 to 28.0
1.9 Welding

In 2003, section IRP 1.9 Welding was iden tified as in need of revision.

A small task group revised the section, please review the whole section.
The task group consisted of:

 Chris Chan, ABB Vetco Gray Canada Inc. (leader)

f Malcolm Hay, Shell Canada Ltd

Y Dan Belczewski, Bissett Resource Consultants Ltd
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1.2. HAZARD ASSESSMENT

1.2.1. SCOPE

ARP 1 Drilling Critical Sour Wells was developed in the mid 1980's in response to the

findings of the Lodgepole Blowout Inquiry Panel (ERCB Decision Report 84 -9).

The topics covered by ARP 1 were selected by the Blowout Prevention Revi ew Committee

based on the findings of the panel and general industry best practices of the day. However,
a rigorous, formal hazard assessment was not conducted.

In preparing the revised IRP 1, a hazard assessment was ¢ onducted in order to:

 confirm all haza rds that could potentially lead to a blowout on a critical sour well
have been identified

{ these hazards have been addressed in this revised IRP.

The hazard assessment was conducted using well - established methodologies as described in
ISO 17776 :2000 i P e teurmoand Natural Gas Industries - Offshore Production Installations -
Guidelines on Tool and Techniques for Hazard I dentific

Generally the majority of hazards had been addressed in ARP 1. The revised IRP 1 has
added a few enhanc ements, most notably in 1.3 Planning and 1.14 Practices , to address
those few that are not covered in ARP 1.

With these enhancements, IRP 1 provides best practices that address all the hazards
identified in the hazard assessment.

1.2.2. HAZARD ASSESSMENT

The hazard assessment was conducted using well -established methodologies as described in

ISO 17776 2000 M Petr ol eum and Nat ur -adffsh@aRroductiod Installationse s -
GuidelinesonToola nd Techniques for Hazard I dentification and

The process steps used were:

{ Hazard (Threat) Identification: identified all significant hazards (threats) associated
with the drilling of a critical sour well that could lead to a blowout;

Y Hazard Control Identification: for each threat, one or several hazard controls were
identified which would prevent the threat from escalating to a blowout; and

f IRP 1 Control Review: for each required control, the appropriate section in IRP 1 was
identified.

This review identified a few minor areas that the draft IRP 1 had not addressed (e.g. , fishing
operations). Appropriate enhancements to the IRP were made

In the view of the ARP 1 Review Committee, the practices outlined in IRP 1 adequately
provide the appr opriate controls to address all the threats identified.
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The whole process and the results are outlined graphically using the "bowtie" protocol at the
end of this section.
1.2.3. THE BLOWOUT SEQUENCE

Blowouts do not happen instantaneously, a sequence of events mu st take place before a
release can occur.

Firstly, formation fluids must enter the wellbore. Normally the drilling fluid hydrostatic
pressure keeps formation fluids from entering the wellbore.

There are, however, several "threats" (see 1.2. 4: Hazards / Threats ) that, if not controlled
(see 1.2. 5 Controls / IRP Reference ), could allow formation fluids to enter the wellbore.

Once the formation fluid entkick 8, t Wwentrdveglipmeénbancde, cal | ed a
procedures are used to control and safely d ispose of the formation fluid.

If there is a malfunction of the well control equipment, or an error in procedures, an
uncontrolled release can occur. If control can quickly be regained using the existing
redundantback -up equi pment on | ocation, blbvhe. rel ease is calle

Blow (as defined by ERCB Directive 056: Energy Development Applications and Schedules) - The
uncontrolled flow of wellbore fluids to the atmosphere. The flow can be shut in with the

wellhead valve or blowout prev ention equipment, or it can be directed to the flare system if

the well cannot be shut in indefinitely without exceeding maximum allowable casing

pressure (MACP).

If there is a major failure of well control equipment or practices, a full uncontrolled relea se
can occur, called a blowout.

Blowout (as defined by =~ ERCB Directive 056: Energy Development Applications and Schedules) - The
complete loss of control of the flow of fluids from a well to the atmosphere or the flow of

fluids from one underground reservoir to another (an underground blowout). Wel Ibore

fluids are released uncontrolled at or near the wellbore. Well control can only be regained by

installing or replacing equipment to shut in or kill the well or by drilling a relief well.

Figure 1: G eneral Failure Sequence

Backup
Hazard / Control |e  KICK Well BLOW well
Threat Control

Control

Blowout
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1.2.4. HAzARDS / THREATS

The follo wing hazards ( threats ) were identified as the potential causes of a blowout while
drilling a critical sour well.

These threats can also have escalation factors, , which could increase the hazard.

The following threats and escalation factors were identified:

1. Insufficient mud weight to control reservoir pressure
2. Drilling into unexpected high pressure formation
3. Loss of circulation or returns resulting in loss of hydrostatic head

3E1. Losses prior to tripping
3E2. Plugging drill pipe with lost circula tion material
4, Improper tripping practices:

f 4E1. Swabbing / surging while tripping

=a

4E2. improper hole fill  -up

5. Non "drilling" operations:

DST ( not allowed in the critical sour zone)
Coring

Logging

Fishing

Running and cementing casing

= =4 =2 =4 -4 -4

5E1. Insufficien t fluid density

6. Human Error (which can exacerbate any threat)

KICK: if the controls listed in 1.2. 5 Controls / IRP Reference are not effective, a KICK can
result. The major threat is improper well control procedures, how ever there are several
escalating factors:

T KICK: improper well control procedures

KE1. well shut in slow, resulting in a large kick

KE2. Equipment not appropriate for well conditions (size, pressure rating, etc.)
KE3. Material / equipment failure due to so ur fluid exposure

KE4. Equipment not maintained, or worn through usage

KES5. Well control procedures not effectively executed

= =4 =4 =4 -4 =4

KE®6. Flow inside drillpipe
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f KE7. Problems encountered in open wellbore during kick circulation (lost circulation,
formation breakdow n, wellbore collapse, etc.)

If the well control procedures are not immediately executed, a short term release of
formation fluids can occur, called a blow . Control may be regained through continued
application of well control procedures.

A blow could also be caused by failure of a piece of the well control equipment (BOP, Choke
Manifold, Mud -Gas Separator, etc). Control may be regained by using the redundancy
designed into this equipment (e.g. , two chokes, dual mud -gas separators, etc).

If the blow cannotb e controlled with the equipment on location, a full uncontrolled release

of formation fluids can occur, called a blowout . The blowout would be brought under control
by the use of specialized blowout control equipment and practices, or by drilling a relief

well.

If a blowout occurs, an emergency response plan (ERP) would be implemented. In fact, the
initial stage of the ERP would be implemented during the initial stages of a well control
incident.

These THREATS and ESCALATION FACTORS are summarized
Drilling: Threats, Controls and IRP 1 References.

in Table 1.2.4.1 Critical Sour

1.2.5. CoONTROLS / IRP REFERENCE

For each threat identified in 1.2. 4 Hazards / Threats , specific controls are identified as
summarized in Table 1.2.4.1 Criti cal Sour Drilling: Threats, Controls and IRP 1 References.

For each control identified the corresponding section in IRP 1 which deals with it are also
summarized in Table 1.2.4.1 Critical Sour Drilling: Threats, Controls and IRP 1 References.

For each thre at, the controls, and IRP references are shown graphically (called "Bowtie
Diagrams") in Figure 1.2.4.1 Critical Sour Drilling Bowties.

Table 1.2.4.1 Critical Sour Drilling: Treats, Controls and IRP 1 References

Threat Description

E = Escalation Factor

Control:

Design or Practice

IRP 1 Reference

control reservoir pressure

1. Insufficient mud weight to

Design: drilling program
specifies appropriate mud
weight

1.3. 3 Project Plan

Practice: follow drilling
program

1.13. 2 Responsibilities

1.13. 3 Level of Supervision and

Crew requirements

1.14.12 Reviews and Safety

meetings

Practice: monitor well
conditions an d increase
weight as required

1.10. 2 Fluid density

1.11. 5 Monitoring Indirect Indicators

2. Drilling into unexpected
high pressure formation

Practice: monitor well
conditi ons and increase
weight as required

1.10. 2 Fluid density

1.11. 5 Monitoring Indirect Indicators

14

January 2008




Critical Sour Drilling

Threat Description

E = Escalation Factor

Control:

Design or Practice

IRP 1 Reference

3. Loss of circulation or
returns, resulting in loss of
hydrostatic head whi  ch may
cause well to flow

Design: drilling program
specifies appropriate mud
weight

1.3. 3 Project Plan

3E1 Losses prior to tripping
pipe

Design: Intermediate casing
or open hole integrity test
isolates possible loss zo nes

1.3. 3 Project Plan
1.4. 19 Intermediate Casing
1.4. 20 Intermediate Casing Setting

Depth

Practice: monitor well
conditions an d adjust mud
properties as required

1.10. 2 Fluid density
1.11. 5 Monitoring Indirect Indicators

3E2 Plugging drillpipe with
LC material

Design: drilling program
identifies potential problems,
identifies actions (e.g. pump
out sub)

4. Improper tripping

Design: drilling program

1.3. 3 Project Plan

practices specifies hole sizes, BHA,
mud weights for proper trip
margin
4E1 Tripping: Design: mud properties 1.10. 4 Rheological Properties

swabbi ng/surging while

designed to minimize

tripping. Rapid tripping swabbing
increases swabbing
4E2 Tripping: Improper hole Practice: follow tripping 1.11. 4 Trip Tanks

fill ¥ up during tripping

procedures, including trip
tank monitoring

1.14. 5 Tripping Practices

1.13. 3 Level of Supervision _and
Crew Re guirements

1.13. 4 Minimum Qualifications

5. Other Operations: DST,
Coring, Fishing, Logging,
Casing Running/Cementing

Practice: follow IRP 1
Procedures

1.14. 6 Drill Stem T esting (not
allowed in sour zone)

1.14. 8 Coring

1.14. 9 Fishing Operations

1.14. 10 Logging

1.14.1 1 Casing / Line Running

5E1 Insufficient Fluid Density

Practice: confirm well
conditions prior to starting
operations

1.10. 2 Fluid density
1.11. 5 Monitoring Indirect Indicators

6. Human Error

Design: drilling program
developed by qualified
personnel and has
appropriate scrutiny and
approval

1.3. 2 Project Approval
1.3. 3 Project Plan

Design: supervisors and
crew meet competency
requirements

1.3. 2 Project Approval

1.3. 3 Project Plan

1.13. 4 Minimum Qualifications
1.13. 5 Certification and Training
Course References

Practice: BOP drills to
improve competency

1.14.4 BOP Dirills
1.14. 5 Tripping Practices / 1.14.1 2

Reviews and Safety meetings

Kick: improper well control
procedures

Practice: effective well
control procedures: shut in
well, circulate out Kick,

1.13. 2 Responsibili_ties
1.13. 3 Level of Supervision and
Crew Requirements
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Threat Description

E = Escalation Factor

Control:

Design or Practice

IRP 1 Reference

regain well control

1.13. 4 Minimum Qualifications
1.13. 5 Certification and Training
Course Refer_ences

1.14. 4 BOP Dirills

KE1 Well shut in procedures
slow > large kick

Practice: well conditions
monitored

1.11 Kick Detection Equipment

KE2 Equipment not
appropriate for well

cond itions (size, pressure
rating, etc.)

Design: drilling program
identifies appropriate size &
pressure requirements

1.3. 3 Project Plan

KE3 Material / EQuipment
failure due to sour fluid
exposure

Design: equipment meets
sour service requirements

1.4 Casin g and Metallurgy

1.5 Blowout Preventer (BOP) Stack
1.6 Choke Manifold

1.7 Mud Ga s Separators

1.8 Drill String Design and

Metallurgy
1.9 Welding

KE4 Equipment not
maintained, or worn through
usage

Practice: equipment in good
working order: regular
inspections and tests

1.14. 2 IRP Rig Inspection
1.14. 3 BOP, Casing and Choke
Manifold Pressure Testing

KES5 Well Control procedures
not effectively executed

Practice: effective Kick
detection, rapid shut in

1.13. 4 Minimum Qualifications
1.14. 4 BOP Dirills

KE6 Flow inside drillpipe

Design: float valve, Stabbing
valve to prevent flow up drill
steam

1.8. 10 Downhole Floats
1.8.1 1 Upper Kelly Cocks, Lower
Kelly Cocks and Stabbing Valves

KE7 Problems encountered
in open wellbore during kick
circulation: (lost circulation,
formation breakdown,
wellbore collapse, e tc.)

Design: intermediate casing
minimizes open hole

1.4.1 9 Intermediate Casing

1.4. 20.1 IRP Intermediate Casing:
Setting Depth  and 1.4. 20.2 IRP
Intermediate Casing: Exemption

BLOW: a short term
uncontrolled release of
formation fluid to the
atmosphere that was
brought under control by the
well control equipment on
location

Practice: shut in well with
redundant equipment,
circulate out kick, regain
well control

1.13. 2 Responsibilities

1.13. 3 Level of Supervision and
Crew Requirements

1.13. 4 Minimum Qualif ications
1.13. 5 Certification and Training
Course References

1.14. 4 BOP Drills

Design: redundant well
control equipment

1.5 Blowout Pre _venter (BOP) Stack
1.6 Choke Manifold
1.7 Mud Gas Separators

BLOWOUT: a blow that
existing equipment cannot
control and additional
equipment or relief well used
to regain control

Practice : Implement ERP

1.3. 4 Emergency Response Plan
1.14.1 2 Reviews and Safety

meetings

16
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Critical Sour Drilling

Figure 1.2.4.2 Critical Sour Drilling Bowties

Note: Overall View, Details Follow

THREATS CONTROLS ESCALATING FACTORS

K2. Improper

1. Insufficient Mud Equipment

Weight

K3. Equipment /
Material Failure

2. Unexpected High

Pressure Formation .
Controls Fail
Controls Fail K4. Equipment
Not Maintained
3. Lost Circulation
BLOW
KICK [ CONTROLS Well Shut BLOW oUT
— Proper Well K5. Well Control
4. Improper Tripping Control Procedures Not
Procedures P d Implemented Redundant
rocedures Equipment &
Procedures
K6. Flow Inside

5. Other Operations:
DST, Coring, Fishing,
Logging, Casing, etc

Drillpipe

K7. Open Hole
Problems

K1. Improper

/ \

Figure 1. Insufficient Mud Weight To Control Reservoir Pressure

Threat(s )

Practice: Monitor

—————_—— A Design: Drilling —————_—— A
1. Insufficient weight program specifies Practice: Follow well conditions KICK: Improper well I
I_to control reservoir ] appropriate mud drilling program and increase |_ control ]

weight weight as

required

1.3.3 Project Plan 1.13.2 Responsibilities 1.10.2 Fluid density
1.13.3 Level of 1.11.5 Monitoring
Supervision and Crew Indirect Indicators

Requirements
1.14.12 Reviews and
Safety Meetings
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Figure 2:. Drilling Into Unexpected High Pressure Formation

| 2. Drilling into
| unexpected high

Practice: Monitor well
conditions and increase

weight as required

1.10.2 Fluid Density
1.11.5 Monitoring

Indirect Indicators

Figure 3:. Loss of Circulation or Returns Resulting In Loss of Hydrosta

Cause Well To Flow

3. Loss of circulation or
I returns resulting in loss of
I hydrostatic head which may
cause well to flow I

18

Design: Drilling program

weight

1.3.3 Project Plan

r—=—=—="
I 3E1. Losses prior to |

specifies appropriate mud

Design: Intermediate
casing or open hole
integrity test isolates
possible loss zones

1.3.3 Project Plan
1.4.19 Intermediate
Casing

1.14.18 Intermediate
Casing setting Depth

tripping pipe

_ 1

=

I 3E2. Plugging drillpipe
with LC material

Design: Drilling
program identifies
potential problems,
identifies actions
(e.g. Pump
out sub)

1.3.3 Project Plan

\4

as required

Practice: Monitor
well conditions and
adjust mud properties

1.10.2 Fluid density
1.11.5 Monitoring
Indirect Indicators

KICK: Improper well
control procedures

tic Head Which May

e —— — —

I KICK: Improper well I
I control procedures I

— — — — —
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Figure 4: Improper Tripping Practices

Design: Drilling program
specifies hole sizes, BHA,
mud weights for proper trip

I_ _____ _! margin

I 4E1. Tripping: Swabbing/

Critical Sour Drilling

Design: Mud properties
designed to minimize
swabbing

I surging while tripping

1.3.3 Project Plan

1.10.4 Rheological Properties

4E2. Tripping: Improper |

[———

|

Practice: Follow tripping I KICK: Improper

A4

hole fill-up during tripping |

procedures, including trip
tank monitoring

well control
I procedures

1.11.4 Trip Tanks

1.14.5 Tripping Practices

1.13.3 Level of Supervision & Crew
Requirements

1.13.4 Minimum Qualifications

Figure 5. Other Operations: DST, Coring, Fishing, Logging, Casing Running/Cementing

5. Other Operations:

[ |
I KICK: Improper

Practice: Follow

Logging, Casing

I
: DST, Coring, Fishing, I
Running/Cementing
I I

5E1. Insufficient Fluid
Density

Figure 6.Human Error

Design: Drilling program
developed by qualified
personnel and has
appropriate scrutiny
and approval

6. Human Error  ——»
-

Design: Supervisors
and crew meet
competency
requirements

v

well control I
| procedures

IRP 1 Procedures

1.14.5 Drillstem Testing not allowed
in sour zone

1.14.7 Coring

1.14.8 Fishing Operations

1.14.9 Logging

1.14.10 Casing/Liner Running

Practice: BOP drills to

KICK: Improper well control I
improve competency

procedures

1.3.1 Project approval
1.3.2 Project Plan

1.13.1 Responsibilities

1.13.2 Level of Supervision &
Crew Requirements

1.13.3 Minimum Qualifications
1.13.4 Certification & Training

1.14.3 BOP Dirills
1.13.5 Reviews and
Safety Meetings

January 200 8

19



Critical Sour Drilling

Figure KICK: Improper Well Control Procedures

IKE2. Equipment I
not appropriate for
well conditions

I(size, pressure I
rating, etc)

[ S

Design: Drilling
program identifies
appropriate size &
pressure
requirements

KICK: Improper well
control procedures

Practice: Effective
well control
procedures: shut in
well, circulate out kick,
regain well control

1.13.1 Responsibilities
1.13.2 Level of
Supervision & Crew
Requirements

1.13.3 Minimum
Qualifications

1.13.4 Certification &
Training

1.14.3 BOP Drills

slow > large kick

KE1. Well Shut in procedures

Practice: Well
conditions monitored

1.11 KICK DETECTION
EQUIPMENT

drill pipe

[KE3. Material / | {KE4. Equipment | |KES. well Control
IEquipment I not maintained, procedures not
failure due to or worn through effectively executed
|sour fluid | jusage
[exposure 1
v v
Practice:
Practice: Effective

Design: Float

i S
KE6: Flow insidd TKE7. Problems

| | lcirculation __

v

Design: Equipment

meets sour service
requirements

Equipment in good
working order:
regular inspections

well control
procedures: shut in
well, circulate out

valve, stabbing
valve to prevent
flow up drill string

and tests

kick, regain well
control

encountered in
open wellbore
during kick

—

v

Design:
Intermediate
casing minimizes
open hole

1.3.2 Project Plan

1.14.1 Rig Inspection
1.14.2 BOP & Casing
Pressure Testing

1.4 CASING

1.5 BOP

1.6 CHOKE
MANIFOLD

1.7 MUD-GAS
SEPARATOR

1.8 DRILL STRING
1.9 WELDING

1.13.3 Minimum | |1.8.9 Downhole Floats
Qualifications 1.8.10 Lower Kelly
1.14.3 BOP Cocks & Stabbing
Drills Valves

1.4.17 Intermediate
Casing: General
1.4.18 Intermediate
Casing Setting
Depth & Exemption

T

20
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r BLOW: a short term uncontrolled release of formation fluid to the atmosphere that was

brought under control by the well control equipment on location
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Figure Critical Sour Drilling Bowties

Critical Sour Drilling

Blow : a short term uncontrolled release of formation fluid to the atmosphere that was
brought und er control by the well control equipment on location.

Blowout : a blow that existing equipment can not control and additional equipment or a

relief well used to regain control.

Practice: Shut
in well with redundant
equipment, circulate
out kick, regain well
control

BLOW

Design: Redundant
well control equipment

1.13.1 Responsibilities
1.13.2 Level of
Supervision & Crew
Requirements

1.13.4 Certification &
Training

1.14.3 BOP Drills

1.5 BOP

1.6 CHOKE MANIFOLD
1.7 MUD-GAS
SEPARATOR

January 200 8

BLOWOUT

ERP

Practice: Implement

1.3.3 Emergency
Response Plan
1.13.5 Reviews and
Safety Meetings
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Critical Sour Drilling

1.3. PLANNING

1.3.1. SCOPE

The purpose of the  planning section is to outline the planning and review practices that
should be conducted to ensure technical and safety integrity of a critical sour drilling

project.

1.3.2. PROJECT APPROVAL

1.3.2.1. IRP Project Approval

The overall project plan and application to the appropriate regulat or to undertake the
drilling of a critical sour well will be developed and signed by a qualified technical expe rt

authorized by the operator.

That representative, by their signature will be confirming that all the requirements of this
IRP have been address ed in the plan and that the terms of the project plan will be applied
during the execution of the plan.

The signature will also confirm that appropriate input from qualified technical experts has
been obtained where required and that the qualifications of the technical experts are valid.

Flexibility = and Technical Judgment

Due to the complexity of a critical sour drilling project, and to allow for continuous
improvement regarding safety and operational efficiency, IRP 1 recommendations are
meant to allow fle  xibility.

Therefore, competent technical judgment must be used concurrently with these

recommendations.
It is the operatorb6s responsibility to ensure the requ
to develop the project plan and will be used during the exec ution of the project

Qualified Technical Expert

IRP 1 allows flexibility in practices in several instances provided a qualified technical expert
relative to the practice / technology has approved the options in question.

I't is the oper at otodnsurethatthe exped is dualified by mormal industry
standards (e.g. , years of technical / operational experience, review of applicable completed
projects, references, etc.).

The operator will be able to demonstrate this upon audit.

1.3.3. PROJECT PLAN
1.3.3.1. IRP Project Plan

A drilling project plan (drilling program) must be developed which will address the
requirements as outlined below (based on ERCB Directive 056: Energy Development Applications
and Schedules).
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Critical Sour Drilling

Plan Objectives

The purpose of the project plan is to document the well design, equipment , and practices
that will be used during the project execution.

A key use of the plan is to provide directions to the wellsite personnel; the plan must have
enough detail to allow the wellsite personnel to clearly understand the hazards and required
actions.

For those areas of common practice with no variance from normal operations, a brief
overview can be provided with references to more detailed discussion, (e.g., this IRP )

Project Plan Contents
Geological Setting/H  ,S Release Rate

There should be a discussi  on regarding the expected geological zones, including
identification of sour and critical sour zones.

An offset well data search to a minimum 5 km radius from the subject well
should be conducted.

Data from relevant wells should be reviewed to get a clear understanding of
potential problems and design issues:

Relevant = most current, analogous geology, similar depth

Examination of the wells at greater distances may be required to ensure all
rel evant information is reviewed.

Offset well data (well files, lo gs, and drilling event data) can be obtained from
governmental agencies, as well as commercial services.

Some information respecting wells may be confidential for a period of time after

an offset well has been drilled. However, for critical sour wells, an informal
discussion is recommended with the licensee of a nearby well respecting any
potential drilling problems.

This data should be summarized and referenced on an Offset Well Map that
indicates all offset analogue wells.

Calculations used to determine H,S release rate calculations should follow:
{ fH,S Release Rate Assessment Gui del i nes and Audil®$99 For ms o,
f Asummary of this assessment should be included inthe  project plan

Problems and Well Design

Offset well information should be reviewed and a summary outlining the hole
problems expected, solutions and reasons for selecting casing setting depths
should be included in the project plan.

Emergency Response Plan  (ERP) Setting

An o verview of the ERP with regard to the degree of difficulty in implementing
the plan (see 1.3. 4 Emergency Response Plan )
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Critical Sour Drilling

Well Type

A discussion of the well type based on (see 1.3. 5 Well Types ):

o complexity of the well (geology and well design);

o the potential impact to the public (magnitude of H »S release rate and
proximity to public); and

o the ease or difficulty of evacuation (number of affected public and evacuation
issues).

Casing Design (see 1.4 Casing Design and Metallurgy )

Casing details: casing depth, grade, weight, size: for surface, intermediate and
production casing.

Details of the surface -casing bowl.

Details of casing design and sour serv ice suitability of the casing grades. If
grades otherthan L  -80 are proposed, details on chemistry specifications m ust be
reviewed and documented.

Casing design for horizontally drilled wells must also address the additional
stresses and loads.

Blowout Pre vention Equipment (see 1.5 Blowout Preventer Stack  , 1.6 Choke Manifold , 1.7
Mud Gas Separators )

BOP stack configuration used and its pressure rating.
If blind shear rams were not planned, the reasons must be included.
Choke manifold configuration and pressure rating.

The number of mud  -gas separators planned. If only one mud -gas separatorwa s
planned, include the reasons.

Drill String (see 1.8 Drill String Design and Metallurgy )

There should be a summary of the grade, type (new/used), and class of drill
pipe.

If grade is other than sour service drill pipe as defined in IRP 1.8 Drill St ring
Design and Metallurgy __, include:

0 Adiscussi on of sour -service suitability.

o Dirill pipe design of both the grade planned and Grade E, including a
comparison of overpull tensile margins at the surface or other design factors
affecting the choice of grade

0 The H,S exposure control plan (see 1.10 Drilling Fluids _, 1.8. 5 Exposure
Control )

Drilling Fluids (see  1.10 Drilling Fluids )
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Provide a s ummary of the type, the density, the pH level, the amount of weight
material on site.

If the system will be pretreated with an H »S scavenger, and the type of
additional drilling fluid that will be kept on site.

Kick Detection (see  1.11 Kick Detection )

Provide a summary of the kick detection and monitoring equipment that will be
used.

Wellsite Safety (see  1.12 Wellsite Safety )

Provide a summary of the wellsite safety equipment and procedures that will be
used.
Inspection and Equipment Testing Procedures (see 1.14 Practices )

Provide a description of the inspection and testing procedures designed to
ensure that all equipment is fully operational prior t o the well reaching the
critical depth and procedures to ensure that a st ate of readiness is maintained.

Wellsite Personnel (see  1.13 Wellsite Personnel )

Provide a description of the wellsite pers onnel and their qu  alifications.

Practices (see 1.14 Practices )

Provide a discussion of any special practices, for example:
o Tripping
o Coring
o Directional surveys
Blowout Insurance

Provide a statement that the company (including working interest owners) is
self -insured, or other proof of insurance must be filed and available for audit.

Companies licensing a critical sour well must either be self -insured to cover the
costs of a blowout or must obtain s ignificant liability insurance.

Insurance amou nts depend on the well depth and must include provision for
pollution and seepage, evacuation expense, underground blowout, and
care/c ustody , and control.

In addition, if the well is a "joint venture," the company must either hold
insurance for 100 % of th e working interest, or have a copy of insurance policies
for the interest of each partner.
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Wellbore Diagram

The information compiled in the project plan should be summarized on a
Wellbore Diagram, including:

0 Geological setting, formation expected

0 H,S Rele ase Rates

o Hole problems

o Casing design

o Formation pressure or equivalent mud density or formation pressure gradient

A copy of the Wellbore Diagram should be reviewed with rig crews and posted in
the doghouse (see  1.14 Practic es).

Copies
Prior to drilling any critical well, copies of the plan must be:

0 on site during drilling operations;

filed (one copy) with the appropriate governmental field office (as required) for

use during a site inspection; and available for audit of the application for well
license, or filed with the well license application if the application is to be heard

at a public hearing.

1.3.4. EMERGENCY RESPONSE PLAN
1.34.1. IRP Emergency Response Plan
A site specific Emergency Response Plan must be developed for each critical sour well. This

plan must be approved by the appropriate governmental agency responsible for public
safety.

Emergency Response Plan Overview

As a minimum, and while recognizing that any applicable regulations must be adhered to

and any unigueness in those regulations taken into account, the Alberta ERCB Directive 71
Emergency Preparedness and Response Requireme nts for the Petroleum Industry should be
used as a standard for developing an ERP for drilling a critical sour well.

Each plan must consider site  -specific circumstances. Variations in the pla ns can be expected
based on factors such as the geological prognosis of the well, population density and
distribution, and the consequences of a blowout.

Public input from local residents, municipal administrators and first responders is an integral
part o f preparing an effective emergency response plan. In some instances it may be
necessary to hold public meetings to obtain this input.

The appropriate jurisdictional agency approving the ERP addre sses specific requirements for
emergency planning zone (EPZ), public consultation, etc.
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Emergency Planning Zone

The appropriate emergency planning zone (EPZ) must be carefully selected and must be
adequate to ensure the safety of the public near the well.

The size and shape of the zone must reflect the maximum dril

also have regard for the local terrain, density of population in the area, and access and
egress routes through the EPZ.

Consult the appropriate jurisdictional agency approving the ERP for specific requirements.

Emergency Res  ponse Plan Contents

(The contents listed below are basic contents only, and there needs to be a reference to the

minimum standard for provisional of detailed plan content.)

1)

2)

3)

28

Summary

This section is a summary of the key facts about the proposed well and the
emergency response plan, and should be consistent with any information found
in the respective resident information package.

Emergency Definition and Action

This section describes the various circumstances that could lead to a sour gas
release and the inte  nded response.

It defines the various stages of an emergency and describes the action for each
stage.

In addition, it describes the responsibility of company, agency and response
personnel involved in any stage of the emergency.

Other considerations for a  ction planning include prioritization of response and
after the emergency recovery procedures.

This section would also describe the emergency organization and incident
management system to be used.

Public Protection Measures
Evacuation Procedures

This sect ion defines the criteria to be used to initiate an evacuation and
describes how the evacuation would be carried out.

Details respecting the air quality monitoring program and communication
procedures are also addressed.

For critical sour wells where the e mergency planning zone includes all or a
portion of a densely populated area such as an acreage development or an
urban centre, additional stationary andmobile air quality monitoring units are
required during the drilling of the potential sour zones.

ling H,S release rate but must
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4)

5)

6)

7
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Shel ter in Place

This section defines the criteria to be used when sheltering indoors is a viable
public protection measure, instead of or along with evacuation of the public.

Shelter in place instructions need to be included in the ERP.

Ignition Criteria

This section defines the ignition criteria and circumstances leading to the
deliberate ignition of the well.

There must be clear and specific plans in place to ignite an uncontrolled flow of

sour gas, consistent with the ignition criteria, which needs to take into account
unevacuated public, H,S concentrations, effectiveness of monitoring and any

lack of control over the release.

Resident Information Package

This section includes a copy of the Resident Information Package that is to be
provided to residents wit  hin the emergency planning zone.

The package provides a brief summary of the proposed well and operator, a
summary of evacuation and ignition procedures, emergency telephone numbers
and a description of the hazards of H 2S and sulphur dioxide.

Contact Infor mation

This section provides a listing of the residents, company personnel, affected
agencies and response organizations and suppliers that would be contacted in
the event of a sour gas release.

Maps
This section includes the maps necessary to show:

the se lected emergency planning zone and the surface developments, roads,
topographical features and any other criteria established by the jurisdictional
legislation, within the zone

other zones to be included on the map are:

0 emergency awareness zone

0 immediate h azard and response zones
Copies

A copy of the approved emergency response plan must be on site during drilling
operations, prior to drilling out the surface casing, and during all completion or
servicing operations of designated critical sour wells.

Copies of the approved emergency response plan must be sent to the
appropriate jurisdictional agencies and response providers as noted in the
jurisdictional legislation and as agreed to by the affected parties.
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8) Appendices

Each plan should include all relevant information that could possibly be required
to prepare for, and respond to, a sour gas emergency. ltems to consider are:

glossary of terms

ERP application documents

information on H ,S exposure
emergency level designation criteria
evacuation criteria

shelt er in place criteria and instructions
ignition criteria

communication and notification requirements

= =24 =2 =4 =4 -4 -4 -5 -5

any necessary forms required to be used during an emergency event

1.3.5. W ELL TYPES
General

These recommended practices allow some flexibility based on the followi ng three criteria:
T  complexity of the well (geology  and well design);

I the potential impact to the public (magnitude of the H »S release rate and proximity
to public); and

T the simplicity or difficulty of evacuation (number of affected public and evacuation
issues)

Depending on the combination of these criteria, certain options may be used:
f The options are discussed in the appropriate IRP section
f The options must be discussed in the project plan
T The options concern, for example:

o Casing setting depth (see 1.4. 20 Intermediate Casing Setting Depth )

0 Shear Blind Rams (see  1.5. 3 Shear Blind Rams )

f Mud-Gas Separators (see  1.7. 2.1 IRP Mud i Gas Separator Gene ral Requirements )

Low Complexity Well

A well is considered low complexity if it is in a known area with no drilling problems, based
on the geological prognosis of the proposed well:

Y The well must be in a known and established field area that offsets exist ing
development.
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f A summary of offset wells confirms that no significant lost circulation problems or
other adverse drilling conditions are expected.

A summary of drill stem test pressures, mud densities, or other information verifies
normal formation press  ures are expected.

Typically this would mean a development well may be a low complexity well, while an
exploration well would not.

A low complexity well would have less uncertainty and therefore would have lower risk of a
problem due to well conditions.

Low Impact Well

A well would have low potential impact to the public if it has a low H 2S release rate and/or
is not in close proximity to public:

f The maximum potential H »S release rate is less than 3 m %s

 The calculated EPZ does not intersect an urban centr e,
Simple ERP Well

A well would have a simple ERP if it would be relat ively easy to evacuate the EPZ:
 The calculated EPZ encompasses less than 10 occupied dwellings.

 There is no communication, evacuation route, terrain, or weather issues.
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1.4. CASING DESIGNAND METALLURGY

1.4.1. SCOPE
Casing Design

Basic casing design (burst, collapse , and tension) should follow the approp riate regulatory
requirements.

An additional design factor is included for burst design to ensure the casing would not come
close to its specified mi  nimum yield stress (SMYS) and thus be more susceptible to Sulphide
Stress Cracking (SSC).

Recommended practice for intermediate casing is also provided.
Casing Metallurgy
Intermediate and production casing must be suitable for sour service.

Specific casing grades are specified based on API grades with additional chemistry and
testing requirements. This essentially means that the manufacturer will need to provide
proprietary grades of casing and couplings.

Adherence to this IRP should ensure that casing and couplings with adequate resistance to:
f Sulphide Stress Crac king (SSC),
f Hydro gen-Induced Cracking (HIC), and
' Stress -Oriented Hydrogen -Induced Cracking (SOHIC)
T (under normal stressing and environmental exposure situations).

Other grades of casing may be used provided they are approved by a qualified technical

expert adequately familiar with the metallurgical and testing requirements for sour service

casing and couplings in order to avoid the identified environmental degradation m echanisms
(SSC, HIC and SOHIC)

This IRP is applicable to carbon and low alloy steel casing and coupling grades. It does not

address corrosion or the use of corrosion -resistant alloys. Corrosion and its control by

chemical additives or by other means, and the specification of corrosio n-resistant alloys, are
outside the scope of this IRP.

1.4.2. CAsING DESIGN : GENERAL
General

The following casing design recommended practices apply to the last casing string set prior
to the well becoming critical (typically intermediate, but possible surface ca sing) and
production casing.

They apply to both new casing and existing casing in re -entry wells. Forare -entry well, a
casing wear evaluation must be conducted and the design checked against these
recommendations.
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All applicable intermediate and product ion casing must meet the metallurgical specifications
in this IRP.
Note As of January, 2002, IRP  1.4. 5.1 IRP Casing Burst Design __is being
reviewed for possible inclusion of alternate casing design criteria .
1.4.3. CASING COLLAPSE DESIGN SPECIFICATIONS
1.4.3.1. IRP Collapse Design

f No internal pressure.

T Forre -entry wells, t he assessment is required from:
o surface to 150 m below the confirmed cement top or,
o surfacetol ,000 m.
0 whichever is the greater.

I Collapse resistance is reduced by te nsile load in accordance with the latest edition of
API Bull 5C3, i For mul BosCasang, dubi@g Drit u IPipd andLime Pipe
Properties. o

f The ERCB publication Directive 015:Effect of Tensile Loading on Casing Collapse and
equations in API Bull 5C3 may be used to det ermine the collapse  resistance.

f The design check should be based on an external fluid gradient of the original mud
density prior to running the casing. Approval may be granted for less (minimum 10
kPa/m) provided the actual fluid gradient does not exceed design gradient.

f Collapse strength is base d on remaining wall thickness.

{ Safety Factor = 1.0

1.4.4. CASING TENSION DESIGN SPECIFICATIONS
1.4.4.1. IRP Casing Tension Design
{ Buoyant effect is neglected.
I For re -entry wells, the assessment is required only from:
o surface to 150 m below the confirm ed cement top
o surfacetol ,000m
o whichever is the greater.
Yield strength of the casing wall is used if this is less than joint strength.
Tensile strength is adjusted to remaining wall thickness.

Safety Factor: New = 1.6

= =4 =4 =4

Safety Factor: Re -entry =1.2
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0 The safety factor has been reduced from 1.6 to 1.2 since an existing casing

will not experience running or cementing loads antic ipated in the original
design.

1.45. CASING BURST DESIGN SPECIFICATION

1.4.5.1. IRP Casing Burst Design

Production Casing Internal Pressure = 85% o f original maximum producing formation

pressure or, if forare  -entry well, with the review and approval by a qualified technical

expert, 85% of current maximu m producing formation pressure.

f The 85 % factoris based on the data in Figure 1.4.4.1 Wellhead v s. Bottomhole
Pressure.

 This data shows that for all normally pressured wells, the wellhead pressure is less
than 85 % of bottomhole pressure.

f The four wells above the 85 % line represent shallow, highly overpressured
reservoirs whic h would not be applicab le for Critical Sour wells.

Intermediate Casing Internal Pressure = the same as for the production casing = 85% of
maximu m producing formation pressure.

Internal pressure is free to act over th e full length of casing string.
No allowance is made for extern al pressure.

For re -entry wells, the burst rating of the casing = (1 - accuracy of wall thickness log) x
2(Specified Minimum Yield Strength) x (current wall thickness / casing O. D.)

Safety Factor = 1.25

' For Critical Sour Wells, the safety factor has been increas ed from the standard 1 to
1.25.

' This will ensure that even under maximum load the casing would be at less than
80% of its burst rating and so would not come close to its specified minimum yield
stress.

 The lower stress load would greatly reduce the susceptibility to  Sulphide Stress

Cracking (SSC).
T A lower safety factor may be considered, provided that:

o In addition to meeting the NACE TM0177 -96 Method D (double cantilever
beam specimen) sulphide stress cracking test requirements in this document,
the casing material must also be tested using Method A (uniaxial tension
specimen) at a stress level at least 10 % higher tha n the intended loading
levels.

o For example, if the safety factor is only 1.15, then the required test stress
level must be 1/1.15 + 10 %, or in this case, 96 % SMYS.
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o Furthermore, for safety factors in burst less than 1.25, sulphide stress crack
testing must be conducted on every heat of Grade L80 Type 1, in addition to
Grade C90 Type 1 and T95 Type 1.

Figure 1.4.4 Wellhead vs. Bottomhole Pressure

095 Prepared by Bruce Slevinsky 11/4/97
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1.4.6. ENVIRONMENTAL DEGRADATION MECHANISMS

Sour gas contains hydrogen sulphide (H,S) and carbon dioxide (CO ,) at various partial
pressures and ratios.

These gases make any aqueous environment present acidic and potentially corrosive. In
addition, the p resence of hydrogen sulphide may make the casing and coupling materials
susceptible to environme  ntal embrittlement mechanisms.

This IRP addresses three environmental degradation mechanisms that may be active when
the casing and couplings are exposed to sou r gas:

f Sulphide Stress Cracking (SSC), which may be active in all casing and coupling
grades listed.

f Hydrogen -Induced Cracking (HIC), which may be active in J55 and K55,
manufactured by either the seamless or the electric resistance welding process.
Quench ed and tempered microstructures typically have high resistance to HIC.
Tensile stress is not necessary for the initiation and growth of HIC.
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I Stress -Oriented Hydrogen -Induced Cracking (SOHIC), which also may be active in
J55 and K55 manufactured by either t he seamless or the electr  ic resistance welding
process.

Quenched and tempered microstructures typically have high resistance to SOHIC. SOHIC
appears to be a combination of HIC and SSC.

SSC may occur very quickly (minutes to hours) upon exposure of suscepti ble casing and
couplings to sour gas, depending on the level of tensile stress (residual and operating), the
temperature, acidity (pH) of the aqueous environment, partial pressure of H »S, and the
inherent resistance of the material. SOHIC and HIC are more time - dependent mechanisms,
though failure by SOHIC may occur within two days in highly susceptible material.

1.4.7. CAsSING AND CoOUPLING GRADES
API| Grades

This IRP refers to grades of casing and couplings referenced in the American Petroleum
| nst i tAuStpeebesit fiiom f or Casing and Tubingo, API 5CT Sixth I
Effective Date: April 15 1999.

Note As of January, 2002 IRP 1.4.6 is being reviewed for the possible
inclusion of Grade 110 casing

1.4.7.1. IRP Sour Service Casing Grades
Intermediate and productio n casing must be suitable for sour service.

The following grades listed in API 5CT are intended for sour gas exposure and are suitable
for use in critical sour gas wells at any temperature, provided that the additional
requirements identified in this IRP h ave been applied:

 J55 and K55 (seamless or electric resistance -welded)
f L8O Type 1 (seamless or electric resistance -welded)

f C90 Type 1 (seamless)
1

T95 Type 1 (seamless)

1.4.8. IRP HiIGH TEMPERATURE SOUR SERVICE CASING GRADES

The following non -sour service -rated grad es are suitable for use in critical sour gas wells

provided that their operating temperature remains forever above the minimum stated (per

NACE I nternational Standard MRO0175 | at eisSulfieedi ti on, A Ma
Stress Cracking Resistant Metalli ¢ Materials for Oilfield Equipmento):

' Proprietary seamless, quenched and tempered grades with 758 MPa (110 ksi)
maximum yield strength: 65 °C and above.

f P110 (seamless process only, maximum permitted sulphur 0.010 %, maximum
permitted phosphorus 0.020 %): 80 °C and above.

I Proprietary seamless, quenched and tempered grades to 965 MPa (140 ksi)
maximum yield strength: 80 °C and above.
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f Q125 Type 1 (Cr -Mo chemistry, seamless process, quenched and tempered, 1,034
MPa (150 ksi) maximum yield strength only): 107 °C and above.

Operating temperature should be determined; the following should be considered:

f Anopen -hole temperature log run is suggested across the uppermost proposed

location of the non - sour service rated casing.
f Due to potential cooling associated wi th gas production, those casing joints at and
below the production packer should be sour service -rated grades.

f The presence of underground aquifers and their potential effect on the temperature
of the casing and couplings shall be taken into account when s pecifying non -sour
service -rated casing and couplings.

1.4.9. ADDITIONAL CASING SPECIFICATIONS

1.4.9.1. IRP Additional Casing Specifications

The requirements identified below must be applied in addition to th ose of specification of
API 5CT

This IRP is intended to suppleme nt the requirements of API 5CT. In all cases, API 5CT is the
basic specification to which the following enhancements are recommended.

Casing Chemical Composition Specifications

Casing and couplings made from steel meeting the minimum chemical composition
requirements of each grade listed in API 5CT and this IRP will not necessarily have adequate
resistance to sulphide stress cracking when used in critical sour gas wells.

The following product analysis chemical composition requirements shall be specified for
critical sour gas well casing and couplings (by grade, maximum or permitted range, in
weight %):

38 January 2008



Table : 1.4.7.1 Chemical Composition Requirements

Critical Sour Drilling

Element J55 L80 C90 T95
and K55 Type 1 Type 1 Type 1
Maximum OR Permitted Range, In Weight %
0.35 0.32 0.32 0.30*
Carbon
1.40 1.20 2 1.00 0.75
Manganese
0.35 0.35 0.35 0.35
Silicon
0.020 0.020 0.015 0.010
Phosphorus
0.010 0.010 0.010 0.005
Sulfur
3 1.30 0.25 i 1.20 0.60 i 1.20
Chromium
4 0.65 0.15 i 0.75 0.30 i 1.00
Molybdenum
0.20 0.20 0.20 0.15
Copper
0.20 0.20 0.20 0.15
Nickel
0.040 0.040 0.040 0.040
Aluminum
0.0.35 0.040 0.040 0.010 71 0.040
Niobium
5 0.050 0.050 0.050
Vanadium
0.040 0.040 0.040 0.040
Titanium
0.0025 0.0025 0.0025 0.0025
Boron

The chemical composition specifications recommended

consideration to both proprietary specifications and mill capabilities. In all cases,

improvements to API 5CT as described above are within current mill capabilities, are within

1 Carbon may be increased to 0.35% maximum and Phosphorus may b
2 Manganese may be increased to 1.40% maximum if the sulfur is 0.005% maximum.
3 Not normally added to this grade
4 Not normally added to this grade

5 Not normally added to this grade
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economic limits and provide a significant increase in the performance of these tubulars in a
critical sour gas well environment.

Elements not listed in the above table may not be added without the prior written consent
of the qualified technical expert.

Ma nuf act prapretary grades meeting t he above chemical manuf act propgetys 0
grades meeting the above chemical composition requirements must also meet all other API

5CT requirements for the equivalent grade. Casing joints shall be dual -marked with the API
grade in addition to the manufactu rerds proprietary name.

The chemical composition requirements for electric resistance -welded ERW K55 may need to
be more restrictive than specified above to ensur e resistance to HIC and SOHIC.

T Typically, lower levels of C, Mn, P and S than the maxima speci fied in the table are
required to impartr  esistance to HIC and to SOHIC.

f In addition, calcium treatment may be necessary to eliminate elongated Type |
manganese sulphide inclusions. These inclusions have been associated with HIC
development.

 ERWJ55 and K 55 requires HIC (IRP  1.4.1 5 J55 a nd K55 Casing: HIC Test
Requirements ) testing.

Hardenability Requirements
There are no hardenability requirements for Grade J55 and K55 casing and couplings.

Hardenability tests shall be conduc ted on Grade L80 Type 1 casing and couplings to meet

the requirements of API 5CT for Grade C90 Type 1 and Grade T9 5 Type 1 casing and
couplings.
The frequency of hardenability tests for Grade L80 Type 1 shall be per API 5CT for Gra des

C90 Type1and T95 Ty pel.

There shall be a minimum of 90 % as -quenched martensite in Grade L80 Type 1 per API
5CT for Grades C90 Type 1 and T95 Type 1.

Mechanical Property Requirements
Mechanical property requirements shall be per API 5CT.
Hardness Requirements

The following hardness restrictions are recommended for the sour service -rated grades
identified in this IRP.

Casing and coupling manufacturing specifications should stipulate that testing be performed
on the final product to confirm th at these restrictions are met.

Testing shall be performed in accordance with API 5CT.

A hardness value is the average of three hardness readings or impressions per the APl 5CT
definition.
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Table : 1.4.7.2 Hardness Requirements
J55 and L80 Type C90 Type T95 Type
K55 1 1 1
22.0 HRC 23.0 HRC 25.4 HRC 25.4 HRC
Hard ness reading
(max)
22.0 HRC 22.0 HRC 25.0 HRC 25.0 HRC
Hardness value
(max)
1/100 pipes 1/100 pipes Alternate Alternate
Frequency i or per heat ° or per heat ’ ends of ends of
casing (one every pipe every pipe
quadrant)
1/50 pipes or 1/50 or per Both ends of Both ends of
Frequency i per heat ® heat ° every pipe every pipe
couplings (four
quadrants)

Hardness variation for all the above grades shall be per API 5CT for grades C90 Type 1 and

T95 Type

1.

Grain Size Requirement

There are no grain size requirements for Grade J55 and K55 casing and couplings.

Grain size determinations shall be conducted on Grade L80 Type 1 casing and couplings to
meet the requirements of APl 5CT for Grade C90 Type 1 and Grade T9

couplings.

The prior austenite grain size of Grades L80 Type 1, C90 Type 1 and T95 Type 1 casing and
couplings shall be 7 or finer.

The frequency and method of grain size deter

Impact Toughness Testing Requirements

minations shall be per API 5CT.

Impactt oughness testing shall be per API 5CT. The temperature for impact toughness
testing shall be room temperature.

6 Whic hever is more frequent

7 Whichever is more frequent

8 Whichever is more frequent

9 Whichever is more frequent
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1.4.10. SULPHIDE STRESS CRACKING SSC TEST REQUIREMENTS
The following outlines the SSC testing requirements.

There are two protocols:

 Testing of all casi ng and couplings (IRP  1.4. 11 NACE Testing Protocols ).

I Pre-qualification of the manufacturer (IRP 1.4.1 3 Manufacturer Pre Qualification ) and
subsequent testing of selected casing and couplings.
1.4.11. NACE TESTING PROTOCOLS
1.4.11.1. IRP NACE Testing Protocols

Four static -loaded SSC test methods have been standardized by NACE International in
Standard Test Method TM0177 -96, fALaboratory Testing of Metals for
Forms of Environm ental CrackinginH ,S Environment so. The four test met

f Method A 7 NACE Standard (Uniaxial) Tensile Test
f Method B 7 NACE Standard (Three -Point) Bent -Beam Test
f Method C 7 NACE Standard C -Ring Test, and
f Method D 7 NACE Standard Double -Cantilever -Beam (DCB) Test
Two test solutions (A and B) may b e used with methods A, C and D:
 Test Method B has its own unique solution.
f TestSolutionAisth e ori gi nal ANACEO environment .

Test Solution A is as aggressive as the most sour environment expected to be encou ntered
in sour gas production, though may not be as aggressive as some acidizing environments if
they ha ve been contaminated with H »S.

SSC testing of casing and couplings for critical sour gas service shall be performed in
Solution A.

The principal stress  on the casing is in the hoop (circumferential) direction, however the
most commonly used SSC test Method (A) applies stress in the longitudinal direction.

The material properties in the longitudinal direction might not be representative of those in
the hoo p direction. Both Methods C and D more closely simulate the stress situation in
casing.

Method C (C -Ring) specimens are typically not used to test casing because of the practical

difficulties encountered when handling large specimens. However, the C -ring specimen is
ideal for testing the weld areas of electric resistance -welded J55 and K55 and electric
resistance -welded L80 Type 1 (if necessary) casing for resistance to SOHIC.

Method D (DCB) specimens do not have this size limitation, and are becoming more
frequently used for the qualification of higher strength casing and couplings for critical sour
service. The Method D test technique is not suitable for testing J55 and K55 casing because
of the difficulty in initiating sulphide stress crack growth inthi s low strength material.
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1.4.12. SULPHIDE STRESS CRACKING SSC TEST PROCEDURES AND
ACCEPTANCE REQUIREMENTS

1.4.12.1. IRP Test Procedures and Acceptance Criteria

It is the responsibility of the purchaser / user to qualify the SSC test laboratory, (i.e., to

confirm that they a  re capable of performing the SSC test method(s) correctly. )

Specimens shall be taken from material as close as possible to the internal surface of the
casing or coupling.

The following procedures and accept ance criteria must be followed:
Seamless J55 and K 55 Casing and Couplings

Testing shall be conducted in accordance with TM0177 -96 Method A in the Solution A
environment.

Standard size specimens shall be used. At least three specimens of each sample shall be
tested to confirm the threshold stress.

Pass cri teria are no failure and no visual observation of surface cracks per TM0177  -96.

Metallography shall be conducted to determine whether cracks on the gauge lengt h are
environmentally induced.

The acceptance criteria shall be a threshold stress of 80 % SMYS m inimum.
Electric Resistance -Welded ERW K55 Casing

The parent material shall be tested per the requirements and acceptance criteria for
seaml ess K55 casing and couplings.

In addition, the weld area shall be tested in accordance with TM0177 -96 Method C inth e
Solution A environment.

The weld shall be located at the apex of the Method C specimen. At least three specimens of
each sample shall be tested to confirm the threshold stress.

Pass criteria are no failure and no visual observation of surface cracks per TMO0177 -96.

Metallography shall be conducted to determine whether cracks on the Method C specimen
surface were environmentally induced.

The acceptance criteria shall be a threshold stress of 80 % SMYS minimum.
L80 Type 1, C90 Type 1
T95 Type 1 Casing and Co  uplings

Testing shall be conducted in accordance with TM0177 -96 Method D in the Solution A
environment.

Standard size specimens shall be u sed if wall thickness permits.

Sufficient specimens of each sample shall be tested to provide a minimum of three valid test
result s.
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Specimens of L80 Type 1 and C90 Type 1 shall be fatigue -precracked. Specimens of T95

type 1 n eed not be fatigue -precracked.

After sufficient fatigue crack growth has occurred, the peak load shall be reduced by 35 %,
and fatigue precrackings  hall continue for a further 20,000 cycles to sharpen the crack tip

and avoid plastic deformation of material i mmediately ahead of the crack.

Specimen side arm displacements shall be in the middle of the ranges for each grade

specified in TMO177 -96.

Both pa rent material and weld area material of electric resistance -welded L80 Type 1 casing
shall be te sted. The DCB specimens of the weld area material shall be machined so that the
weld is located at the bottom of the specimen side grooves.

Acceptance criteria  shall be as follows for all grades and for both parent and weld area
material:

{ Standard size (B = 9.53 mm) specimens: An average K1SSC value of 33.0 MPa am
minimum, and a single specimen K1SSC value of 29.7 MPa a m minimum.

Subsize specimens: If casing or coupling size prevents the use of standard size specimens,
subsize specimens shall be used. The manufacturer and the purchaser/user shall agree
upon the a cceptance criteria for subsize specimens. It is common practice to decrease the
average and single specimen acceptance criteria for standard size specimens by 15 % for
subsize (B = 6.35 mm) specimens, but the validity of doing this has not yet been

substa ntiated through the application of fracture mechanics theory.

Test Frequency

Test frequency for all grades shall be one sample (i.e., one set of specimens) per heat per
casing or coupling size per heat treat lot, unless the manufacturer is pre -qualified.

If the manufacturer is pre  -qualified (see 1.4.1 3 Manufacturer Pre Qualification and 1.4.1 4
J55 And K55 & Electric Resistance i Welded ERW L80 ), subsequent testing of J55 and K55
or L 80 Type 1 casing and couplings is optional.

Sample Selection

Test samples shall be obtained from material with the highest yield strength, as determined
by the mandatory  mechanical properties testing.

In the event that one or more samples have similar yiel d strength, the sample with the
highest hardness values shall be selected for testing.

Additional SSC Testing for Secondary Longitudinal Stress

If the casing will be used in an application which results in an axial stress which is O 50 %
SMYS (based on tub e cross -sectional area), the purchaser / user shall require that quality
assurance SSC testing be conducted in accordance with TM0177 -96 Method A in the
Solution A environment.

Test frequency for all grades shall be one sample (i.e., one set of specimens) per heat per
casing or coupling size per heat treat lot, unless the manufacturer is pre -qualified.

Standard size specimens shall be used.
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At least three specimens of each sample shall be tested to confirm the threshold stress.
Pass criteria are no failure and no visual observation of surface cracks per TM0177  -96.

Metallography shall be conducted to determine whether cracks on the gauge length were
environmentally induced.

The acceptance criterion for J55 and K55 casing and couplings shall be a threshold str ess of
80 % SMYS minimum.

The acceptance criterion for L80 Type 1, C90 Type 1 and T95 Type 1 shall be a threshold
stress of 90 % SMYS minimum.

1.4.13. MANUFACTURER PRE QUALIFICATION
1.4.13.1. IRP Manufacturer Pre T Qualification
The manufacturer shall be pre -qualified to  supply casing and couplings by providing to the

purchaser/user sufficient and persuasive SSC test data to satisfy the purchaser/user those
materials with adequate resistance can be routinely and consistently provided.

Manufacturer pre -qualification may be  accomplished through the provision to the
purchaser/user of appropriate archival SSC test data, or by successfully completing an
appropriat e laboratory SSC test program.

The SSC test program outlined above (IRP 1.4.1 2 Sulfide Stress Cracking SSC Test
Procedures and Acceptance Requirements ) on selected samples is required for the pre -
qualification of casing and couplings intended for use in critical sour gas wells:

Sample Requirements

At least three different heats of casing and three different heats of coupling stock (or
individual couplings) shall be/shall have been tested as per IRP 1.4.1 2 Sulfide Stress
Cracking SSC Test Procedures and Acceptance Requirements

The samples of ¢ asing and couplings tested shall have been produced in exactly the same
manufacturing route as will be used for the materials f or the critical sour gas well. In
particular, the chemical compositions and heat treatment procedures shall be identical

(within  stated manufacturing tolerances).

The samples of casing and couplings tested shall have diameters and wall thicknesses

comparable with those that will be u sed in the critical sour well. The wall thicknesses of at
least two of the three samples shall not be less than that of the casing or couplings to be
used in the critical sour well.

1.4.14. J55 AND K55 AND ELECTRIC RESISTANCE T WELDED ERW L80
1.4.14.1. J55 and K55 and ERW L80 Type 1 Casing: SOHIC Testing
NACE International has not standardized a test method for SOHIC in tu bular goods.

However, both NACE Methods A and C are capable of determining the susceptibility of

tubular goods to SOHIC. The resistance to SOHIC of J55 and K55 casing and couplings will

be determined when SSC tests are conducted in accordance with Clause 1 .4.10 of this IRP.
The SOHIC and SSC test acceptance criteria are identical.
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SOHIC is of particular concern in normalized and normalized and tempered materials, (i.e.,
seamless and electric re  sistance -welded J55 and K55. )

SOHIC is less of a concern in mate rials given a quench and temper heat treatment.

If the use of electric resistance -welded L80 Type 1 casing is planned, a qualified technical
expert shall determine whether testing for resistance to SOHIC is necessary.

1.4.15. J55 AND K55 CAsSING : HIC TEST REQUIRE MENTS
1.4.15.1. IRP J55 and K55 Casing: HIC Testing Requirements
The following outlines the HIC testing requirements for J55 and K55 casing and couplings.

There are two protocols:

1. Testing of all casing and couplings as outlined below.

2. Pre-qualification of the  manufacturer and subsequent testing of selected casing and
couplings at the discretion of the purchaser/user. The protocol used for manufacturer pre -
gualification (for acceptable SSC resistance) given in clause 1.4.11.1, and the same testing

procedure and acceptance criteria as outlined below shall be followed.

f HIC testing is not required on a heat by heat (order) basis if the manufacturer has
been pre -qualified.

HIC tests shall be conducted in accordance with NACE International Standard Test Method
TM0284-96, HAEvaluation of Pipeline and Pressure Vessel St
Il nduced Cr ac kbiamdd®sb cdsingrandlk&uplings.

Test frequency shall be one sample (i.e., one set of specimens) per heat, per casing size,
per heat treat lot.

The s amples of casing and coupling shall be tested in the same manner as required for
seamless and electric resistance  -welded linepipe.

Test environment shall be Solution A. It is mandatory to continuously bubble H »S through
the test solution for the duration o f the test (after the initial saturation period) at the same
rate as specified in TM0177  -96 Method A.

It is mandatory to lightly etch the metallographic cross -sections of the tested specimens
before examination for the presence of HIC damage.

Acceptance cr iteria shall be a sample average Crack Length Ratio (CLR) of 5.0 % maximum

and a sample average Crack Thickness Ratio (CTR) of 1.5 % maximum. The sample average

CLR and CTR are the average CLRs and CTRs of all nine cross -sections (three cross -sections
of e ach of three specimens). In addition, no single cross -section shall have a CLR which
exceeds 25 % or a CTR which exceeds 10 %.
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1.4.16. ELECTRIC RESISTANCE T WELDED (ERW) CASING

1.4.16.1. IRP ERW Casing: Pressure Test Requirements

All ERW casing must be hydro  -tested to 100 % burst rating prior to manufacturer's

inspection.

1.4.17. CASING | DENTIFICATION

1.4.17.1. IRP Casing Identification

These materials shall be dual marked with the API mono

proprietary grade identification/name.

1.4.18. | NSPECTION
1.4.18.1. IRP Inspection of New, Co mpliant Casing

The following inspections are required for the detection of defects in casing and coupling
stock (per API 5CT):

Table : 1.4.16.1

J55 and K55 L80 C90 T95
Type 1 Type 1 Type 1
SR1 is acceptable SR2 SR2 SR2
Casing SR2 is recommended
SR14 SR14 SR14 SR14
Coupling stock

Special end area (SEA) inspection is required on every pipe length unless the manufacturer
crops the pipe ends not covered by the automated pipe body inspection equipment.

Visual and magnetic particle inspection (MP 1) of both the internal and external surfaces of
the pipe ends for the presence of transverse and longitudinal defects shall be conducted.

The SEA inspection shall overlap the automated pipe body inspection by a minimum of 50

mm.
Exposed threads shallbev i sual ly inspected for damage. Consult API
Inspection of New Casing, Tubing and Plain end Dril |l Pipedo, Section 4.4, f ol

required inspection.

1.4.18.2. IRP Non i Compliant Casing: Testing and Inspection
Requirements

New casing and couplin  gs not originally made in conformance with this specification are
acceptable provided they pass the following inspection and testing requirements:

The casing and couplings shall be tested to confirm resistance to SSC, SOHIC and HIC per
the requirements in  this IRP. This requirement applies to J55 and K55 and L80 Type 1 as
well a s to C90 type 1 and T95 Type 1.

Special End Area inspection (SEA) shall be conducted on every joint of casing.
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For grades J55 and K55 and L80 type 1, random surface hardness tests sh all be conducted
on one pipe in fifty and on all couplings (unless mill hardness t esting records are
available). Hardness tests shall be conducted on both pipe ends.

Hardness readings greater than 22.0 HRC shall be cause for rejection of the Grade J55 and

K55 pipe or coupling, and for increased testing f requency of the remaining pipe.

Hardness readings greater than 23.0 HRC shall be cause for rejection or prove -up of the
grade L80 type 1 pipe or coupling, and for an increased testing frequency of the remaini ng
pipe. If any single hardness reading exceeds 23.0 HRC, two additional readings shall be

taken in the same area to prove -up the pipe or coupling. The average of all the readings

shall not exceed 22.0 HRC for the pipe or the coupling to be acceptable. The testing

frequency shall be increased to every pipe.

Every joint must be traceable back to mill certificates documenting yield and tensile
strength and chemistry at least.

Use of new, non -compliant grades C90 Type 1 and T95 Type 1 casing and couplings is n ot
recommended.
Note Clause 1.4.19.2 is only intended to cover new pipe manufactured
and purchased before the publishing date of this IRP (i.e., existing
inventory).
1.4.19. | NTERMEDIATE CASING
IRP General
Intermediate casing must meet the design specific ations as outlined in this IRP.
1.4.20. | NTERMEDIATE CASING SETTING DEPTH
1.4.20.1. IRP Intermediate Casing: Setting Depth

Intermediate casing shall be set at a point before the cumulative release rate becomes
critical.

Note ERCB regulations require intermediate casing be set at 360 Om, or
ERCB approval is required for a variance.

1.4.20.2. IRP Intermediate Casing: Exemption

Intermediate casing may not be required depending on the combination of the well type
criteria described in ~ 1.3. 5 Well Types :

f Low Complex ity well
T Low Impact well, and/or
f Simple ERP well.

This exemption must be approved by the appropriate regulatory agency and information
outlinedin  1.3. 5 Well Types included in the project plan

If the exemption from setti ng intermediate casing is approved, the wellbore integrity,
including the casing and open hole sections, must be evaluated by an open -hole integrity
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test prior to penetrating the critical zone and must be found capable of holding anticipated
formation pres sures before continuing to drill without intermediate casing.

If the exemption from setting intermediate casing is approved, the surface casing grade

must be suitable for sour service, (i.e., meet the specifications of this IRP ).
If the exemption from sett ing intermediate casing is approved, kick tolerance calculations
must demonstrate the ability of the surface casing and formation leak -off at the casing

shoe, to handle a3 -cubic -metre gas kick.

1.4.21. RET ENTRY WELLS: GENERAL
1.4.21.1. IRP Re 1 Entry Wells: General
Re-Entry well casing must meet the design specific ations as outlined in this IRP.

A casing inspection log must be run and the casing design ratings must be calculated based
on this data.

Specific documentation of suitable metallurgy or evidence of sulphide stre ss cracking
resistance is required in order to qualify a casing which would not currently be considered
sour service.

Note For a well to meet the specifications of this IRP, its age is likely to
be less than 15 years old.

Metallurgy can be verified with mi Il certification or sample and testing of the top joint of a
verified homogeneous string of casing.

The suitability of the existing casing's metallurgy must be reviewed and approved by a
qualified technical expert.

The casing must be pressure tested to 67 % of current formation pressure prior to drilling
into the critical sour zone.
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1.5. BLOWOUT PREVENTER STACK

1.5.1. SCOPE
The equipment considered includes all equipment which forms an integral part of the BOP
stack, equipment directly attached to the stack (from below the rotary table to the casing

bowl) and all BOP control systems.
Design Considerations

In selection of preferred BOP stack arrangements, it is necessary to accept the fact that

equipment can fail, and to design a redundant system to reduce the effect of a failure. The
design should take into account the probabilities of a given component failing and the

probabilities of a given situation occurring.

The safety of the on site personnel is the most important factor in any design.

1.5.2. BOP STACK CONFIGURATION

1.5.2.1. IRP Configuration

Minimum stack components shall consist of an annular preven ter, two spools and three
rams.

An acceptable exception is that for maximum projected depths less than 1800 m, then
flanged side outlets on the lower ram preventer may be substitute d for the lower drilling
spool.

The configuration of the BOP stack shall conform to Figures 1.5.1.1, 1.5.1.2, 1.5.1.3 and
1.5.1.4.

Configuration 3, Figure 1.5.1.3 should only be used where sufficient surface/intermediate

casing is in place to contain maximum anticipated reservoir pressure because the closing of
the lower pipe ram will result in the inability to bleed off pressure from the wellbore.

Otherwise, the configurations 1 or 2 should be used.

1.5.2.2. IRP Pipe Ram Sizes
The pipe rams should be the correct size for the drill string used.

For drill strings with 2 pipe sizes, the top pipe ram should be sized for the larger pipe size.
The lower pipe ram should be a variable bore ram sized for both pipe sizes. The top rams
could also be variable bore.

If any rams are changed (e.g. , casing rams) they must be pressure tested.
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Figure: 1.5.1.1 BOP Stack Configuration 1

ANNULAR

RAM-BLIND | F

|

Symbols: M - Manually operated valve

- checkvaive

K] - HCR vaive (Either inside or outside of
manual vaive.)

52 January 2008



Figure: 1.5.1.2 BOP Stack Configuration 2

Symboels:

Critical Sour Drilling

T
i ANNULAR

[~ RAM-PIPE

RAM-BLIND

RAM-FIPE [F

|I><]] - Manually operated valve

N - Check Valve

M ~ HCR Valve (Eithar inside or outside of

rmanudl valve.}

To further improve the benefits of this configuration, a ram blanking tool (Figure 4) could be
used when the drill string is out of the hole to allow the top ram to perform the function of a

blind ram.
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Figure: 1.5.1.3 BOP Stack Configuration 3

ANNULAR

Symbols: M « Manually operated valve

N- Check Valve

K- Her vaive (Either inside or outside of
manual valve.)

To further improve the benefits of this configuration, a ram blanking tool (Figure 1.5.1.4)
could be used when the  drill string is out of the hole to allow the top ram to perform the
function of a blind ram.
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Figure: 1.5.1.4 BOP Ram Blanking Tool

STD. API tool joint
except box longer
to allow recutting

D——-— Marking recess approx.
75mm Long x 20mm Wide x 5mm Deep

/

— Drill Pipe O.D.

Length to keep T.J.out of
annular preventer closing area

‘/ Stress relief groove

Design BBI%
for +6mm Bevel edges
69000 kPa 0

L |

™ .
Designed to prevent possibility
of dropping down casing.

To further improve the benefits of this configuration, a ram blanking tool (Figure 4) could be

used when the drill string is out of the hole to allow the top ram to perform the function of a
blind ram.
1.5.3. SHEAR BLIND RAMS

Shear Blind Rams ( S B R évaeuld replace t he blind rams in the BOP stack.
They are designed to close and seal the open hole as normal blind rams.

They are also designed to cut (shear) drillpipe, tools, wireline, etc., and allow the objects to
drop out of the way of the rams, and then seal the open hole.
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They would only be used if other well control equipment has failed, likely in the following
circumstances:

T Insi de blowout & leak in surface equipment
f Pipe rams & annular leak
T Out of hole (used as blind rams)

Shear blind rams provide a last chance opportunity to regain control of a well and therefore
could prevent ignition (see 1.3. 4 Emergency Response Plan __n).

However, if inadvertently or prematurely activated, that action could significantly hamper
well control operations since once the drillpipe is sheared, the primary well control capability
(i.e., circulation of weighted fluid) may not be immediately available.

1.5.3.1. IRP Shear Blind Ram Use Requirements

Shear blind rams must be used fo r any critical sour well where:

I the calculated emergency planning zone size intersects the bo undaries of an urban
centre, or

T the calculated emerg ency planning zone encompasses more than 100 occupied
dwellings.

Shear Blind Rams should be used for most other critical sour wells unless the well is a low
complexity, low impact and/or simple ERP well (see 1.3 .5 Plannin g). The evaluation of the
well should be based on the balance of these three components.

Whenever blind shear rams are not installed, the operator should evaluate running a drill
string float / internal BOP (see 1.8. 10 Downhole Floats ).

1.5.3.2. IRP Shear Blind Ram Design Requirements

Sour Service: All SBR components including the shearing member(s) and internal bolting
should meet the material standards as outlined in IRP 1.5. 6 BOP Metalli ¢ Materials for Sour
Service and 1.5. 7 Noni Metallic Materials Requirements for Sour Service

BOP Stack Configuration: SBR's replace the conventional blind ram in the preferred

configurations (see  1.5. 2 BOP Stack Configuration ). There are no technical or operational
advantages to having the SBR as an addition to the stack components illustrated. The SBR
performs the same function as the blind ram when the drill string is out of the hole, and
with similar reliability.

Casing design and setting depth should be reviewed to ensure the well can be effectively
shutin (see 1.4. 20 Intermediate Casing Setting Depth ).

1.5.4. BOP STACK AUXILIARY EQUIP MENT
Choke Line Usage

The choke line is the flow line off the BOP stack used to control the flow during the kill
operation.
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The top choke line should be used as the primary line and the bottom choke line should only
be used as a back up system to control t he flow in the well during a kill operation.

The bottom secondary spool should only be used as an emergency line to control the

pressure during a component failure when the top primary spool is inoperative. Unless
absolutely necessary, this bottom secondar y spool is not to be used to kill the well. Instead,
the failure should be repaired and kill procedure resumed.

Wing Valves vs. Drilling Spool

Wing valves on the casing bowl or on the intermediate spool should not be considered
acceptable substitutes for a drilling spool.

HCR Valve Position

The position of the HCR valve should be at the contractor's and operator's discretion. The
configurations outlined in 1.5. 2 BOP Stack Configuration _ are recommended arrangements.

Special cases are always discussed when deciding whether the HCR valve should be located

inside the manual valve. The inside location of the HCR offers advantages under special

circumstances. Since the distance between the stack and HCR is shortened, the potential for
plugging and freezing is reduced. This advantage becomes more important when high

viscosity weighted drilling fluids are being used and in the case where mud rheological

properties are affected by an H 2S influx. Alternatively, the outside position en ables workers
to isolate the well when servicing the HCR valve.

Handwheels

For manually locking rams, handwheels should be provided for each ram in a readily
accessible location.

When wusing variable bore rams, check the.Sommenuf acturerd
systems will not lock in two positions.

Drilling Through Equipment
Equipment items addressed include:
f Rotary tables
{1 Flow nipples
f Automatic pipe wiping devices
{ Rotary drilling heads

The concern with auxiliary equipment installed above the annular pr eventer top and rig floor
base is the potential interference with non routine well control situations (i.e. , installation of
snubbing units) where access to the topmost pressure rated flange on the annular through

the rotary table is required.

All drilling through equipment above the top flange of the annular preventer should be
designed and constructed to allow emergency access to that flange, i.e.:

f Be removed with the drill pipe still in place (split in two or stripped over the drill
pipe)
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f Opento asuffi cient size to permit the installation of additional well control
equipment (i.e. , an adapter / spacer spool of the same pressure rating as the BOP
stack) on top of the BOP stack.

Typical rotary table sizes may restrict the BOP stack which can be used, for example, if a
346 mm x 34,000 kPa BOP stack is used, a 699 mm rotary table would be required unless
the rotary can be split or stripped over drill pipe.

1.5.5. BOP MECHANICAL SPECIFICATIONS : PRESSURE RATING AND CASING
BowLs
1.55.1. IRP Pressure Rating

The pressure rating  of a BOP stack is equal to the API pressure rating of the weakest stack
component. BOP stack components are casing bowls, valves, preventers, and flanges or any
other equipment directly attached to the stack / casing bowl that would experience stack
press ure (i.e. , surface casing if interm  ediate casing is not required).

Required pressure ratings as per the appropriate regulations.

1.5.5.2. IRP Casing Bowls

Welded casing bowls shall be welded in accordance with an acceptable welding procedure

developed fromAPISpec 6 A, #fASpecification for Well head and Chri s
NACE MR-0175 and Section IX of ASME, Boiler and Pressure Vessel Code.

Threaded casing bowls shall be manufactured in accordance with API Spec 6A, the make -up

procedures and torgue in accordanc e with API RP 5C1, fACare and Use of
Tubingo, and the thread compourmbA3Thrsaed Gompaundsferc or dance wi

Casing, Tubing, and Line Pipe ,

Casing bowl outlets should be flanged for service on wells that have stack pressure ratings
of 21,000 kPa or greater as per API RP 53, Recommended Practice for Blowout Prevention
Equipment Systems for Drilling Wells

1.5.6. BOP METALLIC MATERIALS FOR SOUR SERVICE
1.5.6.1. IRP Metallic Material Requirements
Applies to all pressure  -containing components within the B OP stack, with the potential to be

exposed to H ,S gas, inclusive of:
Y attached valves
1 pressure gauges and sensors
 choke lines through to the outside valves of the choke manifold

All such components shall be constructed of materials that meet the standards o f the
National Association of Corrosion Engineering Standard (NACE) MR -0175.

Sour Service Identification: Components should be marked in a manner that shows thei r
suitability, under NACE MR  -0175, for sour service. Identification stamping procedures as
deta iled in NACE MR 01 75 5.4 should be followed.
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1.5.6.2. IRP Bolting Requirements
External bolt selection should be carefully considered relative to the potential for H 2S
contact.

Subcomponents not normally exposed to hydrogen sulphide, such as external studs and
nuts, are not required to meet NACE MR 01 75 material standards (Note: APl RP 53 does not
permit this exception).

Specific rig configuration should be considered with respect to BOP ventilation, coverings,
etc. to determine if, in fact, the studs and nuts coul d be exposedtoH ,S.

With respect to external bolt selection, three options exist:

f Useof ASTM B7 & L7, which do not meet the sour service material requirements of
NACE MR 01 756, but provides full API pressure rating, but results in SSCC
susceptibility.

T Useof ASTM B7M & L7M, which meet the sour service material requirements of NACE
MR 01 756 bolting provides SSCC resistance, but may require pressure derating of
the BOP stack in some sizes (API 6). Identification and control of bolting during rig
moves r equire special attention.

I Use of high strength, high alloy bolting, (such as ASTM 453 Grade 660), stamped A 2
or equ ivalent, is the third option. These bolting materials are SSCC resistant and of
strength comparable to B7 bolting. Costs of these bolts ar e up 25 times that of B7
bolting. Identification and control of bolting during rig moves require special

attention.
1.5.7. NONT METALLIC MATERIALS REQUIREMENTS FOR SOUR SERVICE
1.5.7.1. IRP Non -Metallic Material Requirements for Sour Wells
Applies to the number of BOP Sta ck subcomponents which are constructed of non metallic

components, including:
T annular preventer and ram rubbers
Y bonnet or door seals
' packing for BOP secondary seals.
Non metallic materials for sour service shou Id conform to APl RP 53, 9.A.8.

As elastomer t echnology continues to evolve, consultation with the original equipment
supplier as to the most suitable elastomers is recommended. Elastomers tend to be less
tolerant than metallic materials due to the range of dri lling environments encountered.

Detailed fluid properties and the range of operating conditions expected at the well should
be addressed in the elastomer / drilling fluid selection process.
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1.5.8. BOP TRANSPORTATION , RIGGING UPAND MAINTENANCE

Cold Work

During transportation, rigging up and maintenance of BOP stacks, operating practices
should be used which avoid cold work, and hence har dening of equipment components.

Any hammering action which could deform the stack component material should be avoided.
Replacement Parts

Material control for replacemen t parts for the BOP stack should have specifications and
quality control equivalent to the original equipment.

Bolt Torque
Bolt up torque should be kept within the recommended range.
Component Marking

The marking of components with die stamps except where permitted by APl 6A, S  ection
VIII, should be avoided.

Welding
Welding of brace supports to BOP materials is not recommended.

Where welding is required for component fabrication, the weldment and the heat affected

zone of the welded components should posses s essentially the same chemical and physical
properties as the parent metals of the subcomponents. These include hardness properties

and impact properties where appropriate. The weldment is also required to be free of linear
defects, such as cracks, under  cutting and lack of fusion.

Further details are contained in IRP 1.9 Welding .

1.5.9. 1.5.8 BOP CONTROL SYSTEMS
1.5.9.1. 1.5.8.1 IRP Hydraulic Pump Requirements
Two separate sources of hydraulic pressure should be provided to recharge the

accu mulators.
For low complexity, low impact, and simple ERP wells, one source can be considered.
The nitrogen reserve system is not considered the second source of hydraulic pressure.

The pumps should have a working pressure equal to that of the accumulator s ystem (APl RP
53 5.A.11).

One of these units should start automatically when the accumulator pressure drops below
90% of its operating pressure (APl RP 53 S.A.12).

The preferred combination of hydraulic power sources is one electric and one air powered.
Alternative power sources as detailed in APl RP 53 5.A.135 are acceptable.

One hydraulic power source should, without the accumulator, be capable of closing the
annular preventer on drill pipe, opening the HCR valve and obtaining 1400 kPa above the
accumulat or precharge pressure within five minutes.
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1.5.9.2. IRP BOP Master Control Station Location

The BOP master control shall be installed at a location remote from the rig floor.

Critical Sour Drilling

The master control station should be located at ground level and remote from the rig floor

a minimum 15 m from well centre.

Locating the master BOP control station adjacent to the accumulators, or at an alternate

ground level locations, desirable when drilling a critical sour well because this:

' Provides an opportunity to activate the BOPs in e vent of a fire on the rig floor or in

the substructure.

' Provides an opportunity to activate the BOPs in event of a mechanical failure or

interference with BOP control station on the rig floor.

I Provides greater potential for successfully rigging up an auxil iary BOP control
system, specifically power and control lines, should the original systems be rendered

inoperative.

i Provides individual control and return lines for each BOP element and HCR actuator.

1.5.9.3. IRP Minimum Accumulator Sizing

The accumulator system sh  all be sized such that when charged to its operating pressure

and with the recharge pump off, there shall be sufficient volume to:
f openthe HCR
' close the annular preventer on drill pipe

T and close, open, and close one ram preventer

The final accumulator pre  ssure shall not be less than 8400 kPa. In addition, the accumulator
must have sufficient volume to close the annular p reventer on an open hole.

Where blind shear rams are run, the accumulator size must be increased, or a separate
accumulator system install  ed, to provide sufficient volume and pressure to shear drill pipe.

Accumulator System Recommendations

The hydraulic manifold should be equipped with a full opening valve and provision for tie in

of an auxiliary source of closing fluid (API RP 53 5.A.16a).

Provision should be made to isolate the accumulators and pumps from the BOP controls to

facilitate the tie in of an auxiliary hydraulic power source (APl RP 53 5.A.16b).

Provision should be made for isolation of accumulator banks into at least two sections

If shear rams are included, the accumulator must be equipped with a hi

-low pressure

bypass valve to allow full accumulator pressure to the shear rams. This bypass valve must

be identified and its proper use included in the Shearing Procedures (see
Hydraulic Fluid

The fluid used in the hydraulic system should have a minimum pour point of 50
should be of a type approved by the BOP manufacturer.
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Nitrogen Reserve System

A nitrogen reserve system should b e sized to:

f openthe HCR valve

f and close both the annular preventer and one ram preventer

f and maintain at least 1400 kPa over the manifold pre charge pressure.
Provision should be included to isolate the nitrogen supply from the accumulator system.

If she ar rams are included, a separate nitrogen booster system should be capable of
meeting pressure and volume requirements to shear tubulars in use.

1.5.10. BOP | NSPECTION AND SERVICING REQUIREMENTS
1.5.10.1. IRP Servicing Timing
All blowout preventer systems, including BOP val ves and spools must be shop serviced and

shop tested every three years.

As a minimum, any time a BOP stack is subjected to an uncontrolled flow of reservoir fluids,

the stack should be shop serviced and tested prior to that stack going back into service.
After a "serious" kick or a well control operation of extended duration, shop servicing should

be carried out at the contractor's or operator's discretion.

Shop Servicing
A shop servicing of a BOP should include the minimum of:

f Complete disassembly of the p reventer including all mechanical and hydraulic
components.

§ Visual inspection of all sealing surfaces and repairs where necessary.

I Arecord of all repairs done and parts repaired keeping in mind that the preventer is
similar to a pressure vessel.

T Allrepai rs and replacements shall meet the same requirement as the original
preventer (NACE MR 01 75 and API RP 5.)

1.5.10.2. IRP Pressure Testing

A pressure test is to be done after reassembly.
Two pressure tests are required:

1. a low pressure (1400 kPa)

2. to the pressur e rating of the BOP

The pressure test of all hydraulics is to be done in both the open and closed position, to a
minimum pressure of 10,500 kPa or manufacturer's specification.

All pressure tests are to be conducted for a minimum of 15 minutes.

During dril ling, the BOP pressure testing frequency is outlined in 1.14. 3.1 IRP BOP Pressure

Testing .
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Hardness Testing
Hardness testing is to be conducted on any welding repairs, as per IRP 1.9 Welding .
Documentation

A common BOP shop testing and shop servicing form, similar to Test Report, Figure 1.5.9.1,
should be completed by a qualified technical expert stating the date of the service test.

A certificate indicating the date at which it was last perfo rmed should be installed in a
promi nent position in the dog house.

A copy of the complete inspection report should be kept on file by the drilling contractor .
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Figure: 1.5.9.1 Sample of Three Year Test Report
BOP Working Serial
Size mm Pressur e kPg Number
Single Double Triple Rig
Inspected By Date
Ram Ram
Location Description
INSPECTION
Door Screw Door Seal Right
Holes Area: Left
Seat Ram
Condition Cavity
Skid Side Pad
B | Condition Condition
Seat - To- Skid Side Pad
O | Height mm Wear mm Condition  mm Wear mm
Bore Bore Max Side
D | Condition Diameter Wear
Ring Groove
Y | Condition
Item Stamp Code Stamp Code
Left Right
Holder
Condition
Mounting Slot
Cond.
Holder Heigh t
R mm Wear mm mm Wear mm
Holder Width
A mm Wear mm mm Wear mm
Block Height
M mm Wear mm mm Wear mm
Block
s | Condition
Rubber
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Door Seal
Groove

Snap Ring
Groove

Ram Shaft
Seal Cavity

Cylinde r Stud
Holes

Door Cap
Screws

Hinge Bore
(L.D)

Wear

mm

mm

Wear

mm

Hinge Bore
Condition

Hinge
Hydraulic
Ports

Hinge
Manifold
Holes

Hinge Cap
Screws

Hinge Pin
(1.D.)

mm

Wear

mm

mm

Wear

mm

Hinge Bore
Condition

Hinge Pin
Grooves

Hinge Pin
(0.D)

Hinge Pin
Condition

Manifold
Upper Pipe

Manifold
Lower Pipe
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c | Cylinder Bore
v mm Wear mm mm Wear mm
Cylinder Bore
L | Condition
| Head Hydraulic
Port
N -
Head Cylinder
Groove
D
Head Seal
E | Groove
R | Studs and Nuts
Locking Shaft
Bore
A
N
D
H
E
A
D
Piston (O.D.)
=] mm Wear mm mm Wear mm
Piston O.D
| Condition
Wear Ring
s | (0.D) (1) mm Wear mm mm Wear mm
Wear Ring
T [ Condition (1)
Seal Groove
o | @
N
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R Threads
Threads Inside
A
Neck Condition
M
s Foot End
(0.D) mm Wear mm mm Wear mm
H | FootEnd
Condition
A
F
T
Threads
L
O [Shaft (0.D)
C mm Wear mm mm
Wear mm
K
Shaft Condition
I
N
G
S
H
A
F
T

(1) Slim Line Only
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1.5.10.3. Reference List

Alberta Government, ERCB, Oil and Gas Conservation Regulations 1986, ERCB, Calgary,
Alberta.

API, Specification for Wellhead and Christma s Tree Equipment, Nineteenth Edition, July
2004 Spec 6A, Dallas, Texas.

API, Care and Use of Casing and Tubing, Eighteenth Edition, May 1999 RP 5C1, Dallas,
Texas.

API, Recommended Practice  Thread Compounds for Casing, Tubing, and Line Pipe , Second
Edition , July 2003 RP 5A3 , Dallas, Texas.

API, Recommended Practice for Blowout Prevention Equipment Systems for Drilling
Operations , Third Edition, March 1997 RP 53, Dallas, Texas.

NACE, Petroleum and Natural Gas Industries - Materials for Use in H ,S-containing
Environments in Oil and Gas Production - Parts1,2and 3 , 2003 NACE MRO0175/1SO 15156
Houston, Texas
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1.6. CHOKE MANIFOLD

1.6.1. SCOPE

The equipment considered includes the choke manifold and choke / kill lines, including
metallurgy requirements.

Choke lines discussed in this document refer to the line between all BOP stack valves and
the choke manifold.

The Kill line refers to the section between the mud pump manifold and the BOP stack valves.

Manifold location, housing, configuration, and auxiliary equipment are incl uded with re spect
to manifold requirements.

Choke / kill line and manifold metallurgy covers qualification of existing equipment, use of
flexible hose, fabrication and certification of new installations and documentation of qualified
manifolds.

1.6.2. CHOKE MANIF oLD GENERAL
1.6.2.1. IRP Choke Manifold Design Specifications

The manifold and piping shall provide complete redundancy from the BOP stack, through the
manifold, to the mud  -gas separators, and finally to the flare pit.

Figure 1.6.1.1 outlinest  he recommended manifo  Id layout.

Where only one mud -gas separator is being used, redundancy from the manifold to the
single mud -gas separator and from the mud -gas separator to the flare pit is not required.

Bleed Off Lines

A separate bleed - off line from each spool to a separate manifold wing (side) is required and
must be equipped with a separate casing pressure gauge.

Chokes

A remote, hydraulic operated, non -rubber sleeve choke is required on the primary manifold
wing (upper BOP spool) and a manual operated choke is required on the secondary m anifold
wing (lower BOP spool).

Each choke should be capable of being routed through either wing of the control manifold.
Material Specifications
Equipment for manifold systems should conform to API Spec 6A.

All components and materials inc luding valves, chokes, lines, and fittings sh ould comply
with NACE MR 0175.

Lines and Fittings

Lines should be kept as straight as possible leading up to the preferred horizontal manifold
configuration.
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Fitting (tee and cross) and pipe materials should be consistent. Internal diameters of fittings
should be matched to pipe ID.

Welding

All welds should be 100% radiographed after being stress relieved, and documented as
described in IRP 1.9 Welding .

Winter Operations

For winter o perations, the manifold and related piping should be filled with water -soluble
antifreeze which is compatible with the manifold components. Diesel is not recommended

for use as antifreeze since diesel / mud segregation may allow an accumulation of water

based fluids and line blockage.

Figure 1.6.1.1 Choke Manifold Layout
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1.6.3. 1.6.2 VALVES & CHOKES
1.6.3.1. 1.6.2.1 IRP Valve and Choke Specifications

Valve specifications should require full bore gate valves with an opening equal to or greater
than manifold piping ID.

Valve bodies and bonnets should be constructed of forged or cast API Type 2 material.
Valves with integral flanges are preferred and are to be compatible with piping flanges.

Valves should be furnished with secured hand wheels indicating the direction of val ve
opening.

If appropriate, the preferred pressure side of valves which are designed for working
pressure should be clearly marked.

Adjustable choke specifications should identify the fully open and the fully closed position on
the choke body and on the ac tuator, if so equipped. Recommended choke body materials
include API Type 2 AlSI 8720 or equivalent. Inlet and outlet flanges should meet or exceed
manifold pressure rating.

1.6.4. FLANGES , RING GASKET AND BOLTING
1.6.4.1. IRP Flanges, Ring Gaskets and Bolting Specificati ons
Flanges should be utilized throughout without interco nnection of APl and ANSI types.

Table 1.6.3.1 Recommended API Flange 1 Choke/Kill LineCombinations should be utilized for
specifying API Pipe / Flange combinations.

R or RX rings should be used on A P1 6B flanges while BX rings shou Id be used on API 6BX
flanges. Ring types BX 150 through BX 160 should not be reused. Suitable gasket materials
should be determined from API Spec 6A.

ASTM A193 Grade B7M or ASTM A32 Grade L7M studs are recommended on jacke ted
flanges. Hardness should be limited to HRc 22 when u tilizing Proprietary Grade B7X.

ASTM A194 Grade 2HM or 7M nuts are recommended on jacketed flanges. Hardness should
be limited to HRc 22 when utilizing proprietary Grade 2HX nuts.
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Table 1.6.3.1 Recom

mended API Flange

Choke/Kill Line Combination

FLANGE
ERCB . Actual Press
BOP Type Material N?I:ZI?J I dil)ze Ac(t;?:])ld oD Rating
Class (mm) (mPa)
API 68 API Type 21/16 52.50 60.5 13.8
Class I 4 _
API 68 API Type 3U 77.93 88.9 13.8
4
Class Il API 68 API Type 2/16 52.50 60.5 13.8
4
API 68 API Type 30 77.93 88.9 13.8
4
Class IV API 68 API Type 2/16 49.25 60.5 20.7
4
API 68 API Type 30 73.66 88.9 20.7
4
Class V API 68 API Type 30 66.65 88.9 345
4
Class VI API 68x API Type 31/16 777.8 110.3 69.0
2
PIPE
(2)
Tvpe & Nominal Linear Actual Actual Wall (1) Min. Calc.
gfade Pipe Size Density ID oD Thk. Wall Press
(Inches) (KG/M) (mm) (mm) (mm) (mm) Rating
(mPa)
AP1 X46 2 5.43 52.50 60.3 3.91 15 35.98
AP1 X46 3 11.28 77.93 88.9 5.48 22 34.25
AP1 X46 2 5.43 52.50 60.3 3.91 15 35.98
AP1 X46 3 11.28 77.93 88.9 5.48 22 34.98
AP1 X46 2 7.47 49.25 60.3 5.53 2.25 50.94
AP1 X46 3 15.25 73.66 88.9 7.62 3.31 47.57
ASTM
Al106 3 21.32 66.7 88.9 11.12 7.25 52.84
Schedule 6.35 60.39
160
Grade B
Grace C
AP1 3(3) 27.65 58.42 88.9 15.24 9.07 115.82
Note (1) Based on API burst formula and required pressure integrity,

assuming uniform wear.

(2) Based on API burst formula P=0.875 (2 Ys t)

D
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where Ys = Min. Material Yield
t = wall thk.
D = Nominal OD

(3) Requires weldneck flange transition piece to match flange
and pipe boxes

1.6.5. FLEXIBLE STEEL HOSES
1.6.5.1. IRP Flexible Steel Hose Specifications
Flexible steel hoses are an acceptable alternative to interc onnect rigid steel lines to BOP

spool outl ets or other rigid steel lines.

Full length flexible steel hoses or kill lines will be permitted, but are not universally
recommended because they may be subject to external damage and therefore, may not
provide th e most desirable type of installation.

Pressure Integrity

Flexible hose assemblies should possess pressure integrity rating to working pressure for
any temperature from 90 °C downto -40°C. This rating should always equal or exceed rating
of BOP stack.

Inte rnal Diameter
Internal diameters of flexible hoses should be consistent throughout.
Flanges

Flanges compatible with BOP and choke manifold connections should be used for end
connectors.
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Material Specifications

Specifications should include demonstration o f capability of a representative assembly to
withstand 25% H ,S in water saturated methane at 90% for a minimum of 24 hours at rated
working pressure without leaking.

All metal components which may be exposed to sour fluid (including connectors) should
meet NACE MR 01 75.

The material used in the internal bore should exhibit a high degree of abrasion resistance.
In addition, the material should not be susceptible to degradation by exposure to any of the
following fluids:

i fresh or salt water

f #1or#2dieself uelwith aniline points over 60 °c
 water based, oil based, or mineral oil based drilling fluids
T sweet or sour gas or condensate

f CoO0, or water glycol solutions

Anchoring & Bends

All flexible hoses should be supported and anchored in accordance with m anufactu rer's
recommendations.
Support and anchoring devices should not be allow ed to produce localized bends.

Any bends should occur at a point remote from end fittings and should contain a bend
radius safely in excess of man ufacturer's specified minimum.

Bends w ith radius 1.5 times greater than specified minimums are preferred.
Heat Tracing

Heat trace temperatures should be controlled when winterizing hoses to avoid thermal
degradation of non metallic flex hose components

IRP Flexible Steel Hose: Testing & Docume ntation

New hose assemblies should pass a hydrostatic test at 1.5 times the working pressure
rating for a minimum of five minutes. Manufacturer should be requested to verify successful
compliance with this test.

Used hose assemblies should be pressure test ed at least every  three years to 70% of new
hose test pressure for ~ ten minutes using a low viscosity solids free fluid. For standard stack
and manifold pressure tests, the flexible hose should be pressure tested to the BOP stack

rating.

Suitable types of f  lexible hose should be demonstrated to be capable of withstanding 450 °c
of direct flame exposure for a minimum of 15 minutes at 10.4 MPa applied pressure.

Pressure testing should coincide with frequency for shop servicing of BOPs (1.5.9). Special
attention should be paid to pressure testing when using flexible hose, due to the difficulty in
assessing the condition of the pipe wall through conventional inspection means.
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