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25.0 Prefa ce

25.0.1 Purpose

This document contains a collection of Industry Recommended Practices (IRPs) to
ensure that industry supported guidelines for primary cementing are available for all
relevant organizations and personnel. It may be used as a reference for the intended
audience (see Audience), act as a guideline for operators and service companies during
employee training or may be accessed as a guide to support the development of
internal procedures for effective cementing operations.

Regulators from Alberta, British Columbia and Saskatchewan regularly attended
committee meetings and had opportunity to comment on all drafts and offer agreement
in principle. With support of the primary cementing community along with significant
representation from the Canadian jurisdictional regulators, the IRP 25 Committee
believes these recommended practices represent the approach of a progressive and
collaborative industry committed to primary cementing practices that provide the
required zonal isolation throughout the life cycle of the well.

It is the reade r &sponsibility to refer to the most recent edition of this document,
regulations and supporting documents.

All operations must adhere to jurisdictional regulations. This publication was produced in
Alberta and emphasizes provincial legislation with references to AER Directives for
minimum standards and regulatory requirements. When working outside Alberta the
regulations for the local jurisdiction must be used as the regulatory standard. A full
disclaimer is noted on the inside cover of this document.

25.0.2 Audience

This document is primarily intended for the primary cementing sectors of the oil and gas
industry. It assumes the reader has a working knowledge of cementing operations.
Organizations involved in primary and/or remedial cementing may find all or some
portions of this IRP of interest.




25.0.3 Scope and Limitations

This IRP covers primary cementing. Remedial cementing is addressed in a separate
IRP.

Note: At the time of publication of IRP25, the IRP for remedial
cementing was planned but not written. Refer to the Enform
website for current information about remedial cementing.

IRP 25 focuses on the cementing practices and factors that can impact the success of
the primary cement job. It considers all phases of the job from job design through to
execution and post-job evaluation. The design and placement of plugs is discussed,
highlighting the areas where practices for plugs vary from the wellbore casing
cementing. IRP 25 also provides some framework for managing change and
establishing a continuous improvement process.

Application of the practices in this document is intended to reduce the risk of issues
associated with poor primary cementing operations, including but not limited to, gas
migration (GM), surface casing vent flows (SCVF) and ground water contamination.

25.0.4 Revision Process

IRPs are developed by the Drilling and Completions Committee (DACC) with the
involvement of both the upstream petroleum industry and relevant regulators. Enform
acts as administrator and publisher.

Technical issues brought forward to the DACC, as well as scheduled review dates, can
trigger a re-evaluation and review of this IRP in whole or in part. For details on the IRP
creation and revisions process, visit the Enform website at www.enform.ca.

Revisions to this document are logged in Appendix A: Revision History.

25.0.5 Sanction

The following organizations have sanctioned this document:
Canadian Association of Oilwell Drilling Contractors (CAODC)
Canadian Association of Petroleum Producers (CAPP)
Petroleum Services Association of Canada (PSAC)

Explorers & Producers Association of Canada (EPAC)

25.0.6 Acknowledgements

The following individuals helped develop this edition of IRP 25 through a subcommittee
of DACC.



http://www.enform.ca/
http://www.enform.ca/
http://www.enform.ca/

Table 1. Developme nt Comm itt ee

Organization

AL ClEEE Represented
Lara Burgess, Chair Talisman Energy CAPP
Peter Rottler, Co-chair Schlumberger PSAC
Troy Abs Suncor Energy CAPP
Khalid Al-Ahdal Schlumberger PSAC
Chris Armstrong Baker Hughes PSAC
David Bexte
Darwin Bilidia Baker Hughes PSAC
Marius Bordieanu Suncor Energy CAPP
Gerry Boyer Alberta Energy Regulator Regulator
Don Buckland BC Oil and Gas Commission Regulator
Mark Chartier Noetic Engineering
Tyler Cherry CNRL CAPP
Yingli Chu BC Oil and Gas Commission Regulator
Carl Dyck Imperial Oil Resources CAPP
Brian Eitzen CNRL CAPP
Gary Ericson Sask Economy Regulator
Mike Exner
Juvenal Faria
Kellen Foreman Encana CAPP
Ed Fouillard CNRL CAPP
Mike Fraser Baker Hughes PSAC
Clay Gilbreath Conoco Phillips CAPP
Wade Hartzell CNRL CAPP
Kieran Hayward
David Johnson Halliburton PSAC
Mark Kavanagh Tam International PSAC
Ron MacDonald Alberta Energy Regulator Regulator
Rob Noble
Michael Parker Imperial Oil Resources CAPP
Don Reinheimer
Jason Schneider Sanjel Corporation PSAC
Nathan Sharkey
Kelly Soucy Magnum Cementing Services
David Stiles ExxonMobil Development Company
Laurent St. Louis Westrock Safety
Chuck Sylvestre Sanjel Corporation PSAC




Organization
Name Company
Represented
Blair Temple Imperial Oil CAPP
Rajan Varughese
Colin Witt Stingray Well Solutions
Laurie Andrews Technical Writer/Facilitator Enform

25.0.7 Range of Obligations

Throughout this document the terms dnust§ &ha |, dhéuld§ dnay and @andé  aise@d as
indicated below:

Table 2. Range of Obligation

Term Usage

A specific or general regulatory and/or legal requirement that must be

Must followed.

Shall An accepted industry practice or provision that the reader is obliged to satisfy
to comply with this IRP

Should | A recommendation or action that is advised

May [An option or action that is permissible within the limits of the IRP

Can | Possibility or capability

25.0.8 Copyright Permissions

This IRP includes documents or excerpts of documents as follows, for which permission
to reproduce has been obtained:

Table 3. Copyright Permissions

Copyrighted Information Used in Permission from
Continuous Improvement i Interpretive Appendix H Suncor Energy
Evaluation Matrix
Halliburton presentation about hole conditioning. | Tables 23 and 24 in Halliburton
Information derived from SPE 30514 25.11.4.1 Hole

Conditioning

25.0.9 Background

IRP 25 was originally published in April 1995 as Primary Cementing Guidelines. It was
created in response to one of the recommendations set forth by the DACC Surface
Casing Vent Flow Subcommittee in based on a study of the problem of uncontrolled gas
migration.

Between 2013 and 2016 the IRP was redeveloped with completely new content.




25.0.10 Terminology

IRP 25 uses several abbreviations and acronyms for standard industry terminology. A
complete listing can be found in the Acronyms and Abbreviations section near the end
of this document.

IRP 25 uses specific definitions for many of the key industry terms used in this
document. A list of definitions can be found in the Glossary.

Surface casing vent flows and gas migration are key concerns for cementing. IRP 25
uses the AER definitions for these terms as per AER Interim Directive: ID 2003-01.
These detailed definitions can be found in the Glossary.

Well casing terminology (e.g., conductor pipe, surface casing, intermediate casing,
production casing, cement) is commonly used in the industry. Figure 1 is included only
to establish a visual identification of these terms. It is not intended as a sole descriptor
of well casing design. Refer to the Glossary for definitions of these terms.



http://www.aer.ca/rules-and-regulations/interim-directives/id-2003-01

Primary Cementing

Figure 1. Well Casing Diagram

Typical Well Casing Diagram

Cement

Conductor Casing

Surface Casing

Intermediate Casing

Production Casing

Preface

16

January 2017



25.1 Overvi ew

The main goal of primary cementing is cement integrity throughout the life cycle of the
well. This includes the following objectives:

1 All zones of interest (e.g., potential hydrocarbon bearing, water bearing,
injection/disposal zones) must be isolated from one another with the primary
cement job as per jurisdictional regulations. Surface casing vent flows and gas
migration are indicators of a lack of zonal isolation and IRP 25 identifies testing
procedures to check for their presence (see 25.10.3.1 Surface Casing Vent
Flow Testing and 25.10.3.2 Gas Migration Testing).

Isolation of upper hole sections from downhole wellbore conditions.

9 Support for the casing string and protection from mechanical failure or
corrosion.

These objectives can only be achieved with a quality cement job. Although every well
may have specific needs and challenges, there are many recommended practices that,
if followed, will ensure a high rate of success with the primary cementing process.

A quality cement job requires detailed planning that considers the life cycle of the well,
all potential job execution parameters, slurry and spacer design, wellbore construction
implications, drilling practices and cement placement. Simulations and lab testing can
aid in design and product selection. Effective change management processes and
communication between designers and operational teams can help ensure that any
operational changes dond jeopardize the integrity of the plan and design. Post-job
evaluation is required to ensure the objectives are met. Evaluation results should feed
into a continuous improvement process to ensure that mistakes are not repeated and so
new or innovative techniques that are successful are fed back into the design process.

There are several challenges to cementing jobs that can be addressed through the job
design, spacer design, slurry design, wellbore design, wellbore construction practices or
job execution practices. This IRP outlines practices and contingency plans for planning
and executing any cement job and includes suggestions for addressing these
challenging situations. Refer to Appendix B: Cement Job Challenges for a high level
matrix of challenges, potential consequences, possible solutions and the section of the
document that discusses the solutions.

Personnel involved in designing and executing a primary cement job need to evaluate
the lifecycle wellbore conditions so the risks associated with primary cementing that
increase the chance of SCVF and GM are adequately addressed. This IRP can be
used to help evaluate the risk for a particular well and develop a design and execution
plan that addresses the issues.







25.2 Cemen t Job Desi gn

There are few circumstances, even within the same field, where two wells or two cement
jobs are identical. Variations in formation properties and drilling practices make it
difficult to apply a standard procedure for all jobs. The cement job design needs to
minimize integrity issues throughout the life of the well considering pressure cycling (i.e.,
hydraulic fracturing, production, injection), the corrosive environment (e.g., HzS, COg,
salt) and thermal cycling. A quality cement job design that considers all of the unique
challenges and risk factors for the well provides the basis for a successful cement job.

25.2.1 Design Process

Figure 2 shows the typical process for designing a cement job. In this process the order
of operations can change and there can be multiple iterations of each to reach a
solution that meets the objectives and best manages the identified risks.

Figure 2. Cement Job Design Process

Well
Objectives ’ Product Testing and . Create Job
and Design Selection Simulations Design
Criteria

25.2.2 Simulations

IRP  Cementing job simulators should be considered for optimizing primary cementing
design to improve placement and the reliability of the cement job, particularly in
complex jobs or jobs with technical uncertainty.

There are cementing simulators that can be used for specific applications (e.g.,
centralization, bottom hole circulating temperature, casing stresses).

Simulators are typically used in the following situations:

91 High temperature wells
1 Large job volumes

1 Long pump times
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1

Weak formations

Narrow annular clearances

New drilling areas

Areas prone to gas migration and surface casing vent flows

Problem drilling areas (e.g., lost circulation, high deviation or over/under
pressured)

New technology is being used (e.g., monobores)

Simulators can calculate the predicted surface pressures, rates and equivalent
circulating density (ECD) throughout the job as well as final placement of all fluid
pumped into the well during the cementing job. Other outputs from the simulator may
include the following:

=A =4 =4 -4 =4 4 -4

Cement and spacer volumes
Hook load calculations
Centralizer spacing calculations
Free fall calculations

Flow regimes

Casing collapse/burst calculations
Foam cement calculations

Gas flow potential calculations

Well and fluid information are needed to complete a simulation. The accuracy of the
simulation is dependent on the quality of the data input. It is important for the operator
and cementing service provider to work together to ensure the required data is made
available in order to limit assumptions.

The following are typical well data inputs for basic simulations:
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Depths

Wellbore dimensions
Formation pressures
Fracture gradients

Pipe information

Directional survey information
Caliper information
Temperature gradients

Lost circulation zones




9 Slurry properties (density and rheology)

1 Pumping schedule (fluid volumes and rates)
1 Pipe movement

1 Centralization

Import job data to the simulation software to compare the job design with actual job
parameters. This will help verify the success of the cementing operation and feed into a
continuous improvement cycle for the cementing process (see 25.13 Continuous

Improvement).

25.2.3 Cement Volumes

The initial cement volume will be based on a calculated volume plus an open-hole
annular excess factor. The excess factor is often based on previous experience in an
area or formation. If losses were incurred during drilling they should be dealt with prior to
cementing.

IRP  Final cement volumes should be calculated based on actual well data (e.g., a
caliper log) and an excess factor should be applied to cover hole size
uncertainty.

25.2.4 Displacement Volumes

Consider the effects of aeration and fluid compressibility on the displacement volume if
a fluid other than water is planned for displacement. Compressibility is most often seen
when pumping drilling fluids (i.e., entrapped air or compressible oil-based drilling fluid).

In certain situations the casing inside diameter (ID) needs to be verified (e.g., large
displacement volumes, large pipe, deep wells) because API Tables use a nhominal value
and may not be precise enough to make accurate calculations.

IRP  Pump efficiency factors shall be included in the calculations if rig pumps
are used to displace the slurry.

25.2.5 Pump Rates

Pump rates are based on surface equipment capacity, formation integrity and
simulations optimizing displacement efficiency. In some cases, an increased pump rate
may be required to prevent freefall of the slurry in the casing and limit contamination of
fluids.

Any unplanned changes in pump rate may change the time required to place the job,
circulating temperatures and displacement efficiency. This could ultimately jeopardize
slurry placement and the success of the job.




IRP  Changes to the planned pump rate (either from wellbore conditions or surface
equipment) should be agreed to by the cementing service provider and operator.

Reduced pump rates on a primary cement job can be considered to minimize ECDs,
minimize fallback and mitigate gas migration. At these low pump rates it is important to
verify that removal of drilling fluid is not compromised.

25.2.6 Mixing Methods

Job objectives dictate the mixing method.

Table 4. Mixing Metho ds

Batch Mixing Slurry Averaging Continuous
Method Mixing
Cement, additives and water are Slurry is mixed to density and Slurry is fmixed on the
mixed together in a large vessel to pumped to a larger averaging flyoto density and
uniform density tank prior to pumping immediately pumped
downhole. downhole.
1 Best density control 1  Allows for good density 1 Least control of
9 Limited to tank size control for small or large density
5 Do s volumes 1 Can mix large
1 A Rsidence timedneeds to be .
considered 1 May or may not require volumes
- ] additional equipment
1 Additional equipment (batch
mixer) required

For example, a typical surface job is low risk and can be mixed continuously while a
liner or whipstock plug requires a tighter control of density.

25.2.7 Centralization

The annular velocities around the casing being cemented in an eccentric annulus can
vary drastically which can leave channels of drilling fluid or spacer. Casing
centralization and annular velocity need to be designed to fully remove drilling fluid from
the wellbore when zonal isolation is required.

IRP  Centralization should provide minimum standoff for effective removal of drilling
fluid and hydraulic isolation throughout the life of the well. Simulations are
recommended to determine standoff requirements.

Consider deviation, pipe sag, drilling fluid removal, washout/hole enlargement and fluid
properties in centralizer design. Refer to 25.6.1.11 Centralization for more detail.

The designed standoff is typically a balance between the displacement efficiency and
the ability to run the casing in the wellbore.




25.2.8 Wiper Plugs

When feasible, use top and bottom plugs to separate slurry from other fluids (e.g.,
drilling fluid, spacer). This minimizes fluid contamination within the casing. It is
preferable to preload the plugs to limit interruptions to the pumping schedule.

Larger spacer volumes or under-displacement are potential mitigations to minimize
slurry contamination if wiper plugs are not used.

25.2.9 Pipe Movement

The movement of pipe during the wellbore preparation, cementing and displacement
operations will improve cement placement and drilling fluid displacement efficiency by
moving stagnant drilling fluid and removing drilling fluid filtercake. This is accomplished
by forcing the fluid to travel in changing flow paths. Rotation and reciprocation are the
two types of pipe movement typically used. Both methods introduce complexity and
challenges to the operation.

IRP  Pipe movement during drilling fluid conditioning and cementing should be utilized
where practical.

Note: There are other methods, tools and technologies available to
improve drilling fluid displacement.

Use caution when reciprocating so the surge and swab effects created during the
movement of the pipe do not induce losses, affect wellbore stability or create well
control problems. These effects are amplified when annular clearance is small. There is
also potential for the casing to get stuck during this process which may cause the casing
to be landed incorrectly.

Rotation is more effective than reciprocation under most conditions. Consider the
potential for connection fatigue and the use of specialized cement head equipment if
rotation is planned.

Pipe movement may be impossible for some applications (e.g., highly deviated
wellbores, liners or staged cement jobs). If rotation and/or reciprocation are not possible
then other parameters become more critical (e.g., pump rates, centralization, fluid
design parameters and/or spacer volumes). Refer to Wellbore Construction section
25.6.2.5 Ability to Rotate/Reciprocate During Cementing for more information.

25.2.10 Dirilling Fluid Conditioning

IRP  The wellbore should be circulated and conditioned to minimize cuttings build up
in the wellbore prior to running casing.




After casing is landed, circulate and condition the drilling fluid to the rheology planned for
in the cement design, including thinning to reduce gel strength. Consider the impact
thinning the drilling fluid can have on water wettability, particularly for oil-based drilling
fluids. If the drilling fluid is chemically treated the ability to achieve good water wettability
with the surfactants in the spacer may be compromised. Condition immediately prior to
cementing.

IRP  The amount of drilling fluid pumped during conditioning should be a volume
sufficient for the drilling fluid to reach its designed rheology and density.

It may be possible to increase circulation rates during fluid conditioning to reach the
ECDs expected during cementing.

Failure to properly condition the drilling fluid can result in poor friction pressure and/or
density hierarchy between the drilling fluid, spacer(s) and cement slurry, resulting in
poor displacement efficiency and inability to achieve cementing objectives.

25.2.11 Wait on Cement Time

Wait on cement time should be planned. Refer to 25.9.3 Wait on Cement for more detail
about wait on cement time.

25.2.12 Spacers

The fluids between the cement slurry and the drilling fluids can go by a variety of names
such as spacer, preflush, wash, etc. For the purposes of this IRP, a spacer is any fluid
pumped immediately before the cement that is different from the drilling fluid already in
the hole (whether it is weighted, non-weighted, viscosified or non-viscosified).

Spacers can be used as follows:
1 To separate the cement slurry from the drilling fluid (to prevent contamination of

the cement) and fully displace the drilling fluid.

1 To water wet or condition the casing and borehole wall, particularly when using
oil-based drilling fluids.

To remove drilling fluid filtercake from the borehole wall.
To thin and disperse drilling fluids.

To maintain stability of various formations.
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To control downhole fluid loss.




25.3 Spacer Design

The various spacer types have many common characteristics and functions as noted

below:
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Spacers usually have a suspending agent and optimized rheology.

Spacers may contain surfactants to reduce or eliminate compatibility problems.
Spacers should be stable at bottom hole application temperature.

Spacers should have low fluid loss to the formation.

Spacers help prevent and break emulsions and water blocks.

Spacers may have a breaker that helps break up highly gelled drilling fluid and
filtercake.

Spacers should incorporate environmental friendly fluids and additives when
possible.

The performance of a spacer depends mainly on the following:

The rheology of the spacer at the desired temperature.

The density of the spacer compared to densities of the fluids in front and
behind.

The compatibility of the spacer with the drilling fluid and the cement.

The volume of spacer necessary to provide sufficient separation of the cement
from the drilling fluid to prevent the cement from becoming contaminated.

The contact time for chemical interactions to occur.

The pump rate of the spacer to optimize drilling fluid displacement.

Apply engineering principles and area experience when designing spacers. Advanced
computer simulation models can assist in predicting displacement efficiency. There may
be situations where it is not possible to apply all of the best practices listed in this
section. Try to apply as many as possible.

25.3.1 Scavenger Slurries

A scavenger slurry is a spacer consisting of diluted cement that can provide some
scouring action on immobile drilling fluid and maintain pressure control. Cement used for
a scavenger slurry is not appropriate for isolation or achieving a cement top. Scavenger
slurries may not be stable and can separate if pumping is stopped. Use of a scavenger
slurry does not preclude the need for a spacer unless the scavenger is compatible with
the drilling fluid.




IRP  Scavenger slurries should not be included in the calculated cement volume
required for isolation.

25.3.2 Annular Velocity and Fluid Flow

There are three flow patterns to consider when designing a spacer for displacement
purposes. These are turbulent, laminar and plug flow. Each of these flow patterns may
be employed successfully with different fluid types in an effort to balance chemical and
physical performance characteristics. Cement is usually pumped in a laminar flow
pattern in typical wellbore and casing configurations. Variations in hole diameter and
eccentricity may result in unpredictable flow patterns and thus the fluid may go through
all three flow patterns in various parts of the hole. Increasing the annular velocity via
pumping rates may improve removal of drilling fluid.

The following factors impact annular velocity:

1 ECD relative to formation integrity
1 Surface equipment capability

1 Annular gap/washout

Rely on field experience, computer simulations and logging results to optimize and drive
process improvements (see 25.13 Continuous Improvement).

25.3.21 Turbulent Flow

Turbulent flow placement is recognized as the most effective technigue for removing
drilling fluid. For turbulent flow to be effective, the spacer needs to be in turbulence
around the entire circumference of the annulus across all zones of interest. This may be
difficult to achieve in situations where the casing is poorly centralized or the hole has
significant ovality. Studies have shown that a contact time of 10 minutes across the
zone(s) of interest is recommended for complete drilling fluid displacement. Avoid
situations where the column of unweighted turbulent flow spacer causes the well to
become hydrostatically underbalanced or induces wellbore instability.

IRP  Turbulent flow should be used whenever well conditions allow.

Note: The cement does not need to be pumped in turbulent flow, only
the spacer ahead of the cement.

Consider laminar flow methods if the turbulent-flow technique cannot be used.

25.3.2.2 Laminar Flow

Laminar flow placement techniques are used when turbulent flow is not practicable. For
laminar flow to be effective, a friction pressure hierarchy and density hierarchy are




utilized. In laminar flow, fluids will move at a higher velocity on the wide side of the
annulus than the narrow side.

Plug flow is a specific laminar flow technique sometimes utilized to minimize the
differential velocity. With Plug flow the job is pumped at very low rates. The rate needs
to be sufficient to overcome the wall shear stress imposed by the gel strength of the
drilling fluid on the narrow side of the annulus.

25.3.2.21 Friction Pressure Hierarchy

Friction pressure is an important factor in fluid displacement optimization. A thicker fluid
will more effectively displace a thinner fluid. If the order is reversed, a thinner fluid will
tend to channel through the thicker fluid and take the path of least resistance. There is
no defined minimum requirement for friction pressure hierarchy but a common industry
practice is to have a 10% increase in friction pressure of the displacing fluid relative to
the fluid being displaced.

IRP  When using laminar flow techniques, the planned rheology of the conditioned
drilling fluid and the cement slurries should be used to optimize friction pressure
hierarchy when designing spacers.

25.3.2.2.2 Density Hierarchy

The optimal spacer density is dependent on the drilling fluid and cement density. The
drilling fluid and cement densities are constrained by the formation pressure and
wellbore integrity. Reevaluate the spacer density if unexpected hole conditions are
encountered and/or drilling fluid or cement densities change.

IRP  When using laminar flow techniques, each fluid should be heavier than the fluid it
is displacing. Density hierarchy between each fluid should be maximized within
ECD limitations.

There is no defined minimum requirement for density hierarchy but a common industry
practice is to have a 10% or 100 kg/m? increase in the density of the displacing fluid
relative to the fluid being displaced.

25.3.3 Spacer Length and Contact Time

Contact time is how long any given point of the wellbore will be in contact with the
spacer fluid. Spacer length is the calculated annular length of the spacer in measured
depth (accounting for excess). Contact time is especially important when chemicals are
used to perform a function in the wellbore. These functions may include water wetting,
breaking up drilling fluid or breaking emulsions. Spacer length may be more important
than contact time when using a weighted spacer.

The minimum contact time for an un-weighted spacer should be 10 minutes if practical.




The optimum application of a weighted spacer may not always be measured in contact
time but in annular length. A good rule of thumb for vertical wells, where practical, is a
minimum spacer length of 150 m in the open hole section but the length should be
based on drilling fluid parameters and hole conditions.

Larger volumes or lengths of spacers may be required in horizontal or deviated
wellbores.

25.3.4 Compatibility

Fluid compatibility between the various wellbore fluids is important to avoid channels
through the cement that result in poor isolation. If two fluids are incompatible then
removal of drilling fluid can be disrupted due to the creation of high viscosity mixtures or
emulsions which will be easily bypassed by the thinner fluid behind it. Compatibility
considerations include settling, alteration of thickening time, delay of compressive
strength, etc.

IRP  Fluid compatibility should be tested, at minimum, between the drilling fluid and
the spacer system.

There are many ways to evaluate fluid compatibility. Two methods are described in
Appendix C.

25.3.5 Wettability

If an oil-based or non-aqueous drilling fluid is to be used to drill the well then consider
water wetting the wellbore with the spacer system. This can be done by using a two-part
system where a hydrocarbon is pumped followed by a water-based spacer or a one-part
water-based spacer. In either case, a package of solvents and surfactants should be
added to these fluids to remove, clean and water wet the surfaces of the casing and
formation. Cement is a water-based fluid and thus requires the formation and pipe to be
water wet to achieve a good bond.

IRP  When using oil-based drilling fluids, a wettability test should be completed to
demonstrate the proposed spacer will work as designed at wellbore
temperatures.

25.3.6 Spacer Stability

The stability of the spacer is important so that solids do not settle out of the spacer
during pumping or in the event of any planned or unplanned shutdowns. There are two
types of stability or sedimentation tests for spacers: static and dynamic. The choice of
which test(s) to run is dependent on the job design.

Note: There are API standards for static tests but not for dynamic tests.




IRP  The spacer should remain stable at downhole conditions for the calculated job
time.







25.4 Slurry Design

Slurry design that utilizes parameters appropriate to the well objectives and conditions is
required to achieve primary cement integrity throughout the life cycle of the well.
Consider the following:

Well objectives (e.g., oil, gas, injection, storage, vertical, deviated, horizontal).

Completions operations (e.g., multi-stage fracturing, matrix treatments, open
hole).

Production conditions (e.g., cycling pressure and temperature).
Corrosive wellbore fluids (e.g., CO2, H2S, brine).

Future field development or change in well objectives (e.g., producer to
injector).

Future abandonment and/or suspension procedures.

Contingencies for unexpected wellbore conditions (e.g., geology, lost
circulation, hole instability).

Slurry design is an iterative process. The pilot formulation expected to meet the
required performance criteria and local regulations is usually based on experience in the
area (usually via databases of historical information). Laboratory testing and
simulations can be used to verify the predicted results and refine the slurry design to
arrive at an optimal formulation for a given set of well conditions.

IRP  The same design rigor/considerations that are applied to the reservoir
zone shall also be applied to other potential flow zones in the well (e.g.,
nuisance gas, gas migration, water flows, potential future production
zones).

25.4.1 Slurry Density

The primary consideration in slurry density selection is to meet the pore and fracture
gradient window requirements. Once the density is selected other requirements for
specific well conditions can be addressed to ensure well objectives are met. The cement
slurry is typically heavier than the fluid it is displacing. See 25.3.2.2.2 Density Hierarchy
for more information.




25.4.2 Cement Type

The type of cement to be utilized on a cement job depends on the job objectives. Class
fAQ flCoand GO ements are common oil and gas well cements. Class iG0 ¢ e ms¢ha t
most widely used cement in the oilfield worldwide.

Pozzolan and Portland cement blends offer predictable and reliable performance and
can be designed to meet specific temperature, density and depth requirements. The
major benefits of these systems are protection against sulphate attack and improvement
in the cement® resistance to the corrosive nature of formation fluids.

Table 5 identifies some typical applications for the most common types of cements.

Table 5. Common Cement Types

Ceme nt Type Features / Applications

Class A 1 Nominal Density: 1878 kg/m?
1  Mixing Water: 46%, 0.46 m3/tonne
1 Yield: 0.777 m3/tonne
1 Usage:
o Surface casing or shallow well cementing
o High CsA content (Ordinary resistance to sulfate attack)

0 Similar to ASTM C-150, Type | (construction), CSA
fiGU 0T-10 (construction)

NP (Normal Portland) Cement C S AGUir T-10 construction cement

Similar to API Class A

Density Range: 1878 - 2000 kg/m?3

Usage:

Surface casing or shallow well cementing

Economical Replacement for API Class A

0 High CsA content (Ordinary resistance to sulfate attack)

0 No API Quality Checks
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Class C Nominal Density: 1773 kg/m?3
Mixing Water: 56%, 0.56 m3/tonne
Yield: 0.877 m3/tonne
Usage:
o Surface casing or shallow well cementing
o0 Similar to ASTM C-150, Type Il (construction)

o Ordinary to high resistance to sulfate attack
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Ceme nt Type

Features / Applications

HE (High Early) Cement T CSA nAddEID construction cement
1  Similar to API Class C
1 Nominal Density: 1776 kg/m® (dependent on the cement
fineness)
I Usage:
Surface casing or shallow well cementing
0 Economical Replacement for API Class C
0 High CsA content (Ordinary resistance to sulfate attack)
0 No API Quality Checks
Class G 1  Nominal Density: 1901 kg/m3
1 Mixing Water: 44%, 0.44 m3/tonne
1 Yield: 0.757 m3/tonne
1 Usage:
0 All-purpose cement
0 Intended use to all depths, with additives
0 Most used cement class, world-wide
Ultra-Fine Cement System 1 Fine grind penetrating cement
1 Early strength development
1  Lower density than APl cement
o Nominal density is highly variable depending on PSD
and composition
1 Low permeability
1  Provides seal or squeeze in problem areas:
o Thief zones, water zones, gas zones, casing leaks or
gravel packs
Light Weight Cements 1 Manufactured light weight cement
0 Made as per Portland cements
o With added light weight aggregate
1 Blended light weight cement (Field Blends)
o Light weight aggregate blended after manufacture
0 APl or Construction cement with Fly Ash, Bentonite,
additives, etc.
Pozzolan Mixtures Economical extended slurries
91 Densities as low as 1450 kg/m?3
9 Standard blend designation is A:B:C
Where:
A = number of absolute volumes of fly ash
B = number of absolute volumes of cement
C = percent bentonite (or Gel) by weight of blend)
1 Cement Type should be specified




Certain conditions during drilling or during the life of a well may require the use of
special cements. Examples of special cement systems are shown in Table 6.

Table 6. Special Ceme nt Systems

Special Cement Systems

Features /Applications

Thixotropic

Cement slurry rapidly gains gel strength when slurry is static. The
most common additive used is gypsum. Typical applications include:

1 Primary cement
1 Lost circulation plugs
1 Gas migration control

Artic/Permafrost Cements

Permafrost cements have the ability to set at temperatures as low as
-10°C.

They have a low heat of hydration which maintains the integrity of the
permafrost.

These systems typically incorporate salt (NaCl) to suppress the
freeze point and gypsum to lower the heat of hydration.

High Temperature Cements (110 7

360°C)

Portland cements (Class G & Class A) retain their set properties up to
a temperature of 110°C.

Above 110°C, the cement becomes susceptible to strength
retrogression (chemical phase changes result in shrinkage within the
cement matrix accompanied by the loss of compressive strength).

These systems typically have a minimum of 35% silica added to the
cement blend to create different mineral phases which are less
damaging to the cement matrix ( thermaldcement blend)

Ultra-High Temperature Cements
(above 360°C)

Ceramic and high alumina cements are generally recommended
where the cement will be exposed to extreme temperatures of fire
flood operations.

Salt Cements

Salt (NaCl or KCI) can be added to cement to:
1 Preserve the integrity of a salt zone

1 Actas an expansion aid

1 Minimize sloughing shales

Foamed Cements

Typical applications include:

1 Lost circulation (either as a primary cement or as a lost
circulation plug)

1  Thermal wells (foamed cement have a lower thermal
conductivity)

1  Gas migration control

Lightweight Cement

A blend of cement that allows a slurry density to be lightened as low
as +1000 kg/m? without the addition of nitrogen.

Used to reduce the hydrostatic gradient of the cement column which
is useful for wells with lost circulation or low bottom hole pressure.

Have lower compressive strengths than their Class i Gar 7 A 0
counterparts.

Gas Control Additives

Used to inhibit gas flow into the cement.

Right-Angle Cement

Can be specifically designed to set in as low as 15- 20 minutes
Typical used to address lost circulation

Microfine Cement

Ultra-fine cement typically used in squeezing micro-channels and low
feed rate situations.




25.4.3 Additives

A common way to achieve specific properties is through the use of chemical additives in
the cement blend. Meeting specific slurry objectives may require the use of several
additives. Common classes of cement additives are described in Table 7.

Table 7. Cement Additives

Additive Type Purp ose

Extenders Used to decrease slurry density, increase yield and decrease costs.

Weighting Agents Used to increase the density of the cement slurry.

Accelerators Used to decrease the thickening time of cements and increase the
rate of compressive strength development to reduce WOC time.

Retarders Used to extend the thickening time of cement.

Dispersants Used to reduce the slurry viscosity, decrease the fluid loss of the

slurry, improve the pumpability of high density slurries and increase
the effectiveness of some fluid loss control agents.

Fluid Loss Control Agents Reduces the amount of aqueous phase that is lost to a permeable
formation from a pressure differential.

Minimizes sloughing and formation damage caused by reducing
cement filtrate loss.

Maintains cement properties (thickening time and rheology).
Minimizes gas influx and migration during cement hydration.

Lost Circulation Additive Used to prevent loss of slurry to high permeability, low pressure or
easily fractured formations.

Gas Control Additives Used to inhibit gas flow into the cement.

Salt Additives Added to cements for one or more of the following reasons:
1 To preserve the integrity of salt zones that must be cemented

across

1 As an expansion aid
1 To minimize sloughing shales (as per safi cementso )
 To decrease wait on cement
1 To freeze suppression in permafrost applications

25.4.4 Thickening Time

Thickening time (TT) is a measure of consistency of the slurry and is measured in
Bearden consistency units (Bc).

TT determines the length of time a cement slurry remains in a pumpable state. Slurry is
typically considered pumpable up to 70 Bc.

TT is highly dependent on slurry temperature. Ensure an appropriate temperature ramp
is used for TT tests. Consider running a temperature simulation if wells are deviated,
horizontal or High Pressure High Temperature (HPHT).




When designing the cement slurry consider the potential for increased thickening time
and changes in other slurry properties due to the cooler temperatures seen up-hole at
the slurry®& highest placement point in the annulus.

IRP  The minimum thickening time (working time) should take into account the mixing
method, job placement time, planned static periods and an appropriate safety
factor.

Note: Working time is often used interchangeably with thickening time in
industry. Terminology should be understood between the operator
and the cementing service provider.

25.4.5 Compressive Strength

Cement requires compressive strength to support the casing and withstand operational
stresses. The minimum required compressive strength is governed by jurisdictional
regulations. However, the objectives for the cement job may require a higher
compressive strength than the regulated minimum.

Lower temperatures will delay compressive strength onset at top of cement (TOC).
Depending on the consequences of this delay, it may be necessary to model first
particle temperature and design the slurry accordingly. Drilling out cement before the
entire column has gained compressive strength may damage the bond to the pipe.

Wait on cement requirements are discussed in section 25.9.3 Wait on Cement.

25.4.6 Fluid Loss

Fluid loss control is important when slurry is placed across a permeable formation or
where the annular gap is small (slim-hole cementing). A common industry guideline is
fluid loss of <= 50 mI/30 minutes (as per the API Fluid-loss Test) for liner and slimhole
applications and for areas with potential for annular flow. Insufficient fluid loss control
allows some of the water to separate from the slurry and some of the aqueous phase of
the slurry to penetrate the formation. This can lead to an increase in slurry rheology,
increase in density, higher friction pressures, reduction in thickening time, formation
damage, inability to maintain hydrostatic head after placement, annular bridging or, in
worst case, plugging of the annulus. Any of these conditions can result in cement job
failure. Fluid loss control is also essential for all high temperature and high pressure
cementing applications.

25.4.7 Free Water

In highly deviated or horizontal wells the free water can coalesce to form a continuous
channel on the upper side of the hole. This forms a path that may allow annular flow.
Excessive free water can also be detrimental to the achievement of the desired top of
cement.




IRP  For thermal, high temperature, highly deviated or horizontal cementing the free
water should be zero ml. The test is to be performed at a 45° angle.

Failure to eliminate free water can result in casing collapse or burst in thermal
applications with casing in casing.

25.4.8 Rheology

To properly design, execute and evaluate a primary cement job it is critical to
understand the rheological properties of the cement slurries. Proper rheological
characterization is essential to the following:

Evaluating the slurry& mixability and pumpability.
Optimizing removal of drilling fluid and slurry placement.

)l
1
1 Determining the friction pressure when the slurry flows in pipes and annuli.
1

Evaluating the slurry® ability to transport large patrticles (e.g., lost circulation
materials).

Predicting annular pressure during slurry placement (ECD).

Predicting how the wellbore-temperature profile affects slurry placement.

IRP  The rheology of the cement slurries and spacer should provide an optimized
friction pressure hierarchy within ECD and pumpability constraints.

There is no defined minimum requirement for friction pressure hierarchy but a common
industry practice is to have a 10% increase in friction pressure of the displacing fluid
relative to the fluid being displaced.

25.4.9 Static Gel Strength

Static Gel Strength (SGS) development may contribute to decay of hydrostatic pressure
in the column of cement. As gelled fluid interacts with the casing and the borehole wall it
loses its ability to transmit hydrostatic pressure. One method to evaluate the impact of
gel strength development on the potential for annular flow is to calculate the critical
static gel strength (CSGS) and then to measure the critical gel strength period (CGSP).
Wellbores often have variable hole diameters, contain multiple fluids in the annulus after
the cement job and have more than one potential flow zone to be evaluated. For these
reasons, it is recommended to use a computer program to evaluate the CSGS for all
potential flow zones.

CSGS is the static gel strength of the cement that results in the decay of hydrostatic
pressure to the point at which pressure is balanced (hydrostatic equals pore pressure)
at a point adjacent to the potential flowing formation(s). Density is the only slurry design
parameter which can affect CSGS. The CSGS can be increased by increasing the




hydrostatic overbalance relative to the potential flow zone, by reducing the length of the
cement column above the top of the flow zone or by increasing the annular clearance.

Experiments have shown that gas cannot freely percolate through cement that has a
static gel strength ranging from 120 to 240 Pa (250 to 500 Ibf/100ft?) or more. The
industry has conservatively adopted the upper end of the range as the accepted limit.
CGSP is the time period starting when lab measurements indicate the slurry has
developed CSGS and ending when they show it has developed a SGS of 240 Pa (500
Ibf/100ft?). If insufficient information is available to confidently calculate the CSGS, a
value of 48 Pa (100 Ibf/100ft?) can be assumed as a starting point.

IRP  When annular flow or formation fluids influx is a risk, the CGSP should be
minimized. Industry standard is a maximum of 45 minutes but there are
situations where a shorter time is recommended.

The slurry CGSP should not be confused with setting time profiles as measured on a
consistometer.

25.4.10 Stability

The term stability has various aspects with regard to any cement system.

Slurry Stability: During the liquid stage of cement slurry, stability is defined as the ability
of the slurry to maintain a homogeneous density where solids are uniformly distributed
without excessive separation of water.

IRP  Slurry settling tests should be performed for high risk jobs and jobs with low and
high density slurries.

Thermal and Chemical Stability: Once the cement sets, stability refers to the ability of the
cement to withstand the wellbore conditions throughout the life of the well. The main
wellbore conditions detrimental to cement sheath integrity are bottom-hole temperatures
and fluid exposures.

Portland cements are stable under down-hole temperatures of less than 110°C (230°F).
Above 110°C the cement goes through strength retrogression resulting in decreased
compressive strength and increased permeability.

IRP A minimum of 35% silica (based on the weight of cement) shall be added to
stabilize compressive strength and permeability/porosity of the cement
when down-hole temperatures are above 110°C. In thermal areas there is a
regulatory requirement that cement be stable at 360.5 °C (see AER

Directive 09: Casing Cementing Minimum Requirements).

Formation and/or injected fluids can also be detrimental to cement matrix stability. It is
important to know the fluid environment to which the cement sheath will be subjected.



http://www.aer.ca/rules-and-regulations/directives/directive-009

For instance, in a corrosive fluid environment the durability of a Portland cement can be
improved by adding corrosion resistant materials, lowering the permeability through
optimizing particle sizes or adding chemical compounds to the slurry.

25.4.11 Expansion

Cement bulk shrinkage can create microannuli between the formation and the cement
sheath which prevents the cement from providing a seal. A microannulus will result in a
poor cement bond and, in some wells, a path for gas to flow. An expanding agent can
be incorporated into the cement slurry to address the cement bulk shrinkage and reduce
the risk of a microannulus forming. This is especially critical in wells with risk of gas or
fluid migration.

Minor and controlled expansion is needed to seal off the microannulus and it is
recommended that linear expansion not exceed two percent. Any expansion beyond two
percent can result in poor cement quality and mechanical performance (see 25.4.13
Mechanical and Thermal Properties).

25.4.12 Solids Volume Fraction

Solids volume fraction (SVF) is the ratio between the volume of solids to the total slurry
volume. A conventional neat 1900 kg/m? Class G slurry has a SVF of 0.41 whereas
conventional extended slurries can have SVF as low as 0.20. Porosity is the ratio of the
volume of pores within set cement to the total volume of the cement. While set cement
porosity cannot be directly inferred from SVF, slurries with lower SVF will generally
result in set cement with higher porosity and vice versa. Lower SVF cement may not
have sufficient strength or result in high porosity set cement that cannot adequately
combat fluid invasion through the cement matrix. Low SVF is usually associated with
extended slurries (i.e., economical systems) where the slurry is placed in the annulus
mainly to provide additional support to the pipe and there is no annular flow from the
formation. Low porosity slurry is recommended when there is a risk of potential
formation influx. Higher solid content slurries provide superior strength and resistance to
fluid invasion.

Particular attention needs to be paid to up-hole zones which are covered by lead
cement slurries because lead cements often have high porosity as a function of lowering
the SVF to achieve a lower density.

25.4.13 Mechanical and Thermal Properties

Cement systems are required to withstand operational loads and provide zonal isolation
throughout the life cycle of a well. Traditional cement system selection is based on
compressive strength and typically neglects other mechanical and thermal properties of
set cement. However, in many extreme service wells (e.g., thermal stimulation, hydraulic
fracturing), other properties can provide a more relevant indication of cement




performance. Additional properties to consider during design for extreme service wells
include the following:

Elastic modulus

Tensile strength

Confined and unconfined compressive strength (i.e., Mohr-Coulomb properties)
Thermal expansion

Permanent volumetric shrinkage/expansion

Thermal diffusivity (i.e., density, thermal conductivity and specific heat)
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Poisson $ratio

Radial expansion/contraction of the casing from internal casing pressure or large
temperature changes in extreme-service wells generates substantial deformations in the
cement sheath over the life of the well. The mechanical and thermal properties of the
cement can be optimized to withstand these deformations. However, optimization relies
on a thorough understanding of the governing cement properties and how the cement
interacts with the casing and formation under the loads introduced by operations. For
example, formation properties like stiffness need to be considered when designing the
mechanical and thermal properties for an application.

IRP  The cement mechanical and thermal property design should be optimized and fit
for purpose.

Understanding and manipulating these properties can produce cement systems capable
of withstanding different types of deformations and improve long-term integrity.
Computer modelling programs may help evaluate the possible loading conditions on
cement, evaluate the effect of those loads on the cement sheath and understand the
relative importance of certain cement properties, but should not be relied on exclusively
for cement selection. Other evaluation techniques like field experience, experimental
testing and fundamental engineering analysis can be used to select an optimal property
set.

Consider the downhole curing path and loading conditions when designing the cement
thermal and mechanical properties. Cement properties can be affected by downhole
conditions (e.g., temperature, pressure).

IRP  Cement samples used to measure mechanical and thermal properties for design
purposes should be cured under pressure and temperature representative of the
downhole environment.

For example, most steam-assisted gravity drainage (SAGD) wells have a low
bottomhole static temperature but loading is generated by elevated temperatures. An
ideal test path for this application is to cure at low temperature followed by a test at




elevated temperature. Conversely, cement in deep wells will be exposed to high
geothermal temperatures. An ideal test schedule for this application is to cure and test
at high temperature. Simplified cure/test paths can be considered if the simplified
cure/test path is confirmed to be representative.

25.4.14 Lost Circulation

It is expected that lost circulation encountered during drilling will be cured prior to the
primary cement job if possible. However, even after curing the losses it is possible for
lost circulation to re-occur during the cement job due to the removal of the filter cake,
increased hydrostatic or additional ECD.

Lost circulation can be addressed either through addition of lost circulation material
(LCM) or through specialized blends. Consider the effect of increased cement density
and ECDs relative to drilling fluid when managing lost circulation. Some examples of
special blends and their purpose are listed in Table 8.

Table 8. Special Blends to Combat Lost Circulation

Type Situation/Purpo se

Conventional lightweight cement and foam Use to minimize hydrostatics

systems

Thixotropic cement systems Use across shallow formations with low fracture gradients to

minimize fallback

Lightweight cements with high solid contents | Use to plug fractures and minimize hydrostatics
and varied particle sizes in the blend

IRP  Lost circulation below intended top of cement should be addressed prior to
commencing the primary cement job.

When LCM is incorporated into the spacer or cement, the fluid needs to exhibit good

carrying capability to avoid settling of LCM. Slurry with a yield point (YP) of 7.5 Pa is
typically considered adequate for suspension of LCM. Lab testing can confirm system
stability and LCM compatibility.







25.5 Lab Testing

Lab testing procedures are designed to replicate downhole conditions for temperature
and pressure. Temperature has the strongest effect on slurry properties and typically
pressure is a secondary effect. Over or underestimating the temperature can result in
premature setup and unpredictable slurry properties which could result in a
compromised cement job.

IRP  Cement samples tested for design purposes should be cured and tested based
on the anticipated placement process and well conditions representative of the
downhole environment.

25.5.1 Testing Temperature

Both bottomhole static (BHST) and circulating (BHCT) temperatures are required for
cement testing.

When available, use offset information (i.e., wells, logs) to determine the BHST. If no
information is available BHST gradients could be used.

Equation 1. BHST Gradients

® 0 = ( X ) +
Where:
0 D = Depth (metres)

0 TG = Thermal Gradient (°C/m)
0 S = Surface Temperature (°C)

IRP  Thermal gradients to be used for testing should be based on well data (e.qg.,
offset well logs).

Note: Temperatures obtained from Measurement While Drilling (MW D)
tools are not necessarily reflective of circulating temperatures.

BHCT can be calculated or simulated from the BHST and is considered to be the critical
design temperature for slurry placement.

When designing slurry consider the potential for change in slurry properties due to the
cooler temperatures seen up-hole at the slurry& highest placement point in the annulus.
Additional tests at cooler temperatures may be required to model up-hole conditions.




25.5.2 Testing Specifications

IRP  All cement testing procedures shall, at minimum, adhere to the latest
version of the following standards:

API RP 10B-2
API RP 10B-3
API RP 10B-4
API RP 10B-5
API RP 10B-6
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Note: There are 1SO standards related to cementing however they are
not equivalent to API in all cases.

Note: Some cement properties are not fully characterized using
standard methods. Deviation from the above standards is
acceptable if the planned testing process is more rigorous (i.e.,
exceeds the standard) or presents a more realistic approach to
the planned operations.

Deviation from the API standards would be expected under the following circumstances:

When batch mixing

During shut-down periods (liner, two-stage when-cement above stage tool is
circulated out of hole)

When placing Balanced Plugs
When reverse cementing

When using materials with unconventional or specific mixing requirements
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When characterizing cements for unconventional applications (i.e. thermal
stimulation)

1 In highly-deviated or horizontal wells

IRP  The operator and the cementing service provider shall agree on the testing
procedures to be used.

25.5.3 Testing Requirements

Match testing requirements to the risk and complexity of the job. Pilot and sensitivity
testing regimes require more rigour due to the risk of failure. The cementing service
provider and the operator should agree on the level of testing.

IRP  Pilot testing should commence as the well(s) planning phase is initiated.




Pilot testing defines the slurry design, provides data for modeling and establishes the
slurry properties and expected results for stock materials.

IRP  More complex jobs should have slurry sensitivity tests performed and
demonstrated to the operator.

Sensitivity tests may include variable temperatures, densities and additive loadings.

See section 25.7.1.5 Bulk Plant Sampling and 27.1.6 Bulk Plant Blend Testing for bulk
plant sampling and testing requirements.

25.5.4 Testing New Products or Technology improvements

to cementing equipment, products and services are always being introduced to the
industry in an effort to provide high quality cement jobs. Although

there can be a risk to trying new technology, these risks are controlled or managed with
proper testing through the scale up process.

IRP  Due diligence (i.e., risk assessment, performance testing, application quality
assurance and operational procedures) should be performed for any new
processes or products and demonstrated to local jurisdictional regulator as
required.







25.6 Well bore Constru ction

Minimum wellbore design may be regulated and local jurisdictional regulations need to
be consulted during design. Some of the key design considerations include protection
and isolation of groundwater resources, isolation of hydrocarbon-bearing formations and
containment of all operational fluids and pressures.

Wellbore design lays the framework for how hydrocarbon reserves will be accessed and
recovered through cased wellbores. It is one of the first steps in the rigorous process of
providing and assuring well integrity through the full life cycle of the well.

Well objectives and any potential future use of the well have direct effects on cementing.
Cement designs need to consider the past, present and future condition of the well in
early planning stages. Any potential future use of the well (e.g., oil, gas, water, thermal,
observation, disposal, sour, CO;, exploratory, etc.) needs to be considered in design.
Operating conditions for the wellbore can only be modelled after evaluating all potential
uses of the well. It is important to include the conditions the wellbore will be exposed to
during construction as well (e.g., pressure tests, fracturing, wellbore fluid containment
during drilling, dealing with losses or kicks, etc.).

IRP  Planners should consider the life cycle of the well (up to and including
abandonment) in wellbore design. Changes in scope or use of the well should
consider the following:

The original design parameters.
Exposure to temperature, pressure, chemicals and reservoir fluids.

The condition of the casing.
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The state of the completion activities (i.e., are there perforations, scab liners,
bridge plugs, etc.).

The condition of the cement sheath.
Recompleting for secondary zone.

Future remediation work on the well.
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Offset wells (i.e., impacts of and to offset wells, offset well condition).

All groups, including on-site personnel, are expected to operate within the parameters of
the well design. Keep the necessary records to accurately assess well status for any
future project.




25.6.1 Well Design

256.11 Formations

The potential for SCVF and GM can be minimized through the analysis of reservoir
geology and overburden formation properties along with sound casing and cementing
designs and installation practices. An understanding or analysis of the area geology
and geomechanics can assess the potential gas bearing reservoirs and indicate where
isolation is required along the well. There are circumstances where GM and SCVF
initiate as a result of wellbore activity (i.e., thermal activity or fracturing). In complex
scenarios there could be fluid movement that involves adjacent wells with cross-flow
through permeable zones. Mature wells may have used less rigorous cementing
practices and operating conditions may have changed which affect zonal isolation. The
industry is confronted with a significant challenge to understand and remediate these
scenarios.

Potential zonal isolation issues can be identified prior to drilling using data from offset or
stratigraphic wells or from formation evaluations.

IRP  Offset wells and formation information should be used to aid wellbore design and
planning activities to prepare the well for cementing.

Evaluating this information can help improve the potential for zonal isolation, optimize
the completion and production processes and identify formation properties.

Formations with potential to cause lost circulation can negatively impact a cement job.
This can be due to the following:

Low strength (i.e., those with a low fracture gradient).

Natural fractures or high porosity/permeability.

High matrix permeability with insufficient filter cake can act as a fluid loss site for
leak-off for water from the cement resulting in dehydration of the cement slurry.

Some formations may be chemically or mechanically reactive which can affect wellbore
conditions and adversely affect cementing. The effects can be mitigated through the
following:

Choice of drilling fluid and drilling fluid weight
Choice of spacer and spacer weight

Depth of casing

Adjustments to hole size

Additional casing strings
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Wiper trips




9 Hole conditioning
1 Minimizing the length of time the wellbore is left open

1 Optimization of cement job design (see 25.2 Cement Job Design)

25.6.1.2 Hole Size and Annular Spacing

Hole size and annular clearance impact the ability to properly place cement. Consider
the following:

The clearance required to run centralizers and achieve stand-off.

Increased frictional pressure loss associated with small annuli (ECDs).

The cost of future wellbore operations versus the cost savings associated with
smaller hole and casing sizes.

Annular size will affect the selection of the optimal centralization program (see 25.6.1.11
Centralization).

Cutting beds will increase drag during casing running. Tolerance of running operations
to cutting bed size will depend on annular clearance and slack-off weight available.
Tight clearance casing programs may encounter the most difficulty in open hole sections
with 30° - 60° inclination due to the potential accumulation of cuttings.

Small and large annuli (under-reamed sections) increase cementing challenges.
Table 9 discusses the pros and cons of a larger hole size.

Table 9. Pros and Cons of a Larger Hole Size

Pros Cons
Lower ECDs Lower annular velocities
Easier casing placement Difficulty centralizing
Thicker cement sheath Difficult cuttings transport efficiency

Greater tolerance for poor hole conditions Potentially higher cementing costs
(i.e., cuttings beds, wellbore instability)

Easier to rotate and reciprocate during Difficulty removing drilling fluid/filtercake
cementing
Larger tool sizes are more robust Generally, increased drilling costs and time (to deal with

cuttings and make the hole)

Allows for greater array of contingency Larger tool sizes may be difficult or unsafe to handle (but they
planning (i.e., the bigger the hole the more | may also be more robust)
options available)

Washout can make it more difficult to resolve the issues associated with a larger hole
size.

IRP  Annular clearance and hole cleaning should be considered when designing hole
sizes and casing sizes




Select hole and casing sizes based on well design and objectives. Common hole and
casing sizes are shown in Figure 3 below. If the well design deviates from the chart then
additional cement job design rigor is required (e.g., additional spacer, centralization,
friction pressure hierarchy, etc.).




Figure 3. Hole and Casing Sizes
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This chart is to be used for initial casing design.




25.6.1.3 Casing and Connection Selection

Consider formation properties, hole size and all future operations of the wellbore (e.g.,
production, fracture stimulation, remediation, abandonment, etc.) when designing the
casing strings. Consider the most severe environments expected throughout all
operations.

Casing configuration is generally dependent on geology, production strategy and
completion design. Well objectives and wellbore properties influence the type of casing
connection, which may impact cement design due to the following:

9 The ability to rotate and/or reciprocate casing

1 Standoff

1 The type of centralizers that can be used

9 Job pressures (casing burst and collapse)

Pipe movement has a significant impact on cement placement.

IRP  Casing and connection limitations (fatigue, axial, etc.) should be assessed and
used to define rotation limits if casing rotation is employed.

Select casing and connections that have greater torque and axial capacity than loads
imposed during rotation or reciprocation. If standard API connections do not provide the
required capacity for the expected conditions then use modified API (e.g., with a torque
ring), semi-premium or premium connections with suitable capacity (see Glossary for
definitions).

Torque and drag analysis can provide useful information to estimate loads during casing
movement. Often these estimates can be refined based on measurements taken at the
rig during casing running.

Wellbore curvature in deviated wells will impose a stress gradient on casing, tension on
the wellbore extrados and compression on the wellbore intrados. The stress gradient
increases as dogleg severity (DLS) and the diameter of the casing increases. Casing
rotation causes these stresses to alternate (i.e., cyclic loading) thus introducing fatigue
damage and, in the worst case, fatigue failure. Fatigue damage is typically highest in
connections where thread geometries cause stress concentrations. Cyclic stress limits
and subsequent fatigue life (i.e., the number of rotations) need to be considered before
utilizing casing rotation.

Refer to API TR 5C3 for information about casing design limits. See also IRP_3: In Situ
Heavy Oil Operations for thermal implications and IRP 1: Critical Sour Drilling for H>S
implications.



http://www.enform.ca/resources/detail/17/dacc-irp-volume-03-in-situ-heavy-oil-operations
http://www.enform.ca/resources/detail/17/dacc-irp-volume-03-in-situ-heavy-oil-operations
http://www.enform.ca/resources/detail/17/dacc-irp-volume-03-in-situ-heavy-oil-operations
http://www.enform.ca/resources/detail/15/dacc-irp-volume-01-critical-sour-drilling

256.1.4 Stage Tools

Stage tools are used when specific or unique cement placement is required. Stage tools
are typically used to cement a partial length of the string and assist in providing isolation
over problem zones that cannot withstand a full hydrostatic column of cement without
breaking down. They are often run with a packer below them.

The following are some common reasons for using stage tools:

To attain desired TOC above a low fracture gradient formation.
To separate large differentials in temperature gradients.
To cement the up-hole section of a monobore well with open-hole completions.

When there are ECD restrictions.
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When multiple formations are still open below the intermediate casing and
require isolation.

Confirm that the stage tool has a mechanical strength ratings equal to or greater than
the required rating of the casing. If the stage tool is hydraulically activated, the activation
pressure needs to be below the ratings of all other well components plus a reasonable
safety factor.

There can be additional challenges with stage tools within the build section. It can be
difficult to mechanically activate the stage tool and wellbore curvature can impact the
performance of stage tools.

Port Collars provide a selective communication path from inside the casing to the
annulus and can be utilized as a contingency for stage/remedial cementing operations.

256.1.5 External Casing Packers

An External Casing Packer (ECP) creates a seal against fluid migration between zones
by packing off against the borehole. ECPs can be equipped with three types of rubber
elements: inflatable, solid and swellable. The inflatable element is expanded by filling a
bladder with wellbore fluid or cement. The solid element is expanded by application of a
mechanical force to compress the solid rubber. The swellable element expands when
contacted by an aqueous fluid, liquid hydrocarbon or a gas. Swellable packers are not
typically used for cementing because the swelling process requires multiple days or
weeks and is highly dependent on temperature.

Inflatable or solid ECPs are more typically used when cementing and can be positioned
in the casing string directly above a lost circulation zone. The packer prevents the loss
of cement slurries to the thief zone.




In a multi-stage cement job an ECP is typically set below the stage collar. This allows
the upper stage of a staged cement job to be pumped immediately after inflation. The
ECP will also aid in the centralization of the casing at this point.

It is generally not advisable to set an ECP above a gas migration risk zone after placing
cement. Doing so removes the hydrostatic pressure off the cement and significantly
lowers the CSGS of the cement making it more like to have gas invasion.

Other applications include the following:
1 Placement of the packer slightly above an oil-water or a gas-water contact can
aid in the prevention of unwanted water production
1 Packers can be used to minimize damage to sensitive formations and barefoot

completions.

Annular clearances are reduced with the use of ECPs and need to be given due
consideration when running in the hole. Potential washout at ECP setting depth may
also be a concern. Hole conditions need to be considered prior to running ECPs to
confirm surge pressure tolerance and to confirm optimal placement in the event washout
is a concern.

25.6.1.6 Liners

Liners are used to case off the open hole below a previous casing point. Liners are run
in the hole on the end of drill pipe and fhung @ff the previous casing with a liner hanger.
Key design parameters include whether to cement the liner lap and length of the
overlap.

Cement can be the primary barrier for the liner lap. Consider the following when
determining the length of liner lap:

Pressure/ECD

Whether you have a packer or not

Production liner vs. intermediate (i.e., how critical is it?)
Thermal expansion

Centralization
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Liner hangers can be equipped with packers to provide a secondary mechanical seal.
The packer will

help to seal against possible fluid migration,
serve as a back-up if liner lap is not properly cemented and

allow for excess cement on top of the liner to be reversed out without applying
additional pressure to the cement column below the liner hanger.




A cementing simulation for liners that will be cemented is recommended. Liners are
more challenging to cement for the following reasons:

They use smaller cement volumes (higher chance of contamination)
Unique cement blends are often used (increased complexity)

There is stop and start of cement movement when the drill pipe disconnects
from the top of the liner

They use latching wiper plugs
There are often tighter ECD windows
There are flow restrictions at the liner hanger

There are hole cleaning restrictions through horizontal sections
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There is increased difficulty in attaining standoff in horizontal sections

Excess cement is pumped into the drill pipe/casing annulus during placement. This
excess cement is usually circulated out of the hole. Use caution if reverse circulating to
keep the extra pressure from pushing cement away from the lap.

Centralization is especially important in the liner lap section to avoid a liner top leak.
Liners are often designed with smaller annuli or under-reamed hole sections which
requires additional focus on the associated cementing and centralization challenges
(see 25.6.1.2 Hole Size and Annular Spacing).

25.6.1.7 Directional Planning

The directional profile of the wellbore will affect the objectives of the cement job.
Inclination and azimuth may affect wellbore stability and hole cleaning. DLS and profile
may affect centralization and the ability to move casing.

Three dimensional fluid hydraulic models can be used to model the cement job to
guantify the effects and to run sensitivity analyses on different options.

Wells with high DLS may have casing in contact with the formation which can prevent
proper cement placement and increase the risk of poor isolation. DLS can increase the
difficulty of hole cleaning as cuttings tend to build up in fseumpsa It also becomes more
difficult to reciprocate and rotate casing in a well with high DLS and rotation may result
in connection seal/structural failure due to fatigue. Reaming through sections of
unplanned high DLS may improve the ability to move casing. See 25.6.2.5 Ability to
Rotate/Reciprocate During Cementing for more detail.

IRP  Casing and cement job design (i.e., centralization, pipe movement, spacer
design) should be re-evaluated based on actual directional surveys and severity
of doglegs.




For effective cement placement, minimize fluctuation in DLS and use adequate
centralization practices (see 25.2 Cement Job Design section 25.2.7 Centralization).

25.6.1.8 Equivalent Circulating Density

E C B are a function of annular size, flow rate, density and rheology. Consider ECD
when designing the well.

Detailed ECD modelling is recommended in the planning phase to understand the
implications of the well design and equipment being used. Sensitivities to key variables
should be included (e.g., fluid densities, rheology, flowrate, rpm, drill string, well profile,
well length, etc.). Calculate ECDs and compare to the fracture and pore pressure
gradients for the entire open hole interval.

IRP  ECD limitations should be considered when designing the wellbore to ensure
circulation.

ECDs are not necessarily the highest at Total Depth (TD) or the lowest at the previous
casing seat (e.g., when backpressure is held at surface).

Consider collapse loads during and after the cement job in the casing design (see
25.6.1.3 Casing and Connection Selection). Collapse loads typically occur during inner-
string cementing and bleed-off of float equipment.

Consider the following implications of ECD on the casing configuration if the ECD
margins are tight:

Modify cement slurry and/or spacer design
Alter job execution (e.g., slurry placement, pump rates, reverse cementing)
Run casing as a liner

Increase hole size and/or decrease casing size
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Use stage tools

256.1.9 Drilling Fluid Selection

Drilling fluid design is a critical component of the wellbore construction design because
of the drilling fluid® impact on the following:

Well control

Hole stability
Washout/hole enlargement
Cuttings removal

Filter cake quality
Wettability
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Drilling fluid selection is driven by the ability to successfully drill and case an open hole
section. Different types of drilling fluid can impact cement in different ways when they
interact.

Proper spacer design is essential to successful cementing operations because it keeps
drilling fluid separate from the cement and aids in the removal of the drilling fluids and
filtercake. Inability to remove drilling fluid from the wellbore may impact the effectiveness
of cement placement. The drilling fluid and cement slurry/spacer have to work together.
The type of fluid system needs to be considered when designing spacer. Refer to 25.3.4

Compatibility for more information.

Drilling fluid challenges for cementing are shown in Tablel0.

Table 10. Drilling Fluid Challenges

Drilling Fluid Type

Example Usage

Typical Challenges

Gel Chem/Polymer Based
(Water Based)

Surface casings, shallow wells

Contamination of drilling fluids can
result in the formation of
emulsions, increase the difficulty of
drilling fluid removal and adversely
affect the cement setting times.

Silicate

Reactive formations, minor losses

Premature or flash setting.

Oil/Synthetic Based

Reactive formations, extended
reach, lower density required.

Drilling through salt formations.

OBM contamination of cement
significantly retards or prevents
cement from developing
compressive strength.

Changes wettability of casing and
formation.

Often expensive to reduce
rheology prior to cementing.

Incompatible with cement, creating
viscous interface.

Salt Based (Water Based)

Drilling through salt formations,
reactive formations

Similar to Gel Chem, with
additional risk of flash setting.

Air/Mist/Foam Low density, high lost circulation, No/minimal filter cake.
shallow holes Cement fluid loss into formation
may affect slurry properties or
cause flash set.
May mask hole stability problems.
25.6.1.10 Casing Hardware and Accessories

Float equipment, cementing plugs, stage tools, centralizers and scratchers are
mechanical devices commonly used in running pipe and in placing cement around

casing.

25.6.1.11

Centralization

Using centralizers improves pipe standoff which will improve cement placement. The
pipe standoff enables an even flow profile which improves the displacement of the




drilling fluid allowing the cement to surround the casing and create zonal isolation with a
channel-free seal. The annular velocities in an eccentric annulus can vary drastically
and create channels of drilling fluid or spacer.

Develop the centralization plan during wellbore design. Centralizers can assist running
casing in deviated sections by reducing side-loads due to buckling. However, an
excessive number of centralizers can increase running loads. Centralization design
(frequency, size, placement and type of centralizer) is a balance between achieving
optimal running loads, displacement efficiency and standoff.

IRP  Centralization should provide minimum standoff for effective removal of drilling
fluid and hydraulic isolation throughout the life of the well. Simulations are
recommended to determine standoff requirements.

Consider the following:

Alignment at surface to accept the casing bowl and casing seal assembly.
Actual borehole trajectory and caliper along the open hole section.

The restoration force of bow spring centralizers relative to side load.

The geology (i.e., rock strength) of the formations.

Adequate standoff in both open hole and cased hole sections.

Proper centralization of the shoe track.

Centralizer rib profile and circumferential coverage.

Method of centralizer attachment (i.e., crimp-on vs. floating).

Whether rotation or reciprocation is planned.
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Pipe buoyancy.

IRP  Centralization design should be revisited if there has been a significant deviation
from the original plan.

25.6.1.12 Spiral Centralizers

Spiral centralizers can be used in wellbore construction to divert the flow vector
azimuthally around the wellbore to disrupt cement channeling. They typically affect the
flow for somewhere between two and four metres (seven to twelve feet).

25.6.1.13 Scratchers

Scratchers are used to mechanically (i.e., with pipe movement) remove excessive
filtercake over specific intervals. Removing the filter cake may improve cement bond to
formation thereby improving zonal isolation. Removal of the filter cake may also induce
lost circulation across high permeability zones, especially if lost circulation material was
used to stop lost circulation during drilling operations.




256.1.14 Cement Baskets

Cement baskets may help support the cement column during cementing operations.
They may reduce the hydrostatic fluid column above a loss zone or weak formation to
reduce losses.

Consider the following in the decision to use cement baskets:

1 Cement baskets can limit annular clearance and result in complications in
cuttings removal leading to pack off/bridging. Consideration should be given to
placement due to bridging off in the baskets.

9 There is an increased risk of gas migration from lower formations due to the
reduction of hydrostatic pressure below the basket.

1 Cement baskets may limit or eliminate the ability to reciprocate or rotate the
casing string.

Cement baskets may impede the ability to do a top-up job with spaghetti string.
Cement baskets can unknowingly create an uncemented interval below the
basket.

25.6.1.15 Floats

Float equipment is typically a float collar and/or float shoe. Floats are essentially a one-
way check valve (i.e., cement can be pumped through them but they will prevent
backflow up the casing). They can reduce the chance of a microannulus forming as
they reduce internal pressure post-placement. Floats need to

9 resist plugging and erosion,

1 be designed to withstand the impact forces of plug bump,
i form an adequate seal with the wiper plug(s) and
1

have a rating greater than the anticipated final differential pressure.
Surge forces need to be considered when running casing if float equipment is used.

Auto-fill float equipment is designed to temporarily disengage the one-way check valve
system and allow flow of drilling fluid in either direction while casing is being run into the
well. This may aid in reducing losses while running casing by decreasing surge
pressures.

Refer to APl RP 10F for more information about float selection and performance.

25.6.1.16 Shoe Track

The purpose of the shoe track is to catch any drilling fluid film that is wiped from the
casing during displacement by the wiper plug. It also allows a buffer to prevent over-
displacement of cement or wet shoe if the plug isn ttoumped. This is done to provide a
more consistent cement bond around the casing shoe.




IRP  When used, the length of the shoe track should consider the following:

The volume of contaminated fluids.

The type of drilling fluid to be wiped from the casing and its compatibility with
the cement.

Subsequent operations.
The efficiency of the wiper plugs.

Whether a bottom plug was run or not.

The length of the shoe track can be determined by calculating the volume of film
expected to be wiped off the casing.

In the absence of a shoe track, consider pumping a defined volume of cement on top of
the plug (to be cleaned out later) to act as the buffer and prevent over-displacement.

25.6.1.17 Planning for Alternative Cement Placement

Additional casing design considerations and hardware may be required for reverse or
inner string cementing (see 25.8.12 Alternate Placement Technigues).

25.6.2 Drilling Operations

Proper drilling practices and hole preparation, including cuttings removal and hole
cleaning/conditioning, are critical for a strong effective bond to both casing and
formation.

IRP  Drilling problems have the potential to jeopardize the cement job and should be
addressed prior to cementing (e.g., lost circulation, high pressure, low pressure,
hole sloughing, etc.).

IRP  Hole cleaning should be completed prior to running casing.

Note: Hole cleaning is more challenging in deviated wells because they
typically accumulate cuttings on the low side of the well.

Consider the following during drilling to optimize the condition of the hole for primary
cementing:

1 Achieve wellbore geomechanical stability (i.e., maintain effective drilling fluid
properties).

1 Understand formation fracture gradient (use Formation Integrity Tests (FITS)
and Leak-off Tests (LOTS) if required)

9 Address losses. Open hole cementing may be required (see 25.4.14 L ost

Circulation).




1 Avoid primary cementing in uncontrollable situations (e.g., underbalanced,
losses).

Avoid excessive doglegs.
Compare the field measurements to torque and drag models.

Consider drill pipe rotational rate and a hydraulics program to optimize pump
rates and drilling fluid properties as they relate to hole cleaning.

Consider hole to pipe size ratio.
Minimize hole washout/enlargement.

Examine cuttings returns and monitor the tank volumes to understand hole
conditions.

1 Optimize rate of penetration (ROP).
25.6.2.1 Wiper Trips and Backreaming

IRP  Wiper trips and backreaming should be considered in response to field history or
hole conditions observed while drilling.

A wiper trip can be used after drilling to identify tight spots, which may indicate high
doglegs, ledges or excessive cuttings accumulation.

Pump rate (i.e., circulating at a high enough rate) and RPM are parameters that can be
manipulated during wiper trips and/or backreaming to reduce hole drag and smooth out
dog legs.

25.6.2.2 Drilling Tools/Techniques to Remove Cuttings

There are various drilling tools and technologies for cuttings removal.

Bladed drill pipe can be used to stir up cuttings beds in long tangent sections and
increase the rate at which the hole is cleaned. Blades lift cuttings off of the low side of
the borehole and auger them into the drilling fluid flow. Bladed drill pipe can also reduce
the risk of pack-off while backreaming. Staged blade sizes can reduce the risk further.

Sweeps and pills can also be used during and after drilling to clean the hole.

25.6.2.3 Running Casing

Consider the following when running casing:

91 Clean the hole prior to running casing

1 Follow the centralization program for designed standoff.

9 Break circulation to reduce gelation of drilling fluid as required.

9 Consider rotating casing within design limits to enhance removal of drilling fluid
(see 25.6.2.5 Ability to Rotate/Reciprocate During Cementing).




1 Monitor trip-in speeds to prevent surging of the wellbore. If small annular
clearance consider utilizing auto-fill float equipment.

Circulating/Conditioning Drilling Fluid Prior to Cementing Casing

High viscosity can make the drilling fluid difficult to displace during the cement job.
Cement channelling through the drilling fluid can be an issue in both vertical and
directional wellbores. The drilling fluid may need to be thinned or conditioned prior to
cementing. Refer to 25.4.1 Slurry Density for a discussion on density and rheology
hierarchies.

Consider the following techniques:

1 Before conditioning the drilling fluid, circulate until the shaker is as clean as
practically possible when at planned depth with casing.

1 Reduce the drilling fluid viscosity, density and yield point as low as reasonably
possible to improve drilling fluid displacement. Consider the implications
reducing viscosity and yield point will have on barite sag or other drilling fluid
instability. Decreasing density may result in increased risk of borehole instability
or well control issues. Transition slowly and circulate enough to ensure
displacing drilling fluid is not channeling through the thicker drilling fluid.

1 Run a step-rate circulation test to optimize removal of drilling fluid (refer to
Appendix J: Step-Rate Circulation Test for more information).

9 Utilize fluid caliper and/or displacement marker sweeps (e.g., with dye, grain,
coloured beads, etc.) to determine whether the entire hole is being circulated to
help analyze hole problems. Early returns could indicate channelling or cuttings
build-up.

Reciprocation and rotation of casing (casing movement) improves cement placement
and displacement efficiency by moving stagnant drilling fluid and removing filter cake.
Casing and connection selection should consider the ability to reciprocate and rotate.

IRP  Pipe movement during drilling fluid conditioning and cementing should be utilized
where practical.

Generally, it is beneficial to maintain casing movement throughout cement circulation.
Buoyancy effects may make reciprocation challenging during displacement if the casing
is displaced with a fluid with a lower density than the cement.

If casing movement is planned, the limitations of the casing (tensile torque and fatigue)
and connection need to be identified in advance so they are not exceeded during
operations. Refer to 25.6.1.3 Casing and Connection Selection for more information.




