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Special Notes

API publications necessarily address problems of a general nature. With respect to particular circumstances, local,
state, and federal laws and regulations should be reviewed. The use of API publications is voluntary. In some cases,
third parties or authorities having jurisdiction may choose to incorporate API standards by reference and may
mandate compliance.

Neither API nor any of API's employees, subcontractors, consultants, committees, or other assignees make any
warranty or representation, either express or implied, with respect to the accuracy, completeness, or usefulness of the
information contained herein, or assume any liability or responsibility for any use, or the results of such use, of any
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractors,
consultants, or other assignees represent that use of this publication would not infringe upon privately owned rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute to assure the
accuracy and reliability of the data contained in them; however, the Institute makes no representation, warranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responsibility for loss or
damage resulting from its use or for the violation of any authorities having jurisdiction with which this publication may
conflict.

API publications are published to facilitate the broad availability of proven, sound engineering and operating
practices. These publications are not intended to obviate the need for applying sound engineering judgment
regarding when and where these publications should be utilized. The formulation and publication of API publications
is not intended in any way to inhibit anyone from using any other practices.

Any manufacturer marking equipment or materials in conformance with the marking requirements of an API standard
is solely responsible for complying with all the applicable requirements of that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the applicable API standard.

All rights reserved. No part of this work may be reproduced, translated, stored in a retrieval system, or transmitted by any means,
electronic, mechanical, photocopying, recording, or otherwise, without prior written permission from the publisher. Contact the
Publisher, API Publishing Services, 200 Massachusetts Avenue, NW, Suite 1100, Washington, DC 20001.

Copyright © 2021 American Petroleum Institute
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Foreword

This document was prepared with input from oil and gas operators, drilling contractors, service companies, and
consultants. Guidance is provided to accomplish the following:

— permanently abandon wells;
— place wells on inactive status (temporary abandonment).

Permanent abandonment is performed when there is no further utility for a wellbore by sealing the wellbore against
fluid migration.

A well is placed on inactive status when there are plans for future utility of the wellbore. Temporary abandonment is
performed by sealing the wellbore for the anticipated time of inactivity.

The purpose of this document is to address wellbore plugging and abandonment practices. The primary goals are
protection of useable water sources, isolation of hydrocarbon bearing or water injection intervals, prevent any leakage
to the surface, and prevention of unintended cross flow. Topics discussed include cementing practices and the
placement of well barriers. This document does not address regulatory requirements nor surface reclamation.

The content of this document is not all inclusive and not intended to alleviate the need for detailed information found
in textbooks, manuals, technical papers, or other documents. The formulation, adoption, and publication of API
standards are not intended to inhibit anyone from using any other practices. Research into the installation and
evaluation of permanent abandonment well barriers are ongoing. As new materials, isolation methods, placement
techniques, and evaluation methods emerge these should be effectively reviewed by the user prior to use.

Nothing contained in any API publication is to be construed as granting any right, by implication or otherwise, for the
manufacture, sale, or use of any method, apparatus, or product covered by letters patent. Neither should anything
contained in the publication be construed as insuring anyone against liability for infringement of letters patent.

The verbal forms used to express the provisions in this document are as follows.
Shall: As used in a standard, “shall” denotes a minimum requirement in order to conform to the standard.

Should: As used in a standard, “should” denotes a recommendation or that which is advised but not required in order
to conform to the standard.

May: As used in a standard, “may” denotes a course of action permissible within the limits of a standard.
Can: As used in a standard, “can” denotes a statement of possibility or capability.

This document was produced under API standardization procedures that ensure appropriate notification and
participation in the developmental process and is designated as an API standard. Questions concerning the
interpretation of the content of this publication or comments and questions concerning the procedures under which
this publication was developed should be directed in writing to the Director of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001. Requests for permission to reproduce or
translate all or any part of the material published herein should also be addressed to the director.

Generally, API standards are reviewed and revised, reaffirmed, or withdrawn at least every five years. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can be ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications and materials is published
annually by API, 200 Massachusetts Avenue, Suite 1100, Washington, DC 20001.

Documents

Document Sharing Hub

Full document details: API RP 65-3-2021


http://www.avadocuments.com/doc/api-rp-65-3-2021
http://www.avadocuments.com/doc/api-rp-65-3-2021

Documents

Document Sharing Hub

Full document details: API RP 65-3-2021


http://www.avadocuments.com/doc/api-rp-65-3-2021
http://www.avadocuments.com/doc/api-rp-65-3-2021

Contents

Page
1 Yoo o1 1
1.1 General Considerations ... ....... ... i. ittt it et e e n e 1
1.2 Well Construction and Abandonment Practices . ......... ... .. ittt enenannnnns 1
2 Normative References . ... ... ... i it et ettt aa e e 3
21 UseofSlandU.S.Customary Units . ........ ..ottt it e s e et e aeannenennns 3
3 Terms and Definitions, Symbols, and Abbreviations .......... ... ... ... ... . i i i 3
31 Terms and Definitions. ... ... ... i e e et 3
3.2 Symbols and Abbreviations. . . ........ ... e e 4
4 Applications and Operating Environment . . ............ ... it it e eaaaes 5
41 Formation TYPeS . ... oottt it e e it e et s e et e e 5
By o 1= 1 ([ o = 5
5 Material Consideration for Barriers. . ......... ...ttt ettt e eaaaraannaennns 12
L TR0 TR € 7= 3 =T - 12
5.2 ENVIrONMENt. . ... e aaaaaa e 13
53 Pumpable Sealants . ........ ...ttt i i i i e e it a e e, 13
5.4 Natural. . ... ... e e a e 14
5.5 Mechanical. .. ...t i ittt ittt et a it e e 14
6 Installation .. ... ... . e i 15
6.1 Placement Methodology. . ... ... ...t i i ittt et e et e aaaa e 15
6.2 Balanced PlugBest Practices .......... .. i i i ettt e st 21
7 Evaluation and Verification Criteria. . . .. ... ... . i i i i st e st e 26
74 TR C 7= 3 =T - | 26
7.2 ANNUIUS . ..o i it it i it e e 26
7.3 Inside Pipe (IN-Pipe) . ... .ot i i et e ettt 26
Annex A (informative) Balanced Plug Calculations. . ............... ittt e e annens 28
Bibliography . . ... .. e 44
Figures
1 Example Schematic of a Permanent Well Abandonment. ............. ... ... iiiiiiiiiinrnnnnn 2
2 lllustration of a Continuous Barrier across the Wellbore at the Natural Seal Location ............... 6
3 Two Continuous Barriers Adjacent to Natural Seals where Formation Integrity exceeds Pressure from
Potential FIOW Zone. . . ... ... i i i ettt e sttt e i 7
4 Open Hole Abandonment by Balanced PIugs . . ........ ..ottt it et e et e eaenenanns 8
5 Open Hole Abandonment with a Cement Retainer Set at CasingShoe ............................ 8
6  Cased Hole Abandonment with a Perforation Squeeze and a BalancedPlug....................... 9
7 Cased Hole Abandonment with a Cement Retainer .. ........ ... .. ... ... . i iiiinnnnnnnn 9
8 Casing Shoe Balanced Cement Plug ......... ..ottt it e e eaaeanannns 10
9 Casing Shoe Squeeze Cement Plug with CementRetainer.............. ... ... ... ... ..., 10
10 Casing Stub Abandonment .. ... ... ... it i e e 1"
11 LinerTop Abandonment. . . .......... . ittt it ten et anesnnnnesanneennnnennns 1"
12 Balanced Cement Plug inside Casing across a Usable Water Source .. .......................... 12
13 Example of aBarrierwithaMechanical Base ..............c..iiiiiiiiiiniitiininnennennennns 15
14 ExampleofaPumpand PullProcedure. .......... ... ittt iia it taaanenannnnnnns 17
15 Example of the IBOP Methodto SetaCementPlug............ ... ... it iiiinrnnnnn 18
16 Example of the Modified IBOP Method to SetaCementPlug.............. ... .. ... i, 19
Documents

Y Document Sharing Hub

Full document details: API RP 65-3-2021


http://www.avadocuments.com/doc/api-rp-65-3-2021
http://www.avadocuments.com/doc/api-rp-65-3-2021

Contents

Page
17 Through-tubing Method Isolating a Potential Flow Zone............. ... it 20
A.1 Example Wellbore with a) Workstring Out and b) WorkstringIn................................. 30
A.2 Calculation Volumes for the Total CementVolume........... ...ttt eann s 31
A.3 Calculation Volumes for Top of Cement with WorkstringIn .............. ... ... ... ... ... ..... 32
A.4 Calculation Volumes for Spacer Behind with WorkstringIn ......... ... . ... ... ... ... ... ..... 37
A.5 Calculation Volumes for Spacer Behind with WorkstringOut.................. ... ... ... ....... 40
A.6 Calculation Volumes for Displacement. . ............ ..ttt et ettt anenaennennns 42
Tables
1 Reduced Diameter Stinger Selection . ... ........ ... i ittt 25
A.1 Wellbore Capacities for Calculations: Example. .. ............cc ittt it iiatnnennennns 30

| Documents
Vi

Document Sharing Hub

Full document details: API RP 65-3-2021


http://www.avadocuments.com/doc/api-rp-65-3-2021
http://www.avadocuments.com/doc/api-rp-65-3-2021

Documents

Document Sharing Hub

Full document details: API RP 65-3-2021


http://www.avadocuments.com/doc/api-rp-65-3-2021
http://www.avadocuments.com/doc/api-rp-65-3-2021

Wellbore Plugging and Abandonment

1 Scope

1.1 General Considerations

This document provides guidance for the design, placement, and verification of cement plugs in wells to be
temporarily or permanently abandoned, as well as remediation and verification of annular barriers. Wells
temporarily abandoned (suspended) are intended to be re-entered in the future. The placement of barriers
may depend on whether the well is to be temporarily or permanently abandoned.

The information in this document is general in nature. Wellbore plugging and abandonment practices will
vary with regulatory requirements, well type, and purpose. Sound engineering and operational practices
should be applied to each wellbore plugging operation. Cement plug lengths are not considered in this
document.

1.2 Well Construction and Abandonment Practices

This document assumes that generally accepted well construction practices were followed during the
installation of the cemented casings.

As specified in API 65-2, properly designed casing strings cemented in place provide multiple barriers during
well operations.

Abandonment barriers may include those placed:

— across any exposed casing/liner shoe;

— in open hole;

— above perforated intervals in cased hole;

— at points where casing has been removed;

— across liner tops;

— above and below usable water sources;

— above or below hydrocarbon bearing zones or other potential flow zones;
— at the surface or mudline.

See Figure 1 for an example of a permanent well abandonment.
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2 AP| RECOMMENDED PRACTICE 65-3

ROUND LEVEL OR MUDLIN

>>

\ Plug #6

Usable Water

Plug #3

Casing Stub
Plug #2

_ Hydrocarbon Zone
1]

Cement

NOTE 1 Plug #1 may cover all open hole length in several cases.
NOTE 2 Plug #3 is commonly called a casing stub plug or “T” plug.
NOTE 3 Plug #6 is commonly called a surface or environmental plug.

NOTE 4 Top of cement in casing strings can vary depending on well construction.

Figure 1—Example Schematic of a Permanent Well Abandonment
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WELLBORE PLUGGING AND ABANDONMENT 3

2 Normative References

The following referenced document is indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document applies (including any amendments/addenda/errata).

API Standard 65-2, Isolating Potential Flow Zones During Well Construction
For a listing of other documents associated with this publication, refer to the Bibliography.
2.1 Use of Sl and U.S. Customary Units

This document contains derived metric units (SI) and U.S. customary oilfield units. For the purposes of this
document, the conversion between the systems is not exact and has been intentionally rounded to allow for
ease of use in calibration and measurement.

3 Terms and Definitions, Symbols, and Abbreviations
3.1 Terms and Definitions

For the purposes of this document, the following terms and definitions apply.

3141

barrier

A component or practice that, if properly installed, contributes to the total system reliability by preventing
liquid or gas flow.

3.1.2
bridge plug
A mechanical device, usually equipped with elastomer elements, that acts as a temporary barrier.

NOTE 1 A pumpable sealant may be placed below it before being placed in the wellbore, or above it after being
activated.

NOTE 2 It can be placed in the wellbore using a workstring, coiled tubing, or wireline.

313
cement
Any material or combination of materials fluidized and pumped into the well to provide a seal.

NOTE This includes pumpable sealants containing Portland cement, pozzolan blends, blast furnace slag blends,
phosphate cement, hardening ceramics, resins, geo-polymers or other appropriate materials.

314
coiled tubing
A long, continuous length of pipe wound on a spool.

NOTE The pipe is straightened prior to pushing into a wellbore and rewound to coil the pipe back onto the storage
spool pulling out of the wellbore.

3.1.5

dump bailer
A wireline or slickline tool used to place small volumes of cement in a wellbore.
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4 AP| RECOMMENDED PRACTICE 65-3

3.1.6

inside blowout preventer

IBOP

A tool used as a check valve inside the workstring.

3.1.7
mud
Any wellbore fluid, including drilling fluids and completion fluids, containing organic or inorganic salts.

3.1.8

packer

A mechanical device, usually equipped with elastomer elements, placed in the well using a workstring, coiled
tubing, or wireline to act as a barrier.

NOTE It may be either permanent or temporary/retrievable type.

3.1.9

plug

A verifiable barrier located within the wellbore that may be mechanical or cement.

3.1.10

retainer

A mechanical device, usually equipped with elastomer elements, that allows passage of fluid through a valve
that can then be closed.

NOTE It can be placed in the wellbore using a workstring, coiled tubing, or wireline.

3.1.11

through-tubing

An intervention technique of running through an existing tubing string in the wellbore.

NOTE 1 Normally, a packer is deployed using this technique, enabling placement in a larger-diameter open hole or
casing located below the existing tubing string.

NOTE 2  The packer is typically run on coiled tubing, wireline, or slickline.

3.1.12

workstring

A generic term used to describe a tubular that is used to convey a treatment or for well service activities.
NOTE Examples include jointed tubing, coiled tubing, or drill pipe.

3.2 Symbols and Abbreviations

3.21 Symbols

For the purpose of this document, symbols are only used for balanced plug calculations, they are provided
under Annex A.

3.2.2 Abbreviations

For the purpose of this document, the following acronyms or abbreviations are used.
BHA  bottom hole assembly

ECD equivalent circulating density

IBOP inside blowout preventer Documents
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WELLBORE PLUGGING AND ABANDONMENT 5

NAF  non-aqueous fluid

PWC perforation, wash, and cement

psi pound-force per square inch (Ibf/in.?)
SCP  sustained casing pressure

VRP  viscous reactive pill

WOC waiting-on-cement

4 Applications and Operating Environment

4.1 Formation Types
4.1.1 Potential Flow Zones

Potential flow zones are any formations in a well where flow is possible when the wellbore pressure is less
than the pore pressure (e.g., hydrocarbon zones, shallow gas, or overpressurized water zones that may be
natural or induced). Isolation of these zones shall be the primary objective of wellbore plugging and
abandonment unless cross flow is deemed acceptable. Prior to permanent abandonment operations, all
potential flow zones in the wellbore shall be identified.

4.1.2 Usable Water Sources

Subsurface waters (aquifers) suitable for consumption by humans or animals with or without treatment are
classified as usable water sources. These formation types shall be protected from contamination by fluid
migration or surface water runoff.

4.1.3 Injection and Depleted Zones

Injection or disposal zones are geological formations whose strata are isolated from overlying usable water
sources by an impermeable layer into which fluids are injected for disposal or charging. These formations
may or may not be classified as depleted zones. Depleted zones are formations whose reservoir pressures
are less than the adjacent formation pressures as a result of production operations. These zones may

prevent plug stability during placement. Both injection and depleted zones shall be isolated during
abandonment unless cross flow is deemed acceptable.

4.2 Positions

4.2.1 Barrier Installation

During the drilling of a well, the natural geologic seals to overpressured formations are penetrated by the
wellbore. During well abandonment, the placement of a barrier prevents the flow of formation fluids to

surface or seabed, cross flow between permeable formations, and contamination of usable water sources.

Since the initial geologic state was a continuous seal, well abandonment is typically performed by creating a
continuous barrier across the wellbore at the natural seal location.

See Figure 2 for an illustration of a continuous barrier across the wellbore at the natural seal location.
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Cement Continuous barrier

7 [ -

Natural seal

Cement Plug

Potential Flow Zone

Figure 2—lllustration of a Continuous Barrier across the Wellbore at the Natural Seal Location
Permanent annular barriers set adjacent to the natural seal during the well construction phase can increase
the efficiency of the permanent abandonment operations. During the construction of the well, considering
field operational life can aide in the placement of barriers (e.g., conversion of a well to an injector, disposal).
During planning for permanent abandonment operations, potential flow zones identified during the well
construction are reviewed and redefined if applicable. Local regulatory authorities may define zones that
require permanent abandonment barriers.

The inclusion of a draft well abandonment plan or schematic showing the proposed locations of permanent
barriers can aide in optimizing well construction activities in preparation for well abandonment.

4.2.2 Formation Pressures and Strengths

The location of a permanent abandonment barrier is typically at a depth where formation integrity can
withstand the pressure from the potential flow zones being isolated. A natural seal for a potential flow zone
typically starts immediately above the top of the potential flow zone. An understanding of individual seals to
potential flow zones, and seals, which can contain all the pressures from above and below, can help plan the
placement of permanent abandonment barriers.

The fluid gradient from each potential flow zone can be used in the determination of permanent
abandonment barrier locations.

See Figure 3 for an example of the location of a permanent abandonment barrier placed at a depth where
formation integrity (natural seal) can withstand the pressure from the potential flow zone being isolated.

Considerations for the placement of permanent abandonment barriers can include:
— location of potential flow zones and pore pressures;

— location of usable water sources;

— formation fracture pressure of natural seals;

— cross flow potential; direction and resultant equalized pressures;

— future field plans (e.g., injection activities);

— compaction, subsidence, and recharged formations;

— corrosion risks;

— field reservoir management requirements; Documents
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WELLBORE PLUGGING AND ABANDONMENT 7

— regulatory requirements;

— location of natural faults and their ability to transmit fluids and/or pressure;
— ability to verify barrier;

— failure of a previous, temporary, or secondary barrier;

— operating environment.

GROUND LEVEL OR MUDLINE

Pore pressure
gradient

Formation fracture pressure
gradient

Pore pressure extrapolated
using a fluid gradient to the
fracture pressure gradient

Continuous seal at a depth
which exceeds pressure
from potential flow zone

Potential

Pressure gradient

Figure 3—Two Continuous Barriers Adjacent to Natural Seals where Formation Integrity Exceeds
Pressure from Potential Flow Zone

4.2.3 Open Hole

Methods used to place open hole abandonment plugs may include displacement, squeeze, coiled tubing,
and through-tubing open hole inflatable packers.

Figure 4 shows a typical open hole abandonment using balanced plugs. Figure 5 shows a typical open hole
abandonment using a cement retainer.
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Plug #3

Plug #2

Hydrocarbon Zone

Figure 4—Open Hole Abandonment by Balanced Plugs

Cement
Cap
Retainer —————»

Z

Cement
Squeeze
Open Hole

Figure 5—Open Hole Abandonment with a Cement Retainer Set at Casing Shoe

4.2.4 Cased Hole

Cased hole abandonments typically involve squeeze cementing and/or a cement plug to seal potential flow
zone pathways, such as perforations, as well as placing cement plugs in the cased wellbore.

Figure 6 shows a typical cased hole abandonment using a perforation squeeze and a balanced plug. Figure
7 shows an example of a cased hole abandonment using a cement retainer for the same purpose.
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GROUND LEVEL OR MUDUNE

Cement Plug

Figure 6—Cased Hole Abandonment with a Perforation Squeeze and a Balanced Plug

GROUND LEVEL OR MUDLINE

Cement Plug

Retainer ———»

Figure 7—Cased Hole Abandonment with a Cement Retainer

4.2.5 Casing Shoe

The abandonment operations performed at the casing shoe provide a barrier to isolate the open hole below,
and the open hole from the upper sections of the wellbore. Methods used to abandon a casing shoe may
include displacement, squeeze, coiled tubing, and mechanical plugging.

Figure 8 shows an example of a cement plug used to isolate the open hole from the upper sections of the
wellbore. Figure 9 shows an example of using a cement retainer to set a cement plug for the same purpose.
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