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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.

Neither APl 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 ar. s
information or process disclosed in this publication. Neither APl nor any of API's employees, subcontractoie,
consultants, or other assignees represent that use of this publication would not infringe upon privately ov:nec rights.

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute tc ensure the
accuracy and reliability of the data contained in them; however, the Institute makes no represer.*itio.. v arranty, or
guarantee in connection with this publication and hereby expressly disclaims any liability or responcbility 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, souna =ngineering and operating
practices. These publications are not intended to obviate the need for appi,ing .ound engineering judgment
regarding when and where these publications should be utilized. The formulation ar.* 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 ‘he marking requirements of an API standard
is solely responsible for complying with all the applicable requicemunts =7 that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the a,nlicable API standard.

Users of this Specification should not rely exclusively on the info, m~.ion contained in this document. Sound business,
scientific, engineering, and safety judgment should be used in employing the information contained herein.

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

Copyright © 2019 American Petroleum Institute
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Foreword

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 requircd iri order
to conform to the standard.

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

This document was produced under API standardization procedures that ensure cnp'opriate notification and
participation in the developmental process and is designated as an API ste-dar. Questions concerning the
interpretation of the content of this publication or comments and questions concerr.'ng the procedures under which
this publication was developed should be directed in writing to the Di.=ctor of Standards, American Petroleum
Institute, 200 Massachusetts Avenue, NW, Washington, DC 20001. Requests or permission to reproduce or translate
all or any part of the material published herein should also be addresse( to the director.

Generally, API standards are reviewed and revised, reaffirmed, or witi.drawn 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 cat.'27 of API publications and materials is published
annually by API, 200 Massachusetts Avenue, NW, Washington, DC 20001.

Suggested revisions are invited and should be suhmitiel to the Standards Department, API, 200 Massachusetts
Avenue, NW, Washington, DC 20001, standards we pi.c.g.


https://www.stdhive.com/standards/api-spec-19lh-pdf/

Contents

Page
1 Yoo o1 1
2 Normative References . ........c.cci ittt ittt i ittt et e s s tnnssssssnnnnnsessennnnnnnnsnnns 1
3 Terms, Definitions, and Abbreviations . ........... ..l i it ittt sttt nn .3
31 Terms and Definitions. . ... ...t i ittt it ittt nnnnnnssesnnnnnnnneesrannnnnnn 3
3.2 Abbreviations. ...........c ittt i it ra i r e D 10
4 General Information ..........i ittt ittt ittt innnnnaassse sttt e 11
4.1 Product and System lllustrations ............ ... ... ... ... . . it e N 1"
5 Functional Requirements . .. ... ... . it i it ittt eae s naneann aerannnennnn 13
L0 T €T o = - | 13
5.2 Product TYPes ... oot i e e it e e e 13
5.3 FunctionalCharacteristics............iiiiiiiiiinrit it nnnnnsnns . 14
5.4 Well Parameters. .........cciiiiiiiiii ittt nnnnnnnneennnns . O 14
5.5 Operational Parameters .. ............ ittt iieiaes it ita e ae e eaneaneannenn 14
5.6 Environmental Compatibility ... ......... ... ... i e e e 15
5.7 Compatibility with Related Equipment .. . ... ... i e et 15
5.8 User/Purchaser Validation Grade Selection. . ......... ... 1t it iiiiiiiiinnnnnreseerernnnnns 16
5.9 Quality Grades. ... ......utitirieieirnria e e en s tnrana e e e e 16
5.10 Optional Requirements. ........................: T N 16
6 Technical Specification........................ A 16
6.1 General...........iiiiiiiiiit ittt sttt e e et ey 16
6.2 Technical CharacteristiCs . ... ...t ittt sttt nnnnnnnnnanssssensernnnnns 17
6.3 Design Criteria. . ... ..ottt it et e et e 17
6.4 Design Verification ....................« 0 18
6.5 Materials................cccvvvtt. i~ 20
6.6 Design Validation............. I (7 4 22
6.7 Performance Envelope Requireme. ts .o . . . ... it i ettt tae e nae e aaaaaaneens 48
6.8 Design Changes ........... .t ittt ne et a e ta e e e e aeaaranansaranansananennnns 50
7 Supplier/Manufacturer Regulr ments. . .. .. ... ittt it i it it a st e et e 51
7% T € - 3 = - 51
7.2 Documentation and Date. Control . ......... ittt iiiiii ittt ittt nsnnnnnnnnssasesrennnnnns 52
7.3 Productldentificaticn . ... ........iiiitiiiiiiiiiiattertte ittt r 55
7.4 Quality Control. . ... (..t ettt e et a e a e e e a e 55
8 T 0 1|1 ¢ = 14 Lo o T 64
8 Return to MMan facturing for Rework. . . . . .. ... ... i e 65
9 Shipping, Handling, and Storage. . .. ... ... it i i e e 65
Y 3 15 ) G 66
Ar=ex 2 /informative) Functional Requirements Example Check List . .................. ... ... ... ... 67
A, nex C (informative) External Flow Testing . ......... ... it i ettt a e ennaennnn 69
A anex D (informative) FEA Method for Analyzing a Pressure-containing Liner Hanger Component ....... 7
Annex E (normative) Liner Hanger Running/Setting Tool Requirements .............................. 74
Annex F (normative) Liner Hanger Bearing Validation Testing Requirements .......................... 77


https://www.stdhive.com/standards/api-spec-19lh-pdf/

Contents

Page

Annex G (informative) System Performance Envelopes Using Validated Products ...................... 78
Annex H (normative) Sampling Plans .. .. ... ... it i e it et e e 34
Bibliography . . ... ..o e e ea s . 86
Figures
1 Hydraulic Set Hanger (Conventional) . .. ... ... ittt it e s e eae e aeaee e 1"
2 Mechanical Set Hanger (Conventional) ............... ... ... .. ..o i, 0 R 1"
3 Liner Packer (Conventional) . ............ . .iiiiiiirii e iaa e eaenaraess baaanraennns 1"
4  TBRI/PBR ... e el s i 1"
B Seal AsSembIY ... ... . e e 1"
6  Setting/Adaptor Sleeve . .. ... ...t e e e 12
7 Mechanical Set Liner Hanger System, Activated by Pipe Manipulation ... .. .. ............... 12
8 Mechanical Set Liner Hanger System, Activated by Hydraulic Running ieol ..ot s 12
9 Hydraulic Set Liner Hanger System . . ........ ... .. it e it tae e eaeaanaennnn 13
10 Expandable Liner Hanger System . .......... ...ttt tae e eaeaaraennns 13
11 Temperature Cycle Range lllustration. . .................... My = s srr e srasrasraaaaanaas 15
12 Internal Thread Rated Performance Envelope. . .......... 0 . . . it i ittt en e e nneennns 46
13 Performance Envelope Example .......... ...t it ittt ettt snnernnnennneennns 49
C.1 lllustration of an Example Test Fixture for Flow Testing .. . ..... ... ... i, 70
D.1 Example of an External Pressure Plot . .......... .. i i i ettt eaa e nnneennns 73
G.1 System Performance Envelope Example—lllustrati.»g T ed Back and Non-tied Back Conditions . . ... 79
G.2 System Performance Envelope Example—lllustrating Liner Packer with Hold-downs in

Tied Back and Non-tied Back Conditions . ... ........ ...ttt annns 81
G.3 System Performance Envelope Example— s trating Packer—Seal Assembly in Tied Back

and Non-tied Back Conditions ...... pa 83
Tables
1 Product Design Validation Grade Hierarchy ............. . ... . i it ianaennns 16
2 Liner System Design Validatinrn Cxxde Hierarchy ........ ... ... i 16
3 Validation Grade Comparis 7. . ..o oottt ittt ettt i ie s et a e an e aae an aneaneanenn 24
4 Test Fixture Options ..« . ... i i i it it ittt ta st saasaassaesaesnneanssnnnnns 27
5 Liner Packer Validatic> Text Procedure Viand V2 ... ... .. i i e e 35
6 Interface Seal betw. =n s BR/PBR and Packer Body or Setting Adaptor/Sleeve Validation

Test Procedure V1 anu V2 .. ... .. . i it et ettt et aa i 39
7 Seal Unit Validav.on Procedure Grade V1 and V2 . . ... ... it itiiiiii i ieenaananannns 43
8 Internal Ccnne ~tion Validation Test Procedure Grades V2and V1 ......................ccoonn.. 44
9 Liner Systen. Design Validation Grade Hierarchy ............. ... .. it 47
10 Summery of Quality Requirements .............. it ittt 56
D By B N N A o Yo N - | - T 71
H.1 faspctior Sample Sizes ..ottt it it i it et ittt e e aa et et aaeaa e aaaans 84

v


https://www.stdhive.com/standards/api-spec-19lh-pdf/

Introduction

This specification has been developed by users/purchasers and suppliers/manufacturers of liner hanger systems and
related equipment as defined herein and is intended for use in the petroleum and natural gas industry worldwide in
order to give requirements and information to both parties in the selection, manufacture, testing, and use. Further, this
document addresses the minimum requirements with which the supplier/manufacturer is to comply so as to claim
conformity with this document.

This specification has been structured with two types of liner hanger systems (conventional and expandabl<) and tw2
types of activation mechanisms for conventional liner hanger systems (mechanical-set and hydraulic-set}

This specification has been structured with grades of increased requirements in quality control and desig.» vaiidation.
These grades allow the user/purchaser to select the level of requirements that are required for a s >ecii.= 2 pplication.

There are three quality grades. Quality grade QL3 is the minimum grade and aligns with . upplier/manufacturer-
defined quality requirements. Quality grade QL2 is an increased level of quality and generau;-a.'ows the sampling of
components to verify quality requirements are met. Quality grade QL1 is the highest grade rovia 2d.

There are three design validation grades for products. Design validation grade V' is i © minimum grade and aligns
with supplier/manufacturer-defined product validation. Design validation grade V2 req, i es testing with liquid as a test
medium, while validation grade V1 requires testing with nitrogen.

There are three design validation grades for systems. System design ve idation grade VS3 is the minimum grade and
aligns with the supplier/manufacturer-defined validation methoc's. Jvswemi design validation grade VS2 requires
system testing with liquid as a test medium, while validation grade ‘1 ruquires system testing with nitrogen. Grades
VS2 and VS1 can be achieved by testing an entire system, or I'y comuining individual validated products.

Annexes A, B, C, D, and G are informative requirements. where Annexes E, F, and H are normative.

The International System of Units (SI) is used in thie.do:ui ant; however, US Customary (USC) or other units are also
shown for reference.

Users of this specification should be aware “hai requirements beyond those outlined in this document may be needed
for individual applications. This specificc*ion is not intended to inhibit a supplier/manufacturer from offering, or the
user/purchaser from accepting, alterriar7e equipment or engineering solutions. This can be particularly applicable
where there is innovative or develop™1g .echnology. Where an alternative is offered, it is the responsibility of the
supplier/manufacturer to identifv ai ¥ variations from this specification.

viii
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Liner Hanger Equipment

1 Scope

This specification provides requirements for conventional and expandable liner systems, including liner hangers, liner
packers, liner hanger packers, tie-back/polished-bore receptacles (TBR/PBRs), seal assemblies, setting adapto:s/
sleeves, and running/setting tools as defined herein for use in the oil and natural gas industry. This specificatic
provides minimum requirements for the functional specification and technical specification, including design; de. ign
verification and validation, materials, quality control, documentation and data control, repair, shipment, end storage.

Products covered by this specification apply only to applications within a conduit. Installation and field \ ~airiienance
are outside the scope of this specification. Also not covered in this specification are casina cressover subs,
expandable tubulars and expandable connections, end connections to the liner, cementing aids ‘ine: *per plugs and
drill pipe darts, landing collars, float equipment, wellhead/casing hanger, sub-mudline suspensicn equipment, and
cementing heads. Products covered by other API specifications are not in the scope of this < »ecification.

2 Normative References

The following referenced documents are indispensable for the application of thi. spe sification. For dated references,
only the edition cited applies. For undated references, the latest edition of the re.arenced document (including any
amendments) applies.

API Recommended Practice 5C5, 4t Edition, Procedures for Testing “as ng and Tubing Connections

API Specification 5B, Threading, Gauging, and Thread Inspe_uon «f Casing, Tubing, and Line Pipe Threads
API Specification 5CT, Specification for Casing and Tubing

API Specification 5L, Specification for Line Pipe

API Specification 7-2, Specification for Tkrea.'irg ¢nd Gauging of Rotary Shouldered Thread Connections
API Specification 11D1, Packers and Briaye Fiugs

API Specification Q1, Specificatio:: “or Quality Management System Requirements for Manufacturing Organizations
for the Petroleum and Natural C as Inaustry

API Technical Report 5C3, “al’ ulating Performance Properties of Pipe Used as Casing or Tubing

ANSI/NACE MR0175 1, Retroleum and Natural Gas Industries—Materials for Use in H,S-Containing Environments in
Oil and Gas Proac.-tio

ASME" Bciiar and Pressure Vessel Code 2 (BPVC), Section VIII: Rules for Construction of Pressure Vessel—
Divisiun v, UW: 40: Procedures for Post-weld Heat Treatment

7 SML Boiler and Pressure Vessel Code (BPVC), Section IX: Welding and Brazing Qualifications

A3SNT RP-SNT-TC-1A 3, Personnel Qualification and Certification in Nondestructive Testing

1 NACE International, 15835 Park Ten Place, Houston, Texas 77084, www.nace.org.
2 American Society of Mechanical Engineers, Two Park Avenue, New York, NY 10016-5990, www.asme.org.
3 American Society for Nondestructive Testing, PO Box 28518, 1711 Arlingate Lane, Columbus, OH 43228-0518, www.asnt.org.
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