Defining Hydrogen-induced Cracking
Test Criteria for Commodity-grade Line
Pipe in Less Severe Sour Conditions

API TECHNICAL REPORT 5HIC
FIRST EDITION, AUGUST 2024

American
Petroleum
Institute

AP




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 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
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 ensure 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 used. 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 20001-5571.
Copyright © 2024 American Petroleum Institute



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.

Suggested revisions are invited and should be submitted to the Standards Department, API, 200 Massachusetts
Avenue NW, Suite 1100, Washington, DC 20001, standards@api.org.
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Introduction

The API Subcommittee on Tubular Goods decided to have work performed to support the development of a moderate
sour service commodity grade under AP| Specification 5L:2018 Annex H. The project aimed at defining HIC test
conditions and exposure duration needed to assess the suitability of commodity-grade line pipe under less severe
sour conditions compared with standard testing. The impact of varying test durations on the extent of hydrogen-
induced cracking was assessed by using two sweet service submerged-arc longitudinally welded (SAWL) pipes of
Grades X65 and X70 of different susceptibility to hydrogen-induced cracking. The test program consisted of 13 HIC
test batches representing less severe sour test environments containing 1 %-10 % H,S with pH between 3.5-4.5.
Specimen preparation, exposure, ultrasonic testing (UT) and metallographic evaluation was performed in accordance
with NACE TM0284:2016.

For all sour test environments and exposure durations between 4-14 days, the X70 Pipe B showed significant
hydrogen-induced cracking, whereas the X65 Pipe A gave less HIC indications in terms of crack area ratios (CAR)
obtained by UT and crack length ratios (CLR) obtained by metallographic evaluation.

With the clear benefit of shorter test duration in mind, the project focused on the question of whether hydrogen-induced
cracking can stabilize earlier in HIC tests shorter than the 14 days specified in NACE TM0284:2016 and to what
extent choice of solution pH and H,S content could contribute to achieve this objective. Within the observed scatter,
HIC tests conducted in solutions of higher acidity gave a tendency of higher levels of hydrogen-induced cracking at
shorter exposure times than observed for exposure under lower acidity (higher pH) test conditions. Hydrogen-induced
cracking did not, however, stabilize during exposure durations shorter than 14 days in those less severe sour test
environments.

API Specification 5CT:2023 (NACE TMO0177 Solution D) gave unexpectedly high cracking after four days exposure.
Experience with this solution in HIC testing is limited. More work is needed before considering this solution, developed
for SSC-DCB testing, as a standardized HIC test environment.

Considering the increase in hydrogen-induced cracking with longer test duration as an important result of this project,

HIC test durations shorter than 14 days in the considered range of less severe sour test environments are not
recommended.
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Defining Hydrogen-induced Cracking Test Criteria for Commodity-grade Line
Pipe in Less Severe Sour Conditions

1 Scope

The work described herein is to support the development of a moderate sour service commodity grade under API
Specification 5L:2018 Annex H, while maintaining harmonization with ISO 15156-1 and NACE TM0284:2016 as
regards resistance testing to hydrogen-induced cracking (HIC).

To define the HIC test conditions and exposure duration needed for that purpose, the impact of varying test
durations on the extent of cracking in less severe sour test environments was specifically assessed in solutions
containing 1 %=10 % H,S within pH values 3.5-4.5.

For the series of HIC tests conducted, sweet service test material from two different pipes was used, which
showed different susceptibility to cracking in moderate sour conditions.

2 Normative References
There are no normative references in this document.
3 Terms, Definitions, Abbreviations, and Symbols

3.1 Terms and Definitions
There are no defined terms in this document.

3.2 Abbreviations

CAR crack area ratio
CLR crack length ratio
CSR crack sensitivity ratio
CTR crack thickness ratio
DCB double cantilever beam
EPRG European Pipeline Research Group
FSH full screen height
HIC hydrogen-induced cracking
OCTG oil country tubular goods
SAWL submerged-arc longitudinally welded
SOHIC stress-oriented hydrogen-induced cracking
SSC sulfide stress cracking
uT ultrasonic testing
3.3 Symbols
ALO, alumina
CO, carbon dioxide gas

H,S hydrogen sulfide gas





