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

API publications may be used by anyone desiring to do so. Every effort has been made by the Institute tc assure 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 responsbility 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, soind =nyineering 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. ' ublication 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 requiramunts =7 that standard. APl does not represent,
warrant, or guarantee that such products do in fact conform to the a,nlicable APl standard.

Users of this Technical Report should not rely exclusively on the “~furmation contained in this document. Sound busi-
ness, scientific, engineering, and safety judgment should be used in employing the information contained herein.

Al igi.'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, 1220 L Street, NW, Washington, DC 20005.

Copyright © 2013 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.

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 concernina th»
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 Fotroleum
Institute, 1220 L Street, NW, Washington, DC 20005. Requests for permission to reproduce or translate all vr ar.; 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 ycars. A one-time
extension of up to two years may be added to this review cycle. Status of the publication can b.» ascertained from the
API Standards Department, telephone (202) 682-8000. A catalog of API publications anJ.n.aterials is published
annually by API, 1220 L Street, NW, Washington, DC 20005.

Standards referenced herein may be replaced by other international or national sw.'dai Is that can be shown to meet
or exceed the requirements of the referenced standard.

Suggested revisions are invited and should be submitted to the Standards uepartment, API, 1220 L Street, NW,
Washington, DC 20005, standards@api.org.
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Protocol for Verification and Validation of High-pressure
High-temperature Equipment

1 Scope

1.1 Purpose

This report focuses on an evaluation process for high-pressure high-temperature (HPHT) equipment in
the petroleum and natural gas industries which includes design verification analysis, design validaticn,
material selection considerations, and manufacturing process controls necessary to ensure the
equipment is fit-for-service in the applicable HPHT environment. HPHT environments are ini=nuxd to
mean that one or more of the following well conditions exist:

a) the completion of the well requires completion equipment or well control equipn.-at vssgned a
temperature rating greater than 350 °F or a pressure rating greater than 15,000 psig;

b) the maximum anticipated surface pressure or shut-in tubing pressure is greate. thcn 15,000 psig on
the seafloor for a well with a subsea wellhead or at the surface for a well with @ surfa :e wellhead; or

c) the flowing temperature is greater than 350 °F on the seafloor for a wol wivy a subsea wellhead or on
the surface for a well with a surface wellhead.

NOTE In high-temperature, low-pressure applications, not all methoad'c 25 presented in this document may
apply.

The design verification process focuses on the analyticc' mathods to achieve design verification by
calculating the performance limits of a design (syster:, suxsystems, and components), including its
service life and material selection. The design validai on j rocess focuses on evaluating the potential
failure modes of the equipment, the effects/consequences uf the failures and defining the appropriate test
methods to evaluate the reliability of the equ'nment against the identified failure modes including
validation of material performance. The matei:al cection defines the required input parameters for the
verification process and recommends the L-oceaures necessary to evaluate the material fitness-for-
service in the service environment. Funcuor.al testing procedures specific to HPHT equipment are also
included in this document.

The design verification and valida..~n orotocols in this report should be used as a guide by the various
API subcommittees to develop/ne.v and revised standards on equipment specifications for HPHT service.
This report is not intended ‘0 1 ‘nl=ce existing APl equipment specifications but to supplement them by
illustrating accepted practice = and principles that may be considered in order to maintain the safety and
integrity of the equipment. This report is intended to apply to the following equipment: wellheads, tubing
heads, tubulars, packer.. cunnections, seals, seal assemblies, production trees, chokes, and well control
equipment. It may-he usea ‘or other equipment in HPHT service.

Annexes to thic rep ort provide additional information on the following:

— _Annex A provides example HPHT material property data,

— Anr~x E is a compendium of published metallurgical-related field failures,

— Annex C provides a detailed explanation of the failure mode and effect analysis (FMEA) process,

— Annex D contains technical information on the considerations for the selection of castings and forgings,
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