©2016 NACE International, 15835 Park Ten Place, Suite 200, Houston TX 77084, USA. All rights reserved. Reproduction, republication or redistribution of this standard in any
form without the express written permission of the publisher is prohibited. Contact NACE International by means of our website www.nace.org, email FirstService@nace.org, or
(phone) 281-228-6223 for reprints of this standard.

NACE Standard SP0296-2016
Item No. 21078

Approved March 2016

Detection, Repair, and Mitigation of
Cracking in Refinery Equipment in Wet

HQS Environments

This NACE International standard represents a consensus of those individual members
who have reviewed this document, its scope, and provisions. Its acceptance does not in
any respect preclude anyone, whether he or she has adopted the standard or not, from
manufacturing, marketing, purchasing, or using products, processes, or procedures not
in conformance with this standard. Nothing contained in this NACE International stan-
dardis to be construed as granting any right, by implication or otherwise, to manufacture,
sell, or use in connection with any method, apparatus, or product covered by Letters
Patent, or as indemnifying or protecting anyone against liability for infringement of Let-
ters Patent. This standard represents minimum requirements and should in no way be
interpreted as a restriction on the use of better procedures or materials. Neither is this
standard intended to apply in all cases relating to the subject. Unpredictable circum-
stances may negate the usefulness of this standard in specific instances. NACE Interna-
tional assumes no responsibility for the interpretation or use of this standard by other
parties and accepts responsibility for only those official NACE International interpreta-
tions issued by NACE International in accordance with its governing procedures and pol-
icies which preclude the issuance of interpretations by individual volunteers.

Users of this NACE International standard are responsible for reviewing appropriate health,
safety, environmental, and regulatory documents and for determining their applicability in
relation to this standard prior to its use. This NACE International standard may not neces-
sarily address all potential health and safety problems or environmental hazards associat-
ed with the use of materials, equipment, and/or operations detailed or referred to within
this standard. Users of this NACE International standard are also responsible for establish-
ing appropriate health, safety, and environmental protection practices, in consultation with
appropriate regulatory authorities if necessary, to achieve compliance with any existing
applicable regulatory requirements prior to the use of this standard.

CAUTIONARY NOTICE: NACE International standards are subject to periodic review, and
may be revised or withdrawn at any time in accordance with NACE technical committee
procedures. NACE International requires that action be taken to reaffirm, revise, or with-
draw this standard no later than five years from the date of initial publication and subse-
quently from the date of each reaffirmation or revision. The user is cautioned to obtain
the latest edition. Purchasers of NACE International standards may receive current infor-
mation on all standards and other NACE International publications by contacting the
NACE International FirstService Department, 15835 Park Ten Place, Houston, Texas
77084-5145 (telephone +1 281-228-6200).

ISBN 1-57590-013-0
©2016, NACE International

ABSTRACT

Intended to be a primary source of
information on cracking in wet H,S
petroleum refinery environments. Provides
guidelines on detection, repair, and
mitigation of cracking of existing carbon
steel refinery pressure vessels, including
columns, heat exchangers, drums,
reboilers, separators, and more. In this
standard, “‘wet H,S service” is defined as
refinery process environments in which the
concentration of H,S is 50 ppmw or greater
in the aqueous phase. Thirteen tables
show the frequency and severity of
cracking as reported in a survey conducted
on the topic. Examples of cracking are
shown in photographs.

KEYWORDS

carbon steels, cracking, hydrogen embrit-
tlement, hydrogen sulfide, metals, refinery
equipment, sour environments, steels, sul-
fide stress cracking, vessels.

2. NACE

;
P E INTERNATIONAL




©2016 NACE International, 15835 Park Ten Place, Suite 200, Houston TX 77084, USA. All rights reserved. Reproduction, republication or redistribution of this standard in any
form without the express written permission of the publisher is prohibited. Contact NACE International by means of our website www.nace.org, email FirstService@nace.org, or
(phone) 281-228-6223 for reprints of this standard.

Foreword

In NACE standards, the terms shall, must, NACE International Task Group (TG) T-8-16, "Cracking in Wet H,S Environments,” was
should, and may are used in accordance formed in 1988 to conduct an organized study on the incidence and mechanisms of
with the definitions of these terms in the  cracking in pressure vessels operating in refinery wet hydrogen sulfide (H,S) environ-
NACE Publications Style Manual, 4th ed., ments. Specific objectives were to (a) define the nature and extent of the problem by
Paragraph 7.4.1.9. Shall and must are used  means of an industry survey; (b) define mechanisms for the type of cracking found, to be
to state mandatory requirements. The term  accomplished primarily through a literature survey; (c) establish inspection guidelines for
should is used to state something consid-  existing vessels; and (d) develop repair and mitigation guidelines for cracked vessels.
ered good and is recommended but is not  Four work groups were formed to address these tasks. In 1990, a fifth work group was
mandatory. The term may is used to state  formed with a fifth objective, (e) to investigate material specifications and fabrication
something considered optional. practices for new pressure vessels.

This standard practice summarizes objectives (a), (c), and (d) listed above. A technical
committee report (NACE Publication 8X294)" was issued to address objective (b). Finally,
objective (e) was handled by another technical committee report (NACE Publication
8X194).2

This standard is intended for use primarily by refinery corrosion and materials engineers
and inspection, operations, and maintenance personnel. Information and guidance pre-
sented in this standard reflect the work of many individuals representing numerous com-
panies worldwide.

The titles and source information of the codes, specifications, and standards referred to
or discussed in this standard are provided in Appendix A (honmandatory) rather than
listed in footnotes throughout the standard. Confining this information to one appendix
should help readers who have any interest in further research. This standard was origi-
nally prepared in 1996 by former TG T-8-16, “"Cracking in Wet H_S Environments.” It was
reaffirmed in 2000 by Group Committee T-8, revised in 2004. TG 268 revised this stan-
dard in 2010 to address a number of items raised by Specific Technology Group (STG) 34
members as well as to respond to revisions in other applicable NACE standards, such as
SP0472.3 The original emphasis of this standard was on pressure vessels, and this em-
phasis remains; however, with this revision, some limited information on piping has been
included at the request of TG 268 members and other members of STG 34. It was reaf-
firmed in 2016 by TG 268, "Wet H,S Cracking in Petroleum Refinery Pressure Vessels."
TG 268 is administered by STG 34, "Petroleum Refining and Gas Processing.” This stan-
dard is issued by NACE International under the auspices of STG 34.
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Section 1: General

11 This standard is intended to be a primary source of information on cracking in wet
H,S petroleum refinery environments and provides guidelines on the detection,
repair, and mitigation of cracking of existing carbon steel refinery equipment in
wet H,S environments.

111 For the purposes of this standard, the term equipment refers to pressure
vessels and piping made of carbon steel plate material. Refinery pressure ves-
sels include items such as, but not limited to, columns or towers, heat exchang-
ers, drums, reboilers, and separators.

1.1.2 Limited cracking has been noted in seamless piping; therefore, the infor-
mation in this standard concentrates on longitudinally seam-welded pipe fabricat-
ed from plate.

11.3 Information on fabrication and inspection practices for new pressure
vessels (never in service) is in NACE Publication 8X194.

1.2 For the purposes of this standard, the term wet H,S environments includes, but is
not limited to, refinery process environments known to cause wet H,S cracking
resulting from hydrogen entry into the steel, as defined in NACE Standard
MR0103.* Some environmental conditions known to cause wet H,S cracking are
those containing an aqueous phase and:

(a) > 50 ppmw total sulfide content in the aqueous phase; or

(b) =1 ppmw total sulfide content in the aqueous phase and pH < 4; or

(c) =1 ppmw total sulfide content and = 20 ppmw free cyanide in the aqueous
phase and pH > 7.6; or

(d) > 0.3 kPa absolute (0.05 psia) partial pressure H,S in the gas phase associ-
ated with the aqueous phase of a process.

However, the threshold total sulfide content in the aqueous phase required for

cracking to occur has not been clearly established. Therefore, selective applica-

tion of this standard may be appropriate when experience has indicated the pres-

ence of cracking or blistering in comparable service, regardless of total sulfide

content.

Alkaline environments such as alkanolamine solutions that contain sulfides and
carbonate-containing sour waters also are included in the term wet H,S environ-
ments and thus are within the scope of this standard. Two forms of alkaline stress
corrosion cracking (ASCC) are commonly found in these alkaline wet H,S envi-
ronments. Amine stress corrosion cracking (commonly referred to as amine
cracking) can occur in amine service under certain conditions, which are dis-
cussed in APIW RP 945.5 Alkaline carbonate stress corrosion cracking (common-
ly referred to as carbonate cracking) can occur in alkaline carbonate-containing
sour waters under certain conditions. NACE Publication 34108°¢ describes where
carbonate cracking has occurred in process equipment in petroleum refining ser-
vice, the refining community’s current theory(ies) on the conditions and mitigation
techniques that may have an impact on this type of cracking, and analytical and
inspection techniques that have been used to address the issue.

13 Increased industry attention to the potential for cracking of carbon steel pressure
vessels began in 1984 with the rupture of a monoethanolamine (MEA) absorber
tower at a Lemont, lllinois refinery. The ensuing explosion and fire resulted in fa-
talities and extensive damage to the facility.” In response to this incident, NACE
Task Group T-8-14, “Stress Corrosion Cracking of Carbon Steel in Amine Solu-
tions,” was formed in the fall of 1984. An industry survey to determine the nature

MAmerican Petroleum Institute (API), 1220 L St. NW, Washington, DC 20005-4070.
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