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FOREWORD

Introduction to BP Group Recommended Practices and Specifications for Engineering

The Introdudory Volume contains a seresof documents that piovide an introdudion to the
BP Goup Reommended Pratices ad Spedicaions for Engineeing (RPES). In
paticular, the 'General Foreword' sds out the philosophy of the RPEs. Qher documentsin
the Introdudory Volume provide generd gudance on udng the RPSEs rad backgound
information to Engineeing Standards in BP. There ae dso recommendations for spedfic
definitions and requirements.

Value of this Guidance for Specification

This BP Spedfication clarifiescertain requrements spetfiedin NACE MR0175and provide
guiddines for the doice of materials for sour sevice duty offering economy, sdety and
reliabili ty of operation. The use of this Spedfication to its users will be signifi cantly enhanced
by their reguar paticipation in its improvement and updaing. For this rea®n, usersare urged
to inform BP of their experiences in all aspects of its application.

Application

This Guidance for Spedficdion is intendedto gude the purtaserin the useor credion of a
fit-for-purpose specification for enquiry or purchasing activity.

Text initalicsis Commentary. Commentary providesbackgound information which supports
the requrements of the Spedicaion, and may discuss Hernative options. It dso gves
guidance on the implementation of any 'Spedfication’ or 'Approva’ adions; spedfic adions
are indicated by an asterisk (*) preceding a paragraph number.

This document may refer to certain locd, national or international regulations but the
responsibility to ensure compliance with legislation and any other statutory requirements lies
with the user. The user bould adaptor suppement this document to ensure compliance for
the specific application.

Specification Ready for Application
A Spedficaion (BP Spec 136-1is available which may be sutable for enquiry or purchasng
without modificaion. It is defived from this BP Goup Gudance for Spedficaion by

retaining the technicd body unaltered but omitting all commentary, omitting the data page and
inserting a modified Foreword.

Principal Changes from Previous Edition

This Gudance for Spedicaion hastranspred from the generd updding and converson to
the new 'Way Forward' style of BP Engineering Standard 153.

GS136-1 .
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Principal Changes from June 1990 Issue:-

(@)

(b)
(c)
(d)
(€)
(f)

Document retitled to reflect the broad sope of the document, which exceedsthat of
NACE MR0175-94

General editorial changes made to format.

Amendment made to meet latest issuBlACE MR0175-94

Major modification of sections to reflect current understanding of sour service.
Appendices A, B, C, D, E, F, G and H amended and retitled.

Special new section and Appendix J added for downhole tubulars.

Feedback and Further Information

Uses aeinvitedto feedback aly comments and to deail experiencesin the apgicaion of BP
RPSE's, to assist in the process of their continuous improvement.

For feedbadk and further information, please ontact Sandards Goup, BP htemational or
the Custodian. See Quarte8yatus Lisfor contacts.

GS136-1
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1. INTRODUCTION
11 Scope

111 This Spedficaion spedfies BP geeral requrements on materias of
construction for equpment handling fluids containing water and
hydrogen sulphide (sour environments). It makes major reference to
the NACE Sandard MR0175-94 (stbsequetly referred to in this
document as the NACE Standard).

112 In-service hydrogen damage poblems aising from wet hydrogen
suphide (H2S) sevicefall into threemain caegories which are covered
in this Specification. These are as follows:-

(@) Hydrogen Embrittlement Effeds - Sudphide dress cacking
(SSC), a hydrogen embrittlement phenomenon, is crackng
causé by hydrogen diffusng into the d¢ed when subject to
tensile stress.

Areas of high hadness are susceptible to danage and cacking B also
affected by the stress level, solution chemistry and type of material.

The main methal used to preventsuch aacking s to contol material
hardness and, in some caes, stress level by heatreatment. This is
described in detail in this document.

(b) Hydrogen Interna Presaure Effeds - Hydrogen diffuses into the
material and colleds atinclusons/other ddeds and produces an
internal pressaure which results in blistering and/or various forms
of hydrogen induced cracking.

Damage can be seen in various forms depeandpmn typeand location of
the inclusions present and the stress pattean. These forms include
blistering, hydrogen induced crackiifiglC), stemise cracking (SAMC) and
stress oriented hydogen induced racking (SOHIC). These types of
hydogen damage are schematically shom in Appendix C. The
differences betveen thee fams of lydrogen pressure elated cracking are
described in the text (Paragraph 2.2).

The main method $ed to pevent thé type of cacking b to seled a high
quality cleanmaterial and, in some caes, to redu® stresses by heat
treatment. This is described in detail in the text.

(©) Crackng in Rdated Environments - These include hydrogen
damage in sour environments in the preseice of chlorides,
cyanides, akalis and amines. This Spedicaion modifies ad
extends, where necessgy, the requrements of the NACE
Standard, poviding addtional gudance for materials in sour
service in the presence of these chemicals.

GS136-1
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The NACE Standard defines sour service in gas and in multiphase
systems and recommends neterials which will not fall by SSC in sour
environments. However, it does rot cover certain sour duties nor other
associated failure mechanisms in sour service.

113 This Spedficaion introduces anew method of defining sour sevice
limits for the use of downhole tubulars and, as such, represents a
depature from the tradtional NACE appoacd. This new appoad is
also described in European Federation of Corrosion Document;
Guidelines on Material Requirements for Carbon and Low Alloy Steds
for HoS - Containing Oil and Gas field Service.

114 Note that this Spedication doesnot cover d generd requrements for
chloride, akali or amine sevices wthout H>S, and should not be used
for sudh purposes, but does povide gudance on avoiding
environmental cracking.

115 This Spedfication defines the requrements for new ur sewice
equpment for oil fields, transmisson lines ad refineries ad it is
apgicable whenever the process deagn conditions ae sut that sour
service as defined within may be encountered.

116 Reference is madein this Spedficaion to various items of equpment,
suh as pessuwe vessés and pipework, for which spedfic BP
Spedfications exist. The requrements of sud Spedicaions appy in
all respects, except as modified by this Specification for sour service.

* 117 In some casest may be posshle to upgrade xsting equpment sothat
the requrements of this Spetficaion are met. Advice on this should
be sought from BP.

1.2 Service Conditions
121 Definitions of Sour Service

The following appy for this Spedicaion for dl items of equpment
except awnhole tubulars, for which separte ddinitions apgy
(Paragraph 2.10):-

1211 The NACE Sandard MRO0175-94ddines sour sewice as process
streams @ntaining liqud waer axd HpS at oncentrations and
pressues within the zones shown as SSC regons on the gaphs in
Appendix D and as desdbed in 1.3.1.1 and 13.1.2 of the NACE
Standard.

Sour gasFigure D1, kall be usedfor wet gas gstems in conjunction
with 1.3.1.1 (NACE Standard). Sour gasmultiphaseFigure D2 &all

GS136-1
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1.2.1.2

1.2.2

1.2.21

* 1.2.2.2

1.2.2.3

be used for multiphase oil, gas and water systems in conjunction with
1.3.1.2 (NACE Standard).

The above definitions for sour services are accepted by BP for systems
with less than 10 mol % #$. All systems with 10 mol % or more of
HoS are regarded as sour in this Specification.

For equipment which contains only liquid, Figure D2 shall be used,
using the pressure and &l content of the gas at the point where it was
last in equilibrium with the liquid.

Where the NACE Standard refers to total pressure, this shall be taken
to mean total design pressure in the context of this Specification.

Associated Service Conditions

In process streams whepSHoncentrations vary, peak values shall be
used in the context of this Specification.

This Specification specifies certain additional requirements that apply
for sour service in the presence of chlorides, cyanides, alkalis and
amines. BP or a process design contractor will specify when these
service conditions are applicable.

For process plants, consideration shall be given to the transient
conditions which arise during such operations as catalyst presulphiding
and regeneration.

2. MATERIALS FOR SOUR SERVICE

All materials for sour service as defined in this Specification shall comply fully with the

NACE

Standard except as modified or extended below. To put the requirements into

context, modifications are divided into two main categories as follows:-

(@)

(b)

General Sour Service Requirements - this is further described under three
sections:-

0] General SSC requirements (2.1)
(i) General HIC/SWC/SOHIC requirements (2.2)
(i)  Special requirements for specific product forms (2.3-2.17)

Related Sour Service Requirements - this is further described in two sections:-

0] Sour Service with Chlorides (2.18)
(i) Sour Service with Alkalis/Amines (2.19)

GS136-1
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2.1

2.1.1

2.1.2

2.1.3

General SSC Requirements

SSC occurs as a result of diffusion of atomic hydrogen into the material from the
corrosion reaction at the metal surface. For SSC to occur, a combination of tensile
stress, an environment containing$land a susceptible material is required.

The selection of materials for a particular sour duty shall take into
account:-

(a) Requirements arising from 1.2.2.1 of this Specification.

(b) Resistance to general corrosion.

The pH value of the process stream and the presence or absence of
corrodents such as oxygen, carbon dioxide, chlorides etc. are of particular
importance.

(©) Mechanical properties, including low temperature requirements
where necessary, shall be given specific attention.

Materials shall be selected from those permitted in the NACE Standard.
In addition, two other materials which have been found resistant to
SSC may be employed. These are:-

(1) Firth Vickers FV 520B in the overaged 6820 (1148F)
condition with maximum hardness 318 HV10 (RC32).

(Section 3.8 precipitation hardening stainless steel - NACE
Standard).

(2) Nimonic 90 (UNS NO07090) in the following conditions:-
(a) Solution annealed.
(b) Solution annealed and age hardened to RC35 maximum.
Material in this condition is acceptable for general service.
(© Cold worked and age hardened to RC50 maximum.
Material in this condition is acceptable for springs.

(Section 4 Non-Ferrous Metals - NACE Standard).

All castings shall be suitably heat treated after any welding operation
has been performed, and this requirement also applies to the weld

GS136-1
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repar of defeds, irrespetive of sze. ASTM A216 for cabon seel
cagings, and ASTM A217 Grade @ 15for 11-13% @romium seel
normally permits certain repairs to be nade without subsequent stress
relief. However, the pradice of leaving 'as wéded areasin cagingsfor
sour savice is unaccepable to BP. All caging repar welds $al be
heat treated as follows:-

(@)  Carbon and carbon manganese steels: Thermal stress relief.

(b) Martensitic dainless teds eg. 13:13% diromium sed: Re-
heat treat @mpletely or double temper (see MCE Standard
Section 3.7 for details of both heat treatments).

(©) Austenitic and duplex stainless steels: Solution anneal.
(d)  Austenitic nodular iron: Welding is not permitted.

* 2.1.4 BP will impose limits on the use of austenitic, martensitic and duplex
stainless steds in sour service with chlorides. These limits, and the
suitability of aternative meterials for spedfic applicaions, shal be
sought from BP.

* 2.1.5 Where the rocess dty is sut that a wet gasreironment exists in one
part of a vesel and a multiphase (oil, gas, water) system exists in
another part of the sane vessé material of construction for the entire
vessl shall be suitable for the nore severe sour gas conditions, unless
otherwise approved by BP.

2.1.6 High srength seds at high levels of sress sule asinternal bolting,
springs, bellows and perts of redprocaing compresors require spedfic
attention, as epeience $ows they are suscegble to SSCin lower
concentrations of wet hydrogen suphide than indicated by the NACE
Standard definition of sour sevice. They shall comply with the NACE
Standard when in contact with any concentration of wet hydrogen
sulphide.

2.1.7 In refinery environments, it is necessary for the weld metal to comply
with the hardness criteria BIACE RP0472

* 2.1.8 Nitrle (NBR) and hydrogenated nitrile (HNBR) dadomers ae
accepable for low levels of HoS. NBR has amaximum long term limit
of between 10 and 100 ppn, depéding on seda geometry and
temperature. For HNBR these limits are between 100 and 1000 ppm.

For HoS levels upto 5%, FKM 'Viton' type fluoroelagomers,or TFEP

‘Aflas shall be eamployed. Above this, FFKM perfluoroelagomers
(Chemraz or Kalrez) shall be requred. FTFE dso has ecdlent HS

GS136-1
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* 2.1.9

2.2

resistance; if this material is selected, account shall be taken of the fact
that plastics require different seal configurations to elastomers.

In all instances, elastomer selection shall take into account the complete
operating conditions to be encountered, i.e. temperature, pressure and
chemical environment. All non-metallic seal materials and seal
geometry shall be subject to approval by BP.

Details of component materials and the material condition shall be
subject to BP approval prior to manufacture.

General HIC/SWC Requirements

The forms of hydrogen internal pressure damage, illustrated in Figure
C1 are as follows:-

(a) Hydrogen Blistering

This occurs where inclusions or voids are present in the metal. Atomic
hydrogen can diffuse to these locations and convert to molecular
hydrogen. Since molecular hydrogen cannot diffuse, the concentration
and pressure of hydrogen gas within the voids increases and may be
sufficient to cause yielding in the metal and produce a bulge. These voids
or inclusions are generally associated with non-metallic inclusions.

(b)  SWC or HIC

This is formed in steels by the propagation and linking up of small and

moderate sized laminar cracks in a step-like manner. As more hydrogen
diffuses into the steel, the areas around these laminar cracks become
highly strained and this can cause linking of the adjacent cracks to form

HIC/SWC in the through thickness direction between the individual planar

cracks.

(© SOHIC (Stress Oriented HIC)

In some cases, when metal is subject to stress, small laminar HIC cracks
become lined up in the through-thickness direction and step cracks form
between them hence the occurrence of SOHIC. Formation of this type of
damage is linked to particular locations which are susceptible to laminar
cracking and to the stress pattern. This is often found, though not
exclusively so, in weld heat affected zones.

SOHIC is a phenomenon resulting from a combination of two independent
forms of hydrogen damage; HIC and SSC. New generations of linepipe
steel are becoming available offering superior metallurgy with improved
strength. These materials, reported to be resistant to either HIC or SSC,
have been found to suffer from SOHIC in certain environments. In these
circumstances, hydrogen concentration within the lattice is not sufficient
to cause conventional HIC, but adequate to cause combination of
HIC/SSC in the presence of external stress, hence the occurrence of
SOHIC..

GS136-1
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* 221

2.2.2

In cases \were hydrogen blistering, HHC/SWC or SOHC may occu,
BP may spedfy sted with increasedresstance to these cacking
medanisms and this gl conform to the requrements of ether
Appendix G or H, as speatied by BP. Alternatively, cabon steel
internally clad with stainless steel may be specified.

Plate steds and pipesmade from plate have a paticular sesitivity to
HIC/SWC damage. The nedanism of cradking involves two main
aspeds which neel to be considered when assessng the posshility of
cracking; these are described as follows:-

(@

(b)

Hydrogen diffusion

Hydrogen diffusion into thesteel s affected by enkonmental andsurface
conditions.

Environment; Hydrogen diffsion will be affectedby the specific chamical
envionment e.g. level of p5, pH, CQ, cyanide. There is not an
establishedlevel of BS inrefingy envionment belov which aacking
will not occu. Howeve, a level of 50 ppw H2S insolution in the water
phase ha been taken bgome as a level abovenhich specid emphasis
should be placed. The pesence of cyanide significantly increases
hydrogen permeation.

The material's susceptibility to hydrogen damage

The susceptibility of themetallurgical structure to hydogen danage is
defined by several parameters as follows:-

Stength; Increasing strength lead to inaeasing susceptibility to
hydogendamage The maximum tersile strength fo processvesel plates
as supplied and tested should not exceed 586 MPa (85,000 psi.).

Microstructure/Mateial Cleanliness Optimum HIC/SAMC resistance is
obtained by utilising a clean steel with a homogenous microstructure.

Expeience in B has shown thatan improvemen in performance can be
achieved byspecifyingZ quality steel. This quality should be suitable for
moderate severity environments and is specified in Appendix G.

For highe seveity envionments (H2S/cyanidg¢ a special HIC/SAMC
resisant grade may be specified. This involves vey low sulphu,
phospharus and sometimes inclusion shape comtol with Ca. This is
detailedin Appendk H. Same of thee steek may havesome susceptibility
to SOHIC, so0 it is recannended that thee should be BP specialist
involvement in purchase of these steels.

Hea Treatment Material should usually be supplied in the nomalised
condition. Howeve, some of the neer steeb processed by TMCP to
ASTM 841 can give even bette peformance andmay be utilsed at the
approval of the purchaser.

GS136-1
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2.3

* 231

2.3.2

2.3.3

234

24

* 24.1

2.5

251

2.6

26.1

Pressue Vessés; Carbon, Carbon Manganese and Low-Aoy
Steel

Pressue vessés, including heat exchanger sells, dannels and floating
heads, kal be dressrelieved. Where hydrogen suphide mntents in
exces of 10 mol % ae encountered, $ressrelief is mandatory in al
cases.

Stress-réeving hea-treament procedures lsal be as requed by BP
GroupGS 146-2or BP GroupGS 146-3.

In cases \were hydrogen blistering, HHC/SWC or SOHC may occu,
requirements of Paragraph 2.2 are applicable.

All internal bolting sibjectto sour environments hall be séededto be
resistant to SSC (see 2.1.6 of this Specification).

Pressire Vessks; Austenitic/Duplex Stainles Sted and Internally
Clad

Pressue vessés in sour sevice onstructed from materials other than
caibon, calbon manganes and low-alloy seds eg. ausenitic/dudex
stainless teds and internaly clad vessés or other high aloy corrosion
resistant alloys shall be subject to BP specification or approval.

Heat-Exchange Tube Bundes; Carbon, Carbon Manganese and
Low-Alloy Steel

Wheretube end wdding is spetfied, spei@ fabricaion procedure are
necessgy. For cabon ded asselblies, in order to avoid high
hardnesss in the weld and heat dfeded ones, &her RVHT shal be
appied or the tube deet $all be faced vith low carbon weld metal and
stress relieved prior to tube end welding. For low aloy sted
assenblies, PWHT of tube end wddsto adieve adequie resstanceto
SSC is dfficut. In this case onsideation should be gven to
overaying the tubesheet with an augenitic dloy sud as hconel 625.
Irrespedive of the fabricaion tednique adopted, the welding
procedue qudificaion teds @l be in acordance with this
Specification and requirements of Bffoup Specification 118-8

Heat-Exchange Tube Bundles; Austenitic/Duplex Stainless Steel
and Nickel Base Alloys

Tube bundles made from meaterials other than cabon, carbon
manganese ad low-aloy seds, eg. ausenitic/dudex dainlesssteds
and nickd base alloys or other high dloy corrosion resstant materials
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2.7

2.7.1

2.7.2

2.7.3

2.7.4

* 2.7.5

2.7.6

2.8

* 281

shal be in acordance with BP Group Spedicaion 118-8 and this
Specification.

Process Pipework; Carbon, Carbon Manganese and Alloy Steel

Fabricated pipework shall comply with the requrements of BP Group
Specification 118-&and this Specification.

Cabon and carbon manganese #ed pipework shal have a cabon
content of 0.23% maximum for plate, seanless jpe and forgedfittings.
The CE shall be 043% maximum basedon product analysis and shall
be calculated as:-

CE=C+Mn+Cr+Mo+V +Ni+Cu
6 5 15

EFW pipe shall be in the normalised heat treated condition.

All catbon sted pipework with a wdl thickness greter than 19 mmwill
requre PVHT unlessotherwise appoved by BP. At thicknessbelow
19 mmthe wdding procedure bould be deggned with the objedive of
meding the NACE Sandard hardness citeria in the aswelded
conditions.

Careful contol of thewelding paametes will generally allow multi-pass tubular
butt joints to be conpleted in accodance with the NACE hardness criteria.
Howeve, particular attentionshould be paid to joirgt involving forged fittings
since the actual CE valgefor these ae often highe than fo pipe. Welding
procedues should be qualified sing materials representative of the maximum
supply CE value.

In cases \were hydrogen blistering, HHC/SWC or SOHC may occu,
BP may spedfy sted with increasedresstance to these cacking
medanisms and this gl conform to the requrements of ether
Paragrap 2.2, Appendix G or Appendix H as spedfied by BP.
Alternatively, cabon gsed internally clad with gainless sed may be
specified.

Low dloy sted pipework in sour sevice $al be sject to PWHT
irrespective of pipe size or wall thickness.

Process Pipework; Austenitic/Duplex Stainless Ste¢ and Nickel
Base Alloys

Fabricated ppework from augenitic/dudex dainlesssted and nickel
basealloys shall comply with the requrements of BP Goup GS 118-7
and this Spedicaion. Hadness levels and any as®ciated heat
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treatments shall be subject to NACE standard requirements unless
otherwise approved by BP.
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2.9

* 291
* 2.9.2
* 2.9.3
* 294
295
* 2.9.6
2.10
2.11
* 2111

Transmission Pipelines

Pipelines and associated fittings will be subjed to the requirements of
BP Group GS 142 On pipdines for sour sewice, d materal
specifications shall be subject to approval by BP.

Produdion control tegs usng the method of NACE Standard TM0284
shall be cariedout on dl pipdine seds spedied by BP as sitable for
sour sevice, to demonstrate that they are regstant to HIC. The
hydrogen chargng <olution and proceduresfor this test ad the
accepance citeria will be inacordance with Appendix H as speified
by BP. Other tests may be spedfied by BP for manufaduring
procedue qudificaion. Accepance citeriafor the testshall be subject
to approval by BP.

Full diameter pipe HIC/SWC/SOHIC teding may be requred, deails
of which shall be specified by BP.

The mill and site welding procedures shall be carried out as spedfied in
3.3 of this Specification.

The spedfic service environment which the pipeline will be subjeded to
will be taken into acount by BP when assedgg the resuts of hardness
suiveys. Requrements may vary for ead paticular pojectand will be
individually specified.

PWHT of field grth welds of pipdinesis not requred unlessspedfied
by BP, in which casethe spetfic provisons gl be sibject to BP
approval.

Downhole Tubulars

Spedfic requrements for the sdéedion of downhole tubular deds ae
descibed in Appendix J and ddined in Figure J1 ad Table J1,taking
on board the significance of in-situ pH.

The recognition within BP that the ge of NACE guidelire does not lead to
optimum downhole materials choice led tothe develomrent of these specific
requirements.

In some counties NACE b a legdlative requremert for the selectian of downhole
materials for sour service duty.

Low Temperature Plant

The useof catbon and low-aloy feritic steds and weld metas
containing more than 1% nickd are not pemitted for sour sewice as
defined by NACE Sandard. Hbowever, where low temperdures are
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2.12

2.12.1

2.12.2

2.12.3

2.12.4

2.12.5

2.12.6

encountered, such steels and weld metals may be used subject to BP
approval, providing the formation of liquid water can be prevented at
all times.

This will not be a problem during operation at temperatures below the freezing
point of aqueous solutions of hydrogen sulphide, but special measures (e.g. drying
the process stream) may be required during start up and shut-down if sour gas and
water are present at ambient temperature.

Valves

For valves specified for sour service, material selection and fabrication
procedures shall be in accordance with the 1994 Edition of the NACE
Standard and this Specification.

All valve parts which can be contacted by the sour environment shall
conform to this Specification. Valve parts not subjected to sour
environment need not comply with this Specification. Items which are
not freely vented to atmosphere such as insulated and buried equipment
and bolts inside flange protectors etc., where leakage of the process
stream could subject the equipment to a sour environment, shall
conform fully to this Specification.

Where plated components are employed, the material on which the
plating is deposited shall conform with this Specification. The plating
employed shall be resistant to the environment. Cadmium and zinc
plating are unsuitable as these metals corrode readily when in contact
with hydrogen sulphide.

Structural welding and weld repair of any cast component in contact
with the sour environment shall be followed by PWHT. Repairs to
valve balls, gates, disks, plugs etc. shall always be subject to PWHT.

All valve springs, except as outlined in Paragraph 2.12.5, shall be made
from materials resistant to SSC. Acceptable spring materials are those
given in 8.3 of the NACE Standard and UNS NO07090 in accordance
with 2.1.2 (2c) of this Specification.

For large springs where the cost of resistant materials is very high, and
where spring failure is not critical in terms of safety or production
losses, non-resistant materials, suitably protected from the environment,
may be proposed for approval. The use of the following coatings may
be considered:-

(a) Flexible 2-pack epoxy paint formulation. The maximum service
temperature for this type of coating is 1GQ212F).
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2.12.7

2.12.8

2.12.9

2.13

2.13.1

2.13.1.1

2.13.1.2

2.13.1.2

2.13.1.3

(b) Aluminium metal spray plus sealer.

(©) Coatings of the fluorinated polymer type applied by the fluidised
bed process.

Where coatings have been accepted the complete spring shall be
protected and special attention shall be given to the half coils at the
spring ends.

It should be recognised that protective coatings cannot provide long-term
protection against failure and this must be taken into account.

When bellows-sealed safety or relief valves discharge into a common
header or piping system, springs shall comply with Paragraph 2.12.5.

Where this is not the case, the springs of bellows sealed valves may be
provided in accordance with Paragraph 2.12.6 subject to approval.

Internal bolting in valves shall be in accordance with Paragraph 2.15
(see 2.1.6).

The packing selected shall be compatible with the stem material.
Uninhibited graphite or carbon-type packing is not acceptable.

Rotating Machinery
General

Sour service for rotating machinery shall be taken as defined in 1.2.1.1,
except for reciprocating compressors where the presence of any level
of H»S shall be defined as sour.

The materials selected and fabrication procedures employed shall
comply with this Specification.

Carbon and carbon manganese steel plate for fabricated compressor
casings shall be resistant to HIC and shall conform to either Appendix
G or Appendix H, as specified by BP.

All fabrication welds and repair welds shall be heat treated as follows:-

(a) Carbon and carbon manganese steels: PWHT at 580/620
(1076/1148F), other temperatures only as approved by BP.

(b) Low alloy steels: PWHT details shall be subject to approval by
BP.
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* 2.13.1.4

2.13.1.5

2.13.1.6

2.13.1.7

* 2.13.1.8

* 2.13.1.9

2.13.1.10

2.13.1.11

(©) Martensitic stainless steel (11-13% chromium steel): Re-heat
treat completely including double temper.

For certain welds, complete heat treatment is not possible and double
tempering treatment only is acceptable.

(d) Austenitic stainless steels do not normally require PWHT.
(e) Duplex stainless steels: subject to approval by BP.

Cast irons and ferritic ductile (nodular) iron e.g. ASTM A 395 are
unacceptable for pressure-retaining parts and for impellers etc. The use
of these materials for non-pressure, low-stressed components shall be
subject to approval by BP. Austenitic irons are also unacceptable for
pressure-retaining parts except as permitted by 2.13.2.2. None of these
materials shall be weld repaired.

All components such as internal bolting, springs, etc. shall comply with
the relevant parts of this Specification.

Shafts and piston rods in plain carbon, low and medium alloy and 11-
13% chromium steels shall be heat treated to minimise residual stresses,
and shall have a hardness not exceeding 248 HV10 (HRC22) and a
yield stress not exceeding 620 N/g(A0 000 Ibf/in2).

Shafts in austenitic and duplex stainless steel shall be in the solution
annealed condition. Where 17 Cr. - 4 Ni precipitation hardening steel
is employed, it shall conform to the NACE Standard. Precipitation
hardened nickel alloy shafts shall be in accordance with Section 4 of the
NACE Standard.

The straightening of shafts after completion of machining shall not be
commenced without prior approval from BP.

Approval shall be obtained from BP before any attempt is made to
rectify machining errors by the application of metal coatings.

All associated equipment e.g. pressure vessels, pipework etc. shall
comply with this Specification.

All components in 11-13% chromium steel shall be double tempered
after either normalising or quenching, and unless stated otherwise as in
2.13.3.6 of this Specification the hardness shall be 248 HV10 (HRC22)
maximum in conformity with 3.7 of the NACE Standard.
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2.13.2

21321

* 21322

2.132.3

2.13.3

2.133.1

2.133.2

* 2.133.3

21334

* 21335

* 2.133.6

* 2.133.7

Centrifugal Pumps

Centrifugd pumps $al conform to BP Goup GS 1344 except as
modified by this Specification.

For centrifugd pumps only, ausenitic nodular iron BS 3468Grade S-
Ni Cr. 20 2or equvalent is accefable in cettain cases, dyect to
approval by BP. Welding of this material, including repair welding, is
not pemitted. All casings $al be pioved ®und by radogragy, and
they shall be stress relieved at 620/67(01148/1240F).

Shafts in plain cabon and low dloy seds dall be totally proteaed
from the process eam by corrosion-regstant deeves, camuts (where
appicable) etc. Unproteded 11-13% ¢romium sted may be usednly
where it has adequate corrosion resistance to the process fluid.

Reciprocating Compressors

For redprocaing compressrs only, the sevice ¢al be regarded as
sour when the gas ontains ay level of HoS. In dl sud casesthe
materials and fabrication procedues $al be in acordance with this
Specification.

Redprocaing compressrs dal conform to BP Goup GS 134-6
except as modified by this Specification.

Piston rods $al be ather 11-13% hbromium sted or an altemative
material approved by BP.

The pston rods $al conform to 213.1.7 of this Spedfication.
However, the rods may be hardened in the redon of the packngs by
the surface induction hardening method.

Liners dal be resstant to the wrrosive environment. Where castiron
would be rroded, a sitable gradeof augenitic castiron may be
proposed for BP approval.

Valve dates,rings, dannels, sets and gops shal be made from 11-
13% chromium sted, unless otherwise approved by BP. The maximum
hardnessfor these omponents sal be 300 HV10 (HRC30). The
double tempeling requrement after normalisng or quenching (see
2.13.1.11) still applies.

Valvesinvolving flexing plates arenot normally pemitted. Excegdions
may be made as follows:-

(@) Asstatedin 2.13.3.9.
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2.133.8

* 2.133.9

2.13.4

2.134.1

* 2.134.2

2.13.5

2.13.6

2.136.1

2.136.2

2.14

2141

* 2.14.2

(b) Where the valve plate stressedor the apflicaion proposed ae
low enough to render SSC unlikely.

In both cases, BP approval shall be obtained.

Valve spiings $al be in acordance with 8.3 of the NACE Sandard
and 21.1 (c) of this Spetficaion. The desgn stress shall not exceed
276 N/mm2 (40 000 Ibf/in2).

Altemative materials and desgns may be usedfor compressr valves,
where proof is submitted that they have gven saisfadory sevice.
However, dl changesin materials, fabricaion procedues ad desgn
shall be subject to BP approval.

Centrifugal Compressors

Centrifugd compressrs sall conform to BP Goup GS 1345 except
as modified by this Specification.

Fabrication processse which resut in cold-worked materna, eg.
riveting of impellers, shall not be employed unless prior approval has
been obtained from BP.

Rotary-Type Positive Displacement Compressors

Rotary-type positive dspgacemnent compres®rs sal conform to BP
GroupGS 134-%xcept as modified by this Specification.

Lubrication, Shaft Sealing and Control Oil Systems

Lubricaion, shaft seding and control oil systems dhal conform to BP
GroupGS 134-3except as modified in this Specification.

All egupment in contact ether with sed oil or gas which is sour as
defined in this Speticaion, eg. vessés, punps, pping, vaves, ¢c.,
shal conform to this Spedicdion asregads material sdedion and
fabrication procedures.

Instrumentation

Instrument piping shal be in acordance with the assciated process
line specification.

Bellows, digphragms, Bourdon tubes, items which cannot be fea
treaed after welding, and components which cannot function in the
softened condition shall be fabricaed from materials redstant to
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cracking in the hardened or non-heat-treated conditions as defined in
the NACE Standard. UNS NO08825 and UNS N04400 have given
satisfactory service in certain environments, and may be proposed for
BP approval.

* 2.14.3 Compression fittings in type 316L stainless steel may be used. For
relatively high temperature and high chloride service BP may require
the use of more corrosion resistant alloys (refer 2.14.2).

2.15 Bolting

2.15.1 Bolting shall comply with the NACE Standard requirements when in
contact with any concentration of wet2$l (see 2.1.6 of this
Specification).

2.15.2 Ferritic steel bolts and nuts shall conform to Section 6 of the NACE
Standard.

2.15.3 Where austenitic stainless steel bolts and nuts are required, these items

shall be free from cold work; they shall be solution treated after thread
forming etc. as outlined as follows:-

(a) Bolts shall be Class 1A of ASTM A 193 e.g. BBMA (Type 316
bolts solution treated after all cold work including thread
forming).

(b) Nuts shall be of the 'A" suffix variety of ASTM A 194 e.g.
Grade 8MA (Type 316) solution treated after all hot or cold

working.
2.16 Bellows
2.16.1 Bellows shall comply with the NACE Standard requirement when in

contact with any concentration of wet Hydrogen Sulphide (see
Paragraph 2.1.6) of this Specification.

* 2.16.2 Austenitic stainless steels shall not be used for bellows, but material
selection may be made according to the process conditions from the
following:-

- Alloy 825 (UNS N 08825)
- Alloy 625 (UNS N 06625)
- Alloy 400 (UNS N 04400)

Other materials may be proposed for approval by BP. The production
procedure shall comply with the requirements of the NACE Standard.
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2.17

2.18

2.19

Metallic Overlays

Explosively clad, roll bonded and fusion-bonded corrosion resistant
overlays such as austenitic stainless steels and nickel alloys are
considered to be effective barriers to the sulphide environment. Where
such overlays are employed the backing material need not conform to
this Specification.

Sour Service with Chlorides

Where chlorides are present in sour service, but where the chloride
level and pH etc. permit the use of austenitic stainless steels, Appendix
E of this Specification shall apply. Refer also to Paragraphs 2.1.3 and
2.15.3 regarding bS5 limits for stainless steel.

Sour Service with Alkalis/Amines

For sour service in association with alkalis, amines or other alkaline
process fluids, the requirements of Paragraph 2.16.2 and Appendix F
shall apply as appropriate.

FABRICATION AND REPAIR WELDING

In addition to the requirements of NACE Standard, the following shall apply to any
heat treatment associated with initial fabrication or repair welding.

3.
* 3.1
* 3.2

Approval of Heat-Treatment Procedure

For equipment which is to be post-weld heat treated, the following
information shall be submitted to BP for approval:-

(a) Details of the method of heating, e.g. furnace, electric
resistance, induction, etc.

(b) Details of the position of thermocouples.

(©) Special requirements for heat-treatment, e.g. if it were proposed
to post-weld heat treat a heat-exchanger tube bundle
incorporating tube end welding.

(d) Copies of relevant heat treatment charts on completion.

Possible Avoidance of PWHT for Carbon Steel Pipework

In order to avoid the need for PWHT on any part of a piping system,
the following requirements shall be met to the satisfaction of BP:-
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3.3

331

* 3.3.2

3.3.3

3.34

3.35

(a)  Standard weéding proceduredor dl pipework shal provide for
a minimum of two passes.

(b) The useof double sded weéding on larger diameter pipe,
internal seding runs to correct bore misdignment, internal root
repairs or the use of fittings requiring back welding, etc. will all
resut in untempered weld beadson the process &le. In such
casesthe mntrador or supgier dal ether sibmit their
proposds for BP appova in acordance with 3.3, or shall
PWHT the welds concerned.

(©) Pipework with wal thicknesses grear than 19 mm (0.750 in),
or on weldolets when the wdd throat thickness &ceeds 30nm
shall be subject to PWHT as required by BP Gre#118-5.

(d)  Whereit is necessary to apply the requirements of Appendix F
of this Specification the above requirements are over-ruled.

Welding Procedure Qualification Tests

Prior to the commencement of work, the fabricaor or supgier shall
submit to BP their proposals for qualifying the proposed welding
procedures, particularly related to the control of hardness.

In the caseof 'aswelded equpment the fabricator or supgier shall
submit to BP for approva the proposed method of meding the
hardness limits of typicd butt welds, internal seding runs, branch welds
and locd repairs etc. The hardness limits shal be subjed to a
guarantee by the fabricator or supplier.

In the cag of equpment which is to be post wdd heat treaed, the
welding procedue teds shall incorporate ahardness swvey as spedied
in 3.3.5 below.

On recept of appoval of the poposds, the mntrador shall carly out
the ageedtest wéds and hardness stwveys. The hardness swveys gl
be carred out on agreed saples cutfrom appoved procedue test
coupons.

Test oupons dal be gound snooth and macro eched to reved the
various zones of the weld. Hadnesstraverses kal be made at a
distance of 2 mm from the inner ad outer sufaces of the welded joint
usng the Vickers hardnesstest method with a load of 10 kg. The
hardnesstraverse $al includethe paent metals, weld and weld heat
affeded nes on both sdes of the joint, and the positions of the
indentations shall be seleded to establish pe&k hardness values. The
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* 3.3.6

maximum pemitted hardness kal be in acordance with NACE
Standard requrements wless otherwise appoved by BP (see &o
paragraph 2.1.7).

The results of the qudlifi cation tests plus welder qualifi cations shall be
submitted to BP for approval.

4. IDENTIFICATION, STAMPING AND MARKING

4.1

Hard Stamps

Conventional sharp V' gsamping is accetgble only on the outer
circumferencesof flanges. Rund 'V' samps may be usel elsewhere,
providing the identities are dacedon the external sufacesof low sress
areas. Where gsamps have been inadvertently appied to high stress
areas, subsequent heat treatment is required.

Marking Paints, Crayons etc.

Conventional paints, crayons and adhesive tapes frequently used for
temporary marking during fabricaion etc. may contain significant
amounts of chloride ad heary metals. Unless appoved by BP, these
marking materials sall not be usedn any sainless sed, and if usedon
carbon or low dloy seds they shall be removed before heat treament
(if applied) and before shipment if heat treatment is not required.

5. INSPECTION

In addition to normal inspection, the following shall apply:

* 5.1

5.2

Documentation and inspecion shall be providedto prove the identities
of all materials of construction and to egablish that the correct heat
treament has been apgied sothat the finished product complies fully
with this Spedication. All materia cetificaes $all be in acordance
with DIN 50049 31B or 3.1C asspedfied (BS EN 10204) or the
supplier may submit alternative proposals for approval by BP.

Wherethe hardness ca be decked vithout danagng the component,
the manufadurer shall conduct hardness teds to ensue that the
hardnessrequrements of this Spedicaion are met, and BP inspedors
will cary out random hardness chedks. Where hardness values in
exces of the requrements of this Spetficaion and the NACE
Standard areobtainedthe part &all be rgeded. This requrement does
not apply to audtenitic aloys suppied in the solution anneded
condition.
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* 5.3

5.4

5.5

For small items, e.g. small springs, pins etc. which cannot be hardness
tested individually, the manufacturer shall conduct tests on a random
basis by selecting components from production runs or stores batches
to ensure that the product complies fully with this Specification.
Procedures for doing this shall be subject to approval by BP. This
requirement does not apply to austenitic alloys supplied in the solution
annealed condition.

For welded components, hardness measurements can only realistically
be taken in weld metal and parent material. Accdyabf heat
affected zone hardness may be based on (i) welding procedure
gualifications tests and (i) production test plates, when these are
required by the fabrication specifications.

For all corrosion resistant alloys, it shall be proved to the satisfaction of
the inspector that the specified heat treatment has been carried out
correctly.
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Definitions

APPENDIX A

DEFINITIONS AND ABBREVIATIONS

Standardised definitions may be found in the BP Group RPSEs Introductory Volume.

Abbreviations

API
ASTM
BS

CE
DEA
DIN
DIPA
EFC
EFW
FFKM
HIC
HNBR
HRC
HV
MEA
NACE
NACE Standard
NBR
NPS
PTFE
PWHT
SOHIC
SSC
SCC
SwC
TFEP
TMCP

American Petroleum Institute

American Society for Testing and Materials

British Standard

Carbon Equivalent

Di-Ethanolamine

Deutsche Institute for Normung

Di-Iso Propanol Amine

European Federation of Corrosion

Electric Fusion Welded

Perfluoroelastomers

Hydrogen Induced Cracking

Hydrogenated Nitrile Butadiene Rubber

Rockwell Hardness Scale C

Vickers Hardness

Mono-Ethanolamine

National Association of Corrosion Engineers
NACE Standard MR0175-94

Nitrile Butadiene Rubber

Nominal Pipe Size

Polytetrafluoroethylene

Post Weld Heat Treatment

Stress Orientated Hydrogen Induced Cracking
Sulphide Stress Cracking

Stress Corrosion Cracking

Step-wise Cracking

Tetro Flouro Ethylene Propylene

Thermo-Mechanical Controlled Processing
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APPENDIX B

LIST OF REFERENCED DOCUMENTS

A reference invokes the latest published issue or amendment unless stated otherwise.

Referenced $andards may be redacedby equvalent sandards that are internationally or
otherwise recognised povided that it cen be down to the saisfadion of the puchase's

professional engineer that they meet or exceed the requirements of the referenced standards.

British Standards
BS 1501
BS 3468
BS 4360
BS 5996

BSEN 10164

American Standards

NACE STD.MRO0175-94

NACE STD TM0284-87

NACE STD TM0177-92

NACERPO0472

ASTM A193
ASTM A1HA
ASTM A395
ASTM A516
ASTM A841
ASTM D1141-52

ASTM E140
APl 614

Steds for Pressure Pugses : IRtes,Part1 - Spedficaion for

Carbon and Carbon Manganese Steels

Austenitic Cast Iron

Weldable Structural Steels

Methods for Ultrasonic Teging and Spedying Qudity Grades
for Ferritic Steel Plate

Sted Produds with Improved Ddormation Propetties
Perpedicuar to the Suface of the Pioduct - Tednical

Delivery Conditions

Standard Mderia Requrements - Suphide Sress Cracig
Resistant Metallic Materials for Oilfield Equipment

Test Mehod-Evaluaion of Pipdine Seds for Resstance to
Stepwise Cracking.

Teding of Metals for Resstanceto Suphide Sress Cracing at
Ambient Temperatures.

'Methods and Controls to Prevent In-Sewice Environmental
Cradking of Carbon Sted Weldments in Corrosive Petroleum
Refining Environments'

Specification for Alloy-Steel and Stainless Steel

Bolting Materials for High Temperature Service
Spedfication for Cabon and Alloy Sted Nuts for Bolts for
High Pressure and High Temperature Service

Spedfication for Ferritic Ductile Iron Pressure - Retaining
Castings for Use at Elevated Temperatures

Spedficaion for Presswe Vessk Plates, Cabon Sted for
Moderate and Lower Temperature Service

Spedfication for Sted Platesfor Pressue Vessks, Roducedby
the Thermo-Mechanical Control Process

Specification for Substitute Ocean Water

Standard Hardness Conversion Tables for Metals
Lubricaion, Shaft-seding and Control Oil Systems for Spedcal
Purpose Applications
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APl RP 945 Guidelines for Avoiding Corrosion and Cradking Problems in

Amine Units
DIN 50049 or Materials Certificates or Metallic Products, Types
BS EN 1024; 1991 of Inspection Documents.
+ EFC Document European Fedeation of Corrosion Document; Guddines on

Materia Requrements for Carbon and Low Alloy Steds for
H,S- Containing Oil and Gasfield Service.

+ Anticipated date of publication mid. 1995
BP Group Documents

BP Group GS 106-2 Painting of Metal Surfaces
(replaces BP Std 144)

BP Group GS 118-5 The Fabrication, Assenbly, Eredion and Inspecion of Cartbon,
Cabon Manganese ad Low Alloy Ferritic Sed Pipework to
ANSI/ASME B31.3
(replaces BP Std 167 Part 1 and Part 2)

BP Group GS 118-7 Fabrication of Pipework to ANSI B31.3. Part3: Augenitic and
Duplex Sted Pipework, Cupio-Nickd and Nickd BaseAlloy
Pipework
(replaces BP Std 167 Part 3)

BP Group GS 118-8 Tube End Welding of Heat Exchanger Tubes
(replaces BP Std 191)

BP Group GS 134-3 Lubricaion, Shaft-seding and Control Oil Systems for Spedcal
Purpose Applications to API 614
(replaces BP Std 190)

BP Group GS 134-4 Centrifugal Pumps to API 610
(replaces BP Std 195)

BP Group GS 134% Centrifugal Compressors to APl 617
(replaces BP Std 196)

BP Group GS 134-6 Reciprocating Compressors to APl 618
(replaces BP Std 197)

BP Group GS 134-9 Rotary Type Positive Displacement Compressors to APl 619
(replaces BP Std 201)

BP Group GS 142-1t0)5 Line Pipe and Fittings
(replaces BP Std 166)
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BP Group GS 146-2 Unfired Pressure Vessels to BS 5500
(replaces BP Std 194 Part 1)

BP Group GS 152-1 Materials for Thermal Insulation of Pipework and Equipment
(replaces BP Std 172)
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APPENDIX C
SCHEMATIC ILLUSTRATION OF HYDROGEN INTERNAL PRESSURE EFFECTS
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FIGURE C1
SCHEMATIC ILLUSTRATIONS OF ASSOCIATED FAILURE MECHANISMS
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APPENDIX D

SULPHIDE STRESS CRACKING REGION GRAPHS (NACE MRO0175)
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SOUR GAS SYSTEMS
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FIGURE D2
SOUR MULTIPHASE SYSTEMS
(see 1.3.1.1 NACE document)

The above figures are reproduced by kind permission of the
National Association of Corrosion Engineers, Houston, Texas
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APPENDIX E

SOUR SERVICE WITH CHLORIDES - REQUIREMENTS FOR 300-SERIES
AUSTENITIC STAINLESS STEELS

E1l. Austenitic stainless steels shall be in the solution annealed condition.

E2. Bends in pipework and tubing and other cold formed items shall be solution
annealed at 108C (1920F) or stress relieved at 900/980(1650/17460F) after
forming.

E3. Austenitic stainless steels are not acceptable for bellows or other components in

the cold worked or highly stressed condition; note that 3.5.1 of the NACE
Standard prohibits the use of cold worked austenitic stainless steels. UNS N
08825 is an acceptable material among others for this duty. (See 2.16.2 for
alternatives).

*E4, For welded equipment, stabilised or low carbon grades shall be used, and unless
otherwise approved by BP, all welded items shall be either solution annealed at
1050 C (1920F) or stress relieved at 900/980(1650/174F).

ES. Attention is drawn to the fact that stress relieving heat treatments in the range 900-
95C°C usually result in a reduction in the notch toughness of ferrite containing
weldments. For this reason, when a PWHT is specified for pipework in low
temperature service, or when the piping code includes notch toughness
requirements, welding procedure tests should ensure that the PWHT does not
result in unacceptable embrittlement.

E6. Because of the significantly greater risk of crevice corrosion in sour/chloride
service, the use of socket welded fittings, screwed couplings or any other weld
detail which could result in a crevice on the process side is not permitted.

E7. Fusion-bonded overlays of Stellte or Colmonoy may be applied to stabilised or
low carbon grades of austenitic stainless steels, provided that the component is
subsequently heated rapidly to 900/85(q1650/1742F), held for 1 hour per 25
mm (1 in) of thickness and cooled in still air.

*ES8. Note that marine environments can often promote external chloride attack. In
such cases, the following shall apply:-

(a) Austenitic stainless steels shall be protected externally if they are to
operate at temperatures betweeACIQLOFF) and 120C (248F) in
chloride-containing environments, i.e. areas close to the sea.

(b) Stainless steels for use in tropical marine areas, as specified by BP, shall

be protected externally before transporting to site and the protection
maintained during construction and operation at site. Protection of
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welds and as®ciated hea-affeded ones is most important. Any
panting spedicaion usedin the context of this Sedion shall be subject
to BP approval.

(©) Themal insuation of pipework and equpment shall be asrequred by
BP GroupGS 152-1and BP GrousS 106-2
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APPENDIX F
SOUR SERVICE WITH CAUSTIC OR OTHER ALKALINE PROCESS FLUIDS
F1. GENERAL REQUIREMENTS FOR CARBON STEEL EQUIPMENT

F1.1 Carbon steel is generally an acceptable material for handling certain caustic
soda and other alkaline solutions. However, it has limitations at higher
temperatures in that stress corrosion cracking can occur unless the
equipment is stress relieved, also unacceptable general corrosion can take
place.

F1.2 The stress relief requirements and upper temperémoite as given in
Figure F1 shall be applied, for carbon steel vessels and pipework in caustic
soda and other alkaline service. Stress relief shall be applied to the whole
vessel, and to welds, cold bends etc., in the case of pipework.

F1.3 The Designer shall make due allowance for general corrosion, which is not
taken into account in Figure F1.

General corrosion is significantly affected by increasing temperature.

* F1.4 Where the particular caustic soda or other alkaline solution is at a
temperature in excess of that shown in Area B (Figure F1) material
selection shall be subject to approval by BP.

* F1.5 Figure F1 shall apply to vessels and pipework only; material selection for
other equipment, e.g. pumps, shall be subject to approval by BP.

F2. SOUR STREAMS CONTAINING POTASSIUM CARBONATE

F2.1 Some sweetening plants employ a potassium carbonate solution (normally
between 20% and 30% concentration) which can cause stress corrosion
cracking of welded carbon steel components. All welds in contact with such
fluids, whether in vessels or pipework, shall be stress relieved. A hardness
limit of 248 HV10 (HRC22) alone is not acceptable.

F3. SOUR STREAMS CONTAINING AMINES

* F3.1 To avoid stress corrosion cracking (SCC) of carbon steel welds exposed
to various amine solutions used in acid gas sweetening plants, stress
relieving of all welds is required as follows:-

MEA Stress Relieved (SR) for all design temps.
DEA SR above 14T (6C°C)

DIPA SR for all design temps.

Other amine plants SR above°82(18CF)
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Additional gudance on the avoidance of corrosion and SCC in  amine
sewice, including licensaed processexan be found in APl RP 945 The
guidelines iNlAPI RP 945shall be followed in all cases.

AREA C
CARBON STEEL. SHALL NOT BE USED

265 NICKEL ALLOYS TO BE CONSIDERED [N THIS AREA,
NICKEL ALLDY TRIM FDR UALVES IN AREAS B £ C. [ 125
240 | ‘ |
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. AREA A
CARBON STEEL
50 NO STRESS RELIEF NECESSARY.
STRESS RELIEVE WELDED
a0 TRACE-HEATED LINES.
- 0
20
0

10 20 30 40 54
CONCENTRATION NaOH, % BY WEIGHT

‘THES GRAPH 1S BASED ON INFORMATION EXTRACTED FROM 'NACE CORROSION DATA SURVEY, FIFTH EDITION. 1974
BY KIND PERMISSION GF THE NATIONAL ASSOCIATION OF CORROSION ENGINEERS, HOUSTON, TEXAS

FIGURE F1
REQUIREMENTS FOR STRESS RELIEF OF FABRICATIONS FOR USE WITH
CAUSTIC SODA
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G1.

G2.

G3.

APPENDIX G
SPECIFICATION FOR STEEL PLATE (Z QUALITY)

SCOPE

This appedix dedfines the requrements to adieve enhanced resstance to wet H»>S
savice. It has been found by experience that ded made wth enhanced through
thickness properties has improved regstance to hydrogen induced cacking. This type
of steel is known as 'Z' quality steel.

This type ofsteel was originally developed to ngvent larellar tearing in thick sectiors during
welding unde conditiors of high thhough-thicknesstresses. Howeve, the same requrement which
confe improved tlmough-thicknes propeties also confeé improvedresistance to hydogen induced
cracking.

DEFINITION

Z quality steel plate shall be designated as follows:-

BS 1501: 224 Grade 430 + EN 10164, Z35

MATERIAL

G3.1 Standards
The date furnished by the supfier $al meetthe requrements of BS
1501 or equvaent sted grades together with the following
supplementary requirements.

G3.2 Process
Steds shall be made by a lbow sulphur and low phosphorus refining
processfor example, in an eedric furnace wth double detaggng or in
the basc oxygen furnace (BOF). The ded shal be vacuun degassed
while molten by means of a BP approved process.

G3.3 Chemical Composition

The following supplementary requirements shall apply:-

Check Analysis %
Carbon 0.20 max.
Sulphur 0.008 max.
Phosphorus 0.025 max.
Carbon Equivalent 0.43 max.

The cabon equvalent vaues usedin the above Table shal be
cdculated by means of the formula ddined in Paragrap 2.7.2 of this
Specification.
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The use of rare earth metals is not permitted.

G4. INSPECTION REQUIREMENTS FOR PLATE
* G4.1 Ultrasonic Examination

Material suppied in acordance with this spedicaion shal be
ultragonicdly teded in acordance with the requrements of BS 5996-
Grade LC3 or an equivalent approved by BP.

* G4.2 Through-Thickness Tensile Test

Ead plate dal comply with accepance dass Z35%f BS EN 10164or
equivalent.

BP may ageeto aretest after consideration of information suppied.
The through-thicknesstest $all be made #&er the cmpletion of all
heat treatments.

In addtion to the &ove, dl the necessgy teds requred by the relevant

material specification shall be carried out.

G5. WELD REPAIR OF PLATE

* Weld repar of plate suface déeds will not be permitted without BP approva and
shall be subject to an agreed repair procedure prior to the work being carried out.
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APPENDIX H

SPECIFICATION FOR HIC RESISTANT STEEL PLATE FOR SEVERE
HYDROGEN CHARGING SERVICE

H1. SCOPE

This Appendix defines requrements for the manufadure and teging of sed plates
with maximum regstance to HIC/SWC for pressue vessés in severe hydrogen
charging environments eg. our waer containing significant quantities of cyanides.
For less severe environments, as advised by BP, 'Z' quality plate may be spedfied, in
which case the requirements of Appendix G shall apply.

H2. MANUFACTURING REQUIREMENTS
H2.1 Standards

Plates furnished by the supfier al meet the requrements of BS
1501, ASTM A516, ASTM A841 or equvaent sandards,together
with the requirements of this Appendix.

H2.2 Process

Steds shall be made by a lbow sulphur and low phosphorus refining
processfor example in an dedric furnace wth double detaggng or in
the basc oxygen furnace (BOF). The ded shal be vacuun degassed
while molten by means of a BP approved process.

H2.3 Heat Treatment

Plates for vessels shall be either normalised or TMCP.

* H2.4 Chemical Composition

The following requirements shall apply:-

Check Analysis &
Carbon 0.20 max.
Sulphur 0.002 max.
Phosphorus 0.010 max.
Oxygen 0.003 max.
Carbon Equivalent 0.43 max.

The cailbon equvalent values quted in the aove Table $al be
cdculated usng the formula defined in Paragrap 2.7.2 of this
Specification.
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Calcium treament may be applied, but rare eath metas are not
permitted. For wet H,S sevice only, copper addions up to a
maximum of 0.35% are also permitted when specified by BP.

H3. TESTING REQUIREMENTS
* 3.1 Ultrasonic Examination

Material suppied in acordance with this spedication shall meet the
requirements oBS 5996Grade L4 or an equivalent approved by BP.

3.2 HIC/SWC Test

Teds dal be madein acordance with NACE TM0284 in the NACE
TMO177 test ®lution. One setof 3 speanens dal be tesed from
ead thicknessof plate from ead hed. Afterteging, accepance values
shal be 15% CLR (cracKength ratio), 0.5% CTR (crad thickness
ratio) and 1.5% CSR (crack sasitivity ratio) unlessotherwise ageed
with the puchase. In marginal caseghe supfier may requestBP to
consider permitting a retest.

Following exposure, the test mupons dall be dtrasonicdly teded for
evidence of HIC/SWC in acordance with BS 599% prior to sedioning.
Additional sedions for microsoopic examination shall be prepaed
through any suspect locations, as approved by BP.

H4. WELD REPAIR OF PLATE

Weld repair of plate surface defects will not be permitted.
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J1

J2.

J3.

APPENDIX J
SOUR SERVICE LIMITS FOR DOWNHOLE TUBULAR STEELS
SCOPE

This Appendix defines limits of sour service spedfic to downhole tubular steds. These
guiddines do not include awnhole completion accessriesfor which the requrements
in the main body of this document apply.

BACKGROUND

The presence of H,S, CO, and brine in wells not only give riseto increased arrosion
rates, but dso ca leadto SSC assxiated with enhanced uptake of hydrogen atoms
into the ged. Resstanceto SSCis often the principd fador affeding the choice of
materials for H,S-containing environments, sncethe occurenceof SSC caresut in a
catastrophic and potentially hazardous failure.

The occurence of SSCrequres a ombination of tensle stress, an environment
containing HpS and a suscejible material. It follows that control of the problem may
be through manipulation of any or al of thes paraneters. It is apparet that fadors
which promote hydrogen embrittlement would in tumn affect the SSChehaviour of
steds. These include fadors which influence hydrogen avail abili ty, entry and transport
within the metal lattice. Thus ®lution chemistry, as déned by its addity, can
influence the peformance of materials in sour environments. Slution addity, i.e.
in-situ pH, in the presence of suphideions (sour environments) increass the degee
of susceptibility to SSC.

Laboratory test results and the understanding of the mecdhanism of SSC have led to the
severity of the corrosive medum being expressedn the form of a pH - BS patial
pressure diagram (see Figure J1)

In the context of thellACE MR0O17%ecannendation, it ha been assumed that the presenc of oil
favous theresistance to SSC.Howeve, in such crcumgances, thee has neve beean a guarantee
against wetting of thesteel surface bywater or agairst the pesence of vey aggessve formation
waters. It is appaent, haweve, that the pesence of oil in a poduction cicuit is not sufficient to
ersure bette resisance to SSC and a dinction betveen oil and ga production systems is
inappropriate. The good pdormance olserved in the oil field are believed d be the result of
complementay effecs arising from the natue of water, the wetability a to the flow characteistic
and anulsion conditiors. In thisrespect, it Bimportant to bae the definition b'Sou Sevice on the
analysis of the corrosive medium itself.

LIMITS OF SOUR SERVICE FOR DOWNHOLE TUBULAR STEELS

Beaing in mnd the limitations of NACE MR0175 new limits of sour service have
been developed for a limited range of carbon and low aloy steds as well as corrosion
resistant alloys.
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J4.

J5.

J6.

The environmental variables used in obtaining qualitative SSC information have been
restricted to pH and $$ partial pressures, as these are believed to be the most
important parameters determining the SSC resistance of materials.

J3.1 SSC Domains

The limits of sour service have been plotted in graphs correlating
solution pH with BS partial pressure in a domain relationship of the
type shown in Figure J1. The graph has been divided into three main
domains, each characterising the materials' glityafor sour service
applications with respect to SSC behaviour. These are as follows:-

(a) Domain 1; Designated as 'Non-Sour Service Domain’ where
no special precaution is necessary when selecting the
completion tubing steels within those defined in Table J1.

(b) Domain 2; Designated the 'Transition Region' where in
addition to sour service grade materials, certain non-sour grades
can also be used (Table J1).

(©) Domain 3; Designated 'Sour Service Domain' which
characterise sour service conditions wherei igroved steels
to NACE Standard shall be utilised.

In pH/H,S partial pressure graphs, risk of SSC increases with
increasing HS partial pressure and decreasing pH.

To apply the guidelines presented in this Appendix, it is necessary to know certain
information about the well including49 partial pressure in the gas phase and the 'in-
situ’" pH of the water associated with the produced fluid. Practical problems of
determining in-situ pH can be overcome by using a software program designated
CORMED.

Tendency of carbon and low alloy steels to other forms of corrosion attack have not
been covered in this Appendix.

Apart from SSC, tendency of corrosion resistant alloys to other types of failure should
be clarified. These include failure by chloride stress corrosion cracking (SCC), the
resistance to well treating chemicals and the tendency to hydrogen embrittlement
(HE), particularly for high strength duplex stainless steels.
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DOMAIN DESIGNATION | SUITABLE GRADES EXAMPLES
OF STEEL

Domain 1 Non Sour Any Grades up to Carbon Steel Grade
Service P110 P110

13% Cr. Grade N80

Domain 2 Transition Strictly Controlled Carbon Steel Grade

Region Grades and NACE N80
Approved Grades 13% Cr. Grade L80
Domain 3 Sour Service Only Sour Service Carbon Steel Grade

Proved Grades

L80
Proprietary Grades

TABLE J1

SOUR SERVICE DOMAINS

SSC PERFORMANCE DOMAIN
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FIGURE J1

SOUR SERVICE DOMAINS FOR DESIGN OF DOWNHOLE TUBULAR STEELS

AGAINST SSC
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