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L&i néi dau
Preface

La mét phan cta chwong trinh hai hoa héa céac tiéu chuan cong nghiép, Hiép hoi Khi cong nghiép Chau
Au (EIGA), &n phadm “Hé théng dwong bng khi carbon monoxide va khi téng hop” da dwoc st dung lam co s&
cho &n pham cua hiép hoi khi dwoc hai hoa quéc té vé chi dé nay..

As part of a programme of harmonization of industry standards, the European Industrial Gases Association (EIGA), publication,

“Carbon monoxide and Syn Gas Pipeline Systems” has been used as the basis of an internationally harmonized gas association’s
publication on this subject.

An ph&dm nay dwoc dy dinh la 4n phdm dwoc hai hda quéc té dé tat ca cac thanh vién cha Hiép hoi Khi
céng nghiép Chau A (AIGA), Hiép hoi Khi nén (CGA), EIGA va Hiép hoi Khi cong nghiép va Y t& Nhat Ban
(JIMGA) s dung va ap dung trén toan thé gioi. Cac an ban khu vic cé cing ndi dung ky thuat nhu 4n ban
EIGA, tuy nhién, c6 nhitng thay adi vé bién tap chi yeu vé dinh dang, don vi duoc st dung va chinh ta. Ngoai
ra, bat ky tham chiéu nao dén cac yéu ciu quan ly cla khu vuwc déu ap dung cho cac yéu ciu ctia Chau Au.

This publication is intended as an international harmonized publication for the worldwide use and application by all members of Asia
Industrial Gases Association (AIGA), Compressed Gas Association (CGA), EIGA, and Japan Industrial and Medical Gases Association

(JIMGA). Regional editions have the same technical content as the EIGA edition, however, there are editorial changes primarily in
formatting, units used and spelling. Also, any references to regional regulatory requirements are those that apply to European requirements.

Tuyén bo tir choi trach nhiém
Tét ca cac &n pham cia AIGA hodc mang tén AIGA déu chia thong tin, bao gém Quy tic thuwc hanh, Quy trinh an toan va théng tin ky
thuat khac dwoc lay tie cac nguon ma AIGA tin 1a dang tin cay va/hoac dwa trén thong tin va kinh nghiém ky thuat hién co tr cac thanh
vién cla AIGA va nhirtng ngudi khac vao ngay cong bb. Do do, chung t6i khéng dua ra bt ky tuyén bd hay bao dam nao cling nhw
khéng chép nhan bét ky trach nhiém phap ly nao vé tinh chinh xac, day dd ho&c chinh xac ctia thong tin cé trong cac &n pham nay.

Mac du AIGA khuyén nghi cac thanh vién nén tham khao hodc st dung cac &n phdm ciia minh, nhwng viéc cac thanh vién hodc bén the
ba tham khao hoégc st dung chuing la hoan toan tw nguyén va khong mang tinh rang budc.

AIGA hoac céac thanh vién clia né khong dam bao v& két qua va khong chiu trach nhiém phap Iy lién quan dén viéc tham chiéu hoac st
dung théng tin ho&c d& xuét cé trong cac &n pham ctia AIGA.

AIGA khong kiém soat bat ky diéu gi lién quan dén viéc thue hién hodc khong thic hién, gidi thich sai, st¢ dung hop ly hodc khong dung
cach bét ky thong tin hodc dé xuét nao cé trong cac 4n pham clia AIGA bdi bat ky ca nhan hoac td chirc nao (bao gébm ca cac thanh vién
AIGA) va AIGA tlr chdi rd rang moi trach nhiém phap ly lién quan dén viéc do.

Cac 4n pham clia AIGA c6 thé dwoc xem xét dinh ky va ngudi dung dwoc khuyén cdo nén tai phién ban mai nhat

Disclaimer

All technical publications of AIGA or bearing AIGA’s name, including Codes of practice, Safety procedures and any other technical
information contained in such publications were obtained from sources believed to be reliable and are based on technical information and
experience currently available from members of AIGA and others at the date of their publication. As such, we do not make any
representation or warranty nor accept any liability as to the accuracy, completeness or correctness of the information contained in these
publications.

While AIGA recommends reference to or use of its publications by its members, such reference to or use of AIGA’s publications by its
members or third parties are purely voluntary and not binding

Therefore, AIGA or its members make no guarantee of the results and assume no liability or responsibility in connection with the reference
to or use of information or suggestions contained in AIGA’s publications.

AIGA has no control whatsoever as regards, performance or non performance, misinterpretation, proper or improper use of any
information or suggestions contained in AIGA’s publications by any person or entity (including AIGA members) and AIGA expressly
disclaims any liability in connection thereto.

AIGA’s publications are subject to periodic review and users are cautioned to obtain the latest edition.

© Buwoc sao chép véi s cho phép clia Hiép hoi Khi Cong nghiép Chau Au. Da dang ky Ban quyén.
Reproduced with permission from European Industrial Gases Association. All rights reserved.
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No-2 Venture Drive,# 22-28 Vision Exchange, Singapore 608526

Tel: +65 67055642 Fax: +65 68633379
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Gié&i thiéu / Introduction

An pham nay duoc soan thao bdi mét nhém cac chuyén gia vé hé théng duong 6ng, dai dién cho
cac nha san xuat khi cong nghiép I&n & nhieu quoc gia tai chau Au va Bac My, dwa trén thong tin ky
thuat va kinh nghiém hién cé cua cac tac gia.
This publication has been prepared by a group of specialists in pipeline systems, representing major industrial
gases producers in various countries of Europe and North America and is based on the technical information
and experience currently available to the authors.

Tuy nhién, can thiva nhan rang cac hé théng dwong 6ng, dwoc phat trién trong hon 40 nam tai cac
quoc gia chau Au va Bac My, da cho thay ho so an toan tét va twong duwong nhau, mac du cac thyc
hanh quéc gia cho thay nhiéu khac biét trong thiét ké va van hanh. Mot s6 co quan quéc gia cling da
ban hanh luat phap, bat budc déi véi cac nha van hanh & nhirng quéc gia do.

It must be recognized, however, that pipeline systems, developed over 40 years in the various European
countries and North America have shown good and comparable safety records, although national practices
show many differences in design and operations. Some national authorities have also introduced legislation,
which is mandatory for the operators in those countries.

Céac don vi theo hé ISO va cac don vi theo hé Imperial twong (rng trong ngoac dwoc st dung trong
tai liéu nay. Céc gia tri twong (rng cé thé Ia gan dung.

ISO units and corresponding Imperial units in brackets are used in this document. Corresponding values may
be approximate.

Nhirng ngwdi tham gia vao viéc thiét ké, van hanh va bao tri an toan cac hé théng truyén tai va phan
phdi khi can biét vé cac tai lieu, hwéng dan, &n phdm va tiéu chuan khac nhau dwoc chuén bi béi
nhiéu t6 chirc da qudc gia, co thé lién quan dén cac hé théng nhw vay. Nhikng tai liéu nay duoc liét
ké trong Phu luc K. Ngoai cac tai liéu nay, con cé mot s6 an pham lién quan, bai bao ky thuat, ban
tin, v.v. cung cép théng tin hiru ich vé vat liéu xay dwng, luyén kim, co ché suy thoai méi trwdng, v.v.
ciling dwoc tim thay trong Phu luc K. M&c du céc tai liéu tham khdo dworc trich dan cung cép théng
tin nén tang quy gia, nhwng khong thé khéng dinh réng day 1a tat ca cac tai liéu tiéu chun hodc bai
bao k¥ thuat dwoc xuat ban bdi cac td chirc qudc té cé thé lién quan dén chd dé cta 4n pham nay.
Those involved in the safe design, operation, and maintenance of gaseous transmission and distribution
systems should be aware of various documents, guidance, publications, and standards prepared by various
multinational organizations which may be pertinent to such systems. These are listed in Appendix K. In addition
to these documents, there are a number of pertinent publications, technical papers, bulletins, etc which provide
useful information on materials of construction, metallurgy, environmental degradation mechanisms, etc found
also in Appendix K. While the cited references provide valuable background, it cannot be stated that these are
all of the standards documents or technical papers published by international organizations that could be
pertinent to the subject of this publication.

D6i v6i nhirng ngudi khong co kinh nghiém trong viéc thiét ké, van hanh va bao tri cac hé thong
truyén tai va phan phdi CO/ Khi tbng hop (Syngas), 4n pham nay la mo6t ngudn théng tin hivu ich va
viéc str dung n6 nén duwoc thyc hién dudi sy hwdng dan cla cac kj sw dwong 6ng giau kinh
nghiém, am hiéu sau sic vé chi dé nay.

For those who do not have the experience in design, operation and maintenance of CO/Syngas transmission
and distribution systems, this publication serves well as an information resource and the use of which should be
under the guidance of experienced pipeline engineers intimately knowledgeable with the subject.

Pham vi va muc dich / Scope and purpose

Pham vi cta tai liéu nay ap dung cho cac hé théng duong éng truyén tai va phan phéi danh cho
carbon monoxide, hydro va hén hop carbon monoxide (dwoc goi la Syngas trong phan con lai cta
tai liéu nay). Cac cach bb tri dién hinh cho cac hé thédng dwong éng nay dwoc thé hién trong So o[6)
1 cGa Phu luc A. N6 gi¢i han & cac san pham khi véi pham vi nhiét d6 tlr -40°C (-40°F) dén 150°C
(302°F), &p suét tir 0,1 MPa dén 15 MPa (2250 psig) va tiéu chi d6 tinh khiét dwoc dinh nghia trong
Phu luc G.

The scope of this document is for transmission and distribution piping systems for carbon monoxide and
hydrogen and carbon monoxide mixtures (referred as Syngas in the remainder of this document). Typical
arrangements for these pipeline systems are shown in Diagram 1 of Appendix A. It is limited to gaseous
products with a temperature range between —40°C (-40°F) and 150°C (302°F), pressures from 0,1 MPa up to 15
MPa (2250 psig) and the purity criteria defined in Appendix G.

Tai liéu nay khdéng ap dung cho cac quy trinh sau:
This document does not apply to the following processes:
¢ Nha may nap chai

cylinder filling plants
e Nha may san xuét

producing plants
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e Cac don vi may nén
compressor units

e Cac co s& lvu trlr lwgng Ion (khi dang 16ng hodc khi ap cao) tai dia diém cla khach hang cho
dén diém khi di vao hé théng phan phdi
Bulk facilities (liquid or high pressure gas) at the customer’s site up to the point where gas enters the
distribution systems

e Duong éng trén cac thiét bi va may méc chuyén dung.
Piping on specialized equipment and machines.

Cac hé théng nay co nhiéu nhu cau va yéu cau chuyén biét. Tuy nhién, tai liéu nay co thé cung cap
thong tin nén tang hiru ich trong cac quy trinh khac coé sw hién dién cta CO.

These systems have many specialized needs and requirements. However, this document may provide useful
background information in other processes where CO is present.

Muc dich cGa &n phadm nay la nang cao su hiéu biét ciia nhirtng ngwdi tham gia vao viéc thiét ké,
van hanh va bao tri an toan cac hé thdng truyén tai va phan phéi. N6 khéng nhdm muc dich tr&
thanh tiéu chuén hodc quy tc bat budc. N6 chira dwng mét ban tdm tét cac thwe hanh cong nghiép
hién tai. N6 dwa trén kién thirc, kinh nghiém va thwe hanh két hop ciia cac nha san xuét Ién & chau
Au va Bac My, dwoc dai dién bdi cac thanh vién cGa ho trong nhém ddc nhiém CGA/EIGA/CGA vé
hé thdng van chuyén dwong 6ng.

The purpose of this publication is to further the understanding of those engaged in the safe design operation
and maintenance of transmission and distribution systems. It is not intended to be a mandatory standard or
code. It contains a summary of the current industrial practices. It is based upon the combined knowledge,
experience, and practices of the major producers in Europe and North America as represented by their
members on the CGA/EIGA/CGA Ad-Hoc group on pipeline transportation systems.

M6t sb thwe hanh dai dién cho nhivng théa hiép than trong va khéng phai moi tinh hubng déu dwoc
mo ta. Nguoi thiét ké Iwu y rang tai liéu nay khéng phai 1 mot cdm nang thiét ké hoan chinh va
khong thay thé nhu cau vé& phan doan va dién giai ky thuat cé thdm quyé&n. Nguwoi dung can xem xét
b4t ky van d& hodc mébi quan ngai ddc biét nao véi nha cung cdp CO/Syngas ciia ho, ngudi co thé
cung cép |&i khuyén va hwéng dan.

Some of the practices represent conservative compromises and not all situations are described. The designer is
cautioned that this document is not a complete design handbook and does not negate the need for competent
engineering judgment and interpretation. It is suggested that the user reviews any special problems or concerns
with his CO/Syngas supplier who should be able to provide advice and guidance.

Méac du théng tin ky thudt dwoc cung cap trong tai liéu nay khéng nham muc dich bat budc, tw
"phai/shall" thwong dwoc st dung. Viéc st dung “phai/shall” ngu y mdi quan nga| manh mé réng
thwe hanh cu thé dwoc tham chiéu can dwoc tuan theo vi ly do an toan. Viéc str dung “nén/should”
ngu y rang thyc hanh dwoc tham chiéu thwong duoc tuan theo, nhung thira nhan rang déi khi cac
thwe hanh an toan khac ciling dwgc str dung.
Although the technical information provided in this document is not intended to be mandatory, the word « shall »
is frequently used. The use of “shall” implies a strong concern that the particular practice referenced be followed
for safety reasons. The use of «should» implies that the referenced practice is commonly followed, but
recognizes that other safe practices are sometimes utilized.

Dinh nghia / Definitions

bwong ong phan phéi: Buong dng nam trong khuén vién (thwong thude s& hiru clia khach hang)
tai diém s dung nhw dwéng chinh, dwéng nhanh, cac két néi trong tram va van.

Distribution piping: Piping contained on the property (generally owned by the customer) at the use point such
as mains, feeders, station connections, and valves.

Puwong 6ng nha may: Dudng dng trong co sé san xuat.
Plant piping: Piping within the production facility.

bwong éng truyen tai: buong ong gitra ranh giéi nha may san xuét va ranh g|04 dudng 6ng phan
phdi, bao gébm cad duwdng éng di qua dat cong cong va tai sadn cla bén the ba.
Transmission piping: Piping between the production plant boundary and distribution piping boundary,
including that which passes over public land and third party property.

Hop kim géc dong: Hop kim gbc ddng dwoc st dung trong cac thanh phan dé truyén tai khi cong
nghiép qua duwéng 6ng thwong chia it nhat 55% khdi lwgng ddng. Nhém nay bao gdm ddng nguyén
chét, ddng thau (ddng hop kim chi yéu véi kém), dong thiéc (ddng hop kim véi nhém, silic, mangan,
thiéc, chi, v.v.) va ddng niken (ddng hop kim véi niken).

Copper based alloys: Copper based alloys used in components for the transmission of industrial gases via
pipeline generally contain at least 55 weight % copper. Included within this group are the coppers, brasses
(copper alloyed primarily with zinc), bronzes (copper alloyed with aluminium, silicon, manganese, tin, lead, etc)
and copper nickels (copper alloyed with nickel).
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Hop kim géc niken: Hop kim dwa trén niken dwoc s dung trong cac thanh phan cho hé théng
dwodrng 6ng truyén tai khi chira it nhat 50% khédi lwong niken va ham lwong niken 1én dén hon 99%
da dwoc st dung. Tuy nhién, mét sé bang phan loai hop kim niken c6 thé liét k& cac hop kim voi
ham lwong niken thap t&i 30% khéi lwvgng. Mot sb ho hop kim niken chinh va vi du cho tirng loai bao
gdm: Niken (Nickel 200), Niken-Ddng (Monel-400 va Monel-500), Niken-Crom (Inconel 600 va
Inconel X-750) va Niken-Crom-Molybden (Hastelloy C-276 va Inconel 625). Bi v&i cac (ring dung
truyén tai khi chira hydro, cn xem xét kha néng gion do hydro, diéu nay bj anh hwéng bdi d6 bén
kim loai va &p suét riéng phan cla hydro.

Nickel base alloys: Nickel based alloys used in components for gas transmission pipeline systems contain at
least 50 weight % nickel and nickel contents up to 99+ weight % have been used. However, some tabulations of
nickel alloys may list alloys with nickel contents as low as 30 weight %. Some of the major nickel alloy families
and examples of each are as follows: Nickel (Nickel 200), Nickel-Copper (Monel-400 and Monel-500), Nickel-
Chromium (Inconel 600 and Inconel X-750) and Nickel-Chromium-Molybdenum (Hastelloy C-276 and Inconel
625). For hydrogen-containing gas transmission applications, the potential for hydrogen embrittlement, which is
affected by metal strength and hydrogen partial pressure should be considered.

Hop kim thép khéng gi: Hop kim sét tré thanh thép khoéng gi khi chung chira ham lwong crom tbi
thiéu tr 10-13% khéi lwong. C6 nhiéu phan loai thép khéng gi, phu thudc vao ham luveng hop kim,
cu tric tinh thé, co ché tang cwong do bén va ty 1& gitra chét 6n dinh ferit va chét 6n dinh austenit.
Cac phan loai thép khéng gi, v&i vi du cho tirng loai, bao gom:

Stainless steel alloys: Ferrous alloys become stainless when they contain a minimum chromium content of at
least 10-13 weight %. There are a number of stainless steel classifications, which are dependent upon the alloy
content, crystalline lattice, strengthening mechanisms and the ratio of ferrite stabilizers to austenitic stabilizers.
Stainless steel classifications, with examples of each type, are as follows:

¢ Austenit (304, 304L, 316, 316L, 321, 347)
Austenitic (304, 304L, 316, 316L, 321, 347)
o Ferit (430)
Ferritic (430)
e Martensite (410)
Martensitic (410)
e Té&ng clrng két tha (17-4 PH)
Precipitation hardening (17-4 PH)

e Song pha (329, SAF 2205).
Duplex (329, SAF 2205).

Céc ky hiéu hop kim trwdc day |a danh cho cac san phdm rén nhwng cling c6 cac hop kim nhw CF-
8, CF-3, CF-8M, CF-3M la cac chét twong tw dic cta 304, 304L, 316 va 316L twong (rng. Trong sb
céc loai thép khong gi khac nhau, thép khéng gi dong 300 va céc chét twong tw duc cha chung la
loai dwoc st dung phd bién nhét trong cac hé théng dwdng éng truyén tai va co dd dai tuyét voi
ngay ca trong diéu kién hydro ap suét cao.

The preceding alloy designations were for wrought products but there are alloys such as CF-8, CF-3, CF-8M,
CF-3M which are the cast analogs of 304, 304L, 316 and 316L respectively. Of the various stainless steels, the
300 series stainless steels and their cast analogs are the most commonly used in gas transmission piping
systems and have excellent toughness even in high pressure hydrogen.

Hop kim coban: Cac danh sach thwong mai clia hgp kim coban thuwong bat dau véi ham lwong
coban tdi thiéu it nhat 40% khdi lwgng. Cac hop kim chdng mai mon nhw Stellite 6 ho&c Stellite 6B
déi khi dwoc siv dung lam 16p phu trén cac bd phan van dé gidm thiéu hw hai do &n mon va cai thién
tudi tho van.

Cobalt alloys: The commercial listings of cobalt alloys generally start with a minimum cobalt content of at least
40 weight %. Wear resistant alloys such as Stellite 6 or Stellite 6B are sometimes used as coatings on valve
trims to minimise erosion damage and improve valve life.

Hop kim phi sat: Khi thuat ngl hop kim phi sat dwoc st dung trong tai liéu nay, n6 chi bao gom
hop kim dong, niken va coban. N6 khéng bao gom nhém hoéc céac vat liéu phan (rng nhw titan hoac
zirconi.

Non ferrous alloys: When the term nonferrous alloys is used in this document, it includes only copper, nickel
and cobalt alloys. It does not include aluminium or reactive materials such as titanium or zirconium.

Hop kim sat: Bao gébm trong danh muc nay |a thép cacbon, thép hop kim th4p va tat ca cac loai
thép khong gi bat ké cac ho hop kim nay & dang duc hay rén.

Ferrous alloys: Included in this category are carbon-steel, low-alloy steel and all stainless steels irrespective of
whether these alloy families are in cast or wrought form.

Thép vi lwong hop kim: M6 ta rong nhat cta vi lwong hop kim la viéc st dung mét lwgng nhéd cac

nguyén t6 hop kim dé dat dwoc sw cai thién vé tinh chat thép, dudng nhw khong twong xing voi

lwgng nguyén t6 hop kim dwoc thém vao. Cac dac tinh thép cé thé dwoc cai thién bao gom do bén,
7
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dd dai, kha nang han va kha nang dinh hinh. Kim loai phdn (ng, d4t hiém, boron va cac chét phu gia
kiém soat hinh dang sulfua sé dwoc bao gdm trong danh muc céc tac nhan vi hop kim theo dinh
nghia rong nhét.

Microalloyed steels: The broadest description of microalloying is the use of small additions of alloying
elements which achieve improvements of steel properties which seem to be out of proportion to the amount of
alloying elements which are added. The steel characteristics which may be improved include strength,
toughness, weldability and formability. Reactive metals, rare earths, boron and sulfide shape control additives
would be included in the inventory of microalloying agents in the broadest definition.

Dinh nghia hep hon cua vi lwong hop kim la viéc st dung mét lvong nhé céac nguyen tb hop kim
nhw vanadi, niobi va titan, 1a nhirng chét tao cacbua va nitrua manh, dé dat dwoc sw cai thién vé do
bén, d6 dai va kha nang han théng qua cac bwdc x ly nhiét co hoc cu thé.

A more restricted definition of microalloying is the use of small amounts of alloying additions of elements such
as vanadium, niobium and titanium which are strong carbide and nitride formers to achieve improvements in
strength, toughness and weldability through specific thermomechanical processing steps.

Twong dwong cacbon va tham sé thanh phan:
Carbon equivalent and the composition parameter

e Tuwong dwong cacbon (C.E.) Ia mét tham sé dwoc st dung dé danh gia kha nang han cla thép

cacbon va thép hop kim thdp va mirc do dé bi nirt trong qua trinh han. Thép c6 twong dwong
cacbon thap thueéng khong yéu cau xt ly nhiét truéc hodc sau han. Nhirng loai c6 twong duwong
cacbon trung binh cé thé yéu cau gia nhiét trwéc va nhirng loai c6 twong duwong cacbon cao yéu
cau ca gia nhiét trwéc va sau han.
Carbon equivalent (C.E.) is a parameter used to assess the weldability of carbon and low alloy steels and
their susceptibility to cracking during welding. Steels with low carbon equivalents generally do not require
any preheating or post heating treatment. Those with intermediate carbon equivalents may require
preheating and those with high carbon equivalents require both preheating and post heating.

e Noéi chung, twong dwong cacbon tir 0,55 tré 1én dwoc coi la cao va twong dwong cacbon duéi
0,35 dwoc coi 1a th4p. Tuy nhién, do day, nhiét lwgng han va cac yéu té khac ciing gop phan vao
danh gia téng thé.

Generally carbon equivalents of 0.55 and above are considered to be high and carbon equivalents less than
0.35 are considered to be low. However, thickness, weld heat input and other factors enter the overall
assessment.

e Canluu y rang nhiéu méi quan hé twong dwong cacbon da dwoc phat trién va cong bé qua nhiéu
nam. Mét trong nhirng moi quan hé twong dwong cacbon sém nhat la nhw sau:
It should be noted that various carbon equivalent relationships have been developed and published over the
years. One of the earliest carbon equivalent relationships is the following:
C.E. = %C + %Mn/6

e M&i quan hé twong duwong cacbon phd bién nhéat hién dang dwoc si dung la:
The most common carbon equivalent relationship currently in use is:

C.E. = %C + %Mn/6 + (%Mo + %Cr + %V)/5 + (%Ni + %Cu)/15

e Mét lgi ich chinh ctia thép vi hop kim la cé thé dat duoc twong dwong cacbon thap va cac hop

kim nay c6 khd nang chéng nit han tét hon. Déi véi thép cé6 ham lwong cacbon hodc twong
dwong cacbon thdp hon, tham sé thanh phan Pcm da dwoc st dung nhw mét chi sé vé do nhay
nirt. Gidi han chap nhan dwoc 1a téi da 0,2% cho céng thirc sau:
A major benefit of microalloyed steels is that low carbon equivalents may be achieved and the alloys are
more resistant to weld cracking. For steels with lower carbon contents or carbon equivalents, the
composition parameter Pcm has been used as an indicator of cracking susceptibility. An acceptable limit is
0.2% maximum for the following:

Pcm = %C + (%Mn + %Si + %Cu + %Co0)/20 + %Ni/60 + %Mo/15 + %V/10 + 5%B

Kim loai co’ ban: Vat liéu sé dwoc han, han ddng hodc han thiéc.
Base metal: The material which is to be welded, brazed or soldered.

Vung anh hwéng nhiét (HAZ): Phan cia mdi han, méi han ddng hodc méi han thiéc khéng bi néng
chay nhwng noi cac tinh chat co hoc hodc vi ciu tric da bj thay ddi bdi nhiét ctia qua trinh han, han
ddng hoac han thiéc. Can Iwu y rang mot sé quy trinh cét cling ¢ thé dan dén mét vang anh huéng
nhiét ro rét.

Heat affected zone (HAZ): That portion of a weld, braze or solder joint that has not melted but where
mechanical properties or microstructure have been altered by the heat of welding, brazing or soldering. It should
be noted that certain cutting processes may also result in a discernible heat affected zone.

Hop kim austenit khéng 6n dinh: Day la cac hop kim austenit co thanh phan héa hoc khién vi ciu
trdc austenit dé chuyén ddi sang martensite khi chiu cac qua trinh nhiét co hoc lién quan dén cac két
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hop khac nhau cla bién dang va nhiét do giam. Ty lé twong déi gitra chat 6n dinh austenit va chét
on dinh ferit la quan trong trong qua trinh chuyén ddi nay.

Metastable austenitic alloys: These are austenitic alloys which have a chemistry which renders the austenitic
microstructure susceptible to transformation to martensite when subjected to thermomechanical processes
involving various combinations of strain and reduced temperatures. The relative ratio of austenite stabilizer to
ferrite stabilizer is significant in the transformation process.

Hop kim austenit 6n dinh: Day la cac hop kim c6 ty I& cao gitra chét 6n dinh hoac tao austenit so
v&i chat &n dinh hodc tao ferit. Khi chiju bién dang cao va nhiét do gidm, hop kim austenit nay sé
khéng chuyén dbi sang martensite.

Stable austenitic alloys: These are alloys which have a high ratio of austenite stabilizers or formers to ferrite
formers or stabilizers. When subjected to high strain and reduced temperature, the austenitic alloy will not
transform to martensite.

Chét 6n dinh hodac tao austenit: Day la cac nguyén t6 thic day sw hinh thanh austenit va 6n dinh
austenit khi chiu tng suat & nhiét do giam. Chung bao gom: niken, cacbon, mangan, nito, coban va
dong. Cé nhiéu méi quan hé thwe nghiém dinh lwong sirc manh ctia cac nguyén té6 hop kim khac
nhau nhw chét 6n dinh ho&c tao austenit

Austenite stabilizers or formers: These are elements which promote austenitic formation and stabilize
austenite when stressed at reduced temperatures. They include: nickel, carbon, manganese, nitrogen, cobalt
and copper. There are various empirical relationships which quantify the strength of various alloying elements
as austenite stabilizer or formers.

Chét 6n dinh hoac tao ferit: Day la cac nguyén té thic ddy sw hinh thanh ferit va én dinh né.
Chung bao gdm: crom, molybden, silic va niobi. Cac méi quan hé thwc nghiém dinh lwong sirc manh
ctia cac nguyeén té hop kim trong kha nang nay da dwoc phat trién.

Ferrite stabilizer or formers: These are elements which promote the formation of ferrite and stabilize it. These
include: chromium, molybdenum, silicon and niobium. Empirical relationships which quantify the strength of the
alloying elements in this capacity have been developed.

Hé sé 6n dinh austenit (A)
Austenite stability factor (A)

e Cac hé s 6n dinh austenit da dwoc phat trién dé xac dinh khi nao thép khéng gi austenit co kha
nang chuyén doi sang martensite & mirc giam lanh cao t&i 80%. Dwéi day la moi quan hé hé sé
4n dinh cua Griffith va Wright:

Austenite stability factors have been developed to determine when an austenite stainless steel would be
likely to transform to martensite at cold reductions as high as 80%. Shown below are the Griffith and Wright
Stability Factor Relationship:

A = Ni - [(Cr+1.5Mo0-20)%/12-0.5Mn-35C-Cu-27N+15]
e va cong thirc Post va Eberly da stra déi (xem tai liéu tham khao Hydro va Vat liéu):
and the modified Post and Eberly formula (see reference Hydrogen and Materials):
A= Ni+ 0,5Mn + 35 C - 0,0833(Cr+1 .5Mo-20)2-12

e S0 am cho thay xu huéng cao cla austenit chuyén doi sang martensite khi bi bién dang manh.
Néu ham Iwgng Ni Ién hon 10,5% trong thép khéng gi dong 300, A thwéng la dwong va thép on
dinh.

Negative numbers indicate a high tendency for austenite to martensite transformations when severely
strained. If Ni content is greater than 10.5% in a 300 series stainless steel, A is usually positive and the steel
is stable.

Nhiét d6 chuyén déi tir austenit sang martensite
Austenite to martensite transition temperatures

e Ms la nhiét d ma tai d6 austenit khong 6n dinh chuyén dbi sang martensite khi Iam ngudi. Méi
quan hé Eichelman va Hull nhw sau:
Ms is the temperature at which metastable austenite transformation to martensite occurs on cooling. The
Eichelman and Hull Relationship is as follows:
Ms (°F)=75(14.6-Cr)+110(8.9-Ni)+60(1.33-Mn)+50(0.47-Si)+3000[0.068-(C+N)]
 Md30 Ia nhiét d6 ma tai d6 50% austenit s& chuyén déi sang martensite & mirc bién dang 30%.
Dwéi day Ia mdi quan hé do Angel phat trién:
Md30 is the temperature at which 50% austenite will transform to martensite at 30% strain. Shown below is
the relationship developed by Angel:

Md30 (°F)=413-462(C+N)-9.2Si-8.1Mn-13.7Cr-9.5Ni-18.5Mo

Twong dwong crom va niken
Chromium and nickel equivalents

e Mbi quan hé phd bién nhat dé tinh toan twong dwong crom la nhw sau:
9
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41.

The most common relationship for the calculation for the chromium equivalent is as follows:
Cr eq=%Cr+%Mo+1.5 %Si+0.5 %Nb
o Méi quan hé phd bién nhéat dé tinh toan twong dwong niken 1a nhw sau:
The most common relationship for the calculation of the nickel equivalent is as follows:
Ni eq=%Ni+ 30 %C+ 0.5 %Mn

e Két hop v&i "Biéu dd Shaeffler" [], twong dwong crom va niken cé thé dwoc st dung dé duw doan

xu hwéng hinh thanh ferit va austenit ctia thép khéng gi austenit trong kim loai han va kim loai
ddc. Can lwu y rdng cac méi quan hé méi hon bao gébm anh hwdng clia cac nguyén tb khac anh
hwdng dén sy hinh thanh ho&c 6n dinh cla austenit va ferit cling ton tai.
In conjunction with a "Shaeffler Diagram" [], chromium and nickel equivalents can be used to predict the
ferrite and austenite forming tendencies of austenitic stainless steels in weld metals and cast metals. It
should be noted that newer relationships which include the effects of other elements which affect austenite
and ferrite formation or stability do exist.

Van téc: Luu lvong thé tich tai ap suét va nhiét d6 thyc té chia cho dién tich mat cat ngang bén
trong clia Ong

Velocity: The volumetric flowrate at the actual pressure and temperature divided by the pipe inside cross-
sectional area

Ap suét khi: Ap suét khi la ap suét van hanh cta hé théng dwong 6ng.
Gas Pressure: The Gas Pressure is the operating pressure of the piping system.

Triét ly thiét ké / Design philosophy
Tiéu chi chung / General criteria

- Viéc van hanh an toan ctia hé thdng dwong 6ng truyén tai phu thudc vao nhiéu yéu tb co thé anh
hwéng 1an nhau. Chwong nay mé ta céc rdi ro va nguy co chinh lién quan dén hé théng CO va
Syngas va cach thirc cac mdi nguy nay co thé dwoc gidm thiéu bang thiét ké ky thuat tét.

The safe operation of a transmission piping system depends on various factors which can influence each
other. This chapter describes the principal risks and hazards associated with CO and Syngas systems and
the manner in which the hazards can be minimized by good engineering design.

- Hé thdéng dwong bng truyén tai hodc phan phdi carbon monoxide hodc Syngas an toan, bao gébm
tat c& cac thanh phan cta no, la hé théng dwoc thiét ké cé tinh dén:
A safe carbon monoxide or Syngas piping transmission or distribution system, including all its components,
is one that is designed taking into account:

o Diéu kién dia phuong, vi du: vung déng déat, d&c diém dét.
Local conditions e.g. seismic zone, soil characteristics.

e Cac quy chuan dworng éng &p dung cho thiét ké co hoc (bao gbm dinh mdrc ap suét va do day
thanh) va l&p dat.
Applicable piping codes for mechanical design (including pressure rating and wall thickness) and
installation.

e Diéu kién van hanh lién quan dén thanh phan méi chéat, van téc khi, ap suét, nhiét do va diém
swong.
Conditions of service with respect to fluid composition, gas velocity, pressure, temperature and dew
point.

e Lwa chon vat liéu kim loai.
Selection of metallic materials.

e Lwa chon vat liéu phi kim.
Selection of non metallic materials.

e Luat va quy dinh quéc gia ap dung chung cho dwong dng truyén tai khi va dac biét cho cac hé
thong dé chay.
National laws and regulations which apply to gas transmission pipelines generally and flammable
systems specifically.

e Tiéu chuan vé dd sach cho van hanh.
Standards of cleanliness for service.

e B0 quy téc thwe hanh nganh lién quan dén hé théng CO va Syngas.
Industry codes of practice relating to CO and Syngas systems.

e Cac yéu td nguy co nhu tinh dé& chay va ddc tinh cta hé théng Carbon monoxide va Syngas.
Hazard considerations such as flammability and toxicity of Carbon monoxide and Syngas systems.

10
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4.2.

Puong 6ng truyén tai hodc phan phéi dwoc ché tao tir vat liéu phi kim, chdng han nhw nhua
hoac vat liéu composite, khong dwgc khuyén nghi do cé kha nang tiép xic véi hw hédng bén
ngoai.

Transmission or distribution pipelines fabricated from non metallic material, such as plastic or composite
material are not recommended because of potential exposure to external damage.

Dic tinh cha khi tdng ho'p Syngas / Properties of syngas

Khi tbng hop Syngas, nhw thuat nglr dwoc hiéu trong tai liéu nay va phan I&n trong ngdén ngd
cong nghiép ndi chung, dé& cap dén hén hop chi yéu Ia Hydro (Hz2) va carbon monoxide (CO),
ciing c6 thé chtra ndng dd dang k& nhwng thdp hon ctia metan (CH4) va carbon dioxide (COz)
ciing nhw mét lwong nhé tap chat nhw clorua, hop chét lwu huynh va Hydrocacbon néng hon.
Syngas, as the term is meant in this document and for the most part in general industry parlance, refers to a
mixture primarily of hydrogen (Hz) and carbon monoxide (CO) which may also contain significant but lower
concentrations of methane (CHa4) and carbon dioxide (COz2) as well as smaller amounts of impurities such as
chlorides, sulphur compounds, and heavier hydrocarbons.

Diéu d&c biét quan trong la phai loai trir nwde khoi dwong éng trong dich vu CO ho&c Syngas vi
sw hién dién ctia nwédc gay ra cac van dé an mon nghiém trong, khéng dwoc dé cap trong tai liéu
nay.

It is particularly important to exclude water from pipelines in CO or Syngas service since the presence of
water introduces serious corrosion issues, which are not addressed in this document.

Néu biét hodc nghi ng® rdng nuwéc trén mirc quy dinh trong Phu luc G ¢ trong dong khi, thi pha|
str dung cac phwong phap va yéu cau vuot quéa cac phwong phap va yéu cau cla tai Ileu nay dé
dam bao hé théng an toan va dang tin cay.

If it is known or suspected that water above the level specified in Appendix G is present in the gas stream,
then methods and requirements beyond those of this document must be used to ensure a safe and reliable
system.

Trong pham vi quan tam cla tai liéu nay, cé nhiéu diém twong déng gitra H2 va CO ciing nhuw
mot sb diém khac biét quan trong. Cac yéu cau dbi véi Syngas |a sy két hop gitra cac thuc hanh
an toan cho Hz va CO, vi ca hai déu hién dién v&i ty 1 dang ké. Trén thyc té, diéu nay cé nghia
la cac yéu cau han ché hon clia ca Hz2 va CO déu dwoc ap dung.

Within the concern of this document, there are many similarities between H2 and CO as well as some
important differences. The requirements for Syngas are a combination of safe practices for H2 and CO,
since both are present in significant proportions. In practice this means that the more restrictive of both the
H2 and CO requirements apply.

Dé dap tng diéu nay, viéc dat mot sb ngwdng ddi véi hén hop cta ching la rat hivu ich, vwot
qua ngudng dd, ching ta bat dau coi chung Ia Khi tdng hop Syngas. Thwc hanh sau day thwéong
c6 thé dwoc sir dung an toan véi cac yéu cau cla tai liéu nay, mién |a danh gia ky thuat dwoc ap
dung dé xac minh rang khéng cé diéu kién nao tén tai trong mét ng dung cu thé cho thay cach
xt ly khac.

To accommodate this it is very helpful to set some thresholds on mixtures of them beyond which we start to
consider them Syngas. The following practice can generally be safely used with the requirements of this
document provided engineering judgment is applied to verify that no conditions exist in a particular
application which would suggest other treatment.

Xem Phu luc G dé biét cac tiéu chi thanh phan dé ap dung tai liéu nay cho hé théng st dung CO

va Syngas.
See Appendix G for the composition criteria for application of this document for CO and Syngas services.

4.21. Tinh dé chay / Flammability

- Ca&CO va Hz déu la khi dé& chay
Both CO and H: are flammable gases

4.2.1.1.  Hydro / Hydrogen

- Hydro nhe hon khéng khi, rat d& chay, dé bat Ira, nong 1&n khi gidm ap suét, khong hb tro

hé hap va 1a mét trong nhirng loai khi khé ngén ro ri nhat. O trang thai tinh khiét, n6 thé hién
mot sb co ché an mon doc dao va khi két hop véi ngay cd mét lwong nhd tap chat (ppm),
cac mdi lo ngai vé an mon cé thé nhan lén.
Hydrogen is lighter than air, highly flammable, easily ignited, heats up when reduced in pressure, does
not support breathing and is one of the most difficult gases to prevent from leaking. In the pure state, it
presents some unique corrosion mechanisms and when combined with even small impurities (ppm),
the corrosion concerns can multiply.

- Hydro chay trong khéng khi v&i ngon Itra mau xanh nhat, gdn nhw vé hinh, lam tang nguy
co thwong tich trong trwong hop hda hoan.
11
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4.2.1.2.

4.2.2.

Hydrogen burns in air with a pale blue, almost invisible flame which increases the risk of injury in case
of fire.

Gi®i han chay trén va duéi trong khéng khi la:
The lower and upper flammability limits in air are:
LFL: 4%
UFL: 75%

Nhiét do bét Ira tbi thiéu ctia hdn hop Hydro-khéng khi 14 500°C.
The minimum ignition temperature of hydrogen-air mixtures is 500°C.

H&n hop Hydro-khong khi cwc ky dé bat Itra, chi can nang lwong danh Ira 0,017 mJ so voi
0,25 mJ doi véi Hydrocacbon.

Hydrogen-air mixtures are extremely easy to ignite requiring only 0.017 mdJ ignition energy compared to
0.25 mJ for hydrocarbons.

Téc d6 lan truyén ngon Itra tbi da Ién t&i 3 m/s trong khéng khi.
The maximum flame propagation rate is up to 3 m/s in air.

Mac du sw tw bdc chay cla ro ri va duwdng xa ra khi quyén ludn cé kha nang xay ra véi bét
ky khi dé& chay nao, nhwng Hydro dac biét dé bi hién twong nay. Diéu nay la do nang lwong
danh Ira thap cla Hydro va thuc té 13, khong glong nhw hau hét cac loai khi, Hydro tang
nhiét dé khi n6é glan nd tir 4p suéat cao xudng ap suat thdp hon. Xu hu’o’ng tw boc chay cla
rd ri va dwong xa nay, két hop véi viéc khé nhin thy ngon Itra khién rod ri nhé tré thanh nguy
co gay thwong tich nghiém trong cho nhan vién.

Although auto-ignition of leaks and atmospheric vents is always a possibility with any flammable gas,
hydrogen is especially prone to this phenomenon. This is due to hydrogen’s low ignition energy and the
fact that, unlike most gases, hydrogen increases in temperature when it expands from a higher to a
lower pressure. This tendency towards auto-ignition of leaks and atmospheric vents, combined with the
difficulty in seeing the flame make small leaks a serious potential personnel injury risk.

Dé gidm thiéu rui ro v& chay, phai xem xét thwc hanh phong chay chiva chay va dao tao
ngwoi van hanh (xem chwong 9 va 10).

In order to mitigate fire risks, fire prevention practice and operator training shall be considered ( see
chapters 9 and 10).

Carbon monoxide

Carbon monoxide la mét chat khi dé chay.
Carbon monoxide is a flammable gas.

Khi dwgc @6t chay trong khong khi, né chay véi ngon Itra mau xanh lam it chiéu sang. Qua
trinh dot chay nay tao ra carbon dioxide (CO2).
Ignited in air, it burns with a little illuminating blue flame. This combustion issues carbon dioxide (COz).

The flammability limits in air are:
Gidi han chay trong khéng khi la:

LFL: 12.5%
UFL: 74%

Nhiét dé tw bdc chay téi thiéu trong khéng khi la 630°C.
The minimum auto ignition temperature in air is 630°C.

Dé gidm thiéu rui ro vé& chay, phai xem xét thwc hanh phong chdy chira chay va dao tao
ngw®i van hanh (xem chwong 9 va 10)

In order to mitigate fire risks, fire prevention practice and operator training shall be considered (see
chapters 9 and 10)

Poc tinh / Toxicity

Carbon monoxide Ia mét loai khi déc (xem ghi cha).
Carbon monoxide is a toxic gas (see note).

Vi ly do nay, bat ky dw an dwéng 6ng CO hodc Syngas nao ciing nén duoc coi la “cwc ky
quan trong” theo nghia yéu cau xem xét quan Iy rdi ro chi tiét dwéi sy chiu trach nhiém cda
cht sé hiru.

For this very reason, any CO or Syngas pipeline project should be considered as “critical” in the sense
of requiring a detailed risk management review under the responsibility of the owner.

Lwu y: Carbon monoxide nhanh chong cb dinh trén huyét sac tb, gay giam hé hép té bao,
d&c biét c6 hai cho hé than kinh trung wong. Do d6, diéu quan trong la phai hiéu tac dong
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tiém &n cla viéc tiép xdc voi cac nong do carbon monoxide khac nhau, co thé gap phai dé
cung cap mét méi tredng an toan.

Note: Carbon monoxide is quickly fixed on haemoglobin, causing a decrease in cellular respiration,
which is particularly harmful to the central nervous system .Therefore, it is important to understand the
potential effect of exposure to various concentrations of carbon monoxide, which may be encountered
S0 as to provide a safe environment.

Gidi han ngudng khuyén nghj cho carbon monoxide la 50 ppm, la ndng do trong khong khi
ma hau hét nguoi lao ddng cé thé tiép xuc trong subt 8 gid lam viéc mbi ngay va 40 gid lam
viéc méi tudn ma khoéng cé tac dong bét loi.

A threshold limit value of 50 ppm is recommended for carbon monoxide, as a concentration in air to
which nearly all workers may be exposed during an 8-hour workday and 40-hour workweek , without
adverse effects.

Hau qua cua viéc tiép xuc véi ndbng d6 cao hon dwoc thé hién trong bang dwdi day:
The consequences of exposure to higher concentrations are shown in the table below:

Bang cac anh hwéng ctia carbon monoxide déi véi strc khde va tinh mang
Table of the effects of carbon monoxide on health and life

Nong dé tinh bang ppm Hau qua
Concentration in ppm Consequences
Gioi han chiu dwng khi tiép xuc lau
50 .
Limit of tolerance for long exposure
50 dén 100 Sau vai ngay, ngd dop mén tllnh
After some days ,chronic poisoning
200 Ngé déc ban cap

Subacute poisoning
Dau dau, buon nén, ngd doc va tlr vong néu tiép xuc kéo dai
(hon 30 phat)

1000-1500 Headache, nausea, poisoning and fatal in case of prolonged

exposure (more than 30 minutes)

Bat tinh nhanh chéng, t&r vong trong vong mét hodc hai gi¢
2500 ) -

Rapid collapse, death in one or two hours

LC50, tiep xuc mét givr
3760 LC50, one hour exposure

Ng6 déc nang, tlr vong trong vong chwa day mét gi&
5000 Massi T .

assive poisoning, death in less than one hour

T vong trong 10 dén 15 phut
10000 Death in 10 to 15 minutes
50000 Ngd ddc tire thi, t&r vong ngay lap tirc

Instantaneous poisoning, immediately fatal

X&c suét tir vong do phoi nhiém chét doc ciing c6 thé dwoc xac dinh bang phwong trinh
probit. Mot s théng tin vé phwong trinh probit dwoc cung c&p trong Phu luc J.

The probability of fatality from a toxic exposure can also be determined using probit equations. Some
information about probit equations is given in Appendix J.

D& ngan ngtra viéc ngudi lao dong tiép xuc qua mirc, cac yéu cau an toan chung theo 9.3
phai dwoc tuan tha.

To prevent workers from overexposure the general safety requirements according to 9.3 shall be
observed .

Bén canh d6, phai d&c biét chu y dén viéc dao tao (xem chwong 9.4)
Besides , special attention shall be paid on training (see chap.9.4)

Pang chu y la phai xem xét cac phwong tién sau:
Notably the following means shall be considered:

e Thiét bi phat hién CO ca nhan
Individual CO detection device

e Phat hién va giam sat CO ¢ dinh tai cac tram
Permanent CO detection and monitoring in stations

e Hé théng phat hién ro ri trén dudng 6ng
Leak detection system on pipeline

Trong trwérng hop thong thdi hodc xa, chwong 9.7 phai dwoc tuan tha.
In case of purging or venting chapter 9.7 shall be observed .
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4.2.3.

Ngoai doc tinh ctia chinh nd, Carbon monoxide con chiju cac phan (rng héa hoc nguy hiém.
Khi tiép xuc vé&i mot sd kim loai nhat dinh, né c6 thé tao ra cac carbonyl kim loai dé bay hoi.
In addition to its own toxicity Carbon monoxide is subjected to dangerous chemical reactions In contact
with certain metals it may create volatile metal carbonyls

Két hop véi clo, CO tao ra phosgene gay chét ngudi & ndng dé 50 ppm.
Combined with chlorine, CO produces phosgene which is lethal at 50 ppm.

Bét ky van dé& nao lién quan dén doc tinh, chdng han nhw bdo vé chéng qué ap, bao tri, stra
chira, v.v. ..., phai dwoc x& ly theo chuong nay.

Any toxicity related issue, such as protection against overpressure, maintenance, repairs, efc...... ,
shall be dealt with considering this chapter.

Brittle fracture and environmental damage mechanisms / Co' ché giy gion va hw héng
méi trwdng
C6 mot s6 co ché gay gion hodc tac dong suy thoai do Hydro gay ra. T4t ca nhirng diéu nay
dwoc mo ta trong Phu luc B. Tuy nhién, khdng phai tat ca nhirng diéu nay déu lién quan dén
kr~1| Hydro khé, carbon monox@e khd va hén hop ,cua ,chung. Phai daq blet cha y dén CO va
hon hop CO vi sy hién dién dong thoi cua CO, dau vét cua COz va dau vet cia H20 & nhiét
doé duoi diem swong sé tao ra mai trwong de bi nirt v& do an mon &ng suat khi st dung
carbon va thép hop kim thap. Co che gay gion va hu hédng méi trweng lién quan dén viéc
truyén tai cac loai khi nay qua dwdng 6ng nhw sau:
There are a number of brittle fracture mechanisms or degradation effects attributed to hydrogen. These
are all described in Appendix B. However, not all of these are pertinent to dry hydrogen gas, dry carbon
monoxide and their mixtures. Special attention shall be given to CO and CO mixtures as the
simultaneous presence of CO, traces of CO2 and traces of H20 at temperatures below the dew point,
will provide a susceptible environment for stress corrosion cracking in the use of carbon and low alloy
steels. Brittle fracture and environmental damage mechanisms that are pertinent to the transmission of
these gases via pipelines are as follows:
Déi v&i &n mon bén trong
For internal corrosion
e Hién twong gion Hydro (HGE) & nhiét d6 moi trwdng xung quanh

Hydrogen gas embrittlement (HGE) at ambient temperature
e Nt v& do &n mon ng suét (SCC) cla carbon va thép hop kim thap trong méi truwdng

CO

Stress corrosion cracking (SCC) of carbon and low alloy steels in CO environments
Déi véi an mon bén ngoai trén tat ca cac duwdng bng
For external corrosion on all pipelines
e Nt v& do an mon (ng suét (SCC) cla vat liéu ng dan trong méi trwérng ngam.

Stress corrosion cracking (SCC) of line pipe materials in underground environments.

HGE bao gdm mot sé tac déng khac nhau dwoc mé ta chi tiét trong Phu luc B. SCC cla vat
liéu 6ng dan trong méi trwdng ngam |a moét hién twong cé thé lien quan dén moét sé yéu td
nhw I1&p pha bi 16, bdo vé catdt khéng dung cach va diéu kién dat kém. SCC cua carbon va
thép hop kim thap trong méi trwdng carbon monoxide thwéng 1a do sw hién dién cla cac
chéat gay 6 nhiém trong carbon monoxide. Ca hai co ché SCC déu dwoc dé cap chi tiét hon
trong Phu luc B.

HGE covers a number of different effects which are described in detail in Appendix B. SCC of line pipe
materials in underground environments is a phenomenon which may be linked to a number of factors
such as defective coatings, improper cathodic protection and poor soil conditions. SCC of carbon and
low alloy steels in carbon monoxide environments is usually attributed to the presence of contaminants
in the carbon monoxide. Both SCC mechanisms are covered in more details in Appendix B.

Thuéat ngl “sw tAn cong clta Hydro” déi khi dwoc st dung khéng ding cach khi xem xét cac
duwong 6ng Hydro. Tan cong Hydro chi xdy ra & nhiét d6 tv 200°C tré lén va do d6 khéng
lien quan dén duwong éng Hydro (xem Phu luc B dé biét thém théng tin vé cac ché do suy
thoai & nhiét dé cao).

The term “hydrogen attack” is sometimes improperly used when hydrogen pipelines are considered.
Hydrogen attack only occurs at temperatures of 200°C or more and consequently is not relevant to
hydrogen pipelines (see Appendix B for more information about high temperature degradation modes).

Ba hién twong dwoc dé cap & trén cé thé dan dén hong héc tham khbc. Cac phwong phap
t|ep can ma theo dé rai ro lién quan dén cac co ché nay cé thé dwoc gidm thiéu bao gom
gidm murc dd (ng suét toan cau nhw dwoc mé ta trong doan 4.3.2.1 va lwa chon vat liéu can
than nhw dwoc mo ta trong doan 4.3. Cac quy trinh gidm thiéu sy hién dién ctia H20 va CO>
¢6 lgi cho cac dich vu CO nhuw dworc chi ra trong doan 4.2.3.
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The three above mentioned phenomena could lead to catastrophic failures. Approaches by which the
risks associated with these mechanisms can be minimised include reductions in global stress levels as
described in paragraph 4.3.2.1 and careful materials selection as described in paragraph 4.3.
Procedures which minimise H20 and CO:2 presence are beneficial for CO services as indicated in
paragraphs 4.2.3.

4.3. Vat liéu kim loai / Metallic materials

4.3.1.
4.3.1.1.

Téng quan / Generalities

D6 bén, do cing va cau tric vi mé / Strength, hardness and microstructure

Nhiéu vat liéu kim loai c6 thé bj gion trong méi trwdng chira khi Hydro. Ching bao gdm thép
(dac biét la thép cwong dd cao), thép khéng gi va hgp kim niken.

Many metallic materials can suffer embrittlement in environments containing hydrogen gas. These
include steels (especially high strength steels), stainless steel, and nickel alloys.

Thép dwoc s dung trong dich vu dwdng éng dan khi chira Hydro phai cé do cing téi da
khoang 22 HRC (D6 cing Rockwell C) hoac 250 HB (B4 cirng Brinell). Gigi han d6 cing
nay xap xi twvong dwong vai gidi han do ben kéo khoang 116 Kpsi (800 MPa). Moi han ciing
phai c6 d6 cirng toi da la 22 HRC hoac 250 HB. Can Iwu y rang vang han thwong cibng hon
va do do dé bi gion hon kim loai co ban.

Steels used in hydrogen — containing gas pipeline service should have a maximum hardness of
approximately 22 HRC (Hardness Rockwell C) or 250 HB (Hardness Brinell). This hardness limit is
approximately equivalent to a tensile strength limit of about 116 Kpsi (800 MPa). Welds should also
have a maximum hardness of 22 HRC or 250 HB . It shall be noted that the welded zone is often
harder and therefore more susceptible to embrittlement than the base metal.

Dé dat dwoc do cirng ving han chip nhan dwoc, cé thé can sir dung thép cé cwédng d6 thap
hon so v&i chi dinh & trén (500 MPa). Cac quy trinh han dac biét va x& ly nhiét trwdc hoac
sau khi han c6 thé 1a mét phwong phap khac.

To achieve an acceptable weld zone hardness, it may be necessary to use lower strength steels than
indicated above (600 MPa). Special welding procedures and pre or post welding thermal treatments
may be another approach.

Trong cac hé théng dwérng bng, c6 thé can “bd dém” thwong la binh chiu ap khoéng han.
Thép duoc sir dung cho binh khéng han c6 thé cé do bén kéo téi da (UTS) I1én dén 950 MPa
(ISO 9809 va ISO 11120).

In the pipeline systems, there may be a need for “buffers” which are usually seamless pressure
vessels. Steels used for seamless vessels may have an ultimate tensile strength (UTS) up to 950 MPa
(ISO 9809 and ISO 11120).

Cac hgp kim ky thuat dwoc st dung & cac vj tri _quan trong phéi c6 dd bén cao & trang thai
ché tao va twong dbi khdng nhay cdm va&i cac van dé vé han, vi du: ving clrng/gion, vét nit
vi mo, vét nirt, v.v.

The engineering alloys used in critical locations should have high toughness levels in the fabricated
condition and be relatively insensitive to welding problems, e.g., hard/brittle areas, microcracks,
fissures etc.

C6 mét sb bién sb co6 thé anh hudng dén mirc d6 nghiém trong clia cac co ché gion gap
phai nhw do tinh khiét, nhiét d6 va ap suét. Nguoi ta thworng cong nhan réng xu huéng gion
trong moéi trwdng Hydro téng lén khi 4p suét tang.

There are a number of variables, which can affect the severity of the embrittlement mechanisms
encountered such as purity, temperature and pressure. It is generally recognised that the tendency for
embrittlement in hydrogen atmospheres increases with increasing pressure.

Nhin chung, nhirng diéu sau day la nhitng can nhac quan trong vé luyén kim déi véi HGE:

In general, the following are significant metallurgical considerations for HGE:

e Uutién sir dung hop kim c6 céu tric vi mé hat min déng nhét
Use of alloys with homogenous fine-grained microstructures is preferred

e Tranh cac hgp kim cé dé cirng hoac cwong dé cao qua mirc, xem & trén.
Avoidance of excessively hard or high strength alloys , see above.

e S dung thép c6 do sach dwoc tang cuwong dé giam thiéu cac tap chat phi kim loai, lam
giam do bén va kha nang chong gion Hydro.
Use of steels with enhanced cleanliness so non-metallic inclusions, which reduce toughness and
hydrogen embrittlement resistance are minimized.

e Céc thanh phan khéng c6 khuyét tat bé mat va bén trong dang ké
Components free from significant surface and internal defects
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4.3.1.2.

4.3.1.3.

4.3.1.4.

4.3.1.5.

4.3.2.
4.3.2.1.

Lién quan dén nhitng didu trén, cé thé cé nhirtng quan diém khac nhau vé mirc d6 ap dung
nhirng diéu trén va & ap suat nao. Phu luc D dé cap rat chi tiét vé noi dung truéc d6. Mbi
ngwdi diing phai xac dinh xem nhitng can nhic nao & trén nén dwoc ap dung cho cac (rng
dung cu thé cuta ho.

With respect to the above, there may be somewhat different positions on the degree to which the
above are applied and at what pressures. Appendix D covers the preceding in great detail. Each user
must determine which of the above considerations should be applied to their specific applications.

Yéu ciu vé (ng suéat dbi voi thép carbon dwoc trinh bay chi tiét bén dwéi trong tiéu doan
4.3.2.
The stress requirement for carbon steel is detailed below in subparagraph 4.3.2.

Han / Welding

Tinh chét co hoc ctia mdi han: Quy trinh han va trinh d6 c@a ngwdi van hanh nén xac minh
rang mau han dap &ng cac yéu cau vé dod bén va dd bén gibng nhuw kim loai me

Mechanical properties of welds: Welding processes and operators qualification should verify that weld
sample meet the same strength and toughness requirement as the parent metal

Méi han va vung anh huéng nhiét cia méi han (HAZ): Mic d6 clrng cla méi han va HAZ
ctia mdi han khéng nén vwot qua Rockwell C 22, twong dwong véi 250 HB hodc Vickers
248. Viéc xac dinh d6 crng phai dwoc thwe hién thong qua cac duwdng ngang vi do clrng
trén cac mau kim loai dwoc gan da dwoc 14y ra khdi cac mau kiém tra trinh do han cua quy
trinh/nguw®i van hanh. Nén xem xét cac thé» nghiém d6 cirng san xuét (xem tiéu doan
7724

Weld agd weld Heat Affected Zone (HAZ): The hardness level of welds and the weld HAZ should not
exceed Rockwell C 22 which is equivalent to 250 HB or Vickers 248. The hardness determination is to
be made via microhardness traverses on mounted metallographic samples removed from
process/operator weld qualification samples. Production hardness tests should be considered (see
Subparagraph 7.7.2.4)

Diéu kién bé mat / Surface condition

Bé mat bén trong khéng nén cé khuyét tat nhw vét xwée, vét khia, can cacbon va an mon.
Inside surface should be free of defects such as scratches, notches, carbon deposits and corrosion.

Thir nghiém thay tinh / Hydrostatic tests

Ong phai dwoc thir nghiém trong khoang tir 75% dén 100% gidi han chay téi thiéu quy dinh
(SMYS) véi thoi gian gitr ap suét it nhat 5 - 10 gidy tay thudc vao dwéng kinh.

Pipe shall be tested between 75% and 100% of the specified minimum yield strength (SMYS) with a
holding time at pressure of at least 5 - 10 seconds depending on the diameter.

Kiém tra / Inspection

Vat liéu, ngudn san xuat vat liéu, tat cd cac giai doan thir nghiém, mau thir nghiém, két qua,
v.v. phai c6 s8n dé kiém tra va phé duyét.
The materials, source of materials manufacturing, all phases of testing, test specimens, results, etc.
shall be available for inspection and approval.

Thép cacbon / Carbon steels
Téng quan / General

Thép cacbon la ho hop kim dwoc siv dung phd bién nhét trong dwdng 6ng dan khi. Cac
théng sb k¥ thuat thép cacbon khac nhau cho dworng dng dwoc liét ké trong Phu luc C. Viéc
Ia chon loai cu thé sé& phu thudc vao nhiéu yéu td, chdng han nhuw mirc d6 khéc nghiét cia
dich vu va kha nang cung cap Do ddc tinh cta carbon monoxide va Syngas va kha nang
nt gy do &n mon (ng suét, can xem xét duy tri (’ng suét thap trén dwdng 6ng. Hé sb thiét
ké tir 25% dén 30% SMYS dwoc khuyén nghi trong tai liéu. Vi du:

Carbon steel is the alloy family most commonly used in gas transmission pipelines. Various carbon
steel specifications for pipelines are listed in Appendix C. The choice of the specific grade will depend
on many factors, such as the severity of the service and the availability. Due to the toxicity of carbon
monoxide and Syngas and the possibility of stress corrosion cracking, consideration should be given to
maintain low stress on the pipeline. A design factor between 25% and 30% SMYS is recommended in
the literature. For example:

 Ap suét nap CO duoc gidi han & mirc 100 bar trong chai thép c6 ap suat van hanh it
nhat la 150 bar. V&i nhirng dieu kién nay, (rng suat toi da trong thép twong &ng v&i 25%
SMYS (tham khao EIGA Doc 95).
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4.3.2.2.

4.3.2.3.

4.3.2.4.

4.3.2.5.

The CO filling pressure is limited to 100 bar in steel cylinder whose service pressure is at least 150
bar. With these conditions, the maximum stress in the steel corresponds to 25% of the SMYS (refer
to EIGA Doc 95).

e Hé s6 thiét ké nhd hon 30% SMYS dwoc khuyén nghi béi BS 8010 cho cac dwong bng

van chuyén cac chat thuéq loai D. Cac chat thudc loai D nay dwgc dinh nghTa la cac ch@t
dé chay va doc hai, la ‘chét khi & nhiét d6 méi trwdng xung quanh va diéu kién ap suat
khi quyén, do dé bao gdm ca CO.
A design factor of less than 30 % of the SMYS is recommended by the BS 8010 for pipelines
conveying category D substances. These category D substances are defined as flammable and
toxic substances, which are gases at ambient temperature and atmospheric pressure conditions,
thus including CO.

X ly nhiét / Heat treatment

Nén tranh s dung cac dang nguyén ban sau gia cong tlr nha may (chua dwgc thwong hoa)
khi c6 thé, do doc tinh cuta QO. Viéc cung pép vé§ liéu thép carbon & trang théi da dwoc
thuwdng hég dam béq taora cléu truc vi mé dong nhat véi hat min, giup téng dd bén va duoc
wu tién. Can lwu y rang cac 6ng han phai dwoc thwdng héa cuc bd tai moi han (xem thém
muc 7.2.3). Ngoai ra, can d&c biét chi y dén tinh trang bé mat cla cac dang hop kim t& nha
may trong va sau qua trinh x( ly nhiét.

It is recommended that as-worked mill forms (not normalized) be avoided when practical to do so due
to the toxicity of CO, Supplying carbon steel materials in the normalized condition assures the
presence of fine grained homogenous microstructures which results in greater toughness and this is
preferred. It should be noted that seam welded pipes must be normalized locally in the seam weld (see
also subparagraph 7.2.3). Special attention also should be given to the surface condition of alloy mill
forms during and after heat treatment

Thanh phén héa hoc / Chemistry
Tbng quan / General

Tét ca cac loai thép 6ng dan va san pham tir Phu luc C déu ¢ pham vi thanh phan quy dinh
cho cac nguyén t6 hoa hoc. Gi®i han thanh phan héa hoc dwgc thwc hién trong luyén kim
thép cacbon théng thuwdng thwdng dwoc coi l1a phu hop cho cac ng dung dwong éng
Syngas va carbon monoxide. V&i cac quy trinh ndu chdy méi hon, c6 thé gidam lwu huynh va
phét pho. Viéc str dung mirc lwu huynh va phét pho thap hon la mét phwong phap gidp tang
cwdng do bén cla thép va do d6 nén dwoc xem xét cho cac trng dung khac nghiét.

All of the line pipe steels and products from Appendix C have specified compositional range for
chemical elements. Chemical composition limits as practiced in conventional carbon steel metallurgy
have generally been found to be suitable for Syngas and carbon monoxide pipeline applications. With
newer melting processes, reduced sulphur and phosphorous are possible. The use of lower sulphur
and phosphorous levels is an approach which enhances steel toughness and therefore should be
considered for severe applications.

Twong duwong cacbon

Carbon equivalent ]

Twong duwong cacbon (CE) toi da la 0.43
The maximum carbon equivalent (CE) is 0.43

Nbéng d6 ctia cac nguyén té hop kim

Concentrations of alloy elements

Tét ca cac nguyén td duwoc bd sung mét cach cé chi y phai dwoc bao céo nhw canxi va dat
hiém dé kiém soat hinh dang sunfua, nhém dé& khir oxy va cac nguyén t6 cé thé dwoc st
dung trong tinh toan twong dwong cacbon.

All elements which are deliberately added are to be reported such as calcium and rare earths for
Sulphide shape control, aluminium for deoxidization and elements which may be used in carbon
equivalent calculations.

Yéu cau vé dé bén kéo / Tensile strength requirements

Loai hop kim thép cacbon dwoc chon nén cé dd bén kéo thap nhét cé thé phu hop véi ting
dung thuc té. Do dé bi mét s6 dang &n mon trong méi truéng hydro hodc carbon monoxide,
viéc thay thé vat liéu c6 do bén cao hon thuong khéng phai la mét cai tién. D6 bén kéo toi
da 800 MPa (116 Kpsi) dwgc khuyén nghi.

The carbon steel alloy grade that is selected should have the lowest possible tensile strength
consistent with the actual application. Because of greater susceptibility to some forms of corrosion in a
hydrogen or carbon monoxide environment, substituting a higher strength material is generally not an
improvement. A maximum tensile strength of 800 MPa (116 Kpsi) is recommended.

Yéu céu vé d6 bén / Toughness requirement
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4.3.3.
4.3.3.1.

4.3.3.2.

Khi ap suéat dwong éng ting 1&n, do bén ngay cang tré nén quan trong. Thép va cac dang
can dwoc xac dinh bang chu thich (1) trong Phu luc C phai dap trng cac yéu cau thir nghiém
va dap trong céc théng so ky thuat API, ASTM hién hanh. N6i chung, cac dang nguyén ban
phai dap ng cac yéu cau vé do bén va dap duwoc lam tir thép khir oxy theo phwong phap
hat min.

As the pipeline pressure increases, toughness is increasingly important. Steels and the mill forms
identified with the footnote (1) in Appendix C have to meet impact test requirements in the applicable
API, ASTM specifications. Generally, the mill forms which have to meet impact toughness
requirements are made from Killed steel per a fine grain practice.

Nén xem xét yéu cau vé do bén trén mét s6 dang thép nguyén ban dwoc s dung trong cac
trng dung dwong Ong Syngas va carbon monoxide. Cac yéu cau ve dé bén co thé duoc tim
thay trong Tai liéu tham khao (Mohitpour, Golshan va Murray, trang 594 va 595). bieu nay
dac biét quan trong doi v&i cac rng dung & ap suat tir 50 bar tré 1én.

It is recommended that toughness requirement be considered on certain steel mill forms to be used in
Syngas and carbon monoxide pipeline applications. Toughness requirements may be found in
References (Mohitpour, Golshan, and Murray, p 594 and 595). It is especially important for applications
at pressures of 50 bars and above.

Thép vi hop kim / Microalloyed steels
Téng quan / General

Thép vi hop kim dwoc mé ta chi tiét hon cac vat liéu khac trong tai liéu nay de gilp nguoi
doc lam quen v&i cong nghé tvong déi m&i va day hira hen nay. Cac duong éng dan khi tw
nhién quy mé I&n da danh dau viéc st dung dang ké dau tién cta dng dan vi hop kim trong
cac ng dung truyén tai khi. K& tir dau nhixng nam 1990, mét lwong dang ké 6ng dan vi hop
kim trong loai APl 5L X52 da dwogc st dung dé truyén tai hydro & ap suat trén 7 MPa (1000
psi). Ong dan vi hop kim dwoc &ap dung cho viéc truyén tai Syngas va carbon monoxide.
Microalloyed steels are described in more detail than other materials in this document to familiarize
readers with this relatively new and promising technology. Large scale natural gas pipelines marked
the first significant utilization of microalloyed line pipe in gas transmission applications. Since early
1990s, a significant amount of microalloyed line pipe in the APl 5L X52 grade has been used to
transmit hydrogen gas at pressure in excess of 7 MPa (1000 psi). Microalloyed line pipe is applicable
to the transmission of Syngas and carbon monoxide.

Phan nay dé cap dén cac yéu cau dac biét dbi voi viéc san xuat 6ng dan ERW vi hop kim
dung cho ap suat cao. Ung dung yéu cau mirc do bén cao trong ong dan ché tao va dd nhay
twong ddi v&i cac van dé han do hau qua cla céac tinh hubng gion co thé gap phai trong quéa
trinh st dung.

This section covers special requirements for the production of microalloyed ERW line pipe intended for
high pressure service. The application requires high toughness levels in the fabricated line pipe and
relative insensitivity to welding problems as a consequence of possible embrittlement scenarios with
may be encountered in service.

Lwuy réng khong c6 loai APl 5L PSL 2 (hoac PSL 1) nao duorc liét ké Ia “thép vi hop kim”
trong tiéu chuan. Néu wu tién dung thép hop kim, ngudi dung nén chi dinh cac yéu cau bd
sung thich hop, bao gom cac yéu cau vé héa hoc va tinh chat bb sung, dé dat dwoc lgi ich
cua thép vi hop kim. Nguoi dung co trach nhiém xac dinh cac yéu cau bd sung can thiét.
Hwéng dan sé cé trong cac phan sau.

Note that none of the API 5L PSL 2 (or PSL 1) grades are listed as “microalloyed steel” in the standard.
If microalloyed steel is preferred, the user should specify appropriate supplementary requirements,
including added chemistry and property requirements, to attain the benefits of microalloyed steel. It is
the responsibility of the user to determine the necessary supplemental requirements. The following
sections provide guidance.

Do doc tinh ctia carbon monoxide va Syngas va kha nang nit gy do &n mon (ng suét, can
xem xét duy tri wng suét thdp trén dwong 6ng. Hé sb thiét ké tr 25% dén 30% SMYS duwoc
khuyén nghi trong tai liéu.

Due to the toxicity of carbon monoxide and Syngas and the possibility of stress corrosion cracking,
consideration should be given to maintain low stress on the pipeline. A design factor between 25% and
30% SMYS is recommended in the literature.

Quy chuén, tiéu chuén va phéan loai / Codes, standard and grades

Ong phai dwoc san xuat theo tat ca cac quy dinh clia phién ban méi nhat clia Thong s6 ky
thuat APl 5L hoac twong dwong ngoai trlr nhirng stra doi theo cac yéu cau bd sung dwoc
ghi trong tai liéu nay.
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Pipe must be manufactured in accordance with all the provisions of the latest edition of API
Specification 5L or equivalent except as may be modified by the additional requirements noted in this
document.

Céc loai API 5L cu thé dwoc phép & dang vi hop kim cho duwéng 6ng Syngas va carbon
monoxide 1 X42 va X52. Nha san xuét khéng dwoc thay thé thép danh cho cac loai c6 do
bén cao hon.

The specific APl 5L grades allowed in microalloyed form for Syngas and carbon monoxide pipelines
are X42 and X52. The manufacturer shall not substitute steel intended for higher strength grades.

Quy trinh sén xuét va vét liéu / Process of manufacture and material

Vat liéu duoc s dung dé ché tao 6ng phai la thép 16 oxy bazo hoac 16 dién dwoc dic lién
tuc. Tat ca thép phai dwgcc khir oxy hoan toan.

The material used in making the pipe shall be basic oxygen or electric furnace steel that is continuously
cast. All steel must be fully killed.

Méi han va vung anh huéng nhiét phai dwoc x& ly nhiét aé mo phong qua trinh xt ly nhiét
thworng héa. Co thé gidm (ng suét nhiét dd thap ctia éng ché tao trwdc khi thir nghiém thay
tinh.

The weld seam and heat affected zone shall be heat treated so as to simulate a normalizing heat
treatment. Low temperature stress relief of fabricated pipe prior to hydrotesting is permissible.

Thanh phén héa hoc / Chemistry

Ham Iwvgng Iwu huynh khéng dwoc vwrot qua 0,01% (gidi han API 5L PSL 2 1a 0,015%)
The sulphur content shall not exceed 0.01% (API 5L PSL 2 limit is 0.015%)

Ham lwong phét pho khéng dwoc vot quéa 0,015% (gidi han API 5L PSL 2 14 0,025%)
The phosphorus content shall not exceed 0.015% (API 5L PSL 2 limit is 0.025%)

Cho phép st dung cac chét kiém soat hinh dang sunfua nhw canxi. Tuy nhién, tit ca cac
chat bd sung dwoc thwe hién cho muc dich nay phai dwoc bao cao.

The use of sulphide shape control agents such as calcium is permitted. However, all additions made
for this purpose must be reported.

Gidi han twong dwong carbon (CE) téi da 1a 0.35. (Gi¢i han API 5L PSL 2 1a 0.43%)
The maximum carbon equivalent (CE) is 0.35. (API 5L PSL 2 limit is 0.43%)

Néng d6 ctia bat ky nguyén té nao dwoc thém vao moét cach cé chd y nhw dat hiém, Ti, Nb,
B, Al, v.v. phai duwoc bdo cdo. Ciing can bao cdo bat ky nguyén tb nao anh hwdng dén viéc
xac dinh twong dwong carbon.

The concentration of any intentionally added element such as rare earths, Ti, Nb, B, Al etc must be
reported. Also to be reported are any elements which affect carbon equivalent determinations.

Khao sat kim twong va vi mé / Metallographic & microscopic examination

Kich thuwéc hat ferrite cudi cling phai dat tiéu chudn ASTM 8 hodc min hon. Cac mau méi
han doc sé dwoc cat tir mot doan éng cé chiéu dai bang mot phan tram chiéu dai hodc moét
phan nhd ctia né va duoc kiém tra d& dam béo réng sw néng chay cta mébi han da dat dwoc
sy dong déu trén toan bd chiéu day ctia méi han. Ngoai ra, cac phép do d6 cirng Rockwell
phai dwoc thuc hién trén toan bd viing han va ving &nh huéng nhiét ctia kim loai gbc va cac
doan th&r nghiém. B clrng khéng dwoc vuwot qua 95HRB.

The final ferrite grain size shall be ASTM 8 or finer. Samples of the seam weld will be cut from one pipe
length of each one hundred lengths or fraction and examined to ensure that proper weld fusion has
been obtained across the thickness of the weld. In addition, Rockwell hardness surveys shall be
conducted across the weld-and- heat affected zone of the parent metal and test sections. Hardness
shall not exceed 95HRB.

Tinh chét co hoc / Mechanical properties

Gi¢i han chdy va giéi han kéo thuc t& phai nhd hon gia tri tbi da sau day so véi mic tbi
thiéu dwoc chi dinh cho cac cip API 5L khac nhau:
Actual yield and tensile strengths shall be less than the following maximum above the minimum
specified for different APl 5L grades:

X-52 24,000 psi (165 MPa)

X-42 25,000 psi (172 MPa)

Tiéu chi ché:\p nhan thr nghiém ép det cho éng ERW phai dwoc tang 1én 1/2 dwong kinh
ngoai ban dau ma khéng lam h& mdi han thay vi tiéu chi xuat hién trong API 5L.
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The flattening acceptance test criterion for ERW pipe shall be increased to 1/2 of original OD without
weld opening instead of that appearing in API 5L.

Thir nghiém va déap / Impact tests

Nhiét d6 thtr nghiém sé la 0 °C (32 °F). V&i méi lan nung, mot bé ba mau va dap ngang va
ba mau doc sé& dwoc ther nghiém va dap. Ddi véi cac dng c6 duwong kinh nhd, chi yéu cau
cac mau doc.

The test temperature will be 0 °C (32 °F). For each heat a set of three transverse and three longitudinal
impact specimens will be impact tested. For small diameter pipes, only longitudinal specimens are
required.

Bang sau liét k& nang lwong hép thu téi thidu c6 thé chdp nhan dwoc cho cac kich thwdc
khac nhau ctia mau Charpy V-notch.

The following table lists minimum acceptable absorption energies for different sizes of Charpy V notch
specimens.

Nang lwong Hap thu, ngang Nang lwong Hap thu, Doc
Absorbed Energy, transverse Absorbed Energy, Longitudinal
Ft-Ib (J) Ft-Ib (J)
Kich thwérc Mau Trung binh DPon Téi thiéu Trung binh Pon Téi thiéu
Specimen Size Average Minimum Single Average Minimum Single
Kich thwéc bay du

Ic FL‘j;fS"izeay u 69 (94) 52 (71) 87 (118) 65 (88)

3/4 52 (71) 9 (53) 65 (88) 49 (67)

2/3 35 (48) 5 (48) 58 (78) 43 (58)

1/2 26 (35) 6 (35) 43 (58) 32 (43)

1/3 17 (23) 7 (23) 29 (39) 22 (30)

1/4 13 (18) 13 (18) 22 (30) 16 (22)

4.3.4.

Céac mau c6 do6 day thanh 6ng day du sé& dwoc st dung trong thtr nghiém. Gia tri nang
lwong h&p thu cho cac mau nay sé thu dwoc thong qua phép néi suy tuyén tinh gitra "Kich
thwéc tiéu chuan”.

Full wall thickness specimens will be used in the testing. Energy absorption values for these
specimens will be obtained via linear interpolation between "Standard Sizes".

Mau Charpy c¢6 kich thwoc Ion nhat phu hop véi do day thanh 6ng kha dung sé duwogc st
dung cho thir nghiém gay. Cac mau ngang sé& duoc lam phang néu can thiét dé co duoc
cac mau dai dién hon cho toan bo do day thanh 6ng. Viéc lam phéng nén dwoc thwc hién
bang phwong phap co hoc ma khéng st dung nhiét, vi du nhw dén kho.

The largest size Charpy specimen that is consistent with the available wall thickness of the pipe will be
utilized for the fracture testing. Transverse specimens will be flattened if necessary to obtain
specimens more representative of the full wall thickness. The flattening should be done mechanically
with no application of heat e.q., torches.

Ty lé trwot déo sé téi thiéu 1a 75% cho trung binh 3 m&u ma khéng cd gia tri don & nao duéi
60%.

Ductile shear percentage will be a minimum of 756% for an average of 3 specimens with no single value
below 60%.

Thép hop kim thap Carbon-Molypden (C-Mo) va Carbon-Molypden-Crom (C-Mo-Cr)/
Carbon-Molybdenum (C-Mo) and Carbon-Molybdenum-Chrome (C-Mo-Cr) low alloy steels

Théng thwéng, cac loai thép chiu nhiét do cao nay khéng duoc st dung trong dworng 6ng
truyén tai Syngas hodc carbon monoxide ap suét cao ma dwoc s dung cho “bd dém”, xem
tiéu doan 4.3.1.1. Tuy nhién, c6 thé hinh dung réng cac hop kim nay co6 thé dwoc han vao
dwdng bng truyén tai. Theo do, mét sb tiéu chuan va thanh phan éng hop kim thap C-Mo va
C-Mo-Cr ASTM pho bién dwoc liét ké trong Phu luc C. Can lwu y rang cac cip c6 ham
lwgng Cr cao cé thé khé han hon, dé bi nit va cé thé cé cac diém ciing cuc bod trong HAZ
méi han. Do dé, viéc xt ly nhiét trwdc va sau khi han thuwong can thiét hon déi véi cac loai
thép nay so v&i thép carbon.

Normally, these high temperature steels are not used in high pressure Syngas or carbon monoxide gas
transmission pipelines but for “buffers” see subparagraph 4.3.1.1. However, it is conceivable that these
alloys might be welded to a gas transmission pipeline. Accordingly, some of the common ASTM C-Mo
and C-Mo-Cr low alloy pipe standards and compositions are listed in Appendix C. It should be noted
that the high Cr content grades may be more difficult to weld, subject to cracking and could have local
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4.3.5.1.

4.3.5.2.

4.3.6.

hard spots in the weld HAZ. Consequently, preheating and post weld heat treatments are more often
needed for these steels than for carbon steels.

Do doc tinh cla carbon monoxide va Syngas va khé nang nit gay do an mon trng sgét, can
xem xét viéc duy tri ng suat thap trén dwong Oong. M6t hé so thiét ke tr 25% dén 30%
SMYS dworc khuyén nghi trong tai liéu.

Due to the toxicity of carbon monoxide and Syngas and the possibility of stress corrosion cracking,
consideration should be given to maintain low stress on the pipeline. A design factor between 25% and
30% SMYS is recommended in the literature.

Thép khong gi / Stainless steels

Ham lwong crom béng hodc Ion hon 13% lam giam sy nirt gdy do an mon trng suat CO va
sw hinh thanh carbonyl. Chi can chud y dac biét dén viéc sir dung thép khdng gi cho Syngas.
A chromium content equal or more than 13% mitigates the CO stress corrosion cracking and carbonyl
formation. Special attention for the use of stainless steel is required only for Syngas service.

Thép khéng gi Austenit / Austenitic stainless steels

Mot sb vat lieu dworc liét ké trong Phu luc C co thé dwoc st dung dé truyén tai Syngas, dac
biét 14 & ap suat cao hon. Do bén tuyét voi va dé han, dac biét la tai cac vi tri hién trudng, la
nhirng thudc tinh quan trong.

Some of the materials listed in Appendix C might be used to transmit Syngas , particularly, at higher
pressures. The excellent toughness and ease of welding particularly in field locations are important
attributes

Caéc vat lieu nay ciing c6 thé dwoc str dung dé truyén tai Syngas & ap suat cao ngoai pham
vi rng dung dworc trich dan trong tai liéu nay. Théng thuwdng, sy hién dién clia méi trwong
&n mon nhe ciing c6 thé yéu cau s dung cac cép cacbon thap (304L, 316L) hodc cac cap
on dinh (316Ti, 321 va 347) khi han. Trong tng dung nay, Vi trl &n mon rat co thé la & mat
ngoai clia ong Déi véi dich vu Syngas, thép khong gi c6 dd 6n dinh austenit cao dwoc wu
tién (tlrc 1a d6 6n dinh austenit cao hodc twong dwong niken cao).

These materials might also be used for Syngas transmission at elevated pressures outside of the
application range cited in this document. Typically, the presence of even mildly corrosive environments
may require that the low carbon (304L, 316L) or stabilized grades (316Ti, 321 and 347) be used when
welding is used. In this application, the most likely corrosion site may be on the outside of the pipe. For
Syngas service stainless steels with high austenite stability are preferred (i.e., high austenite stability or
high nickel equivalents)

Thép khong gi Austenit co hé sb 6n dinh austenit dwong theo “cong thirc Post va Eberly stra
dé (xem tai liéu tham khao Hydro va Vat liéu) dwoc coi la phu hop cho dich vu Hydro.
Austenitic stainless steels with a positive austenitic stability factor according to a “modified Post and
Eberly formula” (see reference Hydrogen and Materials) were found suitable for hydrogen service.

Cac loai thép khéng gi khac / Other stainless steels

Cac loai thép khong gi khac nhu ferritic, martensitic, duplex hoac két tha crng cé thé dwoc
str dung trong cac thanh phan dworng bng Syngas miérj la ching dugc sir dung & (rng su‘ét
thap. D6 ben cua cac loai thép nay nhin chung khong tot bang cac loai austenit. Mtrc do bén
virng nén & murc téi thiu va phu hop véi ing dung. Trang thai 0 hoan toan dwoc wu tién
cho thép ferritic va duplex. Cac cap martensitic va két tua cirng nén duwoc x Iy nhiét dé dat
dwoc mirc dd bén virng & mic thap nhat trong pham vi kha dung.

Other stainless steels such as ferritic, martensitic, duplex or precipitation hardened may be used in
Syngas pipeline components providing they are used at low stress. The toughness of these steels is
generally not as good as the austenitic varieties. Strength levels should be minimal and consistent with
the application. The fully annealed condition is preferred for the ferritic and duplex steels. Martensitic
and precipitation hardening grades should be heat treated to develop strength levels at the low end of
the available range.

Hop kim niken / Nickel alloys

Nhiéu hop kim niken dé bj gidn Hydro. Nén tranh hop kim niken trir khi nguwdi dung xac minh
hop kim d6 phu hop véi syngas. Monel K-500 va Inconel X-750 |a cac hop kim két tia ciing
c6 thé duwoc st dung véi gidi han dd cirng trong céac thanh phan phu, noi yéu cau do bén
cao. Mét 1an nira, mirc dd bén virng vira phai va tranh ham lwong niken cao la diéu can lvu
y. Hop kim niken cling c6 xu huwédng hinh thanh carbonyl cao. Hop kim c6 ham lwong Niken
duw6i 50%, chang han nhu Incoloy, cé thé dwoc chip nhan.

Many nickel alloys are susceptible to hydrogen embrittlement. Nickel alloys should be avoided unless
the user verifies the alloy is suitable for syngas gas service. Monel K-500 and Inconel X-750 which are
precipitation hardened alloys may be used with hardness limits in subcomponents where high strength
is required. Again, modest strength levels and avoidance of high nickel levels are worth noting. Nickel
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alloys also suffer from a high propensity to form carbonyls. Alloys with less than 50% Nickel, such as
the Incoloy may be acceptable.

Hop kim déng va coban / Copper and cobalt alloys

Hop kim déng dé bi huw héng do Hydro khi dong chira oxy. Hydro c6 thé xam nhap vao kim
loai va phan (rng v&i oxy trong dung dich ran hodc tap chét oxit dé tao thanh nwéc. O nhiét
dé cao, Ién hon 370°C (700°F), 4p suét hoi nwéc dd cao dé gay nit. Hau hét cac hop kim
ddng déu dwoc khir oxy, va nhitng hop kim nay thwdng khéng bi gion Hydro va phu hop dé
st dung cho CO/Syngas.

Copper alloys are subject to hydrogen damage when copper contains oxygen. Hydrogen can enter the
metal and react with oxygen in solid solution or oxide inclusions to form water. At elevated
temperatures, greater than 370°C (700°F), steam pressure is high enough to cause cracking. Most
copper alloys are deoxidized, and these generally do not suffer hydrogen embrittlement and are
suitable for use in CO/Syngas service.

Mot s6 hop kim coban c6 thé dwoc st dung khi yéu cau kha nang chéng mai mon hodc
chéng mon. Day thudng la cac cong thire Stellite. Hop kim coban dwoc coi la cé thé chap
nhan dwoc cho CO/Syngas.

Certain cobalt alloys may be used where abrasion resistance or wear resistance is required. These
usually are Stellite formulations. Cobalt alloys are considered acceptable for CO/Syngas service.

Sw hinh thanh Carbonyl / Carbonyl formation

Sw hinh thanh Carbonyl dugc thao luan ngan gon trong Phu luc B3.8. Cc tai liéu xuat ban
cho thay rang tinh trang bé mat kim loai rat quan trong trong viéc hinh thanh carbonyl. Viéc
lwa chon hop kim va x& ly bé mat cé thé lam gidm sw hinh thanh carbonyl.

Carbonyl formation is briefly discussed in Appendix B3.8. Published literature suggests that the
condition of metal surfaces is very important in the formation of carbonyls. Alloy selection and surface
treatment may mitigate carbonyl formation.

4.4. Vat liéu phi kim loai / Non metallic materials

- Xem thém ISO 11114-2 vé kha nang twong thich véi vat liéu phi kim.
See also ISO 11114-2 for compatibility with non metallic materials

4.41

4.4.2.

Sw twong thich ctia CO véi vat liéu phi kim / CO compatibility with non metallic material

Kha nang khang héa chéat ciia mét sb chat dan héi va nhua dbéi véi carbon monoxide dwoc
dwa ra trong bang dwéi day:

The chemical resistance of certain elastomers and plastics to carbon monoxide is given in the table
below:

Vat liéu Twong thich
Material Compatibility
Teflon ® A
Cao su tw nhién C
Natural rubber

Neoprene ® C
Hypalon ®

Cao su Butyl C
Butyl rubber

Kel-F ®

BunaN®

A: kha n&ng khang tét B: kha nang khang trung binh C: kha nang khang kém
A: good resistance B: fair resistance C: poor resistance

Sw twong thich cua Hz véi vat liéu phi kim / H2 compatibility with non metallic material

Nhwa thé hién cac hanh vi khac nhau khi cé Hydro.
Plastics exhibit varying behaviour in the presence of hydrogen.
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Nhiét d6 ma tai d6 kha nang khang ctia mét sb loai nhua khi co sw hién dién cda hydro cé
vé duwgc dam bdo dwgc dwa ra trong bang dwéi day. Trong mét sd trwdng hop, cac gia tri
nay khdng loai trir khad nang khang & nhiét d6 cao hon.

The temperatures at which the resistance of some plastics in the presence of hydrogen seems assured
are given in the table below. In certain cases these values do not exclude the possibility of resistance
at higher temperatures.

Vit liéu Nhiét do (°C)
Material Temperature
Plasticized cellulose 20
Cellulose di-acetate 20
Formo-aniline 20
Formo-urea 20
Phenol-formaldehyde 20
Furaphenol 20
Polyamides 20
Polyfuran 110
Polychloroprene 100
Polyepoxydiphenylopropane 90
Polyethylene glycol terephtalate 20
Polyurethane 20
Polyurethylmethacrylate 20
Polyvinyl acetate 20
Polyvinyl chloride 60
Polytrifluorochlorethylene 180
Polytetrafluoroethylene 250
Polyethylene 60
Polyisobutylene 100
Polystyrene 20
Polyacrylonitrile 20
Polyvinyl-vinylidene chloride (20-80%) 60

Khi st dung céc loai nhwa khac, nén tién hanh cac th&r nghiém d6 bén phu hop trwéc khi st
dung.
In using other plastics, it is advisable to conduct suitable strength tests prior to use.

Hau hét cac chat dan hoéi déu twong thich véi hydro. Khd nang khang héa chét ctia ching

dwoc dwa ra trong bang dwéi day:
Most elastomers are compatible with hydrogen. Their chemical resistance is given in the table below:

Vat liéu Twong thich
Material Compatibility
Cao su tw nhién B
Natural rubber

Cao su Butyl A
Butyl rubber

Cao su Silicone
Silicone rubber
Neoprene ®
Buna S ®
Hypalon ®
Viton ®
BunaN®

W

>r>>>>

A: t6t / good
B: kha / fair

Sw thdm thau cla hydro qua chét dan hdi & 25 °C
Permeation of hydrogen through elastomers at 25 °C

(nhan céc gia tri nay véi 10-1° dé c6 dwoc cm3 S.T.P.mm.gidy."".cm2 (cmHg-")
(multiply these values by 10° to obtain cm= S.T.P.mm.sec.”".cm? (cmHg™)

Vat liéu Sw tham thau
Material Permeation
Cao su tw nhién 492
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Natural rubber

Cao su Butyl 74

Butyl rubber

Buna S ® 399
Perbunan ® G 158
Neoprene ® G 133
Hycar hoac/ or 15 ® 74

Polybutadiene 424
Polymethylpentadiene 428
Perbunan 18 ® 251
DPong trung hop Isoprene-methacryl-nitrile 138
Isoprene-methacryl-nitrile copolymer

Hycar hoac / or 25 ® 118
Polydimethylbutadiene 172
Vulcoprene A ® 64

DPdng trung hop Isoprene-acrylonitrile 74

Isoprene-acrylonitrile copolymer

Thiokol S 16

Khi tbng hop / Syngas

Vét liéu phi kim loai dwgc st dung trong dich vu Syngas phai twong thich v&i Hz va CO &
cac diéu kién van hanh

Non metallic material used in Syngas service should be compatible with H2 and CO at the operating
conditions.

4.5. Hé théng dwdng éng / Piping systems

4.51.

Hé théng dwdng 6ng ngam / Underground piping systems

Puwong éng phai dwoc thi cdng hoan toan bang phwong phap han theo tiéu chuan ky thuat
va kiém tra nhw API 1104, EN12732, EN 14161, EN 1594 (xem Phu luc K hodc bat ky quy
chuén nao khac dwoc cong nhan). Buong dng ngdm phai dwoc phl bén ngoai theo tiéu
chuédn dwoc phé duyét, d& bdo vé chéng &n mon dat. Nén tham khao cac tiéu chuan va
théng sb ky thuat vé 1&p pha dwoc quéc té chap nhan hién hanh (xem Phu luc K)

Piping should be of all welded construction in accordance with a specification and inspection code such
as APl 1104, EN12732, EN 14161, EN 1594 (see Appendix K or any other recognized code).
Underground piping must be externally coated to an approved specification, to protect against soil
corrosion. Reference to current, internationally accepted, coatings standards and specifications is
recommended (see Appendix K)

Buong éng ngdm pha| dwogc chdn can than dé bao vé né khdi swong gla thi cong bé mat
ngau nhién, dich chuyén do dat khong 4n dinh, hw héng I&p phu ngoa| ctia 6ng hodc I&p phu
do Iap déat, va tai trong trén mat dat nhu xe €0 hoac thiét bi di chuyén trén dwdng ong. Vo
boc O0ng hoac tAm chan tai, néu dwoc yéu cau bdi cac co quan dac biét, phai dwoc Iap dat
tai cac dwong giao nhau dwdng sat hodc dwong bd hoac noi co thé xay ra tai trong trén mat
dat bat thuong. V6 boc hodc dng boc can dwoc xem xét can than va cac bién phap dac biét
dé tranh cac van dé bao vé catdt va phéng hé quang, cé thé xady ra do hinh thanh két ndi
dién gitra 6ng boc va éng dan do lun, v.v. N6i chung, nén tranh s dung vé boc hodc éng
boc kim loai bat ctr khi nao cé thé.

Underground piping should be adequately buried to protect it from frost, casual surface construction,
shifting due to unstable soil, back fill damage to the external surface of pipe or the coating, and
aboveground loads such as vehicles or equipment moving over the path of the pipeline. Pipe casings
or load shields, if required by special agencies, should be installed at railroad or road crossings or
where unusual aboveground loading can occur. Casings or sleeves require careful consideration and
special measures to avoid cathodic protection problems and arcing, which can be caused due to an
electrical connection forming between the sleeve and carrier pipe due to settlement, etc. In general the
use of metallic casings or sleeves is to be avoided wherever possible.

Buong ng carbon monoxide va Khi t6ng hop ngam dé bi hw hai do sét danh hoac diéu kién
16i ndi dat, c6 thé lam v& vat liéu dng. E)e giam kha nang xay ra mot trong nhirng didu nay,

nén tranh tinh lién tuc dién gitra dwdng 6ng ngdm va duwong dng ndi hodc cac cau trac kim
loai khac.
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Underground carbon monoxide and Syngas piping is vulnerable to damage by lightning strikes or
ground fault conditions, which may rupture the pipe material. To reduce the likelihood of one of these
occurring, electrical continuity between underground piping and above ground piping, or other metal
structures, should be avoided.

Do kha nang ro ri nén tét nhat la khong cé khép ndi mat bich hodc khép nédi co hoc khac
duéi long dat. Néu khong thé tranh khéi thi sé lwong phai dwoc gidi han va ching phai
dwoc 1ap dat theo cach cung cap kha nang tiép can dé kiém tra va bao tri, vi du: trong hd
van.

Due to the possibility of leaks it is preferable to have no flanged or other mechanical joints
underground. If this cannot be avoided then the number should be limited and they should be installed
in a way which provides access for inspection and maintenance e.g. in valve pits.

Hé thdng dwong 6ng trén mét dat / Above-ground piping systems

Hé théng dwong éng carbon monoxide va Khi tong hop trén mat dét phai tuan theo cac bién
phap thiét ké co khi tot dwoc ap dung cho bat ky hé thong dwdng ong trén mat dat khac. Do
doc tinh, mai lo ngai vé ro ri quan trong hon nhiéu so v&i cac loai khi khac. Nén st dung cac
két ndi han bét cw khi nao c6 thé. Puwong 6ng trén mat dat phai dwoc son theo tiéu chuan
dwoc phé duyét dé bao vé chdng an mon trong khéng khi.

Above-ground carbon monoxide and Syngas piping systems should follow good mechanical design
practices as applied to any other above-ground piping system. Due to its toxicity, leakage concern are
much more important than with other gases. The use of welded connections is strongly recommended
whenever this is possible. Above-ground piping should be painted to an approved specification to
protect against atmospheric corrosion.

Cac phan ndi ctia hé théng dworng éng phai két néi véi cac phdn ngdm théng qua khép néi
cach dién dé cach ly hé théng bao vé catét ngadm (xem 5.6.4).

Above-ground portions of pipeline systems should connect to underground portions through an
electrically insulated joint to isolate the underground cathodic protection system (see 5.6.4).

Tét ca cac dwdng dng trén mat dat phai co tinh lién tuc dién trén tat ca cac két ndi, ngoai triv
mét bich cach dién, va phai duwoc nbi dét & cac khodng cach thich hop dé bao vé chéng lai
tac dong clia sét va tinh dién. Dién trd ndi dat cla dwong bng 1ap dat khéng duwoc vwot qua
10 ohms dé bao vé con nguwoi khdi bi dién giat hodc dién ap cao.

All above-ground pipelines shall have electrical continuity across all connections, except insulation
flanges, and shall be earthed at suitable intervals to protect against the effects of lightning and static
electricity. The electrical resistance to earth of the installed pipeline should not exceed 10 ohms for
personnel protection against electrical or high voltage shock.

Bu 16ng mat bich sé& cung cp lién két dién can thiét véi diéu kién bu 16ng khong dwoc phu
vat liéu dién moi hodc son va dwoc bao tri tot dé tranh ri sét.

Flange bolting will provide the necessary electrical bond provided the bolts are not coated with a
dielectric material or paint and are well maintained to avoid rust.

Trong treong hop cac doan trén mat dat ngan va khong st dung mat bich cach dién, 6ng
phai dwoc cach dién khdi két cau gia d& bang dém cach dién.

In the case of short above ground sections, where insulating flanges are not used, the pipe should be
insulated from the support structure by means of an isolating pad.

Buong 6ng CO/Khi téng hop khdng duoc tiép xdc véi cac I bén ngoai co thé gy hw hang
hoac tinh hudng nguy hiém nhw va cham bén ngoai tir khi néng hodc dudng xa, sw rung
doéng tr cac nguon bén ngoai, dau ro ri nhé giot I€n dwdng ong, v.v.

CO/Syngas piping should not be exposed to external forces which can cause a failure or dangerous
situation such as external impingement from hot gas or steam vents, vibration from external sources,
leaking oil dripping onto the line, efc.

Hé thdng duong 6ng trén mét dat va bén ngoai hang rao nha may cé thé bi hw héng do cb y
hodc vo tinh. Can xem xét viéc I&p d&t ng va van dwéi long dat, dwoc mé rong cho ngudi
van hanh va thiét bi do dac trén mét dat.
Above-ground piping systems outside plant fence lines may be subject to deliberate or accidental
damage. Consideration should be given to installing pipe and valves below ground, with extensions for
above ground operators and instrumentation.

DPanh dau dwong 6ng / Pipeline markers

Puong 6ng trén cao nén dwoc ma héa mau va/hoac duoc xac dinh. Buong éng ngé,m nén
dwoc xac dinh bang cac coc moc trén mat dé} gan du’c‘)’n,g ong duwogc chén. Cég coc moc phai
dwoc dat cach nhau mét khodng thich hgp dé chi ra tuyén dwong cia dwong ong.
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Overhead piping should be colour coded and/or identified. Underground piping should be identified
with markers placed on the ground near the buried pipeline. Markers should be suitably spaced to
indicate the route of the line.

Bao vé chéng @n mon / Corrosion protection
Puong éng ngdm / Underground pipelines
An mon do tac dong dién gitra mat ngoai dng va long dat co 18 1a nguyén nhan gay ro ri
thwong xuyén nhéat ngoai tre» hw ‘hong co hoc. N6 dwoc gay ra boi sy chénh Iéch dién thé
gitra 6ng va long dét tao ra mot té bao dién hoa. Té bao dién phan nay hoat dong dé lién tuc
loai bo kim loai khi éng va l&ng dong né trong long dat. Néu khdng dwoc ngan chan hoac
trc ché day da, cudi cung mét hodc nhiéu 16 sé dwoc tao ra trong ong trong subt vong doi
hoat déng cla né. Bao vé chdng &n mon dat dwoc bang bdo vé catbt, bang anot hy sinh
hodc dong dién cwdng birc, két hop véi cach ly dién bang I16p pha. Bé dat dwoc khad nang
bao vé catbt tét trong mét treong hop nhét dinh, can phai hiéu cac diéu kién cia long dat va
cac phuong phap chong an mon duwoc st dung b&i cac dwo’ng 4ng gan d6. Khuyén cao nén
tham khao y kién cla chuyén gia vé& nhitng van dé nay & cac khu vuwc khé khan do an mon
da biét va la mot bién phap phong nglra hop ly & bat ky khu vic ndo. Bao vé catét cé thé
dwoc thye hién theo cac tiéu chuan dwoc cong nhan, chidng han nhw NACE RP 177 hodc
EN 12954. Nguwdi ta d& xuét rdng cach ly dién (I6p pha dwérng 6ng) cong véi mot trong hai
phwong phap duoc liét ké dwdi day phai duwoc st dung trén moi dworng ng ngam.
Corrosion caused by galvanic action between the outside of the pipe and the soil is probably the most
frequent cause of leaks except for mechanical damage. It is caused by the difference in electric
potential between the pipe and the soil which sets up an electro-chemical cell. This electrolytic cell acts
to continuously remove metal from the pipe and deposit it in the soil. If not prevented or sufficiently
inhibited eventually a hole(s) is made in the pipe during its working life. Corrosion protection is
achieved by cathodic protection, either by sacrificial anode or by impressed current, both in
combination with electrical isolation by coating. To achieve a good cathodic protection in a given
circumstance, it is necessary to understand the soil conditions and the anti-corrosion methods used by
near-by pipelines. The advice of an expert in these matters is strongly recommended in known difficult
corrosion areas and is a worthwhile precaution in any area. Cathodic protection may be done
according to recognized standards, such as NACE RP 177 or EN 12954. It is suggested that electrical
isolation (pipeline coating) plus one other of the two methods listed below be employed on every
underground pipeline.

1) Cach ly dién — phwong phap nay hoat dong aé ngan ngtra an mon bé&ng cach cach ly

dién dworng 6ng khoi dat Day la ky thuat co ban nhét va téi thiéu phai duoc thye hién
trén moi doan duong éng ngam. Ong dwoc cach ly kh0| dét truc tlep bang 16p phu bén
ngoai va gian tlep bang mét bich cach ly noi né két ndi véi dwdng éng trén mat dat. Diém
yéu la ngay ca nhirng sai s6t nhé trong Iop phu cling tr& thanh vi tri lam cho toc do an
mon rat nhanh. Nhirng sai s6t nay co thé co trong I&p phi khi dwoc cung cép, do hw
héng trong qua trinh l&p dat, xay ra khi I&p phi mét cwdng dd dién moi hodc sau mot thei
gian s dung c6 thé do hoat dong cla vi khudn. Nén gia dinh rang mot sé khuyét tat
trong I&p phl ton tai hodc sé ton tai trong sudt vong doi clia dwong éng. Diéu nay khong
phd nhan gia tri cta né nhung dan dén viéc can phai cung cdp mét phuong tién bdo vé
khac cung vo&i cach ly dién.
Electrical isolation — this method acts to prevent corrosion by electrically isolating the pipeline from
the soil. This is the most basic technique and, as a minimum should be practiced on every section
of underground pipeline. The pipe is isolated from the soil directly by an external coating and
indirectly by isolating flanges where it connects to above ground piping. The weakness is that even
small flaws in the coating become sites for what is often very rapid rates of corrosion. These flaws
may be present in the coating as supplied, come from damage during installation, occur as the
coating looses its dielectric strength or after some time in service may be caused by bacterial
activity. It should be assumed that a number of defects in the coating exist or will come to exist
during the lifetime of the pipeline. This does not negate its value but does lead to the necessity of
providing another means of protection together with electrical isolation.

2) Anot hy sinh — phuong phap nay hoat dong dé& ngan ngira &n mon éng béng cach cung
cap nguon vat liéu hoat dong dién phan manh hon (anot) so voi vat liéu dwong éng. An
mon dién ra wu tién trén anot hy sinh nay va do dé duwéong 6ng dwoc bdo vé — it nhat 1a
cho dén khi anot bj an mon hét. Anot hy sinh hiéu qua nhét khi dwoc st dung cung voi
céach ly dién vi ching rat phu hop dé bao vé chdng lai cac vang &n mon nhd nhuw xay ra &
cac khuyét tat trong I&6p pha dng. Tuy nhién, cé mot khodng cach gidi han ma anot hy
sinh c6 hiéu qua, do do, nhiéu anot dwoc yéu cau & cac khoang cach doc theo dwédng
ong.

Sagriﬁcial anode — this method acts to prevent corrosion of the pipe by providing a source of
material which is more electrolytically active (anodic) than the piping material. Corrosion takes
place preferentially on this sacrificial anode and the pipeline is thereby spared — at least until the
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anode is used up. Sacrificial anodes are most effective when used together with electrical isolation
since they are well suited to protecting against small areas of corrosion such as occur at flaws in
the pipe coating. However, there is a limited distance in which a sacrificial anode is effective so that
many of them are required at intervals along the pipeline.

3) Dong dién cwdng birc — Dé khong bi gidi han dién ap dan dong lién quan dén hé thdng
anot hy sinh, dong dién t» mot sd ngudn bén ngoai cé thé dwoc ap dét 1én dudng dng
bang cach sir dung nén dat anot va ngudn dién, phé bién nhat 14 bo chinh lwu. Bd chinh
lvu chuyén déi AC thanh DC va thwong dwoc cung cép phwong tién dé thay dbi dién ap
dau ra DC, theo cac gia s6 nhd, trong moét pham,vi kha rong. Hau hét cac bé chinh Iwu
duong ong hoat dong trong pham vi rong ttr 10 dén 50 von va co thé thu dwoc véi dong
dién dau ra toi da tiv dwdi 10 ampe dén vai tram ampe. Cac anot dwoc st dung trong hé
thong dong dién cwdng blre thwong phu thudc vao qua trinh oxy hdéa dién héa cla nuwoéc
va cac hoda chat khac trong dat hoac chat dién phéan dé trao doi dong dién voi m@i
trwdng... Cac vat liéu cu thé dwoc st dung cho anot 1a: graphit (carbon), hop kim sét
silicon cao, titan ho&c niobi ma bach kim va mot sb oxit kim loai hdn hop dan dién dwoc
ap dung cho dé kim loai titan. Hau hét cac anot dwoc st dung trong hé théng dong dién
cwdng birc déu thé hién dién thé cao quy hon sat hoac thép. Do do, ban than cac anot
van twong dbi tro va khong bi anh hwdng boi sy truyen dong dién. Nguon dong dién phai
vuot qua dién thé nguwoc nay cling nhw dién tréd trong mach trwéc khi dong dién chay
theo dung hwéng. Anot thép, chdng han nhw thanh ray, ciing thwong dwoc st dung,
nhwng ching sé bj hao mon 9 kg/Amp.nam. Chung phai dwoc thay thé khi can thiét.
Impressed current — To be free of the limited driving voltage associated with sacrificial anode
systems, current from some outside source may be impressed on the pipeline by using an anode
ground bed and a power source, the most common of which is a rectifier. The rectifier converts AC
to DC, and is usually provided with means of varying the DC output voltage, in small increments,
over a reasonably wide range. Most pipeline rectifiers operate in a wide range between 10 and 50
volts and can be obtained with maximum current outputs ranging from less than 10 amps to several
hundred amps. The anodes employed in impressed current systems generally depend on
electrochemical oxidation of water and other chemicals in the soil or electrolyte to exchange current
with the environment... Specific materials used for anodes are: graphite (carbon), high silicon iron
alloys, platinized titanium or niobium, and certain conductive mixed metal oxides applied to a
titanium metal base. Most anodes used in an impressed current system, exhibit an electrical
potential that is more noble than iron or steel. Therefore, the anodes themselves remain relatively
inert and unaffected by the transfer of current. The source of electric current must overcome this
back potential as well as electrical resistance in the circuit before current will flow in the proper
direction. Steel anodes, such as rails, are also commonly used, but they will exhibit a wear of 9
kg/Amp.year. They have to be replaced, when necessary.

Do tinh phtrc tap, viéc trién khai dung cach ddi héi nhiéu kién thirc chuyén mén va kinh
nghiém. Nén tham khao y kién chuyén gia.

Because of the complexity involved, it requires the most experienced and specialized knowledge to
properly implement. It is strongly recommended that an expert be consulted.

Viéc giam sat hé thdng bao vé chdng &n mon theo dinh ky trong subt vong doi clia duong
ong la dieu can thiet dé dat dwoc két qua tot. Trong trwdng hop str dung anot hy sinh va hé
thong dong dién cwdng blrc, viéc nay yéu cau giam sat dién thé tai cac tram bao vé catot va
tai cac diém giam sat gitra cac tram.

Monitoring of the corrosion protection system at intervals over the lifetime of the pipeline is essential to
achieving satisfactory results. In the case of sacrificial anodes and impressed current systems, this
requires monitoring the electrical potential at the cathodic protection stations and at monitoring points
in between stations.

Puong bng trén mét dét / Above ground pipelines

Do dwdng bng trén mét dat cé thé dwoc kiém tra bang mét thwong, nén viéc kiém soat an
mon co thé dé dang hon. Tuy nhién, diéu nay chi dang néu viéc kiém tra duoc thyc hién
thuwdng xuyén, coé phwong phap va tat ca cac sw c6 dwoc phat hién déu dwoc khac phuc.
Because above ground pipelines can be visually inspected, corrosion can be more easily controlled.
However, this is only the case if the inspections are frequent, methodical and all the discovered
problems remediated.

DPudng 6ng trén mat dat khéng cé bao 6n phai dwoc bao vé chdng &n mon méi trudng bang
hé théng son phi thich hop, thuéng 1a son. Viéc lwa chon hé théng sé thay dbi tuy theo méi
trwdng, nhung theo nguyén tac chung, tdi thiéu nén st dung hé thdng phu hop véi moi
trwong nha may héa chét.

Uninsulated above ground pipelines should be protected against environmental corrosion by an
appropriate coating system, usually paint. The selection of the system will vary with the environment,
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but as a general rule a system suitable for a chemical plant environment should be used as a
minimum.

Puong éng trén mét dat cé bao 6n ciing dé bi &n mon do méi trwdng, xay ra bén dwdi 16p
cach nhiét va do d6 khoéng thé nhin thdy dwoc. Loai an mon nay kha phd bién va dwoc cong
nhan la mot van dé dang ké trong nganh céng nghiép. C6 thé tham khao cac tiéu chuén,
chang han nhw NACE RP 01-98. Ong phai duwoc son trwdce khi bao 6n dé bao vé bé mét.
DPuong éng phai dwoc kiém tra thwdng xuyén dé phat hién an mon dwdi I&p bdo 6n bang
cach loai bd cac phan nhé cta I&p bdo 6n & nhiéu vi tri khac nhau va kiém tra bang mat
thwdng. Mot d4u hiéu ré rang la nguyén nhan dé loai bd thém cac mau trong cung doan éng
cho dén khi xac dinh dwoc toan bd mirc dd &n mon. Sau do, can tién hanh khic phuc va bao
on lai.

Insulated above ground pipelines are also subject to environmentally caused corrosion which occurs
underneath the insulation and is therefore not visible. This type of corrosion is quite common and is
recognized as a significant problem in industry. Reference could be made to standards, such as NACE
RP 01-98.The pipe should be painted before insulating to provide surface protection. The pipeline
should be regularly inspected for corrosion under the insulation by removing small sections of
insulation at various places and visually checking. A positive indication is cause to remove further
samples in the same area until the full extent of the corrosion has been identified. Remediation and
reinsulation should then follow.

Khao sat ro ri / Leakage surveys

Puwong dng dan khi nguy hiém nhw CO va Syngas c6 thé gay ra rdi ro mdi trwéng cao.
Pipelines for dangerous gases such as CO and Syngas may present high environmental risks.

Diéu d&c biét quan trong 1a phai kiém tra dinh ky dwong dng bang may kiém tra ro ri. Ché do
chinh xac dé thwc hién kiém tra nay sé thay ddi tiy theo mat dd dan sé trong khu vwe va cac
quy dinh quéc gia. Téi thiéu nén kiém tra dwdng 6ng ba thang mot 1an véi tAn suét bd sung
cho céac khu vuc dé bj ro ri da biét nhuw cac két ndi mat bich, than van va khép ndi nén.

It is particularly important to periodically examine pipelines with a leak detector. The exact regimen for
performing this examination will vary with the population density in the area and national regulations. A
suggested minimum would be to examine pipelines once every three months with additional frequency
for known leak prone areas such as flanged connections, valve stems, and compression fittings.

Ngoai ra, dé gidm thiéu rdi ro ro ri, viéc 14p dat Hé thdng Phat hién Ro ri (LDS) phai dwoc
xem xét, néu dwdng 6ng ndm trong pham vi cong cong. Hé thdng nhw vay cé thé phat hién
ro ri trong thoi gian thye va wéc tinh mdre dd va vi tri cla ro ri, cho phép nhan vién van hanh
danh gia mirc d6 nghiém trong cua ro ri va loai phan (ng can thiét. Hé thong phat hién ro ri
va hé thdng giam sat va didu khién lién quan phai dwoc thiét ké véi do tin cay cao.

In addition, to mitigate the risk of leaks, the installation of a Leak Detection System (LDS) shall be
considered, if the pipeline is in the public domain. Such a system can detect a leak in real time and
estimates the size and location of the leak which allows operations staff to assess the severity of the
leak and the type of response that is required. The Leak detection system and the related monitoring
and controlling system must be designed with a high level of reliability.

4.6. Phan tich méi nguy va danh gia rui ro / Hazard analysis and risk assessment

4.6.1.

Téng quan / General

Mot mirc d6 rai ro nhét dinh thuwdng cé trong tat ca cac hoat déng cla con nguwdi va phai
thwe hién cac budc tich cwe dé gidm rdi ro nay xudng murc hop ly khi ndo cé thé. Moi hé
thédng dworng dng van chuyén mai phai duoc thiét ké, xay dwng va van hanh theo cach ma
rdi ro bd sung déi véi con ngudi, tai san va mai trudng dwoc kiém soat trong gidi han chép
nhan duwoc.

Some level of risk is inherent to all human activities and positive steps should be taken to reduce the
risks to a reasonable level whenever this is possible. Every new transportation pipeline system must be
designed, constructed and operated in such a way that the additional risk to people, property and the
environment is kept within acceptable limits.

DPé dat dwoc muc dich nay, can thuc hién phan tich an toan trén moi hé théng duweng dng
m&i hodc stra d6i dang ké ddi véi hé théng hién cé. Phan tich an toan la mét cach da dwoc
ching minh dé& danh gia rdi ro cta hé théng duwong 6ng dbi véi madi trwong, rai ro dbi voi
duwéng 6ng tlr mdi trwdng clia né, ciling nhw dé xac dinh cac bién phap, dwoc ap dung trong
qua trinh thiét k&, xay dwng va van hanh, dé gidm xac suat xay ra va hau qua cla cac sw
kién bat thweng. Xem tai liéu tham khao, chdng han nhuw EIGA DOC 75 vé viéc xac dinh
khodng cach an toan.

To this end, a safety analysis should be performed on every new pipeline system or significant
modification to an existing system. The safety analysis is a proven way to assess the risks of the
pipeline system to the environment, the risks to the pipeline from its environment, as well as to define
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the measures, to be applied during design, construction and operation, to reduce the probability of
occurrence and the consequences of abnormal events. See references, such as EIGA DOC 75 about
determination of safety distances.

Thong thuwong, mirc do chi tiét cua phan tich an toan dwa trén mat d6 dan s xung quanh
tuyén 6ng, mirc dd nghiém trong tiém an cla sw cb va kha nang xay ra sw cb.

Normally, the level of detail of the safety analysis is based on the population density around the pipe
route, the potential severity of an incident, and the likelihood an incident could occur.

Phwong phap thuwong dwoc st dung trong danh gia an toan la xac dinh rdi ro do ca nhan va
chi ra rang né nam trong gigi han chap nhan dwoc. Viéc xac dinh rii ro ca nhan khéng phai
la bat thwdng, nhw xac suat mot ngwoi & lai mot dia diém ngoai troi nhéat dinh moi ltc bi
thwong vong do bat ky sw kién bat thwong ndo anh hudng dén dwong 6ng va dwa ra gidi
han chap nhan dwoc vé sb ngudi ti vong trén sé nadm.

The method typically used in a safety evaluation is to determine the individual risk and to show that it is
within acceptable limits. It is not unusual to define individual risk, as the probability of a person
remaining at a given open-air location at all times being fatally injured as a result of any abnormal
event affecting the pipeline and to give an acceptable limit in terms of fatalities per number of years.

O nhirng khu virc cu thé, chdng han nhw khu viee mat d6 dan sé cao, rdi ro xa hoi phai dwoc
tinh dén do dac tinh doc hai ctia CO.

In specific areas, such as high population density zones, the societal risk must be taken into account
due to the toxic properties of CO.

Cac quy dinh dia phwong thwong cung cap huéng dan vé viéc thuc hién phan tich an toan
va dwa ra cac gidi han chap nhan dwoc. Khi khéng cé quy dinh nao, c6 thé tham khao mot
trong cac quy chuan quéc gia dwgc chdp nhan chung nhw quy dinh ctia Ha Lan hodc Anh.
Local regulations often provide guidelines on performing safety analysis and specify acceptable limits.
When no regulation exists, one of the generally accepted country codes such as the Dutch or British
regulation is often referred to.

Danh gia rdi ro bao gébm céac budc sau:

The risk assessment comprises the following steps:

e Danh gia rdi ro ca nhan, 1a xac suat mot nguoi & lai mot dia diém ngoai troi nhét dinh moi
lic bi thwong vong do bat ky sy kién bat thuwdng nao dnh hwéng dén duwdng 6ng.
Assessment of the individual risk, which is the probability of a person remaining at a given open-air
location at all times being fatally injured as a result of any abnormal event affecting the pipeline.

 Danh gia rdi ro xa hoi, dé tinh dén s6 nguoi tr vong cé thé xay ra trong treong hop co

sy kién bat thwong anh hwdng dén dudng ong, dac biét la & cac khu viee dong dan cw
va & nhirng noi tu tap dong nguwoi. Xac suat toi da can thiét cua sy kién bat thwong giam
dan theo s6 nguwoi tlr vong.
Assessment of the societal risk, in order to take into account the number of fatalities which may
occur in case of an abnormal event affecting the pipe, particularly in highly populated areas and in
places of public assembly. The required maximum probability of the abnormal event decreases with
the number of resulting fatalities.

Nhan dién cac méi nguy / Identification of the hazards
Danh séach tbi thiéu cac mdi nguy can xem xét Ia:
The minimum list of hazards to be considered is:
e Thiét hai do bén th&r ba
Damage by third parties
e S{ dung vat liéu va thiét bi khdng twong thich & tat ca cac diéu kién van hanh
Use of non compatible materials and equipment at all operating conditions
e NGt vé do &n mon (ng suét khi cé tap chat CO2 va H20 duwéi diém swong
Stress corrosion cracking in the presence of CO2 and H20 impurities below the dew point
e An mon bén trong nghiém trong khi cé nwédc
Severe internal corrosion in presence of water
e Gion hoa do Hydro dbi véi hén hop c6 Hydro
Hydrogen embrittlement for mixtures with hydrogen
e An mon bén ngoai do bao vé catot khéng dung cach
External corrosion due to improper cathodic protection
e RO ri& I&p dém van, gioang,..
Leaks at valve packing, gaskets,..
e Ap suét duwong 6ng qua cao
Over pressurisation of the pipeline
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4.6.3.

4.6.4.

Quy trinh lam tro khéng dung cach

Improper inerting procedure

Quy trinh xa khong dung cach

Improper venting procedure

Van hanh va bao tri dwéng éng khong dang cach

Improper operation and maintenance of the pipeline

Tai trong bat thwong do 16 dat, |G lut, dong dat, duwdng bo, dwdng sat giao nhau,..
Abnormal loads due to land slide, floods, earthquakes, crossing of roads, railways, ..

Anh hwéng clia cac cong trinh khac, chang han nhw duwong dién cao thé, dwong sat
chay dién

Influence of other structures, such as high power electrical lines, electrical railways

Thiét hai do sw kién b4t thuong trén dwdng 6ng song song

Damage due to an abnormal event on a parallel pipe

Tai nan giao théng hodc hda hoan gan cac bd phan trén mat dat cia dwong éng
Road accident or fire in the vicinity of above ground parts of the pipeline

Blrc xa tir dam chay do xa hoac chay loe

The radiation from a vent fire or a flare

Bién phap giam thiéu / Mitigating measures

Déi v&i mdi mbi nguy, phai xac dinh céc bién phap gidm thiéu, chang han nhu:
For each hazard, mitigation measures shall be identified, such as:

Kiém soét sw can thiép cta bén thir ba

Control of third party interference

Dam bao ngudn cép khi luén kho

Ensuring that the gas feed remains dry

Tang dd day cta 6ng

Increased thickness of the pipe

Tang d6 sau cla duwong éng

Increased pipeline depth

Lap dat trong dwdng dng hodc hanh lang béo vé

Installation in pipe ways or corridors

Ther khéng pha hiy méi han

Non destructive test on welds

Lam tro 6ng

Inerting of the pipe

DPanh diu duong 6ng

Pipeline marking

Thiét bi cdnh bao dwdng dng cu thé: thdm hodc bang danh dau

Specific pipelines warning devices: marking mats or tapes

Van céch ly

Isolation valves

Van ngat do qué lwu lwong hodc ap suét thap

Excess flow or low pressure shut down valves

Hé théng phat hién rd ri bing phan tich dong déng

Leak detection system by dynamic flow analysis

Béao vé vat ly: Iép phd hodc vd bé tdng, tAm bé tong

Physical protections: concrete coating or casing, concrete slabs

Quy trinh van hanh, bao gém: chuong trinh kiém tra, khao sat phat hién ro ri, chwong
trinh kiém soat an méq, ké hoach khan cép, dao tao nhan s, théng tin ctia bén thir ba,
cbng tac véi chinh quyén dia phwong

Operating procedures, including: inspection programmes, leak detection surveys, corrosion control

programmes, emergency plan, personnel training, information of third parties, collaboration with
local authorities

Kich ban sw kién dién hinh / Typical event scenario

Dé dé dang phan tich, cac sy kién thworng dwoc xem xét déi véi dworng bng la:
For ease of analysis, the events frequently considered for a pipeline are:

V& 6ng hoan toan
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4.6.5.

4.6.6.

4.6.7.

4.6.7.1.

4.6.7.2.

the full bore rupture
o V& 50%
the 50% full bore
e RO rinhd (5% toan bg)
a small leak (5% of the full bore)

Hau qua cta nhirng sw kién nay / Consequences of these events

DPéi v&i carbon monoxide va syngas, hau qgé cua viéc ro ri la hinh thanh dam may déc hai
va dé chay & vung lan can. Bam méay co the bat Ira. Tuy thudc vao mé hinh dugc str dung
dé danh gia doéc tinh, bao goém ca kha nang ty so tan cla cac ca nhan, hau qua cua blrc xa
dbi v&i cac ca nhan co thé Ién hon doc tinh. Ca hai loai hau qua phai dwoc xem xét.

For carbon monoxide and syngas the consequences of a release is the forming of a toxic and
flammable cloud in the vicinity. The cloud may ignite. Depending upon the model used for evaluating
the toxicity, including possible self evacuation of individuals, the consequences of radiation on
individuals may be greater than that of toxicity. Both types of consequences must be considered.

Lwa chon cac thong sé mé hinh mé phéng /Selection of simulation model parameters

Céac mbd hinh thwdng dwoc st dung la tinh toan phan tan va phdn mém blrc xa nhiét cla
ngon Itra, chéng han nhw PHAST duwoc phat trién bdi The Det Norske Veritas.

Models frequently used are dispersion calculation and thermal radiation of flame software, such as
PHAST developed by The Det Norske Veritas.

Cac muc sau day phai dwoc tinh dén dé& chay mé hinh mé phéng:
The following items must be taken into account in order to run the simulation model:
e Sut 4p do dong dong trong dwdng 6ng
Pressure drop due to the dynamic flow in the pipe
e Ché d6 dong chay tirc thoi do qua trinh gidm ap cia duwong 6ng
Transient flow regime due to the decompression of the pipe
e Van téc dong khi tai diém bj v&
Velocity of the gas at the breech
e Tbc dd va huéng gié cung diéu kién khong khi
Wind speed and direction and air conditions

Tiéu chi cho sw kién dang lo ngai / Criteria for the feared event

Mét cach dé danh gia anh huéng cla viéc rd ri CO/Syngas déi véi méi trwdng 1a xac dinh
nguy co doc tinh va cwdng dd blirc xa nhiét trong trworng hop bat Ira & cac khoang cach
khac nhau tir duwéng éng.

A way to evaluate the effect on the environment of a CO/Syngas release is to determine the toxicity
risk and the magnitude of the thermal radiation in case of ignition at different distances from the pipe.

Nguy co ddc tinh / Toxicity risk

Béi voi doc tinh, trong truong hop khong co cac quy dinh dia phuong dwec wu tién, toi thiéu
hai gi¢i han sau day can dwoc xem xét:

For toxicity, in the absence of local regulations which would take precedence, as a minimum the
following two limits should be considered:

e Khu vuc cé tac dong gay chét nguwdi: gia tri ngwéng twong tng véi viéc vuot qua 7000
ppm trong 10 phut (4,5% trwdng hop tlr vong, Probit DNV)
The area of lethal effects : threshold value corresponding to an exceeding of 7000 ppm during 10
minutes (4.5% of fatalities, Probit DNV)

e Khu vuc c6 tac dong khong thé phuc héi dbi voi sirc khde con ngudi: gia tri ngudng
twong &ng véi viéc vuot qua 1500 ppm trong 30 phut (twong dwong véi Nguy hiém Ngay
lap tlrc dén Tinh mang hodc Strc khée)

The area of irreversible effects for human health : threshold value corresponding to an exceeding of
1500 ppm during 30 minutes (Immediately Dangerous to Life or Health equivalent)

Can lwu y rang cac trwong hop c6 thé dé xuét bd sung cac tiéu chi. Xem thém muc 4.2.2 va
Phu luc J.

It should be noted that circumstances may suggest that additional criteria be included. See also section
4.2.2 and Appendix J.

Nguy co birc xa nhiét / Thermal radiation risk

Phwong phap Eisenberg dé xac dinh vung nguy hiém la st dung phwong phap tiép can liéu
brc xa. Diéu nay xem xét rdng anh hwéng cla nhiét blrc xa I1én con ngwdi 1a mét ham cuda

31



AIGA 034/15

ca cuwdng d6 blrc xa va thoi gian tiép xuc. Eisenberg va cong s (tai liéu tham khao dugc
liét ké trong Phu luc K) da nghién ciru di¥ liéu ve kha nang gay chét ngwoi do blrc xa nhiét
va két luan rang méi quan hé gitra liéu lwgng-phan ng dbi véi cac xac suét khac nhau cla
thuong tich/tr vong nén & dang:

The Eisenberg method to define the hazard zone is to use the radiation dose approach. This considers
that the effect of radiant heat on humans is a function of both radiation intensity and duration of
exposure. Eisenberg et al. (reference listed in Appendix K) studied data on the lethality from thermal
radiation and concluded that the dosage-response relationship for various probabilities of injury/fatality
should be in the form:

D =t 143 trong don vi (W/m2)*3 - giay
D = t1%3 in units of (W/m?)*3 - sec

trong do:

where:

liéu lwong cho cac xac suét thwong tich khac nhau
dosage for various probability of injury

thoi gian tiép xuc, giay

duration of the exposure, sec

cuwdng dd birc xa nhiét, W/m?

thermal radiation intensity, W/m?

D
D
t
t
I
/

Tiéu chi danh gia thiét hai do birc xa nhiét
Damage Criteria For Thermal Radiation

Murc do thiét hai Thermal Dosage, D
Damage Levels Liéu nhiét, D
Cwc ky dau dén 1.1 x 106
Extreme Pain
Do hai (hguéng phong rop) 2.4x106
Second Degree (blistering threshold)
7.2x106

Nguwdng do ba
Third Degree threshold

Do hai dwoi 9.3 oz/yd2 (FRT Cotton) 10.3 x 106
Second Degree under 9.3 0z/yd2 (FRT Cotton)

T vong 1% 10.6 x 106
1% Fatality

D6 hai dw6i 6.8 oz/yd2 (Nomex) 13.1x 106
Second Degree under 6.8 0z/yd2 (Nomex)

T vong 50% 23.0 x 106
50% Fatality

T& vong 99% 65.7 x 106

99% Fatality

Di liéu cta Eisenberg dwoc diéu chinh cho thoi gian birc xa duoi 45 giay. Viéc st dung cac
tiéu chi thiét hai nén dwoc gidi han trong thoi gian tiép xdc ngan.

Eisenberg’s data is adapted for radiation durations less than 45 seconds. Usage of the damage
criteria should be limited to short exposure durations.

Ddi v&i cac khodng thoi gian dai hon, c6 thé sir dung cac gidi han birc xa nhiét dwoc liét ké
& trén, so v&i cac tiéu chi thiét hai ctia Eisenberg:

For longer periods, the thermal radiation limits listed above, compared to the damage criteria of
Eisenberg may be used:

e 3 kW/m2: trong thoi gian tiép xuc 120 giay - gi6i han tiép can déi voi cong ching. Diéu
nay nam ngoai gi¢i han twong quan cua Eisenberg vi thdi gian tiép xdc Ién hon 45 giay.

3 kW/m?: for an exposure time of 120 seconds - limit of approach for the public. This is outside the
limits of the Eisenberg correlation since the exposure time is greater than 45 seconds.

e 5 kW/m2: dwoc coi la mirc blrc xa ma tai d6 xay ra hién twong vé kinh dq tac dong nhiét
va cling la mirc gay bdng dd 2 trén da clia nguwdi khong dwoc bdo vé tiep xuc trong 30
giay
5 kW/m2: taken as the radiation level at which breakage of glass by thermal effect occurs and also
at which 2nd degree burns on the skin of a non protected person exposed for 30 seconds
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4.6.8.

4.6.9.

e Qi®i han tiép can cla nguwdi van hanh hodc nhan vién dwoc dao tao khac. Diéu nay
twong (rng véi liéu lwong 2,6x108, tire la gan véi nguéng phdng rop
limit of approach of the operators or other trained personnel. This corresponds to a dose of 2.6x106,
i.e. close to the blistering threshold

e 12,5 kW/m2: dwoc coi la mirc blrc xa ma tai d6 Itra lan truyén trén cac binh dwoc phun
nwéc va cling 1a luc bat ddu cdm thay dau trén da cla nguoi khdng duoc bao vé tiép xuc
trong 6 giay
12,5 kW/m2: taken as the radiation level at which fire propagates on vessels sprayed with water
and also the onset of pain on the skin of a non protected person exposed for 6 seconds

e gi6i han so tan nha & va cac tda nha thwong xuyén cé ngudi & khac. Diéu nay twong
rng vai lieu lwveng 1,7x108 ma phwong trinh clia Eisenberg sé phan loai la cwc ky dau
don.
limit of evacuation of housing and other normally occupied buildings. This corresponds to a dose of
1.7x10° which Eisenberg’s equation would categorize as extreme pain.

Vi cac tiéu chi nay, co thé chuyén dbi két qua mé phong thanh khoang cach xung quanh
dwdng Ong, dé xac dinh cac khu vuec lién guan dén sy xuat hién cla sw kién Ién.

With these criteria, it is possible to transform in distances around the pipe the results of the simulations,
in order to identify the zones concerned by the occurrence of the major event.

Phwong phap danh gia rGi ro nay la moét phwong phap xac dinh va dwoc yéu cau & mot sbé
quoc gia.
This risk evaluation method is a deterministic approach and is required in certain countries.

Dinh nghia khu vie can nghién ciru xung quanh dwéng éng / Definition of the zone to be
studied around the pipe

Tinh dén cac khodng cach dwoc tim thdy bang mé phdng, cac khu vuwc xung quanh dwéong
ong phai dwoc nghién clru trén toan b chiéu dai cia dwong ong. Vi doc tinh cia CO phai
dwoc xem xét cling nhw kha nang bat Itra cia nd, nén viéc xem xét cac khoang cach Ion
hon so v&i triedng hop chi xem xét kha nang bat Itra la diéu khoéng coé gi la.

Taking into account the distances found by the simulation, the zones around the pipeline must be
studied for the whole length of the pipe. Since the toxicity of CO must be considered as well as its
flammability, larger distances than would have been the case when considering flammability alone are
not unusual.

Mot phwong phap khac dwoc str dung rong rai dé xac dinh khu vuc xung quanh dwdng 6ng
c6 thé bi &nh hwéng bdi rd ri hodc nd éng 1a s& dung ban kinh tac déng tiém nang. Phwong
phap nay dwoc ghi lai trong ASME B31.8S va phu thuéc vao MAOP va dwdng kinh ngoai
ctia dworng bng.

Another widely used method to define the zone around the pipe that could be affected by a leak or
rupture is using a potential impact radius. This method is documented in ASME B31.8S and is
dependent on the MAOP and outside diameter of the pipeline.

(0] nhirng khu viee cu thé, cac bién phap bu trir sé dwoc xem xét.
In particular areas, compensatory measures will be considered.

Tiéu chi rai ro / Risk criteria

Khi st dung phwong phap tiép can xac suét, can xét t&i rli ro ca nhan va xa hoi.
When the probabilistic approach is used, individual and societal risks are considered.

Dbi véi rii ro ca nhan, xac suat ti vong clia mot ngudi thuwdng xuyén cd mat & mot khoang
cach nhéat dinh so véi dwdng éng duoc tinh toan, cé tinh dén tat ca cac sw kién dang lo ngai
va x&c suét cla chung.

For the individual risk, the probability of fatality of a person permanently present at a given distance of
the pipe is computed, taking into account all feared events and their probability.

D&i vé&i rdi ro xa hdi, cé tinh dén tat ca cac sy kién dang lo ngai va xac suét cGa ching, xac
suéat ciia mét sb lwong t&r vong nhét dinh ciing dwoc tinh toan & mot khodng cach nhét dinh
so véi dwong bng.

For the societal risk, taking into account all feared events and their probability, the probability of a given
number of fatalities is also computed at a given distance of the pipe.

Céc tiéu chi rii ro dwoc tinh dén phu thudc vao cac quy dinh quéc gia. Céc tiéu chi rdi ro,
duoc biéu thi bang xac suét t& vong méi nam dbi va&i rii ro ca nhan va xac suat cia mot sb
lwong ngwdi nhat dinh dbi véi rii ro xa hoi, dwoc dua ra trong Phu luc J cho Ha Lan, Bi va
Vwong qudc Anh dé biét thong tin.

The risk criteria taken into account depend on the national regulations. The risk criteria, expressed in
probability of fatality per year for the individual risk and in probability of a given number of persons for
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the societal risk, are given in Appendix J for the Netherlands, Belgium and the United Kingdom for
information.

4.7. Vi tri dat tram / Siting of stations

4.71.

4.7.2.

4.7.3.

Téng quan / General

Vi tri cGia cac tram can duwoc lwa chon can than va, trong chirng muc thyc té, dé tranh sw
tiém can ngay lap tirc v&i cac khu vuc va thiét bi dé bj tén thwong nhw thiét bi dién, bén
chtva s&n phdm dé chay, dwong, toa nha cong cdng, bai dau xe va tram trung chuyén.

The location of stations should be chosen with care and, in so far as is practical, to avoid the
immediate proximity of vulnerable areas and equipment such as electrical equipment, flammable
product storage tanks, public roads, public buildings, car parks and transfer stations.

Vi tri d&t va khodng cach an toan nén tuan theo cac théng & da duoc thiét 1ap va cac quy
dinh hién hanh.
Siting and safety distances should follow established practices and applicable regulations.

Vi’éc rd ri CO hodc Syngas tao ra hai loai rdi ro, mét 1a tadc dong nhiét, néu sw ro ri dan dén
bat ICra, hai la doc tinh, do sw hién dién cta CO.

A release of CO or Syngas creates two types of risks, one is the thermal effect, if the release is ignited,
the other is the toxicity, due to the presence of CO.

Vi vay, cac khoang cach an toan cho tram Hydro phai dwgc xem xét & mirc tbi thidu, xem
cac 4n phdm EIGA/CGA/AIGA vé hé théng dwdng 6ng Hydro.

So, the safety distances for Hydrogen stations must be considered as a minimum, see
EIGA/CGA/AIGA publications on Hydrogen pipeline systems.

Hon niva, d6i véi rdi ro vé doc, cac loai rd ri sau day phai dwoc xem xét cho viéc thiét ké va
vi tri clia cac tram:

Furthermore, for the toxicity risk, the following types of releases have to be considered for the design
and location of stations:

Xa CO/Syngas trong qua trinh bao tri / Release of CO/Syngas during maintenance

Lwong khi xa bi gi&¢i han & lwong khi trong tram, trir trwdng hop ro bén trong van cach ly
dwong dng hoéc 16i clia con ngudi.

The mass of released gas is limited to the mass contained in the station, except in case of internal leak
of an isolating valve of the pipe or human error.

Caéc thdng s6 can dwoc tinh dén cho nghién clru phan tan va xac dinh céac vung an toan la
chiéu cao clia dwdng xa, lwu lwong, van tbc va thdi gian xa.

The parameters to be taken into account for the dispersion study and the definition of the safety zones
are the height of the vent, the flow, the velocity and the duration of the gas released.

Céc hoat dong xa va thdng thdi dwoc mé ta trong phan 9.7.
Venting and purging operations are described in section 9.7.

Trwong hop ro ri CO/Syngas / Case of CO/Syngas leaks

Trr khi st dung cac van han va van cau, sy ¢cb ro ri bat ngd vao khi quyén cé thé xay ra tr
céc thiét bi nhw mat bich va bo phan lam kin van.

Unless the use of welded and bellow valves, unexpected leaks to the atmosphere may happen from
equipment such as flanges, and valve packings.

Phwong tién phat hién va thdi gian ing phé khan cép l1a cac yéu td can dwoc tinh dén trong
thiét ké cha cac tram

Detection means and emergency response time are factors to take into account in the design of the
stations

e Cac tram trong pham vi cdng céng

Stations in the public domain

o Chung thwong nam doc theo dwdng éng va thoi gian ng pho khan cép co thé hon %
gi®. Thiét ké ctia tram phai sao cho c6 mébi nguy doc tinh chap nhan dwoc tai hang rao
cla tram. Xem 4.6.7.1.
They are generally along the pipe and emergency response time may be more than % hour.
The design of the station should be such that there is an acceptable toxicity risk at the fence of
the station. See 4.6.7.1.

o Mot gidi phap kha thi 13 18p dat tat cd cac thiét bi cia tram bén trong v boc dwoc
trang bi may do. Trong trwdng hop ro ri, may do sé tao ra bao dong, khdi dong hé
thdng thong gié cuéng birc dé pha lodng va phan tan khi vao khi quyén.
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A possible solution is to install all equipment of the station inside an enclosure equipped with a
gas detector. In case of leak, the detector generates an alarm, starts a forced ventilation to
dilute and disperse the gas to the atmosphere.

e Céc tram san xuat hoéc tai dia diém cta khach hang.

Stations in production or at customer sites.

o Chung dwoc lap dét trong cac khu ve han ché tiép can. May do co thé dwoc lap dat
dé phat hién ro ri. Nhan vién van hanh cé nadng lwc cé thé can thiép trong vong vai
phat.

They are installed in restricted access areas. Detectors may be installed in order to detect leaks.
Skilled operators are able to intervene within a few minutes.

5. Pwong 6ng, van va thiét bi / Piping, valves and equipment

5.1.

5.2.

5.3.

Tiéu chi chung / General criteria

Chuwong nay mé ta cach triét ly thiét ké dwoc trinh bay trong Chuo’ng 4 co thé dwoc ap dung
trong thwc té cho dwdng éng, van, cac thanh phan dwéorng 6ng cu thé va ciu hinh thiét bi.

This chapter describes how the design philosophy presented in Chapter 4 can be applied in practice to
piping, valves, specific piping components and equipment configurations.

Tiéu chi lwa chon vét liéu / Material selection criteria

Viéc lwa chon vat liéu cho dwdng dng, van, thiét bi, v.v. phai tuan theo cac muc 4.3, 4.4 va 4.5.
Selection of material for pipes, valves, equipment, etc. shall be in accordance with sections 4.3, 4.4 and
4.5..

Do tinh chét nguy hiém cta khi, cac bd phan chiu ap nhw dwong éng, than van, vé loc va b loc,
v.v. chi dwgc lam bang vat liéu kim loai. Viéc §l’f dung vat liéu phi kim loai phai dwgc gi¢i han &
cac wng dung nhw bén trong van (chi riéng phan chén), I6p pha bén ngoai, v.v. ma khéng phai la
cac chi tiet chiu cwong dé co hoc chinh.

Due to the hazardous nature of the gas, pressure containing parts such as piping, valve bodies, strainer and
filter housings, etc. shall be made of metallic materials only. The use of non-metallic materials shall be
limited to services such as valve internals (inserts only), external coatings, etc. which do not provide primary
mechanical strength.

Mot trong nhirng tiéu chi quan trong nhét la kha nang chong n&rt an mon ung suét va gion hydro.
Rui ro xay ra nhirng sy cb nay tdng & nhiét dd va ap suét cao va dwoc giam thiéu bang murc (rng
suét thp. Do do, viéc lwa chon vat liéu, quy trinh ché tao va do day vat liéu nén duwoc lwa chon
nhdm dat dwoc ng sudt dw thdp. Cac phwong phap dién hinh dé glam rng suat sau khi da
quyet dinh nhiét d6 va ap suat van hanh la khodng cach gia d& 6ng gan hon, thanh éng day hon,
gidm (ng suat dw han bang nhiét.

One of the most important criteria is resistance to stress corrosion cracking and hydrogen embrittlement.
The risk of these occurring is increased at higher temperatures and pressures and is mitigated by low stress
levels. Therefore, material selection, fabrication processes, and material thicknesses should be chosen with
a view towards achieving low residual stresses. Typical methods of lowering stresses once the operating
temperature and pressure have been decided are closer pipe support spacing, thicker pipe walls, thermal
relieving residual welding stresses.

Khéng c6 gidi han dac biét vé van tbc déi véi duwdng dng trong carbon monoxide hodc Syngas
ngoai cac yéu t6 kinh té co ban. Tuy nhién, van téc &m thanh clia hydro x&p xi gap bon lan so voi
hau hét cac khi dé chay. Do dé, can chu y dén kha nang an mon va mai mon & cac thiet bi nhw
van di’éu khién va van xé,\thu(‘yng co van toc ém,thanh hodac gan am thanh. Do van toc &m thanh
cao, rat co thé cac van de sé phat sinh & ap suat chénh léch ma & hau hét cac loai khi khac sé
khéng gap van de.

There are no special velocity restrictions for piping in carbon monoxide or Syngas service other than the
underlying economics. However, the sonic velocity of hydrogen is approximately four times that of most
flammable gases. Therefore, close attention should be paid to possible erosion and abrasion at such items
as control valves and relief valves which usually will have sonic or near sonic velocities. Because of the high
sonic velocity, it is quite possible that problems will arise at differential pressures which would not have
caused a problem with most other gases.

Yéu cau vé khu virec c6 mdi nguy vé dién / Electrical hazardous area requirements

Vi céc hé thdng carbon monoxide va Syngas c6 thé gay ra mbi nguy chay hoac nd, nén cac hé
thong dién phai tuan theo cac quy téc hién hanh. Cac quy tac nay cung cap cac yéu cau va dé
xuét dé xac dinh mirc d6 mdi nguy (phan loai) va gidm thiéu cac méi nguy lién quan. Cac quy tac
thwong dwoc sir dung la:

As carbon monoxide and Syngas systems may pose a fire or explosion risk, electrical systems must be in
accordance with the applicable codes. These provide requirements and suggestions for determining the
level of hazard (classification) and mitigating the risks involved. Typically used codes are:

35



AIGA 034/15

5.4.

 Hiép hoi Phong chay Chira chay Quéc gia (NFPA) 70
National Fire Protection Association (NFPA) 70

e IECT79
e NFPA 496, 497

e Vién D3u khi Hoa Ky RP 500 A,B,C
American Petroleum Institute RP 500 A,B,C

e Chithi Chau Au ATEX 94/9
European directive ATEX 94/9

Khuyén nghij téi thiéu nén s dung NFPA 70 hoéc IEC 79.
It is recommended that as a minimum either NFPA 70 or IEC 79 be used.

Loai thiét bj dién co thé duoc 1ap dat va phwong phap 18p dat phu thudc vao mirc d6 phan loai
moi nguy va dwgc mo ta trong cac phan quy dinh ctia quy tac.

The type of electrical equipment which may be installed and the installation methods depend upon the level
of hazard classification and are described in the prescriptive sections of the codes.

Can lwu y rang thiét bi va dwdng éng phai duoc lién két va ndi dat can than dé gidi phong tinh
dién va dan dong dién sw cd xubng dat, d& ngan chin sw phong tia Ira dién cé thé dbt chay ro ri
CO/Syngas trong khu vic.

It is worth noting that the equipment and piping should be carefully bonded and grounded to drain static
electricity and to carry electrical fault currents to earth ground, to prevent the release of electric sparks which
could ignite CO/Syngas leaks in the area.

Puwong 6ng / Piping

Két n6i han dwoc wu tién va nén dwoc st dung bét c khi nao thyc té dé giam thiéu cac ngudn
ro ri tiem an. Céac két ndi ren duoc han kin dwoc coi la két néi han cho muc dich nay. Phai st
dung ong khéng han hoac han doc va phu kién rén hoac gia cong trtr nhirng tredng hop dac biét,
vi du: hoan toan khéng co6 sén.

Welded connections are preferred and should be used wherever practical to minimize potential leak sources.
Threaded connections which are seal welded are considered as welded connections for this purpose. Either
seamless or longitudinally welded pipe and wrought or machined fittings shall be used except in exceptional
circumstances e.g. absolute unavailability.

5.4.1. Hé thdéng xa va dét / Venting and flare destruction systems

- Carbon monoxide va Syngas dwoc xa ra phai dwoc chira, thu gom va xt ly an toan. Carbon

monoxide va Syngas voi lvong nhd, chang han nhuw tr bé loc, c6 thé dwoc xa tryc tiép vao
khi quyén, néu dwoc dan dén vj tri an toan. Néu khong, cac dong x& carbon monoxide va
Syngas phai dwoc chira va x& ly dung cach. Vi muc dich nay, van xa ap dwoc coi la duwdng
xa l&én. Phuong phap dwoc st dung gan nhuw phd bién la dbt dé tiéu hay khi.
Carbon monoxide and Syngas vents must be contained, collected, and disposed of safely. Carbon
monoxide and Syngas in small amounts, such as from filters, may be vented directly to the
atmosphere, if routed to a safe location. Otherwise, carbon monoxide and Syngas vent streams must
be contained and disposed of properly. For this purpose, pressure relief valves are considered large
vents. The almost universally used method is a flare which destroys the gas by burning.

- Ap suét ngwoc do hé théng thu gom tao ra phai dwoc tinh toan hop ly trong thiét ké, dac biét
la trén cac dwdng xa cla van an toan (APl RP 520, 521 thwdng la tai liéu tham khao dwoc
st dung cho viéc nay).

The back pressure created by the collection system must be properly accounted for in the design,
especially on safety relief valve discharges (APl RP 520, 521 are often used reference documents for
this).

- Duong bng thu gom va xt ly khi xa cling nén duoc st dung clng loai vat liéu dwoc st dung
& nhirng noi khac trong dwdng éng.
The same materials as are used elsewhere in the pipe line should also be used for vent collection and
disposal piping.

- Thiét ké hé thdng thu gom va dbét khi dé chay la mét nhiém vu thiét ké phirc tap va chi nén
dwoc thye hién bédi nhirng ngwoi quen thudc va coé kinh nghiém trong linh viec nay. APl 521
la mot ngudn tham khao tbt.

The design of a vent collection and flare system for flammable gases is a complex design task and
should only be performed by persons familiar and experienced in this area. For a good reference and a
layman’s understanding APl 521 a good source.

- Khi gan vao hé thdng thu gom va/hodc dét chay hién co, can hiéu co s& thiét ké cia hé
thong dé y dinh clia ngwoi thiét ké khong vo tinh bi anh hwéng tiéu cwe. Hiéu suat cda phan
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dinh kém méi anh hwéng dén hiéu suét ctia hé théng hién co, cé thé 13 tiéu cwc. Cac van dé
nhw ap suat nguoc trén thiét bi, dong chady nguoc, thé tich tirc thoi, thong thdi khi tro, vat
liéu xay dwng, v.v. thuwong lién quan. Chu co s& cua hé thdng xa/dét hién cé thuwong la
ngudn lyc tét nhat & dam bao tinh twong thich va khuyén nghi anh ta tryc tiép tham gia
xem xét thiét ké va qhé tao phan dinh kém va duwgc anh ta chap thuén. Nég khéng thé, thi
phai phan tich hé thong nay tir cac tai liéu hién co va kiém tra thiét bi va két qua duwoc st
dung dé thiét ké phan dinh kém.

When attaching to an existing vent collection and / or flare system it is essential to understand the
basis of the system’s design so that the designer’s intent is not inadvertently compromised. The
performance of the new attachment affects the performance of the existing system, possibly negatively.
Issues such as back pressure on devices, back flow, instantaneous volume, inert purge, materials of
construction, etc. are typically involved. The owner of the existing vent / flare system is usually the best
resource to ensure compatibility and it is greatly preferred that he be directly involved in reviewing the
design and fabrication of the attachment and that his approval be obtained. If this is not possible, then
an analysis of the existing system shall be performed from existing documents and inspection of the
equipment and the results used to design the attachment.

Mat bich va gioang / Flanges and gaskets

Trwong hop khoéng thé han dwoc thi mat bich la Iwa chon tbt nhét tiép theo. Phai s& dung
céac loai mat bich chdng ro ri nhw bich 16i, cé ranh va lwdi hodc mét bich c6 vong dém. Vat
liéu gioang phai phu hop voi ap suat va nhiét do thiét ké, twong thich véi hydro va carbon
monoxide va chdng ro ri. Ngoai ra, can xem xét kha nang chéng chay do tinh d& chay cua
khi. Nhin chung, gioang thép xo0én dwoc wu tién str dung v&i mat bich ndi, nhwng gioang
hén hop gbc graphit cling dwoc st dung & ap suét thap hon. Vong kim loai mém dugc wu
tien st dung v&i mat bich vong dém. Nhin chung, giodng thép xoan cé chira Teflon hoac
graphit v&i mét bich néi hodc vong dong véi mat bich c6 vong dém Ia nhing Iya chon dién
hinh vi ching thé hién cac dac diém mong muén & mic d6 16n. Vi ro ri nho vao khi quyén
gay ra méi nguy an toan dang ké&, nén can nhac s dung nap chup mat bich.

Where welded connections are not practical flanges are the next best choice. Leak resistant flange
types such as raised face, tongue and groove, or ring joint flanges shall be used. Gasket materials
shall be appropriate for the design pressures and temperatures, and be hydrogen and carbon
monoxide compatible and leak resistant. In addition, consideration should be given to resistance to fire,
due to the flammability of the gas. In general filled spiral wound steel gaskets are preferred with raised
flanges, but composition gaskets which are graphite based are also used at lower pressures. Soft
metallic rings are preferred with ring joint flanges. Overall then, a Teflon or graphite filled spiral wound
gasket with a raised face flange or a copper ring with a ring joint flange are typical choices since they
embody the desired features to a large extent. Since small leaks to atmosphere present a significant
safety risk, flange covers should be considered.

Két néi ren / Threaded connections

Két ndi ren chi nén duwoc st dung khi cac két ndi han (bao gdm ca két ndi ren han kin) va
két ndi mat bich khong kha thi. Vat liéu lam kin phai twong thich v&i hydro va carbon
monoxide va nén chiu dwoc nhiét dd cao dé gidm nguy co ro ri trong trweong hop héa hoan.
Céc ing dung dién hinh cla két néi ren 1a d& phu hop vai thiét bi, dac biét 1a cac dung cu.
These shall be used only where welded (including seal welded threaded connections) and flanged
connections are not practical. The sealant shall be hydrogen and carbon monoxide compatible and
should be high temperature resistant to reduce the risk of leaks during a fire. Typical uses of threaded
connections are to match equipment, especially instruments.

Puwong 6ng do lwdng / Instrument tubing

Viéc str dung dwong ong lién tuc, lién mach phai dwoc ti da hoa dé glam sb lwong phu kién
vi chung c6 thé la ngudn ro ri. Ong do lwdng phai bang thép khoéng gi (Xem muc 4.3.5), két
ndi bang phu kién nén hodc han.

The use of continuous runs shall be maximized to reduce the number of fittings since these can be leak
sources. Instrument tubing shall be stainless steel (See section 4.3.5) with compression fittings or
welded.

5.5. Van/ Valves
5.5.1.

Téng quan / General

Méi quan tdm chinh dac thu véi viéc s dung carbon monoxide va Syngas 1a ngan rd ri ra
méi tredng xung quanh hoac qua van.

The major concern specific to carbon monoxide and Syngas service is to prevent leakage either to the
ambient or across the valve.
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Sw rd ri ra méi trwdng xung quanh thwdng gap nhét 1a do rd ri & co ciu lam kin va nap chup
va & mirc d6 thdp hon Ia do rd ri vat liéu dac. Dé gidm thiéu kha nang ro ri, phai xem xét cac
diéu sau day hoac twong dwong:

Leakage to ambient is most frequently caused by packing and bonnet leaks and to a lesser extent by
leaking castings. To minimize the potential for leaks the following, or equivalent, shall be considered:

e Van c6 dém kin kép hoac van cau
Double packing or bellow seal valves

e Nap chup bu 16ng chiu tai truc tiép
Live loaded bolted bonnet

e Than van phai dwoc kiém tra ro ri thay lwc
Valve bodies to be hydraulically leak tested

 Dé&m kin mém trong chbt ham kim loai cho van tw dong trén duong bng va duong xa tw
dong; chi dinh ngat kin hoan toan
Soft seat in a metal retainer for in-line automatic valves and automatic vents; specify bubble tight
shut off

e Dém kim loai v&i kim loai hodc dém mém trong chét ham cla van tay; ching nén duoc
két hop v&i modt phwong tién cach ly dwong néu dwoc st dung d& ngan dong khi truéc
khi tién hanh bao tri ho&c kiém tra bén trong dwédrng 6ng.

Metal to metal seat or soft seat in a retainer for in-line manual valves; these should be combined
with a means of positive isolation if used to block flow before attempting maintenance or inspection
inside the line.

e Dém kim loai v&i dau ra van bi,chén. Cé(; cég:h bd tri dién hinh dwoc st dung la van kép,
mat bich mu, nat hoac nap (chap nhan két noi ren).
Metallic seat with valve outlet blocked. Typical arrangements used are double valves, blind flange,
plug, or cap (threaded connections are acceptable).

e Khong cé két néi ren trong cum than van; wu tién khéng cé bu 16ng xuyén qua hodc mét
bich than
No threaded connections in assembly of the valve body; preference for no through bolting or body
flanges

e Van cach ly dwong 6ng chinh nén duoc thiét ké dang full port, khi dy kién st dung
pigging dé kiém tra dworng bng
Mainline isolation valves should be of full port design, when pipeline pigging for inspection is
foreseen

Van chirc nang / Valve functions

Van cach ly / Isolation valves

Van céach ly cé kha nang khéa dwoc st dung dé cach ly cac phan cia dwong dng trong
trwdng hop khan cap hodc dé bao tri va kiém tra dinh ky. Ching nén dwoc I&p dat & vi tri dé
tiép can vi chung c6 thé can phai dwoc déng bang tay trong trudng hop khan cép.

Isolation valves with lock out capabilities are used to isolate portions of the pipe line in emergencies or
for routine maintenance and inspection. These should be installed in an accessible location since they
may need to be manually closed on an emergency basis.

Dé tiép can bdo tri an toan, can phai cé phwong tién cach ly dwong véi quy trinh béo tri
khéa hodc gan thé hd trg. Cac cach b tri dwoc chdp nhan dién hinh 1a van xa kép va xa,
mat bich bit kin, van bi gan truc kép véi dwdng xa than hodc loai b 6ng chi.

For safe maintenance access it is necessary to have a means of positive isolation with a supporting
lock out or tag out maintenance procedure. Typical accepted arrangements are double block and bleed
valves, blind flange, double trunnion mounted ball valves with a body vent or spool removal.

Day thwdng 1a van bi, van nat, van céng hodc van buwém.
These are typically ball, plug, gate, or butterfly type valves.

Van céch ly khan cép / Emergency isolation valves

Van Cach ly Khan cép (EIV) dwoc sir dung dé cung cap kha nang chan dong khan cép.
Chung cé thé duwoc van hanh bang tay, tw déng hodc ca hai. M&c du sb lwong vi tri va loai
EIV phu thugc vao cac chi tiét cu thé clia chién Iwgc kiém tra, bao tri va quan Iy rdi ro,
nhwng téi thidu chung phai dwoc cung cp & dau dudng 6ng va tai méi ngwdi dung.
Emergency Isolation Valves (EIV) are used to provide emergency blockage of the flow. They may be
manual, automatic, or both. Although the number location and type of EIV’s depend on the specifics of
the inspection, maintenance and risk management strategies, as a minimum they shall be provided at
the beginning of the pipeline and at each user.
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EIV phai c6 kha néng déng hoan toan d& dam bao khong bi ro ri va trong trwéng hop van tw
dong phai dwoc thiét ké dé dong khi khi diéu khién, tin hiéu, thay lwc va dién bi 16i. Cach bd
tri dién hinh sé& 1a bo truyén déng hdi vi 16 xo déng khi xay ra 16i. Van 16i 1a khong thé chép
nhan duwoc.

EIV’s shall be capable of being fully closed to ensure against gas leakage and in the case of automatic
valves shall be designed to close on instrument air, signal, hydraulic and electrical failure. A typical
arrangement would be spring return actuators which fail closed. Fail in place valves are not acceptable.

Khi dwoc tw dong hoéa, EIV thwong la van bi hodc van céng va dwoc ché tao an toan cho
hdéa hoan. Khi van hanh béng tay, cac van nay thuéng la van cdng. Théng thudng nén lap
dat phwong tién cach ly dwong cung véi EIV.

When automated, EIV’s are typically ball or gate valves and are of fire safe construction. When
manual, these valves are typically gate valves. It is often advisable to install a means of positive
isolation along with an EIV.

Van diéu khién, van gidm &p va bo diéu ap / Control and pressure reducing valves and regulators

Chuing dwgc s dung cho cac chirc nang diéu khién Iuu lvgng va ap suét. Nén xem xét viéc
str dung dé va nut clrng hodc cac tinh nang thiét ké dac biét khac khi ap suat giam qua van
hoac bd diéu ap trén 10% ap suat dau vao do van tbc am thanh cao cia Syngas. Sy an
mon, mai mon va tiéng dn qua mirc nén dwoc gidi quyét trong thiét ké.

These are used for flow and pressure control functions. The use of hardened seats and plugs or other
special design features should be considered when the pressure drop through the valve or regulator is
greater than 10% of the upstream pressure because of the high sonic velocity of Syngas. Erosion,
abrasion, and excessive noise should be addressed in the design.

Cac van nay thuwédng la van cau, nhwng van bi c6 khia ciing dwoc st dung.
These are frequently globe valves, but notched ball valves are also used.

Khéng nén xa khi trong day chuyén ti» bd diéu ap ra méi trwéng xung quanh mét cach
khong kiém soat. Chiing nén xa bén trong hodc duong xa nén dwoc xt ly nhw trong muc
5.4.1.1 & trén.

Regulators should not vent process gas to the ambient in an uncontrolled way. They should either vent
internally or the vent should be treated as in section 5.4.1.1 above.

Van an toan / Safety relief valves

Muc dich cla van an toan 1a bao vé hé thdng va cac bo phan trong hé théng khéi hu hai do
ap suat vuot qua ap lam viéc téi da cho phép (MAWP). Hé théng carbon monoxide va
Syngas néi chung khéng yéu cau phan tich nghiém ngét hon hoéc it nghiém ngét hon hau
hét cac loai khi dé chay khac, ngoai trir viéc nén dac biét chu y dén kha nang ro ri khi qua
van khi né déng va cac yéu cau ctia muc 5.4.1 & trén dé xa an toan phai dwoc tuan tha. Sé
lweng, vi tri, loai, tiéu chi kich thwéc, vi tri xa an toan va khoang thoi gian kiém tra cho céac
thiét bi gidm ap dwoc quy dinh bdi co quan quan ly dia phwong va cac yéu cau nay phai
dwoc tuan thd nghiém ngat. Thong thwdng cac binh chiu ap Iwe, vi du nhw cac bo loc co vo
c& Ion, sé thudce cac quy dinh vé binh chiu ap lwc va con lai sé thudc cac quy dinh vé dwong
6ng va / hoac dwdng 6ng.

The purpose of safety relief valves is to protect the system and its components from damage caused
by pressures above the maximum allowable working pressure (MAWP). Carbon monoxide and Syngas
service does not in general require a more or less severe analysis than most other flammable gases
except that special attention should be paid to the potential of the gas leaking through the valve when it
is closed and the requirements of section 5.4.1 above for safe venting must be followed. The number,
location, type, sizing criteria, safe venting, and inspection intervals for pressure relief devices are
governed by local regulatory authority and these requirements must be strictly followed. Typically
pressure vessels, for example large filter housings, will fall under the pressure vessel regulations and
the balance will fall under the piping and / or pipe line regulations.

Mot s6 didu nén va khong nén lam thuwong dwoc thye hién 1a:

Some of the dos and don’ts as typically practiced are:

e Van an toan nén dwoc dat cang gan vat ma ching bao vé cang tét.
Safety valves should be located as close as possible to the item which they protect.

e Phai xem xét ap suét nguoc trén dudng xa clia van an toan va tham chi ca sw nhiém
ban tlr dong ngwoc, do hé thdng thu gom dudng xa gay ra.
Back pressure on the safety valve discharge and even back flow contamination, caused by the vent
collection system, shall be considered.

e Phai xem xét cac lwc phan (rng khi van an toan xa.
Consideration shall be given to the reaction forces when a safety valve discharges.
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e Phuong phap thiét ké hé théng xa va gidm ap cla van an toan cé thé dwoc tim thay
trong cac tai liéu tham khao, chéng han nhw APl RP 520 va 521.
Safety valve relief and vent system design methods may be found in reference documents, such as
API RP 520 and 521.

e Mac du khdéng nén, nhwng ddi khi can phai 1ap dat van chin va / hodc van ndi tét cung

véi van an toan dé dap &ng cac quy dinh kiém dinh / thir nghiém tai dia phwong hoéc khi
két ndi v&i hé thdng xa hoac dét hién co. Tuy nhién, diéu nay gay ra rdi ro vé an toan vi
van an toan c6 thé bj ch&n. Do do, phai thwc hién phan tich can than toan bo hé théng,
cac bd phan clia né va cac quy trinh vé van hanh va bao tri hé tro (vi du: khéa lock out)
b&i mét chuyén gia giau kinh nghiém.
Although it is preferable not to, it is sometimes necessary to install block and / or by-pass valves
together with safety relief valves to meet local inspection/testing regulations or when connecting to
an existing vent or flare system. However, this presents inherent safety risks since the safety valve
could be blocked. Therefore, a careful analysis of the entire system, its components, and the
supporting operational and maintenance procedures (e.g. lock out) by an experienced professional
shall be performed.

Doi khi viéc xtr ly khi x& mét cach an toan tai cac tram giam ap cua dwong éng l1a khéng
thwe té vi doc tinh ngdn can viéc xa trwc tiép moét lwong dang ké ra khi quyén. Trong nhirng
trwong hop nhw vay, nén xem xét mét phwong phap thay thé, dé 1a bao vé chong qua ap
bang cach st dung hai van cach ly tw dong noi tiép. Cac van nay sé duoc diéu khién béi ba
bd cam bién ap suét dw phong v&i co ché tac dong néu hai trong ba cam bién phat hién ap
suét vuot nguwdng, hodc str dung hé thdng chét né.

It is sometimes impractical to safely dispose of vented gas at pressure let-down stations of the pipeline
since the toxicity precludes direct venting of significant quantities to the atmosphere. In such instances,
an alternate method should be considered, which is to protect against overpressure by the use of two
automatic isolation valves in series. These valves will be controlled by triple redundant pressure
transmitters with two out of three voting or a rupture pin system.

Van xa va van xa day thua céng / Manual vent and drain valves

Trong thuwc t&, d& ddm bao dd kin tuyét déi khi déng van, ngui ta thwong siv dung phwong
phap 1&p dat dw phong. Cach b tri phd bién nhét Ia dung hai van néi tiép, hodc két hop véi
mat bich mu, nat hodc nép bit. (Nut va ndp bit nén dwoc vat ren ma dwoc han kin vi can
phai thao khi cAn mé& van dé xa thyc hién chirc ndng cla no).

Typical practice is to provide positive sealing through the valve by redundancy. The most common
arrangements used are double valves, blind flange, plug, or cap (plugs and caps should be threaded
without seal welding since it is necessary to remove them for the vent valve to perform its function).

Cac loai van nay thwdng la van bi, van nuat, van céng hoéc van cau.
These are typically ball, plug, gate, or globe valves.

Van ngét lwu long (EFV)/ Excess flow valves (EFV)

Chung thwong dwoc thiét ké twong tw nhw van cach ly khan cép (EIV).
These are usually designed similarly to emergency isolation valves (EIV).

Van moét chiéu (van khéng héi lwu)/ Check valves (non-return valves)

Khi carbon monoxide va Syngas khong gay ra van dé dac biét nao dbi véi van moét chiéu
ngoai nguy co ro ri. Nhirng moi lo ngai lién quan dén van mot chleu cling twong ty nhw voi
van tw dong. Vi vay, nguoi ta thwdng wu tién st dung ghé van mém dwoc gilr trong vé kim
loai, hodc ghé van kim loai dwoc mai chinh xac dé khép kin véi nhau, ddc biét trong truéng
hop ro ri ngwoc du rat nhé cling cé thé gay nguy hiém. Gidng nhw véi tat ca cac van mot
chiéu, viéc 1ap dat dung chiéu Ia rat quan trong. Thong thwdng, van mét chiéu khéng dwoc
coi la thiét bj chan dong hoan toan dang tin cay. Do d6, van mét chiéu khong duoc st dung
thay thé cho van céach ly.

Carbon monoxide and Syngas do not present special concerns for check valves besides leakage. The
concerns are similar to those for automatic valves and a soft seat in a metal retainer or specially lapped
metal to metal seats are preferred, especially when small back leakage would present a significant risk.
As with all check valves installation in the proper orientation can be crucial. Typically check valves are
not considered fully reliable flow stoppers. Therefore, a check valves shall not be used as a substitute
for an isolation valve.

So lwore vé cac loai van / Valve type summary
Van bi va van nat / Ball and plug valves

Van bi va van nut vén cé dac tinh déng/mé nhanh va kha nang lam kin tét. Chiang c6 thé
dwoc van hanh tha cong hoac ty dong. Chang thwong dwoc wu tién st dung lam van céach
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ly, van cach ly khan cép, van gi&i han lwu lwgng va van xa. Ching ciing c6 thé dwoc s
dung lam van diéu khién trong moét sé trudng hop nhat dinh mac du cac dac tinh diéu khién
cla _chidng nhin chung kém chinh xac hon van céu hoac van buwém. Van bi thuwong co thiét
ke 16 théng subt (full port) va phai 1a loai full port néu can chay thiét bi kiém tra trong dudng
4ng. Van bi va van nut thwéng dwoc st dung cho dwdng dng c6 kich thuwée nhé.

Ball and plug valves are inherently quick opening and good sealing. They can be manually or
automatically operated. They are frequently preferred as isolation, emergency isolation, excess flow,
and vent and drain valves. They can also be used as control valves in certain circumstances although
their control characteristics are generally less precise than globe valves or butterfly valves. Ball valves
are usually full ported and must be full ported if it is required to run a pipeline internal inspection device
through them. Ball and plug valves are typically used in small sizes.

Van bwém / Butterfly valves

Van bwém dia léch tam (loai hiéu suat cao) cé thé dwoc str dung trong hé thdng. Chang co
thé dwoc van hanh thi cong hodc tw déng va coé thé dwoc st dung lam van diéu khién khi
chénh ap qua van khong gué I&n. Nhuwoc diém chinh la dé van dac biét dé bi hw hai do cac
hat ran trong dong khi. Néu chon sir dung, can dam bao van la loai Iéch tam kép va co6 kha
nang dong kin hoan toan. Van buwém khong phu hop dé chay thiét bj kiém tra trong dwérng
4ng vi dia va truc van luén nam trong dong chay.

Eccentric disc wafer valves (high performance butterfly) may be used. They can be manually or
automatically operated and can be used as a control valve when the pressure drop across the valve is
not too large. The main disadvantage is that the valve seat is particularly exposed to particulate
damage. If these are chosen, they shall be double eccentric and bubble tight shut off. Butterfly valves
are not suitable to run a pipeline internal inspection device through since the disc and pin sit
permanently in the flow path.

Tai liéu nay khong dwa ra quan diém vé viéc nén st dung cac van nay hay khéng vi hién
van con nhiéu y kién trai chiéu: mét sé don vi van hanh duwéng dng cho phép sir dung trong
mot sb trweng hop nhét dinh, trong khi nhitng don vi khac thi khdng cho phép st dung hoan
toan. Tuy vay, do loai van nay cé thé mang lai loi ich trong mét sb tinh huéng cu thé, nén tai
liéu van dwa ra mé ta dé nguwdi doc tham khao.

This document does not take a position on the use of these valves other than to acknowledge that
there is difference of opinion about their use with some pipe line operators allowing them in certain
circumstances and others not permitting them at all. However, as there are potential benefits in certain
situations, a description of them was considered appropriate to include.

Van céng / Gate valves

Van cbng (van cta) 1a loai van bén chac, da dwoc kiém chirng trong thuc té, thworng duoc
duing dé chan dong chay. Mac du chung c6 thé dwoc tw ddng héa nhuwng cho dén nay ching
thwdng dwoc van hanh tha cdng. Nhuwoc diém chinh la kha nang lam kin khéng cao (trir mét
sb thiét ké d&c biét cé dai lam kin mém trén dia van), nén khoéng kin bang van bi, van nut,
van buém hodc van cau. Dé gidm thiéu diéu nay, nén chon loai van cé ném linh hoat (cdng).
Van cbng phu hop dé chay thiét bj kiém tra bén trong dwdng éng.

Gate valves are rugged proven valves which are typically used to block flows. Although they can be
automated they are by far most often manually operated. The main disadvantage is that, except for
certain special designs with soft sealing strips on the disc, they are not as tight sealing as ball, plug,
butterfly, or globe valves. To mitigate this they should be specified with flexible wedges (gates). Gate
valves are suitable to run a pipeline internal inspection device through them.

Van cau / Globe valves

Van ciu thudng dwoc st dung trong cac (ng dung diéu khién dong chay va khi c6 yéu cau
viéc déng kin tuyét déi. Chung c6 thé duwoc van hanh tha cdng hodc tw déng. Chang dwoc
st dung réng rai 1am van diéu khién do tinh chét chinh xac cla cac dac tinh diéu khién.
Chung ciing dwoc str dung lam van xa va van cach ly tw dong vi kha ndng déng kin tét. Van
cau thuwong dwoc dung cho dwdng 6ng ¢ kich thuéc nhd. Khi chay qua van cau budc phai
ddi hwéng. Day la cach tao ra dac tinh diéu khién chinh xac cGa né, tuy nhién, né khién
chung dé& bj &n mon va mai mon. Vi vay, trong cac tng dung cé chénh léch ap suét Ién, nén
dung vat liéu cirng cho dia va dé van. Véi khi tdng hop (syngas), do téc d6 am thanh cao,
hién twong mai mon cé thé xay ra ngay ca khi chénh ap khéng qué Ién.

Globe valves are commonly used in control applications and where a tight shut off is a pre-eminent
concern. They can be manually or automatically operated. They are widely used as control valves
because of the precise nature of their control characteristics. They are also used as automated vent
and isolation valves because of their tight shut off. They are more used at smaller sizes than larger
sizes. The gas which flows through a globe valve is forced to change direction. This is how its precise
control characteristic is created, however, it makes them susceptible to erosion and abrasion. For this
reason the use of hardened plug and seat materials should be considered in applications which have a
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large pressure drop across the valve. The high sonic velocity of Syngas means that this problem
occurs at lower pressure drops than with most other gases.

Van xa &p / Pressure relief valves

Day la loai van dwoc thiét ké dac biét dé& ngan hé thdng bi qua ap, bang cach tw dong xa khi
khi ap suat vieot nguwdng cai dat. Van xa ap hoat dong hoan toan déc lap, khéng can nguwoi
van hanh hay hé théng diéu khién. Co6 nhiéu loai van x& &p nhuw: loai tac dong truc tiép, loai
diéu khién bang pilot, loai chiu ap suét ngwoc thay di, v.v. Van xa ap dung 16 xo tac dong
triee tiep la loai chap nhan dwoc. Cac bd phan bén trong van phai lam tir vat liéu chong an
mon phu hop véi khi CO va syngas. Nén dung dé van mém dé dam bao déng kin tuyét déi..

These are valves which are specifically designed to prevent over pressurization of an item or system
by automatically and reliably stopping the increase of internal pressure by venting gas once a pre set
pressure has been reached. Pressure relief valves are self contained in that they do not require
operator or control system actuation to perform their function. There are several different types and
styles of safety relief valves including direct acting, pilot operated, variable back pressure, etc. Direct
acting spring actuated relief valves are acceptable. Internals shall be of carbon monoxide and Syngas
compatible corrosion resistant materials. Soft seats shall be used to provide a tight shut-off.

Van xa ap thwong phai tuan tha cac quy dinh qubc t&, qubc gia va dia phwong, bao gom:
thiét k&, vat liéu ché tao, kiém tra, ddm bao chat lwgng, kiém dinh trong qua trinh st dung,
va niém phong chinh thirc sau khi cai dat ap suét xa dé tranh bj can thiép.

Pressure relief valves typically must meet international, national, and local regulatory requirements
which typically include design, materials of construction, testing, quality assurance, inspection in
service, and often official sealing after the relief pressure has been set to guard against tampering.

Mac du c6 thé dung nhiéu loai vat liéu cho than van, nhwng thép carbon hodc thép khéng gi
la Iwa chon wu tién vi gia thanh hop ly va gidam nguy co an mon néu co tap chat xam nhap
vao dwong bng.

Although many materials may be used for the valve body, it is preferable to use either carbon steel or
stainless steel since these materials are economic and avoid some of the potential corrosion issues
which could arise if impurities entered the pipe line.

Van mot chiéu (van khéng héi lwu) / Check valves (non-return valves)

Day la cac loai van duoc thiét k& dac biét d& cho phép dong chay theo mét chiéu va ngan
dong chay ngwoc. Cé nhiéu loai van mét chiéu khac nhau nhw loai ban 1& (swing), loai ndp
lat (flapper), loai bi (ball), loai nut (poppet), loai 16 xo (spring loaded), loai van hanh bang
trong lwc (gravity operated), loai hé tro thay lwc (hydraulic assisted), v.v. Loai ban |& va nép
lat thwong dwoce st dung cho cac kich thwdc Ién, con loai bi hodc nut thi dung cho kich
thwdc rat nhd (<2”). Bé gidm thiéu ro ri ngwoc khi van déng, nén sir dung dé van mém trong
vé kim loai hodc dé van kim loai dwoc mai chinh xac dé khop kin, dac biét trong trwong hop
dong chay nguwoc nhd cé thé gay rdi ro nghiém trong. Giébng nhw tat ca cac loai van mot
chiéu, viéc 1ap dat dung chiéu la rat quan trong. Théng thwéong, van mét chidu khong duoc
xem la thiét bi chdn dong dang tin cay nhw van cach ly, do do, van mét chiéu khéng dwoc st
dung thay thé cho van cach ly.

These are valves which are specifically designed to permit flow in one direction and to stop it in the
reverse direction. There are numerous types including swing, flapper, ball, poppet, spring loaded,
gravity operated, hydraulic assisted, etc. Swing and flapper types are most often used in larger sizes
and ball or poppets in very small sizes (<2”). To minimize back leakage when the valve is closed, a soft
seat in a metal retainer or specially lapped metal to metal seats are preferred, especially when a small
backwards flow would present a significant risk. As with all check valves, installation in the proper
orientation can be crucial. Typically check valves are not considered as reliable flow stoppers as
isolation valves and, therefore, a check valve shall not be used as a substitute for an isolation valve.

Cac van dé khac vé van / Miscellaneous valve issues
Giodng dém / Packing

Viéc dam bao d6 kin tuyét dbi ciia cac bd phan dém kin 1a rat quan trong trong hé théng st
dung khi carbon monoxide va syngas. Vat liéu dém phai twong thich véi khi CO va syngas,
ddng thoi chiu dwoc nhiét dd cao dé duy tri d6 bén trong trwdng hop xay ra héa hoan. Céac
hop chét gbc graphite (than chi) thuéng dwoc st dung. Nén xem xét s&¢ dung dém kép
(double packing) dé gidm nguy co rd ri khi ra mdi trwdng, vi didu nay cé thé gay ra nguy co
doc hai va’hodc chay nd.

Positive sealing of packing glands is important in carbon monoxide and Syngas service. Packing
materials shall be carbon monoxide and Syngas compatible and suitable for high temperatures to
better maintain their integrity in case of a fire. Graphite based compounds are typically used. Double
packing should be considered to mitigate the chance of leakage to atmosphere which can present a
toxicity or/and flammability safety risk.
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Hw hdng do hat ctrng / Damage from particulates

Dé bao vé dé mém khdi hw hdng cé thé xay ra do cac hat cirng trong dong khi, cé thé Iap
dat bd loc 300 micron (Iué’i 50) ho&c min hon & phia thwong ngudn cda van hodc cum van
véi dé mém thwong mo dé dong chay trong qua trinh van hanh. Thong thwong, diéu nay
khong bao gom van x& va van xa ap suét (van xa ap suét khéng nén cé bd loc & phia
thwong ngudn cla chung trong moi trwdng hop vi bd loc bi chan mot phan sé lam gidm kha
nang xa).

To protect soft seats from possible damage from particulates carried with the gas, a strainer of 300
microns (50 mesh) or finer may be installed upstream of valves or valve clusters with soft seats which
are normally open to flow during operation. Typically this excludes vents, drains, and pressure relief
valves (pressure relief valves should not have a strainer upstream of them in any case since a patrtially
blocked strainer would reduce the relieving capacity).

5.6. Thiét bi khac / Other equipment

5.6.1.

5.6.2.

5.6.3.

5.6.4.

B6 loc va lwéi loc / Strainers and filters

Khuyén nghi 13p dat b loc va b loc dé tranh nhiém bén, dac biét 1a & phia trudc cia thiét b
do lwong va diéu ap, vi van toc am cla Syngas rat cao so v&i hau hét cac loai khi khac. Vat
liéu v& ngoai cla loc téi thiéu phai twong dwong véi dwong dng va cac bd phan bén trong
phai dwoc 1am bang kim loai chdng &n mon.

Strainer and filter installation is recommended to avoid contamination, particularly upstream of
pressure control and metering devices, as the sonic velocity of Syngas is very high compared with
most gases. The housing material should as a minimum be equivalent to the pipe and the internals
should be of a corrosion resistant metal.

Thiét bi do lwu lwong / Flow measuring devices

Céc loai thiét bi nhw dia do lwu lwong (orifice plate), 6ng Venturi (venturi) va ddng hd tuabin
(turbine meters) thuwdng dwgc str dung.
Orifice plate, venturi and turbine meters are frequently used.

Viéc lya chon loai thiét bi do lvu lwong thwong dya trén yéu cau vé do chinh xac trong
pham vi lu lwong khi can do dé dap tng nhu cau gfja khach hang. Hé thong thiét bi do co6
thé str dung hé th(“)r)g dién ttr tich hc_yp dé chuyén Q6i tin hiéu twr thiét bi do thé tich ban dau
thanh Iwu lwveong khoi lwgng, bao gom céc thanh phan nhu:
The selection of flow meter type is normally based on the accuracy requirements for the required range
of gas flow to meet customer requirements. Instrumentation for converting the output from
thevolumetric primary device into a mass flow may use an Integrated Electronic System, which may
comprise the following:
e cam bién ap suét

pressure transmitter
e cam bién nhiét do

temperature transmitter
e cam bién chénh ap

differential pressure transmitter
e may tinh lwu lwong khéi lwong

mass flow computer

Pia né / Rupture discs

Rupture discs should not be used, due to toxicity risk.
Dia n6 khéng nén dworc sty dung, do nguy co doc tinh.

Khép cach dién / Insulating joints

Khép cach dién vé co ban 13 hai doan 6ng dwoc ngan cach bdi mot vat liéu cé hang sb dién
moi cao (chat cach dién) dé cach ly dién hai hé thdng hodc thiét bi. Thong thuwong, didu nay
duwoc thuwe hién dé tao ra cac viung &n mon riéng biét, vi du nhw gitra cac doan dwdng 6ng
ngam va trén mat dat. Mac du thiét ké cla cac thiét bi nay da dwoc biét ré, nhwng van coé
kha nang tia Itra dién dwoc tao ra gitba cac doan dwgc cach ly dién va tia Itra dién nay co
thé gay chay. Viéc chi dinh va Iap dat khép cach dién ding cach 1a can thiét dé giam thiéu
rdi ro nay. Do d6, mot ngudi cé kién thirc va kinh nghiém phai xem xét ky lwdng théng sbé ki
thuat va viéc l1ap dat hang muc nay.

Insulating joints are essentially two pieces of pipe separated by a material with a high dielectric
constant (insulator) so as to electrically isolate two systems or items. Typically this is done to create
separate zones of possible corrosion for example between underground and aboveground segments of
the pipe line. Although the design of these devices is well known, there is still a possibility that a spark
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may be created between the electrically isolated sections and that this spark might ignite a fire. Proper
specification and installation of insulating joints is necessary to mitigate this risk. Therefore, a
knowledgeable and experienced person should review the specification and installation of this item.

Két n6i mém (6ng mém, khép néi gidn né, v.v.)/ Flexible connections (hose, expansion
joint, etc.)

Khi dwdng ong va thiét bj ndng 1én, nd sé gian né gay ap luwc 1én hé thong khi n6 thay dbi
hinh dang aé phu hop véi vat liéu dai hon bay gi®. Két ndi mém la mot thlet bi cho phép sw
phat trién nay bang tinh linh hoat vén c6 ctia né; né gidn né dé dwong dng khong bi anh
hwéng. Tuy nhién, khdp ndi linh hoat kém bén hon dang ké so v&i 6ng thép théng thuéng,
va diéu nay lam tang dang ké nguy co hu hdng — diéu nay dic biét nguy hiém véi cac loai
khi dé chay, va cang nguy hiém hon véi khi carbon monoxide va syngas. Giai phap wu tién
la thiét ké do6 linh hoat ngay trong hé théng dwdng éng bang cach s dung vong gidn néd —
tirc 1 cac doan dng chay léch khdi mat phéng chinh — va day phai la phwong an thiét ké
dwoc ap dung, triy khi khéng con lwa chon kha thi nao khac. Trong trudng hop khong thé
tranh khoi viéc st dung khép ndi mém, thi thiét bi nay phai dwoc lam bang kim loai chdng
&n mon, co 16p 16t bén trong, va phai dwoc kiém tra thwong xuyén trong qua trinh van hanh
dé phat hién sém cac dau hiéu hw hdng tiém an. Cac khép gidn néd cod thé dwoc thiét ké
theo cac tiéu chuadn hién hanh, vi du nhw cta Hiép hoi cac nha san xuat khép gian no’
(EJMA). Viéc lwa chon va I&p d&t dung ky thuat cho khép néi linh hoat 1a rat quan trong, neu
khong chuing cé thé bj hdng s&m hodc tham chi ngay lap ttrc. Do do, viéc xem xét thdng sb
ky thuat va 1&p dat thiét bi nay can dwoc thwc hién bdi nguoi céd kién thirc va kinh nghiém
chuyén mon.

When piping and equipment warms up, it expands putting stress on the system as it changes shape to
accommodate the now longer material. A flexible connection is a device to allow for this growth by its
inherent flexibility; it expands so the piping does not have to. Unfortunately, flexible connections are
significantly less robust in service than pipe, and this presents a significantly increased risk of failure,
which would be dangerous with any flammable gas, and even more so with carbon monoxide and
Syngas. The preferred solution is to design flexibility into the piping system by means of expansion
loops (out of plane runs of pipe) and this shall be the design used unless there is no practical
alternative. In case a flexible connection is unavoidable it shall be made of corrosion resistant metal,
have a liner, and shall be inspected frequently in service to detect early signs of incipient failure.
Expansion joints may be in accordance with existing standards, such as of the Expansion Joint
Manufacturer’'s Association (EJMA). Proper specification and installation of flexible connections is
necessary or they may fail prematurely or even immediately. Therefore, a knowledgeable and
experienced person should review the specification and installation of this item.

Cac hang muc thiét bi khac / Miscellaneous equipment items

Nhin chung, mdi quan tam déi v&i hau hét cac hang muc dwdng dng va thiét bj trong dich vu
carbon monoxide va Syngas ciling twong tw nhw céc dich vu khi dé chay khac. Sw khac biét
chinh 1a ro ri c6 nhiéu kha nang xay ra hon va phai tinh dén tac déng cta carbon monoxide
nhw mot loai khi doc. Viéc thiet ke, lap dat va kiém tra cac hang muc nay phai tuan theo cac
nguyén tac va de xuat trong tai liéu nay khi ching ap dung cho tirng hang muc.

In general, the concern with most piping and equipment items in carbon monoxide and Syngas service
is similar to other flammable gas services. The major difference is that leaks are more likely to occur
and that the action of carbon monoxide as a toxic gas must be taken into account. The design,
installation, and inspection of these items should follow the principals and suggestions in this document
as they apply to each item.

Vé sinh / Cleaning

6.1.1.

Yéu cau chung / General requirements

Chién lwoc vé sinh / Cleaning strategy

Viéc vé sinh hé théng dwdng ong CO/Syngas thwdng dwoc thuc hién bang cach két hop
gitra viéc lap dat sach ngay tr dau va lam sach hoan thién sau khi thi cong Trong qua trinh
thi cong, cac doan 6ng duogc kiém tra bang mat thwong khi lap rap, d& dam bao khong con
chéat ban Ién bén trong 6ng. Ngoai ra, cac ky thuat ché tao dwoc ap dung sao cho khong
dwa tap chét vao bén trong 6ng. Sau dd, toan bd hé théng dwdrng dng sé dwoc lam sach ky
lwéng sau khi thi cong hoan tat. Viéc kiém tra toan bd hé théng dwérng dng sau khi thi cong
va lam sach dé dam bao do sach 1a khéng kha thi va khong thé thwc hién day dd, do doé
phwong phap 1am sach dwoc st dung phai ddm bao dat mirc do sach can thiét. Vi vay, rat
khuyén khich xay dung mét quy trinh bang van ban chi tiét, bao gdm trinh tw thi cong va lam
sach, va phai dwoc thiét 1ap rd rang va tuan thd nghiém ngat trong subt dw an. Thiét ké hé
thédng dwdrng dng phai twong thich véi cac phwong phap lam sach, thi cong va thir ap sé
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duwoc st dung. Viéc kiém tra bang mat dé danh gia dd sach nén dwoc thuc hién xuyén subt
céac giai doan chuén bij vat liéu va thi cong..

Cleaning of a CO/Syngas pipeline system is normally accomplished by a combination of building clean
and final cleaning after construction. During construction, visual is performed on sections of pipe as
they are assembled, making sure there is no gross contamination left in the pipe. In addition,
fabrication techniques are used which do not introduce contamination to the pipe. This is followed by a
thorough cleaning of the pipeline system after construction. It is both impractical and impossible to fully
inspect a pipeline system for cleanliness after construction and final cleaning, so the methods used
must provide an adequate cleanliness level. It is therefore strongly recommended that a detailed
written procedure, including the sequence for construction and cleaning, be well established and
carefully followed throughout the project. The piping system design must be compatible with cleaning,
construction and pressure testing methods to be used. A visual inspection for cleanliness should be
applied throughout the material preparation and construction stages.

Tiéu chuan vé sinh / Standard of cleanliness

Mot hé thdng dwoc coi la sach dbi véi CO va Syngas khi cac hat bui bén trong da duoc loai
b triét d&. Qua trinh vé sinh phai dam béo loai bé cac chat gay 6 nhiém nhw bui ban, nuéc,
mat s&t, can ban, vang han, son hodc cac vat liéu la khac khdi bén trong hé théng dudng
éng. Mrc d6 sach sé nay thuong dwoc goi 1a “sach vé mat thwong mai”. Cac yéu cau theo
hop dbng hodc théng sb k¥ thuat cla khach hang cé thé yéu ciu quy trinh vé sinh nghiém
ngéat hon.

A system is considered to be clean for CO and Syngas when internal particulate matter has been
extensively removed. The cleaning process shall assure the removal of contaminants such as dirt,
water, filings, scale, weld spatter, paints, or other foreign material from the interior of the pipeline
system. This level of cleanliness is often referred to as “commercially clean”. Contractual requirements
or customer specifications may require a more stringent cleaning process.

Phwong phap vé sinh / Cleaning methods

Viéc vé sinh duwong 6ng carbon monoxide va Syngas c6 thé dwoc thic hién bang mét trong
cac phwong phap sau day hoac két hgp nhieu phwong phap:

The cleaning of carbon monoxide and Syngas pipelines may be accomplished by anyone, or a
combination of more than one, of the following methods:

e Chay thiét bi lam sach dwérng bng
Pigging

e Caoco hoc
Mechanical scraping

e Théng théi khi téc do cao.
High velocity gas purge.

Thiét bi 1am sach dwéong 6ng thwdng dwoc st dung dé vé sinh bén trong dworng 6ng. Cac
loai qua pig c6 sén duoc chia thanh cac nhém sau:

Pigs are commonly used for internal cleaning of pipelines. The types of pigs available fall into the
following broad categories:

Loai / Type Ung dung / Application

Do kich thuéc Dé& dam bao khong bi tdc nghén
Gauging . To ensure freedom from obstruction
Bot (hoac pig mém) Lam khé duwdng Ong

Foam (or soft pig) Dewatering

Loai bd bui va cac manh vun nho, roi
] Removal of fine, loose debris and dust
Dia hoac coc cao su Lam khé duwdng Ong
Rubber disc or cup Dewatering
Loai bd cac manh vun roi
Removal of loose debris
Ban chai sat Loai b c&n bam trong 6ng
Wire brush Removal of pipe scale
Loai bd cac hat bam dinh va ri sét
Removal of adhered particles and rust
Cao Loai bé can bam trong 6ng
Scraper Removal of pipe scale
Loai bd cac hat bam dinh va ri sét
Removal of adhered particles and rust
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Nhin chung, céc thiét bi pig s& dwoc ché tao tir vat liéu twong thich véi khi carbon monoxide
va Syngas. Vi ly do nay, cung véi yéu cau vé mirc dd sach can dat dwoc, pigging thwong 1
phwong phap duwoc lwa chon chinh dé lam sach dwong éng khi carbon monoxide va
Syngas. Viéc lwa chon dung loai pig va st dung phu hop véi tinh trang dw kién cia bé mat
bén trong dwérng 6ng & tirng giai doan vé sinh sé& gitip gidm thiéu nguy co hw hdng thiét bj
pig va dat dwgc mirec dé sach mong mubn.

In general, pigs will be fabricated from materials that would be compatible with carbon monoxide and
Syngas. For this reason, along with the level of cleanliness required, pigging is normally the primary
choice for cleaning of carbon monoxide and Syngas pipelines. The correct selection and use of pigs to
suit the anticipated condition of the internal surface of the pipe at the various stages of cleaning will
minimize the likelihood of damage to the pigs and lead to the desired level of cleanliness.

Cac thanh phan dwong éng / Pipeline components

Thiét bi nhw té, van, van moét chiéu, khép cach dién, bd diéu ap, dong hd do, bd loc va cac
phu kién khac thwdng sé duwoc mua véi mire do vé sinh cé thé chip nhan dwoc cho carbon
monoxide va Syngas va duoc l&p d&t sau khi hoan thanh cac hoat dong vé sinh dwéorng bng.
Viéc kiém tra bang mét thuwdng cac hang muc thiét bi phai dwoc thwe hién ngay truwde khi lap
dat dé dam bao dap wng tiéu chuén vé sinh theo yéu cau. Néu cac hang muc dwoc xac dinh
la khéng dap (rng céc tiéu chi vé sinh, chung phai dwoc vé sinh tai chd cho dén khi dat dwoc
mtrc d6 sach mong mudn.

Equipment such as tees, valves, check valves, insulation joints, regulators, meters, filters and other
fittings will normally be purchased with cleaning levels acceptable for carbon monoxide and Syngas
service and installed after the completion of pipeline cleaning operations. Visual inspection of
equipment items should be carried out just before installation to ensure that the required standard of
cleanliness has been met. If items are identified as being deficient in meeting cleaning criteria they
shall be cleaned at the site until the desired level of cleanliness has been achieved.

Cac dwong nhanh va dwdng song song phai duoc coi la cac hé thdng riéng biét cho muc
dich vé sinh va cac moi noi cuoi cung phai dwoc thye hién sau khi vé sinh xong. Diéu nay la
can thiét dé chac’chan rang moi trwdng vé sinh cho du la qua cau, khi téc dd cao hay dung
cu cao thwe s tiep can dworc tat ca cac dwdng 6ng va khdng cé nhanh nao bj doan mach.
Branch lines and parallel lines shall be treated as separate systems for the purpose of cleaning, and
the final tie-ins shall be made after cleaning is completed. This is necessary to be certain that the
cleaning medium whether pig, high velocity gas, or scraper actually reaches all the pipe and that no
branch has been short circuited.

Han / Welding

Céc doan 6ng phai dwoc han lai véi nhau bang quy trinh han dwoc cong nhan. Cuéi cung,
dieu can thiéet la cac bé mat han bén trong phéj nhan va khong co 3(?, hat hoac vun roi, nho
d6 gilr dwoc d6 sach bén trong. Budng han géc cla tat cad cac moi han déi dau phai dwoc
thiwe hién thong thdi bang khi tro vi didu nay gidm thleu kha nang l&ng dong xi & méat du i
méi han. Tham khao muc 7.3 dé biét thém thong tin vé& cac yéu cau han.

The pipe sections shall be welded together using a recognized welding process. Ultimately, it is
essential that the internal weld surfaces are smooth and substantially free of slag, beads or loose
debris thereby preserving the internal cleanliness. It is recommended that the root pass of all butt
welds be done with a welding technique which uses an inert gas purge since this minimizes the chance
of slag deposits on the underside of the weld. Refer to section 7.3 for further information on welding
requirements.

Thir ap / Pressure testing

Viéc thir ap phai dwoc thiwc hién theo cach khéng anh huéng dén dd sach cta éng. (xem
muc 7.7.1 dé biét thém chi tiét)

Pressure test should be performed in such a way that cleanliness of the pipe is not compromised. (see
section 7.7.1 for further details)

Lap dat thiét bi dworng dng / Installation of pipeline equipment

Sau khi hoan thanh viéc vé sinh cudi ciing, tat ca cac két ni trén mat dat co thé duoc lap
dat, bao gom té, van, phu kién, duwdng ong nhanh va cac hang muc khac da dugc lam sach
va th&r nghiém truwéc. Xem doan 7.6.2 dé biét cac yéu cau thir khéng pha hay.

On completion of final cleaning all aboveground connections can be installed, including pre-cleaned
and pre-tested tees, valves, fittings, branch piping and other items. See paragraph 7.6.2 for non-
destructive testing requirements.

Vé sinh sau lap dat / Post-installation cleaning

6.2.1.

Téng quan / General
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6.2.2.

Tt ca cac dwong b6ng phai duoc l&p d&t véi cac doan bng thwong phu hop voi muc 5.4.
Néu khéng thi khdng c6 yéu cau dac biét nao khac. Tuy nhién, diéu quan trong la phai xac
dinh tinh trang c6 thé xay ra clia dwong éng (Vi du: mtre d6 cau can) khi dwgc giao twr kho
hoac nha may cla nha san xuét d& dam bao rang phwong phap lam sach duoc dé xuét co
kha ndng dat dwoc thong sb k§ thuat mong mudn ctia chi sé hiru duong 6ng.

All line pipes should be installed with sections of pipe that are generally in accordance with section 5.4.
Otherwise there are no other special requirements. It is important, however, to ascertain the likely
condition of the piping (e.g. degree of mill scale) as delivered from the stockist or manufacturer’s works
to ensure that the proposed cleaning method is capable of achieving the desired specification of the
pipeline owner.

Buong 6ng khi carbon monoxide va Syngas thuwong dugc lam sach bang nhiéu loai thiét b
pig khac nhau nhuw: pig cd gan ban chai sat, pig bang bot mém, pig cao, pig lam kho, pig co
kich thwéc bang duong éng va pig c6 kich thwde Ion hon duwdng ong. Cac thiét bi nay dwoc
day qua dwdng bng bang hé théng ap suét..

Carbon monoxide and Syngas Pipelines are normally cleaned using various types of pigs; wire, foam,
scraper, dewatering, line-sized, and oversized. They are pushed through the pipeline using a
pressurized system.

M6t thlet bi phong pig phai dwoc st dung dé dwa pig vao dudng ong Bé phong pig phai c6
co cau dong mé& nhanh, van mét chiéu cé kich thuwéc bang dwdng dng va cac van déng ngat
phu hop dé cho phép viéc phéng pig dwoc thwe hién nhanh chéng va thwéng xuyén.

A pig launcher shall be used for injecting pigs into the pipeline. The pig launcher shall have a quick-
opening closure, a full-pipe-size check valve, and adequate shutoff valves to permit rapid and frequent
launching of the pigs.

Mét thiét bi thu pig (pig catcher) phai dwoc str dung dé thu hdi cac pig sau khi chung thoat ra
khéi duwéng 6ng. Thiét bj thu pig phai ngan khéng cho pig bay ra ngoai va gay nguy hiém
cho con nguoi. Thiét bi nay phai duwoc thiét ké sao cho gidm thiéu tdi da hw héng cho pig dé
c6 thé tai st dung.

A pig catcher shall be used to capture pigs exiting the pipeline. The pig catcher shall prevent the pigs
from becoming airborne and endangering personnel. The pig catcher shall be designed to minimize
any damage to the pigs so that they can be reused.

Trwéce va trong khi sir dung, bé phéng va thu pig phai dwoc gilr sach sé.
Before and during use, pig launchers and catchers should be kept clean.

Chi nhi*rng pig méi hoac pig da qua s dung nhwng da dwoc ching minh 1a con tbt moi
duoc st dung khi bat dau vé sinh. Pig c6 thé dwoc tai st dung trong qua trinh lam sach cho
dén khi ching bi mon va khong thé thue hién chirc nang dw dinh mét cach hiéu qua.

Only new pigs or used ones which have been shown to be in good repair shall be used at the start of
cleaning. Pigs may be reused during cleaning until they become worn and cannot perform their
intended function efficiently.

Téc d6 cla pig phai dwoc kiém soat nhw dwoc chi ra trong thong sb ky thuat nay. Diéu nay
c6 thé dwoc thuc hién bang cach kiém soat lwong méi chat day pig vao dwong Ong phia sau
pig. Viéc diéu ap ngwoc dworng dng dé kiém soat téc dd cla pig cling dwoc chap nhan.

The velocity of the pigs should be controlled as indicated in this specification. This can be done by
controlling the amount of the pig driving media flowing into the pipeline behind the pig(s). Back
pressuring the pipeline to control the velocity of the pigs is also acceptable.

Qua trinh 1am sach thuéng duwoc thue hién sau khi hoan tat thir thay tinh ho&c khi nén, vi
diéu nay ciing gitp lam khd duwéng 6ng. Néu can thiét, qua trinh lam sach c6 thé dugc thuc
hién trwdc khi tién hanh tht ap bang khi.

The cleaning operation is normally done after the hydrostatic or pneumatic pressure tests are complete
as this accomplishes dewatering as well. If necessary, the cleaning operation may precede a
pneumatic pressure test.

Thiét bi dwdng 6ng nhu té, van, van mét chiéu, khép cach dién, bo diéu ap, dong hé do, bod
loc va cac phu kién khac khéng duoc I&p dat cho dén khi dworng 6ng da dwoc lam sach.
Diéu nay gidm thiéu kha nang hu hdng cac vat dung hodc pig va cung cap duéng dan dong
chay rd rang trong qua trinh lam sach.

Pipeline equipment such as tees, valves, check valves, insulation joints, regulators, meters, filters and
other fittings shall not be installed until the pipeline has been cleaned. This minimizes the chance of
damage to the items or pigs and provides unambiguous flow paths during cleaning .

Propelling medium/ Méi chat day

Khi st dung khi nén dé day pig qua dwong ong, cac can ban nhw nwdc, dau va hat phai
dwoc loai bé khéi dong khi. Théng thwéng, khi nén dwoc dan qua bd sy, vi du nhw véi 1p
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6.2.3.

6.2.3.1.

6.2.3.2.

kép va co thé chuyén dbi cla silica gel hodc nhém hoat tinh, bd tach dau va b loc truéc khi
di vao hé thdng dang dwoc lam sach béng pig. Khi khd, khéng dau phai cé diém swong 14 -
40°C (-40°F) ho&c thdp hon va ham lwong hydrocarbon nhé hon 5 mg trén mét khéi.

When compressed air is used for propelling pigs through the pipeline, residues such as water, oil, and
particulate should be removed from the air stream. Generally, compressed air is passed through a
drier, for example with dual and switchable beds of silica gel or activated alumina, an oil coalescer, and
a filter before entering the system being pigged. The dry, oil-free air shall have a dew point of - 40°C (-
40°F) or lower and a hydrocarbon content of less than 5 mg per cubic meter.

Khi st dung nito' kho, khéng dau tir bom nito’ 16ng, xe modc bng nito' dang khi hoac nguén
khac, phai thic hién cac bién phap phong ngtra de thong gid thich hop vi c6 thé tao ra moi
trwdng gay ngat. Nhan vién & dau ra cua duong ong de bi anh hwédng b&i mét lwgng 16n
nito. Céng nhan phai duwgc dao tao vé mdi nguy tiém an cua tinh trang thiéu oxy hodc gay
ngat.

I/Is/ghen dry, oil-free nitrogen from a liquid nitrogen pumper, gaseous nitrogen tube trailer or other source
is used, precautions must be taken to provide appropriate ventilation as an asphyxiating atmosphere
may be created. Employees at the exit end of the pipeline are susceptible to large volumes of nitrogen.
Workers must be trained for the potential hazard of anoxia or asphyxiation.

Chudi l1am sach dién hinh / Typical cleaning sequence

Céc buwéc sau day phac thdo chudi lam sach bat dau sau khi thir thay lwc
The following steps outline the cleaning sequence that begins after the hydraulic pressure test

Tach nwérc / Dewatering

Viéc tach nwéc dwong éng phai dwoc thwe hién sau khi dwong éng da duoc thi ap lwe
bang phwong phap thay tinh. Qua trinh tach nwéc nén dwoc thue hién béng cach st dung
cac thiét bi pig tach nwéc dwoc che tao tiv bot polyurethane cirng, c6 hai dau dang chém
cau duoc bit kin. Khong dwoc gan ban chai sat hodc thiét bi cao vao cac pig 1am khé nay,
ciing khéng dwoc bao gdm ching nhw mét phan cla pig tach nuéec.

Dewatering shall be done after the pipeline has been hydrostatically pressure tested. Dewatering
should be completed using dewatering pigs made of hard polyurethane foam with sealed, double-
dished ends. Wire brushes or scrapers shall not be attached to nor included as part of these
dewatering pigs.

Mbi chat day cho pig phai 1a khéng khi hodc nito khéng dau nhw dwoc dinh nghia trong
doan 6.3.2 cla thong s6 ky thuat nay.

The propelling media for the pigs shall be oil-free air or nitrogen as defined in paragraph 6.3.2 of this
specification.

Pig phai bit kin hiéu qua vé&i thanh dng bén trong dé giam thiéu rd ri nwéc qua pig.
The pigs shall effectively seal against the interior pipe wall to minimize water leakage past the pigs.

P|g phéi dwoc chay qua duwéng dng cho dén khi khéng con nwdce tich tu tai bo thu pig. Téi
thiéu, khéng it hon ba pig tach nuwéc phai duwoc chay qua dwong 6ng.

The pigs shall be run through the pipeline until no water is accumulated at the pig catcher. At a
minimum, no less than three dewatering pigs shall be run through the pipe.

Dé tranh hw héng co hoc tiém an cho duwéng dng va ciing vi ly do an toan, téc d6 cua pig
tach nwéc ban dau khéng dwoc vuot qua 5 km/h (3 mph) va tbc dé cda pig tach nwéc tiép
theo khéng dwoc vwot qua 16 km/h (10 mph).

To avoid potential mechanical damage to the pipeline and also for safety reasons, the velocity of the
initial dewatering pig should not exceed 5 km/h (3 mph)and the velocity of subsequent dewatering pigs
should not exceed 16 km/h (10 mph).

Lam khé / Drying

Sau khi duwéng éng da dwoc tach nwéc, nwdc bam vao thanh ong bén trong phai dwoc loai
bd bang cach chay pig lam khd polyurethane trdn méi qua dwdng éng.

After the line has been dewatered, the water adhering to the interior pipe wall shall be removed by
running new, bare polyurethane drying pigs through the pipeline.

Mbi chat day cho pig lam khd phai la khéng khi hodc nito khd, khéng dau nhu dwoc dinh
nghia trong doan 6.3.2.

The propelling media for the drying pigs shall be dry, oil-free air or nitrogen as defined in paragraph
6.3.2.

Dé c6 két qua tbt va ciing vi ly do an toan, tbc do ti da cla pig lam khéd phai vao khoang 6,5
km/h (4 mph).

For good results and also for safety reasons, the maximum velocity of the drying pigs should be around
6.5 km/h (4 mph).
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6.2.3.3.

Nhirng pig lam khd nay phai dwoc chay qua dwdng dng cho dén khi chung khoéng con hat
nwéc niva. Diéu nay cé thé dwoc xac dinh bang cach cdm nhan bé mat pig 1am khé xem cé
kh6 hay khéng.

These drying pigs shall be run through the pipeline until they do not absorb any more water. This can
be determined by feeling the drying pig surface for dryness.

Pig lam kho c6 thé dwoc tai sk dung néu ching khéng bi bao hda nuéc va it hon 70% dién
tich bé mét cGia chung bi di mau.

Drying pigs may be reused if they are not saturated with water and less than 70% of their surface area
is discoloured.

Thao tac nay phai tiép tuc cho dén khi bé mat bén trong dwong dng khd hoan toan. Biéu nay
sé duqc coi 1a da dat dwoc khi diém swong bén trong & dau nhan pig lam khé duwoc do &
murc toi da —20°C (-4°F).

This operation shall continue until the pipeline interior surface is completely dry. This will be considered
to have been achieved when the interior dew point at the drying pig receiving end is measured at —
20°C (-4°F) maximum.

Lam sach khé / Dry cleaning

Sau khi dwong 6ng da duoc lam kho, dwdng 6ng phai duwoc lam sach gi va cau cén bang
cach s dung chédi day va pig bot.

After the line has been dried, the line shall be cleaned of rust and mill scale by using wire-brush and
foam pigs.

Mbi chét day cho pig phal l& khéng khi hodc nito khd, khéng dau nhw dwoc dinh nghia trong
doan 6.3.2 cla thong sé ky thuat nay. Diém swong cua moi chat day cho giai doan cubi
cling clia viéc chai day va tao bot pig phai dwoc kiém soat & mirc -20°C (-4°F) hodc thap
hon.

The propelling media for the pigs shall be dry, oil-free air or nitrogen as defined in paragraph 6.3.2 of
this specification. The dew point of the propelling media for final stages of wire brushing and foam
pigging shall be controlled at or below -20°C (-41F).

Pig gén ban chai sat phai dwoc lam bang bot polyurethane cirng phu 16ng thép cing bang
ICra va phdi méi va khéng cé dau mo.

The wire brush pigs shall be made of hard polyurethane foam covered with flame-hardened steel
bristles and shall be new and free of all oil and grease.

Pig phai dwgc phong tirng cai mét hoac theo doan, voi tan suat ngan pig tu tap va ndm lai
trong dwo’ng 4ng hoac céac Pig hoac doan pig lién tiép dén cung nhau tai bd thu pig hodc
diém cubi ciia doan dwdng 6ng dang dwoc lam sach.

Pigs shall be launched one at a time, or in trains, at a frequency that will prevent pigs from gathering
and lodging in the pipeline, or successive pigs or trains of pigs from arriving together at the pig catcher
or terminus of the pipeline segment being cleaned.

Dé c6 két qua tét va cling vi ly do an toan, téc dd pig téi da cho thao tac lam sach nay phai
vao khoang 40 km/h (25 mph).

For good results and also for safety reasons, the maximum pig velocity for this cleaning operation
should be around 40 km/h (25 mph).

Pig chdi sat phai dwoc chay cho dén khi khong con bui ban, bui hoac bét ky manh vun nao
khac l&ng dong & cubi duweng 6ng va diém swong & dau nhan dwéi —20°C (-4°F).

Wire-brush pigs shall be run until no dirt, dust, or any other debris is deposited at the end of the pipe,
and the dew point at the receiving end is below —20°C (-4°F).

Pig chéi sét cé thé dwoc tai st dung néu ching khép véi duweng 6ng bén trong, ¢é hon 90%
l6ng day c6 s&n dé Iam sach va khdng c6 sw tich tu c&n ban trong 16ng.

The wire-brush pigs may be reused if they have an interference fit with the pipeline interior, have over
90% of wire bristles available for cleaning, and have no accumulation of deposits in the bristles.

Pig chéi sét cé thé yéu cAu mdi chat ddy nhiéu hon t¢i 50% so véi pig bot. Yéu cadu méi chat
bd sung nay la can thiét do mét lwong Ién dong chay di qua pig chdi sét vi soi sat dai. Nha
thau c6 thé chon chay plg bot ngay phia sau pig chdi sat dé han ché viéc bé qua méi chét
day xung quanh pig chdi sét.

Wire-brush pigs may require up to 50% more driving media than foam pigs. This extra media
requirement is necessary because of large amounts of flow bypassing the wire brush pigs because of
the long wire bristles. The contractor may elect to run a foam pig directly behind the wire brush pigs to
limit the bypass of the driving media around the wire brush pigs.

Sau khi van hanh cac qua pig chéi sat, phai van hanh céc pig bot cho dén khi dudng éng
sach hoan toan.
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After wire-brush pigs have been run, foam pigs shall be run until the line is clean.

- Sau khi hoan thanh viéc lam sach, phai Iap dat tat ca cac van, té va dong hé do da dwoc lam
sach truéec.
Following completion of cleaning, all precleaned valves, tees, and meters shall be installed.

6.2.3.4. Séy kho cubi cung / Final drying

- Say khbd cubi cung thwong dwoc thue hién bang cach thong théi gian doan va nap khi nito
khé vao dwong 6ng cho dén khi dat dugc mirc diém swong mong mudn. Tai thoi diém nay,
tat ca cac van, té va dong ho do da dwogc lam sach trwéc phai dwoc lap dat.

Final drying is typically accomplished by the intermittent purging and bottling of the pipeline with dry
nitrogen gas until the desired dew point level is achieved. At this point all precleaned valves, tees, and
meters shall be installed.

- Co thé ap dung viéc lam kho chan khong sau khi thuie hién chubi say kho thong thdi nito,
néu mong muén diém swong thdp hon. Sy khoé Chan khong co thé dat dwoc diém swong
trong khoang am 70°F dén am 105°F.

Vacuum Drying can be utilized after executing the nitrogen purge drying sequence, if lower dew points
are desired. Vacuum Drying can achieve dew points in the range of minus 70°F to minus 105°F.

6.2.4. Duy tri do sach / Maintaining cleanliness

- Trong qua trinh 13p dat dwong 6ng, can tranh t6i da sw xam nhap cda cac chét gay 6 nhiém
(vi du: dau, m&, dat, vun va nwéec tran).
During the installation of the pipeline, ingress of contaminants should be avoided as much as possible
(e.g. oil, grease, soil, debris, and runoff water).

6.2.5. Kiém tra/ Inspection

- Sau khi hoan thanh viéc thi céng, thir nghiém va lam sach, dwérng dng phai duwoc kiém tra &

ca dau vao va diu xa va tai tat ca cac diém cé thé tiép can dé danh gia tinh trang cta bé
mat bén trong. HO so kiém tra md ta bé mat bén trong dudng 6ng phai dwoc duy tri nhu mot
phan cta hé so kiém soat chat lwgng dwong éng.
After satisfactory completion of the construction, testing and cleaning processes, the pipeline shall be
inspected at both the inlet and discharge ends and at all accessible points to assess the condition of
the internal surface. A record of the inspections that is descriptive of the interior pipe surface shall be
maintained as part of the pipeline quality control dossier.

6.2.6. Tiéu chi nghiém thu / Acceptance criteria

- Puong 6ng duoc coi la sach khi khdng con bui thoat ra khéi dwdng 6ng va cac qua pig bot
xuét hién véi mau xam nhat hodc nau nhat da thdm vao bé mat clia qua ciu khong qua 3
dén 6 mm (1/8 dén 1/4 in).

The pipeline is considered clean when no more dust leaves the pipeline and the foam pigs emerge with
a light grey or light brown colour that has penetrated the pig's surface no more than 3 to 6 mm (1/8 to
1/4 in).

6.2.7. Lam kin, lam tro, kiém tra ro ri va giam sat / Sealing, inerting, leak testing and monitoring

- Sau khi kiém tra dwong 6ng va chap nhan tiéu chuén sach sé, dwong dng sé dwoc lam kin

& tht ca cac diu hé bang nap han hodc mat bich mu va théng thdi bang nito. Khi ham luwong
oxy va diém swong dat dén mirc yéu cau, hé thdng dworng dng phai dwoc bit kin va diéu ap
bang nito dén khoang 0,06 MPa (10 psig). Ap suat phai dwoc theo ddi thwdng xuyén dé
kiém tra khong c6 rd ri va duy tri & trang thai nay cho dén khi dwong éng duwoc yéu cau dua
vao van hanh véi khi san phdm. Vi nito dwoc st dung, phai dan cac bang canh bao ngat
tho.
Following the pipeline inspection and acceptance of the standard of cleanliness, the pipeline will be
sealed at all open ends with either welded caps or blind flanges and purged with nitrogen. Once the
oxygen content and dew point have reached the required levels, the pipeline system shall be sealed
and pressurised with nitrogen to about 0,06 MPa (10 psig). The pressure shall be monitored on a
regular basis to check the absence of leaks and maintained in this condition until the pipeline is
required for service with the product gas. As nitrogen is used, warning panels against anoxia must be
affixed.

7. Thicdéng/ Construction
7.1. Tiéu chi chung / General criteria

- Toan b viéc lap dat dwong 6ng, bao gom thir nghiém va lam sach, phai dwoc thic hién bai mot
td chirc co uy tin v&i ho so kinh nghiém da dwoc chirng minh trong viéc xay dwng dwong ong.
Cac quy trinh ché tao, thr nghiém va lam sach phai dwoc ngwdi mua xem xét va phé duyét trwéc
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7.2,

khi b4t dau coéng viéc. Chwong trinh xay dung chi tiét, bao gbm trinh tw cac quy trinh thi» nghiém
va lam sach, phai dwoc xac dinh cho phu hop véi cac yéu cau cu thé clia dy an. Thiét ké cia hé
thong dwdong ong phai cé quy dinh vé cac phuwong phap lam sach va th&r ap sé dwgc st dung.
The total installation of the pipeline, including testing and cleaning, should be undertaken by a reputable
organisation with a proven record of experience in pipeline construction. The fabrication, testing and
cleaning procedures shall have been reviewed and approved by the purchaser before work is begun. The
detailed construction programme, including the sequence of testing and cleaning procedures, shall be
defined to suit specific project requirements. The design of the pipeline system shall have made provision for
the cleaning and pressure testing methods to be used.

Viéc xay dung hé thong duong 6ng pha| tuan theo thwc hanh k¥ thuat tét theo cac quy chuan xay
dwng va dwdng dng qudc gia hodc quéc té dwoc cong nhan.
The construction of the piping systems should follow good engineering practice in accordance with
recognised national or international piping and construction codes.

Hé théng lam viéc phai dwoc thiét lap dé dam bao an toan cho nhan vién xay dung trong khu viec
ché tao va lap dwng va cong chung néi chung trong bat ky khu viec déng dan cw lien ké nao.
Systems of work shall be in place to ensure the safety of the construction personnel in the fabrication and
erection areas and the general public in any adjacent populated areas.

Phai ap dung cac bién phap phu hop dé dam bao chét lwong va an toan van hanh cta dwong
ong dang dwoc lap dat.

Appropriate efforts shall be made to ensure the quality and the operational safety of the piping being
installed.

Hé thdng dwong 6ng phai dwoc ché tao va 1ap dat theo cac quy chudn dwong dng va xay dwng
nhw dwec xac dinh trong dac diém ky thuat cda dw an.

The piping system shall be fabricated and installed in accordance with the piping and construction codes as
defined in the project specification.

Can thuc hién cac bién phap phong nglra va bién phap can thiét dé bao vé vat liéu va dudng 6ng
khéi bi hw hdng trong qua trinh d& hang, lwu triy, 1p dat hodc cac hoat dong khac. Buéng dng
phai dwoc bdo quan va xt ly can than dé tranh nhiém ban bén trong dwdng éng va dé tranh lam
héng I&p phl bao vé bén ngoai (néu co).

Necessary precautions and measures should be taken to protect materials and piping from damage caused
during off-loading, storing, installation, or other activities. Piping should be carefully stored and handled to
prevent contamination of the interior of the pipe and to prevent damage to the exterior protective coating (if
applied).

Puwong éng phéi dwoc ché tao va/hoac 1ap dat theo ban vé da dwoc phé duyét. Viéc lap dat
duong 6ng phai bao gdm tat ca cac van tay, cac hang muc dwérng dng dac biét, van diéu khién,
van an toan, cac hang muc trén duwéng 6ng va gia d& dwdng éng theo yéu cau cla ban vé da
dwoc phé duyét.

The line pipe shall be fabricated and/or installed in accordance with approved drawings. Installation of the
line pipe shall include all manual valves, special piping items, control valves, relief valves, in-line items and
pipe supports as required by the approved drawings.

Néu c6 yéu cau, hé théng duong 6ng phai duoc xay dwng dé phi hop voi viéc 1ap dat cac thiét
bi kiém tra bén trong. Tiéu chi nay khéng ap dung cho céc tram do dém hoac tram diéu ap.

If required, the piping system shall be constructed to accommodate the passage of instrumented internal
inspection devices. This criterion does not apply to meter stations or regulator stations.

Cac tha tuc cho bét ky cong viéc khac phuc nao cé thé dwoc yéu cau phai dwoc thdng nhét véi
nguw®i mua trede khi thire hién céng viéc.

Procedures for any remedial work that might be required should be agreed with the purchaser prior to the
work being performed.

Pic diém ky thuat va san xuéat vat liéu dwong 6ng / Specification and manufacture of line pipe
material

7.2.1. Yéu cau chung / General requirements

- T4t ca cac yéu cau thiét yéu cho d&c diém ky thuat va san xuét dwong ong c6 lién quan tryc
tlep dén quy trinh lam sach phai dwoc chinh thirc g dén nha cung cap ong nhw mot phan
cua dac dlem ky thuat ddy dd cho viéc mua dwdng ong. Nguon gdc va kiém soat chat Iuo’ng
ctia dwong dng da mua phai dwoc truy xuat ngudn gbc day du va tai liéu lién quan dwoc gl
cho ngwdi mua dé lwu gidr.

All essential requirements for the specification and manufacture of the line pipe which have a direct
bearing on the cleaning process should be formally submitted to the pipe supplier as part of the full
technical specification for the purchase of the line pipe. The origin and quality control of the purchased
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7.3.

7.4.

7.2.2.

7.2.3.

7.2.4.

7.2.5.

line pipe shall be fully traceable and the relevant documentation submitted to the purchaser for
retention.

Quy chuan va tiéu chuan / Codes and standards

N6i chung, quy trinh sdn xuét, vat liéu, cip va cac yéu cau kiém tra déi véi dudng bng phai
tuan theo cac tiéu chuén, chang han nhu dic diém kj thuat EN 10208-2 hodc API 5L hoac
cac quy chuan khac nhw dwoc xac dinh trong déc diém ky thuat ctia duw an do yéu cau cuia
ngwdi mua, quy dinh quéc gia hodc cac ly do khac. Thanh phan vat liéu néi chung phai phu
hop véi cac quy chudn noi trén va tiéu chuan thong thuong cia nha san xuét déi voi duong
ong.

Ge%eral/y, the manufacturing process, material, grade, and inspection requirements for the piping
should be in accordance with standards, such as EN 10208-2 or API 5L specification or other codes as
defined in the project specification as a result of purchasers requirements, national regulations, or other
reasons. The material composition should generally be in accordance with the aforesaid codes and the
manufacturers' normal standard for line pipe.

Quy trinh san xuét / Manufacturing process

Ca 6ng khong han va 6ng han déu co thé dwoc s dung. Trong truong hop sau, duong éng
phai dwoc san xuat bang quy trinh Han Cam Ung Tan So Cao (HFI) hodc Han Dién Trg
(ERW) hoac Han HO Quang Chim (SAW). Khéng nén s dung dwdng ong dwoc san xuat
bang cac quy trinh khac khi chwa cé sy chap thuan trwéc clia ngwdi mua.

Both seamless and welded pipes may be used. In the latter case, the line pipe shall be manufactured
using either the High Frequency Induction (HFI) or Electric Resistance Welding (ERW) or Submerged
Arc Welding (SAW) process. Line pipe manufactured by other processes should not be used without
the prior approval of the purchaser.

Xt ly nhiét / Heat treatment

Xt ly nhiét cho méi han doc (thuwong dwoc thue hién nhw mét phan cda quy trinh san xuat
HFI hoac ERW hoac SAW lién tuc) hoac than 6ng phai sao cho dwéng 6ng hoan thién vé co
ban khéng cé cau can.

Heat treatment for either the longitudinal weld (normally carried out as part of the continuous HFI or
ERW or SAW production process) or the pipe body should be such that the finished line pipe is
essentially free of mill scale.

Thir nghiém thay tinh cta dwong 6ng / Hydrostatic test of the line pipe

Bat ké ban chéat cla thir ap duoc thyc hién tai hién treong, nha san xuat dwong ong phai,
nhv mét phan cla quy trinh san xuét va kiém soat chéat lwong, thuc hién t‘hl’f nghiém thay
tinh trén moi doan ong hoan thién. Tht nghiém phai tuan theo cac yéu cau cta quy dinh
hoac quy chuan quéc gia hién hanh, chdng han nhw EN 10208-2 hodc API 5L, trir khi dwoc
quy dinh khac di trong ddc diém ky thuat cia dw an do yéu cau clia ngudi mua.

Regardless of the nature of the pressure test carried out in the field, the manufacturer of the line pipe
shall, as part of the manufacturing and quality control process, carry out a hydrostatic test on each
section of the finished pipe. The test should be in accordance with the requirements of the applicable
national regulations or codes, such as EN 10208-2 or API 5L, unless dictated otherwise in the project
specification as a result of the purchaser’s requirements.

Ké hoach thi céng / Construction plan

- Can xay dwng mot ké hoach thi cdng chinh thirc, cung cép tién d céng viéc toan dién, hop ly
bao gébm giam sét thich hop, kiém tra thuwéng xuyén va xac minh.A formal construction plan should
be developed which provides a comprehensive, logical progression of work including proper supervision,
regular inspection, and verification.

Ché tao va han éng / Pipe fabrication and welding

7.41.

Téng quat / General

DPudng 6ng phai dwoc |ap dat bang phwong phap han nhiéu nhat cé thé. Trwong hop khong
thé két nbi han, phai st dung két ni mét bich néu c6 thé. Han ché viéc két néi ren.

To the greatest extent possible piping shall be assembled by welding. Where welded connections are
not possible, flanged connections shall be used wherever practical. Threaded connections shall be
kept to an absolute minimum.

Dé gilr d6 sach bén trong dwdng 6ng, cac bé mé&t han bén trong phai nhén va khéng ¢é xi,
bui hodc vun rdi. Phwong phap han Hd quang Vonfram Khi (GTAW), con duoc goi la
Vonfram Khi tro (TIG), phai dwoc s& dung cho dwéorng han gbc trén cac méi han nbi nay.
Cac duwong han tiép theo c6 thé dwoc thuc hién bang cach st dung GTAW hodc cac quy
trinh han khac theo y mudn. Ban than quy trinh nay sé tao ra Iép hoan thién nh&n mong
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7.4.2.

7.4.3.

7.4.4.

7.4.5.

mubn trén bé mat han bén trong. Khi siv dung Ky thuat han h6 quang Thi cong (MMA), con
dwoc goi la han ho quang kim loai ¢ vo boc (SMAW), phai lam sach cac be mat han bén
trong bang ban chai day hoac dung cu lwdi dao dé loai bd xi, bui han va vun roi, tr dé dat
duwoc I&¢p hoan thién mong muon.

To preserve the internal cleanliness of the piping, the internal weld surfaces must be smooth and
substantially free of slag, beads or loose debris. The Gas Tungsten Arc Welding (GTAW) also known
as Tungsten Inert Gas (TIG) shall be used for the root pass on these tie-in welds. Subsequent weld
passes can be made using either the GTAW or other weld processes as preferred. This process will in
itself produce the desired smooth finish on the internal weld surface. When using the Manual Metal Arc
(MMA) welding technique, also known as the Shielded Metal Arc Welding (SMAW), followed by
cleaning of the internal weld surfaces with wire brush or blade tool pigs to remove slag, beads and
loose debris and thereby achieve the desired finish.

Han hé quang kim loai khi (GMAW) la mét phuong phap dwoc chap nhan cho viéc ché tao
ong so bo tai xwéng.
Gas Metal Arc Welding (GMAW) is an acceptable practice for shop pre-fabrication of piping.

Viéc kiém tra phai dwoc thwe hién dbi véi tat ca cac doan dng va cac thanh phan trwéc khi
lap rap dé& dam bao rang mét bich hodc mat han sach sé va khéng co6 bui ban ho&c tap chat
bén trong. Vun hoac vat liéu la bén trong 6ng phéi dworc loai bd trwdc khi thwe hién han 6ng
hoac két ndi mat bich.

Inspection should be made of all pipe spools and components prior to assembly to ensure that flange
or weld faces are clean and that there is no dirt or contamination inside the pipe. Any debris or foreign
material inside the pipe shall be removed before pipe welds or flange connections are made.

Khi ap suét van hanh tang, cé thé can chu y nhiéu hon dén cac quy trinh han, vi du nhw cac
duwdng han gbc TIG, x( ly nhiét sau han, v.v. Phan tich co ché gay cé thé dwoc yéu cau.

As service pressure increases, greater attention to welding processes may be required, for example
TIG root passes, post weld heat treatment, etc. Fracture mechanisms analysis may be required.

Trinh d6 chuyén mén / Qualifications

Viéc han éng phai dwoc thye hién theo cac quy trinh han va bgi thg han du tiéu chuén theo
cac quy trinh phu hop v&i quy chuan dwéng 6ng dwoc xac dinh trong dac diém k¥ thuat cta
dw &n va theo yéu cau cla cac quy dinh dia phwong hodc québc gia.

All pipe welding shall be performed in accordance with welding procedures and by welders qualified to
the procedures in accordance with the piping code as defined in the project specification and as
required by local or national regulations.

Vong dém 16t han / Backing rings

Cac vong dém lot han gilr nguyén trong dwong ong khdng dugc phép st dung vi chung sé
gay can tré cho qué trinh van hanh thiét bj pig va kiém tra mébi han.

Backing rings, which remain in place, are not allowed as they will interfere with pipeline pigging
operations and weld inspections.

Chuan bi han / Preparation for welding

Tat ca cac mdi han phai dwoc chuén bj theo quy trinh han da duoc phé duyét va quy chuan
dwdng 6ng lién quan. Cac moi han doc clia 6ng han trong cac doan ong lién ké phai dwoc
so le.

All weld joints shall be prepared in accordance with the approved welding procedure and the relevant
piping code. The longitudinal seams of welded pipe in adjoining pipe sections shall be staggered.

Yéu cau han déi véi vat liéu | Welding requirements for materials

Nén st dung que han hydro thap. Viéc gitr cho que han khé trong thei gian thi cong la rat
quan trong. Viéc kiém tra phai dwoc thwe hién theo 7.6.

Use of low hydrogen welding rods is recommended. Keeping the weld rods dry during the construction
period is very important. Inspections shall be performed according to 7.6.

Quy trinh han nén dwoc lwa chon sao cho dd clrng han hoan thién nhé hon 22 Rockwell C,
twong dwong véi 250 HB hodc 248 Vickers trong chinh mébi han va viung anh hwdng nhiét.
The welding procedure should be selected so that the finished weld hardness is less than 22 Rockwell
C, equivalent to 250 HB or 248 Vickers in the weld itself and the heat affected zone.

Nén xem xét x ly nhiét sau han dé han ché doé cing tbi da hodc sy thay ddi Ién vé dd cirng
trong vung &nh hwédng nhiét, dac biét 1a trong trwéng hop vat lieu dwdng éng cé dwong
lwong cacbon bang hodc Ién hon 0,43.

Post weld heat treatment should be considered to limit the maximum hardness or large variations of
hardness in the heat effected zone, particularly in the case of pipeline materials with a carbon
equivalent equal to or greater than 0,43.
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Trong trwdng hop thép khong gi austenit, ham lwong ferit trong vung han nén dwoc gi¢i han
& murc 7%. Ham lwong ferit qua thap cé thé dan dén nirt néng.

In the case of austenitic stainless steel, the ferrite content in the welding zone should be limited to 7%.
Too low ferrite content may lead to hot cracking.

7.5. Lap rap va lap dat / Assembly and installation

7.5.1.

7.5.2.

Can chinh / Alignment

Trwéce khi bat vit, dd 1éch can chinh clia mat bich va 16 bu 16ng mét bich phai khéng vuwot
qua c4c gia tri dwoc xac dinh trong dac diém ky thuat cla dy an; tat ca cac bu 16ng phai dé
dang di qua ca hai mat bich.

Before bolting up, the alignment deviation of the flange face and flange bolt holes shall not exceed the
values defined in the project specification; all bolts shall pass easily through both flanges.

Dung sai khi két thuc tat ca cac dworng dng khac véi két ndi mat bich phai dwoc hién thi
trong ban vé thiét ké va thong sb ky thuat.

The tolerance on the termination of all piping other than flanged connections shall be as shown in the
design drawings and specifications.

Khé&p ndi mat bich / Flanged joints

Khéng dwoc treo dueng dng tlr mat bich clia may nén hodc thiét bi khac ma khong co gia
do thich hop.
Piping must not be hung from flanges of compressors or other equipment without adequate supports.

Gioang phai duoc lap dat theo ban vé thiét ké. Ro ri gioang thwong la két qua cla viéc can
chinh khéng dung va khéng tuan theo cac quy trinh siét bu l16ng dwoc khuyén nghi. Khi st
dung gioang co6 chira cac bé phan phi kim, vat liéu phi kim loai phai dwoc chon theo 4.4.2.
Viéc str dung cac loai giodng hodc vat liéu khac véi nhirng loai dwgc xac dinh trong dac
diém k¥ thuat cla dw an phai bj cAm trir khi dwoc ngwdi mua chap thuan.

Gaskets shall be installed in accordance with the design drawings. Gasket leaks are often a result of
improper alignment and not following recommended tightening procedures. When gaskets containing
non metallic parts are used, non metallic materials must be chosen according to paragraph 4.4.2. The
use of gasket types or materials other than those defined in the project specification shall be prohibited
unless approved by the purchaser.

Viéc xiét bu 16ng phai dwoc thuc hién dan theo trinh tw chéo. Loai va kich thwéc bu léng
phai phu hop véi mat bich va vat liéu giodng. Néu, trong nhitng trwdng hop dic biét, tai
trong bu 16ng dwoc chi dinh, nha thiu nén sir dung thiét bi xiét bu 16ng dé dat dwoc lwc xiét
bu 16ng chinh xac. Néu gia tri mé-men xoan dwoc chi dinh, nha thau co6 thé st dung co lé
lwc qua cac dai bc dé tao ra tai trong bu 16ng can thiét. Viéc s dung co 1 lwc ¢ thé yéu
cau s dung chét béi tron phu hop trén ren bu 16ng. Néu khéng c¢6 tai trong bu 16ng hodc gia
tri mé-men xod&n nao dwoc chi dinh, bu I6ng phai dwoc siét chat day da, phu hop véi thue
hanh ky thuat tét hoac théng tin clia nha cung cép, dé ddm béo rang khép nbi c6 kha nang
gilr dwge d6 kin ma khong bij ro ri.

Bolting shall be pulled up gradually using a crossover sequence. The bolt type and size shall be
matched to the flange and gasket material. If, in special circumstances, bolt loads are specified, the
contractor should use bolt tensioning equipment to achieve the correct bolt loading. If torque values are
specified, the contractor can use torque wrenches via the nuts to develop the necessary bolt load. The
use of torque wrenches might dictate the use of a suitable lubricant on the bolt threads. If no bolt loads
or torque values are specified, bolts shall be tightened sufficiently, in accordance with good
engineering practice or vendor information, to ensure that the joint is capable of holding the tightness
test without leakage.

Khong cho phép tai str dung gioang; can phai lap gioang moi méi khi thao mat bich. Khi mot
khé&p ndi bi ro ri trong qua trinh thir ap suat, khép ndi phai dwoc lam lai bang gioang mai.
The re-use of any gasket is prohibited; it is essential that new gaskets be inserted every time a flange
is released. When a joint leaks on pressure test, the joint shall be re-made using new gaskets.

Gioang, dai 6c va bu 16ng phai dwoc kiém tra bdng mét thuéng dé dam bao rang ching
sach va trong tinh trang t6t. Néu mudn, c6 thé bdi chat boi tron phu hop, dwoc xac dinh
trong dac diém k¥ thuat cGa dw 4n, 1én ren cla bu 16ng va mat trong dai 6c va vong dém
trwée khi 1dp bu 16ng vao mat bich va siét chét.

Gaskets, nuts and bolts shall be visually inspected to ensure that they are clean and in good condition.
If so desired, a suitable lubricant, as defined in the project specification, can be applied to bolt threads
and bearing faces of nuts and washers before bolts are inserted into flanges and tightened.

Ngoai ra, c6 thé khong st dung chét boi tron bang cach st dung vat ligu chéng an mon
thich hgp cho bu I6ng, dai 6c va vong dém.
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7.5.3.

7.5.4.

7.5.5.

7.5.6.

Alternatively, lubrication can be avoided by the use of appropriate, corrosion resistant materials for
bolts, nuts and washers.

Khép cach dién / Insulating joints

Céc khop cach dién cho hé théng bao vé catét, dac biét Ia loai nguyén khéi, d& bi hw hong
va ro ri néu bj qua tai theo chiéu ngang hoac chiéu doc. Viéc can chinh chinh xac cac khép
cach ly mét bich ciing rat quan trong dé lap dat chinh xac cac édng boc bao phi bu léng dé
cach ly ding cach sau khi siét chat. D& gidm kha nang bién dang khop néi vuot qua gioi
han cho phép, diéu quan trong la cac khé'p ndi phai dwoc hé tror day du va 1ap dat chinh xac
theo ban vé thiét ké va thuc hanh thi cong tt. Xem thém céac doan 4.4.2 va 5.5.5. Cac khop
ndi nay phai dwoc kiém tra cach ly dién truwéc khi dwa dweng 6ng vao van hanh.

Insulating joints for cathodic protection systems, particularly those of the monoblock type, are prone to
damage and leakage if overstressed either laterally or longitudinally. Proper alignment of flanged
isolation joints is also critical to proper installation of sleeves covering bolts for proper isolation after
tightening. To reduce the likelihood of joint deformation beyond the acceptable limit, it is important that
joints are adequately supported and correctly installed in accordance with design drawings and good
construction practices. See also paragraphs 4.4.2 and 5.5.5. These joints shall be tested for electrical
isolation prior to pipeline being placed in service.

Khép néi ren | Threaded joints

Bat ky khép ndi ren nao ciing nén dwoc gitr & mirc téi thiéu dwa trén cac san pham ma dac
diém ky thuat nay dé& cap. Nén han kin khép ndi ren két néi truc tiép voi dwong éng néu
khong c6 phwong phap cach ly. T4t ca cac dau nbi ren hé ra ngoai khi quyén phai duoc bit
kin bang nut bit. Phai st dung ren coén cat sach theo yéu cau thiét ké va dwgc loai bd hoan
toan ba via.

Any threaded joints should be kept to a minimum based on the products that this specification is
covering. It is recommended that any threaded joints directly connected to the pipeline without a
method of isolation shall be properly seal welded. All threaded end connections open to the
atmosphere shall be sealed with a plug. Clean cut taper threads in accordance with the design
requirements shall be used and shall be fully deburred.

Ong thép khéng gi dworc khuyén nghi s dung cho céc thiét bj do.
Stainless steel tubing is recommended for instrumentation.

Puwong 6ng tube / Tubing

Ong thép khong gi dugc khuyén nghi st dung cho thiét bi do Iwong. Khong duoc sk dung
ong dong cho cac mach tiép xdc véi khi ctia dwéng 6ng chinh.

Stainless steel tubing is recommended for instrumentation. Copper tubing shall not be used for circuits
which are exposed to the pipeline gas.

Van / Valves

Tat ca cac van phai dwgc cung cap kém theo thé hodc bang nhan dang va duoc lap dat & vi
tri dwoc xac dinh bdi ban vé thiét ké. Thé hodc bang nhan dang phai van dwoc gan vao méi
van sau khi lap dat. Khéng dwoc phép hoan dbi van.

All valves shall be supplied with identification tags or plates and installed in the location defined by the
design drawings. Identification tags or plates shall remain attached to each valve after installation. It is
not permitted to interchange valves.

Dé giam thiéu nguy co hw héng, cac bd phan hoat ddng trén cung cla van, bd truyén dong
va cac thiét bi lién quan khac nén dwoc bao quan trong diéu kién sach va lap dat theo yéu
cau sau khi hoan thanh céng viéc xay dwng chinh.

To minimise exposure to damage, valve top works, actuators and other associated equipment should
be stored in a clean condition and installed as required after major construction work has been
completed.

Tét ca cac van phai dwoc l&p dat theo ban vé thiét k& dwong dng va dwoc xir ly theo cach
duy tri d6 sach sé& va ngan nglra sy xam nhap cta hoi am, dau, bui va cac chat gay 6 nhiém
khac. Can dac biét can than vé&i cac van, cho du la van tha cong, van ty déng hay van xa ap,
dé dam bao rang ca hwéng dong chady va hwéng déu chinh xac.

All valves shall be installed in accordance with the piping design drawings and handled in a way which
maintains their cleanliness and prevents ingress of moisture, oil, dust, and other contaminants.
Particular care should be taken with valves, whether manual, automated or pressure relief, to ensure
that both the flow direction and orientation are correct.

Cac bién phap phong nglra sau phai dugc tuan thu déi voi viec 1ap dat van xa ap va cac
thiét bi xa ap khac:
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7.6.

7.5.7.

The following precautions shall be observed with respect to the installation of pressure relief valves and
other pressure relief devices:

 Ngoai nhitng van can thiét cho muyc dich xay dwng va thir nghiém, khéng dwoc lap dat
van xa ap hoac cac thiét bi xa ap suat khac cho dén khi tat ca cac cong viéc thr ap, lam
sach va xa da hoan thanh.
Apart from those required for construction and testing purposes, no pressure relief valves or other
pressure relief devices shall be installed until all pressure testing, cleaning and blowout work have
been completed.

e Nén trang bi cho dworng 6ng xa céc thiét bj bdo vé dé& ngan chin cac han ché dbi voi
chtrc ndng hoat ddng binh thuwéng clia van xa, nhw td chim hodc bang.
It is recommended that vent piping be fitted with protective devices that will prohibit restrictions to
the proper functionality of the relief valve, like bird nests or ice.

e Thtca cac 16 thong cla van xa phai dwoc dan bang dwong dng dén dau dbt khi.
All relief valve vents must be piped to a flare.

Trwéce khi han van vao hé théng dwong éng, van phai dwoc mé hoan toan. Bé phan diéu
khién phia trén cGa van nén dwoc thao ra d& ngan ngira bién dang nhiét dén cac linh kién
clia van. Gioang mém va cac bd phan khac thworng dé bi hw héng do nhiét. Sau khi han,
giodng mém va cac bd phan dé bi hw hai khac phai dwoc kiém tra. Néu can dung lyc qua
mirc dé& van hanh van thi phai thyc hién hanh dong khéc phuc.

Before welding any valve into a piping system, the valve shall be fully opened. The top works should be
removed to prevent thermal distortion of the valve components. Soft seats and other components are
usually vulnerable to damage by heat. After welding, soft seats and other vulnerable components
should be checked. If excessive force is required to operate the valve remedial action shall be taken.

Gia d&, thanh dan va neo / Supports, guides and anchors

Gia d&, thanh dan va neo phai dwoc dinh vi va cb dinh trwdc khi 1ap d&t dwong bng. C6 thé
s dung thém gia d& tam thoi trong qua trinh 13p dat nhwng chung khéng duwgc han hodc
bt vit vao bat ky ciu kién két cAu vinh clru ndo. Gia d&, thanh dan va neo tam thoi phai
duwoc thao ra trwde khi dwa dwdng dng vao van hanh.

e Supports, guides and anchors shall be positioned and secured before the installation of the piping.
Additional temporary supports can be used during installation but they shall not be welded or
bolted to any permanent structural members. Temporary supports, guides and anchors must be
removed before the pipeline is commissioned.

Tt ca cac két néi han, chdng han nhu kep ndi dat hoac gia d&, dwoc gén truc tiép vao
duong 6ng cong nghé hodc thiét bi dw dinh s dung & ap suat cao phai dwgc thwc hién
trwde khi thir &p. Khéng dwoc phép han trén thiét bi chiu ap lwc sau khi hoan thanh tha ap.
All welded connections, such as earth clamps or supports, attached directly to process piping or
equipment intended for service at elevated pressures shall be made before pressure testing. Welding
on pressure containing equipment after the successful completion of a pressure test is not permitted.

Bét ky gia d& nao cho duwong dng dwoc bao vé catét phai dwoc cach ly dién dé khong anh
hwdng dén viéc bdo vé dwong bng.

Any support for cathodically protected piping must be electrically isolated so that the protection of the
pipeline is not compromised.

Kiém tra va khao sat / Inspection and examination

- Trong qua trinh thi céng, nén kiém tra dinh ky tai chd dé dam béo cac quy trinh 18p dat chinh xac

dang dwgc tuan tha. Trong va sau khi thi cong, dwong bng phai duoc kiém tra va thir nghiém
theo quy trinh va quy chuén dwong ong lién quan nhw dwoc xac dinh trong dac diém k¥ thuat cla
dw an. Céac cudc kiém tra nay tdi thiéu phai bao gdbm nhirng cudc kiém tra d& xac minh nhirng
diém sau:
During construction, regular on-site inspections should be made to ensure that correct procedures for
installation are being observed. During and after construction, the pipeline should be inspected and tested in
accordance with the relevant piping code and procedures as defined in the project specification. Such
inspections should, as a minimum, include those to verify the following:

Vat liéu chinh xac (t6i thiéu bang dau déng dau va/hoac gidy to' keém theo. Cling nén thic hién
kiém tra nhan dang vat liéu tai chd.)

Correct materials (as a minimum by stamped markings and / or accompanying paperwork. It is
recommended that spot Positive Materials Identification be performed as well.)

Do dbng tam clia dng.

Pipe concentricity

Do day thanh éng theo quy dinh.

Specified wall thickness
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P6 sach bén trong.

Internal cleanliness

Tinh toan ven cta I&p pht bao vé.

Protective coating integrity

Cach ly dién.

Electrical isolation

Khéng c6 hu héng co hoc, vi du: vét xuéc, vét 16m, v.v.
Absence of mechanical damage e.g. gouges, dents etc.
Chuén bi méi nbi.

Joint preparation

Han ga.

Welding fit-up

Han.

Welding

Khéng cé vét chay hd quang.

Absence of arc burns

Xem xét chup X quang hoac kiém tra khac.
Review of radiographic or other examination

7.7. Thor nghiém khéng pha hiy Non-destructive testing
7.71.

Thir ap / Pressure testing

Puong 6ng phai dwoc thir ap bang khi nén hodc thly tinh & ap suét theo yéu cau cla quy
chuan duwéng 6ng da dwoc xay dwng. Uu tién la thr nghiém thay tinh. Du chon phwong
phap th®r nghiém nao, né phai dwoc tién hanh tai mot diém thuan tién trong qua trinh xay
dwng dudng 6ng tdng thé dé phu hop véi yéu cau cla dy an va gidm thiéu kha ndng phai
lam lai tbn kém.

The pipeline shall be subject to either a pneumatic or a hydrostatic pressure test at the pressure
required by the code to which the pipeline has been constructed. The preference is for a hydrostatic
test. Whichever test method is selected, it shall be conducted at a convenient point in the overall
pipeline construction to suit project requirements and to minimise the likelihood of costly rework.

Viéc thir bén phai dugc hoan thanh bang cach tién hanh thir thay tinh bang nwéc sach. Thir
nghiém phai dwoc thwe hién theo ding quy chuan dwéng dng da dwoc thiét ké va xay dung.
The strength test should be completed by conducting a hydrostatic test using clean water. The test
shall be carried out in accordance with the code to which the pipeline has been designed and
constructed.

Cac hoat dong nap va th&r nghiém phai dwoc Ién ké hoach nhw mot hoat dong lién tuc dé
dam bao rang nwéc khong tén tai trong hé théng dworng éng 1au hon mre can thiét, d&c biét
néu dy b&o nhiét d méi trwdng dwdi mire déng bang trong thei gian thir nghiém. Phai thuc
hién cac bién phap phong nglra an toan day dd dé gidm thiéu hau qua tiém &n cla viéc xa
ap trong khi thir nghiém dang dién ra. Néu thir nghiém bang khi nén dwoc tién hanh va nito
dwoc st dung lam méi trwong thir nghiém, thi phai danh gia nguy co tiép xdc ctia nhan vién
véi méi trwdng thiéu oxy va thue hién cac bién phap phong ngtra thich hop.

The filling and testing operations shall be planned as a continuous operation to ensure that water does
not remain in the pipeline system for any longer than necessary, particularly if below freezing ambient
temperatures are foreseen during the test period. Adequate safety precautions to minimise the
potential consequences of a pressure release must be taken while the test is in progress. If a
pneumatic test is conducted and nitrogen is used as the test medium, the risk of exposure of personnel
to oxygen deficient atmospheres must be assessed and appropriate precautions taken.

Nwéc dé thir nghiém va bét ky 1an x& nao sau doé phai sach va khéng cé bat ky chét lo Irng
ho&c hoa tan nao cé thé gay hai cho vat liéu édng hodc cé thé hinh thanh c&n bén trong
duong ong. DI véi duong ong thép carbon, d pH phai nam trong khodang tir 5 dén 8 va
clorua khéng qua 1000 mg/lit (50mg/lit dbi voi thép khong gi). Tét nhét 13 giam thiéu thoi
gian nwoc thir thay Iwe con lai trong dwong ong, vi nwéc thic day qua trinh an mon va hoat
doéng sinh hoc. Néu nuéc ton tai trong duwong ong hon 8 ngay, dé pH phal duwoc gigi han
trong khoang twr 6 den 7,5 va nong do clorua nhé hon 500mg/lit (Smgl/lit déi voi thep khéng
gi). Can d&c biét can than khi x ly cac ngudn nwéc cé chira hda chat hodc vi khuan cé hai
tiém an.

Water for testing and any subsequent flushing should be clean and free from any suspended or
dissolved substance which could be harmful for the pipe material or which could form deposits within
the pipeline. For carbon steel pipelines, the pH should be between 5 and 8 and the chloride not more
than 1000 mg/litre (50mg/litre for stainless steel). It is best practice to minimize the time the hydrotest
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7.7.2.
7.7.2.1.

7.7.2.2.

7.7.2.3.

7.7.2.4.

water remains in the pipeline, as water promotes corrosion and biological activity. If the water stays
more than 8 days in the pipeline, the pH should be limited between 6 and 7.5 and chloride
concentration less than 500mg/litre (5mg/litre for stainless steel). Special care is needed in dealing with
water sources containing potentially harmful chemicals or bacteria.

Sau khi hoan thanh thir thdy tinh, t6t nhét 1a nén loai bé nwoc ngay Iap tic bang cach xa
hoac lam sach bang pig hoac két hop cé hai. Xem 6.3.4.

After the completion of a hydrostatic test the water should be preferable removed immediately either by
draining or pigging or a combination of the two. See 6.3.4.

Nwac con sot lai nao trong dwong dng CO hoac Syngas sau thir thiy tinh c6 thé dan dén
cac co ché hw hdng bén trong duéng ong, do dé bat budc phai dat diém swong téi da 1a -50
d6 C. Vi ly do thuc té, trong trwong hop noi dng hodc han déng cudi cuing, c¢é thé chdp nhan
dwoc viec mién trlr nhu cau thtr ap voi didu kién la phwong phap tho nghiém khong pha hay
thay thé theo quy dinh dwoc thwe hién va cac quy dinh dia phwong khéng cdm diéu nay.

Any residual water in a CO or Syngas pipeline following a hydrostatic test could lead to failure
mechanisms within the pipeline therefore it is imperative to achieve a maximum dew point of -500C.
For reasons of practicality, in the case of pipe tie-ins or final closing welds it may be acceptable to
waive the need for a pressure test provided that a prescribed alternative method of non-destructive
testing is carried out and local regulations do not prohibit this.

Kiém tra khéng pha hiay (NDE) / Non destructive examination (NDE)
Téng quat / General

T4t ca cac kiém tra NDE phai dwoc thuc hién bdi mot ngwdi van hanh cé trinh d6 duwoc cip
phép, ngoai trir kiém tra thAm thau thuéc nhudém va kiém tra tir tinh c6 thé dwoc thuc hién
b&i mét tro' ly dwoc dao tao va dwoc dién gidi bédi mot ngwdi van hanh dwoc cap phép. Tat
ca cac hoat dong NDE phai hoan toan cé thé theo dai, tot nhat 1a v&i ban d6 han. Phai lap
bao cao xac dinh tirng mdi han dwoc kiém tra va hién thj vi tri cda no, quy trinh han dwoc s
dung, ngwdi van hanh han thue hién méi han, quy trinh NDE duoc st dung va két qua bao
gbm ca viéc stra chiva.

All NDE examinations shall be performed by a licensed qualified operator with the exception of dye
penetrant and magnaflux examination which may be applied by a trained assistant and interpreted by a
licensed operator. All NDE activities shall be fully traceable preferably with a weld map. A report shall
be made identifying each weld which is examined and showing its location, the weld procedure used,
the weld operator who made the weld, NDE procedure used, and results including repairs.

Cac dwdng nbi dng doc, ton tai do qué trinh san xuét éng, dwoc mién thir nghiém khéng pha
hay tai chd (Xem Muc 5.3).

Longitudinal pipe seams, which exist as a result of the pipe manufacturing process, are exempt from
on-site non destructive testing(See Section 5.3).

Kiém tra bang tia X / Radiographic examination

Tét ca cac anh chup X quang phéi c6 toan bd chiéu dai ciia mbi han (chup X quang toan
bd). Yéu ciu 100% cac mbi han dbi dau trong dwong bng phai dwoc kiém tra bang tia X day
da nhw dwoc xac dinh trong dac diém ky thuat cia duw an. Cac méi han déng cubdi cung phai
dwoc chup X quang.

All radiographs shall be of the entire length of the weld (full radiography). It is required that 100% of the
butt weld joints in the pipeline be fully radiographically examined as defined in the project specification.
Final closing welds must be radiographed.

Trong nhitng trwdng hop ma cac mbi nguy phéng xa do tia X (hodc tia Gamma) gay ra
khong thé dwoc x& ly bdng cac phwong tién hop ly, thi cé thé thay thé 100% kiém tra khong
pha hdy bang phwong phap twong dwong nhw UT.

In situations where the radiological hazards presented by X-rays (or Gamma rays) cannot be
accommodated by reasonable means, 100% non destructive examination by an equivalent method
such as UT may be substituted.

Kiém tra thdm thau va kiém tra tir tinh / Dye penetrant and magnaflux examination

Méi han Idng va han goc khéng thé dwoc chup X quang phu hop nhung phai dwoc kiém tra
bang phwong phap thAm thdu hoac kiém tra tlr tinh. Khuyén nghi nén kiém tra 100% céac
méi n6i nay.

Socket weld and fillet weld joints cannot be suitably radiographed but should be examined using dye
penetrant or magnaflux examination. It is recommended that 100% of these joints be examined.

Ther nghiém do cieng vi mé/ Micro hardness test
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7.8.

8.

- Dé& kiém soat rang do bén cla vat liéu 6ng khéng bi anh hwéng béi cac mbi han, nén thyc
hién thtr nghiém dod cirng vi mdé nhu mét phan cta quy trinh han va thir nghiém nguwoi van
hanh han, va bang cac mau cta mdi han san xuét.

In order to control that the toughness of the pipe material is not affected by the welds, it is
recommended to perform micro hardness tests as part of the weld procedure and weld operator testing
and, by samples of production welds.

Tai liéu / Documentation

Céc tai liéu sau day lién quan dén viéc xay dwng va lap dat dwong 6ng phai dwoc nguoi van
hanh lwu trir va tap hgp trong mot bd ho so dé tham khao khi can thiét:
The following documents relating to the construction and installation of the pipeline shall be retrieved and
collected in a dossier that is retained for reference by the operator:
e Baocaothrap/

Pressure test report
e Quy trinh han, trinh d6 quy trinh va ho so trinh do tho han.

Weld procedures, procedure qualifications, and qualification records for each welder.

e B&o cao NDE méi han (Bao gdm cac méi han bi loai/stra chiva, ban db han, thdng tin the han,
ky thuat han dwoc st dung).
Weld joint NDE reports (Including rejects/repairs, weld map, weld operator identification, welding
technique used).

e Tom tat tat ca cac quy trinh NDE chirng minh rang tat ca cac yéu cau vé quy chuén, quy dinh
va dy an cu thé da dwoc dap tng.
Summary of all NDE procedures demonstrating that all code, regulatory, and project specific
requirements have been met.

e Ba&o cao vé viéc lam sach va kiém tra trong dwdng 6ng.
Report of internal pipe cleaning and inspection.

e Ba&o cdo cla tat ca cac hoat dong kiém tra.
Inspection reports for all inspection activities

e Ban vé hoan cong.
As-built drawings.

o Nhéat ky di¥ liéu hoan cong.
As-built data logs.

e Ho so vé trinh dd chuyén mén clia nhan vién thi cong.
Records of construction personnel qualifications.

e Chirng nhan vat liéu.
Material control certificates.

e Cac bao cao va chirng nhan khac theo yéu cau cla chinh quyén dia phwong va/hodc qubc
gia, quy chuan dwdng 6ng lién quan va dac diém k¥ thuat cla dw an.
Other reports and cetrtificates required by local and/or national authorities, the relevant piping code and
the project specification.

e B&o céo kiém tra tinh toan ven cla I&p phi bao vé (bao cao vé 16 kim hodc khuyét tat trong
I&p phd bén ngoai).
Protective coating integrity test report (report on pinholes or defects in the external coating)

e Bé&o cdo vé bao vé catbt va cach ly dién.
Cathodic protection and electrical isolation report.

Khi hoan thanh céng viéc, nha ché tao phai cung cdp mét tuyén bd bang van ban réng tat ca cac
yéu cau NDE da dwoc dap ng, dwoc thuc hién bdi giam sat vien ddm bao chét lwgng hodc cac
ca nhan da diéu kién khac.

At the completion of the work, the fabricator should supply a written statement that all NDE requirements
have been met which has been executed by the quality assurance supervisor or other qualified individuals.

Thiét ké va xay dwng cac tram / Design and construction of stations
8.1.

Chirc nang / Function

Chirc nang clia mét tram diéu khién qua trinh 1a diéu khién va do khi két hop véi mot dudng bng
cung cap. Méi tram diéu khién dwoc thiét ké va xay dwng theo yéu cau cla tirng khach hang va
két hop cac thiét bj diéu khién qua trinh phu hop. Cac sép xép dién hinh dwoc hién thi trong Phu
luc A, Sor dd 1.

The function of a process control station is to control and meter gas in conjunction with a supply pipeline.
Each process control station is designed and constructed for individual customer requirements and
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incorporates appropriate process control equipment. Typical arrangements are shown in Appendix A,
Diagram 1.

- Céc chirc nang khac nhau co thé 1a: cach ly dé bao tri va/hodc cho trwong hep khan cép, do
lwong, dieu chinh ap suat va/hoac Iwu lvgng, loc.
The different functions may be : isolation for maintenance and/or for emergency, metering, pressure and/or
flow regulation, filtration.

- Loai tram nay thwdng dwoc dat tai dia diém cua khach hang.
This type of station is typically located at a customer’s site.

- Ngoaira, cac yéu cau quy dinh c6 thé yéu cau cac tram cach ly tai cac khodng thdi gian xac dinh
doc theo dwong ong.
Additionally regulatory requirements may require isolation stations at defined intervals along the pipeline.

Mb ta thiét ké tom tat / Design brief

- Mot mo ta thiét ké tom tat cac yéu cau co ban (Pinh nghia Qua trinh va So' d6 P&ID) phai dwoc
st dung lam co s& cho thiét keé.
A design brief summarising the basic requirements (Process Definition and P & | Diagram) should be used
as the basis for design.

- MO ta thiét ké tém tat phai dwoc phat trién bang cach tham khao nhirng diéu sau:

The design brief should be developed by reference to the following:

e di liéu mau quy trinh do khach hang cung cép.
process pattern data supplied by customer

e Ccac yéu cau vé mdi trwong, khach hang va cac yéu cau theo luat dinh khac.
environmental, customer, and other statutory requirements

e C&c yéu cau cla dia diém, bao gbm ca sy twong tac véi nha may xung quanh, vi du: hé théng
thu gom khi xa.
site requirements, including interaction with surrounding plant, e.g. vent collection system.

e Nghién clru Hazop va Banh gia Rui ro phai dwoc xem xét cung véi mo ta thiét ké tom tat.
A Hazop study and Risk Assessment shall be considered with the design brief.

- MGt vi du vé mot tram diéu khién qua trinh hoan chinh hién thi cac thanh phan co thé co duoc
hién thj trong Phu luc A, So’ do 2.
An example of a complete process control station showing possible components is shown in Appendix A,
Diagram 2.

8.2.1. Van gi&i han lwu lwong / Excess flow valves

- Phai cung cap van gi6i han lwu lwong phai dé bdo vé chéng lai sw cbé duwong 6ng. Viéec dong
van c6 thé dwoc kich hoat bang tay hodc tw dong tlr phong diéu khién trung tam ho&c bang
tin hiéu tw dong dwa trén lwu lwong cao, ap suéat thap hodc tbc d6 gidm ap trong dwdng éng.
Excess flow valves should be provided to afford protection against pipeline failures. The closure of the
valves can be initiated manually or automatically from a central control room or by automatic signals
derived from high flowrate, low pressure or rate of decay of line pressure.

8.2.2. Van cach ly / Isolation valves

- Do rti ro vé doc tinh va bét Ira ctia rd ri carbon monoxide hodc Syngas, viéc bao tri phai

duwoc thye hién sau khi cach ly chac chan thiét bi lién quan, tiép theo 1a 1am tro. Viéc cach ly
chéc chan c6 thé dugc thue hién bang van xa kép, méat bich mu, van bi gan trunnion kép
dworc trang bi dwdng xa than van hoac twong dwong.
Due to the risks of toxicity and ignition of a carbon monoxide or Syngas leakage, maintenance should
be done after positive isolation of the concerned installation, followed by inerting. Positive isolation may
be done by double block and bleed valves, blind flange, double trunnion mounted ball valve equipped
with a body vent or equivalent.

8.2.3. BO loc va lwéi loc / Filters and strainers
- B0 loc co thé dwoc lap dat & dau vao cua tram diéu khién qua trinh dé bao vé cac thiét b
diéu khién khoi cac hat ran (c6 nguon goc tr dwdng ong thép carbon hoac thiét bi/may maéc
& phia trwédc) cd thé bj cudn vao dong khi.
Filters may be installed at the inlet to the process control station to protect control devices from

particulate matter (originating from the upstream carbon steel pipeline or equipment/machinery) which
may be entrained in the gas stream.

8.2.4. Dong ho do lwu lwong / Flow meters

60



AIGA 034/15

8.2.5.

8.2.6.

8.2.7.

DPoéng hd do trong thanh toan do chinh xac tbng lwong khi di qua tram diéu khién. Béng hd
bao gdbm mét thiét bi chinh va thiét bi do dac dé chuyén déi cac bién quy trinh thanh gia tri
lwu lwong thé tich hodc khéi lwong.

The billing quality meter measures accurately the total quantity of gas passing through the process
control station. The meter consists of a primary device and instrumentation to convert the process
variables to a volumetric or mass flow value.

Nén cé dwdng bypass dé tao didu kién thuan lgi cho viéc thao g& dé hiéu chuan va bao tri.
A bypass is recommended to facilitate removal for calibration and maintenance.

Viéc Iwa chon loai dong hé do luu luong thudng dya trén cac yéu cau vé do chinh xac cho
pham vi lwu lwong khi can thiét dé dap ng yéu cau cla khach hang Thiét bi do dac bao
gdm cam bién ap suét, cdm bién chénh &p va nhiét d6, do va chuyén ddi cac bién quy trinh
thanh tin hiéu thwong dwgc nhap vao may tinh Iwu lwgng. May tinh Iwu lwvgng st dung cac
dau vao nay dé tinh toan lwu lwong dwoc tich hop trong mét khodng théi gian cu thé dé tinh
toan va ghi lai khéi lwong.

The selection of flow meter type is normally based on the accuracy requirements for the required range
of gas flow to meet customer requirements. Instrumentation comprised of pressure, differential
pressure and temperature transmitters measure and convert the process variables into signals that are
typically input into a flow computer. The flow computer uses these inputs to calculate a flow rate which
is integrated over a specific time period to calculate and record volumes.

Diéu khién Iwu lwong va ap suat / Flow and pressure control

Cac thiét bi diéu khién lwu lwong thwdng dwoc cung cip dé khéc phuc cac kiéu lwu lwong
that thuwdng dé tao ra ngudn cung 6n dinh bat ké nhu cau cla khach hang hodc dé han ché
lwu lwong kha dung cho khach hang. Hé thdng diéu ap gitp diéu chinh sw thay dbi ap suét
duwong 6ng dé cung cap khi & ap suat khong ddi cho khach hang.

Flow control devices are typically provided to overcome erratic flow patterns to produce constant
supply irrespective of customer demand, or to limit the flow available to the customer. Pressure control
systems regulate the variable pipeline pressure to deliver gas at constant pressure to the customer.

Van chan va van bypass thu cong duoc Iap dat 1a pham vi toi thleu duwoc khuyén ngh| dé dat
dwoc ngudn cung cap dang tin cay va dé bao tri. Trong mot sb truong hop, c6 thé nén xem
xét moét van diéu khién dw phong thay vi van bypass thi cong dé co6 dd tin cay cao hon niva.
Installed block and manual by-pass valves are the recommended minimum scope to achieve reliable
supply and provide for ease of maintenance. In some cases it may be preferable to consider a
redundant control valve instead of the manual by-pass for even higher reliability.

Ton chira khi / Gas storage

Bdn chira hoéc thé tich dworng dng bd sung c6 thé dwoc yéu ciu dé cung cdp mot dung tich
dém dé dap &ng nhu cau cao diém ctia khach hang va cung cap lvu lwong & ha lwu dé tao
diéu kién thuan lgi cho hoat dong cta van diéu khién hiéu qua.

Storage vessels or additional volume of piping may be required to provide buffer capacity to satisfy
peaks in customer demand and to provide downstream capacity to facilitate efficient control valve
operation.

Néu cé nguy co gay ddc trong trwdng hop rd ri, nén tranh st dung cac bdn ton chiva khi.
Due to the risk of toxicity in case of leak, gas storage vessels should be avoided.

Khi dwoc st dung, rdi ro clia ching phai duwoc tinh dén trong danh gia rii ro hé théng
duong bng. Vat liéu ché tao cla cac bdn chira nay téi thiu phai tuan theo cac yéu ciu vé
duwong 6ng vé& muc dich va tiéu chi lwa chon. Bén phai dwoc thiét ké véi dé bén clia kim loai
gbc va ving han da dé dat tiéu chi ro ri trwdc khi bi nd va chju dwoc mai trong qua trinh st
dung.

Whe% used, their risks must be taken into account in the pipeline system risk assessment. The
materials of construction of these storage vessels should as a minimum follow the pipeline
requirements in intent and selection criteria. Vessels should be designed with sufficient parent metal
and weld zone toughness for leak before break criterion and to withstand fatigue in service.

Xa ap / Pressure relief
Theo thi tw wu tién dua trén thiét ké an toan, cac diéu khoan sau dwoc khuyén nghi:
In order of preference based on fail safe design, the following provisions are recommended:

e Toan bd tram phai dwoc thiét ké cho MAWP clia duwdng 6ng dé tranh sw can thiét cia
van xa ap dé bao vé tram khoi qua ap.
The entire station should be designed for the MAWRP of the pipeline to avoid the need for pressure
relief valves to protect the station from over pressure.
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8.3.

8.4.

8.5.

e Trwdng hop khong thwc hién dwoc, nén st dung van an toan dwoc xa an toan vao hé
théng thu gom kin.
Where this is not practical, then safety valves safely vented to a closed collection system are
recommended.

e Khi khéng c6 sén hé théng thu gom khi xa, mét hé thdng ngét tw dong, st dung hai van
cach ly tw dong ndi tiép duwoc diéu khién bdi ba cdm bién ap suét dw phong, tac dong
doéng khi hai trong sé ba tin hiéu dwoc kich hoat hodc hé thdng chét nd phai dwoc xem
xét.

Where a vent collection system is not readily available to tie into, an automatic shutoff system, the
use of two automatic isolation valves in series controlled by triple redundant pressure transmitters
with two out of three voting or a rupture pin system should be considered.

e Caché thong nay co thé yéu cau mét van an toan nhd & ha lwu cua thiét bj nay, vi ngwo’l
ta cho réng tat ca cac van déu bj ro ri. Ca hai hé thong phai dap rng cac yéu cau cla quy
chuén hién hanh. Van ngét va hé théng diéu khién phai dwoc kiém tra chirc néng.

These systems may require a small pressure relief valve downstream of this device, as it is
assumed that all valves leak through. Either systems must meet applicable codes requirements.
The shutoff valve and control system should be given a functional test.

8.2.8. Thiét bi do / Instruments

- Thiét bi do thuwong 1a dién, dién tt, khi nén hoac két hop cac loai hé théng nay. Hé thdng

thiét bi do va diéu khién phai dwoc thiét ké dé an toan khi xay ra sw cb vé& dién va khi nén
trr khi khach hang mong muén moét hé théng hdng tai ché dé co do tin cay cao hon. Nha
cung cap dwdng dng nén can nhac nhirng loi thé va rdi ro déi véi sw bd tri it an toan khi
héng héc hon nhung dang tin cdy hon nay truwéc khi ddng y. Trong moi trwdng hop, nén
nhan dwoc hwéng dan bang van ban tir khach hang trwdce khi tiép tuc.
Instruments are usually electric, electronic, pneumatic, or a combination of these types of systems. The
instrument and control system should be designed to fail safe electrically and pneumatically unless the
customer desires a fail in place system for higher reliability. The pipeline supplier should consider the
advantages and risks to this less fail-safe but more reliable arrangement before agreeing. In any case it
is recommended that written instructions be received from the customer before proceeding.

8.2.9. Dién/ Electrical

- Xem muc 5.2 & trén.
See section 5.2 above.

- Mét phan hodc toan bd tram dwoc phan loai la khu vuc dién nguy hiém va thiét bj cling nhw
viéc 1&p d&t phai tuan tha cac yéu cau cla quy chuan lién quan.
Part or all of the station is classified as a hazardous electrical area and the equipment and installation
must conform to the relevant code requirements.

- Thiét bi va dwdng dng phai dwoc két nbi dién va ndi dat dé xa tinh dién va dan dong dién sw
cb xudng dét, d& ngén chan phat sinh tia Ira dién cé thé gay chay ro ri hydro trong khu vuec.
The equipment and piping shall be electrically connected and grounded to drain static electricity and to
carry electrical fault currents to earth ground, to prevent release of electric sparks which could ignite
hydrogen leaks in the area.

Tiéu chuan va quy chuan thiét ké / Standards and design codes

Thiét ké, ché tao, kiém tra, xem xét va th&r nghiém phai tuan theo cac tiéu chudn quéc gia hodc
quéc té, chdng han nhw ASME B31.3 va B31.8.

Design, fabrication, inspection, examination and testing shall be in accordance with national or international
standards, such as ASME B31.3 and B31.8.

Viéc Iap dat dién va thiét bi do phai duoc thiét ké va lap dat theo cac tiéu chuan quéc té hoac
quéc gia co lién quan dbi véi phan loai khu virc nguy hiém vé dién.

Electrical and instrument installations shall be designed and installed in accordance with the relevant
international or national standards for the electrical hazardous area classification.

Vat liéu va ché tao / Materials and fabrication

Viéc ché tao phai duwoc thuc hién bdi cac nha thdu dwoc phé duyét trong linh vwe cu thé, vi du
nhw Co khi, Xay dwng, Dién, Thiét bi. Céng viéc lap dat phai dwoc hoan thanh theo ding ban vé
thiét ké va thong sbé ky thuat. Cong viéc da hoan thanh phai dwoc kiém tra va phé duyét bdi co
quan ky thuat cé lién quan.

Fabrication shall be carried out by contractors approved in their particular discipline, i.e. Mechanical, Civil,
Electrical, Instruments. Installation work shall be completed in accordance with the design drawings and
specifications. The completed work should be inspected and approved by the relevant technical authority.

Han ché truy cap / Access limitation
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8.6.

8.7.

Méi tram phai dwoc dat trong mét khu vire dwore danh dau ré rang véi cac bién bao chi dan rii ro
va phan &ng khan cép can thiét.

Each station should be enclosed within a clearly marked area with signs indicating the risk and the
necessary emergency response.

Khi mét tram dwgc dat trong khu vee cong cong, phai cé mét hang rao quanh tram, khoéng cép
tré sw lwu thong khong khi dé ngén chan sy truy cap trai phép. Khu vc hang rao phai cé it nhét
2 clra va co thé khoa dwoc. Clra ra phai mé ra ngoai va di ra khu vuc khéng cé vat can.

When a station is located in a public area, a fence which does not inhibit free air flow should enclose the
station to prevent unauthorized access. The enclosure should have at least 2 gates and be lockable. Exits
should open outwards into areas that are free of obstructions.

Khi tram dwoc dat trong nha may, thi trong moét sé trwéng hop, cé thé chi can si dung day xich
bao quanh hang rao.

When a station is located on a plant site, then a chain instead of a fence may be considered sufficient in
some cases.

Vi tri / Location

Vi tri va thiét ké cla tram phai duwoc thuc hién theo két qua phan tich vé doc tinh.
The location and the design of the station should be made according to the results of a toxicity analysis.

Do nguy co ddc tinh, viéc phan tich can than viéc I&p d&t phai dwoc thwe hién dé dam bao 16i vao
an toan cho ngudi van hanh ca trong thiét ké va quy trinh van hanh. Viéc giam sat bau khi quyén
¢ nhitng vi tri khac nhau trong khu virc tram va thiét ké hé thong thdng gio 1a nhirng yéu to quan
trong can dwoc dwa vao phan tich. Can lwu y rang viéc dat tram trong nha, hoac trong ho ludn
yéu cau thiet ké nghiém ngat hon vé dién.

Due to toxicity risk, a careful analysis of the installation must be done to ensure that safe entry is provided
for operators both in the design and in operating procedures. Monitoring the atmosphere at different places
in the enclosure and the design of ventilation systems are important topics to be included in the analysis. It is
worth noting that locating a station indoors may, and locating one in a pit always, require more stringent
hazardous electrical designs.

Khi Iwa chon vi tri, nén cé khéng gian tréng dang ké xung quanh khu vwc tram. Diéu nay cé thé
khéng phai lic ndo ciing thwc té. Mot sb vi du vé thwe hanh Iwa chon vij tri tét dwoc dwa ra trong
Phu luc E.

When selecting a location, it is preferable to have significant clear space around the enclosure. This may not
always be practical. Some examples of good siting practice are given in Appendix E.

Pudng 6ng cé thé duwoc I&p dat trén mot tAm bé tong va tram phai dwoc bao quanh bdi mét hang
rao.
Piping may be installed on a concrete slab and the station should be surrounded by a fence.

Hang rao, c6 chiéu cao it nhat 2 m, sé duogc trang bi it nhat hai cira thoat hiém khan cap & hai
phia doi dién.

The fence, of a height of at least 2 m , will be provided with at least two emergency escape doors in opposite
sides.

Van ciing c6 thé dwoc 1ap dat dwdi long dat, néu co lo ngai vé an ninh.
Valves may also be installed below ground, if there are security concerns.

Cac hoat dong lién quan dén viéc sir dung hodc tao ra ngon Ia, tia Ira hoac cac ngudn gay
chay khac déu bj cdm trong khu virc bao quanh hoac khoang céach theo yéu cau cla cac quy téc
hién hanh, tuy theo mirc yéu cau nao I&n hon, trir khi co giay phép lam viéc an toan cho phép.
Activities involving the use or production of flames, sparks or other ignition sources are forbidden within the
enclosure or the distance requirements of the applicable codes, whichever is greater, except as authorised
by a safety work permit.

Hé thdng chiéu sang dat tiéu chuan phai dwoc cung cp dé chiéu sang tram, khi diéu nay dwoc
coi la can thiét d& dam bao an toan cho nhan vién. Dén chiéu sang va viéc lap dat phai tuan tha
céac yéu cau clia quy tac dbi vai khu ve nguy hiém vé dién.

An acceptable standard of lighting shall be provided to illuminate the station, when this is deemed necessary
to ensure personnel safety. The lighting fixtures and installation must conform to the code requirements for
the hazardous electrical area.

Tiép dia / Grounding

Dién tr& nbi dat cta hé théng bng tai tram khéng dwoc vwot qua 10 ohm tai bat ky diém nao
trong toan b hé théng, cac phép do phai dwoc thuc hién tir mét diém ndi dat da biét. Néu can
thiét, c6 thé phai st dung phwong phap noi boc mat bich dé dat dwoc gia tri tbi thidu da néu. Néu
da ap dung phwong phap noi boc, can thyc hién cac bién phap dé ngén nglra &n mon cac bd
phan cau kién.
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8.8.

8.9.

8.10.

The resistance to earth (or ground) of the station pipework should not exceed 10 ohms at any point
throughout the installation; tests shall be conducted from a known earth point. If necessary cross flange
bonding may be required to achieve the stated minimum value. If cross bonding has been adopted,
measures shall be taken to prevent corrosion of component parts.

Hé théng dwong 6ng khong dwoc st dung nhw 1a thanh ndi dat. Mai thiét bi phai dwoc nbi dat
riéng lé.
Pipework systems should not be used as grounding rods. Each piece of equipment should be individually
earthed.

Tét ca viéc nbi dat phai duoc ndi voi lwdi nbi dat chung dé dam bao réng tat ca cac thiét bi, bao
gom cé dwdng 6ng, dwoc dwa vé cung mét dién thé.

All grounding should be to a common grounding grid to ensure that all items, including the pipe work, are
brought to a common electrical potential.

Tét ca két qua kiém tra bao gdm diém dat tham chiéu phai dwoc ghi lai va kiém tra dinh ky.
All test results including reference earth point shall be recorded and periodic testing undertaken.

Lap dat / Installation

Viéc |ap dat phai dwoc thuc hién bdi cac nha thdu dwoc phé duyét trong linh vuc cu thé cla ho,
vi du nhw Co khi, Xay dwng, Dién, Thiét bi. Cong viéc lap d&t phai dwoc hoan thanh theo dung
ban vé thiét ké va thong sb ky thuat. Viéc 1ap dat da hoan thanh phai dwoc kiém tra va phé duyét
b&i co quan ky thuat co lién quan.

Installation shall be carried out by contractors approved in their particular discipline, i.e. Mechanical, Civil,
Electrical, Instruments. Installation work shall be completed in accordance with the design drawings and
specifications. The completed installation should be inspected and approved by the relevant technical
authority.

Kiém tra ap suat va ro ri / Pressure and leak testing

Kiém tra ap suat dé dap &ng cac yéu cau cla quy chuén 1a bt budc. Thong thwong, tram dwoc
kiém tra riéng biét véi dworng 6ng. Viéc nay co thé dién ra tai xwéng ché tao hoac tai hién truwong.
Néu thtr nghiém thay tinh, dwérng 6ng phai dwoc xa hét nwéc, 1am kho va lam sach ky sau khi
th&r nghiém.

Pressure testing to meet code requirements is required. Usually the station is tested separately from the
pipeline. This may take place either at a fabricator or in the field. If hydrostatic testing is used, the piping
shall be thoroughly drained, dried and cleaned after testing.

Kiém tra ro ri bang khi nén ciing c6 thé dwoc yéu ciu. Viéc nay cé thé thuc hién tai xwéng ché
tao ho&c tai hién trwdng hodc tét nhéat 14 ca hai. Viéc lam tro dwdng dng doi khi dwoc két hop voi
kiém tra ro ri. Vi nito dwoc st dung lam khi thir nghiém / khi tro, cac bién phap phong nglra
chéng ngat phai dwoc quy dinh. Puwédng xa phéi dwoc lap dat khi can thiét, & dam bao rang khi
dworc thai ra khu vwe an toan.

Pneumatic leak testing is also required. This may take place either at a fabricator or in the field or preferably
both. Inerting the pipeline is sometimes combined with the leak test. As nitrogen is used as the test / inerting
gas, precautions against asphyxiation shall be specified. Vent pipes should be fitted, where necessary, to
ensure that gas is discharged to a safe area.

Van hanh chay thir / Commissioning

Viéc chuan bi quy trinh van hanh chay thir phu hgp phai dwgc thye hién véi cac chi tiét sau day
dworc diéu chinh:

The preparation of a suitable commissioning procedure should be undertaken with details of the following
accommodated:

e twong tac v&i cac quy trinh clia khach hang
interaction with customer processes

e C&c can nhac vé an toan
safety considerations

e phaéi chi dinh mo6t nguwdi ¢ kién thire va kinh nghiém dé kiém soét tat ca cac khia canh cla
quy trinh van hanh chay tho.
A knowledgeable and experienced person shall be appointed to control all aspects of the commissioning
procedure.

8.10.1. An toan / Safety

- Chi nhitng nhan vién dwoc Gy quyén méi dwoc phép & gan tram trong qua trinh van hanh
chay thir. Nguwdi chiu trach nhiém phdi hop va kiém soat viéc van hanh chay thi phai dam
bdo rang Khach hang va tat cd nhan vién dwoc théng bao day dd. Théng thudng, mot
chwong trinh va quy trinh van hanh chay thir s& dwoc chuan bi va thdo luan véi tat ca cac
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8.10.2.

8.10.3.

bén lién quan trwdc khi bat dau van hanh chay thir. Tat ca cac 1énh thuwong tryc va huong
dan an toan ctia Nha cung cép khi va Khach hang phai dwoc tuan tha.

Only authorised personnel should be allowed in the vicinity of the station during commissioning. The
person responsible for the co-ordination and control of the commissioning shall ensure that the
Customer and all personnel are properly briefed. Normally a commissioning programme and procedure
will be prepared and discussed with all concerned before commissioning starts. All Gas Supplier and
Customer standing orders and safety instructions shall be observed.

Kiém tra trwéc khi van hanh chay thir / Pre-commissioning checks

Quy trinh van hanh chay tht phai b4t dau sau khi hoan thanh kiém tra ap suét va cap giay
ching nhan kiém tra cé lién quan. Quy trinh phai bao gdm cac kiém tra trwéc khi van hanh
chay thr sau:
The commissioning procedure should start after satisfactory completion of pressure testing and the
issue of the relevant test certificates. The procedure should include the following pre-commissioning
checks:
e P & ID dwoc so sanh va xac minh véi thiét bi va dwéng dng mai cla tram
P & I D is compared and verified with the new station equipment and piping
e vat liéu, quy trinh lam sach, hiéu chuin dwoc xac thwc va gidy chirng nhan kiém tra cé
lién quan
relevant material, cleaning, authenticated calibration and test certificates are available
e céac thdng bao canh bao va bang hwéng dan
warning notices and instruction plates are posted
e phan ti loc dwoc |ap dat, néu cé va & noi dwoc chi dinh
filter elements are fitted, if and where specified
e van hanh va diéu chinh dat yéu cau cua:
satisfactory operation and adjustment of:
o ddng hd do
meters
o bd diéu khién dong chay
flow Controllers
o van xa
spill valves
o bo diéu ap
pressure controllers
o van an toan (néu co)
safety valves (if fitted)
o van ngét an toan (néu cé)
safety shut-off valves (if fitted)
o van ngét
shut-off valves
o thiét bj an toan, bao déng va ngat
safety devices, alarms and trips
o tAt ca cac hanh dong va phan hoi tw dong
all automatic actions and responses

e Viéc xac minh 1ap dat va hiéu chuan déng hd do bdi dai dién cha khach hang thwong
dwoc yéu cau.
Verification of meter installation and calibration by a customer’'s representative is frequently
required.

Lam tro’ / Inerting

Viéc lam tro cac tram c6 thé dugc thuc hién bang phwong phap tang va gidm ap lién tiép
(bom &p suét) vi cac tram ludn c6 cac khoang khoéng thoat nwéc (duweng 6ng chét). Téi thiéu
ba chu ky tdng ap va gidm ap phai dwoc thyc hién. Dé xuat xac minh rang viéc lam tro da
hoan tat bang phan tich cuc bd. Viéc lam tro cling c6 thé dugc thuc hién bao gdbm dudng
éng va cac tram bang cach chi can cho nito chdy qua hé théng, xem 8.10.4.

Inerting of stations may be performed by the method of successive pressurizations and
depressurizations (pressure pumping) since the stations invariably have undrained cavities (dead legs,
hands). A minimum of three cycles of pressurization and depressurization must be performed. Verifying
that the inerting is complete by local analysis is suggested. Inerting may also be done including piping
and stations by simply flowing nitrogen through the system, see 8.10.4.

Trong qua trinh van hanh chay thir, dong hd chénh ap cta b loc phai dwoc giam sat, dac
biét & trong giai doan dau clGa van hanh chay thtr, d& phat hién khi nao can thay luéi loc.
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Viéc giam sat nhw vay cling phai dwgc thwc hién sau cac hoat dong bao tri / ngirng hoat
doéng.

During commissioning the filter differential pressure gauges should be monitored, especially in the first
phases of commissioning, in order to detect when filter element changes are required. Such a
monitoring exercise should also be carried out following maintenance / shutdown operations.

8.10.4. Kiém tra trwéc khi van hanh chay thir toan bd hé théng dwong éng / Pre-

commissioning checks of the whole pipeline system

- Khi dwerng 6ng va cac tram da duoc lam tro, ham lwong oxy phai dwoc do dé dadm bao rang

khong con khong khi hoac oxy trong dudng 6ng. Sau do, hydro co thé dwoc dwa vao hé
théng dwong éng cho dén khi tat ca nito da dwoc thay thé. Ap suét hydro dwoc tang dan
trng budc va dwoc kiém tra & mire 6n dinh. Trong qua trinh d6, cac mét bich va khop noi
co khi, khéng thé kiém tra truéc d6, duwoc kiém tra rd ri bang cach st dung vi du nhw may
do ndng do khi dé& chay.
When pipeline and stations have been inerted, the oxygen content must be measured to ensure that
there is no more air or oxygen in the pipeline. Then hydrogen can be introduced into the pipeline
system until all nitrogen has been displaced. Hydrogen pressure is increased step by step and checked
to be at a stable level. During that process, flanges and mechanical joints, which could not be
previously tested, are checked for leaks using for example an explosimeter.

8.11. Van hanh / Operation

9.

Cac tram diéu khién qua trinh‘thu’c‘mg hoat déng tw déng sau khi cai dat diéu khién. Céc thao tac
th cong duy nhat dwgc yéu cau la:
Process control stations are normally automatic in operation once the controls have been set. The only
manual operations required are:
e M®& va déng cac van cach ly cho phi hop v&i yéu ciu quy trinh va béo tri
Opening and closing of isolating valves to suit process and maintenance requirements
e Giam sat déng hd do va cac man hinh chi bao khac dé& ddm béo tram diéu khién qua trinh
hodc cac bd phan dang hoat déng trong gi®¢i han cho phép
Monitoring of gauges and other indicator displays to ensure the process control station or components
are operating within limits

e Duy tri khu vire tram diéu khién qua trinh sach sé va dac biét |4 loai trir cac san phadm dé chay
Maintenance of a clean process control station area and particularly the exclusion of flammable products

e Thuc hién chwong trinh bao tri
Implementation of a maintenance programme

Nhan vién dwoc giao van hanh tram phai dwoc dao tao vé cac k§ thuat van hanh can thiét, cac
mébi nguy tiém an lién quan dén carbon monoxide va Syngas va cac quy trinh khan cap.

Personnel entrusted with the operation of the process control station shall have been trained in the operating
techniques required, the potential hazards associated with carbon monoxide and Syngas and in the
emergency procedures.

8.11.1. Bd loc / lwéi loc / Filters / screens

- Ban dau tai mot tram mai, do thtr nghiém van téc cao va lwvu lwong théng théi trong qua

trinh van hanh chay tht, bd loc c6 thé nhan dwoc mot lwong dang ké vat chét la tir dwdng
éng va co thé bi tdc nghén nhanh chéng. Do d6, sau mét thdi gian ngén hoat déng, can kiém
tra chénh ap cta bo loc / lwdi loc va lam sach bé loc / lwdi loc néu can. Tay thubéc vao muirc
do sach sé cla dwdng 6ng va dwong éng cla tram, c6 thé can 1&p lai quy trinh nay.
Initially on a new station, due to high velocity test and purge flowrates during commissioning, any filters
may receive a considerable amount of foreign matter from the pipeline and may choke rapidly.
Therefore, after a short time in operation, the filter / screen differential pressure should be checked and
the filter / screen cleaned if necessary. Depending on the degree of cleanliness of the pipeline and
station piping, it may be necessary to repeat this process.

Van hanh va giam sat / Operation and monitoring
9.1.

S6 tay van hanh va bao tri / Operation and maintenance manual

Cén c6 Sb tay Van hanh va Bao tri cho viéc van hanh tat ca cac dwong 6ng CO va Syngas.
Nguw&i van hanh phai cung cap tat ca théng tin can thiét cho viéc van hanh an toan dwdong 6ng
dwéi dang cac quy tc, hwéng dan va quy trinh trong tai liéu nay.

An Operations and Maintenance Manual is required for the operation all CO, and Syngas pipelines. The
operator shall provide all information needed for safe operation of the pipeline in the form of rules,
guidelines, and procedures within this document.
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9.2.

9.3.

Hé théng dwdng éng cé thé bi anh hwdng bdi do tin cay cla tivng bd phan riéng I& cling nhw kinh
nghiém va dao tao cGa nhan vién van hanh. Bé dap ng céc tiéu chuan hiéu suét nay, can xem
xét cac bién phap phong ngtra va quy dinh sau:

The pipeline system can be influenced by the reliability of the individual components and the experience and
training of the operations personnel. In order to meet these performance standards the following precautions
and provisions shall be considered:

Dam béo van hanh an toan hé théng dwéng 6ng

Ensure safe operation of the pipeline system

Giam sat tinh trang ctia no

Monitor its condition

Thuyc hién bao tri an toan va hiéu qua

Perform maintenance safely and effectively

X0 ly hiéu qua va c6 trach nhiém cac sw cd va tinh huéng khan cap
Deal effectively and responsibly with incidents and emergencies

Hé théng quan ly / Management systems

Mét hé théng quan ly phai dwoc thiét 1ap va trién khai véi cac muc tiéu ddm bao nhirng diéu sau:
A management system shall be established and implemented with the objectives of insuring the following:

Van hanh an toan hé théng dwéng éng

Safe operation of the pipeline system

Tuan tha thiét ké

Compliance with design

Quan ly tinh toan ven cla dwdng éng

Managing pipeline integrity

Thuwe hién bao tri, stra dbi va ngirng hoat déng mét cach an toan va hiéu qua

Safe and effective execution of maintenance, modifications and abandonment

X ly hiéu qua cac s cb va tinh hudng khan cip Hé théng quan ly nén bao gdm nhirng diéu
sau:

Dealing effectively with incidents and emergencies The management system should include the
following:

Xac dinh nhan sw chiu trach nhiém quan ly van hanh va bao tri dwdng 6ng cling nhw cac hoat
ddng chinh

Identification of personnel responsible for the management of the operation and maintenance of the
pipeline and for key activities

So d6 td chire phu hop

An appropriate organization chart

Ké hoach bang v&n ban bao gdm céc quy trinh van hanh va béo tri

A written plan covering operation and maintenance procedures

Ké hoach ng phd khan cip bang van ban, bao gdm sy cb hé théng dwdrng dng va cac sw cd
khac

A written emergency response plan, covering failure of pipeline systems and other incidents

Hé théng gidy phép lam viéc bang van ban

A written work permit system

Quy trinh Quan ly sy Thay ddi bang van ban

A written Management of Change Process

Chuwong trinh dao tao va cip ching chi cho ngwdi van hanh bang van ban

A written operator training and qualification programme

Quy trinh xem xét va cap nhéat dinh ky

A periodic review and update process

Hé théng quan ly tinh toan ven dwéng 6ng hiéu qua

Effective pipeline integrity management system

Yéu cau an toan chung / General safety requirements

Khi thwc hién cong viéc trén hé théng CO hodc Khi tdng hop (Syngas), cac yéu ciu sau phai
dworc tuan th:
When performing work on a CO or Syngas system the following will be required:

Cam hut thudc va cac ngudn gay chay khac trong cac tram va trong pham vi téi thiéu 5 mét
Smoking and other sources of ignition are forbidden in stations and within a minimum distance of 5
meters
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9.4.

9.5.

9.5.1. Han va cat khi hé théng dang van hanh / In service welding and cutting

e Thiét bj bdo hd ca nhan bao gdbm quan 4o chéng chay
Personal protective equipment including flame retardant clothing

e S dung dung cu khong phat tia Itra
Use of non sparking tools

e Yéu cau gidy phép lam viéc khi thwc hién bao tri va/hodc stra chira
Work permit required when performing maintenance and/or repairs

e Yéu cau cach ly tuyét déi trvdc khi thue hién bao tri va/hoac stra chira. Nén yéu cau sy hién
dién cua toi thiéu hai nguwdi khi cé cong viéc c6 thé lién quan dén viéc rd ri khi
Positive isolation is required prior to performing maintenance and/or repairs. It should request the
presence of minimum two persons, when there is work which may involve a release of gas

e Yéu cau thdng théi va lam tro ding cach trwdc khi han hodc cét
Proper purging and inerting required prior to any welding or cutting

e Yéu cAu giam sat chay khi thuc hién han hoéc cét.
Fire watch required when performing welding or cutting.

o Khuyén nghj ndi d4t tam thoi trong qua trinh bao tri va/hodc stra chiva
Temporary grounding is recommended during maintenance and/or repair

e Yé&u ciu phat hién va giam sat khi trwéc va trong khi thwe hién cong viéc trén hé théng CO
ho&c Khi tébng hop (Syngas).
Gas detection and monitoring required prior to and while performing work on a CO or Syngas system.

e Y&u cau co sin Thiét bi Thé Boc lap (,SCBA) tai khu vwc lam viéc ngay lap tirc khi thwc hién
cong viéc trén hé thong CO hoac Khi tdbng hgp (Syngas).
Standby Self-Contained Breathing Apparatus (SCBA) required in the immediate work area when
performing work on a CO or Syngas system.

e Tét ca nhan vién phai deo thiét bi phat hién ro ri CO
CO gas detection monitoring badge must be worn by all personnel

e Yéu cau xa ra hé thdng dbt khi (flare system) khi théng thdi hé théng CO hodc Khi tbng hop
(Syngas).
Venting to a flare system is required when purging of a CO or Syngas system.

Nhan s van hanh va bao tri / Personnel for operation and maintenance

Ngoai kién thirc an toan lao dong thong thwdng, nhan sw van hanh, bao tri va stra chiva hé thdng
CO hoac Syngas ciing phai c6 kién thirc dac biét vé cach xtr ly CO hoac Syngas va cac moi nguy
tiém 4n lién quan. Ho phai ndm r6 vi tri clia cac dwdng dng, tram va thiét bi diéu khién. TAt ca
céac quy trinh van hanh va an toan phai cé san cho nhan suy.

As well as having the usual work safety knowledge, personnel who operate, maintain and repair CO or
Syngas systems must also have special knowledge of how to handle CO or Syngas and the potential
hazards that are involved. They must be well acquainted with the location of the pipelines, the stations and
the control equipment. All the operating and safety procedures must be available to the personnel.

Téat ca nhan siv, bao gdm ca nha thau phu, phai dwoc thong bao vé bat ky diéu kién van hanh bat
thwéng nao va cd quyén tiép can tat ca thong tin an toan lién quan.

All personnel including Sub-contractors must be made aware of any abnormal operating conditions and have
access to all the relevant safety information.

Han va cat / Welding and cutting

- Bét ky hoat ddng han nao trén dwdng dng CO hodc Syngas dang van hanh déu co6 thé gay
ra nhiét cuc bd va/hodc anh hwdng xau dén tinh toan ven ctia hé théng dwdng éng, do d6
phai tranh.

Any welding on in-service CO or Syngas pipelines could cause localized heating and/or adversely
affect the integrity of the piping system and therefore shall be avoided.

- Céc trwdong hop ngoai 1& duy nhét 1a:
The only exceptions are:
e khoan cac 16 nhé trén dwdng 6ng da gidam ap trong qua trinh dau néi
drilling small openings in depressurised pipelines during connection work
¢ han trén cac thiét bj bao vé catét
welding on cathodic protection devices
- Cobng viéc trén yéu cau thiét bi va quy trinh dac biét; né chi c6 thé dwoc thuc hién dudi sw
giam sat cua nhan s co kinh nghiém va dwoc dao tao chuyén sau. Viéc danh gia quy trinh
phai xac minh rang cau tric kim loai va cac dac tinh ctia dwong 6ng khéng bi dnh hwéng
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x&u bdi quy trinh. M3c du wu tién thye hién cac quy trinh nay khi dwong éng ngirng hoat
doéng, nhung van cé thé xdy ra trwong hop khéng kha thi, va nhitng truéng hop nay phai
duoc gidm thiéu téi da.

The above work requires special equipment and procedures; it may only be carried out under the
supervision of highly experienced and trained personnel. The process qualification should verify that
the pipe metallurgy and properties are not adversely affected by the process. Although it is preferred
that these processes be done when the line is out of service, it is recognized that occasions may arise
when this is not practical, but these should be minimized.

9.5.2. Han cat khi hé théng ngirng van hanh / Out of service welding and cutting

- Tét ca hoat ddng han bao tri dueng dng CO hodc Khi tdng hop (Syngas) phai tuan thd cac

tiéu chuén va yéu cau twong tw nhw da néu trong phan xay dwng & trén. Mbi han khong thé
stra chira nhw da néu trén co thé dwoc stra chira bang cach lap dat 6ng boc han toan bo
chu vi bang cach st dung mdi han goéc chu vi hoac cat bd va thay thé doan ong dé.
All maintenance welding of CO or Syngas pipelines shall be to the same standards and requirements
called for in the construction section above. A weld that cannot be repaired as outlined above may be
repaired by installing a full encirclement welded split sleeve using circumferential fillet welds or cutting
out and replacing that section of pipe.

- Néu mét doan cta dwdng dng duoc sira chira bang cach cét bé phan bi hw héng dwdi dang

hinh try, thi doan bj c&t phai cé chiéu dai it nhat bang hai 1an duwéng kinh éng & méi phia
clia diém hw hdng hodc méi han. Poan ng thay thé phai c6 do bén va thanh phan kim loai
twong dwong, va phai pht hop dé st dung voi khi CO hogc Syngas & ap suét lam viéc tbi
da cho phep (MAWP). bBoan ong thay thé phai dwoc kiém tra trwéc dé ddm bao phu hop voi
MAWP cla toan tuyen 6ng. T4t ca cac mbi han ndi vong ngoai tai hién truéng, néu khong
dwoc kiém tra d6 bén, thi phai dwoc kiém tra bang phwong phéap chup X-quang sau khi lap
dat.
If a segment of a pipeline is repaired by cutting out the damaged portion of the pipe as a cylinder, the
removed section should be cut at least two pipe diameters on each side of the defect or weld. The
replacement pipe must be of comparable strength and metallurgy and be suitable for the CO or Syngas
service at the intended maximum allowable working pressure (MAWRP). The replacement section of
pipe must be pre-tested to match the MAWP of the pipeline. All field girth butt welds not strength tested
must be radiographically examined after installation.

- Uu tién cat ngudi dwdng 6ng dé dau ndi va slra chira nham gidm kha nang gay chay, dong
thoi lwu y rang diéu nay khong lam giam bat ky yéu cau nao doi véi cac hoat dong bao tri an
toan.

Cold cutting of pipelines for tie-in and repairs is preferred to reduce the possibility of ignition keeping in
mind that this does not reduce any of the requirements for safe maintenance activities.

Ngirng hoat déng, stra chiva va kh&i dong lai dwérng éng /| Shut down, repair and start up of
pipelines

N6i chung, yéu cau gidy phép lam viéc nguy hiém cho viéc ngrng hoat déng, stra chira, khéi
dong lai va bao tri dworng dng. Nhan sy tham gia cong viéc, bao gdm ca nha thau, phai du trinh
do va dugc théng bao vé cac diéu kién van hanh bat thwong lién quan dén CO hodc Syngas va
cac nhiém vu can thwc hién.

A hazardous work permit is generally required for shut down, repair and start up and maintenance of
pipelines. The personnel involved in the work, including contractors, must be qualified and be informed of
the abnormal operating conditions related to CO or Syngas and the tasks to be performed.

Yéu cau ngét tuyét dbi. Viéc ngét nay c6 thé dwoc thwe hién bang cach:

A positive shut-off is required. This shut off can be carried out by:

o Ngat két ndi hoan toan doan lién quan khdi hé théng dwdng éng
Complete disconnection of the section concerned from the pipeline system

e L&p d&t méat bich mu
Installing blind flanges

e Dong va khoa co khi hai van dugc bb tri ndi tiép voi mét van xa mé & giva (néu van co bd
truyén dong dién, nguon dién cling phai dwgc ngat két ndi): hodc van bi lap trén goi d& doi
dwoc trang bj van xa than.
Closure and mechanical locking of two valves arranged in tandem with an open venting valve between

them (if the valve has an electric drive, the power should also be disconnected) : or a double trunnion
mounted ball valve equipped with a body vent.

Khéng thé sir dung van mét chiéu 1am co ché ngét cho céng viéc bao tri.
A check valve cannot be used as a shut-off mechanism for maintenance work.
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- Viéc lam tro doan 6ng can slra chira, bao gom ca phan tich tai ché, phai dwoc thuc hién trudce
khi bat dau bat ky céng viéc nao.
Inerting of the section of pipe to be repaired, which should include local analysis, must be done prior to the
start of any work.

- Céc quy trinh khoa va gan thé phai dwoc st dung dé chi ra réng thiét bi da dwoc dat & vi tri ngat
va dé gidm nguy co van hanh van khéng kiém soat. Bd phan van hanh phai théng bao cho doi
b&o tri rang dwdng &ng da sén sang cho codng viéc cta ho.

Lock out and tag out procedures shall be used to indicate that the equipment has been placed in the shut off
position and to reduce the risk of uncontrolled operation of the valves. Operations must inform the
maintenance team that the pipeline is ready for their work.

9.71.

9.7.2.

9.7.3.

Xa va giam ap / Venting and pressure relief

Xa / Venting:

Mbt lwong nhd CO hodc syngas co thé dwoc xa ra khi quyén tai mot vi tri an toan va duy tri
van téc hwéng lén cao dé tao diéu kién phan tan, cudi cing bang cach thém nito.

Small quantities of CO or syngas may be vented to the atmosphere in a safe location and maintaining
a high upwards velocity, to facilitate dispersion, eventually by adding nitrogen.

Mét lwgng Ién CO hodc syngas phai dwoc dan dén hé théng dét (cd dinh hoac di dong).
Large quantities of CO or syngas shall be directed to a flare system (permanent or mobile).

Trong truéng hop khan cép, khi mét lwong Ién CO hodc khi tbng hop (syngas) phai dwoc
xa ra khi quyén, viéc xa& phai dwoc thyc hién qua 6ng khéi dé huwéng ra xa nhan sy, tda nha
va khu vue kin, tai mét vi tri ma ca nhan sw 1an céc thiét bi dé bj tén thwong déu khong tiép
xuc v&i CO hodc syngas. Nén giad dinh rang dong khi xa cé thé bbc chay, trong trworng hop
do, tiéu chi birc xa trong Muc 4.6.7 khong dugc vuot qua. Viéc xa& khéng nén dién ra truc
tiep bén dwéi bat ky dwong day dién hoac thong tin lién lac trén cao nao.

In case of emergency, when large quantities of CO or syngas must be vented to atmosphere, the vent
must be carried out to a stack in order to be directed away from personnel, buildings and enclosures, in
a location where neither personnel nor vulnerable items of equipment are exposed to CO or syngas. It
should be assumed that the vent flow may ignite, in which case radiation criteria in Section 4.6.7
should not be exceeded. Venting should not take place directly beneath any overhead power or
communication lines.

Théng théi / Purging

Viéc théng thdi CO hodc syngas, ngoai trr lwong twong déi nhd, yéu cau st dung hé thdng
dét. Hé thong d6t khi phai dwoc thong thdi sach khong khi trwdc khi dwa CO/Syngas vao, dé
tranh chay bén trong dwdng ong.

Purging of CO or syngas, except for relatively small quantities, requires the use of a flare system. The
flare system must be purged of air before the introduction of the CO/Syngas, to avoid ignition inside the
piping.

Phai st dung nito ho&c khi tro khac dé théng théi CO hoac Syngas ra khéi dueng 6ng truéc
khi n&i 16ng hoac ngat két ndi mat bich, thiét bi do, v.v. Cac nhanh chét ctia hé théng dworng
6ng khong thé dwoc quét sach bang nito phai dwoc thong thdi ap lwe. S chu ky théng thdi
ap lwc phai dwoc danh gia cho tirng cong viéc cu thé.

Nitrogen or other inert gas must be used to purge CO or Syngas from the pipeline before loosening or
disconnecting flanges, instruments, etc. Dead ended legs of the pipeline system that cannot be swept
by nitrogen must be pressure purged. The number of pressure purging cycles must be evaluated for
each specific job.

Nén chuén bi mét k& hoach théng thdi bang van ban d& dam bao tat cd CO hoac Syngas
duoc loai bd khéi hé théng dwdng dng dén mirc khong thé phat hién dwoc.

A written purging plan should be prepared that insures all CO or Syngas is removed from the pipeline
system to non-detectable levels.

Khi st dung nito, phdi ddm bdo ngan chén viéc tiép can trai phép dén cilra xa va khong ai bi
nguy hiém do méi trwdng thiéu oxy.

When using nitrogen, it must be ensured that unauthorised access to the outlet is prevented and that
no-one can be endangered by oxygen deficient atmospheres.

Bao tri va stra chira /| Maintenance and repair

Cong viéc bdo tri va stra chiva khéng nén dwoc thwe hién bat cir khi nao CO hoéc khi tbng
hop c6 mat trong khéng khi xung quanh.

Maintenance and repair work should not be accomplished whenever CO or syngas is present in the
ambient air.
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Van hanh thir dwdng 6ng va tram / Commissioning pipelines and stations

Sau khi hoan thanh co’ khi thanh céng cong viéc 1ap dat, stra chivra hodc bao tri, bao gom tat ca
céac thtr nghiém, lam sach va lam khd, dwérng 6ng da s&n sang dé van hanh thér. Doi bao tri

After the successful mechanical completion of the installation, repair or maintenance work, including all
testing, cleaning and drying, the pipeline is ready for commissioning. The maintenance team

Nén théng bao cho bd phan van hanh vé viéc hoan thanh cong viéc va hé théng da sén sang dé
van hanh tht lai.
should inform operations of the completion of the work and that the system is ready for recommissioning.

Cac buwdc van hanh ther dwong bng la:
The steps in commissioning the pipeline are:
e Théo bd tat ca cac méat bich mu.
Remove any blind flanges.
e Thong thbi dwong éng bang dong chay va ap suét vai nito cho dén khi tat ca khong khi duoc
loai bd va xac minh bang phan tich
Flow and pressure purge the pipeline with nitrogen until all air is removed and verify by analysis
e Puwa CO hodc Khi tbng hop vao va xa
Introduce CO or Syngas and vent
e Thong thdi &p suét bat ky nhanh cut nao bang CO hodc Khi tdng hop
Pressure purge any dead-ended legs with CO or Syngas
o Kiém tra dd tinh khiét yéu cau ctia CO hoac Khi tdng hop.
Test for required purity of CO or Syngas.
e Dong tat ca cac van xa va thong thoi
Close off all vent and purge valves
e Gay ap suét cho hé théng dén ap suét van hanh
Pressurize system to operating pressure
e Kiém tra ro ri tt ca cac van, mét bich va phu kién.
Leak check all valves, flanges, and fittings.

Khi bat dau van hanh thkr, dwong 6ng phai dwoc théng théi trwdc tién bang CO hodc khi tdng
hop dé loai bé nito da c6 sén trong dng. Qua trinh théng théi dwoc thwe hién bang cach st dung
van tiét lvu va van bypass, néu c6 (tly thudc vao duwdng kinh danh nghia cia duwéng 6ng) théng
qua van cubi cung duwdi ap suit. CO hoéc Khi téng hop nén dwoc dwa vao theo mét huwéng cu
thé dé dam bao do tinh khiét cia CO hoéac Khi téng hop. Tat c& qua trinh théng thdi bang dong
chay nén duoc thye hién & ap suét thAp nhw mot bién phap phong ngira an toan.

When commissioning starts, the pipeline must first be purged with CO or syngas so that the nitrogen that is
already in the pipe is removed. The purging process is carried out using throttling and bypass valves, if
present (depending on the nominal diameter of the pipeline) via the last valve under pressure. The CO or
Syngas should be introduced in a specific direction in order to ensure CO or Syngas purity. All flow purging
should be done at low pressure as a safety precaution.

Do tinh khiét ctia CO hoéc syngas nén dwoc do tai tat ca cac diém ra bang thiét bi phan tich. Néu
do tinh khiét, theo yéu cau clia thong sé ky thuat khach hang, la du tai diém ra, van lién quan cé
thé dwoc dong lai.

The purity of the CO or Syngas should be measured at all outlets using analysis equipment. If the purity, as
required by the customer specifications, is adequate at the outlet, the relevant valve can be closed.

Khi dwdrng éng da dwoc thong thdi va tat ca cac diém thong thdi da dwoc déng lai, dudng 6ng co
thé dwoc gay ap suét, s& dung mét van bypass, van tiét lwu hodc van diéu khién dé ti tir gay ap
suét cho 6ng lén dén ap suét van hanh.

When the pipeline has been purged and all the purging points have been closed, the pipeline can be
pressurised, using a by-pass, a throttling valve or a control valve in order to slowly pressurise the pipe up to
the operating pressure.

Tét ca cac két néi co khi nhw mét bich, ndp van, khép néi ren, v.v. nén dwoc kiém tra rd ri dinh
ky trong qua trinh van hanh thiv.

All mechanical connections such as flanges, valve bonnets, threaded couplings, etc should be checked for
leaks at regular intervals during commissioning.

Van hanh va giam sat / Operation and monitoring

Cac hwong dan tir nha cung cp va nha san xuét dbi voi thiét bi va hé thdng phai dwoc tuan tha
ding nhw da nhan tir nha cung cép hoac theo phién ban da duoc cap nhat béi ngudi co tham
quyén trong cong ty van hanh. Hé théng dwong 6ng va céac tram phai dwoc duy tri trong tinh
trang hoat déng t6t, dm b&o ca vé mat van hanh va an toan. Ngwdi van hanh phai tuan theo mét
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chuong trinh bao tri d& dwoc xac dinh rd, bao gdm tat ca cac bién phap giam sat ky thuat va an
toan. M6 ta chi tiét vé cong viéc can thyc hién phai dwgc lap thanh tai liéu, trong d6 néu rd cac
nhiém vu cu thé thuwéng xuyén dwoc siv dung trong cdng tac bao tri duwdng éng.

Supplier’'s and manufacturer’s instructions for the equipment and systems shall be followed as received from
the supplier or as upgraded by an authorized person in the operating company. Pipeline and stations must
be kept in good working order from an operational and safety point of view. The operator shall follow a
defined maintenance programme, including all safety and technical monitoring measures. A detailed
description of the work to be carried out should be documented by outlining specific tasks that are routinely
used for pipeline maintenance.

Mét vi du vé& chwong trinh bao tri phong ngtra co6 thé dwoc tham khao trong Phu luc F, trong dé
minh hoa cac nhiém vu thnh can thwe hién. Tan suat thuc hién’céc cudc kiém tra sé dwoc quy
dinh b&i cac quy dinh quéc gia va’hoac theo thong 1é da duoc thiét 1ap clia cong ty.

An example of a preventive maintenance programme can be seen in Appendix F, which illustrates the main
tasks to be performed. The frequency at which inspections are performed will be dictated by national
regulations and/ or established company practices.

Théng tin cho bén thir ba, céng viéc gan dwong dng va cap nhat tai liéu / Information to third
parties, work adjacent to pipelines and update of documents

9.10.1. Chung / General

- Viéc bao tri dwdng éng khong chi lién quan dén cac can nhac ky thuat va van hanh. Théng
ké tlr cac cong ty duwdng dng cho thdy hon hai phan ba sé tai nan xay ra trén dwdng éng
ngam la do céac sy kién bén ngoai.

The maintenance of pipelines does not concern just technical and operational considerations. Statistics
from pipeline companies show that more than two accidents out of three occurring on underground
pipelines are due to external events.

- Dé baové duong ong va dam bao do tin cay cia ngudn cung, can thlet phai théng bao cho
bén thr ba ve vi tri cia dwong bng, bat ky cong viéc nao gan dworng 6ng va théng tin lién
quan dén viéc 1ap dat dwong dng méi.

To protect pipelines and ensure the reliability of supply, it is necessary that third parties be informed of
the location of the pipelines, any work adjacent to the pipelines and information regarding the
installation of new pipelines.

9.10.2. Ludng thdng tin / Flow of information

- Céc quy dinh qubc gia, khi ton tai, phai dwoc tuan tha. Cac quy dinh nay thwong yéu cau:
National regulations, when they exist, must be followed. These regulations typically require:
e Nguwdi van hanh cac cong trinh ngdm (6ng, cép, v.v.) ndp mét ban khai béo cho cac co
quan chirc nang dia phwong cé lién quan.
That operators of underground structures (pipes, cables, etc.) submit a declaration to the local
authorities concerned.

e Rang cac nha thau thuc hién cong tac dao dép trong khu vuc cac cong trinh ngdm thong
bao cho ngwdi van hanh céac coéng trinh ngdm do, dwéi hinh thirc ban khai bao, vé tinh
chét clia cdng viéc do trwde khi bat dau bat ky céng viéc nao.

That contractors performing earthworks in the area of underground structures inform the operators
of those underground structures, in the form of a declaration, about the nature of such work prior to
starting any work.

e Rang ngwdi van hanh phan hdi cho cac nha thau mét cach kip thoi.

That operators respond to the contractors in timely manner.

e Rang ngudi van hanh c6 mot thanh tra vién du trinh d6 cé mat trong subt thdi gian bat ky
cong tac dao dap nao cla bén thi ba trén, gan hodc dwéi cac cong trinh ngdm cla ho
trong subt thoi gian céng viéc dang dwoc thue hién.

That operators have a qualified inspector present during any third party earthworks over, adjacent
to or under its underground structures at all times while the work is being performed.

- Trong trwéng hop khéng cé quy dinh qudc gia, mot ké hoach twong tw vé ludng thong tin

nén dwoc ap dung.
In absence of national regulations, a similar plan for information flow should be adopted.

9.10.3. Tém tat cong viéc /| Summary of work

- Nguwoi van hanh duo’ng éng nén lap mot ban tém tét vé cong viéc da thwc hién trén hodc
gan duwong 6ng va ca cong viéc chwa thuc hién.
A summary of work carried out on pipelines or near pipelines and also of work not performed should be
made by the pipeline operator.

72



AIGA 034/15

- Khi cong viéc duoc thue hién gan dwong 6ng, ban tém tat nén dwoc chinh thirc hoa bang
viéc ban hanh mét van ban cé chir ky xac nhan cda quan ly céng trwéng.
When work is performed adjacent to pipelines, the summary should be formalised by the issue of a
written document countersigned by the site manager.

9.10.4. H6 so’ | Records

- Nguwoi van hanh dwong éng nén lap hd so vé nhivng diéu sau:

Records of the following should be made by the pipeline operator:

e yéu ciu tir cac nha thau
requests from contractors

e cac phan hdi cho nhirng yéu cau dé, kém theo cac tai liéu da givi, bao gdm tét nhét 1 toa
do GPS cla cong viéc
replies to those requests, with the transmitted documents, including preferably GPS coordinates of
the work

o tai liéu giam sat cong viéc
work supervision documentation

9.10.5. Cap nhat ban vé dwong 6ng / Updating of pipeline drawings

9.11.

9.12.

- Viéc cap nhat tai liéu dwong éng, dac biét la ban vé hodc ban dd Iap dat 6ng, nén duoc thuc
hién trén cac dwdng dng hién cé dé phan anh céac sai léch va stra déi da xay ra khi cong
viéc duwoc thwe hién.

Updating of pipeline documents, in particular pipe installation drawings or maps, should be carried out
on existing pipelines to reflect deviations and modifications which occurred when work was performed.

Khao sat chuyén biét / Specialised surveys

Ngoai viéc giam sat dinh ky dién thé cta hé thdng bdo vé catét, can xem xét viéc diéu tra tinh
toan ven clia hé thong I6p phi dwong 6ng va cac 16i khac, co thé lam gidm hiéu qua cia hé
thong bao vé catot (C.P).

In addition to the routine monitoring of cathodic protection system potentials, consideration should be given
to investigating the integrity of the pipeline coating system and other faults, which may reduce the
effectiveness of the cathodic protection (C.P) system.

Diéu nay co thé dat dwoc bang cach sir dung cac ky thuat khao sat chuyén biét, chang han nhuw.
This can be achieved by the use of specialised survey techniques, such as.
e Khao sat Pearson.
Pearson survey.
e Khao sat suy gidm dong dién.
Current attenuation survey.
e Khao sat dién thé khoang cach gan.
Close interval potential survey.
e Gradient dién &p dong dién mét chiéu.
Direct current voltage gradient.

Cac cudc diéu tra nay cé thé dwoc thye hién theo chu ky 5 dén 10 nam, tuy thudc vao dwong
dng cu thé va loai hé thdng bao vé catbt dwgc ap dung. Viéc so sanh két qua cla cac cudc khao
sat nay voi két qua thu dwoc ngay sau khi l&p d&t 1a mét thue hanh phd bién. D& tham khao, xem
NACE RP 0502.

These investigations can be undertaken at 5 to 10 year intervals, depending on the particular pipeline and
the type of cathodic protection system applied. It is common practice to compare the results of such surveys
with those obtained immediately following installation. For reference, see NACE RP 0502.

Hw héng hé théng dwong 6ng / Damage to the pipeline system

9.12.1. Ro ri/ Leakage

- Diéu can thiét |a tat ca cac diém ro ri phai dwoc xac dinh nhanh chéng dé co thé thuc hién

bién phap khac phuc phu hop. Néu nghi ngd co ro ri san pham tir duwong 6ng ma khong thé
xac dinh vi tri bang chirng ¢ trwc quan, am thanh hodc phan tich, co thé can phai co lap
duwong ong theo tlrng doan va th&r ap suét dé xac dinh ngudn rd ri hodc chirng minh rang
dwong Ong con nguyén ven.
It is essential that all leaks be quickly identified so that proper remediation can take place. If a leakage
of product from the pipeline is suspected, and cannot be located through visual, audible or analytical
evidence, it may be necessary to isolate the pipeline in sections and pressure test it to identify the
source of the leak or prove that the pipeline is sound.
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- Mét phwong phap khac dé xac dinh vi tri cac diém ro ri nhé 1a si dung thiét bi phat hién tinh
vi ¢ thé xac dinh lwong rat nhd cac chét tro dwoc goi 1a hop chat danh dau dwoc bom vao
dwong éng.

Another method of locating small leaks is to use sophisticated detection equipment that can identify
minute amounts of inert substances known as tracer compounds that are injected into the pipeline.

9.12.2. Cac khuyét tat khac / Other defects

- Cac khuyét tat khac co thé Ia khuyét tat I6p pha, vét Idm, vét xwéc, vét chay hdé quang han,
vét rd, vét nirt va hw hdng do dn mon trén 6ng. Cac khuyét tat nay phai dwoc danh gia dé
xac dinh loai sra chiva, thay thé ho&c gia cd dweng dng bi hw héng phu hop va khac phuc
theo yéu cau.

Other defects can be coating defects, dents, gouges, welding arc strikes, pits, cracks and corrosion
damages to the pipe. These defects must be evaluated to define the proper type of repair, replacement
or reinforcement of the damaged piping and remediated as required.

- L&i lop phi c6 thé khong can stra chira, néu chiing khong anh hwdng dén hiéu qua cla hé
thong bao vé catot.
Coating defects may not need to be repaired, if they do not compromise the efficiency of the cathodic
protection.

- Diéu quan trong la phai ghi lai toa dd dia ly clia cac hw héng trén duwdng dng va theo déi viéc

stra chirva.
It is important to capture the geographic coordinates of the damages to the pipe and trace the repairs.

9.12.3. Phat hién 16i / Detection of defects

- Coéthé s dung nhiéu phwong phap khac nhau dé phat hién céac 16i do nhleu loai mdi nguy

khac nhau déi véi duwong éng gay ra. Mot sd phwong phap danh gia bao gdm kiém tra noi
tuyén, thtr ap lwc va céac loai danh gia truc tlep Quy trinh xac dinh va danh gia 16i dwoc quy
dinh trong tiéu chudn ASME B31.8S, c6 tiéu d& “Quan ly tinh toan ven hé théng dwdng éng
dan khi”.
Various methods can be used to detect defects as caused by the many different types of threats to a
pipeline. Some of the assessment methods include in-line inspection, pressure testing, and types of
direct assessment. The process of determining and assessing defects is defined in ASME B31.8S,
titled, “Managing System Integrity of Gas Pipelines”.

9.12.4. Panh gia lai / Revalidation

- Céan xem xét viéc tai xac nhan (mét cuge kiém tra chi tiét, bao gém thtr ap lwc) dé xac dinh

sw phu hgp cla dudng ong cho viéc tiép tuc van hanh sau khi xay ra sw cb co thé gay nghi
ngd vé didu nay. Cac s ¢ dién hinh nhw vay la ro i, chay ho&c sw cb dang ké khéc, khong
phai do sy can thiép cla bén thir ba. Twong tw, mot stra déi dang ké dbi voi hé thong
duong 6ng cé thé goi y hanh dong twong tw.
Consideration should be given to revalidation (a detailed inspection, including a pressure test) to
establish the pipeline’s suitability for continued service after an incident occurs which may call this into
question. Typical of such incidents are leakage, fire or other significant incident, not attributable to third
party interference. Similarly a significant modification to the pipeline system may suggest comparable
action.

10. Cac bién phap bao vé chung / General protective measures

10.1. Ké hoach trng ph6 khan cap / Emergency response plan

Mot tai liéu quy trinh khan cép cho phép tat ca nhan vién van hanh va nhirng nguoi khac co thé
lién quan, bao gébm ca co “quan cong quyén, dwoc thong bao day da vé hanh dong can thwc hién
trong trwéng hop khan cép. Cac quy trinh nén dwoc xay dwng dé dap &ng nhu cdu cu thé cia
tirng hé thdng dwong bng riéng 18. Luat hodc quy dinh quéc gia cé thé quy dinh hinh thirc va noi
dung clia quy trinh nhw vay, tuy nhién, ngay ca khi khong cé quy dinh nao ton tai, nha van hanh
van rat nén xay dwng moét ké hoach &ng phé khan clp. Sau day la danh sach cac chu dé dién
hinh dwoc dwa ra lam hwéng dan dé xem xét khi bién soan cac quy trinh nhw vay.

An emergency procedure document enables all operating staff and others, who may be involved, including
the public authorities, to be adequately informed of the action to be taken in the event of an emergency.
Procedures should be developed to meet the particular needs of each individual pipeline system. National
laws or regulations may dictate the form and content of such a procedure, however, even if no regulation
exists, it is strongly recommended that an emergency response plan be developed by the operator. The
following is a typical list of subjects issued as a guide to be considered when compiling such procedures.

10.1.1. Lién lac v&i co quan nha nwéc va cac bén tw van khac / Liaison with public authorities

and other consultees
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10.1.2.

10.1.3.

10.1.4.

10.1.5.

10.1.6.

Viéc thao tac hiéu qua mét sy cé dwong bng thwong sé yéu cau su hop tac cla cac co
quan cong quyén (vi du: Canh sat, Clru hda, Cong ty tién ich cong cong, v.v.). Nén lap mot
danh sach lién lac khan cip va gl cac ban sao cac phan lién quan cta quy trinh khan cép
cho céc co quan c6 thé lién quan.

The effective handling of a pipeline incident will often require the co-operation of public authorities (e.g.
Police, Fire, Public Utilities etc.). A list of emergency contacts should be established and copies of the
relevant sections of the emergency procedure should be circulated to those authorities that may be
involved.

M6 ta hé théng dworng dng/ Description of pipeline system

Diéu nay nén bao gom tat ca di liéu ky thuat lién quan nhw tuyén dwong, chiéu dai, dwong
kinh, ap suét cta dwong dng, vi tri, ban vé cac tram diéu khién bao gém vi tri cac van céch
ly.

This should include all relevant technical data such as routing, length, diameter, pressure of the
pipeline, location, drawings of control stations including location of isolating valves.

Trung tam diéu khién / Control centres

Nén chi dinh mét nhédm hodc ca nhan duy nhat chiu trach nhiém kiém soat cac hoat dong
trong trwéng hop khan cép. Vai trd va vi tri cGa trung tam diéu khién dé x& ly trwdng hop
khan cap nén duoc thiét 1ap va cac phuwong tién lién lac (vi du: dién thoai, bd dam, e-mail
va/hodc fax) nén dwoc xac dinh. Cac hwéng dan ré rang dé xi ly trwéng hop khan cap nén
dwoc thiét lap chinh thirc va phd bién rong rai.

It is recommended that a single designated group or individual be responsible to control activities
during an emergency. The role and location of the control centre for dealing with an emergency should
be established and communication media (e.g. telephone, radio, e-mail and/or fax) should be identified.
Clear instructions for dealing with emergencies should be formally established and generally available.

Théng bao sw ¢ / Notification of an incident

Su cb c6 thé dwoc phat hién bdi nhan vién van hanh tai trung tam diéu khién dwong bng
ho&c dwoc thdng bao bdi bén thir ba théng qua viéc quan sat mot sb didu kién bat thuong
tai hién trwong. Trung tam diéu khién nén chiju trach nhiém xac dinh vi tri chinh xac cia sw
cb, ghi lai tAt ca chi tiét va chuyén thong tin cho d6i 'ng phé khan cap ma khong cham tré.
Théng bao nén bao gdbm cac co’ quan cé thdm quyén chiu trach nhiém vé& an toan cong céng
nhw co quan clru hda, canh sat va giao thong van tai.

The incident may be detected by operators at a pipeline control centre or be notified by a third party
through the observation of some abnormal condition on site. The control centre should be responsible
for identifying the precise location of the incident, recording all details and passing the information to
the emergency response team without delay. Notification should include the appropriate authorities
responsible for public safety such as fire, police and transportation authorities.

Quy trinh canh bao / Alerting procedure

Trung tam diéu khién co trach nhiém canh bao k¥ sw va nhan vién tryc. Quy trinh khan cap
nén xac dinh ré hanh déng ban dau ma tat ca nhan vién phai thyc hién khi nhan duoc cudc
goi khan cap. Bat ky han ché nao khi vao khu vc dat dai nén dwoc bao gdbm. Phai c6 quy
dinh vé viéc huy dong mot nguwdi chiu trach nhiém tai hién trwdng cling véi nhan vién cé kha
nang danh gia va xtr ly quy mé hoat dong.

It is the responsibility of the control centre to alert the engineer and personnel on call. The emergency
procedure should clearly identify the initial action to be taken by all personnel on receiving an
emergency call. Any restrictions on entering land should be included. Provision shall be made for the
mobilisation of a responsible person at the site together with staff capable of assessing and dealing
with the scale of the operation.

Quy trinh canh bao nén bao gdm moét vanh dai an toan dwoc xac dinh rd rang xung quanh
trung tdm sw ¢d ma khéng ngudi khéng cé thdm quyén nao dwoc phép vao.

The alerting procedure should include a clearly defined safety perimeter around the incident centre into
which no unauthorized persons may enter.

Quy trinh canh bao cling nén bao gém cac yéu cau théng bao cho tat ca cac bén lién quan
khi diéu kién binh thwdng dwoc khdi phuc.

The alerting procedure should also include requirements to inform all concerned when normal
conditions are restored.

Ngtrng hoat déng dwéng éng / Shutting down a pipeline

Nén thiét lap mot quy trinh rd rang va s hiéu biét v&i cac co quan cong quyen vé viéc cach
ly va ngirng hoat dong dwérng 6ng trong tinh huéng khan cap. Nén khuyén nghi trung tam
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diéu khién dwdng éng chiu trach nhiém vé cac sy kién nay vi loi ich an toan cla tat ca
nhirng nguwoi lién quan.

A clear procedure and understanding with the public authorities regarding the isolation and shutdown
of the pipeline in an emergency situation should be established. It is recommended that the pipeline
control centre take charge of these events in the interests of the safety of all involved.

10.1.7. Thiét bi khan cap / Emergency equipment

- Thiét bj dé& xt& ly trwerng hop khan cip phai dwoc gilr trong tinh trang sdn sang tai moét dia

diém thich hop. Céac vi du dién hinh 1a phwong tién van chuyén thiét bi va nhan lwc, hé
thdng lién lac hiéu qua gitra cac trung tdm diéu khién va dia diém sw cd, thiét bj phan tich,
binh chi*a chay, quan 4o bao ho va thiét bi an toan, mé&t na thoat hiém va thiét bi thé doc
lap, b6 chiéu sang va ngudn dién, vat liéu va dung cu stra chiva.
Equipment to deal with the emergency must be kept in a state of readiness at an appropriate location.
Typical examples are transportation for equipment and manpower, effective communication system
between control centres and the incident location, analysis equipment, fire extinguishers, protective
clothing and safety devices, escape masks and self contained breathing apparatus, lighting sets and
power supply, repair materials and tools.

10.1.8. Hanh déng khac phuc / Remedial action

- Viéc danh gia chi tiét hanh dong can thuc hién dé xt Iy truong hop khan cap chi co thé
duoc thiet 1ap sau khi danh gia ban dau tai hién trwong.
A detailed assessment of the action to be taken in dealing with the emergency can only be established
following an initial assessment at the site.

- Tuy nhién, cac hwong dan chung vé cach tiép can doi voi cac tinh hudng co kha nang xay ra
va nguy hiém hon nén dwoc néu rd trong quy trinh, vi du: cac buwéc can thwe hién khi x& ly
sw cO.

However general guidelines on the approach to be taken for the more likely and dangerous situations
should be indicated in the procedure, e.g. steps to be taken in dealing with an incident.

- Viéc ra soat hang nam ké hoach (rng pho khan cap vai chinh quyén dia phwong thuong la
mét yéu cau bat budc va dwoc coi la mét bién hanh déng tot trong moi trwong hop.
Annual reviews of emergency response plans with local authorities is often a mandated requirement
and is considered a good practice in any event.

10.1.9. Dwérng dng c6 hé thdng bao vé catdt / Pipelines with cathodic protection

- Néu dwong 6ng bi cat dit, hé thong bao vé catét nén dwoc cach ly va thiét 1ap cac méi nbi
tam th&i néu can.
If a pipeline has been severed, the cathodic protection system should be isolated and temporary bonds
established if required.

10.1.10. Mau bao cao sw cd / Incident report form

- Chi tiét vé sw c6 nén dwoc ghi lai va lwu gil trong h6 so clia nha van hanh. Chung nén
dwoc bién soan va ghi lai trén mau theo yéu ciu cda luat phap québc gia lién quan va/hodc
quy trinh bao cdo ctia cong ty. Toa do dia ly (GPS) cla sw cb cling cé thé duoc ghi lai.
Details of the incident should be written down and maintained in the files of the operator. They should
be compiled and recorded on the form required by the legislative requirements of the country
concerned and/or the company reporting procedure. The geographic co-ordinates (GPS) of the incident
may be also recorded.

10.1.11. Dién tap khan cap / Emergency drills

- Dé dam bao réng quy trinh khan cap bao gdm day dl cac yéu cau cla hé théng dwdng ong
ma né dwoc xay dwng va dé cung cap cac tinh hudng thwe hanh cho nhan vién, nén khuyén
nghi thwc hién cac cudc dién tap khan cap dinh ky.

To ensure that the emergency procedure adequately covers the requirements of the pipeline system
for which it is drawn up and to provide practice situations for personnel, it is recommended that
emergency drills be carried out periodically.

10.2. Bao cao tai nan va hw héng / Accident and damage report

- Néu xay ra tai nan dwdng éng, can tién hanh diéu tra ky lwdng va ban hanh bao céo rd rang, stc
tich. Bao céo nén chira mé ta chinh xac vé cac diéu kién tén tai trong nhirng phat cubi trwédc khi
tai nan xay ra, vat liéu lién quan va hau qua cla tai nan, chdng han nhw chay th cép, thwong
tich cho ngwdi va hw hdng thiét bi hodc tai san. Déi véi cac sw cbé nghiém trong, nén thwc hién
Phan tich nguyén nhan géc ré dé xac dinh nhirtng gi can thay déi nhdm ngén chan sw cb twong
tw xay ra.
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10.3.

If a pipeline accident occurs a thorough investigation should take place and a clear and concise report
issued. The report should contain an accurate description of the conditions which pertained during the last
minutes before the accident, the material involved and the consequences of the accident, such as a
secondary ignition, injury to people and damage to equipment or property. It is a recommended practice that
for serious incidents, a Root Cause Analysis be conducted in order to determine what should be changed to
prevent a similar occurrence.

Hé théng quan ly an toan / Safety management system

Can xem xét viéc thiét lap mot hinh thirc hé thdng quan ly an toan chuyén biét, thwong duwoc goi
la Hé théng quén ly tinh toan ven duong éng (*Pipeline Integrity Management System* -
P.ILM.S.). Hé thong nhw vay cho phép thiét Iap va chirng minh viéc kiém soat chinh thirc cac khia
canh chinh ctia quan ly an toan.

Consideration should be given to establishing a specialised form of safety management system, commonly
referred to as a Pipeline Integrity Management System (P.I.M.S.). Such a system enables formal control of
key aspects of safety management to be established and demonstrated.

Mét hé thong hiéu qua thwdng cung cép théng tin chi tiét, cu thé cho tirng dwdng 6ng riéng biét
dé bao gdm cac dau muc chi dé sau.

An effective system typically provides detailed information, specific to the particular pipeline to cover the
following subject headings.

10.3.1. Théng bao cho co quan chirc nang va tham van vé tuyén dwong / Notification to

authorities and consultation on routing

- Nhirng diéu nay thwong duoc quy dinh trong luat va quy téc hién hanh ap dung cho quéc
gia noi dwdng ong sé dwoc lap dat.
These are normally stipulated in the prevailing legislation and rules applying to the country the pipeline
is to be installed in.

10.3.2. Thiét ké va thi céng / Design and construction

- Thyc hanh thiét ké va thi cong téng thé dwoc quy dinh béi cac tiéu chuén thiét ké, quy pham

thwe hanh va quy cach ky thuat lién quan dwoc céng nhan tai qubc gia lién quan. Ngoai ra,
cac tiéu chuén va quy cach ky thuat clia nganh va/hoéc cong ty lién quan dén san pham cu
thé dwoc van chuyén ciing dwoc ap dung.
Overall design and construction practice is dictated by the relevant design standards, codes of practice
and specifications acknowledged in the country concerned. In addition to these, industry and/or
company standards and specifications which relate to the particular product to be transmitted are
applied

10.3.3. Hé théng ngtrng hoat déng / Shutdown systems

- Viéc nglrng hoat dong c6 thé la thi cdng hodc tw ddng. Cac thiét bi nglrng hoat dong (vi du:
van ngat khan cép) cé thé dwoc kich hoat bdi hé théng phat hién ro ri hodc béng cach cadm
bién lwu lwong cao, ap suat thap hoac tbc dd suy gidm ap suét dwéng bng.

Shutdown may be manual or automatic. Shutdown devices (e.g. emergency shutoff valves) may be
actuated by a leak detection system or by sensing high flow, low pressure, or rate of decay of line
pressure.

10.3.4. Van hanh / Operations

- Mot chlen lwoc kiém soat dwoc xay dwng dé kiém soat nguon cung duwong ong trong cac
théng sb van hanh an toan. Cac bién s duwoc dwa vao chién lwoc kiém soat cé thé bao gdm
A control strategy is devised to control the pipeline supply within safe operating parameters. Variables
incorporated into the control strategy may include

o Ap sudt: nham dam bao ap suat cap tir dwong ong ludn dwoc duy tri & mirc yéu cau.

Viéc bdo vé chong qua ap thwong khong phai la van dé Ién, vi cac duwong éng thwo’ng
duoc thiét ké dé chiu dugc ap suéat cao hon mirc tbi da ma don vi san xuét co thé tao ra.
Tuy nhién, c6 thé can lap dat mot thiét bi xa ap phu hop o’,phl,a trwdc dwdrng dng dé bao
vé hé thdng khdi tinh trang qua ap vwot qua tiéu chuan thiét ké.
Pressure: to ensure that the required delivery pressure from the pipeline is maintained. Protection
against excess pressure is generally not an issue, since pipelines are normally designed to
withstand pressures in excess of the maximum that can be developed by the production unit. A
suitable pressure relief device may be required upstream of the pipeline to provide protection
against overpressure beyond the design criteria.

« Nhiét do: dé dam bao cac chat Iong siéu lanh tir cac don vi ton chira khong di vao hé
thong dudng Ong.
Temperature: to ensure that cryogenic liquids from the storage units do not enter the pipeline
system.
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10.3.5.

10.3.6.

10.3.7.

e Lwu lwong: d& dap wng nhu cau khach hang béng Iwu lwong san pham vao dwdng dng.
Flow: to match customer demand by product flow into the pipeline.

D0 tinh khiét san pham: d& dam bao bét ky san pham nao khong dap ng quy cach
khdéng di vao hé thong duwdng ong.
Product purity: to ensure any product which does not meet specification does not enter the pipeline
system.

Bét ky viéc thai bd sdn phdm nao can thiét dé duy tri cac didu kién dwdng dng yéu ciu tét
nhat nén dwoc thuwe hién théng qua viéc xa khi co kiém soat tai dia diém san xuat.

Any product disposal needed to maintain the required pipeline conditions is preferably achieved
through controlled venting on the production site.

Kiém soat sw can thiép cta bén thr ba / Control of third-party interference

Cac bién phap thwdng dwoc ap dung la:

Measures typically employed are:

e Céac cot méc trén tuyén dwong 6ng.
Marker posts on the pipeline route.

e Phan phat ban vé hoan cong va thong tin vé tuyén duwong ong cho chu dat, can bo quy
hoach chinh quyén dia phuwong va cac bén quan tam khac.
Distribution of “as built” drawings and information on the pipeline route to landowners, local
authority planners, and other interested parties.

e Théng tin twong tw cling dwoc phan phdi dén cac hé thdng “mot diém goi” (one call), 1a
noi lién hé duy nhéat dé co thé tra clru thong tin vé tat ca cac dwong éng va dich vu lién
quan — (néu c6 ap dung)

Similar information is also distributed to “one call” systems, a single point of contact where
information on all pipelines and services can be obtained - (where applicable).

e Tuan tra dwdng 6ng theo lich trinh béng cach di bo hodc khao sat trén khong dé tim kiém
sw can thiép trai phép va xac dinh cac diéu kién bat thwong. (Xem thém 10.6.10).
Scheduled patrols of the pipeline by foot or aerial survey to search for unauthorised interference
and to identify abnormal conditions. (See also 10.6.10).

Bao tri va kiém tra / Maintenance and inspection

Khuyén nghi mét hé théng bao tri va khac phuc theo ké hoach (bao gdm ca tuan tra duwong
éng dinh ky).
A planned maintenance and remediation system (including routine patrols of the pipeline) is
recommended.

Cac vi du vé céac céng’viéc dién binh dwoc bao gém trong cac chwong trinh nhw vay, dwoc
liét k& nhw minh hoa dé hudng dan, la:
Examples of typical tasks included in such programmes listed as illustrations for guidance are:
e kiém tra dinh ky hé théng béo vé catét
routine testing of cathodic protection system
e kiém tra ro ri bang mat thwong trén cac mat bich trén mat dat
visual leak check on above-ground flanges
e kiém tra bang mat thuwéng cac dau hiéu can thiép trai phép vao hé théng duwong bng
visual check for signs of unauthorised interference with the pipeline system
e kiém tra bang mat thwong cac dau hiéu sut lun dat
visual check for signs of land subsidence
e kiém tra bang mat thweng bat ky hw hdng ngau nhién nao déi véi hé thdng
visual check for any accidental damage to the system
e kiém tra bang mat thuwong bat ky hoat dong phat trién nao trong vung lan can duéng 6ng
visual check for any development activities in the vicinity of the pipeline
o kiém tra xem t4t ca cac thiét bi danh dau dwdng dng cé dung vi tri khong
check that all pipeline marking devices are in place
e kiém tra bang méat thuwong thue vat chét hodc bi chay
visual checks for dead or burned vegetation
e kiém tra bang mat thuwéng xem ¢6 sti bot khong
visual checks for bubbling
Cac chinh sach phong ngtra tai nan nghiém trong va hé théng quan ly an toan / Major
accident prevention policies and safety management systems
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- Mot tai liéu chi tiét vé té chirc va nhan sw, nhan dang va danh gia m&i nguy, kiém soat van

hanh, quan ly thay ddi, 1ap ké hoach tng pho khan cép, giam sat hiéu suét, kiém toan/danh
gia c6 thé dwoc chuan bij (tuy thudc vao mirc do va ban chat nhan thirc dwoc cla cac mdi
nguy tai nan nghiém trong do dwdng éng gay ra cling nhw cac quy dinh va thyc hanh tai dia
phuwong).
A document detailing the organisation and personnel, hazard identification and evaluation, operational
control, management of change, planning for emergencies, monitoring performance, audit/review may
be prepared (dependent upon the perceived extent and nature of the major accident hazards
presented by the pipeline and local regulations and practice).

10.3.8. Ké hoach trng phé khan cap / Emergency planning

- M6t ké hoach (rng phé khan cap duoc chudn bi dé bat ky sw ¢ nao ciing co thé nhan duoc

phan &ng hiéu qua. K& hoach nay danh rleng cho (cac) dia diém gbc va xac dinh vai trd cta
nhan su dia phwong trong tinh huéng khan cp. N6 ciing xac dinh bét ky lién hé khan cap
nao, ca ndi bd va bén ngoai céng ty van hanh. K& hoach dwoc clu tric dé tw chu tai dia
phwong.
An emergency plan is prepared so that any incident can receive effective response. This plan is
specific to the parent site(s), and defines the roles of local personnel in an emergency situation. It also
identifies any emergency contacts, both internal and external to the operating company. The plan is
structured to be locally self-sufficient.

- Nhan sy c6 thé dwoc trigu tap dé xt Iy sw cb phai dwoc dao tao phu hop véi vai tro ctia ho
trong s kién do. Béat ky quan &o va thiét bi bdo hd dac biét ndo co6 thé dwoc yéu cau déu
duwoc gilr sdn sang tiép can va duoc bao tri trong tinh trang phu hop dé s dung.

Personnel who could be called on to deal with an incident shall receive training appropriate to their role
in such an event. Any special protective clothing and equipment that might be required is kept readily
accessible and is maintained in a fit condition for use.

10.3.9. Théng tin cho cdng ching va cac bén quan tam / Information to the public and interested
parties

- Céc ké hoach va tai liéu minh hoa tuyen dwong 6ng nén dwoc glri dén bd phan quy hoach

cta chinh quyén dia phuwong, chu d4t va cac bén khac cé thé quan tam dén dwong éng (vi
du: co quan duéng sat, co quan khai thac mo, co quan dudng b, s& clru hda va canh sat.)
Khi thich hop, thdng tin cling dwoc cung cap cho cong ching théng qua cac cot méc doc
theo tuyén dudng dng; xem thém muc 4.5.
Plans and documentation illustrating the route of the pipeline should be sent to the local government
authority planning department, landowners and other parties who may have an interest in the pipeline
(e.g. railway, mining authorities, road authorities, fire and police departments.) Where appropriate,
information is also provided to the public by means of marker posts along the route of the pipeline; see
also section 4.5.

10.3.10. Quy hoach str dung dat / Land use planning

- Ngu®i van hanh duwong éng cé thé thuc hien mét sé quyén kiém soat dbi véi khu vuc dat

duwoc xac dinh bdi théa thuan quyén sir dung/dwéong di ciia minh. Tuy nhién, d&t ndm ngoai
gi¢i han cta * ‘quyén di lai” nay khong do ngwdi van hanh dwong 6ng kiém soat. Mac du tai
san lién ké khong do ngwoi van hanh duong ong kiém soat, diéu nay khong lam giam trach
nhiém cda ho trong viéc cb gadng ndm rd va néu kha thi thi glam sat cac hoat dong va rui ro
lién quan dén cac hoat dong trén va viéc str dung cac tai san li&n k&. Noi cach khac, ngu i
van hanh nén la mét ngwdi hang xém quan tam.
The pipeline operator can exercise some control over the land area defined by his /easement
agreement. Land outside the limits of this ‘right of way” is not however controlled by the pipeline
operator. Although adjacent property is not controlled by the pipeline operator, this does not relieve him
of the responsibility to attempt to be familiar with and if practical to monitor the activities and risks
associated with the activities on and the uses of the abutting properties. In other words the operator
should be a concerned neighbour.

10.3.11. Bao cao tai nan / Accident reporting

- Diéu nay thwong duoc bao gom trong cac yéu cau phap ly cua tirng Quéc gia Thanh vién
hoac chinh quyén dia phwong.
This is normally included in the legislative requirements of individual Member States or local
authorities.

10.4. Hé théng phat hién ro ri (LDS) / Leak detection system (LDS)
- Khi van hanh dwong 6ng CO hodc Syngas dugc trang bi H& théng phat hign ro ri, diéu quan
trong la phai kiém tra dinh ky m&rc d6 nhan biét ctia hé théng.
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When operating a CO or Syngas pipeline equipped with a Leak Detection System it is important to check
periodically the awareness of the system.

Bét ky thay ddi nao ctia hé thédng dwdng 6ng sé yéu cau xac nhan méi cho LDS.
Any change of the piping system will require a new validation of the LDS.
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Phu luc A: Cac bé tri dién hinh cho hé théng dwéng éng
Appendix A: Typical arrangements for pipelines systems

Nha may Pwong 6ng Khach hang
Plant Pipeline Customer
Do lwéng + Piéu khién |
Metering + Control
| Do lwéng Diéu khién B
Metering Control

Do lwdng + Diéu khién
Metering + Control

Po lwdng + Piéu khién
Metering + Control

Po lwdng + Piéu khién
Metering + Control

Do lwdng + Diéu khién
Metering + Control

So d6 1: Cac hé théng dworng 6ng truyén tai va phan phéi dién hinh
Diagram 1: Typical transmission and distribution piping systems

Lwu y: hé théng dwdng dng truyén tai bao gdm tram do lwdng/kiém soat tai nha may san xuét, ban
than dwong éng va thiét bj lién quan cling nhw cac tram kiém soat/do lwéng tai dia diém khach hang.

Note: the transmission pipeline system includes the metering/control station at the production plant, the pipeline
itself and related equipment and the control/metering stations at customer site.

So dd 2: B6 tri dién hinh cho tram cach ly va do lwéng CO
Diagram 2: Typical arrangement for a CO isolation and metering station

Phun N2
N: Injection

Khéa kép
va xa
Double

block and
bleed

Loc
Filtration

Van tw
dong
ngat
Auto

Shut off
Valve

Lwu )
lwong ke
Flow Meter |

Xa vs‘nx théng
" X thoi N2
He tho‘ng Vent and N2
an toan purge
ap suat
Pressure 4
safety
system
Kiém soat Van ty Khoéa kép
ap suat ngat va xa
Pressure Auto Double
Control Shut off block and
Valve bleed

.’

81



AIGA 034/15

Phu luc B: Cac co’ ché gion héa va hw héng méi trwéng lién quan dén Syngas, hén
hop Carbon Monoxide; cac phwong phap thir nghiém ap dung
Appendix B: Embrittlement and environmental damage mechanisms involving Syngas,
Carbon Monoxide mixtures; applicable test methods

B1. Gi&i thiéu / Introduction

- Khi lam viéc véi mai trwong khi tbng hop (Syngas) va carbon monoxide, can xem xét dén cac co

ché gion va suy gidm vat liéu lien quan dén sy hién dién cta hydro ciing nhw cac co ché lién quan
dén carbon monoxide. C6 nhiéu co ché lién quan dén hydro da dwgc ghi nhan l1a gay ra hién
twong gion hodc hw hdng cho cac hop kim k¥ thuat. Mét sé trong cac co ché nay cé thé gay anh
hwéng dén dwong éng dan Syngas, trong khi nhitng co ché khac thi khéng. Phan sau sé mo ta
ngdn gon cac co ché thudc hai nhdm nay. Ngoai ra, con cé mét co' ché gay gion khac goi [a nit do
an mon tng suét, co ché nay ciing dang quan tam di voi cac dwong éng dan Syngas va carbon
monoxide, mac du né khdng nhét thiét lién quan dén hydro trong qua trinh gay gion. Co ché gion
nay cé thé anh huwéng dén bé mat ngoai cta duong Ong. DPéi voi cac duwong 6ng dan carbon
monoxide, con tén tai mét co ché &n mon (ng suat khac dac trwng cho khi CO va cac hén hop cia
né. Cac md ta ngan gon vé cac co ché &n mon (rng suat nay ciing sé dwoc trinh bay sau.
In dealing with Syngas and carbon monoxide atmospheres, consideration must be given to embrittlement and
degradation mechanisms related to the hydrogen presence and those associated with carbon monoxide.
There are a number of mechanisms involving hydrogen which have caused embrittlement or damage to
engineering alloys. Some of these may be of concern in pipelines used for the transmission of Syngas and the
others are not. A brief description of the mechanisms which fall into the two categories follows. In addition,
there is a brittle fracture mechanism known as stress corrosion cracking which is of concern to Syngas and
carbon monoxide pipelines but it does not necessarily involve hydrogen in the embrittlement process. This
embrittlement mode may affect the exterior surfaces of pipelines. Particular to carbon monoxide pipelines,
there is another stress corrosion mechanism specific to carbon monoxide and its mixtures. Brief descriptions
of the stress corrosion mechanisms also follow.

B2. Cac co ché gion héa hodc hw héng méi trwong lién quan dén dwong 6ng Syngas va
Carbon Monoxide / Embrittlement or environmental Damage Mechanisms Pertinent to Syngas and
Carbon Monoxide Pipelines

B2.1. Gion héa do khi Hydro / Hydrogen gas embrittlement

- Gion hoéa do khi Hydro (HGE) la thuat ngl» chung bao gdm tat ca cac tac dong bt loi ma cac
hop kim ky thuat co thé gap phai trong khi Hydro hodc hén hop khi Hydro & nhiét d6 mai
trbeong. Mot sO tac dong nghiém trong hon nhirng tac dong khac. Cac bién so vat liéu va
dieu kién van hanh thyc té sé c6 anh hwédng dén sy xuat hién cldia cac dang HGE khac nhau.
Hydrogen Gas Embrittlement (HGE) is the generic term which encompasses all of the detrimental
effects which engineering alloys might experience in hydrogen gas or hydrogen gas mixtures at
ambient temperatures. Some of the effects are more serious than others. Materials variables and actual
service conditions will have an effect on the appearance of the various HGE modes.

- C6 mét sb phwong phap thir nghiém dé danh gia sw phu hop cua vat liéu dé chéng lai hién
twong gion hoa do khi Hydro (xem I1SO 11114-4 va B4 dwoi day), mot sb st dung mau thiy
co hoc pha hay, sb khac st dung mau thir kéo hodc mau thir dang dia.

A number of test methods are available to evaluate the suitability of material to resist hydrogen gas
embrittlement (see ISO 11114-4 and B4 below), some make use of fracture mechanics specimens,
others of tensile test or disk specimens.

- Néi chung, sw suy gidm tinh chat co hoc cla vat liéu 1a Ién nhat khi tbc dd bién dang thap va

&p suat hydro cung do tinh khiét cao. Trong cac diéu kién phu hop nhét véi hoat dong cua
duong 6ng dan khi hydro, nguoi ta thwong tin rang khi nay khd. Mai khéng dwoc coi la van
de va cac loai chat gop phan gay an mon méi truong khéng dwoc cho la c6 mat. Tuy nhién,
nhirng dieu sau day da dwgc chon la moi quan tdm I&n nhat doi véi dwong ong Syngas:
In general, the degradation of the mechanical properties of materials is greatest when the strain rate is
low and the hydrogen pressure and purity is high. Under the conditions most appropriate to the
operation of a hydrogen gas transmission pipeline, it is generally believed to be true that the gas is dry.
Fatigue is not supposed to be a problem and species which contribute to environmental aggressiveness
are not supposed to be present. Nevertheless, the following have been selected as most likely to be of
concern in Syngas pipelines:

B2.1.1. NGt do (rng suét hydro (HSC) / Hydrogen stress cracking (HSC)

- Nétdo tng suat hydro mé ta mét hién twong twong tw nhw niet do an mon (rng suét
nhung xay ra trong khi hydro Khi 6 khi hydro (hoac khi khac chtra hydro), vat liéu

c6 thé tré nén gion va co thé héng néu mirc rng suat qua cao. Hién twong nay xay
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ra tbi wu quanh nhiét d6 phong dbi véi cac vat liéu kim loai théng thwong nhuw thép
ferit. N6 khéng ap dung cho thép trén 150 °C nhung sau do cé thé duoc thay thé &
nhiét do cao bang “tan cong hydro” (xem tai liéu tham khao Interaction of steels with
Hydrogen in petroleum industry pressure vessel service, Paris 89). N6 cling c6 xu
hwéng khong dang ké & nhiét do siéu lanh ngoai trlr mot s6 loai thép khoéng gi
Austenit khong dn dinh.

Hydrogen stress cracking describes a phenomenon which resembles stress corrosion
cracking but occurs in hydrogen gas. In the presence of hydrogen gas (or another gas bearing
hydrogen) a material can become brittle and may fail if the stress level is too high. This
phenomenon is optimum around room temperature for usual metallic materials such as ferritic
steels. It does not apply for steels above 150 °C but could then be replaced at high
temperature by “hydrogen attack” (see reference Interaction of steels with Hydrogen in
petroleum industry pressure vessel service, Paris 89). It also tends to be negligible at
cryogenic temperature except for some unstable austenitic stainless steels.

Néu cac thtr nghiém do bén dit ctia mau cé vét nit sdn clia cac vat liéu dwoc chon
dwoc so sanh trong mdi trwdng khi tro so véi tac nhan gay gion nhw hydro, cac vat
liéu nhay cam sé& cho thay sy giam thong sé dd bén dut trong cac méi trwdng nhw
hydro. Mrc dd mét tinh chat 1a mét ham clGa hop kim va cac yéu té moi truong. Loi
ich chinh clia cac thir nghiém va két qua nhw vay la ton tai cac k¥ thuat phan tich dé
xac dinh kich thwéc khuyét tat téi han trong cac ciu tric ky thuat cé thé dwoc phat
hién thong qua cac ky thuat NDT. Dbi véi mot hop kim va mbi trwvdng nhat dinh, mot
cwdng dd ng suét téi han (thuwong dwoc goi 1a KH) cé thé duoc xac dinh, dudi
murc d6 sy phat trién vét nirt do hydro sé& khdng xay ra. Mét loi ich khac ctia di liéu
nhw vay la né cé thé dwoc st dung dé xac dinh cac diéu kién ma gay "ro ri trwde khi
gay" sé ton tai so v&i gay chay thdm khéc. Cac phuong phap thir nghiém khac doi
khi xac dinh chi s gion t6i da dé chap nhan vat liéu.

If “precracked” fracture toughness tests of selected materials are compared in an inert
atmosphere vs an embrittling agent such as hydrogen, susceptible materials will show a
reduction in the fracture toughness parameter in environments such as hydrogen. The extent
of the property loss is a function of alloy and environmental factors. The major benefit of such
tests and results is that analytical techniques exist for determining critical flaw sizes in
engineering structures which can be detected via NDT techniques. For a given alloy and
environment, a critical stress intensity (typically called KH) can be determined below which
hydrogen induced crack growth will not occur. Another benefit of such data is that it can be
used to identify the conditions under which ‘leak before break” fracture will exist vs
catastrophic running fractures. The other test methods define sometimes a maximum
embrittlement index for the acceptance of materials.

Cac ky thuat kiém tra khong pha hay cé thé dwoc s dung dé xac dinh xem cé
khuyét tat khong chap nhan dwoc hay khong. Khiém khuyét cuc bd cé thé déng vai
trd la diém tap trung rng suét.

Non-destructive inspection techniques can be used to determine if unacceptable flaws are
present. Local imperfections can act as a stress raiser.

Vat liéu nhay cam, khi cé rng suat kéo, du 1a rng suét dw hay tac dung truc tiép, cé
thé phat trién vét nit trong moéi trwdng khi hydro. Cac bién sb vat liéu &nh huéng
dén tinh nhay cdm cla hop kim k¥ thuat bao gébm thanh phan héa hoc hop kim, ciu
trdc vi mo, do clirng va mrc dd bén. Cac bién sb hydro & nhiét dd moéi trwéng cé y
nghia bao gém tap chat va &p suét.

Susceptible materials may, in presence of tensile stresses either residual or directly applied,
develop cracks in hydrogen gas environments. Material variables which affect the
susceptibility of engineering alloys include alloy chemistry, microstructure, hardness and
strength level. Hydrogen variables at ambient temperature which are significant include
impurities and pressure.

Céac quy trinh san xuét hodc x( Iy nhiét loai bd (ng suét kéo dw sé& giam thiéu HSC.
Trong tredng hop thép carbon hodc hop kim thap, cac xt ly nhw vay co thé lam
mém ving anh hwéng nhiét méi han va ram mactenxit ¢ thé cé trong cac vung do.
Lwa chon hop kim can trong bao gébm quy dinh mi&c d6 bén téi da hodc xt ly nhiét
hop kim c6 thé dwoc st dung dé loai bd hodc gidm thiéu van dé.

Manufacturing or heat treatment procedures which eliminate residual tensile stresses, mitigate
HSC. In the case of carbon or low alloy steels such treatments may soften weld heat affected
zones and temper martensite which may be present in such areas. Prudent alloy selection
including the specification of maximum strength levels or alloy heat treatment can be used to
eliminate or mitigate the problem.

Can lwu y rang mot s6 hop kim niken cé thé bi anh hwéng bdi hién twong nay.
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It should be noted that certain nickel alloys may be subject to this phenomenon.

Nt do ng suét hydro dwoc ddc trung béi sy nét gion cia mdt hop kim théng
thworng déo dwdi tai trong duy tri khi cé hydro. Théng thwéng nhét, nit xay ra & tai
trong duy tri dwéi gi¢i han chdy cla vat liéu. Co ché niét nay phu thudc vao d6 bay
hoi hydro, mirc d& bén cta vat liéu, x&r ly nhiét/cau trac vi mé, (rng suét tac dung va
nhiét d6. D6i véi nhiéu loai thép, ton tai mot (ng suat ngwdng ma dudi mirc d6 niet
do wng suét hydro khéng xay ra. Nguéng nay 1a mét ham ctia mirc do bén cla thép
va moi trvdng chira hydro cu thé. Do d6, rng suat ngwdng hodc cwdng dd ng suét
ddi voi nit do rng suét hydro khéng dwoc coi 1a tinh chat vat liéu. Néi chung, rng
suat nguwéng giam khi gi¢i han chay va dd bén kéo ctia hop kim téng lén. N&t do
&ng suét hydro lién quan dén sw hap thu hydro va thdi gian hdng cham (thoi gian G)
trong d6 hydro khuéch tan vao cac ving &ng suét ba truc cao. N&t do (ng suét
hydro cé thé thuc ddy mot kiéu niet trong hop kim thay vi dang khac thudng duoc
quan sat trong méi trwong lanh tinh. Do d6, tat c& cac kiéu nit da dwoc quan sat
trong hau hét cac hé hop kim thwong mai; tuy nhién, nét do (rng suét hydro thwong
tao ra cac vét nirt don sac nét trai ngwoc véi sw phan nhanh réng dwoc quan sat
trong SCC.

Hydrogen stress cracking is characterized by the brittle fracture of a normally ductile alloy
under sustained load in the presence of hydrogen. Most often, fracture occurs at sustained
loads below the yield strength of the material. This cracking mechanism depends on the
hydrogen fugacity, strength level of the material, heat treatment/microstructure, applied stress,
and temperature. For many steels, a threshold stress exists below which hydrogen stress
cracking does not occur. This threshold is a function of the strength level of the steel and the
specific hydrogen-bearing environment. Therefore, threshold stress or stress intensity for
hydrogen stress cracking is not considered a material property. Generally, the threshold stress
decreases as the yield strength and tensile strength of an alloy increase. Hydrogen stress
cracking is associated with absorption of hydrogen and a delayed time to failure (incubation
time) during which hydrogen diffuses into regions of high triaxial stress. Hydrogen stress
cracking may promote one mode of fracture in an alloy rather than another form normally
observed in benign environments. Thus, all modes of cracking have been observed in most
commercial alloy systems; however, hydrogen stress cracking usually produces sharp
singular cracks in contrast to the extensive branching observed in HSC.

B2.1.2. Giam do déo kéo va do bén kéo co ranh khia trong khi hydro / Reduction of tensile
ductility and notched tensile strength in hydrogen gas

Khi hydro sé& lam gidm doé bén kéo, dd déo va dd bén kéo tai diém cé khia cla cac
vat liéu nhay cam trong moi trwdng ap suét cao. Tac ddng nay cé thé dwoc xac dinh
béng cach thye hién cac thir nghiém kéo trén cac vat liéu rng vién trong méi tredng
khéng khi khé hodc khi tro, sau d6 so sanh véi két qua cla cac thir nghiém twong
tw trong méi trwdng chra hydro. Hién twong nay da dwoc ghi nhén la nguyén nhan
gay ra cac hw héng sém cua dia nb.

Hydrogen gas will reduce the tensile strength/ductility and notched tensile strength of
susceptible materials in high pressure environments. The effect can be determined by
conducting tensile tests of candidate materials in dry air or inert gas comparing the results of
similar tests conducted in a hydrogen environment. Premature failures of burst discs have
been attributed to this phenomenon.

B2.1.3 Tang téc do phét trién vét nit maéi trong khi hydro va méi trieong hydro / Accelerated
fatigue cracking growth in hydrogen gas and hydrogen environments

Hién twong tang téc do phat trién vét nirt do méi va suy gidm gié¢i han chiu méi da
dwoc quan sat trong cac thir nghiém trén vat liéu nhay cam, st dung cd mau cé vét
nit s&n va mau tron trong moi trrvong khi hydro kho. Thép carbon va thép hop kim
thap cho thay sy suy gidm nay ngay ca o’ ap suét hydro twong dbi thap. Day 1a mot
co ché can duwoc xem xét va nén tranh néu co thé trong cac trng dung nhw vay. Tuy
nhién, do cac duwdng éng thuwdng van hanh & ap suat gan nhw khong déi, nén hién
twong nirt do mai thwong khéng phai la méi lo ngai chinh.

Acceleration of fatigue crack growth and degradation in fatigue endurance limits have been
observed in tests of susceptible materials via both pre-cracked specimens and smooth
specimens in dry hydrogen gas environments. Carbon and low alloy steels show such
degradation even at relatively low pressures in hydrogen gas. This is a mechanism which
should be considered, preferably avoided if possible, in such applications. Since pipelines
normally operate at near constant pressure, fatigue cracking is usually not a concern.

Céc thir nghiém da duwoc tién hanh & ap suét Ién téi 45 MPa (7000 psig) trong ca

didu kién tinh va dong. Thép khong gi Austenit n dinh néi chung cho thy it hw hai

moi trwdng trong cac th&r nghiém nhw vay. Tuy nhién, cac vat liéu nhay cdm bao
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gdm thép khong gi Austenit khong 6n dinh, thép khong gi Ferit, thép khong gi
Mactenxit va thép carbon/hgp kim thap cho thdy mot s suy gidm vé do bén kéo, do
déo va do bén kéo c6 ranh khia, &nh hwéng nay phu thudc vao mirc do bén hop
kim, x( ly nhiét va ap suét hydro.

Tests have been conducted at pressures up to 45 MPa (7000 psig) under both static and
dynamic conditions. Stable austenitic stainless steels generally show little environmental
damage in such tests. However susceptible materials including metastable austenitic stainless
steels, ferritic stainless steels, martensitic stainless steels and carbon/low alloy steels show
some degradation in tensile strength ductility and notch tensile strength, this effect being
dependent upon alloy strength level, heat treatment and hydrogen pressure.

- Sw tang téc do phat trién vét nit méi va suy gidm gisi han bén méi da dwoc quan

séat trong cac th&r nghiém trén vat liéu nhay cdm théng qua cad mau co Vet nut sén va
mau tron trong mai truéng khi hydro khé. Thép carbon va hgp kim thap cho thay sw
suy giam nhw vay ngay ca & ap suat twong doi thap trong khi hydro. Téc dd phat
trién vét nirt mai tang toc rd rét hon & nhiét A6 mai triwdng va tré nén it nghiém trong
hon & nhiét dd cao. Sw hién dién cGa hydro lam giam hé s cwéng dd (ng suét chu
ky ngwdng (UKth) cling nhw tudi tho méi. Sy suy gidm tinh chat méi duwoc quy cho
viéc gidam do déo dau vét nit khi cé hydro. Mac du dwoc cho la khéng cé diéu kién
mai trong duwdng dng, méi cé thé 1a van dé trong mot sé trwéng hop.
Acceleration of fatigue crack growth and degradation in fatigue endurance limits have been
observed in tests of susceptible materials via both pre-cracked specimens and smooth
specimens in dry hydrogen gas environments. Carbon and low alloy steels show such
degradation even at relatively low pressures in hydrogen gas. The accelerated fatigue crack
growth is more pronounced at ambient temperatures and becomes less severe at elevated
temperatures. The presence of hydrogen reduces the threshold cyclic stress intensity factor
('1Kth) as well as fatigue life. The degradation of fatigue properties is attributed to the
reduction in crack tip ductility in presence of hydrogen. Despite the supposed absence of
fatigue conditions in pipelines, fatigue may be a problem in some cases.

B2.2. Nt do &n mon (rng suat (SCC) cua thép éng dan trong méi trweong ngam / Stress
corrosion cracking (SCC) of line pipe steel in underground environments

- D3 co6 bao cdo vé hién twong nit do (rng suét trén dwong dng thép carbon/thép hop kim

thap trong méi trwong ngam, xuét phat tv cd co' ché &n mon ng suét anod va/hodc nirt do
(ng suat hydro. Day thwdng 1a hién twong an mon bén ngoai va khoéng bi anh hwéng béi khi
hydro dwoc van chuyén. Co ché nay doi héi phai co (rng suét kéo du hodc (rng suét kéo tac
dong truc tiép, moi trieong dé gay &n mon va kim loai nhay cam. Cac yéu t6 gép phan gay ra
hién twong nit do ng suét, ngoai cac yeu td trén, co thé bao gébm: vung céng cuc bd,
martensite chwa dwoc ram trong ving moi han, khuyet tat I&6p phd, hoat dong vi sinh vat va
hé théng bao vé cathodic khéng day dd hodc khéng phu hop. Viéc lwa chon hop kim can
than, kiém soat thanh phan héa hoc cta hop kim va kiém soat quy trinh san xuat sé giup
gidm thiéu van dé nay.
Stress cracking of carbon/low alloy steel line pipe in underground environments from both anodic
stress corrosion and/or hydrogen stress cracking mechanisms has been reported. This is usually an
external corrosion phenomenon and is not influenced by the hydrogen gas being transported. The
presence of residual or directly applied tensile stresses, the presence of a susceptible environment and
susceptible metals are required for the mechanism. Factors which contribute to stress cracking, in
addition to the preceding, may be hard spots, untempered martensite in weld areas, coating defects,
microbiological activity and inadequate or improper cathodic protection schemes. Careful alloy
selection, controlled alloy chemistries and controls over manufacturing processes will help mitigate this
problem.

- N&t do &n mon (ng suét 14 mot qué trinh dién héa véi cac phan (ng anot va catét riéng biét.

Cac chuyén gia &n mon néi chung cong nhan nit do &n mon rng suét thuc sw la mot co
ché trong d6 nit dwoc kiém soat béi phan (rng anot va coi nit dwoc kiém soat bdi phan
&ng catét la mot dang gion hydro. Thywe hanh bdo vé catdt kém cé thé gép phan vao co ché
gay gion. Bén ngoai phong thi nghiém, cé thé khé phan biét sy khac biét gitra hai co ché
nrt.
Stress corrosion cracking is an electrochemical process with distinct anodic and cathodic reactions.
Corrosion specialists generally recognize true stress corrosion cracking as a mechanism in which
cracking is controlled by the anodic reaction and consider cracking which is controlled by the cathodic
reaction as a form of hydrogen embrittlement. Poor cathodic protection practices could contribute to the
embrittlement mechanism. Outside of the laboratory, it may be difficult to discern the differences
between the two cracking mechanisms.

B2.3. Nt do dn mon ng suéat trong méi trieoong CO / Stress corrosion cracking in CO
environments
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Nguwoi ta thuwéng chap nhan rang niet &n mon do tng suét trong méi trwerng CO |a moét quéa
trinh nit &n mon do (ng suét thwe sy dwdi sw kiém soat anot. Phan (rng cia hydro khéng
doéng vai trd trong sw khéi dau va lan truyén vét niet.\n

It is generally accepted that stress corrosion cracking in CO environments is a true stress corrosion
cracking process under anodic control. Hydrogen reactions do not play a role in crack initiation and
propagation.

Nt an mon do (rng suét (*SCC*) doi hdi sw hién dién déng thdi ctia (ng suét kéo, du la ing
suét dw hay tac dung truc tiép, va mét méi trwéng nhay cdm. Sw hién dién ddng thoi clia
CO, déu vét CO2 va dau vét H20 & nhiét d6 dwdi diém swong sé tao ra modt moi trwong
nhay cdm cho nit &n mon do (ng suét khi st dung thép carbon va thép hop kim thép.
Trong méi trwdng CO tinh khiét, cac loai CO2 va H20 cé thé hién dién dwdi dang chat gay 6
nhiém trong nhirng trwdng hop nhét dinh.\n

Stress corrosion cracking (SCC) requires the simultaneous presence of tensile stresses either residual
or directly applied and a susceptible environment. The simultaneous presence of CO, traces of CO2
and traces of H20 at temperatures below the dew point, will provide a susceptible environment for
stress corrosion cracking in the use of carbon and low alloy steels. In pure CO environments, CO2 and
H20 species may under certain circumstances be present as contaminants.

Cac quy trinh san xuat hodc x ly nhiét gitip gidm rng suat kéo dw sé& giam thiéu *SCC*. Vé
mét nay, x& Iy nhiét sau han (*PWHT*) c6 lgi trong viéc gidm tinh nhay cdm véi *SCC* néu
nwéc 1dng hién dién. Cac quy trinh 1am sach, van hanh va I&p rap cau kién gitp gidm thiéu
sw hién dién cla H20 va CO2 la c6 lgi. Néi chung, *SCC* do CO sé khdéng xay ra mién 1a
duwong 6ng kho réo.\n

Manufacturing or heat treatment procedures which reduce residual tensile stresses mitigate SCC. In
this regard, post weld heat treatment (PWHT) is beneficial in reducing SCC susceptibility should liquid
water be present. Cleaning, operational and component assembly procedures which minimize H20
and CO2 presence are beneficial. Generally, CO SCC will not occur as long as the pipeline is dry.

B2.4. Tdc dung trc ché cia CO trong méi trwrdng Hydro / Inhibiting effects of CO in H2
environments

Nguwdi ta da xac dinh rang CO trc ché nirt gion hydro. Céac tap chét khi khac bao gém 02,
CS2 va S02 ciing c6 tac dung trc ché. Cac khi nay la chat doc xuc tac hap phu 1én bé mat
thép wu tién hon hydro va lam ngd déc cac vi tri hoat ddng hdéa hoc tai dé phan t&r hydro
phan ly thanh cac nguyén t& hydro. Chinh cac nguyén t& hydro hoa tan vao kim loai va gay
ra ntrt gion hydro.\n

It has been established that CO inhibits hydrogen embrittlement cracking. Other gas impurities
including 02, CS2, and SO2 also have an inhibiting effect. These gases are catalytic poisons that
adsorb on the steel surface in preference to the hydrogen and poison the chemically active sites at
which the hydrogen molecule dissociates into hydrogen atoms. It is the hydrogen atoms that dissolve
into the metal and cause hydrogen embrittlement cracking,

Lwong CO can thiét d& wc ché nit gion hydro chwa dwoc xac dinh rd, nhwng mot tai liéu
tham khao chi ra rang nit bi e ché & ty 18 CO trén hydro la 0.1, trong khi c4c tai liéu tham
khao khac cho thdy lwgng CO it hon ciing c6 hiéu qua. Hau hét cac thanh phan khi téng
hop cé ty 1& CO / hydro I&n hon nhiéu so véi 0.1 va do d6 it cé kha nang gay ra nirt gion
hydro. Twong tw, dong CO chira lwong nhé hydro sé khéng thic day nit gion hydro.\n

The amount of CO needed to inhibit hydrogen embrittlement is not well established, but one reference
indicates that cracking is inhibited at CO to H2 ratio of 0.1, while other references suggest that less CO
is effective. Most syngas compositions have CO / H2 ratios much greater than 0.1 and are therefore
unlikely to cause hydrogen embrittlement. Similarly, CO streams with small amounts of hydrogen will
not promote hydrogen embrittlement.

Mac du néng dd CO cao hién dién, viéc tranh sir dung thép cwéng dd cao va thép hop kim
(thép co gidi han bén kéo Ion hon 800 MPa) dwoc coi la than trong. N6i chung, thep cuong
d6 trung binh dl cho cac yéu cau vé ap suat va clu truc va sé khang nirt gion hydro néu xay
ra tiép xuc ngoai ké hoach vé&i khi hydro.\n

Even though high CO concentrations are present, it is considered prudent to avoid the use of high
strength steels and alloy steels (steels with tensile strength greater than 800 MPa). Generally,
moderate strength steels are adequate for the pressure and structural requirements and will be
resistant to hydrogen embrittlement should unplanned exposure to hydrogen gas occur.

B2.5. Sw hinh thanh carbonyl / Carbonyl formation

Céc carbonyl sat va niken dwoc hinh thanh do tac dung cla carbon monoxide lén cac hop
kim chira sat va niken. Sy hién dién cta carbonyl sat va/hodc niken trong khi quy trinh cé
thé gay ra nhirng hau qua nghiém trong. D liéu tir tai liéu cho thdy sw tn cong 1én thép
éng trong hén hop khi & nhiét dé trung binh (100-300 [IC) Ia mét ham cla thanh phan hop
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kim, tinh trang bé mét, thanh phan khi, *lvu lwong* khi, ap suét khi va nhiét d6 vai tbc do toi
da & khoang 200 °C. Noi chung, téc d6 phan (ng hinh thanh carbonyl d thap dé tinh toan
ven cau trac cla dwong ong khéng bi anh hwdng ngay ca sau théi gian sir dung lau dai.\n
Iron and nickel carbonyls are formed by the action of carbon monoxide upon alloys that contain iron
and nickel. The presence of iron and/or nickel carbonyl in process gases may have serious
consequences. Literature data indicate that the attack upon pipe steels in gas mixture at moderate
temperature (100-300 °C) is a function of alloy composition, surface condition, gas composition, gas
flow rate, gas pressure and temperature with a maximum rate at about 200 °C. Generally, carbonyl!
formation reaction rates are low enough that pipeline structural integrity is not affected even after long
term service.

B3. Cac co ché nirt gion hodc hw hong khéng lién quan dén dwong 6ng hydro hodc CO hoiac
khi tong hop / Brittle fracture or damage mechanisms not pertinent to hydrogen or CO or Syngas
pipelines

- Do céc diéu kién van hanh nhw nhiét dé cao, cac chat gay 6 nhiém cu thé thworng khong lién quan
dén duwong 6ng hydro, CO hoac khi tong hop va tinh dac thi cua vat liéu lién quan, co nhirng co
ché nt gion hoac hw héng khéng lién quan. M6 ta ngan gon vé cac co ché nay nhw sau
As a consequence of operating conditions such as elevated temperatures, specific contaminants not normally
associated with hydrogen, CO or Syngas pipelines and the specificity of materials involved, there are brittle
fracture or damage mechanisms which are not pertinent. A brief description of these follows:

B3.1 Anh hwéng cua méi trirdng & nhiét dé cao 1én hop kim sat / Elevated temperature
environmental effects on ferrous alloys

- Tén cong hydro va khir cacbon I hai co ché hw héng phd bién gap phai & thép carbon hodc
thép hop kim thép lién quan dén hydro & nhiét dd cao. "Tan coéng hydro" cla thép carbon
ho&c thép hop kim thap la phwong thirc ma cacbon phan (rng véi hydro tao thanh metan,
dan dén sy hinh thanh vét nit. "Khir cacbon" cuia thép carbon hodc thép hop kim thép cling
c6 thé xay ra trong moéi trwong hydro. Thép khéng gi Austenit dwoc coi la mién nhiém voi
khir cacbon va tan céng hydro
Hydrogen attack and decarburization are the two common damage mechanisms encountered by
carbon or low alloy steels involving hydrogen at elevated temperatures. “Hydrogen attack” of a carbon
steel or low alloy steel is a mode by which carbon reacts with hydrogen to form methane which results
in crack formation. “Decarburization” of a carbon or low alloy steel may also occur in hydrogen
atmospheres. Austenitic stainless steels are considered immune to decarburization and hydrogen
attack.

- "Biéu d6 Nelson" chi ra gi¢i han van hanh dbi véi thép carbon va thép hop kim thap trong

moi trwong hydro & nhiét d6 va &p suét cao. Can lwu y rang Biéu dd Nelson chi lién quan
dén hai co ché da néu trwdc d6 va khong lién quan dén cac co ché hw héng khac lién quan
dén hydro (xem vi du tai liéu tham khao API 941).
The “Nelson Chart” shows operating limits for carbon and low alloy steels in hydrogen atmospheres at
elevated temperature and pressures. It should be noted that the Nelson Chart is only pertinent to the
two mechanisms previously cited and not to other damage mechanisms involving hydrogen (see for
example reference API 941).

B3.2. Anh hwéng cua nhiét dé cao Ién hop kim déng / Elevated temperature effects on cuprous
Alloys

- Hop kim déng chiu mét dang tn cong hydro d&c biét & nhiét a6 cao. Néu hop kim khéng
duwoc khir oxy, hydro sé phan (rng v&i oxit ddng(l) tao thanh nwédc. Sau d6, ranh gidi hat sé
bi ntt. Hop kim déng dwoc khir oxy dung cach khéng nhay cdm.\n
Cuprous alloys are subject to a special form of hydrogen attack at elevated temperatures. If the alloy is
not deoxidized, hydrogen will react with cuprous oxide to form water. Subsequently, grain boundaries
will fissure. Properly deoxidized copper alloys are not susceptible.

B3.3 Phéng rép do hydro / Hydrogen blistering

- Hién twong phdng do hydro (hydrogen blistering) khéng lién quan trong trwéng hop nay vi
né doi héi phai co sw hién dién cha chat dién phan cé tinh axit véi ham lwong dang ké.
Trong co ché nay, thép tiép xuc véi chéat dién phan axit s& hap thu mét lwgng Ién hydro tai
cac cwc am cuc bo, sau d6 gay ra hién twong nirt va phong rop
Hydrogen blistering is not pertinent because it requires the presence of acidic electrolyte in substantial
amounts. In this mechanism, steels exposed to acid electrolyte absorb large quantities of hydrogen at
local cathodes and subsequently fissure and blister.

B3.4 Nt do trng suét sunfua (SSC) / Sulphide stress cracking (SSC)
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- Day la mét tap con cla nut gion hydro, trong do phan (ng catot kiém soat phan &ng nt.
Tuy nhién, *SSC* xay ra trong nudc trong mot s6 pham vi ham lwgng hydro sunfua nhat
dinh. Mot s6 méi trwdrng md dau va khi ty nhién "chua” lién quan dén co ché nit nay.

This is a subset of hydrogen embrittlement in which the cathodic reaction controls the cracking
reaction. However, SSC occurs in water within certain ranges of hydrogen sulphide content. Certain
oilfield environments and “sour” natural gas are associated with the cracking mechanism.

- Do dé’, néu khi tw nhién chua dwoc tron véi khi tdng hop hodc hén hop carbon monoxide,
co ché nut nay sé dang lo ngai.
Consequently, if sour natural gases are mixed with Syngas or carbon monoxide mixtures, this cracking
mechanism would be of concern.

B3.5 Nirt do hydro gdy ra (HIC) / Hydrogen induced cracking (HIC)

- HIC la mét dang suy thoai thuwéng xay ra trong dich vu khi &m chua. Trong dang hw héng do

moi trwdng nay, hydro nguyén t&r dwoc hinh thanh trong qua trinh &n mon bj mac ket trong
cac 16 réng siéu nhé xung quanh cac tap chat phi kim loai. Théng thwdng, day Ia loai
mangan sunfua. Ap suét khi cao bi mac ket xung quanh tap chat cé thé tao ra rng suét cuc
bd rat cao, cé thé khdi dau cac mam nit song song véi hwéng can cla vat liéu. Khi cac
mam nut lién két lai, cac vét nirt bac thang sé phat trién va gay ra hdng héc. *HIC* ddi khi
dwoc goi la "niet bac thang”.
HIC is a degradation mode which generally occurs in sour wet gas service. In this mode of
environmental damage, atomic hydrogen formed during the corrosion process is trapped in
microscopic voids around nonmetallic inclusions. Usually, these are of the manganese sulfide type.
High gas pressure trapped around the inclusion can generate highly localized stresses which may
initiate crack nuclei parallel to the rolling direction of the material. As crack nuclei link up, stepwise
cracks will develop and cause failure. HIC is sometimes referred to as “stepwise cracking’.

B3.6 Sw hinh thanh hydrua / Hydride formation

- Sw suy giam tinh chat co hoc va nit 1a do sw két tla clia cac pha hydrua kim loai. Cac vat
liéu nhay cdm nhéat 1a hop kim titan, magie va niobi. 'ng suét tac dung cé thé thic day sw
hinh thanh hydrua trong mét sb hé hop kim.

The degradation of mechanical properties and cracking is due to the precipitation of metal hydride
phases. The most susceptible materials are titanium, magnesium and niobium alloys. The applied
stress may promote the formation of hydride in some alloy systems.

B4. Cac phwong phap thir nghiém lién quan / Pertinent test methods

Mbi trwérng chira hydro c6 thé &nh hwédng dén moi khia canh cla tinh chat co hoc nhw gi¢i han
bén kéo, d gian dai, tubi tho moi, téc d6 phat trién vét nit méi va d6 bén chong nit. Cac thude
tinh cua tinh chat co hoc cc’),thé dwoc danh gia bang cach tién hanh cac thi nghiém lién quan trong
méi trwdng hydro mong mudn hodc trén cac mau da dwoc nap hydro trwde.

Hydrogen containing environments may affect every aspect of mechanical properties such as tensile strength,
elongation, fatigue life, fatigue crack growth rate and fracture toughness. The attributes of the mechanical
properties can be evaluated by conducting the pertinent experiments in the desired hydrogen environment or
on hydrogen precharged specimens.

Mét sb phwong phap thér nghiém da dwoc phat trién trong nhirtng ndm qua. Tén tai cac phwong
phép th&r nghiém tiéu chudn phu hop cho niet gion hydro trong khi hydro. Vi niet gidn hydro va nit
&n mon do (ng suét c6 nhiéu dac diém chung, cac thtr nghiém dé danh gia kha n&ng khang *SCC*
cla vat liéu ciing cé thé dwoc ap dung dé nghién ciru hanh vi ctia vat liéu trong méi trwéng hydro,
khi tdng hop va carbon monoxide. Cac thtr nghiém dién hinh cho nit gion hydro dwgc mé ta nhuw
sau:

Several test methods were developed over the past years. Standard test methods appropriate for hydrogen
embrittiment in gaseous hydrogen exist. Since hydrogen embrittlement and stress corrosion cracking share
many common features, the tests to evaluate materials resistance to SCC can also be applied to study
materials’ behaviour in hydrogen, Syngas and carbon monoxide environment. Typical tests for hydrogen
embrittlement are described as follows:

B4.1. Tinh chéat kéo va kéo c6 ranh / Tensile and notched tensile properties

- Tinh nhay cdm cda kim loai v&i nirt gion hydro c6 thé duwgc danh gia bang cach tién hanh
cac thtr nghiém kéo trén cadc mau nhan hodc cé ranh trong méi trwdng hydro & cac ap suét
khac nhau. Phwong phap th&r nghiém dwoc moé ta trong ASTM G 142-98 “Phwong phap the
nghiém tiéu chudn dé& xac dinh tinh nhay cdm cta kim loai v&i hién twong gion trong moi
trwdng chiva hydro & 4p suét cao, nhiét dd cao hodc ca hai”.

The susceptibility of metals to hydrogen embrittlement ca” be evaluated by conducting tensile tests on
smooth or notched specimens in hydrogen environment at different pressures. The test method is
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described in ASTM G 142-98 “Standard Test Method for Determination of Susceptibility of Metals to
Embrittlement in Hydrogen Containing Environments at High Pressure, High Temperature, or Both”.

B4.2. Thir nghiém KIH hodac KICO, Syngas / KIH or KICO, Syngas test

Th&r nghiém nay la thr nghiém co hoc pha hdy dé& danh gia hé sb cwdng dd (rng suat
ngwdng déi véi nirt do (rng suat méi trwéng. Trong thd nghiém nay, mau c6 vét nit ban dau
duoc chiu tai kéo trong moi trwdng khi. Hé sb cudng do ng suat téi thidu dwoc ap dung cd
thé gay ra sw lan truyén vét nit (K1H hodc KICO, Syngas) c6 thé dwoc siv dung dé danh gia
kha nang chéng nirt do méi truéng hé tro trong H2 hodc CO. Cé nhiéu quy trinh thir nghiém
ASTM hoéc ISO khac nhau cé thé dwoc diéu chinh cho cac thir nghiém nay.

This test is a fracture mechanics test to evaluate the threshold stress intensity factor for environmental
stress cracking. In this test, a precracked specimen is loaded in tension and in the gaseous
environment. The minimum applied stress intensity factor that can cause crack propagation (K1H or
KICO, Syngas) can be used to evaluate the resistance to environmentally assisted cracking in H2 or
CO. There are various ASTM or ISO test procedures that can be modified for these tests.

B4.3. Thir nghiém téc d6 bién dang cham (SSR) / Slow strain rate (SSR) test

Vi sw tAn cong ctia méi treng la mot qua trinh phu thudc thoi gian, thir nghiém tdc do bién
dang cham cé thé duoc st dung dé danh gia d6 nhay véi tbc do bién dang cua vat liéu
trong cac moéi trworng nhw Syngas hodc CO. Trong thlr nghiém téc d6 bién dang cham, thi
nghiém dwoc tién hanh & téc do bién dang thap t&i 1077. Thir nghiém c6 thé dwoc thuc hién
trong cac moi trwong dwoc chon. Quy trinh chung clia cac thlr nghiém SSR dwoc mo ta
trong ASTM G129-00 “Thwc hanh Tiéu chudn vé Thi nghiém Téc do Bién dang Cham dé
Danh gia Tinh Nhay cam clia Vat liéu Kim loai déi voi Nt do Moi trwéng Ho tro”.

Since the environmental attack is a time dependent process, a slow strain rate test can be employed to
evaluate the strain rate sensitivity of the materials in environments such as Syngas or CO. In the slow
strain rate test, the test is conducted at strain rates as low as 10-7. The test can be done in selected
environments. A general procedure of SSR tests is described in ASTM G129-00 “Standard Practice for
Slow Strain Rate Testing to Evaluate the Susceptibility of Metallic Materials to Environmentally
Assisted Cracking”.

B4.4. Thir ap dia / Disk pressure test

Thir 4p dia do lwong tinh nhay cdm véi sy gion hydro cha vat liéu kim loai dwdi ap suét
hydro cao. M3u dia méng duoc dat nhu mot mang trong buE‘)ng thte nghiém chiu ap suét cao
cua heli va hydro. Ty |& gitba 4p suéat nd cla heli va ap suat nd cta hydro cho thay tinh nhay
cam cua vat liéu dbi véi sw gion hydro do méi trwéng. Mot quy trinh tha nghlem tiéu chuan
da dwoc thiét 1ap 1a ASTM F1459 “Phwong phap Th&r nghiém Tiéu chuan dé& Xac dinh Tinh
Nhay cdm cda Vat lieu Kim loai dbi véi Sy Gion Hydro Khi”. Twong dwong ISO la 1SO
11114-4. Mac du phwong phap nay ban dau duoc thiét ké cho méi trwéng hydro &p suét
cao, c6 thé né cé thé dwoc sl dung dé danh gia kim loai trong Syngas hodc carbon
monoxide.

Disk pressure test measures susceptibility to hydrogen embrittlement of metallic materials under high
pressure hydrogen. A thin disk sample is placed as a membrane in a test cell is subject to high
pressure helium and hydrogen. The ratio between the helium burst pressure and the hydrogen burst
pressure indicates the susceptibility of the material to environmental hydrogen embritflement. A
standard test procedure has been established as ASTM F1459 “Standard Test Method for
Determination of the Susceptibility of Metallic Materials to Gaseous Hydrogen Embrittlement”. The ISO
equivalent is ISO 11114-4. While the method was originally intended for high pressure hydrogen
environments, it is possible that it could be used to evaluate metals in Syngas or carbon monoxide.
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Phu luc D: Cac yéu t6 luyén kim anh hwéng dén dé dai va co’ ché pha hay gion
Appendix D: Metallurgical factors affecting toughness and brittle fracture mechanisms

D1. Gi&i thiéu / Introduction

Nguoi ta thwdng cdng nhan rang cac hop kim ky thuat dwoc st dung trong viéc truyén dan khi ap
cao qua dwdng 6ng phai cé do dai thich hop. Bén canh dd, ciing dwoc cong nhan rang khi hydro
c6 thé gay gion va anh hwéng tiéu cwc dén dod dai ctia nhidu loai hop kim ky thuat. Cac thong sé
khi c6 thé anh hwdng dén do dai va cac tinh chét lién quan bao gom d6 tinh khiét cia hydro, thanh
phan khi, nhiét d6 va ap Suét. Ngoai ra, con co6 cac yeu t6 luyén kim ciing déng vai trd quan trong
Phan nay sé& dé cap ngan gon dén céac yéu té luyén kim dwoc xem la cé anh hwdng dang ké dén
hién twong gion do hydro.

It is generally acknowledged that engineering alloys used in the transmission of high pressure gas via
pipelines must have adequate toughness. In addition, it is also acknowledged that hydrogen gas may embrittle
and adversely affect the toughness of many engineering alloys. Gas parameters that may affect toughness
and related properties include factors such as hydrogen purity, gas composition, temperature and pressure. In
addition, there are metallurgical factors which also play an important role. This section will briefly touch on the
metallurgical factors which are considered significant in hydrogen embrittlement.

D2. CAu truc tinh thé / Crystal structure

Cac hop kim ky thuat chd yéu cé cAu tric tinh thé dang lap phwong tam mat (FCC), lap phwong
tam khéi (BCC) va luc giac xép chat (HCP). Trong mét sb diéu kién nhat dinh nhw 1am ngudi nhanh
ho&c han, sw chuyén bién thu hinh bj ¢ ché sé& dan dén sw hinh thanh martensite, moét mang tinh
thé dang t& giac tam khéi. Martensite ciing c6 thé dwoc hinh thanh do bién dang co hoc. Théng
thwdng, dd dai cao nhat dat dwoc véi cu tric FCC, tiép theo 1a BCC va HCP. Cac hop kim dwoc
st dung phd bién nhat cho viéc truyén dan khi ap suét cao |a thép carbon, vén cé cu truc BCC.
Ngoai ra, méc du cac hop kim niken thudng cé céu tric FCC, mot sé trong sb dé van cé thé bi
gion trong méi trwvong chra H,.

The major engineering alloys have crystal structures which are faced centered cubic (FCC), body centered
cubic (BCC) and hexagonal closed-packed (HCP). Under certain conditions such as rapid quenching and
welding, suppressed allotropic transformation will result in the formation of martensite, a body centered
tetragonal lattice. Strain induced martensite is also possible. Generally, the highest toughness is achieved with
FCC structures followed by BCC and HCP. The most common used alloys for the transmission of high
pressure gas are carbon steels which have a BCC structure. Also, while nickel alloys generally have FCC
structure, some of them are subject to embrittlement in H2.

D3. Cac kiém soat luyén kim chinh / Key Metallurgical controls

Céc kiém soat hogc ky thuat luyén kim chinh anh hwéng dén do dai va dong vai tro trong thép ong
dan duwdng la nhuw sau:
Key metallurgical controls or techniques which impact toughness and play a role in line pipe steels are as
follows:
e Kiém soat thanh phan héa hoc hop kim
Controls on alloy chemistry
e Céc phu gia kiém soét hinh dang tap chat
Inclusion shape control additives
e CAu tric vi mo hat min
Fine grained microstructures
e S dung thép khtr oxy
Use of killed steels
e Ham lwong carbon twong dwong thap hodc gidm
Low or reduced carbon equivalents
e Hop kim héa vi lwvgng
Microalloying

Can lwu y rang mot s6 yéu to trén thudc nhiéu hon moét loai va cé lién quan véi nhau vé anh hwéng
dén do dai.

It should be noted that some of the above fall in more than one category and are related in terms of the effects
on toughness.

D4. Kiém soat thanh phan héa hoc hop kim / Controls on alloy chemistry

Anh huéng clia ham lwong Iwu huynh va phét pho dén d6 dai cia thép da duoc biét dén tir lau.
Cac nguyén to nhw Iwu huynh, phot pho, antimon, thiéc va asen cung cac hop chat cla ching
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ciing dwoc phat hién la e ché phan (rng tai hop hydro, do dé lam ting sw nap hydro nguyén ti
vao hop kim.

The effects of sulfur and phosphorus contents on the toughness of steel have been known for some time.
Elements such as sulfur, phosphorus, antimony, tin and arsenic and their compounds also have been found to
inhibit the hydrogen recombination reaction, thus increasing the charging of atomic hydrogen into the alloy.

Lwu huynh thwdng tdn tai dwdi dang cac tap chét sulfua kéo dai. Ndng do tap chét sulfua cao lam
gidm do dai, dic biét theo phwong ngang cla 6ng hodc tAm. Véi cac quy trinh san xuét thép hién
dai, mt&c lwu huynh téi da 0.01% 1a kha thi va mong muébn dbi véi cac san phadm can luyén cé do
dai cao.

Sulfur is usually present in the form of elongated sulfide inclusions. High concentrations of sulfide inclusions
reduce toughness particularly in the transverse direction of pipes or plates. With modern steel making
processes, maximum sulfur levels of 0.01% are feasible and desirable for high toughness wrought mill forms.

Phét pho c6 anh hwéng bat loi dén dd dai. N6 lam téng nhiét dd chuyén dbi va dap lén t&i 8 °C (15
°F) cho méi lan tang 0.01%P. Mirc tdi da 0.015% P dwoc khuyén nghi.

Phosphorus has a deleterious effect on toughness. It raises the impact transition temperature by as much as 8
°C (15 °F) for each increase of 0.01%P. A maximum level of 0.015% P is recommended.

Ham lwong carbon va mangan rat quan trong trong thép carbon. Ty & Mn:C it nhat 3:1 I& mong
mudn. Mn cé xu hwéng lam gidm nhiét d6 chuyén dbi va dap trong khi C sé lam tang né. Tuy
nhién, ty 1&6 Mn:C cao khi ham lwong carbon cao c6 thé gay ra van dé vé kha nang t6i va kha nang
han.

Carbon and manganese levels are very important in carbon steels. A Mn:C ratio of at least 3:1 is desirable.
Mn tends to reduce the impact transition temperature while C will raise it. However, high Mn:C ratios when
carbon levels are high may cause problems with hardenability and weldability.

D5. Kiém soat hinh dang sulfua / Sulfide shape control

Anh huéng bét loi ctia tap chét sulfua chi yéu la do hinh dang cta chung, dai véi cac dau nhon va
gibng nhw vét nit. Viéc thém cac nguyén t6 nhw nguyén té dat hiém hoac canxi cé thé thay dbi
hinh dang sulfua dé tao ra cac tap chat sulfua cé hinh cau, khéong lam gidm d6 dai. Céng nghé
kiém soat hinh dang sulfua cé thé dwoc siv dung két hop véi viec gidm mirc lwu huynh tdi da.

The detrimental effect of sulfide inclusions is primarily due to their shapes which are elongated with sharp
ends and akin to cracks. Additions of species such as rare earth elements or calcium can modify the sulfide
shape to produce sulfide inclusions with globular shapes which do not reduce toughness. Sulfide shape
control technology can be used in conjunction with reduced maximum sulfur levels.

D6. Thép khir oxy / Killed steels

Kiém soat oxy dw bang cach s dung cac chéat “khtr oxy” hodc chat khir oxy sé& cai thién do dai.
Khtr oxy bdng nhdm cé loi thé bd sung 1a tao ra nitrua nhdém, gép phan tao ra céu tric vi mé hat
min. Silic va cac kim loai phan (*ng nhw vanadi, titan, v.v. cling c6 thé duwoc s& dung dé khir oxy
thép.

ConF;rol of residual oxygen by utilizing “killing” agents or deoxidizers will improve toughness. Aluminum killing
has the additional advantage of forming aluminum nitrides which contribute to forming fined grained
microstructures. Silicon and reactive metals such as vanadium, titanium etc. may also be used to kill or
deoxidize steels.

D7. C4u tric vi mé va anh hwéng cda cau tric vi mé hat min / Microstructure and effects of fine

grained microstructure

Cac cAu trdc vi mdé mactenxit, thwdng hda yé tao hinh néng dwoc sir dung trong cac san phém, can
luyén cla thép carbon va thép hop kim thap. Mactenxit t6i va ram n6i chung c6 d6 dai cao nhat va
tiep theo la cau truc vi mé thwong hoa hat min. Trong ong dan dwdng, cu truc mactenxit t6i va
ram twong doi hiem. Cac cau tric vi mé thwong hda va tao hinh nong thwong gap. Khi can do dai
cao, thwdng héa Ia phwong phap phd bién nhat cho 6ng dan dwdng. Thudng hda tao ra ciu tric vi
mé hat min déng nhét khi dwoc thwe hién dung cach. Sw thay ddi cdu trdc vi md mot cip hat
ASTM c6 thé 1am dich chuyén nhiét d6 chuyén dbi déo sang gion khoang 10-15 °C.

Martensitic, normalized and hot formed microstructures are used in mill forms of carbon and low alloy steels.
Quench and tempered martensite generally has the highest toughness and this is followed by fine grained
normalized microstructure. In line pipe, quench and tempered martensite structures are relatively rare.
Normalized and hot formed microstructures are commonly encountered. When high toughness is needed,
normalizing is the most usual approach for line pipe. Normalizing produces a uniform fine grained
microstructure when done properly. A change in the microstructure of one ASTM grain size can shift the
ductile to brittle transition temperature by approximately 10-15 °C.

Qua trinh nhiét co dién hinh dwoc st dung trong san xuat ong dan duong hop kim vi lwgng ERW
la mot ky thuat khac dé thu dwoe cau tric vi mo hat min. Do dai clia cac loai thép nay vwot troi
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dang ké so v6i thép éng dan dwdng duoc san xuét bang cac ky thuat x& ly thép carbon truyén
théng.

Thermomechanical processing typically used in the manufacture of ERW microalloyed line pipe is another
technique for obtaining fine grained microstructure. The toughness of such steels greatly exceeds that of line
pipe steels produced by traditional carbon steel processing techniques.

D8. Kiém soat ham lwong carbon twong dwong / Control of Carbon Equivalent

Han 1a mot yéu té can thiét trong ché tao dwérng dng dan khi cong nghiép ap suét cao. Trong luyén

kim thép carbon théng thuwéng, carbon va mangan la cac nguyén té chinh chiu trach nhiém phat

trién cac tinh chat bén can thiét, nhuwng cac nguyén té khac nhw Cr, Mo, Ni, Cu, v.v. cling sé& déng
op.

EVe/ding is a necessary consideration in the fabrication of high pressure industrial gas pipelines. In

conventional carbon steel metallurgy, carbon and manganese are the major elements responsible for

developing necessary strength properties but other elements such as Cr, Mo, Ni, Cu etc. will also contribute.

Van dé chinh la khi ham lwong cac nguyén t6 hop kim ting I1&n, kha nang toi tang 1én va kha nang
hinh thanh mactenxit khong ram cirng va gion sau khi han ciing tang lén. Sy hién dién cla
mactenxit khdng ram gion co6 thé dan dén cac vét nit vi md va lam tang tinh nhay cdm véi cac co
ché pha hay lién quan dén hydro.

The major problem is that as the levels of alloying elements increase, the hardenability increases and so does
the potential for forming hard and brittle untempered martensite after welding. The presence of brittle
untempered martensite can lead to microcracks and increase susceptibility to failure mechanisms involving
hydrogen.

Mot phurong phap kiém soat 1a dat ra cac gidi han vé thanh phan héa hoc cho thép dwong bng
hodac thép cau kién bang phwong phap dwong Iwong carbon. Cé nhiéu cong thirc tinh dwong
lwgng carbon khac nhau nhung céng thirc dwong lwgng carbon (C.E.) phd bién nhét hién nay la:
One method of control is to place limitations on chemistry for pipelines or component steels by the carbon
equivalent approach. There are various carbon equivalent formulas but the most common carbon equivalent
(C.E.) formula in use today is:

% Mn - %Cr + %Mo + %V 2 % Ni + %Cu
5 15

Trong cac tai liéu tham khao ci hon, dwong lwgng carbon tdi da 0,55 dworc coi la gi¢i han cho céc
loai thép nhw API 5L X52 trong méi trwéng Hydro. Gan day hon, dwong lwong carbon téi da 0,43
da duworc coi la mie tdi da cho phép dbi véi dworng 6ng, nhung céac trwdng hop déc biét cé thé yéu
cau mirc dwong lwong carbon thap hon.

In older references, a carbon equivalent of 0.55 maximum was considered to be the limit for steels such as
API 5L X52 in hydrogen service. More recently, a maximum carbon equivalent of 0.43 has been cited as the
maximum allowable for pipelines, but special cases may require lower carbon equivalent levels.

CE = %C +

D6i v&i cac loai thép hop kim micro méi hon c6 ham lwong carbon thap, cac cbng thire tinh dwong
lwong carbon thay thé cé thé dwoc st dung. Dbi véi thép cé ham lwong carbon thip hodc dwong
lwong carbon bang hodc nhé hon 0,12%, théng s thanh phan Pcm da dwoc chirng minh 1a mot
chi sd tét hon vé tinh nhay cdm véi nirt. Théng sé nay, duwoc phat trién bdi Ito-Bessyo, nhu sau:
With respect to the newer microalloyed steels with low carbon contents, alternative carbon equivalent formulas
may be utilized. For steels with low carbon contents or carbon equivalents equal to or less than 0.12%, the
composition parameter Pcm, has been found be to a better indicator of crack susceptibility. This parameter
developed by Ito-Bessyo is as follows:

Pcm=%C + (%Mn+%Si+%Cu+%C0)/20+%Ni/60+%Mo/15+%V/10+5 %B

Gid¢i han chap nhan dwoc |4 t6i da 0,20%.
The acceptable limit is 0.20% maximum.

D9. Do cirng Vung anh hwéng nhiét (HAZ) moéi han / Weld Heat Affected Zone (HAZ) Hardness

Viéc kiém soat dd cirng clia méi han va ving anh hwéng nhiét méi han cé thé dwoc cai thién dé
loai bd hodc gidm thiéu sw hién dién cla martensite chwa ram cirng gion. Ca quy trinh han va
chrng chi tho han déu cé thé duwoc kiém soat lién quan dén do clrng mdi han va HAZ. Gisi han do
crng phd bién nhat 1a mirc Rockwell C 22, twong dwong véi Vickers 248. Thong thwéong, cac mau
méi han dwoc gan két dwoc kiém tra bang ky thuat microhardness. Gi¢i han d cirng nay da duoc
ap dung cho kim loai géc éng trong méi trwdng khi chua va ciing ap dung cho méi trwdng Hydro.

Controls over the weld and weld heat affect zone hardness can be improved to eliminate or minimize the
presence of hard brittle untempered martensite. Both weld procedure and weld operator qualification can be
controlled with respect to weld and HAZ hardness. The most common hardness limitation is a level of
Rockwell C 22 which is equivalent to Vickers 248. Typically, mounted weld samples are tested using
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microhardness techniques. The hardness limitation has been applied to pipe parent metal in sour gas services
and it is applicable to hydrogen service also.

D10. Xt ly nhiét trwéc va sau han dé giam (rng suat / Pre and post weld stress relief

Mét lwa chon dé kiém soat d6 cirng HAZ méi han khi han céac loai thép cé thé nhay cdm véi sy
hinh thanh martensite trong HAZ 1a théng qua viéc diéu chinh quy trinh han. X& ly nhiét trwéc han
gilip ngan ngra sy hinh thanh martensite trong khi x& ly nhiét sau han sé& ram bat ky martensite
nao va déng thoi gidm (ng suét trong HAZ. N6i chung, x Iy nhiét trwdc va sau han lam tang chi
phi va phwong phap wu tién la dat ra cac gi¢i han vé thanh phan héa hoc hop kim.

One option for controlling weld HAZ hardness when welding steels which may be susceptible to HAZ
martensite formation is through modification of the welding process. Pre weld heat thermal treatment helps
prevent martensite formation while post weld heat treatment will temper any martensite and stress relieve the
HAZ simultaneously. Generally, pre and post weld heat treatments have added costs and the preferred
approach is to place limitations on alloy chemistry.

Lién quan dén viéc danh gia d6 6n dinh clia austenite va cac thanh phan cau tric micro, co thé can
lam quen v&i cac théng soO sau:
In regard to an assessment of austenite stability and microstructual constituents, some familiarity with the
following parameters may be needed:
1) Hé sb 6n dinh (A)
Stability factor (A)
2) Céc hé sb bién dbi austenite (Ms, Md30)
Austenite transformation factors (Ms, Md30)
3) PBuwong lvgng Chromium, Creq
Chromium equivalent, Creq
4) Puong lvgng Nickel, Nieq
Nickel Equivalent, Nieq

Cac théng sb dwoc dinh nghia trong phan trwéc nhwng "Handbook of Stainless Steels" cla
Peckner va Bernstein dwoc khuyén nghi lam tai liéu tham khao dé co thém théng tin nén.

The parameters are defined in an earlier section but Peckner and Bernstein’s “Handbook of Stainless Steels”
is recommended as a reference for additional background.

D11. Thép khong gi Austenitic khong 6n dinh (Metastable) / Metastable Austenitic Stainless Steels

Thép khong gi austenitic cé d6 bén va kha nang chéng hw hai méi trwéng tuyét vori dbi véi cac co
ché lien quan dén Hydro. Trong mot sé loai thép khéng gi austenitic nhat dinh nhw 201, 301, 302,
304, 304L va 321, austenite khéng 6n dinh va c6 thé bién déi thanh martensite khi bj bién dang,
d&c biét 1a khi nhiét dd gidm. Sw hién dién cla martensite do bién dang gay ra véi lwong qua
mirc 1a cé hai; sy gia tang tir tinh trong thép austenitic khéng én dinh dwoc gia cdng ngudi hodc
lam cirng bién dang c6 thé 1a do sw hién dién cia martensite do bién dang gay ra ho&c delta
ferrite.

Austenitic stainless steels have excellent toughness and resistance to environmental damage for
mechanisms involving hydrogen. In certain austenitic stainless steels such as 201, 301, 302, 304, 304L and
321, the austenite is metastable and may transform to martensite when strained, particularly, when
temperature is reduced. The presence of strain induced martensite in excessive amount is detrimental;
increases in magnetism in cold worked or strain hardened metastable austenitic steels may be due to the
presence of strain induced martensite or delta ferrite.

Cac van dé voi thép khong gi austenitic khong 6n dinh khéng cé kha néng nghiém trong & ap
suéat Hydro thap nhwng cé thé dang lo ngai & ap suat cao. Mét gidi phap cho ap suét cao la chon
thép khong gi austenitic cé d6 6n dinh austenite cao, vi du: 316 hoac 316L.

The problems with metastable austenitic stainless steels are not likely to be severe at low hydrogen
pressure but might be of concern at high pressures. A solution for high pressure is to select austenitic
stainless steels with high austenite stability, e.g., 316 or 316L.

D12. Mirc d6 bén / Strength level

Trong thép carbon cé d6 bén thap, hw hai do Hydro xdy ra chd yéu do méat dd bén kéo hoac
phdng rop. Thép co dd bén thap thwong bi hdng theo kiéu déo trong méi trwerng Hydro. Thép
carbon c6 dd bén cao hon dé bj gion Hydro va thweng bi nirt theo kidu gion. O ciing mirc dd bén,
cu tric micro hat min dwoc t6i va ram cé kha nang chéng nit do Hydro tét hon so véi ciu tric
micro thuwdng hoéa.

In low strength carbon steels, hydrogen damage occurs predominantly by loss in tensile ductility or
blistering. Low strength steels usually fail in a ductile mode in hydrogen environment. Higher strength carbon
steels are prone to hydrogen embrittlement and usually fracture in a brittle mode. At the same strength level,
a quenched and tempered fine grain microstructure is more resistance to hydrogen cracking than the
normalized microstructure.
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Tinh nhay cam cla thép khong gi v&i gion Hydro cling phu thudc vao mire do bén. Thép khong gi
ferritic c6 kha nang chong gion Hydro & mirc d6 ben thap. Thép khong gi austenitic c6 kha nang
chong nt do Hydro rat cao hoac mién nhiém trong diéu kién U hoac gia coéng ngudi nhe. Thép
khong gi martensitic va lam cirng két tua cwec ky nhay cam vai gion Hydro khi d6 bén chay tang.
Céac mirc ram co d6 bén thap hon clia thép lam clirng két tia dwoce wu tién st dung cho céac dich
vy Hydro.

The susceptibility of stainless steels to hydrogen embrittlement is also dependent on the strength level.
Ferritic stainless steels are resistant to hydrogen embrittlement at low strength levels. Austenitic stainless
steels are highly resistant or immune to hydrogen cracking in the annealed or lightly cold worked condition.
Martensitic and precipitation hardening stainless steels are extremely susceptible to hydrogen embrittlement
with increasing yield strength. The lower strength tempers of precipitation hardening steels are preferred for
hydrogen services.

D13. Thép hop kim micro / Microalloyed steels

M6t phat trién I&n trong linh viec 6ng dan 1a sw ra doi cha thép hop kim micro; d&c biét Ia trong
6ng ERW. Hop kim micro dé cap dén viéc sir dung mét lwong nhd cac nguyén té hop kim tao ra
hiéu (ng thuong rat dang ké va dwong nhuw khong tuong xing voi lvgng thém vao. Vi du vé cac
tac nhan hop kim micro bao gom: Nb, V, Ti, cac nguyén t6 dat hiem va Ca.

A major development in the area of line pipe has been the introduction of microalloyed steels; particularly, in
ERW pipe. Microalloying refers to the use of small amounts of alloying elements which produce an effect
generally very significant and seemingly out of proportion to the amount added. Examples of microalloying
agents include: Nb, V, Ti, rare earth elements and Ca.

Viéc’sff dung thép hc_yp,kim micro k‘ét hop v&i quy trinh x(& ly nhiét co dac biét tao ra cac Ioa_;i thép
cc} cau truc micro hat rat min, d bén va kha nér)g han vuwot trdi do dwong lwgng carbon thap. Sw
két hop d6 bén cao va dwong lwong carbon thap vwot tréi so voi thép carbon thong thuong voi
carbon va mangan la cac nguyén to hop kim chinh.

The use of microalloyed steels coupled with the special thermal mechanical processing results in steels with
very fined grained microstructures, exceptional toughness and weldability due to low carbon equivalent. The
high strength and low carbon equivalent combinations are superior to conventional carbon steels with carbon
and manganese as the major alloying elements.

Nguyén t6 hop kim micro chinh dwoc st dung trong 6ng dan ERW Ia Nb. C6 thé thém Ca dé
kiém soat hinh dang sulfide. V thwong 1a tac nhan hop kim micro chinh trong 6ng han khéng han.
Tiéu chudn API 5L dé&t ra cac kiém soat vé tbng lwong cac nguyén tb chinh thuéng dwoc st dung
trong 6ng dan thép hop kim micro.

The major microalloying element used in ERW line pipe is Nb. Ca addition may be made for sulfide shape
control. V is usually the major microalloying agent in seamless weld pipe. Specification APl 5L places
controls on the total amount of major elements typically used in microalloyed steel line pipe.

R4t c6 thé nhiéu ngudi st dung éng dan dang st dung thép hop kim micro ma khéng hé hay
biét.
It is very possible that many users of line pipes are using microalloyed steels and are unaware of this.

D14. Han / Welding

D4 c6 nhivng tham chiéu dén viéc han trong cac phan trwéc cla muc nay. Han 1a cwc ky quan
trong. Quy trinh han phai tao ra cac médi han khéng cé khuyét tat va cac vang anh huwéng nhiét moi
han phi hop véi céc tinh chat co hoc va dd bén cla dng dan dwoc nbi. Bidu quan trong 1a mic do
crng trong méi han va vang dnh hwéng nhiét méi han phai dwoc kiém soat dé tranh cac diém
ctng. Kim loai phu han, chivrng chi quy trinh han, chirng chi thg han, cac thir nghiém co hoc, cac
ky thuat luyén kim va cac k§ thuat NDT déu doéng vai trd trong viéc ddm bao rang dwdng 6ng ché
tao c6 d dd bén cho cac rng dung Hydro.

There have been references to welding in previous portions of this section. Welding is extremely critical. The
welding process should produce defect free welds and weld heat affected zones which match the mechanical
and toughness properties of the line pipe being joined. It is important that hardness levels in the weld and weld
heat affected zone be controlled to avoid hard spots. Weld filler metals, weld process qualification, weld
operator qualification, mechanical tests, metallographic techniques and NDT techniques all play a role in
ensuring that the fabricated pipeline has adequate toughness for hydrogen applications.

94



AIGA 034/15

Phu luc F: Vi du vé chwong trinh bao tri phong ngtra cho dwéng 6ng carbon
monoxide va syngas
Appendix F: Example of preventive maintenance programme for carbon monoxide and
syngas pipelines

Lwu y: Cac khoang thi gian hién thi chi la vi du va khéng phan anh thwe hanh bat budc hodc phd quat.
Note: Intervals shown are only examples and do not reflect required or universal practice.

a. Hé théng dwéng 6ng / Pipeline systems

Khoang thoi gian kiém tra
Checking interval

buong

éng ngam 1thang| 3thang | 6thang | 1ndm | 3ndm | 5nam Khi can thiét

Underground pipelines 1 Month | 3 Months 6 Months 1 Year 3 Year 5 Year When required

Tuan tra dwdng 6ng X
Pipeline patrol

Tuan tra dwong 6ng &
khu vyc trong yéu
Pipeline patrol in critical
areas

Hang
ngay
Daily

Kiém tra bao dwéng
di bd

On-foot servicing
inspection

Kiém tra 6ng ding va
ong boc dwong ong X
Pipeline risers and casing
inspection

Anh hwéng cua khai
thac mé (lun dat) X
Effect of mining
(subsidence)

DPuong

Above-ground pipelines

ong trén mat dat

Tuan tra va bao dwdng
dwdng Ong X
Pipeline patrol and
servicing

Cau ong - kiém tra va
son X
Pipe bridges- inspection
and painting

Gia do va neo X
Supports and anchorages

Kiém tra bén trong
duwong Ong X
Inner pipeline inspection

b. Bao vé cathodic / Cathodic protection

Khoang thoi gian kiém tra
Checking interval

1thang| 3thang | 6thang | 1nd&m | 3ndm | 5nam Khi can thiét
1 Month | 3 Months 6 Months 1 Year 3 Year 5 Year When required

Tram thoat nwéc X
Drainage stations

Tram dong dién cwdng
blrc X
Impressed current stations

Thiét bi bdo vé chdng
dong AC X
Protection devices against
AC
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bién thé DC ong/dat,
bat/tat

Pipe/ground DC potential,
on/off

bién thé va dong dién
AC oOng/dat
Pipe/ground AC potential
and current

Noi dat, anode,

Earths, anodes,

ket ndi, cau chi, khe
phéng dién
connections fuses, spark
gaps

Méi ndi cach dién
Insulating joints

Hiéu qua CP tong thé
Overall CP effectiveness

Phat hién 16i I&p phu &
khu virc nhay cdm
Coating defect detection in
sensitive areas

Kiém tra hé thong toan
dién

Comprehensive system
audit

c. Kiém tra cac tram / Checking of stations

Khoang thei gian kiém tra
Checking interval

1 thang
1 Month

3 thang
3 Months

6 thang
6 Months

1 nam 3 nam
1 Year 3 Year

5 nam
5 Year

Khi can thiét
When required

Do kin chung
General tightness

Hé théng vién thong
Telecommunication system

Ghi lai cac phép do may
do khi

Record measurements gas
detector

Van ngat khan cap
Emergency shut-off valve

Van, van diéu khién, v.v.
Valves, control valves, efc.

Vé sinh bd loc
Cleaning filter

Van an toan (néu co)
Safety valve (if any )

V& sinh va son lai duwdng
éng

Cleaning and repainting
piping

Hiéu chuén lwu lwong ké
Calibration flow meters

d. Heé théng quan ly an toan / Safety management system

Khoang thoi gian kiém tra
Checking interval

1 thang
1 Month

3 thang
3 Months

6 thang
6 Months

1 nam 3 nam
1 Year 3 Year

5 nam
5 Year

Khi can thiét
When required

bao tao nhan sw

Training of personnel

X
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Ké hoach (rng phd
khan cép - kiém tra va
cap nhat

Emergency response
plan- test and update

Kiém tra Hé thdng
Quan ly An toan

Audit Safety Management
System

Hé théng Phat hién Ro
i - kiém tra

Leak Detection System -
test

Théng tin cho co quan
chirc nang
Information to authorities
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Phu luc G: Tiéu chi thanh phan cho CO va Syngas
Appendix G: Composition criteria for CO and Syngas

e Tailiéu nay dic biét dé cap dén carbon monoxide va syngas nhw dwoc dinh nghia duéi day:
This document specifically refers to carbon monoxide and syngas as defined below:

= Trang thai: Khi
State : Gas

= Thanh phan (theo mol) :
Components (molar) :
o Nuwéc : nhd hon 20 PPM (diém swong @ 1 atmosphere = -55°C/-67°F)
Water : less than 20 PPM (dew point @ 1 atmosphere = -55°C/-67°F)
o Khitro va / hodc metan (khi tw nhién): phan con lai
Inerts and / or methane (natural gas): balance

o CO2:nhd hon 100 PPM
CO2 : less than 100 PPM

o H2va CO theo biéu db Phan loai hén hop H2 / CO Céac thanh phan khéac : khéong dang ké
H2 and CO per Classification of H2 / CO Mixtures diagram Other components : negligible

e Diéu quan trong can lvu y 1a dd &m la mot chat gay 6 nhiém nghiém trong trong ng canh nay va
tai liéu nay khéng nén dwoc st dung cho cac hdn hop ma sy ngwng tu dd &m c6 thé dw kién xay
ra.

It is important to note that moisture is a critical contaminant in this context and this document should not be
used for mixtures in which condensation of moisture may be expected to occur.

e Xem &n pham cuia EIGA/CGA/AIGA Puéng 6ng van chuyén hydro
See the EIGA/CGA/AIGA publication Hydrogen transportation pipelines
Phan loai Hon hop khi chira H2 va / hoac CO
Classification of Gas Mixtures Containing H2 and / or CO

100% —
90%
80%
70%

60%

H, H. SYNGAS

50%

40%
Hz tir 10% tré Ién va H2 tir 10% trér 1én
CO dwéi 200 PPM va CO trén 200 PPM
30% H, 10% or more and H2 10% or more and CO more than 200 PPM
CO less than 200 PPM

20%

10% .
Khéng dwoc dé cap trong H2 dwéi 10% va
tai liéu nay CO tir 200 PPM tré& Ién
Not covered i this document H2 less than 10% and CO 200 PPM or more

100
PPM PPM
coO

100%
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Phu luc J: Tiéu chi chap nhan xac suat
Appendix J: Probability acceptance criteria

C6 tham khao bai bao “Téng quan vé cac bién phap rdi ro dinh lwgng ddi véi tén that sinh mang
va thiét hai kinh t&”, cta S.N. Jonkman, P.H.A.J.M. van Gelder va J.K. Vrijling, xuét ban trén Tap
chi Vat lieu Nguy hiém (*Journal of Hazardous Materials*)

Reference is made to the article “An overview of quantitative risk measures for loss of life and economic
damage”, by S.N. Jonkman, P.H.A.J.M. van Gelder and J.K. Vrijling, published in the Journal of Hazardous
Materials

Vi du vé cac tiéu chi rai ro ap dung tai Ha Lan va Vwong quéc Anh
Examples of risk criteria applicable in the Nederlands and in the United Kingdom

e RUiro ca nhan dwoc dinh nghia la xac suat mot nguwdi & tai mot vi tri ngoai troi nhat dinh moi
lic bi thwong chi mang do bat ky sw kién bat thwong nao dnh hwdng dén dwong éng.
The individual risk is defined as the probability for a person remaining at a given open air location at all
times being fatally injured as a result of any abnormal event affecting the pipe.

e RUi ro xa hoi tinh dén sb nguoi tir vong, cé thé xay ra trong trweng hop sw kién bat thuong
anh huwdng dén dworng 6ng. Xac suét téi thiu yéu cau clha sy kién bat thwong gidm khi sd
ngwoi tlr vong tang Ién.

The societal risk takes into account the number of fatalities, which may occur in the case of an abnormal
event affecting the pipe. The required minimum probability of the abnormal event decreases with the

number of fatalities
RUi ro ca nhan (/n) Rui ro xa hoi (/n)
Individual Risk (/y) Societal Risk (/y)
Ca tif vong/nam )
Fatalities/year Khéng chap nhan dugc g
1 0.4“ l Not acceptable 10- ‘L‘. - Kh6ng Ché’p nha“n dugc
B A e ~ g~ Not acceptable
________________ 10€ ™«
108 Mg, s
o|m————fm————————— 108 =
1 D B F -~
P ~ 2 0 z n -
e [Chdnnhinddde 10 |ondp nngn auge
P Acceptable o
——— UK 1 10 100 1000 10000™
————— Flanders (Belgium) S6 ca tif vong (N)
Fatalities number (N)
Netherlands

Xac suét rdi ro doc tinh ciia CO str dung ham Probit
Probability of CO toxicity risk using Probit functions

e Mbt phwong trinh probit c6 thé dwoc st dung dé xac dinh xac suét t& vong do phoi nhiém
ddc hai. Phwong trinh probit la:
A probit equation can be used to determine the probability of fatality from a toxic exposure. The probit
equation is:

Probit = A + B In(C" t)

e Trong d6 A, B va n |a cac hé sb probit dac trung cho vat liéu tiv phoi nhiém déc hai trén dong
vat, C |a ndng dd vat liéu ddc hai tinh bang ppm va t 1a thdi gian phoi nhiém tinh bang phat.
Where A, B and n are material specific probit coefficients from toxic exposures to animals, C is the
concentration of the toxic material in ppm and t is the exposure time in minutes.

e Xac suét tir vong dwoc cho bdi ham phan phdi chuén. Probit 2.67 twong (rng véi 1% kha
nang tlr vong. Probit 5 twong (ng véi xap xi 50% kha nang t& vong. Probit 8 dwoc gia dinh
¢6 nghia la 100% kha nang t&r vong.

The probability of fatality is given by a normal distribution function. A probit of 2.67 corresponds to a 1%
chance of fatality. A probit of 5 corresponds to approximately 50% chance of fatality. A probit of 8 is
assumed to mean 100% chance of fatality.

e Chuong trinh md hinh héa hau qua c6 sén trén thj trudng, PHAST, cung cip theo mac dinh

cac hé sé probit cho cacbon monoxit.
The commercially available consequence modelling programme, PHAST, provides by default the probit
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coefficients for carbon monoxide.

A B n
PHAST -37.98 3.7 1

Céc gia tri probit duwgc so sanh véi tac dong du kién (tham khao 4.2.2) cia néng dd va thoi
gian phoi nhiém duoc liét ké & trén. Sw so sanh nay dwoc tém tat dudi day.

The probit values were compared with the expected impact (referring to 4.2.2) of the exposure
concentration and duration listed above. This comparison is summarized below.

. Thoi gian TV 16 tor
cNongdo | phoi nhiem Mo ta anh huéng trong tai liéu EIGA PHAST | vong (%)
oncentration (phat) D .
, Effects description in EIGA document probit |Percentage of|
(ppm) Exposure time tatalities
(min) _ _
Pau dau, budn nén, ng() doc va tlr vong trong
trwo'ng hop phoi nhiém kéo dai (hon 30 phat) o
1500 30 Headache, nausea, poisoning and fatal in case of 1.66 <1%
prolonged exposure (more than 30 minutes)
2 500 60 Suy Is?up'nhanh, t&r vong ’Frong mot hoac hai gio 6.12 87 %
apid collapse, death in one or two hours
Ng6 déc nang, tlr vong trong vong chwa day mét
5000 30 gio 6.12 87 %
Massive poisoning, death in less than one hour
1% tor vong
7000 10 1% fatalitios 3.30 4.5 %
T& vong trong 10 dén 15 phat o
10 000 10 Death in 10 to 15 minutes 4.62 35%
50 000 2 N6 doc tic tha, tik vong ngay I3p ttke 462 35 %
nstantaneous poisoning, immediately fatal

DPéi v&i phoi nhiém 7000 ppm trong 10 phut, probit cao hon mirc t&r vong 1% (téc & probit
2.67) dwoc liét ké trong bang trén nhw mé ta vé tac déng ctia phoi nhiém do.

For the 7000 ppm exposure for 10 minutes, the probit is above the 1% fatality (i.e. probit of 2.67) listed
in table above as a description of the impact of such an exposure.

Céac md ta con lai dwoc liét ké trong bang trén dwong nhw phu hop tét véi xac suét tir vong
dwoc dw doan bdi probit. Probit cho cac phoi nhiém nay 1a khoang 5 (tirc 1a 50% kha nang tir
vong cho phoi nhiém do).

The rest of the descriptions listed in the above table appear to agree well with the probability of fatalities
predicted by the probit. The probit for the exposures are around 5 (i.e. 50% chance of fatality for such
an exposure).

Mac du khdng cé sw déng thuén chung vé cac gia tri probit nén dwoc st dung cho cac tinh

toan nay, probit c6 thé cung cap hiéu biét tét hon vé tac dong ctia néng dé va/hodc thoi gian

khéng dwoc liét ké trong bang va tac dong cla phoi nhiém véi néng d6 CO thay dbi theo thoi
ian.

,%\Ithough there is not universal consensus on the probit values that should be used for these

calculations, probits can provide a better understanding of the impact of concentrations and/or durations

that are not listed in the table and the impact of exposure to time-varying concentrations of CO.
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