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Tom tat

Dutng dng dan khi Bach H - Dinh (6 (16", dai 116,5km) dugc dua vao van hanh tif ndm 1995 dé van chuyén khi dong hanh tir gian

nén khi trung tam (CCP) md Bach H6 dén Nha may x( Iy khi Dinh (6.

Khi san lugng khi ctia md Bach Ho suy giam, Lién doanh Viét - Nga “Vietsovpetro” va Tong cong ty Khi Viét Nam - CTCP (PV GAS) da
xem xét kha nang st dung dudng dng dan khi nay dé van chuyén khi tir mo Dai Hung, Thién Ung, Cé Ché - Gau Chida va Dai Nquyét ¢ bé
Nam C6n Son vé ba. Do d, tudi tho ctia duong 6ng dan khi Bach HG - Dinh (6 can dugc dam bao dén ndm 2025 dé dap (ng yéu cau tiép

nhéan va van chuyén cac nguon khi mdi.

Bai bao danh gid hién trang dn mon cla hé thong dung dng dan khi Bach Ho - Dinh (6 trén co s cac thong so thiét ké, van hanh,
két qua cap nhat sau khdo sat, bao dutng stia chifa, danh gia cac anh huéng dén an toan van hanh cta hé thong duong ong khi ti€p nhan
khi tir mé Thién Ung, Dai Huing véi thanh phan (0, cao hon va dé xudt cac gidi phép chdng & mon cu thé.

Tit khéa: Duting 6ng dan khi, an mon, C0,, Bach H6 - Dinh (4.

1. Giéi thiéu

Céac dang dn mon phé bién déi véi dusdng 6ng dan khi
gém: an mon déu, an mon cuc bd (@n mon pitting, an mon
khe, an mon mesa, an mon vung han), ndt do tac dong
moi trudng va pha hdy do dong chdy [1, 2].

Nhiéu tac nhan héa hoc khac nhau trong dudng éng
c6 thé anh huéng dén qué trinh dn mon bén trong hé
thong. Su pha hdy an mon déi vai tiing tac nhan sé thay
déi theo diéu kién van hanh va méi trudng vat ly. C6 4 tac
nhéan chinh: CO,, H,S, O,, hoat dong trao d6i chat cua vi
khuan. D& tac nhan nay cé thé gay dn mon, bt budc phai
c6 nudc [1, 2.

Cac co ché pha hay: Co ché an mon (an mon Galvanic,
an mon do chénh léch néng d6), co ché nut do tac dong
moi trudng (pha hay do hydro, nit an mon (ng suat, gion
do kim loai 16ng), co ché pha hiy do dong chdy (x6i mon,
va cham, an mon x6i mon, tao bot khi) [3].

Ngay nhdn bai: 27/8/2018. Ngdy phdn bién ddnh gid va stia chita: 27/8 - 19/9/2018.
Ngay bai bdo dugc duyét ddng: 5/4/2019.
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2. Hién trang an mon duéng 6ng dan khi ctia PV GAS
va Vietsovpetro trén co s& dii liéu van hanh dén thai
diém hién tai

Trén co s& cac thong s6 van hanh, khi cé nudc, co ché
an mon cha yéu déi v6i dudng 8ng dan khi Bach HG - Dinh
C6 laan mon do CO, [4]. Kha nang xay ra va co ché an mon
dugc dua ra trong Bang 1:

- Cokha nang: Co ché nay khi chua ap dung cac bién
phap gidm thiéu an mon cé kha niang pha hay tinh toan
ven cla thiét bi/dudng 6ng theo thiét ké. Cac bién phap
phong nglia can dugc ap dung dé kiém soat méi nguy.

- Khéng c6 kha nang: Ca ché nay du bao sé khong cé
anh hudng dang ké dén tinh toan ven cua thiét bi/dudng
6ng theo thiét ké. Khong can st dung céc bién phép giam
thi€u &n mon.

Mdi ca ché “Co kha nang” sé can st dung céac bién
phap gidm thi€éu &n mon. Nguy co xdy ra nhiing co ché
nay sau khi dugc ap dung cac bién phap gidm thiéu an
mon duagc chia thanh 3 muc d6:

- Cao: Du st dung cac bién phap nhung kha nang
xay ra rat cao, can tang cudng kiém tra, theo déi, bao
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dudng dé kiém soat nguy ca, c6 thé phai thay ddi thiét ké/
vat liéu néu can.

- Trung binh: C6 thé kiém soat st dung cac phuang
phéap céng nghiép da dugc cong bd; ki€ém tra, theo déi,
bdo dudng & muc do thong thudng.

- Thap: Chi can kiém tra, theo déi va béo dudng &
muic d6 téi thiéu.

Dua trén danh gia co ché pha hdy va nguy ca doi vai
dudng éng dan khi, c6 thé két luan ca ché dn mon chinh
la do CO,.

3.Pénh gia téc dd dn mon dudng éng dan khi Bach H
- Dinh Cé bang phuong phap mé phéng thuc nghiém
va ly thuyét

Cac phan mém mo phong thudng dugc thiét lap ché
dd an toan khi dua ra két qua téc d6 an mon du doan va
trong nhiéu trudng hgp miic dé dn mon cao hon thuc té
rat nhiéu. Mot s6 phan mém lai gia st dudng 6ng c6 su
bédo vé ti I16p dau hodc sdn phdm &n mon va dua ra muc
dd an mon thap hon so vdi thuc té [5 - 8].

Theo tiéu chuén ctia Canada, bat ky khi c6 nhiét do
diém sucng dudi nhiét d6 van hanh sé dugc coi la khéng
c6 tinh &n mon. Khi chda H,S va CO, c6 nhiét do diém
suong dudi nhiét do van hanh do kh nuéc hoac st dung
chét Uc ché, ciing dugc coi la khéng ¢6 tinh an mon [9].
Nhiét d6 diém suang cda khi trong dudng ng dugc duy
tri 8 muc 5°C & ap suat van hanh, thap hon rat nhiéu so véi
nhiét d6 van hanh (khoang 30°C).

S6 liéu trong giai doan 2010 - 2017 dugc Trung tam
Nghién ctiu Ung dung va Dich vu Ky thuat (DMC RT) st
dung la két qua thuc té, trong khi dé WebCorr va DNV
st dung két qua du bao tir phan mém Hysis. Ngoai ra,
WebCorr khéng tinh dén tham sé ham lugng acid acetic/
acetate va ham lugng bicarbonate, 2 yéu t6 quan trong
anh huéng dén téc dd an mon. Trong khi dé, DNV ¢6 tinh
dén cac tham sé nay nhung b6 dir liéu thiéu chac chén (2
bé di liéu léch nhau tuong déi l6n).

Thuc nghiém bdng phucong phap do dién hoa va

phuang phép t6n hao khéi lugng, t6¢c d6 &n mon khi ham
lugng CO, trong khi tang 1én khodng 3% mol & diéu kién

Bding 1. Tém tdt cdc co ché phd hdy va nquy co xdy ra

Coché Nguy co

Nguy co sau ap dung bién phap
giam thiéu an mon

An mon oxy
An mon vi khuan
Gion thay ngan long
An mon x6i mon

Khong cé kha ndang
Khéng ¢6 kha nang
Khéng c6 kha nang
Khéng c6 kha nang

Khéng ¢6 kha nang
Khéng ¢6 kha nang
Khéng c6 kha nang
Khéng c6 kha nang

H>S (do MIC) Khong c6 kha nang Khéng c6 kha nang
H>S (nudc chua) C6 kha ndng Thap
Can Khéng ¢6 kha nang Khéng ¢6 kha nang
Clo hoa tan Khéng c6 kha nang Khoéng c6 kha nang
An mon CO; C6 kha nang Trung binh
An mon ving han C6 kha nang Thap
Gion nhiét do thap Khéng c6 kha ndng Khéng ¢6 kha nang
An mon dudi I6p cin C6 khé nang Thap
Acid hltu co C6 kha nang Khéng c6 kha nang
An mon dinh 6ng C6 kha nang Thap
Bding 2. So sdnh tdc dg an mon tir cdc phdn mém vdi s6 liéu coupon/ddu do
Pon vi o Téc dd an mon (mm/nam)
ia Phan mém :
thuc hién 2010 2011 2012 2013 2014 2015 2016 2017
ECE5.4 0 0 0 0 0,01 0,01 0,04 0,08
DMCRT M-506 - - - 0,19 0,31 0,3 0,57 0,69
DNV EC'E 4 - - - - - 0,46 0,58 0,8
Predict 6.1 - - - - - 0,045 0,0005 0,0005
ECE 5.1 - - - - - 0,3 0,41 0,62
Predict 6.1 - - - - - 0,66 0,81 1,1
WebCorr M-506 - - : - : 0,42 0,62 0,99
DWM - - - - - 0,42 0,53 0,72
Probe NA NA 0,00035 0,00155 0,00195 0,0003 0,0001 0,00025
Coupon 0,002 0,0015 0,0025 0,00231 0,00068 0,00035 0,00055 0,00013
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mo phéng khac nghiét hon thuc té (dung dich NaCl 0,1%,
1.000ppm acid acetic) d muc 0,86mm/nam (phuang phap
dién hoéa) va mic 0,66mm/ndm (phuong phéap tén hao
khéi lugng). Néu st dung chat tic ché c6 hiéu qua bao vé
trén 90% va dam bao cac yéu té vé dé tuang thich va do
bén, téc d6 an mon sé giam vé muc dudi 0,086mm/nam
va 0,066mm/nam tuang ting, chiéu day an mon du trit can
0,59mm dén 0,77mm.

Theo tiéu chudn ctia NACE, néu khéng c6 nudc, Co,
la chat khong an mon [1]. Trén thuc t€, ham lugng nudc
trong dudng 6ng Bach H8 - Dinh C6 rat thap, t6c d6 &n
mon cham, diéu nay dugc phan anh qua két qua khao sat
bang dau do va coupon.

Tuy nhién, theo ghi nhan va thong tin ti PV GAS,
trong qua trinh van hanh, dudng éng dan khi Bach H8 -
Dinh C6 gap phai cac van dé lién quan dén an mon tai mot
6 vi tri va da phai stia chita. D€ kiém soat van dé nay, can
nghién ctu va khao sét diéu kién dia hinh tuyén ng bién,
tUr do tinh toan dugc goc téi han clia d6 nghiéng cho tiing
doan éng, tinh toan vi tri c6 nguy co dong nudc va dua ra
bién phap xtt ly phu hgp. Phéong thoi dinh ky cling la bién
phap dé kiém soat cac bat thudng nay [1, 51.

4. Panh gia hiéu qua cia héa phdm chéng an mén
dang st dung tai duéng 6ng dan khi Bach Hé - Dinh C8
va dé xuat cac giai phap chéng an mon hiéu qua

Nhom tac gia st dung phuong phap dat mau coupon
(Wheel test) va phuong phap do dién tr& phan cuc trong
diéu kién suc khi (LPR bubble test) [3, 10 - 12].

Cac héa phdm chdng an mon dugc danh gia gom 1
mau héa phdm dang st dung (chat Gc ché A) va 2 mau

hoa phdm thuong mai khac (chat tic ché B va Q).

Chat tc ché A: BAKER PETROLITE CR080143.

Chat uc ché B: CORRTREAT 5745.
- Chatucché C:HB C18102.

Két qua do dién hoa tai cac néng do khao sat va so
sanh kha nang bao vé cla 3 chat tc ché & moi néng do
cho thay:

+ D& vai chat Uc ché A: Pat hiéu qua bédo vé 90% tur
nong dé 100ppm.

+ D& vai chat e ché B: Pat hiéu qua bao vé 90% tur
néng d6 150ppm.
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Nong d6 (ppm)
B Chst uc ché A B Chit dcché B T chst dcché €
Hinh 1. So sdnh hiéu qud bdo vé cdc chdt tic ché
Bding 3. So sdnh higu qud bdo vé
Néna dé Hiéu qua bao vé (%)
ong dd , . . . oy o o
9 Chat tic ché A Chét iic ché B Chét ic ché €
10ppm 83,98 80,58 89,96
30ppm 85,10 81,89 90,92
50ppm 87,45 84,55 91,17
100ppm 90,12 88,69 91,73
150ppm 90,32 90,04 91,82

64  DAUKHi- SO 4/2019



PETROVIETNAM

+ DGi vai chat e ché C: Pat hiéu qua bao vé 90%
tir ndbng dod 30ppm va dat hiéu qua téi uu & ndng do tu
100ppm.

Trong 3 chat tic ché A, B, C thi chat tic ché C cho hiéu
qua bao vé cao nhat dat trén 90% tai hau hét cac néng do
khao sat.

- Tach nudc (kiém soat diém suaong) két hap st dung
chat tic ché an mon phu hgp la bién phap chi yéu dugc sur
dung trén thé gigi [1].

+ Ngay ca trong diéu kién ap suat riéng phan CO, cao
(7 - 8 bar), nhiét do cao (93 - 130°C) va t6c dé dong 16n
(25m/s), chat tic ché an mon van dat hiéu qua bao vé cao
[10].

+ O nhiét d6 lén t&i 150°C, &p suét CO, lén t6i 10 bar,
ap suat H,S lén téi 10 bar, téc d6 dong trén 20m/s, dudng
6ng thép carbon van hoat dong tét bang viéc st dung
chat tic ché &n mon [5].

- Tach CO, va két hop st dung chét tc ché &n mon
phu hgp cling la mét giai phap. Tuy nhién, chi phi cho viéc
ldp dat hé thong tach CO, kha cao, can can nhéc yéu t6
kinh té€ khi quyét dinh st dung giai phép nay [13].

- Giai phap khac: Biéu chinh pH (The pH stabilisation
technique): ting pH sé tang su hinh thanh sdn pham an
mon c6 tinh bao vé trén bé mat kim loai (FeCO,) [13, 14].

Dé xuat yéu cau vé dac tinh ky thuat cda khi giao vao
dudng 6ng Bach H6 - Dinh C6 nhdm dam béo an toan
van hanh: Han ché t6i thiéu ham lugng cac khi &n mon
trong thanh phan khi giao vao dudng éng Bach Hé - Dinh
C6. Theo két qua thuc nghiém bang phuong phap trong
phong thi nghiém, té6c d6 an mon khi ham lugng CO,
tang lén khoang 3% mol & diéu kién moé phong phong thi
nghiém dat muc 0,86mm/nam (phuong phap dién hoéa)
va muc 0,66 mm/nam (phucng phap tén hao khdi lugng).
Néu st dung chét Uc ché co hiéu qua bao vé trén 90% va
dam bao cac yéu t6 vé do tuang thich va dé bén, téc do
an mon sé giam vé muc dudi 0,086 mm/nam va 0,066
mm/nam tuong Ung, chiéu day an mon du trit can 0,59 -
0,77mm. Theo thiét k&, chiéu day an mon du trit la Tmm,
trong khi nhiing nam trudc do, téc dd an mon khéng
déng ké, theo ly thuyét thanh phan khi giao nhu vay hoan
toan dap Ung yéu cau van hanh an toan. Tuy nhién, dé
kiém ching cdc mo6 hinh mé phong, cac thir nghiém hién
truang (field test) la yéu cau bat budc trudce khi ap dung
thuc té bai thir nghiém hién trudng sé moé phong dugc
day d0 hon cac yéu té trong thuc té.

5. Két luan

Két qua danh gia co ché pha hay va nguy co déi vai
dudng 6ng dan khi Bach HS - Dinh C6 cho thay co ché an
mon chinh la do CO,. V&i ham lugng CO, dugc duy tri &
muc thap (dudi 1% mol), an mon CO, dang dugc khéng
ché& bang viéc bam chat tc ché€ an mon. Trong thuc té van
hanh, cac vi tri an mon xuat hién bat thudng trén dudng
6ng, vi vay can thudng xuyén theo déi an mon bang viéc
phong thoi dinh ky va st dung phan mém mé phéng, xac
dinh céc vi c6 nguy ¢ an mon cao.

Két qua mo6 phong bang cac phan mém mo phong
vdi két qua thuc té tir coupon, dau do, phan mém Predict
6.1 cho két qua phu hgp nhat.

Két qua thir nghiém bang phucng phap dién héa va
th nghiém bang phuong phép tn hao khéi lugng tuong
doi phi hgp so véi cac két qua téc dd dan mon tir coupon,
dau do va phan mém Predict 6.1.

Trén co s6 do, nhom tac gia dé xuat moét s6 giai phap
chdng an mon: tach nudc két hgp st dung chat tic ché an
mon phu hgp; tach CO, két hgp st dung chét Uc ché &n
mon phi hgp; st dung phan mém Predict 6.1.

Tai liéu tham khao

1. NACE International. Control of internal corrosion in
steel pipelines & piping systems. NACE SP0106-2018-SG.

2. NACE International. Internal corrosion for pipelines
- Advanced. www.nace.org.

3. S.Papavinasam, R.W.Revie, M.Attard, A.Demoz,
K.Michaelian. Comparison of laboratory methodologies
to evaluate corrosion inhibitors for oil and gas pipelines.
Corrosion. 2003; 59(10): p.897 - 912.

4. Internal corrosion study for PL-16A gas pipeline, DNV
GL. Report No.: 2014/474/008, Rev. 3.

5. Sergio D.Kapusta, Bernardus F.M.Pots, R.A.Connell.
Corrosion management of wet gas pipelines. Corrosion. 25-
30 April, 1999.

6. Rolf Nyborg. CO, corrosion models for oil and gas
production systems. Corrosion. 14 - 18 March, 2010.

7. Seyed Mohammad Kazem Hosseini. Avoiding
common pitfalls in CO, corrosion rate assessment for
upstream hydrocarbon industries. The 16" Nordic Corrosion
Congress, Stavanger Norway. 20 - 22 May, 2015.

8. Vishal V.Lagad, Sridhar Srinivasan, Rusell D.Kane.
Facilitating internal corrosion direct assessment using

DAV KHi - SO 4/2019 65



CONG NGHE - CONG TRINH DAU i

advanced flow and corrosion prediction models. Corrosion.
16 - 20 March, 2008.

9. Standards Council of Canadian. Oil & gas pipeline
systems. CAN/CSA-Z662-11.

10. Michael Swidzinski, Bob Fu, Audrey Taggart,
W.Paul Jepson. Corrosion inhibitor of wet gas pipelines
under high gas and liquid velocities. Corrosion. 2000.

11. S.Papavinasam. Evaluation and selection of
corrosion inhibitors. Materials Technology Laboratory,
Ottawa, Canada.

12. ASTM International. Standard practice for

preparing, cleaning, and evaluating corrosion test specimens.
ASTM G1.

13. Sridhar Srinivasan, Vishal Lagad. ICDA: A
quantitative framework to prevent corrosion failures and
protect pipelines. Corrosion. 12 - 16 March, 2006.

14. NACE International. Internal corrosion direct
assessment methodology for pipelines carrying normally dry
natural gas (DG-ICDA). 2016.

15. WebCorr. Prediction of corrosion growth rate for
16" Bach Ho - Dinh Co pipeline from 2015 to 2025. CSM-
15606.

CORROWSION ASSESSMENT OF BACH HO - DINH CO GAS
TRANSMISSION PIPELINE AND SOLUTIONS FOR CORROSION CONTROL

Phan Cong Thanh, Truong Quang Truong, Tran Mai Khoi
Petrovietnam Drilling Mud Corporation (DMC)
Email: truongtg@pvdmc.com.vn

Summary

Bach Ho - Dinh Co gas transmission pipeline (16”and 116.5km long) was put into operation in 1995 to transport associated gas from
the Central Compression Platform (CPP) in Bach Ho field to Dinh Co Gas Processing Plant.

As gas output from Bach Ho field decreases, Vietsovpetro and Petrovietnam Gas Joint Stock Corporation (PVGAS) have considered
the possibility of using this pipeline to transport gas from Dai Hung, Thien Ung, Ca Cho, Gau Chua and Dai Nquyet fields in the Nam Con
Son basin to shore. The service life of Bach Ho-Dinh Co gas transmission pipeline therefore needs to be guaranteed until 2025 to meet the

requirements for receiving and transporting new gas sources.

This article assesses the corrosive status of Bach Ho - Dinh Co gas pipeline system based on the design and operation parameters,
updated results after survey, maintenance and repair. It also assesses the operational safety of the pipeline system when receiving gas
with higher (0, content from Thien Ung and Dai Hung fields and proposes anti-corrosion solutions.

Key words: Gas pipeline, corrosion, C0,, Bach Ho - Dinh Co.
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