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Tom tat

Dé quan Iy su toan ven dudng 6ng ngam, cac cong ty dau khi thuang dinh ky phong thoi thong minh - giai phap von rét ton kém va
rli ro, dac biét néu duing thiét bi nhan thoi ngdm. Cong ty Diéu hanh Dau khi Bién Dong (BIENDONG POC) da trién khai cac nghién ctiu mo
phdng két hop thuc nghiém va kiém dinh trén co 56 rdi ro (RBI). Gidi phap nay da gitip BIENDONG POC quén Iy t6t hon rdi ro van hanh va
ting ctiu khan cdp dudng 6ng, qua do xac dinh thai gian yéu cau phong thoi thong minh la 10 nam sau khi bat dau van hanh, thay vi dinh
ky 5 nam nhu trudc day, gidp gidm thiéu rdi ro va tiét kiém dang ké thai gian va chi phi vén hanh.

Tut khéa: Danh gia dn mon, kiém tra dutng 6ng trén ca 56 rii ro (RBI), md phdng dudng 6ng, phdng thoi thong minh, t6i uu chi phi.

1. Giéi thiéu

Céac dudng 6ng ngam thudng dugc dat dudi day bién
cé nguy co an mon cao do tiép xdc véi mébi trudng nudc
bién (bén ngoai dudng 6ng) va CO,, H.,S, acid hoac oxy
hoa tan... (bén trong dudng éng).

DPé bao vé chdng dan mon bén ngoai dudng 6ng ngam,
I6p boc pht két hop vai bao vé cathode str dung anode hy
sinh la giai phap hiru hiéu. Khi thiét ké hgp ly, chat lugng
anode hy sinh d@m bao yéu cau, tiép xdc dién gilta anode
va cong trinh tét/anode khong bi rai rung thi dudng 6ng
dugc dam bao an toan khéng bi an mon bén ngoai.

DaEi v6i qua trinh an mon bén trong, t6c d6 an mon
phu thudc vao diéu kién van hanh (nhiét do, ap suat), ham
lugng tap chat gdy an mon trong dong luu chat... Viéc
kiém tra, kiém soat téc dé an mon bén trong nham du béo
cac nguy ¢ hu hong, ddm bao tinh toan ven cho dudng
6ng gap nhiéu kho khan, doi hoi chi phi rat 16n do dudng
6ng dat sau dudi day bién va kho ti€p can, bén ngoai dugc
boc va phu rat day.

DPé kiém tra hu hdng bén trong dudng 6ng ngam, giai
phap phong thoi thong minh cho phép xac dinh chiéu
day con lai cila dudng 6ng, nhan dién cac khuyét tat, hu
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héng, mat kim loai (néu c6) déng thoi lam sach cac bui
ban, tap chat, can va sadn phdm an mon... bam trén bé
mat bén trong dudng 6ng. Tuy nhién, chi phi phong thoi
rat 16n va tiém &n céc rii ro néu xay ra su c6, dac biét déi
vGi cac dudng 6ng st dung thiét bi nhan thoi ngam.

Trong thuc té va theo cac quy chudn trong nudc, tan
suat kiém tra dudng 6ng bién c6 thé dugc tién hanh dinh
ky trén co sa thaoi gian hoat dong (time based inspection)
hodc trén co s& danh gia rdi ro ctia dudng 6ng (risk based
inspection - RBI) [1]. Cach quan ly tinh toan ven clia dudng
6ng ngadm béng cach kiém tra dinh ky trén ca sé thdi gian
van hanh, yéu cau kiém tra vdi tan sudt it nhat 1a 5 nam/
1an. Viéc kiém tra dinh ky theo thsi gian tiém &n cac rdi
ro déi véi cac vi tri, dudng 6ng cb nguy co an mon cao
déng thai tén kém doi véi cac dudng 6ng nguy ¢ dn mon
thap. Do d6, cac céng ty dau khi uu tién ap dung quan
ly tinh toan ven ctda dudng 6ng trén co s& RBI, trong d6
tap trung kiém tra véi tan suat cao ddi véi cac dudng éng
ngam tiém an rdi ro cao va gian tan suat kiém tra déi véi
cac dudng 6ng rui ro thap, cho phép t6i uu héa chi phi
phong thoi théng minh ma van dam bao su toan ven cho
cac dudng 6ng ngam.

Pudng éng xuat khi thuong phdm cla BIENDONG
POC c¢6 duong kinh 20 dai 44km két néi giltta gian Hai
Thach va dudng 6ng Nam Cén Son. Busng 6ng dugc
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ché tao bang thép carbon, thiét ké nham van chuyén
khi khé véi tudi tho 25 ndm va muc dd &n mon cho phép
(corrosion allowance) Tmm cho toan bo tudi ddi du an.
Trudc khi van hanh, dudng 6ng da dugc phéng thoi dé
déy lugng nudc suc rira dudng 6ng ra ngoai va sau doé s
dung monoethylene glycol (MEG) dé hdp thu lugng nudGc
tén du. Sau d6, dudng 8ng st dung khi khé thuong pham
lay tir dudng 6ng chinh Nam Con San chay ngugc vé gian
dé phuc vu cdng tac chay thi gian.

Sau 6 ngay chay th{ gian, nhiét do diém suong nudc
(water dew point) trong dudng 6ng (do & dau gian Hai
Thach) 6n dinh trong khodng -26°C dén -30°C, xap xi bang
nhiét d6 diém sucng nudc tai cac dau vao va dau ra cla
khi thuong phdm (khi khé) trong hé thong dudng éng
Nam Coén Son, chiing t6 khéng tén tai nudc dudi dang
I6ng (free water) trong dudng 6ng, do d6 téc dd an mon
duoc du doan gan nhu khong dang ké. BE€ danh gia rti ro
vé an mon trong trudng hgp xau nhat (gan nhu phi thuc
té), dua trén gia dinh tén tai moét lugng nudc sét lai trong
dudng 6ng, dugc hap thu trong MEG sau qua trinh chay
thti, cac nghién ctu vé phan bé MEG, nuéc trong dudng
6ng két hgp véi cac danh gia an mon da dugc thuc hién.

Nghién clitu da thuc hién mé phong bang phan mém
OLGA két hgp vdi tinh toan va thuc nghiém dé xac dinh
phan doan c6é kha ndng an mon cao nhat. Cac két qua
thu dugc lam co s& dénh gia RBI cho dudng 6ng xuat khi
thuong pham ctia BIENDONG POC nham gian thai gian
kiém tra dudng 8ng ngam, cho phép t8i uu héa chi phi
phdng thoi, gidm thiéu rti ro ma van dam béo hé théng
van hanh an toan va hiéu qua, mang lai lgi ich vé kinh té&
va ky thuat.

2. Phuong phap nghién cttu, danh gia

2.1. Qudn ly tinh toan ven dudng éng ngam trén co sé
ddnh gid riiro

Trong quan ly tinh toan ven clia cong trinh trén co
s& danh gia rdi ro, muc @6 rai ro 1a ma tran t6 hop cla
xac suat hu hdng va hau qua ctia hu hdng néu xay ra. Viéc
phan loai muc do rdi ro tir thap dén cao cho phép quyét
dinh tan suat kiém tra dudng 6ng va cac phucong phap
kiém tra tuong (ng. Viéc danh gia rdi ro dugc tién hanh
theo cac budc sau [2]:

Budc 1: Phan chia dudng 6ng thanh cac phan dudng
8ng c6 muc rui ro tuong déng dé danh gia.

Budc 2: Panh gia xac suat hu hong cla cac phan
dudng 6ng. Cac nguy co hu hong dugc chia ra thanh
nhom dé danh gia gém:
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- Nhom nguy co hu hong do 16i thiét k&, ché tao, lap
dat, chay thu;

- Nhém nguy cc hu hong do an mon: an mon bén
trong, an mon bén ngoai, bao mon/x6i mon;

- Nhém nguy co hu hdng do bén thi 3: va cham, tau
bé, kéo tha neo, vat nang raoi rét, cac hoat dong thi cong
l3p dat va cac hoat ddng hang hai khac;

- Nhém nguy ca hu héng do két cau: nhip hang, co
gian nhiét, mat 6n dinh déy bién, qua tai tinh, mdi co hoc,
oan (buckling);

- Nhém nguy co huhong do tu nhién: bao, dong dat,
sut lan, sdm sét;

- Nhém nguy co hu hong do 16i van hanh.

Budc 3: Phan tich va danh gia hau qua hu héng cua
cac phan dudng 6ng theo 3 khia canh: an toan (tinh dén
hau qua theo su hién dién ctia con ngudi tai phan dudng
6ng), moi trudng va kinh té (tinh hau qua theo kich c&
dudng 6ng).

Budc 4: Phan tich va danh gia rdi ro cla cac phan
doan, rdi ro dugc cdu thanh tur xac suat va hau qua hu
héng dugc danh gia & budc 2 va 3.

Budc 5: Pua ra chuong trinh kiém dinh bao gém thai
gian va phuong phap kiém dinh cho cac phan doan va ca
dudng 6ng. Chuaong trinh kiém dinh dugc xac dinh dua
vao muc d6 rui ro cla tiing phan doan 6ng nhu danh gia
G budc 4.

2.2. Nghién ctru mé phéng va thuc nghiém phuc vu danh
gid rii ro dudng éng

Pudng 6ng xuat khi thuong pham dugc ché tao
bang thép carbon, dugc si dung dé van chuyén khi
thuong phdm c6 néng dé CO, tif 4 - 6%. Thong thuong,
néu khéng c6 nudc, qua trinh dn mon sé khéng xay ra.
Tuy nhién néu ton tai lugng &m trong dong méi chat khi,
qua trinh dn mon sé dién ra theo co ché& an mon dién
héa. Qua trinh an mon dién hoéa trong CO, la qua trinh
an mon cuc bé, day la nguy ca cao nhat gay ra hu héng
bén trong dudng 6ng.

Trén thuc té, chi sau 6 ngay dua vao van hanh, két
qud do nhiét do diém suang cla khi trong dudng 6ng
da tuong déi 6n dinh va dao ddng trong khoadng -26 dén
-30°C, xap xi vdi nhiét do diém suong cta khi dau vao va
dau ra cta hé théng dudng 6ng Nam Cén Son. biéu dé
cho phép du bao lugng nudc dang 16ng (free water) gan
nhu khéng ton tai trong dudng 6ng ctia BIEENDONG POC.
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Tuy nhién, dé danh gia rdi ro vé an mon bén trong
dudng 6ng, mot nghién ciiu moé phéng bang phan mém
OLGA cho phép tinh toan phan bé lugng léng ton du
trong dudng 6ng da duoc thuc hién.

Trén co sé két qua tinh toan phan bé lugng long, cac
danh gia mo6 phéng bang phan mém Corrosion Predict 5.0
va nghién cttu mo6 phong thuc nghiém trong Phong thi
nghiém s dung dién cuc dia quay (RCE) trén hé thiét bi
dién hoa Parstat 2273 va thi nghiém dn mon trong thiét
bi nhiét do cao, ap suat cao Autoclave da dugc ti€n hanh
tai Vién Dau khi Viét Nam (VPI) dé xac dinh t6c d6 va muc
dd an mon kim loai. Cadc dénh gid va thi nghiém an mon
dugc tién hanh trong diéu kién mé phong véi nhiét do
dao ddng tu 45°C (tuong Ung vdi nhiét d6 khi vao dudng

ACCLIGHR [m1] (B0 POC SORFH_QRICIAL PIRLICRTTRILIE & 00T ™ woluma
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6ng) giam tGi nhiét do 28°C (tuong Ung véi nhiét do khi
ra khdi dudng éng), tuong Ung vai ap sudt téng 140bar
xudng 120bar va néng d6 CO, la 4%.

3. Két qua va thao luan

3.1.Két qud nghién ciru mé phéng bdang phdn mém OLGA
Trén co sG cac thong sé thuc té ctia dudng éng trudc

va trong qua trinh van hanh, phan mém OLGA cho phép

mo phong lai su phan bé clia lugng 1dng va thanh phan

nudc 16ng trong dudng 6ng tai cac thai diém khac nhau.
Hinh 1 biéu dién két qua phan bé luong 16ng trong

dudng 6ng sau khi phéng thoi va Hinh 2 biéu dién két qua
phan bé ham lugng nudc sau 1 thang dudng éng van hanh.
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Cac két qua md phong thu dugc cho thay, tai thoi
diém phong thoi, mét lugng I6n chét 16ng da dugc day
ra khoi dudng éng va lugng chat long con luu lai trong
dudng 6ng rat nho. Sau khi s& dung MEG dé hap thu
luong chat léng con lai, cac két qua chay moé phong sau
1 thang van hanh dudng 6ng cho thay nuéc cé xu huéng
bi ddy dén vé phia cudi dudng 8ng do tac dong clia dong
khi trong qué trinh van chuyén va sau 4 thang van hanh
gan nhu khéng con chat long trong dudng 6ng. Két qua
phan bé ham lugng MEG va nudc trong dudng 6ng dan
khi thuong phdm theo thoi gian dugc mé ta tom tat trén
Bang 1.

Tu ty 1& ham lugng MEG/nudc thu dugc bang phan
mém OLGA, cac thir nghiém &n mon véi cac ty 1é MEG
trong nudc lan luot la: 0%, 43%, 74,5%, 90% va 97,66%
tuong ting mé phong theo diéu kién van hanh tir 8/2013
dén 4/2017 da dugc tién hanh nhu mé ta trén Bang 2.

Cac két qua th nghiém an mon thu dugc cho thay,
tai cac vi tri day dudng 6ng co hién tuong lang dong léng
(hén hgp MEG va nudc ton du), c6 hién tugng an mon xay

ra, téc do an mon phu thudc vao diéu kién thi nghiém
(su c6 mat cua CO,, ty & ham lugng MEG/nudc) va khi
lugng hén hgp 1dng MEG va nudc ngung tu bi day ra khéi
dudng 6ng hoan toan, téc dé an mon gidam xuéng dang
ké va qua trinh &n mon gan nhu khéng xay ra. K&t qua thir
nghiém &n mon dugc thé hién trén Bang 3.

Trén co s& toc dd dan mon bang thuc nghiém, muc
dé &n mon (t8n hao chiéu day dudng 6ng) cuc dai c6 thé
dugc tinh theo cong thuc sau:

Chiéu day t6n hao = Téc d6 &n mon x Thai gian an
mon

Dua vao cac két qua thir nghiém an mon, két hop
Vi cac két qua phan bé MEG/nuéc doc theo dudng 6ng
tur thang 8/2013 dén 6/2014 bang phan mém OLGA cho
phép du doan moé phong su suy gidm chiéu day dudng
6ng do &n mon doc theo tuyén 8ng dugc biéu dién nhu
trén Hinh 3.

Két qua danh gia muic d6 an mon doc theo tuyén 6ng
cho thay t6c do an mon tai phan dudng 6ng gan gian la

Bang 1. Két qud mé phdng phdn bd ham lugng MEG va nudc trong dutng dng ddn khi thuong phdm duong kinh 20”
tir gian Hdi Thach dén dutng éng Nam (6n Son bdng phdn mém OLGA

Ty Ié phan bé MEG/nuéc

Thai gi Luong MEG (m3 . . .
olgian ong (m?) Thap nhat Trung binh Cao nhat
8/2013 54 97,66/2,34
9/2013-10/2013 56,29 43/57 74,5/25,5-90/10 = 100/0
10/2013-12/2013 53,7 43/57 53,8/46,2 56,5/43,5
1/2014-6/2014 0,0002 Khi khé (0,64 lit nudc/ngay)
6/2014 -4/2017 Khéng con MEG Khi khé (0,64 lit nudc/ngay)
Bdng 2. Diéu kién thir nghiém din mon mé phong
- cabiaa o . 5 i Phuong phap
Thoi gian Diéu kién van hanh duéng dng Piéu kién thu nghiém thit nghiém
x . o x Th nghiém trong hén hgp MEG va Phuong phép dién héa
8/2013 Egr:“ d“f%?%g‘ih”;:gf;:;gg during °N9 6 mudi 225ppm, tai nhiét d6 28°C,  RCE trén thiét bi
»NONg d¢ PP ap suat thuong Parstat 2273
Kh: thqung pham dUQF bom vao duong "9 Tha nghiém trong hon hgp MEG va Thi nghiém trong diéu
(n6bng do CO24,19% va H,0 0,000518%), nhiét , TN N S .
9/2013 - N . x . nudc mudi 225ppm, tai nhiét d6 45°C kién nhiét do cao, ap
d0 khi dau vao 45°C, ap suat cuc dai 140bar N [ R A R . L
12/2013 N . x . va 28°C, 4p suat tong 140bar, ndbng d6  sudt cao trong thiét bi
Pudng 6ng chia lugng hdn hgp MEG va nuéc CO, trong khi 4% Autoclave
tén du vGi néng d6 mudi toi da 225ppm ? 9 0
. 2 o . . Thirnghiém mé phong bang phan
Khi thuong pham trong dudng dng (nong do mém trong diéu kién khi kh6 cé non
1/2014-  C04,19%va Hi0 0,000518%), nhigtdo khi e g e g0 g Phdn mém mo phong
6/2014 dau vao 45°C, ap suat cuc dai 140bar, khéng VAN 2 > VNS Corrosion Predict

con lugng Idng ngung tu

dé khi dau vao 45°C, ap suat cuc dai
dau vao 140bar

Bding 3. Két qud ddnh gid an mon bdang phuong phdp mé phéng

Piéu kién thi nghiém

Téc d6 4n mon (mm/nam)

0% MEG 43% MEG 74,5% MEG 90% MEG 97,66% MEG
Th nghiém RCE 0,2634 0,0871 0,0233 0,0072 0,0058
Th nghiém nhiét dé cao, 4p suat cao 0,5675 0,3703 0,1468 0,0823 0,0457
M6 phong bang phan mém 0,00483
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Hinh 4. Chuong trinh kiém tra dutng dng theo két qud ddnh gid RBI

cao nhat do nhiét d6 van hanh ctia dudng 6ng tai day la cao nhat. Do dé,
mac du lugng nudc ton tai trong doan éng gan gian chi trong thai gian rat
ngan nhung muc d6 an mon trong doan dudng 6ng nay la cao hon ca. Véi
cac két qua mé phong thu dugc trong trudng hop xau nhat, mic dé an mon
cla dudng 6ng van nho hon nhiéu so véi miac @6 an mon cho phép theo
thiét ké&. Tuy nhién can luu y cac két qua nay dugc tinh toan va thuc nghiém
dua trén céc mé phong phan bé chét 1ong trong dudng 6ng trong trudng
hgp chi xét dén cac hién tugng thiy dong luc hoc ma chua tinh dén qua
trinh bay hoi va nha hap phu clia hé nudc - MEG trong dudng 6ng. Do dé,
cac két qua thu dugc nay mang tinh chat dinh tinh, cho phép danh gia so
bé va du bao dugc muc dé rdi ro do an mon cua cac phan ctia dudng éng
dé lam théng tin dau vao cho cac nghién clu, danh gia rdi ro RBI.

3.2. Ap dung két qua ddnh gid én moén vao ddnh gid RBI

Dudng 6ng dugc chia ra cac doan nhu sau: cum pig launcher/receiver
va phan 8ng ding trong khong khi (in-air riser), phan 6ng ding chiu séng
(splash zone), phan 8ng ding trong nudc bién (in-water riser), phan tie-in
duéi chan riser, phan 6ng 500m gan gian (KP 0.0 - KP 0.5), phan 6ng tu KP
0.5-KP 19.6, KP 19.6 - KP 44.3 va NCS tie-in spool. K&t qué danh gia an mon
dugc st dung dé tinh xac suat hu héng cla cac doan 8ng. Theo d6 doan

dudng 6ng gan gian c6 xac suat an mon
cao nhat, két hgp vdi phan loai hau qua
hu hong theo huéng dan ctia DNV F116,
doan dudng 6ng c6 rdi ro an mon bén
trong cao nhat la doan 6ng dung (riser)
va 500m éng gan gian.

K&t hop véi tat ca cac thong tin dau
vao khac va 4p dung phuang phap RBI
nhu trinh bay & muc 2.2, két qua cho
chuong trinh kiém tra dudng 6ng nhu
Hinh 4.

Khéng chi ki€ém tra bén ngoai bang
ROV (Remotely operated underwater
vehicle) va chup NDT (Non-destructive
Testing) cho doan 6ng ding trén mat
nudc, dudng 6ng can duogc kiém tra NDT
cho 6ng dling va 500m gan gian. Chuang
trinh kiém tra nay gitip BIENDONG POC
tiét kiém hon 20 triéu USD chi phi phéng
thoi théng minh cho cad dudng éng,
giam ri ro c6 thé phat sinh trong qua
trinh phong va nhan thoi ngam, dac biét
khéng phai diing san xuat dé thuc hién
cdng viéc nay (co thé [én dén 45 ngay)
[31.

3. Két luan

Viéc ap dung phuong phap kiém
tra trén co s& rai ro két hop véi nghién
cu mo phéng va danh gia an mon cho
dudng 6ng xuat khi thuong phdm cua
BIENDONG POC di gilip gian thai gian
yéu cau phéng thoi théng minh tir5 nam
[én t&i thi€u 10 ndm sau khi bat dau van
hanh, giip gidm thiéu rdi ro va tiét kiém
déang ké chi phi van hanh. Phucng phap
¢6 thé dugc 4p dung cho cac dudng 6ng
ngam co diéu kién tuang tu.
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OPTIMISATION OF PIPELINE INTEGRITY MANAGEMENT COST BY
SIMULATION IN COMBINATION WITH EXPERIMENTAL AND RISK BASED
INSPECTION (RBI) STUDY

Tran Cong Nhat', Ngo Huu Hai', Dang Anh Tuan', Nguyen Thi Le Hien?, Le Xuan Vinh?
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Summary

Subsea pipeline integrity management requires frequent launching of intelligent pig which involves very high risk and cost,
especially if using subsea pig receiver. BIENDONG POC has conducted simulation in combination with experimental and risk-based
inspection (RBI) studies. This solution helped BIENDONG POC to better manage the operational and emergency risks to subsea pipelines,
and determine the required intelligent pigging time to be 10 years after first gas, instead of 5 years as previous settings, thus reducing
risks and significantly saving time and operational cost.

Key words: Corrosion assessment, risk-based inspection, pipeline simulation, intelligent pigging, cost optimisation.
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