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Tom tat

Dudng 6ng ngam ngoai khoi cdc md L6 09-1 clia Lién doanh Viét - Nga “Vietsovpetro” duoc ché tao bang thép carbon, lam viéc trong
diéu kién ham lugng nudc dong hanh cling cac tap chat an mon ngay cang cao. Nhiéu duong dng da van hanh lién tuc trong thai gian dai
trén 25 ndm, qua tuoi tho thiét ké, nén nquy co xay ra cac su ¢d ro ri rdt 16n. Cac két qua thi nghiém an mon trong phong thi nghiém va
quan sat truc quan trén cdc mau dudng dng cho thay toc do an mon cao nhat tai vi tri day dudng dng, vi tri dong nudc hoac tich tu cac can,
san pham an mon. Hé thong phong thu thoi da dugc tu thiét ké, 1dp dét va thuc hién thanh cong trén 2 tuyén 6ng dan dau va khi gaslift
clla md Bach Ha cho phép theo ddi kiém sodt d&n mon, lam sach dutng 6ng nham giam thiéu an mon dudi [6p can va t6i uu hiéu qué cla
chat ic ché st dung. Bai bao phan tich thuc trang an mon bén trong duong dng ngam ngoai khai cdc mé L6 09-1, cac yéu t6 anh hudng,
c0 ché an mon va céc giai phap han ché an mon dé dam bao van hanh an toan cac mo dau khi cta Vietsovpetro.

Tur khéa: Duong dng ngam, an mon kim loai, phong thoi, L6 09-1, Vietsovpetro.

1. Giéi thiéu

Tai bé Cliu Long, Vietsovpetro dang van hanh khai
thac cac mé dau khi: Bach H8, Rong, Thé Trang, Gau Tréng
(L6 09-1), Nam Rong - D6i M6i va Ca Tam (L6 09-3/12). Dén
nay, da co trén 40 cong trinh bién & cdc moé nay dugc thiét
ké va xay dung, khai thac dau va khi lién tuc theo ké hoach
san xudt hang nam.

Két ndi cac cong trinh ngoai khoi nay 1a hé théng cac
tuyén dudng 6ng, gébm dudng 6ng van chuyén san pham
khai thac cGa giéng, dudng 6ng van chuyén khi déng hanh,
khi gaslift va nudc bom ép duy tri dp suat via. Trong dé,
hé théng cac dudng 6ng van chuyén sédn pham khai théc
clia giéng ndi lién cac cong trinh bién cé téng chiéu dai
lén dén 400 km, dudng éng van chuyén khi dong hanh va
khi gaslift khodng 180 km va dudng 6ng van chuyén nudc
bién bom ép via khoadng 170 km.Toan bd dudng 6ng duagc
thiét ké va ldp dat ngdm dudi day bién, véi tudi tho thiét
ké& tir 20 - 25 nam, khong c6 hé théng phong thoi va kiém
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soat &n mon bén trong dudng éng. D& chéng &n mon bén
ngoai trong mai trudng bién, anode hy sinh da dugc lap
dat vai tudi tho thiét ké bang tudi tho clia dudng 6ng; va
dé ch8ng &n mon bén trong dudng 6ng ngam, chat tic ché
an mon da dugc bom vao dong luu chat van chuyén.

Nhiéu tuyén 6ng ngam clia Vietsovpetro dén nay da
van hanh khai thac lién tuc va vugt qua tudi tho thiét ké,
tiém an nguy cd xay ra su ¢6 ro ri. Trong diéu kién hién
nay, viéc két n6i cdc mo nho, mo can bién vao cd sG ha
tang san c6 clia cac mé L6 09-1 doi hoi phai ¢ cac nghién
cu danh gia hién trang hé théng dudng éng hién hiwu
cUa Vietsovpetro, nguyén nhan an mon va cac yéu té anh
hudng, tir dé dua ra cac gidi phap theo déi, kiém soat, han
ch& &n mon dé ti€p tuc duy tri hoat dong clia cac tuyén
6ng ngam ndéi riéng va hé théng khai thac, thu gom, van
chuyén va xtt ly san pham néi chung.

2, Cac tac nhan anh huéng dén &n mon bén trong
dudng éng ngam tai Vietsovpetro

2.1. Cdc tdc nhén é@n mén bén trong duéng é6ng ngam

Qua trinh an mon trong cac dudng 6ng dan dau khi chi
xay ra khi c6 nudc ngung tu va tuan theo co ché an mon
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Bdng 1. Tinh chdt hda ly ctia nudc dong hanh khai thdc & cdc md ciia Vietsovpetro

Gian & cdc mo ctia Vietsovpetro

th:s:‘;::iaaly Bach Ho Thé Trang Rong
(TP-3 (TP-2 ThTC-1 ThTC-2 RP-1 RP-2
Ty trong 1,07 1,02 1 1,01 1,02 1,02
pH 7,90 7,50 81 74 7,19 7,01
I (mg/1) 15.276 14.519 2.708 7.658 16.046 15.554
50,2 (mg/1) 168 550 32 250 24 35
HCO;™ (mg/) 239 254 1.562 1.005 78 137
Na*, K* (mg/l) 7.864 71.744 2.369 4376 9.343 1.273
@@ (mg/l) 2.090 1.751 69 944 1.107 271
Mg?* (mg/l) 78 184 6 99 121 35
Téng Fe (mg/1) 0,05 0,69 0,43 2,37 0,01 0,03
Téng khoang(g/1) 27.715 25.002 6.745 14.335 26,72 25.755
Bding 2. Ham lutgng H.5 trong sdn phdm khai thdc tai md Rdng dén VSP-02
_ . " Diéu kién van hanh (0,
Vitri Thoi gian thuc hién fip sut (atm) Nhiét d6 (C) H,S (ppm) (% mol)
Dau RP-2 di VSP-02 7,5 30 45 -
Dau RP-3 dén RP-2 Thang 6/2018 6,5 39 1.100 -
Dau RP-1 di VSP-02 7 41,5 700 -
Tank3$S 700-780 1,2
Tank3P 700 08
Slop tank 6S 6.400 - 7.000 -

Ghi chi: Ham igng H S do dugc trong pha khi bén trong cdc duong dng vin chuyén ddu

dién héa [1]. T6c d6 an mon phu thudc vao vat liéu dudng
6ng, ham lugng nudc, cac tac nhan gay an mon trong
nudc (nhu CO,, H,S, vi sinh vat, acid, cdc mudi khoang) va
diéu kién van hanh (nhiét do, ap suat)...

Hién nay, cac mé L6 09-1 dang khai thac & giai doan
tan thu, cudi doi mé. Viéc bom ép nudc tang thu héi dau
dan dén dé ngap nudc ngay cang tang doi véi hau hét
cac moé L6 09-1. Ham lugng nudc déng hanh trong san
phadm van chuyén & cac mo Bach HS, Réng, Thé Trdng va
G4u Trang chu yéu dao déng trong khodng 34 - 82%. Mic
dé ngdp nudc trung binh trong san pham khai thac & cac
gian la 60% [2]. Mét s6 giéng co dé ngap nudc lén dén 89
- 96%, khién qua trinh an mon dién héa cuc bd ngay cang
nghiém trong.

Trong qua trinh van hanh moé nham tang cudng kha
nang khai thac sdn pham cda giéng, Vietsovpetro da ap
dung cong nghé xu ly vung can day giéng, lam sach can
mudi trong cac giéng khai thac bang cac héa phdm cé
nguén géc acid dan dén ham luong mudi khoang trong
nuéc dong hanh khai thac & cac mo c6 xu huéng gia tang.
Bang 1 gidi thiéu két qua xac dinh tinh chat ly hoa cua
nudc dong hanh khai thac & cac cong trinh dau khi tai cac
md Bach H8, Thd Trédng, Rong [31.
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Ham lugng muéi khoang trong nudc déng hanh co
xu huéng ting lam ting do dan dién va tang téc do an
mon kim loai.

Hai tdc nhan gay an mon chinh (H,S,CO,) co mat trong
san phdm khai thac va dang cé xu hudng gia tang trong
thai gian gan day. Trong d6, ham lugng H,S rat cao trong
san phadm khai thac & cac gian RP-1, RP-3 va san phidm
dén tau chiia dau VSP-02 mé Réng. K&t qua xac dinh ham
lugng CO,, H,S trong san phdm khai thac trén cac cong
trinh bién & md Rong cla Vietsovpetro van chuyén dén
tau chdra dau VSP-02 (Bang 2).

Ty 1& nuéc déng hanh cao ciing la nguén géc dé vi
khudn khur sulfate (SRB) c6 khad ndng phat trién manh
trong hé théng cac dudng 8ng van chuyén va trong
thiét bi cong nghé. Nam 2010, Vietsovpetro da thuc hién
khédo sat bén trong cac binh chida trén mot sé gian c6
dinh MSP, CTP-2, CTP-3 va trén tau chiia dau VSP-02 cua
Vietsovpetro [4]. M6t s6 két qua xac dinh SRB dugc tom
tat trong Bang 3.

Két qua & Bang 3 cho thay, tai cac binh chda trén
gian céng nghé trung tam CTP-2, CTP-3, trong cac ham
chidia nudc thai (slop tank) trén tau chda dau VSP-02, noi
c6 nuéc déng hanh kém luu thong va & diéu kién hiém
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Bdng 3. Ham lugng SRB do dugc tai mét s6' cong trinh & mé Bach Ho

T Vi tri mau Vi khuan khit sulfate (CFU/ml) Vi khuan chung (CFU/ml)
Gian cdng nghé trung tam s6 2 (CTP-2)
1 Binh tach 100 m? (BE) 10° 10°
2 Binh téch 10 102
3 Binh tach (-1-3 10 0
Tau chita dau VSP-02
4 Ham cong nghé 106 102
5 Hydrocyclon 10° 0
6 Slop tank 5P 106 102
7 Slop tank 55 10° 10"
Gian cong nghé trung tam s6 3 (CTP-3)
8 Hydrocyclon HC-1-B 10° 10°
9 Binh tach 100 m? (Caission) 106 10°
10 Binh tach V-1-B 10 10'
Tau chita dau VSP-02
11 Hydrocyclon 10* 10’
Bding 4. Thanh phdn héa hoc va co'tinh cia mét sé mdc thép duong dng
Mac thép Thanh phan héa hoc max (%) Luc cang (Tensile) Luc nén (Yield)
C Mn P S Psi < 1000 MPa Psi < 1000 MPa

X52 0,22 1,40 0,025 0,015 66-110 455-758 52-77 359-531

X60 0,22 1,40 0,025 0,015 75-110 517-758 60-82 414-65

X65 0,22 1,45 0,025 0,015 77-110 531-758 65- 82 448 - 565

khi, ham lugng vi khuan rat cao, ham lugng vi khuan
khtr sulfate dao déng tir 104 - 106 té€ bao/ml va cac loai
vi khudn chung (GAB) dén 103 té bao/ml. Nhu vay, nudc
déng hanh cao trong san pham khai thac c6 chia mét
lugng I6n SRB la nguén géc sinh ra H,S va la téc nhan gay
an mon bén trong dudng éng.

2.2, Vit liéu st dung

Cac dudng 6ng ngam van chuyén dau va khi § cacméd
cla Vietsovpetro chil yéu dugc xay dung ti nhiing éng
thép mac CT 20, API Gr X60, X52. Bang 4 la thanh phan hoa
hoc va cac dac tinh ky thuat mét s6 mac thép cltia dudng
éng van chuyén dau & Vietsovpetro.

Cac duong 6ng lap dat & cac moé dau khi cua
Vietsovpetro st dung thép carbon, day la vat liéu khéng
bén an mon déi véi cac luu chat chira cac tadc nhan gay an
mon cao. Tuy nhién, hé théng dudng 6ng ngam L6 09-1
cUa Vietsovpetro dugc Lién bang Nga thiét ké, ché tao véi
vat liéu thép clia Nga co chat lugng rat t6t. BE day thanh
6ng dugc thiét ké vai mic d6 an mon cho phép (Corrosion
Allowance), hé s6 an toan cao, chat lugng dau khi van
chuyén trong duding 6ng tai giai doan dau clia dsi mé rat
tét (gan nhu khéng c6 nudc déng hanh, khi ngot (khéng
c6 H,S) va ham lugng CO, rat nho), do d6 nhiéu dudng

6ng ngam van chuyén san pham giéng dang van hanh
da vuot tudi tho thiét ké. Cac dudng 6ng van chuyén san
pham & cac mé Bach HS va Réng c6 thdi gian van hanh
trén 25 nam dugc trinh bay & Bang 5.

Trong giai doan cudi ctia qua trinh khai thac, dac tinh
chat luu da thay déi so vai giai doan dau va chida nhiéu
tac nhan an mon nén déi véi cac dudng 6ng mdi khi thiét
ké lap dat da dugc xem xét lua chon vat liéu va Ung dung
cac giai phap ky thuat phu hop hon. Thai gian gan day,
cac dudng 6ng van chuyén san phdm giéng & L6 09-1
cUa Vietsovpetro dugc thiét ké va 4p dung co céac I16p pha
ch6ng an mon 3LPE (day 2,7 mm), 16p boc cach nhiét
(khoang 40 mm) va I6p boc bé téng (35 mm). Cac méi
ndi dudng 6ng dugc lam sach dén tiéu chudn St.3 truéc
khi boc bang cuén 6ng HSS (2 mm), sau d6 dugc lam day
bang vat liéu cach nhiét (HDPU foam) dén bé day tuong
duong I6p boc bé téng. Ngoai ra, trudc khi lap dat va dua
vao van hanh, cac dudng 6ng dugc thiét ké va ap dung
béo vé dién hoa bang cac anode hy sinh hinh vanh xuyén
tor hop kim nhém c6 tudi tho thiét ké téi thiu 25 ndm ma
khong can thay thé. Ong diing clia dudng 6ng ngam dugc
béo vé bang hé théng 16p boc 3LPE va I6p boc cach nhiét
néu trén (day 42,7 mm). Vi vay, cac I6p pht chéng an mon
cho cac dudng 6ng mdi clia Vietsovpetro hién nay co chat
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Bdng 5. Mt s duding dng vén chuyén sdn phdm giéng & cdc mé Bach HG va Réng cia Vietsovpetro cd thai gian vdn hanh trén 25 ndm

T Pudng dng ngam d u(!r(:gh(:::((r;m) Vit liéu Nam lap dat (hleu(:sl ong A sua(::::)l hanh
Mé Bach H6
1 MSP1 - VSP-01 325x16 (1-20 1986 1.687 10
2 MSP1 - VSP-01 325x16 (1-20 1986 1572 10
3 MSP1 - MSP3 325x16 (1-20 1986 3.370 40
4 MSP4 - MSP1 219x 12 (1-20 1987 3.890 40
5 MSP5 - MSP3 325x16 (1-20 1987 1.005 28
6 MSP4 - MSP6 325x16 (1-20 1988 1.284 30
7 MSP7 - MSP5 325x16 (1-20 1988 1.480 40
8 MSP4 - MSP8 325x16 (1-20 1989 1.030 40
9 MSP1 - MSP8 325x16 (1-20 1989 6.250 40
10 MSP1 - CTP-2 325x 16 (1-20 1989 2.238 40
1 MSP1 - CTP-2 219x 12 (1-20 1989 2.162 160
12 MSP4 - MSP1 325x16 (1-20 1990 7.490 40
13 BK1 - CTP-2 219x 12 (1-20 1990 1.655 40
14 BK1 - CTP-2 219x 12 (1-20 1990 1.709 40
15 (TP-2-VSP-01 325x16 (1-20 1991 3.130 20
16 (TP-2-VSP-01 325x16 (1-20 1991 3.080 20
17 MSP10 - MSP9 323,8x15,9 API-X60 1992 2.440 35
18 MSP5 - MSP10 323,8x15,9 API-X60 1992 2.740 40
19 BK4 - (TP-2 323,8x15,9 API-X60 1993 2.710 34
20 BK4 - (TP-2 323,8x15,9 API-X60 1993 2.700 34
Ma Rong

426x16 API-X60 1992 4.465 26
2 RC1-V5P-03 323,859 API-X60 1992 1.400 26
426x16 API-X60 1992 4.865 26
2 RP1-VSP-03 323,8%15,9 API-X60 1992 1.400 26

luong tot hon so véi cac dudng 6ng thiét ké va lap dat &
giai doan dau.

2.3. Diéu kién vdn hanh cia duéng 6ng ngdm

Piéu kién van hanh (nhu nhiét dé, ap suat, luu
lugng...) la yéu t6 quan trong anh hudng dén toc dé an
mon bén trong cta dudng 6ng. Nhiét d6 cao nhat cda
chéat luu trong duding 6ng ngam L6 09-1 dat 60°C tai cac
c6ng trinh moé Bach HS, Rong, Nam Réng - Doi Méi, Tho
Trdng va dén 65 - 70°C d6i véi mé Ca Tam. Ap suat van
hanh dudng éng van chuyén hén hgp dau khi dao déng &
muc 7 - 25 atm va khoang 40 atm déi véi dudng 6ng van
chuyén dau da tach khi. Théng thudng, diéu kién nhiét do
va ap suat cao sé lam tang thém nguy co an mon kim loai.

Pusng 6ng ngam L6 09-01 cla Vietsovpetro dugc
ché tao tur thép carbon théap, van hanh & nhiét d6 cao, van
chuyén céc san pham khai thac ti giéng véi ham lugng
nudGc cao, chiia cac tap chat CO, HS, khoang, la tac nhan
¢6 hoat tinh an mon rat cao trong cac dudng éng, trang
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thiét bi long giéng, cling nhu trong céac binh chia ctia hé
théng thu gom, van chuyén va xdr ly dau khi tai cac mo
cla Vietsovpetro [5]. Nhiing dudng 6ng va thiét bi trén
cac cong trinh hién hiru da c6 thai gian van hanh lau dai,
muc d6 ngap nudc clia san pham cao (> 60%) [2], sé bi &n
mon nghiém trong bén trong.

Do cac dudng 6ng ngam lap dat tai cac mé Lo 09-1
cUa Vietsovpetro chii yéu khéng c6 hé théng phong va
nhan thoi, cac dudng 6ng khéng dugc lam sach dinh ky
trong su6t qua trinh st dung, vi vay khong cé két qua khao
sat do bé day thanh &ng ciing nhu thiéu cac két qua kiém
tra tinh trang dn mon bén trong cac dudng 6ng ngam.
Do d9, viéc danh gia &n mon dé dua ra cac giai phap phu
hop, kiém tra, kiém soat &n mon 1a can thiét nham dam
bao hoat déng an toan cua toan bd hé théng dudng 6ng
ngam.
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3. Thir nghiém va thuc trang an mon bén trong dudng
6ng ngam van chuyén dau khi caa Vietsovpetro

3.1. Thirnghiém dn mon trong phong thi nghiém

Dé& c6 thé danh gia téc dé an mon bén trong dudng
6ng van chuyén, cac thir nghiém &n mon trong phong thi
nghiém da dugc tién hanh bang phuong phap mat khoi
lugng trén mau thép carbon tuong déng véi mau dusng
6ng va tai diéu kién mé phong tuong tu véi diéu kién van
hanh thuc té. Cac thir nghiém tuan theo tiéu chudn ASTM
G1-03 [6].

Két qua th nghiém dn mon trong phong thi nghiém
trong moi trudng nudc dong hanh dugc lay tai gian c6
dinh RP-3 va tau chra dau VSP-02 8 md Réng trong trudng
hgp khong va 6 st dung chat tc ché dn mon dugc trinh
bay & Bang 6.

Két qua Bang 6 cho thay toc do an mon trong nudc
déng hanh mé Rong khong cé chét tic ché tuong d6i l6n.
Viéc st dung chéat Gc ché an mon sé lam gidm dang ké
muic d& an mon kim loai trong nuéc déng hanh khai thac
3 mo Réng.

Hoat tinh an mon clia nudc via tai mot s6 giéng trude

va sau khi s&r dung acid dé khoi thong viing can day giéng
cing dugc nghién ctu. Bang 7 la mét s6 két qua thu
nghiém xac dinh téc dé dn mon trong nudc dong hanh
truGc va sau khi st dung acid dé x ly vung can day giéng
& mdt s6 giéng clia cdc mé Bach HE va Thé Trang trong
diéu kién nhiét d6 cao va ap suat cao.

Két qua nghién ctu xac dinh t6c d6 an mon (Bang 7)
cho thdy, viéc st dung acid dé xu ly vung can day giéng,
anh huéng dén muc d6 an mon kim loai bén trong long
giéng, cac dudng 6ng va thiét bi clia hé théng thu gom,
van chuyén va x{t ly ddu & cac mé cua Vietsovpetro. Do
do, can xem xét bom dua liéu lugng chat tc ché an mon
déi vai dudng 6ng van chuyén, dac biét 1a trong thai gian
ti€n hanh xtr ly viing can day giéng dé tang cudng khai
thac dau.

3.2. Thirnghiém én mon bén trong cdc duéng 6ng ngam
tai mé Bach H6

Mot s6 tuyén dudng 6ng ngam ngoai khoi da van
hanh lau nam tai mé Bach HS gan day da xady rasucé rori,
dan dén phai tam diing van hanh dé xt ly, gay anh huéng
dén ké hoach khai thac dau va van hanh an toan cac céng

Bding 6. Két qud do tdc do din mon kim loai trong nudc dong hanh mé Rong

LI Mau nudc via T6c dd an mon (mm/nam) Ghi chu
Khong c6 chat tic ché an mon
Nudc dong hanh trén gian RP-3 0,284 Mau théng 5/2018
2 Nudc dong hanh trén gian RP-3 0,238 Mau thang 7/2018
(6 xtrly bang chat tic ché &n mon
3 Nudc dong hanh trén gian RP-3 0,052 Mau thang 7/2018
4 Nudc dong hanh trén gian RP-3 0,142 Mau théng 7/2018
5 Nudc dong hanh dau vao trén tau VSP-02 0,116 Mau thang 6/2018
6 Nudc dong hanh dau vao trén tau VSP-02 0,184 Mau théng 7/2018
Bdng 7. Két qud thir nghiém dn mon trong nudc via trudc va sau khi xit Iy acid & mét s giéng ctia mé Bach H6 va Thé Trdng
. Téc d6 an mon (mm/nam)
m Giéng Mo Trudc khi xit 1§ acid Sau khi xitIf acid
1 Giéng 412 gian BK-3 Bach Ho 0,26 1,68
2 Giéng 20P gian ThTC-2 . 0,11 1,28
3 Giéng 5X gian ThTC-2 Tho Trang 0,12 1,06
Bding 8. Cdc théng s6 kj thudt ciia duong 6ng ngdm van chuyén ddu MSP-11 — MSP-9
m Cong trinh va vi tri céc doan g Namdvavao  Kichthudcong . o sng Mai chit
van hanh (mm)
1 MSP-9 Doan 6ng thang diing 323,4%159
2 Doan 6ng ndm ngang 168,3 < 10,9
3 MSP-11 Doan ng thang diing 1995 168,3 < 10,9 API Gr X60 Dau - khi - nudc
4 Doan 6ng ndm ngang 323,4%15,9
5 Doan 6ng ngam MSP-11 - MSP-9 323,4x159
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Bding 9. Ham lutgng tdc nhdn gdy dn mon bén trong duong dng ddu MSP-11 — MSP-9

Lo Ham lugng tac nhan an mon Ap sudt riéng phan
T Cong trinh Biéukién sutdung (% mol) (MPa)
T(°C) P (Mpa) H,S €0, H,S €0,
1 MSP-9 60 13 0,0021 0,783 0,000027 0,0102
2 MSP-11 60 1,5 0,0024 0,757 0,000036 0,0114
Bdng 10. Két qud khdo sdt bé day thanh dng cdc dogn duding dng ddn ddu MSP-9 — MSP-11
N . Kich thudc duéng dng Bé day thanh 6ng (mm)
T Cong trinh t d ST N
ongtrinhvavitri caccoan ong (mm) Toi thieu Toi da Trung binh
1 Trén MSP9 Poan thfng diing 323,4x159 14,76 15,80 15,13
2 Doan ndm ngang 168,3 % 10,9 7,13 10,52 8,97
3 . Doan thang diing 168,3 % 10,9 9,33 10,82 10,28
4 TrenMSPTI Doan nim ngang 3234% 159 2,48 15,81 14,81
5 Doan dng ngdm MSP-9 - MSP-11 323,4x159 2,61 15,70 10,30

trinh bién. Mot s6 két qua khao
sat thyc trang an mon cla cac
tuyén dudng 6ng sau khi xay ra
su c6, phai diing hoat dong nhu
sau:

- Pudng 6ng van chuyén
dau va khi MSP-11 - MSP-9 mé
Bach H6

* v i =k A

Ném 2018, dudng 6ng van
chuyén san pham khai thac trén
MSP-11 dén MSP-9 phai diing van
hanh sau 22 nam hoat déng do
su €& ro ri. Cac thong tin ky thuat
vé dudng éng va ham lugng cac
tac nhan gady an mon trong chat
luu van chuyén bén trong dudng
6ng dan dau MSP-11 —» MSP-9
dugc trinh bay & Bang 8 va 9.

T | e R
Hinh 1. Bén trong dogn thdng diing trén MSP-9 ctia dudng
dng MSP-9 — MSP-11.

Hinh 2. Bén trong doan ndm ngang trén MSP-9
cla duong dng MSP-9 — MSP-11.

P& kiém tra thuc trang bén

- Hinh 4.lBén trong dogn ndm nédnAg tré; A;ISP-H t,rong dL‘R‘Jng 6ng, 3 doan dutng

cila duténg 6ng MSP-11— MSP-9, 6ng ngam MSP-9 - MSP-11 dugc

st dung dé khao sat, gém 1 doan

6ng ngdm dudi nudc bién va 2

doan & phia trén gian MSP-9 va

MSP-11. Hinh &nh cac doan 6ng

ngang va 6ng ding trén cac gian

MSP-9 va MSP-11 dugc thé hién &
Hinh 1-5.

K&t qua khao sat thuc té bé
day thanh 6ng cac doan dudng
6ng MSP-9 - MSP-11 dugc trinh
bay trong Bang 10.
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Hinh 6. An mon bén trong dudng dng vin chuyén nudc bom ép MSP-8 — MSP-9 tai vi tri 6 gic

Bding 11. Két qud do bé day thanh dng ngdm dan nudc bam ép MSP-8 — MSP-9

Bé day con lai clia thanh dng (mm)

T 3 qi¢ 6 gig 9 gio
Bé day thanh dng theo thiét ké 18,3 mm
1 17,51 9,31 18,12
2 18,02 6,52 18,11
3 17,81 451 17,31
4 18,10 432 18,45
5 17,72 512 17,52
6 17,45 4,62 18,08
7 17,45 6,45 17,85
8 16,15 5,63 17,09
Madi han 17,72 5,12 17,52

| Chét ldng dong 1]

Hinh 7. M6 td qud trinh dn mon dién héa trong ducng dng tai vi tri 6 gid.

Két qua khao sat cho thay, dudng éng van chuyén dau MSP-11 — MSP-
9 bi an mon nghiém trong vai cac hé, 16 4an mon tao thanh & phan day cda
6ng (6 gid) va chu yéu G cac doan 6ng nam ngang. Chat lang dong trong
6ng chi yéu la FeS (sdn pham an mon thép cda dudng 6ng) cé thé gay an
mon dién hoa tai cac khu vuc day 6ng. Phia trén cla day 6ng (3 gid, 9 gid
va 12 gid) dugc bao pha kin béi 16p lang dong paraffin va dau dong, noi
ma hién tuong dn mon khong dang ké. Tai cac vi tri an mon manh nhét sau
22 nam van hanh, bé day thanh 6ng MSP-11 — MSP-9 chi con & muic 2,48 -

7,13 mm va khoang 2,61 mm déi véi doan
6ng ngdm dudi nudc bién. T6c d6 an mon
trong nudc dong hanh ldy tir dudng 6ng
trén gian MSP-11 dugc nghién clu trong
phong thi nghiém & nhiét d6 va ap suat
cao & muc trung binh khoang 0,4 mm/
nam. Trong khi d6, toc d6 &n mon dudng
6ng MSP-9 — MSP-11 theo két qua khao
sat thuc té€ khi do bé day thanh 6ng dao
ddng 6 muic 0,583 - 0,578 mm/nam.

- Dudng éng van chuyén nuéc bom
ép MSP-8 - MSP-9 mé Bach HE

Ngay 12/8/2015, dudng 6ng van
chuyén nudc bom ép tur gian MSP-8 dén
MSP-9 mé Bach H& phai diing hoat dong
do su ¢ sau 21 ndm van hanh. Dé danh
gia muic d6 an mon bén trong doan 6ng
ngam, doan su c6 da dugc cat dem vé bg
dé kiém tra. Hinh dnh dudng 6ng tai vi tri
6 gid thé hién trong Hinh 6.

Két qua do bé day thanh éng thé hién
trong Bang 11. Nhu vay, t6c dé dn mon
bén trong dudng 6ng bom ép nudc MSP-
8 — MSP-9 dao dong trong khoang 0,43
-0,67 mm/nam.

Tuong ty 2 tuyén 6ng dan dau MSP-
11 - MSP-9 va dudng 6ng bom ép MSP-
8 — MSP-9 mo Bach HE, dén nay moét
sO it tuyén dudng 6ng ngam khac cla
Vietsovpetro sau thagi gian dai van hanh
cling gap tinh trang an mon tai & day éng
& vi tri 6 gid va & cac doan cong (bend
riser) phia dudi day bién, gan phia gian
khai thac.
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Cac dudng 6ng ngam cua Vietsovpetro chil yéu khong dugc trang
bi thiét bi phéng va nhan thoi nén khéng thé lam sach ban dau sau khi
két n6i dudng 6ng ngam vao hé théng cdng nghé trén gian va lam sach
dinh ky cac tuyén éng, diéu dé dan dén an mon dién héa trong dudng
6ng tai vi tri 6 gid, ndi co su hién dién cla nudc trong qua trinh van
chuyén chat luu c6 ham lugng nuéc cao.

An mon bén trong dudng 6ng ngadm dugc moé ta theo qua trinh |, I,
Il va IV nhu trong Hinh 7.
K&t qua nghién clru cho thdy xac suat su c6 déi v6i dudng 6ng ngam

van chuyén dau khi dugc thé hién trong Hinh 8.

Déu + Khi + Nudc

Xac suat cac vét thing dau tién tai
doan nay la han 90%

1-30m

Déu + Nudc

Xdc sudt cdc vét thing dau tién tai doan
nay cao hon so vdi céc phan con lai

1-5m
Hinh 8. Nhiing vi tri ciia duong 6ng vdn chuyén san phdm giéng ngodi khoi 6 rii ro dn mon cao.

Hinh 10. Thoi thong minh ding @€ khdo sdt dutng dng.
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T6c d6 an mon bén trong dudng 6ng
bi 4nh hudng nhiéu nhat b&i ham lugng
nudc lang dong va cac tap chat (CO,, H.S,
0,, khoéng chat, SRB...), pH clia nudc, nhiét
do, ap suat va ché do dong chay...

Doi véi dudng 6ng dan dau thé, ché
dé van chuyén cla luu chat trong dudng
6ng la yéu t8 quan trong cé thé han ché
lugng nudc lang dong va giam an mon.
Khi qua trinh dn mon da xay ra, cac san
pham an mon t6n tai dusi dang FeCO, va
FeS két tua trén bé mat trong cda dudng
8ng van chuyén, cling véi cac can paraffin,
asphaltene... lang dong trén dudng éng
lam gidm hiéu qua Uc ché an mon cla chat
Uc ché, c6 thé gay an mon dudi I16p cin va
tao diéu kién cho SRB phat trién.

Viéc khéng lap dat thiét bi phong va
nhan thoi khéng chi dan dén viéc khéng
thé kiém tra tinh trang bén trong dudng
6ng va lam gia tang t6c @6 an mon, ma
con déi mat vai cac phuc tap trong qua
trinh van chuyén dau, khi, hén hop dau khi
nhu tang ap trong hé théng thu gom, van
chuyén san phdm khai thac; tao nut chat
I6ng trong dudng 6ng thu gom khi tir binh
tach bac 1 trén cac gian, tang ap sudt van
chuyén san phdm, nat chatldng trén dudng
van chuyén khi gaslift... gdy &nh huéng dén
cOng tac van hanh cac gian khai thac va cac
cac gian nén khi. Do d6, lam sach dudng
8ng la bién phap hiéu qué giam thiéu an
mon bén trong dudng éng va dam bao an
toan van hanh.

4. Giai phap lam sach va chéng 4n mén
dudng 6ng dan dau

Pé thuc hién ké hoach phat trién dai
han, can xac dinh tinh trang bén trong
clia hé théng dudng 6ng ngam tu do6 co
ké hoach bao dudng stia chira va thay thé
phu hop. Do d6, Vietsovpetro lua chon trién
khai lap dat, thuc hién viéc lam sach va
khéo sat tinh trang bén trong dudng 6ng
bang phuong phép phéng thoi. Hai kiéu
thoi dugc s dung la thoi lam sach va thoi
théng minh (Hinh 9 va 10).
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Viéc phéng thoi d6i véi cac dudng 6ng ci khong dugc thiét ké va
I3p dat hé théng phong va nhan thoi theo thiét ké ban dau la thach
thiic 16n khi d6i mét véi cac rai ro tac thoi trong qué trinh phdng, nhan
thoi va céac su c6 kho ludng khac. Trén co s& nghién clu cac tai liéu
thiét ké duding 6ng, diéu kién van hanh, lich st van hanh va duara cac
gia thiét cling nhu gidi phap du phong trong trudng hop gép su c6,
hé théng phong va nhan thoi da duoc da thiét ké, 1ap dat va tién hanh
phéng va nhan thoi lan dau cho dudng 6ng dau gian MSP-8 — MSP-9
va dudng 6ng dan khi gaslift gian MSP-10 - MSP-9. Hinh 11 la hinh
anh céc thoi lam sach sau khi da dugc st dung lam sach dudng 6ng
ngam MSP-8 — MSP-9.

Pudng 6ng sau khilam sach da dugc tién hanh do bé day thanh
6ng bang thoi théng minh. Két qua dugc thé hién trén Bang 12 va
13 cho thdy bé day thanh 6ng gidm dang ké so véi bé day thanh éng
thiét ké ban dau.

Viéc phong thoi théng minh cho phép xac dinh bé day thanh 6ng
toan tuyén 6ng, cé thé ghi nhan dugc céc vi tri an mon cuc bd, trong
khi cac phuong phap do bé day UTM théng thudng khé thuc hién

- = - s N T
Hinh 11. Cdc logi thoi da st dung dé lam sach duong 6ng ngdm MSP-8 — MSP-9 mé Bach He.

dugc. Két qua khao sat da chi ré doi véi dudng
6ng dan dau gian MSP-8 —» MSP-9 sau 26 nam
van hanh da c6 nhiéu vi tri an mon cuc bé &
phan khong khi véi bé day thanh éng con lai
nhé hon bé day yéu cau téi thiéu, can duoc
stia chlfa. Con phan ngam dudi nudc, bé day
thanh 6ng con lai van I6n hon bé day yéu
ciu t6i thiéu. Déi véi dudng 6ng dan gaslift,
bé day thanh éng nhin chung c6 su suy gidm
dang ké sau 23 nam van hanh, tuy nhién van
nam trong giéi han cho phép nén chua can
stra chita, song can c6 ké hoach kiém tra giam
sat dinh ky, duy tri hiéu qua bom héa pham tc
ché& &n mon dé ddm bao an toan van hanh cho
dudng 6ng.

Trén ca s& kinh nghiém thuc té, trong thai
gian téi Vietsovpetro sé trién khai nghién ctu
va ti€p tuc tu thuc hién phuang an phéng va
nhan thoi dudng 6ng ngam dé tiét gidm chi
phi san xuat va dap tng nhu cau rat 1én vé lam
sach lang dong trong dudng éng.

5. Két luan

Cac tuyén 6ng ngam LO 09-1 cla
Vietsovpetro dugc ché tao bang thép carbon,
lam viéc trong diéu kién ham luong nuéc
déng hanh, cac tap chat an mon ngay cang
cao va cac dudng 6ng da hoat dong lau nam,
tham chi c6 dudng 6ng da van hanh qua tudi
tho thiét ké clia dudng 6ng nén nguy cc an
mon va cac rdi ro do an mon la rat I6n.

Bding 12. Bé day thanh 6ng con lai ciia dutng éng ddu gian MSP-8 — MSP-9 sau 26 ndim vdn hanh

Khoang cach Bé day thanh éng Bé day thanh éng B& dav thanh én Bé day thanh éng
khdosattitMSP-8  Khuvuckhdo sit tithidukhdosat  trungbinhkhdosst  °° :’hié,t & (mf)’ yéu ciu
(m) bang phong thoi (mm) béng UTM (mm) t6i thiéu (mm)
0.62-089 Trén khong khi (MSP-8) 6.06
1,2-4,84 3,68 159 78
2271,83 Dudi nudc 8,38 ' !
3030,23 Trén khong khi (MPS-9) 9,91
Bding 13. Bé day thanh dng con lai ctia dudng dng gaslift gian MSP-10 — MSP-9 sau 23 ndm vdn hanh
Khoang cach Bé day thanh éng Bé day thanh éng Bé day thanh éng Bé day thanh 6ng
khdo sat tir MSP-8 Khu vuc khao sat toi thiéu khdo sat trung binh khao sat theo thiét ké yéu cau téi thiéu
(m) béng phéng thoi (mm) bang UTM (mm) (m) (mm)
0.56 Trén khong khi (MSP-10) Al -
1,26 781 101 127 7,08
225411 Dudi nudc 7117 - ! !
3065,33 Trén khong khi (MPS-9) 717 1,8
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Cac két qua danh gia an mon trong phong thi nghiém
trong nudc déng hanh va két qua quan sat truc quan dugc
thuc hién trén dudng 6ng dan dau khi gian MSP-11 —
MSP-9 cho thay qua trinh an mon xay ra nghiém trong tai
vi tri ddy dudng éng (vi tri 6 gid) nai c6 nudc ngung tu vai
t6c d6 an mon rat 1n, bé day thanh 6ng t6i thiéu con lai
tai day dudng 6ng khoang 2,5 mm. Cac két qua khao sat
dudng 6ng dan nuéc bom ép gian MSP-8 - MSP-9 cling
€6 t6c d6 an mon cuc dai tai day dudng éng do hién tuong
l3ang dong san pham an mon, bé day thanh 6ng t6i thiéu
con lai ctia dudng 6ng con khodng 4,3 mm.

Dé kiém soét hién trang clia dudng 6ng ngam, giam
thi€u an mon dudi 16p cdn va t6i uu hiéu qua cda chat uc
ché& an mon, Vietsovpetro da ti€n hanh thiét ké, 13p dat
va phong thu thoi thanh c6ng cho 2 tuyén 6ng ngam
dan dau khi gian MSP-8 — MSP-9 va dan khi gaslift gian
MSP-10 - MSP-9. Day la du an tu thuc hién dau tién clia
Vietsovpetro va la kinh nghiém hiiu ich dé ti€p tuc trién
khai cho céc tuyén 6ng ngam khac.

K&t qua nghién ctu lua chon va ap dung cac giai phap
khdo sat va han ché an mon da va dang mang lai hiéu qua
trong céng tac chéng an mon trong thuc tién van hanh
mo, ddm béo an toan cho céng tac van chuyén san phdm
bang hé théng dudng 6ng ngam, gilp Vietsovpetro tling
budc danh gia dugc tinh trang hé théng dudng 6ng ngam
cling nhu kip thai dua ra cac gidi phap kinh té - ky thuat dé
tiép tuc duy tri hoat dong clia hé théng dudng 6ng ngam

van chuyén nai riéng va hé théng khai thac, thu gom, van
chuyén va xtr ly sdn pham noéi chung.
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CORROGION IN SUBSEA PIPELINES AND ANTI-CORROSION SOLUTIONS
TO ENSURE SAFE OPERATION OF VIETSOVPETRO'S OIL AND GAS FIELDS

Tran Van Vinh, Cao Tung Son, Le Dang Tam, Chu Van Luong, Tong Canh Son, Phung Quang Thang

Vietsovpetro
Email: tamld.pt@vietsov.com.vn

Summary

The subsea pipelines of Vietsovpetro’s offshore fields in Block 09-1 were made of carbon steel. These pipelines have been operating in high
content of produced water and corrosive impurities for a long period (many pipelines for over 25 years, which exceed their designed lifetime)
which implies very high risks of leakage. Corrosion tests in the laboratory and visual observation of the actual pipeline samples revealed the
highest corrosion rate at the bottom of the pipelines, and the positions where water or corrosive products accumulate/stagnate. Pig launching
and receiving systems have been designed, installed, and successfully operated in two oil and gaslift pipelines of Bach Ho field to monitor and
control corrosion, clean subsea pipelines to minimise corrosion under deposit layers and optimise the effectiveness of the corrosion inhibitors.

This article analyses the current corrosion inside the subsea pipelines of Block 09-1, the influencing factors, the corrosion mechanism,
and mitigation methods to ensure the safe operation of Vietsovpetro’s oil and gas fields.

Key words: Subsea pipeline, metal corrosion, launch pig, Block 09-1, Vietsovpetro.
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