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Flow assurance in oil and gas transportation involves examining factors
affecting fluid flow in pipelines, such as temperature and pressure
variations, wax deposition, and hydrate formation. This study focuses on
flow assurance for the gas condensate transportation pipeline at X-field.
Based on the finite difference method theory and using modeling
software, key factors including temperature, pressure, wax deposition,
and hydrate formation along the pipeline were analyzed. The results
showed that the pressure at riser inlet ranged from 28 bar to 37 bar for
the WHP-TNHA platform and from 30 bar to 39 bar for the WHP-TN
platform. The pour point temperature of fluid affects hydrate formation
and wax deposition along the pipeline. However, hydrate formation does
not occur because the operating temperature of the pipeline remains
above the hydrate formation threshold. Wax deposition is primarily
concentrated in the riser section from the seabed to the platform. For the
TNHA-RD pipeline, the wax deposit mass increases very slowly, so the
recommended pigging frequency for wax removal is approximately once
every 12 months. In contrast, for the TN-TNHA pipeline, wax thickness
remains significantly below 2 mm, indicating that pigging is not required
as part of the wax treatment strateqy. During the late life of field, expected
from 2034 onward, the wax deposit mass is negligible, showing no
tendency for increased deposition over time. Consequently, from this
period, wax treatment is no longer required. The results of the research
provide a basis for inplementing appropriate solutions in gas condensate
production and transportation at X-field and may be applicable to other
fields with similar conditions.
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Nghién cru ddm bado dong chay cho tuyén dng vin chuyén
khi, 14y vi du qua trinh vin chuyén san phim tai mé X

Nguyén Van Thinh'*, Nguyén Thanh Tu4n?, Lé Ding Thanh?

1 Khoa Ddu khi va Ndng lwong, Trwdng Dai hoc M6 - Dia chdt, Ha Noi, Viét Nam
2Téng Cong ty Thdm do Khai thdc Ddu khi, Ha N§i, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh: Ddm bdo dong chdy trong vdn chuyen ddu khi la qua trinh xem xét cdc yéu

NPén bai 25/4/2025 td dnh hu’o'ng dén sy luu thong ctia chdt luu trong 6ng nhw: s thay d6i nhiét
Stra xong 13/8/2025 dé va dp suat, sw Iang dong wax, sw hinh thanh hydrate, . Nghlen ctru nay
Chap nhan déng 23/8/2025 tdp trung vao qud trinh ddam bdo dong chdy cho tuyen éng vdn chuyén khi
T khéa: condensate tai mé X. Trén co s¢ ap dung ly thuyét cla phu'ang phdp sai phan
A . thétich hitu han va str dung mé hinh héa bang phdn mém chuyén dung, ldn
bam bao dong chay,
N o 11s lwgt cdc yéu t6 nhw nhiét do, dp sudt, sw Iang a‘ong wax va sy hinh thanh
Puwong 6ng van chuyén khi,
Khi ngung tu hydrate doc theo tuyen dng duwoc xem xét. Két qua nghién ctru cho thdy dp

sudt tgi dau vao éng ditng dao a‘ong tir 28 bar dén 37 bar doi véi gian WHP-
TNHA va tir 30 bar dén 39 bar déi véi gian WHP-TN. Nhiét d6 diém déng ddc
ctia chdt luu c6 dnh huéng dén sy hinh thanh hydrate va ling dong wax déi
voi tuyen ong Qua trinh hinh thanh hydrate sé khéng xdy ra do nhiét d vin
hanh cua tuyen ong Iuén cao hon nhiét dj hinh thanh hydrate Sw Iang a‘ong
wax doi vai a‘u'o'ng dng chu yéu xay ra & doan 6 ong a‘u'ng tir ddy bién dén glan
Déi véi tuyén ong TNHA-RD, kh01 Iu'o'ng wax tang rdt chdm, do dé tan sudt
phéng Pig dé xir Iy cho tuyen éng nay dwoc khuyen nghl la khodng 12
thdng/ldn. Déi véi tuyén ong TN-TNHA, d6 day ctia 16p lang dong wax thdp
(dwéi 2 mm), do dé khéng can st dung phwong phdp phdng Pig dé lam sach
ong. Khi mé & giai doan cudi ctia qud trinh khai thdc (dw kién tir nam 2034),
khoi lwong wax khong ddng ké va cé xu hwéng khéng tdng theo thoi gian. Vi
vy, & giai doan nay khéng cdn dp dung phwong phdp phong Pig dé logi bé
wax. Két qud nghién citu la co so dé xem xét dp dung cdc gidi phdp hop ly
vao qud trinh khai thdc va vdn chuyén khi condensate tai mé X va cdc mo
khdc c6 diéu kién twong tw.

© 2025 Trwong Pai hoc M6 - bia chat. T4t ca cic quyén dwoc bao dam.

1. M¢é dau

Trong hoat dong khai thac dau khi, dwong 6ng
van chuyén déng vai tro quan trong, gitp t6i wu
héa chi phi va ddm bao qua trinh van chuyén san
pham dworc lién tuc, 6n dinh va an toan. Tuy nhién,
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trong qua trinh vin chuyén, c6 nhiéu thach thirc
vé Ky thuat va cong nghé dit ra, nhit la cac yéu té
dé dam bao dong chay dién ra an toan va lién tuc
trong cac diéu kién khac nhau. Do viy, ndi dung vé
dam bao dong chay 1a vin dé quan trong, can phai
dwoc xem xét mot cach nghiém tdc. C6 thé thiy
rang, ddm bao dong chay (flow assurance) la
nhiém vu lién quan dén viéc duy tri dong chay
trong dwong ong dudi nhiéu yéu t6 anh hwdng
khac nhau nhw su thay déi nhiét do va ap suit doc
theo tuyén 6ng, sw dong dic va lang dong wax, sw
hinh thanh hydrate,... D6i véi qua trinh van
chuyén khi néi chung va mo6 khi ngung tu
(condensate) noi riéng, cac vin dé néu trén cang
tré nén phirc tap do dic tinh pha da dang va diéu
kién khai thac & nhiét do va ap suit khac nhau.
Viéc ddm bao dong chay 6n dinh trong cac tuyén
ong nay dat ra nhiéu thach thirc 1én do cac hién
twong vat ly va hda hoc phirc tap gay ra béi sw
hinh thanh hydrate, ling dong wax, hién twong
ngung tu 16ng, .. Nhitng vin dé nay c6 thé lam
gidm hiéu suit van hanh, thim chi giy ra nhirng
rdi ro moi tredng va nguy co mat an toan dan dén
viéc phai ngirng khai thac giéng.

Cac nghién ctru vé dam bao dong chay trong
van chuyén dau, khi dwgc dé cip nhiéu trong cac
cong trinh nghién ctru (Zhou va Adewumi, 1998;
Oliveira va nnk., 2014; Gupta va Anirbid, 2015).
Theo thoi gian, cic nghién ctru vé ddm bao dong
chay trong van chuyén dau va khi da dat dwoc
nhiéu tién bd ca vé ly thuyét va &ng dung. Tuy
nhién, nhirng vin dé vé phan tich dinh tinh, dw bao
hanh vi hé théng va cac giai phap cho tirng doi
twong cu thé van 12 bai todn mé. Cac phwong phap
nghién ctiru két hop gitra ly thuyét va thuc nghiém
(Phan va nnk., 2025) trong dé c6 cd mo hinh héa
cling da dwoc van dung dé giai quyét cic nhiém vu
cu thé cho tirng déi twong. Trong linh vuc md
phong s6, c6 thé ké dén mét vai phwong phap nhu:
phwong phap sai phan hitu han (Kuichi, 1994;
Greyvenstein, 2002; Osiadacz va Chaczykowski,
2001), hay phwong phap sai phan thé tich hiru han
(TVD) (Zhou va Adewumi, 2000). M6i phwong
phap déu cé nhitng diém manh, diém han ché
riéng va dwoc ap dung tuy thudc vao diéu kién,
muc dich nghién ctru cta tirng doi twong.

Trong nghién ctru nay, nhém tac gia st dung
phuong phdp md phéng s6 bang phin mém
chuyén dung dwa trén co s& ly thuyét cia phwong
phap sai phin thé tich hitu han dé xem xét cic khia

canh vé ddm bao dong chay cho tuyén 6ng vin
chuyén khi condensate tai mé X. Nghién ctru nay
nham muc dich gidi quyé&t mot ndi dung nghién
ctru cu thé doi véi van dé dam bao dong chay cho
mot d6i twong cu thé, gitp cho qua trinh van hanh
tuyén 6ng trong diéu kién thuc té dwoc an toan,
hiéu qua. Cac nghién ctru dwgc thuc hién dwa trén
viéc mé phong dong chdy chit lwu trong dwong
ong & trang thai 6n dinh dé xac dinh nhiét d6 vin
hanh va pham vi 4p suit ciia dwong 6ng. Cac dir
liéu dau vao cia mo hinh la nhirng s6 liéu dw bao
trén co s& cac phan tich ban dau tai mo. Cac mé
phong vé trang thai hoat dong tirc thoi, cling nhw
nhuy mé phéng lang dong Parafin,... cling dwoc
thuc hién dé xem xét cac yéu t6 anh hwdng dén
thong s6 cong nghé va ché d6 van hanh cia duwong
ong,... Két qua nghién ctru sé 1a co s& dé dé xuit
cac gidi phap ky thuat va cong nghé phut hop nham
t6i wu hoa qua trinh khai thac va van chuyén san
pham tai mo X.

M6 X 1a mo6 khi ngwng tu, n3m & phia TAy Nam
cta bé Nam Coén Son, thém luc dia Viét Nam, v&i
d6 sdu muyc nwée dao dong tir 70 dén 120 m, dia
hinh day bién twong d6i bang phang. Tai khu vuc
mo X sé tién hanh xay dung 2 gian dau giéng WHP-
TNHA va WHP-TN va hé thong duong dng van
chuyén nhu so d6 trong Hinh 1. Tai mo X, da tién
hanh khoan 6 giéng tham do dé danh gia cic thong
tin cong nghé cia mé (TN-1X, TN-3X-ST1, TN-3X-
H1, TN-4XST1, TN-4X-ST2 va HA-1X). Mau chat
lwu tir 6 giéng duwoc 14y trong qua trinh thir via va
tién hanh phan tich PVT tai phong thi nghiém. Mau
nuwéce dwoc thu thap va phan tich tai 3 giéng khoan
(TN-3X-ST1, TN-3X-H1, TN- 4X-ST1). Phan tich
mau 16i dic biét dua trén cac nghién ciru tir TN-
3X-ST1, TN-4XST2. San pham khai thic tai mé X
(khi va condensate) sé dwoc van chuyén bang
dwong 6ng ngdm dai 36 km dén gian Réng Déi
(CPP Rong Doi) dé xi Iy, nén va xuat ban. Ap suat
yéu cau tai gian Rong Doi 1a 23 bar.
2. Cac thong s6 dau vao ciia mé hinh

Gian khai thac WHP-TNHA sé dwoc dwa vao
van hanh nam 2025 va tiép theo d6 la gian WHP-
TN du kién cling sé dwa vao van hanh nam 2028.
San lwong dat dinh du kién sé dat dwoc vao nam
2026 khi 4 giéng di vao hoat dong. Giai doan binh
nguyén du kién sé kéo dai trong 4 nam (cho dén
nam 2030). D kién ba giai doan khai thac sé bao
gom: Giai doan dau, tir nam 2026 dén nam 2029,
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trong giai doan nay ap suit dau giéng cao dang ké.
Giai doan tiép theo dw kién kéo dai tir nam 2030
dén 2034. O giai doan nay, 4p suit via sé giam, van
tiét lwu bat dau hoat dong & diéu kién dong chay
dwdi téi han. Giai doan cudi ciia mé dién ra trong
khoang thoi gian tir 2034 tré vé sau. Trong giai
doan nay, van tiét lwu cin hoat dong & trang thai
gan nhw mé hoan toan dé duy tri san lwgng khai
thac theo yéu ciu. Tuyén 6ng TN-TNHA va TNHA-
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RD c6 chiéu dai va dwong kinh ngoai lan lwot la: 3
km, 36 km, dwong kinh 273,1 mm va 404,4 mm.
Chiéu day lan lwot1a 12,7 mm va 15,9 mm. Tuyén
ong dwoc pht béi 1ép vat liéu 3LPE va bé tong véi
chiéu day Ian lwot 1a 4 mm va 40 mm. Nhiét do
nuwéc bién dao dong trong khoang tir 17+28,3°C.
So d6 tuyén Ong noi tir gian WHP-TN dén WHP-
TNHA va tir WHP-TNHA dén gian Réng Doi (CPP
RD) dwgrc thé hién trong Hinh 2 va 3.

Hinh 1. So d6 vdn chuyén sdn phdm tai mé X.
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Hinh 2. Profile tuyén dwong 6ng TN-TNHA.
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Hinh 3. Profile tuyén 6ng tir TNHA dén gian CPP

RD.



Nguyén Vin Thinh va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 66 (5), 63 - 78

3. Thwc hién moé phéng

3.1. Sw thay déi nhiét dé va dp sudt

Mo phéng dong chdy dwoc thwe hién bang
phan mém Olga véi md hinh lang dong sap RRR,
thanh phan chit 16ng duwgc mo phoéng bang
PVTsim 20. Cac thong s6 dau vao chu yéu cia mb
hinh bao gom: nhiét dg, ap suit van hanh, thanh
phéan chéat lwu, lwu lwong khai thac dw kién, dic
tinh va so d6 tuyén Ong, cac diéu kién vé moi
trwong,... K&t qua mo phdng sé cho biét nhiét do
dong chdy trong duwdng 6ng va ap sudt yéu ciu
trén gian dau giéng WHP-TN va WHP-TNHA.
Ngoai ra, lwu lwong khi, toc d6 chit 16ng, ngung tu
16ng,... cling sé dwoc phan tich va tinh toan. Dwa
trén lwu lwong chit long, khi, lwu lwong
condensate, nhiét do diy bién cao nhit va thip
nhat, cac kich bdn mo phdéng da dwgc dé xuit. Két
qua mo hinh héa dong chdy dworc trinh bay trong
Bang 1. Ap sudt dau vao 6ng dirng yéu cau trén
WHP-TNHA dao dong tir 28 bar dén 37 bar, ap
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suit dau vao ong dirng yéu ciu trén WHP-TN dao
déng tir 30 bar dén 39 bar, nhirng 4p suit nay thap
hon 4p suit dau 6ng cé sin. Nhiét d6 dau ra tai
CPP-RD dao dong tir 17+17,49C d6i vdi trudong
hop nhiét do day bién thap nhat (17°C) va nhiét do
tr 28,3+29°C ddi véi treong hop nhiét do day
bién cao nhit (28,3°C). Nhiét do diém dong dic
cua chit 16ng theo két qua phén tich la 20°C. Vi
vay, nhiét d6 chit 16ng trong dwong 6ng thip hon
nhiét d6 diém dong dac. Do dd, cAn phai bom PPD
vGi nong do phu hop dé ha diém déng dac xudng
dwéi 20°C nham dam bao an toan cho hoat déng
cua dwong ong. Ty 1é van t6c x6i mon téi da (EVR)
d6i vi tit ca cac treong hop dwoc nghién cliru déu
nho hon 1, do d6 dap wng tiéu chi vé EVR. T6c d6
chit 16ng dén tdi da cho dwong 6ng 10 inches tai
WHP-TNHA 1a 12,2 m3/h. T6c db xa chit 1éng
dwoc khuyén nghi 1a 15 m3/h. T6c do chit 1ong
dén t6i da cho dwong 6ng 16 inches tai CPP-RD la
27,1 m3/h. T6c d6 xa chit 16ng dugc khuyén nghi
1a 32 m3/h. Két qua mé hinh hda céc thong s6 ctia
khi ngung tu dugc thé hién trong cac Hinh tir 4+9.

Bdng 1. Két qud mé phéng dwong 6ng & trang thdi én dinh.

Kich | Tuyén éng | Puwong | Ap suat |Nhiét d6 |[Nhiétdd| Tichtu |Tylétdc| Lwong |Ty lé khi

ban kinh (in) | dAu vao | chahén | ddura | long doé x6i |chatléng| daura

(bar) | hoptai | (°C) (m3) mon dén (Triéu

TNHA (mm) | (m3/h) | m3/ng)

(°C)

1 TNHA-RD 16 29,8 17,2 100,8 0,25 10,3 1,55
2 TNHA-RD 16 30,1 28,3 93,4 0,26 9,8 1,55
3 TNHA-RD 16 36,2 17 116,8 0,38 19 2,3
4 TNHA-RD 16 36,7 28,3 108,7 0,39 18 2,3
5 TNHA-RD 16 36,9 17 163,6 0,4 27,1 2,28
6 TNHA-RD 16 37,4 28,3 153,8 0,4 26,1 2,28
7 TN-TNHA 10 38,6 52,5 18,7 7,2 0,26 10,6 0,8
8 TNHA-RD 16 36,5 17 131,2 0,38 21,9 2,3
9 TN-TNHA 10 38,2 55,9 29,3 7,0 0,27 10,4 0,8
10 TNHA-RD 16 37 28,3 124,2 0,39 21,2 2,3
11 TN-TNHA 10 39,1 18,7 13,9 0,2 11,9 0,54
12 TNHA-RD 16 36,9 49,8 17 152,5 0,4 25,2 2,3
13 TN-TNHA 10 39,5 29,3 13,5 0,2 11,8 0,54
14 TNHA-RD 16 37,4 52,8 28,3 144,3 0,4 24,5 2,3
15 HA-TN 10 39,4 18,7 15 0,2 12,2 0,49
16 TNHA-RD 16 34,2 44,7 17 163,4 0,35 23,5 2,0
17 TN-TNHA 10 39,7 29,3 14,5 0,2 12,0 0,49
18 TNHA-RD 16 34,6 48,1 28,3 154,7 0,36 23,1 2,0
19 TN-TNHA 10 30,5 19,6 13,7 0,12 3,9 0,26
20 TNHA-RD 16 28,3 45,2 17,4 129,5 0,22 10,9 1,32
21 TN-TNHA 10 30,6 29,7 13,2 0,12 3,9 0,26
22 TNHA-RD 16 28,5 47,5 28,3 120,7 0,22 10,5 1,32




68 Nguyén Vin Thinh va nnk./Tap chi Khoa hoc Ky thudt Mé - Dia chdt 66 (5), 63 - 78
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Hinh 4. Téng lwong tich tu long tuyén éng TNHA ndm 2026 vdi nhiét dj ddy bién la 17°C.
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Hinh 5. Biéu do6 nhiét dé va dp sudt trong dwong 6ng TNHA ndm 2026 véi nhiét dé ddy bién la 17°C.
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Hinh 6. Biéu do dp sudt ddu vao cta tuyén dwong ng TNHA nam 2026 véi nhiét dj ddy bién la 17°C.
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Hinh 7. Téng lwong tich tu long tuyén éng TN va TNHA ndm 2030 véi nhiét do ddy bién la 170C.
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Hinh 8. Biéu do nhiét dé va dp sudt ctia dwong éng TN va TNHA ndm 2030 véi nhiét do ddy bién la
17°C.
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Hinh 9. Biéu do dp sudt ddu vao ctia dwong éng TN va TNHA ndm 2030 véi nhiét dé ddy bién la 170C.
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3.2. Sw hinh thanh hydrate

Két qua mé phong vé dwong cong hinh thanh
hydrate trong dwong 6ng TN-TNHA va TNHA-RD
dwoc thé hién trén cac Hinh tir 10+12. Theo két
qua phén tich qua trinh hinh thanh hydrate thé
hién trén cac Hinh 10+12 cho thiy, nhiét d6 & diéu
kién van hanh lu6n cao hon trong qua trinh hinh
thanh hydrate. Bién do kha dung trén nhiét do
hinh thanh hydrate & trang thai 6n dinh, nhiét do
van hanh téi thi€u it nhit 5°C. Do d4, qua trinh
hinh thanh hydrate sé khéng dwoc xem xét dé dw
bao.

250 T T T T T T
: Budng Hydrate-Khéng chét (c ché —=—
Digu kién van hanh —

Ap sust [bar]

1 1 1 1
30 40 30 60 70
Nhiét d6 [oC]

Hinh 10. Pwong dp sudt-nhiét dj & diéu kién
vdn hanh va dwong cong Hydrate ctia tuyén ng
TNHA-RD ndm 2026.

250 ;

T T T T
Pudng Hydrate-Khéng chat ic ché —=—
Digu kién van hanh —

Ap suét [bar]

I I I I
30 40 a0 60 70
Nhiét dd [oC]

Hinh 12. Pwong dp sudt-nhiét dj & diéu kién
vdn hanh va dwong cong Hydrate ctia tuyén ng
TNHA-RD ndm 2032.

Ap sust [bar]
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3.3. Phan tich nhiét-thuy lwc tirc thoi
3.3.1. Ché d6 khéi ddng ban ddu

* Tuyén 6ng TNHA-RD: Ap sut dau 6ng giéng
t6i da cia WHP-TNHA wérc tinh khoang 186,5 bar.
Vao mua lanh, khi & thugng nguon ctia van tiét leu
giam xudng nhiét d6 moi trwong. Viéc khoi dong
giéng tr nhiét d6 thap va 4p suit cao nhw vy sé
tao ra sw gidm nhiét do chat lwu dang ké qua cac
van tiét lwu dwdi bién bdi hiéu Gng Joule-
Thomson. Do d6, nén ting ap suit truwdéc cho
dwong 6ng 1én mirc téi thiéu 1a 45 bar trwedc khi
khéi dong ngudi (d€ ngan nhiét d6 gidm xudng
dwéi nhiét do thiét ké t6i thiéu la -29°C). Puong

250

T T T T
Budng Hydrate-Khdng chét ('c ché —es—
bigu kién van hanh —

i i 1 1
30 40 50 60 70
Nhiét dé [oC]

Hinh 11. Dwong dp sudt-nhiét do & diéu kién

vdn hanh va dwong cong Hydrate ctia tuyén dng

TNHA-RD ndm 2029.

ong dugc tang ap sudt truedre 1én 60 bar va nhiét do
dwoc can bang véi nhiét dd mai trvdmg. Nén ting
4p sudt trwdc cho dwdng dng bang Nito hodc mua
lai khi xuat khiu tir CPP, ty thudc vao tinh trang
san c6.

Giéng TN-5A duwoc chon la giéng dau tién dé
khéi dong vi ham lwgng nwéc cao va ap suat via
cao sé cho két qua rdé hon. Khi van tiét lwvu duoc
md, san lwong ting 1én 0,15 triéu m3/ngay
(MMscmd) trong 2 phut. O giai doan nay, nhiét do
chit lvu dwoc cin bang véi nhiét do moi trudng.
Duy tri luu lwong twong tw trong 5 gid cho dén khi
giéng am. Sau do, san lwgng dwoc ting thém 1én
0,7 MMscmd (Hinh 13).

Nhiét do chat lwu thap nhat 1a -25°C (Hinh
14) du kién & ha lwu van tiét Ivu, do 4p suit gidm
qua van tiét leu tir 186,5 bar xuéng 60 bar (ap suit
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dwong 6ng ban dau). Tuy nhién, nhiét d6 chat lvu
van cao hon nhiét do thiét ké tai thiéu 1a -29°C véi
bién d6 12 49C.

Ban dau, ap suit khi va nhiét d6 & thwong
nguon clia van tiét lwu Ian lwot & mirc ap suit dong
trong giéng (186,5 bar) va nhiét d6 moi trueong
xung quanh. Ngworc lai, ap suit ha nguén cia van
tiét lwu la 60 bar. Trong diéu kién chénh ap cao
nhu viy, khi qua van tiét lwu sé suit hién sw giam
nhiét & ha nguoén cta van do hiéu &ng Joule-
Thomson. Két qua mo phong cho thiy khu vuc ha
nguodn cua van tiét lwu sé hoat dong trong ving
hydrate ngay sau khi van tiét lwu dwgc mé. Do dé,
can diéu chinh d6 mé& cua van tiét lwu trong
khoang 60% dé giam thiéu/loai bé nguy co hinh
thanh hydrate.

*Tuyén 6ng TN-TNHA: Dy kién gian khai thac
WHP-TN sé dwoc dwa vao van hanh vao 4/2028.
Ap suat dau 6ng giéng t6i da ctia WHP-TN wéc tinh

+—Ltru rgng Khi tai TN-5A [MSmM3/d]
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khoang 293,7 bar. Vao mua lanh, khi & thwong
nguon cua van tiét lvu gidm xuéng t&i nhiét do
moi trieong. Viéc khdi dong giéng tir nhiét do thip
va ap sudt cao nhu viy thuwong sé tao ra sy lam
mat dang ké trén khap céc van tiét lwu dwdi bién.
Do d6, nén ting ap dwong dng 1én mirc toi thiéu la
35 bar trwéc khi khéi dong ngudi (d€ ngan nhiét
do giam xudng dwdi nhiét do thiét ké t6i thiéu la -
290C). Puong 6ng dworc ting ap trudce 1én 45 bar
va nhiét d0 dwoc cin bang véi nhiét dd6 moi
trwong. Giéng TN-7 dwgce chon la giéng dau tién dé
khéi dong vi ham lwgng nuwére cao va ap suét via
cao. Khi van tiét lvu m@, san lwong tang 1én 0,2
MMscmd trong 2 phit. O’ giai doan nay, nhiét do
chit lwu dwoc cAn bang véi nhiét dd mai trueong,
Lwu lwong twong tw dwoc duy tri trong 3 gidr cho
dén khi giéng 4m 1én. Sau d6, san lwgng ting thém
1én 0,4 MMscmd (Hinh 15).
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Hinh 13. Bién thién lwu lwong khi tai TN-5A & ché dg khéi déng ban dau.
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Hinh 14. Bién thién nhiét dé tuyén TNHA tai van tiét lwu & ché dp khéi déng ban ddu.
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Do 4p suit giam qua van tiét lwu tir 293,7 bar
xudng 45 bar (4p suit dwong 6ng ban dau), do dé
& phia ha lwu ctia van tiét lwu, dw kién nhiét do
chit 16ng thip nhit c6 thé dat dwoc la -24,6°C
(Hinh 16). Mic du vay, gia tri nhiét o nay van cao
hon nhiét d¢ thiét ké t6i thiéu 1a -29°C véi bién do
1a 4,5°C.

Thoi diém dau, ap suit khi va nhiét do &
thwong nguon clia van tiét lwu 1an lwot1a & ap suit
déng cia giéng (293,7 bar) va nhiét d6 mai treong
xung quanh. Ngworc lai, ap suit ha nguén cia van
tiét lwu 13 45 bar. O ap sudt chénh léch cao nhw
vay, khi qua van tiét lwu, nhiét do dau ra cia khi sé
gidm do hiéu ng lam mat Joule-Thomson. Két
qua mo phong cho thiy tai dau ra ctia van tiét lvu
s& dan dén nguy co trong ving hydrate ngay sau
khi van tiét lwu dwoc mé. Do d6, cin diéu chinh do
mé cla van tiét lwu trong khoang 60% dé giam
thi€u hodc loai b6 nguy co hinh thanh hydrate.

v— Lwu lwgng khi & diéu kién tiéu chuan [MSm3/ngay]

04

3.3.2. Ché do tdng-gidm sdn lwong

Trong qua trinh khai thac, viéc gidm hoac
tang lwu lwong cling sé anh hwdng dén qua trinh
van chuyén. Sy gidm luu lwong dwoc bit dau sau
khi Ivu lwong dat trang thai 6n dinh. Sau khi giam,
lwu lwong dwoc gitv 6n dinh trong 24 gio. Cac
thong s6 lwu lwgng sau sé dwoc tinh todn khi chay
mo phong nhw: nhiét do, ap sudt, ty 1& vin tdc x6i
mon, tong lwong chit 16ng trong nhanh, tong luu
lwong thé tich chat1dng, thé tich chat1dng ting dot
bién. Két qua dworc thé hién trong Bang 2. Két qua
mo phong cho thiy thé tich chat 16ng cao nhit
trong cac trweong hop tang lwu lwong héi lwu ban
dau 12 105,2 m3. D€ gidm thé tich chat1ong tich tu,
qua trinh ting lwu lwong c6 thé chia nho thanh cac
buéc. M6i buéce ting dan sé ting luu lwgng 25%
trong 5 phut va giit nguyén trong 12 gio. Két qua
la thé tich tich tu 16ng da gidam xudng dwdi 5 m3.
Két qua mo phong cling cho thiy, ngoai trir treong
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Hinh 15. Bién thién lwu lwong khi tai TN-7 & ché dé khéi déng ban ddu.
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Hinh 16. Bién thién nhiét dé tai van tiét lvu & ché do khéi dong ban dau.
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hop & giai doan van hanh cudi c6 lwu lwong khong
on dinh, viéc gidm lwu lwong roi ting tré lai ti
mirc giam lén hon sé lam gidm thé tich chit 1ong
tich tu tai bd tach. Tuy nhién, theo két qua phan
tich méi quan hé gitra gidm lwu lwong va ap suét
yéu cau tai ddu dwong 6ng, viéc giam lwu lwong
dén mot gidi han nhat dinh sé lam ting ap sut tai
dau duong 6ng vi lwu lwong khi vt qua ngudng
lu lwong 6n dinh dén trang thai khong 6n dinh.
Két qua tinh toan ap suit dau vao dudng dng va
do6 giam lwu lwong cho treomg hop ndm 2029 doi
vGi tuyén TN va TNHA cho thay khi d6 gidm luwu
lwong tir 60% dén 85%, gia tri ap sudt dau vao cia

40

dwong 6ng giam rat nhe (Hinh 17). Cac thong s6
nhiét d6 va ap suit trong trwong hop lwu lwgng
giam 50% (dw kién vao nam 2030) dwgrc trinh bay
trong Hinh 18. Theo d4, gia tri nhiét do tuyén TN
c6 xu hwéng gidm xudng t&i 24,5°C. Trong khi do,
nhiét d6 tuyén TNHA giam t&i mic thip nhat la
240C va duy tri gia tri nay dén diém cudi tuyén 6ng
(Hinh 18). Twong tw nhw vay, gia tri ap suit giam
tdi gia tri 51 bar va 19 bar twong rng véi tuyén
Sng TN va TNHA.
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Hinh 17. Sw gidm dp sudt ddu vao va lvu lwong cho trwong hop ndm 2029.
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Hinh 18. Nhiét dé va dp sudt trong trwdong hop lwu lwong gidm 50% vao nam 2030.
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3.3.3. Phan tich ldng dong wax

* Tuyén éng TNHA-RD: M6 phong lang dong
sap (wax) trong dwong 6ng ngung tu khi nham xac
dinh d6 day va khdi lwgng cia wax 1ang dong. Nam
trwong hop sau day dwoc xem xét dé thue hién mo
phong: trueong hop lwong condensate 16m nhét
(ndm 2026 va 2028); lwu lwong chat16ng 16n nhat
(ndm 2029 va 2030); lwu lwong chit 16ng trung
binh (2032). Theo két qua phan tich mau TN-4X
DST2, nhiét do xuit hién wax la 27,5°C. Két qua
mo phong cho tuyén 6ng TNHA-RD dwoc trinh
bay trong Bang 2.

Két qua mé phong trong Bang 2 cho thiy,
khéi lwgng lang dong wax wéc tinh sau 30 ngay va
90 ngay déi véi dwong 6ng TNHA-RD lan lwot la
21 kgva 35,2 kg. Lang dong wax chll yéu xuat hién
& Ong ding tir day bién 1én gian RD. Khoi lwong
l&ng dong wax c6 xu hwéng tang cham tir ngay 60
dén ngay 180. Khéi lwong lang dong wax sau 180
ngay woc tinh 1a 47,1 kg. Lang dong wax dwoc woc
tinh dwa trén lwu lwgng condensate t6i da va nhiét
d6 moi trwong thap nhat. Tuy nhién, trén thyc té
khoilwong ling dong wax c6 thé thap hon do nhiét
d6 moi trwong cao hon. Do d6, tin suit xi ly wax
cho dwong 6ng TNHA-RD dwoc khuyén nghi
khoang 12 thang/lan ddi v&i nhitng nam c6 luu
lwong condensate cao. Tan suat xi ly wax sé thay
déi tiy theo diéu kién van hanh thuec té.

béi véi giai doan cudi cia mo, lwu lwong
condensate rat thap (tir ndm 2032 dén nam 2047
gidm tir 80 m3/ngay xudng 2 m3/ngay), khoi
lwong ling dong wax khong dang ké, woc tinh 1a
13 kg vao nam 2032 sau 90 ngay va xu huwdéng
khong tang lang dong wax theo thoi gian. Do do,
ttr nam 2032 khéng cin xtt ly wax.

*Tuyén dng TN-TNHA: Két qua mé phong cho
thay, khéi lwong wax lang dong sau 30 ngay va 90
ngay lan lwotl1a 5,9 kg va 8,6 kg (Bang 3). Wax lang
dong chu yéu & 6ng dirng tivr WHP-TN xuéng day
bién va tir day bién lén WHP-TNHA. Twong tw nhw
tuyén 6ng TNHA-RD, tir 60 ngay dén 180 ngay
khéi lwong wax lang dong ting rat cham (chi ting
4 kg).

Trong ky thuit dwong 6ng, viéc st dung
phwong phap phdéng Pig 1a giai phap khéng thé
thiéu va ludn dwoc coi 1a hiéu qua dé loai bé 16p
ling dong wax. Ky thuat nay dwoc dé cip dén
trong nhiéu coéng trinh nghién ciru (Alnaimat va
Ziauddin, 2020; Gao va nnk., 2021; Zhang va nnk,,
2023). Thong thwong, khi d6 day 16p 1ang dong tix
2 mm trd 1én, sé 1a co s& dé xem xét str dung
phuong phap phong Pig (Zhang va nnk., 2023).

Trong nghién ciru nay, két qua mé phdng vé
ldng dong wax tuyén TN-TNHA cho thdy, do day
wax thap hon kha nhiéu so v4i 2 mm va khoi
lwong wax lang dong cua tuyén 6ng nay ciling
twong do6i nho (dwédi 50 kg). Do d6, tuyén TN-

Bdng 2. Ldng dong wax trong dwdong 6ng TNHA-RD.

Khéi lwong wax Khéi lwong wax | Béday 16p wax Idng | D6 day 16p wax
Ndm Idng dong sau 30 | Idng dong sau 90 | dong sau 30 ngay, | ldng dong sau 90
ngay, kg ngay, kg mm ngay, mm
2026 19,0 30,5 0,006 0,007
2028 21,0 35,2 0,006 0,008
2029 15,3 24,2 0,005 0,007
2030 12,5 19,2 0,005 0,007
2032 3,2 9,0 0,004 0,01
Bdng 3. Lang dong wax trong dworng éng TN-TNHA.
Khéi lwong wax Khéi lwong wax | Pé day I6p wax ldng | D0 day 16p wax
Ndm lang dong sau 30 | ldng dong sau 90 dong sau 30 ngay, lang dong sau 90
ngay, kg ngay, kg mm ngay, mm
2028 5,9 8,6 0,006 0,01
2029 2,8 6 0,006 0,01
2030 2,2 5,2 0,006 0,01
2032 0,1 0,1 0 0
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TNHA khéng cén st dung phwong phap phong Pig
déloai bé wax. Tan suit phong Pig sé thay doi theo
hoat dong thuc té€. D6i véi giai doan cudi cia md,
lwu lwong condensate qua thip (khoang tir nam
2032 dén nam 2039 giam tir 33 m3/ngay xudng
con 6 m3/ngay), khéi lrong lang dong wax khong
dang ké, nam 2032 sau 90 ngay la 0,1 kg va c6 xu
hwéng khdng tang theo thoi gian. Do d6, tir nam
2032 khong can xt ly.

3.3.4. Phdn tich ngung tu I6ng (slug)

Hién twong ngung tu 16ng (slug) trong dwong
ong van chuyén khi xay ra khi c6 su tich tu chat
16ng tai nhitng diém thip cia dwong 6ng. Do anh
hwéng cla trong luwc, chat 10ng c6 xu hwdng ling
xuéng day cac duong ong, trong khi khi chiém
phéan trén cling do sw khac biét vé mat do. Van toc
bé mat ctia khi cao hon so véi chat1ong. Do d6, khi
khi di chuyén qua chit 16ng, cac tdi chit 1dng nho
c6 xu hwéng tich tu thanh cac cuc. Ap suat phia sau
cda khoi chit 16ng tang 1én dan, dén mot mikc da
16m, 4p suit nay sé diy chit long ra khai vi tri do,
tao thanh nut chit 16ng. Thong thwong, xét & goc
db6 cac phirc tap giy ra doi véi kha ndng lam viéc
cta dwong Ong, su tich tu 10ng theo chiéu ngang
ctia dwong 6ng it anh hwdng hon so vai sw tich tu
trong cac ong ding. Tai nhitng vi tri dng ding
(riser) xac sut hinh thanh nit chuat1éng sé nhiéu
hon vala nguyén nhan gay ra nhitng xung dong ap
sudt trong dwong 6ng. Khi slug hinh thanh trong
dwong dng c6 thé giy ra hién twong xung dong ap
suit. Cac xung dong manh cda ap suat va luu

lwong bén trong dudng dng lam cho cac thiét bi
thu gom xt¢ ly dau lam viéc & ché d6 khéng on dinh
varatkho dé diéu chinh. Xung dot ap xuit gy ton
hao 4p sut cuc bd trong dwong 6ng, anh hwdng
truc ti€p dén kha nang lwu thong dwong 6ng, thim
chi c6 thé thé pha héng ca hé théng dwong 6ng. Dé
loai bd slug, ngoai cac giai phap vé cong nghé,
ngudi ta ¢ thé st dung ky thuit phong thoi
(Pigging) hodc ciing c6 thé st dung thiét bi Slug
Catcher. Viéc phan tich ngung tu 16ng c6 y nghia
quan trong va la ndi dung bat budc déi voi cong
tac van hanh dudng 6ng dan dau khi néi chung va
dan khi néi riéng. Trong nghién ctru nay, viéc phan
tich ngung tu 16ng (slug) chi nham muc dich xéc
dinh trang thai va chiéu dai cta slug trong dwong
Ong & trang thai 6n dinh. Két qua phén tich tinh
trang ngung tu 10ng & trang thai 6n dinh dwoc thé
hién trong Bang 4.

Két qua trong Bang 4 cho thiy trong cac nam
2025, 2026 va 2028, tinh trang ngung tu 1éng
trong dwong dng khdéng xay ra. Tlr nam 2029 tré
di, xuat hién tinh trang ngung tu léng & mot sé
tuyén ong. Két qua phan tich cho thdy nam 2029
va 2032 slug chi xay ra doi véi tuyén ong TN-
TNHA véi chiéu dai slug 16m nhat twong (ng la 2
m va 45 m. Tuy nhién, vao nam 2039 (giai doan
cudi cia qua trinh khai thac), tinh trang ngung tu
16ng xay ra & ca tuyén 6ng TN-TNHA va TNHA-RD.
Chiéu dai slug la 16n nhéat, c6 thé dat téi 57 m
(Hinh 19). Tan sut xuit hién kha thwong xuyén
nhw mo ta trong Hinh 19.

Bdng 4. Ngwng tu I6ng & cdc tuyén dng.

Nam Tuyén duwong Ong Ché d6 dong chdy
2025 TN-TNHA Vanh khuyén
TNHA-RD Vanh khuyén
2026 TN-TNHA Vanh khuyén
TNHA-RD Vanh khuyén
2028 TN-TNHA Vanh khuyén
TNHA-RD Vanh khuyén
TN-TNHA Nut
2029 TNHA-RD Vanh khuyén
2030 TN-TNHA Vanh khuyén
TNHA-RD Vanh khuyén
2032 TN-TNHA : Nut _
TNHA-RD Vanh khuyén
TN-TNHA Nut
2039 TNHA-RD Nut
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Hinh 19. Chiéu dai slug ndm 2039.

3.3.5. Phén tich phéng Pig lam sach dwong éng
(Pigging)

S6 liéu phan tich dwoc xay dung cho trwong
hop md phéng & trang thai 6n dinh. Cac kich ban
khai thac cho thay, lwgng tich tw 16ng sé 16n nhit
vao nam 2030. Cac s6 liéu dau vao phuc vu tinh
toan dworc trinh bay trong Bang 5.

Tuyén TNHA-RD: Pig sé dwoc phong tir TNHA
va duwoc tiép nhan tai bo thu pig tai CPP RD. Ap
sudt dén tai CPP RD dwoc duy tri & mirc 23 bar
trong sudt qua trinh mé phong. Van téc Pig dwoc
duy tri trong khoang 1+3 m/s. Vi toc do nhu vay,
hoat dong Pigging wéc tinh sé hoan thanh trong
5,0 gio. Két qua mo phong ciing cho thay Pig c6
kha nang bi cham lai, tham chi bi dirng trong
khodng 60 phut khi tiép cin chan 6ng dirng CPP
RD do chiu su tic dong lwc diy cua khéi chat1dng
phia trwdrc khi né di chuyén trong doan 6ng ding.
Thé tich khdi chat 16ng tich tu t6i da dw kién c6 thé
1én téi 129,3 m3. Néu tdc do xa 16ng duy tri & mitc
40 m3/h s& mat khoang 3,25 gior dé xa hét khéi
chat1éng nay. Két qua phan tich ciing cho thay khi
tang téc d6 xa 1ong thi do giam cua thé tich chat
l16ng dwoc xa ra chi & mirc khong dang ké. Do do,
dé giam thé tich chit 16ng don vé trong qua trinh

pigging, cAn lap dit van diéu tiét phia truwdc thiét
bi tich nham ki€m soat thé tich chit 16ng nay.

Tuyén 6ng TN-TNHA: Hoat dong phong Pig
wéc tinh hoan thanh trong 28 phit véi van toc
trung binh cua Pig la 1,5+2,5 m/s. Két qua md
phong cho thiy Pig c6 thé bi chdm lai, thim chi c6
kha nang dirng lai trong khoang 7 phut khi tiép
cin chan 6ng dirng gian TNHA do luc ddy tinh tao
ra b&i cot chat 1ong phia truedc khi nd di chuyén
trong doan 6ng dirng. Thé tich khéi chit 1ong tich
tu t6i da duw kién c6 thé 1én tdi 11,2 m3. Két qua
phén tich cho thay, véi toc do xa 16ng 1a 15 m3/h,
sé mat khoang gan 1 gior d€ xa hét lwong chatlong
nay.

4.Kétluan

Nghién ciru ddm bao dong chdy trong qua
trinh vin chuyén san phidm la ndi dung quan
trong, khong thé thiéu trong viéc xay dung cac
kich ban khai thac doi véi cdc mo dau va khi. Dua
trén cac kich ban nghién ctu dit ra, cic thong so
cta dwong 6ng van chuyén duoc xem xét mot cach
than trong, nham dam bao cho qua trinh khai thac,
thu gom va van chuyén san pham dwoc dién ra an
toan. Déi véi mo khi ngung tu X, ddm bao dong
chay da xem xét dén cac ndi dung trong qua trinh

Bdng 5. Théng s6 ddu vao qud trinh Pigging.

Gian TNHA Gian TN
Lwulwong | Luulwongnwéc | Lwulwongkhi | Lvulwongdau | Lwulwong | Luwu lwong khi
dau (m®/ng) (m3/ng) (tr.m3/ng) (m3/ng) nwoc (mi/ng) | (trm3/ng)
133,8 584 15 71,7 201,6 0,5
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van hanh khai thac, véi cac diém lwu y chinh nhw
sau:

Ap suat yéu cau tai dau vao ong dirng clia gian
WHP-TNHA dao dong tir 28 bar dén 37 bar, ap
sudt yéu cau tai dau vao 6ng dirng cia WHP-TN
dao dong tir 30 bar dén 39 bar. Trong trwong hop
nhiét d6 chatlong trong dwong 6ng thap hon nhiét
do6 diém dong dac, can phai bom PPD v&i nong do
phu hop dé ha diém déng dac xuéng dwédi 20°C
nham ddm bdo an toan cho hoat déng cia dudng
ong. Két qua phén tich vé hinh thanh hydrate cho
thay nhiét do & diéu kién vin hanh ludn cao hon
trong qua trinh hinh thanh hydrate. Do d6, qua
trinh hinh thanh hydrate sé khong xay ra. O’ ché do
khéi dong ban dau sé xuit hién hiéu rng lam mat
dang ké cta khi qua van tiét lwu bdi hiéu Gng
Joule-Thomson. Do d6, cin diéu chinh &p suit phu
hop dé ngdn nhiét do giam xudng dwdi mirc nhiét
do thiét ké t6i thiéu (-29°C). Cu thé, déi véi tuyén
ong TNHA-RD, nén tiang ap trudc dwong ong lén it
nhat 60 bar, gia tri nay déi véi tuyén TN-TNHA la
45 bar.

Sw ling dong wax ddi v&i dwong 6ng TNHA-
RD chi yéu xay ra & doan dng dirng tir day bién
dén gian CPP-RD. Khdi lwong wax tang rat chidm
tir 60 ngay dén 180 ngay, do d6 tan suat phong Pig
dé xtr ly cho dwong 6ng TNHA-RD duwgc khuyén
nghi 1a khoang 12 thang/lan. Péi véi tuyén 6ng
TN-TNHA, két qua mo phong da chi ra do day wax
thap hon kha nhiéu so véi 2 mm va lwgng wax
ling dong twong ddi nhé. Vi vay khong can st
dung phuwong phap phéng Pig dé loai bd wax.

( giai doan cudi ctia mé, lwu lwong khi ngung
tu rat thip, do d6 khéi lwong wax khong dang ké
va co xu hudng khong tang theo thoi gian. Chinh
vi vay, & giai doan cudi cia mo6 khéng can ap dung
phwong phap phdéng Pig dé lam sach 6ng. Ngoai ra,
khong can thiét phai thuc hién hoat dong phong
Pig dé day chit long trong duong dng trong
trwong hop luwu lwong dong chay thap.

Pong gop cua tac gia

Nguyén Vin Thinh - xy dung b6 cuc, phan
tich s6 liéu, viét ndi dung va hiéu dinh; Nguyén
Thanh Tuin - ra soat va hiéu dinh néi dung; Lé
bang Thanh - s6 liéu mé phong va hiéu dinh noi
dung.
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