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Mé Pai Hung

M6 Daqi Hiing thudc L6 05.1a, bat ddu di vao khai thdc tir ndm 1994. Trong
giai doan 2 ctia qud trinh phdt trién mé, gian ddu giéng WHP-DHZ2 dworc lap
ddt. Sau khi gian WHP-DH?Z di vao hoat déng (tir thdng 8/2011) dd ndy sinh
mét s vdn dé cdn phdi dworc gidi quyét dé nang cao hiéu qud vdn chuyén sdn
phdm va ddm bdo tinh kinh té trong sudt doi mé. Hon niva, truéc thuwc trang
gid ddu gidm sdu khién Nha diéu hanh ciia mé Dai Hing phdi diéu chinh sdn
Iwong khai thdc, chinh vi vdy cdc s6 liéu dwa trén dw bdo sdn lwong khai thdc
trueée ddy khong con sdt vai diéu kién thwc té hién nay. Piéu nay ddt ra yéu
cdu birc thiét phdi thuc hién cdc nghién ciru nhdm ddm bdo an toan cho qud
trinh vdn chuyén sdn phdm trong giai doan hién nay. Nghién citu dam bdo
dong chdy cho tuyén duong 6ng van chuyén dau khi gom nhiéu néi dung,
trong dé phdi ké dén viéc kiém sodt sw lang dong cta cdc vdt thé rdn nhw
hydrate, wax, asphaltene... Bai bdo trinh bay cdc két qud nghién ciru vé ché
do dong chdy, cdc thdng sé thuy lwc, nhiét hoc va téc dé dn mon bén trong...
ctia dwong 6ng vdn chuyén ddu tir gian WHP-DHZ2 dén gian FPU-DH1, thong
qua cdc phwong trinh thuc nghiém. Cdc két qud tinh todn sau dé dwoc so
sdnh véi mé hinh mé phéng bang phdn mém PIPESIM, nham kiém chirng dé
tin cdy va khd ndng dp dung vao thwec té Trén co sé& d6, tdc gid dé xudt cdc
gidi phdp phu hop dévdn hanh tuyén dwdng dng tir gian WHP-DH2 dén gian
FPU-DH1 trong nhiing giai doan tiép theo.

© 2018 Trwdong Pai hoc M6 - Pia chit. T4t ca cac quyén dwgc bao dam.

1. Mé dau

cho dén nidng véi ty trong dao dong trong khoang
0,827 g/cm3- 0,930 g/cm3, it lvu huynh (ham

M6 dau khi Pai Hung thudc 16 05-1a nam &
phia Dong Bic bon triing Nam Con Son, cach b
bién Viing Tau khodng 250km, v&i chiéu sdu myc
nuéc trung binh khoang 110m (Hinh 1). Dau ctia
mo Pai Hung thuéc nhém phan loai tir trung binh

“Tdc gid lién hé
E-mail: nguyenvanthinh@humg.edu.vn

lwong lwu huynh tir 0,05% dén 0,152% Kkhoi
lwong), ham lwong asphanten tir 3,0 % dén 21,8
% khéi lwgng, chivra nhiéu parafin (ham lwong
parafin tir 6,9 % dén 30,0 % khéi lwong). (PVEP,
2007; PVEP, 2013) Lich str khai thac cia mé Pai
Hung dwoc thé hién qua cdc méc thoi gian nhw
sau: Thang 10/1994 gian FPU-DH1 dwa vao 05
giéng khai thac ngdm véi sdn luong cao nhat dat
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gan 32.000 thung/ngay (theo thiét ké, FPU xi ly
35,000 thung/ngay). Nam 1997, san lwong khai
thac gidam dan dén 3.000 thiing/ngay. Nam 1999,
gian FPU-DH1 duwgc diéu hanh béi xi nghiép lién
doanh Vietsovpetro, véi san lwong dao dong trong
khoang 2000 thung/ngay. Thang 9/2003 mé bai
Hung da dwoc ban giao cho Cong ty Tham do va
Khai thac DAu khi (PVEP) diéu hanh. Tai thoi diém
hién nay, san lwong khai thac dau trung binh dat
9000 thung/ngay va khi dat 500.000 m3/ngay.

2. Pdi tweng nghién ciru

Mé Pai Hung thudc khu virc khai thac sém, str
dung gian ban tiém thuy (Floating Production Unit
- FPU) Pai Hung 01 két néi v&i 12 giéng ngam
thong qua hé théng dwong 6ng khai thic mém
(Hinh 2). Dau tho khai thac tir giéng dwoc xtr ly
trén gian FPU-DH1 sau d6 dwgc bom sang tau
chira néi FSO, tau dworc neo gitr tai vi tri thong qua
phao CALM. Trong giai doan phat trién 2 ctia Mo,
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Hinh 1. Vj tri mé Dai Hl‘mg (PVEP, 2007).
(‘l) 'Tl)

WHP-DH2

ngam

FPU-DHI j

Phao trung
gian

Phao

ALM
FSO

12X
(11P)
Hinh 2. So d6 khai thdc mé Pai Hung (PVEP, 2013).
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gian dau giéng WHP-DH2, nam c4ch gian FPU-
DH1 khodng 5km vé phia TAy Nam, dwoc dwa vao
van hanh véi 12 giéng khoan. Gian dau giéng
thudc dang gian vin hanh khong nguwoi, duoc két
néi va diéu khién tir gian FPU-DH1 théng qua cap
diéu khién ngim. San pham tr gian WHP-DH2
dwoc van chuyén vé gian FPU-DH1 thong qua
dwong 6ng ngdm duwdng kinh 6 inchs. Pwong 6ng
xuit san pham khai thac bao gom 3 doan 6ng:
DPoan 6ng dling cirng (rigid riser) tai gian WHP-
DH2; Poan 6ng ding linh déng mém (flexible
dynamic riser) tai gian FPU-DH1; Poan &ng dan
mém (flexible flowline) néi gitra 6ng dirng cirng va
ong dirng mém (Hinh 3).

3. Tinh toan dam bao dong chay cho cua
dwong ong xuat dau tvr WHP-DH2 t¢i FPU-
DH1

3.1. Co’ s6 tinh todn

Do thanh phéan khi trong san phdm khai thac

WHP-DH2
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ttr gian WHP-DH2 d3 dwoc tach va xuit sang gian
BK-Thién U'ng va phin khi dw thira dwgc dot bo
tai thap dudc, nén dwong 6ng xuit tir gian WHP-
DH2 t&i FPU-DH1 khong gép cic van dé lién quan
dén lang dong hydrate hay hién twgng tich tu nat
chit1éng. D€ thuin lgi cho viéc tinh toan ly thuyét
va mé phéng bang phin mém qu4 trinh khai thac
trong sudt doi mo, ta gia st nhiét d dau vao tuyén
ong ludn dat 55°C va ap suat dau vao ludn duy tri
& 15,3 bar. Coi nhiét d6 moéi trweong nwédc bién
xung quanh éng luén déng déu va gitr & 16°C.

Théng qua biéu d6 lich st khai thac trén Hinh
4 cho thdy, san lwong khai thac gian WHP-DH2
twong d6i 6n dinh va trung binh dat 9000
thung/ngay véi ham lwong nwéc khoang 10%.
Trong béi canh hién nay, viéc ting san lwong khai
thac ctia gian WHP-DH2 khé c6 kha nang xay ra.
Do d6, trong cac tinh toan dworc trinh bay dwéi day
ta xem xét cic phwong an khac nhau trong trurong
hop san lwong khai thac suy gidam va ham lugng
nudc tang cao nhuw tai Bang 1.
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Hinh 3. So d6 tuyén éng xudt san phdm khai thdc ter WHP-DH2 t&i FPU-DH].
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Hinh 4. Lich st sdn lwong khai thdc gian WHP-DHZ.
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Bdng 1. Cdc phwong dn lwu lwong vdn chuyén
dwgc xem xét.

SLKT (thung/ngay) (9000|7500 |6000 [4500
Do ngap|Phwongancosé| 10 | 10 | 10 | 10

nwéc- |Phwong an trung
WCUT binh
(%) Phwongéancao | 40 | 40 | 40 | 40

20 | 20 | 20 | 20

3.2. Tinh todn tén thdt thiy lyc

Cac thong s6 tinh toan cho doan dng ding
cirng tai gian WHP-DH2 bao gébm: Lwu lwong van
chuyén Q =9.000 thung/ngay (0,0162 m3/s); Ham
lwong nwéc khai thac WCUT = 10%; Pudng kinh
trong doan dng dirng cling Di =149,257mm boc
cach nhiét; D6 nham tuyét doi e = 0,04572 mm;
Mit d6 dau pgy,= 871,3 kg/m3; Mat do nwoc
Pnusc= 1049,2 kg/m3; D6 nhét dong hoc cia dau:
VUgay = 7,09 mm2/s; Do nhét dong hoc cia nuwérc:
Unuse = 1,52 mm2/s; Nhiét do mdi tredong (nwée
bién): 16°C; Chiéu dai doan 6ng cirng: ;= 128 m;
Ap suat dau vao clia tuyén 6ng ding: Pin = 15,3 bar.
Cac gid tri tinh todn dworc thé hién nhu sau:

M4t d6 chat long trong 6ng:

P = Pazu- 90% + Ppusc- 10% 1)
=871,3.90% + 1049,2.10%
kg

= 889,1—
m3

Goi Sy la tiét dién doan 6ng dirng clirng, ta co:
2 -3y2

5, =mPh _mA49275007 _ ) e @

Vén toc dong chay trong dng:

4 4
_Q _o00162 _
s, 00175 09257 m/s (3)

28,0

26,0 | e

D6 nhét dong hoc cia nwére: 1,52. 1076 m2/s.
Do nhét dong hoc ctia chit 16ng trong dng:
U = Vg 90% + Upuse. 10% = (7,09.90% +
1,52.10%).107° = 653.106m?/s  (4)
D6 nham twong doi cia vach 6ng:

e=2 =20%72 _p 00030628  (5)
D; 149,275
S6 Reynold:
i -3
Re= YD :0,9257.149,22.10 —21161 (6)
6,53.10

Ta thdy 2320 < Re < 59,5/¢7/8, do d6
trang thai cia dong chay thudc vung thiy luc
phang. Gia tri ciia A dwoc xac dinh theo cong thirc
Blasius (Blasius, 1913):

A=03164Re™ %> G
=0,3164.211617%%% = 0,026

Vay ton hao thiy lwc do ma sat trén doan 6ng

ding cirng la:
gl v?

2
= 0026 128,5 _3_0,9257 .8991  (8)
149,275.10 2

APps = 8526 Pa = 0,09 bar
Cot ap thuy tinh trén doan 6ng dlirng clirng la:
AP,=pgh = 889,1.9,81.128
= 1116425 Pa = 11,1 bar ()
Vay ap suit dau ra cda tuyén 6ng dirng la:
Pout = Pin - APps + AP, (10)
=153-009+111 = 26,3 bar
Thuwc hién cac buwéc tinh twong ty cho hai
doan Ong con lai, ta thu dwoc profile ap suit
dwong dng cho treong hop lwu lwong van chuyén
dat 9000 thung dau/ngay v&i cac ham lwgng nuée
khac nhau (Hinh 5).
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Hinh 5. Profile dp sudt trong dwong 6ng véi lwu lwong vdn chuyén 9.000 thung/ngay.
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3.3. Tinh todn tén thdt nhiét

Cac thong s6 tinh todn cho doan 6ng dirng
cirng nhw sau: Nhiét d6 moi trwong: T, =16°C
(289°K); Nhiét dd diu tai dau vao tuyén dng: Tin =
55°C (328°K); Hé s6 truyén nhiét tong (Gia tri U)
cda doan 6ng dirng ctrng: U = 6,68 W/m2.K; Duong
kinh trong ctia 6ng: D; = 149,275 mm; Lwu lwong
van chuyén: Q = 9.000 thung/ngay (0,0162 m3/s).
Ham lwong nwéc WCUT=10%; Nhiét dung riéng
cda dau: ¢p aau = 1884 J/(kgK); Nhiét dung riéng
cla nwdc: Cpnwse = 4187 J/(kg.K); Chiéu dai doan
ong ding cirng: L = 128 m. Cac gia tri tinh toan
dworc thé hién nhu sau:

T6c do khoi chia chat lvu:

m =Qp =144 kg/s (1D
Khéi lwong dau:
2
Mg = Pasu o L-90% = (12)
2
871,3. 2222 128.90% = 1750 kg
Khéi lwong nwéc:
D}
Mnuse = Pruce—5 - L 10% = (13)
2
1049,2. 52222 128.10% = 234 kg

Nhiét dung riéng cda chat lwu:

Cph=0Cp, —
P Pdau Magay + Mpuse
c Muywoc
1750 anéC.mdﬁu j?)Tnu(’rc
Cp = 1884m + 4187m= 2156
(/(kgK))

Hang s6 gidm nhiét:
_UnD _ 6,68.1.0,149275
e, 1442156

~0,1.1073 (15)

56
55
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Nhiét d6 dau tai cudi doan dng dirng clirng:
T, =Ty + (Tyy — To)e_xﬂ (16)
T = 289 + (328 — 289)e~1280.1.107°
T = 327,5°K =54,5°C

O day x la chiéu cao doan dng dirng. Thuc
hién cac bwéc tinh twong tw cho hai doan dng con
lai, ta thu dwoc profile nhiét dé dau trong 6ng nhw
tai Hinh 6.

3.4. Tinh todn tho'i gian giam nhiét d¢ (cool-
down)

Giai doan cool-down ctia dau trong dwong

ong la thoi gian sau khi hé thong khai thac da
ngirng hoat dong (shutdown) va nhiét d6 dau
trong 6ng gidm dan do sw truyén nhiét ra moi
treong bén ngoai 6ng. Viéc tinh toan nhiét do
trong thoi ky cool-down rit quan trong nham xac
dinh thoi gian “no-touch time” trwedc khi nhiét do
diu gidm xudng dudi diém dong (pour point) va
wax bat dau hinh thanh.
Xét trén mot tiét dién dwong 6ng, c6 3 hinh thirc
truyén nhiét 1a d6i luu nhiét, din nhiét va birc xa
nhiét. Trong do, ta coi sw truyén nhiét do birc xa
gitra chatlong v&i thanh 6ng va moéi treong ngoai
1a khong dang ké, su trao ddi nhiét chi xady ra &
nhitng dang sau:

- Boi lru nhiét tai bé mat trong 6ng gitra chit
16ng va thanh 6ng.

- Dan nhiét qua thanh éng va cac 16p boc 6ng.

- B6i lru nhiét gitta bé mat ngoai dng va moi
tredng nwde bién xung quanh.

3.4.1. Sw doi lwu nhiét bén trong éng

Phuong trinh Newton tinh sw trao déi nhiét
bang ddi Iwu gitra chit 16ng va thanh 6ng:
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Hinh 6. Profile nhiét dj trong dwdng éng véi lwu lwong van chuyén 9.000 thiing/ngay.
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Qi = AlhlAT = ZTL'TL'th' (Tl - Tl) (17)

Trong d6: Qi nhiét lwong trao d6i bang doi
lwru nhiét tai mat trong dng (W); hi: hé s6 déi luu
cta chat 16ng trong 6ng (W/(m2K)); ri: ban kinh
trong ctia 6ng (m); L: d6 dai dwong dng (m); A:
dién tich bé mat trao déi nhiét bén trong 6ng (m?2);
T: nhiét d6 chat 16ng trong 6ng (°C); T;: nhiét do
bé mat trong 6ng (°C).

(' day, hé s6 d6i luu h phu thudc vao tinh chit
cda chat 1ong bén trong 6ng, vin téc dong chay va
dwong kinh trong cia 6ng. Doi véi dong chit 16ng
mot pha c6 dang chay r6i hoan toan, ta c6 thé dung
cong thirc sau (Dittus and Boelter, 1930):

Nu; = 0,0255.Re”®. Pr* (18)

L
Trong d6: Nu;: hé s6 Nusselt (Nu; = %);
f

Re;: hé sO0 Reynold (Re; = #); Pri hé so
f
Prandlt (Pr; = %); h;: hé s6 doi lwu cta chat
f

16ng trong 6ng (W/(mzK)); D;: dwong kinh trong
clia 6ng (m); ki dd dan nhiét clia chit 16ng trong
ong (W/(m.K)); V& van téc dong chdy cua chit
l6ng trong dng (m/s); pr mat d6 cta chit 16ng
trong dng (kg/m3); uy: d6 nhot cia chat1ong trong
ong (Pa.s); Cp: nhiét dung riéng cda chat long
trong 6ng (J/(kgK)).

Cong thic tinh Nu; trén 4p dung cho dong chit
16ng chay réi hoan toan cé hé sé Reynold > 10.000,
hé s6 Prandlt tir 0,7-160 va do dai dwong dng 1omn
hon 10 lan dwong kinh 6ng. Néu dong chat1ong la
dang chay ting (hé s6 Reynold < 2.100), h; c6 thé
dwoc tinh tr phwong trinh Hausen (Hausen,
1943): (19)

0,0668(5—;)ReiPri

Nu; = 3,66 + K .
1+0,4-[(L—;)ReiPri]

Vi L, 1akhoang cach tir dau vao tuyén 6ng téi
diém can tinh. Trong da s6 trwong hop, Di/L, ~ 0,
nén phwong trinh trén c6 thé viét thanh:

Nu; = 3,66 (20)

Néu dong chit 16ng thudc viung chuyén tiép
(2.100 < Re; < 104), viéc xac dinh h; rat kho do tinh
chat phirc tap cia dong chdy, nhit1a dong chay da
pha. Mgt trong cac phwong phép tinh h; la dung
phwong trinh Gnielinski (Gnielinski, 1975):

(%)(Rei—looo)Pri
Nu; = T (21)
1+12,7(§)2(Pri§—1)

& day A 12 hé s6 ma sat. Cong thikc trén dwoc
ap dung cho cac treomg hop c6 hé so

Pri € (0,5;2000) va Re; € (3000;5.109).
3.4.2. Sy do6i Ivu nhiét bén ngodi éng

Cong thirc tinh sw trao déi nhiét bang ddi luu
gitta bé mat ngoai dng va méi trwong nwdc bién
xung quanh:

Qo = AghoAT, = 2mr,Lho (T, — T,) (22)

Trong d6: Q.: nhiét lwgng trao d6i bang ddi
lwu nhiét bén ngoai 6ng (W); h,: hé s6 doi lwu cta
nuwéc bién bén ngoai 6ng (W/(m2K)); r,: ban kinh
ngoai clia 6ng, bao gbm ca cac 1ép boc 6ng (m); L:
do dai duwong 6ng (m); Ao: dién tich bé mat trao doi
nhiét bén ngoai 6ng (m2); T,: nhiét d6 moi trwong
nuwéc bién bén ngoai 6ng (°C); T4 nhiét dd bé mat
ngoai 6ng (°C).

O day, hé s6 d6i Iwu h, c6 thé tinh dua theo
cong thirc Hilpert (Hilpert, 1933):

Nu, = C.Re}".Pr, " (23)
Trong dé6: Nu,: hé s& Nusselt (Nu, = hZDO);

Re,: hé s6 Reynold (Re, = %); Pr,: hé s6

Cpolt A , .
Prandlt (Pr, = ”; 2); ho: hé s6 d6i Iuu ctia nwde
o

bién bén ngoai 6ng (W/(mzK)); D,: dwong kinh
ngoai ctia 6ng, bao gom ca cac 16p boc dng (m); ko:
dd dan nhiét ctia nwéc bién (W/(m.K)); V,: van téc
dong chdy ctia nwéc bién bén ngoai 6ng (m/s); po:
mat dé clia nwédc bién (kg/m3); wo: d6 nhét cia
nuwéc bién (Pass); Cyo: nhiét dung riéng ciia nwéc
bién (J/(kg.K)); C, m 1a cac hang s6 phu thudc vao
hé sb Re,

3.4.3. Sw dan nhiét qua thanh éng va cdc 1ép boc
éng

Phwong trinh Fourier tinh sw dan nhiét qua
thanh 6ng (Brill and Mukherjee, 1999):

Q, = —ZHTLkp ((63_:) (24)

Trong d6: Q,: nhiét lwong trao d6i bang dan
nhiét theo hwéng vudng goéc véi thanh Ong
(W/(m2K)); r: ban kinh bat ky trén thanh 6ng (m);
L: do dai xi-lanh (m); k,: 0 din nhiét ctia thanh
ong (W/(m.K)); dT/dr: gradient nhiét d6 (cC/m).

Thuc hién phép bién d6i hai vé ctia phwong
trinh (24) ta thu dwoc:

21k, L(Ty~T;)

)
Trong d6: T:: nhiét d6 bé mat trong 6ng (°C);
T;: nhiét d6 bé mat ngoai ong, chwa bao gom 1ép

boc ong (°C); r: ban kinh trong cta éng (m);

(25)
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r1: ban kinh ngoai cia 6ng, chwa bao gobm 16p boc
ong (m); L: d6 dai dwong 6ng (m).

Nhuw viy, sw phan b6 nhiét do tir mat trong ra
mat ngoai thanh dng do sw trao doi nhiét gitra chat
16ng bén trong dng va moi trrong bén ngoai dng
gay ra thong qua doi lwu tai cac bé mat trong ngoai
va dan nhiét qua thanh 6ng va 1ép boc 6ng, dwoc

thé hién tai cong thirc:
Ti—To

R N N
2nriLh; ' 2mkplL ' 2mk L ' 2nroLhg
Ngoai ra, nhiét lwong trao doi gitra chat 16ng
va mdi treong con duwgce thé hién nhw tai phwong
trinh sau:

(26)

Qr =UA(T; = T,) (27)
Trong d6: U: hé s6 truyén nhiét tong, tinh theo
dién tich 4, (W/(m2K)); To: nhiét d6 moi truong
nuwédc bién bén ngoai 6ng (°C); T: nhiét d6 chat
16ng trong ong (C).
Heé s6 truyén nhiét tong U dwoc tinh nhw sau:

U= To Iro ln(T—i) ‘ To ln(r(;-:tl) 1 (28)
rihy kp ky "ho
Trong d6: ri: ban kinh trong ctia dng (m); ro:
ban kinh ngoai cia 6ng, chwa bao gobm 1ép boc 6ng
(m); t;: d6 day 16p boc 6ng (m); h;i: hé s6 doi lwu caa
chat 16ng trong 6ng (W/(m2.K)); h,: hé s6 déi luu
cta nuwéc bién bén ngoai dng (W/(m2K)); k,: do
dan nhiét cta thanh éng (W/(m.K)); k: d6 dan
nhiét cda 16p boc 6ng (W/(m.K)).
Gia tri U c6 thé viét dudi dang téng cac nhiét
tré ndi tiép tir trong ra ngoai éng:
U= —— (29)

Ri+Rp+Rl+Ro

Véi: R,-:rr—‘;l : nhiét tré cua chat long trong 6ng
[ 2042

(M2K/W); Ry= e m( i)
l (To"'tl)

: nhiét tré ctia 16p boc dng

nhiét tré cta thanh Ong

(2K /W); R o
(m2.K/W); R"_h_o' nhlet tré clia moi trweong bén
ngoai 6ng (m2.K/W).

3.4.4. Phwong phdp tinh thoi gian gidm nhiét do
(cool-down)

Khéi lwgng chit 1ong trong 6ng c6 dwong
kinh trong D; va chiéu dai L dwoc tinh nhw sau:

n 2
Wi =72 Di'Lp; (30)

Trong d6, p; 1a mat do chat 16ng trong dng
(kg/m3).

Nhiét lwong khéi chat 1ong trén tda ra tir thoi
diém c6 nhiét d6 Ty tGi thoi diém c6 nhiét do Ty
sau mot Khoang thoi gian At la:

Qi = WiCpi(Tio — Ti1) (31)

Trong d6, Cp; 1a nhiét dung riéng ctia chat
16ng trong 6ng (k] / (kg.cC)).

Nhiét lwong trén tinh theo véin t6c truyén
nhiét gitra chat long va thanh dng trong khoang
thoi gian At:

Tio— TpO

Q; =q;. At =A, ( >At (32)
Ri+-2 1
Gop 2 phwong trinh (31) va (32) sau do tinh
twong tw cho nhiét lwgng cla thanh ong va 16p
cach nhiét, ta thu dwoc nhiét do chit 16ng trong
ong, thanh &ng va 16p cach nhiét sau mot khoang
thoi gian At, thé hién lan lwot tai cic phwong trinh

sau:
ApAt Ti,O_Tp,O
T Wi Rp (33)
iCpi \ Ri+F

Ty =Tip

Aot [Tpo—Tio |, Tpo—Tlo
Tp1=Tpo— > P22+ (34)
,1 ,0 R Rp R
P PR WyCpp Ri+—P 241
Aot [Tro=Tpo | Ti0—To
Ta=To—0— |\ &R T 35
b=t =y 0 %Jr%p 2+R0 (35)

Tiép tuc lap lai cac bwéc tinh nhiét do cac
thanh phan trén cho cac khoang thoi gian At khac
nhau, ta sé thu dwgc bang nhiét do dwong 6ng va
chat1dng trong 6ng trong giai doan cool-down.

3.4.5. Két qud tinh todn

Két qua tinh todn thoi gian cooldown cho
doan 6ng dlirng cirng tai gian WHP-DH2 dwgc thé
hién Hinh 7. Tiép tuc tinh todn v&i nhiéu leu lwgng
van chuyén va ty 1é nwéc khic nhau, ta thu dworc
biéu d6 so sanh thoi gian cooldown cho 3 doan
ong nhuw tai Hinh 8.

Quan sat trén Hinh 8 c6 thé nhin thiy doan
dng dimg cimg khong gap rui ro ndo vé lang dong
wax trong suét doi mé do ton hao nhiét ciia doan
Ong nay rat nho va nhiét do chat long ludn duy tri
cao hon nhiéu nhiét do van hanh t6i thiéu. Tai hai
doan 6ng con lai, thoi gian cooldown gidm dang ké
khi Iwu lwong van chuyén giam xuéng duwdi 6000
thling/ngay déi véi doan 6ng dirng mém va dwdi
4000 thung/ngay ddi véi doan 6ng dan mém. D
dam bao khodang thoi gian an toan téi thiéu tir 3-4
gior trrde khi hé thong khai thac tré lai sau khi gap
sw ¢6 phai ngtrng khai thac dot ngdt, cin tién hanh
bom héa phdm PPD hoic pigging dinh ky dwong
ong khi lwu lwong van chuyén giam xudng dwdi
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Hinh 7. Nhiét d6 chdt Iong trong 6ng trong thoi gian cool-down (Q=9000 thiing/ngay, WCUT=10%).
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Hinh 8. So sdnh thoi gian cool-down cho cdc lwu lwgng vdn chuyén khdc nhau.

6000 thung/ngay véi ty 1€ nwde dat duwdi 40%.

3.5. Xdc dinh dé dn mon do CO:

Dé tinh toan tdc d6 an mon do CO2 giy ra bén
trong 6ng, ta s dung phwong phiap Waard
(Waard and Dugstad, 1995). Cac tinh toan toc do
an mon do CO; giy ra tai dau vao doan ong dirng
cling dworc thé hién nhw sau:

Ap suat thanh phan ctia CO; tinh theo cong
thire:

%mol CO, * P

co, =
’ 0 o§134*15 3 (36)
= ———>=0,02 bar
100
log(feoz) = log(0,02) + (0,0031
1,4 _
55+273) 153 = -171

Gia str do pH thuc t€ bang v&i do pH do COy,
thanh phan Vr dic trung cho toc dé an mon t6i da
dwa trén giGi han toc d6 phan rng dwoc tinh theo:

119
lOg(VT') =493 — m (38)
+0,581l0g(—1,71) = 0,53

Thanh phan Vm dac trung cho t6c d6 an mon
t6i da dwa trén gi¢i han téc do6 dong chay dwoc
tinh theo céng thirc:

Vm = 2,45 % 10271 % 0,926°8/  (39)
(149,275.1073)%2 = 0,07

T6c d6 an mon do CO; gy ra tai dau vao doan
ong ding cirng gian WHP-DH2 dwoc tinh theo
cong thirc (40)

Vinmon = 7y = 71— = 0,068

(VrTVm) (100153T0,07) (40)
(mm/nam)

T profile nhiét do va ap suét thu duoc lan
lwot tai cdc muc 3.2 va 3.3, thuc hién tinh toan cho
cac doan 0ng con lai cho giai doan suét doi md
(khoang 20 nim), ta thu dwoc biéu d6 d6 an mon
do CO; gy ra bén trong dwong 6ng xuat tir WHP-
DH2 t¢i FPU-DH1 nhw Hinh 9.
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Két qua trén Hinh 9 cho thiy d6 an mon t6i da
do CO; gy ra trén toan dwong ong khi khéng st
dung héa phdm chéng an mon la 2,16 mm sau 20
nam. Gia tri nay van nam trong ngudng in mon
cho phép do Nha diéu hanh dwa ra la 3 mm trong
sudt doi mo. Nhw viy dwong 6ng xuat tir WHP-
DH2 t&i FPU-DH1 khéng gdp phai van dé vé an
mon do CO; giy ra va khéng cin st dung héa
phdm chéng dn mon.

4. So sanh két qua tinh toan véi mé hinh mé
phong bang phAm mém PIPESIM

Két qua so sanh trén Hinh 10 cho ta thiy,
profile 4p suit thu dwoc tir phin mém mo phong
PIPESIM hoan toan phu hop véi két qua tinh toan

24
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ly thuyét thyc hién tai muc 3.2. Két qua mé phong

profile nhiét d6 chat lwu trén Hinh 11 ciing cho
thay sw pht hop giita gia tri da tinh todn tai muc
3.3 va két qua mo phong (Hinh 11).

Tién hanh kiém chirng véi cac so liéu thu thip
tai mo trong thoi gian tir 01/04/2018 dén
26/04/2018 cho thay, cac két qua da tinh toan tai
cacmuc 3.2, 3.3 phtt hop véi cac s6 liéu thuece té thu
dwoc tai mo (Hinh 12). Trong d6, sai s6 trung binh
d6i v&i ton hao ap suatva nhiét do lan lwotla 2,5%
va 3,5%. Két qua tinh todn ton that nhiét do co sai
s0 16n hon la do gia dinh nhiét d6 méi trwong
nuwéc bién ludn dat gia tri tdi thiéu 160C nhw da
thiét 14p tai muc 3.1. Gia dinh trén nham muc dich
don gian hoa viéc tinh toan ton hao nhiét do,

22
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Hinh 9. B§ dn mon do CO2 gdy ra bén trong dwdng dng trong sudt doi mé khi khdng siv dung
héa phdm chéng dn mon.
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Hinh 10. So sdnh profile dp sudt giira két qud tinh todn va str dung phdn mém PIPESIM.

Profile nhigt d§ chit lwu dwdng bng & WHP-DH2 t6i FPU-DHA
v&i WCUT = 10%

— 60,00

) —

= —_— .
5 40,00 —(=9000 bbl/d, tinh toén
o

2 20,00 ~——(Q=9000 bbl/d, PIPESIM
- N )
%" 0,00 . : ; ; , Q=4500 bbl/d, tinh todn
= ] 1000 2000 36G0 4000 506G  ———(=4500 bbl/d, PIPESIM

ChiBu dai (m)

Hinh 11. So sdnh profile nhiét dé giiva két qud tinh todn va st dung phdn mém PIPESIM.
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Hinh 12. So sdnh s6 liéu thwc té va két qua tinh todn ly thuyét.

doéng thoi phuc vu cho viéc tinh toan thoi gian
cool-down cho trudng hop xau nhat khi nhiét do
moéi treong dat mic tdi thi€u. Nhuw vy, sai s6
trong két qua tinh toan hoan toan chap nhan dwoc
va cho thiy dd tin cdy cia mo hinh tinh toan ly
thuyét.

5. Két luan

Cac két qua tinh toan ly thuyét da dwoc kiém
chimg bing phan mém va so sanh v&i s6 liéu thuc
té dé€ dam bao d6 tin ciy cua phwong phap tinh
toan. Qua do, voi luu lwong khai thac hién tai dat
9000 thung/ngay va ham Ilwgng nuéc
WCUT=10%, duwong 6ng xuit tr WHP-DH2 téi
FPU-DH1 van van hanh an toan véi nhiét do chat
lru Iudn cao hon nhiét d6 van hanh tdi thiéu
38,3°C. Do thanh phan khi da dwoc tach ra truéc
khi dwa vao dwong ong nén khong gap phai cac
van dé vé nut chat 16ng hay lang dong hydrate. Do
an mon toi da do CO; gy ra trén toan dwong dng
14 2,16 mm trong su6t doi mo, nho hon ngwdng an
mon cho phép do Nha diéu hanh dwa ra la 3 mm
va do vay khong can sir dung héa phdm chdng an
mon. Thoi gian cooldown cda dwong 6ng 1a 5,1
gi®, du thoi gian xt ly sy ¢6 va dwa hé thong khai
thac tr¢ lai truwdc khi wax kip hinh thanh trong
dwong 6ng. Khi lwu lwgng van chuyén sut gidam
xuéng dwdi 6000 thung/ngay véi ham lwong
nuwéc nhoé hon 40% can lwu ¥ bom héa phdm PPD
dé gidm nhiét do diém dong cia dau xuéng dwdi

ngudng 30°C nhw hién tai, hoac 4p dung phwong
phap gia nhiét bang nwdc néng nham duy tri thoi
gian cool-down t6i thi€u 4 gior nhw yéu ciu dé ra.
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ABSTRACT

Pipeline and flow assurance solutions of oil and gas transportation
from WHP-DH2 wellhead platform to FPU-DH1 platform at Dai Hung
Oil Field

Thinh Van Nguyen 1, An Hai Nguyen 2, Hai Thanh Nguyen 3

1 Faculty of Oil and Gas, Hanoi University of Mining and Geology, Vietnam
2 PetroVietnam Exploration Production Corporation (PVEP), Vietnam
3 PetroVietnam Domestic Exploration Production Operating Company (PVEP POC), Vietnam

Dai Hung Oil Field, located in Block 05-1a, started to operate in 1994. In phase 2 of the development,
the WHP-DH2 wellhead platform was set up. After having been put into operation since August 2011, the
WHP-DH2 wellhead platform has revealed several problems which need to be solved in order to improve
the efficiency of product transportation and the sustainability of the oil field. Moreover, the operator has
to adjust their productions quantity due to the significant decrease in global crude oil price recently.
Therefore, a research on pipeline and flow assurance of oil and gas transportation from WHP-DH2
wellhead platform to FPU-DH1 platform at Dai Hung Oil Field has never been more imperative. Research
on oil and gas transportation in pipelines includes deposition control of solid materials such as hydrate,
wayx, asphaltene.... This article presents results of the research on flow regime, hydraulic parameters, heat
and internal corrosion rate of the transportation pipeline from WHP-DH2 wellhead platform to FPU-DH1
platform at Dai Hung Oil Field by taking advantage of experimental equations. These results are then
compared with the simulation model solved by PIPESIM software using data obtained at this Oil Field.
Based on that, suitable solutions to properly control the transportation pipeline from WHP-DH2 wellhead
platform to FPU-DH1 platform at Dai Hung Oil Filed in the future stage will be recommended.



