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Qua trinh van chuyén diu khi bing duwong 6ng ngam duéi diy bién luén kém theo cic khé khin, phirc
tap trong qua trinh van hanh, nhw mirc d9 ling dong paraffin, sw phan b6 ciia dong chit 16ng va khi trong
qua trinh chuyén dong bén trong dwong dng, dic biét 1a vin dé nhiét, thiy dong lwe hoc dwong 6ng... Panh
gia chinh xac anh hudng cua cic yéu t6 nay trong qua trinh van hanh s& cho phép dwa ra céic giai phap
van hanh an toan dwong o ong Cac irng dung moé hinh mé phéng da dwoc cac nha nghlen ciru diu khi trén
thé gi6i sir dung rong rii de danh gia trang thai hoat dong ciia cac tuyén duong 6 ong van chuyén dau khi,
diic biét ddi véi cac dwong dng lap dit ngdm ngoai khoi. Bai bao nay trinh bay mét sé két qua nghién ciru
trong ap dung phin mém mé phéng OLGA dé danh gia hoat dong ciia cac dwong ong ngidm vin chuyén
diu nhiéu paraffin tai cic m6é Bach H6 va Rong & Lién doanh Viét - Nga Vietsovpetro.

Tir khéa: mé hinh, mé phéng, vin chuyén dau nhiéu paraffin.
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Thu gom, xir 1y va véan chuyén san pham dau tho
1a mot mat xich quan trong trong toan bd qua trinh
khai thac dau & cac mo dau khi trén thé gidi. Van
chuyen dau c6 ham lugng paraffin cao bang duong
ong ngam ngoai khoi trén mot quang duong dai voi
luu lwong ludn thay d6i & nhiét do méi truong thap
hon nhiét d9 dong dic ctia dau 1a mot thach thirc 16n

Using simulation models for assessing the
condition of paraffinic oil transportation
pipeline at Joint Venture Vietsovpetro

Summary

Transportation of oil and gas by subsea pipeline

always faces many challenges, including: wax
deposition, high viscosity of oil, distribution of
gas and liquid in flow, specially high pressure,
and thermal losses... Accurate assessment of these
factors in the process of oil and gas transportation
is critical for operating pipeline safely. Simulation
models are widely used for pipeline operation
assessment. In this article, the authors focus
on experiments using OLGA simulation model
for assessing the condition of paraffinic oil
transportation pipeline in Bach Ho and Rong oil
fields at Joint Venture Vietsovpetro.
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dbi véi cac cong ty khai thac dau khi [1].

Cong tac nghién ciru mirc do lang dong, su phan
b6 cna dong chit long Va khi trong qua trlnh chuyen
dong bén trong duong 6ng, dic biét 1a van dé nhiét,
thiry dong luc hoc duong 6ng 14 co s dé co thé déra
céc giai phap cong nghé phu hop giai quyét cac kho
khan, phirc tap trong qua trinh van hanh dudng 6ng.

Cong tac nghién ctru trong van chuyén dau tho
& Viét Nam mdi chi that sy bat dau trién khai sau
nam 1986, sau khi Viét Nam bat du khai thac tin
dau thé dau tién tal Vietsovpetro ¢ thém luc dia phia
Nam. Trai qua gan 30 ndm phat trién, Vietsovpetro
da van hanh an toan hé théng thu gom, xu Iy va
van chuyén dau trén cic mo dau ctia minh qua hé
thong dudng dng ngam dudi bién. Mot trong nhing
co s& dé gitp cho Vietsovpetro dam bao thanh cong
néu trén la viéc ung dung moé hinh moé phong da
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dugc cac nha nghién ctru dau khi trén thé gidi st dung
rong rii dé danh gid trang thai hoat dong cua cac tuyén
duong éng véan chuyén dau khi, dic biét ddi voi cac
duong 6ng lap dat ngdm ngoai khoi, tir d6 dé ra cac
bién phap xir 1y, van chuyén dau khac nhau ¢ céc giai
doan va diéu kién mo khéc nhau.

Noi dung nghién ciu

Hién nay, cic phan mém dugc phat trién cho phep
md phong cac qua trinh van chuyén dau khi bang
duong ong, bao g6m: OLGA, PIPESIM, HYSYS...
trong do, phan mém OLGA duoc str dung rong rai vicod
nhitng tinh nang vuot trdi so voi cac phan mém thuong
mai khac. Phan mém ndy cho phép danh gia kha chinh
xé4c kha nang van chuyén ciing nhu cac thong so cong
nghé trong qua trinh hoat dong cua cac dudong 6ng van
chuyén déu, khi.

Phan mém OLGA dugc Cong ty Scandpower phat
trién va da duogc Cong ty Schlumberger mua lai. Co
so dit liéu cua pham mém dugc sir dung tir mo hinh
thuc nghiém duong dng thu nho, ap suat cao, duong
kinh 8 inch, van hanh bdi Cong ty SINTEF tai Tiller
(Na Uy). Ngoal ra, cc thuc nghiém xay dung co s&
dir liéu cho phan mém nay con duoc tién hanh theo
cac du an cua cac cong ty khac nhu Conoco Norway,
Esso Norge, Mobil Exploration Norway, Norsk Hydro,
Petro-Canada, Saga Petroleum, Statoil va Texaco
Exploration Norway...

Phan mém OLGA duoc sir dung rong rii trong cic
du an tinh toan dam bao dong chay, tbi uru cac thong sd
cong nghe ma dic biét 1a thiét 1ap hé théng co'sa dit licu
cho thlet ké cac tuyén duong 6 ong van chuyen dau khi.
Phan mém OLGA dugc phat trién véi nhiéu bo modul
ung dung khac nhau, cho phép danh gia mé phong cac
thong sb trong van chuyén dau khi bang duong dng,
nhu: dong chay nhiéu pha (tinh chét luu bién, mé hinh
dong chay, t6n ap, duong kinh 6ng, md hinh chay...);
su xudt h1en pha ran (hydrate, paraffin...); phan tich
nhiét (boc 6 6ng cach nhiét, gianhiét...); sy on dinh ctia
hé thng van chuyén (ché do van hanh binh thuong,
dimg va khoi dong duong ong, giam luu luong, tang
luu Iwong, phong thoi); van chuyén dau dudi dang nhii
tuong; sir dung héa pham xir 1y.

Ngoai ra, phan mém mo phong OLGA con cho phep
tién hanh cac md phong trong hoat dong cua giéng
khai thac, t6i vu ché do gashft cling nhu cac ché do
hoat dong khac nhau cta gieng khai thac. Cac dir liu
trong OLGA c6 thé duoc str dung dé két hop véi cac
phan mém mé phong khac nhu phan mém SENSOR dé
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nghién ctru sau thém vé hoat dong cua giéng khai thac.
Cho dén nay, OLGA van 13 phin mém thwong mai duy
nhat cho phép mé phong hoat dong dong chay 3 pha
(dau, kh1 vanudc), dua ra cac du bao theo thoi gian cac
thong s6 nhu 4p suat, nhiét do, luu lwong 1ong, khl va
mirc do choan chd cua chat long trong duong 6ng va
ché do dong chay.

Nhitng nam gan ddy, phin mém OLGA tiép tuc
dugc cai tién, cho phép danh gia chinh xac hon cac
trang thai hoat dong phuc tap cia dudng dng van
chuyén dau khi nhu su hinh thanh cc nat dau - khi
trong qua trinh van hanh, qua trinh chuyén pha trong
cac dudng ong van chuyén khi condensate.

Hé thong van chuyen dau - khi tai cac mo cua Lién
doanh Viét - Nga Vietsovpetro da trai qua cac thoi ky
phat trién khac nhau. Do cac diéu kién dic thu cua
ting thoi ky dé lai nén c6 nhiing phirc tap trong quéa
trinh van hanh [2]. Su dung kha nang mo6 phong hién
trang hoat dong cua du'ong ong s€ cho phép danh gia
tinh trang ctua dudng Ong dé dua ra cac giai phap van
hanh hop Iy trong bdi canh hién nay.

Két qua nghién ciu

Lién doanh Viét - Nga Vietsovpetro da chu dong
nghién ctru va g dung mo hinh mé phong duoc cac
nha nghién ctru dau khi trén thé gi6i st dung rong rai
dé danh gid trang thai hoat dong cua cac tuyén duong
6ng van chuyén dau va khi. Dusi day 1a két qua mo
phong hoat dong ciia mot s6 duong ong ngam van
chuyén dau nhiéu paraffin tai cic mé Bach Ho va Rong
& Lién doanh Viét - Nga Vietsovpetro thong qua viéc
ap dung phan mém mé phong OLGA.

Dau khai thac tai khu vyuc mé Rong c¢6 ham lugng
paraffin va nhiét d6 doéng dac cao biéu hién cac tinh
chat phuc tap tai diéu kién nhiét do thap [2]. Buong
ong dan dau RP-1= +FSO-3, van chuyen dau mo Rong
tir gian RP-1 dén kho néi chira xuit dau s6 3 (FSO-3)
¢6 chiéu dai 5865 m, duong kinh @324*16,0 mm duoc
xdy dung nim 1994, 1a mot doan trong tuyén dng ndi
mo Rong véi moé Bach H, RP-1-PLEM FSO-3+RC-
1+BT-7+CTP-2, c6 chiéu dai 34 km. Pay la tuyén
dudng 6ng c6 nhiéu kich ¢& dudng kinh khéc nhau va
khong duoc boc cach nhiét véi moi truong bén ngoai.
Sau khi mot kho ndi chira xuit FSO duoc dat & vi tri
s6 3 tai mo Rong thi duong éng RP-1-FSO-3 duoc
stt dung dé van chuyén san pham khai thac cua céac
gian nhe RC-DM, RC-4, RC-5, RC-6 va gian c¢b dinh
RP-1 mo Rong dén FSO-3. FSO-3 con tiép nhan toan
bo san pham khai thic & mo Rong dén tir cac gian cb
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dinh khac, nhu: RP-2 va RP-3 nho tuyén duong ong
RP-3+RP-2+FSO-3... Tuyén duong 6ng nay dugc boc
cach nhiét voi moi truong bén ngoai, dai 17 km, duong
kinh @325*16 mm. Poan duong 6ng RP-1+FSO-3 van
hanh & diéu kién khong dugc boc cach nhiét véi bén
ngoai trong khoang thoi gian dai tir ndm 1994 dén nay,
do vay viéc danh gia hién trang dudng ong 1a hét strc
can thiét dé dam bao an toan cho qua trinh khai thac va
véan hanh dudng dng nay.

So d6 va cac thong s hoat dong hién nay ctia dudong
ong dan dau RP-1+FSO-3, RP-2+FS0-3 duoc thé hién
& cac hinh 1, 4 va bang 1. M6t s6 két qua nghién ctru
tinh chét cua dau duoc trinh bay & hinh 2 va 3.

Bang 1: mét s6 théng s6 van chuyén dau tir RP-1 va RP-2 dén FSO-3
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Hinh 5: nhiét dj chat long trong duedng ong RP-1+FSO-3, mé phong
cho truong hop khéng c6 ling dong paraffin bén trong diong éng

Két qua mo phong bang phin mém OLGA duoc
trinh bay ¢ hinh 5 cho thay, dbi v6i dudng dng khong
boc cach nhiét va khong co léng dong paraffin, tai diéu
kién nhiét d6 moi truong nude bién xung quanh duong
éng & mure 24°C, thi nhiét do luu chét van chuyén trong
dudng 6ng chi duy tri cao hon nhiét d6 moi truong
nudce bién & doan 6ng 1,5 km déu tién. Nhu vay, toan
bo san pham khai thac trong dudng dng tir RP-1 dén
FSO-3 c¢6 nhiét d¢ twong duong véi nhi¢t d6 moi
truong nudc bién va khong qua 24°C. Nhiét do hon
hop ciia chat 16ng dén FSO-3 tir RP-1 va RP-2 dugc
xéc dinh ngoai thyc té trén FSO-3 1a 34,3°C. Trong khi
d6, nhiét do chat long RP-2 vé& dén FSO-3 phai khong
16n hon 38°C (nhiét do ban dau cua san pham RP-2).
Twong tu nhu vay, nhiét do cia chét long trén RP-1 vé
dén FSO-3 phai khong thap hon 31°C. M6 phong tinh
toan nhiét do t6i thiéu cuia chét 1ong tir RP-1 vé FSO-3
duoc thé hién trong hinh 6.
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Hinh 6: mé phong tinh todn nhiét dg t6i thiéu chat long tir RP-1 vé FSO-3

Nhu vy, trong duong éng RP-1-FSO-3 hinh thanh
dang ké 16p lang dong paraffin va dong vai trdo nhu mot
16p célch nhiét tu nhién cia du(‘)ng 6ng, lam giam tiét
dlen ong, dan dén lam ting vén toc dong chay trong
dng va glam t6n that nhiét ra méi truong bén ngoal
nhung ton that ap suat van chuyén lai tang 1én [3]. Két
qua mo phong hoat dong dudng dng boc cach nhiét
RP-2+FSO-3 trong diéu kién méi truong nude bién co
nhiét d6 24°C cho thdy, v6i kha nang hinh thanh 16p
paraffin trong duong dng RP-2+FSO-3 1a khong dang
ké, nhiét do chat long van chuyén vé dén PLEM FSO-
3 1a 35°C, twong tmg voi nhiét do ciia RP-1 vé& dén
PLEM FSO-3 1a 32,4°C (bang 2).
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Hinh 7: mé phong hoat dong cua dwong Ong van chuyén dau theo tuyén ong
RP-1+FSO-3 vai lop lang dong paraffin day khodang 40 mm

Hinh 7 thé hién mbi twong quan giira nhiét d¢ chat
long trén RP-1 va 4p suit tai dng ding RP-1 véi chiéu
day 16p lang dong paraffin, véi gia dinh 16p paraffin
ling dong phan bé déu trong duong dng. Két qua
mé phong cho thiy, 16p ling dong paraffin bén trong
duong 6ng c6 bé day khoang 40 mm.
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Nhiét do cta nudc bién bién dbi theo mua trong
nam va ¢ mic d¢ dao dong manh & khoang 24-29°C,
thip nhat co thé 22°C. Tuy theo nhiét d6 mdi truong
nude bién, nhiét do cua chat 16ng RP-1 vé dén FSO-3
s& dao dong tir 32 dén khoang 35°C va 4p suét tai dng
dimg RP-1 dao dong trong khoang 12-18 bar.

Bang 2: sw phu thudc nhiét do chdt long dén FSO-3 véi nhiét d¢ moi truong

nude bién
Nhiét dd nuéc bién, °C | Nhiét dd chit 16ng dén FSO-3,°C
23 32,2
24 32,4
25 33,0
26 33,4
27 34,0
28 342
29 34,5
30 34,9

Két qua mo phong cho thy, nhiét d6 chat 1ong dén
FSO-3 thap hon 36°C, tirc 1a roi vao ving ma do nhét
dong hoc va tng suat truot ting dot ngot (hinh 2 va 3).
Nhiét d6 nude bién ¢ ving can day, xung quanh dudong
ong thuan loi cho van chuyén dau tir RP-1 dén FSO-3
1a trén 27°C. O nhiét d6 dudi mirc nay, sé dan dén ting
t6n that thuy luc duong 6ng RP-1-FSO-3.

Nhu Vay, hoat dong ciia duong 6ng RP-1+FSO-3
phu thuoc rat nhiéu vao nhiét 46 nudc bién xung quanh
duong 6ng. Tai thoi diém nhiét do nude bién thap hon
27°C, nhiét d6 dau dén FSO-3 tiém can véi nhiét do
dong dac cua dau, lam ting dot ngdt do nhét cua chat
luu, giai doan nay ghi nhan sy ting ap & muc cao tai
dng dimg trén RP-1 mo Rong, trong dudng 6ng khuynh
huéng hinh thanh ling dong paraffin va 16p dau dong
cao, lam tiét dién 6ng bi thu hep, cho nén ton hao ap
sudt van chuyén gia tang.

Puong dng van chuyén BK-14+CPP-3 thyc hién
van chuyén san pham khai thac trén BK-14/BT-7 dén
CPP-3. Tru6c déy, duong dng nay duoc sir dung dé
van chuyén san phdm khai thac tir gian nhe GTC-1,
mo Géu Trang, dén CPP-3. Hién nay san pham khai
thac GTC-1, BK-16 dugc van chuyén dén BK-14 dé
tach khi so bo trong binh tach khi so bo (UPOG), sau
d6 van chuyén qua BK-9 dén CPP-3. So d6 nguyén tic
véan chuyén dau GTC-1, BK-16, BK-14 va BT-7 duoc
trinh bay ¢ hinh 8.

G
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Hinh 8: so' d6 vin chuyén san pham khai thac BK-14, BT-7, BK-16
va Gau Trang

Pudng 6ng van chuyén dau BK-14+CPP-3 dai 10,6
km, duong kinh ®323,8%15,9 mm, duwgc boc cach
nhiét voi moi trudng bén ngoai bang vat liéu composit.
Céc thong sb hoat dong cua duong 6ng BK-14+CPP-3
trong thoi ky dau ¢ ché do van hanh duoc trinh bay
trén hinh 9 va 10.
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Hinh 9: uw heong chét hu bén trong dwong éng BK-14+CPP-3
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Hinh 10: céc théng s6 hoat déng ciia dwong ong BK-14+CPP-3

Két qua mo phong hoat dong cua dudng dng nay
dugc thé hién tai hinh 11 phan anh kha phu hop véi cac

thong sb hoat dong ciia dudng dng trong giai doan nay.

17

16,5
f\\

o 2000 4000

Chidu dai, m

6000 8000

Hinh 11: dp sudt vin chuyén hon hop ddu khi doc theo chiéu dai diong ong
o0 giai dogn vdn hanh on dinh
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Hinh 12: p sudt tai ong dirng trén BK-14 theo két qua mé phong
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Hinh 13: dp sudt ghi nhan tai ong dimg trén BK-14

Hién nay, luu lugng chat long van chuyén tir BK-
14 d&én CPP-3 dao dong & murc 1.500 m*/ngd, voi ham
lugng nude 40%, luu luong khi khoang 320.000 m¥/
ngd. Ap suét van chuyén dau di CPP-3 tai ong ding
trén BK-14 12 19-21 bar, ap suat trén dng dimg khi dau
dén CPP-3 1a 12-16 bar. Nhiét d9 chat long trén BK-14
khoang 40-41°C va dén CPP-3 dao dong trong khoang
27-31°C. Céc két qua mo phong qua trinh hoat dong
cia duong 6ng BK-14+CPP-3 duoc thé hién tai hinh
12 va thyc té ¢ hinh 13.

Két qua mo phong cho thay, 4p suét tai ong ding
dao dong nhu thyc té ghi nhan ¢ thoi diém ban dau khi
dua duong 6ng vao van hanh & ché d6 6n dinh khong
khac biét nhiéu so voi didu kién dudng 6ng 6 tinh trang
khong c6 lang dong paraffin.

Két luan

Céc két qua mo phong hoat dong duong dng RP-
1+FSO-3 mo Rdng ciing nhu BK-14+CPP-3 mé Bach
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H6 cho thy mirc d6 chinh x4c cao so vdi cac thong sb
cong nghé ghi nhan trong diéu kién thuc té. M6 hinh
mo phong cho phép xac dinh tinh trang hoat dong cong
nghé clia cac duong ong van chuyén dau va khi nay.
Bén canh d0, cic két qua cia mé hinh mé phong hoat
dong duong dng ciing cho phép nhan thiy nhitng kho
khin khac nhau trong qua trinh van hanh tai cac tuyén
duong 6ng van chuyén dau khi nay. Qua trinh thiét 1ap
m6 hinh mé phong cho cac tuyén dng RP-1-FSO-3 mé
Rong ciing nhu BK-14+CPP-3 mé Bach Ho sir dung
cac co so dir liéu, cac nghién ctru cu thé tinh chét dau
mo Rong va Bach HO. Mirc do chi tiét cu thé cua cac
nghién ctru nay gitp nang cao tinh chinh xac cua cac
két qua md phong.

Nhu vy, cac két qua mo hinh mé phong phan anh
tuong ddi chinh xac trang thai hoat dong cta duong
dng, danh gia cac van dé trong qua trinh van hanh, trén
co s d6 xac dinh cac ché do van hanh tbi wu hé thong
cong nghé, dam bao van hanh an toan dudng 6ng trong
sudt qua trinh khai thac dau khi.
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