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Pam bao dong chay

Lang dong paraffin

Puwong 6ng vin chuyén
dau

Mé Pai Hung

M6 ddu khi Pai Hiing thudc L6 05 - 1a nam & phia Péng Bdc bon triing Nam
Cén Son, cdch bo bién Vung Tau khodng 250km, d6 sdu nwéc bién 110m.
Hoat d‘ong khai thdc ddu khi & day dwoc thyc hién thong qua thiét bi ddu
giéng ngam. Sdn phdm khai thdc tir mleng giéng dworc vdn chuyén vé gian
Dai hung - 01 (DH - 01) bang dwong 6ng mém dwong kinh 75mm. Trén DH -
01, déu du'acxu'ly tdch khiva sau dé qua hé théng phao neo kiéu CALM duwoc
bom di tau chu'a ddu FSO. Qua trinh vdn chuyén hon hop ddu khi béng
duang dng ngdm thwdng xdy ra mét sé phirc tap nhw Iang d‘ong paraﬂ‘" n,
mudi, asphanten v.v,... Ham lirong paraffin trong ddu cao, cong véi nhiét do
moi truong ddy bién thﬁp, vdn téc dong chdy trong o“'ng giam do luu lugng
khai thdc sut gidm v.v,...s€ lam dnh hudng lon dén qua trmh vdn chuyen cua
dwong ong Bai bdo trinh bay cdc két qud nghién ctru vé hiéu qua xtr ly
paraﬁ“n va dwa ra cdc gidi phdp t6i vu nhdm duy tri khd nang vdn Chuyen
sdn phdm khai tai mé Dai Hung. Ddc biét, tdc gid dé cdp dén cdc g1a1 phap
ndng cao hi¢u qud xtr Iy paraffin cho doan dwang ong tir dau giéng ngdm
dén gian PH - 01 bdng phwong phdp gia nhiét két hop véi st dung héa phdm
gidm nhiét do dong ddc (PPD).

© 2019 Truong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

1. M& dau

tr 3,0 % dén 21,8 % khoi lwong, chita nhiéu
parafin (ham lwong parafin tir 6,9 % dén 30,0 %

M6 dau khi Pai Hing ndm cach bo bién Viing
Tau khodng 250km, thudc L6 05 - 1a - Bon triing
Nam Cén Son, v&i chiéu sdu muc nwéce trung binh
khodng 110m (Hinh 1). Dau cia mé Pai Hung
thudc nhém phén loai tir trung binh cho dén ndng
v&i ty trong dao dong trong khoang 0,827g/cm3 -
0,930g/cm3, it lru huynh, ham lwong asphanten

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

khoéi lwong). Thang 10/1994 mé Pai Hung bt dau
khai thac khu vic phia Bic cia mé hay con goi 1a
khu vuc Khai Thac Sém (EPS), véi hé théng thiét
bi khai thac bao gobm gian nira noi nira chim Dai
Hung - 01, phao CALM, tau chita xuit noi (FSO) va
cac giéng ngdm DH - 1P (khéi K), DH - 2P (khéi L),
DH - 3P (khi L), DH - 4X (khi D). Giéng DH - 4P
(khoi L) dwoc dwa vao khai thac thang 04/1995 va
giéng DH - 5P (khoi K) dwoc dwa vao khai thac
thang 10/1998. Thang 9/2003 mé Pai Hung da
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dwoc ban giao cho Cong ty Tham do va Khai thac
Dau khi (PVEP) diéu hanh.

T6 hgp cong nghé trén FPU (Floating
Production Unit) PH - 01 gébm 4 block - modul
cong nghé. Cac binh tach ap suit cao dworc bé tri
doc theo dwdng trung tAm FPU DH - 01 nham gidm
anh hwéng ctia d6 1ac dén muc chit 16ng trong
binh. Dau dwgc bom tir PH - 01 qua phao CALM

dén tau chira FSO. San pham khai thac cta tirng
giéng di theo 6ng mém (flowline), qua 6ng dirng
(riser), cac van déng an toan, con diéu chinh lwu
lwong vao dwong lam viéc va di vao hé thong xi ly
dau (Hinh 2).

2. Anh hwéng cia paraffin téi qua trinh van
chuyén dau thé tir dau giéng ngdm téi DH - 01
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Hinh 2. So d6 khai thdc mé Dai Hung (Téng Céng ty Thadm do Khai thdc Ddu khi, 2013).
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Dau ctia mé Pai Hung thuéc loai it lwu huynh
(ham lwgng lwu huynh tir 0,05% dén 0,152% khéi
lwong), ham lwong asphanten khéng ding ké,
chira nhiéu parafin ctrng dang wax chiém 16% ti
phan khéi lwong dau khai thac, nhiét do xuit hién
paraffin & 42°C, nhiét do6 dong dac cia dau & 30°C
(Tong Cong ty Tham do Khai thac Dau khi, 2017).
Lép wax lang dong anh hwéng téi hoat dong cia
dwong dng theo cac cach sau: Lam giam dwong
kinh trong dan téi gidm thiét dién kha dung cho
dong chay; Tang d6 nham thanh 6ng. Lwong wax
lo lrng - huyén phu xudt hién trong dau thwong
lam tang d6 nhét dau dong thoi tiém an nguy cor
déng gel dwong 6ng khi shut - down va lam ting
ap sudt tai khdi dong (restart pressure) hé thong
sau khi dirng khai thac. Cac ciu t&r wax c6 khoi
lwong phan tir cao (thwong 1a C20 - C60) két tinh
dAu tién khi nhiét d6 gidm t&i gia tri cia nhiét do
bat dau xudt hién paraffin (WAT). Khi nhiét do tiép
tuc giam, wax két tinh cang nhiéu do tinh tan cta
cic n - paraffin gidam dan (Aiyejna et al, 2011;
Burger et al., 1981). Thuec té kha ndng hinh thanh
chit ling dong dién ra doc dwong dng thdng thu
gom, van chuyén diu la do nhiét do cua chit lvu
khai thac gidm din do trao do6i nhiét qua vach
ngin cach gitta chit lvu va moi trudmg (Nguyén
Thic Khang va nnk, 2016). Khi nhiét d6 chat luu
gidm dén nhiét do bat dau hinh thanh paraffin cia
dau Dai Hung (khodng 42°C) thi bat dau xuat hién
sw ling dong. Do d6 dé ngin ngira sw lang dong
cua paraffin clrng (wax), ngwoi ta thuwong st dung
cac phwong phap sau:

- Phéng thoi lam sach dwong Ong: Tan suit
phong thoi dwa trén két qua tinh toan, danh gia toc
d6 hinh thanh lép wax trén thanh éng, thwong
dwa trén cac tiéu chi nhw: Giéi han tong bé day
wax khoang 5% tiét dién chdy; GiGi han tong bé
day wax tir 1 - 2 mm, tuy thudc vao tdc do lang
dong wax.

Wax ldng dong & tdc dd cao vdi hé s truyén
nhiét cao thwdmg mém va dé loai bé, do dé cho
phép bé day wax téi 3mm. Nguoc lai wax lang
dong & tdc do thap védi hé s6 truyén nhiét cia
dwong 6ng thap thwong cirng do paraffin cao phin
tl. Loai wax nay yéu ciau phdng thoi khi bé day
lang dong dat 1 - 2 mm dé ngan ngira viéc can tré
dong chdy trong dwong Ong. Tuy thudc trwong
hop lwa chon bé day wax cin phdong thoi dam bao
an toan cho qua trinh van chuyén.

- Str dung héa chat trc ché sy hinh thanh wax:

Viéc bom lién tuc héa phdm giam nhiét do déng
dic (PPD) dé gidm nhiét d6 déng dic cua dau
nham ngin nglra dudng dng dong gel khi dirng
khai thac, ngoai ra PPD c6 tac dung lam giam do
nhdt va c6 thé e ché wax hinh thanh va lang dong
(ROEMEX LIMITED speciality Oilfield Chemicals,
2016).

3. Mo hinh héa va dé xuit giai phap xw ly
paraffin trén dwong 6ng dé dam bao hiéu qua
van chuyén diu &' moé Pai Hung

3.1. Tinh chdt ddu ddc thu ctia ddu & mé Dai
Hung

Nhuw da trinh bay & trén, ddu ciia mé Dai Hung
thudc nhdm phén loai tir trung binh cho dén nang
ham lwgng parafin khoang 16% khdi lwgng. Nhiét
do bat dau hinh thanh paraffin & 42°C va nhiét do
déng dac & 30°C. Thanh phin dic treng cia dau &
mo Pai Hung dwoc thé hién théng qua Bang 1 va
gian d6 pha tai gian PH - 01 (Hinh 3).

Bdng 1. Thanh phdan Ddu giéng mé Pai Hing
(%Mol) (Téng Céng ty Tham do Khai thdc Ddu

khi, 2017).
Thanh phan chit lvu
Thanh phén | Mol (%) | Mat d6 chit lwu (g/cm3)
N2 0,57
CO2 1,2
C1 46,35
C2 5,26
C3 3,41
iC4 1,36
nC4 1,43
iC5 0,67
nC5 0,59
Cé6 1,04 0,664
C7 2,816 0,7569
C8 2,608 0,7692
C9 2,415 0,7801
C10-C13 8,006 0,8023
Cl14-Cl6 | 4,584 0,8271
C17 - C20 4,682 0,8462
C21-C23 2,681 0,8624
C24-C28 3,301 0,8775
C29-C33 2,250 0,8938
C34-C39 1,776 0,9088
C40- C50 1,733 0,9272
C51-C80 1,178 0,956
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Két qua phéan tich ddu & mo Pai Hung cho
thdy, tai gia tri nhiét dd 42°C bat dau xuit hién sw
lang dong paraffin. Khi nhiét do cang giam, sw lang
dong paraffin dién ra cang manh, cuing véi dé ap
suit trong dwong 6ng sé tang 1én (Hinh 4). Quan

sat biéu do vé 1dng dong wax trén Hinh 5 cho thay,
khi nhiét dé cang gidm cac tinh thé paraffin lién
két véi nhau dé ting trong lwong tirc 1a 16p
paraffin s& tré nén ngay cang ran chic, diéu do sé
gay kho khan cho qua trinh loai bé ching.
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Hinh 5. Biéu do lang dong wax.



Nguyén Vin Thinh va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 60 (1), 57 - 64 61

3.2. Xdy dwng mé hinh mé phéng dwdng 6ng
ngdm vdn chuyén ddu & mé Pai Hiing

Puwong 6ng mém khai thac Pai Hung dwoc
thiét ké v&i 4p suit van hanh 86 bara, nhiét do
100°C, diéu kién van hanh c6 thé vin chuyén 820
thung diu/ngay, 851 nghin bd khéi khi/ngay.
Nhiét d6 van hanh khodng 70°C, dugc ciu tao boi
9 16p boc 6ng véi hé sé truyén nhiét 8 W/m2 - °C.
V6i cac thong s6 vé tinh chat dau, ciu tao dwong
ong mém da dwoc trinh bay, nhém nghién ctru da
tién hanh xidy dwng mé hinh dwong Ong van
chuyén bang phin mém OLGA véi cic thong s6
khai thic ctia giéng hién tai la: lwu lwong khai thac
300 thung dau/ngay, ti s6 khi dau 150 m3/ms3, ti 1é
nuwéc khai thac chiém khoang 30%, Nhiét do tai
dau giéng ngam khai thac khoang 70°C. Ap suat
lam viéc tai binh tach th nhat 1a 12 bara, hé s6
truyén nhiét cia dwong 6ng mém van chuyén la
8W/m?2 - °C, nhiét d6 day bién thap nhatla 18°C,

nhiét d6 moi trwong khong khi thap nhit la 22°C.
Phén tich s6 liéu vé sy thay déi nhiét do doc theo
chiéu dai dwong 6ng (Hinh 6) cho thiy chat luu
van chuyén tir dau giéng véi nhiét d6 70°C, khi dén
gian DH - 01 nhiét d6 con khoang 23°C. Cach dau
giéng khoang 700m ta tim dwoc gia tri nhiét do bat
d4u hinh thanh paraffin (42°C).

Nhuw vy, két qua nghién ctvu cho thiy paraffin
bat dau lang dong cach dau giéng khoang 700m,
t6c do lang dong paraffin ran ting manh & khu vuc
dwong 6ng mém doan tiép gian. T6c do lang
paraffin dwgc thé hién bang dwonmg mau den trén
Hinh 7 (dwong mau dé trén Hinh 7 thé hién profile
dwong 6ng mém tir dau giéng ngdm dén gian PH -
01). T6c d6 lang dong cuc dai cta 16p paraffin co
thé dat t&i trén 1,4mm/4ngay (Hinh 7).

Qua phan tich cho thiy, nhiét do xuat hién
paraffin trén dwong ong ngam tir diu giéng khai
thac dén gian PH - 01 1a twong ddi cao. San pham
van chuyén vé dén gian PH - 01 c6 nhiét d6 dao
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dong trong khoang 23 - 24°C, nhiét do nay thip
hon nhiét d6 déng dic cta dau (30°C). Trong
trwong hop phadi dirng van hanh dwong éng dot
ngot, sé xay ra hién twgng dwong ong bi bit nhét
hoan toan. Néu khéng c6 bién phap can thiép vao
dwong 6ng thu gom van chuyén thi ap suat khaoi
dong cua dwong 6ng sé rat 16m so voi ap suit thiét
ké dan dén khong thé khoi phuc lai kha ning hoat
déng ctia dwong 6ng. Thém vao dé, lwong paraffin
bam trén thanh 6ng véi toc do dat téi trén
1.4mm/4ngay sé dan dén phai phdong thoi véi tin
suit khoang 4 ngay/lan. Diéu nay tiém 4n nhiéu
rui ro do hién twong ket thoi. Mat khac khi dé nhoét
dAiu trong dwong 6ng van chuyén ting 1én, lam cho
ton hao ap suit doc dwomg 6ng ting cao, dan dén
ap suat dau giéng cao, lam cho kha nang thu hoi
diu ctia mé giam.

3.3. Gidi phap xw ly paraffin trén dwong éng
ngdm tir ddu giéng khai thdc dén gian PH - 01

3.3.1. Str dung héa phdm gidm nhiét dé déng ddc
ctia ddu két hop vdi phdng thoi dinh ky

Nhuw da phan tich & trén, nhiét dd moi trudong
nuwéce bién la 18°C thip hon so véi nhiét do dong
chat Iwu trong 6ng, hé s6 truyén nhiét cia dwong
ongla 8 W/m? - °C. Chinh vi vy, nhiét d6 chit luvu
trong dwong 6ng ludn c6 xu hwéng truyén nhiét ra
moi treong bén ngoai thong qua thanh 6ng cho
dén khi dat dén nhiét dd cAn bang v&i nhiét @6 moi
trwong (Hinh 8). Do d6 véi diéu kién van chuyén
dau khong dung héa pham, kha nang rit cao xay
ra hién twong paraffin 1dng dong trong duwdng 6ng,
giy ton thit 4p suit 16n trong qua trinh van
chuyén diu tir ddu giéng ngdm dén hé thong thiét
bi x(r ly. Pong thoi, tén tai rui ro rit I1on trong
tredrng hop dirng khai thac dot ngdt, khi dé nhiét
do6 chat lvu trong dwong dng bang nhiét do moi
trwong (khoang 18°C). Vi viy, dé dam bao van
chuyén san phiam an toan tir dau giéng ngdm dén
gian PH - 01 can phai bom héa phim lién tuc trong
sudt qua trinh khai thac. D6i voi treong hop dirng
khai thac phai bom héa phiam tc ché giam nhiét
déng dac cia dau & nhiét d6 moi treong hoac thay
thé& chit luu trong dwdmng 6ng bang dau diesel. Khi
str dung h6a phadm PPD, nhiét d6 déng déc cua dau
da dwoc cai thién. Diéu do cho thiy tac dung tich
cue cta viéc stt dung héa pham PPD va tinh kha thi
cua giai phap nay.

Két qua nghién ctru khi bom héa phadm PPD

vGi dinh lwong khoang 600 ppm d6 nhét cia dau
da gidm (Hinh 9). Diéu nay chirng t6 phdm PPD da
lam nhiét d6 déng dic cia dau gidm va (rc ché tot
sw lang dong lwgng paraffin cirng trén thanh dng.
Van tdc 1ang dong dién ra kha cham, khoang 0.05
mm/ngay (Hinh 10), so v&i khi chwa str dung hda
phdm PPD (khoang 1,4mm/4ngay) (Hinh 7). Véi
két qua nhw viy, thoi gian phéng thoi dwoc cai
thién dang ké (khoang 3 - 4 tuin/lan).

3.3.2. Bom héa phdm két hop bom ludn phién dinh
ky nwéc néng xuéng ddu giéng qua dwdong éng vdn
chuyén doi

Hién tai trén gian Pai Hung - 01 c6 giéng 12X
khai thac véi lwu lwong nwée dong hanh khoang
200 - 300 thung/ngay, nhiét do cua nwéc cao
(khoang 90°C), diy la yéu t6 thuén loi dé st dung
giai phap 1am sach dwong dng bang viéc bom luan
phién nwéc nong xudng dau giéng thong qua
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do khi str dung héa phdm PPD (600 ppm).
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dwong 6ng dw phong,

Két qua phén tich cho thiy khi bom nuéc
noéng vai lwu lwong khoang 200 - 300 thang/ngay,
nhiét d6 ctia hon hop van chuyén trong dudng 6ng
ludn cao hon nhiét dé dong dic ctia dau (Hinh 11).
Viéc bom héa phdm két hgp bom luin phién dinh
ky nwéc ndng xudng dau giéng qua dwong 6ng van
chuyén doi da gép phan lam gidm tan suit phéng
thoi lam sach dwong dng.

4. Kétluan

Viéc xay dung hé théng dwong 6ng ngdm vin
chuyén diu va dam bao dong chay dworc an toan
trong toan b qua trinh khai thac mé l1a nhiém vu
hét strc quan trong. Pic biét khi dau khai thac &
mo Pai Hung cé ham lwong paraffin cao, moi
trwong nhiét dé day bién thip va mo dang trong
qua trinh suy gidam san lwong nhanh, sé anh
hwdng 16n dén qua trinh vin chuyén san phiam.
Trén co s& nghién ctiru vé cac tic dong clia paraffin

dén kha nang van chuyén dau thoé & mé Pai Hung
thong qua viéc str dung phan mém OLGA, két qua
nghién ctru chi ra nhw sau:

Vi ché do khai thac 300 thung diu/ngay & diéu
kién tiéu chuin, nwéc dong hanh 30%, nhiét do
chit lwu tai dau giéng 70°C, ham lwong paraffin
chiém khoang 16%, ciu tric dwong dng 9 16p véi
hé s6 truyén nhiét 8W/m2 - °C, dau sé bi dong dic
trong qua trinh van chuyén tir d4u giéng ngam t&i
gian DH - 01. Lwong wax bam trén thanh éng véi
tdc do khoang 0,35mm/ngay dan dén phai phéng
thoi lién tuc, tiém 4n nhiéu rdi ket thoi trong qua
trinh phéng. Mit khac, khi d6 nhét chit lwu 16m
dan dén t6n hao 4p suit doc dwdng 6ng ting cao,
lam cho 4p suit dau giéng cao din tdi lam gidm
kha nang thu héi dau clia mé v.v,... Nhiét do van
chuyén chit lwu khai thac gidm nhanh dén nhiét
dd cAn bang véi nhiét d6 moi truomg (khoang
18°C) thip hon nhiét d6 déng dac cia dau (30°C)
gdy ra rui ro tic duwdong Ong trong trwong hop
dirng khai thac dot ngét.
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Giai phap bom héa pham lién tuc két hop véi
phong thoi dinh ky (tin suét 3 - 4 tudn/lan) duoc
ap dung trong diéu kién vin hanh théng thuong,
1a phwong an hiéu qua nhit d6i moé Pai Hung. Hoa
phdm dwgc bom lién tuc xuéng dau giéng thong
qua hé thong bom héa phim riéng lam giam nhiét
do dong dic cia dau va tc ché ling dong wax.
Ngoai ra cé thé str dung giai phap bom héa phadm
két hop véi bom nwéec ndng 90°C ludn phién dinh
ky lam sach dwong 6ng véi lwu lwong toi thi€u
khoang 200 thung/ngay. Trong thoi dirng Khai
théc, bit budc phai bom héa phdm chéng dong va
trc ché wax lang dong hoic thay thé chat lwu khai
thac trong dwdmg 6ng bang nwéc hodc dau Diesel.
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ABSTRACT

Solutions to improve paraffin deposition treatment and removal
efficiency: applications to pipelines from the subsea wellheads to the
DH - 01 platform at Dai Hung Oil field

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

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

Dai Hung Oil Field is located in Block 05 - 1a in the Northeast of Nam Con Son basin, 250km away from
Vung Tau city, at a depth of 110m. The production activities are carried out by subsea wellhead equipment.
0Oil and gas are transported from the subsea wellheads to Dai Hung - 01 platform (DH - 01) by gathering
pipelines of 75mm diameter. On DH - 01 platform, the crude oil is preliminary processed into oil and gas
which is then transported to FSO through the CALM system. The transportation of the processed of oil and
gas through subsea pipelines may experience several difficulties such as paraffin, salt and asphanten
deposition etc.. Noticeably, high paraffin content in crude oil, along with very low temperature at sea floor
and the decrease in velocity of the flow due to the decline of recovery rate etc. may bring about negative
effects on the transportation. This paper presents results of the research on efficiency of paraffin deposition
treatment and provides adequate solutions to improve the transportation of crude oil at Dai Hung Oil field.
Specifically, the paper proposes solutions to improve the efficiency of paraffin deposition treatment for the
pipelines from subsea wellheads to DH - 01 platform by combination of heating and Pour Point Depresent
chemical (PPD) techniques.



