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Tém tat

Hoat déng tham do, khai thdc dau khi trén bién bat ddau phdt trién tir nhitng ndm 1950 va ngay cang tré nén séi
déng véi sutham gia manh mé cua cdc cdng ty dau khi hang ddu thé giéi. Tinh dén ndm 2010, tritluong cdc viing khai
thdc ddu mé ngoai khoi dat khodng 650 ty thiing dau quy déi (Gboe), chiém 20% téng trir lugng ddu mé da dugc xdc
minh [1]. Tuy nhién, tham do, khai thdc ddu khi trén bién doi héi cdng nghé rdt phirc tap, trong dé qud trinh khai thdc,
dua ddu Ién hé théng xir ly va phdn tdch chiu dnh huéng béi nhiéu yéu té6 nhu’: dé sdu mu'c nuéc bién, tinh chdt cia luu
chdt (d6 nhét, ty trong, thanh phdn tap chdt) va caa via chira (nhiét dé, dp sudt...). Bai bdo nay gidi thiéu céng nghé
hat va xirly ngdm (Subsea Boosting and Processing - SBP), mét huéng di méi dang duoc nghién ciu va phdt trién iing
dung dé ndng cao hiéu qua khai thdc, qua dé gitip ndng cao hé sé thu héi ddu tai cdc mé ngoai khoi, ddc biét déi véi
cdc mé ddu cé ty trong ddu cao va/hodc dp sudt via thép.

1. Gidi thiéu cong nghé SBP

SBP la t6 hgp cong nghé phan tach hén hgp dau
khi, bom da pha va nén khi trén bé mat day bién. Dong
san pham sau khi qua hé théng SBP dugc dua lén gian
thu gom xr ly trung tdm (host platform) hodc c6 thé dua
thdng truc tiép vé bd théng qua hé théng dudng éng.
bay la moét cong nghé mdi, da va dang dugc dp dung cho
mot s6 du an I6n trén thé gidi, nhu mo Marlim (Brazil)
clGa Petrobras, mo Tordis (Na Uy) clia Statoil, moé Pazflor
(Angola) cua Total, mo Perdido (vinh Mexico) ctia Shell.
Mot s6 tén tudi Idn cac nha cung cdp cong nghé SBP
phai ké dén FMC Technologies, Cameron, ABB Vetco Gray,
Aker Kvaener Subsea, Schlumberger va Baker Hughes.
Uu diém r6 rét nhat khi st dung céng nghé SBP la gidm
chi phi mua thiét bi xt ly va nén khi trén hé théng xa ly
ndi, tdng hé s6 thu héi dau, tang san lugng khai thac [5].
Xét trén khia canh thu héi dau tang cudng (improved oil
recovery - IOR), SBP la mét trong nhiing phuong phép day
trién vong trong tuong lai va theo danh gia ctia Tap chi
Offshore Technology, d€n nam 2015, nganh c6ng nghiép
subsea sé c6 gid trj 43,4 ty USD trong d6 SBP la cdbng nghé
trién vong day tiém nang nhat [6].

Cong nghé SBP gém 3 nhém thiét bi chinh: Bom
tang ap ngam (subsea pumping units - SPU), thiét bi x
ly ngam (subsea separation units - SSU) va thiét bi nén khi
ngam (subsea compression units - SCU). Trong d6, SCU
con dang trong giai doan phat trién phoi thai va hién nay
chua cé du an nao trén thé gisi ap dung phuang phap
nay. Tuy nhién, ké hoach phat trién SCU van dang dugc

trién khai, véi du an thi diém tai mé Ormen Lange (Bién
Bac) clia Statoil vdi hy vong khi sé dugc nén tai day bién
va day truc ti€p vao bd cach dé 120km vao nam 2015 [6].
Do d6 hién nay SPU va SSU la nhing thiét bi chti yéu cho
cdng nghé SBP. Tuy vao diéu kién clia mo clng nhu dac
tinh ctia hén hgp dau - khi - nuéc ma nguai ta xem xét viéc
l3p dat SPU hodc SSU.

1.1. Bom tdng dp ngdm - SPU

Nam 1992 danh dau viéc sttdung SPU cho mé Prezioso
(Italia) nhdm bu dap tén hao &p suat nhanh trong qua
trinh khai thac, tang ap suat dé day dau lén thiét bi nGi bé
mat, tuy nhién dy an chi m&i mang tinh chat th nghiém,
chua dap Uing dugc cac yéu cau vé thuong mai [7]. Tur d6
dén nay, rat nhiéu du an tang cudng hé sé thu héi dau s
dung SPU da dugc trién khai nhu du an BP ETAP, Topacio,
Ceiba, BP Schiehallion, Tordis... [6].

Dua theo gian d6 ap suat - luu lugng (Hinh 1), ¢6
thé thdy trong trudng hop ldp dat SPU, dudng cong ap
suat - luu lugng sé dich chuyén lén phia trén do hén hap
dau khi dugc cung cadp mét lugng ap suat du lon. Dudng
cong nay giao vai dudng cong hé théng (dac trung cho
ting giéng) tai dau thi do chinh la san lugng méi sau khi
3p dt SPU [8].

Vé co ché hoat dong, SPU tuong tu nhu cac hé théng
bom dau hodc nudc khac, hén hgp chat 1dng sé nhan
dugc nang lugng tir may bom va di chuyén tur day bién
[én hé théng xt ly trung tam trén bé mat. Tuy nhién, hén
hgp chéat ldng tir miéng giéng 1én 1a hén hop chua qua x

DAV KHi - SO 3/2013 29




HOA - CHE BIEN DAU KHi

Ap sudt miéng giéng

Khai thac khi khong s
dung bom tang ép

Khai thac khi st dung bom
tang ap

Gia tang luu lugng
giéng

Luu lugng tir giéng

.y
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ly, g6m nhiéu tap chat va nhiéu pha, do d6 can phai
c6 thiét ké dic biét dé han ché 3n mon, mai mon va
gia tang tudi tho ctia may bam khi lam viéc dudi diéu
kién nhiét d6 va ap suat bién thién Ién. VE chiic nang,
bom tang dp ngam c¢6 ba loai chinh: bom don pha
(single phase pump - SPP), bom da pha (multi phase
pump - MPP) va bom hybrid. Trong bom da pha MPP
c6 bom da pha cao ap (high boost MPP) c6 thé tao
dugc ap suat I6n gap 4 1an so véi MPP thudng. Hinh 2
thé& hién (ing dung cda ting loai bom cho tiing diéu
kién thanh phan ty | khi trong luu chat (gas volume
fraction - GVF) va ap suéat can thiét [9].

Hinh 2 cho thay, bom SPP ¢6 thé tao ra 4p suat
cao nhat (t6i da lén dén trén 250 bar), tuy nhién
GVF chi gidi han dudi muc 10%. Bom MPP thudng
hoat déng trong mién 0 - 95% GVF va tao ra ap suat
khodng trén dudi 50 bar. Bom da pha cao ap (mau
xanh nhat), c6 thé tao ra ap suat t&i 200 bar, tuy nhién
bi gigi han hoat déng trong khodng 20 - 95%. Bom
Hybrid c6 thé hoat déng t6t trong mién 0 - 38% GVF
va tao ra 4p suat t6i da tuong duang vai da pha cao
ap. Thiét bi nén khi ust (wet gas compressor - WGC)
(phan mau vang) thudc vé céng nghé SCU.

Trong thiét ké bom da pha thuong va da pha
cao ap, c6 hai thiét ké cha yéu la: thiét ké rudt ga
doi (twin-screw pump - TSP) va thiét ké truc xoan

Bdng 1. So sdnh gitia bom TSP va bom HAP [10]

Thiét ké rudt ga ddi
(Dong chay tinh tién)

1. Bornemann: ch1 yéu cung cap thiét bi trén b& va
ngoai khoi, c6 2 du an lap dat subsea (2005, 2007);

2. Leistritz: cht yéu cung cap thiét bj trén bg va ngoai

khoi, c6 1 du an 13p dat subsea (2010);
3. GE Oil & Gas: cung cap thiét bi subsea;

4. Flowserve: cung cap thiét bi trén b va ngoai khoi.
100% (khi két hgp cling véi hé thong téi sir dung luu

chat)'

T6i da 100 bar (1.450psi)’

T6i da 1.200.000 thung/ngay’
Ap suat khi quyén’

MCic thap: 0,55cp (da kiém ching)*
Mdc cao: chua xac dinh
5.000psi®

Lép dat ngang (thiét ké [3p dat diing dang trong qua

trinh phat trién)

Thiét ké truc xoén
(Dong chay doc truc)

1. Framo: cht yéu cung cap thiét bi subsea va ca
trén b& va ngoai khai, da c6 15 du an lap dat
subsea;

2. Sulzer: cung cap thiét bi trén bd va ngoai khai.

100% (khi két hgp cling véi thiét bi loc hoac thiét
bi khudy)?

T6i da 200 bar (~ 2.900psi), thay d6i theo GVF va
diéu kién hut?

T6i da 450.000 thung/ngay?

40psi?

MCic thap: 2cp (da kiém ching)®
MCic cao: 4.000cp (d4 kiém ching)?
15.000psi®

Lap dat duing (subsea) hodc lap dat ngang (trén
gian)

Ghi chu: " Theo Bornemann (http://www.bornemann.com/multiphase-boosting-technology); ? Theo nién gidm cta Framo; 3> Theo Framo
(http://www.framoeng.no/page/207/framo-multiphase-pump-hx); * Theo Saadawi and Al Olama (2003); °> Theo Davis va nnk (2009)
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(helico-axial pump - HAP). Ngoai ra con cé bom ly tam
dién ngam (electrical submersible pump - ESP), tuy nhién
do kha nang han ché cda loai bom nay khi bom hén hop
dau cé ty trong cao, ngudi ta thudng phai xtr ly hén hgp
dau trudc khi dua qua ESP. Ung dung clia ESP sé dugc mo
ta tai muc 1.2. Do d6 vé6i muc dich bom tang ap ngam,
ngudi ta cht yéu sir dung TSP va HAP. Ca hai thiét k& nay
déu c6 thé xtr ly luu chat véi GVF bién thién I6n (tir 0 - 95%,
t6i da dén 100%). Bang 1 thé hién su so sanh gilia hai loai
thiét ké cho bom da pha tang 4p ngam theo mét sé tiéu
chi chinh.

TU két qua so sanh cho thdy cong suat hoat dong cla
TSP hon hdn HAP (1.200.000 thung/ngay so v&i 450.000
thuing/ngay), song vai cac tiéu chi khac (d6 nhét cda dau

Hinh 3. So dé ldp ddat bom tang dp ngam [8]

Hé thong 6ng bao ngam

Bo dudng dan da I6i

c6 thé xut ly, 4p suat chénh léch t6i da) thi HAP vuot troi
hon TSP. V&i muc dich khai thac ngam thi HAP dugc ap
dung nhiéu hon TSP do kha nang van hanh tét hon va da
dugc kiém chiing qua nhiéu du dn. Nha san xut HAP 16n
nhat la Framo Engineering da va dang phat trién hé théng
bom tang 4p ngam tich hap thém chic nang do dac kiém
soat luu luong luu chat ti cac giéng, goi la framo dual
pump station - FDS cdng sudt vuat troi so véi HAP binh
thudng. Hinh 3 minh hoa s d6 lap dat mét FDS cho mot
mé dang khai thac.

Theo Hinh 3, FDS trong giéng nhu mét cum phan
dong ngam, co chiic ndng tiép nhan luu chat ti cac giéng,
do dac luu lugng va xac dinh cac tinh chat cua luu chat,
bom ngugc [én thiét bi xd ly ndi trén bé mat bién. Phuong
thiic 13p dat FDS, két noi thiét bi
vGi hé théng dudng 6ng va khai
thac ngam, cach thdc lap dat ché
dd theo d6i va kiém soat FDS
khéng nam trong pham vi bai
viét nay.

Bom hybrid la sy cai tién
c6ng nghé, két hgp hai kiéu thiét
ké TSP va HAP, dé dap Ung mot
s6 yéu cau khai thac dac biét
(dp sudt can tao ra cao, d6 nhét
clia dau cao, GVF I6n) da dugc
tién hanh l3p dat cho mé Pazfor
(Angola) ctia Total [11].

(da dan)

1.2. Thiét bi xir ly ngam - SSU

Thiét bi xtr ly ngam hay thiét
bi phan tach ngam - SSU ¢6 chic
nang tach hén hop dau khi da
pha thanh cac pha riéng biét. Vé
co ché hoat dong, SSU tuong tu
nhu cac thiét bi phan tach trén
cac hé théng xa ly néi, hén hop
dau khi dugc phan tach trong
thiét bi dya trén nguyén ly phan
tach bang trong luc. Do céc SSU
dugc lp dudi day bién, vi vay hé
théng xa khi dé dét nhu trén mat
bién la khéng c6. Ngoai ra, phan
tach hon hgp dau khi dusi day
bién chi c6 thé phan tach hai pha

Hé théng dau giéng &
cay thong ngdm

thay vi ba pha nhu trén mat bién,
do la: phan tach pha ldng va pha
khi (liquid/gas SSU) va phan tach

Hinh 4. So dé lap ddt hé théng SSU [12]
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nudéc va dau (oil/water SSU). Hinh 4 minh hoa
sg do lap dat thiét bi SSU.

1.3. Phén tdch pha 16ng va pha khi

Khi sau khi dugc tach sé dugc dua thang
lén gian xu ly trung tam qua mét 16 thong
va hé théng 6ng dan bang phuang phap tu
nhién do ban than khi sau khi tach nay ton tai
nang lugng bén trong no (Hinh 5). H&n hgp
chat long sau khi tach sé bao gom dau va
nudc sé dugc day lén bai mot bam dién ly tam
ngam (electrical submersible pump - ESP).
Nhu thiét ké trong hinh, bom ESP dugc thiét
k& dat trong thiét bi phan tach dung (vertical
annular subsea separation) c6 nhiém vu bom
hén hgp dau va nudc qua mot dusng éng
riéng. Ngoai thiét ké va dap va phan tach bang
trong luc, trong moét s trudng hop, ngudi ta lap dat thém
mot s6 thiét bi nham lam téng kha nang phan tach hén
hop luu chat nhu 1ap hydrocyclone dé loai bé cat, thiét ké
céc dudng xodn &¢ bén trong SSU dé tang kha nang tach
khi va chat long.

dan vao

Trong thiét ké binh phan tach pha long va pha khi,
thudng &p dung dinh luat Stoke dé tinh toan van téc lang
cla chat léng trong hén hop luu chat [14]:

4gD| P~ Pg

3.Cp Pg

V, =

[ (Eq-1)

Trong do6:

V:Van téc lang cla giot chat ldng (m/s);
g: Gia t6c trong trudng (9,81 m/s?);

D: Budng kinh cla giot chat 1éng (m);
C,: Hé s6 kéo;

P, : Ty trong clia chét ldng (g/1);

P : Ty trong cdia khi (9/1).

Van téc ldng cang cao, thai gian d€ pha khi tach khoi
pha 16ng cang nhanh. Theo phuong trinh Eg-1, ¢ thé
thdy dudng kinh ctia giot chat 16ng cang I6n hoac hé sé
kéo cang thap thi van t6c 13ng sé cang I6n. P dat dugc
duong kinh t6i uu cla chat 1dng trudc khi tach khéi hén
hop luu chat va 1dng xuéng day binh phan tach, c6 thé
thiét ké thém mot s6 bo phan bén trong binh phan tach
nhu thiét ké tdm tich tu - coalescing plate nham tich tu cac
giot nho thanh giot I16n [14]. Hé s6 kéo C_ phu thuéc vao
hé sé Reynold dugc tinh theo cong thuc sau:
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Hinh 5. So d6 vdn hanh hé théng SSU két hop bom ESP [13]

24+ ] + 0,34
Re Re1/2 ’

CD = (Eq-Z)

Hé s6 Reynold ty 1é nghich véi d6 nhét cta luu chat.
Vi thé€, hon hgp luu chat cang nhét thi hé s6 kéo cang 16n,
téc do lang clia chat 1dng cang giam.

Viéc 1ap dat cac Liquid/Gas SSU ma tiéu biéu a VASP
tang dang ké hiéu suat thu hoéi dau, nhu tai mé Marimba
(Brazil), truéc va sau khi lap dat VASP, san lugng khai thac
dau tang tu 35.000 thung/ngay lén 44.000 thung/ngay,
tang khoang 25,7% [13]. Dac biét, trudc khi lap dat VASP,
dé dat dugc san lugng 35.000 thung/ngay can phai ap
dung phuang phap bom ép khi, nhung sau khi lap dat
VASP, san lugng dat 44.000 thung/ngay ma khéng can st
dung phuang phap bom ép khi.

1.4. Phén tdch ddu va nu'éc

Thiét bi phan tach dau va nuéc cho phép tach nudcra
khéi hén hgp dau va khi. Hon hgp dau va khi sé tiép tuc
dugc day 1én dé xu ly tiép trén mat bién bang mét bom da
pha ngam. Viéc két hop st dung gitra thiét bi phan tach va
thiét bi dung cho muc dich bom dang la xu huéng ctia thé
gidi khi ap dung cong nghé SBP. Bang cach két hgp nay,
hiéu suat thu héi dau sé dugc tang lén dang ké vé mat ly
thuyét. Nudc sau khi tach cé thé dugc dung dé bom ép
via néu dat chat lugng theo yéu cau bom ép clia tiing via.
Hén hop dau va khi sé dugc bom Ién gian xu ly dé phan
tach ti€p. Luc nay, thiét bi phan tach trén gian trung tam
sé don gian hon do chi yéu cau phan tach hai pha, ti do
dan dén tiét kiém chi phi ctia du an. Hinh 6 m6 ta hé théng
phan tach ngam hai pha nuéc va dau.



PETROVIETNAM

Puang khi phu

- —
(R E RSN NSNS N R NN NN
-

Déu vao

Binh tach phuc héi

Bom da i 1y
pha a = He hon hop khi- dau I

-~ -
- T .
- | Heé hén hop Hé théng

- —-— - P P A

- bt ”'g nudc - cat bg[f"{,’ip

-

Thiét bj loc cat

= WP
*: % Nudc
.III LB B B B B B III_I.I'-II" -

B

Hinh 6. So d6 mé ta hé théng phdn tdch ngam pha dau va nuéc [12]

Céng nghé két hop nay dang dugc st dung ngay
mot nhiéu va cho két qua rat kha quan. Sau khi dp dung
céng nghé SBP, du kién mo Tyrihans (Na Uy) cla Statoil -
Hydro sé tang sdn lugng khai thac Ién 10%; mo King (vinh
Mexico) clia BP sé tang san lugng khai thac 1én 20% va hé
sudt thu hoi tang 7%; mé Tordis (Bién Béc) clia Statoil sé
tang hé s6 thu héi tir 49% lén 55%.

Dai véi thiét ké SSU dé tach dau va nudc, ngoai kich
thudc, ki€u dang, thiét bi bén trong... thi téc d6 ldng cda
nudc so véi dau rat dugc quan tam, thong thudng dugc
tinh theo cong thuc [15]:

42D | py - Po
W ]

3.Cp Po

(Eg-3)

Trong do:

V,:Van toc lang ctia nudc via (m/s);
g: Gia t6c trong trudng (9,81m/s?);
D: Budng kinh cla giot nudc (m);
C,: Hé s6 kéo;

P, Ty trong cGa nudc via (g/1);

P, : Ty trong cla dau (g/1).

Hé s6 kéo C, tinh todn dua theo coéng thic Eq-2
nhung don gian hon [14]:
24

CH = (Eq-4)
D Re

2. Ung dung céng nghé SBP

Bang 2 tém tat théng tin mot s6 mo tiéu biéu trén
thé gi6i da va dang ap dung mot phan hodc toan bo cong
nghé SBP. Viéc ung dung gidi phdp cong nghé nay da
dem lai nhiing két qua cu thé nhu: gidm chi phi CAPEX va
OPEX, tang san lugng khai thac, ndng cao hé sé thu hoi
dau, tdng dam bao dong chay va dé bén hé théng khai
thac va van chuyén ngam.

Cong nghé SBP dugc xem la mot gidi phap giup nang
cao thu hoi dau cho cac mé ngoai khoi dang khai thac
(san lugng khai thac sut giam, muc d6 ngdp nudc tang,
hé théng ndi han ché) ciing nhu cho phép phat trién cac
mo6 méi (dau cd ty trong cao, ap suat thap, hydrate khi).
Déi vai Viet Nam, cong tac tham do, khai thac dau khi
ngoai khai hién nay dang gap mot sé thach thic: ap suat
via trong khoang trung binh va thap, gay kho khan trong
viéc dua san pham khai thac [én hé théng x{ ly ndi; nhiét
d6 luu chat thap, lam cho kha nang hydrate khi tang, gay
bit dudng éng dan luu chat tir miéng giéng 1én hé thong
X0 ly va dudng 6ng van chuyén; su xam thuc clia nudc
sau mot thai gian khai thac; su sut giam ap suat day giéng
sau mot thai gian khai thac. Do dé, cong nghé SBP la mot
trong nhiing hudng di mdi gilp giai quyét cac van dé
ky thuat trén trong qua trinh khai thac dau khi bién, cho
phép nang cao hé sé thu hoi dau, gia tdng san lugng khai
thac cling nhu hiéu qua dau tu, tan thu nguon tai nguyén
quy gia trong long dat.

Tuy nhién, khi nghién cttu Ung dung céng nghé SBP
cho tiing du an cu thé can can nhac cac van dé sau:

- D0 tin cdy cla cac thiét bi SBP: do SBP dat dusi day
bién va van hanh tu dong, kha nang kiém soat ti bd hay
tur trén gian x ly, ciing nhu viéc bao tri sé bi han ché.

Bdng 2. Cdc mé trén thé gidi dp dung céng nghé SBP trong khai thdc

Du an/Pia diém Cha dauty DO sau nudc (m)
Pazflor/Anglola Total 800
Marlim/Brazil Petrobras 900
Tordis/Na Uy Statoil 200
Perdido/vinh Mexico Shell 2.438
BC-10/Brazil Shell 2.100
Marimba/Brazil Petrobras 400

°API Céng nghé Két qua
17-22 SBP First oil 2011
Tang san lugng
19,6 VASP + ESP . C
tlr 35.000blpd 1én 44.000blpd
19 SBP Thuvh0| tzfmg 35MMb"'
RF tang tU 49% lén 55%
22 SBP Lp d3t 2010
16-24 SBP Lap dat 2009
20-30 VASP + ESP N/A
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- Pién ndng can thiét dé€ van hanh hé théng SBP la
rat I6n. Trong mot sé du an, do han ché vé nguén dién
nang c6 thé cung cdp cho may bom (2,5MW) ma ngudi
ta phai cai tién bom da pha tang ap ngam thuéng thanh
bom hybrid dé dap ting yéu cau.

- Lua chon hé thong SBP phl hgp (theo céng suat,
kich thudc, kha nang x{ ly céat) dé t6i uu hiéu qua dau tu.
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Subsea boosting and processing technology, a solution for
enhancing oil recovery of offshore fields

Summary

Truong Duc Trong, Hoang Thinh Nhan
Petrovietnam University

Offshore exploration and production activities have been boomed since the 1950s and increasingly developed
with the active participation of the world’s leading oil and gas companies. According to statistics by 2010, offshore
production regions represented nearly 650 billion barrels of oil equivalent (Gboe), accounting for 20% of known
remaining global oil reserves [1]. Nevertheless, offshore production requires complex technologies as a result of
water depth, fluid characteristics (viscosity, density, and impurities) and reservoir conditions (temperature,
pressure, etc.) involved. This article introduces Subsea Boosting and Processing (SBP) technology, a new development
which has been researched and tested with the aim of enhancing oil recovery of offshore fields, especially fields with
high density oil and/or low pressure reservoir.
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