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Tom tat

Bai bdo danh gid hiéu qua niit via thiy luc nhiéu giai doan tang san pham cho ddi tugng Miocene dudi, giéng don thudc bé Ciu Long
tai thém luc dia Viét Nam. Hiéu qua niit via thay luc nhiéu giai doan tang san phdm t6t hon so vdi cac trudng hop chua niit via va truong
hop niit via mot giai doan tang san pham nhu: ban kinh hiéu dung, trung binh hé s6 skin, dan suat khe niit, hiéu qué gia ting khai thac
sau niit via, chiéu dai va chiéu rong cia khe ndt, ap sudt khe nit. Mo hinh niit via thay luc nhiéu giai doan tich hgp béi cac thanh phan: gia
tri ing sudt ngang nhd nhat va phuong phat trién khe ndt, md hinh khe niit, mé hinh khai thac va md hinh kinh t€. Nghién cttu cho thay
ndt via nhiéu giai doan tang san pham cho sén lugng khai thac cong don cao han so véi cac trudng hop giéng chua nit via va trutng hop
giéng nt via mot giai doan cho tang san pham.

Turkhéa: Niit via nhiéu giai doan, ddi tiong Miocene dudi, hiéu qua niit via nhiéu giai doan, nit via mt giai doan tang san phdm, chua niit via.

1. Giéi thiéu

San lugng khai thac dau & cac mo thudc doi tugng tang
da mong bé Clu Long da suy gidm nghiém trong, hau hét
trir lugng & cdc mé nay dang bi suy kiét sau thai gian dai
khai thac. Cong tac tim kiém, khoan tham do va phét trién
cac md & xa b van dang tién hanh nghién ctu va phat
trién, tuy nhién khi di vao thuc hién du an c6 rat nhiéu rai
ro va chi phi I6n. Hién nay con moét lugng tuong déi lén dau
thudc déi tuong da méng & cadc mé tai bé Cliu Long dang
ti€p tuc nghién ctiu dé gia tang thu héi dau thudc giai doan
khai thac thir cdp hodc tam cap. Cong tac bom ép nudc dé
duy tri 4p suat via dugc tién hanh thudng xuyén, tuy nhién
via bi ngap nuédc la van dé rat thach thuc trong khai thac &
déi tugng moéng. Ngay nay, d6i tugng khai thac dau & bé
Clru Long la tram tich tdp Miocene dudi chiia dau. Tram tich
Miocene dudgi c6 dac diém dau trong cat két véi mic do
bat déng nhat va tinh chat dia chat rat phuc tap. Tram tich
Miocene dudgi ctia mo la khu vuc phia Bac va phia Nam. Déi
vGi khu vuc phia Béc, tang chia c6 trir lugng khoang 12,8
triéu m? dau vai lugng thu hoi khoang 3,97 triéu m? dau,
vGi hé s6 thu héi dau 31%. DGi vai khu vuc phia Nam, tang
chira ¢6 trir lugng tai chd khodng 9,3 triéu m? dau, c6 thé
thu hoi 1,38 triéu m? dau véi hé s6 thu héi khoang 14,8. Via
c6 gradient nhiét d6 1én tai 3,5°C trén 100m thang ding,
& tang tram tich Miocene dudi nhiét do via & giéng khai
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thac va bom ép nam trong khoang 80 - 100°C, via c6 ap suat
ban dau Ién t&i 4.023psi, 4p suat diém bot 1a 1.880psi, do
rong ha cla via phan bé khong déu va khoang chénh rat
réng tu 0 - 33,5%, do tham thay ddi tir 0,5 - 1650mD, nhin
chung dé réng va d6 tham clia via gidm theo chiéu sau clia
giéng can nut via. Via chia san pham thudng ndm & do sau
tur 2.759 - 2.998m véi thanh phan thach hoc chd yéu la cat
két va bot két, chung dugc gan két bai sét va carbonate xi
mang, theo dia vat ly giéng khoan thi kich c& hat ctia cat két
& muc trung binh. Thanh phan thach hoc chiém 40 - 65% la
quartz, 10 - 25% feldspars, 2 - 5% micas, 2 - 13% fragments
va 12 - 15% sét hodc carbonate xi mang [1]. Nhu vay, via c6
cdu truc phuc tap, xen ké la cac 16p dat da chat sit khong
chita sdn phdm. Viéc 4p dung cdng nghé nut via thay luc dé
xU ly cac 16p chiia sdn phdm nham tang luu lugng khai théac
dau va sé dugc thiét ké lam cac giai doan nut via vai giéng
dan sao cho sau khi két thuic nit via thu dugc luu lugng
dau t6i da la rat can thiét. Bai bao danh gid hiéu qua cta nut
via thay luc nhiéu giai doan so vai nit via thiy luc mét giai
doan tang san pham va trudng hgp chua nut via.

2. Gia tri ing suat ngang nhé nhit va huéng phat trién
cua khe nut

Trong cong tac nut via thay luc, gia tri (ing suat ngang
nho nhat (ng véi chiéu sdu via can tién hanh nut via thay
luc rat quan trong vi cho phép lua chon loai hat chén c6
cudng dé nén phu hgp va danh gia chinh xac gia tri dan
suat cta khe nut véi gia tri tng sudt dong cu thé vai chiéu
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sau nhat dinh. Viéc xac dinh ap suat dong cua
khe nut tuong (ng gia tri ting suat ngang nho
nhat dugc thuc hién theo nhiéu cach khac nhau
nhu phuong phap ly thuyét va phuong phap
kiém tra thuc nghiém ngoai hién trudng (LOT),
hay kiém tra thyc nghiém ngoai hién trudng mé
rong (XLOT). Véi phuang phap xac dinh Gng suat
nho nhat cha thanh hé theo phuong phap thuc
nghiém hién trudng, thi tuc giéng dugc déng
b&i d6i ap sau d6 ti€n hanh bom vai luu lugng
nhé cho dén khi thanh hé xuat hién vét nut, khi
do6 gid tri ap suat trén bé mat dugc goi la ap suat
gay ra vét nit thanh hé (LOP), ti€p tuc bam cho
dén khi thanh hé bi pha hay (break down) va
tién hanh tat bom. Ap suét day giéng luc tit bom
giam dan theo thai gian bai vi n6 la mét ham s6
phu thudc vao hé s6 that thoat dung dich nut
via. Thong thudng thanh hé cé d6 tham va dé
rong thap, chat sit thi hé sé that thoat dung dich
qua dién tich khe nut 1a nhé hon so véi hé s6
that thoat dung dich nit via & tang dat da c6 do
tham va d6 rdbng cao. Trong cOng tac nut via thay
luc, trudc khi ti€n hanh ndat via thay luc chinh
can tién hanh nut via thit nghiém dé xéac dinh
hé s6 that thoat dung dich, mé hinh khe nut,
tinh chat dat da. Hé s6 that thoat dung dich phu
thudc vao tinh chat cta dat da thanh hé, tinh
chat cia hé dung dich ndt via st dung, d6 réng
va dé tham cua thanh hé nghién clu, d6 nén
cUa thanh hé. Nhiéu nam qua, da cé nhiéu tac
gia dua ra cac cach khac nhau dé xac dinh tng
suat ngang nhoé nhat nhu Hubbert va Willis [2],
phuong phap tuong quan cia Matthews va Kelly
[3], phuong phédp tuong quan clda Pennebaker
[4], phuong phap tuong quan clia Eaton [5], cdng
thuc Christman [6] va phuong phap MacPherson
va Berry [7]. Tuy nhién phuong phap XLOT va
phuong phap kiém tra thuc nghiém (LOT) déi
vGi thanh hé cho gia tri ing suat ngang nho nhat
chinh xac va nhanh hon. Vi du d6i véi phuong
phap Eaton, dé xac dinh dng suat ngang nho
nhat theo chiéu sau clia giéng khoan la sau khi
khoan can rat nhiéu bo s6 liéu gém: phai do ap
suat dia tinh theo tai liéu dia vat ly giéng khoan,
do ap suat 16 rdbng theo dudng dién trd suat, do
hé s6 poisson’s dong khi biét s6 liéu cha dudng
séng doc va séng ngang. Phuong phap XLOT
xac dinh ding suat nhé nhat chinh xac hon so vai
phuong phap LOT va cac phuang phap trén bai
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vi phuong phép XLOT thuc hién nhiéu han mét lan kiém tra thir
nghiém ngoai hién trudng va cho két qua ngay tai gi€éng can nut
via. B8i vGi trudng Uing sudt thong thudng, trong qua trinh bom
nit via thay luc thi nghiém thi khe nit phat trién theo mat phang
¢6 chua Ung suat thdng ding va (ing suat ngang 16n nhat va mat
phdng d6 vuéng géc véi ting suat ngang nhé nhat [8]. VGi nit via
giai doan mot thi ap sudt déng clia khe ndt sé la 4.861psi va Ung
suat dong cda khe nut & giai doan nut via tha hai, tha ba 1an lugt |a
5.071psi, 4.916psi. DG véi dp sudt déng cla nit via mot giai doan
tang san pham, thi ap sudt dong ctia khe nut 1a 4.704psi.

3. Mo hinh khe nut

Cac mé hinh khe nit hay dung d€ mé phéng khe nit phat trién
va lan truyén trong khi thuc hién bom nit via thay luc da dugc su
dung roéng rai gém: mé hinh khe ntt 2 chiéu, mé hinh khe nut 3
chiéu va mé hinh khe nat gid 3 chiéu. Do dic diém cla tang dat
da Miocene dudi cé tinh chat cat két va xen kep véi bot két, dat da
c6 tinh bat dong nhat va dia chat phuc tap, dat da tuong déi chat
sit. Theo yéu cau tinh toan hiéu qua nut via thi mé hinh khe nit 2
chiéu PKN c6 tinh tGi hé s6 that thoat dung dich sé dugc st dung dé
mo ta su phat trién va su su lan truyén ca khe nut khi nit via tang
Miocene dudi. Trong bai bdo nay tac gid s dung mo hinh khe nut 2
chiéu PKN co tinh t&i hé s6 that thoat dung dich [9].

Giai bai toan cho phuong trinh can bang nut via thay luc theo
Cater Il, c6 tinh t&i luu lugng bom khong thay déi, hé s6 that thoat
dung dich nut via (C) va hé s6 mat dung dich, Sp. Do dé nua chiéu
dai chia khe nut dugc biéu dién nhu sau [10]:

w+2S8 q 2/3
X, = L x —|exp(f)erfc(B)+—= - (M
"7 4, 2[ p(B°)erfc(B) In }
Vi = _Z_C'I\/;t
w+2§,
Hiéu qua nut via dugc tinh theo cong thiic sau:
_whyx,
= "
w(w+2S)) 28
hay n=———2x| exp(f° )erfc(B) +—— - 2)
yn 4t {p(ﬁ) fe(B) \/7{}

Chiéu réng I6n nhat clia khe nut tai than giéng trong diéu kién
mé hinh phi newton Power Law gidi han bai cac théng sé n va K.
Chiéu réng I6n nhat cda khe nit duge cho béi cong thirc sau:
1

n AT 2n+2
n (1+(n-1]n)m 1 (%) hi"x; 3)
n

1
Wy = 9,152n+2 x 3,98 2n+2 KZn+2 =
Trong do:
E'= E
T 12
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E: Module dan hoi ctia dat da (psi);

E’: Module bién dang phang ctia dat da (psi);

v: Hé s6 Poisson.

Rahman (2002) dua ra céng thiic thuc nghiém méi
lien hé gitta d6 nhot ctia hé dung dich nit via vai chi s6
Ung xU ctia dung dich ndt via va chi s6 dé sét nhu sau:

n=0,1756(u)%3%
K= (0,5u - 0,0159) x 47.880

u: DO nhét ciia dung dich ndt via (pa.s)

n: Chi s6 tng xUr chia dung dich nut via

K: Chi s6 d6 sét ctia dung dich nut via (Pa-sec”)

Sneddon [11] dua ra mé hinh toan hoc biéu dién ap
suat tao khe nut. Trong d6 khe nit phat trién theo mo
hinh elliptical, chiéu rong cta khe nut dugc viét nhu sau:

4 2

0 [c2 y2 (4)

p
EI

w(x) =

Trong dé:

P : Ap sudt khong dai duai day giéng tac dung lén bé
mat clia 2 canh khe nut;

c: Ntra chiéu dai ctia khe nut (khodng cach tirtam cla
khe ntt dén dinh cla khe nut va x thong sé chiéu dai bién
d6i tinh tir tam ctia khe nut.

Khi x ti€n t6i 0 va gia tri c bang mot nla chiéu cao khe
nut. TU (4) chiéu rdng khe nit I6n nhat dugc viét la:

 2lyPyy E'

w,, = " hay ap suat khe nit1a: P, = ——w,,(5)
wTTE " 2h "

Ap sudt bom xr ly nit via thay luc dugc cho béi cong
thuc sau day:
treat = Pnet + 0-1 (6)
Trong dé:
o,: Ap suat dong khe ndit (psi).
Céng suat bom yéu cau:
Ptreat % q
HHP = ——— (7)
40,81
Trong dé:
g: Luu lugng bam (bpm);
P Ap sudt bén trong khe ndit (psi);
h.: Chiéu cao ctia khe nut (ft);

P...c. Ap sudt xtr ly nit via thay luc (psi).

4. M6 hinh khai thac

Trong mé hinh khai thac & via dau cé d6 tham thap,
luu lugng khai thac dau clia giéng da dugc nut via sé bat
dau 1a ché d6 khai thac chuyén tiép. Khi ché do khai thac
chuyén tiép két thic, ché dé khai thac dau cuta giéng sé
chuyén sang ché do khai thac gia 6n dinh. § ché d6 khai
thac chuyén tiép thi thdi gian khai thac thudng ngén hon.

4.1. Ché dé khai thdc chuyén tiép

Dua trén hién trang cla ap suat day giéng khong déi,
ché& dé khai thac dau chuyén tiép cla giéng da nut via
dugc biéu dién nhu sau [9, 12]:

162,64, B,

(vi-p, = h — -323+5) (8)

k
logt + log————
(log g(puc

t'w

Trong do6:

P: Ap sudt via ban dau (psi);

t: Thai gian khai thac & ché d6 chuyén tiép (thang);
k: DO tham via (mD);

¢, Téng dd nén, (psi);

s: Hé s6 skin dat dugc sau nut via;

h: Chiéu day via (ft);

: D6 nhét cta via dau (cp);

B,: Hé s6 thé tich via dau (res bbl/STB).

r', 1a ban kinh hiéu dung dat dugc sau nut via dugc
cho bdi cong thic: v’ =r e*\ s la hé s6 skin dugc tinh ti
céng thic mai lién hé (Valko va cac cong su, 1997) [13]:
s;=F-In (:_f) Hé s6 F dugc tinh nhu sau:

w

_ 1,65-0,328u+0,116u°
" 1+0,18u + 0,064u? +0,005u3

Trong dé:

u=In(F)vaF =k, /k) k  ladansuatcta khe nit
trong cac diéu kién cu thé nhu: ap sudt déng cla khe nuit,
su phan bé clia hat chén bén trong khe nut, loai hat chén,
kich thudc hat chén, dé réng clia goi hat chén va muic do
tham cuta géi hat chén dudi tac dung cltia ap suat dong,
cuong dé nén cla hat chen.

F., 1a dan sudt khong thi nguyén cda khe nut trong
diéu kién s6 hat chén, cung vdéi ty s6 su phat trién, lan
truyén cta khe nut véi ban kinh anh huéng (2 /x ) dua
trén co s& thé tich khe nut dugc thiét 1ap bén trong khe
nut.
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S6 hat chén dugc tinh theo mé hinh (Economides va

cac cdng sy, 2001) [14, 15] nhu sau:
o 2 Vo
prop k Vres

(10)

Trong do:

k: D6 tham hiéu dung clia géi hat chén (mD);

k: D6 thdm cla via (mD);

Voot Thé tich khe nut phat trién trong dat da (ft3);
V_.: Thé tich thao kho cuia via chura (ft?).

Mé hinh thdi gian khai thac chuyén tiép (8) tiép tuc
duoc thuc hién cho dén khi bat dau xuat hién ché do
khai thac gid 6n dinh, mé hinh d6 dugc danh gia bai
Economides va cac cdng su.

4.2. Ché dé khai thdc gid én dinh

Dua trén chi s6 khai thac clia giéng da dugc thuc hién
nut via thay luc, phuong trinh sau dugc st dung dé danh
gia luu lugng khai thac & ché d6 gia 8n dinh nhu sau [12]:

_ 141,2q Byu 0,472r, Xf
P - ow = kho {In ( xf + Sf'f' In (a) (1 1)

Trong dé:

r.: Ban kinh dnh hudng ctia via dau (ft);
P: Ap suét trung binh clia via dau (psi);
P, Ap suat day giéng (psi);

k: D6 thdm cla via chia (md);

q,: Luu lugng khai thac (STB/ngay);

B,: Hé s6 thé tich ctia via dau;

p: D6 nhét cua via dau (cp);

x.: Nlta chiéu dai khe nut (ft);

r.: Ban kinh tubing (ft).
5. M6 hinh kinh té

Mé hinh chi phi cho mét ndt via thay luc la mét phan
trong mé hinh kinh té&, chi phi thuc hién mét ndt via thay
luc cu thé clng rat khac nhau tuy theo thai gian, thoi
diém thuc hién dich vu nut via thay luc va nhu ciu thué
dich vu. Téng chi phi gia thanh bom dé thuc hién mét nut
via thly lyc phu thudc vao gia thanh thué may bom (cong
suat may bom di thué), thoi gian chd doi chua bom, thoi
gian bom. Thong thudng chi phi gid thanh luc bom dang
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hoat d6éng cao hon so véi lic may bom chua hoat déng.
Do dé, téng chi phi cho mét nt via thay luc 1a mét ham
s6 bao gém t6ng chi phi ctia khéi lugng hat chén, loai hat
chén, t8ng thé tich dung dich nut via ciing nhu loai dung
dich nut via, chi phi cho céng suat bom, va céac chi phi cé
dinh khac.

Gia tri hién tai thuan (NPV) la lgi nhuan rong thu dugc
tur viéc gia tang san lugng khai thac dau khi tur viéc nut via
thay luc trir di gia tri hién tai rong tu san luogng khai thac
dau khi cta via d6 tai thai diém chua nit via tri di téng chi
phi thuc hién trong qua trinh nut via. M6 hinh cong thuc
tinh toan Igi nhuan thuan dugc cho bai cong thic sau [15]:

W)
L (1+1)] L (1+))
Jj=1 j=1

NPV = -C, (12)

Mé hinh chi phi gid thanh cho mét nut via ¢6 dang
nhu sau:

C, =P, xV,+P xW +P xHP +P
T pr pr pump av pumpi

X thi * Ppumppr o thr+ FC (1 3)
Trong dé:
NPV: Gia tri hién tai thuan (USD);
V.. Gia tri Igi nhuan thu dugc tu viéc nit via (USD);

V_: Gia tri lgi nhuan thu dugc tu via chua dugc nit via
(USD);

i: Ty sudt chiét khau (%);

C,: Tong gia tri chi phi trong qua trinh ndit via (USD);
N: S6 ndm khai thac dau khi (ndm);

P.: Gia thanh ctia dung dich nut via (USD/gallon);

Vi Thé tich ctia dung dich nut via chua cé hat chén
(gallons);

P Gia thanh cda hat chén (USD/Ib);

W Khai lugng hat chén st dung (lbs)

P ump: Gid thanh thué may bom (USD/HHP);
HP_ Cong suat trung binh cdla may bom (HHP);

P umpi: G138 thanh thué bom lic bom khong hoat dong,

pumpi

bom chét (USD/gio);
thi:Thc‘xi gian bom khéng hoat dong, bom chét (gid);

P umpr Gia thanh bom van hanh ndt via thay luc (USD/

gig);
t Thai gian bam nut via thay luc (gio);
FC: Chi phi c6 dinh ban dau (USD).
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6. Ap dung xi ly nut via thay luc nhiéu giai doan cho
giéng don, déi tugng Miocene duéi

Viéc chiing minh hiéu qua ndt via thay luc nhiéu giai
doan so véi phuong phdp nut via thdy luc mét giai doan
cho tang san pham va trudng hgp chua nit via cho don
giéng sé dugc trinh bay trong nghién ctu nay. Tinh chat
dat da cia tang chia Miocene dudi cé tinh chat la cat két
xen kep va bot két vai cac lop dat da cé do réng va do tham
rat khac nhau. V6i cac I6p dat da xen kep chat sit thudng co
module dan hoi Ién hon, c6 d6 rbng va d6 tham rat thap,
I6p dat da nay khong co kha nang chia hydrocarbon, bén
canh d6 c6 cac I6p dat da c6 kha nang chda san pham hy-
drocarbon véi module dan hoi clia dat da thap hon, do
réng va dé tham t6t hon. LSp via chia cat két 6 chira san

pham thudng c6 dé tham ti 3 - 12mD va dé réng khodng
10%. Nguaoc lai d6 rbng va dé tham clia I6p dat da xen kep
chat sit thudng rat thap, cu thé dé réng la khoadng 1% va
dé tham la khoang 0,001mD, do dé I&p dat da nay khéng
¢6 kha nang chia san pham khai thac. BAng 1 néu ra cac
I6p chira sén phdm khéc nhau cla cac I6p cat két cda tdng
san pham chua nut via cta giéng dan, xen gilta ching
la cac I6p dat da chat sit co tinh tham thap va réng thap.
Cu thé nhu sau, giai doan 1 nut via tor d6 sau tu 9.487,7 -
9.279,5ft, giai doan 2 tu d0 sau 9.224 - 9.149ft, giai doan
3 tUr d6 sau 9.086ft t&i dO sau 8.942ft. DSi vai nut via mot
giai doan tang san pham co thé dugc hiéu nhu la nit via
chi cé mot lan duy nhat, nghia la thuc hién céng viéc nit
via mét 1an cho tat ca cac I16p chia sdn pham & cac giai
doan nut via thi nhat, cac I16p chia san pham giai doan

Bding 1. Cdc thng sd niit via [13, 14]

Nut via 1 giai doan

Théng sé Giai doan 1 Giai doan 2 Giai doan 3 N N 2
tang san pham
Ban kinh anh hudng (ft) 1640 1640 1640 1640
budng kinh tubing (ft) 0,328 0,328 0,328 0,328
Chiéu cao khe nut (ft) 88,6 90 86,4 265
DO rong (%) 13 13 13 13
D6 tham via (mD) 12 12 12 12
Ap suét via, Pi (psi) 2970 2970 2970 2970
Ap suit day giéng (psi) 2000 2000 2000 2000
Heé s6 Poisson cat két 0,25 0,25 0,25 0,25
Hé s6 Poisson shale 0,35 0,35 0,35 0,35
Module dan héi cat két (psi) 3.500.000 3.500.000 3.500.000 3.500.000
Nhiét d6 via (°C) 109 109 109 109
Oil API 35 35 35 35
Hé sé tich ctia dau (RB/STB) 1,4 1,4 1,4 1,4
Hé s6 nén via (psi™) 1.45E-05 1.45E-05 1.45E-05 1.45E-05
DO nhot dau via (cp) 1.074 1.074 1.074 1.074
Ap suéat diém bot (psi) 2000 2000 2000 2000
Ap suét dong (psi) 4861 4844 4916 4704
Bdng 2. (dc théng sé niit via
Théng s6 Giai doan 1 Giai doan 2 Giai doan 3 Nu‘:wa 1, gt foan
tang san pham
Luu lugng bam (thung/phdt) 20 20 20 20
Thai gian bom (phut) 100 80 95 90
Nong d6 hat chén khi két thic bom,
10 10 10 10
EOJ (pp9)
Ung x{r dung dich ndt via (n) 0,341 0,341 0,341 0,341
Chi s6 d0 sét, K (Ibf.s"/ft?) 0,12 0,12 0,12 0,12
Hé s6 that thoat (ft/min®) 0,00227 0,00227 0,00227 0,00227

Hat chén (Sintered Ball Bauxite 16/30): Cudng d6 nén trung binh (ISIP), ty trong 3,65, dudng kinh trung binh 0,038in, dd tham goi
hat chén 400,000mD, dé réng goi hat chén 0,35. & ap sudt dong 6.680psi va phan bé hat chen 2lbm/ft2, dan suat ctia hat chén la

9.505md.ft, gia thiét mic do6 hu hai dan suat hat chén 1a 0,5

Hé dung dich nut via (YF540HT) gém: chat hoat ddng bé mat surfactant 2pptg, chat 6n dinh Stabilizer 15pptg, Crosslinker
0,35pptg, Buffer 7,5pptg, chat lam gidam d6 nhét Breaker Na2S20s 8pptg, Encapsulated, gelling agent 11,2pptg, activator 1pptg

va Biocide 0,5pptg [16, 17]
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2 va giai doan 3 véi do sau 9.487,7 - 8.942ft, dé tir do nut via 1 giai doan cho tang san pham dat dugc chi la 0,330in,
tién hanh nghién ctru va so sanh cac chi tiéu nhu dan diéu nay cho thdy chiéu rong khe nut ty 1é thuan vai chiéu dai
sudt khe nut, trung binh hé s6 skin, chi s6 hiéu qua cUa khe nut. Ngoai ra ap suat khe nut dugc thiét ké sao cho
khai thac ctia nut via thay luc nhiéu giai doan vai nat phai nhé hon 1000psi [18], vi khi ap suat khe nut vugt qua
via mot giai doan tang san pham vai trudng hap tang 1000psi thi nguy ca via bi sap 16 trong khi bom nt via la rat
san pham chua dugc ndt via [16, 17, 21]. I6n va via c6 nguy co bj hu hai, do @6 mong mudn gia tang dan

e suat cua khe nut sé khéng dat dugc. Bang 3 biéu dién 4p suat
7.Két qua va tho luan khe nut ctia nut via 1 giai doan cho tdng san pham la 195psi,

M6 hinh khe nit PKN-C [9] mé ta chiéu dai va trong khi nut via thy luc nhiéu giai doan ctia giai doan 1 c6 ap
chiéu réng cia khe nut khi thuc hién nit via thay luc sudt khe nut la 665,3psi, giai doan 2 la 625psi va giai doan 3 la
nhiéu giai doan va nut via thay luc 1 giai doan tang

san pham, chiéu dai va chiéu réng Ién nhat cla khe L 12
P N N N ~ R LA 5 > Q-
nut va chiéu rong trung binh dugc thé hién & Bang E o
N e . 2 . 2 . . N <
3. Chiéu dai khe nut & nut via 1 giai doan cho tang ¢
; 2 < i s e a e s c 8
san pham ngan hon chiéu dai ctia khe ndt & nit via L5
. . S o
thay luc nhiéu giai doan do chiéu dai ctia khe nut ty & % 6
I& nghich véi chiéu cao khe nut. Nhu vay, chiéu cao 2,
khe nut & nut via 1 giai doan cho tang sadn pham cao é 7
. 2
hon (265ft) trong khi nut via thay luc nhiéu giai doan g
c6 chiéu cao khe nuit ngan hon. Ngoai ra, chiéu rong % % . 100 150
. ye N 2 ’ 2 k) N . . v
khe nut I6n nhat & nut via thdy luc nhiéu giai doan Thai gian bom (pht)
rong hon so véi chiéu rong I6n nhat cda ndt via 1 giai —giai goan;
N 2 ° P L, e Giai doan
doan cho tang san pham. Cu thé & giai doan 1 nut via = Giai doan 3
thay luc, chiéu rong 16n nhat 1a 0,379in va giai doan 2 === Nt via mot giai doan tang san pham
chiéu rong I6n nhat la 0,362in va chiéu rong I6n nhat Hinh 1. Quy trinh bom nuit via thily i nhiéu giai doan va niit via thiy ic 1 giai doan
G giai doan 3 1a 0,376in so véi chiéu rong I6n nhat & cho tdng san phdm

Bding 3. Két qud vé yéu cdu dp sudt nit via thiy luc va hinh ddng khe nt

Nut via 1 giai doan

Théng s6 Giai doan 1 Giai doan 2 Giai doan 3 N . o
. . tang san pham

Ap sudt khe nt, Pre: (psi) 665,3 625 677 195

Ap sudt bé mat, Pyeat (psi) 5526 5469 5593 5068
Cong suat bom (HHP) 2708 2680 2741 2483
Ntia chiéu dai khe nut (ft) 729,1 634,1 726,3 234,2
Chiéu rong khe nat I6n nhat (in) 0,379 0,362 0,376 0,330
Chiéu réng trung binh khe nut (in) 0,24 0,22 0,236 0,207
Chiéu cao khe nut (ft) 88,6 90 86,4 265

Bdng 4. (dc théng s6 bom lién quan viia hat chén

Nut via 1 giai doan

Théng sé Giai doan 1 Giai doan 2 Giai doan 3 . N -
’ ’ ’ tang san pham

Dién tich khe nut (ft?) 129.198,1 114.129,9 125.505,7 124.138,2
Thé tich bom, Vi (gal) 84.000 67.200 79.800 75.600
Thé tich khe nut (V) 16.654,85 14.050,24 16.055,76 14.139,62
Hiéu qua nut via (Vi/V) 0,2 0,21 0,2 0,187
Thé tich pad (gal) 56.201,89 43.958,81 53.067,13 51.776,52
Thai gian bom pad (phut) 67 52 63 62
Néng d6 hat chén trung binh (ppg) 6 6,1 6 59
Khéi lugng hat chén (Ib) 166.548,5 14.0502,4 160.557,6 141.396,2
Phan bé hat chén trong khe nut (Ib/ft?) 1,29 1,23 1,28 1,14
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677psi, trong khi ap suat khe nit & nit via 1 giai doan cho
tang san pham thap hon. Trong ky thuat nut via thay luc,
ap suat khe nit da 16n c6 tac dung lam cho chiéu dai va
chiéu rdng khe nut lan truyén va phat trién, néu ap suéat
khe nit nhé nhu & nut via 1 giai doan cho tang sadn pham,
thi chiéu dai va chiéu rong khe nut dat dugc rat han ché
so vai chiéu dai va chiéu rdng & nut via thay lyc nhiéu giai
doan. Viéc thiét ké dudng kinh 16 ban mé via tuong ung
véi mat dé hat chén trén mot gallon hay duong kinh hat
chén nham han ché hién tugng screen out ciing dugc luu
y va tuan theo tiéu chudn API. Bang 3 chi ra chiéu rong
trung binh khe nut & nit via thay luc nhiéu giai doan nam
trong khoang (0,22 - 0,236in) I6n han bén lan dudng kinh
trung binh hat chén (0,038in), theo Schechter 1992 [19],
day la diéu kién dé van chuyén hat chén bén trong khe
nut vi khi dé théa man chiéu réng khe ntt I16n hon 4 lan
dudng kinh trung binh cla hat chén, vi vay hat chén dé
dang di vao trong khe nit dan t6i su phan bo hat chén tét
hon, hiéu qua hon trong qua trinh ndt via thay luc.

7.1. Quy trinh bom nuit via thay luc

Nolte (1986) [20] dua trén phuang trinh can bang vat
chat trong khi bom ndt via thay luc khi khéi lugng hat
chén thém vao lién tuc trong dung dich nut via cho dén
khi hiéu qua nut via t6t nhat theo thai gian, méi quan hé
gilta néng d6 hat chén theo thai gian trong khi bom cho
bdi mo6 hinh nhu sau:

t—tpad>£ e 1-n
t;- pad, ’ ]+T]

Cp(t)=Cf<

Trong dé:
C_(t): Néng do hat chén/gallon (ppg);

C.: Nong do hat chen/gallon tai giai doan bom két
thic nut via (ppg);

t . Thgi gian bom pad ma dung dich nut via khéng
pa
chta hat chen (phut);

t: Thai gian bom nut via thay luc (phat);
n: Hiéu qua nut via, hé sé.

Hinh 1 mé ta lich trinh bom nt via thay luc cho
nhiéu giai doan va 1 giai doan cho tang san pham.Trong
céng tac nut via thay luc, lich trinh bom ndt via gom 3
budc chinh, budc tht nhat thuc hién bom thé tich dung
dich nut via pad ma khéng chia hat chen véi muc dich
dé md khe nut va tao chiéu rong khe nit yéu cau sao cho
sau khi két thic bom thé tich pad thi khe nut sé cho phép
hat chén dé dang di vao khe nut, sau khi két thic bom

thé tich pad tién hanh bom dung dich nut via ¢6 chia
hat chén Sintered Ball Bauxite 16/30 cé ty trong 3,65 sao
cho thiét ké néng d6 hat chén theo lich trinh bom hinh
1, trong qua trinh bom thi go6i hat chén thém vao dung
dich nat via cho dén khi két thuc bom tai néng dé hat
chén dat dugc la 10ppg, hat chén dé dang di vao khe
nut va gitt khe ndt lubn ma vi trude dé da tién hanh bam
pad da tao khe nut. Sau khi két thic bom dung dich nat
via c6 chén ta ti€én hanh bom thé tich dung dich nut via
khong co6 hat chén dé suc rita hé théng dudng éng clng
nhu trong hé théng dudng 6ng khai thac. Bang 4 con
chi ra trung binh phan bé cta hat chén trong khe nat
khi thuc hién nut via thay lyc nhiéu giai doan 1én hon
phan bé hat chén bén trong khe nut khi thuc hién bom
nut via thay luc 1 giai doan cho tang san pham, diéu dé
c6 nghia dan suat khe nut ¢ nut via thay luc nhiéu giai
doan cao han so véi dan suat khe nit & nat via 1 giai
doan cho tang san phadm bai vi su phan bé hat chen tét
c6 tac dung tang dan suat khe nit va cho phép dong san
phdm dé dang di tu via vao giéng. Ngoai ra trung binh
hiéu qua nut via thay luc & nat via thay luc nhiéu giai
doan cao haon 0,2 so véi hiéu qua nut via mét giai doan
tang san pham (0,187). Piéu d6 ching té thé tich khe nut
tao ra & nut via 1 giai doan cho tang san pham thap hon
so vGi thé tich tao ra khi thuc hién nit via thay luc nhiéu
giai doan.

7.2. Phan tich khai thdc

Bang 5 biéu dién cac théng s6 sau khi nut via thay
lyc & cong viéc nit via thay luc nhiéu giai doan va nut
via mot giai doan tdng sdn pham, céc chi s6 sau nut via
€6 &nh hudng t6i chi s6 khai thac san pham. Chi s6 khai
thac sau nut via phu thudc vao gia tri dan suat khe nut tai
ché trong khe nut vi cho phép chat luu dau khi trong via
tr khe nut di vao giéng dé khai thac mét cach dé dang
hay khéng [18]. Mat khac dan suat khe nut phu thudc rat
nhiéu yéu t6 nhu ap suat déng khe nat, su phan bo cla
hat chén bén trong khe nut, loai hat chén, cudng d6 nén
hat chen, ty trong hat chén, dé réng va d6 tham cuia goi
hat chén dudi tdc dung ap suat dong cu thé, & day ta lay ap
suat dong tuong duong ting suat nho nhat va muac doé hu
hai ctia dan suét khe nut va anh hudng bai qua trinh hat
chén bi quay trd lai bé mat khi goi dong san pham. Ngoai
ra dan suat khong th nguyén & nut via don tang I6p phu
(FCD = 0,93) cao hon so vai dan suat khéng thi nguyén
trung binh & nut via thay luc nhiéu giai doan (FCD = 0,3).
Diéu nay giai thich la do dan sudt khéng tha nguyén ty
I& nghich véi nlra chiéu dai cta khe nut, do nlia chiéu dai
khe nit tao ra & nut via don tang I16p pht ngén hon so véi
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Bdng 5. Dén sudt khe niit va hiéu qud khai thdc

Théng sé Giai doan 1
Dan suat khe nut (md.ft) 5.232
Ap suat déng (psi) 4.861
Dan suat khong thi nguyén (Feo) 0,3
Hé s Pseudo-skin (S¢) -7,04
Ban kinh hiéu dung, r'w (ft) 374,6
Hiéu suat khai thac (J/Jo) 58

chiéu dai tao ra trong nut via thay luc nhiéu giai
doan. Thuc té€ khi thuc hién nut via cho tang
Miocene duéi c6 d6 tham tuong déi thap thi
viéc uu tién tao ra chiéu dai khe nut la rat quan
trong dé nang cao dan suadt khe nut. Trung
binh hé s6 skin am & nut via thay luc nhiéu giai
doan (s, = -7) thdp hon nhiéu so véi hé s6 skin
am sau nut via & nit via 1 giai doan cho tang
san pham (s, = -5,9), do d6 ban kinh hiéu dung
trung binh & nut via thay luc nhiéu giai doan
la (r', = 357,9ft) va ban kinh hiéu dung tao ra
sau nut via & nut via 1 giai doan cho tang san
pham (', = 120,3ft). Chi s6 gia tang khai thac
trung binh cda nut via thay luc nhiéu giai doan
la (PI = 5,6) va chi sé gia tang khai thac & nit via
1 giai doan tang san phdm la (Pl = 3,3). Hinh 2
biéu dién luu lugng khai thac sau nut via la nat
via thay luc nhiéu giai doan, ndt via 1 giai doan
tdng sadn phdm va chua nut via véi thdi gian
khai thac chuyén ti€p khodng 3 nam, cho thay
luu lugng khai thac & nut via thay luc nhiéu giai
doan cao han nhiéu so vdi nut via 1 giai doan
tdng san pham va cao hon trudng hop chua
nut via. Bang 8 cho thdy, san lugng khai thac
cdng don sau nit via clia nut via thay luc nhiéu
giai doan (7.854.300 thung) cao han so véi nuit
via 1 giai doan cuta tdng san pham (5.789.800
thung), ngugc lai véi trudng hop giéng don
chua nut via thi san lugng khai thac dau cong
don thap hon véi muc la 2.382.800 thung. Lgi
nhuan rong thu dugc & ndt via thay luc nhiéu
giai doan ciing cao nhat dat hon 393 triéu USD
va nut via 1 giai doan tang san phdm dat hon
289 triéu USD, d6i véi giéng don chua nut via
thi lgi nhuan rong thu dugc hon 118 triéu USD,
xét trong 3 nam. Day |a yéu t6 quan trong dé
nha thau cé quyét dinh st dung céng nghé tién
hanh bom nut via thiy luc nhdm nang cao san
lugng khai thac sau nut via.
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Nut via mét giai doan

Giai doan 2 Giai doan 3 . N o
j ’ tang san pham
5.244 5.194 5.224
4.844 4916 4.704
0,34 0,3 0,93
-6,90 -7,03 -5,90
325,8 373,2 120,3
53 58 33
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via chua nut via, nut via thiy luc nhiéu giai doan tdng sdn phdm, nit via 1 giai doan tdng san phdm

Bding 6. Cdc thong s6 ddu vao d€ tinh todn hiéu qud kinh t&

Théng sé Cac gia tri
Gia hat chén (USD/Ibm) 0,4
Gia dung dich nut via (USD/gallon) 1
Gia bom, USD/gio/HHP 3,25
Gia stra chirta (USD ) 15.000
Ty suat chiét khau (%) 10
Gia dau (USD/thung) 60
S6 nam thu lgi nhuan rong, NPV 3
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Bding 7. Chi phi thurc hién bom niit via va vdn hanh

Théna s6 Dung dichnitvia Khdilugng hatchén Céngsuat  Gia sita chira Chi phi
9 st dung (gals) st dung (lbs) bom (USD) (USD)
Nt via 1 giai doan tang san pham 70.956,32431 141.396,2 5.068 15.000 158.985,8
Nt via thay lyc nhiéu giai doan 215.642,9945 467.608,5 16.588 15.000 471.597,4
Bding 8. Phan tich kinh té trong 3 ndm
. v Dau khai thac Gia tri Téng chi Lgi nhuén réng, NPV
Thong so . . X : C d
cdng don (thung) (USD) (USD) (USD)
Chua ndt via 2.382.800 142.968.000 0 118.617.326,82
Nt via mét giai doan tang san phdm 5.789.800 347.388.000 158.986 289.544.184,75
Nt via thay luc nhiéu giai doan 7.854.300 471.258.000 471.597 393.807.290,65
diéu d6 dan t6i dan suat khe nut, luu lugng khai thac, hiéu
450 L L ax .
qua kinh té sau nut via cling cao hon.
B 400
A 4 ¢ . 7,0 2 . . 2 ’
2 3%0 - Ap suat khe nit cao hon so vai ap suat khe nut 6 nut
z igg via don tang I6p phu, day la tién dé dé phat trién khe nt.
()]
c N 2 g
g 200 - Khi bom ntt via 1 giai doan tang san pham cho
g 150 giéng don sé tang tén hao ap suat dé phat trién khe nut
100 . S rix Ceva 2 s
-;_ 50 . khong can thiét phuc vu cho khai thac sdn pham sau nay,
- > 7 . R ’ . a 7 2
0 c6 thé su phat trién khe nut phu (khe nut khong cé kha
Chua nit via NUt via mot Nt via ndng cho dong san pham dé khai thac sau nut via) véi
giai doan nhiéu giai doan

tdng sdn phdm  tang sdn phdm

Hinh 4. So sdnh lgi nhudn rong (NPY) cho cdc truting hp: giéng chua niit via,
nuit via 1 giai doan tdng sdn phdm, niit via nhiéu giai doan tdng sdn phdm

8. Phéan tich yéu té kinh té (Bang 6 - 8, Hinh 4)

9. Két luan

Nghién ctu nut via thay luc nhiéu giai doan cho giéng
don & d6i tuong Miocene duéi, bé Cliu Long rut ra cac két
luan sau:

- Vé chi s6 gia tang khai thac sau nut via thay luc
nhiéu giai doan cao hon nhiéu so véi chi s6 gia tang khai
thac sau nut via 1 giai doan tang san pham, hay trudng
hgp chua nut via. Bai vi sau ntt via, hé s6 skin am trung
binh ctia ndt via thay luc nhiéu giai doan thap hon so véi
hé s6 skin am & nut via thay luc 1 giai doan cho tang san
pham, hay hé s8 skin am trung binh & trudng hop chua nut
via, do tang tram tich Miocene dudi co tinh chat tuong doi
chat sit thé hién & dé tham va dé réng hiéu dung tuang
déi thap. Vi vay, can phat trién khe nit c6 chiéu dai téi uu,
t6i da dan suat khe nut dé tir @6 cho phép dong san pham
dé dang di tir khe nut vao giéng khai thac sau khi nut via.

- Sy phan bé hat chén & nit via thuay luc nhiéu giai
doan cao hon so véi nit via 1 giai doan tang san pham,

chiéu cao khe nut cao hon. Vi vay, ap suat khe nat can
thiét dé phat trién khe nut chinh (khe nut cho phép dong
san phdm dé dang di vao giéng) bi gidm di va do dé chiéu
dai khe nut chinh sé khéng dat dugc.
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INVESTIGATION OF MULTIPLE-STAGE HYDRAULIC FRACTURING
EFFICIENCY FOR LOWER MIOCENE, CUU LONG BASIN, CONTINENTAL

SHELF OF VIET NAM

Nguyen Huu Truong
Petrovietnam University
Email: truongnh@pvu.edu.vn

Summary

The paper evaluates the multiple-stage hydraulic fracturing efficiency for single wells in the Lower Miocene formation of Cuu Long
basin on the continental shelf of Vietnam. The efficiency of multiple-stages is better than that of the base case and single-stage hydraulic
fracturing for well stimulation such as the effective radius, average skin factor, fracture conductivity, oil productivity at post-fractured
well, fracture length and width, and net pressure. The integrated multiple-stage hydraulic fracturing model includes the minimum
horizontal stress and fracture propagation orientation, the fracture geometry model, the production model and the economic model.
The study showed that multiple-stage fracturing for single wells produces higher cumulative oil production than unstimulated cases and
well single-stage fracturing.

Key words: Multiple-stage hydraulic fracturing, Lower Miocene reservoir, multiple-stage fracturing efficiency, single-stage hydraulic
fracturing, base case.
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