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Tom tat
Két qud khoan thdm do va khai thdc & bé Ciru Long cho thdy cdc tdp via thudc Tra Tan duéi va Tra Cu thuéc tdng
Oligocene c6 bi€u hién ddu khi rdt tét va dé réng trung binh tir 10 - 15% va dé thdm cda via tir 0,1 - 5SmD. Tuy nhién, da
s6 khe niit ctia cdc tdp via nay c6 dé dan sudt rdt thdp va dé lién théng giita cdc khe niit rdt kém, do d6 can phdi cé giai
phdp kich thich via dau khi bdng phuong phdp nit via thiy Iuc nhdm gia tdng hiéu sudt khai thdc dau khi téi da. Bai
viét gidi thiéu phuong phdp nirt via thay luc UFD ctia Economides [1] dé téi uu khéi luong hat chén trén cé'sé téi da loi
nhudn rong. Déng théi, nhém tdc gia gidi thiéu mé hinh khe nit 2D PKN dé dién ta dé I6n cuia khe niit, tng véi téi uu
khéi lugng hat chén. Viéc dp dung thanh céng céng nghé nurt via thiy luc trong qud trinh mé via thuéc hé tang Tra Tan
dui @ mét sé mé trong bé Ciru Long da gép phan tdn thu nguén tai nguyén ddu khi & khu vuc nay.

Tir khéa: T6i uu khéi lugng hat chén, mé hinh khe nit 2D PKN, d6 dén sudt khe nut, thiét ké téi uu nit via thay luc UFD, téi da

lgi nhudn rong (NPV).
1. Gidi thiéu

B& Clru Long nam & phia Déng Nam thém luc dia Viét
Nam, 1a mét rift ndi luc dién hinh véi lich s phat trién dia
chattrai qua 3 thai ky: trudc tao rift, dong tao rift va sau tao
rift, da tao nén cac hé théng dau khi quan trong vai nhiing
tang sinh, chidia va chan t6t. Thai ky trudc tao rift la thoi
gian thanh tao @& moéng cta bé chii yéu gém céc loai da
granite, granodiorite-diorite... thudc phuc hé Hon Khoai,
Dinh Quan va Ca Na. Thai ky déng tao rift tir Oligocene
s6m dén dau Miocene sém hinh thanh nén tram tich
Cenozoic dugc tich tu trong diéu kién séng hé. Thai ky sau
tao rift, cac tram tich ti€p tuc lang dong ch yéu trong moi
trudng bién néng, déng bang ven bién. Hé théng dut gay
chinh c6 hudng Dong Bac - Tdy Nam, va mét vai hé théng
dut gay & vi tuyén da phan cat bé Clru Long thanh cac don
vi cau trdc nhu: d6i ndng Trung tam (RGng - Bach HE - Cliu
Long), Nui Boi, Ba Ben, Tam Dao; triing Tay Bach HG, Bong
Bach Hé, B4c Tam Do, Bac Bach HE; don nghiéng Tay Béc,
Do6ng Nam va déi phan di Tay Nam. Ba tang san pham dau
khi chti yéu cta bé Cliu Long la d& méng nit né trudc Dé
Tam, cat két Miocene va cét két Oligocene.

Tang chira Oligocene md Bach HE gém cac via
chia thudc hé tang Tra Tan (Oligocene C, D, E) va Tra Cu
(Oligocene F?). Cac tap da chia Oligocene trén gém cha
yéu cét két hat trung binh - tho dén cudi két xen it bot két
va I6p rat moéng da voi. Tram tich dugc thanh tao trong
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diéu kién luc dia vai cac tusng séng, ho, dam lay va mot
phan & diéu kién bién néng ven ba. BE day clia cac tap cat
két Oligocene tuong d6i I6n (tU vai mét dén 30m) nhung
phén bé hep, tinh lién tuc kém va tinh lién théng cla cac
khe nut trong cac via khéng tét.

Tai mé Bach HS, dau trong tang chita Oligocene dang
dugc khai thac chu yéu tir cac via chia thudc hé tang Tra
Cu véi bay dang ké ap vao khéi nhé mdng va mét phan
nho tir cac via chia hé tang Tra Tan vai bay kiéu két hap
bao phu lén khéi nhé méng bi chan thach hay dut gay
cling nhu kiéu ké ap vao khéi nhé moéng. Do anh hudng
clia qua trinh tao da va nén ép manh nén tinh chat tham
chta cla cat két Oligocene dudi c6 xu hudng gidm theo
chiéu sau, nhung mét sé noi d6 réng van dugc bao tén
cao. Cac tap via chia trong tang nay c6 biéu hién dau khi
rat tét, song dugc cho la chat sit vi c6 d6 tham kém, tinh
dan sudt va do lién théng gilta cac khe nut kém. Vi vay,
doi hoi phai kich thich via bang phuong phap nit via thay
luc nham tang cudng hiéu suat khai thac dau khi téi da.
Mat khac, viéc ap dung phuong phép t6i uu khoi lugng
hat chén trén co s& t6i da san luong khai thac dau khi
déng nghia vai viéc t6i da lgi nhuan rong (NPVmax), tu
d06 tinh toan thiét ké ndt via thay luc theo phuong phap
thiét k& nit via thay luc téi uu (UFD) clia Economides nhu
xac dinh t6i uu chiéu dai ctia khe nut, chiéu réng khe nut
t6i uu. Phuong trinh can bang nut via thay luc cho phép
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xac dinh thai gian bom, quy trinh bom hat chén. St dung
cac hé s6 mat dung dich nt via dang tham - C, hé s6 mat
dung dich nut via - S, va mo hinh dung dich nut via phi
Newton théng qua cac thdng s6, n va K dé tinh toan chiéu
dai, chiéu rong ctia khe nut.

2. Lua chon chat I6ng niit via thay luc va mé hinh chat
Iéng nut via thiy luc phi Newton

Trong qua trinh nut via thay luc khe ndt cé xu huéng
phat trién theo huéng co trudng tng suat dat da nho nhat
(c,). DGI véi via dau thong thudng, ting suat nén dat da
nhé nhat tuong duong véi dp suat déng clia khe nut (P)
va 4p suat nén dat da 16n nhat 1a ap sudt nén thang ding
cla dat da (o). Trén co s tinh chat clia via dau & do sau
tur 3.400 - 4.000m thudc tang cat két Oligocene vaéi nhiét
dd via la 266°F, ap suat via ban dau la 4.990psi, ap suat
dong clia khe ndt la 7.700psi, tinh chat dat da la cat két lan
sét, do do lya chon t6i uu dung dich nit via thay luc phu
hagp véi tang cat két Oligocene rat quan trong. Khéi lugng
polymer HPG la 30pptg vi polymer HPG chiu dugc nhiét
do tu 70 - 300°F [1] do do polymer HPG la phu hgp. Dung
dich nit via thém vao nhu chat hoat dong bé mat dé gidm
stic cang bé mat gilia cac phan tir dat da, sét trong cac khe
nut véi khoi lugng 1pptg, Breaker Na,S,0, thém vao véi
khéi lugng 8pptg, dé lam gidam d6 nhét dung dich nit via
& bén trong khe nut sau khi nut via va dé lam sach khe nut
va tao ra khe nuit c6 dé dan suat tot nhat, gép phan gia
tang luu lugng dong khai thac. Déng thai, dung dich nut
via phai chiu dugc nhiét d6 cao, ap suat cao, tranh hién
tugng polymer bi bé gay va pha v& cau tric, dan dén lam
gidm tinh dan suat cia khe ndt sau khi ndt via. Chat chéng
an mon dugc thém vao hé dung dich ndt via dé lam gidm
hiéu tng an mon bén trong dudng éng ciing nhu giam
an mon éng duc 16 trong hé dung dich nut via, két hgp
vGi mé hinh chat long phi Newton cho phlu hop véi via
cat két Oligocene. Mt khac, cac thong s6 dung dich nat
via phi Newton nhu n va K, ty trong, théng s6 mat nudc
(Sp) phai dam bao dé du kha nang mang tai hat chen di
vao khe nut, d€ mé khe nut va tao doé rong, chiéu dai khe
nut trong qua trinh bom nut via. Ngoai ra, dung dich nit
via phai lam gidm téi da t6n hao 4p suat trong toan bd
hé théng dudng 6ng dé tang ap suat trong khe nut, gitp
khe nut phat trién t6i da. V6i yéu cau dat ra, dung dich
nut via thay luc phu hop cho tang cét két Oligocene la
Borate - Crosslinked 30lb HPG/1.000 gallon dé dam bao
van chuyén hat chén va gilr cho hat chén & trang thai lo
Iting khi ngting bom, déng th&i dam bao hé sé mat dung
dich dang tham dat C, = 0,002ft/min°®’, két hgp 8lb/1.000
gallon breaker Na_S,0, thém vao hé dung dich vai 2% KCI

dé ngan chan sét truong nd trong cac khe ndt nham lam
tdng dan sudt cda khe nut va van chuyén hat chén di vao
trong khe nut dat hiéu qua cao.

Cac dung dich nut via chd yéu tuan theo quy luat
dung dich ntt via phi Newton va mé hinh dung dich nut
via dugc tinh béi cong thuc:

T=Ky" (M
Trong do:
7: Ung sudt cit dong;
y: T6c d6 trugt dong;

n va K: Thong s6 consistency index ctia dung dich nat
via phi Newton.

Dé xac dinh cac théng s6 dung dich ndt via phi
Newton, n va K, trong phong thi nghiém dung thiét bi
Brookfield dé do cac théong sé nhu 7, y:

Logt=IlogK+nlogy
po déc goc = [(vy xv)- (zxzy)]/[(zvzx ?)- (ZX)Z}

Khodngcach= (ZY -ny X]/N

Trong do:
X=logy;
Y=log 1,

N = s6 lan thi nghiém.
Nhu vay n = d6 déc goc va K = Exp (khoang cach).

Nghién ctu ctia M. Rahman da dua ra cach tinh khac
cac thong s6 dung dich ndt via phi Newton dua trén do
nhét clia dung dich ndt via d6 va mai lién hé dé nhu sau:

n=0,1756(u)"?3 K = 47,880 x (0,5u - 0,0159)
2.1. Lua chon hat chén (Proppant selection)

Hat chén s dung cho qua trinh nut via phai c6 dé
bén nén I6n hon ap suat déng clia khe nit (P =7.700psi),
day la gia tri tuong duong véi dp suat nén nhd nhat cla
dat da tai diém d6 o . Hat chén phai han ché hién tugng
an mon va dap v& dudi tac dung cla ap suat dong cla
khe nit. Dong thai, can han ché hién tuogng hat chén di
vao giéng nham gia tang tinh dan sut cta khe nut sau
khi két thac nit via (vi hat chén cé tac dung tham gia
tao khe nut, gilt cho khe nut ¢6 dinh va luén luén mé, 6n
dinh sau khi ngung bom, khe nit dugc bao toan). Mat
khac, hat chén phai dam bao dugc d6 dan suat theo yéu
cau dat ra.
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Dung dich niit via Dung dich niit via

PN thém vao/1.000
thém vao
gallon

Chat diét khuan
(Biocide) 0,5gallon
Breaker (Na,S,05) 8lbm
Chat hoat dong bé 1qallon
mat (Surfactant) 9
Chat ngan chan sét
truong nd (KCl) 2%KCl
Polymer HPG 30lb

Bdng 1. Téng hop hé dung dich nit via [1]

Chtic nang

Ngan chan dung dich nit via bi phan hdy, nhiém ban duéi tdc nhan vi khuin hay
moi trudng yém khi.

Dé& lam gidm doé nhét clia polymer trong khe nut sau khi nit via, lam sach khe nit
va tdng tinh dan suat cla khe nut sau khi nut via.

Pé lam gidm suic cdng bé mat cla cac phan ti dat da trong khe ndt va cai thién
hiéu qua nut via thay luc.

KCl cho phép ngan chan cac phan t sét truong nd trong qua trinh ndt via, nham
cai thién hiéu qua nut via, cai thién tinh dan suat cia khe nut.

Gilr hat chén & trang thai lo Iing, tham gia vao van chuyén dung dich hat chén
trong qua trinh bom, giam ma sét gitta hat chén va dudng 6ng bén trong va éng
duc 16, tham gia phat trién khe nut vé chiéu rong va chiéu dai, chiéu cao khe nuit,
tang tinh dan suat khe nut.

Bding 2. Thdng sd hat chén [2]

Théng s6
Loai hat chen
Ty trong, p
Do cung
Pudng kinh trung binh hat chén
DO réng hat chén, @ (%)

Gia tri dan sudt clia hat chén tai 4p suat dong khe nut 7.700psi va phan bé hat chén trong khe nut

Hé s6 dan suat hu hai cia hat chén
Ap suét dong khe nut (Po), psi
Hé s hu hai clia hat chén

4

Hinh 1. M6 hinh nuit via thdy luc PKN [6]

Dé dadm bao khe nut c6 doé dan suat thich hgp va dam
bdo céc tinh chat trén, nhom tac gia lua chon hat chén
Carbo Lite 20/40, Intermediate strength proppant (ISP).
Hat chén nay dugc st dung cho khe nuit c6 ap suat dong
[én t&i 12.000psi (theo CARBO Energy Center I), trong khi
ap suat déng khe nut ctia tang Oligocene dudi la 7.700psi.
Cac tinh chat cta hat chén Carbo - Lite Ceramic 20/40 (ISP)
dugc thé hién trong Bang 2.
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Gia tri
20/40 CARBO-Lite
2,71
Trung binh
0,0287inch
35
3.400md-ft
1,421b/ft?
7.700
0,6

2.2. M6 hinh khe nut 2D PKN (Perkins and Kern,
Nordgren) [1]

Nhoém tac gia st dung moé hinh nut via 2D PKN [3, 4]
dé danh gia hinh dang cla khe nut trong qua trinh nut
via ciing nhu d6 16n cta khe nut (chiéu dai va chiéu rong
cla khe nut). Pay 1a mé hinh phu hop cho tang via cat két
Oligocene c6 d6 tham thap va d6 réng trung binh. Mat
khac Carter Il da dua ra giai phap phuong trinh can bang
trong qua trinh nut via [5] c6 su két hgp cac yéu té hé sé
mat dung dich nut via do hién tugng tham qua dién tich
clia khe nut, C, thai gian bom, luu lugng bom va hé s6
mat dung dich ndt via, Sy qua dién tich khe nut va mé
hinh 2D PKN C dugc cho nhu & Hinh 1.

2.3. Phuong trinh cén bdng nut via thay luc

Phuong trinh can bang nut via thay luc thé hién maéi
lién hé gilra thé tich dung dich nut via bom vao via (V) vai

thé tich khe nit tao ra (V,) va thé tich méat dung dich ndit
via trong via (V). Méi lién hé d6 dugc mé ta nhu sau:
V=V,
Trong do:

V.= qt, véi q la luu lugng bom va t la thai gian bom;
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V, la thé tich cia khe nit dugc tao ra phat trién theo
2 bén mot cach d6i xiing cta khe nut dugc xac dinh béi
cong thuc:

Vf=2xfhfwa
Trong do:
x:: 1/2 chiéu dai cla khe ndit;
h.: Chiéu cao ctia khe nuit;
w_: D0 réng trung binh cla khe nt.

Nolte (1986) [7] dua ra cong thuic xac dinh hiéu qua
nut via thay luc nhu sau:

V.-V,

=

|4
n= =1_71 2)

=
=

Phuong trinh can bang nut via thay luc dugc cho bai
cong thuc sau [1]:

qxt-24,K,C,\t-(w, +25,)A, =0 (3)

Trong dé:

g: Luu lugng bom (bpm);

A.:Tong dién tich khe nut (A, = 2xh,) (ft?);

K.: Hé s6 Nolte lién quan dén hiéu qua nut via thuay
luc;

w_: Gia tri chiéu réng trung binh clia khe nit ting véi
mot gia tri chiéu dai khe nat nhat dinh (inch);

C,: Hé s6 mat dung dich ndt via dang tham qua dién
tich khe nut (ft/min®?);

S,:Heé s6 mat dung dich nit via trén dién tich khe nut
(gallon/ft?);

t: Téng thai gian bom nat via thay luc (phat).

Hé s6 Nolte, K_lién quan dén hiéu qua nit via dugc

cho badi cong thic sau [11:

K, =§[gn + ﬁ(l—n)}

Chiéu rong clia khe nit 16n nhat dat duoc tai than
giéng cho bdi cong thiic sau [1]:

1 n S 1
w. = 91522 x3'982n+2(1+ (ﬂ_ljnjzmzKM
’ n

-, @)
§ [ (q, /Z)"h;_"xf J2n+2

E

Gia tri trung binh cuta chiéu rong khe nit trong mé
hinh PKN dugc cho béi cong thuic sau:

w, = CxWw, = = xW, (5)
5 5

2.4. Phuong phdp thiét ké nut via thay luc téi uu (UFD) [1]

Economides [1] da dua ra khai niém mdéi cho phuaong
phap thiét ké nit via thay luc t6i uu (UFD), dung dé xac
dinh kich thudc chiéu dai va chiéu rdng t6i uu ctia khe nit
nham t6i da san lugng khai thac dau khi cda via dé tuong
Ung véi mot khéi luong hat chén t6i uu nhat dinh. Theo
phuong phép thiét ké nut via cia Economides, tng véi hé
s6 gia tang thu héi dau cang cao thi luu lugng khai thac
cang cao. Phuong phap thiét ké t6i uu nut via thuay luc
dugc tom tat nhu sau [11:

Xac dinh chi s6 khai thac J
q
J =+ (6)
Ap

Xac dinh gia tri khéng thi nguyén cda hat chen (Np),
day la thong s6 rat quan trong trong thiét ké UFD va N
dugc xac dinh:

c (7)
Trong do:

|.: Ty s6 gitta chiéu dai khe nut va ban kinh anh huéng
cla via dau khi,

[ =/ (8)

C,: Gia tri dan suat khong thi nguyén cla khe nit
dugc xac dinh bagi cong thuc:
_ kf pr

Cp =

9)

k. xx,

Trong do6:
k: D6 tham cda via dau khi (mD);
x.: Chiéu dai ctia khe nut (ft);

k: D¢ tham ctia hat chen trong khe nit duéi tac dung
clia 4p suat dong khe ntit (P_=7.700psi);

w,: Chiéu réng clia khe nut tai thdi diém két thic nit
via (inch).

Dién tich anh hudng cta via dau dugc cho béi cong
thuc:
A=nar} =x? (10)
S6 hat chén dugc xac dinh nhu sau:
TU cong thiic (7), (8) va (9) xac dinh dugc s6 hat chén
(Np) nhu sau:
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2, 5
5 e
- -

Hinh 2. Biéu dién khe niit trong via [1]
y = Hexw 2k 2xwh (2K )V, (11
P kx? k x’h, k. )V

Trong dé:

H
v

v Thé tich hat chén chiém chd trong khe nlit;
V_:Thé tich clia via;

k: D6 tham clia hat chén (mD);

k : D6 tham cuia via dau khi (mD).

Thé tich hat chén chiém trong toan bo khe nut duoc
xac dinh bai cong thic:

h
Mra x|
" (’9] (12)

V =
" [00-a)
100 r

Trong dé:

M, ot Khoi lugng hat chén (lbs);

h._: Chiéu day clia via dau khi (ft);

h.: Chiéu cao ctia khe nt (ft);

P Ty trong cla hat chen (Ib/ft?);

$,: Ty 1& d6 rong ctia hat chén (%).

Phuong phap thiét ké nut via thay luc UFD nhu sau:

Xac dinh chiéu dai t6i uu clia khe ntit (x, opt), chiéu
rong téi uu clia khe nit sau khi ndt via (w, opt) dugc cho
bdi cac cong thuc sau [1]:

kV

X0 t= #
P NGy ek,
C kV 13)
wy,0pt = ZPopt 7P
hk,

Trong dé:

k: D6 thdm cla hat chén dudi tac dung cla ap suat
déng cta khe nut;

Vp: Thé tich hat chén chiém ché trong khe ndit;

Cioope: Gid tri dan suat ctia khe nut khong thi nguyén;

k : D6 tham cuia via dau trudc nit via;

h_: Chiéu cao cla khe ndit.
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2.5. Dan sudt cta khe nut (wpkf) (Fracture conductivity)

Gia tri dan suat ctia khe nuit c6 y nghia quyét dinh san
lugng khai thac dau khi. Gid tri nay thudng dugc do trong
phong thi nghiém theo tiéu chuan APl nhu thi nghiém
Smith (1997) [8], s& dung dung dich nut via 2% KCl va mat
d6 hat chén trén moét don vi dién tich 1a 21b/ft2. Gia tri dan
suat clia khe nat phu thudc vao rat nhiéu yéu t6 nhu: loai
hat chén, ty trong, d6 tham, dé réng, hinh dang, kich c&
cuta hat chen va loai dung dich nut via duéi tac dung ctia
ap sudat déng khe ndt 7.700psi. Ngoai ra, gia tri dan suat
cla khe nuit con phu thudc vao dé mai mon clia hat chén
duéi tac dung cla cac pha dau khi nudc bén trong khe
nut va su dap vé cla hat chén dudi tac dung clia ap suat
dong khe nut, phu thuéc vao loai dung dich nut via thay
luc, d6 nhdt va cac chat thém vao cda hé dung dich nut
via, d6 nhét clia dung dich nut via, nhiét d6 va ap suat ca
via dau khi.

Néu gia tri d6 tham cuta hat chén bén trong khe nut
dudi téc dung clia 4p suat dong cho bai k, thi dé dan suat
clia khe nut dugc tinh béi cong thiic sau:

Fracture conductivity = kf xw, (14)

2.6. Ché dé khai thdc chuyén tiép (Transient poduction
regime)

Trén co s& gia tri cu thé ap sudt & day giéng khai thac
(BHP) sau khi nut via thay luc, ché dé khai thac chuyén
ti€p ndm gilra ché do khai thac 8n dinh va ché d6 khai thac
gia 6n dinh. Trong ché do khai thac nay, thai gian khai thac
rat ngan tinh theo ngay hay theo thang.

Mé hinh ché d6 khai thac chuyén ti€p (Economides,
1994) [9].

162,6q,B, k
- =—22 A\ ]ogt+1 - +5-323|(15
D~ Dy o (Og Og[q)ﬂ rzj ]( )

t'w
Trong do:

r', : Ban kinh hiéu dung sau khinit via, r,) = r, e’

w-f i
S Gia tri skin sau khi nut via dugc tinh toan theo cong
thuc cda (Valko's nnk., 1997) [10]:

X
S=F-In| L
rW

x:: 1/2 chiéu dai khe nut;

Trong do:

r.: Ban kinh than giéng.

Gid tri F dugc tinh bai cong thic sau [11:
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1,65 - 0,328u + 0,116 u?

= (16)
1+0,18u + 0,064 u’? + 0,005 u?

Trong d6,u=In(F
nguyén cla khe nut.

o) va C lagia tri dan suat khong thu

2.7. Hé s6 gia tdng sdn lugng (FOI), (Productivity ratio) [1]

Hé s6 gia tang san lugng (FOI) d6i v6i dong chay 6n
dinh & phuong trinh la san lugng tang thém trong giéng
khai thac sau khi xt ly ndt via thuy luc so véi trudc luc chua
nut via.

Trong dé:

r,: Budng kinh tubing;

r.: Ban kinh anh hudéng;

s: Hé s6 skin trudc khi ndt via;

S,: Hé 56 skin sau khi nit via.

Méi tuong quan gilia gié trir, va x_la mét ham sé clia
o hay nhu cong thiic (16) theo Cinco-Ley nnk [11].
2.8. Ap sudt khe nut (Pnet), (Net pressure)

Ap suat bén trong khe nut 1a 4p suat dé phat trién
khe nut theo chiéu rong va chiéu dai, ap suat khe nit phu
thudc vao nhiéu yéu t6 nhu ap suat bom trén bé mat, ty
trong cta dung dich hat chén, chiéu sau cta giéng, tén
hao ap suat trong than giéng trong qua trinh nit via nhiéu
hay it, t6n that 4p suat qua 6ng duc 16, va 4p suat déng
khe nut 16n hay nhé.

Cong thic sau xac dinh ap suat bén trong khe nut
(Michael J. Economides, Modern Fracturing)

Pnet=Pp +HSP - AP[oss_Panet_ P +HSP - APloss (18)
Trong do:
P_.. Ap sudt bén trong khe ndit (psi);
P Ap suat bom trén bé mat (psi);
HSP: Ap suéat thay tinh ctia dung dich hat chén (psi);
A, ToNg ton that dp sudt trong qua trinh nuit via (psi);

P_: Ap suat dong ctia khe ndit (psi).

Trong cong thuc (18) ap suat khe ndt (Pnet) ty lé thuan
vGi 4p suat bom trén bé mat va ty & thuan véi ap suat
thay tinh trong giéng. Diéu nay cé nghia la khi tang 4p

suat bom va ty trong dung dich nut via va chiéu sau cua
giéng cang tang sé lam tang ap suat bén trong khe nut,
nguac lai khi tén hao ap suat bén trong giéng tang sé lam
giam &p sudt bén trong khe nut, déng thai néu ap suat
ddng khe nit cang I6n thi ap suat bén trong khe nut cang
nho va ngudc lai ap suat déng khe niit nhé thi dp suat bén
trong khe nit cang I16n.

Mat khac ap suat khe nut duoc tinh theo cong thuc
sau [6]:

r

p E 9
= xXwW 1
net 2 hf o ( )

Trong do E'= ;
1-v

E: Module dan héi cta dat da (psi);
v: Ty s6 Poisson’s;
h.: Chiéu cao ctia khe ntit (ft);

w_: Chiéu rong clia khe nut Ién nhét tai than giéng
(inch) dugc tinh bang cong thic (4).

Trong coéng thiic (19), dp suat khe nut ty 1& nghich véi
chiéu cao cda khe nut va ty 1& thuan vsi module dan hoi
cla dat d4, ty 1é thuan vai chiéu rong cla khe nut.

2.9. Gid tri hién tai thudan (NPV) [12]

Gia tri hién tai thuan (NPV) la Igi nhuan rong thu dugc
tur viéc gia tang san lugng khai thac dau khi tir viéc nit via
thay lyc tru di gia tri hién tai rong tu san lugng khai thac
dau khi clia via d6 tai thai diém chua nut via trir di téng chi
phi thyc hién trong qua trinh nut via.

M6 hinh céng thuc tinh toan lgi nhuan thuan dugc
cho béi cong thic sau:

NPV = }Z(Iﬂ)] Z(“l]] (20)

C,=C,+C,+C +FC (21)

Trong do6:
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 nt via
(USD);

i: Lai suat chiét khau (%);
C, Téng gia tri chi phi trong qua trinh ndt via (USD);
Cpr: Chi phi gid thanh cta hat chen (USD);
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Bding 3. Théng sd'via ddu khi'tai tdng cdt két Oligocene E, tai giéng khoan X [12]

Théng sé
Chiéu sau via, ft.
Dién tich anh hudng, acres
Bén kinh &nh huéng, r, ft.
Ban kinh giéng, ft.
Chiéu cao via, h,, ft.
Do rong via, %
D6 thdm cda via, (k) mD
D6 nhét cua dau tai via, y, cp
Hé s& thé tich clia via dau khi, RB/STB
Téng d6 nén cua via, psi'
Module dan héi ctia dat da (E), psi
Hé s6 Poisson’s clia via cat két Oligoceng v
Ap sudt via ban dau, (p,) psi
Nhiét do via, T, °F
Oil API
Ty trong cta khi, p/air
Ap suat bao hoa, P, psi
Ap suat day giéng (BHP), psi
Ap suat dong khe nut (P,), psi
Luu lugng bom, bpm
Hé s6 mat dung dich do tham, C, ft/min®?
Flow behavior index, n
Consistency Index, K, (Ibf.s"/ft?)

Gia tri
12.286
122
1.300
0,328
72
12,1
0,5
1,5
1,4
1,00x 10°
5x 108
0,25
4.990
266
36,7
0,79
1.310
3.500
7.700
22
0,003
0,69
0,04

30lb HPG/1.000 gallon véi

Dung dich ntt via

8lb/1.000 gallon breaker
Na,S,04

Carbo Lite Ceramics

Loai hat chén

intermediate strength

proppant (ISP), 20/40, véi ty
trong 1691b/ft?

Bding 4. 56 liéu kinh té trudc nit via [13]

Théng sé
Bon gid cha dung dich nut via, USD/gallon
DPon gia hat chen, USD/Ib
Gia thanh bom, USD/hhp
Gia thanh sta chira thiét bj, USD
Lai suat chiét khau, i, %
Gia dau, USD/thung

Gia tri
1
1
20
15.000
10
100

C,;: Tong chi phi gia thanh ctia dung dich
nut via thay luc (USD);

G Chi phi cho hoat ddng bom ntt via
(USD);

FC: Chi phi cho viéc stia ch{a trong qua
trinh nut via (USD);

N: S6 ndm khai thac dau khi (ndm).

3. Thiét ké téi uu niit via thay luc véi viéc téi
uu khéi lugng hat chén cho tang Oligocene
duéi bé Cliu Long

Nhom tac gia lua chon giéng khoan tham
luong va khai thac dau khi tai tang méng nut
né va tai tang cét két Oligocene bé Clu Long.
Thong s6 via dugc sir dung tai tang cat két
Oligocene E tai giéng khoan X cta bé Clu
Long (Bang 3).

3.1. Thiét ké téi uu nut via thiy luc theo
phuong phdp Unified Fracture Design
(UFD) [1]

Gia s cho céc gia tri khéi lugng hat chén
khac nhau ttr 10.000lbs, 50.000lbs, 80.000lbs,
120.000lbs va 160.000lbs si dung phan mém
Mfrac software cho thiét ké t6i uu ndt via thay
luc v6i Unified Fracture Design (UFD) va trén
€O sG cac théng s6 via trong Bang 1 ta c6 két
qua nhu & Bang 5.

T két qua & Bang 5 xay dung ham s6 biéu
dién méi lién hé gita khoi lugng hat chén va
lgi nhuan rong theo phuaong trinh parabol cé
dang:y=ax*+bx+c.

M&i lién hé gitra khoi lugng hat chén va loi
nhuan rong dugc cho bdi ham parabol sau:

Y=-2x10°%*+0,0006x + 52,284  (22)

Bdng 5. Thiét ké'tdi uu nuit via thiy luc theo phuong phdp UFD [2]

Khéi $é T): so g‘jEUa DanAsuat
chiéu daikhe @ khong
lugng hat . .
S © nut va ban thu
hatchén chén 2 o
.(Ibs) (No) kinh anh nguyén
P huéng (1) (Ceo)
10.000  0,05704 0,18957 1,5873
50.000 @ 0,28519 0,40917 1,7035
80.000  0,45631 0,50138 1,8152
120.000 0,68446 0,58679 1,9879
160.000 0,91262 0,64741 21773
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Nira Chiéu Dansuit Matdo Dau khai (:l:é‘:‘
chiéudai rongkhe khenut cudahat Skin thac USb)
khenut nutw, Kk qwp chén (1.000
xe(ft) (f)  (md-ft)  (Ib/fe) thung) 010
nam
218,50 0,00289 173,41 0,31782 -5,1178 854 57,30953
471,62 0,00670 401,70 0,73623 -5,8929 1.066 76,68295
577,91 0,00874 524,51 0,96132 -6,1053 1.143,3  83,63922
676,36 0,01120 672,25 1,23210 -6,2772 1.213,9 89,90813
746,23 0,01354 812,40 1,48900 -6,3901 1.2649  89,79657
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Trong cong thic (22) biéu dién méi quan hé gitta khéi
luong hat chén va lgi nhuan rong trong 10 nam, c6 hé s6
tuang quan R? = 0,997, va gia tri I[6n nhat cda lgi nhuan
rong dat dugc tai gia tri khéi lugng hat chén dugc tinh
theo cong thuc:

b (0,0006)

X=—-——=-— 5 =1500001bs
2a —2xiZX10_ )

Khi d6 gia tri lgi nhuan rong t6i da dat duoc sé la
NPV = 97.000.000USD [14].

Trén quan diém thiét ké nuit via thay luc sao cho lugng
kh&i lugng hat chén can thiét dé téi da Igi nhuan rong thu
dugc trong 10 nam.

V6i khéi lugng hat chén t6i uu la 150.000lbs, theo
cdng thic tinh toan chiéu dai khe nut sé la 730ft va chiéu
rong khe nut tai thai diém két thic nut via 1a 0,15inch.

Vi két qua t6i uu khéi lugng hat chén 1a 150.0001Ibs
Ung véi gid tri téi da Igi nhuan rong 1a 97.000.000USD, dua
vao thiét ké toi uu ndt via thay lyc UFD clia Economides
tinh dugc nitra chiéu dai khe nut la 730ft va chiéu réng
t6i uu cla khe nut l1a 0,15inch sau khi ndt via. Dua trén
phuong trinh can bang nut via thay luc khi biét luu lugng
bom la 22bpm va nira chiéu dai khe ndt la 730ft, va hé s6
mat dung dich dang thdm la 0,003ft/min®, hé sé Nolte
la 1,5. Theo két qua Bang 6 thoi gian bam la 116 phut,
chiéu réng khe nut tai than giéng Ién nhat la 0,25inch,
chiéu réng trung binh ctia khe nit la 0,156inch. Trén co
s& xac dinh dugc chiéu dai khe nut sé xac dinh dugc dién
tich khe ndt la 105.120ft? va Gng véi khéi lugng hat chén
la 150.000lbs, tu do tinh duogc mat do cta hat chen trén
mot don vi dién tich cda khe ndt 1a 1,421b/ft2. Trén co s&
Minifrac test da xac dinh dugc &p sudt dong cta khe nit
la 7.700psi. Tu két qua vé mat dé hat chén va ap suat déng
giéng cho két qua dé dan suat cda khe nut 1a 3.400md-ft
ung vdi loai hat chén Carbo Lite Ceramic 20/40 (ISP) c6 ty
trong la 1691b/ft3. Qua phan tich thi mat d6 hat chen cang
cao thi d6 dan suat cda khe nit cang cao va nguac lai.
Ngoai ra, d6 dan suat khong thir nguyén (C) ty 1é thuan
vGi dan suat cda khe ndt va ty & nghich véi d6 tham cda
via dau khi do, nghia la d6 thdm cang thap thi gia tri dan
suat khong thi nguyén nay cang cao va ngugc lai. Qua
phan tich trén & Hinh 3, khi khéi lugng hat chén cung véi
khéi lugng dung dich nut via cling tang theo dan tdi loi
nhuan rong thu dugc trong viéc khai thac dau sé giam
theo do chi phi ban dau cho viéc nit via va van hanh khai
thac sau khi nut via. Vi vay viéc t6i uu khéi lugng hat chén
va khéi lugng dung dich ndt via nham t6i da Igi nhuan
rong la muc tiéu trong nghién cdu nay.

100
90 /‘ —
80

60 _./

50
40
30
20

Loi nhuan rong, triéu USD

0 T T T ]
0 50000 100000 150000 200000

Khéi lugng hat chén, Ibs

Hinh 3. Mdi tuong quan gidia khdi lugng hat chen va lgi nhudn rong trong 10 nam

Bding 6. Két qua tir phuang trinh can bdng nuit via thiy luc

Théng s6 Gia tri
Khéi lugng hat chén t6i uu (Ibs) 150.000
Ntta chiéu dai khe nut t6i uu (ft) 730
Chiéu rong trung binh cta khe nut sau khi két
PR 0,15
thdc nut via (inch)
Chiéu rong I6n nhat cta hat chén tai than giéng,
. 0,25
w, (inch)
Chiéu rong trung binh ctia khe nit, w, (inch) 0,156
Thai gian bom (phut) 116
Dién tich khe nut (ft?) 105.120
Mat do ctia hat chén (Ib/ft?) 1,42
Dan sudt cta khe nut (md-ft) 3.400
Dan sudt khéng thi nguyén cta khe nat (Cpp) 4,65
Skin sau khi nut via -6,7
Ban kinh hiéu dung sau khi ndt via, 7, (ft) 273,4
Hé s6 gia tang khai thac (FOI) 52
Ap sudt khe nut, P, (psi) 869
.= 3000
(o))
c
S 2500
c
=)
J":i 2000
-
£ 1500
T
< 1000
g. \_
S 500
ER : : : .
-l
0 100 200 300 400

Thai gian khai thac, ngay
—— Luu lugng déu khai thac chua nut via, thung/ngay
—s— Luu lugng dau khai thac da nut via, thuing/ngay

Hinh 4. So sdnh luu lugng khai thdc ddu khi cho via da niit via C (fractured well), via
chua niit via B (unstimulated well), cho ché dd khai thdc chuyén tiép iing véi t67 uu khoi
lugng hat chén 150.000/bm

4.Két luan
- Do bi chon vui sau, trai qua qua trinh kién tao d3,
nén ép manh clia dat da va anh hudng cia qua trinh bién

déi thir sinh, da chira Oligocene cactang D, Eva F (?) 8 bé
Clru Long chat sit, d6 rdng cting nhu d6 tham cé khuynh
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hudng gidm nhanh theo chiéu sau, anh hudng dén luu
luong khai thac dau khi do lam gidm dé dan suat cda
khe nut. Tuy nhién, do @6 réng va dé tham ctia da chaa
Oligocene tuang déi tot do vay van c6 nhiéu tiém nang
hydrocarbon.

- Do via c6 nhiéu tiém nang vé dau khi va via ton tai
tinh dan suat ctia khe nut kém thé hién do luu théng trong
cac khe nut bi can tré, do dé cong nghé nut via dugc ap
dung dé kich thich via nham lam gia tdng d6 dan suat cda
khe nut, gia tang hé sé khai thac.

- Vaiviéc té uu khéi lugng hat chén trén co sé téi da
lgi nhuan rong (NPV_ ), dua trén phuong phép thiét ké
nut via t6i uu UFD cla Economides da dugc ap dung cho
via c6 d6 thdm thap nhu tang Oligocene.

- S dung phuong trinh can bang ndt via thay luc
cho phép xac dinh dugc cac thong sé quan trong nhu thoi
gian bam, ty trong hat chén trén mét don vi dién tich, ap
sudat bén trong khe nt, dién tich khe nut, chiéu réng khe
nut Ién nhat, chiéu rong trung binh ctia khe nat, gia tri dan
suat clia khe nut Ung véi ap suat dong khe nut (7.700psi)
véi mat d6 hat chén trén mét don vi dién tich.

- Khi mat d6 cta hat chén trong khe nut cang cao sé
lam tang tinh dan suat cta khe nut va ngugc lai khi mat
dd hat chén trong khe ndit cang thap thi tinh dan suat cta
khe nut gidm. Diéu nay giai thich tai sao phai lua chon hat
chén c6 d6 cing t6t va khéng bi mai mon, dap vé dé én
dinh mat dé hat chén trong khe nut.

- So sanh via da dugc nut via vdi via chua dugc nut
via trén cing mét via d6 cho thay sau khi nit via hé sé gia
tang khai thac dau khi 1a 5,2 va dp suat bén trong khe nut
la 869psi.

- Viéc lya chon t6i uu hé dung dich nut via vira han
ché& hién tugng sét truong ng, viria dam bao dé nhat lam
gidm tén hao ap sudt trong qua trinh nut via, gép phan
lam tang ap suat bén trong khe nut, dong thai cai thién
dd dan suat cta khe nut, tang luu lugng khai thac sau khi
nut via.
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Optimisation of hydraulic fracturing design
to improve oil production from Oligocene reservoirs
by maximising net present value
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Summary

Results of exploration and appraisal drilling in Cuu Long basin indicate that Tra Tan and Tra Cu Oligocene reser-
voirs show high potential of hydrocarbon with average porosity ranging from 10 - 15%, and reservoir permeability
of 0.1 - 5mD. However, the big problem with these reservoirs is very low conductivity and connectivity of fractures,
therefore reservoir stimulations, such as hydraulic fracturing, are necessary to achieve maximum oil and gas pro-
duction. The paper presents the Unified Fracture Design method (UFD) of Economides for optimal proppant mass
based on maximisation of the net present value. At the same time, the 2D PKN-C fracture geometry model is used to
calculate the total fracture area for optimal proppant mass. The successful application of hydraulic fracturing during
well completion for Oligocence reservoirs has contributed to improvement of oil and gas recovery factor in Cuu Long
basin.

Key words: Optimal proppant mass, 2D PKN fracture geometry model, fracture conductivity, optimisation of hydraulic fractur-
ing design (UFD), maximum net present value (NPV).
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