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Tom tat

Bai bao nghién ctiu ap dung gia tri hién tai rong (NPV) trong cong tac toi uu thiét ké niit via thiy luc cho giéng ndt via thiy luc doi
tuong Oligocene trén, mé Bach HG; phan tich dd nhay ctia hé s6 hu hai dan sudt khe nit (0%, 50%), ap suat day giéng ty sudt chiét khau

(10%, 25%, 50% va 75%) t6i NPV.

Mo hinh thiét ké toi uu gom su két hgp tinh chat via, chi s khai thac, tinh chat dat da, su lan truyén khe ndit, tinh chat luu bién clia

dung dich, van chuyén hat chén va cac thong s6 xt Iy niit via thay luc.

Turkhéa: Gid tri hién tai rong, niit via thay luc, Oligocene trén, mo Bach Ho.

1. Giéi thiéu

DE thiét ké t6i uu nut via thay luc can phai xem xét
doanh thu gia tang du kién dat dugc trong thai gian
nhat dinh sau khi thuc hién xong ntt via thay luc, cé tinh
t&i chi phi van hanh, dau tu ban dau, dich vu lién quan.
Veatch [1] da trinh bay téng quan, toan dién vé tinh kinh
té clia nut via thay luc va dua ra cac phuong an t6i uu
héa thiét k& nut via thay luc. Warembourg va cong su
[2] da trinh bay phac thdo vé t6i uu héa thiét ké nut via
thay luc va quy trinh xac dinh su phu hgp cac thong s6
XU ly nut via thay luc. Anderson va Phillips [3] s& dung
khai niém gia tri hién tai rong (NPV) dé tinh toan khdi
lugng hat chén yéu ciu dé thuc hién t8i uu nut via thay
luc. Viéc tinh todn NPV sau nut via cé y nghia hon khi so
sanh cac kich ban thiét ké chiéu dai khe nit khac nhau
trén cg s¢ dam bao Igi nhuan thu dugc sau nit via. Chiéu
dai khe ndt lan truyén t6i uu dugc xac dinh la Gng véi
NPV I&n nhat.

Trén thuc t& mot sé giéng khong thuc hién nut via
thay luc do NPV dat gia tri am, hoac duong nhung dudi
muc ky vong khi t8ng chi phi cho giéng mat dung dich

[=]
> Ngay nhdn bai: 12/4/2021. Ngdy phdn bién ddnh gid va stia chita: 12/4 - 1/6/2021.
% Ngdy bai bdo dugc duyét ding: 12/8/2021.

cao va Ién hon doanh thu. Chi phi nit via thay luc gém chi
phi dung dich nut via ban dau, chi phi khéi lugng hat chén
yéu cau ngoai cac chi phi khac nhu chi phi c6 dinh.

Trong bai bao nay, nhém tac gia ung dung NPV vai
cac ty sudt chiét khdu khac nhau dé thiét ké nut via thay
luc cho d6i tugng Oligocene trén, mé Bach HE. T6i da hoa
NPV dé tim dugc toa d6 diém thiét ké chiéu dai khe nut t6i
uu, xem xét kha nang thuc hién nut via véi phuong an da
Iya chon, tir d6 nghién ctu phan tich dé nhay cla cac yéu
t6 (nhu hé s6 hu hai dan suat hat chén, ap suat day giéng,
ty suat chiét khau) t&i NPV.

2. Dic trung déi tugng Oligocene

PhuchéOligocenetaptrung ddiépTraTan (Oligocene
trén) va Tra Cu (Oligocene dudi) phat trién trai rong toan
bd dién tich clia cu tao véi chiéu sau thé nam tur 3.010
- 3.986 m. Cau tao mo theo phuc hé Oligocene trén, s6
lugng va do dai dut gay da giam di, bién do khoéng thay
déi, cac dut gay nghich bién mat hoan toan. C4u tao c6
dang nép 16i, bi phuc tap bsi cac nép uén bién d6 nho,
kich thuéc khéng I6n va cac cdu tao mdi, cac thém. Trong
pham vi md, cau tao chi khép kin & phia Bac. G phia Nam
cé cac I6p dugc nang Ién ngang véi phan trung tam.
Dua vao tiém nang dau khi va ciu tao, kién tao phuc hé
Oligocene trén dugc chia thanh 7 khoi khac nhau. Ranh
gidi cac khu vuc mang tinh udc dinh va thudng lién quan
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dén ranh gidi phat trién cac tap cat. BSi vai phic hé
Oligocene trén, tdng san pham hinh thanh tur cac via cat
bét dang thau kinh, day tur vai mét dén hang chuc mét.
Than dau dugc xac dinh bang thi via va ¢6 dang thau
kinh. D6 réng clia dat da nam trong khoang ti 8 - 18%
va gia tri dé réng trung binh la 15%, (theo két qua dia
vat ly giéng khoan d6 rébng bang 16,5%), phuong sai cta
dé réng bang 0,2. B tham chd yéu nam trong khoang
tl 1 - 50 mD va cé gia tri trung binh 6 mD. D6 bdo hoa
nudc dao déng cha yéu trong khoang 20 - 80% (hé s6
bién thién 0,2), v6i gia tri trung binh la 45% (theo tai
liéu dia vat ly giéng khoan la 43,2%). Bang 1 va 2 trinh
bay théng s6 via co ban va tinh chat tham chia cua déi
tugng Oligocene trén. Tuy nhién, trong qua trinh bom ép
nudc, mot sé giéng co ap suat via khong bi dnh huéng
b&i ap sudt bom ép da thiét ké do yéu t6 bat dong nhat,
muic d6 lién théng clia giéng bom ép vai giéng khai thac
kém. Do vay, viéc lua chon gidi phap co hoc nit via thay
Iuc dé tao khe nit mdi, tang dd tham va khe nut nhan
tao dé gia tang san lugng giéng la can thiét.

3. M6 hinh tinh toan NPV

Cac budc thuc hién tinh toan NPV trong thiét ké t6i uu
nut via thay luc nhu sau:

- Tinh chat via va ting suét tai ché;
- Gia thiét cho trudc chiéu dai ndt via thuy lug;

- Lua chon hat chen va dung dich ntt via phu hop;

- Lua chon mé hinh khe nut phu hgp PKN-C hodc
GDK-C [5] trén co s& phan tich Minifrac-test trudc nit via
thay luc chinh;

- SU dung phuang trinh can bang dé tinh thé tich
khe nut, hiéu qué nut via, khéi lugng hat chén, téng thé
tich bam, chiéu dai khe nut, chiéu rong trung binh khe
nut;

- Tinh toan t8ng chi phi x{ ly nit via thay luc gém
chi phi hat chén, dung dich nut via, chi phi ¢6 dinh, gia
dich vuy;

- DPanh gia dan suat khe nut trén co s& do tham goi
hat chén dugc lya chon, chiéu réng hat chén trong khe
nut dudi diéu kién ap suat dong;

- Phan tich thdi gian khai thac chuyén tiép dé thuc
hién ché d6 khai thac, thai gian khai thag;

- Phan tich Tubing NODAL dé€ xac dinh ap suat day
giéng va luu lugng khai thac van hanh trén co s& diém
giao gilra 2 dudng biéu dién dic tinh dong vao (IPR) va
dudng biéu dién dac tinh dong ra (OPR).

- Céc phuong trinh thuc nghiém dé biéu dién dac
tinh yéu t6 dong vao (IPR) clia via dau khi 2 pha. Cac mo
hinh thuc nghiém dang nay gom: phuong trinh Vogel [6]
va dugc mé réng bédi Standing [7], phuong trinh Fetkovich
[8], Bandakhlia va phuong trinh cia Aziz [9], phuong trinh
Retnanto va Economides [10]. Phuong trinh Vogel van
dugc st dung rdng rai vai ap suat day giéng thap hon ap

Bding 1. Thng sd'via co bdn cia ddi tugng Oligocene trén [4]

Cacthong s Vom Bic Vom Trung tam Pong Bac

Ap sudt bao hoa (MPa) 15,63 10,55 15,46

Ham lugng khi (m?/ton) 100,8 67,1 92,6

Hé 56 thé tich (RD/STB) 14 14 14

D0 nhét diéu kién via (mPa.s) 1.350 2.076 2.960

Khoi lugng riéng trong diéu kién via (kg/m?) 753,1 736,9 740,4

Khdi lugng riéng sau khi tach (kg/m?) 855,1 862,6 853,7

Bding 2. Tinh chdt thdm chita cda ddi tuong Oligocene trén [4]
Phuong phap Gia tri Do tham (mD) Do rong (%) Do bao hoa dau Do bao hoa nudc

56 lugng giéng 8 8 6

Nghién ctu dat da S6lan do 294 578 165
Gid tri trung binh 25 0,15 0,45
Hé s bién thién 1,6 0,07 0,2
Khodng bién doi 1-1.000 0,11-0,2 02-08
56 lugng giéng 122 122 122

Nghién ctiu dia vat Iy 56 lan do 252 252 252
Gid tri trung binh 0,185 0,568 0,432
Hé s bién thién 0,2 0,22 0,22
Khodng bién doi 0,12-0,25 0,4-0,87 0,13-0,6
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suat diém bot. D€ tinh toan t6n that ap suat trong khi thuc
hién khai thac sdn phdm, phan tich NODAL [6, 11, 12] dugc
st dung dé xéac dinh luu lugng khai thac trén bé mat. Cho
ché& dé khai théac gia én dinh, mé hinh Vogel va luu lugng
I6n nhat dugc biéu dién nhu sau:

owzo,zzspr[ 81-80 (-~ )—1] Q)
JP
qmax = 1’_8’” (2)

Ché dé dong chay gia én dinh nhu sau:

J= Kh 3)

141,28u(in(72) - 2+ 5)
w

Trong dé6:

P, Ap suét day giéng (psi);

P: Ap suét via (psi);

r:Ban kinh anh huéng (ft);

r.: Ban kinh giéng (ft);

q,,.: Luu lugng Ién nhat (thung/ngay);
g: Luu lugng khai thac van hanh (thung/ngay);
J: Chi s6 khai thac (thung/ngay-psi);

K: D6 thdm cla via (mD);

H: Chiéu day clia via chia san pham (ft);
S: Hé s6 skin sau nut via.

M6 hinh biéu dién dudng dic tinh dong ra khoi
giéng rat phuc tap, phu thuéc vao nhiéu yéu té nhu: géc
nghiéng clia giéng, ché d6 dong chay, thé nang cua chat
luu, d6ng nang cta chat luu. Pudng dac tinh dong ra hay
con goi la dudng biéu dién tubing khai thac (TPR) 1a mai
lién hé gitra luu lugng khai thac, ap suét tai dudng tiét luu
va téng ap suat tén that.

Pyye = Pryp + Py + Pp, 4)
Trong dé:
P..»: Ap suét dau giéng tai cay thong khai thac (psi);
P.: Ap suét cot thuy tinh (psi);
P.: Ton thét ap sudt bén trong 6ng tubing khai thac
(psi).

Theo mé hinh clia Hazen-Williams, danh gia tén that
ap sudt ctia chat long bén trong tubing khai thac nhu sau:

100q )1'8521 - 48655 (5)

F=2083(345¢c

Trong dé6:
f: Hé s6 t6n that ap suat (ft/1.000 ft);

C: Hé s6 nham Hazen-Williams c6 gia tri 120 cho cac
loai tubing khai thac dugc st dung va ddi véi 6ng tubing
b muc dé mai mon cao, thi hé s6 C trong khoang tur 90
-110;

g: Luu lugng khai thac (thung/ngay);
ID: Budng kinh trong tubing khai thac (inch).

- St dung Mpro dé chay mé phang khai thac khi c6
ap suat day giéng.

- Tinh toan NPV s&f dung mo hinh Meng va Brown
[13]

NPV ctia mét dy an thiét ké ndt via dugc tinh bang
téng gia tri hién tai rong thu dugc tu viéc gia tang san
lugng khai thac dau khi clia viéc nut via thay luc trir di
téng gia tri hién tai rong tr san lugng khai thac dau khi
clia via do6 tai thai diém chua nut via va tr di téng chi phi
thuc hién trong qua trinh ndt via. M6 hinh cong thuc tinh
toan gia tri hién tai rong theo cdng thiic sau [13]:

(Vf)} N (Vu)j

NPV =YY -y
Z1-1(1+i)i L (14))

- Ctr (6)

Mé hinh chi phi gia thanh cho mot nut via cé dang

nhu sau:
Ctr:Pﬂthj‘Z+PerWpr+Ppump XHPav (7)
+ Ppumpi X by +Ppumppr x thr+FC
Trong d6:

NPV: Gia tri hién tai rong (USD);
V,: Gia tri Igi nhuan thu dugc tu viéc ndt via (USD);

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

i: Ty suat chiét khau (%);

C; Téng gia tri chi phi trong qua trinh ndt via (USD);
N: S6 nam khai thac dau khi (nam);

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

Vi Thé tich clia dung dich nut via chua c6 hat chén
(gallons);

P Gia thanh cuda hat chén (USD/Ib);
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(1)

Tinh chét via
- Ung sudt ngang nho nhit
- Ung suét ngang I6n nhat

(2)
Gid thiét
-Thiét ké chiéu dai khe nt

(3)
- Lua chon hat chén
- Lwa chon dung dich ndt via

- M6 hinh khe niit PKN-C
hodc GDK-C

- Chiéu dai (ft)

<Chiéu rong trung binh (in

(5)
Phuong trinh can bang
- Thé tich khe ntit (gals)
- Thé tich that thoat (gals)
- Khi lugng hat chén (Ibs)
< Thé&tich bom (gals)

(6)
Tong gid x Iy niit via (USD)

Gia dich vu (USD)

(7
Qén suat khe niit (mD.ft)
Ap sudt ddng (psi)

@)
Phan tich khai thac chuyén tiép

(10) (9)

Dau cong don (bbls) Phéan tich.tubing (NODAL)
- Kich thich via - BHP (psi) \ ‘
- Chua kich thich via - Luu lugng, Q (thing/ngay)

(1)
Lgi nhudn rong (triéu USD)

(12)
Phan tich dd nhay

- Hé s6 hu hai dan sudt
- Ty sudt chiét khau (%)
- BHP (psi)

Hinh 1. M6 hinh ting dung NPV trong thiét ké niit via thily luc cho d6i tugng Oligocene trén, md Bach HG.

W Khoi lugng hat chén st dung (lbs);
P__:Gi4 thanh thué may bom (USD/HHP);

pump’

HP_:Cong sudt trung binh clia may bom (HHP);

P :Gid thanh thué bom luc bom khéng hoat déng

pumpi

(USD/qid);
t,_: Thai gian bom khong hoat déng (gid);
P :Giathanh bom van hanh ndt via thay luc (USD/

pumpr®
gio);
t_: Thoi gian bam nit via thay luc (gid);
FC: Chi phi c6 dinh ban dau (USD).

- Phan tich d6 nhay ctia hé s6 hu hai dan suat hat
chén, ap suat day giéng, ty suat chiét khau t&i NPV.

4. Ap dung cho d8i tugng Oligocene trén, mé Bach Hé

Bang 3 trinh bay thong s6 via va thong s6 giéng cua
1 trudng hop nut via cho déi tugng Oligocene trén, mé
Bach H6. Chiéu day via dugc bao pha bai I6p tram tich
bén trén va tram tich bén dudi c6 d6 tham thap, module
dan héi cao, khéng c6 khé niang tham chida va dan dong.
Bang 4, 5 trinh bay cac théng sé nut via thay luc gém hé
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Bding 3. Thdng sd'via va théng sd giéng

Cacthong sé Gia tri
Chiéu sau muc tiéu (ft) 14.866
Bén kinh giéng (ft) 0,25
Chiéu cao via (ft) 695
D0 rong via (%) 12
D6 thdm via (mD) 11
D0 nhét ctia dau (cP) 0,5
Hé s thé tich dau (RB/STB) 14
Téng do nén (psi™) 8,3 %107
Module dan héi cta da (psi) 5% 10°
Ty s6 Poisson’s 0,25
Ap sudt via (psi) 4,060
Nhiét do tinh via (°C) 110
Ty trong dau (Oil API) 40
Ty trong khi 0,707
Ap suat diém bot (psi) 3.950
Ap suat déy giéng (psi) 3.500
Ap suat déng (psi) 8.869
Dudng kinh tubing (in) 2%

s6 that thoat dung dich, luu lugng bom; théng s6 hat
chén dugc lya chon carbolite ceramic 20/40 dua trén tiéu
chuén dan suat hat chén, cudng do cuiing trung binh (ISP)
[14, 15] d€ dam bao khoéng bi dap vé dudi ap suat déng
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Bdng 4. Thong s6 nutt via thiy luc

Théng so

Chiéu cao via (ft)

Ty s6 Poisson’s cla cat két

Hé s that thoat, G (ft/min®?)
Module dan héi cta da (psi)
Luu lugng bam (thung/phiit)
Thai gian bom (phdt)

Hé s tham thodt (gal/ft?)
N6ng do hat chen EQJ, P (ppg)
Chi 50 ting xtr dung dich nit via
Chi s0 do sét, K (Ibf.s"/ft?)

Bding 5. Thdng tin hat chén lua chon

Thong sé
Loai hat chén
Ty trong (sg)
Cudng do nén
Dudng kinh trung binh (in)
D4 rong goi hat chen
Ap suét déng khe niit (psi)
Hé s6 hu hai dan sudt

Théng so
Gia hat chén (USD/Ibm)

Gid dung dich ndt via (USD/gallon)

Ty sudt chiét khau (%)

Gié bom (USD/gi6/HHP)

Chi phi ¢6 dinh (USD)

Gia dau tho (USD/thuing)

Gid thué gian khoan (USD/ngay)
Gid thué tau dich vu (USD/ngay)
S6 ndm thu loi nhuan rong NPV

Gia thiét truong hop
Cécthdng s6
Chiéu dai khe ndt (ft)

Chiéu rong khe nit 16n nhat, wy (in)
Chiéu rong trung binh khe nit, w (in)

Gia thiét trwong hop
Céc thong s6
Chiéu dai khe nut (ft)
Téng thé tich bom (gals)
Thé tich khdng hat chén (gals)
Khdi lugng hat chen (Ibs)
Chiéu rong hat chen (in)

(n)

Gia tri
695
025

0,003
5% 10°
18
120
0
8
0,447
0,2292

Gid tri

20/40 carbolite-ceramic

Bding 6. S0 liéu kinh té

8.869 psi va dam bao tinh toan t&i uu dan
suat khong thi nguyén thiét ké nam trong
khoang 1,3 - 1,6 [16]. Badng 6 trinh bay va
gia thiét théng so tinh toan kinh té vai ty
suat chiét khdu ban dau thé 10%, gia dau
tho theo thj truang 60 USD/thung.

5. Két qua va thao luan

Hinh 2 biéu dién dudng dac tinh dong
vao khai thac (IPR) sau nut via cho cac thiét
ké véi chiéu dai khe nut thiét ké khac nhau.
Hinh 2 cho thay vdi thiét ké chiéu dai khe
nut ngan nhat (90 ft) thi luu lugng khai thac
van hanh (trong diéu kién ché dé khai thac
gia 6n dinh, dong chay 2 pha) la thap hon
50 VGi cac trudng hop thiét ké chiéu dai khe
nut dai hon. Déi vai thiét ké chiéu dai khe

2{;} ndt 16n nhat (2.000 ft), luu lugng khai thac
0,0287 dat gia tri I6n nhat sau nat via. Nhu vay,
0,305 luu lugng khai thac van hanh bién dong
8.869 tang tuong Ung véi cac thiét ké chiéu dai
0,5 khe nut sau nut via 1a 90 ft, 500 ft, 1.000 ft,
1.500 ft va 2.000 ft. Diéu nay dugc giai thich
la v&i chiéu dai khe nut thiét ké ngan thi
Gid tri chiéu réng hat chén hep hon dan t6i dan
0;4 suat khe ndt thap han, do d6 hé sé skin sau
10 nut via kém hon. Ngugc lai, d6i vai thiét ké
3,25 khe nut dai hon thi chiéu rong hat chén
15.000 I6n hon, dan téi dan suat khe nut tét hon,
60 két qua hé s6 skin am cao hon. Anh huéng
75.000 cUa ty suat chiét khau, chiéu dai khe nut toi
20.000 NPV dugc thé hién trén Hinh 3 - 5. Hinh 3
1 cho thay, vdi ty suat chiét khau 10% ré rang
Bding 7. Cdc thing sd'thiét ké khe nit
1 2 3 4 5
Gid tri Gid tri Gid tri Gid tri Gid tri
90 500 1.000 1.500 2.000
0,36 0,64 0,81 0,93 1,02
0,23 0,40 0,51 0,58 0,64
Bding 8. Két qud phuang trinh cdn bing
1 2 3 4 5
Gid tri Gid tri Gid tri Gid tri Gid tri
90 500 1.000 1.500 2.000
196.233 4,56 x 10° 17,4 x 10° 38,5 10° 67,8 % 10°
0,19 x 108 4,48 x 10 17,22 x 108 38,17 x 10¢ 67,32 x 10
124.999 1,22 x 10° 3,07 x 108 5,28 x 10° 7,76 x 108
0,204 0,358 0,451 0,517 0,57
DAV KHi - SO 8/2021
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Bdng 9. Két qud md hinh khai thdc

Gia thiét trwong hgp 1 2 3 4 5
Cécthdng s6 Gid tri Gid tri Gid tri Gid tri Gid tri
Chiéu dai khe ndt (ft) 90 500 1.000 1.500 2.000
Ap sust déng (psi) 8.869 8.869 8.869 8.869 8.869
D0 rong gdi hat cheén (%) 0,305 0,305 0,305 0,305 0,305
Do tham gdi hat chen (mD) 210.856,3 210.856,3 210.856,3 210.856,3 210.856,3
Chiéu rgng hat chen (in) 0,204 0,36 0,45 0,52 0,6
Dan sudt khe ndt (mD.ft) 3.585,3 6.292,0 7.930,7 9.088,2 10.013,6
Dan sudt khong thi nguyén (Fe) 36,21 11,44 7,21 5,51 455
Hé s6 skin -5,16 -6,79 -7141 -1,76 -8,00
Ban kinh hiéu dung (ft) 43,45 221,52 412,74 585,60 744,95
Dan sudt v6i hé s6 hu hai 0,5 1.792,7 3.146 3.965,4 4.544.1 5.006,8

5.000 100
g 4.00 80
s —
[~ [}
£ 3.000 5 60
= 2.000 =
= =
= 1.000 20
0 o
0 20000 40000 60000 80.000 1.000 1500 2000 2500
Luu lugng khai thac (thung/ngay) Chiéu dai khe nitt (ft)
Chiéu dai khe nit, 90 ft Chiéu dai khe nft, 500 ft ——Lginhuan, triéu USD — Téng chi phi, triéu USD— NPV, triéu USD
Chiéu dai khe ntit, 1.000ft ~ ——— Chiéu dai khe nut, 1.500 ft
Hinh 2. IPR cho cdc chiéu dai khe niit khdc nhau. Hinh 3. NPV theo cdc chiéu dai khe nit khdc nhau vdi ty sudt chiét khdu 10%,
dp sudt ddy giéng 3.500 psi.
100 60
80 50
a
= 60 3 40
f:':-" 2
= 4% 2 30
= =
20 S 2
0 10
0 500 1.000 1.500 2.000 2.500
o n ae , 0
Chieu dai khe ni ft) 1000 1500 2000 2500

——— Lgi nhudn, trigu USD ——Tang chi phi, triéu USD Chiéu dai khe nit (ft)

Lgi nhugn réng, triéu USD ——Téng chi phi, triéu USD——NPV, triéu USD—— Loi nhuan, triéu USD
Hinh 4. NPV theo cdc chiéu dai khe niit khdc nhau vdi ty sudt chiét khdu 25%, Hinh 5. NPV theo cdc chiéu dai khe niit khdc nhau vdi ty sudt chiét khdu 75%,
dp sudt ddy giéng 3.500 psi. dp sudt ddy giéng 3.500 psi.

dudng NPV cao hon so vai cac trudng hgp ap dung ty suat khéi lugng hat chén yéu cau (Ibs). Thé tich khe nut ty lé
chiét khau 25% (Hinh 4) va 75% (Hinh 5). thuan vai khoi lugng hat chén bom vao giéng, nén khi
chiéu dai khe nut tang (thé tich khe nut tang) thi yéu cau
khoi lugng hat chén nut via sé tang. Mat khéc, cho rang
toan bo khéi lugng hat chén trén bé mat dugc bom xuéng
Hinh 6 thé hién anh hudng cta chiéu dai khe nut téi khe nut véi diéu kién ap suat déng cla via dat 8.868 spi, st

5.1. Anh huéng ciia chiéu dai khe nit téi khéi luong hat
chén va thé tich dung dich niit via yéu cdu

10  DAUKHIi - SO 8/2021
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9 dung hat chén carbolite ceramic 20/40 cudng
= 8 d6 nén trung binh (ISP), d6 réng géi hat chén
§ 7 0,305, khi d6 theo [5] khéi lugng hat chén
=0 tang do chiéu dai khe nut tang. Tuang tu Hinh
fr;. 3 7 biéu dién anh hudng cla chiéu dai khe nut
=4 thiét ké t&i thé tich dung dich nut via khéng
E' 3 chtia hat chén. Hinh 8 cho thdy anh huéng clia
g i chiéu dai khe ndt tir 90 - 2.000 ft ti dan suat

0 khe nut (ng véi cac hé sé hu hai dan sudt khac

1.000 1.500 2.000 2.500 nhau tuong tng la 0, 0,5 va 0,75. Chéat lugng
'Chleu dai khe nft (ft) ) hat chén, mdc d6 ton du ctia polymer sau nut
Khoi lugng hat chén yéu cau, Ibs . o aa Iy . x .
- : i via, muc do lam sach polymer clia chat pha
Hinh 6. Anh hudng ctia chiéu dai khe nuit tdi khdi lugng hat chén yéu cdu. gel sau nit via, &p sust dng khe ndt, loai hat
80 chén, muc d6 hat chen trao ngugc sau nut
L_;;: 70 via... [a cac yéu t6 lam gidm dan suit khe nut
% 60 thé hién qua hé s6 hu hai dan suat khe nut.
E- 1518 Thong thuéng, dd sau cha giéng cang tang
g 30 thi ap suat déng cang tang, dan tgi tang muc
S % d6 dap v hat chén. K&t qua dan suat khe nit
"é’ 10 (Hinh 8) cho thay, mic d6 hu hai dan suat
0 1000 1500 5000 3500 cé,ng tang (d§|,1 suat khe nut cang giam) dan
Chiéu dai khe nitt (ft) dén tang hé sé skin, giam chi s6 khai thac (PI),

——Thé tich dung dich yéu cau, gals gidm luu lugng khai thac van hanh.

Hinh 7. Anh huéng cia chiéu dai khe nitt tdi thé tich dung dich niit via yéu cdu. 5 , , n s o,
I 94 y 5.2. Anh hudng cua chiéu dai khe nirt téi san

12.000 luogng déu céng dén
£ 10000 A e , y
= nh hudng cta chiéu dai khe nut (ft) téi
% 8.000 san lugng dau cdng doén (thung) va luu lugng
£ 6.000 khai thac trong thai gian tinh todn NPV 3 nam
“§ 4.000 // dugc thé hién trén Hinh 10 va 11. San lugng
= 2,000 dau cong doén la thap nhat vai thiét ké chiéu
0 dai khe nut 90 ft, va cao nhat tai thiét ké 2.000
0 500 1-%{} " kheﬁi‘?(zﬂ) 2000 2500 ft (Hinh 10). Biéu nay giéi thich nhu sau: Vi
——Dan sudt khe niit tai hé s6 hu hai 0 Dan sudt khe nit tai hé s6 huhai 0,5 chiéu dai khe’ nat 99 ft thi yéu cau khoi lugng
Dan sudt khe nit tai hé s6 hu hai 0,75 hat chen thap, chiéu réng hat chen tao ra
Hinh 8. Anh hutng ciia chiéu dai khe nift, hé s6 hu hai t6i ddn sudt khe i, trong khe ntit hep, dat 0,204 in, trong khi d6
tham géi hat chén trong khe nit véi ap suat
40 déng 8.868 psi khong thay d6i. Doi véi thiét
30 ké chiéu dai khe nat 2.000 ft, yéu cau khoi
lugng hat chén nhiéu nhat, do d6 su phan bo
LS 20 hat chén bén trong khe ntt cao hon va chiéu
10 rong hat chén bén trong khe nut dat 0,57 in,
trong khi do tham géi hat chén khéng thay
0 0 500 1.000 1500 2,000 2500 déi gia tri trong khe nut. Vi vay, dan suét khe
Chiéu dai khe niit (ft) nut déi véi thiét ké chiéu dai khe nut 2.000 ft
—— Dén sudt khdng thit nguyén hé s6 hu hai 0 I6n han so véi thiét ké 90 ft. Két qua cho thay,
Dan sudt khong thit nguyén hé s6 hu hai 0,5 téng san luong dau cong dén & trudng hop

Dan suat khong thif nguyén tai hé s6 huhai 0,75 thiét ké chiéu dai khe ndt 2.000 ft 13 16n nhit.

Hinh 9. Anh huéng cia chiéu dai khe nit tdi dén sudt khdng thir nguyén.
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5.3. Anh huéng ciia dp sudt ddy giéng téi
NPV

Hinh 12 - 14 cho thay anh hudng cla ap
suat day giéng va ty suat chiét khau tsi NPV
Ung vGi cac trudng hagp ty suat chiét khau
25%, 50% va 75% trong thdi gian 1 nam.
Hinh 12 cho thay, sau 1 nam, NPV & thiét ké
c6 ap suat day giéng 3.500 psi thap hon so
vGi thiét ké c6 ap suat 3.000 psi. Trong diéu
kién khai thac c6 ap suét via (4.060 psi) 16n
hon 4p suat diém bot (3.950 psi), theo mé
hinh Vogel ap dung khai thac cho via dau
ap suat bao hoa, hodc khai thac san pham
trong diéu kién khi hoa tan, khi d6 ap suat
day giéng ty lé nghich véi luu lugng khai
thac van hanh. C6 nghia la khi luu lugng
khai thac van hanh tang lén thi 4p suat day
giéng giam, Hinh 2. NPV clia trudng hgp ty
suat chiét khdu 25% & Hinh 12 vai ap suat
day giéng 3.000 psi, 3.500 psi cao han so vai
NPV & Hinh 13 va 14. Ty suat chiét khiu cao
thi lgi nhuén rong gidm.

5.4. Anh huéng cta hé sé hu hai ddn sudt
hat chén téi NPV

Hinh 15 biéu dién dnh hudng cla hé s6
hu hai dan suat khe nut, chiéu dai khe nat
t6i NPV. Hé s6 hu hai dan suat khe nut (tai
50%) thi NPV gidm so véi truong hgp c6 hé
sO hu hai dan suat khe nuit bang 0 (0%): hé
s6 hu hai dan suat khe nit tang lam dan suat
khe nut gidm manh, hé s& nhiém ban (skin
factor) tang, két qua la san lugng khai thac
trong thai gian nghién ctiu giam va doanh
thu, Igi nhuan giam theo.

5.5. Anh huéng ciia ty sudt chiét khdu téi
NPV

Hinh 16 cho thay, dudng NPV Ung vdi
ty suat chiét khdu 10% la cao hon so vai ty
suat 25%, 50%, 75%. Ngoai ra, moi quan hé
gilia chiéu dai khe nut véi NPV la phi tuyén,
dugc biéu thi qua d6 thi dang parabol
b)Z_I_ 4ac-b?

- gx2 = L)
y=ax +bx+c-a(x+2a 10

ddy la lgi nhuan rong, cdc hé sé a, b, ¢ la cac
hé s6 trong tam thic bac 2, va x la chiéu dai
khe nut.Via < 0, nén NPV dat gia tri [6n nhat

, trong
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= Dau cong don, xf = 1.000 ft
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Hinh 10. Anh huéng cda chiéu dai khe nitt tdi san luong ddu cong dén, P .=3.500psi.

3.500
3.000
2.500
2.000
1.500
1.000

Luu lugng (thiing/ngay)

0 100 200 300 400
Chiéu dai khe nut (ft)
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= Luu lugng dau, xf = 1.500 ft

= Luu lugng dau, xf =90 ft
- Luu lugng dau, xf = 1.000 ft
—— Luu lugng dau, xf = 2.000 ft

Hinh 11. Anh hung ctia chiéu dai khe niit tdi luu lugng khai thdc, P = 3:500psi.

120
100

NPV (triéu USD)
S &

=
=)

—

20
0
0 500 1.000 1.500 2.000 2.500
Chiéu dai khe nut (ft)
——— Ap sudt day giéng 3.000 psi  ——— Ap suét ddy giéng 3.500 psi

Hinh 12. Anh hutng P, tdi NPV taii = 25%.
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120
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NPV (triéu USD)
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N
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0 500 1.000 1.500 2.000 2.500
Chiéu dai khe nit (ft)
—— Ap suét day giéng 3.000 psi

N
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Ap sudt déy giéng 3.500 psi

Hinh 13. Anh huong P, t6i NPV tai i = 50%.

NPV (triéu USD)
3

0 500 1.000 1.500 2.000 2.500
Chiéu dai khe niit (ft)
—— Ap sudt déy giéng, 3.000 psi —— Ap suat déy giéng, 3.500 psi
Hinh 14. Anh huong P, t6i NPV taii = 75%.
180
160
140
2 120
2 100
= 80
= 60
40
20
0
0 500 1.000 1.500 2.000 2.500

Chiéu dai khe ndt (ft)
——Hé 56 hu hai 0% ——Hé 56 hu hai dan sudt 50%

Hinh 15. inh hutng ciia hé s6 hu hai ddn sudt khe niit, chiéu dai khe nit tdi NPV
taii=10%, P , =3.000 psi.

60
50
(=)
3 40
2 30
=10
0
0 500 1.000 1.500 2.000 2.500
Chiéu dai khe nt (ft)
—i=10% —i=25% i=50% ——i=75%

Hinh 16. Anh hung ciia ty sudt chiét khdu, chiéu dai khe nitt tdi NPV, P ,=3.500psi.

tai x = -b/2a, Ung vai gia tri Igi nhuan rong 16n nhat:
4ac - b?
4a

- Trudng hop 1: VGi ty suat chiét khau i = 10%,
ap sudt day giéng 3.500 psi, ham phi tuyén mai lién
hé gitta NPV vai chiéu dai khe nit c6 hé sé tuong
guan gan 1 va chi 1,11% tham s6 chiéu dai chua dugc
giadi thich.

NPV (triéu USD) =

NPV (triéu USD) = -2x10->x}
+0,0548 x;+17,044; R? = 0,9889

Tim chiéu dai khe nut t6i uu tai gia tri NPV I6n

b 00548 _ .
20" Zx(-2x 109 2700t va gid

tri 16n nhat NPV = 54,58 triéu USD.

nhat. Khi do: Xfp=—

- Trudng hop 2: Véi ty suat chiét khau i = 25%,
ap suat day giéng 3.500 psi, ham phi tuyén mai lién
hé gitta NPV vai chiéu dai khe nit ¢6 hé sé tuong
quan gan 1 va chi 1,4% tham s6 chiéu dai chua dugc
giai thich.

NPV (triéu USD) = -2 x 10~xf
+0,0479 x; +15,013; R? = 0,9866

Tim chiéu dai khe ndt t6i uu tai gia tri NPV I6n
v b 0.0479 N ez
nhat: xfz—%:—m=1197,5ft va gid tri I16n

nhat NPV = 43,7 triéu USD.

- Trudng hop 3: Vi ty suat chiét khau i = 50%,
ap sudt day giéng 3.500 psi, ham phi tuyén mai lién
hé gitta NPV vai chiéu dai khe nat c6 hé sé tuong
guan gan 1 va chi 1,79% tham s6 chiéu dai chua dugc
giadi thich.

NPV (triéu USD) = -2 x 10‘5fo+ 0,0394x; + 12,531;

R? = 0,9821 (10

Tim chiéu dai khe ndt téi uu tai gia tri NPV I6n

o . __ b _ 00394 _ o
nhat: x; = 2a" Zx(-2x10%) " 985 ft va gia tri

I6n nhat NPV = 31,93 triéu USD.

- Trudng hop 4: Véi ty suat chiét khau i = 75%,
ap suat day giéng 3.500 psi, ham phi tuyén bac ba
moi lién hé gitta NPV véi chiéu dai khe nut c6 hé s6
tuong quan gan 1 va chi 0,017% tham s6 chiéu dai
chua dugc giai thich.

NPV (triéuUSD) =5 x10-x?-3 x 10~ x{

11
+0,0448x;+9,1757; R? = 0,99983 an

SU dung dao ham bac mét cho ham NPV bac 3
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Bding 10. Khdo sdt su bién thién cda ham bdc 3 (11)

Chiéu dai khe ndt, x; (ft) 993
NPV'(triéu USD) + 0
NPV(triéu USD) 28,98

theo chiéu dai khe nut va tim gia tri cuc tri cho ham bac 3
khi dao ham bac 1 bang 0 co:

NPV, =1,5x 107°xf -6 x 107°x; + 0,0448 = 0

Xy, = 3006,6 ft
{xfz =993ft

TU Bang 10 c¢6 chiéu dai khe ndt t6i uu tai 993 ft, khi
do NPV 16n nhét, dat 28,98 triéu USD theo khdo sét su
bién thién ctia ham sé.

Nhan xét: Cac trudng hgp 1, 2, 3 biéu dién cac ham
parabol méi lién hé gilta chiéu dai khe nut x, véi NPV. Cac
hé s6 a & cac trudng hap 1, 2, 3 déu c6 hé s6 a am, do dé
cac ham s6 dat gia tri NPV 16n nhat tai diém c6 toa dd x =
-b/2a, va gia tri NPV I6n nhat 1a NPV (-b/2a).

6. Két luan

Nghién ctiu ing dung NPV dé thiét ké t6i uu ndt via
thay luc rdt ra cac két luan sau:

- V&i cac ty suat chiét khau khac nhau thi t6i uu
chiéu dai khe nut khac nhau.

- Ap suat day giéng cang cao thi NPV thu dugc cang
thap, va nguaoc lai

- Hé sé hu hai dan suét cta hat chén cao 14 0,75 thi
NPV thu dugc cang thap, ngugc lai hé sé hu hai hat chén
bang khong thi NPV la cao nhat.
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APPLICATION OF NET PRESENT VALUE (NPV) IN SINGLE WELL FRACTURE
DESIGN FOR UPPER OLIGOCENE RESERVOIR IN BACH HO FIELD

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

Summary

The paper studies the application of net present value (NPV) to optimise fracture design for the Upper Oligocene reservoir in Bach Ho
field: sensitivity analysis of fracture conductivity damage factor (0%, and 50%), flowing bottom pressure, and discount rate (10%, 25%, 50%,
and 75%) on NPV.

The optimal fracture design includes the combination of reservoir properties, productivity index, rock properties, fracture propagation,
rheology of fracturing fluid, proppant loading schedule, and treatment design parameters.

Key words: Net present value, hydraulic fracturing, Upper Oligocene, Bach Ho field.
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