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TOM TAT: Phuong phdp phén tich diém nit la mot phuong phdp linh hoat va don gidn
dugc xdy dung va phdt trién tit cdc phuong trinh co hoc chdt luu ding dé€ gidi cdc bai
todn 161 uu hda, ciing nhu thiét k€ cdc thong s& thich hop cho cdc hé théng sdn xudt cong
nghiép lién quan.Trong khi cdc phuong phdp khdc chi dugc ding dé phan tich tiing bé
phdn roi rac trong hé thong thi phuong phdp phdn tich diém niit cho phép vng dung dé
phdn tich toan by hé théng. _

Trong linh vuc céng nghiép ddu khi, phuong phdp phén tich diém mit dugc ving dung
nhdm cdi tién hiéu sudt ciia hé thong khai thdc, t6i uu cdc thong sé khai thdc nhu thong
56 éng khai thdc, thong s6 luu lugng, théng s& dp sudt, thong sé hoan thién giéng... P
6 thé t8i wu hé théng khai thdc, cdn t61 uu tdt cd cdc thong sé khai thdc cé thé. Bdo cdo
nay chi dé cdp viéc vng dung phuong phdp phdn tich diém mit dé tinh todn dudng kinh
éng khai thdc t61 uu.

1. CO SO LY THUYET

Phuong phdp phan tich diém niit (NODAL Analysis) thudng dudc wing dung trong viéc
phén tich dic tinh cia hé th6ng gdm nhiéu bd phin tudng tdc 1An nhau. Hé théng mach dién,
mang Iudi dudng Ong hay bom ly tdm, tat cd déu cé thé dugc phan tich theo phudng phdp
nay. Phuong phdp phan tich di€ém mit dugc Gilbert ing dung cho giéng khoan-khai thic ddu
khi 14n d4u tién vao nim 1954 va sau dé dugc Nind (1964) va Brown (1978) phat trién.

1: binh téc
2: ban tigt v bé m3t
3: ddu giéng
4: van an toan b# mit
5: van an todn giéng
sdu
6: pwf
g: pwis
- Pr

....... 1A khi

EEEEREREN 1B: binh chia

Hinh 1. Vi tri cia cdc niit trong hé théng khai thdc

Noi dung ctia phuong phdp 12 chon lya mot diém niit trong hé théng khai thdc va phan
tich h& thong tai nit nay. Vi tri cdc niit trong hé théng khai thdc dugc thé hién & hinh 1. Pau
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vao clia it gdm cdc b phén ti¥ via sdn phdm d€n niit con diu ra cda nit gdm céc bo phan
tif niit d&€n binh tdch. M&i lién hé giita luu lugng va dp sud't trong titng b phdn ctia hé thdng
khai thdc hoan toan xdc dinh. Luu lugng chat luu di qua hé thdng chi c6 thé dugc x4c dinh
khi théa man céc yéu ciu sau:

1. Tai mt mit x4c dinh, lvu Iugng vao phai bing lvu lugng ra.

2. Tai mot nit xdc dinh, chi tén tai mot gid tri dp suat. _

Tuy nhién can luwu § ring trong thdi gian khai thic, ludn tdn tai hai gi4 tri 4p suit doc
14p d6i v6i Iwu lugng khai thdc: d6 12 dp sudt trung binh cda via va 4p sudt ddu ra clia giéng.
Ap sudt ddu ra thudng 13 4p sudt binh tdch (peep), 3 thiét bi ddu gi€ng n€u c6 van ti&t luu bé
mit thi 4p sudt ddu ra 12 4p suat ddu gi€ng (pwn).

Tai mdt nit bit ky trong hé thong khai thdc c6 van ti€t Iwu bé mit phuong trinh dong
vao va dong ra niit dugc bi€u di&n nhu sau:

- DOng vao nut: pr - AP (csc b6 phan trwde ndt) = Pnut (1)

- DOng ra nit: pwh + AP (cdc bo phén sau mit) = Pmit 2)

v6i pr va pwn 14n 1ugt 12 4p sudt via va dp sudt ddu gi€ng, psia.

D gidm dp Ap tai bd phdn bat k¥ thay ddi theo luu lugng q. Do d6, quan hé giita Ap va
q tai mot nit dugc bi€u dién bdi hai dudng trén hinh 2, giao diém hai dudng cong ndy thda
man phuohg trinh (1) va (2).

~ Anh hudng do thay d6i tinh chit ciia bat kj mot bo phan nao ciing déu c6 thé duge
phén tich bing c4ch tinh todn lai twong quan gifta Iuu lugng vdi 4p sudt diém nit dva vio cdc
dic tinh mdi noi bd phén thay ddi. N&u sy thay ddi chi xdy ra & dong vao, dudng dic tinh
dong ra s& khong thay ddi. Tuy nhién, n€u bat ki dudng cong nao thay ddi, thi diém lam viéc
s& dich chuyé&n va tai nit dang xét luu lugng va 4p sudt 1am viéc mdi s& dugc thi€t 14p. Céc
dudng cong ciing ¢6 thé thay ddi n€u cd hai gid tri 4p sudt doc 1ap (4p suit via va 4p sudt ddu
gi€ng) thay ddi, trong trudng hgp kich thich via hay thay d8i vao diéu kién 1am viéc cla diu
giéng.

Pmir A
Dopg ra nat

Dbdng vio nit

[ TR

khai théc

>
Luu lugng (q)

Hinh 2. P6 thi quan hé gifta Ap va q

-Khi xét bai todn tinh todn duong kinh &ng khai thic t8i wu, ta can phai chon diém niit §
ddy gi€ng (niit s& 6). Sau d6 tim phuong trinh dong vao niit, dong ra mit. Giao diém cla céc
dudng dic tinh ndy gitp x4c dinh cdc thdng s8 cin thi€t d€ gidi bai todn t8i wu héa. Him
muyc tiéu & diy 1a luwu lugng khai thdc dng v6i cdc gid tri tdn thi't 4p sudt. Pudng kinh Sng
khai thdc dugc xem 12 t8i wu khi Ivu lugng khai théc t5i da.
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2. Ung dung phuong phép phén tich di€ém nit d€ tinh todn dudng kinh 8ng khai thic t6i vu
2.1 Céc budc thyc hién

Trong bai todn nay diém nit dugc chon & B‘":“
ddy gi€ng. Nt 4p suit cho dong vao va dong ra .y
12 pwt. Khi d6 cdc phudng trinh dong vao va dong < -
ra 1an lugt 1a: 7
- Dong vao: pr - Apvia = Pwt Chon gif trf thit
- DOng ra: pwh + ADéng khai thic = Pwf fny
trong dé: _*
pwi. 4p sudt dong vao ddy gi€ng, psia chq:n-g:a i
AP6ing khai thc: tOn 4p trong Ong khai théc, psia o
Apvia: t8n dp trong via. —
Dong vao thu'ang dugc xac dinh tif phuong trinh: - ;f :Et;
) o=
A = HPr —Po) + 18 \11 8[1 - T)L;) 5 0’8(FE)[1 - Epl:f-] } Tinh tofin :VT:!(T. o
5 L2
trong dO: Tinh todn dp/dL
J: chi s6 khai thdc Ap. = (dp/dL).AL
py: 4p suat diém bot khi, psia

p=p-4p.S2
Ap. = Ap.
i=i+1

FE: hé s6 hiéu suit dong chay.
Dong ra 13 dong chdy trong &ng khai théc,

abs(Ap. - Ap.) <€

thudt todn xdc dinh dong-'ra dugc bidu dién & Ping
hinh 3. Trong thuc t& ngudi ta tinh tdn that dp Lal+AL

suit trong Ong khai thdc bing céch tra cdc bang S

phu luc dinh kém theo 8ng khai thdc do nha sdn S e
xuit cung cAp hodc sit dung cdc phin mém dng 0 pzp;
dung nhu Wellflow, Perform 3.00...

Piing

Giao diém cda hai dudng dong vdo va

dong ra 1a luwu lugng khai thac (hinh 4). Ung véi Llan = c‘w z
cdc gié tri dudng kinh 8ng khai thic khdc nhau ta pi) Ll

thu duge cdc gid tri lvu lugng khai thdc khéc
phau (hinh 5). Khi ting dudng kinh &ng khai thc
théng thudng Iuu lugng khai thic ting theo. Tuy
nhién, khi dudng kinh 6ng khai thdc vugt qud mot gid tri ndo d6 thl ivu llrdng khai thic bit
dau gidm, do khi d6 ning lugng trong lyc cia c6t lvu chat trong 6ng ting khi€n nang lugng
via khong di ddp wng cho viéc ning luu chat. Pudng kinh dng khai thac t6i wu 1a dudng kinh
dng v4i trudng hgp luu lugng khai théc t6i da (hinh 6).

Hink 3. So dé thudt todn tinh todr
dong chdy trong 6ng khai thdc

ong vio

Qima
Dong ra o d>d
#
H Pudng kinh ¥ng vdi qm,
q . 9
- Hinh 5. Luu lugng khai thdc dng vdi céc Hinh 6. Buding kinh 8ng khai théc t6i w
Hinh 4. B8 thi lign h& luu lugng q va Py gi4 trj dudng kinh Gng khai thac
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2.2. Ap dung s¢

Sau day, chiing ta ti€n hanh tinh todn cho mot cdu tric gi€ng cu thé€ & hinh 7. Céc dix
liéu khao sit ban ddu nhu sau:

Phéan tich DST
FE =13

pr = 4500 psia
Tres = 300 °F
Prest = 3000 psia

Qrest = 2000 STB/ngay

pwh = 400 psia
pp = 2500 psia

Phén tich PVT
GLR = 1000 scf/STB

APl =35
fw = 0,001
Yw =1,07

C#u triic gi€ng khoan:
Bang 1. Dit liéu cdu tric giéng khoan

Yg = 0,65

Hoan thién gi€ng:

Chiéu day via h=30ft

Puong kinh gi€ng d, = 8,921 in
Puting kinh 15 bin d, = 0,5 in.

P thdm cia séi 1&n kg = 45000 md
5315 bin via N = 12 15/foot

Chidu sdu, ft | o 0 1000 | 2000 | 4500 | 8000 | 11200
dén| 1000 | 2000 | 4500 | 8000 | 11200 | 11260
Géc nghiéng, 46 5 5 10 15 20 5
Al 1995] 1,995 | 1,995 | 1,995 | 1,995 d.
Bubng kinh B | 2441 | 2441 | 2441 | 2441 | 2441 d.
: : |l ¢l 2992 2992 | 2992 | 2992 | 2992 d.
ong khai thac, in
’ D | 3958 3,958 | 3,958 | 3,958 | 3,958 d.
E | 5012| 5012 | 5012 | 5012 | 5012 d,
D6 nham thanh 8ng, ft| 0,0006| 0,0006 | 0,0006 | 0,0006 | 0,0006 | 0,0006

d, = 7,025 in: dudng kinh 8ng chong khai thdc

MD=0

MD = 1000

MD = 2000

MD = 4500

MD = 8000

MD = 11200
T P
v |

Hinh 7. Cdu triic giéng khoan

Tit cdc dif liéu trén chiing ta c¢6 thé xdc dinh dugc luvu hrdng khai thic dng vdi cdc
trudng hgp dng khai thic A, B, C, D, E (bdng 1). Cic thong s6 dong vao va dong ra c6 thé
dudc tinh bing cdc phdn mém thuong mai nhu Perform 3.00, Wellflow... d day, k&t qué tinh
todn & bdng 2 va 3 dugc thyc hién biing chuong trinh t8i vu héa dudng kinh & ong khai thdc goi
tdt 1a Tubopt (vi€t bing ngdn ngit Matlab) va Perform 3.00.

Béng 2. Két qud théng 56 dong

> vito va dong ra tinh bdng chuong trinh Tubopt

Luu lugng (qy, STB/D)

200
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4245

Dong vao (pyr, psia

3879

3492 ( 3082

2650

2196

1719

2063

Dong ra (pur, psia)

2142

2520 3076

3680

430; |5

1221

Ay

2104 2306

2572

2905

3262
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2098
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2369
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198:
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Luu §: ta ¢é thé tinh dugc cdc gid tri trong cdc 0 bd trong 5 bang 2. Tuy nhién, do cdc
gid tri nay khong dnh hudng dén két qui nén ta khong cin tinh nhim gitip chuong trinh
Tubopt chay nhanh hon.

Béang 3. K&t qud thong s6 dong vao va dong ra tinh bdng chuong trinh Perform 3.00
Luwu lugng (q;, STB/D)| 13 113 | 208 351 | 659 | 1758 3076 439{{»
Dong vao (pyr, psia 4488 | 4394 | 4305 | 4170 | 3875] 2792 1269| = =

Al 3671 | 2902 | 2255 | 2208 | 2285 331¢ | 494t | 4
B| 3701 | 341C| 2715 | 2213 | 2171 | 2508 | 3364 | 4297
Dong ra (pap, psia) | C| 372€ | 3617 | 3371 | 2665 | 2162} 2185] 2522| 3020
DI 3728 | 370C | 3655 | 349C | 2809} 2092| 2096| 2239
E| 3726 | 3724 | 3708 | 3677 | 3472| 2121{ 2053 | 2048

Trang 87



Science & Technology Development, Vol. 6, No. 11-2003

Tir s6 liéu tinh duge & bdng 2 va 3, ta v& dudc d6 thi giao diém ctia dong vao va céc
dudng dong ra tng vdi cdc trudng hgp dudng kinh &ng khai thic thay ddi tit 1,995 (in) dén
5,012 (in) (hinh 8 va 9).

Effect of tubing size to production flow rate 5000 AT
5000
”-..“#. / ‘/B
4000 o
4000 S, L~
onoon '-\-;-{/ /i,c
. 3000 ‘B ey o,
1 2 W\ >S e T
= . @2000 5y oo
& 2000 = "\‘ s
a T 1
P1000 Y
1000 o N
o \‘-
- T " 1000 200 so00
e ety poi, | Liquid Rats, BbIID
1000 ~Case 3 (C) % 4
0 00 1000 1500 2000 2500 3000 3500 4000 ~Case 4 (D) ~Case 5 (E) Tubn 381
QU (STB/D) Reg: Aul dzedUsur Dowell Schiumbérger
Hinh 8. Bé thj xdc dinh luu lugng khai thdc
iing vdi cdc céb duong kinh é\’ng khai thdc Hinh 9. 6 thi xdc dinh luu lugng khai thdc
(tinh bdng Tubopt) iing vdi cdc cdp duong kinh 6ng khai thdc
' (tinh bdng Perform 3.00)

K&t qué cédc gid tri luu lugng khai thdc @ng véi cdc cAp dudng kinh &ng khai thdc khéc
nhau tinh dugc thé hién  bang 4, hinh 10.

Bdng 4. Két qud thong 56 dong vao va dong ra

d, in 1,9951 2,441} 2,992| 3,958] 5,012
TUBOPT 3065 ] 2602 § 2211} 1935] 1910
Dwi» Psia PERFORM 3.00| 3017 | 2585 2275 2064 | 2063
Sai s8, % 1,57 0,651 2,81 | 6,25 | 7,42
TUBOPT 1421 | 1848 | 2192 | 2425 | 2447
qr, STB/ngay | PERFORM 3.00{ 1506 | 1919 | 2206 | 2397 | 2398
Sai s8, % 564 3,7 | 063 1,15 2

Nhu viy, cd hai chudng trinh Tubopt va Perform 3.00 cho k&t qud luu lugng khai thdc
t6i da 1an lugt 1a 2447 (STB/ngay) va 2398 (sai s8 2 %) ing v&i dudng kinh ong khai thdc
d=5,012 (in). N€u xem xét két qud don thuin vé mit todn hoc, ta c6 thé k&t ludn ngay cip
dudng kinh &ng khai thdc t8i wu 1a 5,012 (in). Tuy nhién, n&u xem xét k¥ thi ta nhan thdy
ring luu lugng khai thdc dng vdi cdp dudng kinh 5,012 (in) ting khéng ddng ké so vdi cdp
dudng kinh 3,958 (0,9 % trong chudng trinh Tubopt va 0,04 % trong chuong trinh Perform
3.00) trong khi gidm cdp dudng kinh ti 5,012 xudng con 3,958 ta s& gidm dudc chi phi mua
dng khai thdc va cd chi phi khoan (6ng khai thdc cang 16n ddi hdi 16 khoan cang 16n va cang
ton chi phi). Vi th€, n€u xét bai todn mot cdch téng thé thi cdp dudng kinh &ng khai thac
3,958 1a t&i vu nh4t. K&t qua tim dudc tudn theo ding nguyén tic di trinh bay ban ddu 12 khi
dudng kinh 8ng khai thdc ting thi lvu lugng khai thic ting, nhung sau d6 luu lugng khai thac
s€ ting khdng ddng ké va bit diu gidm khi ti€p tuc ting dudng kinh 6ng khai thic.
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Relation between tubing diameter and production flow rate
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Hinh 10. Quan hé giita dudng kinh 6ng khai thdc va luu lugng khai thdc

3. KET LUAN

Phuong phép phén tich diém nit @ng dung trong bai toin nay khong nhitng cho phép
x4c dinh Ivu lugng khai thdc dng véi cdc caAp dudng kinh &ng khai thdc kh4dc nhau ma con cho
phép xdc dinh cdp dudng kinh cho Iuu lugng khai thdc t8i da. V& mit todn hoc, ta c¢6 thé két
luan ngay cAp dudng kinh nay 14 t8i wu. Tuy nhién, n€u xem xét vin dé & cd khia canh k¥
thuat 1dn kinh t€ thi ta nhin thdy ring cin phdi chi § dén nhitng gid tri dudng kinh 14n c4n.
Piéu nay cho thdy chudng trinh trinh mdy tinh khong thé cho k&t qué tdng thé t&t nhat ma
k&t qua t6t nhi't = phin mém hd trd + kinh nghiém ngudi k§ su thict ké.

Tém lai, phutong phdp phin tich diém nit 13 mét phuong phdp hiéu qua trong viée xdc
dinh dudng kinh 6ng khai thic t6i vu. Bing cdch chon diém nit & cdc vi trf thich hdp trong hé
th6ng, ching ta khéng chi c¢é thé tinh todn t&i uu cdc thong s6 khdc trong hé thdng ma con ¢
thé xdc dinh hiéu qua khai thdc ctia moi bd phan trong hé thdng. Ngoai ra, phuong phap
phén tich diém niit con c6 thé dugc md rong dé tinh todn hiéu qua khai thic clia via cé nhiéu
tang sdn phdm hozc via gdm nhiéu gi€ng khai thdc va 4p dung trong viéc dy dodn hién trang
cia gi€ng, cia via & thoi di€m tuong lai dé tir d6 gitip ngudi k§ su dé xudt cdc bién phap khai
thac thich hgp.

APPLYING NODAL ANALYSIS APPROACH
FOR OPTIMIZATION OF TUBING DIAMETER

Nguyen Kien Cuong, Le Phuoc Hao, Trinh Huu Tuan, Po Quang Khanh
Faculty of Geology and Petroleum, University of Technology — VNU-HCM

ABSTRACT: The Nodal analysis approach is a very flexible and simple method. It is
set up and developed from the fluid mechanics equations using to solve optimal problems and
design suitable parameters to related industry production systems. Once procedures are
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presented to analyze each component separately, the Nodal Analysis approach will be
applied to analyze all system.

In petroleum industry, the Nodal Analysis approach can be used to improve
performance of production systems, optimize production parameters such as tubing size, flow
rate, pressure, well completed parameters..To be able to optimize production system, we
must optimize all possible production parameters. However, this paper only performs
applying the Nodal Analysis approach to calculate optimum tubing diameter.
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