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MO HINH HOA TON THAT AP SUAT TRONG THUY LUC KHOAN

Bii T An, Nguyén Kién Cuong, P§ Quang Khdnh, Trinh Hitu Tuén, Lé Phuéc Hao
Khoa Pia chit va Dau khi, Trudng Pai Hoc Bich Khoa - PHQG-HCM
(bai nhdn ngay 15 thdng 08 ndm 2003)

TOM TAT: M6 hinh hod t6n thdt dp sudt déng mét vai tro rdt quan trong trong tinh
todn thity luc khoan. Vigc mé hinh héa chinh xdc cd thé lam gia tang téc dj khoan, gidm
chi phi khoan va ngugc lai viéc tinh todn sai c6 thé gdy nén nhiéu sy cd tiém dn nhu mét
dung dich, hu hdng giéng. '

Bai bdo trinh bay viéc mé hinh hod t6n thdt dp sudt d6i vdi giéng khoan thdng
ditng va giéng khoan dinh hudng theo ba cdch tinh khdc nhau la cdch tinh tgi hién
trudmg, hai cdch tinh theo phdn mém Hydmod va Drilling office. Cdc két qud (thu dugc.
tit ba cdch tinh khdc nhau) duge so sdnh cho thdy d¢ tin cdy va khd ndng vng dung cia
cdc phén mém thuong mai trbng cong nghiép ddu khi.

1. GIGI THIEU .

Trong qué trinh khoan, dung dich khoan s& dugc tudn hoan tir bé mit d&€n ddy gi€ng
qua c6t cAn khoan, chdy qua voi phun thily Ivc & chodong va trd vé bé mit trong vanh xuyén
giita thin giéng va cot cin khoan. Do viy, 4p sudt bom chinh bing t3ng ton that 4p suat &
céc thi€t bi trong hé théng tuin hoan thiy lyc khoan:

Promp = 2 AP o = AP, + AP, + AP, +4P,,, (1)
tongd6:  Ppypy = Ap sui't bom (psi)
AP, =  T&n thdt4p suat trong cdc thi€t bi bé mat (psi)
APy, =  Tén that 4p sudt trong cft cin khoan (psi)
APy, =  Ton that 4p sudt qua chodng (psi)
AP, =  T&n thdt4p suat trong vanh xuyén (psi).

Trén cd s& d6, mo6 hinh tinh todn thiy lyc da dugc d& xudt dé tinh chinh x4dc tOn that
thity luc trong toan bd hé théng. Cach tinh tai hién trudng duge sit dung rong rdi va phd bién
dudc t6m lugc theo mdt qué trinh tinh todn tong quédt cho cdc hé thdng thiy lyc khoan. Tuy
nhién, ngay nay hé th6ng mdy tinh dudc trang bi hiu hét trén cdc gian khoan cling véi sy
pht trién clia cong nghé thong tin, cdc phdn mém thuong mai ddu khi ra ddi, da tich hgp cdc
cong cu tinh todn cho phép md phdng, tinh todn chinh xdc va thi€t k& phd hgp hon véi diéu
kién thuc t€. Do véy, cdch tinh dva trén hai phin mém Hydmod (phién ban 2.2) va Drilling
Office (phién ban 3.1) s& dudc khdo sét.

2. CO SG TINH TOAN
2.1. Cdch tinh tqi hi¢n truong

Céch tinh tai hién trudng dugc dia trén van tdc téi han clia dung dich khoan d€ tinh
toan tén that 4p sudt trén cdc thiét bj b& mit, trong cdt cdn khoan va trong vanh xuy€n. Tinh
chit lvu bi€n cliia dung dich khoan dugc 4p dung mot trong hai md hinh: md hinh déo
Bingham hodc m6 hinh ham liiy thira Ostwald de Waele.

Qui trinh tdng quat tinh todn t3n thit 4p sudt trong hé thdng twdn hoan nhy sau:
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1. Xdc dinh van t6c dong chdy tai diém dang xét

2. Tinh to4n vén t8c t6i han d€ x4c dinh ché d6 dong chiy (ting hay r61)

3. Chon phudng trinh tinh todn t8n tha't 4p sudt thich hop (dua trén mé hinh luu bin va

ch& d6 dong chdy tai diém dang xét)

Trong thyc t€, cin xdc dinh c4 hai vén t6c t6i han (vo) va véan tdc thyc (v) ciia dong
chdy. N&u v, < v dong chdy 1a 16i, v. > v 12 dong chdy ting. N&u ci hai x4p xi bling nhau thi
tinh todn cho c4 hai trudng hdp roi va tAng va sit dung k&t qua c6 t8n tha't 16n hon.

2.1.1. Tén thét dp sudt trong cpt cin khoan va vanh xuyén

a. Mé hinh déo Bingham

Trong cén khoan

Van t6c dung dich: v =—2 @)
2,448d*
2 2
Vantdctdihan: v, = 208PV+108V(PV) +1234d" (YPYMW) -
MW xd

& { A 2 LA PVxLxv YPxL
Ton thit cho dong chay tang: AP, = — 4
BOMAYTANE: e = Ts00d® ' 2254 | )

' 0.75 175 0,25
Tén thit cho dong chdy r6i: AP, = MW :;’OOQZV xL )

Trong vanh xuyén

Vin t6c dung dich: v = 9 6
o B e Y e, i

1 : n
A A e 1 58.200K |zn 18Y3n+1) [z
V toc ’ =— oo o ol Sl indl Ee
dn toc téi han: v, BOX[ e ] x[( dI = H %
T&n tha't 4p suit cho dong chay ting: AP, = PVxLxvV YPxL ®)

~1000(d, —d,J ' 200(d, -d,)

2 e ~ . PO MW % v'7% « PV x L
Ton that dp sudt cho dong chdy rdi: AP, = 9
p g y ann 1398(d2 _di)tzs ( )
b. Mé hinh ham liiy thira Ostwald de Waele
Trong cdn khoan
Vén t&c dung dich:v = > ;*de (10)
Vin toc téi han: v, s gk , (11)
60 MW d 4n
Tén that 4p suat cho dong chdy ting: AP, = [(QSVISZ: 1)] x sig;d (12)
—4 08 18 0,2
Tén that 4p suit cho dong chiy rdi: AP, - 3603310 )"“’;Y‘f RN RPVa - - ppmy
Trong vanh xuyén

Van t6c dung dich: v = G j 5 | (14)

1 LS

o 2-n
VAn t6c tdi han: v, = x| SS780K = 124 Y2n+1 (15)

60 | MW d,—d, | an

Ton that 4p sud't cho dong chay tdng: AP, = [(J24j;1)(2r;: 1]] x SOOTdtL—d,) (16)
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_[77x10%)x MW" xq'® x PV°? x L

(dz - d1)3(d2 + d1)w

Té8n that 4p suit cho dong chdy rdi: AP, an

trong do:

d = dudng kinh trong ctia cAn khoan, in ; d; = dudng kinh ngodi clia can khoan, in

d, = dudng kinh 8ng chdng hodc than gi€ng, in; L = chiéu dai, ft

q = luu lugng dong chay, gal/phiit; v = vin tdc, ft/s ; v. = vin toc tdi han, ft/s;

MW =t trong dung dich, lbm/gal; K = chi s0 do sét; n = chi s8 Ung x1;

PV = dd nhét déo, cp; YP = gidi han chdy, 1bf/ 100ft%;
2.1.2. Tén thét dp sudt trén cdc thiét bi bé madt

B&n cdch k&t hgp phd bién céc thi€t b bé mit va t8n thit 4p sudt § cdc thiét bi trén bé
mat dude st dung, tity ting trudng hdp cd thé dudc tinh theo kich thudc va dudng kinh cin
khoan tudng dudng dng vdi bdng sau.
Bang 1. Duong kinh va chiéu dai tuong duong ciia cdc logi thiét bj bé mdt

Ong ditng Ong mém cao 4p | Ddu xoay thiiy e Cén chi dao Tudng duong
TT Béiﬁg Chiu B;zzg Chidu B;"Eg Chidu Bf,d:‘lg Chizu | Chiéu | Pudng
| daife R dai, f O dai ft M0 gag fe | dai, ft | Kinh, in
frong, in trong, 1n trong, in trong, in
1 3 40 2 45 2 4 2 40 437 2,76
2 KR 40 21n 55 21 5 34 40 161 2,76
3 4 45 3 55° 214 5 3% 40 479 3,83
4 4 45 3 55 3 6 4 40 340 3.83
2.1.3. Tén thdt dp suét qua choong
Van t6c vdi phun: P, e 18
; P " T BT A, (i)
e g o " 107 W xq?
Tdn that 4p sudt qua choong: Ap,, = Ba] wcz;zM 28 (19)
a’ T
A a2 = S Aphn X q
Codng suat thdy luc tai chodong: HHP = “TFE (20)
Luc va dip thiy lyc: IF =0,01823xC, x AP, x MW (21)

trong d6: Arla t6ng dién tich vdi phun (in); HHP (hp); IF (Ibf); C4 = 0,95.

2.2. Cdch tinh dya theo phdn mém Hydmod

Tén that thiy lvc khoan dude tinh dya trén s8 Reynold t&i han va hé s6 ma sdt. Piu
tién, tinh s6 Reynold (tai diém dang xét) dé€ x4c dinh dong chay ting hay r6i. Gidi lip tinh
hé s6 ma st (n&u dong chay 161), sau d6 4p dung cdng thic tinh todn tén that thiy lyc thich
hgp (dya trén mo hinh luu bign va ché& dd dong chay tai diém dang xét).
2.3. Cdch tinh dua theo phdn mém Drilling Office

Cich tinh dya trén sy phan tich ciia Reed & Pilehvari, hi€u chinh 4nh hudng cia do
léch tAm bdi Haciislamoglu & Cartalos. M6 hinh xét dén 4nh hudng ctia ving thiy luc
chuyén ti€p giita ch& do chdy tdng va chdy rdi, tinh todn dudng kinh thiy luc va dudng kinh
hiéu dung cla du’dng &ng. Ngoai ra, né con xét dén 4nh hudng tSn tha't thiy lyc qua d4u néi,
do nhdm thanh 8ng, tinh trang (mdi hay cfi) cia cin khoan hay dng chdng...
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3. CAC TRUONG H(P UNG DUNG

Theo ba céch tinh trén, chiing ta ti€n hanh mé hinh ho4 tdn thit d4p suat trong hé théng
tudn hoan thiy luc khoan d8i vdi gi€ng khoan thing ding va gi€ng khoan dinh huéng. P&
d8ng nhét dit liéu theo ba cdch tinh khdc nhau, trong phdn mém Drilling Office ta khong xét
dnh hudng cla finh trang cdn khoan, ddu ndi va do léch tam.

3.1. Giéng khoan thdng diing

Phin tich thiy luc giéng khoan thing ditng BK1 vdi cd sd dit liéu nhu sau:

28,346" 20" 13,386" Gié&ng khoan: BK1
§ Khu vite: Thém luc dia Nam Viét Nam
Thi€t bj b& miit: loai 3
C#u tric §ng chdng (nhu hinh v&)
393,6 ft \
Thanh phin b khoan cu
1640 ft b .
Céan khoan Thanh phén Chiéu dai C?D {D
It in in
Cén khoan 11049,6 514,276
Cén c6 thanh 274.6 5 3
J day -
7576.8 1t & . Cin ning 2 520,8 | 6,5 2.8
E E Cén ning 1 185 8| 28
2 . Tdng dién tich vdi phun: 0,278 in’
= B - Lutu Iugng bom: 480 gal/phiit
E .:. Dung dich khoan
ai:ﬁi & T trong__ 11,1 Ibm/gal
. Cén niing 2 l?c,) nhdt’deo 27,1 ¢cp
. ' Ung suft trugt t6i han 19,1 1bf/100ft
. Cén néng 1 Gia si dung dich khoan tudn thi md hinh
12037,6 ft E Chodng khoan déo Bingham
Hinh 1. C&u tric giéng khoan thang diing
* Két qud phédn tich
Bdng 2. Phén tich tdn thdt dp sudt
Té6n that 4p sudt (psi)
: Tai hién trudng | Hydmod | Saisd, % | Drilling Office | Sai s, %
Thi&t bi bé mit 64,4 45,3 29,7 46,2 28,3
C6t cdn khoan 1421,0 1383,3 2,7 1043,6 26,6
Vianh xuyén 159,2 162,7 2 128,6 19,2
Vi phun thiy luc 3047,7 3047,4 0,0 3038.,6 0,3
Bang 3. Voi phun va cong sudt thily luc
Tai hién Sai s6, Drilling Sai s6,
trudng Hydmod % Office %
Luc va dip thiy luc (Ibf) 1528,9 1528,9 0,0 1526,7 0,1
Van toc voi phun (ft/s) 554,0 5539 0,0 553,1 0,2
C6ng suat chodng khoan (HHP) 853,5 8534 0,0 851,0 0,3
Cong suit mdy bom (HHP) 1314,1 1299.1 1,1 1192,1 9,3

Ghi chii: Sai s& duoc tinh so vdi cdch tinh tai hién truong
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W Output - fHydroutics Anatysis Ra‘pm%‘; ; i |
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WD () ) |+ Duaw flow pattecn [ R R Proseiie Diog | B0 | Vokmabies |
Ny T i 4 12991 P
ot : Cac. s HP it R 4157 12000
1 } B aubic HP {HHP} 3 8534 R 10000 ; R Fsiiot
i 55 a0 4638.7 i i
. - : Sulace Toas (pnl 453 w0 AL Aeconcstn |
Circ_systam pressute lois(w/o | 1591.3 |~ 24000 A mmemepeTTT Ceemees , Puemg Pies
R : ;i e L Jisenr o]
‘ W] OUT | P Dwop [flow] Vel B L e
: = Z o PR
4000, — o7 o o HA NA st i A0 480 4B0 S0 500 SO0 £40 080 T vEC 800
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Can_| Imaide |114.8 T 130713
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Hinh 2. Két qud phdn tich ton thdt thiy Hinh 3. Két qud phdn tich tén thdt thity
lyc theo Hydmod luc theo Drilling Office

1% | 1% 1%

17

/3%

3% 65%Y

W Thigt bj b8 mit Cdt cdn khoan O vanh xuyén B vai phun thiy lye
Tai hién trudng Hydmod Drilling Office

Hinh 4. T§ 1¢ t8n thdt dp sudt trong hé thong tudn hoan tinh theo ba cdch
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3.2. Giéng khoan djnh hudng
Phan tich thiy luc gi€ng khoan dinh hudng c6 cd sd dif li¢u nhu sau:

0 3000 4500 8000 .
. : . . _ | Gi€ng khoan: BK2
Khu vyte: Thém luc dia Nam Viét Nam
Dit liéu di€m ki€m sodt quy dao gi€ng
Chidusiu | Géc Sd‘;
1500 1 Vi tri do dugc, nghiéng, P i g
f ]
t as a6
1 0 0 0
i g 2 500 0 0
3 1000 3 0
4 1500 10 2
5 2000 15 12
_ 6 2500 20 12
4500
7 3000 25 12
8 3500 30 12
9 4000 35 12
! 10 4500 40 12
- 11 5000 50 12
. ~ Y. 3 P
Hinh 5. Quy figo ,’qzeng khc')an dinh hucng 12 5500 60 12
Bit ddu | Dudngkinh 14 6500 30 12
Vi tri tir, trong, 15 7000 90 12
= ft in 16 7500 90 12
Cng 0 11 17 8000 90 12
chong 4000 11,2 18 9000 90 12
Téng sét 4950 12,5 Thanh phin b6 khoan cu
5000 112 i <
. 2 Chiéu dai oD ID
Viing mAt 5150 11 Thanh phan : ;
. : St in in
dung dich 5650 | 11,3 Cin kh $399.9 5 3.826
Ting 6400 11 2l Xhoal : :
nudc 6600 113 Cén ning 390 13 2ol
Ting sét 7150 13 BO BHA ‘ 100.1 4 3
7750 113 Téng dién tich vdi phun: 0,409in’
Ting 7800 113 Lutu lwgng bom: 420 gal/phit
chita ddu 8400 11,3 Thi€t bi bé miit: loai 1
8500 11,35 Dung dich khoan
l?gy 8300 11.35 Ty trong: 11,1 Ibm/gal
gieng L D6 nhdtdéo: 27,1 cp
Ung sudt trugt tdi han: 19,1 1bf/100ft
Gia s dung dich khoan tuin thi mé hinh déo Bingham
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Bdng 4. Phdn tich ton thdt p sudt

T6n thi't 4p suit (psi)

Sais6, Drilling oo s
i hié (1 S
Tai hién trudng | Hydmod % Office aisb, %
Thi&t bi bé miit 254.,6 152,9 39,9 2184 14,2
C6t cin khoan 13339 | 13479 1,0 1082,9 18,8
Vanh xuyén 104,9 105,1 0,2 93,0 11,3
Voi phun thiy luc 1262,4 1256,3 0.5 1258,7 - 0,3
Bdng 5. Voi phun va céng sudt thiy luc
Tai hién Hydmo | Sais6, Drilling )
trudng d % Office alad %
Luc va dip thiy luc (Ibf) 931,8 929,6 0,2 930,5 0,1
Vin t8c voi phun (ft/s) 329,5 328.6 0,3 329,0 0,2
Céng sudt chodng khoan
09,3 7 , 3084 0,3
(HHP) 3 307,8 0,5 8
Cong sudt mdy bom (HHP) 724,3 701,3 3,2 650,1 10,2
& : .' - % Frictional Pressure vs Measured Depth
File Window Graph QOption Help
(@] Frictional Pressure vs Moasured Depth g | 0 500 1000 1500 2000 2500 3000
T B B T S T A e 0 i L L
Frictional Pressure vs 1000 \
|- Measured Depth - \
okl o ! 2000
o 3000 \\
i ol
MD i : s 6000 \\
[ | 7000
| i |
; | 8000 \
9000 \
10000 =
it Pressure, psi

Hinh 3. T6n thdt dp sudt theo chidu sdu giéng

khoan theo Hydmod

Tai hién trudng

Hydmod

Hinh 7. Tén thdt dp sudt theo chiéu sdu
giéng khoan theo Drilling Office

Drilling Office

B Thi&t bi bé mat
Cot cdn khoan

O Vanh xuy&n

B v4| phun thiy lyd

Hinh 8. Ty 1¢ 16n thdt dp sudt trong hé théng tudn hoan tinh theo ba cdch

T cdc ket qud phén tich theo ba cdch tinh khdc nhau d6i véi ca gi€ng khoan thing
ditng va gi€ng khoan dinh hudng ta thay:
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- T8n thét 4p suét tip trung chii y&u & vdi phun va trong cot cdn khoan, con t6n that 4p
suit trong vanh xuyé&n chi€m mdt ty 1& nhd (< 10%).

- CAc tinh todn tn that thiy luc tai vdi phun clia chodng theo ca ba cdch tinh ¢ két
qua rit giong nhau.

- T6n tha't 4p sut trong cOt cAn khoan va vanh xuyén (theo Drilling Office) c6 sy khéc
bigt so véi hai cidch tinh khic, c6 1& do phin mém ndy c6 xét d€n &nh hudng cia ving
chuyén ti€p giita chdy ting va chdy rdi.

- T8n that 4p sudt trong cdc thi€t bi bé mit theo ba cdch tinh c6 sy chénh 1&ch, trong d6
c4ch tinh tai hién trudng c6 1€ 1a qué an toan.

3. KET LUAN

Qué trinh md hinh héa t8n thi't 4p sudt mot cdch chi ti€t va chinh xdc phu thudc vao co
s& di liu ddu vao, ch& d6 1am viéc clia hé thdng va qud trinh tinh todn.

Ciéc két qua ciia c4ch tinh tai hién trudng c6 18 khd an todn nhung qud trinh tinh todn
nay lai don gidn va thich hgp véi diéu kién lam viéc tryc ti€p tai hién trudng nén dugc ding
1am cd s& ddi chidu véi cdc cdch tinh khdc.

Ngay nay, cling vdi st phat trién cla mdy tinh viéc dng dung cdc phdn mém dau khi
nhu Hydmod, Drilling Office trong viéc phén tich thiy lyc khoan cang ¢6 mot § nghia to 1dn.
Do céc cdch tinh todn theo cdc phdn mém thuong mai ddu khi ngdy cang chi ti€t va chinh
x4c hon nén cdc k&t qud mod hinh hod tdn thdt 4p sudt nhé hon. Pic biét 12 phdn mém
Drilling Office (phién bédn 3.1) vdi khd ning m6 hinh héa mot cach chi ti€t vd manh m& cho
k&t qua khd hdp 1y va xét d&€n nhi€u dnh hudng phu hgp vdi thuc t€.

LJi cAm on
Céc téc gid xin chan thanh cdm on sy gitip d3 cla cdng ty ddu khi dich vu k§ thuat
Schlumberger trong viéc thuc hi€én nghi€n ctfu nay.

PRESURE DROP MODELING IN DRILLING HYDRAULICS

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

ABSTRACT: In drilling hydraulic calculations, the pressure drop modelling plays an
important role. The exact modelling can increase the rate of penetration and reduce the
drilling costs, and conversely, miscalculations may cause. potentially problems such as fluid
loss, well damage.

This paper presents the modelling of pressure drop for the vertical drilling well and the
directional drilling well in three different procedures. There are the in-field procedure and two
procedures from the petroleum software’s Hydmod and Drilling Office. These obtained results
are compared and analysed to show the confidence and potential of these commercial software
applied in petroleum industry.
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