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TOM TAT: Tinh todn va mé phdng qud trinh bom trdm xi mdng giéng khoan ddu khi
déng mét vai tro quan trong trong vigc cdi tién, hoan thién va ndng cao chdt lugng

cong tdc bom trdm xi mdng.

Phédn mém tinh todn va mé phéng qud. trinh bom trdm xi mdng giéng khoan ddu
khi Cement version 1.0 dugc cdc tdc gid ldp trinh dua trén ngén ngit Matlab 5.3 budc
ddu da ddp vng dugc cdc yéu cdu co bdn ciia qud trinh bom trdm xi mdng trong thuc
t&. Ngoai viéc tinh todn va mé phdng mdt cdch khd chi tiét va ddy di cdc thong s6 can
thiét trong qud trinh bom trdm xi mdng, né con cho phép theo déi va hiéu chinh cdc

théng s& d€ dat dugc cdc yéu cdu dgt ra.

1.CO SO LY THUYET

Trong qué trinh bom trdm xi ming, dp suit thuy tinh thay ddi va xudt hién cdc thanh
phin tdn thit dp suit. Phuong trinh cdn bing 4p sudt téng quét cho toan bd chit luu chuyén
ddng trong qué trinh bom trdm xi ming tai ddy gi€ng c6 thé dugc viét nhut sau:

Phc - Pfc + Pwh = Pha +Pfa

trong dé: Ppc, Pha : Ap sudt thiy tinh trong ong va trong vanh xuyén

P P, : T8n thit 4p sudt trong Sng va trong vanh xuyén

Pon: Ap suit dau giéng.

- Thanh phin 4p sudt thiy tinh dudc tinh theo cong thic:

Pu = 0,0SZPD, (pSI)

trong d6: p 12 kh&i lugng riéng dung dich (Ib/gal), D 1a chiéu sau cot dung dich (ft).

- C4c thanh phin t8n that 4p sudt do ma sdt dugc tinh dia trén cde-md hinh todn hoc
mo t& m&i quan hé dong chdy cia vita xi ming, thudng dudc dp dung la m6 hinh Bingham va
m6 hinh him mii. Cdc phuong trinh x4c dinh tdn that 4p sudt do ma sat d6i vdi hai m6 hinh

nay c6 thé tém luge trong bang sau.

M6 hinh Bingham

M hinh ham mii

a-Trong dudng ong:

P BV T
Chiy tAng: &= —teo_y 1
A WNE " T 150007 | 225d
dP pﬂ 75V1,75 025

Clikse6ls 2 Lo
Y18t = 1800a™

a-Trong duing dng:

Chdy tang: ﬁ— LA \:3+y]

dL  144000d™'| 0,0416
2
Chéyr 1 ﬁ_ﬁ_
dL 258d
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M0 hinh Bingham M6 hinh ham mii
b- Trong vanh xuyén: b-Trong vanh xuyén
dP ﬂ th T "
Chay ting: —L = 2 + y dP Ky" . 2 +)/
dP, 27 200(d, — d Chéy tAng: —L = - n
. " 1000 —2)) (@ ~dy YR 3L T 144000(d, —d,) | 0,0208
P p V:h75u025
Chiy r6i: ————";—5- dP, - fpv
dL ~ 1396(d, —d,)* Chayre Po TV
dL ~ 258(d, - d,)
trong do:

Vip 12 vén tdc trung binh cda dong chiy, dugc tinh theo cong thifc:
© Vo= Q/(2,448d): d6i vdi dong chay trong duding Sng,

v = Q/[2.448(d,>-d,%)]: d6i v6i ddong chay trong vanh xuyén.
Q 1a luu lugng dong chdy (gal/min); d 12 dudng kinh trong ctia 6ng (in);
d;la dudng kinh ngoai cia bd khoan cu (in);
dz 12 dudng kinh trong clia 8ng chng hay duding kinh ciia giéng (in)
K 1a chi s6 do sét (Ibf.s"/100ft*), i, 12 d6 nhét cia chat 1dng (cp),
n 13 chi s8 dic trung cho ng x& co hoc clia dong chiy,
1y 12 ng suat trugt tdi han (Ibf/100£t?), f 12 hé s6 ma s4t.

2 PHAN MM TINH TOAN VA MO PHONG QUA TRINH BOM TRAM XI MANG
GIENG KHOAN DAU KHi

Phin mém tinh to4n va md phdng qué trinh bom trim xi ming gi€ng khoan diu khi
(Cement version 1.0) dugc ldp trinh dya trén ngdn ngit Matlab 5.3, st dung cdng cu guide
layout tao giao dién va cdc thdng s8 xud't nhap dudc xi¥ 1y théng qua cic file *.m.

Giao dién chinh diéu khién xt 1y toan bd qud trinh tinh todn va md phdng ctia chuong
trinh bao gdm cdc menu tap tin, xd 1y, k&t qua, trg gitip.
2.1. Nhép s6 liéu

Phin nhép s6 liéu clia phin mém gom: _

- Clta 56 thit nhat (hinh 1) nhdp dic diém cda gi&ng gdm: vi tri trdm, do sdu gi€ng,

dia ting gi€ng, cdc thong s6 vé Ong ching,  Eerr——————
nhiét d, dp sudt via, 4p suit v3 via. Ap suit ' &= . pACHIEMGIENG

via, 4p sudt v& via c6 thé nhip theo gradient il o :
hodc theo 6 sau. Nhiét do gbm nhiét do ddy = w | ot = |
giéng lic dang tudn hoan (BHCT), lic ngung g: B e :‘Fﬁ:r_J ol
dn hoan (BHST) va nhigt do dinh cot vila | ful = Jsmins =]

xi midng (TOC). C&t dia tang dudc nhip theo i " ———

thif tf Y trén xuSng. Cdc thong s6 clia cdt w1 ! &“—'3'-13-:!221 Sl

dia tAng sau khi nhap dugc lvu lai dudi dang T l"

bang va dudc v& trong do thi k€ bén.

Hinh 1. Cita s6 nhdp cdc théng s6 ddc diém giéng

- Ctta s§ thi hai (hinh 2) nhap céc thong s clia vita xi ming gdm: khdi lugng riéng,
thdi gian dong cdng, vi tri trong gi€ng. Vita dugc nhip theo trinh tif clia qué trinh tram. Loai
vita dugc chon dua vao cdc loai vita ¢6 sdn hoic theo yéu cau. Khdi lugng riéng cia vita ¢
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th€ dugc chon hodc dugc gidi han trong mot pham vi hep néu cé nhép 4p sudt via, 4p sust
v3 via, nhiét d6. Chon mau dng vdi titng T S T S S o Tt
loai vita d€ md phdng trong phin két Sl2] cnon voaximane

qua, dng v6i mdi vita c¢6 hai md hinh T e e
chdt 18ng @€ lya chon 12 mé hinh P & g_
Bingham va ham mi. Thdi gian dong 4 ’::m—""—'n:"ﬂ T
- ) . z 2 P £ Vi v md ons g :

Cll’ilg cla vii? Xi méing 6 othe l(‘hong 3+ e o |
nhdp nhung can nhép vi tri cia moi loai SRR :
vifa trong va ngoai dng chdng. Sau khi oF

nhip s§ lidu, k&t qui dugc Iuu trong .*

bidng va vi tri tirng loai vita dugc vé

trong 8 thi (hinh 4) k€ bén. Hinh 2. Cita s6 chon vita xi mdng

- Cta s8 thit ba (hinh 3) nhdp luu s S S
Iugng bom trdm va hoan thién lich trinh ! Sl o Gian Bom TRAM
bom. e e :

Cira s nhép thit ba nay s& cho biét : SR

thé tich clia vita, vi tri clia titng loai vita va e

mdi loai vita c6 thé thay dbi t6c d6 bom
nhiéu 1an. N&u t6c d6 bom thay ddi phai
nh4p van tdc va thé tich cda mdi 14n bom.

Don vi cda cdc thong s& nhap dudc
chon tuy § gilta hai hé SI va BES (mic
dinh 12 hé BES). Chuong trinh ¢6 wu diém ik 3. Cita s8 nhap thoi gian bom trdm
12 c6 thé chon don vi cho m6t théng s& bat
ky trudc khi nhép gitp cho ngudsi sit dung thuén tién trong qud trinh tinh todn va hién thi k&t
qua. ‘

2.2. K&t qua x ly

K&t qué c6 dudc sau khi tinh todn va xi¥ 1§, gdm bdn phin:

- Phin k&t qud chung: xudt ra céc
thong s8 tinh dugc trong qud trinh xt 1y. Phan
nay cho phép ddnh gi4 tdng quat v& qu4 trinh
bom trdm clia mot gi€ng, nhu tdng thdi gian
bom tram, vi tri trdm, nhiét do gi€ng, loai 6ng
chéng diing trong gi€ng va quan trong nhat 12
$0 liéu clia cdc thong s& thay ddi theo thdi
gian nhu luu lugng bom, 4p sudt thiy tinh
trong v ngoai c6t dng tdn thit ma sit trong
va ngodi vanh xuyén.

- Phin d6 thi clia cdc thong s3: v& dd thi clia dp suat via va dp sudt v3 via theo do
sdu, db thi cla tSc d§ bom, 4p sudt ddu gi€ng, 4p sudt ddy gi€ng, lwu lugng, tj trong tudn
hoan twong duong theo thdi gian. Cdc dd thi nay hd trg cho viéc theo ddi qua trinh tram chit
ché& hon, kip thdi diéu chinh qud trinh bom né&u ph4t hién mot théng s6 niao d6 khong ding
theo két qua tinh to4n.

- Phin x4c dinh cdc thong s§ theo vi tri: cdc thong s6 dudc xdc dinh khi diing chudt
tdc dong vao db thi. Phin nay cho phép tuong tic tryc ti€p vao do thi, khi nhdp chudt vao
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gifta 13 xi ming da bom tdi vi tri d6 trong &ng chdng, khi nhdp chudt vao hai bén la xi ming
da tram tdi vi tri d6 trong vanh xuy&n. C4c thong s8 ¢6 lién quan dudc xudt ra tuong @ng vdi
mdi 14n nhdp chubt.

_ Phin md phdng theo thdi gian: qud trinh trdm dudc tdi hién lai trong qud trinh md
phéng nay, c6 thé quan st duge vi tri clia cdc dung dich trong bat ky mot khodng thdi gian
nao, biing cdch nhdp thdi gian bit ddu va thdi gian k&t thic. Téc d6 chay mé phdng nhanh
hay chim tuy thudc vao ty 1& thdi gian md phdéng. Ty 1& thdi gian md phong la thdi gian
chay trong phdm mém mo phdng so vdi thdi gian mdt phiit trong thuc té.

P T g AN S A e B R o S i o AT

Thong s6 gieng theo vi tri Mo phong theo thdi gian
0
That plans
i)
T
AT dyipsh)
% 2R
Vi i xm
r) AS wktng
g (i
v
T 89
l bt-u-lsum:_
10

F300 ! [
ViTi B sku Thii gian Van mc  AS dly  AS witrg

Hinh 5. Ciza 58 hién thj thong sé giéng va mo phdng theo thoi gian

3. BAITOAN AP DUNG
3.1. S6 liéu ban ddu

a. Hinh dang kich thudc giéng

- Trdm xi mang 6ng chéng 47 Ibm/ft, 93 in, tdi dd su 9300 ft (2835 m).

- Giéng thing ding va 6ng chdng cdp trwdc 1a 68 lbm/ft,13%in, téi ¢ séu 5350 ft
(1631 m).

- Pudng kinh md 18 12,5 in (32 cm), ¢6 hai ving sac 18 dudng kinh 15,5 in (39,2 cm)
va hai ving trudng nd dudng kinh 12,25 in (31 cm). -

b. Pdc diém giéng

Pdi sdn phdm chinh tir 8450 ft > 8850 ft (2576 — 2697 m), 1 ving c6 dp suat via 16n
nhit. Mt s6 ddi nudc ndng hon c6 4p sudt via thdp, cAn ki€m tra k§ trudc khi trdm. Ap sudt
v3 via clia toan bd giéng thdp, trong d6 c6 mot khodng tir 6500 - 7700 ft (viing can kiét) ¢6
gradient 4p suiit v3 via thdp nhat. Do d6 khdi lugng riéng clia vita khoan 1a 11,4 Ib/gal (1,37
g/cm3). '

c. Nhigt d§

- Nhiét do tinh ddy giéng (BHST) 238 °F (114 °C)

- Gradient dia nhiét 1,7 °F/100ft.

- Tra bang theo API, xdc dinh dugc nhiét d6 tudn hoan ddy gi€ng (BHCT) 168 °F

(76°C).

- Nhiét d6 dinh cdt vita xi miang (TOC) 167 °F (75°C).

Trang 94



TAP CHi PRAT TRIEN KHCN, TAP 8, S0 11/2003

Bing 1. Cdc théng s6 ciia gi€ng

; Puing kinh Chiéu sfu (ft) Kp sudit (psi)

Bk dangsléns (in) MD | TVD | Via | Vdvia
1. Thanh hé di trdm | 12,415 5350,0 5350,0

2. Thianh hé binh thudng 12,500 6300,0 6300,0 33393 4410,0
3. Téng sét 15,500 6350,0 | 6350,0 5715,0
4. Thanh hé binh thudng 12,500 6500,0 6500,0 35129 4550,0
5. Téing can kiét 12,500 7000,0 7000,0 3492,1 4690,0
6. Thanh hé binh thudng 12,500 7700,0 7700,0 4001,4 5544,0
7. Téng nudc 12,500 7850,0 7850,0 43649 58875
8. Thanh hé binh thudng 12,500 8400,0 8400,0 4365,1 5880,0
9. Tﬁng sét 14,000 8450,0 8450,0 7605,0
10.T4ng sdn phim chinh 12,500 8850,0 8850,0 4966,9 6637,5
11.Thanh hé binh thudng 13,000 9000,0 9000,0 4770,5 6300,0
12.Thanh hé binh thudng ‘ 12,500 9300,0 9300,0 5026,1 6696,0

Trong d6: MD - chiéu sau do dugc (trung binh), TVD - tdng chiéu sdu theo phudng
thing ding.
3.2. Phén tich Iya chon

Dua vao céc s6 liéu ban diu, vita xi ming dugc thi&t k& nhu sau:

a- Xi mdng lead

Chon loai G theo tiéu chuin API, c6 chit phu gia, ¢6 chit ]am chdm dong, xi ming
dugc trén véi t§ trong 12,5 Ib/gal (1,5 g/em’), thdi gian dong cing 4 — 5 gid, do thdi nudc:
150 — 300 mY/30 pht.

b- Xi mdng tail

Chon loai G theo tiéu chudn API, chita 35% BWOC bot silica, c6 chdt phu gia, c6 chat
lam chim, ¢6 chit hoat tinh bé mit, xi ming dudc trdn véi ty trong 15,8 Ib/gal (1,9 g/cm3),
thdi gian dong cing 3 — 4 gid, do thdi nude: 50 — 150 ml/30 phit.

¢. Dung dich

Dung dich rita: 20 bbl, dung dich dém: 12lb/gal (1,44 g/cm?), 80 bbl, dung dich rita va
dung dich dém dugc bom & van tdc 10 bbm.
3.3. K€t qué tinh todn

Ti c4c s6 liéu ban ddu va phén tich lya chon, ching t6i da ti€n hanh tinh todn va mo
phéng qué trinh bom trdm xi ming trén bing chinh phdn mém Cement version 1.0. K&t qud
xi¥ 1y tém lugc trong cdc bdng sau:

Bdng 2. Vi tri va th€ tich dung dich

) Thé tich P shn Thé tich tdi bé mit
i (bbl) Pinh (ft) DAy (1) Lap ady (ft) (bbl)
Polymer 204,6 00 |Al 34259 | A 34259 0,0
Dung dich rita 20,0 34259 | A | 37607 | A 334,8 204,6
Dung dich dém 80,0 3760,7 | A | 51000 | A 1339,3 2246
Xi mang lead 166,8 51000 | A | 78000 | A | 27000 304,6
Xi mang tail 102,0 7800,0 | A | 92200 | C 1500,0 471,4
Polymer 6750 00 [clo9200]|cC 9220,0 0,0
C: & trong 6ng chéng, A: § trong vinh xuyén. ‘

Trang 95



Science & Technology Development, Vol. 8, No. 11-2003

Bang 3. C4c thong s6 dp sudt

nibosan | speut e KNt ong | bipméo | o | Ketiogo
(psi) (psi) (psi) (psi) (psi)
5350,0 2835,8 3169,4 31719 6870,0 4750,0 3745,0 Pat
6300,0 3339,3 37322 37889 6870,0 4750,0 4410,0 Pat
6350,0 3431.8 3761,8 38214 6870,0 4750,0 5715,0 DPat
6500,0 3512,9 3850,7 3918,9 6870,0 4750,0 4550,0 bat
7000,0 3492,1 4146,9 4243.6 6870,0 4750,0 4690,0 Pat
7700,0 4001,4 4561,6 4698,3 6870,0 4750,0 55440 DPat
7800,0 4337,1 4620,8 4763,3 6870,0 4750,0 5850,0 Dat
7850,0 4364,9 4650,4 4804.,4 6870,0 4750,0 5887,5 Pat
8400,0 4365,1 4976,2 5255,9 6870,0 4750,0 5880,0 Pat
8450,0 47424 5005,9 5297,0 6870,0 4750,0 7605,0 Pat
8850,0 4966,9 5242,8 7 5625,4 6870,0 4750,0 6637,5 Dat
9000,0 4770,5 53317 5748.,6 6870,0 4750,0 6300,0 bat
9220,0 49829 5462,0 5929,2 6870,0 4750,0 6638,4 DPat
9300,0 5026,1 3521.7 59949 6870,0 4750,0 6696,0 Pat

4. KET LUAN

Viéc thi€t k€ va bom trdm xi miing gi€ng khoan diu khi phu thudc vao nhiéu y&u t§
va ngay cang ddi héi chinh xdc va chi ti€t dAn d€n mo6t nhu ciu x4y dung va phat trién céc
phan mém chuyén nganh. Vi viy, tinh todn va md phdng qué trinh bom trdm xi ming déng
mdt vai trd quan trong trong viéc cdi tién, hoan thién va ning cao chit lugng cong tic bom
trdm Xi ming. '

Phin mém tinh todn vd md phdng qua trinh bom trdm xi ming gi€ng khoan diu khi
Cement version 1.0 budc ddu da ddp dng dudc cdc yéu ciu cd ban clia qud trinh bom trdm xi
ming trong thyc t€. Ngoai viéc tinh todn vd md phdng mdt cdch kh4 chi tiét va diy did cic
thong s& cin thi€t trong qué trinh bom trdm xi méing, n6 con cho phép theo ddi va hiéu chinh
cdc thong s& dé dat cac yéu ciu dit ra.

Ci4c thong sd tinh todn cling dd dugc doi chi€u vdi cdc phadn mém thuong mai khic
nhu Hydmod, Wellbore cementing cho thdy két qia khd chinh x4c va do tin cdy clia phan
mém Cement version 1.0. Tuy nhién, diy 13 phién ban du tién nén con mot s6 han ch&
(phén tich d6 nhay, cd sd dit liéu cdc thong s6 lua chon con it), hy vong s& dudgc khic phuc
trong nhitng phién béan ti€p theo.

SOFTWARE FOR CALCULATION AND MODELIZATION
OF WELL CEMENTING PROCESS

Pham Huu Hau, Le Phuoc Hao, Trinh Huu Tuan
Hoang Trong Quang, Nguyen Kien Cuong
Faculty of Geology & Petroleum, University of Technology — VNU-HCM
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ABSTRACT: Calculating and simulating the process of well cementing is very
important to improve and enhance the quality of well cementing process.

This software of calculating and simulating well cementing process version 1.0 was
programmed by authors basing on Matlab 5.3 language. In fact, it initially met the basis
requirements of well cementing process. Besides calculating, modeling and supplying necessary
parametres for the process in details, it can help to control and adjust the parametres to reach
needed commands.
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