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NGHIEN CUU CO SO XAC PINH PHAN AP BE MAT
TRONG CONG NGHE KHOAN KIEM SOAT AP SUAT

NGUYEN KHAC LONG, NGUYEN VAN THANH, TRUONG VAN TU,
Truwong Dai hoc Mo - Pia chat
NGUYEN VAN KHUONG, Tdp doan Dau khi Quoc gia Viét Nam

Tom tat: Khoan kiém soét ap sudt 1a mét cong nghé khoan c6 kha ndng thich iéng dieoc sir
dung dé kiém soat chinh xé&c &p sudt ¢ khodng khong vanh xuyén doc theo thanh giéng khoan,
tranh cac phac tap lién quan téi &p sudt c6 thé xdy ra trong qua trinh khoan nhuw mat dung
dich, ket can do chénh ap, sdp lé thanh giéng khoan, xudt hién chdt heu via xam nhdp vao

giéng,..

QuA trinh kiém sodt dwroc thuc hién béi viée diéu chinh phdan &p bé mat tir miéng

gieng, théng qua su dung hé thong tuan hoan dung dich kin. Trong phgm vi bai bao, cac tac
gia trinh bay co so xdc dinh phan ap bé mdt tir @6 dua ra phwong phdp diéu chinh thich hop
nham nang cao hi¢u qua cdng ngh¢ khoan kiém soat &p suat.

1. it van dé

Trong qua trinh khoan phai duy tri gia tri ap
suat day giéng |6n hon ap suit via va nho hon ap
suat v via. O cac viaco giatri ap Sut via va ap
Sudt v& via gan nhau thudng xay ra cac hién
tugng phac tap nhu mat dung dich, ket can
khoan, sap lo. Véi cong nghé khoan thong
thuong, gi tri 4p suat day giéng do cot dung dich
trong giéng khoan tao nén. Vi cong nghé khoan
kiém soat &p suét (MPD-Managed Pressure
Drilling), gié tri 4p suat day giéng do cot dung
dich trong giéng va phan &p bé mat (SBP-Surface
Back Pressure) tao ra.

Viéc diéu chinh phan ap bé mat trong cong
nghé¢ MPD gilp kiém soat chinh xéac ap suat ¢
khoang khdng vanh xuyén dé ap suit tuan hoan
tai day luon ludn can bang voi ap sut via théng
qua hé thong tuan hoan kin. Piéu nay cho phép
han ché su thay doi trong lwong riéng tuan hoan
trong dwong khic phuc cac phuc tap 6 lién quan
nhu mét dung dich khoan, khi xam nhap, ket can
do chénh &p, sap 16 thanh gleng khoan, cho phep
khoan an toan qua cac dia tang phuc tap nhu tang
6 di thuong cao vé nhiét do, 4p suat, ving c6
gidi han an toan khoan nho, viing mét dung dich
tram trong.

Vi vay viéc xac dinh chinh xac gia tri phan
4p bé mat can thiét tr d6 dua ra phuong phap
diéu chinh thich hgp nham nang cao hiéu qua

cdng nghé khoan kiém soat ap suit 1a rat can
thiét.
2. Giéi thigu vé cong ngh¢ MPD

Theo hiép hoi cac nha thau khoan québc té,
cdng nghé khoan kiém soat &p suat duoc dinh
nghia la “cong nghé khoan c6 kha nang thich ung
duogc st dung dé kiém soét chinh xéac ap suat &
khoang khong vanh xuyén doc theo thanh giéng
khoan, dam bao &p suét day gleng luén phu hop
VGi ap suat via, tranh cac su ¢d lién quan toi &p
suat c6 thé xay ra trong qua trinh khoan”. Qué
trinh kiém soat dwoc thuc hién bai viéc diéu
chinh phan ap bé mat (ap suat bo sung) tir miéng
giéng, thong qua sir dung hé théng tuan hoan
dung dich kin [1,2].

Nguyén tic co ban ciia MPD la str dung cum
van diéu 4p va may bom nén ap suat bo sung dé
kiém soat ap suat day giéng va bu lai sy ton that
ap suat trong khoang khong vanh xuyén (KKVX)
(hinh 1).

Cong nghé khoan kiém soat ap suit gdm 3
phuong phép chinh:

- Duy tri ap sudt day giéng khong ddi
(CBHP- Constant Bottom-hole Pressure);

- Khoan mii dung dich (PMCD-Pressurize
Mud Cap Drilling);

- Khoan trong lugng riéng dung dich kép
(DGD- Dual Gradient Drilling)
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Hinh 1. Qua trinh khoan kiém soat ap suat

CBHP sir dung h¢ théng tuan hoan kin, dung
dich khoan khi di 1én bé mit dwoc din huéng dén
mot hé théng van tiét luu tu dong hodc ban tu
dong, hé thong van ndy tao ra phan 4p bé mit
(Pop) 1én dong dung dich thong qua viéc diéu
chinh dong mé van. Ap suit nay tac dong vao
khoang khong vanh xuyén nham bu lai luong ton

hao ap suat bi giam di khi giam luu luong bom,
do d6 ap suat day giéng duogc giir ¢b dinh trong
sudt qua trinh khoan. Hinh 2 minh hoa qua trinh
cb dinh 4p suit day giéng tai mot diém trong
trang thai tinh va trang thai dong. Trong pham vi
bai bdo, nhom tac gia tap trung nghién cltu co s&
xac dinh Ppp cho phuong phap nay.

Tai chiéu sau 4p dung phuong phap CBHP,
ap suat day giéng ¢ trang thai tinh va trang
thai dong bang nhau

TVD

Trang thai dong

¥

Potp = Patt + Punt Pp

Trang thai tinh

/ Putp = Pus+ Py

Ap suat, psi —>

Hinh 2. Phuong phdp duy tri dp sudt ddy khéng doi
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PMCD 1a phuong phap khoan khéng tuan
hoan dung dich va man khoan Ién bé mit, duoc
str dung dé khoan qua cac dia ting mat dung dich
tram trong nhu cacbonat va di moéng nit né
thuong thdy & Viét Nam. Phuong phap nay sir
dung dong thoi hai hé dung dich cé tinh chat
riéng biét. Hé dung dich nang c6 d6 nhét cao
dugc bom vao KKVX va duy tri phan ap bé mat
trén miéng giéng dé ngan ngira sy giam ap va
dong x&m nhap vao day giéng. Hé dung dich nhe
sin 6, khong tén kém s& dugc bom vio giéng
qua cot can khoan, khi di qua choong khoan né
mang theo c&c hat mun khoan bit nhét, 1ip day
vao nhiing khe nut, 15 rdng hay hang héc trong
via (hinh 3).

Dung dich || Nuée
e} bién
nhdt cao

Miin khoan =
durge nén
¢p vao
thanh hé
nirt né

Hinh 3. Phurong phdp khoan mii dung dich

V6i phuong phap DGD, dong hdi dung dich
dugc bom tran ra ddy bién hoic quay tro lai bé
chtra dung dich trén gian khoan thdng qua st
dung duong hdi dung dich c6 dudng kinh nho dit
riéng biét va may bom chim (hinh 4). Phuong
phéap nay dugc trng dung ¢ cac mai truong khoan
nudc sau, giéng c6 gisi han khoan nho. Muc dich
cia phuong phap DGD la diéu chinh duong
gradient &p suat caa dung dich khoan vao trong
gigi han khoan nham kéo dai khoang cach gitra
cac lan chéng dng, cho phép giam s6 luong dng
chéng ky thuat sir dung trong giéng, nang cao
muc do an toan khi khoan.

Cot can khoan '
Modun din

hwéng "

dungdich o

Hinh 4. Phuong phap khoan trong lwong riéng
dung dich kép
3. Xac dinh phan 4p bé mat

Trong cong nghé MPD, gia tri &4p suat day
giéng duogc xac dinh theo cong thuc [3]:

Pohp = Pafl + Phnt Pop , 1)
trong do:

Ponp - &p suat tai day giéng khoan, Psi;

Pas- ton that &p suat do ma sét trong KKVX, Psi;

Phh- &p Suat thuy tinh do cot dung dich trong
giéng khoan tao nén, Psi;

Pop- phan ap bé mat, Psi;

Ap suit thiy tinh khong nhitng phu thuc vao
khéi lugng riéng cua dung dich khoan va chiéu
sau giéng khoan ma con phu thudc vao ham luong
caa mun khoan (C) va khéi luong riéng caa mon
khoan (pc). Theo Erdem Tercan, 4p suét thiy tinh
duoc xac dinh theo cbng thuc sau [3]:

Phh = 0,052. [(1-C).p +8,345.C. pc].h, (2)
trong do:

C- ham lugng cta mun khoan, %;

p- khdi luong riéng cua dung dich khoan, ppg;

pc- khdi luong riéng caa mun khoan, g/cm®;

h- chiéu sau giéng khoan, ft.

Gia tri caa ton that &p suat do ma st trong
KKVX khi giéng khoan tuan hoan (Pan) phu
thuoc vao luu lugng tuan hoan, ché @6 dong
chay, duong kinh thay luc va tinh chat luu bién
cua dung dich khoan.

Luu luong tuan hoan cua dung dich khoan
duoc xac dinh dya vao toc do di 1én trung binh
cua dong dung dich khoan trong KKV X, va:

, _2451Q @)

odi-d?
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trong d6: Va — toc do cua dung dich khoan trong
KKVX, ft/m;

Q — luu lwong tuan hoan caa dong dung dich,
gpm; ) )

dn — duong kinh trong cua ong chong (voi
doan da chéng dng) hoic giéng khoan (voi doan
than tran), in;

do- duong kinh ngoai caa can khoan, in

Ché do dong chay cua dung dich khoan duoc
xac dinh dira vao mdi quan hé giita hé sé Reynold
chuan (Nrec) va hé sb Reynold tinh toan (Nreg)

Nrec = 3470 — 1370n , 4
P, .V

N — hh*"a , 5

19,361, ®)

trong d6:Tw - (iNg SUat truot gitra hai lop chat long
tai thanh giéng, psi:

n- hé s6 chay caa dung dich khoan

Dung dich khoan c¢6 1an hat min sau khi
dugc gia cong hoa hoc tuan hoan trong giéng
dugc tinh todn theo mé hinh cua chit long
Herschel — Bulkley. Khi d6 hé s6 chay duoc xac
dinh theo cbng thirc:

n=3,32|g(2vpvﬂw‘ TVJ, (6)
va + Typ — ’Ey
trong d6: vev —do nhO’t déo cua chat long, Ib.s/ft?;
Typ- UNQ Suat truot dong, psi;
Ty - (Ng SUAt truot gitra hai 16p chét long
trong KKVX, psi.

Hé s6 ma sét cua chat long () thay d6i theo
ché do chay. H¢ s6 ma sat o ché do chay tang,
chay chuyén tiép, chay réi lan lugt duoc xac dinh
theo cac cong thic:

16 16N, a
flam = ! ftrans =72 lwb T
N, N N

reg reg reg

(D)

trong d6: fiam - hé s6 ma sat cua chat long & trang
thai chay tang;

firans - hé 56 ma st cua chat long ¢ trang thai
chuyén tiép;

fur - hé s6 ma sét cua chét long & trang thai
chay rbi;
Vibe 1,75—1g(n)

7

Nhu vy, ta thu dugc cdng thic xac dinh ton

that 4p suat do ma sat trong KKVX:

1076, V2 £l
Po=2. 10°d. ®

a,b-h sb: a= AN +393
50
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trong do: li — chiéu dai tirng thanh phan bo khoan
cu trong giéng khoan, ft;

di- duong kinh thuy luc twong Gng vai tirng
thanh phan bo khoan cu trong giéng khoan, ft;

di =dn—db,

dp - duong kinh ngoai cua tirng bd phan trong
bo khoan cu, ft.

Gid tri p suat tai day giéng (Pohp) thu duoc
tir thiét bi do ap suat (PWD) duoc lap dit trong
thiét bi do trong khi khoan (MWD).

Nhu vy gié tri phan 4p bé mat trong phuong
trinh (1) dugc xac dinh sau khi ta thu duoc cac
thdng s6 ap suat tai day giéng khoan, ton that &p
suat do ma sét trong KKV X va &p suat thay tinh do
cot dung dich trong giéng khoan tao nén. Mat khéc,
dé ngan ngira hién tugng mét 6n dinh thanh giéng,
gi& tri phan &p bé mit duoc bd sung tir trén bé mat
phai tao ra ap suat day giéng lon hon ap suét via.
4. Phwong phap diéu chinh phan ap bé mat

Khi ap dung cong nghe MPD, ta c6 thé diéu
chinh &p suat day giéng va 4p suat ton hao trong
KKVX bang cach st dung hé thdng tuan hoan
dung dich kin. Gia trj phan p bé mt duoc duy tri
sao cho ap suat day giéng khong d6i khi cac thdng
s6 nhu Iuu lwong tuan hoan caa dich khoan, khoi
luong riéng caa dung dich khoan thay doi.

Trong qué trinh khoan phan &p bé mat dugc
diéu chinh théng qua viéc dong mé cum van diéu
ap mot cach tu dong. Khi luu lugng may bom
dung dich khoan giam dan cum van diéu &p tir tir
dong lai dé bu lai su ton that ap suat trong
KKVX. Khi luvu lugng may bom dung dich
khoan tang dan, &p suat tai day giéng tang, cum
van diéu &p duoc ma tir tir nham giam phan &p
bé mit. Qua trinh dugc thuc hién theo hinh 5.

Trong quatrinh tlep can, mdy bom dung dich
ngung hoat dong, t6n hao &p suit ma sat trong
KKVX mat di dong thoi ap Suit tai day giéng
cling giam. Lic do, viéc bo sung phan ap bé mit
dé bu lai ton that ép suit trong KKVX nham duy
tri &p suit day giéng duoc thuc hién bang cach
khoi dong bom nén 4p suat bd sung trén bé mit.

Viéc diéu chinh cum van diéu ap va bom nén
&p suat bo sung giir cho &p suat day giéng khong
d6i khi chuyeén tir trang thai dong sang trang thai
tinh (hodc nguoc lai) dugc thuc hién dya vao mé
hinh thay uc [1,3].
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5. Két luan TAI LIEU THAM KHAO

Nhu vay gia tri phan ap bé mat (Ppp) phu
thudc vao ap suat tai day giéng khoan, ton that
4p suat do ma sét trong KKV X, ap suét thuy
tinh do cot dung dich trong giéng khoan tao
nén.

Khi &p dung céng nghé khoan kiém soat
4p suat dé khoan qua cac tang d& xay ra phuc
tap lién quan dén &p suét trong qua trinh khoan
phai x4c dinh chinh xac gia tri phan ap bé mat
can thiét dé c6 phuong phap diéu chinh thich
hop, nham phét huy téi da tinh wu viét cua
cdng nghé nay.
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SUMMARY
Research on the basis of surface back pressure determination
in managed pressure drilling technology
Nguyen Khac Long, Nguyen Van Thanh, Truong Van Tu
Hanoi University of Mining and Geology
Nguyen Van Khuong, Vietham National Oil and Gas Group

Managed Pressure Drilling is an adaptive drilling process used to precisely control the
annular pressure profile throughout the wellbore, to prevent the well from the pressure-related
drilling problems, including lost circulation, differential pipe sticking, wellbore instability, kick,
etc.... The control is proceeded by adjusting the surface back pressure, through the use of closed-loop
circulation system. In this paper, the authors present the basis for determining the surface back
pressure from which the appropriate adjustment methods are given to improve the efficiency of
managed pressure drilling technology.
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