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Tom tat

Bai bao gidi thiéu DEMSE - phuang phap méi trong viéc xac dinh ap sudt via theo thai gian thuc phuc vu cap nhap hodc hiéu chinh
thiét ké giéng khoan. Phuong phap nay la su két hop cac thong s van hanh khoan (moment xodn, toc do khoan co hoc, toc do xoay, tai
trong |én choong) va hiéu sudt khoan (DE); dua trén co s& ndng luong riéng co hoc (MSE) hay nang lugng can thiét dé pha mét don vi
thé tich dd va chénh dp sudt (hiéu s6 gilta ap sudt ddy giéng va ap sudt 16 rong). Bang cach xem xét c& moment xodn va thong s6 co hoc,
DEMSE khdc phuc dugc nhugc diém ctia phuong phap hé s6 mi - chi xem xét anh hudng ctia tai trong 1én choong, toc do xoay, toc do
khoan co hoc. Két qua nghién cGu chiing minh DEMSE ¢6 uu diém hon so véi phuong phép hé s6 mii khi tinh todn ap sudt via va cho két
qua pht hop so véi phuong phap st dung dit liéu dia vat ly giéng khoan.

Tu khéa: Ap suat via, ndng luong riéng co hoc, hé s6 mi, hiéu sudt khoan.

1. Giéi thiéu

Xay dung/lap k& hoach khoan giéng la nhiém vu
chinh clia cac ky su khoan dau khi va yéu cau co di liéu
lién quan téi dia chat, dia vat ly. D€ ddm bao qua trinh
khoan dién ra an toan, ap suat long giéng trong qua trinh
khoan d@oi hoi phai nam trong khoang ap suat via va ap
sudt nut via. Trong trudng hgp ap suat trong long giéng
thap hon 4p suét via, c6 thé gay hién tugng xam nhap khi
vao long giéng (kick) hodc phun trao (blow-out) hay sap
I& thanh hé; trong trudng hgp ngugc lai c6 thé gay vé via
gay mat dung dich khoan. Do vay, dp suat via va ap suat
nut via dugc coi la 2 théng s6 quan trong nhat cho viéc
1ap ké hoach khoan va dy kién trién khai chién dich khoan.
Ngoai ra, viéc du bao khu vuc hay d6 sau cé kha nang xuat
hién ap suat di thudng cing la yéu t6 quan trong trong
qua trinh xay dung ké hoach khoan.

Cac phuong phap du bao ap suat via cling nhu dé sau
xuat hién ap suat via di thudng dugc chia thanh 3 nhém:
Phuong phap du béo, tinh toan va kiém tra. D& khong gay
gian doan trong qua trinh khoan, viéc xac dinh théng tin
ap suat 16 rébng trén co s& thong s6 van hanh khoan la rat
can thiét. Viéc xac dinh ap suat 16 réng trén cg s& thong
$6 van hanh khoan c6 thé gitp han ché rui ro (hdng thiét
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bi cdm Gng, mat di liéu,...) trong khi khoan so vdi cac
phuong phép xac dinh ap suat 16 réng truc ti€p dong thai
giup giam chi phi khoan [1, 2].

Mét trong nhiing phuong phép trién vong dang
dugc nghién ctu la DEMSE, thuat ngl bat nguén tu té
hgp “Nang lugng riéng co hoc, MSE - mechanical specific
energy” va “Hiéu suat khoan, DE - drilling efficiency”
Phuong phap nay chii yéu stirdung cac théng s6 khoan bé
mét dé xac dinh &p suat 16 réng. Trén thé gidi, két qua cla
phuong phap DEMSE ciing da dugc so sanh véi gid tri 4p
suat 16 réng tu phuang phéap d-exponent (dXc) c6 dién.
Khong gidng nhu phuong phéap dXc (chi xem xét tai trong
Ién chodng, WOB - weight on bit), DEMSE la mt phuong
phap dua trén nang lugng cd tinh dén cd moment xoan va
WOB. Hon n(fa, d{t liéu dudng xu huéng nén binh thudng
(normal trend) stf dung trong phuang phap DEMSE tuong
quan véi dudng xu hudng nén dé rébng thong thudsng.
Diéu nay khién phuong phap DEMSE ¢4 lgi thé dang ké so
vGi phuong phap dXc, d6 la kha nang du bao bang cach
giam tinh cht quan lién quan dén xac dinh ap suat 16 réng
dua trén dXc [3]. Ngoai ra, phuong phap mdéi nay con cho
phép tinh toan &p suat via theo thai gian thuc, khong can
dung khoan dé thuc hién do dia vat ly giéng khoan.

Tiép theo nghién clu vé ap suat nat via da dugc gidi
thiéu trudc day [4], nhém tac gid gidi thiéu cac phuong
phéap xac dinh 4p sudt via trong qua trinh khoan theo
nang lugng riéng ca hoc va hiéu suat khoan.
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2.Co s6 ly thuyét

Céc phucng phap dé tinh toan ap suét via c6 thé chia
thanh cdc nhém co ban sau: Phan tich ti di liéu dia chén,
phan tich duéng log trong dia vat ly giéng khoan va udc
luong khao sét theo thoi gian thuc théng qua thong s6
khoan.

Nguén théng tin va di liéu dugc st dung trong tinh
toan ap suat via véi do chinh xac ting dan dugc thé hién
theo th ty: (1) Du doén (cac thong s6: mé hinh héa bon
trang, khao sat dia vat ly & bé mat, dia chédn, do trong luc,
biéu d6 16 khoan xa b; (2) Phat hién (cac théng s6: chi
s6 do trong khi khoan, LWD (logging while drilling/do log
trong khi khoan), PWD (pressure while drilling/gia tri ap
suat trong khi khoan), dit liéu log bé mat; (3) Po ludng (co
s&: biéu d6 16 khoan, kiém tra thanh hé, kiém tra bo dung
cu khoan).

Du lua chon bat ky mo hinh nao, viéc xac dinh ap suat
via can ddm bao: Khoan an toan, én dinh than giéng, lua
chon gian khoan, thiét ké va lya chon mun khoan, tranh
cac su c6 do ap suat di thudng.

2.1. Ap sudt via

Ap suat via (pore pressure) (con goi la ap suat 16 rédng)
la ap suat ctia chat luu trong céac 16 rbng cua via (dat, da),
thudng la ap suat thay tinh hay ap suat cot nudc tir do sau
thanh hé dén mat thoang (muc nudc ngdm hodc mat bién),
doéi khi c6 ngoai 1é nhu trudng hop ap suat di thudng [5].
Ap suat via 3 mot d6 sau nhat dinh thé hién gia tri trung
binh cla ap suat via trong mét khéng gian 16 réng dugc
lién két véi nhau, gia tri nay bang gia tri ap suat thay tinh
dugc do tir bé mat trai dat [6]. Tuy nhién, véi loai da khong
tham nhu da phién sét, chat luu trong 16 rdng kho thoat ra
ngoai va duéi diéu kién chiu ap luc nén dan dén tang thém
ap sudt trong da. Do trong qua trinh dau, khi dugc khai
thac tur via, ap suat via thay déi, gia tri ap suat phai dugc do
va khao sat theo thai gian, dugc goi la ap suat via tuc thai.

Phan I6n trong tinh toan ap suat via khong tinh toan
t6i hiéu Ung déng va hiéu Ung nhiét do véi ly do anh
hudng nhé va khé xac dinh. Do d6, cong thiic téng quat la
(1) va (2) dugc st dung trong cac hé don vi khac nhau khi
tinh toan ap suat via:

_df xL

10 (0

PF

Trong do:

PF: Ap suat via (kg/cm?);

df: Khéi lugng riéng (g/cc);

L: Chiéu sau thang dung thuc (m).

PF=0,052 x df x L 2

Trong do:

PF: Ap suat via (psi);

0,052: Hé s6 quy ddi dan vi;

df: Khéi lugng riéng (ppg);

L: Chiéu sau thang dung thuc (ft).

Trong khoan dau khi, 4p sudt via chi c6 thé do truc
ti€p sau khi qua trinh khoan két thic bang phuong phéap
RFT (Repeat Formation Tester). Tuy nhién, trong qué trinh
khoan ky su thudng st dung céng thiic (1) hodc (2) dé xac
dinh &p suat via. Thuc t€, ap suat via suy giam trong qua
trinh khai thac hay d&i maé, vi vay viéc xac dinh hay so sénh
mo phong sy suy giam ap suat via (depletion) can dugc lam
thudng xuyén. D6i vGi cong tac khoan, ap suat via dugc xac
dinh cu thé cho giéng d6 va la co s& dit liéu dé cap nhat
ap sudt via, phuc vu cong tac cap nhat hay phan tich hién
tugng suy giam ap suat via tai khu vuc mo khai thac.

Bang 1 téng hgp modt s gia tri tham khao gradient
ap suat via cila mot s6 khu vuc trén thé gidi va Viét Nam.

2.2, Xdc dinh dp sudt via bdng phuong phdp truyén théng
2.2.1. Phuong phdp hé sé mi

Phuaong phap nay c6 tén goi khac la d-exponent, dugc

Bding 1. Gradient dp sudt via

Dia diém Gradient ap suat via (psi/ft) Khéi luong riéng (g/cm?3)
B& Anadarko 0,433 1,000
California 0,439 1,014
Vinh Mexico 0,465 1,074
Mackenzie Delta 0,442 1,021
Malaysia 0,442 1,021
Bién Béc 0,052 1,044
Rocky Mountain 0,436 1,007
Pong Africa 0,442 1,021
bong Texas 0,433 1,000
B& Clru Long 0,530 - 0,707 1,900
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dé xuat dua trén phuong trinh (3) ctia Bingham (1965) va
phat trién dé xem xét hiéu tng chénh léch p suat trong
viéc binh thudng hoa ty 1é tham nhap.

ROP = K X RPM (= 2) % (3)
b

Trong dé:
K: Hang s6 d6 cing cua da;
db: Pudng kinh choong khoan (in);
RPM: Van t6¢ quay (vong/phut);

. t
ROP: T6c d6 khoan (f—);

hr

WOB: Tai trong Ién choong (Ibf).

Jorden and Shirley (1966) da phat trién dua trén
phuang trinh Bingham va phuong trinh (3) tré thanh:

ROP
_ o9 Gorpm) (4)

dexp - log (12WOB)
dp

Rehm va McClendon (1971) da slta d6i phuong trinh
Jorden & Shirley, dua vao ty trong dung dich khoan, dugc
biéu dién & phuang trinh (5):

dxc = dexp‘;_: 5)

Trong dé:

p,: Ty trong dung dich khoan & Uing suét binh thuang
(PP9);

p,: Ty trong dung dich tuan hoan tuong duong (ppg).

Cuéi cung ap suat via dugc tinh todn bang phuong
trinh (6):

dXcn
exp  gxc Pn ©6)

p=d
Trong do:

dXcn: Gid tri dXc sau khi hiéu chinh theo dudng
trendline;

p,: Ap suat binh thuong;
p: Ap suat 16 rong.
2.2.2. Xdc dinh dp sudt 16 réng tur dit liéu log

Hottmann (1965) va Zhang (2011) du béo ap suat 16
réng tU cac tinh chat da phién cé nguén géc tu di liéu
logs (thai gian di chuyén/van téc am va dién trg suat).
Gardner (1974) dé xuat phuang trinh (7) dé du doan ap
suat 16 réng:

(a, — B)(A; — BylnAt)

Pf =0y — 72 (7)
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Trong dé:
P: Ap sudt chat luu thanh hé (psi);

a,: Gradient ting suat di thuong duong (%)
B: Gradient ap suat dung dich binh thuong (%)

A=82.779, B=15695;

0,: Ung suét thang diing (psi);
A:Thai gian truyén (u%);

Z: Chiéu sau (ft).

2.2.3. Xdc dinh tur log dién tré

Log dién trd suat ban dau dugc st dung dé nghién
cltu ap suat; phan héi ctia log dua trén dién trd suat cla
toan bd mau, bao gém ma tran da va dé rong chda day
chat luu. Eaton (1972, 1975) da trinh bay phuong trinh (8)
dé du bao d6 dbc ap suét 16 réng trong da phién st dung
log dién trg suat [7]:

n

P,y = OBG — (0BG — P,,) <R£) 8)

Trong d6:

P : Gradient ap suat 6 rong;

OBG: Gradient ting suat di thudng duang;

P .: Gradient dp suat 16 rong chua day dung dich;
R: Dién trd sudt clia sét tur dir liéu giéng;

R : Dién trd suat cla sét & ap sudt binh thuong (dp
sudt thay tinh).

2.2.4. Phuong phdp Matthews

Nam 1970, Matthews da cong bé cac nghién ctiu thao
luan vé cach st dung dir liéu log dién. Muc dich chinh cua
nghién ctu la ap dung dé dan (conductivity) (hodc dién
trG sudt, resistivity) trén d6 sdu cta cac I6p dia chat xac
dinh. Biéu d6 téng thé cta khu vuc nghién ctu da dugc
Matthews dua ra ti cac két qua do dugc cla tac gid vé
dudng xu hudng nén binh thudng (normal compaction
trendline). Budng xu hudng cho &p suat di thudng dugc
xac dinh dya vao C , (conductivity), véi d6 dan cla ap sudt
théng thudng C; tuong tu nhu cla phuong phép cda
Hottman va Johnson, Eaton.

2.2.5. Phuong phdp Eaton

Eaton (1975) da trinh bay phuong trinh thuc nghiém
(9) va (10) dé du doan gradient ap suat 16 rdng ti thai gian
truyén séng am:
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3

At,,
P,y = 0BG — (0BG - P,,) (E) ©)

R 3
P, = 0BG — (0BG — B,,) (R—) (10)
n

Trong d6:

At: Thoi gian truyén séng am trong da sét tir di liéu
dia vat ly giéng khoan;

At : Thoi gian truyén séng am trong da sét & ap suat
binh thudng.

2.2.6. Phuong phdp Bower

Bowers (1995) da tinh toan cac Ung suat hiéu dung tu
dir liéu &p suat 16 réng do dugc clia da phién sét. Ap suat
16 rdng c6 thé dugc tinh theo phuang trinh (11) va (12) [8]:

v, =V, 5
P=og,— <%) (11)

1 B
Vp = le —4 (0—717]“17‘ (Ue/o'max)> (1 2)

Trong d6:

U: Théng s6 dudng hoi;

o, .. Ung sudt hiéu dung I6n nhat;

V_:Van t6c & d6 sau cho trudc;

o_: Ung suét hiéu dung théng ding;

V_:Van téc & bé mit;

A, B: Hang sé.

Bang 2 téng hop cac phuang phéap théng dung cé thé
tham khao khi tinh toan ap suat via.

Viéc lya chon s dung mo hinh trong Bang 2 tuy
thudc vao giai doan clia du an la trudc khi khoan, trong
khi khoan hay do dac thuc té. Ngoai ra, thong s6 dau
vao c6 san sé tuong Uing véi mo hinh dugc liét ké trong
bang. Mé hinh Eaton va Matthews cho két qua tuong
d6i chinh xac véi loai da co chia sét hodc xen kep sét.
Trong khi dé cdc mé hinh Jorden, Shirley (1966), Rehm,

McClendon (1971) va Zamora dugc st dung cho toan bo
loai dat da.

Bdng 2. Téng hop cdc phuang phdp dp sudt via

1T M4 hinh Céng thuc Théng s6 TLTK
Ky thuat du bao trudc khi khoan
i Phan tich dudng xu hudng thai gian truyén va dé sau o .
1 Dia chan tuong duong Thai gian truyén [5]
2 Matthews (1971) Xay dung dudng co s& Dién tro/dién trd suat [9]
1.2

P o o P C . a 5 . A 5 .

3 Eaton (1975) Fe _ % (%08 _"rm |, | Zacew Dle”r? trd/dle.nAtrd suat, log [10]
D D D D o) khéi lugng riéng

Ky thuat phat hién trong khi khoan

log (LJ
60N

log (IZW j
10°d,

5 RehmvaMcClendon d=d P

4 Jorden va Shirley (1966) ROP =

(1971) " p
woB\""
6 Bingham (1964) ROP = Kx RPM x ( 4 ]
b
_ mD G _ G dmn
7 Zamora d =d e =00y

m

T6c d6 xoay, tai trong Ién

chodng, dudng kinh choong (1]

T6c do xoay, tai trong 1én
choong, dudng kinh choong, = [13]
ty trong dung dich khoan

Hang s6 khoan, dudng kinh
choodng, hang sé téc do xoay,
t6c do xoay, tai trong 1én
choodng

[12]

Hé s6 mam [13]

Po dac thuc nghiém

8  Thuc nghiém Thuc hién két thuc khoan

Do tinh chat dién, séng am,
mat do, neutron, dién trg, do
dan dién
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2.3. Xdc dinh dp sudt via bang phuong phdp DEMSE

Phuong phap nay la su két hgp ctia théng sé co hoc tu
qua trinh khoan va dir liéu Ung suat tai ché bang cach s
dung khai niém nang lugng riéng co hoc (MSE) va hiéu suat
khoan (DE). Do d6, cdn ndm rd y nghia cta MSE va DE dé
trudc khi di vao chi ti€t phuang phap.

2.3.1. Ndng lugng riéng co hoc

MSE la ty sé gilta ndng lugng co hoc dau vao va téc do
khoan co hoc (ROP - rate of penetration) tuong Ung dau ra,
dugc biéu dién nhu phuong trinh (13):

_ Ndng lwrong co hoc ddu vao
B ROP

MSE

(13)

Do d6, MSE cang thdp cang t6t vi gia tri MSE thap dac
trung cho thé tich |6n dat da bi pha hay trén mot don vi nang
luong co hoc dau vao. Néi cach khic, gia tri MSE cang thap,
hiéu suat van hanh cang cao. Nang luong ca hoc dau vao bao
g6m 2 luc: luc doc truc va luc xoay.

Trong quéa trinh khoan, luc xoay c6 thé xem nhu la
moment xoan T va luc doc truc cé thé xem la tai trong lén
chodng WOB. Thé tich dat da pha hay trong mét dan vi thai
gian c6 thé biéu dién dudi dang dién tich cit ngang cua
choodng khoan nhan véi ROP. Do vay, MSE c6 thé dugc biéu
dién nhu phuang trinh (14):

_ Ndng lwong thdng dirng ddu vao méi don vi thoi gian

MSE - - =
Thé'tich ddt dd pha hily mai don vi thoi gian
(14)

Ndng luong xoay ddu vao méi don vi thoi gian
+

Thé tich ddt dd phd hiily méi don vi thoi gian

Thay thé thuat nglr trong phuong trinh (14) bang cong
thuc toan hoc sé dugc phuong trinh (15).
WOB Z2m.momentxRPM

MSE = + (15)
S SxROP

Ngoai ra, ndng lugng riéng co hoc cling dugc st dung dé
danh gia hiéu suat khoan DE bang cach giam sat nang lugng
cd hoc dau vao so véi dé cliing dat da & do sau nghién cuu.
Trong do6, DE la ty s6 gitta d6 bén nén da truc CCS (confined
compressive strength) ctia dat da tai do sau nghién ctu va
nang lugng riéng co hoc MSE tai vi tri tuong Ung nhu phuong
trinh (16):

DE=+= (16)

D6 bén ca hoc dat da tang theo dé sau do da bi nén
xudng va ung suat nén da truc tang. Ung suit nén da truc
bao gém ca ung sudt nén don truc (UCS) va su thay d&i do
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bén dat da. Do do, dd bén nén da truc (CCS) tai diéu
kién Ung suat da chiéu c6 thé dugc tinh toan tur UCS
nhu trong phuong trinh (17).

1+sin6

CCS = UCS + Ap(

) (17)

1-sinf

Trong phuong trinh (17), Ap la Ung sudt nén
(confining stress), thudng dugc dinh nghia bang
chénh léch gilia 4p suat day giéng (lién quan ECD) va
ap suatlé rong ca thanh hé; 6 la géc ma sat bén trong,
IFA (angle of internal friction).

Theo Reza va cong su [4], ndng lugng riéng MSE cé
thé dugc xac dinh bang phuong trinh (18):

4XWOB
2
TXdy,

_ 4BOXTXRPM

MSE = dZ; XROP (18)

TU cac phuong trinh (16) - (18) c6 thé thiy ring
théng s& CCS va UCS hoan toan c6 thé xac dinh tu
thong s6 khoan tai bé mat. Ngoai ra, cac théng s6 ca
hoc cling c6 thé xac dinh tu két qua do séng am hoac
dia chan:

UCS = 0,43V, (19)

6 = 1,532y, (20)

Viéc ing dung MSE trong viéc xac dinh va du bao
ap suat 16 réng la budc cai tién 16n so véi phucng phap
truyén théng d-exponent do dua trén mét mé hinh vat
ly tinh dén ndng lugng can dé pha hay mot thé tich
dat da.

2.3.2. Phuong phdp DEMSE

Doi vai phuong phép truyén théng da trinh bay &
trén, ap suat via dugc tinh toan théng qua do dia vat ly
giéng khoan (van toc séng am, dién trd...) véi nguyén
tdc gid dinh chiéu sau tuong ducng, dudng xu thé
thong thudng. Néu coi dudng xu huéng thong thudng
c6 thé ap dung cho duong DE,_ , (DE,,,; = apk), véi
a, b tinh tir dt liéu giéng lan can théng qua dudng dién
tré hodc song am thi ap suat via dugc tinh nhu phuong
trinh (21):

p = p, + ADE X MSE x (1‘5"”9)

1+sin®

(21)

Trong d6 ADE = DE - DE

trend

Tu cac phuong trinh (16), (17), (21) c6 phuong
trinh (22):

1-sin®

p = ECD — (DEtrend X MSE — UCS) X (1+Sin9) (22)
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Do vay, c6 thé tom tat quy trinh tinh toan ap suat via theo Budc 1: Xac dinh CCS (psi), can cac théng soé:
Hinh 1. - UGS (psi)
3. K&t qua va trao dai - Goc ma sat trong 0 (AIF) (radian)
3.1. Théng sé ddu vao - Ap (4p sust nén, Ap = ECD - PP)
D{r liéu dau vao gdbm cac théng s6 khoan: dudng kinh mai 1+ sinf
) o S CCS = UCS + Ap(———)
khoan qua cac doan, van toc xoay, toc do khoan co hoc, moment 1 — sinf

x0an va tai trong lén mii khoan. Cac théng s6 nay dugc thé hién
trong Hinh 2. Budic 2: Xac dinh MSE (psi), can cac thong s6:

3.2. Cdc budc tinh todn - T:Moment xoan (ft.[b)

. y  an - ROB (ft/gio)
Dé xdc dinh 4p suat via tur cac thong s6 dau vao trén, nhém tac
gid st dung quy trinh nhu Hinh 1 va dugc thé hién theo cac budc - WOB (Ibf)
nhu sau: ~ RPM (phuat")
Thong s khoan - d.,(in)
moment xodn, WOB, N _
RO, RPM, kich thudc[ | MSE [ DF ADF = DF, -DF, | 480 x T x RPM 4 x WOB
mili khoan) A MSE = +
dz, X ROP T X dZ,

p
A
i Budc 3: Tinh DE dua vao CCS va MSE

_ccs
" MSE

Dudng xu hudng DE
DE (DE,__) tirlog

16 rong

Dit liéu dudi giéng
Log sonic/dia chan (Vp,...) _,
ap sudt day giéng (ECD,
ty trong mun khoan)

[
Hinh 1. Quy trinh xdc dinh dp sudt via tir DE va MSE (phuong phdp DEMSE)

Budc 4: Xac dinh ADE, can cac théng sé:

Bit size (in) RPM (min") ROP (ft/hour) T (kft.Ib) WOB (klbf)
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Hinh 2. Thong sd ddu vao cho phuong phdp DEMSE
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- DE
P
DE

trend

ADE = DE - DE

trend

Budc 5: Xac dinh ap suat 16 rdng tir cac thong so trén

1 —sin®

p =pn+ADExMSE><<m)

bé tinh toan DE,_,
phap phan tich théng ké déi vai dit liéu cac giéng khoan
1an can dé c6 cac hé s6 a, b trong Muc 2.3.2 tuong Ung la
3,125 va 1,21. Két qua tinh cac hé s6 nay dugc thuc hién
bang trung binh 10 giéng khoan khi khép két qua thay déi
DE theo d6 rong cho doan ap suat via cé xu huéng thay
déi binh thudng. Sau do két qua tinh toan ap suat via theo
phuong phap MSE dugc vé va déi sanh vai két qua tinh tur
s6ng am (phuong phap truyén théng) va phuong phap
ham sé m. Ly do cua viéc d6i sanh nay la phuong phap
xac dinh theo két qua do dia vat ly gi€éng khoan (song am)
dugc coi la cach tinh tin cdy nhat sau khi dugc doi sanh

nhém tac gid st dung phuong

MES (psi)
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hiéu chinh véi két qua do thuc té. B6i véi vung nghién clu
& day, doan khoan qua c6 chiia sét mém va viéc chac chan
xuat hién &p suét via di thudng la co s& kiém ching tinh
chinh xac ctia phuong phap.

3.3. Két qua va trao doi

TU cac Budc 1 va 2 cho thay c6 thé tinh toan trudc cac
théng s& CCS va MSE (Hinh 3). Trén thuc té€, dé tinh toan
MSE can phan biét vi tri do dac cac théng s6 khoan la trén
gian hay tai khu vuc gan mii khoan. Néu cac théng sé lay
& bd khoan cu day (BHA) sé c6 tinh chinh xac cao hon;
ngugc lai néu thoéng sé 1y trén gian thi khi tinh toan can
xem xét hiéu chinh két qua. D6i véi nghién cdu st dung
théng s6 (moment xodn va tai trong 1én choong) do dac
trén gian sé anh hudng téi su chinh xac, vi thé khi phan
tich cac tac gid chi xem xét su phu hgp vé huéng bién déi.
Ly do la bdi chi c6 moment xoén va tai trong lén choong
& sat mai khoan mdi thé hién dung ban chat, méi tuong
quan thuc clia nang lugng pha huy dat da va méi di co s6
xac dinh tuong d6i chinh xac gia tri ap suat.

CCS (psi)
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Hinh 3. Két qud tinh todn MSE va ((S
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Hinh 3 chi rd méi tuang quan nang luong yéu cau dé
pha v& mét don vi thé tich dat da (MSE) ting theo chiéu
sau dong nghia véi viéc gia tri d6 bén cta da (CCS) ciing
tang theo. Pac biét, trong khoang dé sau 2.000 - 3.000
m, cac gia tri MSE va CCS tang lén doét bién va rai khoi
xu huéng tang thong thudng. Hién tuong tang nay gan
lién vai su xuat hién ap suat via di thudng. Vung ap suat
via di thudng két thuc tir chiéu sau 3.000 m tré di. Diém
dac biét can luu y ¢ day la gia tri MSE dugc xac dinh trong
phuang trinh (18) (hodc trong Budc 2 trén day) c6 thé chia
thanh 2 cum do WOB va T. Khi tinh toan ty I&, nhdm tac
giad nhan thay tuong ung gia tri t8i thiéu va t6i da ca ty lé
thanh phan MSE do WOB va T 12 0,1% va 1,1%. Biéu d6 co
nghia I3, trong trudng hgp do bé khoan cu gay ra thi dat
da chti yéu bi pha hay cat do moment xoan tao nén, trong
khi d6 thanh phan tai trong Ién choong cé tac dung pha
huy nghién dap dat da chiém ty rat nho. Diéu nay la hoan
toan phu hgp va thé hién ré nhat déi véi mai khoan PDC.
Do d6, két qua tinh toan MSE va DE phu thudc nhiéu vao

DE
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TVD (m)

2000

2500

3000

3500

=®=DErend

4000 ® Dt

Hinh 4. Tuong quan gida DE, v DE thuc

théng s6 moment xoan. Khi d6i sanh va6i phuong trinh (4),
(5), (6) ctia méi hé s6 m trong viéc xac dinh ap suat via
c6 thé thdy mé hinh chi quan tam t&i WOB, ROP, RPM ma
khéng dé cap téi moment xodn. Hién nhién 1a WOB va T
c6 tac dong qua lai, nhung trong moi truéng hgp cling
can khang dinh viéc xac dinh moment xoan la can thiét
vi n6 anh hudng |6n t6i kha nang pha hay dat da. Do dé,
viéc khong xét t6i anh hudng truc ti€p cla moment xoan
téi xac dinh &p suat via la nhugc diém cda phuong phap
ham ma.

Tiép tuc thuc hién cac Budc 3, 4, 5, cac gia tri DE va ap
suat via theo phuong phép DEMSE c6 thé dugc xac dinh
nhu Hinh 4 va 5.

Ap suat via cho trudng hop nghién ciu nay dugc xac
dinh theo phuong phap mé hinh hé s6 ma theo phuong
trinh (4), (5), (6). Phuong phap truyén théng nay thudng
dugc st dung dé xem xét kha nang xuat hién &p suit via
di thuong. Sau khi tinh toan dugc gia tri hé s6 dX theo
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Hinh 5. Két qud tinh todn dp sudt via theo phuang phdp két hop DEMSE

DAU KHi - SO 9/2020 37



THAM DO - KHAI THAC DAU Kl

thong s6 khoan (ROP, WOB, RPM), tién hanh vé sy thay
déi theo d6 sau khoan. Trén dudng thay ddi nay, néu
xuat hién vi tri thay déi xu thé théng thudng thi dugc
coi la vi tri xuat hién ap sudt via di thudng. Cudi cung, gia
tri ap suat via trong khu vuc di thudng dugc tinh toan
trén co sG ap suat via thong thudng va nguyén ly chiéu
sau tuong duong. Két qua ctia phuong phap nay dugc
trinh bay trén Hinh 6, déng thai cling dugc so sanh vai
két qua tinh toan théng qua phuong phap do dia vat ly
giéng khoan vé thudc tinh séng am theo phuong trinh
(7) (Muc 2.2.2). N6i dung va cac budc xac dinh ap suat
via theo cac phuang phap truyén théng nay cé thé tham
khao tai liéu [14].

Ap suat via xac dinh tu két qua do séng am trong dia
vat ly giéng khoan dugc coi la phuong phéap hgp ly trong
giai doan nay va da chiing minh dugc sy chinh xac so véi
két qua do thuc té FIT. Hinh 6 va 7 cho thdy két qua tinh
toan ap suat via theo DEMSE kha phu hgp véi két qua
dia vat ly giéng khoan. Déng thai, tit Hinh 6 c6 thé thay
dugc mét s6 nhuge diém cla phuong phap hé s6 mi
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Hinh 6. So sdnh két qud xdc dinh dp sudt via theo phuong phdp ham s6 mii va séng dm
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nhu: trong doan khoan trén 1.300 m ¢6 su sai khac vé gia
tri gitta 2 phuong phap. Tiép theo tir d6 sdu 1.300 m, ré
rang gia tri ap suat via cia phuong phap ham mi tinh ra
két qua sai khac 16n va ngugc vai xu thé cla két qua do
s6ng am. Su sai khac nay cé thé do vai trd cla moment
x0an da khoéng dugc tinh téi trong phuong phap hé s6
ma. Hién tugng nay lai gap phai trong khodng khoan
xung quanh dé sau 2.800 m. Bén canh diém phu hap
clia phuong phép DEMSE so véi phuang phap hé s6 md,
cling c6 thé thay hién tuong sai khéc tai 2 khodng vi tri
trén. Su khac biét tuy khong I6n nay xuat phat ti kha
nang choong khoan bi mon, dan téi hiéu qua pha da bi
gidm déang ké.

4. Két luan

Trén cd sdténg hop, tinh toan, so sdnh va phan tich ap
suat via theo phuong phap truyén théng (hé s6 m, séng
am), tich hgp hiéu suat khoan DE va ndng lugng riéng co
hoc cho déi tugng nghién cdru, mot s6 két luan chinh dugc
rat ra nhu sau:
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Hinh 7. So sdnh két qud xdc dinh dp sudt via theo phuong phdp DEMSE va sdng dm
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- Phuong phéap hé s6 mi c6 nhugc diém chua tinh
toan tdi vai trd cla moment xodn: két qua ap suét via sai
khéc va cho xu thé ngugc nhau tai mét sé vi tri.

- Phuong phap két hgp hiéu suat khoan DE va nang
luong riéng ca hoc MSE cho két qua phu hgp véi phuong
phap dia vat ly giéng khoan (s6ng am): vé do I6n va xu
hudéng.

- Phuong phap DEMSE can dugc tiép tuc van dung
nghién ctu cho cac truong hgp khac: kha nang ap dung
thai gian thug, tiét kiém chi phi do dia vat ly giéng khoan,
thai gian khoan...

Tai liéu tham khao
[1] Juan Rivas Cardona, Fundamental investigation of

pore pressure prediction during drilling from the mechanical
behavior of rock. Texas A&M University, 2011.

[2] Erling Fjaer, R.M.Holt, PHorsrud, A.M.Raaen, and
R.Risnes, Petroleum related rock mechanics. Elsevier, 2008.

[3] Reza Majidi, Martin Albertin, and Nigel Last,
“Method for pore pressure estimation using mechanical
specific energy and drilling efficiency’, IADC/SPE Dirilling
Conference and Exhibition, Fort Worth, Texas, USA, 1 - 3
March, 2016.

[4] Nguyén Van Hung va Bang Hiru Minh, “Ung dung
ANN trong du bao ap suat nut via’, Tap chi Dau khi, S6 3:
tr.32-41,2019.

[5] Adam T.Bourgoyne Jr, Keith K.Millheim, Martin
E.Chenevert, and F.S.Young Jr, Applied drilling engineering,
2" edition. Society of Petroleum Engineers, 1991.

[6] Mark D.Zoback, Reservoir
Cambridge University Press, 2007.

geomechanics.

[71 Ahmed Zakaria Noah, “New pore pressure
evaluation techniques for LAGIA-8 well, Sinai’, International
Journal of Geosciences, Vol. 7, No. 1, pp. 32 - 46, 2015.

[8] Glenn L.Bowers, “Pore pressure estimation from
velocity data: Accounting for overpressure mechanisms
besides under compaction’, SPE Drilling and Completions,
Vol. 10, No. 2, pp. 89 - 95, 1995.

[9] William R.Matthews, “Here is how to calculate
pore pressure from logs’, Geology, 1971.

[10] M.King Hubbert Mk and William W.Rubey,
“Role of fluid pressure in mechanics of overthrust
faulting: 1.Mechanics of fluid-filled porous solids and its
applications to overthrust faulting’, Geological society of
America bulletin, Vol. 70, No. 2, pp. 115 - 166, 1959.

[11] J.RJorden and O.J.Shirley,“Application of drilling
performance data to overpressure detection”, Journal of
Petroleum Technology, Vol. 18, No. 11, 1966.

[12] M.G.Bingham, “How rock properties are related
to drilling”, The Oil and Gas Journal, pp. 94 - 101, 1964.

[13] Bill Rehm and Ray McClendon, “Measurement
of formation pressure from drilling data”, Fall Meeting of
the Society of Petroleum Engineers of AIME New Orleans,
Louisiana, 3 - 6 October, 1971.

[14] Nguyén Van Hung, Bao cdo thuc hién dé tai: “Du
béo ap sudt via, ap suat niit via cho do6i tugng via Miocene
ctia mo X" PVU, 2020.

PORE PRESSURE ESTIMATION DURING DRILLING BASED ON
MECHANICAL SPECIFIC ENERGY AND DRILLING EFFICIENCY

Nguyen Van Hung, Luong Hai Linh, Le Minh Hieu, Nguyen Tung Quan

Petrovietnam University
Email: hungnv@pvu.edu.vn

Summary

This paper describes DEMSE, a new method that uses surface drilling data to determine, in real time, the pore pressure needed to update
the well design. This pore pressure estimation method is a combination of available drilling data (such as torque, rate of penetration and
weight on bit), and drilling efficiency (DE), based on the concepts of mechanical specific energy (MSE) or the energy spent at the bit to remove
a volume of rock and the differential pressure (wellbore pressure minus pore pressure). Unlike the d-exponent methodology (dXc), which is
an empirical correlation considering only weight on bit (WOB), rotation per minute (RPM), and rate of penetration (ROP), DEMSE is an energy-
based approach that also takes into account the torque (T) and mechanical properties in addition to WOB, RPM, ROP. The result shows that
DEMSE has a significant benefit over the dXc method, in terms of predictive capability, by reducing the subjectivity that is involved in dXc-
based pore pressure estimates. Moreover, the results of DEMSE are consistent with the pore pressure estimated by the well log data method.

Key words: Pore pressure, mechanical specific energy, d-exponent, drilling efficiency.
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