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This study applies an integrated multi-source data approach, including
well logging data, formation pressure measurements (MDT), formation
integrity/leak-off tests (FIT/LOT), and drilling incident records, to
develop a high-confidence one-dimensional Mechanical Earth Model (1D
MEM) for the KD field cluster, Block 46/13, Malay-Tho Chu Basin. Key
geomechanical parameters, including pore pressure, in-situ stress regime,
and rock mechanical properties, were quantified and rigorously
calibrated using MDT, FIT/LOT, caliper logs, and actual drilling
performance data. The results indicate that the KD area is characterized
by a normal hydrostatic pressure regime and a normal faulting stress
regime (Spmin & Swmax < Sy). The calibrated geomechanical model
established a safe mud weight window ranging from 8.6 to 9.6 ppg,
helping to mitigate wellbore instability and lost circulation risks during
drilling operations. Failure analysis and Critical Drawdown Pressure
(CDDP) evaluation indicate that sand production risk is primarily
concentrated within the Middle Miocene reservoirs (H) and Early Miocene
(1) reservoir intervals), particularly under reservoir pressure depletion
during production. In contrast, the deeper Early Miocene to Late
Oligocene reservoirs (below I-115, including the ] and K intervals) exhibit
better mechanical stability and a lower likelihood of sand production.
Based on these findings, a cased-hole perforated completion strategy,
combined with appropriate production management, is recommended to
minimize sand production risk and enhance long-term production
performance.

Copyright © 2026 Hanoi University of Mining and Geology. All rights reserved.

*Corresponding author

E - mail: anhpt@pvep.com.vn

DOI: 10.46326/JMES.2026.67(5).10



Tap chi Khoa hoc K§ thuit Mo - Pia chat Tap 67, Ky 5 (2026) 126 - 140 127

Tap chi Khoa hoc Ky thuat M6 - Pia chat

Trang dién tir: https://tapchi.humg.edu.vn

M6 hinh dia co hoc trong cong tac thiét ké khoan va dw bao
sinh cat khu vwc KD, L6 46/13, bon triing Malay-Thé Chu
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THONG TIN BAI BAO TOM TAT

Qud trinh: Nghién ctru nay trng dung phwong phdp tich hop da dir liéu (dia vt ly

Nhan bai 15/5/2026 giéng khoan, dp sudt via (MDT), dp sudt phd hiiy via (FIT/LOT) va lich st
S 21/8/2026

traxong 21/8/ sw ¢ khoan) dé thiét Idp mé hinh dia co hoc 1D (1D MEM) d tin cdy cao
Chap nhan dang 5/9/2026 cho cum ma KD, L6 46/13, bon triing Malay Thé Chu. Cdc tham s6 co
Tir khéa- hoc trong yéu gom dp sudt 16 réng, truong tmg sudt tai ché va ddc tinh co
1D MEM Iy dd dworc dinh lwong va hiéu chudn chdt ché thong qua di¥ liéu MDT,

FIT/LOT, dwong kinh giéng khoan (caliper) va lich st sw c¢6 khoan thuc
té. Két qud nghién citu cho thdy khu vwrc KD c6 ché do ap sudt thiy tinh
A binh thwong va trang thdi irng sudt dirt gdy thudn (Shmin % Spmax < Sy). MO
L6 46/13, . hinh dia co hoc sau hiéu chinh da xdc dinh ctra sé trong lwong dung dich
Malay - Th‘O Ch‘f; khoan an toan trong khodng 8,6-9,6 ppg, gop phdn gidm thiéu nguy co
On dinh thanh giéng, sdp 16 thanh giéng va mdt dung dich trong qud trinh khoan. Phan tich co
Sinh cat. hoc phd hily va chénh dp téi han (CDDP) cho thdy nguy co sinh cdt chi
Yéu tdp trung tai cdc tdp chira Mioxen giira (H) va Mioxen sém (1), ddc
biét khi dp sudt via suy gidm trong qud trinh khai thdc, trong khi cdc tép
chira sdu hon thugc Mioxen sém va OIIgoxen muodn (I-115 tro'xuong, Jva
K] ¢6 do on dinh co hoc tét hon. Trén co sé d6, phuong dn hoan thién
giéng dang chong 6ng bdn via két hop kiém sodt hop Iy ché do khai thdc
dwoc dé xudt nham han ché rii ro sinh cdt va ndng cao hiéu qud khai thdc
ldu dai.

Ctra s6 dung dich khoan,
bia co hoc,

© 2026 Truong Pai hoc Mo - Pia chit. Tat ca cac quyén dugc bao dam.
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théng via chira dau khi thwong mai tip trung chu
yéu trong cac tip tram tich cat két tudi Mioxen va
Oligoxen, da dwoc minh chirng qua cic giéng
khoan tham do K1 va D1.

Mic du diéu kién via chira dwgc danh gia tir
kha dén tét theo PVEP (2025), qué trinh dwa cum
mo nay vao phat trién khai thac dang d6i mat véi
hai thach thic dia co hoc ¢6t 16i: (1) Tinh mat 6n
dinh thanh giéng giy rdi ro sip 1, phinh giéng
hodc méit dung dich trong thi cong khoan; va (2)
Nguy co sinh cat khai thac dién bién phitc tap lam
suy gidm nghiém trong tinh toan ven cta giéng va
hiéu qua khai thac. Cac thach thirc nay ciing dwoc
bat gap tai cac khu virc khac cia Viét Nam nhw Lo
09-3/12 mo Ca Tam (Vietsov Petro, 2023).

Nut thit ki thuat lén nhit trong viéc kiém
soat cac rui ro nay tai khu vuc nghién ctru la sw
thiéu hut dit liéu mau 16i (conventional core data).
Han ché nay tao ra d6 bat dinh trong viéc xac lap
cac tham s6 co ly d4, lam suy gidm kha nang dw
bao dinh Iwgng vé hién twong pha hiy co hoc cta
thanh hé dwéi tic déng ctia sy thay d6i ing suat
va suy giam ap suit via.

DPEé vugt qua rao can dir liu nay, viéc ing
dung M6 hinh dia co hoc 1D (1D MEM) dua trén
nén tang tich hop da dirliéu giéng khoan tré thanh
gidi phap ky thuat cap thiét. Muc tiéu trong tim
cta bai bao nay 1a xay dung va hiéu chudn mé hinh
1D MEM cho khu virc KD, dinh lwgng chinh xac ba
thanh phan chii chét: i. Truedng (ng suit tai chd; ii.
Ap suat 16 réng; va iii. Dic tinh co hoc ctia da. Tir
két qua mo hinh héa, cac van dé cip thiét da dwoc
gidi quyét nhw thiét lap clra s trong lwong dung

dich khoan an toan phuc vu t6i wu héa thiét ké
khoan va cung c4p luan ctt khoa hoc vitng chic dé
hoach dinh chién lwgc hoan thién giéng dé kiém
soat sinh cat trong qua trinh khai thac giéng sau
nay. Két qua ctia nghién ctru ky vong dong gép mot
quy trinh danh gia rui ro dia co hoc c6 do tin cay,
kha thi d€ 4p dung réng rii cho cac mo cé dic thu
dir liu han ché tai bon triing Malay - Thé Chu.

Mot s6 cong trinh nghién ctu da 4p dung mé
hinh dia co hoc 1D MEM, rng dung trong nghién
ctru 6n dinh thanh giéng va kiém sodt sinh cat da
dwoc ap dung phé bién tai Viét Nam nhw & Bé Ctru
Long, L6 09-3/12 mé Ca Tam (M6 hinh dia co hoc
ting Lower Miocene mo C4 Tam & (rng dung hoan
thién giéng; Vietsov Petro, 2023), L6 15-2/01 cum
m6 Hai Sw Trang, Hai Sw Pen (Nghién ctru n dinh
thanh giéng khoan cho khu vuc Hai Sw Trang), Lo
01-02/17 (Nghién ctru sinh cat cho mé Ruby va
Pearl), va mét s6 cong trinh quoc té nhw Bon trung
Malay (M6 hinh dia co hoc va dw bao sinh cat cho
giéng khoan X); m6 Anambas Indonesia (Pia co
hoc - thiét ké giéng khoan cho via c6 thanh hé yéu
va chat xit: Nghién ctru 6n dinh thanh giéng khoan
va dv bao sinh cat),...

2. Co s& dix liéu

DE thiét 1ap m6 hinh 1D MEM véi d6 tin ciy
cao trong bdi canh khéng c6 dir liéu mau 16i truc
tiép (routine/ special core data), nghién ctu ap
dung cach thirc tich hop da dir liéu tir hai giéng
khoan tham do K1 va D1 theo PVEP (2025). Ciu
trdc dir liéu dau vao dwoc trinh bay trong Bang 1.

Bdng 1. Tai liéu cdc giéng khoan K1 va D1 phuc vu cho nghién ctru.

Nhém | STT Loai tai liéu K1 | D1 Muc dich
1 Bao cio dia chin Co Co
2 Marker via - Dia ting Cé Cé
3 Cot dia tin Cé Cé X o1 in o -
Piachit- | 4 Bao cao phan tichgdé hat c6 | co | SudungdéhiCuchuan a}‘l’f“ﬁﬁlo
Khoan 5 Béo céo két thiic giéng khoan Cé Cé rorg, ufn)g rsxll:;lfllng}??%nMEl\r/} at
¢ | CActailiéuap sudt XLOT,LOT, | .. | ¢ hminJs '
MDT, RFT, FIT)
7 Béo céo thiét ké khoan Cé Cé
biavatly | g | Cacduong BVLGK (GR, NPHL 1000 )0 w0 ginh cac thong s6 dan hoi va dé
giéng khoan RHOB, CALI DT, Resistivity) ban co hoc lien tuc theo chidu siu
(PVLGK) 9 Két qud minh gidi PVLGK Co Co j j '
Cac két qua do thong sd co hoc
Mau I6i 10 da (UCS, g6c ma sat trong, ty s6 | Khong | Khong | St dung d€ hiéu chuin cic théng sd
Poisson, mé dun dan hoi, dé co co co hoc cuia dat da.
rong, mat do)
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Dit liéu twong tw (Analog Data): D€ khic phuc
do bat dinh do thi€u mau 16i va ti liéu hinh anh
giéng khoan (FMI), nghién ctru s dung dit liéu
khai thac tir cac mo twong tw thuéc cum mo Lo
46/13 dé dw bao sinh cat va 16 PM3CAA dé xac
dinh hwéng cia rng suit ngang Shmax lam co s&
tham chiéu (analog). L6 46/13 va PM3CAA c6 mét
s6 mo da qua qua trinh khai thac, di liéu thu thap
nhiéu nén di liéu twong tw ¢ d6 tin ciy cao.

3. Phwong phap nghién ciru

Quy trinh xdy dung MEM 1D dwoc thyc hién
theo cac buwéc chuidn muec trong dia co hoc tng
dung, nhu Hinh 1 theo nghién cttu cia PVEP
(2025) bao gom:

3.1. Thu thdp dir liéu

Cac dir liu can dwoc thu thap mot cach day
dd nhu tai liéu dia chat, dia vat 1y, tai liéu ap suit,
tai liéu khoan ... Cac dir liéu cn dwoc chon loc,
kiém tra, xem lai d€ danh gid so' bd khu virc nghién
clru.

3.2. Xwr ly va hiéu chinh tai liéu

Tai liéu dwoc x Iy va hiéu chinh trudc khi
dwa vao xay dung mo hinh dia co hoc 1D nham
nang cao do tin cay clia mo hinh.
3.3. Xdc dinh thach hoc

Thach hoc dwoc xac dinh doc theo giéng
khoan.

3.4. Xdc dinh irng sudt thang dirng (S.)

Ung suat thang ding dwoc tinh toan bang
cach tich phan méat do khéi ctia cac 16p tram tich
theo chiéu sau theo céng thirc ctia (Zoback, 2007):

Sy = Jy Po(2).g.dz (1)
Trong do: S, - tng suit thang dirng (psi); pv:
mat do khéi (bulk density) tir log mat do (g/cm3);
g: gia tdc trong truomng (m/s?); z: do sau thang
ding thuc té (m).
O nhitng khoang thiéu dit liéu mat d, gia tri
dwoc ngoai suy bang ham mi (power law
function) dwa trén di liéu tir cac ting 1an cén.

3.5. Xdc dinh dp sudt via (Pp)

Ap suét via 1a thanh phan quan trong trong
MEM, anh hwdng truc tiép dén tinh todn (rng suit
ngang va on dinh giéng khoan.

Ap sudt via truc tiép: str dung dit lieu MDT tai
cac giéng K1 va D1, cho thay Gradient thuy tinh
0,434 psi/ft (twong dwong 8,35 ppg).

Phwong phap Eaton ratio theo (Eaton, 1975):
ap dung cho cac ting sét, dwa trén quan hé gitra
Umg suit thiang dirng va (rng suit hiru hiéu. Cong
thitc tinh toan:

Ppore = Pritho — [(PLitho - PHydro) *
ITTNorm 3
( ITTops ) ] (2)
Trong d6: Pyore - Ap sudt1d rong (psi); Pritho
- Ap suit thing dtng (psi); Pryaro - Ap sust thiy
tinh (psi); ITTyoprm - Gid tri sonic theo dwong cong
nén binh thwong; ITT; - gia tri sonic do dworc.
Két qua tir phwong phap Eaton phu hop véi
dtr liéu MDT, khang dinh khong c6 hién twong ap
suit bat thwong trong khu vure.
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Hinh 1. Quy trinh xdy dwng mé hinh dia co hoc 1D.
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3.6. Xdc dinh théng s6 dan héi ciia da

Théng s6 dan h6i bao gobm mé dun dan hoi (E)
(Young Modulus) va hé s6 Poisson (v).

Young Modulus dong (Egy,,): tinh tir van toc
songdoc (V,, )vasongngang (V; ) theo congthirc
cia Mavko va nnk. (2009):
3VE—4vs

Egyn = pVi?
dyn pVs sz_Vsz

3

Trong do: Egyy, - Young Modulus dong (psi);
V,- van toc séng doc (P-wave) (ft/s); V; - van toc
song ngang (S-wave) (ft/s); p - mit do khoi
(g/cm3); Chuyén ddi sang Young Modulus tinh
(Estq) str dung cong thirc cia Bradford va nnk.
(1998):

Eseq = 0,047946 % Egy) (4)

Hé s6 Poisson trong nghién ctru nay khéng cé
két qua thi nghiém co hoc trén miu I6i d€ xay
dung quan hé chuyén doi gitta v gy, va Ustq. Vivay,
trong cac nghién ctru MEM khi thiéu dit liéu thi
nghiém, viéc gia thiét vs.q = U4y, 12 mot cach tiép
can thuc hanh dworc str dung kha pho bién & Viét
Nam (Vietsov Petro, 2023; PVEP, 2025). Do d6
trong nghién ctru nay gia dinh gia tri dong bang gia
tri tinh.

Usta = Vdyn (5)

3.7. Xdc dinh théng sé bén cia da

Cac thong s6 bén bao gobm:
Ung suit nén mot truc (UCS) (psi): tinh tir
Young Modulus tinh theo Bradford va nnk.(1998):
UCS = 330,69 + 4108,9 * Eg, (6)

- GOc ma sat trong: xac dinh tir Log gamma
ray, phdn anh thanh phan khoang vit;

- Strc bén kéo: gid dinh bang 1/10 UCS.

Cac thong s6 nay dwoc str dung dé danh gia
nguy co pha hiy thanh giéng do (rng suit cat hodc
trng suit kéo.

3.8. Xdy dwng mé hinh tvng sudt ngang

('ng suat ngang dworc tinh theo mé hinh Poro-
elastic, c6 xét dén anh hwdng cia rng suat kién tao
theo cong thirc tong quat cuia (Zoback, 2007):

Shmin = 72= (Sy — aPp) + aP, + & (7)

Shmax = 7 (Sy — aPp) + aP, + eyE  (8)

Trong do6: Spmin - &ng suit ngang nho nhit
(psi); Shmax - ng sudt ngang lém nhat (psi); « - hé
sO Biot; &, €y - bién dang Kién tao; v - hé s6
Poisson; S, - tng sudt thang ding (psi); Pp - Ap
suat16 rong (psi); E - Young Modulus (psi).

Do trong khu vyrc nghién ctru khong c6 dir liéu
truc tiép dé hiéu chinh hai tham s6 €, va 5. Ngoai
ra, khu vuc da trai qua nhiéu pha kién tao nén va
kéo gidn chong 14p phirc tap, nén khong c6 dua co
s@ dinh lwong dé xac dinh gia tri cling nhw ddu cia
&, va gy. Vi vay, nghién ctru lwa chon ¢, =g = 0
nhu mot gia thiét, nhdm tranh dwa vao mé hinh
cac tham s kién tao khong dworc kiém chirng baoi
dit liéu thwce té. K&t qua cho thay ché d6 &ng suit
dang dut gay thuan (Spmin = Shmax < Sv)-

Ngoai ra viéc xac dinh chinh xac a doi haéi cac
dit liéu thi nghiém dia co hoc hodc cac thi nghiém
trén mau 16i. Trong nghién ctru ndy khong c6 cac di
liéu nay. Do dé, nghién ctru lya chon a = 1,0 theo
gia thiét Biot day du, day 1a gia thiét dwoc sir dung
phd bién trong nhiéu nghién ctru MEM trong cac
khu vuee & Viét Nam khi chwa c6 s6 liéu hiéu chinh.

3.9. Hiéu chinh mé hinh MEM

M6 hinh MEM dworc hiéu chinh bang cach so
sanh kiém chirng véi dir liéu khoan thuec té:

- Pwong kinh giéng khoan: ghi nhian hién
twong phinh giéng;

- Bdo cdo khoan: ghi nhin sy ¢ nhw mat dung
dich, ket can;

- FIT/LOT: xac dinh 4p suit nit via, dung dé
hiéu chinh &ng suit ngang.

Qua trinh hiéu chinh ddm bdo m6é hinh MEM
phén anh ding thyc té, gidm thiéu sai s6 trong duw bao.

3.10. Tiéu chi ddnh gid 6n dinh giéng khoan

Sau khi xay dung MEM, nghién ctru tién hanh
phén tich 6n dinh giéng khoan dwa trén cac tiéu
chi:

- Ctra s6 dung dich khoan: khoang gia tri dung
dich khoan an toan, nam gitra gi¢i han dwéi (4p
suit via va dung dich khoan t6i thi€éu chéng phinh
giéng) va gi¢i han trén (Shmin va ap suat pha v
via);

- Phan tich pha hay da: st dung tiéu chuin
Modified Lade dé dy bao nguy co pha huy thanh
giéng. Cac tham s6 dau vao ctiia mé hinh bao gom
cac tinh chat co hoc cia da nhw lwc dinh két
(cohesion), gbc ma sat trong (friction angle), do
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bén nén mot truc (UCS) va cac &ng sudt chinh,
dwoc xac dinh tir két qua MEM. Nghién ctru lwa
chon Modified Lade vi tiéu chudn nay da dwoc
chirng minh phu hop doi véi da cat (sandstone),
dac biét trong diéu kién (rng suat ba truc, do c6 xét
anh hwdng clia (rng suat trung gian (o3);

- So sdnh v&i dir liéu thue té: d6i chiéu két qua
dw bao véi hién twong phinh giéng, mat dung dich
da ghi nhan.

3.11. Phwong phdp dw bdo sinh cdt

Hién twong sinh cat trong qua trinh khai thac
dau khi xay ra khi (rng suat tic dong 1én thanh
giéng vuot qua strc bén cia da chira, din dén suw
phé v ciu tric hat va cudn theo hat cat vao dong
san pham. Cac yéu t6 chinh chi phéi hién twong
nay bao gobm:

- U'ng sudt hitu hiéu tai thanh giéng: phu
thudc vao ap suit via, ap suit day giéng va tng
suit ngang;

- Théng s6 co hoc cua da: ing suit nén mot
truc (UCS), strc bén kéo, goc ma sat trong;

- Pac tinh hat cat: kich thwéc hat, do chon loc,
mitrc do gan két;

- Diéu kién khai thac: mirc 40 suy gidm ap suit
via (depletion), do chénh ap (drawdown), duwong
kinh va hwéng 16 ban (perforation).

Khai niém dd chénh ap téi han (Critical
Drawdown Pressure (CDDP)) dwoc st dung dé
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xac dinh ngwdng chénh 4p tdi da ma thanh giéng
c6 thé chiu duoc truede khi xay ra pha hty hat. Khi
do6 chénh ap vurot qua CDDP, nguy co sinh cat sé
xudt hién.

Quy trinh dv bao sinh cat nhw sau:

- Tinh toan dd chénh ap t&i han (CDDP) cho
tirng tap chira;

- Phén tich theo cac mic suy giam ap suit via:
15%, 25%, 35%;

- Thyc hién phan tich dé nhay véi cac tham
s6: UCS, irng suit ngang, dwdmg kinh 16 bin, hwéng
16 ban.

4. Két qua xay dwng mé hinh 1D MEM dé
danh gia 6n dinh giéng khoan khu virc KD

Theo PVEP (2025), két qua xay dwng mé hinh
dia co hoc 1D (1D MEM) cho khu vyc KD da cung
cAp céi nhin twong doi toan dién vé trang thai rng
sudt, ap suit via va dic tinh co hoc ctia da. Viéc tich
hop dit liéu BPVLGK, MDT, FIT/LOT cung v&i bao
c4o khoan cho phép md hinh phan anh sat thuec té,
d6ng thoi dwa ra nhirng duw bao dang tin ciy vé n
dinh thanh giéng.

4.1. Xdc dinh vng sudt thdng dirng

Trwdc hét, ng suit thing ding dwoc tinh
toan tir Log mit do cho thiy Gradient 6n dinh
khoang 1,0 psi/ft, khong xuat hién bat thwong tai
trong (Hinh 2).

1 4

5

6 7

TVD DEN_EXTRAPOLATE (g/cm3)
0. 3.

DEN_COM_EXT (g/cm3)
0. 3. o

SVERTICAL_EXT (psi) OBMW_EXT (ppg)
10000.

e

(™M)

Joxde | n
Joew | w

RHOB (gm/cc)

0
70
130
130
250
310
370
430
430
550
610
670
730
730
850
910
970
1030
1090
1150
1210
1270
1330
1350

3
:

Hinh 2. Tinh todn trng sudt thang ding.
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4.2. Xdc dinh dp sudt via

Ap sudt via dwocxac dinh tir MDT theo (PVEP,
1996, 1998) va phwong phap Eaton ratio déu cho
két qua trung khép, voi Gradient thay tinh 0,434
psi/ft (twong dwong 8,35 ppg). Piéu nay

khang dinh trong khu vuc nhiéu khad ning
khdng c6 hién twong ap sudt bat thwong, mot yéu
t6 thuén loi cho thiét ké giéng khoan (Hinh 3).

4.3. Xdc dinh cdc théng sé co’ hoc ctia da

Théng s co hoc cia da dwoc tinh toan tir dir
liéu Sonic va gamma ray cho thdy mé dun Young
tinh dao dong trong khoang trung binh, Grng suét
nén mot truc (UCS) tir 3000-8000 psi, strc bén kéo
khodng 1/10 UCS. Cac gia tri nay phan anh ting
chira Mioxen giita c6 dd bén vira phai, dé xay ra
pha huy cit gy mat 6n dinh thanh giéng khoan
lam sip 1& thanh giéng, sinh cat. Ngwoc lai, ting
Mioxen sém va Oligoxen mudn c6 do gan két cao
hon, UCS 16m hon, dé bi nirt via khi dung dich vwot
qua ngudng &ng suit ngang nho nhat (Hinh 4).

4.4. Xdc dinh trng sudt ngang

Mo hinh &ng suat ngang cho thiy ché d6 trng
suit dang dit giy thudn (Shmin ® Shmax < Sv), VOi

hwéng trng suat chinh SHmax khodng 180°N theo
(Truong Son JOC, 2006). Két qua nay phu hgp véi
dirliéu World Stress Map va dwoc hiéu chinh bang
cac thir nghiém FIT/LOT tai chian 6ng chéng (Hinh
5). Cac quan sat thuc dia nhw phinh giéng trén
Caliper log va sw c6 mit dung dich trong qua trinh
khoan ciing dwgc md hinh tai hién chinh xac,
chirng minh do tin cay ctia 1D MEM.

4.5. U'ng dung mé hinh 1D MEM vao ddnh gid
on dinh giéng khoan

4.5.1. Ctva s6 dung dich khoan

Tl két qua mé hinh, ctra s6 dung dich khoan
an toan dworc xac dinh. Gidi han dwdi ciia ctra so 1a
ap sudt via cong vdi ngwdng chong phinh giéng,
trong khi gi¢i han trén dwoc rang budc béi tng
suit ngang nho nhat va ap suit pha vé via. Boi véi
cac tap chira Mioxen, ngwdong dung dich khoan an
toan nam trong khoang 8,6-9,6 ppg, v&i nguy co
sap 16 thanh giéng khi dung dich thap hon 8,5 ppg
va nguy co v via, mit dung dich khi vieot qua 9,7
ppg. D6i véi cac tip chira Oligoxen, ngwdng dung
dich khoan twong tw, dao dong tir 8,5-9,7 ppg,
nhung can dac biét lwu y khi van hanh trong lvgng
riéng dung dich tuan hoan twong dwong ECD dé
tranh vwot nguwdng trén Hinh 6 va Hinh 7.

LITHO TRENDLINE_DTC_K-1X (US/FT)
0 . | 440. 40. |0

PPRS_NORM (psi) PPMW_NORM (ppg) Casing
16. 0.7 30.
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—
=
=

L Bl ]

L Bl ]

0.

10000. | 6.

MW_ppg

MDT_psi
. 10000 | 6. 16.

*

40.
oo %
1-050
E0s0 [
1060 Bas
1-090
I-100
I-115
1115 Base|

Hinh 3. Tinh todn dp sudt 16 réng.
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Hinh 4. Tinh todn cdc théng s6 tinh chdt ddt dd.
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Hinh 5. Tinh todn cdc ting sudt ddt dd.
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Hinh 7. M6 hinh 1D MEM cho giéng khoan D1.
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Nhw vay, ngwdng dung dich khoan an toan
cho cac giéng khoan twong lai tai khu vire KD dwoc
khuyén nghi duy tri trong khoang 8,6-9,6 ppg
(Bang 2). Viéc kiém soat ECD, han ché hién twgng
tang ap va gidm ap khi kéo tha can va theo doi chat
ché cac thong s6 trong qua trinh khoan la can thiét
dé dam bao giéng khoan 6n dinh, gidm thiéu rdi ro
sap 1& va mit dung dich. Pay l1a co s& quan trong
cho thiét ké giéng khoan, déng thoi gép phan toi
wu héa chi phi va nang cao hiéu qua khai thac tai
khu vuc nghién ctru.

4.5.2. D bdo mdt 6n dinh

Dit liéu dwdorng kinh giéng khoan cho thay hién
twong phinh giéng tai cac ting Mioxen. M6 hinh
MEM du bao pht hop véi thue té, vi nguy co sap
1& thanh giéng khi Mw < 8,5 ppg va nguy co mat
dung dich khi Mw > 9,7 ppg.

4.6. Phan tich khad ndng sinh cat

Kha nang sinh cat trong qua trinh khai thac
phu thudc vao sw twong tac gitra rng suit hiru
hiéu tai thanh giéng, dic tinh co hoc ctia da chira
va diéu kién khai thac. Khi 4p suat day giéng giam
xuéng dwdi ngwdng chiu tai cia da, cac hat cat bi
phé v& lién két va cudn theo dong san pham. bé
danh gia nguy co nay, nghién ctru da st dung mé
hinh dia co hoc 1D (1D MEM) lam nén tang, két
hop véi phan tich chénh ap téi han (CDDP) cho
tirng tap chira.

Cac tham s6 d4u vao bao gom: trng suit thang
dling, 4p sudt via, rng suit ngang, UCS, sirc bén
kéo, gbc ma sat trong, cung véi dir liéu phan tich

kich thwéc hat theo (PVEP, 1997, 2024). Phan tich
duwogc thuc hién cho cd trwong hop hoan thién
giéng dang than tran (OH) va dang chéng Ong
(CH), dong thoi xem xét &nh hwéng clia huwéng 16
ban (0° va 90°).

4.6.1. Két qud tai giéng K1

Giéng K1 cho thay nguy co sinh cat tip trung
chi yéu & cac tip H va L. Trong giai doan d4u dén
gitra khai thac, khi ap suit via suy gidm khoang
15-25%, CDDP gidm manh, din dén nguy co pha
huy hat. Ngworc lai, cac tap ] va K c6 UCS cao hon,
do gan két tot hon nén it rdi ro sinh cat (Hinh 8).

Phan tich d6 nhay cho thay khi str dung 16 bin
dinh hwdng 0°, nguy co sinh cat giam dang ké so
v6i 16 ban dinh hwéng 90°, do (ng suit tip trung
dwoc phan bd déu hon quanh 16 ban (Bang 3).
Diéu nay goi y rang lwa chon hwéng 16 ban phu
hop c6 thé la gidi phap hiéu qua dé gidm thiéu rai
ro.

4.6.2. Két qud tai giéng D1

Twong tw K1, giéng D1 ciing ghi nhin nguy co
sinh cat tai cac tdp Hva I (Hinh 9). Cac tip ] 6n dinh
hon, khong c6 diu hiéu sinh cat trong ca hai
trweong hop OH va CH. Két qua nay phu hop véi
quan sat thwce té tai cac giéng 1an cin nhu TG-2A
va SD-4P, noi hién twong sinh cat da dwoc ghi
nhan khi ap suat day giéng giam xudng 1.000-
1.800 psi (Bang 4).

Diéu nay cho thdy mo hinh MEM va phén tich
CDDP c6 dd tin cay cao, phan anh ding hanh vi co
hoc ctia da chira trong khu vue.

Bdng 2. Két quad ddnh gid 6n dinh giéng khoan.

o Po sau | Po sau | Ap suit Cwra 56 dung Khoang mat
Giéng \ N S A A ) Shmin Shmax | dich khoan o e
khoan Thanh hé noc tap | day tap v1a! (psi) (psi) an toan on dinh

(m) (m) (psi) (ppg) (mMD)
Mioxengita | H | 1474 | 1642 | 2180 | 3657 | 3657 | 86-9,6 | 14741642
Mioxensém | I | 1642 | 2026 | 2573 | 3959 | 3959 | 86-96 | 1642-1876
K1 | Mioxensém | | | 2026 | 2400 | 3112 | 4575 | 4575 | 86-96
Oligoxen | | 2400 | 2544 | 3480 | 5168 | 5168 | 85-97
mudn
Mioxengitta | H | 1512 | 1691 | 2242 | 3628 | 3628 | 86-96 | 15121691
Mioxensém | 1 | 1691 | 2109 | 2657 | 4085 | 4085 | 86-96 | 1691-1923
D1 | Mioxensém | J | 2109 | 2212 | 3018 | 4486 | 4486 | 8,6-96
Oligoxen | | 2212 | 2437 | 3247 | 4916 | 4916 | 85-97
mudn
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Bdng 3. Két qud phdn tich sinh cdt tai giéng K1.
CH - hwéng ban 90° CH - hwéng ban 0°
Khuyén Khuyé Khuyén Khuyé
Ap nghiap | Chénh | nnghi nghiap | Chénh | nnghi
suat Khoang cat | Ruiro sudt ap t6éi | dwong sudt ap téi | dwong
. |Thanh| . via oang ¢ SoLro ) ddy | da@P: |Kkinhl . diy | da@P; |kinhld
Giéng | Via ban yéunhit | sinhcat Rui ro giéng | (khong | ban Rui ro giéng | (khong | bin
daup; | (MMD) (OH) | sinhcat | ) one | sinh | (khong| S™P4% | (khong | sinh | (khéng
(psi) sinh cat) sinh sinh cat) sinh
cat) (psi) cat) cat) (psi) cat)
(psi) (in) (psi) (in)
Ki| H |H-200] 2200 | 1874~ |Giaidoan|Giaidoan o001 1300 | <o3 | KBONS |, | 5500 | g3
1880 dau gitra sinh cat
Ki| 1 |1010|2300 | 2048~ |GlaidoamiGiaidoan| _g., | 530, | o3 | KRODE ;| 550, | 3
2055 dau cuoi sinh cat
Ki| 1 |1060| 2550 | 2220~ |GlaidoamGiaidoan| ., | 350 | o3 |Gaidoan ;4441 1950 | <03
2313 dau dau gilra
Ki| 1 |1-115| 2750 | 2244~ (GiaidoaniGiaidoan| .0, | 1550 | o3 | KRONB | o | 555, | o3
2547 dau gitra sinh cat
Ki| J [J-035] 2850 - Khong | Khong | ) | 550 | <06 | KMON8 | o | 2850 | <06
sinh cat | sinh cat sinh cat
Khong | Khong Khong
KL| ] 1]-200 3200 i sinheat | sinhest| 0 | 3290 - [Shhea| 0 | 3200 i
Khong | Khong Khong
K11 ] 1]-260 3250 i aEaEy ° | 30 " |sinhcat | 70 | 3250 i
K1| K |K-20 3350 - Khong | Khong |, | 3350 | oo | KRONE | | 3350 | <00
sinh cat | sinh cat sinh cat
K1| K |K-30 | 3400 - Khong | Khong |, | 3400 | <08 | KPON8 | o | 3400 | <08
sinh cat | sinh cat sinh cat
Bdng 4. Két qud phan tich sinh cdt tai giéng D1.
CH - hwéng bian 90° CH - hwérng bin 0°
Khuyén Khuyé Khuyén Khuyé
Ap nghiap | Chénh | nnghi nghiap | Chénh | nnghi
sudt Khoanz c4t | Rt ro sudt ap t6éi | dwong suit ap téi | dwong
GigneThanh | v via oang ¢ SuLro . ddy | da@P; |kinhld . day | da@P; |kinhld
ing he | Via | pay | Yeunmhat | sinhcat | Rairo | o | ihang | ban | RWTO | signe | (khong | bén
daup; | (MMD) (OH) | sinhcat | oo | sinh | (khong| S™ 4% | (khong | sinh | (khong
(psi) sinh cat) sinh sinh cat) sinh
cat) (psi) cat) cat) (psi) cat)
(psi) (in) (psi) (in)
1566 - |Giai doan|Giai doan Giai doan
D1 | H |[H-100| 2200 1580 dAu dau >2200 0 - dau >2200 0 -
D1| 1 |1-050] 2600 | 1852~ (GiaidoaniGiaidoan| ;0,1 1900 | o3 [GR1d0AN| ;4001 5100 | <03
1854 dau gitra gitra
D1| 1 |1:070| 2700 | 1929 - |GiaidoamGiaidoan| ;oo | 5500 | <3 [GRAId0AN| 1560 | 5700 | <03
1934 gitra gitra gilra
D1| 1 |1-100]| 2800 . [|Giaidoan{ Khong |, | 554 | o4 | KRODE | 5 1 o000 | o4
gitta | sinh cat sinh cét
D1| 1 |I-115] 2800 - Khong | Khong |, | 500 | _ | KhONE o ) o500 | .
sinh cat | sinh cat sinh cat
D1| 1 |1-140] 2900 . |Giaidoan Khong |, | ,q,, | o5 | KBONE 4, | 505, | o5
cuoi sinh cat sinh cat
D1| J [J-035] 2950 ; Khong | Khong | | 5950 | <08 | KBON8 | o | 2950 | <08
sinh cat | sinh cat sinh cat
D1| ] [J-050] 3000 - Khong | Khong |, | 3000 | <08 | KRON8 | o | 3000 | <08
sinh cat | sinh cat sinh cat
D1| ] [J-060] 3050 - Khong | Khong |, | 3050 | <q1 | KRONE o | 3050 | <11
sinh cat | sinh cat sinh cat
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Well K1

Depth: 2545.54 m reservoir pressure at 0% depletion: 882.231 psi
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Depth: 2545.54 m reservoir pressure at 0% depletion: 0 psi
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Hinh 8. Phdn tich sinh cdt tai via I-115 giéng K1.
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Hinh 9. Phdn tich sinh cdt tai via I-050 giéng D1.
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4.6.3. So sdnh giita cdc phwong phdp hodn thién
giéng

Két qua phén tich cho thay:

- Hoan thién than tran (OH): nguy co sinh cat
cao hon, ddc biét tai cac tip H va |, do thanh giéng
truc tiép ti€p xuc véi dong sdn pham;

- Hoan thién chong 6ng (CH): nguy co sinh cat
giam dang ké, nhat 1a khi 16 ban dinh hudéng 0°.
bay la phwong phap hoan thién dwoc khuyén nghi
cho khu vuec KD;

- Mang loc cat: khéng dwoc khuyén nghi do
thanh phan hat min cao, dé gay tic nghén va giam
hiéu qua khai thac.

Phén tich kha nang sinh cat cho thay cac tip
H va I 1a nhitng ting chira nhay cam, can duogc
quan ly chat ché trong qua trinh khai thac. Viéc lwa
chon phwong phap hoan thién giéng phu hop, két
hop véi kiém soat chénh ap sé gitp gidm thiéu rii
ro sinh cat, bao vé thiét bi khai thac va t6i wu hda
hiéu qua kinh té.

4.6.4. Phwrong phdp kiém sodt cdt cho cdc giéng khu
vuc KD

Viéc danh gia nguy co sinh cat va lwa chon giai
phép kiém soat cat phu hop déng vai tro quan
trong trong thiét ké va vin hanh giéng khai thac,
dic biét tai cAc than chira c6 mitc d6 gin két kém.
Dua trén huéng dan cla (Tiffin va nnk,, 1998) va
két qua phén tich dic diém tram tich - co hoc via
cua khu vyc KD, nghién ctru dwa ra dinh hwéng
lwa chon phwong &n hoan thién giéng va quan ly
rui ro san sinh cat phu hop véi diéu kién dia chit
cua khu vue.

Cac giéng hoan thién theo dang chéng 6ng
hau nhw khéng déi mat véi nguy co sinh cat trong
giai doan dau khai thac, ngoai trir mét s6 ting
riéng 1é nhw H va L. V6i ddc diém hat min chiém
hon 10% trong thanh phan tram tich, cac phwong
an than tran hoan thién bang mang loc cat khong
dwoc khuyén nghi 4p dung do nguy co tic nghén
va tang hé so skin.

Do d6, phwong an téi wu cho cac giéng phat
trién tai KD la hoan thién dang chéng dng, két hop
vi thiét ké giéng c6 kha nidng nang cip cac gidi
phap kiém soat cat trong twong lai néu giéng xuat
hién d4u hiéu bat on.

Cac rui ro chinh lién quan dén sinh cat bao
gom: (1) hw hai thiét bi long giéng do mai mon éng
khai thac, 6ng chdng, thiét bi cach ly via va cac
thiét bi diéu khién dong; (2) giam tudi tho giéng

do ton thwong via va giam hiéu suit khai thac; va
(3) anh hwdng nghiém trong dén thiét bi bé mét
nhw dwong 0ng, binh tach va may nén do x6i mon
ho#c tic nghén. Nhitng rui ro nay cé thé dan dén
tang dang ké chi phi vin hanh, gia ting s6 lin can
thiép giéng va thadm chi budc phai déng giéng sém
hon du kién.

D€ quan ly hiéu qua san sinh cat, nghién ctru
dé xuat mot so gidi phap chinh: Trwédc hét, can toi
wu thiét ké hoan thién giéng phu hop véi dic tinh
dia co'hoc cta tirng ting chira. Pong thoi, cin danh
gia va chuin bi sin cac phwong 4n kiém soat cat
qua 6ng khai thac, bao gdm lap dit man chan cat,
chen s6i loc cat hodc cac giai phap can thiép khac
trong trieong hop giéng xudat hién hién twong san
sinh cat virgt nguwdng cho phép. Bén canh do, viéc
13p dat hé thong gidm sat va xir Iy cat tai bé mat
dong vai tro quan trong trong viéc phat hién sém
va gidm thiéu tic dong cua cat dén thiét bi khai
thac. Cac thiét bi dwoc khuyén nghi bao gom dau
do cat dé theo doi lién tuc lwong cat san sinh, b
loc hodc tach cat nham bédo vé hé théng thu gom
va xt ly, cung van tiét lvu st dung vat liéu
Tungsten Carbide c6 kha ning chéng x6i mon cao
tai cac vi tri chiu tac dong truc ti€p cia dong luu
thé mang cat. Ngoai ra, cin xay dwng va duy tri ché
d6 khai thac téi wu dwa trén két qua mo hinh dw
bao sinh cat. Lwu lwong khai thac va ap suit day
giéng can dwoc kiém soat dé chénh ap tac donglén
thanh hé khong vuot qua ngudng pha hiy cat cia
dat da. Viéc theo doi thwong xuyén cic thong sé
khai thidc nhuw lwu lwgng dau khi, 4p suat, ham
lwong nuwédc va lwong cat san sinh la cin thiét
nhim nhan dién sém cac d4u hiéu suy giam do
bén co hoc ciia ting chira. Do d6, viéc quan ly chat
ché ché do khai thac sé gép phan kéo dai tudi tho
giéng, tri hodn thoi di€ém xuit hién san sinh cat
nghiém trong va nang cao hiéu qua khai thac lau
dai.

4.7. Két qud va thdo ludn

Ddc trung truomg tbng sudt va Ap sudt 16 rong:
Két qua do MDT va tinh todn mé hinh khang dinh
khu vuc nghién ctru c6 ché d6 ap suit thay tinh
binh thwong (Gradient ~0,434 psi/ft hay 8,35
ppg) va khong ghi nhin sw ton tai clia cac déi di
thuwong ap suat

Trudng ng suit tai chd tuan theo quy luat
dt gdy thuan (Shmin ® Shmax < Sv) v&i huwdng ng
suit ngang cuc dai (Shmax) Xap xi 180° Bic dwoc
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phan tich twong tw tir dit liéu 16 PM3CAA theo
(Truong Son JOC, 2006), hoan toan twong thich
véi div liéu World Stress Map.

U'ng dung 1D MEM trong thiét ké cira s6 dung
dich khoan phén tich co hoc pha hiy cho thay cac
tip tram tich Mioxen giita (H) va Mioxen sé'm (I),
cacviaphiatrénI-115 c6 d6 bén tir thip dén trung
binh (UCS = 3000-8000 psi), rat nhay cam véi pha
huy cit. Dua trén 1D MEM da hiéu chun véi dir
liéu Caliper, nghién ctru thiét 1ap clra s6 trong
lwong riéng dung dich an toan trong khoang 8,6 -
9,6 ppg. Viéc duy tri trong luwgng riéng dung dich
trong khoang nay, két hop kiém soat chit ché mét
do6 tuan hoan twong dwong (ECD) sé gitp giam
thiéu rdi ro sap 1& thanh giéng (khi MW < 8,5 ppg)
va ngan chan hién twong mat dung dich (khi MW
>9,7 ppg).

Ddnh gid rui ro sinh cdt va chién lwgc hoan
thién giéng: Két qua phan tich CDDP chi ra rang
nguy co sinh cat dac biét nghiém trong tai cac tap
chira Mioxen gitra (H) va Mioxen sém (I) cac via
phia trén I-115, nhit la khi mé bwéc vao giai doan
gitra vong doi véi mirc suy gidm ap sudt via
(Depletion) dat 15-25%. Diéu nay hoan toan
trung khép vai divliéu thuece té tai cic giénglan can,
noi cat bat dau sinh ra khi 4p suat day giéng (BHP)
gidm xudng ngudng 1.000-1.800 psi.

Déi vai gidi phdp théng thwong mang loc cdt:
Do dac thu thanh phan trdm tich chira ham lwong
hat min lén (>10%), viéc st dung mang loc cat la
khong phu hop do hién twong bit nhét man loc,
gay ton thit p suit nghiém trong va suy giadm san
lwong nhw da bai hoc thuec té tai L6 PM3CAA.

Dé xudt chién lwoc hoan thién: Nghién clu
khuyén nghi 4p dung phwong phdp hoan thién
dng chéng ban via két hop ky thuat ban via dinh
hwéng (0° phasing). Phwong phap nay gitip phan
tan (rng suat hiéu qua quanh 16 bin, kéo dai thoi
gian van hanh an toan trwéc ngwdng CDDP, dong
thoi cho phép nha digu hanh dé dang can thiép xt
ly cat trong giai doan khai thac muon.

5. Két luan

Nghién ctru da xay dwng thanh cong mé6 hinh
dia co hoc 1D (1D MEM) cho cum mo KD trén co
s& tich hop dir liéu dia vat ly giéng khoan, MDT,
FIT/LOT va lich st khoan. Mdc du khéng cé dir
liéu mau 16i, qua trinh hiéu chinh bang dir liéu
thuc té da giup ning cao dang ké do tin ciy ctiamo
hinh, cho phép danh gia dinh lwong trang thai (rng

sudt, 4p suat 16 rong va dic tinh co hoc cia dat da
trong khu vuc nghién ctru.

Két qua mo6 hinh hoéa cho thay cac giéng khoan
tai khu virc KD ndm trong mdi trwong ap sudt thiy
tinh binh thwong véi ché do ng suit diat gay
thuén. Cra s6 trong lwong dung dich khoan an
toan dwoc xac dinh trong khoang 8,6-9,6 ppg, la
co s& quan trong dé tdi wu thiét ké giéng va giam
thiéu cac rui ro dia co hoc trong qua trinh khoan.
Két qua du bao phu hop véi cac hién twgng phinh
giéng, mat dung dich va cac sw c6 khoan da ghi
nhan thuc t€, khang dinh tinh chinh x4c ctia mo
hinh.

Phén tich sinh cat cho thiy nguy co pha huy
co hoc tip trung cht yéu tai cac tip chira Mioxen
gitra (H) va Mioxen sém (I), noi d6 bén da thip
hon va do chénh 4p t6i han suy gidm dang ké khi
ap suit via gidm trong qua trinh khai thac. Nguoc
lai, cac tap chra sau hon thudéc Mioxen sém va
Oligoxen mudn (I-115 tré xuéng, J va K) thé hién
d6 6n dinh co' hoc tot va it c6 kha ning sinh cat. Két
qua ciling cho thdy phwong an hoan thién giéng
dang chéng 6ng ban via c6 kha ning gidm dang ké
nguy co sinh cat so v&i hoan thién thin trén, trong
khi cac gidi phap st dung mang loc cat khong phu
hop do ty 1é hat min cao.

Trén co s& cac két qua dat dworc, nghién ctru
khuyén nghi ap dung phwong an hoan thién giéng
dang ch6ng 6ng ban via két hop thiét ké san kha
nang trién khai cac giai phap kiém soat cat trong
twong lai. Pong thoi, cin duy tri ché d6 khai thac
t6i wu thong qua kiém soat lwu lwong, chénh ap
khai thac va giam sat lién tuc lwong cat san sinh
nhim kéo dai tudi tho giéng, bao vé thiét bi va tdi
wu hiéu qua thu hoéi diu khi. Quy trinh xiy dung
va hiéu chinh MEM dwoc dé xuit trong nghién ctru
c6 thé dwoc ap dung hiéu qua cho cac mo dau khi
c6 diéu kién dia chat twong tw va han ché vé dir
liéu tai bon triing Malay - Tho Chu.

Loi cam on

Nhém tac gia xin chin thanh cdm on Téng
cong ty Tham do Khai thac dau khi - PVEP; T6ng
Cong ty Tham do Khai thac dau khi - Chi nhanh
Khanh My, dong thoi, cling gii 1oi cdm on dén cac
chuyén gia ctia dé tai @3 dong gép nhiéu y kién quy
bau trong qua trinh thwc hién nghién ctru nay.
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Trinh S6ng Bién, Nguyén Anh Dtrc, Bui Thiéu
Son, Pham Hai Pang - 1én y twdng, xem xét va
chinh stra tong thé; Trinh Séng Bién, Pham Tuin
Anh, D6 Thé Hoang, Lé Pinh Thanh - minh giai va
phan tich mé hinh 1D MEM, danh gid 6n dinh
giéng khoan va dw bao sinh cat; Nguyén Anh Dic,
Phung Van Hai, Nguyén Thanh Tung, Triéu Hung
Truong, Tran Danh Hung - ¢6 van va ra soat toan
b6 ndi dung cda bai bao.

Dién giai tén cac dwong log trong cac hinh
minh hoa

- DEN_EXTRAPOLATE: Dudmng mat do duorc
tinh toan theo phwong phap ngoai suy dé thay thé
nhitng khodng giéng thiéu dwong log mat do;

- DEN_COM_EXT: Pwong mat do trén toan
than giéng khoan két hop giita dwong Log mat do
va dwdng mat do ngoai suy;

- SVERTICAL_EXT: Pwong Gng suit theo
phuwong thing dimg;

- OBMW_EXT: Puwong Gradient trng suit theo
phuong thing dirng;

- TRENDLINE_DTC_K-1X: Pwong xu thé nén
ép binh thuong theo chiéu siu (Normal
compaction trendline);

- PPRS_NORM: Pwong 4p suit 16 rong;

- PPMW_NORM: Pwong Gradient 4p sudt 16
rong;

- PR_STA: Puong ty so Poisson tinh;

- YME_STA: buwong Young Modulus tinh;

- UCS: Prong luc nén mét truc;

- TSTR: buwong luc kéo cua da (Tensile);

- FANG: Pudng gbc ma sat;

- SHMAX_PHS: Pwong (rng suit ngang cuc
dai;

- SHMIN_PHS: Pwong (rng suit ngang cuc
tiéu;

- CMW_MAX_MTS: Trong lwong riéng dung
dich t6i da tai d6 thanh giéng bat dau bi nitt vy do
luc kéo (Breakdown gradient);

- CMW_LOSS: Trong lugng riéng dung dich tai
do6 bat dau bi mat dung dich khoan;

- CMW_KICK: Trong lwong riéng dung dich t6i
thiéu dé tranh kick;

- CMW_MIN_MDL: Trong lwgng riéng dung
dich t6i thiéu dé trdnh pha huy trwot (Shear
failure) quanh thanh giéng;

- MW_ppg: Gradient dung dich khoan dwgc st
dung trong khi khoan;

- BF_SWBO_ IM: Hinh anh thanh giéng bi pha
huy triwot manh véi ving sap 1é rong;

- Tight hole: Vi tri giéng khoan bi hep lai trong
qua trinh khoan.
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