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Sand production is one of the major challenges in oil and gas production
within sandstone formations, particularly in the Malay-Tho Chu Basin.
Accurate prediction of sand production potential plays a crucial role in the
design and operation of wells and facilities, ensuring both safety and
economic efficiency. One of the key geomechanics parameters used to assess
the risk of sand production is the Thick-Walled Cylinder (TWC) strength,
which reflects the strength of the formation around the wellbore.

Determining the wellbore TWC strength is a critical step in wellbore
stability analysis and sand production risk assessment. Typically, TWC is
measured through thick-walled cylinder tests, where the stress conditions
around the wellbore or perforated zones are directly simulated by applying
increasing confining pressure to a cylindrical rock sample until structural
failure occurs. However, such tests are often costly and depend heavily on
the availability of high-quality core samples from production wells.
Therefore, developing an empirical formula to estimate TWC from simple
parameters which easily measured, such as porosity, is both practical and
necessary.

This paper presents a methodology for developing an empirical correlation
between porosity and TWC strength using core data from Block 46 and
compares the resulting model with existing models. The results are intended
to determine the formation strength around the wellbore and further
improve sand production prediction models for the Malay - Tho Chu Basin.
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Hién twong sinh cdt la mgt trong nhitng vdn dé phikc tap trong khai thdc dédu
khi tai cdc mé cdt két, ddc biét tai khu vwc bé tram tich Malay - Thé Chu. Viéc
dw bdo khd nding sinh cdt déng vai tro quan trong trong thiét ké va vdn hanh
giéng khoan nhdm ddm bdo an toan va hiéu qud kinh té€ Mot trong cdc tham
s co hoc then chét dé ddnh gid nguy cor sinh cdt la dé bén hinh tru thanh day
(TWC-Thick Wall Cylinder Strength) cho giéng khai thdc.

Viéc xdc dinh dé bén hinh tru thanh day quanh giéng khai thdc la mét buéc
quan trong trong phdn tich 6n dinh thanh hé va dw bdo nguy co sinh cdt.
Théng thwomg, TWC dworc xdc dinh théng qua thi nghiém mau tru thanh day.
Trong thi nghiém nay, trang thdi trng sudt xung quanh thdn giéng hodc viing
bdn mé via dwoc mé phéng truc tiép théng qua viéc tdng dp sudt budng 1én
mdu hinh tru, cho dén khi mau bi phd hily. Viéc thuc hién cdc thi nghiém xdc
dinh gid tri mdu tru thanh day thuong tén kém va phu thudc vao tinh sdn cé
ctia viéc thu thdp mdu tir cdc giéng khoan khai thdc. Do dé, viéc xdy dung
mot cong thirc thuc nghiém nhdam xdc dinh TWC tir cdc théng s6 dé do nhw
dé réng la cdn thiét. Két qud dwa ra sé dworc str dung dé hoan thién mé hinh
dw bdo sinh cdt cho khu virc bé Malay - Thé Chu.

Bai bdo nay trinh bay phwong phdp xdy dung c6ng thirc thwc nghiém giira
dé réng va TWC tir diF liéu mau 161 khu vurc 16 46 ddng thoi tién hanh so sdnh
V@i cdc mo hinh ly thuyét hién co. Ttr do, xdc dinh gid tri TWC cho cdc giéng
khai thdc ddu khi khu viee 16 46.
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1. M¢é dau

Hién tai, & Viét Nam n6i chung, khu vurc thém
luc dia Tay Nam Viét Nam noi riéng, cat xam nhap
vao giéng khai thac dang la méi quan tAm l6n cta
cac nha diéu hanh diu khi. Cac giéng dau trong 16
46-13, khu vuc mo Pong Kewa trong 16 46-CN va
cac mo lan can trong khu vire viing chéng 14n khai
thac chung PM3 - CAA, trong mét vai nam gan day
cling da xuat hién cat xdm nhip vao cac giéng khai
thac dau lam dnh hwdng téi cac thiét bi khai thac
va xtr ly dau khi. Ngoai ra, hién nay dang c6 nhiéu
hoat dong tim kiém, tham do va phat trién cic mo
dAu khi méi khu viee bé Malay - Tho Chu va cong
tac nghién ctru vé du bao sinh cat va kiém soat cat
dwoc ddy manh xem xét va nghién ctru. Trong boi
canh do viéc xdy dung mdt mo hinh dw bao sinh
cat mang tinh dac trung cho dat da trong khu vuc
1 cAp bach va cin thiét. Tuy nhién, cic nghién ctru
hién c6 con kha han ché, va nhiéu mé hinh phd
bién trén thé gi¢i ap dung cho khu v chwa dwoc
kiém chirng day di vé do phu hop tai khu vire nay.
D6i véi cdc mo hinh dw bao sinh cat, d6 bén thanh
hé 1a mét thong s6 quan trong va mang tinh dac
trung clia dat da khu vue dé ap dung vao mo hinh
nay va dai dién bdi gia tri D4 bén hinh tru thanh
day - Thick Wall Cylinder Strength (TWC), do dé
x4y dwng dwoc md hinh B bén hinh tru thanh day
theo dac trung cda khu vire trong giai doan hién
nay la cén thiét.

Viéc xac dinh do bén hinh tru thanh day la
mot théng s6 déc trung va dong vai tro quan trong
trong qua trinh xay dung cac mo6 hinh dw bao sinh
cat. Gia tri TWC dwoc xac dinh dwa trén nhiéu
phuwong phap bao gbm ca truc tiép va gian tiép
thong qua ndi suy tir cac gia tri do log hay cac gia
tri UCS noi suy, phwong phap nay c6 do chinh xac
phu thudc vao cadc méi quan hé trung gian, khong
phadn anh ddang diéu kién Gng suit quanh ving
giéng khai thac nén c6 thé khong chinh xac. Viéc
xac dinh gia tri TWC cling c6 thé bang phwong
phap mé phdéng hién truwong. Nghién cliru cda
Morita va nnk. (1990) da chi ra phwong phap nay
rat kho thuc hién va c6 chi phi cao, thwong ap
dung cho cac khdo sat dic biéc chi mang tinh chat
cucbd, dai dién véi s6 lwgng miu khong nhiéu, gia
thanh cao, ddi khi kho trién khai do viéc 14y mau
gdp kho khan.

Théng s6 TWC anh hwdng bai dac tinh ma sat
do d6 phu thudc vao sw phan bé kich thwéc hat, do

rong va mirc do tron canh cla hat. Nhirng yéu to
nay dic biét 1a do rong, ddi véi timg khu vuc cu
thé, sé lién quan dén moi truedng tram tich, do dé
mang tinh chat dic trung cla tirng vung riéng lé
khac nhau. Véi cac danh gia trén, nhém tac gia da
nghién ctru va dwa ra méi quan hé gitta d6 rong va
TWC dua trén két qua phan tich mau 16i cia dat da
trong khu vurc 16 46 va c6 so sanh, danh gia véi cac
cong thirc thyc nghiém trudre day. Bai bao nay dua
ra mdi quan hé gitra TWC va do6 rong trong 16 46
trén co sé cac thi nghiém.

2. Tong quan cac phwong phap xac dinh TWC

2.1. Cdac phwong phdp xdc dinh TWC truyén
théng

Do bén hinh tru thanh day (Thick Wall
Cylinder Strength - TWC) la mot trong nhitng
tham s6 quan trong trong dia co hoc, déc biét phuc
vu tinh todn 4p suét sinh cat téi han (CDP - Critical
Drawdown Pressure) va thiét ké lwu lwgng khai
thac an toan cho ting chira cat két yéu. Trong thuc
té, c6 3 nhom phwong phap chinh dwoc str dung
dé xac dinh TWC.

2.1.1. Phwong phdp thi nghiém trén mdu 16

Nhiéu nghién ctru da st dung thiét bi nén ba
truc (triaxial cell) véi mau tru réng (hollow
cylinder) dé mé phong (ng suat xung quanh
thanh giéng. Khi ting 4p suit bao (ap suit nén
hong) dén mirc mau bi pha v, gia tri 4p suit nay
dwoc ghi nhan 1a TWC (Willson va nnk., 2002;
Ahad va nnk, 2020). Phwong phap nay phan anh
truc ti€p hanh vi pha hiy da va cé do tin ciy cao
nhung chi phi va yéu cau ky thuit twong daéi 1om.
Quaé trinh tién hanh thi nghiém mau 16i do gia tri
TWC nay dwoc miéu ta tém tat tai Hinh 1.

> «
> «
M3u 161 thu MAu bi
thap tirgiéng  Mau 16i hinh tru pha ‘
khoan rong ti 18 dwong Bubngdplec  huy
kinh mau:dwong néng_;'u tl;ué

kinh 16 réng 12 3:1
Hinh 1. Qud trinh st dung mdu 161 dé€ xdc dinh

gid tri TWC trong phong thi nghiém.
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2.1.2. Phwong phdp ni suy tir log dia vt ly

Cac nghién ctru nhw Vernik (1993), Khaksar
va nnk. (2009), Asadi va nnk. (2017) da xay dung
quan hé théng ké gitta TWC véi cac thong s do tir
giéng nhw do rong (¢), van téc Am (Vp, Vs), mat do
hodc module dan hoi, ttr d6 suy ludn va dw bao gia
tri TWC. Cach ti€p cin nay phu hop véi trwong
hop khéng c6 mau 16i, nhung két qua thwong
mang tinh tong quat va phu thudc nhiéu vao diéu
kién dia chat khu vuc. Theo Chang va nnk. (2006),
khi khéng c6 mau 16, c6 thé wéc lwong TWC tir di
liéu log sonic va density bang cach két hop cdc mo
hinh dan h6i va méi quan hé thwe nghiém gitra vin
toc P, S, dd rong va UCS. Phan mém mo phéng dia
co hoc (vi du: FLAC3D, Abaqus) ciing c6 thé mo
phong diéu kién tai thanh day dé tinh TWC gian
tiép tlr dir liéu log. Theo Khaksar va nnk (2019),
viéc xac dinh TWC thong qua két hop gitta mau 16i
va log giéng cho phép danh gia gi¢i han bién dang
t&i han, tir d6 ho tro ra quyét dinh kiém soat cat
pht hgp hon.

2.1.3. Phdn tich trng sudt mé phéng hodc thwc dia

Mot s6 tac gid nhw Morita va nnk. (1990),
Santarelli va nnk (1997) str dung dit liéu thuc té
giéng khoan (thoi diém sut 1) d€ hiéu chinh TWC
bing cach so sanh rng suit véi ap suit 16 rong.
Mic du sét thuec té, cach tiép cin nay chi phu hop
sau khi giéng da dwoc khoan va gap sw cé.

Céng thirc hoi quy st dung dwoc dua trén
cong thirc do Khaksar va nnk. (2009) dé xuat cé
dang:

TWC = ax¢p 1)

Trong d6: TWC - d6 bén hinh tru thanh day
(psi); ¢ - 6 rong (%); a, b - hé s6 thuc nghiém cin
xac dinh.

2.2. Xdc dinh gid tri TWC theo dé réng

Mot hwédng tiép can dang chi y 1a st dung do
rong (¢) 1am bién doc 1ap dé du doan TWC - dic
biét hitu ich khi dir liéu dia chat bi gi¢i han.
Khaksar va nnk. (2009) da xay dung céng thirc
thuwc nghiém noi suy TWC tir d6 rong ¢ dang ham
mii dua trén co s& di liéu cat két yéu & nhiéu bé
tram tich:

TWC = axg¢p

Trong d6 hé sé avab dugc xac dinh tir div liéu
mau da. Twong tw, nghién ctru cia Willson va nnk.

(2002) str dung TWC nhw mét dau vao chinh cho
mo hinh dw béo téc d6 sinh cat. Hoang va nnk.
(2017) hay Asadi va nnk. (2017) ciing trién khai
mo hinh dw bo sinh cat va xdy dung méi quan hé
gitra @6 rong va TWC cho ting chita Miocen 4p
dung tai bon triing Nam Co6n Son, tuy nhién viéc
dw bdo hé s6 TWC bi d&nh hwdng béi tinh chit dia
tAng riéng biét.

Nghién ctu tong quan bdi Ahad va nnk.
(2020) cho thdy rang mé hinh dang ham mii TWC-
¢ dic biét phu hop véi cat két xi mang yéu, noi
moi quan hé phi tuyén nay phan anh chinh xac
hon mirc d6 dé pha hiy ctia da theo dd rong.

2.3. Muc tiéu nghién ciru

Hién chwa c6 cong bo chinh thirc nao xay
dung mo6 hinh thuec nghiém TWC-¢ riéng cho khu
vuc 16 46 - bé Malay Tho Chu, noi cé dia ting cat
két Miocen yéu va diéu kién khai thac twong déng
véi cac mé cd rui ro sinh cat cao. Do d6, viéc xay
dung mot mo6 hinh TWC-¢ mang tinh dac thu khu
vuc, dua trén dir liéu mau 16i thwe nghiém 13 can
thiét va c6 y nghia thiét thuwc trong viéc t6i wu héa
thiét ké san xuat va quan ly rui ro dia co hoc.

3. Phwong phap nghién ciru va dir liéu

3.1. Thu thdp mau va diéu kién thi nghiém

Cac mau 16i tru duoc lwa chon tir khu vuc 16
46, tai cac tip cat két tudi Miocen giira va mudn c6
do rong trong khoang 15+30% va xi mang hoa
trung binh. Téng cdng 4 mau dwoc gia cong thanh
tru rong v&i duong kinh ngoai 1 inch va 16 trong
0,33 inch (ty 1é 3:1), theo thiét ké twong tw nhw
trong nghién ctru Willson va nnk. (2002) va tién
hanh do gia tri nhw miéu ta tai Hinh 1.

Mau dwoc boc kin bing cao su, dit trong
budng nén ba truc v&i nap thép khong gi hai dau.
Ap sudt nén hong (confining pressure) duoc ting
dan v6i téc d6 khong déi. Khi rng sudt tip trung
quanh 16 virot qua kha niing chiu lwc clia d4, thanh
mau sé sup d6 hudéng tdm, dwoc nhan biét qua
gidm ap suat hoic ting nhanh bién dang chu vi. Ap
suit ghi nhan tai thoi diém sup 16 1a TWC thuc
nghiém.

Cac mau duoc bio hoa bang dung dich mudi
15,060 ppm dé mo phdong diéu kién giéng thuc té
(Willson, 2002). Két qua thu dwoc gom ap suat
pha hiy trong (do dich thoat ra) va ap suat pha
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hiy ngoai (ttr cdm bién bién dang) v&i sai s trung
binh ~7% nhw bao cao cia Ahad va nnk. (2020).

3.2. Thiét Idp mé hinh TWC-¢

M6 hinh thwc nghiém dwgc dé xuit boi
Khaksar va nnk. (2009) dwa ra phwong trinh cé
dang nhuw tai phwong trinh (1) véi hé s6 a = 20,62;
b =-3,54, cu thé: TWC = 20,62 x ¢354

St dung phan mém MATLAB két hop Excel,
thuit toan Levenberg-Marquardt dwoc trién khai
dé toi thiéu hoa sai s6 binh phwong. Dt liéu TWC
tir 4 mau dwgc hiéu chinh thanh 1 cong thitc duy
nhét c6 hé s6 phu hop véi két qua thi nghiém. Mo
hinh nay sau dé dwogc so sanh véi cong thirc cia
Khaksar dé€ danh gia mirc do twong thich.

Gia tri dd bén mAu tru thanh day tai cic dd sdu
dworc tinh toan nhw Bang 1.

Bdng 1. D6 bén mau tru thanh day (TWC) do
dwoc va gid tri TWC tinh todn theo hé sé xdc dinh

cho 16 46.

A X TWC do trong TWC theo
bo rong \ ; ‘A A .

(%) phong thl.nghlem cong thirc .

(psi) Khaksar (psi)
23,1 2610 3691
22,9 2702 3806
24,1 2227 3176
26,3 1505 2332

D6 thi biéu thi cac gia tri TWC do dugc trong
phong thi nghiém va do rong dwoc thé hién theo
Hinh 2.

Két qua hdi quy tir 4 miu thuc nghiém thu
dwoc cong thirc:

TWC = 5315 x ¢p~*22 (2)

Cap hé s6 thuc nghiém dwoc xac dinh la:
-a=5,315

-b=-4,232

Gia tri R* dat 0,998.

3.3. Bdnh gia do phu hgp ctia mé hinh

Mb hinh dwoc ki€ém tra bang cac chi sé:

e R% phan 4nh mic d phu hop

e RMSE: sai s6 trung binh

e % sai léch trung binh: gitra thuc nghiém

va du doan

Gia tri R* = 0,098 cho thdy mo hinh c6 do
Khép rat cao véi div liéu thue nghiém. Diéu nay
khing dinh do rong 1a tham sé quyét dinh chinh
dén kha ning sup dé mau da trong diéu kién tng
suit nén. Két qua chi ra rang mé hinh TWC-¢ phu
hop tot véi dit liu thwe nghiém 16 46. So véi mo
hinh Khaksar, hé s6 thwc nghiém ctia khu vuc 16
46 c¢6 do doc 16m hon, phan dnh ro sw khac biét vé
diéu kién kién tao va thanh phan khodng vit.

Mac du tip dirliéu dwgce sir dung trong nghién
ctru nay chi gobm 4 mau I3i c6 két qua thi nghiém
TWC day du, phwong phap hoi quy phi tuyén
Levenberg-Marquardt van dwoc lwa chon nhor vao
tinh 6n dinh va kha nang hdi tu nhanh khi t6i wu
ham muc tiéu phi tuyén. Motulsky &
Christopoulos (2004) cho rang st dung hoi quy
phi tuyén véi s6 lwgng diém dir liéu nho (<10),

GIA TRI DO BEN MAU TRU THANH DAY - TWC THEO MAU LOI

3000
2702 2610

2500

2000

1500

1000

—@— Gia tri TWC do tir
500 mau |&i

D6 bén mau tru thanh day - TWC, (psi)

225 23 235 24

245 25 255 26 265

Do réng - ¢, (%)

Hinh 2. B0 thi gid tri TWC theo ¢ do dworc trong phong thi nghiém.
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can c6 budrc ki€ém tra lai do nhay cia mé hinh v&i
sai s6 do dac va phan tich do tin ciy cia hé s6
thong qua khoang tin ciy (confidence interval).
Nham dam bao hiéu luc ctia mé hinh, khoang tin
ciy cia mo6 hinh ciing s€ dwoc xem xét, phan tich
danh gia tai phan thao luan.

3.4. Két quad va phan tich

Trén co s& két qua hé sé duoc tinh toan, Bang
2 dwéi diy dwa ra két qua so sanh gitra gia tri do
dworc va gia tri tinh todn theo m6 hinh. Ngoai ra,
cac gia tri tinh toan theo cong thirc cia Khaksar
cling dwoc xem xét va so sanh.

Bdng 2. Gid tri TWC theo céng thirc dé xudt bdi
Khaksar, mé hinh 16 46 va gid tri thwc té do dwoc
trong phong thi nghiém.

po | TWCtheo | puciheo | TWC theo

x cong thirc A , i
rong Khaksar mo hinh thi nghiém

0 n . .
(%) (psi) 16 46 (psi) (psi)
23,1 3691 2622 2610
22,9 3806 2721 2702
24,1 3176 2192 2227
26,3 2332 1514 1505

M6 hinh nay dic trung cho da cat két & bé
Malay- Thé Chu, noi dd réng thwong kha cao
(khoang 16+28%).

Ca hai cong thirc trén déu cho thdy TWC giam
manh khi do réng ting - phu hop véi hiéu biét
rang da c6 do rong 16m thi stirc bén gidm do mirc d6
gan két hat kém hon. Tuy nhién, cic thong s6 hé

s6a (5,315 va 20,62) va sé mii b (-4,232 va -3,54)
khac nhau dang ké, phan anh sw khac biét vé dac
tinh dia chit va pham vi dit liéu dung dé xiy dung
mdi mo hinh. Hinh 3 cho thdy xu hwéng cta gia tri
TWC theo ¢ véi cac gia tri khac nhau dwoc tinh
toan theo céng thirc do Khaksar dé xuit va cong
thirc thwe nghiém cia 16 46.

Duwéi day, sw khac biét vé hé sd, xu hudong
quan hé, pham vi 4p dung va sai s6 giita hai mé
hinh sé dwoc phan tich chi tiét, dong thoi danh gia
hiéu luc ctia hé s6 duoc dua ra véi cac mau dat da
cat két trong 16 46 va danh gia véi cac thong so
trong cac md hinh khéc (dic biét vé tinh thuc tién
khi 4p dung cho catkét & bé Malay - Tho Chu). Cudi
cung, cdc wu diém va han ché ctia mo hinh dia
phwong so v&i mé hinh tdng quat ciia Khaksar sé
dwoclam ro.

Hé s6 va s6 mii

Hé s6 quan hé ctia cat két trong 16 46 c6 hé so
a = 5,315 nho hon nhiéu so véi a = 20,62 theo dé
xudt ctia Khaksar va nnk. (2009), nhwng ngwoc lai
s6 mil tuyét doi 16n hon (4,232 so v6i 3,54). Biéu
ndy c6 nghia la twong quan ctia TWC va do rong
trong 16 46 ddc hon, tirc TWC giam nhanh hon khi
¢ ting so véi hé s6 do Khaksar va nnk. (2009) dwa
ra. Theo xu hwéng cua 2 do thi tai cac gia tri vé do
rong khac nhau c6 thé danh gid so sanh dinh
lwong:

- ¢ = 20%: cong thirc thuc nghiém 16 46 dw
bao TWC ~ 4825 psi, thdp hon so v&i = 6147 psi tir
cong thirc Khaksar va nnk. (2009).

160000 SO SANH GIA TRl TWC THEO o
GIUA MO HINH KHAKSAR VA MO HINH LO 46

— 140000
2
o 120000
2
> 100000
g 80000
‘E 60000
E
§ 40000
K=
O
@ 20000

o

4] 5] 10 15 20 25 30 35 40
TWC by Khaksar TWC block 46 Do réng - @, (%)

Hinh 3. So sdnh dwong cong quan hé TWC - ¢ giita mé hinh 16 46 (xanh) va mé hinh Khaksar.
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- = 25%: chénh léch r6 hon: gia tri cia TWC
cho khoang 1.877 psi, chi bang ~67% so vi 2.790
psi cia phwong trinh do Khaksar va nnk. (2009)
deé xuit.

Tuy nhién, & d6 rong thap hon (~15%) thi
chiéu nguwoc lai - m6 hinh twong quan cia lé 46 dw
bao TWC cao hon Khaksar (*16.300 psi vs 17.000
psi & 15% la gan bang.

Truc tung 1a TWC dy doan (PSI), truc hoanh
12 d6 rong ¢ (%). C6 thé thdy dwong cong 16 46 déc
hon: tai viing rong cao (> 15+20%), mo hinh 16 46
cho gia tri TWC thip hon dang ké so v&i dwong
cong dwoc xay dwng béi phwong trinh do Khaksar
va nnk. (2009) dé xudt, con & ving rong thip (<
~14%), mo hinh 16 46 lai cho TWC 16n hon.

Xu hwéng quan hé

C4 hai mé hinh déu biéu dién mot quan hé
ham lily thira 4m (TWC giam phi tuyén khi ¢
tang). Sw khac biét chinh la d6 nhay déi véi thay
d6i ¢: mo hinh 16 46 ¢6 d6 nhay cao hon - chi cin
tang ¢ mot lwgng nhé, TWC gidm manh hon so véi
dw bao cta Khaksar. Vi du, ting do rong tir 20%
lén 25% (tang 5 %): 16 46 giam TWC tw
~4825+~1877 psi (giam ~60%), trong khi
Khaksar gidm tr ~6147+~2790 psi (giam
~55%). D6 chénh nay tuy khong qua 16m & khoang
¢ trung binh, nhung cang vé hai dau dai ¢ thi sai
khac cang ro:

O ¢ rit cao (~30%): Pa cat két gan nhu bé
roid, hé s6 thwe nghiém cda 16 46 cho TWC ~870
psi - cuc thip, trong khi Khaksar vAn du bao
~1463 psi. Nhw vady mo hinh 16 46 du doan xu
huwéng kém bén hon cho da rit rong, thé hién dic
tinh dia phuwong 1a két ciu hat rat yéu khi do rong
vuot 25+30% (vi du da cat két tudi tré chwa dwoc
ximang hda nhiéu).

O ¢ rat thdp (~10%): Ngoai khoang dit liéu
thuc té cia Miocen (vi da Miocen hiém khi c6 do
rong 10+12% do chwa di nén ép siu), mo hinh 16
46 vé xu thé TWC tang vot (theo ham ¢-4232, TWC
— oo khi ¢ — 0). Khaksar cling tang nhanh nhung
cham hon. Tai 10%, hé s6 thwc nghiém cua 16 46
du bdo ~141.625 psi so véi ~103.800 psi nhw
cong thirc cta cua Khaksar. Pay la hé qua ngoai
suy do dang ham liiy thira; trén thuec t€ cac da cat
két rat chat thwong co strc bén gidi han béi ciu
truc xi mang hoa (khé dat dén hang tram nghin psi
trir phi da bién chat). Khaksar véi s6 mii nho hon
da giam thiéu sw ngoai suy phi thuc té nay.

Tém lai, xu hwdng cd hai mo hinh déu hop ly
trong khoang 15+30% d6 rong (dic trung cho cat
két tré) - TWC giam nhanh khi ¢ ting. Hé s6 16 46
thé hién d6 déc quan hé cao hon, phan anh da cat
két &16 46 rat nhay cAm véi do rong (ctt ting rong
thi strc bén gidm manh hon trung binh). Ngworc lai,
mo hinh Khaksar mang tinh téng quat cho “cat két
kém bén” néi chung nén it déc hon, phan anh xu
hwéng trung binh cho nhiéu da cat két tré & cac bé
khac nhau.

4. Thao luan

4.1. Hiéu Iwc va pham vi dp dung ciia mé hinh
thwc nghiém 16

M& hinh TWC = 5,315 x ¢p4232 dwoc xay dung
tir dit liéu thwe nghiém dac treng cho ting chira
cat két Miocene & bé Malay - Thé Chu, thé hién ro
anh huéng manh cia d6 réng téi do bén sap 10.
Véi hé s6 ity thira cao (b = -4,232), mé hinh nay
cho thay da trong khu vuec c6 cau tric roi, xi mang
yéu - dic trung baoi sw phu thudc phi tuyén manh
clia cwrong do vao do rong.

Tuy nhién, nhw moi m6 hinh thwc nghiém,
hiéu lwc cta cong thirc nay chi ddm bao trong
pham vi dit liéu hiéu chinh - cu thé 1a d6 rong tir
17+28%. Ngoai khodng nay, nhit la & viung ¢ <
12% hoac > 30%, mo hinh c6 thé duw bao sai 1éch
16m, do ban chat ham mi khién gia tri TWC
tang/giam rat nhanh.

So sanh véi mo hinh tong quat do Khaksar dé
xuit (TWC = 20,62 x ¢-354), c6 thé thay mé hinh 16
46 cho d6 déc (do6 nhay) cao hon, phan anh dac
diém c6 két yéu va nhay cam d6 rong cta da
Miocene tai khu vuc nghién ctru. Diéu nay phan
anh dac diém dia chat dic thu cha dat da va moi
trwedng tram tich dac thu trong 16 46. Theo Hoang
vannk. (2019), cic dac diém dia chat cia cat kétlo
46 - bao gbm thanh phan khoang vt chu yéu la
thach anh (>90%), xi mang canxi cacbonat yéu, va
c4u triic rong lién hat - cho thy loai d4 nay c6 mitc
do cd két thap va nhay cam véi thay d6i do rong.
Xi midng chd yéu 1a canxi cacbonat vi tinh thé
(micrite) véi ham lwgng thap (~<5%) va phan bo
khéng lién tuc. Diéu nay cho thiy lién két gitra cac
hat cat chu yéu la tiép xdc hat-hat (grain-contact)
thay vi lién két héa hoc. Do d6, viéc hé s6 mii trong
cong thirc TWC dat t&i -4,232 khién dang do thi cd
dang doc hon so v&i phwong trinh tong quat la
hop Iy va phdn 4nh ding ban chit co hoc ctia ting
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chra theo Ajdukiewicz & Lander (2010). Trong
khi mé hinh Khaksar phu hop cho pham vi réng
cao hon (20+35%) va cac da c6 mirc xi mang tét
hon hodc ¢6 tinh trdm tich da dang hon, m6 hinh
16 46 phu hgp hon cho ting chira dia phwong, cho
sai s0 ndi bo thap va phan anh ding dic diém vi
dia chit..

4.2. So sanh véi cdc mé hinh thwc nghiém da
cong b6

Hiéu luc (validity): Trong boi canh cdc mo
hinh dia co khac, cong thirc TWC = 5,315 x ¢-
4,232 t6 ra phu hop véi dic thu dia chit khu vuee
Malay - Thé Chu. BE Malay - Tho Chu c6 lich st
chon vi phike tap, nhung cac tAng cat két thuong
c6 d6 rong va do thAm cao do mirc d6 nén ép vira
phai, xi mang chi yéu la canxi cacbonat yéu va mot
phéan thach anh (nhw minh ching: ¢ ~19+32%,
d6 tham ~ vai tram mD. Cong thirc thuc nghiém tir
16 46 twong thich xu hwéng cta cac nghién ciru
qudc té. McNally (1987), Vernik (1993), va
Khaksar va nnk. (2010, 2018) déu chi ra m6i quan
hé nghich bién giita d6 rong va cwong d6, da phan
dwéi dang ham mii. Piém khac biét 1a hé s6 va s
mil dwoc diéu chinh d€ pht hop véi tirng diéu kién
dia chit cu thé.

So sanh v&i mo hinh ctia Asadi va nnk. (2017)
- dwoc 4p dung cho d4 carbonate c6 do rong cao &
bé Nam Con Son véi cong thire TWC = 31022 x
$0972 - ta thay xu hwdéng ngwoc: TWC tang theo do
rong. Diéu nay cho thay khong thé sir dung cling
mot cong thirc cho cac lithology khac nhau, va
khang dinh vai tro can thiét cia mé hinh héa riéng
cho tirng khu vire.

Vé dinh lwgng, mo hinh 16 46 kiém ching tét
tinh hiéu lyc khi so sdnh v&i cac mé hinh khac: vi
du, Vernik (1993) tirng dwa coéng thirc UCS =
254*(1-2,7¢)2 cho cat két sach, xi mang tot ¢<0,3.
Néu chuyén d6i twong dwong (thanh dang TWC
hodc UCS), md hinh Vernik (1993) sé cho sirc bén
rat cao & ¢ thap - phu hop da ran.

Nguworc lai, Chang va nnk. (2006) dwa cong
thirc UCS = 277xe”(-10d)) cho cat két 0<¢p<0,33
dd moi dé bén, ham y méi quan hé trung binh.
Trong ph6 d6, mé hinh hé s6 ap dung cho 16 46 c6
thién hwéng nhay ddi véi dd rong cao nhw mod
hinh Chang, va c6 xu huwdng tiém can nhw mo hinh
ctia Vernik (1993) vé6i do rong cuc thap. Sw lién
tuc nay ciing c6 rang mo hinh 16 46 khong mau
thuin v&i xu huwéng chung da cong bd, ma chi tinh

chinh cho phu hop pham vi hep: da cat két
Miocene c6 két vira téi yéu. Mat khac, Khaksar st
dung cong thirc ¢-3,54 chinh la mdt trong cdc mo
hinh ma Chang va nnk. (2006) liét ké cho cat két
yéu (mirc d6 twong tw ham e”(-10¢)) ndi trén).
Trong mdét nghién ciru khac twong tw, Asadi va
nnk. (2017) <clng s dung moé hinh
TWC=31022x¢$°972 nhwng can phai dwoc két hop
v&i cac théng s6 khac va cé d6 chinh xac chwa cao,
ngoai ra day la hé s6 ap dung cho khu virc b€ Nam
Cén Son. Do vy, md hinh 16 46 c6 thé dwoc xem la
phién ban diéu chinh chinh xac hon cia mé hinh
Khaksar, danh riéng cho 16 46.

4.3 Uu diém, han ché ciua céng thirc thuwc
nghiém 16 46

4.3.1. U'u diém ctia mé hinh 16 46

b0 chinh xac cao trong pham vi hep: M6 hinh
Kkhép ding dir liéu dia phwwong nén phan anh sat
thuc té cha ting chiva 16 46, cho két qua tin ciy
hon mo hinh téng quat khi ap cho cing khu vueee d6
(sai s6 nho hon, dw béo cd it sai s6 hon).

Do nhay véi dac trung dia chit: Hé s6 va so
mil dwoc hiéu chinh cho thay déc diém riéng (nhw
xi mang kém, hat roi) cia da cat két1o 46. Piéu nay
gitip phan biét ting nay v&i cac ting khac - vi du
cho thidy 16 46 yéu hon dang ké so véi cat két
chung khi do rong ting cao. Pay 1a thong tin quy
gia cho thiét ké khai thiac (dw béo sinh cat, xay
dung dwong cong 6n dinh thanh giéng).

Tinh ¢ng dung thuc tién tai ch6: M6 hinh don
gian (ham mii cia d6 rong) dé tich hop vao mo
hinh dia co’ cia mo, phuc vu tinh todn ap suit gidi
han sinh cat, Iwa chon ti trong dung dich khoan
pht hop, ... tai 16 46. Vila mo hinh dwoc xay dung
cho mo va dic trung khu vuc bé Malay - Tho Chu
nén it phai hiéu chinh thém, tiét kiém thoi gian khi
xay dung va danh gia mé hinh.

4.3.2. Han ché ctia mé6 hinh khu vyc

Thiéu tinh tong quat: Nhw da nhin xét & trén,
mo hinh 16 46 chi dam bao cho da 16 46 va rong
hon 13 bé Malay - Thé Chu.

5. Két luin

Cong thtrc thye nghiém TWC = 5,315 x ¢4232
cho thiy do6 twong thich cao dir liéu thwc nghiém
tir khu virc 16 46. Viéc str dung cong thirc nay gitp
nhanh chéng wéc lwong TWC tir dit liéu log giéng,
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phuc vu danh gia nguy co sinh cat hiéu qua hon
ma khong cin phu thudc hoan toan vao thi nghiém
vatly.

M6 hinh 16 46 v&i dang TWC = 5,315 x ¢p+232
c6 hé s6 va s6 mii riéng phu hop véi da cat két
Miocen tai chd, do d6 cho dd chinh xac cao va phan
anh dding xu hwéng dia phwong (TWC giam rat
manh khi ¢ ting). Tuy nhién, n6 kém tong quat va
can than trong khi 4p dung ngoai pham vi thiét ké
(dé sai léch 1én néu ngoai suy).

Trong béi canh cac ting cat két Miocen bé
Malay - Thé Chu, mé hinh 16 46 dwoc danh gid hiéu
luc tot va dang tin ciy néu st dung dung cho loai
d4 ma né mo ta. N6 giap hiéu rd hon dic tinh co
hoc riéng cta tAng chita (rang da rit yéu khi rong
tang cao) - diéu ma mo hinh tong quat sé thé hién
khong chinh xac.

Tém lai, mé hinh khu vyc va mé hinh tong
quat c6 vai tro bé trgs nhau. Mo hinh khu viee (nhw
16 46) vwot trdi vé chi tiét va dé chinh xac trong
pham vi hep.

Vily do han ché trong khéi lwong mau, nghién
ctru nay dwoc dinh hwdng nhw mét nghién ciru
tién dé - xay dung mé hinh ddc trung cho 16 46,
dwa trén dir liéu hién c6. Trong cac nghién ctru tiép
theo, cAc mau 16i clia cac giéng trong khu vuc sé
dwoc thu thip thém dé danh gia phén tich cling
nhur mo hinh ciing sé dwoc kiém nghiém véi cac
phuwong phap hoi quy khac nhw hoi quy robust
ho#c Bayesian regression nhim kiém tra d6 nhay
va danh gia lai cac hé s6 thue nghiém véi do tin cay
thong ké cao hon

Poéng gop caa cac tac gia

Tran Anh Quan - khdo sat, thu thap, phwong
phap luin, phén tich dir liéu, viét ban thao bai bao;
Nguyén Thé Vinh - kiém chirng, phan tich di liéu,
danh gia va chinh stra.
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