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Uniaxial compressive strength (UCS) is one of the most important
geomechanical parameters for evaluating rock strength along the
wellbore. It is essential for ensuring drilling safety and optimizing drilling
operations, particularly in determining the appropriate mud weight
window to maintain well stability and improve the rate of penetration.
Additionally, the UCS parameter plays a significant role in predicting sand
production. Typically, UCS is determined through core sample tests in the
laboratory, but this method is costly and time-consuming and provides
either scattered data nor continuous log profile. Therefore, many studies
around the world have proposed correlation between cored UCS and well
log. However, these models often exhibit significant errors when applied
to field X, Block Y in the Northern area of Cuu Long basin. In this paper,
we propose a correlation between P-wave modulus (M) and Uniaxial
compressive strength (UCS) derived from hydraulic flow units.
Consequently, the correlation coefficient between cored UCS and log-
derived UCS values is very high, with an overall value of 0.82 for all wells.
In particular, the mean absolute error (MAE), mean absolute percentage
error (MAPE), and root mean square error (RMSE) are as follows: for well
A-1X — MAE: 426.3 psi, MAPE: 10.4%, RMSE: 582.5 psi; for well A-2X —
MAE: 843.17 psi, MAPE: 16%, RMSE: 1115.5 psi; for well A-3X — MAE:
321.9 psi, MAPE: 7%, RMSE: 385.6 psi; and for well A-4X — MAE: 286.46
psi, MAPE: 10%, RMSE: 438.76 psi. The blind-test well B-1X shows
acceptable errors, with MAE: 335.5 psi, MAPE: 14%, and RMSE: 383.37
psi. This model enhances the efficiency and safety of drilling and
production operations in Field X, Block Y, located in the northeastern part
of the Cuu Long Basin.
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Xac dinh d6 bén nén don truc (UCS) dwa vao m6 dun séng
doc (P-wave modulus) va cac don vi thuy lwc (hydraulic flow
unit-HFU) ap dung cho d6i twong tram tich Mo X, Lo Y, bé
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Bé bén nén don truc (UCS) la théng s6 dia co hoc quan trong, ddm bdo an
toan va téi wu héa khoan gleng ddu khi. UCS chinh xdc gitp 6n dinh thanh
gleng, tang téc do khoan va dw bdo nguy co sinh cdt. Theo phwong phdp
truyén thong, UCS dwoc xdc dinh qua thi nghzem mdu 16i trong phong thi
nghzem nhuwng tén kém, mdt thori gian) va dirliéu roi rac, khong dai dién toan
bo giéng. D€ khdc phuc han ché ctia cdc mé hinh hién cé vén thu‘cmg cho dé
twong quan thap khi ap dung taimé X, 16 Y, khu vurc Bong Bdc bé Ciru Long,
nghién cteu nay xdy dung mé hinh méi du dodn UCS tir mo dun séng doc (M)
két hop vdi phdn loai don vi dong thuy luc (HFU). Két qud cho thdy trong cdc
nhém HFU1-HFU6, UCS c6 quan hé chat ché véi M (P-wave modulus). Cudi
cung, két qud tinh todn dat dworc hé s6 twong quan giira UCS 16i va UCS tinh
ttr dia vdt ly cho toan bd cdc giéng la 0,82. Cu thé, giéng A-1X, sai s6 trung
binh tuyét déi MAE la 426,3 psi, phdn trdm sai sO trung binh tuyét déi MAPE
la 10,4% va sai s6 binh phwong trung binh RMSE la 582,5 psi. Giéng A-2X c6
MAE = 843,17 psi, MAPE = 16%, RMSE =1115,5 psi, Giéng A-3X c6 MAE =
321,9 psi, MAPE = 7%, RMSE = 385,6 psi, Giéng A-4X c6 MAE = 286,46 psi,
MAPE = 10%, RMSE = 438,76 psi. Tai giéng thwr nghiém B-1X, sai s6 MAE la
335,5 psi, MAPE la 14% va RMSE la 383,37 psi. Viéc bd sung yéu té HFU da
lam ré sw khdc biét co hoc giiva cdc don vi thily lwc, tir d6 cdi thién ddng ké
do chinh xdc dw bdo UCS. Mé hinh dé xudt hira hen ndng cao hiéu qud va an
toan trong khoan - khai thdc ddu khi tai khu vwc nghién cieu.
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1.M¢ dau

Théng s6 UCS (Uniaxial compressive
strength - d6 bén nén don truc) 1a mot trong
nhirng thong s6 rit quan trong dé danh gia do bén
co hoc cta dat da. UCS dai dién cho mic (rng suit
nén mot truc t6i da ma mau vat cé thé chiu duoc
trwde khi bi pha huy.

Trong nganh cong nghiép dau khi, theo
Hassanvand va nnk. (2018), UCS con déng vai tro
la théng s6 dau vao ctia cdc mo hinh dia co hoc
nham phan tich d6 6n dinh thanh giéng, tir d6 ho
tro lwa chon thiét ké 6ng chdng, xac dinh cra s6 ti
trong dung dich khoan phu hop dé duy tri 6n dinh
thanh giéng, han ché sat 1&, ket cin khoan va cac
sw c6 thiét bi trong giéng. Ngoai ra, theo Shi va
nnk. (2015), UCS con gitp t6i wu hda ché do khoan
va dy bao téc do khoan cho tirng giai doan thi
cong. Dac biét, nghién ctru ctia Asadi (2017) cho
rang UCS déng vai tro quan trong trong duw bao
nguy co sinh cat gitp nang cao hé s6 thu hoi dau,
dam bdo su an toan giéng khoan va cac thiét bi
khai thac.

Thi nghiém trén mau 16i giéng khoan la
phuong phap truc ti€ép va cho két qua dang tin cy
nhit dé xac dinh tham s6 UCS. Mot s6 phwong
phép thuong duoc sit dung bao gom: thi nghiém
d6 bén nén don truc (UCS test), thi nghiém d6 bén
nén ba truc (triaxial compressive strength test),
thi nghiém diém tai (point load test) va sr dung
thiét bi blia Schmidt. Mic du vy, két qua thi
nghiém dua trén mau 16i cling c6 thé chiu anh
huwdng bdi nhiéu yéu t6 nhw: kich thuéc va hinh
dang mau, tdc dd nén, thé tich va loai chit lwu
trong maiu. Ngoai ra, theo Nabaei va Shahbazi
(2012) dac tinh khoang vat, kich thwéc, hinh dang,
d6 chon loc hat cling nhw quy trinh x(r Iy va chuin
bi mau déu c6 thé tic dong dén do chinh xac cla
phép do. Do han ché vé s& lwong mau 18i, chi phi
cao cho viéc 14y mau va thi nghiém, cling v6i thoi
gian thuc hién kéo dai, cAc mau st dung dé phan
tich thwong khong dai dién day da va khong lién
tuc theo chiéu siu thanh giéng (Rabbani va nnk.,
2012).

Hién nay, trén thé gi¢i chwa c6 phwong phap
do truc tiép gia tri UCS trong giéng khoan dé phan
anh chinh xac gia tri doc theo thanh giéng. Do dé
nhiéu nghién ctru xy dung cac méi lién hé gian
tiép thong qua cac tinh toan tir cac dwdorng cong dia

vt ly giéng khoan dé wéc lwong tham s6 do bén
nén don truc nay.

Trong d6, McNally (1987) xay dung mdi quan
hé giira UCS va thoi gian truyén séng doc DT C doi
v&i cac loai dit da c6 do hat min va moi loai do
rong:

UCS = 1200 e ~0036:0TC (1)

Trong d6: UCS - d6 bén nén don truc, psi;
DTC - thoi gian truyén song cda thanh hé, ps/ft.
Plumb dé xuit moi lién hé gitra UCS va do
rong cho thanh hé véi hat déng vai tro 1a xwong
da:
UCS =234+ (1—2857«¢)? (2)

Trong d6: @ - d rong thanh hé, v/v; d rong
dworc tinh tir cdc phwong phap mat dd, no tron va
thoi gian truyén séng (Tiab va Donaldson, 2015).

Horsud (2021) xdy dwng mdi quan hé véi
DTC cho dat dala phién sét tredrc Dé tam ctia viing
bién Bic:

UCS = 0,77(5-2)%% 3)

Chang va nnk. (2006) dé xuat xac dinh UCS
cho dat da phién sét & vinh Mexico:

UCS = 043(5-2)*? 4)
Ucs = 0,5(-2)° (5)

D6i véi thanh hé c6 dd rong thip téi trung
binh va dat da c6 gia tri UCS 16m.
UCS = 135,9 » e*8*® (6)
b6i véi thanh hé cat két c6 dd rong
0,002< ¢ < 0,33, khi do:
UCS = 277 x e~ 10*9 (7)

Cac phuwong phap xac dinh dé bén nén don
truc (UCS) thong qua cac cong thirc thuwe nghiém
(1+7) da dwoc cong bo khong mang lai do chinh
x4c cao. Diéu nay c6 thé dworc gidi thich do sw phu
thudc cia UCS vao dac diém dia chat riéng biét cia
tirng khu vire nghién ctru. Khi 4p dung cho dix liéu
tir cac giéng khoan thudéc mo X, 16 Y, khu virc Pong
Béc bé Clru Long, nhom tac gia nhan thiy nhitng
cong thirc nay cho sai s6 dang ké so vi két qua do
truc tiép tir mAu 16i (Hinh 1).

Gia tri UCS chiu anh hwdng bdi nhiéu yéu té,
trong d6 dau tién la thanh phan khoang vat va loai
vét liéu. Cac da chira nhiéu khoadng vt cirng nhw
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Hinh 1. Bdn do thé hién do twong quan gitra gid tri dw dodn va gid tri thwe nghiém cho giéng A-2X.

quartz thwong c6 UCS cao hon so véi da cat két.
Theo nghién ctru ctia Bieniawski. (1974), UCS cia
da Quartzite c6 thé dat t&i 188,4 MPa, trong khi da
cat két chi & mirc 64 Mpa.

Mot yéu t6 quan trong khac 1a dd réng
(porosity) va mat do khéi. Pd rong cang cao thi
lién két gitta cac hat cang yéu, tir d6 lam gidm dang
ké d6 bén nén. Theo Chang va nnk. (2006) cho
thdy rang, véi moi 1% ting d6 rong, UCS trung
binh gidm tir 3+5 MPa & cAc mau da tram tich.
Ngoai ra, d6 4m ciing c6 anh hwdng 16m, dic biét
doi voi dat sét noi ma sw hién dién ctia nwéc sé
lam suy yéu cac luc lién két gitra cac hat. Nghién
ctru ctia Lade (1993) cho thdy mAu dat sét nén &
d6 4m t8i wu c6 cwdng dd cao hon han so véi mau
qua kho hodc qué am.

Mirc d6 phong héa va sy ton tai ctia cac vét
nit vi mo trong da ciling la yéu t6 anh hwdng ro
rét. Pa bi phong hda thwong c6 nhiéu khe nirt va
mat lién két, dan dén gia tri UCS gidm dang ké, da
phong hoéa nhe cé thé mat 30+50% UCS so véi da
nguyén khoi. Bén canh d6, doi véi viéc do UCS
trong phong thi nghiém thi ty 1é gitra chiéu cao va
dwong kinh cia miu vat (theo chudn ASTM
D7012 la tlr 2 dén 2,5) cling anh hwdng dén két
qua, do cac ty 1é khéng hop 1y ¢ thé gy phan bd
trng suit khong dong déu. Cudi cung, diéu kién va

ky thuat thir nghiém nhuw téc do tai, dd phang cua
bé mat, va hwdng cltia rng suat cling dong vai tro
thiét yéu. Nhirng sai l1éch trong qué trinh nay cé
thé d4n dén két qua khong chinh xac, nhw dwoc dé
cidp trong nghién ciu cla Tsiambaos va
Sabatakakis (2004). Tdng hop cac nghién ciru trén
cho thay UCS khong phai la gia tri c6 dinh ma bién
déi tuy thudc vao cac diéu kién vat ly va ky thuét
cu thé ctia vat liéu va qua trinh thr nghiém. Do d6,
viéc danh gia chinh xac UCS doi hoi phai kiém soat
va hiéu ré cac yéu té anh hwdng nay.

Hinh 1 minh chitng d6 twong quan gitta gia tri
UCS do dwoc tir mau 16i va gia tri UCS tinh tir cac
cong thirc thwe nghiém (1+7) ap dung cho cac
giéng khoan khu vuc mé X, L6 Y, bé Clru Long 1a
rat thap, diéu dé noi lén gitra UCS va cac thong s6
do rong hoic thoi gian truyén song 1a da bién. Cau
héi dit ra vy c6 mét ham da bién nao ciing phu
thudc cac dac tinh d6 khong? D6 chinh la don vi
dong chay thay lwc (Hydraulic Flow Unit - HFU).
Viviy nhom tac gid dé xuit tim moi quan hé gitra
M, UCS trén co s& thiét 1ap moi quan hé dé riéng
cho tirng don vi dong chdy thuy lwc HFU cho doi
twong trim
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tram tich trong Mioxen va Oligoxen, thudc mo X, 16
Y, bé tram tich Ctru long. Loi thé cia phwong phap
nay la da c6 rat nhiéu nghién ctru vé HFU trén thé
gi¢i néi chung va Viét Nam noi riéng, moi giéng
khoan déu c6 thé xac dinh HFU dé dang (
Abbaszadeh va nnk., 1996; Amaefule va nnk,
1993; Ha va nnk, 2021; Nguyén va nnk., 2012;
Tiab va Donaldson, 2015).

2. Dic diém Kién tao va dia chit khu virc Pong
bac bé Clru Long

2.1. Pdc diém kién tao

Khu vuc nghién ctru ndm thudc triing Pong
bac B& Ctru Long (Hinh 2), sw phat trién ctia khu
vurc nghién ctru gan lién v&i qua trinh hinh thanh
cta BE Clru Long, dwa trén tai liéu minh giai dia
chin, c6 thé dworc chialam 3 co ché kién tao (Hinh
3) (Lé va nnk., 2005; Schmidt va nnk., 2019; Tran
va Phung, 2005):

- Co ché tach gian: giai doan bién dang dau
tién tai bé Clru Long 1 qua trinh giin tach xay ra
doc theo cac dit giy thuin c6 phwong Dong Bac
dén Bac Dong Bic. Qua trinh nay da hinh thanh
truc bé theo hwéng Dong Bic - Ty Nam. Tiép theo
12 c4c tach gidn dién ra trong qud trinh trAm tich
cia cac tip F, E va D tir thoi Eoxen dén dau
Oligoxen.

- Co' ché nén ép: sw dich chuyén tir co ché tich
gidn va nén ép xay ra trong qua trinh tram tich
phén trén cta tp D. Déc trung nén ép nay tiép tuc
kéo dai t&i qua trinh trdm tich & tip C va phan
dwéi cua tip tram tich BI. Truc cta co ché nén ép
c6 hwdng Bac Pong Bac.

- Co ché 14n chim nhiét: Idn chim nhiét bat
dau tr phan dwédi cia qua trinh trim tich tip BI
(~25tr.nam) téi nay. Giai doan nay hinh thanh cac
16p tram tich c6 xu hwéng day 1én & phia trung
tAm bé. Mdi trwong trdm tich chuyén tiép tir moi
trwong luc dia sang méi trwong bién, tao thanh
mot chu ky tram tich theo hwéng thé dan 1én trén.

Ghi cha

1600-20000n
26001000
SO00.6600m Hé Chi Minkh

> G000

a1

Cail oo dimong

Dair gy ice fso

\

'\’Ong‘l'im

Hinh 2. Vi tri kién tao khu vwc nghién ciru.



Nguyén Vin Hoang va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 67 (1), 92 - 105 97
= Tl 3 -
Ky Thanh | Thach |8 Miéu ta Moi Hoat dong
N g O \ q N
hé hoc = = Thach hoc treong kién tao
k]
Cat hat tho, sét bo ,
Plioxen- Bién roi véi cac tap da Bién
beé tr bong A vo6i, than méng xen
kep .
Dﬁng = Cat hat thé-min, véi L}‘:\n
Muon B3 | cac tap d4 voi, than | pn X chim
; i : ’ bong bang ven i
Nai méng xen kep s & e gﬂ nhiét
Mioxen bién, bién nong
- Con Cat, da véi, than
Gifra Son B2 | méng xen kep
Som Badil B1.2 | Sétvacatmong xenkep | Song va bién ven bo
ac o . - P
: & oh rht hAF A Pam lay, song ngoi | Nén ép
Muén HE — B1.1 Sét va cat, bot mong VA dim i;ﬁ & ng N
: xen kep, bazan, tuff /%
Oligoxen
: , Tra = Sét va cat, andesit va Pam hb
Sém | ap 1 D | andesit-tuff
- <l 2 in
Tra g | Sét va cat, bot va | Pam lay, song va T%h glan
Mudn Ct than mong xen kep dam ho /%
Eoxen ;
== F Cudi, cat két va sét|Séng va tram tich
Sgm7| CaCol P as e xen kep chan nii
Truéc Dé tam / f]/[éong phong héa va da moéng granitoid nit
r

Hinh 3. Dia tdng va co ché kién tao khu vwec bé Ctru long (Schmidt va nnk., 2019).

2.2. Bdc diém dia ting

bia ting dwoc khoan qua trong cic giéng
khoan ctia Bé Ctru Long (Hinh 2) bao gom mdng
Kkét tinh trwdc Dé tam va 6 16p tram tich 16p pha
Cenozoi dwoc dat tén tir A téi F (Schmidt va nnk,,
2019; Tran va Phiing, 2005).

Pa mong két tinh trwdc Dé tam: Vé mit thach
hoc da méng két tinh c6 thé xép twong dwong véi
3 phirc hé: Hon Khoai, Pinh Quan va Ca na.

Téap trAm tich Eoxen sém F bao gom cac 16p
cat cudi két vai cac 16p xen kep hat min va sét két.
Hinh thanh trong méi truedng boi tich, séng tich c6
nang luwong 16m.

Téap tram tich Eoxen muén E bao gom cac tip
cat két c6 do hat tho téi min va mot it cudi két, bot
két va sét két xen kep. Moi triedng thanh tao 1a moi
trweong song va dam ho.

T4p tram tich Oligoxen sém D bao gébm cac
tap hat min bot két va sét két, dwoc hinh thanh
trong moi treong ho nuwére sau.

Tap tram tich Oligoxen C cé nhiéu thanh phan
cathon so véi tap D, kich thwée hat tir trung binh

téi rat min va cé cac 1op bot - sét két xen kep. Tap
C duwogc hinh thanh trong mdi treong tam giac
chau thudc cac ho nwdce siu.

Tép tram tich Oligoxen mudn t&i Mioxen B
bao goém cac tram tich silic dwoc hinh thanh trong
moi tredng clra sdng tdi bién ndng ven bo.

Tép tram tich Plioxen - Dé tir A gobm cac 16p
cat, sét bd roi xen kep da voi va than mong, duoc
hinh thanh trong méi trwong bién ndng. Pac diém
dwong cong dia vat ly cho thay tai dinh cac tip dia
tAng thwong xudt hién 16p sét véi gia tri GR cao,
DTC thip, NPHI cao va RHOB thap. Pang chu y, tip
sét & dinh BIL.2 la tip sét Bach H8 chira nhiéu
Rotalia - d3c treng ctia bé Ctru Long.

Cac giéng khoan tai mé X, Lo Y ghi nhin tiém
nang dau khi trong cac tip tir Mioxen dén
Oligoxen. Két qua lién két dia ting tir bon giéng
tham do - thdm lwong khang dinh su hién dién cta
cac tap BI.2, BI.1, C va D trong khu virc nghién ctru
(Hinh 3, 4).

3. Co s¢& dir liéu va phwong phap nghién ciru

3.1. Co’ sor div liéu
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Hinh 4. Lién két dia tdng va vi tri cdc giéng khoan A-4X, A-1X, A-3X va A-2X & khu vierc m

[«
2
h
(=}
h<

Bdng 1. Co s¢ dir lidu cdc giéng khoan khu viwe M6 X.

GK Thanh hé b6 sau GR |LLD/LLS| RHOB NPHI | DTC/DTS M%\}J

' (m) (API) | (Ohmm) | (g/cm3) | (Dec) (ms/ft) 16i
A-1X Mioxen | 2517-2895 X X X X X
Oligoxen | 2895-3449,5 X X X X X
A-2X Mioxen 2627-3134 X X X X X
Oligoxen | 3134-3628 X X X X X
A-3X Mioxen |2684,1-3107,6 X X X X X
Oligoxen | 3107,6-3533,1| X X X X X
A-4X Mioxen |2616,9-3008,4| x X X X X
Oligoxen | 3008,4-3364,5| X X X X X

Giéng thtr nghiém mé hinh & khu viec1dn cAn mo X, 160 Y

B-1X Mioxen 2520-3270 X X X X X
Oligoxen | 3270-4477 X X X X X

Trong nghién ctru nay, nhém tac gia st dung
dit liéu tir bén giéng A-1X, A-2X, A-3X va A-4X
thudc mé X, Lo Y, khu vire Dong Bic bé Clru Long
va dir liéu cta giéng khoan B-1X, khu vuc 1an cin
ciamo X, Lo Y. Poi twong nghién ctvu 1a cac tp cat
két BL.1 va C. Tdng cong c6 29 mau 16i dwgc phan
tich dd bén nén don truc (UCS) (thé hién chdm
xanh trén Hinh 4 - c6t mau 16i), bao gdm 26 mau
trong tip BI.1 cla cic giéng A-1X, A-2X, A-3X, A-4X
va 3 mau trong tap C cla giéng A-3X, 2 mau UCS
cuia giéng B-1X dung dé kiém tra kha nang ap dung
ctiia md hinh tinh toan UCS cho khu virc khac trong
Bé Ctru Long. Trong do, 29 mAu tir cac giéng A-1X,

A-2X, A-3X va A-4X duoc dung dé huin luyén mo
hinh. Ngoai ra, 555 mAu 16i (thé hién chAm dé trén
Hinh 4 - cot mau 16i) dwoc phan tich d6 rong - do
thdm dé phuc vu phén loai don vi thiy lwc (HFU).
Ngoai ra, nghién ctru con st dung cac tai liéu dia
vat ly giéng khoan nhw gamma tw nhién (GR, API),
mat do (RHOB -p,, g/cm?), notron (NPHI, v/v),
thoi gian truyén séng doc va ngang (DT, ps/ft),
dién tré suit do sdu/do nong (LLD, LLS, Ohm.m).
Chat lwong tai liéu dwoc danh gid & mirc trung
binh dén tot, du tin ciy dé phuc vu nghién ctiru.

3.2. Phwong phdp nghién ciru
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C6 nhiéu phwong phap da duoc dé xuit nham
xdy dung mdoi quan hé gitra UCS va cac théng so
dia vat ly giéng khoan, nhw da trinh bay & phin
trwdc, tuy nhién nhirng moi quan hé nay la nhirng
m&i quan hé phi tuyén va c6 dé twong quan thip.
Trong nghién cru nay, nhom tac gia tién hanh
phan chia cac don vi thuy lwc (Hydraulic Flow
Units - HFU) dwa trén két qua phan tich mau 16i
(Amaefule va nnk., 1993), két hop véi tai liéu dia
vatly tir giéng khoan, sau d6 gia tri UCS dwgc phin
nhém twong (ng véi tirng don vi HFU. Tiép theo,
moi quan hé gitra UCS va mé dun séng doc (P-
wave modulus) dwoc thiét14p riéng cho tirng HFU,
nham nang cao do chinh x4c trong viéc dw bao gia
tri UCS, v&i cac bwdéc nhw Hinh 5b.

HFU dwgc dinh nghia la dai dién cta toan bd
da chira trong tAng chira, trong d6 cac dic tinh dia
chat kiém soat dong chay chit lwu co tinh dong
nhat bén trong nhw d6 hat va d6 chon lwa hat,... va
¢6 sw khac biét mot cach co6 thé dw doan dworc so
v&i cac ddc tinh ctia nhitng HFU khac trong cung
mot ting chira (Desouky, 2005). Nguyén tic phan
loai don vi thiy lwc (HFU) dwa trén viéc xac dinh
cacnhoém dit liéu tao thanh dwong thang c6 do déc
bang 1 trén biéu d6 log-log gitra chi s§ chit lwgng
tang chtra (RQI) va bién s8 ®z. D6 thdm ctia moi
diém mau sau dé dwoc tinh toan dwa trén don vi
HFU twong (mg, bang cach st dung gia tri trung
binh cta chi s6 dong chay (FZI) va do rong cla

mau (Hinh 5a). Phwong phép nay dwoc xay dung
dwa trén két qua phan tich dic tinh rong - thim tir
mAu 16i (Tiab va Donaldson, 2015; Ha va nnk,
2021) va theo cac cong thirc sau:

RQI = 0,0314 * /K/(p (8)

¢, = 1 (9

FZI = RQI/ ¢, (10)

16

14
HFUé: FZ1>10,581

12

HFUS5: 7,956<FZ[<10,581
10

8 HFU4: 4,5191<FZI<7,956

HFU3: 1,6847<FZI<4,5191

2 HFU2:0,215 <FZ1<1,6847
HFU1: FZI<0,215

Hinh 5a. Biéu d6 ngwéng gid tri FZI dé phdn
loai HFU.

Tai lidu DVLGK
(GR, RHOB, NPHI, DT,
LLD, LLS)

\ 4

Tinh md dun dan hoi
séng doc M

Xac dinh cac don vi
thuy luc (HFU)

\ 4

Cong thirc xay dyng moi
»| quan hé gitra UCS_mau 16i [P
va mé dun séng doc M

Tai liéu mau 16i
(UCs)

r

Tinh gia tri UCS doc theo
giéng khoan

Hiéu chinh mau 16i

P
<

Hinh 5b. So d6 khéi xdc dinh quan hé UCS v&i mé dun séng doc dwa trén phdn loai HFU.
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Trong do6: RQI - chi s6 chat lwong via; K - do
thdm, mD; ¢, - ti phan do réng trén thé tich
khung da; ¢ - d6 rong, v/v.

Trong Hinh 5 thi truc Z 1a gia tri tra vé Z twong
rng véi mot gia tri xac xudt tich liy, FZI 1a chi s6
dong chdy. Nguwdng ctia FZI d€ xac dinh loai HFU,
cu thé nhw sau:

HFU1: FZI<0,215;

HFU2: 0,215 <FZI< 1,6847;

HFU3: 1,6847<FZ1<4,5191;

HFU4: 4,5191<FZ1<7,956;

HFUS5: 7,956<FZI<10,581;

HFU®6: FZI1>10,581.

D6i véi mo dun séng doc dwoc xac dinh 1a ti
sO cla &ng suit nén doc truc trén bién dang doc
truc. Ly thuyét mo6 dun séng doc dwoc suy luin tir
ly thuyét lan truyén séng dan hoi (Shen va nnk,,
2016):

M=p=xV§ (11)

Trong d6: M - mé dun séng doc, Gpa; p -
dwong mat do dat da, kg/ms3 dwoc chuyén doi tir
dwong mat do RHOB (g/cm3) hay 1 g/cm3 = 1000
kg/m3; V, - Van tc truyén séng, dwoc chuyén doi

tr dwdrng cong thoi gian truyén séng doc thanh
giéng khoan DT (us/ft) hay:

y, =304800/,  (m/s) (12)

. 0,3048
hodcV, = /pe  (km/s) (13)
4. Két qua va thao luan

Dua trén két qua phan tich mau 16i va dit liéu
dia vat ly giéng khoan (PVLGK), cac don vi dong
chay thiy lwc (HFU - Hydraulic Flow Unit) dwoc
phéan loai thanh sdu nhom, twong rng HFU1 dén
HFU6 (v6i cac quy dinh theo mau twong (tng
HFU1: vang, HFU2: xanh 14 cay, HFU3: xanh nwéc
bién, HFU4: mau cam, HFU5: mau tim, HFU6: mau
xanh lam). Trong s6 29 mau 16i dwoc st dung dé
phéan tich UCS, c6 03 mAu thudéc nhém HFU1, 3
mau thudéc HFU2, 09 mau thudc HFU3, 06 miu
thudc HFU4, 1an lwot 05 va 03 mau thudc HFUS,
HFU6 (Hinh 6). Trong khi d6 M 1a gia tri dwoc tinh
theo cdng thitc (11), dwoc biéu dién cot s6 4 & mbi
giéng ké tlr trai sang phai trong Hinh 6.

Cu thé Hinh 6 va Bang 2, giéng A-1X c6 2 diém
UCS nam trong nhém HFU1, 1 diém trong HFU2
va 4 diém trong HFU3 va 2 diém trong HFU4, 1
diém thudc HFU6. Giéng A-2X c6 1 diém HFU2,1

A-3X 1 L A-4X

0353 | TVDSS | GammsRey Barang s | GammaRay | Boreng

D55 |RaR:aR (GasD)[ 1 (Gpa)
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Hinh 6. Biéu dién cdc gid tri UCS do ttr mdu twong tng véi cdc HFU dé xdy dung méi quan hé gitva M6
dun séng doc M va gid tri UCS ctia mdu 16i ctia cdc giéng khoan khu viec nghién ciru.
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Bdng 2. Phdn loai cdc gid tri UCS ctia mdu 16i va duwong PVLGK theo HFU.

P06 sau | UCS _Core DT RHOB Po sau | UCS Core DT RHOB
GK | “(m) | (psi) | (ms/ft) | (g/em?) |TEV | | OK | "0y | psi) | (ms/ft) | (g/em3) | HFY
A-1X]| 2699,1 4427 81,67 2,208 - A-3X|2949,9 6657 85,74 2,344 1
A-1X|2815,5 3221 84,46 2,253 4 A-3X| 2964,2 3828 79,33 2,252
A-1X| 2812,6 4466 93,78 2,282 1 A-3X|3148,7 3406 78,18 2,325
A-1X1|2825,5 4950 80,78 2,248 A-3X|3161,4 5780 76,46 2,356
A-1X| 2693,7 2093 88,28 2,198 A-3X[3169,6 6115 75,3 2,326
A-1X|2701,6 1980 85,17 2,240 A-4X|2754,3| 2743,1 90,05 2,258
A-1X|2711,9 4396 80,55 2,282 A-4X|2757,4| 2754,1 86,86 2,258
A-1X|2696,5 3226 81,56 2,282 A-4X|2743,2| 2757,2 85,92 2,285
A-1X|2705,8 5409 81,41 2,092 A-4X|2763,2| 27629 80,52 2,302
A-1X|2705,5 5212 81,94 2,290 A-4X|2865,1| 2865,1 82,97 2,284
A-2X| 2847,4 4398 81,99 2,362 A-4X|2875,6| 2873,7 80,06 2,260
A-2X| 2868,2 10482 80,29 2,259 A-4X|2873,7| 2875,6 77,32 2,296
A-2X|2848,0 2117 88,44 2,288
A-2X|2861,2 5051 84,14 2,226 4
A-2X|2865,3 4618 82,57 2,212 4
A-2X|2866,9 4677 81,85 2,237 4
A-2X|2855,2| 4150 | 82,87 | 2,225 |G

diém trong HFU3, 4 diém trong HFU4 va 1 diém
trong HFUS. Giéng A-3X c6 1 diém thudéc HFU1, 1
diém thudéc HFU2, 2 diém trong HFU3, 2 diém
trong HFUS. Cudi cung, giéng A-4X c6 2 diém
thuéc HFU3, 2 diém thudéc HFU5 va 2 diém trong
HFU®6.

Viéc xay dwng moi twong quan gitta UCS va M
theo phan loai HFU giup cai thién dang ké moi

Quan hé UCS-M Dwa vao HFU1, HFU2

10000
2000
8000
7000

Quan hé giita UCS vs M khing phin nhém theo 6000

HFU

UCS, psi

quan hé gitra d6 bén nén don truc UCS va mé dun
song doc M. Cu thé, Hinh 7a thé hién hé s6 twong
quan gitra UCS va M khong phan nhém theo HFU
chi dat 0,0992. Trong khi d6, khi phan nhdm theo
HFU, hé s6 twong quan ting ro rét: HFU1 dat 0,71,
HFU2 dat 0,66 (Hinh 7b), HFU3 dat 0,84 (Hinh 7c),
HFU4 1a 0,79 (Hinh 7d), HFU5 la 0,71 va theo
HFU61a 0,91 (Hinh 7e).

Quan hé gitra UCS - M dwa trén HU3
8000

¥ = 8003In(x) - 224007 7000 y=91659In(4) - 30610

R2=0,7173 6000 e
Quan hé dua trén HFU1 RT=10,841%
[] 7 5000
® o7 4000

12000 5000 S 3000 -
10000 = b 4000 ¥=7936In(x) - 26665 2000
y =5252,1In(x) - 15808 il
RE = 0,0992 3000 R*=0,6569g b 1000 C
8000 2 . .
ug‘ Khéng phin nhém theo HFU 2000 Quan hé dyra trén HEU2 0
o 6000 * s 20 30 10 50 60 0 20 40 60 80
s M, Gpa M, Gpa
= 1000 e . . L )
T 1 Quan hé UCS vs M dwa trén HFU4 Mai quan hé gitra UCS vs M dwa trén
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0 14000 2000 .
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M, Gpa 12000 3500 — "44&5“:"6,5'1)18
- 10000 . 5 S000 Dua frén HEUS
= 2. 2500
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L7 1500 R*=0,9154
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Hinh 7. Hé s6 twong quan gitra UCS va M cho cdc truwdng hop a) UCS vs M chwa phdn nhém theo HFU
la 0,0992; b) UCS vs M theo HFU1: 0,7173; HFUZ2: 0,6569; c) UCS vs M theo HFU3: 0,8414; d) UCS vs M
theo HFU4: 0,7964 va e) UCS vs M theo HFUS5: 0,7118, HFU6: 0,9154.
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UCS = 55740 x In(M) — 205552 cho trudng

cac ham twong quan dé tinh toan gia tri UCS theo hop HFU4 (17)
m6 dun M nhur sau: UCS = 5617.2 * In(M) — 18518 cho trudmg
UCS = 8003 * In(M) — 24007 cho truwdng hop hop HFUS (18)
HFUL A4 yes = 2696.1 * In(M) — 7670 cho trudmg hop
UCS = 7936 x In(M) — 26665 cho trwong hop HFU6 (19)
HFU2 (15) Hinh 8 thé hién két qua so sanh gitra gia tri
UCS =9165.9 * In(M) — 30610 cho truwdng UCS do tir mAu 16i va UCS dwoc tinh toan theo cac
hop HFU3 (16) cong thirc (14), (15), (16), (17), (18) va (19) cho
thay d6 phu hop tét gitta mo hinh va thue nghiém.
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A-1X A-2X
UCS_Mau 15i | UCS_Dw bao | Khicnhau | | UCS_Méu 15i | UCS_Dwbao | Khicnhau
psia psia % psia psia %%
4427 4198,9 50 4398 3947,3 10%
3221 3526,0 9% 10482 9310,1 11%
4466 4436,7 1% 2117 2120,9 0%
4950 4567,3 8% 5051 32778 35%
2093 2137 2% 4618 50234 9%
1980 2263,6 14% 4677 6627,5 420
4396 4756,9 8% 4150 4003,4 4%
3226 3757,0 16% [ Sai 58
5409 6008,7 11% MAE | MAPE | RMSE
5212 3713,0 29% 843,17 | 16% | 11155
Sai S8
MAE | MAPE | RMSE o
4263 | 1040% | 5825 UCS_MAu 16i | UCS Dirbdo | Khic nhau
A-3X psia psia %
UCS_MAiu 16i | UCS_Dwbéo | Khacnhau | 27431 2684,2 2%
psia psia % 27541 2674,6 3%
6657 6088,4 9% 2757,2 3667,7 330%
3828 3252,3 15% 2762,9 3113,1 13%
3406 3595,0 6% 2865,1 2898,3 1%
5780 6004,0 4% 2873,7 2726,0 504
6115 6167,4 1% 2875,6 3668,0 280
[ Sai S8 Sai S5
MAE | MAPE RMSE MAE | MAPE | RMSE
321,9 | 7% | 3856 28646 | 10% | 43876

Hinh 8. Biéu dién két qud du bdo va két qud phén tich mdu Ioi.

Hé s6 tirong quan giira UCS mau 15i va UCS dw béo clia 4
giéng khoan
12000

10000 'y =0,8333x + 701,56
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Hinh 9. So sdnh két qud UCS mdu 16i va két qud UCS tinh todn theo cdc céng thirc (14) dén (19).
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Hinh 9, 0 sai khéc gitra két qua do UCS tir mAu 16i
va két qua UCS tinh toan. Cu thé, doi véi giéng A-
1X, sai s trung binh tuyét déi MAE la 426,3 psi,
phan trdm sai s6 trung binh tuyét déi MAPE la
10,4% va sai s6 binh phwong trung binh RMSE la
582,5 psi. Giéng A-2X c6 MAE = 843,17 psi, MAPE
= 16%, RMSE =1115,5 psi, Giéng A-3X c6 MAE =
321,9 psi, MAPE = 7%, RMSE =385,6 psi, Giéng A-
4X c6 MAE = 286,46 psi, MAPE = 10%, RMSE
=438,76 psi va két qua biéu dién d6 twong quan
clia toan bd UCS do tir mau 16i va UCS tinh toan la
82% cho ca 4 giéng khoan.

Hinh 10 biéu dién két qua thir nghiém cho
giéng B-1X, két qua tinh toan UCS theo mé dun
séng doc (M) tai d6 sdu 3011,4 m 1a 1325 psi, UCS
clia mau 16i 1a 1175 psi, tai do sau 3153,4 m 1a
2962 psi, UCS ctia mAu 16i 12 3483 psi va cac sai s&
MAEla 335,5 psi, MAPE 1a 14% va RMSE 1a 383,37
psi.

Mic du sw khac biét gitra UCS do bing mAu 16
va UCS tinh todn c6 nhitng diém l6n nhung cling
la nhitng sai s lién quan quan téi cong tac thi
nghiém mau béi qua trinh khoan cit mau c6 thé
tao nén cac vi khe nirt, do 4m 1am giam do bén cta
mau 13i (Pells, 1993). Bén canh d6, diéu kién giéng
khoan nhw dwong kinh giéng bi sat 1& cling c6 thé
anh hwong téi gia tri cic dwong dia vat ly giéng
khoan dan téi sai s6 cho két qua tinh toan UCS.

5.Kétluian

D6 bén nén don truc (UCS) 1a thong so dia co
hoc quan trong dé danh gia do bén dat da doc
thanh giéng khoan, 1am co s tinh toan d6 6n dinh
giéng. Gia tri UCS giup xac dinh ti trong dung dich
khoan dé ngan sat 1&, tranh ket cin khoan hodc b
khoan cy, dong thoi ddm bao cin bang ap suit
gitra 1ong giéng va via chtra. Ngoai ra, UCS con ho
tro xay dung co ché khai thac dau khi, gidm nguy
co sinh cat, bao vé thiét bi long giéng, bé mat va toi
wu san lwong. M6 X, L6 Y nam phia Dong bac Bé
Ctru Long, khu vuec trai qua qua trinh hoat dong
dia chat kién tao nén dan t&i sw bat ddng nhit cia
cac via chira. Két qua viéc xay dung quan hé giira
két qua do UCS tir mau 16i va két qua tinh toan UCS
tir tai liéu dia vat ly giéng khoan dwa trén cac
nghién ctru trén thé gidi sé 6 sai s kha 1on. Trong
nghién ctru nay, nhom tac gia dé xuit méi quan hé
gitra UCS ctia mau 16i va m6 dun séng doc M, dua
trén phan loai don vi dong thiy lwc (HFU). Két qua
cho thdy d6 twong quan cao gitta UCS do tir mau
16i va UCS tinh tir dia vat ly, véi hé s6 twong quan
la 0.82 cho tit ca cac giéng A-1X, A-2X, A-3X va A-
4X. Pong thoi voi két qua thr nghiém khi Gng
dung mé hinh dwoc xay dung tir cac giéng khoan
A-1X, A-2X, A-3X va A-4X cho giéng khoan B-1X
cho thiy cic gia tri gitra UCS clia mAu 16i va UCS
tinh tir mo
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Hinh 10. Biéu dién két qud thir cho giéng B-1X.
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dun séng doc (M) khong khac biét nhiéu, sai s6
phan tram trung binh tuyét d6i MAPE chi la 14%.

Nhw vy mé hinh tinh to4n gia tri UCS bang
viéc xy dwng mdi quan hé véi mé dun séng doc
tr viéc st dung phan loai don vi dong chay thay
lwc (HFU) mang lai két qua dang tin ciy, c6 thé (rng
dung hiéu qua cho khoan khai thic dau khi cta
khu virc mé X, Lo Y, thudc phia Pong bic cta Bé
Ctru Long. Tuy nhién, cling c6 nhitng han ché cua
phwong phap nay do anh hwéng cia qua trinh xt
ly mau 16i nhw khoan 14y mau, bdo quan mauy,
nhitng ri ro c6 thé c6 nhw ¢ cac vi nirt né, mau bi
am lam anh hwéng téi do bén cua dat da, ngoai ra
s0 liéu cac dwong cong dia vat ly giéng khoan do
anh hwdng cia diéu kién giéng khoan nhu sat &
thanh giéng, dung dich khoan, c6 thé dan t6i sai s&
cuda so liéu thuc té€ dung dé hiéu chinh.

Pong gop cua tac gia
Nguyén Vian Hoang - thu thap, khdo sat
phwong phép luin, phan tich dir liéu, viét ban
thao; Nguyén Thé Vinh va Phan Thién Huong -
kiém chirng, phén tich dir liéu, danh gia va chinh
stra bai bao.
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