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Tém tdt

Bai bao trng dung phuong phap dia théng ké trong viéc dw bao céc théng sé dia co hoc cho 1 giéng khai thac & b& Nam Cén
Son. Két qua thu dwoc ciia mé hinh dia co hoc sé dwoc st dung dé danh gia kha nang sinh cat ctia giéng theo md hinh tinh toan
&ng suét cét cia S.M.Wilson dwa trén tiéu chudn Mohr-Coulomb. Ap suét day giéng t&i han (ng véi mbi ap suét via tai teng thoi
diém khac nhau ciing dwoc tinh toan nhdm dwa ra ché do khai thac hop Iy trong qua trinh quan Iy ma.

Tt khéa: Pia théng ké, variogram, kriging, mé hinh dia co, sandpit3D, b& Nam Cén Son.
Ngay bai bdo dwoc duyét dang: 9/5/2019.

1. Gidi thiéu

Ngudn tai nguyén dau khi trong khu vwc bé
Nam Cén Son chi yéu dwoc chira trong da trdm
tich. Cac giéng dang trong giai doan diu cla qua
trinh khai thac nén chwa xay ra hién twong sinh cat.

Tuy nhién, sau mét thoi gian khai thac, hién
twong sinh cat c6 thé xuat hién do ap suét via
gidm, xuét hién nwéc trong giéng khai thac.

Hién twong sinh cat gay kho khan cho qua
trinh khai thac, 3n mon cac thiét bj hoic lam tac
nghén dwdng 6ng, gay thiét hai Ién vé kinh té...
do d6 can nghién ctru dw bao sém.

D liéu can thiét cta giéng sé& dwoc ndi suy
tr cac giéng lan can da khoan trudc d6. Viéc dw
doan cac thudc tinh dia co hoc, cac thong sb via,
do bén thanh hé cho cac khu vwe lan can chi cé
thé thuc hién nhe vao dia thong ke.

Linh virc nay bao gdm cac qua trinh: thu thap
di liéu, xt ly di¥ liéu tho, thiét lap thuat todn, mé
phéng, két qua cudi cung la dwa ra mé hinh cia
giéng lan can.

Ngay nhan bai: 19/3/2019. Ngay phan bién dénh gié va sira chira: 19/3 - 9/4/2019.
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2. Phuong phép dia théng ké va du bdo
kha n3ng sinh cét cla giéng

2.1. Phwong phdp dja théng ké

2.1.1. Variogram

Variogram dwoc st dung trong ky
thuat dia théng ké d& mo t& mdi quan
hé khbong gian. Variogram dwgc dinh
nghia nhw la mét ndra ky vong toan hoc
cta bién ngau nhién [Zy - Zyn]%, nghia
la[1, 2]

Y()= 3EZx Ze.  —nZx Zpx

Trong d6: Zx, Zx+h: 2 dai lwong & 2 diém nghién ctru céach
nhau mét doan h. Variogram thyc nghiém dwoc xac dinh [1, 2]:
1 N
Ye)= 2N () EH! Zy - Zyy (2)
2.1.2. Covariance
Néu 2 bién ngau nhién Zx va Zx+h cach nhau mot doan “h”
c6 phuong sai, chung ciing ¢6 1 covariance va dwoc dién dat
[1, 2]:
Co-u-nEply m Zy m 3)
V@i m la ky vong toan hoc ctia ham C(h) thyc nghiém
duwoc tinh [1, 2]:

1 nQ)
N ':

()= zp* « -0 (4)

C

Z, m Z, m

1)
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2.1.3. Kriging 2.2. Hién twong sinh cét trong cac giéng
) khai thac
Tuy vao rng dung thwec té, cac thuat toan khac nhau sé
st dung cho muc dich khac nhau. 2.2.1. Khai niém sinh cat
Simple Kriging (SK): Bon gidn nhat nhuwng khéng phu Sinh cét 1a hién twong xuét hién sb lwong
hop v&i thue tién. nhd hay I&n vé thanh phan hat rén di cung véi

dung dich chét Iwu trong via. Sé lvong cé thé

khac nhau tir vai gam hodc it hon trén mét tan

dung dich. Khi lwgng cat sinh ra I&n hon mét
CoKriging (Co-K): Cho phép’ woce tinh 1 bién dya trén gi¢i han sinh cat nao do (gi¢i han nay phu

thong tin khong gian cla cac bién khac lién quan. Dac biét thudc vao diéu kien mo quy dinh) thi can phai

hvu ich khi c6 1 bién dwoc lay mau rong réi va 1 bién dwoc  4p dung cac bién phap khéng ché cat [3].

lay mau thwa thdt va chang cé twong quan khdng gian.

Ordinary Kriging (OK): St dung phd bién nhét, linh hoat
hon Simple Kriging va cho phép céac bién thay déi cuc bo.

) ) Sinh céat phu thudc vao 3 thanh phan chinh:
Universal Kriging (UK): Dung khi di¥ liéu mau biéu hién

theo 1 phurong va gia thiét &n dinh c6 thé khong hop 18. - D0 ben cta da va cac tinh chat co hoc

o khéc cua da.

Do tinh phd bién va (rng dung linh hoat hon cac phwong

phap khac nén nhém tac gia sé st dung phwong phap
Ordinary Kriging cho viéc tinh toan.

- Céc (ng suét tac dung xung quanh
giéng hoéc 16 ban mé via.

- Tai trong cuc bo tac dung 1&én giéng hoac
16 badn mé via do sw hién dién cta dong chay, ap

Trong thuat toan SK, gia thiét rang gia tri trung binh m(u) g 4t 15 rdng suy giam, sy hién dién cda nuéc.
dwoc biét. Bang gia thiét 6n dinh bac 1, m(u) gidm thanh m.
Phai biét gia tri m trwéde khi st dung 1 biéu thire SK. Trong thuc
tién, gid tri trung binh thyc toan cuc rat hiém khi dwoc biét néu
khdng gia thiét tri trung binh m&u bang tri trung binh toan cuc.
Ngoai ra, tri trung binh cuc b trong vung nghién ctru lan can cé
thé thay ddi trén khu virc quan tam, do dé gia thiét én dinh c6 Do bén cla thanh hé cat két duwoc kiém
thé khong hoan toan hop 1&. Thi tuc OK sé khic phuc van d&  soéat béi cac yéu té [3]:
nay bang cach xac dinh phwong trinh wéc tinh.

Ordinary Kriging:

Néu khong thé kiém soat dwoc lwong cat
sinh ra s& gay ra thiét hai rat Ién, c6 thé sup &
trong thanh hé, 1am bao mon céc thiét bi hodc
lam nghén dwdng 6ng.

- Sé lwong va loai cta xi mang dung dé
Xét phwong trinh [1, 2]: gilr cac hat riéng Ié lai v&i nhau.

ZMoes, o A oz (5) - Lwc ma sat gitva cac hat.

Ap suét chat lwu trong cac 16 rdng cuia da.

Vi didu kién khéng léch, yéu cau thda man diéu kién
phuong saLcuc }leu. Cuwc tieu hoéa phwong sai voi rang budc - Luc ép mao dén.
thu dwoc két qua:

2.2.2. B thj duomg log UCS - TWC

z:;ft,)a,ljc, oMy 1 Uy H C u; u i n (6)

V6i 1 1a théng sb Lagrange va C dai dién cho hiép phuong sai. Biéu d6 log UCS - TWC gilp dw bao cac
Phwong trinh cé thé dwoc viét dwsi dang ma tran [1, 2]: khoang d6 sau ma thanh hé c6 kha nang bi
pha hiy va sinh cat, tir dé dwa ra quyét dinh
Cirur)C puru 2)-C @ 1uy, )1 A1 Cluuo) ban mé via & khodng do sau phu hop va ké

Ceu)pu  Cp U )l Az Cu w) - hoach hoan thién giéng tét nhét.
Couuik f,u  Cfe )l [/'ln €, u0) _ Dé xay dung duoc biéu do nay, can cha y
1 1 1 0 M 1 dén céac gia tri nhw Dt - Wave Transit time

(don vi ps/ft) va gia tri do réng .
Khi Aj dwgc tinh, gia tri wéc tinh z*(uo) sé thu dwoc tir phwong

trinh. Uéc tinh hiép phuwong sai [1, 2] boi voi gia tri Dt, trong qua trinh do dia vat

ly cac bd phat séng am cla thiét bi truyén céc tia
T Gic - Loty 1 P ACyu  u (8) song gap thanh hé va phan héi vé cac dau thu.
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(ng v&i mbi thanh hé cling nhw méi tap khac nhau
thi gid tri thu vé sé& khac nhau, théng qua minh giai sé
dwoc mot gia tri 1a Dt, tr d6 xac dinh dwoc lan luot
gia tri UCS va TWC.

Déi v&i gia tri do réng &, log mat d6 1a phwong phap
dung dé& xac dinh do rdng, thong qua viéc do mat do
electron trong via. N6 c6 thé gilp cac nha dia chat: xac
dinh dwoc cac khoang vat ldng dong tir sy bbc hoi clia
cac dung dich, danh gia cac déi chira khi, xac dinh ham
lwgng hydrocarbon, danh gia dd sét trong da chra dang
cat pha va mét s6 dac diém thach hoc. Dung cu do mat
dd gdbm ngudn phéat ra nang lwong tia gamma sao cho
cac tia gamma di vao bén trong via. Ngudn gamma c6
thé 1& Co-60 (Cobalt) hay Ce-137 (Cesium).

Khi biét cac gia tri Dt va ¢ c6 thé tinh UCS (psi)
theo cbng thirc sau:

M6 hinh ctia McNally (1987) [4]:

Gia tri UCS trong khoang 300 va 52.000psi va d6
réng ¢ bé hon 0,3 [4]:

UCS = 40165 e-10® 9)
Ucs :36830(1*2,7¢)z

Thanh hé cat két da cb két vai do réng ¢ < 0,3 [4]:
=80,8765UC 50,58

(10)

(12)

(11)

Gig tri TWC (psi) dwoc xac dinh t UCS nhu sau (ap dung cho hau hét
via céat ket trén thé gidi) [4]:

TWC =20,62%-3 54

Ngoai ra con c6 thé xac dinh TWC theo gia tri d6
réng ¢ & thanh hé cat két yéu [4]:
Ot1= 3 -Ou

-Pwr(r-A)-Apr (1)

a

M6 hinh dwa trén viéc tinh toan UCS va TWC theo
dod sau, vé dwgc dudng cong tich Idy dé xac dinh duwoc
gia tri ®ng suat P (% dat da thanh hé c6 d6 bén nhé
hon, cac diém c6 gia tri TWC nhd hon thi thanh hé tai
doé yéu nhét) 1a diém (rng suét t&i han cho sy pha hay
cat va sinh céat tr viéc 4p dung xac suét cho giéng,
khoang dwong cong TWC nao cé gia tri nhé hon dwong
P thi tai d6 c6 kha nang sinh cat nhéat.

2.2.3. M hinh &p suét pha hdy thanh hé (SandPit3D)

ca giéng than tran va giéng hoan thién éng chéng,
b&n mé via. Cac rng suét cuc bo dwoc biéu dién nhw
Hinh 1. Sy dinh hwéng cta giéng khoan dwoc thé
hién trong tinh toan ctia cac (rng suét tiép o1, 02 VG
o1 > o 2 (hay con goi la ng suét vong) tlr cac ng
suét chinh tai vi tri d6 (on, on). Cac (rng suét tiép trén
bé mat ca thanh giéng dwoc xac dinh bdi [5]:

0:1=30¢ Oy -DPwr(l1- A)- Apy (14)

O:2=3 % Op - Pwr(1-A)- Ap; (15)

Trong do6:
pwi. Ap suéat day giéng;
pr: Ap suét via;

A: Hé sb poro-elastic dwoc tinh theo cong thirc sau [5]:

-z )

4 va (16)

= (1_1” )

V&i v 1a hé sb Poisson va a la hé sb Biot's

Sw pha hiy xay ra khi cac gia tri (’ng suét tiép tuyén bi
thay d6i, mac du cac gia tri (’ng suét khac ciing déng vai
tro vao viéc gay ra sy pha huy, tuy nhién khong dang ke

Dé& tranh viéc cat xuat hién thi gia tri (ng suat tiép tuyén
hiéu dung I&n nhat tai vi tri dang xét (or2 - Pw ) phai nhd

Thay (15) vao (17) ta c6 mdi quan hé cho CBHFP nhw
sau [5]:
hon d6 bén hiéu dung U cta thanh hé, nhw vay ta cé quan
hé [5]:

M6 hinh sau day dwoc xay dung dé bat
dau tinh toan sinh cat, ttre la tinh toan &p suét
dong chay day giéng téi han dan dén sinh cét,
CBHFP. M6 hinh c6 thé ap dung cho
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(Fez-Pwr)<U (17)
305 0-U A
Pwr 2 CBHFP =—2—— - p,—=— (18)
Vv %n X Y
Hinh 1. Cac tng suat tai thanh giéng [5]
DAU KHI - SO 4/2019 41_
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>

V&i: pwi: Ap suét day giéng (psi);

CBHFP (psi): Ap suét day giéng t&i han dé thanh
hé khong bi pha hay;

pr:. Ap suét via (psi);

A: Hé sb poro-elastic;

U: D6 bén hiéu dung thanh hé (psi).

D6 gidm ap téi han-Critical Drawdown Pressure
(CDP) duwgc dinh nghia la d6 gidm ap tr ap suat via toi
gia tri Ap suat tai d6 gay ra s pha hay thanh hé. Khi do,

ap suat day gieng duoc xac dinh [5]:
Pws _ P CDP

T (18) va (19) ta cé biéu thirc tinh sau [5]: (10
=2-4 2 -(3 --
CDP _1 ‘pi’” O-H a U n (20)

Ap suét via t&i han (Critical Reservoir Pressure, CRP),
|& gia tri &p suét via ma tai d6 via bj pha hay dwéi bat ky do
gidm ap nao. V&i CDP = 0 ta c6 cong thirc tinh CRP [5]:

CRP :3_0-52—__[]

(21)

D6 bén hiéu dung cla thanh hé U, duoc xac dinh dua
vao thi nghiém mau truc thanh day‘(TWC) V6i ty s6 duwdng
kinh ngoai va dwdng kinh trong nam trong khoang tr 3 -

3,8. V&i gia tri br dwa vao thi nghiém d@é hiéu chinh [5]:
U=b x1,55x TWC (22)
V&i: br = 1,6 dbi véi giéng than tran:
b = 2 ddi v&i giéng 6ng chdng ban mé via.
f

Chuyén déi toa do:

T cac théng sb nhw trén co thé xay dwng 1 mé hinh

AII 7 \ ¢
\

X
Hinh 2. Phuong phéap déi truc toa dé [6]

DAU KHI - SO 4/2019

pha hiy don gian cho cac giéng thang ding véi cac
s6 lieu dau vao twong (ng. Tuy nhién, cac giéng
duwoc hoan thién chd yéu déu co6 do nghiéng, do doé
can phai hiéu chinh cac gia tri wng suét cho phu hop.
Céach don gian nhét 1a s& dung phwong phap doi truc
toa do dé tinh lai cac gia tri ng suét méi (Hinh 2) [6]:

Viéc doi truc sé cho cac gia tri 'ng suat mai. Do
dé can phai tinh toan lai cac gia tri nay theo cac gia tri
&ng suét ci két hop véi géc nghiéng va géc phuong

Hinh 3 cho thay viéc xac dinh cac (rng suat méi sé phu
thudc vao cac géc nghiéng i va géc gitva hwédng giéng
khoan v&i phuwong cla ¢ng suét ngang Ién nhét 6.
CAc gia tri ng suat méi sé duoc tinh toan theo céac
cong thire dwoi day [6]:

vi twong rng tai vi tri giéng.

Oy By C0s Pcos i +0 sin fcos i ey, sin 4(23)

o, =0y sin 8 +oy cos 0

y (24)

g, Oy Cos Psin j+o sin fsin i £,co5 4 (25)
Trong d6, véi giéng hoan thién 6ng chéng, ban mé
via thi géc nghiéng i s& la goc Wperf (g0C nghiéng cla |6

bén m& via) va goc 6 sé Ia goc Bpert (goc gitra hudng ban
via v&i (rng suat ngang I&n nhat). Cac dai lwgng dworc tinh
theo cbng thirc sau [7]:

wperf =90 - 1!) cos @perf ) (26)
/lperfz Waz  +96in fbperf ) (27)
ﬁperf =04, +90 _j-perf (28)

Trong dé:
Pper: GOC ban mé via;

Aperf: Géc phuwong vi cta 16 ban mé via;

Hinh 3. C4c théng sé hinh hoc méi cia giéng [6]
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Bperf = 0 néu Ypers = 0.

Nhw céc biéu thirc d& néu trén, théng qua
cong thirc lién hé (19) va tinh cac thong sb
lién quan nhw CRP, hé s6 A, TWC, dd bén
hiéu dung U... ta tinh dwgc CDP theo trng
gi& tri 4p suét via thay déi, dwa vao cong thirc
(19) tinh dwgc CBHFP &p sudt day giéng toi
han dé& thanh hé khong bi pha hiy va sinh
céat. Tlr d6 vé dwoc db thi gitba CBHFP va ap
suét via s& dwg'c md hinh pha hay thanh hé.

3. Du bdo cac théng sb dia co hoc cho
giéng P

T div liéu cla céc giéng ban dau la giéng
5, giéng 9 va giéng 11. Tién hanh dy bao cac
théng sb dia co hoc cho giéng P lan can.
3.1. Xdc dinh thém céac thong sé dia co
hoc cda cac giéng dau vao

- Poréng da

Do réng cta da dwoc tinh dwa vao cong
thtre thye nghiém, dwa vao UCS da cho tinh

dwoc dd réng theo mé hinh Venik (1993) v&i
thanh hé céat két c6 dé réng nhé hon 0,3:

fucs
I- 36830

27

¢ =
- Do bén nén mét truc UCS

Dé xac dinh db thj log UCS doc theo do
sau cla thanh hé moét cach chinh xac, lay két
qua thi nghiém nén 1 truc UCS & cac do6 sau
khac nhau dé hiéu chinh vé&i mé hinh phu hop
cho mébi thanh hé v&i cac div liéu well logs
nhw thoi gian truyén séng, do réng, neuron,
thé tich sét... Pé xac dinh dwdng log UCS tir
div liéu well log cho toan than giéng dung
cong thirc thwe nghiém clda McNally (1987):

UCS _ s 003Dt

Vi trong bai bao nay céc théng sb UCS
VA cac gia tri ng suat da duoc tinh truwdc
tlr mé hinh dia co nén tac gia sé khong tinh
lai UCS tir dwdng log sonic.

- D6 bén TWC (mA&u tryc thanh day)

Cac thi nghiém TWC thuong dwoc st dung
trong cac dw bao vé& sinh cat, phan tich va lwu
lwong cat. Trong cac thi nghiém nay, mét mau
hinh try réng dwoc dat quanh budng nén, bén

trong dwéi su gia tdng cla ap lwc thay tinh, tang déu ap luc theo
chiéu doc va chiéu ngang cho dén khi sw sap 1& xay ra trong mau.
Nhém tac gid xay dwng dwong TWC tr twong quan thwc nghiém
v&i dwong log UCS theo cong thirc 4p dung cho cac via cét két:

"

TWC = 80,8765UCSo,ss

T céc thdng sb trén, xay dwng dwoc cac thong sb dia co
hoc cho tirng giéng.

-y

-1s

Ry
ELLIC

awn

: ll

Hinh 5. Cac théng sé dia co hoc ciia giéng 9

.-~ .-

3~ e LEE—r—

o e

=
i

Hinh 6. Cac théng sé dia co hoc cia giéng 11
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3.2. Néi suy Kriging giatri UCS

Tl céc s6 liéu dau vao tir giéng 5, giéng 9, giéng 11
va cac duong log xay dwng duoc trén IP, tién hanh noi
suy cac théng sb dia chat cho giéng P. Xay dwng mé
hinh ndi suy Kriging cho 3 giéng theo mat cat 2D. Mé&t
cat theo phwong TVD (y) va Bac - Nam (x).

Tién hanh chay mé hinh Variogram véi mau la do
bé&n nén mot truc UCS dé kiém tra di liéu va chon
mo hinh phu hgp cho viéc ndi suy Kriging.

Tw két qué Hinh 8 va 9 thu dwoc két qua md hinh
Variogram cGia UCS chung cho 3 giéng 1a md hinh
cau (Spherical). Cac théng sé khac cling dwoc thé
hién trén Hinh 9 nhw: ban kinh &nh huédng (A), gia tri
Sill, hé sb twong quan re.

Mét cach don gidn md hinh Variogram 1a ham biéu
hién méi quan hé khéng gian gitra cac dir liéu. M6 hinh

~1029.00
S50
256500
QR
-4169.00

000 48,73 10843

Hinh 7. Mét cét cda giéng khoan 5, giéng 9 va giéng 11 theo phuong TVD - Bic

Active Lag Distance 213,00 :,J Anisotropic Axis Orientation Calculste
Vark ons
Lag Class Distance lnterval Principsl Ais (degrees N) [_‘,. :1 riogram Opti v
@ Uniform interval 147,00~ = | [ Show sample varisnce
- Cifet nco (degroes) j22.50 7§ [V Show variogram model

" Nonuniform intervals Cgfie..

General Relstive Variogram | Parwise Reiative Variogram | Morsns) | Facal |
- | N o I M I Ro: | Drift I Correlogram | Covariance I
T5atrop0 Vanogam (3 3
2517412, 2
o Cl
(sl=] numuuu 0®
1833059, o 0O o ————
o O
1258708, oo
o (e
28183,
L / % o
000 T4 14510 23388
Segaration Distasce (%) i T
wmv.mmm[@] Expand... | Anssotropic Varograms  Model .. Expand. Surface..

Hinh 8. Két qua tinh toan md hinh Variogram ciia UCS theo phuong TVD - Béc

_____m
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dwoc lwa chon 1& mé hinh cu va ciing 1a loai mo
hinh phd bién nhét thwérng dwoc str dung. Vi cac loai
nhw md hinh Gaussian, mé hinh mi thi yéu cau vé
tinh déng nhéat dia chéat, yéu cau vé ban kinh nén cé
tinh lién tuc kém va thuwong it stv dung.

M6 hinh c6 gia tri Sill dat dwoc la 1.664.000 va ban
kinh anh hwéng la 832m. Sill 1a nguwéng phwong sai khi gia

Variogram Nugget Structural Variance
Mode! Type Variance (Co) Sl (Co+C) Range (A)
[Sphercat  ~| |489000.000C  [1884000,00C | 32,0000
This Fi AutoFt

Residusl SS: 1726412 1726412

2 0.450 0,450

Proportion (CCosClx: 0718 0.718

Modet Spherical Spherical

Autoft Goncet |[ DR |

Hinh 9. Théng s6 mé hinh Variogram cda UCS

11303,50
£889,38

3 607520

846,90 433243 781797 1130350

Estmated

Hinh 10. Cross Validation cda UCS

Hinh 11. Néi suy Kriging gia trj UCS cda 3 giéng cho khu vyc nghién ciu
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tri h (separation distance) cang tang thi db thi sé

dat dén Sill. Gia tri Sill cang cao thi sai sé cla bod
d¥ liéu cang I&n. Ban kinh anh huéng cang lén thi
cang lam gidm phwong sai cla Kriging.

C6 dwoc mo hinh Variogram phu hop, tién
hanh noi suy Kriging nhwng trwéc hét can kiém
tra hé sb hdi quy cta di liéu (Hinh 10).

T két qua cho thay di liéu dau vao la rét
t6t, bdi hé sb twong quan gitra diém mau va
diém woc tinh 14 r- = 0,923 va hé sé héi quy
|4 1,013 gan bang 1. Tc 14 &ng v&i mbi diém
gia tri thuc ta c6, dwa vao Kriging cé thé noi
suy ra gia tri wéc tinh gan nhw chinh xac (cac
diém ndm quy tu gan dwong thang).

i 3.3. Néi suy Kriging gia tri TWC
-2038, -966, 1086, 1178,

Ciling twong tw nhw qua trinh ndi suy cla
UCS, dau tién tién hanh chay mé hinh
Variogram dé kiém tra sw lién quan gitra cac
gia tri va tim ra m6 hinh phu hop cho ca 3

Hinh 12. M6 phdng gia tri UCS cho khu vyc nghién ciu

Variogram Nugget Structural Variance Lz . N .
Model Type Variance (Co)  Sill (Co+C)  Range (A) giéng, dung cho ndi suy Kriging.
Spherical ﬂ ]740000,000( |4197000.00C | 834,0000 Tl két quad chay md hinh Variogram (Hinh
- . 13), mé hinh dwoc lwa chon 1& mé hinh cau
N AL SRR R (Spherical). Gia tri ngwdng Sill 1a 4.197.000 va
This Fit AutoFit———————— ban kinh anh hudng 1a 834m. D& biét tinh chinh
Residual SS: 1,08E+13 1,08E+13 xac cia md hinh noi suy ta can kiém dinh mé hinh
r2: 0,522 0,522 (Cross validation) dwa trén bd sb liéu co san.
Proportion (C/{Co+C)]): 0,824 0,824 oz . P o a. £, LK. 1
Model: Spherical Spherical Kiém dinh cho thay gia tri hoi quy rat tot 1a

1,009 va hé sb twong quan gitra cac diém mau va
_cancel | ok | diém wéc tinh 12 0,943 (Hinh 14). Hai hé sé nay

nam trong khoang cho phép dé néi suy dir liéu.

Hinh 13. Thong s6 mé hinh Variogram R . Y .
Twong tw nhw viéc ndi suy cho do ben thanh

hé UCS va TWC, con ndi suy céc thdng sb dia co
hoc khac nhw: do rdng, (ng suat ngang nhd nhét,

18142,10 . . e
trng suat ngang lon nhat, (rng suat thang dng, ap
suét 16 rong... d& cung cap day du cac théng sb
14615,58 o . i mA KA i 5
o trong viéc dy bao sinh céat. Két qua thu dwoc la
0O o dang tin cay véi hé sb hdi quy ban dau cao.
g 11089,05
’ . s « R
7662553 O 4. Dy bao sinh cat cho giéng P
— T céc dir liéu ndi suy dwoe & phan trudc cho
‘ g e z Z . 2 ~ A « R A by
giéng P, nhdm tac gia sé xay dwng biéu do dwdng
4038, 738, 40,07 42, " . , N .
s 730,88 e i im0 log UCS - TWC cho giéng, tinh toan khoang ban
s .
va khéng nén ban mé via. Tlr d6 sé khao sat do
Hinh 14. Kiém dinh md hinh cda TWC nhay sinh cat bang mé hinh Sandpit3D & mét do

sau nhét dinh, thay déi theo géc ban mé via khac
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-1029

-1814

-2599

Hinh 15. Néi suy Kriging gia tri TWC cda 3 giéng cho khu vic nghién ciu

-1029.

-1814, 15343
18388
13428
12471
11814
10887
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-2599, 8e23
7688
8728
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-3384, 1842
98s
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-2038, -966, 108, 1179,
Hinh 16. M6 phdng gia tri TWC cho khu vyc giéng nghién ctiu
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Hinh 19. Biéu dé Histogram va phan tram tich Idy cuia gia trj TWC
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Hinh 17. Biéu dé log UCS_TWC cho toan b than giéng P
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20%
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Hinh 18. Biéu dé tich Iy cta UCS va TWC

nhau. Cudi cung 1a xay dwng dudng ap suét
khai thac dy kién cho giéng P.

4.1. Xédc dinh khodng bdn mé via

Nhom tac gid lwa chon via dé khao sat
sinh cat cho nghién ctu. Via LMH10 d6 sau
tr 3.458 - 3.542m, LMH20 d6 sau tir 3.542 -
3.667m, LMH30 db sau ttr 3.667 - 3.771m.

- Xac dinh bang duwéng P20

Tuy theo tinh chét thanh hé cda méi khu vuc
khac nhau va cac yéu t6 khach quan vé di liéu dé
xay dwng cac tiéu chuan (rng suét t&i han co thé 1a
P10, P20, P30. Gia tri P20 (20% dat da thanh hé cé

dd bén nho hon, nhitng diém c6 gia tri TWC nho
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Hinh 20. M6 hinh phan bé UCS - TWC va dudng tng suét téi han P20
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Hinh 21. B4 thj danh gid nguy co sinh cat khi &p suét via ban du p; = 10.362psi
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Hinh 22. Bé thj danh gia nguy co sinh cat khi 4p suét via suy gidm di 6.000psi

hon thi thanh hé tai d6 yéu nhat) la diém (rng suét t&i
han cho sy pha huy céat va sinh cat tir viéc ap dung xac
suat cho giéng, khoang dwdng cong TWC nao cé gia tri
nhd hon dwéng P20 thi tai d6 cé khd néng sinh cat nhét.

T Hinh 18 c6 thé ngoai suy theo céach thdng
thworng dé c6 dwoc P20 hodc cé thé tinh theo cac gia tri
I&n hon P20% va nhd hon P20% dé& ndi suy P20%.
Nhém tac gid ciing c6 thé hiéu chinh cac khodng chia
ng suét dé dat gia tri P20% ma khdng can ngoai suy
theo hinh hay néi suy theo sé liéu tinh, tuy nhién van cé
cach khac dé hon dé la siv dung biéu dd Histogram.

Vung t6 dam mau vang & Hinh 19 cho thay gia tri
P20 cta TWC nam trong khodng tr 9271,19 -
9472,39psi. Theo d6 co thé tim dwoc P20 = 9350,98psi
dwa vao cong thirc ndi suy tuyén tinh (6 mau xanh).

T Hinh 20 xac dinh dwgc nhivng khodng d6 sau
c6 dd bén TWC nhd hon dwdng P20, nhirtng khodng
khéng nén thwc hién ban mé via dé la 3.425 -
3.465m, 3.550 - 3.580m va 3.670 - 3.700m.

- Xac dinh bang db thi CDD [8]

Nhw vay khi 4p suét via pr suy giam di 6.000psi, ap
suét via lic nay la 4.264psi. Néu tiép tuc khai thac véi ap
suét chénh léch & 1.500psi tir via vao giéng thi lGc nay xuét
hién cac vung sinh céat & cac khoang dé sau 3.425
- 3.465m, 3.550 - 3.580m va 3.670 - 3.700m. Pay la
cac khoang do sau dy bao khéng nén ban mé via.
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4.2. Dw bao sinh cét khi khai thac tai
mét dé sau

Tw cac div liéu dau vao va cac gia tri
dwoc ndi suy cho giéng P, tién hanh
chay md hinh SandPit3D trén phan mém
IP. Két qua nhuw Hinh 23.

Hinh 23 cho thay gia tri 4p suét via toi
han (CRP) tir khoang 1.200 - 1.600psi thay
ddi tlr géc ban mé via 0 - 90.. Thay ddi géc
b&n mé& via tlr 0 - 90, cho thdy géc ban mé
via cang cao thi vung an toan cang Ién (vung
sinh cét cang nhd) va gia tri 4p suét via t&i
han CRP cling nhé theo va nguoc lai.

Qua md hinh ap suét sinh céat trén
Hinh 24, nhém tac gia rut ra két luan sau:

Nhan xét cu thé tai Hinh 24 cho thay, gia

st giéng P nay roi vao trwdng hop 1 va 2, ca
2 giéng déu cé chung ap suét via lic nay 1a
2.200psi, tuy nhién giéng trong trworng hop 1
| an toan va khong sinh cét, con giéng trong
trwdng hop 2 ndm trong ving sinh céat vi cé
cling &p suét via nhung ap suét day giéng lai
khac nhau. Diéu nay cho thay,
& cung diéu kién via (cung ap suat via)
néu khai thac véi do chénh ap 1én nhw
trwd'ng hop 2 sé cb nguy co sinh cat cao
hon va nguoec lai.

Tuwong tw khi giéng nay roi vao trwong
hop 3 va 4, tuy cung &p suat day giéng
nhung ap suét via khac nhau va truong hop
giéng 3 ndm trong ving an toan, giéng 4
nam trong ving sinh cat. Nhw vay, ap suét
via la mét théng sb anh hwéng rat |on dén
nguy co sinh cat. Trong qua trinh khai thac,
néu ap suét via gidm thi nguy co sinh cat
cang cao. Chinh vi vay, gidi phap duy tri ap
suét via bang bién phap bom ép nudc sé co
tac dung han ché nguy co sinh cat.

- Khao sat khi dd b&n TWC nhd nhat

Khi mé hinh dat TWC (min), lGc nay &ng
suét thanh hé thdp nhat nén mé hinh c6
vung an toan nhdé hon, vung sinh cat I&n hon
S0 v&i cac hinh khéo sat trwéc do. Néu ban
m& via & vung c6 TWC (min) nay khai thac
sé& ¢6 nguy co sinh cat cao hon, cu thé [a khi
khai thac roi vao thoi diém tai ap suét

______ I
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Hinh 23. M6 hinh &p suét sinh cat theo cac géc bdn mé via khac nhau
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Hinh 25. Khdo sat mé hinh &p suét sinh cét khi TWC_Min
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Hinh 26. M hinh &p suét sinh cat khi TWC_Max (Clip curves)

Bang 1. Sé liéu vong doi mé theo chu ky 5 ndm

Nam Ap sutv a(psi) BHFP (psi)

0 9.162 7.162

5 7.762 5.762

10 6.362 4.362

15 4,962 2.962

20 3.562 1.562

25 2.162 162
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Hinh 27. Vong doi khai thac cda giéng P
via nhé hon tir 6.000psi va co 4p suét day giéng téi han nhé hon
trong khodng 2.800 - 3.300psi thi giéng sé sinh cat.
- Khi 6 bén TWC cuec dai

M6 hinh dang khai thac hoan toan nam trong viing an toan va
khoéng sinh cat du khai thac & bat ky ap suat hay géc ban mé via
nao do dd bén TWC rét I&n (13.900psi).

4.3. Dw béo sinh cét cho giéng P sau
khoang thdi gian khai thac

Nhom tac gid mé phéng biéu do
sinh cat cho giéng P (Bang 1), v&i ap
suét khi bat dau khai thac 1a 9.162psi,
dd gidm ap tw via vao giéng cta mdi
nam |a 2.000psi va sw sut gidm ap suét
via theo chu ky méi 5 ndm la 1.400psi.

Hinh 27 cho thdy chi trong 5 nam
cubi, khi ap suét via gidm sau, giéng P
hoan toan ndm trong ving cé kha nang
sinh cét cao, du bat ky géc ban mé via
nao giéng cling déu c6 kha nang sinh cét.

5. Két luan

Két qua ndi suy Kriging cho thay sé liéu
néi suy. Két qua cho thdy mé hinh Variogram
dwoc lwa chon cho bd dir liéu cia UCS va
TWC déu 1& md hinh cau (Spherical).

Nghién ctru da xay dwng md hinh ap
suat sinh cat thay ddi theo tirng géc ban
mé via tlr 0 - 90, trén phdn mém IP. Cac
két qua duoc téng hop nhu sau:

Sinh cét sé& xay ra khi ap suét via
nhé hon khodng 2.500 - 3.500psi, tuy
vao tirng géc ban mé via khac nhau.

Khi géc bdn mé via tir 0 - 300, viing
sinh cat dao dong khi ap suét via nhd hon
3.500psi va ap suat day giéng nhé hon
1.600psi. Khi géc bdn mé via tlr 60 -
90, cho thdy viing c6 kha nang sinh cat
nhé hon, dao ddng & ving c6 ap suét
via nhé hon khodng 3.000psi va ap suét
day giéng nhé hon khoang 1.300psi.
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APPLYING GEOSTATISTICAL APPROACH TO PREDICT GEOMECHANIC
PARAMETERS AND APPLYING SANDPIT3D MODEL TO PREDICT SAND
PRODUCTION FOR A PRODUCTION WELL IN NAM CON SON BASIN

Ta Quoc Dungs:, Le The Haz, Nguyen Tien Dat:

1Ho Chi Minh City University of Technology (HCMUT)

2Vietnam Oil and Gas Group
Email: tgdung@hcmut.edu.vn, haltO1l@pvn.vn

Summary

The paper applies the geostatistical approach to predict geomechanical parameters for a production well in the Nam Con Son

basin. The results of the geomechanical model will be used to evaluate the sand production ability of the well according to the shear

stress calculation model of S. M. Wilson based on the Mohr-Coulomb standard. The critical well bottom pressure for each reservoir

pressure at different times is also calculated to provide a reasonable production regime in the reservoir management process.

Key words: Geostatistics, Variogram, Kriging, geomechanical model, Sandpit3D, Nam Con Son basin.
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