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Tom tat

Bai bdo ting dung phuong phap dia thdng ké trong viéc du béo cac thong so dia co hoc cho 1 giéng khai thac 6 bé Nam Con Son. Két
qué thu dugc ctia mé hinh dia co hoc sé duoc st dung dé danh gid kha nang sinh ct ctia giéng theo mé hinh tinh toan ting sudt cat cta
S.M.Wilson dua trén tiéu chudn Mohr-Coulomb. Ap suét déy giéng t6i han ting véi méi &p sudt via tai tiing thai diém khac nhau ciing ducc
tinh toan nham dua ra ché do khai thac hap Iy trong qua trinh quan Iy mo.

Turkhéa: Dia thdng ké, variogram, kriging, mé hinh dia co, sandpit3D, bé Nam C6n Son.

1. Giéi thiéu

Nguén tai nguyén dau khi trong khu vuc bé
Nam Cén Son cha yéu dugc chia trong da tram tich.
Cac giéng dang trong giai doan dau cla qua trinh
khai thac nén chua xay ra hién tugng sinh cat.

Tuy nhién, sau mot thagi gian khai thac, hién
tugng sinh cat c6 thé xuat hién do &p suat via gidm,
xudt hién nudc trong giéng khai thac.

Hién tugng sinh cat gay khé khan cho quad trinh
khai thac, an mon cac thiét bi hodc lam tac nghén
dudng 6ng, gay thiét hai lon vé kinh té... do d6 can
nghién ctu dy bdo sém.

D{r liéu can thiét ctia giéng sé dugc noi suy ti cac
giéng lan can da khoan trudc do. Viéc du doan cac
thuéc tinh dia co hoc, cac thong sé via, dd bén thanh
hé cho cac khu vuc 1an can chi cé thé thuc hién nhs
vao dia thong ké.

Linh vuc nay bao gém cac qua trinh: thu thap dir
lieu, xr ly dit liéu tho, thiét lap thuat toan, moé phong,
két qua cudi cung la dua ra mé hinh clia giéng lan
can.

Ngay nhdn bai: 19/3/2019. Ngay phdn bién ddnh gid va sua chita: 19/3 - 9/4/2019.
Ngay bai bdo duoc duyét ddng: 9/5/2019.

2. Phuong phap dia théng ké va du bao kha nang sinh cat
chia giéng
2.1. Phuong phdp dia théng ké

2.1.1. Variogram

Variogram dugc sif dung trong ky thuat dia théng ké dé
mo td moi quan hé khéng gian. Variogram dugc dinh nghia
nhu la mét nifa ky vong toan hoc ctia bién ngau nhién [Z -
Z ]2 nghiala[1, 2:

V() = JE[Zy ~ Zuon) = 35 12~ ZenlPdv ()

Trong d6: Z, Z ,: 2 dai lugng & 2 diém nghién cdiu cach
nhau mot doan h. Variogram thuc nghiém dugc xac dinh [1, 2]:

y(h) =

2.1.2. Covariance

1

N(h) _
2N(h) Zi:l [Z

Zx+ h]z (2)

Néu 2 bién ngau nhién Z va Z  cach nhau mét doan “h”
¢6 phuong sai, chiing cling c6 1 covariance va dugc dién dat
[1,2]:

C(h) = E{[Zx - m][Zx+h - m]} (3)

Vé&im la ky vong todn hoc ctia ham C(h) thuc nghiém dugc
tinh [1, 2]

Ly N7, - mI[Zys, - ml} @

C(h) = 2N(h) <=1
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2.1.3. Kriging

Tuy vao Ung dung thuc té, cac thuat toan khac nhau sé s
dung cho muc dich khac nhau.

Simple Kriging (SK): Don gian nhat nhung khéng phu hop vai
thuc tién.

Ordinary Kriging (OK): S& dung phd bién nhét, linh hoat hon
Simple Kriging va cho phép cac bién thay d&i cuc bo.

CoKriging (Co-K): Cho phép udc tinh 1 bién dya trén thong tin
khong gian clia cac bién khac lién quan. Dac biét hitu ich khi co
1 bién dugc lay mau rong rai va 1 bién dugc ldy mau thua thét va
chung c6 tuong quan khéng gian.

Universal Kriging (UK): Dung khi dit liéu mau biéu hién theo 1
phuaong va gia thiét n dinh c6 thé khong hop 1&.

Do tinh phé bién va ting dung linh hoat han cac phuang phap
khac nén nhém tac gid sé st dung phuong phép Ordinary Kriging
cho viéc tinh toan.

Ordinary Kriging:

Trong thuat toan SK, gia thiét rang gia tri trung binh m(u)
dugc biét. Bang gia thiét 6n dinh bac 1, m(u) gidm thanh m. Phai
biét gia tri m trudc khi stt dung 1 biéu thiic SK. Trong thuc tién, gia
tri trung binh thuc toan cuc rat hiém khi dugc biét néu khéng gia
thiét tri trung binh mau bang tri trung binh toan cuc. Ngoai ra, tri
trung binh cuc bo trong viing nghién ctru 1an can ¢é thé thay déi
trén khu vuc quan tam, do d6 gia thiét 8n dinh c6 thé khéng hoan
toan hgp l&. Thi tuc OK sé khac phuc van dé nay bang cach xac
dinh phuong trinh uéc tinh.

Xét phuong trinh [1, 2]:
z'(ug) = Ao+ it A x z(wy) (5)
Vi diéu kién khong léch, yéu cau thoa man diéu kién phuang
sai cuc tiéu. Cuc tiéu hoa phuong sai v&i rang budc thu dugc két
qua:
T1AiCluyw) + = Cluyug) i=1,..,n (6)
VGi u la thong s6 Lagrange va C dai dién cho hiép phuong sai.
Phuong trinh c6 thé dugc viét dudi dang ma tran [1, 2]:

Clugug) Clug, uz) e Cluy un) 1 C(u,uy)
Cluyuq) Cluy,uy) ... C(uy, uy,) 1] C(uz,u())

Clup,uq) Cluy, uy) ... Cluy,,u,) 1 C(un, u0]

1 1 1 0

Khi A dugc tinh, gid tri ugc tinh z*(u ) sé thu dugc tir phuang
trinh. USc tinh hiép phuong sai [1, 2]:

0ok = Clug,up) - X1 A Clugup) - p 8)

40  DAUKHIi - SO 4/2019

2.2, Hién tuong sinh cdt trong cdc giéng khai
thdc

2.2.1. Khdi niém sinh cdt

Sinh cét 1a hién tugng xuat hién sé luong nhoé
hay I6n vé thanh phan hat ran di cung véi dung
dich chat luu trong via. S6 lugng c6 thé khac nhau
turvai gam hodc it hon trén mot tan dung dich. Khi
lugng cét sinh ra I6n hon mot gidi han sinh cat nao
d06 (gisi han nay phu thudc vao diéu kién moé quy
dinh) thi can phai ap dung cac bién phap khéng
ché cat [3].

Sinh céat phu thudc vao 3 thanh phan chinh:

- Do bén clia d4 va cac tinh chat co hoc khac
cua da.

- C4c Ung sudt tadc dung xung quanh giéng
hodc 16 ban ma via.

- Taitrong cuc bé tac dung lén giéng hoac 16
ban ma via do sy hién dién cia dong chay, ap suat
16 rbng suy giam, su hién dién cla nudc.

Néu khdng thé kiém soét dugc lugng cat sinh
ra sé gay ra thiét hai rat 16n, c6 thé sup |5 trong
thanh hé, lam bao mon céc thiét bi hodc lam
nghén dudng 6ng.

D6 bén cla thanh hé cat két dugc kiém soat
b&i cac yéu to [3]:

- S6 lugng va loai ctia xi mang dung dé gil
cac hat riéng & lai vai nhau.

- Luc ma sat gilra cac hat.

Ap suét chat luu trong céc 16 réng clia da.

- Luc ép mao dan.
2.2.2. D6 thj dudng log UCS - TWC

Biéu d6 log UCS - TWC giGp du béo cac
khoadng dé sau ma thanh hé c6 kha nang bi pha
hay va sinh cat, tir d6 dua ra quyét dinh ban ma
via & khoang d6 sau phu hgp va ké hoach hoan
thién giéng t6t nhat.

Dé& xay dung dugc biéu d6 nay, can cha y dén
cac gia tri nhu Dt - Wave Transit time (don vi ps/ft)
va gia tri dé rong ¢.

Doi vai gia tri Dt, trong qua trinh do dia vat
ly cac bod phét séng am cua thiét bi truyén céc tia
song gap thanh hé va phan héi vé cac dau thu.
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Ung véi méi thanh hé cling nhu méi tap khac nhau thi
gia tri thu vé sé khac nhau, théng qua minh giai sé dugc
mot gia tri la Dt, tir d6 xac dinh dugc lan luot gid tri UCS
vaTWC.

DaGi véi gia tri d6 réng ¢, log mat doé la phuong phéap
dung dé xac dinh d6 réng, thdng qua viéc do mat dé
electron trong via. N6 c6 thé giup cac nha dia chat: xac
dinh dugc cac khoang vat lang dong tur su béc hoi cla
cac dung dich, danh gia cac déi chuia khi, xac dinh ham
lugng hydrocarbon, danh gia dé sét trong da chiia dang
céat pha va mot s dac diém thach hoc. Dung cu do mat dé
gém nguén phat ra nang luong tia gamma sao cho cac tia
gamma di vao bén trong via. Nguén gamma c6 thé la Co-
60 (Cobalt) hay Ce-137 (Cesium).

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

Mb hinh ctia McNally (1987) [4]:
UCS = 40165e19¢ 9
Gia tri UCS trong khoang 300 va 52.000psi va d6 réng
¢ bé hon 0,3 [4]:
UCS = 36830(1 - 2,7¢)? (10)

Thanh hé cat két da c6 két véi d6 rong ¢ < 0,3 [4]:

TWC = 80,8765UCS%%8 (11)

Gia tri TWC (psi) dugc xac dinh tir UCS nhu sau (ap
dung cho hiu hét via cat két trén thé gidi) [4]:

TWC = 20,62¢~ %% (12)

Ngoai ra con cé thé xac dinh TWC theo gia tri dé réng
¢ & thanh hé cat két yéu [4]:

Op1 = 30’h - Oy~ pwf(l - A) - Apr (13)

M6 hinh dya trén viéc tinh toan UCS va TWC theo d6
sau, vé dugc dudng cong tich Iy dé xac dinh duoc gia
tri Ung suat P (% dat da thanh hé cé d6 bén nhé hon, cac
diém c6 gia tri TWC nhé hon thi thanh hé tai d6 yéu nhat)
Ia di€ém (ng suat t6i han cho su pha hay cét va sinh cat
tur viéc ap dung xac suat cho giéng, khoang dudng cong
TWC nao c¢6 gid tri nhé hon dudng P thi tai dé c6 kha nang
sinh céat nhat.

2.2.3. M6 hinh dp sudt phd hay thanh hé (SandPit3D)

Mé hinh sau day dugc xay dung dé bat dau tinh toan
sinh cat, tdc la tinh todn ap sudt dong chay day giéng tai
han dan dén sinh cat, CBHFP. M6 hinh c6 thé 4p dung cho

ca giéng than tran va giéng hoan thién éng chéng, ban
ma via. Cac Ung suat cuc bd dugc biéu dién nhu Hinh 1.
Su dinh hudng cla giéng khoan dugc thé hién trong tinh
toan cla cac Uing suét tiép o,, 0, véi o, > 0, (hay con goila
(ing sudt vong) tir cac Ung sudt chinh tai vi tri d6 (o, 0,).
Cac Ung suat tiép trén bé mat cta thanh giéng dugc xac
dinh béi [5]:

0t = 30, - oy — Pwp(1 - A) - Ap, (14)

Oty = 30y - 0y — Pwr(1- A) - Ap, (15)
Trong do:
P, Ap suat day giéng;
p,: Ap suét via;
A: Hé s6 poro-elastic dugc tinh theo cong thiic sau [5]:
A= (1-2v)a
(1-v)

VGi v 1a hé sé Poisson va a la hé sé Biot's

(16)

Su pha hly xay ra khi cac gia tri (ing suat ti€p tuyén bi
thay d6i, mac du cac gia tri tng suat khac ciing déng vai
trd vao viéc gay ra su pha hay, tuy nhién khéng dang keé.
Dé tranh viéc cat xudt hién thi gia tri Ging suat ti€p tuyén
hiéu dung I6n nhét tai vi tri dang xét (o,,- P,,) phai nho
hon d6 bén hiéu dung U ctia thanh hé, nhu vay ta c6 quan
hé [5]:

[JTZ - pwf) sU (17)

Thay (15) vao (17) ta c6 moi quan hé cho CBHFP nhu
sau [5]:
30,-0,-U A

£ 18
2-A Prz-a 18

Pws = CBHFP =

Hinh 1. Cdc ting sudt tai thanh giéng [5]
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Véi: p,: Ap suat day giéng (psi);

CBHFP (psi): Ap suat day giéng t6i han dé thanh hé
khong bi phé hay;

p,: Ap suét via (psi);
A: Hé s6 poro-elastic;
U: D6 bén hiéu dung thanh hé (psi).

Do giam ap t6i han-Critical Drawdown Pressure (CDP)
dugc dinh nghia la d6 giam ap ti ap suat via ti gia tri ap
suat tai d6 gay ra su pha hay thanh hé. Khi d6, ap suat day
giéng dugc xac dinh [5]:

Pwr =Dpr — CDP (19)

Tu (18) va (19) ta ¢ biéu thuc tinh sau [5]:

1
CDP= > [2p, - (30y - 0} - U)] (20)

Ap suét via tdi han (Critical Reservoir Pressure, CRP),
la gia tri 4p suat via ma tai dé via bi pha hay dudi bat ky
do gidm ap nao. Véi CDP = 0 ta cd cong thuc tinh CRP [5]:

CRP = — (21)

D6 bén hiéu dung ctia thanh hé U, dugc xac dinh dua
vao thi nghiém mau truc thanh day (TWC) véi ty s6 dudng
kinh ngoai va dudng kinh trong nam trong khoang tu 3 -
3,8.Vdi gia tri b, dua vao thi nghiém dé hiéu chinh [5]:

U= bsx 1,55 x TWC (22)

Ve6i: b, = 1,6 d6i vdi giéng than tran;

b, = 2 déi véi giéng 6ng chéng ban mé via.

Chuyén déi toa do:

TU cac théng s6 nhu trén c6 thé xay dung 1 mé hinh

Hinh 2. Phuong phdp ddi truc toa dd [6]
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pha hlly don gidn cho cac giéng thing ding véi cac sé liéu
dau vao tuong ting. Tuy nhién, cac gi€éng dugc hoan thién
cht yéu déu c6 d6 nghiéng, do dé can phai hiéu chinh
cac gia tri ting suat cho phu hgp. Cach don gian nhat la su
dung phuong phép ddi truc toa d6 dé tinh lai cac gia tri
Ung suat méi (Hinh 2) [6]:

Viéc dai truc sé cho céac gid tri ting sudt méi. Do d6 can
phai tinh toan lai cac gia tri nay theo cac gia tri ing suat
ci két hgp vai goc nghiéng va goc phuong vi tueng tng
tai vi tri giéng.

Hinh 3 cho thay viéc xac dinh cac ing suat mdi sé phu
thudc vao cac goc nghiéng i va goc gilta hudng giéng
khoan véi phuong clia tng sudt ngang I6n nhat 6. Cac gia
tri Ging sudt mai sé dugc tinh toan theo céc cong thic dudi
day [6]:

0, = 0y cos? O cos?i+ oy, sin’ O cos? i+a0, sin? i (23)

oy = oy sin® 0 + oy, cos? 6 (24)

2

0, = 0y cos? 0 sin? i + 0y, sin? O sin’ i+ 0, cos? i (25)

Trong d6, vai giéng hoan thién éng chong, ban mé
via thi géc nghiéng i sé la géc ¥ (g0C nghiéng cua 16
ban m& via) va g6c 6 sé la goc B, (g6c gitia huéng bén
via véi ting suat ngang Ién nhat). Cac dai lugng dugc tinh
theo céng thuc sau [7]:

l»bperf =90-1v¢ COS(¢perf) (26)
/1perf = Wy, + 90 Sin(¢perf] (27)
ﬂperf = Opgz + 90 - Aperf (28)
Trong dé:

¢ GOc bdn mé via;
perf

M\ Géc phuong vi ctia 16 ban maé via;
perf

4]

Hinh 3. Cdc thong s6 hinh hoc mdi cda giéng [6]
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ﬂpe = 0 néu l/)perf= 0.

Nhu cac biéu thic da néu trén, thédng qua
cobng thuc lién hé (19) va tinh cac théng s6 lién
quan nhu CRP, hé s6 A, TWC, d6 bén hiéu dung
U... ta tinh dugc CDP theo tling gia tri ap suat
via thay dé&i, dua vao cdng thuic (19) tinh dugc
CBHFP &p suat day giéng tdi han dé thanh hé
khong bi pha hay va sinh cat. T d6 vé dugc dé
thi gitta CBHFP va ap suat via sé dugc moé hinh
pha huy thanh hé.

3. Du bao cac théng sé dia co hoc cho giéng P
TU d{ liéu cla cac giéng ban dau la giéng

5, giéng 9 va giéng 11. Tién hanh du bao cac

théng sé dia co hoc cho giéng P lan can.

3.1. Xdc dinh thém cdc théng sé dia co hoc ciia
cdc giéng ddu vao

- Dboéréng da

D6 réng cla da dugc tinh dua vao céng
thic thuc nghiém, dua vao UCS da cho tinh
dugc do6 réng theo mo hinh Venik (1993) véi
thanh hé cat két c6 d6 rong nhé hon 0,3:

1- V3530

2,7

- Do bén nén mot truc UCS

¢:

Dé xéc dinh d6 thilog UCS doc theo d6 sau
cla thanh hé mét cach chinh xac, 1ay két qua thi
nghiém nén 1 truc UCS & cac d0 sau khac nhau
dé hiéu chinh véi mé hinh phu hgp cho méi
thanh hé véi cac dir liéu well logs nhu thai gian
truyén song, do réng, neuron, thé tich sét... D&
xac dinh dudng log UCS tu dit liéu well log cho
toan than giéng dung cong thuc thuc nghiém
cGia McNally (1987):

Ucs = 1053[— 0,037 Dt)

Vi trong bai bao nay cac théng s6 UCS va
cac gia tri Ung suat da dugc tinh trudc tr mo
hinh dia co nén tac gia sé khoéng tinh lai UCS tu
duong log sonic.

- D06 bén TWC (mau truc thanh day)

Cac thi nghiém TWC thuong dugc st dung
trong cac du bao vé sinh cét, phan tich va luu
lugng cat. Trong cac thi nghiém nay, mot mau
hinh tru réng dugc dat quanh budng nén, bén

trong duéi su gia tang clia ap luc thay tinh, tang déu ap luc theo chiéu
doc va chiéu ngang cho dén khi su sap |3 xay ra trong mau. Nhém tac
gia xay dung duong TWC tu tuong quan thuc nghiém véi duong log
UCS theo cong thiic ap dung cho cac via cat két:

TWC = 80,8765UCS"*®

TU cac thong s6 trén, xay dung dugc cac thong sé dia co hoc cho
tung giéng.
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3.2. Néi suy Kriging gid tri UCS

Tl céc s6 liéu dau vao tur giéng 5, giéng 9, giéng 11 va
cac duong log xay dung dugc trén IP, ti€n hanh néi suy cac
thong so dia chat cho giéng P. Xay dung mé hinh néi suy
Kriging cho 3 giéng theo mat cat 2D. Mat cét theo phuaong
TVD (y) va Bac - Nam (x).

Tién hanh chay mé hinh Variogram véi mau la dé bén
nén mot truc UCS dé kiém tra dit liéu va chon mé hinh
phu hgp cho viéc nédi suy Kriging.

Tu két qua Hinh 8 va 9 thu dugc két qua mé hinh
Variogram ctia UCS chung cho 3 giéng la mé hinh cau
(Spherical). Cac théng s6 khac ciing dugc thé hién trén
Hinh 9 nhu: ban kinh anh hudng (A), gia tri Sill, hé s6
tuong quan r2,

Mot cach don gidn mé hinh Variogram la ham biéu
hién mé&i quan hé khéng gian gilra cac dit liéu. M6 hinh

R0
=ZEEEE0
33
AIERI0

IR

Hinh 7. Mdt cdt ca giéng khoan 5, giéng 9 va giéng 11 theo phuang TVD - Bdc

Actve Lag Distance [ 213,00 | Anisatropic Axis Orientation Calcule
9 | Wariogram Options
Lag Class Distance lnterval | princost s cegrees 1) [ o7 =] riogram Opto
& Uniforminterval | 147.00 = = [~ Show sample variance
=l Offset tokerance (degrees) [22.50 — P ]

" Nenuniform intervals Dyfoe..| |
|

General Relalive Variogram l Pairwise Relative Variogram I Moran’s | I Fractal I
Vi E ized Variogram | M | motogram | Drin | comebgeam | Covariance
Tactope: Varmgianm - -~
23T =
] o o
oo 0500
1835058, gean bo® ____———
: gy !2
1258708, oo
o 128
828353,
L / % !
0.00 7455 145,90 233388
502000 %anat” 2

Saparation Dinnssce (8 .

Isotropic Variogram [Jiodel] | Expand... |
Hinh 8. Két qud tinh todn md hinh Variogram ctia UCS theo phuong TVD - Bdc

Anisctropic Variograms  Model.. | Expand.. | Surface .
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dugc lua chon 1a mé hinh cau va cing la loai mé hinh
phé bién nhit thudng dugc sit dung. Vi cac loai nhu mé
hinh Gaussian, mé hinh m thi yéu cau vé tinh dong nhat
dia chat, yéu cau vé ban kinh nén cé tinh lién tuc kém va
thudng it s&r dung.

Mé hinh cé gid tri Sill dat dugc la 1.664.000 va ban
kinh anh hudng la 832m. Sill la nguéng phuong sai khi gia

Variogram Nugget Structural Variance
Model Type Wariance (Co) 5@l (Co+C) Range (&)
[spnericat  ~| |sssooo0o0c  [1884000.00¢ | 32,0000
- This Fit- - AutoFit-

Residual 55: 172612 1726412

-3 0,450 0,450

Proportion (CCo+C]: 0,718 0,718

Modek Spherical Spherical

Autoft | _goncet | DR ]

Hinh 9. Théng s6 md hinh Variogram ctia UCS

11303,50

846,90 4332,43 TBITST
Estimated

11303.50

Hinh 10. Cross Validation ctia UCS

Hinh 11. Nji suy Kriging gid tri UCS cia 3 giéng cho khu vuc nghién ciu
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-2038, =966, 106, 1173,

Hinh 12. M6 phdng gid tri UCS cho khu vuc nghién ctiu

Variogram Nugget Structural Variance

Model Type Variance (Co)  Sill (Co+C) Range (A)
Spherical  v| |740000,000C  [4197000,00C [ 834,000
This Fit AutoFit

Residual SS: 1,08E+13 1,08E+13

r2: 0,522 0,522

Proportion (C/[Co+C]): 0,824 0,824

Model: Spherical Spherical
Cancel | oK |

Hinh 13. Théng s6'md hinh Variogram

4035,00 838,03 12440,07 1814210

Estimated

Hinh 14. Kiém dinh mé hinh cda TWC

tri h (separation distance) cang tang thi d6 thj sé
dat dén Sill. Gia tri Sill cang cao thi sai s6 clia bd
dirliéu cang I6n. Ban kinh dnh hudng cang 16n thi
cang lam gidm phuong sai cla Kriging.

C6 dugc mo hinh Variogram phu hap, tién
hanh néi suy Kriging nhung trudc hét can kiém
tra hé s6 héi quy clia dit liéu (Hinh 10).

T két qua cho thay dii liéu dau vao la rat tot,
bdi hé s6 tuang quan gilta diém mau va diém udc
tinh la r» = 0,923 va hé s6 héi quy la 1,013 gan
bang 1. Tuc la Gng véi méi diém gia tri thuc ta
6, dua vao Kriging c6 thé noi suy ra gia tri udc
tinh gan nhu chinh xac (cac diém ndm quy tu gan
dudng thang).

3.3. Néi suy Kriging gid tri TWC

Cling tuong tu nhu qua trinh ndi suy cla
UCS, dau tién tién hanh chay mo hinh Variogram
dé kiém tra su lién quan gilra cac gia triva timra
mo hinh phu hgp cho ca 3 giéng, dung cho noi
suy Kriging.

Tu két qua chay mé hinh Variogram (Hinh
13), mé hinh dugc lua chon 1& mé hinh cau
(Spherical). Gia tri nguéng Sill 1a 4.197.000 va ban
kinh anh hudng la 834m. P& biét tinh chinh xac
cta md hinh ndi suy ta can kiém dinh mé hinh
(Cross validation) dua trén bé sé liéu c6 sén.

Kiém dinh cho thdy gia tri hoi quy rat tét la
1,009 va hé sé tuong quan gilta cac diém mau va
diém uéc tinh 1a 0,943 (Hinh 14). Hai hé s6 nay
nam trong khoang cho phép dé néi suy dit liéu.

Tuong tu nhu viéc noi suy cho dé bén thanh
hé UCS va TWC, con néi suy cac thong sé dia co
hoc khac nhu: @6 réng, Uing suat ngang nhé nhat,
Uing suat ngang Ién nhat, Ung suat thang ding,
ap suat 16 réng... dé cung cap day dd cac thong
s trong viéc du bao sinh cat. K&t qua thu dugc la
dang tin cay vai hé s6 héi quy ban dau cao.

4. Du bao sinh cat cho giéng P

T cac dit liéu noi suy dugc & phan trudc cho
giéng P, nhom tac gia sé xay dung biéu dé dudng
log UCS - TWC cho giéng, tinh toan khoang ban
va khéng nén ban ma via. T d6 sé khao sat do
nhay sinh cat bang mé hinh Sandpit3D & mot dé
sau nhat dinh, thay déi theo géc ban ma via khac
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Hinh 15. Ni suy Kriging gid tri TWC cta 3 giéng cho khu vuc nghién ciu
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Hinh 16. Mé phdng gid tri TWC cho khu vutc giéng nghién ciu
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Hinh 19. Biéu dd Histogram va phdn trém tich Iy cda gid tri TWC
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Hinh 17. Biéu dd log UCS_TWC cho toan bé thén giéng P
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Hinh 18. Biéu d tich ldy cda UCS va TWC

nhau. Cuéi cung la xay dung dudng ap suat khai
thac du kién cho giéng P.

4.1. Xdc dinh khodng bdn mé via

Nhom tac gid lua chon via dé khdo sat sinh
cat cho nghién ctu. Via LMH10 d6 sau tu 3.458 -
3.542m, LMH20 d6 sau tur 3.542 - 3.667m, LMH30
d6 sau tur 3.667 - 3.771m.

- Xac dinh biang dudng P20

Tuy theo tinh chat thanh hé ctia méi khu vuc
khac nhau va cac yéu té khach quan vé dit lieu dé
xay dung cac tiéu chudn Ung suat téi han cé thé la
P10, P20, P30. Gia tri P20 (20% dat da thanh hé c6
dé bén nhé hon, nhing diém c6 gia tri TWC nhd
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Hinh 20. M6 hinh phdn b6 UCS - TWC va duong ting sudt tdi han P20
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Hinh 21. D6 thi ddnh gid nguy co'sinh cdt khi dp sudt via ban ddu p = 10.362psi
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Hinh 22. D4 thi ddnh gid nguy co sinh cdt khi dp sudt via suy gidm di 6.000psi

haon thi thanh hé tai d6 yéu nhat) 1a diém (ing sudt tGi han
cho su pha hly cat va sinh cat tir viéc ap dung xac suat cho
giéng, khoang dudng cong TWC nao ¢6 gid tri nhdé hon
dudng P20 thi tai d6 c6 kha nang sinh céat nhat.

TU Hinh 18 ¢6 thé ngoai suy theo cach thong thudng
dé c6 dugc P20 hodc c6 thé tinh theo céc gia tri I6n hon
P20% va nhd hon P20% dé noi suy P20%. Nhém téc gid
cling c6 thé hiéu chinh cac khoang chia ung suat dé dat
gia tri P20% ma khong can ngoai suy theo hinh hay néi
suy theo s6 liéu tinh, tuy nhién van c6 cach khac dé hon
d6 la st dung biéu doé Histogram.

Vlng t6 ddm mau vang & Hinh 19 cho thay gia tri P20
clia TWC nam trong khoadng tir 9271,19 - 9472,39psi. Theo
d6 c6 thé tim dugc P20 = 9350,98psi dua vao cdng thiic
noi suy tuyén tinh (6 mau xanh).

Tu Hinh 20 xac dinh dugc nhiing khoang d6 sau c6 do
bén TWC nho hon dudng P20, nhiing khoang khéng nén
thuc hién ban ma via dé la 3.425 - 3.465m, 3.550 - 3.580m
va 3.670 - 3.700m.

- Xac dinh bang d6 thi CDD [8]

Nhu véy khi dp suat via p, suy giam di 6.000psi, 4p
suat via lic nay la 4.264psi. Néu tiép tuc khai thac véi dp
suat chénh léch 1a 1.500psi tU via vao giéng thi luc nay
xudt hién cac vung sinh cat & cac khoang do sau 3.425
- 3.465m, 3.550 - 3.580m va 3.670 - 3.700m. Pay la cac
khoang do6 sau du bao khéng nén ban mé via.
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4.2. Du bdo sinh cdt khi khai thdc tai mét
dé sdu

TU cac dit liéu dau vao va cac gia tri dugc
ndi suy cho giéng P, ti€n hanh chay mé hinh
SandPit3D trén phan mém IP. K&t qua nhu
Hinh 23.

Hinh 23 cho thdy gia tri ap suat via tdi
han (CRP) tur khodng 1.200 - 1.600psi thay
déi tir géc badn mé via 0 - 90°. Thay ddi goc
bdn ma via tur 0 - 90°, cho thdy goc ban
md via cang cao thi vung an toan cang I6n
(vung sinh cat cang nho) va gia tri ap suat
via t&i han CRP cling nho theo va ngugc lai.

Qua md hinh ap suat sinh cat trén Hinh
24, nhém tac gia rat ra két luan sau:

Nhan xét cu thé tai Hinh 24 cho thay, gia
st giéng P nay rai vao trudng hop 1va 2, ca
2 giéng déu c6 chung &p suat via lic nay la
2.200psi, tuy nhién giéng trong truong hgp
1 1a an toan va khéng sinh cat, con giéng
trong trudng hop 2 nam trong vlng sinh
cat vi c6 cung ap suat via nhung ap suét
ddy giéng lai khdc nhau. Diéu nay cho thay,
& cling diéu kién via (cung ap suat via) néu
khai thac v6i d6 chénh ap 16n nhu trudng
hop 2 sé c6 nguy cg sinh cat cao hon va
nguac lai.

Tuong tu khi giéng nay roi vao trudng
hgp 3 va 4, tuy cung &p suat day giéng
nhung &p suat via khac nhau va trudng hop
giéng 3 nam trong vling an toan, giéng 4
nam trong vung sinh cat. Nhu vay, ap suat
via Ia mét thong s6 anh hudng rat 16n dén
nguy cd sinh cat. Trong qua trinh khai thac,
néu &p suat via giam thi nguy co sinh cat
cang cao. Chinh vi vay, gidi phap duy tri 4p
suat via bang bién phap bom ép nudc sé c6
tac dung han ché nguy cd sinh cat.

- Khéo séat khi dd bén TWC nhé nhat

Khi m6 hinh dat TWC (min), ldc nay
Ung sudt thanh hé thdp nhat nén mo hinh
¢4 vung an toan nhé hon, vung sinh cét 16n
hon so vai cac hinh khao sat trudc do. Néu
ban ma& via & vung c6 TWC (min) nay khai
thac sé c6 nguy ca sinh cat cao hon, cu thé
14 khi khai thac roi vao thdi diém tai ap suat
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Hinh 26. M6 hinh dp sudt sinh cdt khi TWC_Max (Clip curves)

Bdng 1. 56 liéu vong dai ma theo chu ky 5 ndm

4.3. Du bdo sinh cdt cho giéng P sau
khodng thai gian khai thdc

Nhoém tac gid mé phéng biéu dé sinh
cét cho giéng P (Bang 1), v&i ap suat khi bat
dau khai thac 14 9.162psi, d6 giam ap tu via
vao giéng ctia mbi nam la 2.000psi va su sut
gidm 4ap suat via theo chu ky méi 5 nam la
1.400psi.

Hinh 27 cho thay chi trong 5 nam cudi,
khi ap suat via giam sau, giéng P hoan toan
nam trong viing c6 kha nédng sinh cét cao,
du bat ky géc ban ma via nao giéng ciing
déu c6 kha ndng sinh cat.

5. Két luan

K&t qua ndi suy Kriging cho thay s6
liéu nodi suy. K& qua cho thdy mé hinh

sz Ap su:?élza (psi) BH7FI1’6(§si) Variogram dugc lua chon cho bd dirliéu ctia
< 7:762 5:762 UCS va TWC déu 13 mé hinh cau (Spherical).
10 6.362 4.362 Nghién clu da xay dung mo hinh ap
15 4,962 2.962 st sinh cat thay ddi theo tin 5¢ bin
20 3562 1562 su? ,Sln cat thay d6i theo timg goc bar
25 2162 162 ma via tu 0 - 90° trén phan mém IP. Cac két

it Sognc 30 (Ussry dminirirater, Ron Dater 88/ L120LE B0 PH)
Formation: anssdsbia, Compis

okl Rxwewit: X000 deg, L}
Serwih Ametoth: 130 dag, av 12062 pal ot 19515 g, S 114853 g

o Purferated
1573 dug

qua dugc t8ng hgp nhu sau:

Sinh cat sé xay ra khi &p suat via nhé
hon khoang 2.500 - 3.500psi, tuy vao tung

s i g6c bén mé via khac nhau.

IE’; ~|= Khi géc bédn m& via tur 0 - 30°, viing

4o sinh cat dao dong khi ap suat via nhé hon

o . 3.500psi va ap suat day giéng nhod hon
T j:j = N = sy 1.600psi. Khi géc bdn ma via tir 60 - 90°, cho
§ W ~ thdy vung c6 kha nédng sinh cat nhé hon,

we ,--”J dao déng & vung cé &p suat via nhd han

oo - khoang 3.000psi va ap suat day giéng nho

i:c: hon khodng 1.300psi.

s Tai liéu tham khao
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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 Dung’, Le The Ha?, Nguyen Tien Dat"
"Ho Chi Minh City University of Technology (HCMUT)
Yietnam Oil and Gas Group

Email: tgdung@hcmut.edu.vn, halt01@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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