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Tom tat
Hién tuong sinh cdt (sand production) trong cdc giéng khai thdc sé gdy dnh huéng nghiém trong téi san luong khai
thdc, kéo theo su'suy giam hé sé thu héi ddu ciing nhu géy xdam thuc, Gn mon cdc thiét bi Iong giéng, trén bé mdt, lam hu
hai cdc van an toan. Ngodi ra, cdc gian khai thdc ddau khi thuéng & xa bo nén viéc thay thé cdc thiét bi do cdt én moén tén
nhiéu thai gian va chi phi, dnh huéng I6n dén lgi nhudn khai thdc.

Do dé, viéc du bdo kha ndng sinh cdt trong cdc via dau khi sé gitp ndng cao hiéu qud khai thdc, giam thiéu rii ro
trong qud trinh khai thdc, dam bdo an toan va hiéu sudt cda thiét bi ciing nhu lua chon thiét bi phi hop dé c6 phuong dn
khai thdc téi uu, giam thiéu chi phi dau tu, tdng khaé nédng thu héi vén. Viéc du bdo khd ndng sinh cdt gidp dua ra cdc gidi
phdp hoan thién giéng c6/khéng kiém sodt cdt mét cdch hop ly gitip téi uu héa chi phi dau tu. Viéc chi déng ing dung
mé hinh giai tich (analytical model) két hop cdc théng sé dia co théng qua dir liéu cdc giéng da khoan gitip cho cdc giéng
khoan khai thdc trén mé Hai Thach - Méc Tinh ngdn ngira khd ndng sinh cdt ciing nhu lua chon dugc huéng bdn mé via
thich hop vao cdc huéng c6 dé bén tét ciia thanh hé lam giam thiéu khd ndng sép 16 kénh dédn bdn mé via va gigm thiéu

cdc hat rdn (cdt) theo kénh dén vao giéng khoan.

Tirkhéa: M6 hinh gidi tich, du bdo khd ndng sinh cdt, dp sudt suy gidm téi han, kiém sodt cdt, hodn thién giéng.

1. Giéi thiéu

Ngay tir khi nganh cong nghiép khai thac dau khi ra
dai thi van dé sinh cat trong qua trinh khai thac da dugc
cac cong ty dau khi quan tam, do van dé nay cé anh hudng
I6n dén sdn lugng khai thac va tudi tho clia hé théng thiét
bi. Tuy nhién tir nhitng ndm 90 thé ky trudc tra lai day, cac
phuong phap du béo sinh cat trong qua trinh khai thac
dau khi mdi duoc tap trung nghién cdu nhiéu, gidp cac
cong ty dau khi c6 kha nang kiém soat cat tét hon, qua dé
gidm thiéu rdi ro va gidm chi phi dau tu ban dau cho giéng
khoan khai thac.

Nam 2013, lan Palmer [2] d& mé td cac phuong
phép du béo sinh cat clia BP dugc phat trién thanh 3
giai doan: (1) Giai doan khi bat dau c6 dau hiéu sinh cat
(Onset), (2) Giai doan cat sinh ra trong giéng (Transient
sanding), (3) Giai doan cat sinh ra véi luu lugng &n dinh
trong than giéng (Steady-state sanding) va trinh bay
ré ly thuyét clia phuong phap onset dugc sir dung dua
trén mé hinh Ung suat va két qua, kinh nghiém nghién
clu tai thuc dia.

Nam 2002, Hans Vaziri [3] da ap dung 3 md hinh du
bao kha nang sinh cat cho 6 giéng nhiét d6 cao, ap suat
cao. M6 hinh du bao nay da danh gia dugc tinh hiéu
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dung cula viéc st dung mé hinh giai tich trong viéc du
bao kha nang sinh cat cho cac giéng khoan nhiét d6 cao,
ap suét cao.

Khi ap dung mé hinh du bao kha nang sinh cat vao
thuc té, cac nha nghién ctu cing gap khoéng it kho khan,
dién hinh 1a X.Yi [4] trong viéc 4p dung mét s6 mé hinh
du bao kha ndng sinh cat va dinh hudng stir dung mé hinh
gidi tich vdi cac théng s6 vé dia co hoc dé lam g s tinh
toan nhu: hang sé Biot, ty s& Poisson, (ng sudt nén maot
truc, Ung sudt tai chd cung cac két qua do tai thuc dia dé
xac dinh ap suat suy giam tdi han, tir d6 xac dinh nguéng
sinh cét trong giéng.

D& c6 s6 liéu dau vao dang tin cdy trong viéc xay
dung mé hinh can ldy mau dat da, cach thic xac dinh cac
théng s6 co hoc dat da, A.Khahsar [5] da dé cap chi tiét
cac phuong phép kiém tra ca hoc cho mau nhu: SST, MST,
UCS, TWC... va méi tuang quan gilra ching.

Viéc xay dung mé hinh du bao kha ndng sinh cat phu
thudc rat nhiéu vao yéu t6 dau vao la cac thong sé dia co
hoc cling nhu céch xac dinh céc thong sé nay. Bén canh
do, tuy dac diém cdu kién tao, dia tang tram tich; nhiét
ap... cla tung via sdn phdm ma viéc ap dung phucng
phap xay dung mo hinh du bao sinh cat sé khac nhau.
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Tai Viét Nam da c6 mot s6 nghién ctu, danh gid vé mé hinh sinh
cat tai mot s6 mo dau khi & bé Cliu Long va Nam Cén Son.

Nam 2007, Colin A. Mc Phee [6] da nghién ctu kha ndng sinh cat
dua trén cac dit liéu ti két qua phan tich mau 16i ctia giéng 12E-CS-
1X ST1 va Dua-4X (mé Chim S&o - Dura thuéc b&é Nam Cén Son) va
cac két qua dugc hiéu chinh cling két qua do log (density, sonic).
Dua vao cac théng sé dia ca hoc, bao cdo da chiing minh kha nang
sinh cét cho cac giéng & khu vuc nay rat nho. Nghién cu da trinh
bay co s& ly thuyét cla viéc ap dung mé hinh dia co hoc trong viéc
du bédo kha nang sinh cat cling nhu cac phuong phap thit nghiém
dé xac dinh cac théng sé lién quan.

Nam 2003 va 2014, Ta Quéc Ding [7, 8] da cong bé 2 nghién
clru vé hién tugng cat xuat hién trong giéng khai thac & tang cat
két & cac giéng khai thac bé Clru Long va can cu vao dac tinh cda
thanh hé, phan tich cac ca ché pha hay, nghién ctru dua ra phuong
phap dé du bao kha nang sinh cat trong tang tram tich thudc bé
Clu Long. Tai HOi nghi quoc té vé khoa hoc trai dat, Ta Quéc Diing
da trinh bay két qua nghién ctru mé hinh du bdo kha nang sinh cat
dua vao cac thong s6 co hoc dat da dé xac dinh &p suat suy giam téi
han trong d6 c6 xét dén goc nghiéng clia than giéng khoan va dua
ra cac giai phap hoan thién giéng tuong tng.

Nam 2015, M.S.Asadi [9] da dua ra luu d6 danh gia kha nang

sinh cat cho cac mo dau khi tai Viét Nam nam trong cac via tram tich.
D(i liéu ti cac giéng da khoan duoc st dung dé xay dung nén mo

e
10N 10N

022

/ 042 041

M6 Hai Thach
- Chiéu sau 134m

Mé Méc Tinh oas |- Cach Ving Tau 330km
- Chiéu sau nudc bién 115m o | &
- Cach Viing Tau 330km o\ o ® ﬁ(
3.1¢ o
2l Thadh
Lo - 20 ket [134 a'N
Tin) @ Bac
oo ?Qt.u 'Jm
Lan| B0
- Toy| 8 —/
21 / 135
/
2 7——-
had -

107E 108"E 1OTE

Hinh 1. So @6 vi tri mé Hdi Thach, bé Nam Con Son [1]

hinh dia co hoc - cho mé & bé Cliu Long. K&t qua
nghién ctu cho thay déi véi via tram tich nam
& cac dut gay théng thudng, 2 gia tri Gng suat
ngang cuc tiéu va cuc dai c6 gia tri gan bang
nhau va thap hon tng suat dia tinh. M6 hinh duy
béo sinh cat (m6 hinh gidi tich) dugc hiéu chuén
vGi két qua DST va chi ra rang khong xuat hién
dau hiéu sinh cat. K&t qua hiéu chinh mé hinh
nay dugc st dung dé€ danh gia kha nang sinh cat
trong sudt tudi ddi clia giéng khoan.

C6 thé noi, cac nghién clu trén mdi chi
mang tinh téng quan vé ly thuyét du bao kha
nang sinh cat. Bén nay, Viét Nam chua c6 bdo
cao nao cdng bo két qua tinh toan va phan tich
du bdo khd nang sinh cat cho khu vuc mo Hai
Thach thudc bé Nam Cén Son. Do d6, théng qua
téng quan tinh hinh nghién clu trong va ngoai
nuéc, nhém tac gia dé xuat giai phap “Ung dung
mo hinh giai tich dé du bao kha nang sinh cat
cla cac via khi tdng Miocene moé Hai Thach, Nam
Cén San”.

- Muc dich cla nghién ctu nay la khao sat
anh hudng cla Ung suat nén moét truc (UCS) va
goc nghiéng cua giéng lén kha nang sinh cat;
két qua tinh toan, phan tich kha nang sinh cat
cla giéng HT-A, HT-B va HT-C mo Hai Thach va
du bao kha nang sinh cat theo dé sau cula via
san pham.

- Déi tugng la tinh dinh lugng gia tri giam
ap taéi han (critical drawdown pressure) tU cac
théng s6 co hoc dat da cda via két hop véi cac
théng s6 dia co hoc thuc ldy tur ditliéu thir via dé
d6 thi hda cac so liéu tir giéng dac trung. Sau khi
50 sanh vdi tiéu chuén tinh toan, dua ra két luan
d6 sau nao cé kha nang sinh cat, giai phap bén
ma& via phu hgp dé gidm thiéu kha ning sinh
cat cing nhu dam bao dé bén thanh hé, kénh
dan vao giéng sau khi ban mé via. Viéc tinh toan
déu c6 so sanh, d6i chiéu vai két qua bao cao tur
thuc dia.

- Pham vi nghién ctu la cac via khi trong
da tram tich tang Miocene mo Hai Thach.

2. Hién tuong sinh cat

Sinh cat la hién tugng xuéat hién s6 lugng nho
hay I6n vé thanh phan hat rdn di chuyén cung
vGi chat luu trong via. Khi lugng cat dugc sinh ra
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I6n hon mot gidi han nao d6 (gidi han nay phu thudc vao diéu kién mo
quy dinh), can phai ap dung cac bién phap khong ché cat phu hop.

Do d0, hién tugng sinh cat tlly thudc vao 3 yéu té chinh [9, 10]:

- D06 bén cla dat da va dac tinh co hoc bén trong ctia dat da;

- Ung suat khu vuc tac dong lén thanh giéng hodc kénh dan bén
mda via;

- Luc tdc dong tai ché tac dong lén thanh giéng hodc kénh dan

bdn ma& via bdi su xuat hién cta 16 héng, dong chay, suy gidm ap suat
16 réng va su c6 mat clia nuée.

Khéng kiém soat duoc gidi han sinh céat c6 thé gay ra hau qua
nghiém trong, cat xuat hién lam day trong giéng dang khai thac dan
dén viéc c6 thé phai hly giéng, gay ra hién tugng sup 16 trong thanh
hé, khéng thé dua giéng vao khai thac dugc, hay hién tugng dang cat
trong giéng khi dang khoan.

Viéc xuat hién cat trong thanh hé phu thudc rat nhiéu vao muc do
gan két cla thanh hé, cac théng s6 clia via nhu ap suat, nhiét do, ché
dé dong chay hoac ché doé khai thac:

- Sugan két chia thanh hé;

- Vatliéu xi mang gan két;
Pudng 6ng bi ldp nhét cat

l Dau thanh pham Ian cat

Binh tach bj l1dp nhét cat

Van khai théac
bi mai mon

Thiét bi long giéng
va thiét bi bé mat
mai mon

Giéng khai thac bi ngép cét lam gidm
san lugng khai thac va tudi doi cta
giéng

Hinh 2. Anh huéng cia qud trinh sinh cdt tdi khai thdc

o, o,=0;

Oy

G, =0;
Gu e Oy=0,
() (b)

Hinh 3. Ung sudt tai chd (In-situ stress) trén mt phdn to'a, >0, >0, (a) va ng sudt tai chd
trén mét phdn td' cho giéng khoan thing diing (b) [11]
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- Luu lugng khai thac;
- D6 nhét ctia dong chat luy;

- Go6c ma sat trong va su tap trung ung

- Mat dé va hinh dang 16 ma via;
- Suxam nhap clia nuéc.

3. Cac thanh phan uing suat, cach xac dinh
va co ché pha hay da

3.1. U’ng sudt tai ché (In-situ stress)

Tai bat ky diém nao ndm dudi bé mat dat,
da déu chiu tdc dung cdia Ung suat. Cac gia tri
cla Ung suat c6 thé cao hoac thap tuy theo
dé sau cta diém can khao sat. Trang thai ing
suat tac dung Ién d4 khi chua c6 tdc déng nao
tir con ngudi bao gobm 3 thanh phan chinh
tadc dung tuong Ung lén mot don vi dién tich:
thanh phan ting suét thdng ding o, (thanh
phan (ing suat nén theo phuang thang ding
hay Ung suat dia tinh - overburden stress
dugc sinh ra do suc nang de nén cda I6p
dat da dia tang phia trén diém khao sat), 2
thanh phan (ing suat ngang o, va o, (thanh
phan Ging suat bién ngang - horizontal lateral
stress). Theo quy udc thi thanh phan ing suat
ngang cé gié trilén nhat la o, va c6 gia trinho
nhatlao,.

3.2. Ung sudt xung quanh thanh giéng
khoan (Stress around wellbore)

Trang thai Ung suat trén thanh giéng
khi khoan qua thanh hé sé bi thay d6i, mun
khoan dugc van chuyén trong khi khoan sé
theo dung dich khoan lén bé mat, nhung ty
trong cta dung dich khoan tao ra mot tng
suat khéng hoan toan can déi vai ting suat
gay ra bai lugng mun khoan dé. Két qua la co
sy mat can bang Uing suat xay ra trén thanh
giéng do chiu tac dung tir cac tng suat xung
quanh (Hinh 4).

3.3. Coché phd huy dd

Co hoc pha huy thanh hé bao gom céc
trang thai pha huy: cat, kéo, gan két va 16
rong. Trong dd, pha hay cat va kéo la hai pha
huy chinh va chd yéu sinh cat.
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- Pha huy cat (Shear strength) la két qua ctia d6 chénh ap gitia
ap suat day giéng va ap suat via tao nén ing suat cat I6n hon do6 bén
cat clia thanh hé.

- Pha hay kéo (Tensile strength): luc kéo do dong chay tu via

vao giéng tao nén Idn han d6 bén kéo cla dat da thanh hé. Khi do
I6n clia Ung suét tac dung lén da I6n hon d6 bén clia né thi hién

(b)
Hinh 4. Cdc ting sudt thé hién trén mét phdn td (), cdc tng sudt thé hién khi xudt hién giéng khoan (b),
vj tri clia cdc ting sudt xung quang giéng khoan (c) [11]

ldl
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Hinh 5. M4 td phd hily cdt (Shear failure) [12]
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Hinh 6. Mé td phd huy kéo (Tensile failure) [12]
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Hinh 7. (o ché phd hiy theo vong tron Mohr - Coulomb [6]

tugng pha hay da sé xay ra, do do6 can phai du
dodn trudc dugc khad nang phd hay thanh hé.

Hién nay, cac tiéu chudn cuta Tresca (tiéu
chudn pha hiy theo Ung suat kéo I6n nhat),
Von Mises (tiéu chudn pha hdy theo nang
lugng bién dang I6n nhat) va tiéu chudn pha
hty Mohr-Coulomb thudng dugc sir dung dé
du dodn kha nang phé hay thanh hé. Hai tiéu
chudn cuta Tresca va Von Mises ap dung cho
cac vat liéu mém, do dé khéng dugce st dung
nhiéu trong viéc xac dinh hién tugng pha huay
da trong thanh hé. Thay vao do6, tiéu chudn
Mohr-Coulomb ap dung cho cac vat liéu cliing
va gion hon.

Ung sudt tac déng lén than giéng hay trén
kénh dan ban ma& via la nguyén nhan cét 16i
gdy nén su pha hay dat da. Vong tron Mohr -
Coulomb (Hinh 7) tap trung vao Gng suat cuc
dai o, va Ung suat cuc tiéu 0,, qua do dung dugc
dudng bién d6 bén phan dinh rdé vung pha hay
va vung 6n dinh clia dat da. Néu vong tron cla
vat liéu khéng ndm ngoai vung 6n dinh (ing
sudt tac dung nhd) thi sé khéng bi pha hay va
nguaoc lai néu qua Ién (tdc la tng suat tac dung
I6n) va vuot ra khoi dudng bién do bén thi vat
liéu sé bi pha huy.

3.4. Cdch xdc dinh cdc thanh phéan ing sudt

Cac thanh phan ung suat dugc xac dinh

théng qua tinh toan ly thuyét hoac bang thuc
nghiém dugc thé hién nhu sau:

3.4.1. Ung sudt dia tinh (Overburden stress) [11]
d

o, = f py (W) gdh

0
Trong do:
g: Gia téc trong trudng (32,175ft/s?);
p,: Khéi lugng riéng clia I6p ph (Ib/ftd);
h: Chiéu day cua via (ft);
d: Chiéu sau cla via (ft).

Ngoai ra, bang phuong phap thuc nghiém
6 thé xac dinh o, & d6 sau 16n bang cac phuong
phap phan tich dudng log mat dé khéi (RHOB),
phan tich mat d6 mau 16i. M6t mé hinh thudng
dugc hiéu chinh cho nhiing s6 liéu log mat dé tu
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P_: Ap suét 16 réng.

Ngoai ra, trén co s& thuc nghiém, Breckels va Van
Eekelen da xay dung moi quan hé giiia o, (psi) va do sau
thang dung Z (ft) [6]:

Dai vdi via ap suat binh thuong:

0, =0,1972"% v6i Z < 11.500 ft va 0, = 1,167Z - 4596 véi
Z>11.500ft

DaGi vdi via ap suat di thudng:

| 0,=0,1972"% + 046(p, - p, ) v6i Z < 11.500ft

0,=1,167Z- 4596 + 0,46(p,-p,,) voi Z > 11.500ft

Trong do:

g

1
]

P, Ap suét via;

W
g

p,,: Ap suét thay tinh.

4:;' f{ ; [ + RHOB
= 1.50 - —— CAK-1AST Model - vn . w,
i ok Wisng Averig 3.4.3. Ung bién ngang I6n nhdt (o,)
(=] ]
L]
0% S NN (N NS RN it T | S ()
R C6 thé tinh dugc gia tri ting suat o, dua vao ap suat

=
]

bat dau gay nuit né va ap suat 16 réng theo cong thuic [71:

=
8

o

W00 2000 000 4000 5000 G000  TOOO  S000 9000 10000 O-H=3O-h+pf + pp-[-o‘T
Depth (8 TVDSS)

Hinh 9. Khdi lugng riéng theo dg sdu thdng diing [6] Trong d6:

P, Ap suat 16 rong;
giéng véi nhiing s6 liéu ty trong chinh xac nhat (Hinh 9) va ) L
tinh ra gradient Uing suat thang dung [6]. p;+ Ap suat bat dau gay ndt né;
M6 hinh (ng suadt thdng ding thudng c6 dang o,: D9 bén kéo (c6 the b6 qua).
phuong trinh bac hai theo chiéu sau: Viéc xac dinh cac dai lugng o, va o, can phai c6 cac

dit liéu clia thi nghiém LOT. Piém han ché clia cong thiic

Gv(gmd) =az’+bZ+c 4
trén la phai c6 dd liéu thir nghiém thuc té, nhung do trong
Trong do: coéng tac khoan khong phai chiéu sau nao cling co thé
o _.:Gradient Ung sujt thdng diing (psi/m); tién hanh LOT dugc. Trong trudng hgp khéng cé day da

v(grad)®

3 dir liéu trén (theo Mc Phee va cac cdng sy ndm 2001), ¢
Z: D6 sau thang dung (m).

thé dua vao cac mé hinh déng nhat, bat dang huéng dé
3.4.2. Ung ngang nhé nht (0,) tinh todn theo céng thuc:

. s P pg g e . a 0-17 + O-h
Gia tri Ung suat ngang cuc tiéu dugc xac dinh thong Oy =—F—

qua do tu thi nghiém hodc tir mé hinh bién dang dan hoi 44 Ph hdp d6i 46 dé ’ ]
hosic tif tuong quan thuc nghiém. 3.4. g z{dng phdp doi tI’l{C tocz o. ( € tuong Ung goc
nghiéng (i) va géc phuong vi (6) cta giéng khoan
Cac ting suat bién ngang dugc xac dinh dua trén hé s6

Poisson va héng sé Biot. Cong thtic tinh todn o, dugc xay Trong Hinh 10, cac gia tri Uing sudt tu nhién o, o, 0,

dung dua trén ca s thuc nghiém nhu sau: dugc thé hién bang céc gia tri x; y, z’ tuong Uing trong hé
v truc toa do bén trai. D& chuyén sang hé truc toa do x, y, z,
oh=1_, (0, = BR,) + BF, trong d6 x la huéng Gng suat hudng tam thap nhat, y la

hudng (ng suadt ngang va z la hudng song song vdi truc
clia giéng. Viéc ddi truc toa do sé cho cac gia tri (ing suat

Trong do:
v: HE s6 Poisson; mdi, can phai tinh toan lai theo cac gia tri iing suat ci két
B: Hang so Biot; hop véi géc nghiéng va géc phuaong vi tuang Ung tai vi tri
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Hinh 10. Phuong phdp ddi truc toa do [7]

giéng. Viéc xac dinh cac iing suat mai phu thudc vao cac
géc nghiéng i va goc giltta huéng giéng khoan véi phuaong
cUa Ung suat ngang I6n nhat 6. Cac gia tri iing suat mai sé
dugc tinh todn theo cac cong thuc sau [7, 13]:

0. =0, 08 cos? + 0, sin?,cos? + o sin?
X H 6 i h 6 i v i
— 12 2
0,=0,sin’,+0,cos’

0 =0, cos’,sin? + o, sin®,sin’. + o cos’.
z H [} i h [} i v i

DPé xay dung dugc mé hinh sinh cat can xac dinh
chinh xéc thai diém hay vi tri thanh hé bat dau bi pha hay,
dan dén cat xam nhap. Dé tranh xay ra hién tugng nay, gia
tri Uing sudt tiép tuyén hiéu dung I6n nhat (o, - p,) phai
nho hon d6 bén hiéu dung U cda thanh hé, nhu vay co
quan hé:

o,-p,sU (M

Theo Hans Vaziri [3] gia tri 4p suat dong chay day
giéng dé khaéng xay ra hién tugng sinh cat dugc xac dinh
nhu sau [10]:

30y -0p-U A
W ————— - pp—— (2)
P 2-A b 2-A
Trong do:

p,: Gid tri trung binh clia 4p suat via;

p,;: Ap suét day giéng;
(1-2v)a (
-v

A: Hang s6 poro-elastic, A = a: hé sé Biot,

v: Hé 56 Poisson)

Gia tri giam ap tdi han - Critical Drawdown Pressure
(CDP) dugc dinh nghia la gia tri giam ap tu ap suat via toi
gia tri 4p suadt ma tai dé gay ra su pha hay thanh hé. Do dé,
ap suat day giéng sé dugc xac dinh:

p,=p,- CDP (3)

Tu phuong trinh (1) va (2) c6:

Y oxn

Grl

¢ Or2
GCh

Hinh 11. Ung sudt tiép gdn thanh giéng khoan [8]

p = % [30,-0, - U+CDP (2-A)] @)
hay CDP = ﬁ [2p, - (30,-0, - U)] (5)

Vi cac théng s6 nhu trén c6 thé xay dung mét mo
hinh pha hay don gian cho cac giéng thang ding véi cac
s0 liéu dau vao tuong Ung. Tuy nhién, cac giéng déu c6 do
nghiéng nén can phai hiéu chinh cac gia tri iing suét cho
phu hop.

Ap suat téi han - Critical Reservoir Pressure (CRP) 1a do
suy giam ap suat via tuong Ung véi CDP = 0.

crp = 391790V 6)

D6 bén hiéu dung clia 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 theo biéu thuc sau:

U=31xTWC (7)

TWC: Gia tri dugc xac dinh trong phong thi nghiém.

Thuc té, gia tri nay c6 quan hé vdéi gia tri do bén trong thi

nghiém nén mot truc UCS. Do d6, biét dugc gia tri UCS co6
thé dé dang tinh dugc TWC theo cong thuc:

TWC = 83 x UCS"5%%2 (8)
4. Hiéu chinh dir liéu va két qua tinh toan
4.1. Hiéu chinh sé liéu
Tuy nhién, viéc xac dinh ap sudt téi han ngoai Ung
suat bién ngang nho nhat (o) va I6n nhat (o) con phai
xét dén d6 bén hiéu dung (U) dua trén két qua tinh toan
TWC va d6 bén theo cong thic (7) va (8) hoac két qua
thi nghiém mau 16i. Theo céng thic trén, gia tri TWC
dugc xac dinh thong qua d6 bén nén mot truc nhu sau:
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Bdng 1. Bdng gid tri @6 bén nén mgt truc (UCS) va thi nghiém mdu thanh day (TWC) cda mdu I6i giéng HT-B, HT-C

CoreMD Shifted-up Giéng Log MD Measured UCS Log-UCS Catastrophic
(ft) (ft) (ft) (psi) (psi) TWC_LAB (psi)
Pivot point 200 200,00 1.867
9.858,14 -1,64 HT-B 9.856,50 3.498 1.130,20 6.065
9.865,22 -1,64 HT-B 9.863,58 1.836 976,00 4.934
9.865,39 -1,64 HT-B 9.863,75 2.692 990,50 5.280
9.888,19 -1,64 HT-B 9.886,55 8.445 1.515,00 10.192
10.793,14 2,62 HT-C 10.795,77 2.581 1.019,60 4.260
10.793,27 2,62 HT-C 10.795,90 1.764 1.019,60 4.387
10.813,48 8,53 HT-C 10.822,01 3.044 1.553,50 5.347
10.823,36 8,53 HT-C 10.831,89 2.094 1.131,40 4.689
W Cotastrophic TWC_LAB (psi) ——Power (Sangd-Defaull) —— Power (Catastrophic TWC_LAB (psi)) B Calastrophic TWC_LAB (psi) = Power (Sang-Defaull) = Power (Catastrophic TWC_LAB (psi))
7000 12000
_ Zz ]r _:"?3::!5::21 :F;f/r-”“ 13 ; -
2 Z ' PSP T
g o /ﬁ% |3' = 114,93 g 6000 |-f _:’:;;T;;:' ——y —
3 3000 1 =1 ﬁ .___._____--4—"'”'"
2000 - ‘r,ifa 2 4000 t ‘ssﬁﬁgg:ﬁ;“”'"
1000 2000 ;"#‘ y = 114,935
0 0 T ’—vL—'
o 200 400 600 800 1000 1200 1400 1600 1800 o 200 400 600 BOO 1000 1200 1400 1800 1800
log-UCS (psi) log-UCS (psi)

Hinh 12. So sdnh dg bén tuang quan dua trén co sé thit nghiém mdu 16i cda giéng HT-B
va HT-C véi gid tri tiéu chudin méc dinh cda BP (khdng bao gém thong s& mdu dugc boi
vang trong Bang 1)

TWC = 83 x UCS®?%2, Gia tri 83 dugc ap dung cho két qua
tinh toan tai bé Nam Cén San thoéng qua bao céo cla

Hinh 13. So sdnh d¢ bén tuong quan dua trén co sé thit nghiém mdu 16i cda giéng HT-B
va HT-C vdi gid tri tiéu chudn méc dinh cda BP (gém théng s6 mdu dugtc béi vang
trong Bing 1)

Bding 2. Dit liéu ddu vao cia tdp UMA 15 giéng HT-A
Giéng HT-A Tap UMA5-15

Colin A. Mc Phee [6]. Tham chi, gid tri mac dinh tuong D6 sau (TVD, m) 2.925,6
quan clia BP dugc céng b6 dung dé tinh toan (BP default Ap suat via (psi) 8.000
correlation): TWC = 114,93 x UCS%%2, Do vay, dé hiéu gci’c ph:}rgng ‘Eg(f‘;é) 22471
chinh tuo’ng quan chinh xéc cho viéc xay dung mé hinh chsgiolii.?gn 2 0:28
can xét dén két qua thir nghiém mau 16i dugc 1ay tir giéng Ung sudt nén mot truc (UCS, psi) 1.000
HT-B va HT-C (Bang 1) mai c6 dugc gia tri sat vai thuc té. Ung suét thang ding (o, psi) 8.700
o L . Ung suat ngang Ién nhat (ow, psi) 9.100
Gia tri tai Pivot point la gid tri mdc dinh dua trén Ung sudt ngang nhé nhat (o, psi) 8.200
kinh nghiém cuta BP lién quan t&i TWC va UCS. Su tuong
quan gitta két qua tinh toan theo ly thuyét va két qua thur 9000
nghiém thuc té€ dugc thé hién & Hinh 12 va 13. Trong dé, 8000 :éﬁ;ﬁg},‘i’éantgf(;%;”:}nhCét
Hinh 13 thé hién diém léch vdi gia tri dugc boi vang trong
Bang 1 va cho thay sé liéu mau 16i nay khong phu hop vai _ 7000
cac két qua mau 16i con lai véi dé l1éch tuong doi lén. % 6000
Nhu vay, cong thic xac dinh TWC dugc hiéu chinh g %000 Viing khong sinh
dua trén két qua thi nghiém mau 16i thuc t€ cta giéng %4000 =
HT-B va HT-C khac xa so v&i tiéu chudn BP va két qua tinh '3 3000
toan tai mé Chim Sao [6] da dugc cong bé cliing nhu két < 2000 Viing sinh cat
qua gia tri tinh TWC ap dung cho bon triing Clu Long. 1000

Cong thiic xac dinh TWC dugc dé xuat cho qua trinh tinh
toan du bao sinh cat 8 mo Hai Thach nhu sau:

TWC = 96,0064 x UCS**%2
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Hinh 15. B4 thi phdn tich su dnh hudng cda géc nghiéng tdi khd ndng sinh cdt

Via

UMA5-15
MMH10
LMH10
LMH20
LMH30

UMA5-15
MMH10
LMH10
LMH20
LMH30

UMAS5-15
MMH10
LMH10
LMH20
LMH30

UMAS5-15
UMA5-15 Pay
MMF10-15
MMF30

UMAS5-15
UMAS5-15 Pay
MMF10-15
MMF30

UMAS5-15
UMA5-15 Pay
MMF10-15
MMF30
UMAS5-30
UMAS5-30

UMA5-30

cho tdp UMAS-15 dugc khdo sdt

9000
8000
37000

26000
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i 4000

T 3000
2 2000
<

1000
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Hinh 16. D4 thi phan tich su dnh hudng cda géc phuong vi tdi khd néng sinh cdt

cho tdp UMAS-15 durgc khdo sdt

Bding 3. Két qud tinh todn va dé xudt gidi phdp hoan thién giéng cho cdc giéng HT-A, HT-B va HT-C

Go6c nghiéng/
phuong vi
(o)

5,94/68,7
5,94/68,7
5,94/68,7
5,94/68,7
5,94/68,7

45/68,7
45/68,7
45/68,7
45/68,7
45/68,7

90/68,7
90/68,7
90/68,7
90/68,7
90/68,7

5,56/341,85
5,56/341,85
5,56/341,85
5,56/341,85

45/341,85
45/341,85
45/341,85
45/341,85

90/341,85
90/341,85
90/341,85
90/341,85
25,37/113,42
45/113,42

90/113,42

Ap suat
ban dau
cua via (psi)

8.350
9.131
9.836
10.264
10.668

8.350
9.131
9.836
10.264
10.668

8.350
9.131
9.836
10.264
10.668

7.754
7.754
9.156 - 8.880
8.498

7.754
7.754
9.156 - 8.880
8.498

7.754
7.754
9.156 - 8.880
8.498
8.498
8498

8498

Ap suat Ap suat via
déng giéng  suy giam téi
(Pc) (psi) da (psi)
Giéng HT-A
3.084 3.555
3.109 Téi Pc
4.858 Téi Pc
4.858 T6i Pc
4.858 T6i Pc
Giéng HT-A
3.084 3.834,81
3.109 Téi Pc
4.858 Téi Pc
4.858 Téi Pc
4.858 Téi Pc
Giéng HT-A
3.084 4121
3.109 Téi Pc
4.858 6.073,12
4.858 T6i Pc
4.858 Téi Pc
Giéng HT-B
3.084 4.288,44
3.084 3.827,76
3.109 3.827,76
4737 5.437,52
Giéng HT-B
3.084 4.159,11
3.084 3.808,81
3.109 3.808,81
4737 Téi Pc
Giéng HT-B
3.084 4.027,31
3.084 3.789,51
3.109 3.789,51
4,737 Téi Pc
Giéng HT-C
3.084 Téi Pc
Giéng HT-C
3.084 T6i Pc
Giéng HT-C
3.084 T6i Pc

Pé xuat giai phap hoan thién giéng

Kiém soat cat bang chon hudng ban mé via
Bdn md via ngau nhién
Ban ma via ngau nhién
Ban md via ngau nhién
Ban md via ngau nhién

Kiém soat cat bang chon hudng ban mé via
Ban m& via ngau nhién
Ban m& via ngau nhién
Ban m& via ngau nhién
Ban ma via ngau nhién

Kiém soat cat bang chon hudng bén mé& via
Ban ma via ngau nhién
Ki€ém soat cat bang chon hudng bin mé via
Ban md& via ngau nhién
Ban m& via ngau nhién

Kiém soat cat bang chon hudng ban mé via
Kiém soat cat bang chon hudng bédn mé via
Kiém soat cat bang chon huéng ban ma via
Kiém soat cat bang chon hudng ban mé via

Kiém soat cat bang chon huéng ban ma via
Kiém soat cat bang chon hudng ban mé via
Kiém soat cat bang chon hudng ban mé via
Ban md via ngau nhién

Kiém soat cat bang chon hudng ban mé via
Kiém soat cat bang chon hudng ban mé via
Kiém soat cat bang chon hudng bédn mé via
Ban mé& via ngau nhién
Ban md& via ngau nhién
Ban md via ngau nhién
Ban md via ngau nhién
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4.2. Két qua tinh todn

TU cac budc tinh toan so bé c6 dugce bang s6 liéu cho
viéc tinh ap suat day giéng téi han. DG6i vai cac giéng HT-A,
HT-2 va HT-C cac thong s6 dau vao phuc vu cho qua trinh
tinh toan nhu da dé cap & trén. Khao sat tap UMA5-15 cla
giéng HT-A cho d(t liéu tai Bang 2.

Bang cach sit dung phan mém Microsoft Excel va ap
dung céng thic nhu trén thu dugc két qua nhu Hinh 14.

Thong qua Hinh 14 xac dinh dugc ap suat day giéng
suy giam t6i da (Max Drawdown, CBHFP) la 1.445,21psi
va ap sudt via suy giam t6i da (Max. Depletion Rerservoir

Pressure) la 3.555psi. Do vay, viéc khéng ché ap suat day
giéng dé duy tri ap suat via nam trong nguéng khéng sinh
cat sé téi uu hoa qua trinh khai thac.

4.2.1. Phan tich mdc d6 anh hudng cta goc nghiéng thdn
giéng véi kha ndng sinh cdt

Xéac dinh vung c6 nguy co sinh cat va vung khong sinh
cét tuong Ung cho tung via theo géc nghiéng clia giéng
(Hinh 15 va 16).

Hinh 15 va 16 cho thdy giéng c6 dé nghiéng cang
I6n (giéng xién, ngang) thi kha nang sinh cat cang cao.
Tuong tu theo cac trinh ty nhu trén tinh todn cho cac via

Bdng 4. Bdng dé xudt gdc bdn md via tdi uu dé gidm thiéu khd nding sinh cdt

GoAc nghiéng/phuong vi

Ap suat via suy giam téi da

G6c ban mé via dé xuat

Via (d6) (psi) (d6)
Giéng HT-A
UMA5-15 5,94/68,7 3.555 -68va 112
MMH10 5,94/68,7 0 Ova 180
LMH10 5,94/68,7 0 Ova 180
LMH20 5,94/68,7 0 Ova 180
LMH30 5,94/68,7 0 0va 180
Giéng HT-A
UMA5-15 45/68,7 3.834,81 -68 va 112
MMH10 45/68,7 0 0va 180
LMH10 45/68,7 0 Ova 180
LMH20 45/68,7 0 Ova 180
LMH30 45/68,7 0 Ova 180
Giéng HT-A
UMA5-15 90/68,7 4,121 -68va 112
MMH10 90/68,7 0 Ova 180
LMH10 90/68,7 6.073,12 -68 va 112
LMH20 90/68,7 0 0va 180
LMH30 90/68,7 0 0va 180
Giéng HT-B
UMA5-15 5,56/341,85 4.288,44 -68 va 112
UMA5-15 Pay 5,56/341,85 3.827,76 -68va 112
MMF10-15 5,56/341,85 3.827,76 -68va 112
MMF30 5,56/341,85 5.437,52 -68 va 112
Giéng HT-B
UMA5-15 45/341,85 4.159,11 -68va 112
UMAS5-15 Pay 45/341,85 3.808,81 -68va 112
MMF10-15 45/341,85 3.808,81 -68 va 112
MMF30 45/341,85 0 Ova 180
Giéng HT-B
UMA5-15 90/341,85 4.027,31 -68 va 112
UMA5-15 Pay 90/341,85 3.789,51 -68va 112
MMF10-15 90/341,85 3.789,51 -68va 112
MMF30 90/341,85 0 Ova 180
Giéng HT-C
UMA5-30 25,37/113,42 0 O0va 180
Giéng HT-C
UMA5-30 45/113,42 0 Ova 180
Giéng HT-C
UMA5-30 90/113,42 0 Ova 180
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con lai chia giéng HT-A, HT-B va HT-C va thu dugc két qua
tai Bang 3.

4.2.2. Huéng bdn mé via phu hop dé giam thiéu kha ndng
sinh cdt

Can c theo tai liéu vé mo hinh dia co cap nhat mai
nhat thang 4/2015 [14], huéng clia Ung suat ngang Ién
nhat (o,) ~ 112°N (Azimuth). Mat khac, xu hudéng ting
suat ndi tai (tai chd) trong giai doan ban dau la trudng
Uing suat trugt bang (strike slip) o, > o, > 0,. Huéng ban
m& via chinh song song véi Ging suat ngang I6n nhat sé
tao ra Ung suat tap trung vao kénh ban ma& via nho nhat,
lam gidm nguy cad sap kénh ban ma via. Déi véi via c6 kha
nang cat xam nhap vao giéng, can tié€n hanh ban dinh
hudng (oriented perforation) theo huéng nam trong mat
phang thang ding noi co 2 gia tri ting suat Idn nhat (trong
trudng hgp nay la o, va 0 ) sé cho hiéu qua cao hon. Con
doéi véi via khong ¢ kha nang cat xam nhap vao giéng,
phuong thic ban mé via dugc lua chon la ban ngau nhién
(random perforation). Do d6, huéng ban ma via theo tinh
toan dugc dé xuat nhu sau:

»\/\
~

\ 360/, ﬂ‘@:ao' T
/E N

V

LOWER 1807 PHASING

FULL 80" PHASING LOWER 120" PHASING

5. Két ludn va kién nghi
5.1. Két luén

- Gia tri TWC cla cac khu vuc khac nhau. Do vay, dé
c6 dugc két qua du bao hgp ly can phai hiéu chuan lai gia
tri TWC dua trén can ci thi nghiém mau 16i ctia cac giéng
da khoan.

- Via khi UMA5-15 clla mo Hai Thach cé kha nang
sinh cat cao. Déi v6i nhiing via c6 kha ndng sinh cét, can
trién khai hudng ban mé via chon loc dé€ gidm thiéu kha
nang cat xam nhap vao giéng. Diéu nay da ap dung thuc
tién qua cac giéng khoan trén mo Hai Thach véi phuong
thiic lua chon huéng ban mé via vao cac vi tri c6 d6 bén
thanh hé I6n (phu hgp véi hudng clia iing suét bién ngang
I6n nhat) va cho két qua kha quan khi khong c6 dau hiéu
sinh cat & via nay.

- Cac giéng khoan c6 goc nghiéng cang I6n thi kha
nang sinh cat cang cao.

- Két qua tinh toan ciing dua ra gia tri ap suat suy

gidm t&i han clia day giéng va via, qua do giup diéu chinh
co ché khai thac phu hgp dé han ché viéc sinh cét trong
giéng khoan.

- Can clr vao gia tri Uing suat noi tai c6 thé lua chon
dugc huéng ban maé via phu hgp dé gidm thiéu kha nang
sinh cét trong giéng khoan.

5.2. Kién nghi

- Gia tri 4p suat via sé giam dan theo thai gian, do do
can theo déi ché dé khai thac dinh ky dé dé phong va han
ché& hién tugng sinh cat cho giéng khai thac.

- Can xem xét su anh huéng cla cac yéu t6 ban mé
via nhu: mat d6 16 ban, hinh dang 16 ban... dén kha nang
sinh cat cla giéng.

- Qua trinh hoat déng khai thac c6 méi lién hé mat
thiét véi gia tri giam ap sudt via, do d6 can khai thac mét
cach hgp ly, tranh viéc giam ap suat day giéng qua I6n dan
dén kha nang thanh hé bi pha hay va cét sé chay vao giéng.

- Cap nhat dinh ky md hinh dia co (geomechanics
model) d€ phan tich chinh xac, kip thdi cac yéu t6 lién
quan t&i kha nang sinh cat va én dinh thanh giéng trong
qua trinh khai thac ciing nhu trong qua trinh khoan phat
trién thém sau nay.

- Qua trinh tinh toan can du phong 500psi &p suat suy
gidm va +15% ap suat day giéng cho cac yéu t6 chua chac
chan (uncertains) dé giadm thiéu rdi ro va sai léch phat sinh.
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Sand production in production wells not only heavily influences the quality of reservoirs and decreases the oil return
index, but also rapidly erodes the down-hole equipment and may bring risk to choke and safety valves. Moreover, be-
cause the production wellhead platforms are usually located far away from the shore, it takes time and cost to replace the
equipment that is eroded by sand, thus affecting the production profit.

Therefore, forecasting sand production in reservoirs helps to improve productivity, minimise risks in operation, guar-
antee equipment performance and efficiency as well as choose the right equipment for production optimisation, invest-
ment cost minimisation and increase of the capital claw-back capacity. Thanks to this, it is possible to develop advanced
well completion solutions to optimise the investment cost. The analytical model has been applied in combination with
geo-mechanical parameters from drilled wells for sand control in the production wells in Hai Thach-Moc Tinh field.

Key words: Analytical model, sanding prediction, critical drawdown pressure, sand control, well completion.
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