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Wellbores are usually located in saturated geological layers. The
determination of pore water pressure field around the wellbore is
necessary during the design calculation and drilling stages. This paper
presents analytical approach to determine the pore water pressure field
around a horizontal wellbore at deep geological layer that exhibits
heterogeneous, isotropic or transversely isotropic behavior. Thus, the
wellbore is considered to be in an infinite medium. The pore water
pressure at the well wall, equal to the drilling mud pressure, together with
the pore water pressure at infinity is assumed to be constant. The closed-
form solutions are based on the theory of fluid transport in porous
medium and the conformal mapping technique of the complex variable
method. The closed-form solutions are established with the condition of
transient fluid flow for the case of isotropic medium and with the
condition of steady state fluid flow for the case of transversely isotropic
medium. The accuracy of the closed-form solutions is validated by
numerical solutions based on the finite element method. The obtained
solutions can be used as tools to determine quickly and accurately the
pore pressure field around the horizontal wellbore, which serves to
evaluate the stability of the well wall in preliminary design of the wellbore,
as well as the amount of water inflow into it. Furthermore, the closed-
form solutions are also considered as reference solutions to evaluate the
accuracy and reliability of numerical models.
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Tir khéa:

Ap lyc nuéc 16 réng,
Dong thim,

Dia chatsau,

Giéng khoan ndm ngang,
Lovi giai giai tich,

Luu lvong nuére.

Gleng khoan thmmg dwoc dat _trong méi trwong dia chdt bdo hoa nudc. Viéc
xdc dinh tru’o'ng dp luc nwécld rong xung quanh giéng la cdn thiét trong qud
trinh tinh todn thiét ké va thi cong gleng khoan. Bai bdo nay trinh bay cdch
tiép cdn glal tich dé xdc dinh truong ap Iuc nwéc 16 rong xung quanh giéng
khoan ndm ngang & tang dia chdt sdu dong nhdt, dang hu'O'ng hodc dang
huwéng ngang.. Khi do, gleng khoan dworc coi la nam trong méi trudomg vo han.
Ap Iuc nuwée 16 rong & vdch gleng, bang voi dp luc dung dich khoan, cung voi
dp lurc nuée 16 réng & vo cung dwoc gla thiét la khong déi. Cdc 101 gidi glal
tich duoc xay dlmg dura trén Iy thuyét vé sw van chuyen chdt léng trong méi
tru'O'ng colo rong va ky thudt dnh xa bdo gidc cia phu'O'ng phdp bién phu’c
Loi glal dwgrc xdy dung voi didu kién dong thdm khéng 6n dinh cho truong
h0'p moi tru'O'ng dang hwéng cung véi diéu kién dong thdm 6n dinh cho
trLro'ng hop méi trwong dang hu'o'ng ngang. D6 chinh xdc ciia cdc 1o gidi
glal tich dwgc xdc nhdn bang viéc so sanh cdc két qud cia chiing véi cdc két
qud mé phong s6 duwa trén phmmg phdp phan ttr hitu han. Cdc loi gidi nhdn
duwoc co thé dwoc st dung nhw nhitng cong cu de xdc dinh nhanh chéng va
chinh xdc tru'O'ng dp lwc 16 réng xung quanh gleng khoan ndm ngang phuc
vu danh gia sw 6n dinh cia vdch gleng trong qud trinh thiét ké so' bd gleng
khoan cing nhw lwong nwéc chdy vé gleng Ngoai ra, cdc loi glal giai tich
cting c6 thé dwoc dung nhw nhieng 1o gidi tham chiéu dé ddnh gid do chinh
xdc va do tin cdy ctia cdc mé hinh so.

© 2022 Truwong Pai hoc Mo - Pia chit. T4t ca cac quyén dwoc bao dam.

tich vAn thwong dua trén phwong phéap tinh toan

1. Mo dau ham tron dat sau kinh dién la phwong phap Hoi tu
Tai Viét Nam, viéc tinh toén giéng khoan hodc - Khéng ché hoi tu véi viéc bo qua yéu t6 thuy lwc
cac 16 dao (nhw 1a dwong ham) theo tiép can giai trong moi trrong xung quanh 16 dao (Tran, 2020;

*Tdc gid lién hé

Nguyén, 2019; Vii va D3, 2012). Do dé, cac nghién
ctru nay khéng thiy dwgc anh hwdng cia trueong
ap luc nwdce 16 rong dén trang thai img suit-bién

E - mail: tranhung@lqdtu.edu.vn dang ctia khoi dat da xung quanh va chwa du bao
DOI: 10.46326/JMES.2022.63(4).09 dwoc lugng nudc chdy vé giéng/1o dao. Cung
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hwéng tiép cin, mot s6 tac gia nwdc ngoai da cod
cac nghién ctru vé chi dé nay (El Tani, 2003; Park
va nnk., 2008; Ming va nnk., 2010). Tuy nhién, cac
10i gidi cho bai todn giéng xa van thudng tp trung
vao xac dinh cot ap thay tinh ma thwong it cha
trong téi dong thdm xung quanh giéng la dai
lwong anh hwdng 1én dén trang thai rng suit hiéu
qua cta khoi dat da xung quanh giéng. Viéc hiéu ré
dwoc dong thim xung quanh giéng (bao gobm phan
b6 ap lwe nwée 16 rong va lvu lwong nwée chay vé
giéng) la rat quan trong trong thiét ké va thi cong
mot giéng khoan trong méi trueomg bao hoa.

Tinh toan s6 dwoc st dung kha nhiéu trong
thiét ké giéng khoan/16 dao, chang han nhu st
dung phwong phap phan ti hitu han hodc sai phan
hitu han. Phwong phap nay c6 wu diém 1a c6 thé
tim dworc 10 giai cia bai toan véi nhiéu diéu kién
bién khac nhau. Tuy nhién viéc thyc hién cac mo
phong s6 doi khi mat nhiéu thoi gian tinh toan,
mot s6 bai toan con doi héi cdu hinh may tinh kha
cao.

Trong tinh to4n thiét ké giéng khoan, phwong
phap gidi tich c¢6 thé dwoc str dung trong giai doan
thiét ké so bo véi lgi ich mang lai la cho 1o giai
nhanh, chinh xac mac dau bi gi¢i han b&di mot s6
diéu kién bién don gian hoa. Két qua cta 1oi giai
gidi tich c6 thé giup dwa ra cac giai phap dinh
hwéng cho thiét ké 6n dinh giéng khoan ciing nhw
tinh toan lwgng nwéc chay vé giéng va tinh toan
xac dinh ap lwc dung dich khoan (4p lwc bun) hop
ly bom vao giéng dé dam bao 6n dinh vach giéng.
Thém vao do, 101 giai giai tich cling dwgc xem nhw
la mot loi giai doi chirng dé danh gia do chinh xac
cta mot moé hinh s6 truée khi dwoc ap dung cho
nhitng trueong hop phite tap hon.

Bai bao nay trinh bay cac 1o giai giai tich dé
tim sw phan bd clia trwdong ap lwc nuwdc 16 rong
trong méi treomg dat da xung quanh giéng khoan
nam ngang dwoc dat trong tAng dia chat sau bio
hoa khong ap véi cac tredng hop khac nhau la
giéng dit trong mdi treong dang hudng hodc bat
dang hwéng.

Trong qua trinh xdy dung giéng, khi c6 sw
chénh ap, nwéc chay tir via vao giéng sé dan dén
mirc dd nhiém ban ctia khu vie xung quanh thanh
giéng. Dung dich khoan cling c¢é thé lam hinh
thanh 16p vo sét trén thanh giéng khoan. Bén canh
do, sw nirt né khoi da xung quanh giéng trong qua
trinh thi cong cling c6 thé xdy ra. Trong pham vi

nghién ctru nay, nhirng yéu té dé chwa dwoc xét
dén.

2. Xac dinh trwong phan bé ap lwc nwérc 16
réng xung quanh giéng Khoan trong méi
trweorng dong nhat, ding hwong

2.1. M6 td bai todn

Xét mot giéng khoan nam ngang ban kinh ry
dwgc khoan & ting dia chat siu bdo hoa, dan hoi
tuyén tinh, dong nhit va dang hwdng. Mit cat
ngang clia giéng nam trong mat phang x-y va truc
giéng khoan nam trén truc z cia hé truc toa do Pé-
cac vudng goc (Hinh 1). Vi giéng dwoc khoan & do
siu l6m va/hodc ban kinh cua giéng khoan nhd
nén c6 thé coi giéng khoan nam trong moi trudng
vo han. Gi thiét rang ap luc nuéc 16 rong & trén
vach giéng 12 p, (12 hing s8) trong khi & v cuing 1a
py (12 4p luc nwée 16 rong ban dau ciia moi trudong
khi chwa c6 giéng).

Sw xuat hién cta giéng khoan sé giy ra sy tai
phan b 4p luc nwée 16 rong xung quanh giéng va
nhiém vu cta bai todn la xac dinh sy tai phan bd
ap luc nwde 16 rong nay.

2.2. Loi gidi xdc dinh trwong dp lwc nwérc 16
rong trong méi trwong xung quanh giéng
khoan

Dong thAm hwéng vao giéng xa khi xa day
hodc dwong hdm voi diéu kién cdt ap tai vach
giéng va ham khéng doi, day la bai todn kinh dién
dugc Jacob va Lohman nghién ctru bang phwong
phap giai tich Ian d4u tién vao ndm 1952 (Jacob va

Hinh 1. Giéng khoan ndm ngang trong moi
trwong dong nhdt, dang hwéng va bdo hoa.
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Lohman, 1952). K€ tir do, loi gidi nay dwoc st
dung lam cong thirc tham chiéu dé danh gia luu
lwong phu thudc thoi gian tai giéng hodc duong
ham. Tuy nhién, dwa vao ham Green va cac phép
bién dai tich phan, 1o gidi gidi tich nay dwoc biéu
thi dudi dang ham ctia cac ham Bessel bac 0 loai
thit nhat va thir hai. Gia tri cia ham Bessel chi
dwoc xac dinh bang phwong phap thir dan. Diéu
nay gay phtrc tap va khoé khan trong thuc hanh
tinh toan.

Pé khic phuc nhitng nhugc diém nay,
Perrochet (2005) da trinh bay phwong phap thay
thé don gian hon vé ban chit nhung mang lai két
qua co ban giéng nhw phwong phap cua Jacob va
Lohman cho bai toan giéng xa. Y tudng chinh ctia
phwong phép nay 13, tai mot thoi diém nhit dinh,
cotap & mot khoang cach nao d6 tinh tir tim giéng
x4 gan nhu khéng bi &nh hwéng béi sy nhiéu loan
cOt ap do su hién dién cta giéng giy ra, khi do 1oi
gidi phu thudc thoi gian (trang thai khdng 6n dinh)
cia phwong trinh khuéch tan xuyén tdm c6 thé
nhin dwoc dudi dang 14y lién tiép cac “anh chup”
tirc thoi trang théi 6n dinh cia dong thidm st dung
ban kinh phu thudc thoi gian Ry(t). Mot cach chinh
xac hon 13, tai mdi thoi diém, sw nhiéu loan ctia cot
ap luc giy ra bai giéng chi xay ra trong ving bén
trong ctia vong tron c6 ban kinh Ry (t) tinh tir tam
giéng va ngoai khoang cach nay, cot 4p luc bang
vGi ot ap lwe ban dau. La mot ham cua thoi gian,
ban kinh anh hwéng R.(t) nay sé mé rong tir ry
(trwong hop giéng dwoc dao ngay lap tic) dén gia
tri R = Ru(t = ). Gia tri Ry(t = ©) twong tng vaéi
ban kinh &nh hwdng & trang thai 6n dinh ctia dong
tham, c6 nghia 1a mot khodng cich da xa so véi
tAm giéng.

Phwong phap don gidn h6a nay cia Perrochet
la mot cong cu manh mé, dac biét hitu ich cho thuc
hanh tinh todn va dwoc van dung, hiéu chinh

Bai todn ban dau

€

Bai toan Ip

nham x4c dinh trudomg 4p lwc nuwdc 16 rong xung
quanh giéng khoan cling nhw lwu lwong nwée chay
veé giéng khoan trong bai bao nay.

Nhuw minh hoa trong Hinh 2, bai toan thuy luc
thuin tdy nghién cru sy phan béd theo thoi gian
ctia 4p lwc nuwéc 16 rong p ma gia tri clia né gidm
dot ngot tGi gia tri po trén vach giéng trong khi nd
bang v&i ap luc nudre 16 rong ban dau py & vo cung,
Bai to4n xem xét 6 thé dwoc gidi quyét bang cach
phan tach thanh hai bai toan nho: bai toan thi
nhat (bai toan Ip) twong &rng v&i tredmg hop giéng
dugc khoan ngay 1ap tirc trong méi trwdng bao
hoa véi sy phan bd dong déu ctia ap lwc nwéc 16
rong (pg) trong khi bai to4n thir hai (bai toan IIp)
la dong thdm nh4t thoi gy ra bdi sw chénh 1éch
clia 4p lwc nwéc 16 rong tlr (po-py) tai vach giéng
dén gia tri bang 0 & vo cung. Nhw vy, c6 thé thay
rang, viéc giai bai toan ban dau gi¢r day dwoc chia
thanh giai hai bai toan: bai toan Ip va bai toan IIp
trong d6 bai toan IIp sé dwoc dwa trén tiép cin cia
Perrochet (2005) véi cac hiéu chinh tir cot ap luc
sang 4p lwc nuwéc 16 rong.

Loi gidi cia bai toan Ip la don gian khi phan
b6 4p luc nwéc 16 rong dong déu trong khéi da
xung quanh giéng. Do vdy, bai toan IIp ma loi giai
ctia nd phai dwoc kiém tra theo tit ca cac diéu kién
bién tai moi thoi diém. Sau d6, dwa trén nguyén ly
chong chit nghiém, sé cho ra loi gidi hoan chinh
clia bai toan ban dau cho dong thdm & trang thai
khéng 6n dinh (phu thudc thoi gian).

Cac dién giai toan hoc dwgc trinh bay dudi
day véi cac dai lwong c6 don vi tuan theo hé SI.

Trwéc hét, viét lai phwong trinh dong thdm
khéng 6n dinh cta bai toan IIp trong khuon khé
cla moi trwong dang hwéng nhuw sau (Wang,
2000):

Bai toan Ilp

€

Hinh 2. Chia bai todn ban ddu thanh hai bai todn thanh phdan.
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. d%s " d%s ox )
axz  “ayr " T M

Trong do: k - hé s6 thAm dang hwdng cia moi
treong; s - 4p lwc nuwdc 16 rong; p - téng ap luc
nuéc 16 rong; x, - dung trong thé tich cia nwdc 16
rong; y - sw thay ddi caa thé tich nudc 16 rong
trong mot don vi thé tich vt liéu.

Cac diéu kién bién cta bai toan bao goém ap
lwc nwée 16 rong bang 0 (s5=0) & v cling va bang
So=po-pgtai vach giéng, trong khi d6 4p luc 16 rong
& trang thai ban dau (t=0) bang 0:

s(r,0) = 0,5(rp,t) = 5,5(0, 1) = s =0 (2)

Mit khac, trong khuén khé twong tic mot
chiéu (tir thay lwc dén co hoc) cua ly thuyét dan
hoi vat thé c6 16 rong (Wang, 2000), su thay doi
cda thé tich chatlong (trén mot don vi thé tich vat
liéu) c6 lién quan dén 4p luc nwédc 16 réng va mo-
dun Biot M nhw sau:

s(r,0) = My (3)

Dai véi vat liu da cirng, mo-dun Biot c6 thé
dworc xac dinh bdi quan hé M=Kj/¢ (Wang, 2000),
v6i Kr - md-dun nén clia nwéc; ¢- dd rong cia moi
trueong.

Thay phwong trinh (3) vao (1), ta c6:

d%s d%s y,,0s

k—+ k—

w2 4
d0x? dy?> Mot )

Vi gia thiét vé moi tredomg dang hwdéng, ta co
dong tham vé giéng la dong xuyén tim, va do dé
trong hé toa do cwc phwong trinh khuéch tan cé
thé dwoc viét lai dudi dang sau:

16(k(3S)_S*65 )
ror r ar) ot

Trong do:
S*=yﬁw,rOSrS00,0StSoo (6)

Nhéan ca 2 vé cta phuwong trinh (5) véi 27,
nhan dwoc dang nhu sau:
a(z kas> =9 omrsshor 7
mrk o) =5, (2nrs r (7)
Thém vao d6, theo dinh ludt Darcy (Wang,
2000), lwu lwong nwée théng qua chu vi ciia giéng
xac dinh bé1i biéu thic:

_ ds
Q) = —ZHTokE (o, ) (8)

Nhw da trinh bay & trén, 1o gidi phu thudc
thoi gian cta phwong trinh (5) c6 thé dwoc giai
quyét dudi dang 14y lién tiép cac “anh chup” tic
thoi trang thai 6n dinh cla ap lwc nuwéc 16 rong
s(r,t) theo mot khoang cach (ban kinh) phu thudc
thoi gian Ry(t) (Hinh 3). Khoang cach nay dworc goi
la ranh gi¢i gitra ving c6 dong tham, viing bén
trong ban kinh R,(t), ving khong c6 dong thim
bén ngoai ban kinh R,(t). Trong dé, sw nhiéu loan
clia 4p lwc nwdce 16 rong c6 thé xay ra bi han ché
trong pham vi rp< r < Ry(t) va cac diéu kién bién
ctia bai toan Ilp c6 thé dwoc sira ddi nhw sau:

ds
S(Tb, t) = 50'5 (RW (t)r t) = 0' S(RW (t)' t)
=0 9

Bang viéc tich phan phwong trinh (7) trén
mién nam bén trong ban kinh R,(t) sé nhan dugc
quan hé sau:

ds J [Rw®
—Zm”okg (rp,t) = T J;O 2nrsS*dr (10)

Vi vay, bang viéc tinh dén phwong trinh (8)

co:
Q(t) = ot ), mrsSTdr =—

Trong dé : V(t) - thé tich nwéec tich lay.

Vi gia thiét rang sw dién tién cta 4p luc nwdc
16 rong c6 thé dugc gidi quyét bang viéc 1y lién
ti€p cac “anh chup” khoanh khic trong trang thai

s=0
o = -
1 1
: = R‘H'(r]) I
1 oD 1
1 /// h [
1 / AN 1
1 | Pl 1 1
o sk
\
1 (N / 1
1 NI V4 1
I Sl 1
1 - Rw(’?} 1
1 [
[ e = =

Hinh 3. Ban kinh anh hwong phu thudc thoi
gian Ry, (t).
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on dinh cta ham s(r,t) theo cac ban kinh anh
hwong R, (t), thay vé phai clia phwong trinh (5)
bang mot ngudn déu (uniform source term) phu
thudc thoi gian. Lic nay, phwong trinh khuéch tan
(5) tré thanh:

;5(7"](5) = I(t), o <1 < R, (1) (12)

Phwong trinh (12) bay gi¢ ¢6 thé dwoc giai
bang viéc tinh dén cac diéu kién bién (9), c6 thé
nhan dwoc ngudn déu I(t) phu thudc thoi gian nhw
sau:

4ks,

2R, (02 _ ()2 42
0

I(t) = (13)

Va sw phan bd 4p lwc nwéc 16 rong theo bidu
thirc:

s(r,t) = s
ZRW(t)zlan —r2 47,2

_ 0
X[ 1 Ru(D 3 3 (14)
2R,,(t) lnr_o_RW(t) + 1y

Thé phwong trinh (14) vao phwong trinh (8)
va phwong trinh (10), nhin dugc dang tong quat
cta Q(t) va V(t) nhw sau:

[ AN 1
Q(t) = 2mks, |In <Mz—1> - E] -1 (15)

va

i 12
V(t) = mryS*sy [A% — 4ln </1m> + 1]

2 -1
4in (Am> - 2] (16)

Trong d6: 1 = R, (t)/1y.
bE y dén phuwong trinh (11) va sw bién thién
cda V(t) theo Ru(t), c6 thé viét:

oV aR,

Q) = 3R ot (17)

Sau mot vai bién déi, ta nhan dwoc quan hé
sau day:

X

udu (18)

u?+1
ol

S*ry2 _u?
0 1 4ln (uu2—1> -2

Sw phirc tap ctia biéu thirc dwédi dau tich phan
trong phuwong trinh (18) lam cho tich phan khong
tinh dwoc. P€ khic phuc van dé nay, Perrochet
(2005) da str dung phép tinh gin ding dwa trén
phan tich da thic:

S*ry?  me

IR

Trong do6 : e (hdng s6 toan hoc) - s6 Ole.
C6 thé dé dang x4c dinh ty s A theo quan hé
sau:

sz) O
0

Trong d6, ban kinh Ry,(t) dworc tinh:
Ry (t) = 1rg (21)

Vi vy, tai moi thoi diém, dong thAm khong 6n
dinh (phu thudc thoi gian) trong méi trvong déng
nhit dang huéng c6 thé tim dwoc bang phuong
phap giai tich, trong d6 nghiém ctia 4p luc nuéc 16
rong (phwong trinh (14)) bién thién tir sy=po-py
trén vach giéng (r=ry) dén sz=0 tai r=Ru(t) vdi
Ru(t) dwoc xac dinh tr phwong trinh (20) va
phwong trinh (21). Luu y rang gia tri Rw(t) khong
thé 16n mai dwoc ma né sé nhan mat gia tri gidi
han chinh bang khoang céch tir giéng dén bién ctia
tang chira nwéc (mat cach nuwéece).

Ludc nay, loi giai trudmg ap luc nwéc 16 rong
xung quanh giéng khoan cta bai todn ban dau la:

P=prrt
2Rw(t)zlnr1 — 12 41,2
0

2R, (@2t _ g ()2 42
0

(22)

Sol 1—

2.3. Vidu va thdo ludn

Xét mot giéng khoan nim ngang ban kinh ry=
0,2 m dit trong ting da goc & do sdu H = 500 m
dwdi mat dat. Hé s6 thAm cta dala k=107m/s. Vi
la giéng dat su va/hodc c6 ban kinh nho nén cé
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thé coi nhw giéng dwoc dit trong méi trwong vo
han véi tredmg ap lwe nuée 16 rong ban dau phan
bd déu va bang py= 5 MPa. Ap lwc dung dich khoan
gia thiét bang po= 3 MPa.

D€ danh gia sw chinh xac cua loi gidi gidi tich,
mot mo6 phdong sé dwoc thue hién cho giéng khoan
dua trén phan mém phan tr hitru han ASTER. Vi
tinh d6i xirng clia giéng qua hai truc ndm ngang va
thang ding di qua tim giéng, md hinh cta % giéng
dwoc st dung trong moé phdng sé (Hinh 4). Kich
thwéc ctia mod hinh hinh hoc va diéu kién bién
dwoc minh hoa trén Hinh 4. Phan tr hitu han t&
giac 4 diém nut dwoc st dung. Lwdi phin ti dwoc
chia min dé ddm bao két qua s6 nhan dwoc da do
chinh x4c. O’ vi du nay, % vach giéng dwoc roi rac
thanh 50 phin ti.

Hinh 5 hién thi 4p luc nuéc 16 rong trén 2
canh, canh thiang dirng va canh nam ngang (ma
dwong kéo dai cia né di qua tim giéng). C6 thé
thay c6 sw phu hop gitra két qua cua loi giai giai
tich (biéu thi bang dwong nét lién) va két qua tinh
toan s6 (biéu thi bang dwong nét dirt). Nhw vay, 1o
giai giai tich & day la chinh xac.

Cac Hinh 6, 7 thé hién sw phan b6 ap lwc nwéc
16 rong xung quanh giéng khoan & thoi diém ¢, =1
gir va tz = 1 ngdy sau khi khoan (gia thiét rang
giéng khoan dworc hinh thanh ngay 1ap tirc boi qua
trinh khoan giéng). Nhw dwoc dw bao trwéce, ap luc
nuéc 16 rong phan bé d6i ximg qua truc clia giéng
khoan.

(O thoi diém 1 ngay sau khi khoan giéng, ta c6
thé tinh Ivu lwong nwéc chay vé giéng theo cong
thirc (15) bang 0,186m3/1 m dai giéng/giay.

3. Xac dinh trwomg phan bé ap lwc nwéc 16
réng xung quanh giéng Kkhoan trong méi
trweorng dong nhat, ding hwéng ngang
3.1. M6 td bai todn

Xét mot giéng khoan nam ngang dit siu vdi
ban kinh ry dwoc khoan trong méi treong da co
c4u tao dang phién ma biéu thi tinh chit bt ding
huéng (dang hwéng ngang) nhw thé hién trén
Hinh 8. Truc cta giéng song song v&i truc z cia hé
truc toa dd Dé-cac vudng goc va mat cat ngang cia
giéng nam trong mat phang (xy) ciing la mat
phang bat ding huéng ctia mdi truwong. Ap luc
nuéc 16 rong 1a py & vo cling va tai vach giéng 12 po.

i 10m i
Ap lwc nwée 16 réng pr=5MPa
£
g = 10m =
Il Il
S &
& 2
= xQ g
=} — o
o e —
3 )
)C a 2 y
&
|}
/p0:3MPa =
o,
o Dong thim ®=0 "< X
— 1%

KON O

Hinh 4. M6 hinh hinh hoc va diéu kién bién
ctia mé phdng so.
4.00
3.90
E 3.80
2.3.70
=11}
§ 3.60
2350

5340 . i
E_ 3.30 Analytical_t=1gi¢r

| — Analytical t=1ngay

£3.20
3.10
3.00

Numerical t=1 gier
Numerical t=1 ngay

02 03 04 05 0607 0809 1 1112 13 14 15
Khoang cich déntim giéng khoan [m]
Hinh 5. Ap luc nwéc 16 réng trén dworng
hwdng tam giéng khoan tai thoi diém 1 gior
va 1 ngay.
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Hinh 6. Phdn bd dp lwc nwéc 16 rong xung
quanh giéng khoan & thoi diém t=1 gior
[MPa].
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)
=

Hinh 7. Phdn bd dp lwc nwéc 16 rong xung
quanh giéng khoan & thoi diém t=1 ngay

N
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Hinh 8. Giéng khoan ddt sdu trong moi
trwdorng dong nhdt dang hwdéng ngang béo
hoa nworc.

Nhiém vu ctia bai todn 13 di tim sy phin bd
cua trwdong ap lwe nwéce 16 rong xung quanh giéng
khoan néi trén.

3.2. Xdc dinh trwong dp lwc nwéc 16 réng trong
méi trwong bdt diang hwéng xung quanh giéng
khoan dwa trén tiép cdn gidi tich

Trong trweong hop nay, ta sé gidi quyét bai
toan cho dong thdm khi né dat t&i trang thai 6n
dinh. Mot trang thai 6n dinh cta ap lwc 16 rong sé
dat dwoc sau thoi gian du dai, khi ma ap lwc dw
trong 16 réng tiéu tan. Sw phan bé ap lwc nwéc 16
rong xung quanh giéng khoan & trang thai 6n dinh
phai théa man phwong trinh sau (Wang, 2000):

9%p 9%p
kxﬁ'i'kya—yZ:O (23)

Nhidn cd 2 vé cla phwong trinh trén

voi \/ky [k, ta co:

9%p ky 0%p
kiky,—+k, |-—=—=0 24
XY 9x2 + y k, ayz ( )
?’p | 9’p
i kxkyﬁ + kxkykx—z =0 (25)
k, %Y
y
9%p d%p
eryz T ke >=0 (26)
k
J —X
y k,

Véike = \[kyky,
Bay gio sé thic hién phép d6i bién bang viéc
dwavao cacbiénsau X = x,Y = ym va thé
vao phwong trinh (26), sé nhan dwoc phwong
trinh Laplace viét trong hé toa dd (x, y):
92 92
e % + ke G_YZ =

Can lwu y rang, phwong trinh khuéch tan ctia
ap luc nuwéc 16 rong vao giéng trong moi treong
bat dang hudng (phwong trinh (23)) da dwgc bién
do6i thanh phwong trinh khuéch tan cda ap luc
nuée 16 rong trong moi tredmg dang huéng twong
dwong (27). Trong hé toa dd0 méi nay, mat cit
ngang cia hdm da suy bién thanh mot hinh e-lip
v6i hai ban truc a = ry va b = ry,/k, /k,,. D€ giai
phwong trinh (27), c6 thé st dung phép anh xa
bao giac (Lekhnitskii, 1963) bién mién bén ngoai
hinh e-lip c6 hai ban truc (a, b) trong mit phang Z,,
(bién phtc Z,, dwoc dinh nghia 1a Z,=X+iY, i2=-1)
thanh mién bén ngoai duwdong tron don vi trong
mat phfmggw. Mot cach toan hoc, anh xa bao giac
6 thé dugc viét nhw sau (Lekhnitskii, 1963):

a+b +a—b
2 Sw 2

hodc viét dudi dang ngwoc:

Zy + /ZWZ —a? + b2

Cw = a+tb (29)

Hay noi cach khéc, bang mot phép bién dai
téng hop, sé c6 mién bén ngoai cla giéng c6 ban
kinh r, trong mat phang z = x + iy/k,/ k, bién
thanh mién bén ngoai duwdong tron don vi trong
mat phang {,,.

C6 thé thdy rang, trong mat phang {,, trwong
ap lwc nuwéc 16 rong sé phan bd dang hwéng xung

k 0 (27)

Wt (28)

Zw =w(ly) =
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quanh dwong tron don vi, tirc 1a n6 c6 tinh doi
xirng qua tam cia dwong tron. Do d6, trong mat
phang ¢, dong thAm xung quanh giéng (hinh tron
don vi) la dong thAm xuyén tim va c6 thé dwoc
dién dat nhw 12 ham ctia ban kinh cuc p trong mat
phéng nay (Fitts, 2006):

p=C+ Cylnp (30)

Trong do, cac hang s6 C; va C; dwoc xac dinh
theo cac diéu kién bién: p luc nwéc 16 rong tai chu
tuyén giéng bang po (twong Umg véi p= 1 trong
mit phang {,,) va bang pgtai vo cling (twong (rng
vOi p=oo trong mat phang ¢, ). Tuy nhién, xuit
phat tir mét quan diém thwc hanh 13, & pham vi
bén ngoai mot khoang cach du lém nao do tinh tir
vach giéng, co6 thé coi ap luc nudc 16 rong khong
d6i va bang véi gia tri ban dau, p = py (Hinh 9).

Trong mit phang {,,, c6 thé coi rang khoang
cach nay dwoc biéu thi bang mot dwong tron ban
kinh p= R>>1. Vi viy, tlr cac diéu kién bién ta c6
thé& nhin dwoc hai hang s6 C,va C, nhu sau:

Prr — Po
_ 31
InR (1)

Vi bién phirc ciia mat phang ¢,, c6 thé dugc

viét dwéi dang ¢, = pe'®, sé nhan dwoc dién dat
cudi cung cda ap lwc nwéc 16 rong xung quanh
Po—P
go  Bff Re

dwong tron don vi la:
Cw)
InR [ln ( R ] (32)

Bang phép bién d6i nguorc, tirc 1a thé phwong
trinh (29) vao phwong trinh (32), sé c6 dwoc
treong ap luc nwdce 16 rong xung quanh giéng
khoan.

€ =pp;C; =

P =DPrr —

Mat phang ban dau

y ‘i’

Pr

99

Lwu lwong nuwéc chdy vé giéng ciing c6 thé
dworc tinh theo cong thirc:

2na¢
Qw = ke J a_|
0 p Po

Yw Jo Opl,

(33)

Biéudién ¢ = pe' trong phuong trinh (32)
duwgc thé vao phwong trinh (33) sé nhan dwoc
biéu thirc sau:

_ 2tk (prs — Do)
YwinR

(34)

w

3.3. Vidu va thdo ludn

Xét mot giéng khoan ndm ngang ban kinh ry=
0,2 m dat trong ting da goc & d6 sdu H = 500 m
dwdi mat dit. Hé s6 thAm cua da trong phwong
ngang va phwong ding lan lwot la: k=10-m/s va
k,= 107m/s. Vi la giéng dat sdu va/hodc cé ban
kinh nhé nén cé thé coi nhw giéng dworc dit trong
mdi trudmg vo han véi treedong ap lue nwde 16 rong
ban d4u phan bd déu va bang py= 5 MPa. Ap luc
dung dich khoan ciing dwoc gia thiét bang py= 3
MPa. Biy gi¢ sé di tim sw phan bé ctia ap luc nwée
16 rong xung quanh giéng sau khi giéng dwoc dao
va ché d6 thdm ctia nwéc vé giéng da dat dén trang
thai 6n dinh va khong ap.

DE kiém tra d6 chinh xac cua loi giai giai tich,
mot mo phong sé dwoce thye hién cho giéng dwa
trén phdn mém phan tr hitru han ASTER. Mo
phong so ciing dwoc thuc hién dwa trén mé hinh
hinh hoc va céc diéu kién bién nhw trong trwong
hop moi treong ding hwdng (Hinh 4) chi khéc 13,
& day, tinh chat bat dang huéng cia vat liéu voi

Mat phéng bién doi

n

o

Py \ - Py
7Y
[

Hinh 9. Sw phédn bé dp Iuc nwéc 16 rong trong mdt phdng ban ddu va trong mdt phdng bién doi.



100

cac hé s6 thdm theo hai phwong x, y khac nhau
duoc st dung.

Hinh 10 biéu thi 4p lwc nuwéc 16 rong trén 2
canh, canh thing ddng va canh nim ngang (ma
dwong kéo dai cia né di qua tAm giéng). Trén biéu
d6, dwong nét lién twong (rng véi két qua gidi tich
con dwong nét dirt twong rng véi két qua so.

C6 thé thiy rang két qua tinh toan gii tich va
két qua tinh toan s6 kha sat nhau. Piéu nay cho
thay loi gidi giai tich ddm bao chinh xAc.

Hinh 11 trinh bay sw phan bé ctia 4p luc nwée
16 rong xung quanh giéng khoan. Nhw dwoc dw

5.00
4.80 ses
= 4.60 s W [ S =
o] 3 2
£ 4.40 e
80 L2 P
= 4.20 i L >
=t .
S 4.00 - - -
\: 3.80 - - ’,.—"'ﬂ
g_ 3.60 i g Z —— Analytical_Canh ngang
= 4 _,./" —— Analytical Canh ditng
< 340 ) 22— Numerical_Canh ngang
3.20 . e e s Numerical_Canh dirng
3.00
0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Khoang cich dén tim giéng khoan [m]
Hinh 10. Ap Iwc nwérc 16 réng trong trén hai canh

ndm ngang va thang ditng c¢é dwdng kéo dai qua
tdm giéng khoan.
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béo, 4p lwc nwéc 16 rong xung quanh giéng phan
b6 khéng doi xirng qua tim cua giéng nhu trong
trudng hop moi treong ddng nhat, dang hwdng.
Trong treomg hop nay, moéi treong xung quanh
giéng 1a dong nhat, bat dang hwdng va hé s6 thAm
phwong ngang 1é6n hon theo phwong dirng nén
nhan th4y c6 sw phan bd ap lwc nuwdc 16 rong léch
vé phwong ngang. Trong phwong ngang, gradient
thay lwc nhd hon trong phwong ding nén lwu
lwong chay vé giéng theo phwong ngang la nhd
nhit va ting dan theo chu tuyén hdm dén gia tri
cuec dai tai khu vire phwong dirng.

St dung cong thirc (34) cling tinh dwoc luu
lwong nuwée chay veé giéng xap xi 13,26x10-5m?/s,
tirc1a 11,46 m3/1 m dai giéng/ngay dém.

5.Kétluin

Nghién ctru da trinh bay dworc cac loi giai giai
tich xac dinh sw phan bé cla trweong ap lwe nwéc
16 rong xung quanh giéng khoan nam ngang ciing
nhw lvu lwong nwée chay vé giéng. Giéng khoan
dwoc dat & ting siu trong mdi treong bao hoa,
dong nhit, ding hwéng hodc dong nhat, bat dang
hwéng. Cac loi gidi dwa trén ly thuyét van chuyén
nwdc trong moi treong va ki thudt anh xa bao giac
ctia phwong phap bién phirc. Tinh chinh xac cia
cac 1o gidi giai tich dwoc kiém tra boi cac loi giai
s6 dwa trén phwong phap phan ti hitu han. Mot s6
vi du cu thé dwoc thuc hién bang viéc sir dung 1o
giai giai tich xay dung dworc.

01

3.
00 37 36 3534 33 3231

0.1

3132 33 34 35 36 37 1

-0.5 -04 -03 -0.2 -0.1

0.0
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Hinh 11. Sw phdn bd ctia dp Iwc nwéc 16 rong xung quanh giéng khoan trong méi trwdng dang
hwdéng ngang [MPal].
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Lo gidi giai tich nhan dwoc c6 thé dwoc dung
nhw mot céng cu phan tich nhanh va chinh xac,
treong ap luc nwéc 16 rong xung quanh giéng
khoan nim ngang d3t siu ciing nhw lwong nwéc
chay vé giéng dé phuc vu cong tac thiét ké so bd
giéng khoan va danh gia mirc d6 6n dinh ctia vach
giéng. Hon nira, 10 giai giai tich cling dwoc xem
nhw mét 1o gidi tham chiéu dé danh gia do chinh
Xac va tin cdy cia mé phong sé véi mot s6 diéu
kién bién don gian héa trudc khi né6 dwoc phat
trién cho cac bai toan véi cac diéu kién bién phirc
tap hon.
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