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Tom tat

Du bdo ap sudt nuit via la cong viéc quan trong khi Ién ké hoach thiét ké giéng khoan, cho phép kiém soat, van hanh, kich thich giéng
hoat ddng hiéu qua. Néu du bao khdng chinh xéc ap sudt nit via c6 thé gay ra cac van dé nghiém trong nhu: mat tuan hoan dung dich

khoan hoac xay ra hién tugng "kick" dan dén phun trao. ..

Bai bdo gidi thiéu cac ing dung cta tri tué nhan tao trong linh vuc dau khi, st dung phuang phap st dung ANN dua trén cac dit liéu
dau vao gém: do sau, hé s6 Poisson, ting sudt dia tinh, ap suat 16 rong va di liéu dau ra Ia p suat ndt via dé xay dung md hinh du bao ap
sudt ndt via cho giéng khoan thudc bé Nam Con Son. Nhém téc gia da so sanh véi két qua du bao bang phuang phap truyén théng cho
thay phuong phap st dung ANN cho két qué du bao ap sudt nit via sat vdi két qua do thuc té nhat.

Turkhéa: Ap sudt niit via, ANN, b& Nam Con Son.

1. Giéi thiéu

Ap suat nit via la thong sé quan trong trong giai doan
tién thiét k&€ hé théng khoan, khai thac va kich thich via,
cling nhu dé téi uu cong tac khoan. Viéc xac dinh ap suat
nut via bang phuong phap do truc tiép chi phi cao va gap
nhiéu khé khan, vi vay c6 thé xac dinh ap suat nut via
bang phuong phap gian ti€p. Cac thong s6 nhu ap suat 16
réng, d6 réng thanh hé, ty trong da, tinh chat thach hoc
cUa dat da... theo d6 sau dugc st dung lam di liéu dau
vao dé du bao ap suat nut via. BDong thdi, cdng thiic du
bao dugc st dung riéng cho dac tinh vung dua trén co sé&
dirliéu c6 s8n dugc st dung.

Nam 1957, Hubbert va Willis lan dau dua ra méi tuong
quan dé tinh ap sudt nut via dua vao ap suat 16 rébng, hé
sO Poisson va Ung suat I&p phi theo d6 sau [1]. Dén nam
1968, Pennebaker phat trién méi tueng quan gilla Uing
suat 16p pha va tudi thanh hé dé xay dung cong thiic
du bdo [2]. Eaton (1969) tim ra cong thiic tinh ap suat 16
rong dua vao Ung suat 16 rdng, hé s6 Poisson va dé sau,
ap dung cho vung Tay Texas va vinh Mexico [3]. TU d6, cac
ma&i tuang quan dugc xac dinh dua trén sy hiéu chinh, cai
tién dé gitp cac két qua du bao ap suat nut via chinh xac
hon. Bang 1 théng ké céc phuang phap truyén théng dé
xac dinh ap suat nit via da dugc cong bo. Mac du dugc
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chdp nhan dé ap dung trong viéc tinh toan, song van con
ton tai moét s6 nhugc diém dan dén két qua sai s6 I6n.

Cac tai liéu nghién ctiu gan day cho thay cac phuong
phap nhu st dung mang neuron nhan tao (ANN), logic
mang md va thuat di truyén, dugc st dung rdng rai trong
linh vuc dau khi, ky thuat vector hé trg (SVM), mang chic
nang (functional network) va lap luan theo tinh huéng
(case based reasoning)... dugc st dung rong rdi trong linh
vuc dau khi (Hinh 1). Nhém tac gia tdng hgp dugc 17 ing
dung cla ky thuat tri tué nhan tao, bao gém: (1) phat trién
giao dién cho qua trinh mé phdéng; (2) minh giai dudng
log; (3) lua chon chodng khoan; (4) chudn doan trong qua
trinh van hanh bom; (5) lua chon va minh gidi mé hinh tha
via; (6) phan tich nut via thay luc; (7) t6i uu hda gas-lift; (8)
phan loai via dau khi; (9) cdc méi tuong quan vé céc tinh
chéat cta chat luu (PVT); (10) phan tich d6 rdi ro cta du &n
thu héi dau tang cudng; (11) dy bao ché do dong chay
trong dudng 6ng; (12) phan tich sy pha hay thanh hé; (13)
thiét ké va t6i uu héa nut via thuy lug; (14) téi uu hoa khai
thac; (15) quan ly thu héi dau tang cudng; (16) t6i uu hda
van hanh khoan; (17) t6i uu trong thiét ké giéng st dung
thuat di truyén [9]. Bang 2 téng hagp cac tai liéu lién quan
tGi cac Uing dung cla tri tué nhan tao.

Ngoai cac théng sé trén, cé thé sir dung truc ti€p cac
thong s6 vat ly via nhu gamma ray, dién tr& va mat do
dugc do tu két qua dia vat ly giéng khoan dé du bao ap
sudt nut via nhung cé két hgp hiéu chinh moé hinh théng
qua két qua do tryc tiép ti thi nghiém LOT hay FIT [24].
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Nhiéu ky thuat tri tué nhan tao nhu mang logic ma
(fuzzy logic); thuat di truyén (genetic algorithm); huan
luyén cé gidm sat may (support vector machines); lap
luan theo tinh hudng (CBR); hé tri tué nhan tao lai (hybrid
systems) dugc Ung dung rong rai trong céng nghiép dau
khi [25, 26]. Trong bai bdo nay, nhém tac gia chi tap trung
vao bai toan ing dung clia mang tri tué nhan tao trong du
bdo ap suat nut via.

2. Co s& ly thuyét vé ANN
2.1. M6 hinh ANN

VGi muc dich tao ra moé hinh tinh todn phong theo
cach lam viéc cla neuron trong b nao con ngudai, vao
nam 1943, McCulloch va Pitts [27] da dé xudt mo hinh
toan cho mét neuron (Hinh 2).

Trong md hinh nay, mot neuron thur i sé nhan cac
tin hiéu vao X; véi cac trong s6 tuang ung la W, téng cac
thong tin vao cé trong s6 la Y72 ; wy;x;. Thong tin dau ra &
thai diém t + 1 dugc tinh ti cac thong tin dau vao nhusau:

out(t +1) = g( Xwi; x;(t) - 6;) M

Trong d6, g la ham kich hoat (con goi la ham chuyén)
c6 dang la ham budc nhay, déng vai trd bién déi tir thong
tin dau vao thanh tin hiéu dau ra:

Inéduf>0
g(f):{Oné'u;SO @)

Nhu vay, out = 1 (iing vdi viéc neuron tao tin hiéu dau
ra) khi t8ng cac tin hiéu vao I6n hon nguéng B, con out
= 0 (neuron khéng tao tin hiéu & dau ra) khi téng cac tin
hiéu vao nhé hon nguéng 6.

Trong md hinh neuron ctia McCulloch va Pitts, cac
trong sé w; thé hién anh hudng ctia khdp néi trong lién
két gilta neuron j (neuron gui tin hiéu) va neuron i (neu-
ron nhan tin hiéu). Trong s6 W, duong tuang Uing véi khép
ndi kich thich, trong s6 am ting véi khdp néi dc ché va w,
bang 0 khi khéng c6 lién két gilta 2 neuron. Ham chuyén
g ngoai dang ham budc nhay con c6 thé chon nhiéu dang
khac nhau.

Thong qua cach mé hinh héa don gian mét neuron
sinh hoc nhu trén, McCulloch va Pitts da dua ra mét mo
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Hinh 2. Mé hinh ANN [27]
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hinh ANN c6 tiém nang tinh toan quan trong. N6 c6 thé
thuc hién cac phép toan logic ca ban nhu AND, OR va
NOT khi cac trong s6 va ngudng dugc chon phu hgp.
Su lién két gitta cac ANN véi cach thiic khac nhau sé tao
nén cac loai ANN véi tinh chat va kha nang lam viéc khac
nhau.

2.2. Cdu tric ANN

Nhin chung, céc nghién ctiu déu cho thay cdu tric cla
mot ANN gom 3 phan la 16p dit liéu dau vao (input layer),
I6p &n (hidden layer) va I6p di liéu dau ra (output layer).
Mdi I6p nay déu dugc cdu tao th mét sé lugng neuron.
M&i neuron la mét don vi xG ly théng tin ctia ANN, 1a yéu
t6 co bén dé cdu tao nén toan mang. Cac neuron nay nhan
cac di liéu vao, xtt ly chidng va cho ra mot két qua xi ly
dé lam dir liéu dau vao cho mét neuron khac. Thong tin
sau khi di vao I6p dau vao sé di tdi I6p an, 16p nay bao
gobm cac neuron sé xU ly théng tin va chuyén sang cac 16p
ti€p theo, cudi cuing la t&i 16p két qua dau ra. Moi dir liéu
dau vao sé dugc danh gia mac dé manh yéu hay dé quan
trong thong qua mot trong s6 w tng véi moéi neuron. Cac
trong s6 nay c6 thé dugc thay déi dé dua ra dugc gia tri
dau ra phu hop nhat.

Cau truc ANN dugc xac dinh bai 5 yéu té: (1) s6 lugng
cac di liéu dau vao/dau ra; (2) s6 lugng cac I6p ciia mang;
(3) s6 lugng neuron trong méi I16p (I6p dau vao, I6p an, I6p
dau ra) clia mang; (4) cac trong s6 dé lién két cac neuron;
(5) céach lién két gilra cac neuron (trong mot IGp va gilia
cac lép) véi nhau.

Dai vai ANN, viéc quyét dinh s6 lugng neuron cla lép
an rat phuc tap, phu thudc vao nhiéu yéu té: (1) sé lugng
neuron cua Iép dir liéu dau vao va dau ra; (2) luong di
liéu ctia qua trinh luyén; (3) ham st dung trong qua trinh
luyén; (4) thuat toan huan luyén clia mang neuron.

Dé sai s6 clia qua trinh x& ly ca ANN la thdp nhat,
cling nhu dé qua trinh nay hoat déng hiéu qua, s6 lugng
neuron clia ldp an, ciing nhu sé 16p an can dugc lua chon
phu hgp va t6i uu nhat, theo nguyén tac: néu qua it neu-
ron sé dan tdi sai s6 cao cho ca hé thong va yéu té dau
ra can dy bdo sé trg nén rat khé khan vi s6 lugng neuron
qua it dé c6 thé thuc hién dugc. Ngugc lai khi qué nhiéu
neuron thi mang neuron sé hoat déng mat rat nhiéu
thai gian va trd nén khéng hiéu qua. Vi vay, viéc quyét
dinh dugc s6 luong 16p &n cling nhu s lugng neuron
trong I6p nay vé cung quan trong. Thudng khéng cé quy
tac nao trong viéc lua chon céc gia tri nay, viéc xac dinh
dugc thuc hién bang phuang phap thia-sai, dén khi nao
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gia tri sai s gilra gia tri dau ra clia mang va gia tri thuc
nho nhat c6 thé.

2.3. Thudt todn truyén nguoc

Trong s6 nhiéu loai ANN, mang neuron nhiéu I6p
an véi thuat toan truyén ngugc la phuong phap dugc s
dung phé bién nhat hién nay [28]. M6t ANN dic trung
chtia mét 16p dau vao, mét I6p dau ra va mot hoac nhiéu
I6p &n.

Thuat toan truyén ngugc la su mé rong clia phuong
phap binh phuang téi thiéu, dugc phat trién dua trén co
s& dao tao di liéu cda ANN da I6p, véi muc tiéu lam giam
sai s& nhé nhat c6 thé gitia gia tri du bao va gia tri yéu cau.
Thuat toan truyén ngugc st dung chudi cac quy tac dé
tinh dao ham binh phuong sai s6 véi bién s6 la cac trong
s8 va ngudng trong cac I6p an. Nhiing dao ham nay dugc
goi la vector d& nhay. M6t vai thuat toan phi tuyén tinh
nhu thuat toan gidm budc (steepest descent algorithm),
phuang phap Newton (Newton’s method) va thuat todn
gradient lién hop (conjugate gradient algorithm) dugc st
dung dé giam thiéu sai s6 trong qué trinh dao tao.

Nhu da dé cap truée dé, thuat truyén ngugc trinh bay
téng quat clia phuong phéap binh phuang téi thiéu dé
gidm ham muc tiéu, nghia la lam han ché sai s6 gitia gia
tri du bdo o(m) va gia tri thuc y. Ham muc tiéu dugc thé
hién nhu sau:

T
J(m) = Ele*e] = E [(y - o(m)) (y - o(m))] (3)
Trong d6, m dac trung cho trong s6 va nguéng trong
tat ca cac neuron.
Vi thuat toan gidam budc, gia tri nhd nhat cia ham
muc tiéu dugc xac dinh bang cong thic:

)
Wil +1) = wii () - = @
ij
)
lc+ )= B30 - ¢ -

Trong dé: w7 la trong s6 ddc trung lién két neuron
thii véineuron thij; k la sé budc 1ap; m la I6p trong mang
neuron; { la t6c d6 huan luyén.

St dung chubi quy tic, dao ham ctia ham J theo trong
s6 va ngudng dugc tinh toan theo:
o 9 de"

m: m m
ow;r  0Oe™ Ow}

o] o] 0"
0" 0" 0T

Vi dau vao clia I6p thi m [a mét ham tudng minh cuia
trong s6 va nguéng, nén

m _ m, m-1 m
gt =Y, wiiol" 1+ p] 8
L

Trong d6, B/ la ngudng déc trung neuron thi j.

Thanh phan tha 2 phuong trinh (6) va (7) dugc tinh
theo céng thuc:

g = o ©)
ij

dem

a;_]m” (10)
J

D6 nhay ctia ham J theo su thay d6i thanh phan thi j
cUa d liéu dau vao tai l6p m dugce dac trung bgi thong s6
s]-m, do d6 phuang trinh (6) va (7) dugc viét lai nhu sau:

I _m94 (1)
OW{]’? ] 6Wi']’-l
d] oe"

= —gm_J 12
35T s] 3BT (12)

Thay nguac lai vao phuong trinh (4) va (5) ta co:

wiit(k+1) = wit(k) - (s o™ ! (13)
Bk +1) = B"(k) - s (14)
Dang ma tran,
Wm(k+1) =W™(k) - {s™o™ 1 (15)
Bk +1) = p™(k) - {s™ (16)
Trong d6

L B L.
dg™ L Oe™’ eyt T 0gt

Vector s™ la vector d6 nhay tai I6p m va dugc tinh tu
do nhay I6p m + 1, né dugc tinh tur cong thic cta I6p sau,
nén goi la truyén ngugc. Ma tran Jacobian biéu dién phép
tinh ngugc clia d6 nhay, dugc dinh nghia nhu sau:

681m+ 1 a£1m+ 1
de™m* 1 as}" asle
= . H (1 8)
de™m " "
de ]T(nn:}l de I"{nrrt}l
08}" as,Tm

Thanh phan c¢ét i, hang j ca ma tran Jacobian dugc
thé hién trong cong thuc sau:
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65{"*1 ) 6(ZLWIT+1 m+ ‘Bm+1 Wm+laojm
L
65}" as;” J 68}”
19)
N CONN. (
= erin 1 as}n] — m Ifm(gm)
Trong do6 fmeer) = M vi vay ma tran Jacobian
tré thanh
CLi———— (20)
dem - f (8 )
fmem) .. 0
fm™(e™) = [ : : ] (21)
0 < fM(er")

Sau mot chubi cac phép toan, cac vector do nhay tai
cac 16p khac nhau thé hién qua cong thic:

m_ a] _(a£m+1) a] —_fmi.m m+I1)T a]
S T gem L gem Jem+1 f( Aw )a£m+1
(22)
- fm(é‘m)(Wm+1)TSm+1

Do d6, d6 nhay cla sai s6 c6 thé dugc truyén nguoc tur
I6p cudi cing dén IGp dau tién. Tai I&p thit |, d6 nhay bang:

1 _ 6_]_ d((y - o)"(y - o)) _ A Xi-1(yi - 0)%)
J aejl 68]-1 65}
(23)
aOi af( l]
= -2(y; - 01‘)@= -2(y; - 0;) = -2(y; - o)
J 1

= = 2(y; - o)f'(¢f)

Theo dang ma tran, phuang trinh (23) dugc viét lai
thanh:

st= -2f(eY(y - 0) (24)

Tom lai, thuat toan truyén ngugc cho mang neuron
da I6p dugc tom tat gon nhu sau: (i) di liéu dau vao
dugc truyén thang trong mang tu 16p dau tién dén 16p
cudi, (ii) tinh toan vector sai sé va vector do nhay, (iii)
vector dé nhay truyén ngugc trong mang tu 16p cubi
dén lop dau tién va (iv) cac trong s6 va nguéng dugc
cap nhat trong suét qua trinh lan truyén bang quy tac
giam budc.

3. Két qua nghién ciu
3.1. Théng sé ddu vao

Ké&t qua phan tich cdc mo hinh ly thuyét du bao ap
suat nut via thanh hé cho thdy ap suat nut via phu thuéc
vao ing suat dia tinh (5_), 4p suat 16 rong (P)), hé s6 Pois-
son (), tudi thanh hé, d6 sau va ty trong dat da. Tuy vao
dir liéu clia cac giéng khac nhau dé chon théng s6 dau
vao phu hgp. Can luu y rang mét s6 théng sé dau vao lai
c6 tuong quan véi nhau nhu: hé s6 Poisson phu thuéc vao
ty trong riéng, ty sé thanh phan ting suat hitu hiéu va tudi
thanh hé. Do d6, mai lién hé gitia khéi lugng riéng clia
thanh hé véi gradient ap suat 16 rbng va chiéu sau da gian
ti€p bao gdm trong d6 va thé hién dugc su dnh hudng téi
ap sudt ndt via. Vi vay, viéc lua chon théng s8 dac trung dé
dua vao mo6 hinh can dugc can nhac ky. Sau khi tinh toan
va kiém nghiém, nhom tac gia dé xudt cac théng s6 dau
vao cho mo hinh nhu Bang 3.

Téng s6 368 diém dir liéu dugc chon cho mét giéng
da dugc khoan tai b& Nam Coén Son nhdm so sanh két qua
tinh toan vai két qua do ap suat nut via thuc té tai mot s6
vi tri. Cac d@r liéu dau vao goém: (ing suét dia tinh (5_), 4p
suét 16 rong (P)), hé s6 Poisson () va d6 sau. Trong do, 2/3
dir liéu dugc chon tur tap hgp di liéu téng dé thanh lap
tap dir liéu dao tao (training). Trong s6 1/3 dit liéu con lai,
mot nlia dugc chon dé thiét 1ap tap di liéu phé chuan
(validation) va mét nlfa la ca tap di liéu kiém tra (test-
ing). Nhiing diém d( liéu cho méi tap hop dugc chon tu
tap hop téng dugc phan b6 sao cho van gilr dugc su déng
nhat gidng véi tap dii liéu téng [29].

Trong mo6 hinh ANN, nhém tac gid st dung cac
théng sé do sau, hé s6 Poisson, ting suat |6p pha va ap
suat 16 réng lam di liéu dau vao dé du bao ap suat nat
via (Bang 3).

3.2. Xdy dung mé hinh

Sau khi di liéu dugc tap hop, budc tiép theo trong
dao tao mét mang la tao ra mét déi tugng mang. Qua qua
trinh nghién ctu va thir nghiém, nhém tac gia s& dung
mang lan truyén ngugc (feed-forward backpropagation)
VvGi 2 16p an, 1 16p dau vao va 1 16p dau ra. Tiép theo la

Bdng 3. Pham vi ctia cdc thong s6 ddu vao va ddu ra cia mang neuron (368 diém cia mét giéng khoan thuéc bé Nam Cén Son)

Théng sé Gia tri nhé nhat Gia tri I6n nhat
Do sau (m) 225,47 3413,12
Ung suét dia tinh (ppg) 667,101 13872,7
Ap suat 16 réng (ppg) 8,81267 18,8291
Hé s& Poisson 0,188404738 0,414834946
Ap suat nut via (ppg) 7,90831 18,6784
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Dau vao
+
4
Hinh 3. So dd cdu tric mang neuron
Bang 4. Trong s6'va nquding ctia I6p dn thit nhdt
Lépan1
Neuron Trong sé Nguéng
1 2 3 4
1 -0,52048 1,5535 -0,01865 -2,2423 2,3779
2 0,61856 -0,01363 -0,94171 -2,0502 -2,2575
3 -1,2951 -0,46325 1,5402 -1,6688 1,262
4 1,3596 -0,21983 1,8014 -0,74996 -1,0919
5 -2,3496 -1,3583 0,08929 -0,45597 0,43587
6 1,7719 0,057823 0,90068 -1,2678 -0,41494
7 -0,98796 0,53053 0,86185 2,1558 0,057315
8 -0,66979 1,8355 -1,8686 -0,23488 -0,66435
9 0,37842 1,5757 -1,098 -1,0741 1,125
10 1,488 0,79276 -0,02608 1,765 1,7931
11 -1,512 -0,40828 -1,0153 1,7788 -2,1895
12 1,6715 1,2146 1,3159 -0,3573 2,6654
Dt liéu 8t nhét 12 0,00027181 tai l4n I3p thi 219 log-sigmoid, ham pure I|n<?ar d}IQC st dung cho |6p dau
ra. Nhirng ham dé dugc biéu dién nhu sau:
= —— Huan [uyén
w - S Ehe chuan 2 1
%  Totons | tansig(x) = oI -1;logsig(x)= PP purelin(x)=x
£
§’ 100 3.3. Phén tich hiéu sudt mang neuron sau khi huén luyén
o
§ Sau khi mang dugc dao tao va dat t&i 225 phép lap
f% 102 c6 thé thu dugc dé thi biéu dién hiéu suat ctia qua trinh
£ dao tao nhu Hinh 4. Hinh 4 biéu dién téng sai s6 binh
f% —— P phuong cho 3 tap dit liéu véi sé lan 1ap cho mang c6 cau
1o =5 5 o o trdc 4-12-10-1 s dung thuat toan dao tao lan truyén

225 lan lap
Hinh 4. D6 thi biéu dién hiéu sudt cia ANN 4-12-10-1

chon s6 lugng neuron trong méi IGp. S6 lugng neuron
nho sé dao tao mang nhanh hon nhung khéng cho két
qua chinh xac. Trong khi d6, tang sé lugng neuron c6 thé
tang thai gian xa ly. Nhém tac gia st dung cau tric mang
vdi 12 neuron trong I6p &n tha nhat va 10 neuron trong
I6p an tha hai (mang 4-12-10-1). Lua chon s6 lugng neu-
ron khéng c6 nguyén tac ré rang nhung chi can dam bao
dap tng hé théng sdn c6 clia ngudi st dung, dé chinh xac
cudi cing chap nhan dugc.

Hinh 3 biéu dién cdu tric mang mé phéng. Nhiing
ham hoat d6ng cho nhiing I8p &n la ham tag-sigmoid va

ngudc LMA (Levenberg-Marquardt Algorithm). Ung xur
cta dudng cong thé hién qua trinh dao tao thanh céng
va 3 tap d liéu dugc chon phtu hop tu tap di liéu ban
dau. Hiéu suat t6t nhat la MSE = 2,7181 x 10 tai lan lap
thu 219.

Cac thong s6 vé trong s6 va ngudng clia cac I6p trong
m& hinh dugc trinh bay trong Bang 4 - 6.

Hinh 5 trinh bay d(i liéu dao tao, xac nhan, kiém tra va
dit lieu téng. Dudng nét dut thé hién két qua sau khi dao
tao trung véi dit liéu muc tiéu. Pudng nét lién trinh bay su
hoi quy tuyén tinh t6t nhat gilra két qua dao tao va muc
tiéu. Gia tri R biéu thi mét méi quan hé gilra két qua va
muc tiéu. Néu R = 1 thi d6 la mét moi quan hé tuyén tinh
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chinh xac gitia két qua dao tao

o W n 838w g o o va muc tiéu [29].
N N © 1 - R N c N
& o2y xR m ) © 4 quA et dit [
ES > R R S R N S = Két qua clia dir liéu dugc
2 ' . s
= dao tao b&i mo hinh ANN trong
~ | e N nghién ctu nay chi ra day la
D o 0 @ 98 o o . e a s . o
S 2 98 %2823 md&t méi quan hé chinh xéac: két
~383RgEAG =gy % '
- < O Y ) LR ) N L 2 BN P 2 z A
T 2¢ S -7 3 F o S o 8 qua dao tao, két qua xac nhan,
~N vl N ~ 5 r ~
S kiém tra va két qua tong cong
déu cho céac gia tri R 16n hon
N < wn
S e¥B2Rra839 0,9995.
— 2988 HhLhdaANnQ 2
S o © oo T T T TS Y 3 iod
v P o & 3.4.Sirdung ANN dé du'bdo dp
S sudt nut via, so sdnh véi cdc
Nt N T o 0 phuong phdp truyén théng
T o o v Nd o xh Q &
° 8838858838 ¢%
Y Il R A QR -3 S iy Sau khi c6 mé hinh du bao
SR 'Y o © i A e A . 2
© ™ véi d6 tin cay cao, nhom tac gid
PR o o < ti€n hanh du bao ap suat nat
- N m : ~N 00 s = 2 A Iye N
o3 35 ¢ § s L& § S via cho mét giéng khoan thudc
~— 37355 -3 -9 9 bé& Nam Con Son. Két qua du
wn
s - - § bdo dugc trinh bay trong Hinh
= = ~ ~ ~ oa e
2 e 3 'S\r’ 383y § RN 3 S 6, trén hinh cling thé hién két
S N XM n S5 = & 2 . x
s ® w2t gy Lm g SR S qua du bédo bang phuaong
kS * ~ — 2| = — 1 , N ~ 3 Py
S © e S S ® hép truyén thong thudng va
s 9 § 5 ,
§ & s ,;,E § phuong phap xac dinh 4p suat
2 & 8 g a § E B m|e § S = g °la nut via tryc tiép thong qua thi
= -0 NN O M [ee] Y ) N =} . n u" " H
'R @ m &IPS 2= 2 = nghiém “Leak off test’, LOT tai
g g T oS v T e T & o A
.: E- < §_ 3 do sau cua giéng: 2542,59m,
g X X
2 0 ¥ 0T RR L, § - © 2705,42m va 2932,09m (Bang
2 - 2 R & o0 oK S m 1
O = N ©O © n .
e =258 3935 =8¢ 2
OI o [ ] (@) ol ol - o © o N pe 2
Théng qua két quad so
4nh trong Hinh 6 c6 thé tha
e T893 %o - Sfi trong 6cot ? y
n 8 S o ® 38238 9 rang mé hinh ly thuyét Hu-
s M ™ = ® - N - YT N .
S T 3o 3533 - < = bert va Willis, Eaton ndm kha
@ xa két qud do thuc nghiém
2R YNy ITs DR LOT, trong khi két qua ctia mo
< \ PN X e
TR 88 HK L g X hinh Bellotti va Glacca ndm sat
S O - T — - 5 1 o o aal x \ . a
¢ < e T a hon nhung van con khac biét.
o™ [3a}
S Ngugc lai, dudng cong du bao
— o < o N F o~ ' . N
)] (<9
" N § $ 5 R 9 I 28 ap suat nut via bang phuong
S N = T Z O un . . .0 s
g‘i T an =S 5 3 alx phap ANN qua cac diém ap
® suat nut via cta thi nghiém
N m LOT. Vi vay, phuong phap ANN
~N N © _ N . ay,
M N8 ® o 58 9 = Lk . . ,
O o R RN oo § 0 c6 két qua du bao chinh xac
NE me g R e AR 8
S ? 59 ¢ 57T - 9 nhat so véi cac phuong phap
- du bao truyén théng (Hubbert
2 N8 X T8GR A _» and Willis, Eaton, Bellotti and
-2 3 3o e A 2 .
LT o9 2 2T d R 2N S Giacca).
T ' 99 © T o o 9@ 79
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Hudn luyén: R = 0,99998

& Data
s Fit

16 von Y=T

Phé chudn: R =0,99998

1 O Data
s Fit
16 Y=T
© 14
>
“©
Q
12
10
8
8 10 12 14 16 18
Muc tiéu
Téng: R=0,99998
c
=
]
Q

8 10 12 14 16 18
Muc tiéu

Hinh 5. D thi hoi quy cia ANN

c
=}
«©
Q
8 10 12 14 16 18
Muc tiéu
Kiém tra: R = 0,99997
©
=}
«
Q
8 10 12 14 16 18
Muc tiéu
Ap sudt (ppg)
12 13 14 15 16 17 18 19 20 21
2400 3
2500
2600
£
>
] 2700
O
Q
2800
2900
3000 ' :
— Hubbert __ .. Bellot'q . LOT —ANN
and Willis and Giacca

Hinh 6. Ap sudt nuit via theo cdc phuong phdp du bdo, xdc dinh khdc nhau

4.Kétluan

Nhém tac gia da thuc hién du bao ap suat nit via cho
mot giéng khoan thudc bé Nam Con Son, vdi s6 diém dir
lieu 1a 368. TU két qua nghién cliu c6 thé thdy phuong
phap st dung ANN c¢6 uu diém sau:

- S dung nhiéu diém di liéu khac nhau, phu hop
véi vung nghién ctu rong, dit liéu da dang;

- Thoéng sé dau vao cho mé hinh dé dang c6 dugg;

- Don gian va dé st dung trong qua trinh trudc khi
khoan;

- D06 chinh xac cao haon so véi cac phuong phap du
béo truyén théng.

K&t qua du bao &p suat nut via cho giéng khoan &
bé& Nam Cén San du dé tin cay dé st dung cho qua trinh

DAU KHi - SO 3/2019 39




THAM DO - KHAI THAC DAU KHI

thiét ké giéng & khu vuc lan can va can kiém nghiém
thém trudc khi nhan rong tinh ing dung clia phuong
phap nay.
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APPLICATION OF ARTIFICIAL NEURAL NETWORK IN FRACTURE

PRESSURE PREDICTION

Nguyen Van Hung, Dang Huu Minh
Petrovietnam University
Email: hungnv@pvu.edu.vn

Summary

Prediction of formation fracture pressure is an essential task in designing safer drilling operations and economical well planning,
allowing effective control, operation and stimulation. Errors in fracture pressure prediction can lead to several serious problems such as
lost circulation and kick, and even blowout.

This paper presents an overview on application of artificial intelligent in the petroleum industry. Then an artificial neural network
model will be used with depth, overburden stress, Poisson’s ration, and pore pressure as the input data and fracture pressure as the output
data of one well in Nam Con Son basin for predicting formation fracture pressure. The results obtained from the model are compared with
those obtained from conventional method. The comparison shows that the ANN method is promising and under some circumstances it is
superior to the available techniques.

Key words: Formation fracture pressure, artificial neural network, Nam Con Son basin.
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