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Tém tat

D6 thdm la mét trong nhiing théng sé quan trong quyét dinh khd néng cho dong cia via. Tuy nhién, gid tri dé
thdm thudng duoc xdc dinh trén cdc tai liéu mau I6i va thir via nén bi giéi han do chi phi cao. Trong khi dé6, viéc tinh
todn dé thdm tir cdc tham sé dia vét ly giéng khoan thuéng gdp khé khdn lién quan dén su bét dinh cia cdc yéu té
ddu vao ctia cdc mé hinh tinh da du'oc giéi thiéu va sit dung. Phuong trinh tuyén tinh quan hé réng tham tir mau 16i
va duéng dé réng tir minh gidi dia vat ly giéng khoan thudng duoc sir dung dé tinh todn dé thdm cho toan bé giéng
khoan. Song phuong phdp nay déi khi khéng khad thi do tinh chdt bdt déng nhdt cia ddt dd cao lam giégm hé sé héi
quy R cta phuong trinh tuyén tinh quan hé dé réng - dé tham xdy dung tir mdu I6i. Trén co'sé dé, nhém tdc gid nghién
ctru iing dung mang neural nhén tao (Artificial neural networks - ANN) dé€ du bdo d6 thdm dua trén dit liéu mau 16i
va cdc dudng cong dia vit ly giéng khoan, gitp tinh todn gid tri @6 thdm véi mirc dé chinh xdc cao hon phuong phdp
truyén théng.

Tirkhéa: Mang neural nhdn tao, @6 thdm, mé Pai Hing.

1. Cau triic va nguyén ly hoat déng ctia ANN dau vao thi qua trinh t8ng trong héa théng tin bat dau

(Z w;x,). Sau khi tdng trong héa, thong tin ti€p tuc dua
i=1
vao ham truyén (f), ham truyén (f) ti€p nhan thong tin va

dua ra két qua dau ray (Hinh 1). M6i ANN c6 mét I6p nhap,
mot |6p xudt, khéng ¢ hodc cé nhiéu I6p an.

1.1. Cdu tric

M6t ANN gém c6 cac gia tri dau vao, cac neural, trong
s6, ham truyén va gia tri dau ra, vé mat toan hoc dugc thé
hién dudi dang cong thuc:

»(x)= f(znll Wixi)

i=

1.2. Nguyén ly hoat déng

Bai bdo chi dé cap dén nguyén ly hoat dong cua
mang truyén thdng cé si dung thuat toan lan truyén
ngugc. Khi luyén mot mau, ANN thuc hién ca qua trinh
anh xa va qua trinh lan truyén ngugc. Trong qua trinh
anh xa, tin hiéu ctia mang sé lan truyén theo chiéu tu 16p
nhap dén I6p xuat, mang nhan cac bién doc lap théng
qua I8p nhap, dua théng tin vao mang, xt ly va cho két
qua dau ra tai I6p xuat. K&t qua dau ra sé dugc so sanh
vGi két qud mong muén cla tap mau dé dua ra sai s6
trung binh binh phuong (MSE). Sai s6 MSE dugc lan
truyén ngugc trd lai ti cac neural dau ra va cac neural n
dé diéu chinh lai cac trong s6. Qua trinh lan truyén theo
2 hudng nay dién ra nhiéu lan cho t&i khi sai s6 dat dén
gia tri cuc tiéu (Hinh 2).

x: Cac gid tri dau vao hodc la cac neural;
w,: Gia tri trong s6 cla neural x;
f: Ham truyén;

y: Gia tri dau ra.

Hinh 1. Mé hinh todn hoc cia mang ANN

Cuc tiéu cuc bd la trudng hgp ham 16i c6 nhiéu gia

. A P tri cuc tiéu ma diém sai s6 dang xét rai vao diém cuc tiéu
Khi mang tiép nhan neural dau vao tu x (x,, X,, ... X ), L 9 :

n

VGi n gia tri dau vao tU x tuong Gng moi nhanh sé c6 n
trong s6 w (w,, w,, ... w ). Khi d& c6 trong s6 va neural
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khéng phai la gia tri nhé nhat, dan dén két qua dau ra cla
mang chua dat dén sai s6 nho nhat.
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Hién tuong qua khép la két qua dau ra khép gan nhu
hoan toan vdi két qua mong muén. Khi xay ra hién tugng
qua khaop nghia la mang da khéng tu loai bé dugc nhiéu
nén ham dich dau ra chi dung doi véi tap sé liéu dua vao
luyén mang, con déi vai cac s6 liéu khac sé mang sai s6
ratlon.

DPé& khic phuc hién tugng cuc tiéu cuc bd thudng
phai tang s6 neural trong I&p &n lén, song néu s6 neural
trong 16p an tdng qua I6n thi lai xay ra hién tugng qua
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Hinh 3. Bién thién sai sd MSE ctia cdc tdp s6'liéu qua nhiéu ldn luyén mang

khdp. D€ khac phuc hién tugng quéa khdp can chia tap s6
lieu luyén mang thanh 3 phan. Phan 1 chiém ty & nhiéu
nhat dung dé luyén mang (Train). Phan 2 dung dé kiém tra
chéo (Validation). Trong qua trinh luyén mang, sai sé cua
tap s6 liéu luyén mang luén gidm nhung sai s6 cla tap s6
liéu ki€ém tra chéo gidm sau dé lai tang lén bao hiéu sap
xay ra hién tugng qua khdép, can phai diing luyén mang dé
tranh hién tuong qué khdp (Hinh 3). Phan 3 dung dé kiém
tra lai d6 chinh xac két qua sau khi luyén mang (Test).

2. Ap dung ky thuat ANN du bao d@d tham (K) cia mé
Pai Hung, b€ Nam Cén Son

M Pai Hung (L6 05-1a) thudc bé Nam Cén Son, ¢
chiéu sau day bién thay d&i tir 110 - 120m. Phat hién dau
khi cla mo Dai Hung tap trung chl yéu trong tang tram
tich luc nguyén cé tuéi Miocene sém. DH-1P va DH-4P [a 2
giéng khoan c6 day du co s& dit liéu va chat lugng tai liéu
t6t dugc st dung cho céng tac nghién cru (Bang 1 va 2).

Theo phudng phép truyén théng, xac dinh dudng
thdng quan hé gilta d6 réng va do tham trén hinh vé biéu
dién cac gia tri d6 rébng va d6 tham tir mau 16i & ty & ban
Logarit (Hinh 4) va stt dung n6 dé xac dinh dé tham tu do
rong cho cac giéng khéng c6 mau 16i.

Hinh 4 cho thay tuy muc d6 héi quy gitta do réng va
do tham theo mau 16i rat cao (R = 0,9191). Tuy nhién, khi
tinh d6 tham cho 2 giéng khoan DH-1P, DH-4P theo quan
hé nay va so sanh lai v&i d6 tham ctia mau 16i thi mic do
héi quy lai rat thap (R =0,6788) (Hinh 5). Diéu nay cho thay
su bat cap khi sir dung phuang phap truyén théng da mo
ta dé xac dinh tham s6 d6 réng clia da chiia. Trén co s& do,
nhém tac giad da nghién cdiu va ing dung ky thuat ANN dé
du bdo d6 tham & 2 giéng khoan DH-1P, DH-4P.

2.1. Lua chon va hiéu chinh dit liéu

DPé& du bao chinh xac két qua dau ra thi cac gia tri dau
vao trudc hét phai ¢ tinh én dinh, tinh phé bién va lién
quan mat thiét dén gia tri dau ra. Nhom tac gia da st dung
5 dudng GR, LLD, RHOB, NPHI, DT dé du bao d6 tham cho
2 giéng khoan DH-1P, DH-4P. Ngoai ra, d6 sau lay mau phai

Bdng 1. Tailiu dija vdt Iy giéng khoan ctia giéng khoan DH-1P va DH-4P

DT Thach hoc Tudi
X Tram tich luc nguyén Miocene sé6m
X Tram tich luc nguyén Miocene s6m

Bding 2. Tai liéu mau 16i ca giéng khoan DH-1P va DH-4P

Giéng GR LLD LLS RHOB NPHI
DH-1P X X X X X
DH-4P X X X X X
Giéng S6 diém dit liéu mau 16i

DH-1P 311

DH-4P 82

Tudi
Miocene séGm
Miocene sém

Thach hoc
Tram tich luc nguyén
Tram tich luc nguyén
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Hinh 4. Quan hé rong thdm i mau loi giéng khoan DH-1P, DH-4P

Trudng hop Sé neural S8 16p an Sai s6 (MSE) . Do hoiquy R e
j Luyén mang Kiém tra
1 5 1 2,012 0,512 0,587
2 10 1 1,876 0,602 0,664
3 15 1 1,258 0,751 0,662
4 10 1 0,651 0,802 0,723
5 25 1 0,425 0,909 0,863
6 30 1 0,327 0,952 0,791
7 35 1 0,539 0,856 0,755
8 40 1 0,612 0,912 0,749
9 45 1 0,952 0,725 0,701
10 50 1 1,058 0,705 0,652
o
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Hinh 6. Crossplot K_ML va K_ANN giéng khoan DH-1P
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Hinh 5. So sdnh dg thdm tinh tir mau 16i (K_ML) va tir phuang trinh quan hé (K_PT)
Bding 3. Cdc truong hap luyén mang ANN

£2 meinte slnttad st af 14701

Hinh 7. Crossplot K_ML va K_ANN giéng khoan DH-4P

dugc chudn vé cling d6 sau do log dé déng nhat hoa dir
liéu, gitip du bao chinh xac két qua dau ra.

2.2, Tién hanh du bdo

Xay dung tap mau gébm toan bd s6 diém dir liéu mau
16i cGa 2 giéng khoan DH-1P va DH-4P (Bang 1). S6 diém
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di liéu mau 16i ctia giéng DH-1P (311 diém dir liéu) sé
dugc chia thanh 2 phan ngau nhién: (i) 80% s6 diém di
liéu dugc dung dé luyén mang; (i) 20% s6 diém dir liéu
dugc dung dé kiém tra chéo trong qua trinh luyén mang,
tranh hién tugng qua khdp. S6 diém dit liéu mau 16i cha
giéng DH-4P (82 diém d liéu) dugc dé lai sau cung dé
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4P khdp véi két qua dd tham tir mau 16i (K_ML)
ching té ANN da luyén thanh cong.
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Luyén mang ANN vdi s6 neural tang dan tir 5 -
50 neural/I&p an chia thanh 10 trudng hop (Bang
3). Trong qua trinh luyén mang, sai s6 MSE giam
dan sau d6 tang 1én, gia tri hoi quy R clia tap mau
luyén mang luén tang trong khi gia tri héi quy R
cla tap mau kiém tra chéo tang sau dé lai giam.
Trudng hop 5 t6i uu nhat vi sai s6 MSE = 0,425 dat
dugc yéu cau dat ra la MSE < 0,5, gia tri hoi quy R
cla tap mau luyén mang cao (0,909) va dac biét
la gid tri héi quy R cla tap mau kiém tra chéo dat
gia tri cao nhat (0,863). G trudng hop 6, tuy gia tri
MSE va R cuia tap luyén mang t6t hon truong hap
5 nhung gia tri hoi quy R cda tap mau kiém tra
chéo lai nhé hon. Diéu nay cho thay trudng hop
6 bat dau xay ra hién tugng qua khép. Cac trudng
hop 7, 8,9, 10 cling xay ra hién tugng qua khdp
tuong tu lam cho gia tri héi quy R cla tap mau
kiém tra chéo gidm di.

50| 2325 -+

23%0| 2335

2370 | 23458

2400 | 2378

2410| 2385

"&‘_

J

2420 | 2394

Hinh 8. Két qud dy bdo do thdm

TU két qua luyén mang cua trudng hop 5,
nhom tac gia tién hanh ap dung du bao d6 tham
(K_ANN) cho giéng DH-4P la giéng c6 dirliéu mau
16i nhung khéng dung luyén mang dé kiém tra
d6 tin cay. Hinh 6 cho thay hé sé héi quy R cla
tap so liéu luyén mang dau ra (K_ANN) vGi tap so
liéu mong mudn (K_ML) 1a R=0,8991. Hinh 7 cho
thay hé sé héi quy clia tap s6 liéu thir lai (K_ANN)
vGi tap sé liéu mong muén (K_ML) la R = 0,9473.
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Hinh 9. Kt qud du bdo do thim giéng DH-4P
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Nhu vay, mé hinh ANN c6 muic d6 tin tudng cao va c6 thé
ap dung dugc cho cac giéng khoan con lai trong khu vuc.
Hinh 8 va 9 thé hién gia tri d6 thdm du bao dugc tir mo
hinh ANN. Tai cac vi tri c6 hoan thién giéng ching té tinh
chat via tét, d6 tham cao va két qua du bdo d6 tham trmo
hinh ANN cling phu hgp.

Hé s6 tuong quan gitia dd tham do tir mau 16i (K_ML)
va dé tham tinh todan tirsé liéu dia vat ly giéng khoan bang
phuong phap théng thudng (K_PT) la 0,6788. Hé s6 tuong
quan gitra d6 tham do tU mau 16i (K_ML) va do tham tinh
toan bang ANN (K_ANN) la 0,9149. So sanh hé sé tuang
quan gila 2 phuong phép nay (Hinh 10) cho thay phuong
phép du bao dé tham bang ANN cho két qua phu hgp hon
phuong phép truyén théng.

3. Két luan

Ky thuat ANN c6 thé du bédo chinh xac cac théng s6
can thiét trong linh vuc dia vat ly giéng khoan va mét s6
linh vuc khac gop phan tiét giam chi phi tim kiém, tham
do, khai thac dau khi. Trén ca s& két qua nghién cdu ban
dau, nhom tac gid dé xuat can b6 sung cac thong tin
dau vao khac dé tang cudng tinh hiéu qua ctia mé hinh
ANN nhu: anh hudng khoang céach clia cac giéng khoan,
phuaong phap loai bd cac diém di thudng gay nhiéu cling
nhu két hgp cac phuong phap dia vat ly giéng khoan dac
biét khac c6 do phan giai cao (FMI, NMR...). D€ du bdo
chinh xéc két qua dau ra, cac gia tri dau vao phai cé tinh
6n dinh, tinh phé bién va lién quan mat thiét dén gia tri

dau ra. VGi cac trusng hgp via chia cé muic d6 bat dong
nhat cao thi viéc 4p dung phuong phap ANN dé du doan
tham s dé tham (va rong hon la cac tham s6, déc trung
khéc clia via) sé kho khan va phc tap hon, can cé cac
phucng an két hgp nhiéu théng tin, thuat gidi dé giai
quyét van dé.
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Application of artificial neural network fechnique to predict
permeability of Miocene reservoirs in Dai Hung field based
on core data and wireline logging data

Le Quoc Thinh, Pham Tuan Anh, Huynh Huynh Yen Ha, Nguyen Van Thong
Nguyen Hung Cu, Nguyen Le Trung, Ly Quang Hoa
Petrovietnam Exploration Production Corporation

Summary

Permeability is one of the important parameters for evaluating a reservoir’s flow rate. However, permeability
value is usually defined based on core data and well test data, which are limited due to related high costs. Whereas,
the calculation of permeability based on wireline logging parameters often meets with difficulties relating to unde-
terminable inputs of calculation models introduced and utilised so far. Conventionally, a linear relationship of po-
rosity and permeability constructed by core data will be applied to wireline logging data to calculate permeability
for the whole well. However, this method is not always applicable because of the high heterogeneity of rocks which
decreases the R value of the linear porosity-permeability relationship constructed by core data. On that basis, the au-
thors propose to apply the Artificial Neural Network (ANN) to predict permeability based on combined core data and
wireline logging, which allows permeability calculation with higher accuracy than conventional methods.

Key words: Artificial neural network (ANN), permeability, Dai Hung field.
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