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Tém tit

Nghién ctru nay da sir dung thuat toan Random Forest chay trong méi truong phan mém ma nguon mo
Vv6i ngdn ngir lap trinh python dé xay dung mé hinh dy bdo hé s6 Poisson tang oligocene mo Bach Ho.
Dodng thai, nhém tac gia sir dung cong cu tri tué nhan tao dé thiét 1ap mdi tuong quan giira hé s6 Poisson
va cac thong sb khoan (tai trong 1én choong, luu lwong nudc rira, mo-men xoén, toc do co hoc khoan,
tong ton hao &p suit) trong tang Oligocene moé Bach H6. Bé xay dung, huan luyén, kiém tra 6 chinh xac
ciia mod hinh tri tué¢ nhan tao, ching tdi sir dung dit liéu do duoc tir 02 giéng A va B trong dia tang
Oligocene, mo Bach H. Hai giéng nay c6 nhiéu diém tuong ddng vé dic diém va thanh phan thach hoc.
Két qua nghién ciru cho thay, cac mé hinh tri tué nhan tao c6 kha ning du béo hé sb Poisson c6 d6 chinh
X4c cao véi hé sb twong quan ddi voi md hinh Random forest - RF 12 0,84 va véi gia tri sai s twong doi
trung binh (AAPE) la 3,06%.

Tur khoa: Random Forest, M hinh du béo, Hé sé Poisson.

1. Giéi thiéu chung

Tang dau Oligocen duoc phét hién dau tién tai giéng khoan BH-4 mé Bach Hé vao nam 1985. P4 chira
¢6 dac trung chu yéu dang thau kinh, tham chira kém, bat ddng nhat cao. Cho dén nay, tang dau khi nay
da va dang duoc khai thac tai nhiéu khu vuc, véi su dong gop san luong chii yéu tir khu vuc Dong Béc
Bach Ho. Tuy nhién, Oligocen c6 san lwong dau thap hon so véi cac dbi tuong khai thac con lai, do d6
can thiét tim than dau mai nham bé sung san lwong cho viéc duy tri khai thac 6n dinh.

Ngoai ra, theo két qua nghién ctiu tai cac giéng khoan khu vuc ghi nhan ap suét via da chira Oligocen
suy giam nhanh, hé s6 bt kha thap, trong khi hé théng bom ép c6 anh huong khong rd rét. Biéu nay cho
thay ddi tugng c6 mirc do bat ddng nhit cao, sy lién thong thiy dong kém. Di voi cac via dau Oligocen
c6 kha ning chira thip do nhiéu nguyén nhan khac nhau, can thiét ap dung giai phap dia-ky thuat nham
cai thién luu luong dau trong d6 c6 nit v thay hec.

Nt v& thay luc 1a mot phuong phép rat tot dé ting luu lwong cac giéng khai thac dau khi va do tiép
nhan caa cac giéng bom ép. Ban chit cia phuong phap nay 1a bom chat long duéi dp suét cao dé tao va
ma rong thém céc khe nut trong via san pham, sau d6 bom ép hdn hop chat long-hat chén vao via dé cheén
ép nhitng khe nut tao thanh voi muc dich dam bao kha ning chay tham tét va duy tri do thAm sau nay khi
két thlic qua trinh nat va. Trong thiét k& NVTL, khi mé phong khe nirt c6 doi hoi mot trong cac théng sé
dau vao 1a Module Young va hé s6 Poisson lién quan dén tinh chét co hoc cia dat da (Tir Thanh Nghia va
nnk, 2017).

Module Young, hé s6 Poisson va céc thong sé dia co ctia cac tang dat da thuong dugc xac dinh théng
qua két qua nghién ctu nén mau 16i trong phong thi nghiém va minh gidi dix li¢u dia vat ly gleng khoan.
Céc phuong phap nay t6n tai nhitng han ché: Déi vai céc gié tri duge xac dinh théng qua so lidu do dia
vat ly gleng khoan dugc gol 1a gia tri dong “Dynamic”, nhiing gia tri nay thuong khong thé dung de tinh
toan d6 6n dinh thanh giéng khoan. Dé c6 dwoc két qua tinh toan do 6 on dinh thanh giéng tin cay, can phai
Chuyen dbi céc gia tri “Dynamic” sang “Static” trong diéu kién dia tang Mot s6 tai liéu cho rang, gid tri
hé s6 Poisson dong cao hon gia tri tinh va giita chiing khong ton tai mbi quan hé mot cach rd rang. Thong
thudng cac gia tri Dynamic Ion hon gia tri Static va chiing phan di, dac biét ddi vai cac loai dat da co do
dan hoi thap. Su sai khac giita nhiing gié tri nay duoc giai thich bang sy anh huong cia d¢ rong dat da,
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kich thuéc va huéng ciia cc khe nit hogc thé nam cua dat da. Dé tim ra cac cong thuc chuyén doi phu
hop doi hoi nhidu thoi gian, chi phi va tuong d6i phuc tap (Abdallah va nnk, 2014; Lal, 1999) Phuong
phap thi nghiém nén mau 15i trong phong c6 do chinh xéac cao nhung thuong yeu cau c6 san mau thi
nghiém, doi hoi nhiéu thiét bi do phu trg va doi khi yéu cau két qua do mau I6i b sung tiéu ton thoi gian
va chi phi lay mau (Angelina Miller va nnk, 2019).

Vian @& dat ra cho cac nha nghién ciru 1a tim ra méi quan hé bién ching giita hé sb Poisson vai cac
théng khoan trong qua trinh thi cng giéng khoan. Mot sb tac gia trén thé gidi cling da thuc hién nghién
ng dung tri tu¢ nhan tao (Artificial Intelligence-Al) dua trén thong 50 dau vao tir duong cong do dia vat
ly giéng khoan hoic thdng sb khoan dé co duogc gia tri cac thong sb dia co (modul dan hoi doc, hé sb
Poisson, modul dan hdi nén thé tich, modul d¢an hoi ngang va ng suit nho nhat theo phuong ngang) anh
huong téi huéng phét trién khe nit va higu qua nat va trong thiét ké nat vo thuy luc don gian, nhanh
chong va tiét kiém hon (Elkatatny S., 2021; Mutalova R.F. va nkk, 2019; Siddig O. va nnk, 2021). Ung
dung tri tué nhan tao dé thiét 1ap méi twong quan gitra hé s6 Poisson va nhiéu thong sé anh huéng dén nd
bao gom céc thong s6 khoan thyc té hira hen 1a giai phép hiru hiéu dé giai quyét nhitng bat cap néu trén
ma cac phuong phap truyén théng dang gap phai.

2. Phwong phap nghién ciu

Dé duy béo hé sb Poisson tir cac thong s6 khoan nhém tac gia sir dung so do thuat toan (hinh 1). Dit liéu
cho céc thdng sb khoan va hé sé Poisson thuc té theo tai liéu dia vat ly giéng khoan da duoc thu thap cho
hai giéng. Dir liéu tir giéng A da duoc sir dung dé xay dung md hinh bang mét sb ky thuat hoc may. Tap
dir liéu tir giéng B duoc sir dung dé xac thuc mo hinh da xay dung.
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Hinh 1. Sor do thudt todn dwoc sir dung dé du dodn hé sé Poisson
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2.1. Md td dir ligu

Dix liéu thu thap cho nghién ctru nay duoc thu thap tir cac hoat dong giai doan khoan & mé Bach HJ,
Viét Nam. Dir liéu bao gdm cac thong sb khoan va cac gia tri hé s6 Poisson c6 lién quan trong qué trinh
khoan coéng doan dudng kinh8,5”. Thanh phan thach hoc ting Oligocene trén va dudi cong doan khoan
nay bao gom: sét, sét két va cét két thé hién trong hinh 2. Giéng A c6 tong cong 714 diém dir liéu dugc
st dung dé xay dung mo hinh véi 70% diém dit liéu dung dé huan luyén va 30% dung dé kiém tra mo
hinh.

Trong khi d6, 196 diém dit lidu tir giéng B dwoc sir dung dé xac thuc mé hinh da xdy dung. Mdi diém
dir lidu chtra cac tham sé khoan dugc sir dung lam dau vao dé du bao hé sé Poisson. Cac thdng sé khoan
duoc ligt ké bén dudi va duoc lay tir cac phép do tai hién truong s dung dé xay dung mé hinh du béo:
Tai trong 1én chodng WOB; Mé-men quay choong TQR;Téng ton hao ap suit SPP;Téc d6 quay chodng
RPM; Luu lugng nudc ria FLOWIN; Tée d6 co hoc khoan ROP.
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Hinh 2. Cét dia tang giéng A
2.2. Phan tich di ligu

Truéce khi chay dir lidu vao cac thuat toan may hoc, cac bo dir licu da duoc loc nhiéu va céc gia tri
ngoai lai biang xac dinh cac gi tri ngoai lai Z-score (Tripathy S. S. va nnk, 2013), phan tich dit liéu dva
vao mbi tuong quan giita 2 bién sb. Phan tich théng ké cua bo dir liu duoc sir dung dé xay dung mé hinh
duoc trinh bay trong bang 1.
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Bang 1. Thang ké di liéu xay ding mé hinh

ROP | WOB RPM TQOR SPP | FLOWIN | POISSON

Count 714 714 714 714 714 714 714.000
Mean | 17.44 | 8.27 | 117.47 | 1575.95 | 195.26 37.78 0.316
Std 9.99 | 1.90 20.96 204.29 24.18 9.30 0.029
Min 0.78 | 2.33 40.00 | 1037.60 | 143.32 22.06 0.200
25% | 11.86 | 7.07 | 116.00 | 1534.15 | 184.28 34.77 0.301
50% | 17.35| 8.41 | 121.00 | 1593.30 | 202.85 38.05 0.320
75% | 21.07 | 9.20 | 122.00 | 1669.88 | 212.06 38.10 0.337
Max | 45.40 | 13.87 | 161.00 | 2185.30 | 224.00 54.64 0.392

Viéc lya chon cac thong s dau vao dé dao tao va kiém tra 1a mot budc quan trong quyét dinh t6i do
chinh xac cia mé hinh. Céc hé s6 tuong quan giira hé sé Poisson va cac thdng sé khoan khéc nhau dugc
dua ra trong hinh 3. Qua hinh 3a c6 thé nhan thy, cac hé s trong quan cua cac théng sé khoan va hé sé
Poisson déu nho hon 0,3. Do d6, 4p dung cac mo hinh tri tué nhan tao sé cho két qua tét hon cac phwong
phap hdi quy tuyén tinh vi c6 thé xap xi cac mdi quan hé phuc tap hon.

Trong hinh 3b cho thidy méi tuong quan twong ddi chat ché giita hé s6 Poisson va mot s6 théng s6
khoan nhu téng ton hao &p suat SPP, md-men quay choong TQR, tai trong 1én chodng WOB va téc do co
hoc khoan ROP. Céc hé sé twong quan thap hon ddi vai cac tham s khac khdng nhat thiét ngu v su vang
mat ciia mdi quan hé gitra cac dau vao nay va ty Ié Poisson, ma c6 nghia 1a phwong trinh tuyén tinh khéng
md ta mbi quan hé gitra dau vao va dau ra.
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Hinh 3. Méi twong quan giiva hé s dir bao va cac thdng sé ding dé dir béo
2.3. Xay dung mé hinh
V6i muc dich xdy dung cac md hinh mdi quan hé giira hé s6 Poisson va cac thong sé khoan, thuat toén
may hoc da duoc sir dung 1a Rung ngau nhién (Random forest - RF). Thuat toan nay déu c6 hai kha nang
1a phan loai (classification) va hdi quy (regression). Trong khuan khé wng dung cua bai bao nay, chi co
hoi quy dugc st dung va trinh bay.

0

I

Importance
Cumulative Importance

010

D .
000

=
&

IN
woB
SPP
O
WOB
TQ
RP!
FLOWIN

ALO

2.3.1. Thugt toan Rirng ngau nhién

Rirng ngdu nhién 1a mot thuat toan hoc tap dong bd duoc dé xuat boi Breiman nam 2001 (Breiman,
L., 2001). N6 xay dung mot s6 lugng lon cac cay quyét dinh ngau nhién trén cac mau huan luyén da khoi
dong va téng hop cac du doan cua ching bang cach iy trung binh cac két qua (James, G., 2015). N6 da
tré thanh mot cong cu khai théc dir liéu chinh cho ca van dé hoi quy va phan loai. Gan day, tinh nhat quan
cua Riung ngau nhién da duoc chung minh boi Scornet nam 2015 (Scornet, E. va nnk, 2015). So véi cac
thuat toan hoc may khac nhu mang than kinh, Rirng ngau nhién c6 thé dat dwoc hiéu suat dy doan tuong
dbi cao chi véi mot vai tham sé dé didu chinh ( Genuer, R. va nnk, 2017).
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Hinh 4. So do cua thudt todn Rimng ngau nhién
Thuat toan Ring ngau nhién:
- T tap dir liéu dao tao D, ta tao dir liéu ngau nhién (mau bootstrap);
- Sir dung céc tap con dit liéu ldy mau ngau nhién Dy, Do,..., Dn xay dung nén cac cay Ty, To, ..., Tn;

- Két hop céc cay quyét dinh: sir dung chién luoc binh chon theo s6 dong véi bai toan phan loai hogic
lay trung binh cac gié tri du bao tur cac cdy véi bai toan hoi quy.

C6 nhiéu goi nguon mo trién khai thuat toan Rung ngau nhién, mot trong s6 do la scikit-learn
(F.Pedregosa va nnk, 2011; https://scikit-learn.org/) 1a thu vién duoc su dung pho bien trong hoc may
duoc lya chon trong cac nghién ciru nay vaéi cac bd thong so duoc mo ta trong phan tiép theo.

2.3.2. Lwa chon bg thdng sé cua ring ngau nhién
Viéc lya chon cac bo thong sb cua thuat toan Random forest dugc mo ta trong budc thir 3 cia so d6

thuat tO{Eln 6 hinh 1 (Selecting the model’s parameters for Al algorithms (Random Forest - RF)). Céac bo
théng s6 cua ca hai thuat toan nay nay thé hién lan luot trong bang 2 (https://scikit-learn.org/).

Bang 2. CAc bg thdng sé duroc sir dung cho md hinh Random forest

RANDOM FOREST

n_estimators | max_features | max_depth | min_samples_split min_samples leaf bootstrap
1 auto None 1 1 True
5 sgrt 1 2 2 False
10 5 3 3

100 10 4 4

200 15 5 5

300 20 10 10

400 25

500 30

600

700

800

900

1000

2.3.3. Banh gia mo hinh

Thuat toan Rirng ngau nhién da dwoc sir dung dé xay dung md hinh. Thuat todn nay sir dung 70% tap
dir liéu tir giéng A dé xay dung mo hinh va 30% dit liéu dé kiém tra noi bo trong mét sé lan lap lai va
chon ra mé hinh phi hop nhat. Sau khi ¢c6 md hinh, dit liéu tir giéng B dwoc sir dung 1am bo xéac thuc bén
ngoai cho cac m6 hinh. Dé danh gia tat ca cac thir nghiém cua mo hinh, hai tham Sé thong ké da duoc st
dung, h¢ sd tuong quan (R) va sai s0 phan trim tuyét d6i trung binh (AAPE). Hé s6 twong quan (R) va sai
s6 phan tram tuyét ddi trung binh (AAPE) dugc tinh bang cac phuong trinh (1) va phuong trinh (2):
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R = [N Zi\lzl(ﬂgiveni XUpredicted i)]_[zgvzl(ﬂgiveni XUpredicted L)] (1)

- 2 2
J[N SN (given 02~ EN, Hgiven ) |[NZN; (Wpredicted )2~ (EN, Kpredicted ) |

Ui i~ . .
2?121 giveni Prechtedtxloo%

AAPE = Pgtven )

trong do:
Ugiven : HE s6 Poisson thuc té;
Upregictea  Hé s6 Poisson du béo;
N: Tong s6 diém dir licu.

Sau khi thyc hién cac vong lap cua so dd thuat toan nhu trong hinh 1 va st dung cac bo thong s6 &
bang 2, da lya chon ra dugc bd thong s6 tot nhat d6i véi mo hinh sir dung thuat todan Random forest 1a
'n_estimators': 400, 'min_samples_split": 3, 'min_samples_leaf": 2, 'max_features" 'sqrt', 'max_depth": 20,
‘bootstrap": False.

3. Két qua va thao luan

3.1. Pao tao va kiém tra md hinh xay deng bang thugt toan Raeng ngdu nhién

M6 hinh Rirng ngau nhién da hoc cach du doan hé sé Poisson dua trén: tai trong 1én chodng (WOB),
md-men quay chodng (TQR), tong tén hao ap sut (SPP), toc do quay choong (RPM), toc do co hoc
khoan (ROP), luu lugng nudc rira (FLOWIN). M6 hinh da duoc dao tao va kiém tra trén 714 diém dit ligu
tir giéng A. Hinh 5a va 6a cho thay hé sb Poisson thuc té va du bao theo d6 sau rat sat nhau vai tap dao
tao va kiém tra. S6 twong ddi trung binh (AAPE) cua cac tap nay tuong tng 1 0,91% va 2,62 %. Diéu
nay ciing duoc thé hién rd ¢ hinh 5b va 6b 1a hinh thé hién sy twong thich cua hé sé Poisson dy béo va
thuc té, v6i cac hé sb twrong quan (R) 1an luot 12 0,99 va 0,86.

Actual vs Pradicted fraining 55t with RF

correlation coaffiant R of tram
wactud AN

@ (b)

Hinh 5. Hé sé Poisson thuc té va RF di bdo cho dao tao

Actual vs Predicted test set with RF

R=086 o
AAPE=262%

(@ ®

Hinh 6. Hé sé Poisson thyc té va RF di bao cho kiém tra
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3.2. Xac thuc md hinh Rirng ngau nhién

Nhém tac gia xac thuc mé hinh Ring ngiu nhién da xay dung trén 196 diém dit liéu tir giéng B. Hinh
7a, 8b cho thay d6 chinh xac cia md hinh dy béo véi gia tri sai s6 twong dbi trung binh (AAPE) rat thap
chi 3,06% va hé s tuong quan (R) kha cao 0,84. Két qua ndy khang dinh kha ning sir dung twong quan
thuc nghiém dugc phat trién trong nghién ctu nay dua trén cac thong sé khoan dé cho phép du béao hé sé
Poisson.

R=0.84
AAPE=3.06%

(a) ()
Hinh 7. Hé sé Poisson thuc té va RF du bdo cho xac thuc

M0 hinh du bao di véi tap dao tao, kiém tra va tap xac thuc c6 hé sb twong quan cao va sai s6 thap la
do rirng ngau nhién tao ra mot tap hop céc cay quyét dinh khdng cét nhanh, mdi cay dugc xay dung trén
tap mau bootstrap (ldy mau ngau nhién c6 hoan lai), tai mdi nat phan hoach tét nhat duoc thyc hién tir
viéc chon ngau nhién mét tap con cac thugc tinh. Lai tng quét cua rimng phu thude vao do chinh xac cua
ting cay thanh vién trong ring va su phu thudc 1an nhau giita cac cdy thanh vién. Giai thuat ring ngau
nhién cho d6 chinh xac cao khi so sanh véi cac thuat toan hoc c6 giam sét hién nay, giit cho bias (16i cua
md hinh hoc khong lién quan dén dir liéu hoc) thip va dung tinh ngau nhién dé diéu khién tinh twong
quan thap gitra cac cay trong ring.

4. Két luan

Thong thuong, hé s6 Poisson dugc xac dinh bang hai phwong phap truyén thong: phuong phap song
am va phuong phap thi nghiém nén mau 16i trong phong. Tuy nhién, céac dir liéu nay khdng phai lic nao
cling ¢ san. Du b4o hé s6 Poisson théng qua cac thong sé khoan da dugc dé cap trong bao cao bang viéc
(g dung tri tué nhan tao. Dya trén cac két qua duoc trinh by, nhém tac gia ¢ mot sé két luan nhu sau:

- S0 véi cac phuong phap khac duoc sir dung dé xac dinh hé s6 Poisson, thi st dung tri tué nhan tao du
bao hé sb Poisson tir dir liéu khoan s& c6 kha ning thiét 1ap mbi twong quan giita hé sb Poisson va cac
thong sé lién quan chat ché hon, mang lai hiéu qua du bao dé phuc vu cong tac nit v thiy lec trong vyc
khai thac va cac linh vuc khac nhau trong cong nghiép dau khi. Qua do, tiét kiém chi phi, thoi gian, khic
phuc thiéu cac dir liéu do, thiét bi do phu tro va két qua do mau I8i bd sung. Vi vay, viéc du doan hé sb
Poisson tir s6 liéu khoan s& mang lai nhiéu loi ich thiét thyc.

- Heé sb tuong quan gitra gid tri thyuc té va gia tri du doan dao dong trong khoang 0,84 dén 0,86 sai s6
trung binh déu nho hon 5% khi sir dung mod hinh Ring ngau nhién (Random forest - RF). Md hinh t6t
nhat dugc lva chon dé du bao hé sb Poisson véi cac bo dit lieu khac.

- Két qua duoc trinh bay trong bai bao nay cho thiy, kha ning du bao hé sé Poisson tir dit liéu khoan la
rat kha quan, tuy nhién ciing nén nghién ciru cac phuwong phap may hoc khac. Ngoai ra, viéc sir dung dit
lieu khoan trong du doan cac dic tinh dia co hoc khéc ¢ thé dugc nghién ctiu bang céach sir dung phuong
phap twong tu. Ciing can luu y rang dit liéu dwoc sir dung trong nghién ciru nay 1a tir mot khu vuc cia mo
Bach HJ tai Viét Nam, do d6 dé tao ra mé hinh c6 kha ning du doan da dang, can dao tao va kiém tra véi
cac bo dir liéu chung c6 thé dugc két hop tir cac khu virc khac nhau ciia mo.
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ABSTRACT

Application of Random Forest regression algorithm in building a
predictive model for Poisson ratio in Oligocene of Bach Ho filed

Truong Van Tu?, Nguyen The Vinh?, Nguyen Tien Hung?, Nguyen Khac Long?, Nguyen Trong Tai?,
Dao Hiep ?

! Hanoi University of Mining and Geology
2 Zarubezhneft E&P Vietnam
8 Mientrung Industry and Trade College

Study utilized the Random Forest algorithm implemented in the open-source Python programming
environment to build a predictive model for the Poisson ratio in Oligocene of Bach Ho filed.
Additionally, the authors employed artificial intelligence tools to establish correlations between the
Poisson coefficient and drilling parameters (such as hook load, flow rates, torque, ROP, friction pressure)
in the Oligocene formation at Bach Ho field. In order to build, train, and validate the accuracy of the
artificial intelligence model, the offset data from two wells A and B which penetrated the Oligocene
formation were utilized. These wells share many similarities in lithological characteristics and
composition. The research results indicated that the artificial intelligence models are capable of accurately
predicting the Poisson coefficient, with a high correlation coefficient for the Random Forest model (RF)
at 0.84 and an average absolute percentage error (AAPE) of 3.06%.

Keywords: Random Forest, Predictive Model, Poisson ratio.
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