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MUC TIEU

> Nang cao toc do co hoc khoan (ROP) 1a muc tiéu trong tam
cua to1 wu hoa trong qua trinh khoan;

> ROP phu thuoc dong thoi nhiéu thong s6 ché do khoan két hop
cac tinh chat co ly dat da — quan h¢ phi tuyén, twong tac phirc
tap;

» Muc tiéu: Xay dung mo6 hinh du bao ROP chinh x4c tir toan bo
thong s6 ché do khoan dé dé€ xuat bo thong so to1 uu.



D/ITQE;U;BO‘TRUC ;

> Nguon dit liéu quan trong dé phan
tich & du bao ROP theo tho1 gian
thuc;

» Thong s6 tiéu bicu: WOB, RPM,
Torque, SPP, Flow rate.. .;

> Giup toi uu quy trinh khoan, giam
rui ro va chi phi van hanh.




"> Phuong trinh Bourgoyne va Young (1974), thuong dugc goi tat
la phuong trinh Bourgoyne, 1a mot trong nhitng mo6 hinh kinh
nghiém (empirical model) pho bién nhat duoc st dung dé du bao
toc do co hoc khoan (ROP - Rate of Penetration) trong nganh
dau khi. 8

> Phuong trinh c6 dang tong quat nhu sau:  v=ew (a.+ ;a,x,.)

ROP=K*El =[O =Bl " FAd S5 E6 Bl FY

> Sir dung hodi quy da bién véi 8 yéu to dé du doan ROP chinh xac
hon;

> F1 - F8: La cac ham so (thuong 12 ham mil) dai dién cho anh
hudng cua cac yéu to khac nhau 1én ROP. K: Hang s6 hi¢u chinh
(khi cac h¢ s6 F1= 1), phu thudoc vao don vi va di€u kién co ban.




> Mo hinh Maurer (1962) 1a mét trong nhitng mé hinh kinh nghiém dau tién
va don gian nhat dé du bao Toc d6 co hoc khoan (ROP). Md hinh nay tap
trung vao moi quan hé gitta ROP véi trong luong 1én miii khoan (W) va
toc do quay (N);

> Phuong trinh cia Maurer c6 dang: p — p NW?2

» Trongdo:  R: Toc dd co hoc khoan, ft/h;
k: Héng s6 thuc nghi¢m;
N: Toc d6 quay choong, vong/phut;
W: Tai trong 1én choong, kL bs;
D: Puong kinh choong, ft;
S: P bén nén cua da Lbs/ft2.

> Maurer gia dinh rang ROP ty 1¢ thuin vdi cong suat & mili khoan, va cong
suat nay lien quan dén W va N.



VIO HINH BINGHAM

v/ M6 hinh Bingham (1965) 1a mot sy mé rong ciia md hinh Maurer, bo sung
thém h¢ so ta1 trong 1én choong;

ROP=k ()" ReM
dy
v’ Trong d6: ROP: Toc dd co hoc khoan, ft/h;
Je Hé"mg s6 thuc nghi¢m;
RPM: Téc do quay choong, vong/phut;
WOB: Tai trong 1én choong, kLbs;
db: Buong kinh choong, ft;
a5: Heé sb tai trong 1én choong;

v" M6 hinh Bingham gitp t6i uu hoa quy trinh khoan bang cach diéu chinh
cac y€u t6 anh huong dén ROP.



A)

HAN CHE-MO HINH T+ NGHIEM TRUYEN-THONG

Bourgoyne Maurer Bingham

» Phu thuoc manh vao cac hﬁmg s6 thuc nghi¢ém — sai 1éch 16on,
kho chuyén giao gitra khu vuc;

> Can nhiéu thong so6 chuyén biét (40 bén nén da, mai mon ring
choong, lam sach day giéng...) kho thu thap day du trong van
hanh;

> Kho xtr 1y dit liéu da chiéu, phi tuyén va nhiéu cao.



AI/ML DU BA(

> ML/AI hoc quan hé phi tuyén tir dit liéu do truc tiép — du bao ROP
chinh xac hon theo tho1 gian thuc;

» Khai thac tot dir li€u da chiéu va co nhiéu; ho tro dé xuat ché do
khoan to1 vu;

» Thuat toan thuong dung: RF, ANN, ANFIS...



» Soares & Gray (2019);
So sanh mo hinh phan tich vs ML (RF/SVM/ANN). RF cho két

qua tot nhat trong nhom ML.

» Elkatatny (2020);
ANN/ANFIS/SVM cho tang phirc tap; 1an dau dua tham s6

thiét ké miii khoan PDC vao dau vao.

» Olaosebikan et al. (2023);
So sanh 7 thuat todn ho1 quy (ensemble). Stacking/Voting

thuong dat hiéu suat cao.
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" » Cesar Soares va Kenneth Gray, 2019: So sanh hi¢u suat du bao ROP trong thoi
gian thuc gitta cac mo hinh phan tich truyén thong (Bingham, Bourgoyne &
Young, Hareland & Rampersad, Motahhari) va cac mo hinh hoc may (RF, SVM,

ANN):

ROP (ft/hr)
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Phuong phap/Mé hinh

Tham sé Pau vao

K&t qua Thu duoc

Két qua vé Hoc lién tuc
(Continuous Learning)

So sanh cac mo hinh phan tich vdi Random Forests (RF),
Support Vector Machines (SVM) va Artificial Neural
Networks (ANN).

Cac tham s6 ¢6t 16i: Do sau (Depth), WOB, RPM, va Luu
lugng (Flow rate).

- Random Forests la m& hinh hoc may tét nhat. - RF dat
L6i tuyét d6i trung binh (Absolute Error) 1a 10.29% va
Norm. RMSE |a 12.58%. - M8 hinh Bourgoyne va Young
stra doi (t6t nhat trong nhém phan tich) dat Loi tuyét doi
trung binh la 28.49% va Norm. RMSE la 29.90%.

Khi s&r dung cac khoang huan luyén lai 30 ft, mé hinh
Random Forests dugc chon la mé hinh tét nhat bai
cross-validation (CV) theo 16i tuyét d&i trung binh trong
85.81% cac trudng hgp.
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& Elkatatny, 2020: Phét trién md hinh du bdo ROP mdi cho céc ting phirc
tap st dung ANN, ANFIS, va SVM, dong tho1 lan dau tién dua cac
tham so thiet ké choong PDC vao lam dau vao.

ual — Predicted ROP
15
10
5
0
[

ANN Validation Results

E—r—

100 200 300 400 500 600 700 s00 900 1000
Sample 1D, arvanged according to depth

ANFIS Validation Results

— hcatkor E—r—

S0
Sample 1D, arranged according to depth

SVM Validation Results

AWM ROP  ——Fredicted ROP

Phuong phap/Mé hinh

Tham s6 Pau vao

Két qua Thu duoc

Hiéu suat chi tiét (RMSE)

Cong thirc Thuc nghiém

So sanh 3 ky thuat AI: ANN, Adaptive Neuro-Fuzzy
Inference System (ANFIS), va Support Vector Machine
(SVM).

11 tham sé: WOB, SPP, RPM, GPM, MWin, T, GR, thiét
ké miii khoan (3 ma code), va Tong dién tich dong
chay (TFA).

ANN vuot troi hon SVM va ANFIS trong viéc du doan
dir liéu chua thay (unseen data).

- ANN t6i wu: RMSE huan luyén = 0.363; RMSE kiém
tra = 0.552. - ANFIS t&i ru: RMSE huan luyén = 0.425;
RMSE kiém tra = 0.446. - SVM t6i wu: RMSE huan luyén
= 0.006 (rat nhd); RMSE kiém tra = 0.718. - Trén dir
liéu xac thuc (Well B): M6 hinh ROP-ANN du doan
ROP véi RMSE < 0.66.

Cong thirc thuc nghiém ROP mdéi dugc phat trién tlr
trong s6 va dé léch cia mé hinh ANN t&i uu. Cong
thirc nay c6 kha nang du doan ROP v&i RMSE 0.66 va
c6 thé dugc str dung truc tiép tai gian khoan ma
khéng can phan mém chuyén dung.
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> Salaheldin Elkatatny va nnk, 2020: Phat trien mot mo hinh ANN thoi
gian thuc méi dé du doan ROP, bao gom cac thong s6 khoan va cudng
do nén tao thanh thay doi, d@)ng thot rat ra mot cong thirc thuc nghiém
don gign haa
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Calc ROP
~——Field ROP

Dir ligu

Tham so Pau vao

Két qua Thu duoc

Hiéu suat chi tiét

So sanh vé&i M6
hinh Truyén théng

D liéu thuc dia (4525 diém) tir ba giéng khoan thang dirng
trén bo (Well A, B, C) trong cung mét tang carbonate. Well A
dugc dung dé huan luyén va kiém tra (ty 1é 70/30).

6 tham sd: ROP (cho viéc so sanh), Luu lugng (Q - gpm), Téc
d6 quay can khoan (RPM), Ap suat cot dirng (SPP), Mé-men
xo0an (T - KIbf-ft), Tai trong Ién chdong (WOB - Klbf), va Cudng
dd nén khdng gidi han cia da (UCS - psi). (UCS dugc dua vao
nhu mot log lién tuc).

D6 chinh xac cao: M6 hinh ANN du doan ROP véi hé sé
tuwong quan (R) 14 0.94 va |6i phan tram tuyét déi trung binh
(AAPE) |2 8.6%.

- Huan luyén (Well A): R = 0.92; AAPE = 9.85%. - Kiém tra
(Well A): R = 0.92; AAPE = 9.02%. - Xac thuc (Well B): R =
0.95; AAPE = 7.4%. - Xac thuc (Well C): R = 0.94; AAPE = 8.7%.

Coéng thuc ROP thuc nghiém mdi (dua trén trong s va do
léch ciia md hinh ANN) dat R = 0.94 va AAPE = 8.72% trén dir
lidu Well C. N6 vuot tréi hon han bén md hinh hién cé:
Maurer (R=0.72, AAPE=22.41%), Bingham  (R=0.87,
AAPE=21.27%), Bourgoyne & Young (R=0.89, AAPE=17.07%),
va Al-Abduljabbar et al. (R=0.91, AAPE=10.83%).



/> Olaosebikan va nnk, 2023: So sanh kha nang du doan ROP cua bay
thuat toan ho1 quy ML, bao gom cac ky thuat ensemble, st dung dir licu

tor mot gieng dau ¢ Nigeria.

Phuong phap/Md hinh

Dir liéu va Dau vao

Két qua Thu duoc

Cac mo hinh khac

So sanh 7 thuat toan hoi quy: Support Vector Machine
Regression (SVR), Random Forest (RF), Linear Regression
(LR), K-Nearest Neighbors (KNN), K§ thuat Stacking, Ky
thuat Voting, va Convolutional Neural Network (CNN).

Dt liéu tir mt giéng dau & Nigeria. Dir liéu dugc chia ty 1€
60:40 cho huan luyén va kiém tra.

Ky thuat Stacking cho hiéu suat tot nhat: g chinh xac R2
|a 99.8% (huan luyén) va 97.5% (kiém tra).

-Voting Technique: R2 1a 93.6% (hudn luyén) va 92.6%
(kiém tra). - CNN: R2 1a 92.4% (huan luyén) va 92.8% (kiém
tra). - SVM: R2 |a 0.971 (kiém tra).




> Giéng phan tich: CT-101,
CT-104, CT-108 (tang
Miocen gitta);

» DPac trung ROP: CT-104 & | Wm‘”:';:’ : m\%w/qm
E - T
m/h; CT-101 trung binh Y o o o] . 2
~35 m/h va bién thién phirc y
tap;

» Chia dit liéu: 70% huan T -
luyén ¢ 15% validation - .

15% test (gop ca 3 giéng) &
dé tang tinh tong quat. )

CT-101 _ CT-104 ___ CT-108




X—mean (X)
standard deviation (X)

< Chinh quy héa so li¢u (Igc nhiéu):Xg;onaara =
Trong d6: - Mean (X) - gid tri trung binh ctia tham so;
- Standard deviation (X) - do léch chuén cua tham so.

Gia tri Xstandard dugc lua chon dé xac dinh nhiéu trong b0 dir liéu dua trén nhu
sau:

- Khi Xstandard < 2 gi4 tri phu hop dé st dung;

- Khi 2 < Xstandard < 3 gia tri nghi ngo, gy anh hudng t6i két qua dao
tao xay dung mo hinh;

- Khi Xstandard > 3 twong Gng gia tri nhiéu can loai bo.
X—-min(X)
max(X)—min(X)

¢ Chuan hoa dir li€u (Tiéu chuan héa dir liéu): Xyormalize =

Trong do: - XNormalize - Gia tri chuan ho4;
- X - (1a tri thuc;
- min (X) - Gi4 tri nho nhat;
- max (X) - Gia trj 16n nhat.



NHANXET DU LIEU-

Céc thong sd Giéng CT- 101 Giéng CT- 104 Giéng CT - 108
Tong s6 diém do 201 520 499

Bit dau 1594.1 1595.04 1595.77
TVD (m) —

Két thic 1833.5 1933.23 1882.33

Gié tri nho nhat 78.47 73.84 83.26

Gia tri 16n nhat 1429 15.12 22.41
ROP(m/hr) e .

Gi4 tii trung binh 35.52 53.25 65.15

D0 léch chuan 11.91 10.57 10.65

Gia tri nho nhat 8.4 59 9.99

Gia trj 16n nhat 0.2 0.2 1.01
WOB (tom) o »

Gia tii trung binh 2.2 2.66 7.85

Po léch chuan 1.9 1.05 1.86

Gia trj nho nhat 130 130 193

Gia tri 16n nhat 60 79 49
RPM(revs/mn) L y

Gi4 tri trung binh 115.25 116.02 139.89

Do léch chuan 17.57 11.45 16.94

Gia tri nho nhat 2782.56 3474.12 4074.78

Gia tri 16n nhat 2014.5 2554.08 3057.02
TQR(kgm) e ‘

Gi4 tri tung binh 2329 67 296934 36353

Do léch chuan 118.87 230.02 252.43

Gié tri nho nhat 57.07 58.83 60.31

Gié tri 1én nhat 46.79 4433 23.12
FR (I/s) . .

Gia tri trung binh 56.3 58.32 57.86

Po léch chuan 2.26 1.29 4.11

Gié tri nho nhat 110.1 112.92 180.1

Gia trj 16n nhat 72.31 75.04 61.2
SPP (atm) . -

Gi4 tri trung binh 98.69 102.42 158.6

D6 léch chuan 7.04 6.71 18.48




R

> Cac hé s6 tuwong quan R

gitta cac thong so ché do
khoan va toc do co hoc
khoan déu kha nho (<0,3);

Piéu nay cho thiay khong
c6 thong sb6 don 1é nao thuc
su noi troi hay mang tinh
quyét dinh dén téc do
khoan co hoc;

Do do, ching hoan toan c6
thé dung lam tip bién dau
vao (features) dé huan
luyén mé hinh ANN nham
nang cao kha nang du bao.

ROP (m/h)

ROP (mh)
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N 2
D2 Z:i=1(3’giveni_yPredicted i)

N A
Zi=1(3’given i—Ygiven i)

1 2
RMSE = \/N Zliv=1(ygiveni — YpPredicted i)

Trong do:

Vgiven - 1a gia tr1 thuc té clia mau tht i;

Vpredicteq . 12 gid tri du doan ctia mau thu i;

Vgiven - la gia tri trung binh cua tat ca cac 214 tr1 thuc té

N: Tong s6 di€ém dir li¢u.



NG NO RON NHAN TAQ (ANN

THUAT TOA? MA
> Input layer: Nhan dit liéu dau vao [
(WOB, RPM, Torque, SPP, Flow rate...); :
, v )
» Hidden layer: X1t 1y va hoc moéi lién hé = N\
gilra cac thong so; —
G S o
» Output layer: Tra vé du bao vé toc do °
co hoc khoan (ROP) ®
» Cach hoat dong don gian: Cau triic co ban cia mang ANN
v' Dir liéu dau vao — nhan véi trong so s
A nputs
(Weights); 514@\ -
v Tong hop lai — dua qua ham kich hoat ~ ] Neuron | C Y
. . . X WEJI —W:X: p—-
(sigmoid;trainlm;tan-hyperbol; ReLU); o i
v ChO ra két qU.é déu ra — téC dé cO hOC x,-4. Summations Transfer function
khoan. Qua trinh &nh xa co ban cua

mang ANN
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HAM MO TA
Traingd Gradient descent co ban. Pap tmg chim, duoc sir dung trong ché dd incremental.
Traingdm Gradient descent c¢6 quén tinh. Thudng nhanh hon traingd, c6 thé st dung trong ché do nic.
: Tée d6 hoc thay doi. Huin luyén nhanh hon traingd nhung chi co thé sir dung trong ché do
Traingdx
batch.
; Resillient backpropagation. Pay 1a thuit toan huin luyén ché do batch don gian ¢6 héi tu nhanh
Tramrp A
va it ton bo nho.
Thuét toan conjugate gradient fletcher reeves. Yéu cau bo nhé trong cac thuit toan conjugate
Traincgf _
gradient.
Traincgp Thuat toan conjugate polka-ribiere. Yéu cau bd nhé 16n hon traincgf, toc do6 hoi tu nhanh hon.
: Thuat toan scaled conjugate gradient. Pay 1a thut toan conjugate gradient duy nhat khong yéu
Trainscg S
cau dinh hudéng tim.
i Thuat toan quasi-newtin bfgs. Yéu cau luu trir ma tran hessian va ¢6 nhiéu phép tinh hon cac
Trainbfg 3
thuat toan conjugate gradient trong moi vong lap, nhung thuwong hoi tu sau vai phép lap.
Phuong phap one step secant. Pay la phuwong phap két hop gitta phuong phéap conjugate
Traimoss
gradient va phuong phap quasi-newton.
Thuit toan levengeg-marquardt. Thuit toan huin luyén nhanh d6i véi mang c6 kich thuéce vira
Tramlm Y -
phai, co tinh chat giam bo nhd khi tap huan luyén lon.
Thuat toan chuin téng quat hoa Bayesian. La giai thuit huin luyén levenberg-marquardt duoc
Trainbr ¥ Y ;
stra dO1 tao ra mang tot hon, giam su phirc tap dé mang hoi tu.
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MO HINH ANN—BEXUAT&KETQUA//

: 7 Training data Validation data Test data
S6 no-ron 16p an

R? RMSE R? RMSE R? RMSE
5 0.965 0.0026 0.969 0.0024 0.928 0.0041
6 0.957 0.0034 0.949 0.0032 0.922 0.0039
7 0.961 0.0029 0.959 0.0028 0.963 0.0029
8 0.972 0.003 0.962 0.0025 0.961 0.0031
9 0.923 0.0042 0.89 0.0042 0.898 0.0045
10 0.983 0.0017 0.975 0.0021 0.972 0.0026
11 0.981 0.0018 0.9715 0.0023 0.967 0.0027
12 0.98 0.0018 0.962 0.0026 0.972 0.0025
13 0.979 0.0016 0.962 0.0027 0.958 0.0031
14 0.981 0.0018 0.973 0.0021 0.969 0.0028
E3) 0.976 0.0016 0.966 0.0026 0.944 0.0036
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MO HINH A JAT & KET QUA—
ROP = A < 3
~ 2\1 f expCrnx ) 2
2 2
ROP = [Zi=1 Wo i <1+ exp(—z(WOB.Wlill+RPM.W1i’2+TQ.W1i’3+FR.W1i,4+SPP,W1i'5)) %57 1)] + b, (5)

Trong do:

A,(wy, 1) 1a vector trong sO két ndi gitra cac no-ron 16p dau vao (input) va cac no-ron
16p an;

A,(W,, 1) vector trong s0 két nd1 gitra cac no-ron 16p an va no-ron dau ra (output);

b, 1a vector do 1€ch bias cho 16p dau vao;

b, la d§ léch bias cho no-ron 16p dau ra;



MO HINH ANN-DEXUAT & KET QUA—

/ |

/"/

-

Trong s6 két
noi gilta cac

¢ O aus ey NN no-ron 16p an Dé léf 4 D6 léf h
Cac, no;—ron Trong so két no1 gilra cac’ nci-ron 16p dau vao va cac no-ron oW lop‘dau 16p dau
16p an 16p an (W) ra (W, vao ra
(b)) (by)
1 0.7161 -0.0866 1.0115 -0.1376 -2.9897 -1.0573 -0.8054
2 1.3911 0.5492 0.8693 -0.8570 -1.9818 1.0202 -0.2127
3 0.7570 0.0818 0.5490 2.2239 -0.3530 0.5152 -0.9708
4 -0.1071 0.5492 -2.8652 -0.0815 2.6280 0.5613 -1.0093
5 0.4409 -1.2135 -0.7078 0.8399 -2.0588 0.6431 -0.7340 5
6 -0.9626 0.8850 0.0818 -0.4595 0.1021 1.4752 -0.6140
T 3.0716 -1.4860 0.5492 1.4492 -1.8357 0.5445 2.4670
8 1.3368 1.2126 -1.2135 -2.5941 0.3890 -0.3441 1.5236
9 0.5281 -1.2196 0.8850 1.7972 -0.4437 -1.0821 1.3194
10 0.4762 -1.7115 0.0818 1.8543 -3.3599 0.4758 2.2845
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ROP (k)

ROP

/Mf)H‘m

ROP=2a, WOB + a, RPM+ a, TQ+ a, FR+ a, SPP+ b.
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1

ché d6 khoan 3 giéng véi: a,

0.064732; b=-50.1241.

1550

Trong do: a;, a,, a;, a,, a5 va b — 1a cac hé so thuc nghiém xay dung dugc tu bg tai li€u thong so6

= -1.15743; a, = 0.178066; a; = 0.019056; a,= 0.351704; as=

Avcctueal RO

1550

Avoctuaal RO

1essay

1 7Oy

R grrassmsior

T I L)
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KET LUAN-VA KIEN'NGH]
» Mang noron nhan tao (ANN) du bao ROP véi @ chinh xac cao (=95%)
khi ap dung cho cac giéng tat mo Ca Tam,;

> MO0 hinh ANN dung thuit toan két hop trainlm véi 10 noron 16p an cho
ket qua tot hon cac mo hinh khac trén b dit lieéu nghién clru;

» D¢ nang cao do chinh xac, can bo sung dit liéu co ly dat da va cap nhat dir
liéu huan luyén tir cac gi€ng moi;

> Kién nghi sir dung két qua nghién ctru nhu mot phuong phap du bao ROP
va to1 uu thong s6 khoan cho cac giéng tat mo Ca Tam.



