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Background: Challenges in Drilling

= High cost in drilling an oil, gas, or geothermal well

= High non productive time (NPT) drilling time efficiency in

certain drilling operations

= Automated drilling simulation to optimize the drilling

Process
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(DrillSim:600)

= Natural factors

= Technical factors

= Human resources

= Equipment availability

Realistic automated scenario drilling through implementation and validation
of physical and machine learning models using a real-time drilling simulator
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Research Objectives
* Project: Optimization of geothermal drilling operations through real-time

advance simulation

* Research purpose: Create realistic drilling environments to simulate and

execute complex drilling processes in real-time

 Research scope: a certain section of a drilled well which is simulated in the

advanced DrillSIM:600 Training Simulator
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Methodology - Software Simulator at DSC
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(Instructor Station) (Student/Drillers Chair)
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Methodology - Workflow

e =  Sim. Models

= Automation Program
= Physical Models
= ML Models

= Drilling Enviromental
= Logging > Sim. Results
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Methodology - Well Information

= Wellbore Information: GeneSys

= | ocation: GEOZENTRUM Hannover

= Target Formation: Mittlerer Buntsandstein
= Type: Geothermal Well

= Jepth: 3.901Tm

= Simulated section: 1942 - 1562 m __Genesys

(https://www.genesys-hannover.de/Genesys/DE/Home/genesys_node.html)
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Methodology - Setting Simulation Environment

= Formation

Formations

RockType | ZoneType | ZonelD | Status  FluidType  Depth(Top) | Rock Sirength
m

1923.5 m

Select All

(Instructor Station — Formation Editor)

(Instructor Station — Formation Editor)
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Methodology - Setting Simulation Environment

= |\ell Desi

Main Well Path

Target Well Path

Add Well Path +

gner & Down

Indination  Azimuth

- Measure Depth
(m) o Q)
0 0
345 037 26201
385 066 25798
385 028 2573
3886 026 24858
3922 025 23985
3958 023 23115
3994 022 22243
403 02 21371
40775 024 22179
w125 028 22986
aras 032 2374
a2 036 24602
a1 059 2547

460 04 24961

Calliper Data Well Designer

hole View

Main Well Path
Default Hole Size B mm

RKB 55 m
Vertical Depth  Northing | Easting | V-Section | Dogleg ~ TumRate  Buld Rate
(m) ) (™) (m) C/30m) | C/om) (/30m)

0 0 0 0
55 0 0 094 038 27104 038

315 013 083 ots 438 6045 435

38 02 a2 oo 289 1265 133
3986 02 a2 o 35 765 a3
3922 021 a2 | o s s a3
3958 w022 a8 | oo a3 qes | am
3994 023 a: | oo 205 7265 133
03 024 a3 o s s 23
0775 025 434 | om a2 sioe 2

a2s 027 35 002 367 51016 25
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(Instructor Station — Wellbore Designer)
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Downhole View

o [0
Hole Depth 153683 m 7 m
Shoe Depth 1749 m s m
Bit Depth 153025 m 153042 m
Under / Over Balance 13916 bar

Botiom Hole Pressure: 19039 bar

K (Permeability Mill Darcy x Exposed Reservoir Height) o
Infiux Rate (Drowndown) o
Total Kick Volume o m
TotalInflux from Formation o
Differential Pressure to Bullneading Reservoir °
Differential Pressure to Initiating Leak Off at Casing Shoe 7226 bar
Differential Pressure to Intiating Fracture at Casing Shoe 15214 bar
Differential Pressure to Intiating Losses at Loss Zone o bar

(Instructor Station — Downhole View)

Realistic automated scenario drilling through implementation and validation
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= Fluid System

= BHA & Drillpipe

Component | Length
(m)

HW Drillpipe | 1864

Cross Over 1.09
Drill Collar 94
HydraulicJar 7
Drill Collar 6517
Float Sub 198
Stabiliser 219
Float Sub. 158
MWD 89
Stabiliser 141
PD Motor 10
Drillgit PDC 037

Total BHA Length
Total BHA Weight

Single length | Quantity = OD [}
(mm) | (mm)
20 121 762
1 2095 | 7366
1 2005 7366
1 2032 | 7366
7 2095 | 7366
1 032 762
1 300 7366
1 2005 | 1321
1 2005 | 10
1 300 736
1 032 10
1 311 10
m Total Drill String Length
kg Total Drill String Weight

Weight
(eg/m)
3182

4

11857

11857

Tot. Weight
(kg)

5931.48

o

111459

o0

772146

0

Yield Press.
(ban)

999999

o

999999

0

999999

o

Bottom Hole Assembly

Tensile Str
(kg)

999999

0

999999

0

999959

0

Collapse Press.
(bar)

999999

0

999999

0

999999

0

Joint Length
(em)

0

0

0

Joint
(mm)

0

0

0

Active Tank

Reserve Tank

OD | JointID | Config
(mm)

o
0

0

Temperature System

Initial Mud Conditions

Move Delete
Row

L]
X

»
4
XXX XXX (XXX [X X

Select All

Initial Mud Conditions

Fluid System

Water Based Fluid (] Oil Based Fluid

Fluid Properties

Fluid Type. Mud
Fluid Model  Newtonian ~
Fluid Density 126 s
Viscosity 1 pas

RPM Effects to Fluid

[JActive Tuning Factor 0

Reset to Initial Conditions
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(Instructor Station — Drillstring Designer)

11

(Instructor Station — Fluid System Designer)
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Methodology - APl Workstation
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Drilling Data

Model 1: ROP Prediction
Model 2: Pore Pressure Prediction &1 Componant
/ ML Models
Model 3: Weight on Bit Prediction

Application Programming Interface (API)

Instructor Station

Controls Simulators’ environment

Navigates Drilling Rig and Well

Calculates Estimated Values

Drilling Simulator (DrillSim:600)

(Workflow between API Workstation and DrillSIM:600)
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Methodology - Communication with Simulator

API| Workstation

AP| Workstation

Input Yarables 4 Output Variables

¢ WOB * \WOB

* Top drive RPM * Hookload

* Torque * ECD

* Flow Rate e ROP

* Mud density * Well Position
* etc.

. > - g
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Simulation and Evaluation

=Flow Rate
=Weight on hit
= orque

=ROP
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Flow rate
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2650
2600
2550
2500
2450
2400
2350

Flow Rate (I/min)

1.542
1.543

Flow Rate Comparison

I 25 22I3FgFRFTBRARB

Uy H) w) W) W) AN w0y an dy gy o g

L B B o B B B B o B B O B o B o B B |
Measured Depth (m)

=== Operation ==@==Simulation

(Flow Rate comparison at parameter input depth)
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1.558
1.559
1.560
1.561
1.562
1.563

Realistic automated scenario drilling through implementation and validation
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Weight on bit

WOB Comparison
12,0
10,0
- 80
o
2 60
2 40
2,0
0,0
§23ILeLeseeladldaag
I T T T B S B B B B B s B
Lo T I B B R O B o R B B B O B B |

Measured Depth
==@==(Operation ==@==Simulation

(WOB at parameter input depth)
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1.557

1.558

1.559
1.560
1.561

1.562

1.563

WOB Comparison
12,0
10,0
= 8,0
=
faa]
2 60
2 40
2,0
0,0
9232858223333 885838338¢838
I T T S B B B B B B B B B B s ey s O B
o I o I B B B I B R I B S B B I K R B B B B I

Measured Depth
==@== Operation ==@==Simulation

(WOB at parameter input depth with iteration time)
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Torque Comparison

1200

— 1000

Z

=Z 800

=

~ 600

)

-

o 400

o

= 200

0
§ 232852234 A3R3FTBB5BIS I I
I B B Y e T B B B B B B B B B e e
L B I B B I I I I I I I D I I = T o B I B B B |

Measured Depth (m)

e=@==Operation ==@==Simulation

(Torque comparison at parameter input depth)

19 Realistic automated scenario drilling through implementation and validation
Harits Alkatiri —01.03.2024 of physical and machine learning models using a real-time drilling simulator



| e Jrn;,] =

Ortenau

ROP Comparison

18,0

16,0

14,0

= 12,0

=

£ 100
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4,0

2,0
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Measured Depth (m)

e=@==(Operation ==@==Simulation

(ROP comparison at parameter input depth)
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Machine Learning Application

| Multiple Models
Data Preprocessing running in
DataBase
. Data Integration Machine
1

Parallel Software

Learning
Models

Parallel
Data Cleaning
—

|
1
(1!

Data Transformation
Data Reduction

Computing Simulator

Applications of
Machine Learning
in the
Software Simulator

Structured Data
Modeling
using various
Machine Learning
algorithms

)

Raw Data from
Multiple Sources

(Machine Learning Application Workflow)
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Machine Learning Model Application - ROP

EQUIVALENT CHRCIALATION DENSITY “ Features Importance
R EQUIVALENT CIRCULATION DENSITY 8.40 %
i MUD TEMPERATURE 8.90 %
a WEIGHT _ON_BIT 9.04 %
G HOOK_LOAD 9.12 %
T MUD_CONDUCTIVITY 9.59 %
T—— BIT_ROTATIONS PER_MINUTE 10.25 %
- MUD_WEIGHT 10.72 %
.Y STRING_WEIGHT 10.82 %
socs saevery ROCK_STRENGTH 23.17%

aod

(Machine Learning Model — Features Importance)
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ROP - Machine Learning Model

Model 1: ROP Prediction Results

20

15

10

i 3 5 7 9 1 13 15 17 19 21 23 25 27 19 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 101

—Predicted Values — s Aciual Values

Model 1: ROP Prediction Results

A D \ A\ A

1: N\ ' f L ™ \f v : L I ) JWA ’ ‘ ’/"-.

A"
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97 100103 106 109112 115118 121 124 127 130 133 136 139 142 145 148 151 154 157 160 163 166 169 172 175 178 181 184 187 190 193 1596 199

—Predicted Values — s fActual Values

(Results of ROP Machine Learning Model)

u 1 1 T
U] 5 10 15 0 25

HAchual ROP Values from the data

(Comparison between Predicted and Actual Values of ROP)
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Conclusions and Future or

= A wellbore was recreated and a section of the wellbore was successfully simulated

= An automated program was created to utilize the drilling parameters inputs from
the original operation

= The scenario drilling simulation outputs were able to follow the same trends and
natterns as the actual drilling operation

= Improve the automation program to simulate drilling a complete wellbore

= Improve simulation results by implementing more machine learning and physical
models
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