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Welcome!

The program will begin soon.
You will not hear audio until we begin.
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Drilling Operations Using Big Data Analytics & ML
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DUPTS - Drilling Uncertainty Prediction =

connect.spe.org/dupts/home

DUPTS holds

+ 2,000 members distributed globally

Covering

NOC, I0C
Service company members and Academia

Roadmap

Data and Modeling
Diagnostics and Forecasting

-
WéPE» F
\4!!H'|Bﬁm16|

",

®
Drilling Uncertainty Prediction
Technical Section

Webinars

DUPTS provides international multi-disciplinary forum for
technical discussion and a consensus-based arena related to
drilling uncertainty & prediction, which focuses mainly on
artificial intelligence, machine learning and data science
solutions supporting drilling, planning and execution challenges.
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DUPTS — Drilling Uncertainty Prediction =

connect.spe.org/dupts/home

Technical Webinars

Conducted by international experts

We take part in special events

Amsterdam Energy Summit 2023
Technical programs around the world

Student Competition

Computer Vision 2022
Drilling Data Competition 2021
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Drilling Uncertainty Prediction
Technical Section

G
Webinars

DUPTS — ROADMAP

DATA QUALITY FOR PHYSICAL
G DATA DRIVEN MODELING.
.

'DATA DRIVEN DRILUNG.
MODELNG

v’ Clarifying existing challenges in drilling domain.
v’ Pointing education resources.
v/ Stimulating the community to share knowledge

collaborate in this area.
v’ Spread the awareness about Al, ML and data science.
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Agenda =l

Introduction
Review of the ML model used for ROP prediction
Semi-automated machine learning pipeline for model training
Review of SPE publications

- Field test results

- ROP Optimizer

- Automated calibration factor
Summary
What'’s next?
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Rotary Automation Milestones o

ROP . Multivariate Dvsf ti } Closed-loop
Optimization = Objective ySF.LlltnC fon Hardware Control
Engine ' Function ' fiters for Remote Drilling
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Review - Machine Learning Model ==
Published in URTeC 2019 - 343 e

— Predicted ROP

Feature Weights (%)

Differential Pressure

Surface Torque

7 - MAPE on blind
Lagged MSE ; e — wells < 15%

Surface Weight on Bit
ed Surface RPM

Lagged Surface Torgue
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- WITSML data
- BHA data

- Survey data

- Mud data

- Corva Engineering
calculations

Input Parameters

ag

THE NE

DATA PIPELI

Webinars

e

WHLLATRBUTES | :

| =0 N
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METHODOLOGY

Based on specific ML model, data sci-
entists can invoke CORVA APl to
fetch data from different sources,
structure as pandas dataframes,
merge based on holedepth/timestamp
fora complete dataframe

Data is cleansed and further enriched
for a specific app which can be used for
creating automated exploratory visu-
alization story boards and testing dif-
ferent machine learning algorithms for
model development.

DATA API
AWS $3 STORAGE

STRUCTURED PANDAS IlATAF]?AME

Based on holedepth/timestamp

>

MACHINE LEARNING MODELS

ROP
OPTIMIZATION

LI
LEANING
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Engineered Features are added:

- Bit Hydraulic Horsepower per Square Inch

- Bit Run Distance
- Proxy for bit wear
- Lagged Features

- Lagged MSE is a proxy for formation strength

Input Parameters

Bit hydraulic horsepower
per square inch
Bit run distance
Bit size
Eit total flow area

Differential pressure

Hole depth

Hook load

Lagged differential

‘ pressure

Lagged MSE

Lagged mud flow rate

Lagged TDRPM

Lagged rotary torgue

Mud density

Mud flow rate

Mud plastic viscosity

Mud yield point

Rotary RPM (TDRPM)

Rotary torque

Standpipe pressure

Weight on bit

Webinars

Current working

model is a
Multi-Variate

Regression Model
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Semi-Automated ML Model Trainer

Asset
Selector

«  Filter assets by
Company/Basin/
Rig/Target
Formation

*  Map visualization
of asset location

Asset
Downloader

Parallel downloading of
training data

Automatic and
standardized cleaning
process

Automatic combination
of training data into one
dataset

Reduction of download
time from 20 to 1 day.

Model
Trainer

Exploratory data
analysis

Ability to train
multiple models to
evaluate the best
performer

Ability to
edit/add/remove
features

Webinars

Model
Evaluator

Evaluation on new
(blind) data

Export results of all
wells into tabular
form for easy
comparison

Once approved,
model is pushed to
BETA for further
testing
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Asset Selector s

1.5.2.2. Basin filter 1.5.2.3. Formation filter
basins - filtered_assets['basin’].unique() formations — Filtered_sssets[ target_formation'].unique()
basins - basins[basins - None] formations - formations[formations |- None]
basins.sort() formations.sert()
basins_SM - ipywidgets.Selectiultiple( formation SM - ipywidgets.Selecthultiple(
options-basins, options—formatians,
valus=(}, value=[],
iy rows-19,
description='Basins:’, description='Formations: ',
disabled-False disabled=False
)
basins_sM formation_sM

Basins: | Marietta Basin Formations: | DEAN

Alberta Dean Sand

Anadarko 1O MILL

Appalachia Jo Mill

Ardmore LOWER SPRABERRY MFS

LOWER SPRABERRY SHALE
Bakken

Cold Lake Lower Spraberry
Lower Spraberry Sand

Delaware L S
ower Spraberry Shale
Delaware-Permian P v
MIDDLE SPRABERRY
Eagle Ford

11

11
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Asset Downloader

overall assetid wits configurations predictions hydraulics
Fotce [ Folse Fatse Fase  False
Fotce [ o Fatse Fase  False

1.6. EC2 Invocation

16.1. Setup Template

i snztances - len(sszet i42) /) 2
i Snstances

i

posteory" "giefgithub.

ai/autosoted nl_pipeline.git

Sposstory* "~-branch feature/d poent gitgithub.con:corv

} Inatomsted al_pipelie.gi
il "ar.ssset d

0GGIIG LEVEL" D"
1 psser_Toms7a1l",
erakeroperation.ges secure_enviroment varlables(),

ollocing environment variablas Toaded from Sagenaker tags: [P WUE", 'APLLKEY', 153 buckatnare’, "APLAOOT_URL']

16.2. EC2 Runner

Instntiate the ec2 unr ansetup based on thefemplte do0ve

Webinars

Instances (4) info
a

Runner(tenplate)
core aazes_dounlonder comlonder,sc2_rumer £c2inmer 3t GETFELARLF D

Name -
163. Start EC2 instances Directional Tes... i
Check rere Lok FLES P

SAMDL-2K7L1
SAMDL-2K7L1

Instance ID

02665451151024272

0te14728bdlefodaa

84472373cc262

Instance state

© stopped

© Running

@ unning

@
QQ
aQ
QQ

Instance type
S medium
Sacmall
B.2slarge

€3 24large.

Status check

@ Initializing
@ Initial

Alarm status

Noalarms.
Noalarms.
Noalarms.

No alarms.

+
+
+
+

Availability Zone
us-east1a
us-easeat
us-eastaf

us-east1f

1 @

Public 1Pva DNS. v PubliciPva.. v

21820715925 1co... 18207159251 -
c23-239-10-248.com 323910248 =
23833548 comput... 3833548 =

12
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Model Trainer Example

model
(DecisionTreeRegressor(max_features='auta’, ra...
(DecisionTreeRegressor(random_state=630921809)...
HistGradientBoostingRegressor()
(StandardScaler(), MLPRegressoriearly_stopping...
(StandardScaler(), MLPRegressar(early_stopping...
([DecisionTreeRegressor(criterion="friedman_ms...
(StandardScaler(), LinearSVR()

Ridge()

LinearRegression()

(StandardScaler(), LinearRegression(])
BayesianRidge()

ARDRegression()

ElasticNet()

RANSACRegressor()

train_time
24140379
2.459478
0.656610
50.434030
27.811508
7.924549
0.125731
0.013557
0.010579
0.017687
0.014784
0.016585
0.048342

0.229651

2
0.98796
0.98263
0.87770
0.85330
0.83591
0.79532
0.67238
0.67500
0.67500
0.67500
0.67500
0.67070
0.65831

0.51986

mape
2429
2,525
1322
12.281
13.263
15.355
19,743
19.854
19.856
19.856
19.861
19.899
20213

23.228

Webinars

13
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Model Evaluator

53436232

Average

Median

0
Mpﬂ“
AT

-,

Actual-vs-
Predicted

1.5 [INFO] [INFO] [INFO]
MAPE Sigma ROP Trend Median Median
[-15, Error  Similarity Under- Over-
15] Bounds [0.6, 1.0] prediction prediction Slope
[-20, 20] [-5. inf] [-inf, 5] [0.5, 1.5]

'o-s
Webinars

[INFO] [INFO] e

Actual-vs-  Actual-vs- Distributi
Predicted  Predicted ISR Overall

Similarity

Intercept [0.8, 1.0]
[-200, 200] [0.5. 1] e

14
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Webinars

Deployer o
display(HBox([from_dd, to_dd]))
display(load_btn)
display(HBox( [from_tree, to_tree]))

display(from_path_txt)
display(to_path_txt)

display(deploy_btn)
display(output)
From: | alpha v To: | qa
& Load a
Error displaying widget: model not found staging
roduction mszon i s
From Prefix: £ Amazons3
To Prefix: 0‘; . corva-ml we
Sz e | pemims | s | s | e
e trss
obiecst®
le] [ cone o | N
s a 1
st @ -~
=
S s
R
0 Foder
Wép "g o
International Folder
A
5,
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Copy 53 URI

Model Execution

linear-regression-old-updated-metadata/

Objects Properties

Obsjects (2)

Objects are the fundamental entities stored in Amazon S3. You can use Amazon S3 inventory [ to get a st of al objects in your bucket. For others to access your abjects, you'll need to explicitly grant them permissions. Leam more [

F - o x|

metadata(8) json - Notepad

Q
File  Edit  View &
Name o Type Last modified o, '
nse”,
B metadatajson fson August 2, 2021, 1637:50 (UTC-05:00) "def calculate mse(row):\n  \"\"\"\n  Calculate mse and add a new colu
O modelpkt Pkl August 2, 2021, 16:337:50 (UTC-05:00)
“hsi”, t
“def calculate_hsi(row):\n  \"\"\"\n  This method calculates HSI for g
"bit_run_distance”,
"def calculate_bit_run_distance(row):\n \"\"\n  :param row: pd.Seri
1
1,
“lagged_features”: [
rotary_torque”,
mse”,
4iFF_press”
mud_Flow_in",
rotary_rpn”
1,
“transfornations”: (1,
“target feature”: "roo”
1n1,Colt 100 Unix 1) s

"'SPE
International
)

16
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+ Wolfcamp A

+ Same Gamma Ray
« Same BHA

* Same Bit Size

Review — Field Test Results Published in =
SPE/lADC 2021-204043 Webinars

L
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Review — ROP Optimizer Presented in —

‘Where:
wi
N;
ROP
MSE
RT

S
ELEA
\hillelnaﬁnnal
",

SPE/IADC 2022-208751

ROP MSE

multivariate objective = wgpp (1 - —) + Wysp —— + Wrr —
Nuse

Nrop

User specified weight for each component
Normalization factor for each component
Rate Of Penetration

Mechanical Specific Energy

Rotational Tendency

Filters:

Vibration

Torsional Severity Ratio
Parameter Limits

)
Webinars

Heatmap of multivariate objective function for a range of Diff(psi) and RPM values
o B
Yook Limits [ Vibration Fiter ] SuickShp Fomr B
1609
s

RT

1400

&
B

01
ItI
50 90

18

18

18



7/14/2023

Review — Automated Calibration Factor —_—
Presented in SPE/IADC 2023-212568 i

Actual, Predicted & Corrected Predicted ROP vs Hole Depth

0 = predicted current_rop
== corrected_predicted_current_fop
actual_current_rop
400
AR . g
y 20 i ‘}\ A Aﬂ.i i
£ w!‘\ v v.,\A H'!"ﬂ' n
3 . ' [Cagh T v
200 %ﬂn
-
100

xX00 XxX000 XX000 XX000 XX000
hole depth it

The corrected ROP prediction after applying calibration matches the actual ROP values

19
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Field Test Results - Accelerate RIG Uptake =

Webinars

te:Inslips T H 6.26in Production Lateral

Inputs

=
[

|

Observed improved rig compliance. The actual ROP response was very close to the predicted values

20
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Webinars

Augments

Driller’s Capability:
Reduces driller’s fatigue by
automatically picking the
optimal drilling parameters

Real-time ROP
prediction using ML

Identify the optimal set for
drilling parameters

Reduce cost per foot of drilling

Reduce hazards by leveraging RT comparison with
RT data (e.g. vibration) offset wells data

21
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What’s next? ol

Closed loop automation
Strategic partnership with a major rig contractor

Directly control the AutoDriller setpoints using cloud -> cloud -> HMI
connection

Closed loop field testing with major Oil & Gas operators

22

22
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SPE Webinars are Sponsored by:

SPE

SPE Foundation
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