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Automation in E&P Data Management

E&P Use Cases on
Automation, Analytics, Al and RPA
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Agenda -

»Applied Automation - Seismic Data
v Seismic Sections Images to SegY

»Applied Automation - Well Log
v"Well Logs Digitization
v"Well Logs Splicing and Merging
v"Well Logs Correlation

»Applied Automation - Drilling

v Drilling Operations Monitoring
v Auto Identification of Drilling Process o
v"Measuring Drilling Efficiencies for NPT 8o*

o eo
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Seismic Sections Images to SegY

Get the Seismic Sections Images (.tiff/.jpg)- > Typical TAT for each image file will be ~1 hr/image
Repository API/ FTP Loads

; » Automated Scripts with QC (Auto+Manual) to
take 0.5 hr for each image conversion

Image Registration and Loading in our

Scripts Process
» Analytical Reports as well as SegY
l enhancements, to take additional 0.5 hr for
Header Extraction and Data Cleansing (e.qg. each generated SeqY file
Timeline removal), followed by -

» Solution can be consumed as a Service running
on AWS/Azure/GCP

enhancements

v
Generate SegY and Analyze the File

¥
Quality Control/QC (Auto + Manual)

|

SegY — EBCDIC header standardization
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Well Log Digitization - Images to LAS

Get the Well Log Images (.tiff/.jpg)—
Repository API/ FTP Loads

3 " Eievtion (G 46710 — — -
Image Registration and Loading in our E i Fggw o wlt g
Scripts s ] P b
Header Extraction and Curves Mapping — Z 1y
followed by enhancements C) ﬁ
| NS
Generate LAS and Analyze the File j/
l I
Quality Control/QC (Auto + Manual)
l LAS
@]
LAS — Plot the Curves 8o?
o eo
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Well Logs Splicing and Merging

Logs Processing, Splicing & ‘ Logs Visualization
Merging

Load
multiple
LAS files
from the
same Well
Header —

Load the
Merged
LAS File
into a
Program to
visualize

Convert the
Merged
Logs into
JSON
ITEXT +
LAS format

Convert
LAS Logs Perform
into Splicing
Structured followed by
Data Merging
Frames

Generate
the Merged
File and
Verify for
Data Loss

Select Zone Extend
Formation of Analysis - Views to
Tops and top and Tableau/
Depth depth SAP Lumira

Bulk Load

6/26/2021 Confidential. All rights reserved. 5




_ _ greenojo,
Applied Automation Pttt 5
Merged LAS Views
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Automated Well Log Correlation

Specify location of
project file and -Process well data h
model parameters grap

Build COHHECtIVIty Well log Windowed extractions Well log Windowed extractions

2000

4000

Load model

v

Load well header
and well log data

Compute well pairs
based on proximity

Y

Standardize and
scale well log values

Y

For each well, pad
well log and extract
window of data

Compute feature
vectors

Y

Identify key points
from DoG

J

Identify matching
points from distance
matrices

J

Add matching
points to graph
weighted by cost

vepth

Jred j]am yoea 1o4
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Real-Time Drilling Operations Monitoring
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Auto ldentification of Drilling Process

Is the bit either moving Ye3 15 the bit moving
up or down? ~| down?

y

No

No

Is the BHA otating? | T235.5[ 15 the BHA pumping?

No

15 the BHA pumping ?

No

Is the BHA in slips?

Is the bt
rotating?

A
Iz oll of the data
present for all input __Yes.| Doesthe doto “of Stationary

curves? make cense? S - SR G e
J{No

Is there data for onty
some of the Yes .l avcen |
channels?

o No 80 ,
Dmch @
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Measuring Drilling Efficiencies (T-D Plots)
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Depeh (0

m— At

= Planned

= Planned PLlus 10
= Planned Minus 10
= Earliest

= Earliest Plus 10
—— Earliest Minus 10

= | atest

— | staet Minus 10

T-D plots - NPT WORK OUTS
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» Prediction of section wise
Drilling parameters such
as ROP, Weight on bit,
mud weight etc.,

» Plotting TD plots without
Tripping and casing
information help plan ROP

To produce drilling parameters
road map to be drilled,
comparison with real time and
providing alerts and information
on necessary actions

10
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Agenda -

»Applied Analytics - Seismic Data
v Salt Prediction, Seismic Inversion

»Applied Analytics - Well Log

v Lithology Prediction
v Rules Based Monitoring of Fracture Index

»Applied Analytics - Drilling & Production

v Well Integrity
v Production Analysis, Decline Curve Analysis (DCA)

go*
® ‘eo
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Salt Prediction, Seismic Inversion

Seismic - Salt - Salt Predicted ' Salt Predicted binary

> Salt Prediction - One of the challenges of seismic imaging | | “ '
Is to identify the part of subsurface which is salt. Salt density is
usually 2.14 g/cc which is lower than most surrounding rocks.
The seismic velocity of salt is 4.5 km/sec, which is usually
faster than its surrounding rocks. This difference creates a
sharp reflection at the salt-sediment interface. The unusually
high seismic velocity of salt can create problems with seismic
imaging. T I  ———

Colored inversion
Seismic data Trace-by-Trace

» Seismic Inversion - Transforming seismic reflection data
into a quantitative rock-property description of a reservoir,
Seismic data may be inspected and interpreted on its own
without inversion, but this does not provide the most detailed
view of the subsurface and can be misleading under certain
conditions. Because of its efficiency and quality, most oil and
gas companies now use seismic inversion to increase the
resolution and reliability of the data and to improve estimation
of rock properties.
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Lithology Prediction
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Rule Based Monitoring for Fracture Index (FI)

Set of Rules used in the different cases for the FIS
CASE 1

IF SFL and AT10/AT90 is high THEN Fl is high

IF DRHO PEF is high THEN FI is high

CASE 2

IF DT , DRHO and CAL is high THEN Fl is high

IF GR ,SP is high and SFL is high THEN FI is high
IF DRHO is high and CAL is medium THEN FI is high
CASE 3

IF DT SFL is high THEN Fl is high

IF PEF and DRHO is high THEN Fl is high

IF AT10/AT90 and ILD/ILM is high THEN Fl is high
CASE 4

IF GR and PEF is high THEN Fl is high

IF PORDIF and DRHO is high THEN Fl is high

CASE 5

IF CAL, GR and SP is high THEN Fl is high

IF DT and GR is high THEN FI is high

IF DT SP is high THEN Fl is high

CASE 6

IF CAL ,GR is high and SP is high THEN Fl is high
IF DT ,SFL is high and PEF is high THEN FI is high
IF DT i and SP is high THEN Fl is high

IF SFL ,GR ,SP is high THEN Fl is high

IF SFL and AT10/AT90 is high THEN Fl is high
CASE 7

IF CAL ,GR and SP is high THEN Fl is high

IF DT GR is high THEN Fl is high

IF NPOR-DPHI and DRHO is high THEN Fl is high
IF SFL ,AT10/AT90 and ILD/ILM is high THEN Fl is high

6/26/2021
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Example - Wellbore Stability

Drilling fluid (MUD) properties— |
Type (Qil, water, polymer, weight, | e i
oo oy
Open hole details- Hole dia, from case histories
condition, BHA design, BHO and | Al engine :
WHP details, (ANN)
historical test data
Leak of testdata / FIT

|

|

|

i
1

1
*

Formation data : Insitu pressures, Hydrostatic pressure, ( Compared with actual field
Fracture pressure, formation pressure, porosity, results for level of agreement,
_ o permeability , failure mechanisms— corrosionreactions, imparting increased reliability and
Experts to evaluate the instability risk thermal degradations, mechanical Collisions confidencein the applicability of
on the designedwellboreata  -==""""" > the tool.)
particular
depth/ formation
@]
go®
Wellbore issues - Lost circulation, downhole kicks, wellbore leakages , stuck-pipe situations. .' Y )
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Real-time Analysis for Well Integrity

| Timestamp H Source H Description || Action |
Mud Flow In and Mud Flow Out for WellBorel
Total Gas Volume exceeded the threshold valug of 10 at View Detalls |
¥ au oy Vi 2012-12-11 12:34:17.0. This caused Pump Pressure to
. B t1udFlowOut Il MudFlovin L0 BN AL il 2 exceed the threshold value of 15 at 2012-12-11 Setlaiell I
100 12:26:07.0
Total Gas Volume exceeded the threshold value of 10 at : ;
TR TR WellBore2 2012-12-11 12:26:17.0. This caused Pump Pressure to View Detalls
it exceed the threshold value of 15 at 2012-12-11 Sl I
50 12:26:27.0
Y Total Gas Volume exceeded the threshold value of 10 at : ;
L SR AT WellFores 2012-12-11 12:26:17.0. This caused Pump Pressure to View Detalls
i exceed the threshold value of 15 at 2012-12-11 ] |
12:26:27.0
&0 H ‘ Total Gas Yolume exceeded the threshold value of 10 at y . |
2012-12-11 12:26:37.0. This raused Pumn Pressure to View Details |
Performance of WellBore2
Il Purmp Stroke Rate Bl Moving Average [l Standard Deviation [l Average
40 100
20
0
12:30:22 12:20:24 12:30:26 12:30:28 12:30:30 12:30:32

go?

L
12:30:36 12:30:38 12:30:40 12:30:42 12:30:44 12:30:46 12:30:48 . ...
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Production Analysis

We" Production 3 m] Mean Abs Error: 0.388034, Std: 0,219201
8000 T T T
—  0il s—e Prediction
s—e Future
7000 — Gas | 2| |
—  Water =—e Past
& 6000
(W]
£ 1l il
—= 5000
2 S
-n —
| = - ]
(=] =
‘= e
(W] o
3 af |
o
it
o
Decline Curve Parameters: qi=1132.88, b=1.0000, nominal decline rate=29.1, r2=0.925 o—e 42461385250000 1
= Estimated Decline
40 50
=
a
g
25
E
i
85
k]
g 10t T ———
<]
M".—E
80 o
101 s
0 500 1000 1500 9 =
Time [Days] . ¢ . .
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DCA (Decline Curve Analysis)
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f? Decline Curve Analysis | Greenojo

Well APl Number: |54}um9?53mm v ||

<< Previous Well ”

Mext Well > =

Uncertianty Guide Plots (%) |'I].?_ [~ Plot Guide Lines

Skip Data Until Day: |0

| Step 1) Load Data and Reset Values |

Time Interval (Days): |0 1967.0
Limit for gi: 0.0 |50000.0
Limit for di: 0.0 .0
Limit for b: |0.001 2.0

Method: |trf e | [ Fit on Cumnulative

Loss Function:||inear V||_ Auto Fit

| Step 2) Fit Hyperbolic |
Initial Rate (gi): |'.-"9.'|59|]1
Initial Decline Rate (di): |'D.'DEIBSE | w |

Previous Parameters:

Curvature (b): |'D.9|]‘:'l'.-"'.-" ‘ Load Previous Parameters|

Root Mean Squared Error: £.95991
[P90:5265.0 | IP180:3545.0 | IP365:12838.0 | EUR:33562.0

| Step 3) Manual Modification |

| Step 4) Save |

| Ei |

Rate (Bbl)

5001097530100 | qi:79.15901 | di:0.00852 | b:0.90977 | 2019/10/29 12:39:32

— O =

Type of Plot: v

80 1

70 1

h
]
I

LN
o
1

S

&

20

- 20000

- 17500

- 15000

- 12500

- 10000

- 7500

600
Time (Days)
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DCA (Decline Curve Analysis)
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f? Decline Curve Analysis | Greenojo

Well AP1 Mumber: |54}|]1'I]9?53ﬂ1'|}|]

<<« Previous Well ”

Mext Well = > = Type of Plot: |Rate vs. Cum

Uncertianty Guide Plots (%) |'I]I.E [ Plot Guide Lines

Skip Data Until Day: |0

| Step 1) Load Data and Reset Values |

Time Interval (Days): | 967.0
Limit for qi: 0.0 50000.0
Limit for di: 0.0 1.0
Limit for b: |0.001 2.0

Method: |trf ~| ™ Fit on Cumulative

Loss Function: |Iinear w | [~ Aute Fit
i Step 2) Fit Hyperbolic 1

Initial Rate (gi): 79.15901

Previous Parameters:

104 A

=

=
—
i

Rate (Bbl)

Initial Decline Rate (di): 0.00852 |

> |

Curvature (b): |'I]I.9D9'.-"'.-" | Load Previous Parameters|

Root Mean Squared Error: £.95991

IP90:5265.0 | IP180:3545.0 | IP365:12838.0 | EUR:33562.0

107

| Step 3) Manual Modification |

| Step 4) Save

| Exit

T T T T
7500 10000 12500 15000

Cumulative Rate (Bbl)

T
5000

T
17500

T
20000
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Agenda -

»Applied Al - Well Logs
v Facies Classification

»Applied Al - Drilling
v~ Stuck Pipe, Drill Bit Selection

»Applied Al - Production

v Production Optimization (Flow Rate Forecasting)
v Gas Lift Optimization (Artificial Lift Selection)
v"Reservoir Production & Recovery Factor Analysis

go*
® ‘eo
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Facies Classification from Well Logs
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Hole Condition Avoidance of Stuck pipe

Real Time drilling data Al engine -~ | Hole Condition

Input Parameters Qutput Parameter

Wellbore Size & geometry % Cutting Concentration
Drilling RPMs
Annular velocity Offset well data
Wellbore eccentricity End user inputs
Temperature (in %) i

Bottom Hole Pressure well bore
Cutting Size

ROP (average & Max.)

Mud density & viscosity and

Knowledge and Wisdom

Pit volumes o
Pump rate o
80.
",

O

6/26/2021 Confidential. All rights reserved. 22




greenojo,

Applied Al NI N
Drill Bit Selection

Drill Bit identification
and reliability details

Real Time drilling data Al engine
" (ANN)

Input Data Output Data
Bit type, operating guidelines and its
performance

Geological Information

Carbonate, shale, sandstone sections
Petro-physical parameters

Grain size

Formation name, Thickness, age,
depth

Drilling Data

ROP, mud weight and type and other
details,

Bit information - Bit history and 4
Specifications 80 .

Offset well data
End user inputs for trained ANN
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Production Optimization
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Operation
Alerts

Al engine

Surveillance
&
Monitoring
Alerts

6/26/2021

Simulation &
Optimization
Alerts

Advisory
&
Alert
Applications

Confidential. All rights reserved.

Predict future measurements
from historical measurements
and operational plans

Predict and monitor
out of range condition
& alerts

Predict future
measurements and related
set points to achieve pre-
defined objectives

Post-analytical predicted and

actual performance o
comparison; alerts for remedial 80?
control changes o

24
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Flow Rate Forecasting

[

f Predsirn (e
j'\‘ ‘ 3':“ =
— oA \
] — Flownate . | \ \ ' ’\ »I‘ \ ﬁ
3 \ )( : "\‘ \ \ s

\ ‘ ! \
. . - Ml | | “l 4
| b
\ \ t' | '\ \" ) \ .
00 ; ‘l‘\'l‘})' | ‘/4, { ’ .\\l“‘ : ‘lT.A
] || ([eni\ il \ J -
o0 /-’ .................................................................. q(.';.‘".%“, .................. HL........
\J /Lf \ l' B ! | \|,'|.
400 \ | ‘[lw
. ! | H\
. X
|
3 g LU g 8 L I - [+ £~ ™ - .
go?®
Time Series Forecasting of Flow Rate in Gas Wells in order to prevent liquid loading o’ ‘e
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Applied Al
Gas Lift Optimization

10 -
| o=
o
©
-
=]
© 05 -
o
(o)
DD [} ] [J ] ] ] [ 1
1 7 Time 13 19 25
[ True Production Potential B Periodic Manual Optimization [ ] No Optimization Activity
Real time data Real time data ) .
To and from wells To and from SCADA Optimal Set Points
From model
> ®
- _
. Real time data 80 L ]

To model
—_ »
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Artificial Lift Selection

r

Design Aspect of the AL Design Aspect of the AL
Production Rate (bpd) v 25 12 55 Viel Depth f) " 25 12 55
. . - AL Design Aspects AL Methods Evaluation Criteria
AL Design Aspects AL Methods Evaluation Criteria Value of the Design Aspect to evaluate
Value of the Design Aspect to evaluate
=7500] - ]
+10.000 N Plot by Design Aspect
i )
Plot by Design Aspect »T500"
<1000 <7500' pee *+
— P "
1000-10,000 PCP Sucker Rod Pump . ;
>10.000 Sucker Rod Pump—————————————=# This is 2 selector of Artificial Lift methods by Gas Liftt——————&
’ ; various operational Design Aspects. It is not the
INIS 153 SE1eCTOr OTAFTITICIAL LITt METNoas 0y Gas Lift ' L . . . ESP ]
. i . ) intention of being a rigorous selection tool since
various operational Design Aspects. It is not the . L - - —
. . . . . : ESP . the criteria values are limited in number. These s 1
intention of being a rigorous selection tool since st e e a5 _—
the criteria values are limited in number. These . forinstance, the ** design criteria™ Casing g ESP-CP ] P~
criteria values could grow over time though. See relevance size withonly twovalues of 7" and 9.625" and ] et " . o
for instance, the ** design criteria™ Casing g ESP-CP e i o sedaly larger, or the Relative Intervention s ® g
Size with only two values of 7" and 9,625" and 1 et . oo Frequency with onlyone value of less than ‘Chamber Lift .
i i w Design Aspects Criteria
larger, or the. Relative Intervention N — T Sorew (TDTSP) .
Frequency with only onevalue of less than Chamber LIft- . | i | | — ‘ | - | ‘ - ‘ — ‘ ‘ — ‘ p— |
1.5 per well/yr. n Screw (ESTSF) h i
S — R P — !
The selection tool may grow overtime with design_aspect num_criteria design_aspect Value
feedback from the community of petroleum Tin Screw (ESTSF) B B B Metal PP (HITemp) *
engineers that desire to bring this application toa HGP——————— Adaptable 1 Well Number “25 1 a:k 3
ranking
new level of completeness, O L Casing Size 2 Well Number =25
Chem Injection 2 Well Number 100 -500
Completion 2 Well Number =500
Corrosion Handling 1 Production Rate (bpd) <1000
Dogleg Severity 3 Production Rate (bpd) 1000 -10,000
Environmental 2 Production Rate (bpd) > 10,000
Flow assurance 4 Well Depth (ft) = 7500 .
Flowing Pressure (psi) 2 Well Depth (ft) <7500 -

Fluid viscosity (cp) 3 Operating Temp (degF) =500 80 8
Showing 1 to 20 of 57 entries ™
S ® ‘0

Showing 1 to 20 of 25 entries

Previous 2 Next Previous
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Reservoir Production Analysis
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Recovery Factor Analysis
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Agenda - Applied RPA

»Applied RPA — E&P Data Management
v Automate Data Gathering
v Automate Lease Payment and Reporting
v Safety/HSE Incidents Auto Reporting,
v Plant’s Non-Compliance Auto Reporting

go?
o ‘e0
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Applied RPA s i $
Safety/HSE Incidents Auto Reporting by RPA bots

_— . Classifications g |icket Templatey B8 People (HSE) «  Person Groups
Automated notifications — the bots . -
can alert managers and oy do |
employees to a variety of issues Review Incidents = Inc?dsefnts
Notify employees of upcoming |
training courses Service Address a5
Send remmglers for refresh_er erico Lol | s A
courses. This may be required - | - R
after an incident, or compliance
changes, to ensure employees e -
I Risk Assessm
are fully aware of safety W ! | of NS femem:
procedures ‘, . Benefitsand
Alert managers to any accidents | . . IR
or incidents to allow an lostions #56). |  Amalistl -
investigation or disciplinary action o An Incident it 3 class of Ticket.the applcation would be used for events with 3 HSE impact. Some Incident records will ster be marked 35 besng 3 Defect
. . . o An Intident can be an injury/iliness, a safety. enviconmental or security incident. 2 near miss, 2 spilage. a salety observation or a falure in a safety process
|dent|fy new hlgh-level |"|SkS on o A Ticket Tomplate can be applied to the Incdent. It can have & classification, owner or owner group, a Service Group and & set of activities which are copled to
. . the Inckient The applied classfication croates 3 Specification. a sat of attributes specific to the class of incident
the r|Sk reglster o Seif-service applications are prowded for any user to Create Incident or Review incidents that they previously created .
» The incident can be related to one or more Locations, Assets or Configuration items (C1). A regulatory clause may be associated with the inodent.
* One or more peogie who were witnesses to the incident or impacted by it can be recorded. Follow-up actions can be associated with cach person and an 80.
apphcable Operating Procedure referenced ]
o The Hazard or Risk Assossment associated with the Incldent and its Impact can be recorded The impact record s created in the Benelits and Losses application (] ‘e
o ASolution can B used to indicate how the inodent was resolved. In addition 3 fallure report can be rocorded o it s known prior to the lnvestigation . ..
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Applied RPA
Plant's Non-Compliance Auto Reporting by RPA bots

» RPA bots will measure, predict

e and benchmark datasets from
I:,. Py | yem—p real time data feeds from the
R e i LNG plant/each associated train

il H H > From past A&E datasets and
I g Corvertdatato § .y Creos actone gy Aot Proscie: benchmarks laid out by OEM

Q format for ML baned or 0 fal
R € e b vendors, RPA bots can generate
l | | alerts for any abnormality based
o r——— o fr—— - gre—— ST qe——— on predicted datasets
Y z:;m Y predcied (o lal @ ::‘x‘ e ;n::;m
— T T = » RPA bots will create variance
[n — an — reporting on actu_als, predicted
) oo o [ and planned against the
= = operational datasets at an asset

level
®
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Applied RPA

E&P Data Management Support

greenojo,

smart n sustainable solutions

Use Case# 1,
Completion sites

- Automate data gathering from multiple Drilling &

RPA bots can provide valuable support for operational reporting and drilling performance by automatically
pulling data from systems, to help in the drilling analysis process.

Bot Activity

Pulls data from multiple E&P
systems and perform  well
lifecycle management tasks.

Features

Well related data, PO data, costs,
AFE, and forecast data can be
automatically pulled from multiple
systems that can be used for
J60-degree analysis. Bots can
help to create a workflow/jobs
queue-based data processing
work for drilling teams.

Benefits

Drilling Engineers can leverage
RPA tasks to identify differences
between processing across rigs.
This creates substantial time
savings and streamlining, that
results in significant financial
improvements over the year.

Use Casei# 2,
apps

- Automate data gathering from multiple E&P

RPA bots can automate data request processing, data capture from legacy systems, data cleanup, data
storage, conducting QA/QC steps to flag potential problems, etc. RPA bots can easily run 24x7 automated
backend scripts for routine tasks like splicing, merging, data transformations.

Bot Activity

Sifts through multiple subsurface
repositories and run data
processing daily jobs.

Features

Bots can automate data request
processing, data capture from
legacy systems, data clean up,
data storage tasks from these
multiple systems.

Benefits

Capacity of the existing data
management teams can expand,
and they can be engaged in the
data analytics tasks.

6/26/2021
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Applied RPA
Land/Lease Records Management

Inputs Process Qutput
* Lease and Title Analysis « Data Sheets
« Acquisitions & Dispositions * Alerts & Electronic notifications

* Lease, Fee and Contract Terms

* Payment recommendations * Acreage, Exhibit and Obligation
* Scanned Documents v. . k - <
S * Expiration Recommendation reports
= Property Description, Acreage & A . .
e : * Regulatory reporting * Checks and invoices
ownership information . 2 A
« Mapping * Integrations with other

MNames & Addresses . .
enterprise systems like

Revenue Accounting
= GIS Integration

— ——

The information needs to be managed can be listed as;
= Obligations & Provisions
* Developed and Non-developed Acreage
= Payments & Receivables
* Ownership by area and depth
* Chain of title

* Related agreements Use Casei# 3, - Automate Lease Payment and Reporting
*» Related wells ' . _— '
- Financial Transaction history Qil & Gas companies spend many human hours on legacy systems reviewing and manually entering the
= Audit History various clauses and dates associated with land leasing necessary to not “lose” a lease.
Bot Activity Features Benefits

Bots can automate the payment | Bots can  automate lease | RPA can automate this process
process for the leases as well as | payments and reporting, lease | and reduce costs while improving
generate reports on different | master data updates, lease | data guality and reducing errors.
leases across geos, metrics | exceptions  monitoring  and @]
around profitability. notifications to stakeholders. 80 g
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80 Applied Analytics for Digital Enterprises
MY

Thank You

Greenojo provides Automation, Analytics and Al solutions to
enterprise customers

Sales Offices
Houston, TX, USA |Burlington, ON, Canada |Dubai, UAE | Lagos, Nigeria

For RFPs, Solutions and Sales/Partner _ _ _
enquiries, connect us at - sales@greenojo.com Delivery Offices - India _
Bhubaneswar, Odisha |Hyderabad, Telangana | Trivandrum, Kerala
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