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A predictive modeling workflow for E&P engineers
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Data Science

Data science made accessible

Today’s oil and gas industry is different.

With constant oil and gas market disruptions, exploration and production (E&P)
companies must do more with less. In this market, engineers face the continuous
challenge of maintaining and increasing well production and developing new ways of
optimizing production strategies.

In this guide, we will show you how to use a data-driven workflow that uses advanced
data science and Machine Learning (ML) techniques to identify key well performance
drivers and develop a production strategy that best fits your production system.

Quickly build reliable models.
Spend more time making
decisions and less time
manipulating data.

Data Science

Answer previously
unanswerable questions.
Cutting-edge algorithms
provide clear insights to
complex problems.

Reduce bias and uncertainty.
A data-driven approach minimizes
decision-making risk.




Data Science

Data science In
Analytics Explorer has built-in connections with the following IHS Markit

An a lyt| C S EX p l.O I‘e I’ solutions, services and databases:

e Energy Studio: Impact

Good data is the foundation « Kingdom™ Geoscience Software
O]C gOOd d ata sC | ence + Harmony Enterprise™ Reservoir & Production Software
« Enterprise Data Management (EDM)

Analytics Explorer’'s ML algorithms were built from the unparalleled S&P Global
Commodity Insights data library by a network of data scientists and domain
experts. In one such case, our well property estimations and log imputation
algorithms were calibrated using 10 million wells and 350 thousand digital logs
from multiple basins.

« EDIN
« SQL/Postgre SQL databases

The algorithms have been rigorously tested and fine-tuned to address known
E&P challenges so we can bring our clients out-of-the-box workflows for
reliable modeling:

« Ideal well spacing
« Optimal completions strategy

« Sand production and liquid loading issues

All tailored to your asset.



https://ihsmarkit.com/products/impact.html
https://ihsmarkit.com/products/kingdom-seismic-geological-interpretation-software.html
https://www.spglobal.com/commodityinsights/en/ci/products/harmony-enterprise.html
https://ihsmarkit.com/products/edm.html
https://ihsmarkit.com/products/oil-gas-tools-edin.html

Elements of a

Predictive Model

Building a predictive model that you can use

What is impacting production?

Analytics Explorer’s feature importance ranking function helps you evaluate all of your well data at once-location, target
formation, well path, proppant volume, spacing and how these attributes impacted the prediction model.

The feature importance ranking utility will list the attributes from most impactful on the prediction model to the least important.

In other words, we can identify which input features are having the most impact on production by simply reviewing the order of

this list. In this image example, the well's longitude and latitude location is the most important attribute to production performance,
while number of frac stages and well path tortuosity are less important.
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The ranking utility results in Analytics Explorer with production model attributes listed from most impactful (top) to least impactful (bottom).



Elements of a

Predictive Model

Controllable and non-controllable factors

Geology vs. Engineering

In geologically heterogenous basins, like unconventionals, differentiating between physical and geologic controls on production
can be difficult. Analytics Explorer categorizes each attribute as non-controllable (geological constraint) or controllable
(engineering constraint).

Controllables Non-Controllables

(engineering) (geology)

+ Lateral length « Well location

. TVD (latitude and longitude)

« Fluid and proppant * Acreage quality
volume « Formation thickness

» Well spacing « Structural Depth

» Gas to oil ratio (GOR)

L& ae

Understanding the difference between what you can and cannot control in your asset, and how each impacts production, is critical
for optimizing completions and production strategies.
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Elements of a

Predictive Model

Controllable and non-controllable factors

Analytics Explorer enables you to develop and test engineering programs that will work for your asset. If geological factors, like
acreage quality and formation thickness, are impacting production, analyze the completions programs of wells in similar acreage
and adjust yours accordingly. Similarly, this data will help you build the optimal completions and production program for different
well spacing and lateral length scenarios.

Contr of Controllables vs. Contr of Location
500
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Caontr of Controllables
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Contr of Location

The impact of controllable attributes (completions and engineering) and non-controllable attributes (well location). Bar chart on the left shows the contribution of individual parameters to a certain well's production. Individual
The yellow box indicates wells that benefit positively from their location on production but have been negatively parameters include well location, TVD, fluid per foot, proppant volume, distance to nearest neighbor, etc. Bar chart
impacted by controllable variables. on the right, shows the impact of controllable attributes (blue) compared to the impact of well location (red).
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Elements of a

Predictive Model

Optimize the predictive model
Attribute Analysis

The number of attributes Analytics
Explorer can analyze is limitless; however,
not all of these factors belong in predictive
models. Unnecessary data can slow down
model run time and decrease clarity about : e NN~ L e
which factors truly influence production. o i

@ Max
@ 1StdDevLow
@ 1StdDevHigh

5 columns

Incorporate your proprietary knowledge
with the error analysis function to decide
which attributes to include in your
predictive model. Longitude Latitude B Fluid  Proppant  Footage-  Spaog . Footage RaitoOAt WellPath Operator Spacing  Reseor FracStages  Well  WellPath Proppant Treatment ChokeSize

Volume ~ Volume Lateralle Neighbor VD Peak  Tortuosity Neighbor Azimuth  ToeDelta  perFt  Company -IP24Test
1 2 3 4 5 6 7 8 9 10 n 12 3 % 15 1 7 18

Index » Attribute

The attribute analysis function performs
a series of iterations with the three most
important attributes, then repeats the
process with the top four most important
attributes, continuing until all attributes
have been used.

Longitude BH

) (®)

( Attribute ~

Erroris recorded at each step. The model
determines the point where error flattens Chote S 1

out-all attributes beyond this point simply : : - - —_—
clutter the model.

Analytics Explorer dashboard showing analyses of multiple data sources to be used in a predictive model. Results show the order of importance of variables and which ones should
be used to create the predictive model.

; < >



Elements of a

Predictive Model

Evaluating and validating the model

Validate your model before using it by comparing the predicted results to ground-truth data. If the model deviates from the truth,
you can refine it with your proprietary data and adjust the input attributes.

Validate model results

Crossplot showing on the x-axis actual 12-month production data
and on the y-axis, predicted machine learning model results. This

Well analysis — model is highl i iati i
. Lig . y accurate, with some deviation among the highest
IEGIEL EEURE AEUEIEELS AEeisise Individual Feature Contribution. FCA Results performing wells. The bar chart shows the contribution of the

input variables to production for a selected well.
Color by:

(Column Names)

ABOE (lat/lon)
@ ABOE (tvd)
@ ABOE (GOR)
ABOE (lateral length)
ABOE (prop/ft)
@ ABOE (fluid/prop)
@ ABOE (well spacing)
@ ABOE (spud date)
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Using predictive models

Once you have created a robust predictive model in Analytics Explorer, you can:

Determine what is
driving your asset’s
production

Isolate the impact
of geological

and engineering
constraints

Integrate dynamic and
static models

« Understand the

impact of well spacing

Develop the best
completions strategy

« Model different

completions
scenarios
before drilling

Determine the
optimal proppant and
fluid volume

« Understand

the relationships
between parent, child
and sibling wells

Optimize your
production system

Predict sand
production and liquid
loading issues

Optimize choke
management
strategies

Evaluate different
scenarios to optimize
recovery factor

Quantify Why:

Applications

— TR T




Quantify Why:

Applications

Case study: Offsetting poor acreage quality with engineering in the Haynesville

A Haynesville operator made the most
of their low-quality acreage by drilling
longer wells. The shallow TVD in this
operator’s acreage negatively impacted
production and economic performance
relative to their nearby peers.

However, their long lateral lengths

and associated completions practices
positively impacted production and
breakeven.

Rockcliff’s acreage position, relative to
other Haynesville operators, color-coded
by acreage quality (blue is lower-quality
acreage).

Haynesville case
study area and
data location.

Originally published in Hidden Figures: Big data analytics shed light on Haynesville private operator performance, from the Upstream Companies & Transactions report
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Quantify Why:

Applications

Case study: Offsetting poor acreage quality with engineering in the Haynesville

Use Analytics Explorer to figure
out what’s driving your asset’s
performance. If it is something
you can control, like lateral length
or completions design, make
adjustments and optimize

your wells.
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Haynesville Analytics Explorer data set summary—

average well performance and designs

Analytics Explorer

GEP HAYNESVILLE LLC

ROCKCLIFF ENERGY OPE

Series by:
(Column Names)

||| Contributions from Lat/Long (MMscf)
Contributions from TVD (MMscf)

III Contributions from Lateral Length (MMscf)

llI Contributions from Proppant per Foot (MMscf)

predicted Proppant

Original Well three-year prod Lateral loading
operator count (MMcf) TVD(R) length (ft) (lb/ft)
All 5,123 4,871 12,003 5,570 2,090
Aethon 185 7570 12,001 6,736 4,346

I

GEP 14 8,025 12,363 6,461 3,281
AETHON ENERGY OPLLC Rockeliff 13 8,290 10,961 9,026 3,556

Source: Data taken from S&P Global Commodity Insights Upstream E&P Content

Contributions from Fluid/Prop Ratio (MMscf)

Contributions from Well Spacing (MMscf)

Rockeliff’s three-year cumulative gas production and lateral length,
with a comparison to other operators in the area.

Originally published in Hidden Figures: Big data analytics shed light on Haynesville private operator performance, from the Upstream Companies & Transactions report
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Fluid
loading  Initial well
(gallft)  spacing (ft)

2,87 2,277
4,127 1,820
3,061 2,69
3,853 3,028

© 2021 IHS Markit



Case study: Understanding breakevens in the Haynesville

An operator drilling for gas in the
Haynesville made the most of their low-
guality acreage by drilling longer wells.

This data was benchmarked against
other operators to provide context
for breakevens and well performance
contributors.

Well location and TVD negatively
impacted breakeven, while lateral length,
proppant volume, fluid volume and well
spacing positively affected breakeven.
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Quantify Why:

Applications

ROCKCLIFF
ENERGY
OPE

Originally published in Hidden Figures: Big data analytics shed light on Haynesville private operator performance, from the Upstream Companies & Transactions report

M

Color by:
(Column Names)

@ Contribution from Location ($/mcf)

® Contribution from TVD ($/mcf)

® Contribution from Laterial Length ($/mcf)
@ Contribution from Proppant Volume ($/mcf)
@ Contribution from Fluid Volume ($/mcf)

@ Contribution from Spacing ($/mcf)



How will you use Analytics Explorer?

Optimize your completions and development strategy

Exploration and Production Companies:

Streamline modeling for Improve production Optimize well Develop effective
multi-disciplinary teams forecasting spacing choke management
and recovery strategies

Oilfield Service Providers:

® ©

Identify refrac and Automate tedious Help your clients optimize
workover candidates data analytics for big their completions and
data projects production programs

12

Applications

il

Reduce risk
and uncertainty




Contact Us

Commodity Insights

CONTACT US

For more information about Analytics Explorer visit us at

Want to read the full Haynesville case study? Contact sales to subscribe to our Upstream Companies & Transactions
Research where you can access the full case study report.

CUSTOMER CARE

Americas Asia Pacific Europe, Middle East & Africa Japan
T+1800 447 2273 +604 2913600 T 444134 432 8300 +813 6262 1887

S&P Global Commodity Insights

At S&P Global Commodity Insights, our complete view of global energy and commodities markets enables our customers to make decisions with conviction and create long-
therm, sustainable value.

We're a trusted connector that brings together thought leaders, market participants, government, and regulators to co-create solutions that lead to progress. Vital navigating
Energy Transition. S&P Global Commodity Insights' coverage includes oil and gas, power, chemicals, metals, agriculture and shipping.

S&P Global Commodity Insights is a division of S&P Global (NYSE: SPGI). S&P Global is the world's foremost provider of credit ratings, benchmarks, analytics and workflow
solutions in the global capital, commodity and automotive markets. With ever one of our offerings, we help many of the world's leading organizations navigate the economic
landscape so they can plan for tomorrow, today. For more information, visit

Copyright © 2023 S&P Global. All Rights Reserved


https://www.spglobal.com/commodityinsights/en
https://www.spglobal.com/commodityinsights/en
https://www.spglobal.com/commodityinsights/en
https://www.spglobal.com/commodityinsights/en/ci/products/analytics-explorer.html
mailto:CustomerCare%40ihsmarkit.com?subject=

LEGAL NOTICES

Restrictions on Use: You may use the analyses, prices, indexes, assessments and other related information (collectively, “Data”) in this presentation only for your personal use. You may not publish,
photocopy, reproduce, distribute, retransmit, resell, create any derivative work from, put into a computer system and/or otherwise provide access to Data or any portion thereof to any person (either
within or outside your company including, but not limited to, via or as part of any internal electronic system or Internet site), firm or entity.

Disclaimer: S&P GLOBAL COMMODITY INSIGHTS (“SPGCI”), AND ITS AFFILIATES AND ALL OF THEIR THIRD-PARTY LICENSORS DISCLAIM ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO, ANY WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR USE AS TO THE DATA, OR THE RESULTS TO BE OBTAINED BY ITS USE
ORAS TO THE PERFORMANCE THEREOF. A REFERENCE TO A PARTICULAR INVESTMENT, SECURITY, RATING OR ANY OBSERVATION CONCERNING A SECURITY OR INVESTMENT PROVIDED IN THE
COMMODITY INSIGHTS DATA IS NOT A RECOMMENDATION TO BUY, SELL OR HOLD SUCH INVESTMENT OR SECURITY OR MAKE ANY OTHER INVESTMENT DECISIONS AND DOES NOT ADDRESS
THE SUITABILITY OF ANY INVESTMENT OR SECURITY. NO USER OF THE DATA SHOULD RELY ON ANY INDEX, BENCHMARK, PRICE ASSESSMENT, OBSERVATION, OPINION OR OTHER INFORMATION
CONTAINED IN THE DATAIN MAKING ANY INVESTMENT OR OTHER DECISION. SPGCI DOES NOT SPONSOR, ENDORSE, SELL OR PROMOTE ANY SECURITIES, OR OTHER FINANCIAL OR INVESTMENT
PRODUCTS OR SERVICES. THE DATA IS NOT A SUBSTITUTE FOR THE SKILL, JUDGMENT AND EXPERIENCE OF SUBSCRIBER, ITS MANAGEMENT, EMPLOYEES, ADVISORS AND/OR CLIENTS IN
MAKING INVESTMENT AND OTHER BUSINESS DECISIONS.

Limitation of Liability: In no event whatsoever shall SPGCI, its affiliates or their third-party licensors be liable for any indirect, special, incidental, punitive or consequential damages,
including but not limited to loss of profits, trading losses, or lost time or goodwill, even if they have been advised of the possibility of such damages, whether in contract, tort, strict
liability or otherwise. The Data is provided on an “as is” basis and your use of the Data is at your own risk.

S&P Global
Commodity Insights

Copyright 2023 by S&P Global Inc. The names “S&P Global Commodity Insights” and “Commodity Insights” and the Commodity Insights logo are trademarks of S&P Global Inc.
Any commercial use of the S&P Global Commodity Insights logo must be granted in writing by S&P Global Commodity Insights.



