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Distribution of Reservoir Types in Iran
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Global Distribution of Carbonate Reservoirs by Region
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everaging Artificial Intelligence to Reveal and Optimize the

Governing Parameters of the Qil Drilling Industry

Abstract:

Drilling operations one of the strategic
the
development of oil and gas reservoirs

phases in exploration and
have always faced challenges such as
high costs, operational complexity, and
safety risks. Recent advances in
artificial intelligence now enable the
use of machine learning algorithms
and multi-objective optimization to
enhance efficiency, reduce costs, and
safety across the
This

examines how data-driven models can

improve entire

drilling  workflow. article

forecast and optimize key indicators,
the drill bit
(ROP),

energy

including rate of

penetration specific
(MSE),

vibrations.

mechanical and

hazardous  drillstring
Supervised learning models trained on
historical and real-time surface data
(e.g., WOB, RPM, SPP, flow rate) can
predict ROP and MSE with high
fidelity,

anomaly-detection methods flag stick

while  classification or

slip, bit bounce, and whirling before

they escalate. Hybrid approaches

combining tree-based ensembles,

gradient boosting, and neural

Networks have been shown to increase
ROP by more than 30% on average,
stabilize operating parameters, and
sharpen fault detection. Optimization
layers using techniques such as genetic
algorithms  or  particle  swarm
optimization then convert predictions
into actionable setpoints that balance
speed, safety, and bit life.

Crucially, these models are deployable
in the field. Edge computing and
streaming analytics allow continuous
recalibration as lithology changes,
while feature-importance and SHAP
analyses improve interpretability for
drilling engineers. Physics-informed
networks and digital-twin formulations
further constrain predictions with rock
mechanics and hydraulics, reducing
overfitting and improving
generalization to new wells. Finally,
robust data governance quality control,
sensor validation, and uncertainty

quantification ensures reliable

Taken
do more

recommendations. together,
than

analyze complex drilling data: they

intelligent models

support real-time decision-making,
accelerate learning across fields, and

offer a practical pathway to
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safer, faster, and more economical
drilling.

Introduction and Discussion:
The adoption of artificial intelligence
(Al) in the oil industry especially in
drilling has become a necessity, and its
applications can be categorized across
a wide range of challenges and
workflows. In this scientific piece, we
focus on several high-impact, practical
that

investigated

have been actively

by
highlighting how AI methods can be

topics
researchers,

applied, validated, and deployed to
deliver measurable improvements in
drilling performance and operational
decision-making.

1)  Rate of Penetration (ROP)

ROP
developed by Alavi and co-workers

prediction  models  were
based on 14 operational parameters:
True Vertical Depth (TVD), Weight On
Bit (WOB), Torque On Bit, Equivalent
Circulating Density (ECD), drilling
Rotations Per Minute (RPM), Flow
Rate, StandPipe Pressure (SPP), bit
size, total RPM, D-exponent, Gamma-
Ray Log (GR), Density Log, Neutron
Log, Caliper Log, and the discrete
distribution of lithology/petrology.

Model training and validation were

performed using data compiled from

three development wells. Using

random subsampling, 85% of the data
was allocated to model training and
learning, and 15% to accuracy testing.
The results indicated that RF, GBM,
and XGBoost provided low-error ROP
predictions versus depth. Models built
with cross-validation and integrated
data from all three wells achieved
higher predictive accuracy than models
based on single-well datasets.

Drilling System

Input and Output
Recorded Data Bank

Al Models development for
predictive behaviour

Digital twin: Replica of
the actual behaviour

Figl. ROP Prediction Structure by creating the Digital
twin using ML and field data (Boukredera, Youcefi et
al. 2023)

Introduction and Discussion:
Karnot and colleagues presented a
machine-learning approach to optimize
the drill bit rate of penetration (ROP)
in S-shaped wells. Using historical
drilling data from wells in southern
Iraq, their method identifies the most
effective drilling operating variables.
They employed two machine-learning
models—Extra Trees Regressor and
XGBoost—to predict ROP from 17
input features, such as torque and
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Model
using

standpipe pressure (SPP).

accuracy  was  assessed
correlation coefficients, and, given its
superior performance, Extra Trees
Regressor was selected.

To optimally tune key parameters
(WOB),

revolutions per minute (RPM), surface

including weight on bit
pump pressure (SPP), and flow rate,
the study applied Particle Swarm
Optimization (PSO), a  Genetic
Algorithm (GA), and the Fireworks
Algorithm (FWA).

Of the dataset drawn from six wells,
75% was allocated for training the
machine-learning models and 25% for

testing. The average optimization gains
were reported as 30.66% for GA,
22.33% for PSO, and 14.5% for FWA .
2) Mechanical
(MSE)

Specific ~ Energy

Specific mechanical energy (MSE) is
widely wused to quantify drilling
efficiency and to maximize the drill bit
rate of penetration (ROP) in oil and gas
wells. Given the current lack of

effective  downhole  models to
accurately describe rotary drilling with
a positive displacement motor (PDM),
Chen and colleagues proposed a new
MSE model tailored to rotary PDM

drilling.

They also introduced an early-stage
method
parameters based on MSE for hard
PDM

for optimizing  drilling

formations  under  rotary
operation.

Field data indicate that when drilling
proceeds efficiently and without
operational problems, the minimum
MSE estimated by the new model is
approximately equal to the formation’s
confined compressive strength along
the wellbore, satisfying operational
requirements.

It was further observed that in rotary
PDM drilling, ROP 1is sensitive to
increases in weight on bit (WOB);
excessive WOB not only fails to
improve ROP but often reduces it.
Their proposed approach can estimate
the optimal WOB for each motor speed
so that, when using a PDM over a
ROP is

maximized and unnecessary drilling is

given formation interval,
avoided.

Yang and colleagues first analyzed data
from offset wells around the main well,
then
algorithms during the actual drilling
Their
parameter optimization method is a

applied machine-learning

process. proposed  drilling-

data-driven model that can operate

using surface parameters alone.

Parameters such as weight on bit
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(WOB), rotary speed (RPM), drilling
fluid flow rate, formation type, and true
vertical depth (TVD) can accurately
predict various targets including the rate
of penetration (ROP), torque on bit, and
energy (MSE)
along the entire wellbore. The model’s

specific mechanical
accuracy improves as additional data

from neighboring wells are
incorporated.

The results showed an approximately
20% increase in ROP, about a 25%
reduction in torque on bit, and roughly a
55% MSE. The

optimizations performed for the target

decrease in

wells demonstrate the reliability and

practical applicability of the workflow,

which can be readily extended to other
areas.

3)  Drill String Vibrations

Vibrations and shock are unavoidable
dynamic phenomena in drilling. They
arise under conditions such as the use of
aggressive bits in formations with poor
drillability; long drillstrings used

in offshore wells; vortex-induced
vibrations caused by the slender
geometry of offshore platforms;
wellbore instability when drilling

through shale- and coal-bearing
formations; and increased trajectory
deviation in directional drilling.

Sharma and colleagues provided a
comprehensive, in-depth review of
process-control solutions and
vibration-mitigation methods used to
eliminate, or
Their
that

degrees of

identify, understand,
reduce drilling vibrations.

findings  clearly  showed
increasing a model’s
freedom improves its accuracy; at
present, models with 10 degrees of
freedom are considered adequate.

The study further indicated a shift in
industry practice from passive control
active control,

solutions toward

wherein  drilling parameters are
continuously updated so the operation
remains in an optimal and efficient
state.The most common controller for
drillstring stick-slip is based on the
first
introduced in the 1980s. However, the
identified 40

controllers, most of which have only

drillstring vibration concept
review roughly

been tested in laboratory settings and
have not been deployed in the field
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due to various operational constraints.

The authors concluded that no single
method or technique is sufficient to
control torsional vibrations in the
drillstring. Consequently, to design a
robust control  strategy  against
torsional oscillations, an integrated
that

higher-fidelity numerical

approach is  required one

combines

models (with more degrees of

freedom), machine learning, and

empirical analyses.

Considering the points discussed from
the previous literature on this topic,
the following table provides a concise
and comprehensive summary that can
be very useful.

Top rotary mechanism « '

Borchole wall

Borehole center line

Drill pipe

Drill collar.

Drill string center line

Fig 2. Vibrations in DrillString (Li, Zhang et al. 2020)
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Table 1. A brief overview of six
major scientific works

Algorithms / .
Key Findings

Auth Work / Topi Data/S
uthors or opic ata / Scope Models

ROP prediction

from 14 85% train / Random Forest

operational 15 oo/ t::tl: (RF), Gradient Low-error ROP vs.

parameters ot lltio well: Boosting (GBM), | depth; multi -well +

across 3 ) XGBoost; cross- CV = single -well
depth-based L =

development validation

wells
Avg

improvements: GA

Extra Trees
ROP Regressor,
XGBoost

Karnot et | optimization in 6 wells; 75% 30.66%, PSO
S-shaped wells | train/ 25% test | (prediction); GA, 22.33%, FWA
PSO,FWA 14.5%; Extra Trees

al.
(Southern Iraq)
chosen

(optimization)
Min MSE =
New MSE . confined
Analytical MSE .
model for rotary Field validation model; earl compressive
drilling with : seary strength; ROP
.. in hard stage parameter ..
Positive . . sensitive to
. formations optimization .
Displacement thod excessive WOB;
Motor (PDM) tetho optimal WOB per
motor speed

=20% tROP,

=25% |torque,
=55% |MSE;

workflow

Data-driven Offset + main
ML models
wells; accuracy
. i (suwrface-
improves wi
P parameter-based)
parameters; more L
. . . . predicting ROP,
applied during neighboring - .
torque, MSE generalizable
well data

optimization
using surface

live drilling
Aggressive bits in

Conditions hard rock; long
leading to offshore strings;
drillstring Conceptual / VIV: shale/coal

vibrations and overview instability:
shock directional
deviation




&

SIP1955 Rominls — (sale 4yyis
U W W

Al delivers clear gains in drilling, but
results hinge on data quality, physics
alignment, and real-time control.
Models trained on diverse, multi-well
data generalize better and reliably
forecast ROP and MSE. The biggest
wins come when predictions drive
optimization turning forecasts into
setpoints for WOB, RPM, SPP, and
flow rate while guarding bit life and
constraints.

Physics-aware targets (e.g., MSE
linked to rock strength) prevent over-
aggressive settings. Vibration control
remains the main limiter; active,
closed-loop strategies help but require
ML.

strong data governance,

integrated  modeling  and
Priorities:
uncertainty  quantification, domain
adaptation, and human-in-the-loop
supervision.

Conclusion:

Artificial

becoming a

intelligence is rapidly

powerful and

transformative  tool in  drilling
engineering , where complexity, cost,
and safety demands are highest. By
learning from historical and real-time
data, machine-learning models can
increase rate of penetration (ROP),
suppress damaging vibrations, and
accelerate fault detection, thereby

cutting non-productive time and

overall spend.
These gains are especially critical in
Iran, where drilling operations face
acute economic and operational
pressures and exploratory wells are
particularly expensive; in this context,
optimization carries clear strategic
value.

Recent advances now make intelligent,
data-driven decision-making practical
at the rig, enabling faster, safer, and
more economical drilling. In short,
Iran’s drilling landscape is challenged
by high
constraints, the price of exploratory
the

provides

costs and operational

magnifies need for

Al
capabilities for analyzing complex

wells
optimization, new
data streams, and machine-learning
models translate those capabilities into
tangible performance improvements
ROP,
vibration, and rapid fault detection.

through  higher reduced

.\ Amir Mohammad jahani,

M.Sc. Student in Drilling Engineering

L/
\ Paria Pourkarimi,
Bachelor of Law Graduate
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tudy and investigation of the fuzzy behavior and stability of
surfactants in the presence of water with varying
salinity under reservoir conditions

Surfactant

Surfactant

Surfactant

Microemulsion

Microemulsion

Low salinity
Lower-phase microemulsion
Type lI{-) microemulsion

Winsor Type | microemulsion

¥Type microemulsion
Water-external microemulsion

Intermediate salinity

Middle-phase microemulsion
Type 1l microemulsion

Winsor Type Ill microemulsion

B-Type microemulsion
Bicontinuous microemulsion

Microemulsion

High salinity
Upper-phase microemulsion
Type ll(+) microemulsion

Winsor Type Il microemulsion

a-type microemulsion
Oil-external microemulsion

Three types of microemulsions and effect of salinity on the phase behavior.

Abstract:

Increasing oil recovery from mature

reservoirs, particularly in complex
such as  carbonate
of the
challenges in the oil industry. Chemical
Enhanced Oil (EOR)

methods using surfactants play a key

formations

reservoirs, 1S one main

Recovery

role in addressing this challenge due to
their ability to significantly reduce
interfacial tension (IFT) and alter the
wettability of reservoir rock. However,
the stability  of
surfactants are strongly influenced by

efficiency and

reservoir conditions, especially water
salinity. This research provides a
systematic investigation of the effect of
salinity on the phase behavior and
by
integrating experimental and analytical

stability of surfactants and,

data, offers solutions for optimizing
their formulation. The findings indicate
that salinity can cause phase inversion
in emulsions and challenge the stability
of common surfactants under harsh
(high and

conditions temperature

00 Q¢
e o
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salinity).
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Introduction:

Surfactants, with their amphiphilic
structure (consisting of a hydrophilic
head tail),
accumulate at the oil-water interface

and a hydrophobic
and create a key mechanism for
Enhanced Oil Recovery (EOR). Their
primary functions are to drastically
reduce interfacial tension to ultra-low
values, change the wettability of the
water-wet

stable
microemulsions to mobilize trapped

reservoir rock towards

conditions, and form
oil. These factors, working together,
significantly increase oil recovery.
Surfactants are classified into four
main categories: anionic, cationic,
nonionic, and amphoteric, each used
for specific reservoir conditions based
on their respective advantages and
limitations. Water salinity plays a
decisive role in system stability by
influencing the phase behavior of
surfactants. According to the Winsor
system, increasing salinity can shift
the phase behavior from an oil-in-
water microemulsion (Winsor 1) at low
salinity, to a middle phase with
minimal interfacial tension (Winsor
[IT) at an optimal salinity, and finally
to a water-in-oil microemulsion

(Winsor II) at high salinities. This

&
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phase inversion is accompanied by an
increase in viscosity and a pressure
drop. On the other hand, high salinity,
by affecting surfactant solubility, can
cause the precipitation of anionic
surfactants (especially in the presence
of calcium and magnesium ions).
While
greater salinity tolerance, they are

nonionic surfactants have
vulnerable to thermal degradation at
high temperatures. To cope with harsh
reservoir conditions such as high
salinity and temperature, specialized
surfactants have been developed.
Fluorinated surfactants, due to their
strong carbon-fluorine bonds, possess
exceptional thermal and chemical
stability and can significantly reduce
interfacial tension even at very high
salinities. However, environmental
concerns regarding the persistence of
earlier generations (such as PFOA and
PFOS) have driven research towards
types  with
biodegradable chains. Alongside this
group, like

betaines exhibit suitable stability over

developing shorter,

amphoteric surfactants

a wide range of salinities and

temperatures, and combining them
with  fluorinated surfactants can
achieve ultra-low interfacial tensions.
nonionic

Furthermore, natural

surfactants such as Alkyl
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Polyglucosides (APGs) and
cocoamides are presented as options
with better

compatibility and can be used in

environmental

combined formulations to improve
performance and stability.

The most significant challenge in
their
adsorption onto the reservoir rock,

surfactant  application  1is
which can waste up to 90% of the
injected chemicals and jeopardize the
project's economic viability. Other
major challenges include reduced
thermal stability at temperatures above
80°C and the high cost of specialized
surfactants. These factors collectively
severely 1impact process -efficiency.
Numerous innovative solutions have
been developed to overcome these
obstacles. To reduce adsorption,
sacrificial agents like polyacrylate,
tuning the salinity of the injected
water, using nanoparticles as carriers,
surfactants

and developing smart

responsive to stimuli such as

temperature and pH are employed.
Furthermore, replacement with high-
temperature-stable surfactants (such as
fluorinated types and betaines) and
optimizing formulations using
surfactant mixtures or developing cost-
effective biosurfactants are practical
strategies to ensure project stability

and economic feasibility.

Brief Literature Review:

In an innovative study by Viscrammi
and colleagues (2020), the impact of
using low-salinity solutions containing
surfactants on enhancing oil recovery
from carbonate reservoirs  was
investigated. The results demonstrated
that this

simultaneously

combined method, by
activating multiple
mechanisms, has very high efficiency.
The optimized surfactant formulations
not only drastically reduced interfacial
tension but also effectively altered the
rock wettability from oil-wet to water-
wet. These changes were accompanied
increase in the

by a significant

capillary number (by more than
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four orders of magnitude) and the
achievement of a very high recovery
rate of 61% to 67% for different oil
samples. Investigations revealed that
of this method

crude oil

the performance
depends on
compositions(such as resins and
asphaltenes), and the formulation must
be optimized accordingly. Quantitative
measurements (such as the wettability
alteration index) confirmed that the
presence of surfactants, compared to
low-salinity water alone, plays a
decisive role in altering wettability.
Ultimately, this research proved that
the low-salinity surfactant solution
injection method, as a cost-effective
high
potential for mobilizing trapped oil in

and efficient solution, has

complex carbonate reservoirs by
combining key mechanisms [2].

Ge J and Wang Y aimed to find an
effective  surfactant system for
recovering residual oil after water
flooding in one of China's largest

carbonate reservoirs, named "Tahe".

The main challenge was the reservoir's

extremely harsh conditions, including
high ultra-high
salinity (220,000 ppm), as well as its

temperature  and

complex fractured-vuggy geological
which
conventional surfactants (such as

structure, caused many

their

the
researchers sought a formulation that

anionic  types) to lose

effectiveness. Therefore,
could not only withstand these
but

trapped in this complex structure. The

conditions also mobilize oil
findings of this study challenged some
common assumptions in Enhanced Oil
Recovery. Experimental results
showed that while reducing Interfacial
(IFT) is

achieving high recovery,

Tension necessary for
low IFT
alone does not guarantee success.
Similarly, it was found that altering
rock wettability to water-wet is not an
absolute and exclusive factor; for
instance, a cationic surfactant (OTAC)
had low recovery despite excellent
wettability alteration, whereas the
optimal system (COM) achieved high
recovery without significantly altering
wettability. These results indicated that
complex mechanisms beyond these
two traditional parameters play a role
in oil recovery. By combining two
surfactants (AEC-6 and NPC-7), the
researchers achieved an optimal
system that recovered 50% of the
residual oil. The success of this system
attributed not the

performance  of individual

was only to

the
surfactants but also to their synergistic
effect and the potential activation of
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multiple mechanisms. This research
that
carbonate reservoirs, the focus should

proved for  harsh-condition
be on designing intelligent, combined
formulations of resistant surfactants
(such as betaines and ionic-nonionic
types), and desired results cannot be

achieved by considering only a single

mechanism.

Hussain et al. reviews recent advances
in the synthesis and oil industry
applications for a specific family of
called

surfactants. These surfactants, known

chemicals fluorinated
as "fluorosurfactants," possess a unique
hydrophobic tail where hydrogen atoms
are replaced by fluorine atoms. This
structure confers exceptional
properties, including very low surface
and interfacial tension, exceptionally
high thermal and chemical stability,
and a simultaneous hydrophobic and
Due to these

oleophobic nature.

superior characteristics, fluorinated
surfactants are considered an ideal
choice for applications in harsh oil

reservoir conditions

(e.g., high extreme

salinity, and varying pH). The study

temperature,

emphasizes their high potential in
various sectors of the oil industry,
including Enhanced Oil Recovery,
particularly in complex fractured-
vuggy Their

ability to form stable foam under such

carbonate reservoirs.

conditions enables more efficient oil
The
examines

displacement. study

comprehensively various

synthesis methods for producing

different types of fluorosurfactants

(cationic, anionic, nonionic, and
zwitterionic). However, alongside all
the advantages, the study points to a
major challenge: environmental
concerns. The carbon-fluorine bond is
very stable,

biodegradability of these compounds in

leading to the non-
nature and their transformation into
persistent organic pollutants that can
accumulate in ecosystems.

although

fluorosurfactants are highly attractive

Consequently,

materials for the oil industry due to
their
properties and superior performance
harsh their
persistence is a major obstacle to

unique physicochemical

under conditions,

expanding their application. Therefore,
the future of this field depends on
developing smarter synthetic methods
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to produce a new generation of
fluorosurfactants that maintain high

efficiency  while  being  more

environmentally ~ compatible  and

biodegradable.

Raffa et al. investigates an innovative
solution in Enhanced Oil Recovery:
surfactants. The unique
is the

integration of two key functions into a

polymeric
feature of these materials

single molecule. On one hand, like
polymers, they increase the viscosity
of the
viscous

injected fluid, preventing

fingering and improving
displacement stability. On the other
hand,

interfacial tension, aiding the release

like surfactants, they reduce
of o1l from tiny rock pores. This dual
functionality eliminates the need for
complex multi-component
formulations. Various structures of
including
Modified
(HMPAM)

engineered polysaccharides, have been

these materials,
Hydrophobically

Polyacrylamides and

investigated. Their mechanism of
action is based on the formation of
temporary hydrophobic bonds that are
shear-dependent, thereby optimizing
the fluid's rheological properties. In
addition to affecting viscosity, these
materials can also influence critical
surface parameters such as interfacial
tension and rock wettability. Despite
theoretical advantages, this technology
faces significant practical challenges.
One of the main obstacles is the
ultra-low
than 0.1

mN/m), which is readily provided by

difficulty 1in achieving

interfacial tension (less

conventional surfactants. Furthermore,

complex and costly synthesis

processes, expensive raw materials,
and difficulties in industrial-scale
production, especially for advanced
structures like block copolymers, are
barriers to the widespread adoption of
this
conventional

technology.  Compared to

systems,  polymeric

surfactants may  perform  less

effectively in reducing interfacial
tension, but other advantages such as
formulation simplicity, higher stability,
the

interactions

of adverse
different
this

and elimination
between
for

components compensate

weakness. These benefits are
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particularly pronounced in reservoirs
with harsh conditions (high salinity
and temperature). However, realizing
the full potential of these materials
requires the development of more

cost-effective synthesis methods and
further field studies.

Conclusion:

Water salinity plays a vital role in the
formation and stability of surfactant-
Studies show
that at low salinities,
(O/W) emulsions
stability decreases with

stabilized emulsions.
oil-in-water
form, but their
increasing
salinity. In contrast, at high salinities,
water-in-oil  (W/O) emulsions form
and exhibit better stability. This
behavioral change stems from the
effect of salinity on the molecular
arrangement of surfactants at the oil-
which
interfacial tension and changes droplet

water  interface, reduces

size. The stability of surfactants under
harsh (high
temperature and salinity) depends on

reservoir  conditions
their molecular structure. For example,
anionic-nonionic surfactant mixtures
show significant thermal stability at
high salinity and temperature. Also,
fluorinated surfactants maintain their
stability even at very high salinity due
to their strong chemical bonds. From

an operational perspective, optimizing
the salinity of the injected water and
using demineralized surfactants can
significantly increase oil recovery.
Adding
recognized as an effective strategy to

nanoparticles is  also

enhance surfactant stability under
harsh conditions. Although significant
progress has been made in this field,
challenges such as  surfactant
adsorption on carbonate rocks and
long-term stability at very high
salinities remain. To overcome these
the of
polymeric, zwitterionic, and natural
with
the

Achieving optimal results necessitates

challenges, development

surfactants,  along green
1S on

technologies, agenda.

conducting field studies and molecular
better
understand nano-scale interactions.

dynamics  simulations to

L/
\Narges Jozeslami,
M.Sc. Student in Reservoir Engineering

\Sadraddin Sobhani,
M.Sc. Graduate in Reservoir Engineering
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