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ABSTRACT

Building stratigraphic columns is a crucial step in both the exploration of valuable
minerals and the study and restoration of the historical evolution of geological processes.
Furthermore, pinpointing the limits of lithological layers is crucial for reducing the possibility
of drilling-related issues and mishaps and for boosting drilling productivity. The primary
focus of this study is the use of machine learning algorithms to stratigraphy identification,
lithology classification, and direct construction of stratigraphic columns using real-time
drilling data. The proposed model has high accuracy and the application of this method is
clearly superior and very effective. Precisely estimating the depth of lithological strata will
aid in organizing and choosing the best drilling parameters, reducing the amount of time
and money needed to drill wells and reducing potential problems. Thus, it can be said that
this is a research avenue that is also worthwhile to fund and implement in Vietnamese oil
and gas wells.

Keywords: Drilling, Stratigraphic column, Real-time data, Ca Tam oil field, Machine
learning.

1. Introduction

Building stratigraphic columns is a crucial step in both the exploration of valuable minerals
and the study and restoration of the historical evolution of geological processes. Furthermore,
pinpointing the limits of lithological layers is crucial for reducing the possibility of drilling-related
issues and mishaps and for boosting drilling productivity. In Vietnam, the construction of
stratigraphic columns for wells is often carried out using traditional methods, which is based on
core sample analysis or interpretation of well geophysical data. In 2009, Nguyen Xuan Nha
introduced a program to build automatic stratigraphic columns for drill holes from well
geophysical data in the area between Tien River and Hau River. Based on the experimental
relationship between lithology types with clay content and gamma radiation intensity, the author
has provided an expected stratigraphic column for the well, resulting in an accurate distinction
between sand and clay layers. , however, there is no clear distinction between fine sand and
silty sand or clay and silty clay [1]. The research team of the Vietham Petroleum Institute,
including Tran Thi Thanh Thuy, Nguyen Tien Thinh and others, have published articles in
Petroleum Journal presenting the results of classifying lithological groups and determining
petrographic characteristics of Pliocence reservoir in the central of the Song Hong basin [2] and
Carbonate rocks of Devonian age in North Oshkhotunskoye filed, Russian [3]. These studies
have all divided the reservoir rock layer into different lithological types by analyzing core
samples, FMI and interpretation of well geophysical data. In a 2020 publication, Vu Hong Duong
and Kieu Duy Thong used the C-Mean (FCM) fuzzy cluster analysis algorithm and artificial
Neural network to classify soil and rock layers by depth based on geophysical measurements
data of well set 1143, ocean drilling program (ODP) in the East Sea. The research results have
divided in detail according to well depth three common types of lithology in the study area: sand,
clay and clayey sand with much higher accuracy than the traditional interpretation method [4]. It
can be seen that the common point of the above studies is that the used database is only core
sample data and well geophysics, these types of data all are collected after the drilling stage has
taken place, leading to time-consuming and cost consumption, especially for core sample
collection and analysis. However, domestic authors have not had any research suggesting the
use of real-time drilling data to directly identify lithological layers right during the drilling process,
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helping to select appropriate methods and technological parameters minimize the risk of
complications and incidents, increase efficiency, and maximize time and cost savings.

In the past decade, there have been many publications around the world related to this
issue; the authors focus mainly on applying artificial intelligence and machine learning algorithms
to classify lithology, identify stratigraphy and build stratigraphic columns directly from drilling data
in real time with very high accuracy [5-10]. Thereby, it can be affirmed that this is also a research
direction worth investing in and applying to oil and gas wells in Vietham. The primary focus of
this study is the use of machine learning algorithms to stratigraphy identification, lithology
classification, and direct construction of stratigraphic columns using real-time drilling data from
two wells in the Ca Tam oil field, Vietnam.

The main objectives of this study are:

Analyze geological-drilling data; integrate drilling data and core sample records.
Apply machine learning algorithms to construct stratigraphic column from real-time drilling

data for Ca Tam oil field, Vietnam.
3. This article is completed as a result of the project funded by the Hanoi University of Mining

and Geology, code T24-11.
2. Database

N

The database of this study includes real time drilling data of two wells in Ca Tam oil field
and core sample documents of the two wells, geological documents of the oil field. (figure 1)

Table 1. Summary of database

Well X Y
Drilling parameters Rate of Penetration (ROP) , | Rate of Penetration (ROP) ,
rotary speed (RPM), the |rotary speed (RPM), the
weight on bit (WOB), | weight on bit (WOB),
standpipe pressure (SPP), | standpipe pressure (SPP),
flow rate (FR), torque (TQ) flow rate (FR), torque (TQ)

Number of core sample 1137 1373
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Figure 1. Histogram of drilling parameters data in 2 wells X and Y
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Based on sample data including 2510 points from 02 well, the rock layers here are
classified into 03 main lithological types: Claystone accounts for the majority (59%), Sandstone
(24%) and Shale thin layer accounts for a relatively small proportion (17%) (figure 2).
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Figure 2. Stratigraphic column and drilling parameters of 2 wells X and Y

3.  Apply machine learning algorithms to construct stratigraphic column from
real-time drilling data

In this study, the authors used the K means algorithm to predict and classify lithology into
3 groups: Claystone, Sandstone and Shale from real time drilling data of 2 wells. k-means
clustering is a method of vector quantization, originally from signal processing, that aims to
partition n observations into k clusters in which each observation belongs to the cluster with the
nearest mean (cluster centers or cluster centroid), serving as a prototype of the cluster.

This algorithm divides the elements of the input data into cluster based on the similarity of
the elements' properties. The algorithm works as follows: given a database with N data objects
and the number of modules to be created, choose at random K objects to be the center of the
first K set. Next, find the sample that is closest to the central sample's classification by calculating
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the center distance of each set's remaining samples. If there are two adjacent clusters, adjust
the new set center of the new class using the average method. The center remains unchanged,
signifying the completion of the sample setting and the convergence of the e-function that sets
the error criterion. The algorithm has to verify that each sample's classification is accurate before
it can be repeated and it needs to be readjusted if it is incorrect.
The cluster center will be adjusted based on the items that are currently present in the cluster
each time a sample is assigned, this process will be repeated until a termination condition is
satisfied that every sample be accurately categorized.

Figure 3 shows the results of prediction and lithology grouping from drilling data of 2 wells
in database of this study when using the K-means algorithm. The overall accuracy of the
prediction results is 78% and the prediction accuracy for each lithology group is Claystone (88%)
respectively; Sandstone (64%) and Shale (67%). It can be seen that the prediction model is
capable of accurately detecting and identifying Claystone layers when only classifying wrongly
7% of this group with Sandstone and 5% with Shale. In the two lithology groups Sandstone and
Shale, the prediction accuracy stops at 64% and 67%, respectively. This can be explained by
the following reasons:

- In the sample set of 2510 points, the proportion of Claystone samples is superior to the
other 2 lithology groups, so the probability for the model to predict Claystone results will
be higher.

- The more similar hardness and cohesion are, the higher probability that the prediction
model will confuse them. Meanwhile, Sandstone has a hardness of 6-7, Shale has a
hardness of 2-3 and Claystone has a hardness in the middle, in the range of 3.5 -4,
therefore the forecast model will tend to mistakenly predict the two lithological groups
Sandstone and Shale as Claystone.
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Figure 3. Results of the lithological prediction model
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CONCLUSION

Through this article, the authors have proposed a new approach to solve the task of

identifying soil and rock layers directly from drilling data in real time to save a lot of time and
costs for wells. The authors have built a petrology prediction model using the K-means algorithm
with training data that is drilling parameters of 02 wells in Ca Tam field area. The results show
that the model achieves relatively high accuracy (78%) when compared with the actual
lithological column of 02 wells X and Y. Thereby, it can be affirmed that this is also a research
direction worth investing in and applying to oil and gas wells in Vietnam.

Author's suggestion:

To improve the accuracy and reliability of the method, in addition to using the input data
as the drilling parameters; geological information should be added or other high resolution
well logging curves.

Machine learning have very high applicability and its inclusion to solve the oil and gas field
tasks is very potential, there needs to be more research that go deeper into this topic.
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