Proceedings of COBEM 2005 18th International Congress of Mechanical Engineering
Copyright © 2005 by ABCM November 6-11, 2005, Ouro Preto, MG

AN INTELLIGENT SYSTEM FOR AUTOMATED CLASSIFICATION
DRILLING REPORT

Clarice Augusta Carvalho Rabelo
UNICAMP/FEM/DEP

C.P. 6052, Campinas, S&o Paulo, Brasil
clarice@dep.fem.unicamp.br

Ivan Rizzo Guilherme
UNESP/IGCE/DEMAC - Rio Claro
ivan@rc.unesp.br

José Ricardo Pelaquim Mendes
UNICAMP/FEM/DEP

C.P. 6052, Campinas, Séo Paulo, Brasil
jricardo@dep.fem.unicamp.br

Celso Kazuyuki Morooka
UNICAMP/FEM/DEP

C.P. 6052, Campinas, S&o Paulo, Brasil
morooka@dep.fem.unicamp.br

Joao Carlos Ribeiro Placido
PETROBRAS/CENPES/PDP/TEP

Cidade Universitaria, Quadra 7, Rio de JaneirosiBra
jcrp@petrobras.com.br

Abstract. Petroleum wells drilling activity is complex and extremely dependent on technical skills and engineering
competence. During drilling process, a great amount of information is generated, representing an important source of
knowledge. Part of this information is automatically obtained from equipments, while other are reported, generally, in
text format. Such information is analyzed by engineers involved with well design projects, evaluating operation
executions and identifying problems to provide solutions. In this way, the technology evolution in information system
area has provided greater capability to generate and store data in text format, which are an important source of
institutional knowledge of oil companies. This paper presents an application of an intelligent system for automated text
analysisusing a sample of drilling records to demonstrate how the methodol ogy works, which can be used in different
areas of petroleum and mechanical engineering. The methodology used here consisted basically on organizing the
knowledge related to drilling process by elaborating a dictionary of some typical problems. The whole process was
assisted by a drilling expert, also using a software to collect the knowledge from the texts. Finally, a sample of drilling
reports was used to test the system, evaluating its performance on automated text classification.
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1. Introduction

Drilling activity in oil industry is complex and ihvolves great amount of investment. In this warye of the most
important goals pursued by the sector is to guesaitttat drilling operations are carried out in # snd economic
manner. However, that is not an easy task andqitires a specialized knowledge, technical skilld angineering
competence in order to achieve these goals.

According to Plumlet al. (1999), great part of the time and the cost sgeHing is related to the process of getting
into the reservoir. Many problems might occur dgritiilling operations and the imperative aim irstpractice should
be the control of all risks involved with the adtiyv

The complexity and the search for more efficierdgess have driven the sector to a great level efiafization
(Bourgoyneet al., 1986). According to Mendes al. (2003), such development has caused increasingssicption in
drilling operations, requiring greater amount dbimation to better plan and design wells.

In this context, most of petroleum companies haegetbped a method to generate and store greatopart
information obtained during drilling process. Itvsry common to make a record of all operation igtancluding
process performance and problems occurred. Thesedseeprovide to the company a large amount of ttetaican be
analyzed and used in future projects in order tarope drilling activity (Edwardt al., 2001).

Based on this analysis, significant decisions actib@as can be carried out. Particularly in well igagig and
planning, this process of analyzing previous wellidg records can be very useful to support decis. Thus, records
in text format such as drilling operation technicaports are very important to learn from succdssfients and
abnormal occurrences and to use this experienaaé@w similar well construction (Miuet al., 2003).



However, processing this amount of information & simple. Manual classification and consolidatmnthese
reports in the past were very time-consuming, greng a six-month job of an expert to classifg aonsolidate half-
year period reports. But since technology in textcpssing has developed during the past yearsy tedaossible to
handle and analyze huge amount of data using atedrsgstems.

This paper presents a methodology based on autdnete analysis that represents a very useful todiandle
great amount of text information. As an examplé®fapplication, the system was used to analyzngke of drilling
records provided by petroleum companies. A softweas used to create a drilling problem dictionaagdil on the
records available with the assistance of a drilixgert. As result, a report containing all probdeientified during
different drilling operations was generated. Thstesyn performance was also evaluated by making gpaonson
between the automated and the manual analysisgusglyimade.

It is relevant to say that the aim of this papetoisshow how the methodology presented here cansb&ul to
process information not only in drilling operatiohsit also in different areas of petroleum and raeatal engineering.

2. Methodology for Automated Text Processing

The methodology for automated text analysis isrdaaractive process between the expert and the aatiool
based on intelligent text processing. Its apploratillows a specialist (domain users) to improweehxipertise and to
learn more about the domain analyzed (Raatlzh, 1992).

According to Miuraet al. (2003), text analysis is, generally, a very hasktdue to the necessity of having a
complete dictionary with a large number of termailable and the semantic ambiguity of the languaspl. However,
this analysis can be easier in more specializets,t@hen the number of words and the semantic ims#tkir internal
communications are sharply defined in the domaithefspecific community.

The methodology presented in this paper is an itaportool that can be used to process large amotint
information. Differently from usual methodologieg#able in literature, in text processing usedehéexts files are not
only characterized and classified at word levet,diso in phrase level.

The whole process is based on the creation of avledlge structure represented by a phrase dictiorgtms
dictionary is actually a set of word combinationghwspecific meaning for the context consideredthis paper, the
phrase dictionary generated represents a structuredledge of drilling problems and every phrasat tih contains
represents a different abnormality related toidglloperations.

The phrases from the dictionary can be generatéd different number of words combined. All of themust
contain at least one word with stronger meaning ¢ha be complemented by other word(s) in a way tta phrase
correctly corresponds to a knowledge descriptidns process of associating the words is definethbygrammar.

The phrase dictionary is created by using the éewlysis tool. A sample of texts from the domaimalgred is
required to generate a list of words with speaifieaning for the context of study. The word gramimatefined with
the assistance of an expert, generating the watibdary. The phrase dictionary is then createddigcting a set of
words combinations that represent the knowleddhérdomain. Summarizing the applied methodology:

1. (Expert) Selection of a sample of texts from the domain yzre;

2. (Text Analysis Tool) List of words extracted from the texts;

3. (Expert) Selection of words with strong meaning for the eahtconsidered and grammar definition.
This is the final step from the process of creatimgword dictionary;

4. (Text Analysis Tool) Text processing to create a list of word combinsidbased on the grammar
definition;

5. (Expert) Selection of phrases from the list of word combrag with strong meaning for the context,
generating the phrase dictionary. It is also pdssib refine the grammar or manually adjust word
combinations, for example, by adding restrictionm® In this case, if the dictionary is used tolyrea
a text that contains the phrase and the restri¢gion in the same event description, the systemnatl
be able to identify it;

6. (Text Analysis Tool) Using the phrase dictionary, the text analysis t@ol be used to process all new
desired set of texts and to classify them under kimg of abnormality. As result, a map of
abnormalities and operations within the intereghefexpert can be obtained.

To better understand the process described aboseheame from the methodology for automated textyaizais
shown in Fig. 1.
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Figure 1. Methodology for automated text processing

By using this methodology, abnormal occurrences lmarautomatically classified and consolidated basedhe
experience of previous drilling operations. Its laggtion might reduce the job effort from the reggusix-month manual
man job of an expert to one-week interactive mamymater job (Miureet al., 2003).

Another important aspect to be observed in thiggess is the evolution of well engineering knowledged in this
activity. The introduction of new technologies ogwn concepts in the area may require an update edfptirase
dictionary due to its gradual loss of performanegified through the years. However, this updatimanpdoes not
require either large amount of investment nor ssifenal function deviations. It is recommendedpidate the system
after each year (Moroola al., 1993).

3. An Application of Automated Text Processing to @nerate a Dictionary of Drilling Problems

The methodology presented in this paper is appieeds community involving personnel in well constian
activities in petroleum upstream industry and thefier to drilling and completion operations. Asealdy mentioned,
many petroleum companies generate daily operatiepalrts containing descriptions of all occurrendetected for, at
least, at a half-hour time basis. These recordeesept a great source of knowledge since they toalh events,
classified by operations, in a time sequence, @inlpabnormal occurrences detected while drillifige importance of
such knowledge was already discussed in the inttamtuand it is related to the learning process thiaght help the
companies to manage the risks involved in the igtiv

Based on these reports, the methodology presemtidsipaper is used to create a knowledge reptasam (phrase
dictionary) of drilling problems and use this knedtje to build an intelligent system to analyze @adsify a sample
of reports that are in text format.

Previously to the text analysis, some major dgllproblems were studied by making a research initieture
available. This procedure was necessary to betiderstand some drilling abnormalities and how ttery be detected
during operations.

The text processing was completed by running tWemint analysis: a manual and an automated orsandple of
fifteen drilling records was used, each record essed to different operations, including direcagnhorizontal and
vertical wells. Considering all records togethbere were more than four thousands sentencesivitiastdescriptions
to be analyzed.

The manual analysis consisted basically on reattiegeports, identifying abnormal occurrences asttbas taken
to mitigate the potential injuries and mapping théihe manual processing provided a better compsébe of the
natural language used on the reports to descréprtfblems.

Although this manual analysis seems to be a simpteedure, the process of reading all texts is tane
consuming and also exhausting. The large numbdiffeirent events described also makes the analysish more
susceptible to errors.



The automated text processing was initiated basethe same sample of drilling records used for rtf@ual
analysis. First, the automated text analysis toas wsed to generate a word dictionary based osdimple of texts
given. Some examples of words identified are showhab. 1. The software also allows the manual teaatdiof new
words.

Table 1. Word dictionary created using Text AnadyBool.

Use Radical Suffix Suffix Freq.

Yes drill ing 4
Yes fluid

Yes loss es 9
Yes mud

Yes | formation

In the example given in Tab. 1, the words “mud” dfamation” were added manually. This manual pchae
should be done when it is considered that migheldifferent ways to describe the same abnormadity.example, the
problem of “Loss of drilling fluid” can be alsoedtified as “Loss to the formation” or “Mud loss”.

At this point, it is important to make a good graamndefinition. The reason is that the grammar dritvee process
of associating the words, creating a sentence ré@esents the problem description. For the samaenpbe given
previously, by properly defining the grammar, falifferent word combinations were created (Tab. 2).

Table 2. Example of phrase dictionary associatedeqgroblem of “Loss of drilling fluid”.

Wword Restriction Phrase
combination (Problem Description)
drill_fluid_loss without Loss of drilling fluid
fluid_loss without Loss of drilling fluid
mud_loss without Loss of drilling fluid
format_loss without Loss of drilling fluid

Some of the phrases were also added manually lmas#te same assumption presented to the manuaicsddf
new terms to the word dictionary. The initial resbaabout drilling problems and the manual analysése very
important to this process of elaborating new woeodnbinations, considering different abnormality dggons as
possible.

Processing all records available, also considettiegcombinations added manually, generated a langaber of
associations to define different abnormal occurendiowever, some of them had no real meaningh®rcontext
treated here and only a few of them were usednergée a dictionary of drilling problems.

Another important adjustment that can be madedsatiidition of some negation terms that are useuieate new
combinations with opposite meaning. Some words lraralso used as restriction during the problemtifieation
process. In this paper, for example, the word “wiiifi was used as a restriction to the phrases lm ZaSo, when the
system was used to analyze a new sample of texé¢sitse descriptions that contained those phrasestt@navord
“without” were not identified.

It is also important to remember that this is aeractive process, with the possibility of modifyiand adjusting
the system according to the convenience. More &dguts can be created later, updating the systmertding on the
necessity.

The final step consisted on analyzing a new sampleports using the phrase dictionary elaboralde results
obtained with the system application are showrénrtext section.

4. Results of Report Analysis

The manual analysis provided the identificationoofe hundred and twenty four different types of alnad
occurrences in the sample of texts analyzed. Thee garoblems were considered in the automated textepsing,
resulting on the creation of almost one hundredfdtydword combinations to represent the abnortresi

As result from manual analysis, it was generatedpsrt containing all problems identified, depthwhich they
have occurred, date and hour. An example of sysbrrés shown in Tab. 3.
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Table 3. Result of manual text analysis.

Initial | Final Initial | Final

Date hour | hour Duration depth | depth Problem description
06/08/03| 13:00| 14:30 15 0 0 Drillstring motion with contiedd speed
08/08/03| 14:00| 17:30 3.5 1123 1121 Leaking problems withsivog
09/08/03| 8:00 | 10:30 25 11213 1121 Assembly equipment problem
11/08/03| 20:00| 20:30 0.5 153§ 153¢ Bad weather conditions

. Drillstring motion with controlled speed due to

13/08/03| 9:00 | 14:00 5 23500 1117 : :
resistant points

16/08/03| 11:00 | 14:00 3 1058 1058 Failure in rig functiorstge
21/08/03] 7:00 | 20:00 13 2415 241% Geopilot orientation protie
22/08/03| 7:30 | 14:30 7 2340 2414 Drillstring sticking
22/08/03| 20:00| 0:30 4.5 0 0 Problems with LWD tool
22/08/03| 15:00 | 22:00 31 2415 0 Geopilot orientation problems
25/08/03| 21:30 | 23:30 2 2704 2704 Top drive repair
26/08/03] 2:30 3:00 0.5 2930 2930 Loss of drilling fluid
29/08/03| 15:30| 13:30 118 3284 328p Drillstring sticking

A similar result was obtained from the automated peocessing. The report contained informatioe like problem
description, corresponding word combination (problepresentation), frequency, relevance and nuwiba@ocuments
on which they were identified. Table 4 containseaample of the report generated.

Table 4. Example of report generated containinfgiht problems descriptions used on the analysis

N - Phrase
Word combination Restriction (Problem description)
abort_log Logging operation aborted
wait_weath Waiting on weather
check _drag Drag checking
condition_well Well conditioning
clean_hole Poor hole cleaning
loss_form without Drilling fluid loss
drop_press Pressure dropping
stick_drillstr Drillstring sticking

The main difference between both analysis was #theg of time required to conclude the process. asmual
analysis was concluded in two weeks, including tepent to generate the final report, while thelligient system
applied was almost fifty per cent less time consynmilt is relevant to say that most of the timergpeith the
automated processing was related to the phraserticy elaboration and some adjustments, which s¢aat, when
this step is concluded, the real time spent tesflasew samples of texts is only a few minutes.

A second difference between the manual and thenmttm analysis was related to a few occurrencdswbee
identified in one method, but not in the other omhis observation shows that both methods haverés| but the
automated system can be pointed as more trustalcke & manual analysis of very extensive texthadgltilling reports
is much more susceptible to human failure.

Another result of the text processing was the diaation of the abnormalities identified. The maidiilling
problems identified were classified in five diffateareas:

* Equipment problems;

» Poor hole cleaning;

* Dirillstring sticking;

» Bad weather conditions;
 Dirilling fluid losses.



The most common abnormalities were associated tipegnt problems. Most of these abnormal occurrence
identified did not contain the problem descriptitself, but usually only a mention about the typeguipment and the
action taken to treat the problem, like replacenwntepair. The equipment that had more occurreircéise reports
analyzed was the top drive.

Problem with hole cleaning was also very commoth&reports of all wells studied. Other abnormeditihat were
also identified, but with smaller frequencies, wariistring sticking, bad weather conditions andlicig fluid loss.

By using this problem classification and informatiocontained in Tab. 4, it was generated a pareaplgiof
abnormalities. Figure 2 presents the results obthirom automated text analysis.
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Figure 2. Pareto graph of abnormality (informatairtained from different wells drilled).

This graph can be used to illustrate the most fratjabnormalities that may occur during drillingecgttions. This
information can be very useful since they show Wlice the major problems, allowing the companigriwritize and
treat more efficiently the most common ones in ptdeachieve cost-effective benefits.

It is important to note that the main concern of tinethodology applied here is not a pure drillirgbtem
classification. The most relevant purpose of thyigtem is to increase the operation efficiency bgreasing the loss of
time and money with the application of a treatngotedure to prevent problem recurrence.

However, the system presented in this paper regjaireegular procedure of updating. This procedsirgecessary
because there is always the possibility of diffeqgmblems descriptions be used in drilling repontsthis way, this
updating process is recommended to guarantee tegefficiency on the identification of abnormalkacrences.

In similar study to this one made by Miughal. (2003) to completion operations, the efficiencyaited with the
dictionary elaborated from half-year period dropen 80% (first years) to 55% after three yearscpssing texts.
One of the main causes pointed in his work thathinggntribute to this observation is that staff nemin charge of
figuring out the problems (analysts) are concemvigd only a few concepts (major problems). But, revéth this loss
of performance, the methodology provides a minimefficiency of more than 50% percent, which is mtran a
manual analysis can provide.

5. Conclusion

Drilling operations complexity has grown due to #igso increasing extreme conditions, with deepdisvazilled in
higher temperatures and pressure reservoirs. fndbmtext, the amount of information required tside wells is
getting greater, forcing the companies to deal Veither quantities of information, storing and azalg them in order
to drill further wells more efficiently.

This paper presented an intelligent system usguidoess the information generated during drillipgmtions. The
results obtained by applying this methodology hatewn that the system can be very useful as anmaiéal
procedure to identify and classify abnormal ocauwres in well engineering activities. The importanéesuch process
was discussed in the introduction of this paper.

The automated classification is not the only rethdt can be obtained by using the system. Infaomatbout the
problems frequencies can also be used to idertdyntajor problems, allowing the companies to piikgithe most
common ones. Further, the knowledge generateddzaréde very useful to training purposes and oparaittivities
planning in petroleum engineering.

As next steps of the present study, new text peicgsechniques are under research. This papeegepis an
initial step to the efforts that have been madenopose a system capable of dealing automaticaitlly the data
generated in real-time during drilling operationsl aise them to anticipate the possibility of haypngblems.
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