
Big Data Solutions For
Mitigating Risk During Drilling
& Workover Operations

I
DATA AQUISITION
Enterprises have unique features and differ from each other in the
services they provide, their corporate culture, their locations,
policies and procedures, caring for the public and charity, or
operating for shareholders and profit.

“Big Data analytics is used in real-time during Drilling and
Workover operations to predict and prevent problems”

The one thing enterprises have in common is that they need to make
decisions; the better the decisions, the more successful the venture. Decision
makers who based their decisions after considering relevant facts, and
accurate information gathered in a timely manner, will prosper.

The need for gaining competitive advantage, reducing costs, improving
service, and streamlining operations has driven organizations to invest in
efficient data acquisition systems. Over the last decade, these systems have
provided enterprises with databases that contain a wealth of information, and
recent improvements in sensor technology has given rise to real-time database
proliferating the Internet of Things. However, simply gathering more data
does not automatically lead to useful information or better decision making.
IBM stated that “the percentage of data an enterprise can understand is on the
decline. A further complication is that the data the enterprise is trying to
understand is saturated with useful signals and lots of noise. [1].”

Data acquisition in enterprises usually stemmed from the application of
technology to address a business need or meet mandatory regulatory
compliance. Large volumes of data were collected and stored as a direct result,
or by-product of systems. This data arrived in a variety of formats, and in the
case of sensors at a very high velocity. This paper is based on real occurrences
in the Oil and Gas industry. It describes the situation where the application of
Big Data analytics is used in real-time to Drilling and Workover operations to
predict and prevent problems. It concludes providing implementable
techniques for applying Big Data solution towards similar problems.
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II. BIG DATA TECHNOLOGY AT
DRILLING OPERATION

Oil & Gas industry today is looking to
cut costs, run safer operations and
extract value from technology. “The
term Big Data refers to more than
simply a large volume of different
types of data, both structured and
unstructured, with varying degrees of
accuracy. It also includes a suite of
applications providing solutions and
analysis. The big data approach is said
to be a data-¬centric method adept at
uncovering otherwise invisible
patterns and connections by linking
disparate data types. [2]”

Drilling & Workover form a key part of
Upstream business drilling and
completing new wells, and performing
workover activities on existing wells to
meet target production. Drilling
operations have been gathering and
analyzing data for decades. Daily
activities, and well completion data are
meticulously recorded and reported as
part of daily operations.

““The term Big Data refers to more than simply
a large volume of different types of data”

With the advent of real-time drilling
data for measurements while drilling
(MWD) and logging while drilling
(LWD), the traditional data stores are
now complemented with real-time
streaming data arriving from drilling
rigs around the clock. This presented
an opportunity to use Big Data
technology to further optimize drilling
operations.

III. DRILLING TROUBLES

In an Oil & Gas enterprise, Drilling &
Workover operations perform a key
business function of bringing the asset
to the surface. This requires
performing operations which drill
holes at depths of over 20,000 feet,
establishing contact with the target
reservoir, and stabilizing the hole by
running casing and production tubing
to safely produce oil and gas without
potential leakage and harm to the
environment.
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non-productive time during drilling
operations, resulting in safer
operations and cost savings.

IV. APPLYING BIG DATA TO
DRILLING TROUBLES

Big Data can play a part in performing
advanced analytics on various data sets
collected during Drilling & Workover
operations to reduce drilling troubles.
Data sits in traditional database, in the
form of morning reports which are
entered by rig foremen on a daily basis
recording the type and duration of
operations, the comments entered for
tasks carried out during the
operations, the real-time MWD and
LWD readings taken during drilling
operations, and data gathered from
offset wells. Combining all of these in
real-time can lead to insights and
breakthroughs not seen before.

Big Data analysis helps synthesize the
information and creating a drilling
profile for a well. This profile is used as
a baseline to identify abnormalities

“Big Data can play a part in performing
advanced analytics on various data sets”

Drilling technology has seen many
innovations over the years and is now
able to target pockets of oil in tight
zones at increasing depths and hard to
reach angles. While this allows
companies to recover more
hydrocarbons than before, it is not free
of problems.

Drilling troubles include borehole
instability, high or low drag on a drill
bit, stuck pipe problems, and low rates
of penetration etc. Minimizing outages
due to these problems can decrease the

or variances while conducting drilling
operations.

Analysis is performed in real-time to
correlate drilling parameters, and
cross-check them for patterns of
behavior, and find leading indicators
for ensuring safe operations. Some
examples of how this was successfully
applied is shown in the following
sections.

A. Stand Pipe Pressure Analysis
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Big Data techniques were applied
successfully to analyze Stand Pipe
Pressure (SPP). The data below shows
the parameters which were correlated
and analyzed including Stand Pipe
Pressure (SPP) and Drilling Fluid
which helped predict early signs of Bit
problems, Bottom-Hole Assembly
BHA / String trouble, and hole
cleaning conditions.

Figure-1 plots the Flow-in, the Stand-
Pipe-Pressure (SPP), and the
Calculated Stand-Pipe-Pressure
(Calc_SPP) curves. The relationship
between these is used to highlight
drilling pattern.

The Flow-in in Figure-1 is almost
constant from point A to point C. from
point A to point B the SPP curve and
Calc_SPP curve are mostly aligned,
which indicates normal operations
within an acceptable range. Note that
at point B, the Flow-in curve has not
changed. However, SPP trend is
beginning to decline, and SPP and
Calc_SPP are starting to drift apart
which indicates that the SPP is
showing the beginning of abnormal
well behavior. SPP continues to
decrease until it sharply decreases at
point C, where the operation was
stopped.

Big Data techniques were essential in

“ Big Data techniques were essential in identifying Calc_SPP which
was able to identify abnormality in the drilling operation ”

The Flow-in, measures the flow of the
drilling fluid in gallons-per-minute.
The Stand-Pipe-Pressure (SPP)
measures the drilling fluid pressure
within the drilling string up to the
surface through the annulus. The
Calculated Stand-Pipe-Pressure
(Calc_SPP), is a calculated curve for
the well behavior model developed on
analyzing and correlating the Flow-in
with the Stand-Pipe-Pressure.
Calc_SPP represents the normal SPP
values associated with the Flow-in
behavior. As a result, when the SPP
and Calc_SPP curves are aligned, the
operation is considered normal (from
an SPP point-of-view). As the values
deviate, alerts needs to be raised.

identifying Calc_SPP which was able
to identify abnormality in the drilling
operation and predict the risk at an
early stage before it matured to a
major drilling trouble. It is worth
mentioning that using Calc_SPP
provided the operational crew with a
bigger window of +1 hours to identify
the abnormality in the SPP values,
comparing to traditional monitoring
process.
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B. Hook Load Analysis

Hook load plays a critical role when
making footage while conducting
Drilling operations. Finding the right
correlation between the hook load,
depth and trajectory can be of benefit
during drilling as the analysis can
guide drillers through tight zones more
effectively. Furthermore, examining
the impact of hook load can provide
early detection of stuck pipe and
prevent mechanical stuck pipe
problems.

Figure-2 plots the Hook-load curve,
and the Calculated Hook-load curve
(Calc_HK). The Hook-load curve
presents the total forces needed to pull
a drilling string from the well hole. The
Calculated Hook-load curve (Calc_HK)
is a calculated curve developed by
analyzing and correlating the Hook-
load behavior with the well’s
trajectory. The Calc_HK values
present the expected normal Hook-
load for each trajectory point. If the
Hook-load and Calc_HK curves are
aligned, then the operation is
considered smooth from a Hook-load
point-of-view. Otherwise, the deviating
curves indicate an overpull condition!

In Figure-2 the Hook-load is higher
than Calc_HK at point A which
indicates an overpull situation. During
a pull out operation, the Calc_HK is
showing lower Hook-load values, in
contrast with the actual Hook-load
curve which shows increasing values.
This indicates an increase in overpull,
which is highlighted at points B and
can be interpreted as an early
symptom of stuck-pipe.

This case presents utilizing the Big
Data techniques to calculate
Calc_HK, which highlights the
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overpull in an early stage, providing
the operation crew with a bigger
window to resolve the situation before
it develops into a stuck-pipe problem.
It is worth mentioning that using
Calc_HK indicated an overpull
situation +2 hours compared to a
traditional monitoring process.

C. Kick Detection

An unexpected “kick” during drilling
operations occurs when pressure from
fluids below the drill bit exceeded the
pressure in the borehole above the drill
bit. They usually happen in a short
period of time. A kick must be handled
safely in order to prevent a potentially
major accident.

Big Data techniques can be used to
help with this well control problem by
providing comprehensive analysis to
identify the risk of a kick. We used
surface drilling parameters to look for
patterns identifying a kick early.
Readings from Logging While Drilling
(LWD) can identify changes for gas
flow which contribute to a kick.

This analysis gives early signs of
drilling trouble to crews and gives
them a bigger window to mitigate and
resolve the problem before it becomes
a serious issue.

V. PROBLEMS WHEN DEALING
WITH DRILLING & WORKOVER
RELATED BIG DATA PROJECT

Dealing with Big Data technology is
promising but there are challenges one
must be willing to overcome. The
biggest challenges are related to the
Data which has been gathered over
time and will be the source of all the
information uncovered during
analysis.
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A. Data Preparation
Large enterprises want to leverage the
data they have collected for insights
during a Big Data project. The richer
and more complete the input data set,
the more reliable and better the
analysis, and the more trustworthy the
results are.

Special attention must be given to data
preparation. Before starting a Big Data
project, one must carefully study the
input data for following factors:
1) Data Types
Data collected over time can be in
different data sets and in different
formats. Each of these differnt types

As the old idiom goes: Garbage In
Garbage Out. Advanced analytics
based on erroneous data can lead to
creating incorrect models and profiles;
and subsequently using these models
to make predictions can be prone to
error. It is not possible to have 100%
accurate, quality checked data when
dealing with large volumes of data
involved in a Big Data project. One
must be aware of the quality and
margin of error so that it can be taken
into account when publishing results.

In summary, data preparation includes
identifying the input data, checking the
different sources that provided the
data, being aware of the various

“Advanced analytics based on erroneous data
can lead to creating incorrect models ”

of data will need to be combined in a
single format so that they can be
analyzed together. Therefore, ensure
that data migration tools used for a Big
Data project can handle the different
data types you are dealing with.
2) Data Standards
Data may have been collected by

different service companies, and may
reside in different formats. To make it
more complicated, when dealing with
enterprise level data collected over
years, standards may have changed
over time also. So it is important to
plan for all the different formats you
may deal with in your study.
3) Data Quality
The better the quality, integrity, and

completeness of the input data, the
better the analysis, results and
conclusions based on it.

formats it can be in, and assessing the
quality of data one is dealing with.

B. Subject Matter Experts

Applying Big Data technology to
operations such as those described in
this paper cannot be done without the
time and input from users who are
experts in their areas. They are key to
providing the business factors which
should be considered, and validating
any correlations or findings that
machines generate. When embarking
on such a project, it is imperative to
plan for this, and budget their time
into the project. The time for subject
matter experts is not always easy to
get, and given the nature of a Big Data
project which involves some degree of
trial and error, one must be careful to
use the time wisely.
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C. Time Factor

The turnaround time for obtaining the
results depends on the business case.
For on-going drilling operations,
results are needed quickly. One wants
to predict the kick “before” it occurs.
Other business cases may not need a
fast turnaround time. During real-time
operations one must assess the
infrastructure and tools used for Big
Data in order to meet the business
objective.

D. Remote Locations

When dealing with Drilling &
Workover, it is necessary to consider

wells, ensure that you have the
necessary access. If the access for
geology or data from offset wells is not
available, then the analysis will yield
poor results.

VI. CONCLUSION AND FUTURE
WORK
Big Data is a new and emerging
technology. The information
technology architecture needed to
support the work is catching up to the
business need. Key skill sets required
to perform tasks such as data science,
advanced understanding of statistics,
and a combination of business data
knowledge and technology expertise is
difficult to find.

“Big Data is a new and emerging technology”

that data processing may be
distributed across sites. Some data is
on the rig site, while other data may be
available in database in the head office.
Therefore, the architecture needed to
support such a business case must take
into account strong network links, and
local and remote data analysis
capabilities.

E. Data Security

A Big Data project requires performing
analysis on a large data set. The richer
the data set, the more facts considered
during analysis, and the more reliable
the results are. This gives rise to data
security issues which may occur and
should be dealt with when planning
such a project. In the case of Drilling
and Workover analysis requiring
geological data and data from offset
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