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Abstract (English)

The implementation of automation technology has changed many industries, with the result of
steady increases of economic performance and quality of the manufactured goods. With all the
benefits of automated systems, the drilling industry is beginning to follow this trend.

One major precondition to develop autonomous working infrastructure is the understanding of
the work flow itself. The technology that is required for such a system brings together different
engineering areas. Cooperation of operators and contractors as well as the manufacturers of
the key components such as drilling rigs and downhole tools will be essential.

The aim of this work is the documentation and analysis of one of the main operational
challenges during the driling for oil and gas, the assembling and disassembling of the
bottomhole assembly. Tripping of regular drill pipes is nearly mechanized and about to be
automated. However, the bottommost part of the string still requires a lot of hands-on labor to
get it in and out of the well. Reconsidering conventional rig floor design and eliminating manual
work steps during that phase will be a milestone on the way to the hands free working
infrastructure.

The detailed investigation of the different work steps on the rig floor will provide the basis for
further developments and the implementation of new equipment to realize the automated
drilling rig. The thesis describes in detail the workflow of BHA handling and also discusses the
possibility of future automated handling process.

Author: Klaus Kurz Page: 10
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Abstract (Deutsch)

Die Anwendung von Automatisierungstechnologie hat viele Industriezweige verandert und zu
einer Verbesserung der wirtschaftlichen Leistungsfahigkeit gefuhrt mit gleichzeitiger
Verbesserung der Produktqualitdt. All die Vorteile von automatisierten Systemen haben dazu
gefiihrt, dass nun auch die Bohrindustrie beginnt, dem Trend zu folgen.

Eine Hauptvoraussetzung fiir die Entwicklung solcher autonomen Systeme ist das Verstehen
des Arbeitsablaufes. Die Technologie, die fiir ein solches System notwendig ist, fiihrt
verschiedene Ingenieursdisziplinen zusammen und verlangt die Zusammenarbeit von
Auftraggeber, Auftragnehmer und den Herstellern aller Schliisselkomponenten wie
Tiefbohranlagen und Bohrlochgeréaten.

Das Ziel dieser Arbeit ist die Dokumentation und Analyse eines der Hauptaufgabenbereiche die
im Laufe einer Ol- und Gasbohrung zu bewiltigen ist, der Ein- und Ausbau der Bohrgarnitur
(BHA). Die Handhabung von normalem Bohrgesténge ist bereits mechanisiert und wird nun
automatisiert. Um den untersten Teil des Bohrstranges in und aus dem Loch zu bekommen
sind aber immer noch sehr viel manuelle Arbeitsschritte von Noten. Uberdenken der bisherigen
Gestaltung der Arbeitsplattform auf einer Bohranlage und die Beseitigung von Arbeitsschritten,
die durch die Mannschaft durchgefiihrten werden muissen, werden uns der voll automatisierten
Arbeitsinfrastruktur ein groRes Stiick ndher bringen.

Die genaue Untersuchung der verschiedenen Arbeitsschritte auf der Arbeitsbilhne wird einen
Teil dazu beitragen, neue Anlagen zu entwickeln und diese in den Arbeitsprozess zu integrieren
um die automatisierte Tiefbohranlage zu verwirklichen. Diese Arbeit beschreibt im Detail den
Arbeitsablauf fiir die Handhabung von Bohrgarnituren und zeigt einige Mdoglichkeiten auf, wie
dieser Prozess zukiinftig automatisiert stattfinden konnte.

Author: Klaus Kurz Page: 11
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1.Introduction

Drilling rig manufacturers have come up with new designs that include equipment with higher
degrees of mechanization. Handling of drill pipe, for example, is already mechanized so far that
it can be done with no or only little physical intervention of the personnel on the rig floor. But
there are still a lot of operations that require hands-on intervention of the crew. This is one of the
main problems for operators who run such rigs that have automated equipment capable of only
a part of the entire work. On one hand, they invest a lot of money for highly developed
equipment for the handling of drill pipe. On the other hand they are still dependent on the
regular crew and equipment for special operations like installation of BHA.

The first ideas, of what this master thesis should deal with, were the simulation and evaluation
of different automation systems that could be used for the installation of bottomhole assembly. It
was planned to put the main focus on industrial robots, especially on a prototype of the
Norwegian company Robotic Drilling Systems. The interest was on how compatible such
systems are with existing rig designs, in particular with the new drilling rig of Bauer Maschinen
AG, the TBA 440 M2, that is currently under construction'. Unfortunately, there was not much
information about the actual working process available. Simulation of such a process without a
detailed plan of the work steps is rather difficult and may not deliver meaningful results.

Therefore it was decided to take a step back and focus on the actual BHA assembling process
itself. As nether rig operators, rig manufacturers nor downhole tool suppliers had documented a
best-practice for the installation of BHA so far, a precise evaluation of the handling process of
bottomhole assembly has to be done to provide the fundamental basis for later developments of
automation equipment. This would allow a systematic realization of the hands-off working
environment on the rig floor instead of developing tools that are capable only of the most
obvious manual work steps.

The target of this thesis was to document and evaluate the installation process of bottomhole
assembly as precise as possible. The information that is required to design an automated rig
floor infrastructure should be defined to collect the right data. In addition to that, an examination
of other industry sectors should deliver helpful knowledge how to realize an automated work
space.

Automation of BHA handling represents only a part of the work that has to be executed by the
rig crew. But the development of a fully automated drilling rig in one stroke would exceed the
capabilities of the most manufacturers. Automated systems for the installation of bottomhole
assembly will therefore not be the final solution to this problem. However, it would definitely be a
milestone on the way to a drilling system that would require personnel only for controlling tasks
or supervision, but not to execute the actual work.

" The construction of the Bauer TBA 440 M2 was finished in the second quarter of 2013

Author: Klaus Kurz Page: 12
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2.Automation of Industrial Processes

Before starting to discuss possibilities for automating a process, like the installation of
bottomhole assembly on a drilling rig, it can help to have a look on other industrial sectors that
have already stepped in to the automation technology. The understanding of the challenges
and also the possibilities of automatization will be useful to find solutions for new applications.

2.1 Evolution of Industrial Robots

2.1.1 Origins of Industrial Robots

The term robot was initially used by Josef Capek, a Czech artist and writer. It derives from the
Czech word “robota”, meaning work or hard labor. In his play “R.U.R.” he describes a robot as a
humanoid machine that serves the people. Later on the terminology robof was extended from
humanoid machines to machines that could execute certain tasks on their own.’

The “Verein Deutscher Ingenieure” (Society of German Engineers) describes industrial robots
as “... universally usable kinetic automats with several axes, of which all motions regarding
movement sequences and paths or angles can be clearly programmed (without mechanical
intervention) and, if applicable, guided with sensors. It is possible to equip them with grippers,
tools or other manufacturing devices and they are able to execute handling and/or production
exercises™.

A clear definition of a robot is difficult. Different industries have a diverse understanding of the
nomenclature for robotic systems. One reason for this is that companies want to upgrade their
products by calling them a “robot” or “automated” even though it is far away from the technical
standard of such machinery.

The request for industrial robots has been driven by a few reasons.

¢ Performance and productivity
¢ Risk and safety
¢ Dependency on human workers

e Costs

Increasing performance, keeping it constant and maximizing the productivity is probably the
most important reason. Monotonous and repetitive steps of procedures are difficult for human
workforce to perform as it leads to fatigue and lack of attention resulting in mistakes and
accidents. Furthermore, machines can carry out certain steps much faster and with higher
precision than humans could ever do. One of the first automated machines to increase
productivity was a weaving loom that was built at the beginning of the 19"M century,
programmable via punched cards”.

Reducing the risk for employees and increasing safety is very important in today’s society. One
result of the industrialization and the technical progress is the arising of hazardous areas in all
kinds of ways. Heavy machinery operating at high speeds, contaminated and poisonous
mediums, loud noise and extreme temperatures transformed the working area in a dangerous
environment. To remove personnel from such working environments machinery was developed
to do the job. One example is a remote operator, constructed 1951 for handling radioactive
materials”.

Author: Klaus Kurz Page: 13



MONTAN

UNIVERSITAT

Implementation of Industrial Robots in Drilling Rig Design BAUER

2.1.2

Decreasing dependency on human workers will become more and more important. Many
companies have difficulties to acquire trained and motivated people. With processes getting
more complex, the need for high educated employees is booming. On the other hand, there are
branches that still require low skilled, cheap working staff. However, there are not enough
educated people to supply the high skill needs, and there are not enough willing to work for low
salaries, too. One way to respond to this problem is to replace human with automated systems.
Especially in the manufacturing business, great effort is put into the construction of so called
“lights-out” factories (there are no workers, so there is no need for iIIumination)S. These plants
run completely autonomously, human intervention is only required for monitoring and
troubleshooting.

Lowering of costs is the ultimate goal as profit is the main drive of every business. The facts
that have been mentioned above, like increase in performance and less employees, may lead
to an increase of profit. This is the reason why automatization is not only interesting from a
scientific or operational, but also from an economical point of view.

History of Industrial Robots

The beginning of the development of industrial robots was in the second half of the 20" century.
The first patent was applied in 1951 for a programmable transfer machine by George Devol
which today is considered the first industrial robot. The breakthrough came in the 70s when
manufacturers started to produce robots on a great scale. This is the time when today’s
technology leaders, like KUKA Robotics, Comau or FANUC started to manufacture, too®. The
number of robots in industrial utilization is steadily increasing from there (Figure 1).
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Figure 1: Estimated number of industrial robots worldwide’

The main drivers for the progress in automation systems have been, and still are, the
automotive and electronics industry. During the crises in the car manufacturing business in
2009 the number of annual sales of robots dropped almost half.

Future development analysis indicates that this trend will not stop in the near future. In the year
2008 the margin of one million industrial robots in the global industry was exceeded. In the year
2011 an estimated amount of 160.000 industrial robots were shipped. With the increasing
number of units the prizes will continuously decrease where at the same time the
implementation of robots will become easier due to the steady development of new
programming and control systems. A market is definitely there as the availability of cheap
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working force, especially in emerging countries, will shrink whereas the demand for cheap
consumer products will go up at the same time®.

2.2 Automation Systems

Automatization systems are designed to carry out certain tasks and replace the human
workforce for various reasons. This includes the logistics, too. The most important piece of
equipment thereby is the handling device. Depending on the construction type, it will transport
things from Point A to Point B and execute the necessary work steps to fulfill a goal. The term
handling device is a very broad one, it includes the arm of a digger that is moving material as
well as the autonomous robotic arm of a mars rover.

Automatization is the consequent development of mechanized systems combined with modern
information technology. The classic approach of developing such system can be described in
four steps®:

Mechanization

|—> Remote Control

|_> Semi-Automated Control

|—> Automation

Mechanization of a process is the development and implementation of a tool that will execute
certain (or all) work steps that are required to achieve a certain goal. This means that the work
will not be done by a human any more but by a machine. Still, without human interaction, the
mechanized system will not do anything. It has to be operated by a driver, thereby acting as an
extended part of the human body. Interesting here is the degree of mechanization that rates the
proportion of the work that can be done with the help of machines. "

Remote control is the possibility to operate a machine from a certain distance. Theoretically,
with the help of modern sensor and communication technology, this can be from any place
around the world. Remote controlled systems bring two big advantages. It removes the operator
form the working area which meets safety and working comfort issues. Second, the operator
can control more than just one or maybe a few machines that are in his closer ran1ge. Tools that
are several hundred of meters away can be actuated by simply pushing a button.”

Semi-automated control is the point where mechanized systems meet information
technologies. With the help of controls, like programmable logic controllers (PLC), the system
can execute a defined sequence of work steps by itself. The human operator has to initiate this
sequence, for example with a button. The machine will then perform exactly those programmed
steps, for example take an iron bar, turn it 180 degrees and put it down on a conveyor belt.
There may be a series of different sequences, and those sequences may be adaptable. The
machine will do such a routine step by step and then stop, no matter what. It cannot react on
unexpected events and it will not proceed with a second run by itself. Still, semi-automated
controlled tools will facilitate the operation and improve the performance, especially for
procedures that have to be done frequently. The work steps in between those programmed
sequences have to be controlled by the operator. 12
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Automation of a system means that the work is autonomously executed by the machinery,
human personnel is required only to monitor and intervene in case of a problem. The system is
able to react to unexpected situations to a certain degree and can be adapted to changes in the
work flow. The degree of automation gives the proportion of work that can be done by
automated systems, ranging from the preparation of individual components to the
manufacturing of entire products.™

2.2.1 Handling Devices

The machinery that is executing certain work steps is the core element of automation systems
and can be categorized by their degree of autonomy and flexibility, usually into three groups:

¢ Manipulators
¢ Fixed Programmed Industrial Robots

¢  Flexible or Free Programmed Industrial Robots

A manipulator is a piece of equipment that can execute a certain range of tasks. The
characteristic of a manipulator is fact that it is not controlled by a program but by a human
operator. The purpose of such a device is to carry out extensive physical labor, expand the
operating range and take over work in hostile environments. Manipulators can be controlled
directly, for example a liting arm, or via remote control like a bomb disposal robot. The term
“automated” is therefore not really suitable as autonomous operation is not possible.

A fixed programmed industrial robot is a manipulator that is controlled by a programed
routine. It follows a precise sequence of movements that has to be predefined with a sequence
control system. This robot receives information about the position via limit switches or sensors
that tell the program the position. The programming and equipment is rather simple, however,
changes in the work flow require modification of the soft- and possibly even the hardware.
Suitable tasks for fixed programmed industrial robots are processes that have to be done in
exactly the same way with high number of iterations. Typical applications are loading and
unloading activities of different kinds of machines or in an assembly or packaging line.

A flexible programmed industrial robot is a manipulator that is controlled by a program. In
comparison to those which are fixed programmed, they can be adopted to new working
processes by reconfiguring the program instead of a mechanical intervention. Furthermore, it
can autonomously react to incoming signals from various sensors like an obstacle that has to
be bypassed. To allow complicated motion sequences these robots are usually constructed
with more axes than fixed programmed robots to provide contingency. Due to their flexibility,
these robots are favored for producing goods with minor number of units and short
manufacturing cycles.
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2.2.2 Design Characteristics

The design of manipulators for automated systems strongly depends on the application.
Although most systems are described as “universally programmable”, this does not mean that it
is possible to implement an industrial robot for every imaginable task, at least not in an
economic way. Large robots, for example, that are capable of lifting high loads are usually not
capable to insert small and sensible electronic components into a circuit board. To choose a
suitable system and to avoid expensive over-engineering, some key data have to be kept in
mind.

¢ Number of degrees of freedom and the number of axis

¢ Working space or working envelope

¢ Kinematic

¢ Technical capacities (load capacity, acceleration, speed)
¢ Technical dimensions (weight, size)

¢ Accuracy, repeatability and compliance

e Power source

o Effector

¢ Motion control

e Sensors

The number of degrees of freedom (DOF) describes the ability of a manipulator to move
around in an area. The maximum number of degrees of freedom is six, three for the ability to
move along the x, y and z axis of a Cartesian coordinate system, and three to rotate around
these axes. The degree of freedom strongly depends on the number of axes of the
manipulator, in most cases the number of axis is equal the degrees of freedom. If a manipulator
with 6 — DOF can position an item in several different ways it is over-determined and called
redundant. This is helpful when the manipulator has to run around unexpected obstacles. But it
does not mean that a manipulator has to have a high number of axes. Like in many other
technical applications, if a robot with two degrees of freedom will do the job, this will be more
cost effective and therefore the better choice.

The workspace is a defined area in which a manipulator can handle things. This area is also
called the working envelope or the robot workcell. To accomplish an exercise, the robot has to
move or treat items in a certain area. This will influence the size and the design of the robot.
The size of the manipulator should be big enough to ensure the necessary operating range, but
at the same time designed in a way to keep the unit as small as possible. The different designs
of manipulators can be divided into Cartesian coordinate systems, also called gantry system,
cylindrical coordinate systems and spherical coordinate systems (Figure 2). The working
envelope can be extended if the manipulator is set on a mobile installation, for example on rails,
which would be considered as the seventh degree of freedom.
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Figure 2; Cartesian (left), cylindrical (middle) and spherical coordinate working envelope'®

The kinematic of a system describes the technical structure, or in other words, how it is built.
Most manipulators have a positioning structure and an orienting structure, the intersection is
often called the wrist point. The positioning structure does what the name already says, it
positions an item or a tool at a desires point. The orientation structure is responsible for the
accurate positioning of that item or tool. The denotation of the kinematic type often refers to the
positioning structure as there are the main variations (Figure 3). Cartesian or gantry robots are
very stiff constructions used for applications with high forces. Plus, the design is rather simple
and can operate large work volumes. Delta or parallel robots distinguish with high speed and
accuracy. Serial articulated robots are the most common ones and more or less imitate the
human hand. They are very flexible and, due to the rather small layout, can be implemented
into a work flow much easier than others. Another important type is the Selective Compliant
Assembly Robot Arm (SCARA). It is a fast robot that is almost as flexible as an articulated
manipulator, but much more cost efficient. These are the four types that are the most common.
But in principle, every design that will do the job effectively can be applied.

Figure 3: Gantry robot'®, delta robot!?, articulated robot'® and SCARA™ (from left to right)

Technical capacities of the system like load capacities, speed or acceleration have to be
defined according to the application. Therefor the boundary conditions of a working process
have to be clearly defined as it will have an effect on the efficiency of the robot. It will not make
sense to build a manipulator with load capacities up to 1000 kg if it is supposed to paint car
parts and is equipped with a paint gun with a weight of 20 kg. The machine will become
unnecessarily big, heavy and expensive. A welding robot will never operate faster than the
maximum speed that the welding technique will allow to produce a proper weld joint.

Technical dimensions of the robot are important for the implementation. Depending on the
size, such machinery can become quite heavy. The automobile industry gives a robot-weight-
to-payload ratio of 1:10. This can lead to increased challenges to the substructure.

Accuracy is the ability to execute a certain task like to position a certain object at a defined
point. Repeatability is the ability to repeat a certain step. If a robot will position a piece always
one millimeter too high, it has a high repeatability but a low accuracy (depending on the working
demands on the robot, one milimeter may be sufficient, toc). Compliance describes the
stiffness of the construction. Every manipulator will position a heavy part slightly lower than a
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part with low weight, with the increase of the compliance the system tries to counteract external
forces and this difference will decrease. The second problem with compliance is the overshot,
the manipulator will have difficulties to stop at the defined stop position and go beyond that
point, plus the item will also oscillate in the stop position. Similar to the technical dimensioning of
a manipulator, to a high degree these features are achievable but at the same time expensive
to implement, a closer examination of the necessity is advisable. Therefor it is important to
define the boundary conditions according to the implementation.

The common power sources of industrial robots are hydraulic, pneumatic and electric drives,
each of those with some advantages and disadvantages. Hydraulic systems are favorable due
to their compact installation abilities and the possibility to transfer high forces. At the same time,
hydraulic systems tend to cause spilling of hydraulic fluids and require a lot of equipment such
as pumps, accumulators, hoses or valves. Pneumatic systems eliminate the problem with
spilling fluids, but the compressibility of the medium reduces accuracy. Electric motors do not
have the same power-to-weight efficiency, but they can be much better controlled.

The effector, or gripper, is the link between the manipulator and the actual task. This can be a
welding unit or a paint gun to carry out work steps, this can be a gripper or a suction pad for
transport and positioning applications. The diversity in end effector tools is one of the main
reasons why manipulators can be used so flexible, especially if the can be interchanged by the
robot autonomously.

The motion control of an industrial robot can be seen as the brain of the system. This is the
key element of an automated system as it is characterized by the fact that it can operate
autonomously. The robot is thereby controlled by a program that runs on a PLC. Over different
types of user interfaces the system will receive instructions for the tasks in hand. The computing
unit is on the input side connected to the sensors that supply the necessary information and on
the output side with the pumps, valves, electric motors or whatever mechanism that is driving
the robot. In addition to that, the PC can be connected to other automated systems to
coordinate the trouble-free interaction and to any kind of network that makes remote operation
and configuration possible. 2021

Sensors provide the system with the necessary information of the in-situ happening, it serves
as the nervous system. There is the internal sensor technology which is implemented in the
manipulator. It collects information about the angles of the axis to compute the position of the
effector or parameters like gripping forces. Besides that, there is the external sensor technology
that observes the interaction of the robot with the surrounding environment. This is essential if
the system should be able to react to unexpected changes in the working environment.

2.3 Automation of Industrial Processes

2.31

The reasons for automation of industrial processes have already been discussed. The
branches with the highest degrees of automation are the automotive, the electronics and the
food industry. This chapter should show the possibilities of automated systems on the basis of
some examples that are related to practice.

Car manufacturing

As already mentioned, the car manufacturing business is one of the leading industries in the
application of industrial robots and automation systems (Figure 5). Figure 4 shows how far this
industry is ahead compared to others.

Author: Klaus Kurz Page: 19



.,""NEE“."!#E! Implementation of Industrial Robots in Drilling Rig Design BAUER

1,800

1,600

1,400
= Automofive
1,200 mall other
1,000 i
2
=
3
800
600 |
400
200 | 1
0 = . =
Japan Italy Germany UsA Spain Rep.of Korea  Slovenia United
Kingdom

Figure 4: Number of multipurpose robots (all types) per 10 000 employers in 201122

The most common use of robots is for welding. Modermn welding techniques allow very low
tolerances, small mistakes can lead to failures, or at least increase of durability, of the
component and the entire car. The high demands on the welds require highly skilled personnel,
which are expensive and difficult to recruit, and great efforts in the quality control. Plus, parts are
heavy and cumbersome which makes handling difficult. These problems can be tackled by
using robots.

Spray-painting is the second big share of work that is done by robots (Figure 5). The robots
used to be driven pneumatically for security reasons as the machinery is working in an
explosive environment. Today they are all electric with explosive proof housing of the motors. At
the beginning, the system used to imitate the movements of human workers. Now, process
simulation software optimizes the painting procedure to get the best possible result, at the same
time using a minimum amount of paint and time.

Figure 5: Automated car assembly line (left)?® and painting robots (right)*

The logistics of an assembly line is very complex. A lot of different components have to be at
the right time at the right place. The transfer in modermn factories is automated. A critical point is
the intersection point between transport system and the robot. To pick up an item, the robot
needs information about size, shape and position of the item. Especially the position is a
problem, as the objects are usually randomly disposed. This phenomenon is called “bin-picking”
and challenges especially robots with no or minor sensor equipment.

The main reason why car manufacturing is atomized is to speed up production rates. Assembly
lines with robots will run 24 hours, seven days a week without interruptions or a drop in
performance. Typical mean time between failure (MTBF) values reported from the industry are
around 50 000 hours®.

Author: Klaus Kurz Page: 20



4

NHH!#;!! Implementation of Industrial Robots in Drilling Rig Design BAUER

Another interesting issue that will concern fully automated rig design is the legal situation in
case of failure. Cars that can autonomously back into a parking space are on the market.
Sensors measure the distance and the computer directs the vehicle into the end position. But
the actual command for motion and especially the breaking of the car has to be given by the
driver. Car manufacturers do not want to take over the liability for possible damage during such
maneuvers.

2.3.2 Wood industry (harvester)

The forestry processing industry is facing the trend for automation, too. There are certain
aspects that can be found in the drilling industry as well and make them comparable to some
degree. Wood logging is, like working on a rig, dangerous and exhausting. Still, the only way to
cut down a tree used to be hands-on, only with the help of a chain saw. And, also like in the
drilling business, the scope of felling a tree is principally each time the same, but with variations
of the boundary conditions. Diameter and shape of the tree, inclination and condition of the
subscil may change significantly. As the lumber trade is a very competitive business with
contestants from eastern countries that deliver cheap resources, there is not much space for
expensive tools if they can’t guarantee economic success. As people are rather conservative,
there had to be a lot of effort to convince them of the benefits of mechanization and automation.
The doubt that a machine could do the job of a lumberjack was quite distinct.

Nevertheless, the huge backwoods in the Nordic countries in combination with a lack of
personnel required a change in how trees were cut down. People came up with the idea of
constructing a gadget to do this work and developed the harvester (Figure 6). A harvester is a
machine that can move even through rough terrain with balloon tires or on continuous tracks. It
has a hydraulic arm with the actual cutting device at the end. This cutting device is set at the
bottom of the tree. It grabs it and the integrated chainsaw cuts it, a slight pull directs the tree in
the desired direction. The tree is then drawn through the cutting device to remove the branches
and cut into logs of desired length by the help of a measuring sensor. It still has to be operated
by humans, but instead of working in the cold or hot environment, he is operating the harvester
in a comfortable cabin. The system is semi-automated as the grabbing and cutting process as
well as the debranching and crosscutting of the logs can be programmed and initiated with a
button. Manual logging was only possible during daylight whereas a harvester can operate on a
24 hours basis. This is an advantage as the logging is depending on weather conditions and so
limited to certain time periods. Right now the producers want to develop their products to a fully
automized version, integrating GPS systems with a digital mapging of the forest. It will also
include driverless transport vehicles for the removal of the wood.

Figure 6: Harvester cutting tree?’
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2.3.3

Lego Robotic

An indicator that shows how practical the techniques of automation have become is the fact that
toy fabricators have start to integrate them into their products. LEGO, the Danish producer of
plastic building bricks, has launched a product line in cooperation with the Massachusetts
Institute of Technology called LEGO Mindstorms (Figure 7). The key element of the set is what
they call the programmable or intelligent brick, a 32 bit processor with a display, USB and
Bluetooth interface to connect it to a computer and extra ports for the communication with the
components. Such a robot is driven with small electric servo motors and can react to its
environment with the help of ultrasonic, touch and even color sensors. The programming is
done with the visual programming language LabVIEW from National Instruments which is
known in the professional automation industry as well.

Figure 7; Lego Mindstorm?28

LEGO is offering a special education kit for class room utilization. Students should be able to
build and program a fully functional robot in not more than one lesson of 45 minutes.

In fact, LEGO Mindstorm is developing from a toy to a tool. Universities and even companies
are using it to test new ideas as it is a relatively cheap way to build first prototypes *°.

2.4 Automation in the Drilling Industry

2.41

The history of automation in the drilling industry is a relatively brief one with relatively few
success stories®". Actually, most of the technology that has been developed should be
considered as mechanization. Still, as mechanization is imperative for automation, they will be
discussed here as well.

Offshore rigs have a pioneering role when it comes to using new technologies. The reason is
rather simple, due to the bigger economic volumes and increased compulsion for success the
financial boundary conditions are better than for land rigs.

The Automatic Drilling Machine

The Automatic Driling Machine (ADM) was a first attempt to automate the drilling process
during the 1960s. The concept rig that was build had hydraulic drawworks, top drive and a pipe
handler that transferred pipe from a horizontal wrecking position to the rig floor. The procedures
where controlled from a cabin, some of the sequences where already semi-automated and
could be recalled by the driller. This unit was successfully tested in West Texas. Unfortunately,
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2.4.2

243
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the project had to be shut down due to financial problems. Still, it was far ahead of its era
considering the state of the art at that time. >

Iron Roughneck

The first iron roughneck was introduced in the 1970s. It was the first attempt to robotize the
work on a drilling rig, therefor there had also been the idea to call it “robotorc”. The connecting
and disconnecting of drill pipe, especially during a roundtrip, is the most frequent work that has
to be done on a rig floor and is therefore an ideal application for automation. Thereby, the iron
roughneck does not only support the crew, it replaces the crew during the connection of pipe
and is therefore the first real success in automating rig floor activity. As many other new
technologies in the drilling industry, the iron roughneck was mainly used in offshore drilling
platforms at the beginning due to the fact that they have more financial resources. That
changed and they can be found on many of today’s land drilling rigs, especially in Europe where
safety standards are higher than elsewhere.

Pipe Handling Machine

The integration of pipe handling tools to the rig floor is not only a matter of safety. It is driven by
the simple fact that the human body is just not capable of moving or guiding heavy tubular.
Lifting without winches is not possible at all, but especially the guiding of the drill pipe with
bigger diameters or casing on the rig floor and in the monkey board brings the crew to its
physical limits. However, automation of pipe handling has been a very slow process. The main
reason for this is that such systems used to support the work process, but the crew was still
necessary to do the work. An additional crew member was necessary to operate the pipe
handling machine. Another disadvantage was that the first designs required intensive
maintenance and where not very reliable. So, as long as the work could be done manually,
companies did not plan on spending extra money on equipment that would not significantly
improve the process.

Today, pipe handling machines can be found on nearly every offshore drilling rig. Even on land
drilling rigs, companies change their attitude and are willing to invest money in such tools. The
automation of handling pipe is technically possible. First attempts to semi-automate them look
promising. Instead of initiating every single work step, the driller can initiate preprogrammed
working sequences, for example removing a stand of pipe. But the systems reach their limit
when it comes to handling of any tool that cannot be handled the same way as drill pipe,
especially bottomhole assembly. >

Rig Floor Automation

A place with a lot of potential for automation is the rig floor. As already mentioned, screwing and
unscrewing of pipe can be done with the iron roughneck, handling of pipe can be executed with
pipe handling machines. Other tools that enable hands-off working are automated slips or
elevators. This systems are field tested and can be found on almost all modern land rigs. The
big problem is that that those tools are rather inflexible. A lot of manual work is still necessary to
adopt slips or automated togs to new pipe diameters.

Rig manufacturers try to develop new tools that will increase the degree of mechanization.
Mechanized mud baskets, greasing units or tubular steering devices are in the testing phase.
But so far, most of these tools could not convince during testing phases as they are too slow, at
least at the moment.
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3.Drilling Rig Design

When talking about deep geological drilling operations, for example drilling for hydrocarbons or
geothermal, the procedure that is usually being applied is the hydraulic rotary drilling system.
The technique was developed at the beginning of the 20" century in Texas and has been
further developed until today. Still, the basic principle has not changed. A rotating pipe with a
drilling bit at the end is making a hole by breaking earth particles out of the ground. The tensile
strength of the drilled material is broken by the shear forces provided by the rotating motion of
the drilling bit and the downward force of the weight of the drill pipe (Weight on Bit). At the same
time, fluid is pumped to the bottom of the hole through the pipe to remove the cuttings through
the annulus and at the same time cool and lubricate the drilling bit.

The machinery, that is necessary to drive the hydraulic rotary drilling process, is the drilling rig.
As the drilling process evolved strongly over the last century, also the design of drilling rigs has
undergone huge steps of technological developments.34 This chapter will take a look on the
way drilling rigs have been developed and the reasons why they are designed the way they are.

The main components, which are necessary to drill a well and all together interact on the drilling
rig, are the hoisting system, the rotary drive mechanism, the fluid or mud system, the power
supply, the drill string components handling and the drill string itself.

3.1 Hoisting System

The hoisting system is moving the drill string up and down and keeps the upper part of the drill
string in tension during drilling.

3.1.1 Mast or Derrick

The derrick or mast (Figure 8) is optically the most dominating part of a drilling rig, and therefor
also kind of a symbol for the oil and gas industry. The mast or derrick has to support the entire
dynamic load of the drill string, casing, rod strings, etc. If a top drive is installed, the additional
weight of the top drive has to be carried and the torsional force from rotating the drill string is
transmitted into the derrick over a torque beam. Furthermore, drill pipe that is set back in the
derrick or mast, auxiliary winches and other rig floor equipment initiate force on the construction.
Due to the enormous surface of the structure, wind will also apply force on it and has to be
considered during operation. Modern land rigs are capable of several hundred tons. Although
often used in the same sense, mast and derrick are not the same.

Derrick

A derrick is a trussed framework that has to be erected piece by piece, already in the vertical
position. Seated on the four supporting legs that rest on the substructure, it has the hook load in
the center of the construction. The dead weight vs. load ratio is very good, but the transport to a
new location is not possible or realizable with great effort as it has to be disassembled piece by
piece. To reduce relocation costs, standard derricks have become rare and have been replaced
by portable masts. Only offshore rigs are still using derricks, as it is a fix installed part of the
platform and weight efficient. There are different designs of derrick structures that have been
developed over the time. The first were fix installed and made out of wood, but due to severe
fire incidents steel derricks became standard. To decrease costs for equipment, stationary
constructions were replaced by moveable so that the expensive steel compound did not have to
be left at an old well after completing.
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Mast

A mast is usually of rectangular or trapezoidal shape. The components are dimensioned in a
way that they can be transported by trucks and are assembled horizontally at the rig site. The
mast is then connected to the substructure and erected, which looks like a jackknife being
opened and closed — therefor the name jackknife mast. Due to the flexural forces during raising
the mast and the fact that the acting force of the hook load is often not in the center of the
structure, masts are designed stiff and solid. This results in a higher weight and therefor masts
are hardly used offshore. >

Figure 8: Wooden derrick (left), steel derrick (middle) and mast during the erecting phase (left)36.37.38

3.1.2 Hoisting

The hoisting system is moving the entire dynamic load that is acting on the hook of the block up
and down along the mast. Conventional hoisting systems are cable operated (Figure 9). A steel
rope is driven by a drum and pulls the traveling block up and down. The heavy drum is
mounted on the substructure of the rig. The cable goes up to the top of the derrick and is
directed by the crown block to the travelling block. To increase the pulling force capacity, crown
block and travelling block have several sheaves where the cable is reeved. Actuating the drum,
the block is going upward. To hold the block in position or let it down in a controlled manner
breaks are used.

{ A
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)

Figure 9: Conventional cable-type hoisting system3 (left), hoisting drum unit with cathead (left)4
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Hoisting with Mechanical Drawworks

The drum was initially driven directly by combustion engines, mechanically connected via drive
shafts, gear systems and chain or belt transmission (called compound). A simple and solid,
though quite cumbersome way of power transfer that dominated the business for long time and
can still be found on older rigs, especially on smaller workover rigs.

Hoisting with DC Electric Drawworks

Newer drilling rigs have drums that are driven by DC motors. The electric motor is powered by a
diesel-engine AC generator on site or by the local power grid. Therefore, DC motors need
rectifiers (SCR) to transfer alternating current from the generators or power grid to direct current
for the electric motor. The advantages of the electric motor are better efficiency and flexibility for
compact rig designs as the power is transmitted through electric cables to the power load. High
starting-torque of electric motors is facilitating operations under enormous loads.

Hoisting with AC Electric Drawworks

At the moment, operators are doing modifications on their rigs by changing their power system
from direct current to alternating current. The motor is controlled via variable frequency drive
(VFD). The big advantage of AC motors is that they can not only pull but also hold the load in
position, acting as an additional break. Also, the motor can be used as a generator and therefor
generates electricity when the travelling block is lowered. The regenerative breaking increases
power efficiency. The combination of new process control techniques with the AC motor allows
the hoisting system to be easy operated, for example with joystick. This is a big work
simplification for the driller in comparison to the conventional control station (Figure 9).

Hoisting with Hydraulic Cylinder

An alternative option to the cable operated hoisting system is the hydraulic hoisting system,
which is a rather new technique in the rig construction business. Instead of pulling the travelling
block up and down with a string hoist, it is pulled by a hydraulic cylinder (Figure 10). The
advantages of hydraulic hoisting system are the higher operating speed of the block and the
compact construction possibilities. In addition to that they can easily be designed as a snubbing
unit. Limitations of the hydraulic system are high working loads and the working height due the
fact that very long hydraulic cylinder constructions are difficult to build.

Figure 10: Hydraulic Hoisting System
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3.2 Rotary Drive Mechanism

3.21

3.2.2

The function of the rotary drive mechanism of a drilling rig is to supply the drill pipe with rotation
carried torque. The string is thereby turned clockwise either by kelly drive rotary system or top
drive rotary system. A third way is to turn only the bit with a downhole motor. Still, the drilling
torque is transferred from the downhole motor through the string to the surface and the kelly
drive system or the top drive system have to counteract the force of the twisting.

Kelly Drive Rotary System

The kelly drive rotary system (Figure 11) was developed hand in hand with the hydraulic rotary
drilling technique at the beginning of the 20" century. It is still used today, especially on land
rigs. The main part of the kelly drive system is the rotary table. It is integrated in the drill floor
and revolves the drill pipe that goes right through the middle of the rotary table into the well. The
rotary system can be driven by the drawworks over a shaft that is connected to a ring gear that
is connected to the turntable. This is basically the way it used to work hundred years ago
besides from small upgrades. Most of today’s rotary tables are driven by hydraulic or electric
motors, depending on the rig. The revolving movement is transferred to the drill pipe with the
master bushing, that sits in the rotary table, the kelly drive bushing, that is connected to the
master bushing via form-fit or drive holes, and the kelly, a square or hexagonal drill pipe that fits
into the kelly drive bushing.

Although many new rigs use a top drive to rotate the drill pipe, most of them are still equipped
with a rotary table. It has auxiliary functions for directional drilling operations, emptying the mud
motor, screwing on the drill bit", etc. Therefore, modern rotary tables are often downsized with
high torque but only low rotational speed. Depending on the power system of the rig, they are
driven by small electric or hydraulic motors. The slips, necessary to hold the drill pipe when it is
not connected to the hoisting, are set in the master bushing of the rotary table.

Top Drive Rotary System

The top drive system, also known as power swivel (Figure 11), was first constructed 1981 by
Varco, now National Oilwell Varco, with the intention to improve driling performance while
reducing risk at the same time. Dirilling from the top of the drill string would remove the kelly
drilling equipment from the rig floor. This would eliminate the high risk for the crew when
working with this equipment and allow longer pipe ranges to be added during tripping. Like
many new technologies that are launched in the oil and gas industry, introduction of this new
tool to the drilling process was not easy due to doubts and mistrust of people‘”. However, the
top drive turned out to be a big step forward, first mainly on offshore rigs and later on also for
land drilling.

Instead of rotating the drill string with a kelly and the rotary table, it is done with one or
sometimes even two motors that turn the drill string from the top. The top drive is connected to
the travelling block instead of a conventional swivel. The conventional swivel is the connecting
piece between the travelling block and the drill string. It has to support the entire load of the
string, provide a pressure tight flow line for the drilling fluid and allow the drill pipe to rotate all at
the same time. A power swivel has to manage these three tasks and supply the drill stem with
torque and rotation. The drilling torque of the top drive is transferred to the mast or derrick with
torque beams on which the top drive is attached. If this is not possible, for example if the derrick
structure is not able to withstand the forces, the torque can be directed to the substructure with
torque rails.

" The drill bit is only screwed to the drill collar with the rotary table, but cannot be made up as the rotary table does not
have a torque indicator to apply the suitable make-up torque.
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Electric Top Drive

First power swivels were driven by DC electric motors. The power capacities were steadily
increasing, the use of locomotive-based engines was necessary to keep up with the
requirements from the field. In the 90’s, the implementation of AC motors on drilling rigs became
popular. Smaller engines, better efficiency and higher starting torque were convincing
arguments to build top drives with alternating current power systems. The new designs also
tend to be easily transportable and in modular design to facilitate repair and modification tasks.

Hydraulic Top Drive

Hydraulic top drives have become popular due to their small size. The choice between
hydraulic and electric top drives is influenced by the available power source of the rig (hydraulic
or electric power systems), but mainly dominated by the size. Hydraulic power swivels are
installed for smaller rigs as they are small and light, electric AC top drives are used to provide
the rig with high working forces.

Figure 11: Rotary table with kelly drive (left, middle)*, portable 250 HP AC top drive (right)

3.2.3 Downhole Motor

The application of downhole motors is a way to rotate the drilling bit. However, this is only
applied for certain drilling techniques and cannot replace a rotary table or a top drive. Downhole
motors will be described in the chapter “Drill String Components and Handling”

3.3 Hydraulic Circulation System

The use of drill fluid, also known as driling mud, is one of the key elements of the hydraulic
rotary drilling technique. When boring a well, the driling mud is pumped from the surface
through the drill string down to the bit, through the nozzles of the bit in the borehole and then
back to the surface. When out of the hole, the fluid is processed and cleaned and the circle
starts over again. The drilling fluid has several functions. It has to remove the cuttings that are
drilled out by the bit and transport them up to the surface. At the same time, the bit is lubricated
and cooled as the driling generates a lot of thermal energy. To ensure borehole stability it is
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3.3.1

3.3.2

3.3.3

3.3.4

important to seal the wall of the borehole and counteract the formation pressure of the drilled
medium which is done by the hydrostatic pressure of the driling mud. Certain tools of the BHA
use the mud to operate, for example downhole motors or mud pulsers.

Mud Pumps

To get the drill fluid from the mud tank down the hole and back to the surface a lot of hydraulic
energy is needed. This is provided by the mud pumps, big reciprocating positive displacement
pumps. As the planned wells became deeper and more complex over time, manufacturers
steadily had to increase the power rating of their pumps. Power input changed from steam
engines at the very beginning to diesel combustion motors and now to electric. The one to three
pistons of the pump can be single or double acting. Most common is the single acting triplex
pump as it has the smoothest pump pressure output. Depending on the size of the rig, there are
two, three or even more pumps on site. The mud pump system requires usually more than half
of all the horsepower used in rotary drilling. To increase the efficiency and counteract wear, the
mud pumps are nowadays usually pre-charged with smaller electric or hydraulic pumps that
push the mud from the tanks to the mud pumps.*

Mud Mixing and Storage System

Driling mud is a fluid, usually water, mixed with additives to obtain the required properties
needed for drilling. The mud tank system consists of open steel tanks for the mud and open or
closed extra tanks for water. The mud tanks are equipped with different types of agitators to
counteract the natural sedimentation of the fluid additives. From these tanks, the driling mud
goes to the mud pumps to be pumped to the rig and down in the well. The mud mixing system
is usually a jet-type mixer with a hopper on top to add the mud additives. In comparison to many
other industries, for example the construction industry where building materials like cement or
plaster are delivered and stored in silos and mixed automatically, the components and additives
for the drilling fluid are delivered in 15 kilogram bags and are added manually to the mixing unit.

Mud Cleaning System

When the drilling mud flows back from the well it is usually full of cuttings and dissolved gas that
have been drilled out. This foreign matter has to be removed before the fluid can be used again.
To clean the mud it has to run through a sequence of equipment that filters out the different
substances by size and properties. Common tools are shale shakers for bigger cuttings,
degassers to separate any dissolved gas, desander, desilter and centrifuges for smaller cuttings
and. On modern rigs, this part works relatively autonomous, human intervention is mainly
necessary for repair, maintenance and to make sure that the disposal containers will not boil
over.

Surface Circulation Equipment

The surface circulation equipment contains all parts that are necessary to close the fluid circle
(Figure 12). This includes the mud hoses and steel tubes that connect the mud tanks with the
mud pumps, the suction line, and the mud pumps with the stand pipe on the drill floor, the
discharge line. The standpipe, that is in vertical position and attached to one leg of the mast or
derrick, is connected with the rotary hose to the swivel or top drive and to the drill string. The
mud is pumped down the pipe and then back to the surface, carrying the cuttings. Back on the
surface, the mud enters the mud return line that is usually equipped with a flow meter to show
the driller the difference between the mud entering the well and the amount of mud leaving the
well. The mud return line leads directly to the mud cleaning system and from there to the mud
tanks, where the cycle is closed and starts again.**
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Figure 12: Drilling mud circulation system*:

3.4 Power Supply

3.4.1

A drilling rig is equipped with a number of machines and several of them consume a lot of
horsepower. The mud pumps, the hoisting system and the rotary drive mechanism are the
three main power consumers as they do the actual drilling. In addition to that, all the auxiliaries
have to be provided with energy, as there are the mud mixing and cleaning system, drill floor
and pipe handling equipment, blowout preventers, illumination of the site, accommodation and
offices for the crew, hydraulic pumps and so on. But not only is the huge energy request a
challenge for the rig operators. The fact that the drilling of deep wells is quite often in areas with
little or no infrastructure demanded for autarkic facility layouts.

Prime Movers

A prime mover is “an initial source of motive power (as a windmill, waterwheel, turbine, or
internal combustion engine) designed to receive and modify force and motion as supplied by
some natural source and apply them to drive machinery“46. This makes the prime mover the
heart of every drilling rig. At the very beginning of the hydraulic rotary drilling technique the
necessary horsepower came from steam engines as these where the only available energy
source that was strong enough and relatively independent of infrastructure. Wood, coal or even
natural gas could be used to heat up the boiler. Until the 1940’s and 50’s nearly all drilling rigs
were steam driven.

Mechanical Rig

This changed when powerful and portable combustion engines became available. Steam rigs
were displaced by mechanical rigs". Especially diesel engines became dominant in the industry
as they were more efficient, more reliable and the transport and storage of diesel is much safer
than of gasoline due to its low vapor pressure. Plus, they develop higher torque compared to

other engines of the same size.

i Rigs with combustion engines and mechanic power transmission are named mechanical rigs
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Diesel-Electric and Electric Rigs

Today, diesel engines are still the most common prime movers on drilling rigs, the development
of turbo chargers and electronic controlled direct injection keep them state-of-the-art. But
instead of powering the rig components directly, the engines are now more and more being
used to drive AC generators which deliver the required energy. Electric drilling rigs, or diesel-
electric rigs, if powered by diesel generators, are beginning to replace the mechanical rig.
Environmental friendly drilling is getting more and more important, so operators are energizing
their rigs from the local power grid if the infrastructure is available. Especially near areas of
settlement this will reduce exhaust gases and, even more important, noise. The use of public
electricity is interesting from an economical point of view, too.

Gas Turbines

In combination with a generator also gas turbines are now being considered as a power source.
Gas turbines are constant speed machines which was not well applicable as a direct actuation.
But in combination with electric generators they are a considerable alternative as they are
environmental friendlier and can be fueled with gas or liquid hydrocarbons that would be wasted
otherwise.

3.4.2 Power Transmission

Power transmission is necessary to direct the energy, which is produced by the prime movers,
to the actual consumer such as mud pumps or top drive. In some cases it is necessary to
convert the original form of the energy to another one. The key features of power transmission
in the design of drilling rigs are simplicity and reliability, even in extreme harsh environments.
They have to be field serviceable and easy to transport and assemble. Plus, some components
serve in explosion-hazardous areas and have to be ex-proof. The means of power transmission
are divided in mechanic, electric or hydraulic systems.

Mechanical Power Transmission

Up to the 1960's most of the rigs were equipped with mechanic energy transfer, in some areas
there are still a lot of old mechanical rigs around. At the beginning v-belts connected the
engines with the machinery, but with the increasing horsepower of the different equipment this
technique reached its limits. The belts where replaced by complex arrangements of heavy-duty
chains, sprockets, gears and clutches, which could transfer a lot more power. This arrangement
is known as the compound (Figure 13). Several engines are compound to the power
transmission and the driller can decide whether to link one, two or more engines to the system,
depending on the actual situation. The compound supplies the drawworks and rotary table by
chain, smaller consumers such as mud pumps, hydraulic aggregates or electric generators can
be driven with chains or belts. The big disadvantage of the compound is simply its size. It is big
and heavy and therefor difficult to transport. Due to its complexity the assembling and
disassembling is time-consuming.

Electrical Power Transmission

A more elegant way is electrical power transmission. Initially developed for locomotives, this
technology was used for drilling rigs around 1930 for the first time and is the most common way
of energy transmission today. There are many advantages of the system. The components are
smaller and can be assembled much quicker, leading to lower costs. Electric systems are more
efficient. Less energy consumption is not only cheaper but has lower environmental impacts,
too, which is desired by most contractors nowadays. And the electric power transmission is
much more flexible. The power is transmitted through flexible electric cables that can be
positioned relatively easy, which is a big benefit for the design of drilling rigs. Plus, the prime
movers can be placed further away from the rig leading to less noise pollution on the rig floor.
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An important step was the implementation of the alternating current silicon-controlled-rectifier
system in the 1970s (Figure 15). Before, one DC generator, driven by a diesel engine, was
directly connected to one corresponding DC electric motor (Figure 14). With the DC-DC
concept each motor required a generator of its own. Including redundancy, this was a lot of
equipment on the rig site. With SCRs, diesel engines are connected to AC generators. One
control station with several SCRs converts the alternating current from one prime mover unit to
direct current for the individual DC motors on the rig. The size and number of prime mover can
be adjusted to the power requirements of the rig or it can be powered from a local power grid, if
available. AC power can be transported with much fewer losses compared to DC, especially
when high amounts of energy have to be transmitted.
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Figure 13: Compound — mechanical power transmission#

The latest development in electric power transmission was the application of variable frequency
drive (Figure 16). The speed of DC motors can be easily controlled by adjusting the voltage, the
speed of AC motors is determined by the frequency. With variable frequency drives, the
revolutions per minute of AC motors can be controlled, too. The VFD unit, consisting of a
rectifier, a DC bus and an inverter, gets a signal from the drillers control panel and regulates
frequency and voltage of the current that runs the motor. The various VFD circuits are usually
located in an own container.*®
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Figure 14: Electrical power transmission, DC — DC system
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Figure 15: Electrical power transmission, AC — DC system
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Figure 16: Electrical power transmission, AC — AC system

Hydraulic Power Transmission

The third way of power transmission is with hydraulics. A cylinder or motor is actuated by the
pressure of a fluid, usually oil. The fluid pressure is build-up by a pump and then transported to
the consumer via tubes and hoses. It is a common method to transmit power from one place to
another. Depending on the design of a driling rig, the proportion of hydraulic power
transmission can range from driving only some small auxiliary equipment to providing the entire
rig with energy.

Many companies do not want to implement hydraulic power transmission on their rigs. One
demur is the spilling of hydraulic oil during connecting and disconnecting of the hoses and in
case of leakages. Another concern is that operators want their equipment to be easy operable
for the crew. They prefer hammer-proof equipment as this seems to be the only way the crew is
willing to handle stuff. Sensitive pieces like hydraulic hoses tend to be damaged above average.

3.5 Substructure

The substructure is the base framework for the driling rig on which all the equipment is
installed. The important requirements for the substructure are the support of all the weight of the
entire machinery and drilling load and to provide enough space under the drill floor for the
blowout preventer. This has to be checked before selecting a rig for a job.

3.5.1 Self-Erecting, Box-On-Box Design

The main changes in the design of substructures during the last decades were made with the
intention to facilitate rig moves. The framework was divided into smaller sections that could be
transported from location to location by truck. The individual components could then be
assembled with portable cranes. This was the beginning of the box-on-box design. Today
manufacturer try to construct all components of the substructure, and also all the other
components of the drilling rig, according to the dimensions of standard transport containers in
length and weight (Figure 17). The challenge of a containerized layout is to meet the road traffic
regulations to ensure transport during rig move to be as cheap and uncomplicated as possible.

Author: Klaus Kurz Page: 34



Mﬂg!#‘# Implementation of Industrial Robots in Drilling Rig Design

& .

Figure 17: Containerized design of a drilling rig (left}*®, unfolding of a self-erecting drill floor (right)

The actual rig up and rig down procedure is facilitated by self-erecting constructions, at least as
far as possible. The target thereby is to have a rig that can be assembled without any auxiliary
cranes. Components, like the drill floor, can be assembled on the ground only by the use of the
trucks and maybe a fork lifter. The structure is then unfolded with a winch or hydraulic cylinders
into the operating position (Figure 17).

3.5.2 Moving Systems

A totally different approach for relocation is to move the entire rig in one piece. In some cases,
the distance between two drilling jobs may be a few hundred meters, sometimes not more than
ten or twenty meters. This occurs when an oil field is developed with several wells that are
drilled form one location to minimize the environmental footprint, for example exploration of
shale gas. Instead of disassembling the entire rig and then putting it together a few walking
steps away from the original place, the construction is equipped with a moving device and can
be sent to the next drilling job in the fully operational position.

Wheel System

There are different methods to execute such a venture. The most common one is to install huge
tires at the edges of the rig (Figure 18) and pull it with trucks from Point A to Point B. This is very
common for dessert rigs where the broad profile of the tires won't get stuck in the sand.

Figure 18: Moving system with tires (left)® and walking system (right)s!
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Skidding System

A much cheaper way to push a rig over short distances is the skidding system. The
substructure is put on flat, metal panels or rails. These panels are lubricated with grease to
reduce friction and prevent corrosion that would bond the substructure and the rails together
when the construction is not moved for weeks during the job. The rig will then slide on those
rails, pushed by hydraulic cylinders, to the next well. The problem here is that the rig can only
be moved along one axis. But in many cases, this is enough.

Walking System

A relatively new technique is the walking system (Figure 18). It is similar to the skidding system,
but instead of a fixed track, the hydraulic cylinders push the rig along metal plates that are only
a few meters long and attached to the rig. The direction of these plates is variable and therefor
the rig can not only walk along one fixe axis but can be directed to a certain degree which
makes it more flexible.

One technical requirement for these three moving systems is an enhanced structural stability of
the substructure as it is exposed to forces outside the normal range of drilling activity. In
particularly for the walking system and the transport with enlarged tires, as the entire load of the
construction is concentrated in a few points. The second requirement is that the substructure
has to be extended so that all the other equipment, like mud pumps or the catwalk, are attached
to the rig. This is not a must but it saves time as these components do not have to be moved
extra.

3.5.3 Platform for modular designed equipment

The classic, universal applicable drilling rig is becoming less and less popular. Operators go for
rigs that can be adapted to different drilling purposes. Therefore, the substructure is changing
into a platform that can be equipped with different drilling components. This would also allow
tools from different manufacturers. This brings incredible benefits for the rig operator as he can
build together the rig he needs from a set of different models.

3.6 Rig Control System

Operating a rig puts high requirements on the crew, especially the driller. Different heavy
machinery with high power has to be controlled simultaneously and with special care to meet
the requirements of the operation. As the crew is interacting with the equipment it is even more
important to stay focused to avoid accidents. At the same time, the driling parameters such as
hook load, drilling torque, mud flow, etc... have to be monitored and responded to. Mistakes,
even small inattentions, can lead to incidents with severe consequences.

User-friendly operability has not been a big issue for a long time. The main function such as the
mud pumps, the rotary system and the drawworks with the catheads can be operated from the
driller’s console (Figure 19). The signals that actuate the equipment are transmitted pneumatic
or electric. The brake for the hoisting is controlled with a lever that is connected to the shaft that
actuates the jaws. The auxiliary devices like a winch have to be driven directly with controls on
the tools. With the working area right next to the well center, the operator is rarely protected by
any kind of shelter, thereby exposed to all kinds of hazards on the rig floor like spilling drilling
fluid or detached piece parts. Not to mention the fact that standing in wind and weather through
an entire night shift will influence the crew’s operational capacity and motivation in a negative
way.
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Figure 19: Driller's console next to the hoisting drum (left) and modern driller's cabin (right)

Manufacturers start to design new drilling rigs not only more efficient but with better working
conditions for the crew as well. The conventional driller's console is replaced by a closed cabin
(Figure 19) with heating and air condition, thereby removing the driller from the hazardous area
on the rig floor. The control devices for the machinery and the information system with all the
necessary drilling parameters is arranged more ergonomic so that the driller can concentrate on
what he is doing and not on how he is doing it. Joysticks allow a more intuitive operation of the
hoisting system or others like pipe handling. Blind spots, like the monkey board, can be
equipped with cameras and displayed on the monitor, communication systems connect the
driller to the important locations like rig floor, push, mud tanks or the machine room. With
electronic data acquisition and monitoring systems, the information displayed in the driller's
cabin can be easily monitored from others like the pusher in the doghouse or from a drilling
engineer in any office around the world. However, videos from cameras on the rig can only be
monitored on the rig and must not be recorded due to labor law regulations.

The next step is to remove the rest of the controls away from the exposed places. Iron
roughneck handling is already possible to be done in the driller's cabin or a steering stand in
safe distance away from the tool and its hazards. Even more advanced working infrastructures
provide driller's cabins with control of pipe handling, iron roughneck, etc... too. As this amount
of tasks would be toc much for one person, these cabins are usually build for two people, the
driller and the assistant driller.

3.7 Drill String Handling

The task of the drilling rig during the drilling of the hole is to hold the load of the drill string and to
support it with torque and pump pressure. The main work for the rig and the crew starts when
the drill string stops to rotate. The layout has to be adapted many times to react to changing
drilling conditions. This begins with the adding of drill pipe to extend the stem as the bit bores
deeper and deeper and can come to the tripping of the entire drill string for modifications of the
bottom hole assembly such as changing the bit due to wear or changing the entire BHA for a
new hole section. The handling of these tools is complicated as they are heavy, cumbersome
and require high torque for make-up and break out. In addition to that the string is contaminated
with downhole fluids when it comes out of the well and some tools have to be treated with
special care so they will not be damaged. The handling of drilling tools is a key element for the
evaluation of a drilling operator and the performance of the equipment and the crew. Reducing
the time for BHA manipulation means reducing the time required for drilling the well.
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3.71

The handling of the drill string can be divided into different phases:

e Transport and Storage at the rig site
+ Transport onto and from the rig floor (pick up and lay down)

¢ Handling and assembling on the rig floor

Most of the work concerning drill pipe and BHA handling is done on the drill floor. To enable the
assembling and disassembling of the tools special equipment is necessary.

Handling and Assembling on the Rig Floor

Slips

Slips hold the entire weight of the tubular in the borehole when it is not connected to the hoisting
system while making a connection. Slips have a cylindrical inside to fit the tubular with jaws to
grip it (Figure 20). These jaws have to be serviced from time to time as the teeth of the jaws can
be plugged with small metal debris from gripping the metal pipes. The outside is slightly conical
so that the jaws will be pushed against the wall of the drill pipe as the slips are forced down into
the bushing. Different slips are necessary to cover the entire range of tubular sizes. One slip
size can handle up to three drill pipe diameters. Smaller slips consist of three segments,
depending on the size the number of segments increases with a maximum of over ten for
casing. As the slips can only support a small amount of torque they should not be used to rotate
the drill string. Tasks like orientation of the drill string for directional drilling, however, can be
conducted.*

Figure 20: Conventional Slips (left), mechanized slips (middle) and casing slips (right)

Some manufacturers offer remote controlled, mechanized slips (Figure 20) as the handling
frequency is rather high. This should improve working conditions and safety. These mechanized
slips are actuated hydraulically or pneumatically and controlled by the driller. Nevertheless,
manual slips are still the most common ones. In some cases the crew uses them even though
mechanized slips are available on the rig floor (Figure 21). The problem is that not all
automated slips can be used to rotate the string for directional drilling. Another limitation is that
changing the jaws for varying pipe diameter or removing the slips for BHA tools with extended
diameter, like stabilizers, is time-consuming with mechanized systems. Removing and changing
the manual slips is rather easy.

Elevator

When the tubular is not connected to the swivel or top drive it can still be held by the hoisting
system with elevators. The elevator is attached to the block or top drive with two steel bails on
both sides. Elevators vary in size and type. Important is to distinguish between drill pipe
elevators and drill collar elevators as they have different shoulders to fit the different shapes of
the tubular. Taking the wrong elevator for a certain pipe will lead to damage.
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Shoulder

Figure 21: Drill pipe elevator®3 (left) and casing elevator5* (right)

On many rigs elevators have to be handled manually. This is risky and labor intensive,
especially for bigger pipe diameter. New rigs are equipped with mechanized elevators. The
bails, that hold the elevator, are modified with hydraulic cylinders on each side. This way they
can be pushed from and to the well center which facilitates picking up and handling pipe on the
rig floor. This system can be combined with hydraulic or pneumatic driven elevators which open
and close by themselves. This type of elevator system can be used hands-free and is controlled
by the driller.

Figure 22: Hydraulic elevator bails (left), stabilizer with casing elevator sub in elevator (right)

Manual Tongs

To make up or breaker out the connections of a drill pipe or a part of the BHA immense amount
of torque is required, in extreme cases more than 200 kNm. To apply this amount of torsional
moment the crew uses the manual rig tongs in combination with the cathead. Tongs can cover
a range of different pipe sizes due to the adaptable lug jaws. During use they are lifted with
auxiliary winches as they are heavy, the big tongs can weigh up to 300 kilegram. The rig crew
swings them from a parking position on the side of the rig floor to the well center where they are
latched to the string for make-up or break out. The lever is then actuated by a cable that is
pulled by the cathead, the gripper tightens itself through the turning of the tong in a uniform
force distribution around the pipe. It is important that the lever and the cable align in a right
angle to achieve maximum torque and also to know the exact value of the torque.

Using the manual tongs is an exhausting venture, especially during tripping. It is considered as
one of the most dangerous work steps on the rig floor. The heavy equipment in combination
with the high forces for make-up can become a severe hazard for the crew. This starts with the
pinching of a finger and can become life-threatening when the human body gets caught
between the lever of the tong and another steel body.
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Figure 23: Manual tongs (left) and iron roughneck (right)

Spinner (Power Tools)

Tongs can be used to make-up or break a connection, but they still have to be screwed
together or apart. Using the tongs is rather inconvenient, manual screwing is only practicable
with very small pipe diameter and should be avoided anyway. Chain tongs are common tools to
unscrew tubular manually because they can be handled better than heavy manual tongs. Some
crews spin a chain around the pipes and pull it with the cathead. With the friction between the
chain links and the pipe wall, this will unscrew them rather fast. Still, it can lead to accidents.

Instead of doing it manual, spinners can be used. They are usually mounted at the swivel and
rotate the kelly, thereby unscrewing the pipe.

Iron Roughneck

The introduction of the iron roughneck has been one of the biggest game changers in rig floor
design. This machine allows mechanized execution of making, breaking, screwing and
unscrewing connection of pipe. With remote control, crew members won't have to be around
the well center any more. The roughneck is located next to the well center in a waiting position.
For operation, it will be moved to the well center. Two sets of jaws, usually hydraulic, are set
onto the tool joints, one on the upper and one on the lower. This will break or make-up the
connection. On top there are usually rollers that will then screw or unscrew the tubular. Moving
of the iron roughneck used to be done mainly with a rail system to support to enormous weight.
As rails are hazardous for tripping, new systems use manipulators to guide the iron roughneck
around the rig floor.

Handling auxiliaries

To handle all tools on the rig floor a wide range of different auxiliary devices is required. Most of
them are necessary to process bottomhole assembly. Different kinds of lifting subs allow the
hanging of tools in the elevator which would not fit in due to size or shape. Drill collars, for
example, cannot be handled by elevators as they have a plain outside with constant diameter.

During tripping operations of drill string or installation of casing, the pipes have to be unscrewed
from the kelly when new pipe is installed or taken out. In this case the entire string is hanging
free in the borehole, held in place only by the slips. If the slips fail, the entire drill pipes or casing
falls into the well, which results in costly fishing or damage. To ensure that this will not happen,
it is advisable to install safety clamps around the pipe, right above the slips. It acts as a backup,
holding the tubular employing friction.
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Figure 24: Crew installing safety clamp, liting sub on top of the string

When the tubular is filled with drilling fluid during tripping, the so called wet tripping, fluid will
splash out of the connection when the pipe is lifted after unscrewing it. To protect crew and
avoid spilling of the rig floor, mud buckets are used. They are pulled over the tool joints and trap
the drilling mud. Mechanized versions are available but not very common.

Landing/Lifting sleeves, also called step-in and step-out guides, look similar to the mud buckets.
They fit around the tool joint and have conical openings on both sides. They guide the pin
threads in and out of the box threads to avoid collision. The threads, especially WT threads, can
hook together which could lift the string and loosen the slips when pulling out.

The shape of the drilling bit does not allow the use of tongs. Therefore, a plate is used to hold it.
This plate, the bit breaker plate, is connected to the drill floor or the rotary table with a frame.

Service auxiliaries

The string components and especially the threads have to be maintained. When pulling out of
the well, the pipe is covered in drilling mud which is usually very aggressive to metal and would
corrode them. So they should be cleaned as good as possible. This is done on the rig floor to
prevent spills on the ground. The cleaning is executed with a conventional water hose, in some
cases with high-pressure cleaners. Some rigs also use sponge sleeves or a rubber mat with a
hole to wipe the mud of.

The threads have to be treated with special care. Grease is used to improve the quality of the
connection. This is done with a simple brush that is dipped into the grease bucket. Depending
on the condition, cleaning with a rag should be done. To save the threads during transportation,
thread protector caps are used.
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3.7.2 Pick Up and Lay Down

Slide

Every part that has to be transported onto the drill floor will go there over the slide. It is a very
steep metal ramp that guides the tools when they are pulled up with the winch. For many drilling
rigs, it is the only way to bring equipment up on the rig floor. Long tubular like drill pipes, casing
or MWD tools as well as small components such as stabilizers and bits come to the rig floor via
the slide. Even auxiliary equipment like wrenches or thread protection caps come this way.

Pipe Set Back Installation

Nearly every conventional land drilling rig does have a board in the mast to set back tubular if
they are not used at the moment. Especially during tripping, laying down of every pipe would be
very time consuming. Instead, the pipe is stored in the mast, attached to the so called monkey
board. However, it is very risky as usually one crew member has to be on the board to handle
the pipe. New rigs bypass that risk with mechanized pipe handling equipment that would do the
crew members job. Another option is to store the pipe on the ground. Super single rigs with
efficient mechanized pipe handlers do not require set back capacity at all and can still trip at
reasonable times as well.

Mechanized Pipe Handling

More and more rig manufacturers install mechanized pipe handling systems on their rigs
(Figure 26). Especially smaller land rigs that use super single pipe utilize this very fast way of
bringing pipe up to the well center without any interaction of the crew, besides from operating
the gadget.

Figure 26: Slide (left), Pipe Handling machine%s (middle) and mechanized monkey board (right)
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3.7.3 Transport and Storage at the Rig Site

A lot of equipment has to be stored on the rig site. Usually two sets of drill strings with different
pipe diameters and various BHA sets will be required. In addition to that there are all kinds of
additional equipment and maybe the casing string for the next section. Tubular is usually stored
on racks, usually near the catwalk. Smaller BHA parts as well as additional rig equipment is
shelved in cage boxes and palettes. Transportation is done with a fork lift, to handle pipe on the
ground operators prefer the use of lifters with pipe grippers which allow save transport of tubular
(Figure 27).

Figure 27: Logistics on the rig site

3.8 Drill String

This is the one part of the drilling rig that is actually drilling the hole. All the other equipment is
only there to actuate the drill string. The drill string is composed of numerous components and
varies from drilling project to drilling project as it is designed different for each application. The
drill string consists of drill pipes that support the weight of the drilling tools and connects them to
the rig. It transmits the drilling torque to the bottom and the drilling fluid is pumped down through
its hollow body. At the end of the drill pipe are tubes with high dead weight to provide the drilling
bit with downward force. They make sure that the uppermost part of the drill string is kept
straight and in tension. These are the heavy-weight-drill-pipes and the drill collars. The
bottommost part is the bottomhole assembly with the bit. This is the actual drilling set that is
making the hole and provides control of the direction. As the drill string is probably the main key
factor for drilling performance a lot of effort is put into the development of better and more
advanced downhole tools. At the beginning of the hydraulic rotary drilling technique the drill
string was not more than some metal pipes that were screwed together and a tool with blades
at the bottom, the so called fishtail bit. This has changed over time and the BHA of today is
setup of different high technology downhole tools that can be precisely modulated to the
requirements of a variety of drilling projects.
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4.Drilling Rig Performance

4.1 Demands of the Market

411

The total available rig count on the US market has been steadily declining for the last years.
The tendencies in the residual world look similar. At the same time analysis of future
development shows that the number of drilling activities will go up in the next years. The gap
between increasing demand and declining supply is an indication for rig manufacturer that new
equipment will be required on the market. °

The challenges for the design of new drilling rigs will all lead to one target. economic
successfully drilling of wells. But this does not necessarily mean that the cheapest equipment
will be successful, the overall performance will be crucial.

Diversity of Drilling Operations

It is difficult to give an example of a standard drilling operation. There are so many different
variables, offshore or onshore drilling, shallow or ultra-deep wells, vertical, horizontal or deviated
wells, etc. The choice of the appropriate type of rig will play an important role on the success of
the operation. On the one hand, rigs should be universal applicable to be able to apply for as
many contracts as possible, especially as relocation distances should be kept to a minimum.

On the other hand, every part of a rig’s capacity that is not used will be a loss for the economic
performance. So designing a rig for special types of wells will make them very competitive.
Especially bigger development projects that call for wells with similar boundary conditions, for
example development of shale gas reservoirs, will tend to devote built-for-purpose rigs instead
of built-for-market rigs.

4.2 Key Performance Indicators

4.2.1

The performance of a drilling rig can be rated by the relation between its capacity to drill a well
of a required quality as fast as possible and the effort to execute the drilling of the well. This is
nothing new. The correlation between input and outcome is a dominant factor for success in
any other commercial field. The problem is to remark a precise statement about the
performance. A drilling rig is a complex compound of different machinery, variable in quality and
size, and is utilized for different jobs ranging from workover operations to the drilling of highly
complex wells.

The performance of a driling rig depends on many factors and measurement is therefore
complicated. The layout of the well plan and the geology, the available surface and downhole
machinery or the environmental conditions at the driling site have immense influence on the
way a drilling rig will complete a certain job. Nevertheless, the most influencing parameter is the
human factor. Many tasks at the drilling site have to be handled by the crew. And even in the
case of a high rate of mechanization, the equipment is still actuated by humans and is therefore
dependent on the skills of the one who is operating it.

To be able to make qualitative statements about the operating level of a drilling rig it is helpful to
implement key performance indicators.

KPI Measurement and Interpretation

To reflect and rate the performance of a tool or of a process, a good way is to put certain
parameters into relationship. These values are called key performance indicators, or KPIs. An
example for a common known KPI from the everyday life is kilometers per hour. If you take the
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4.2.2

average km/h during a long drive or the maximum value a car can go, you get a good idea of
the driving performance and, most important, can compare it to others. Initially, key
performance indicators were used to evaluate economic coherences. Nevertheless, they
proved to be quite helpful for monitoring technical processes, too.

To evaluate a drilling rig, there are some specific KPIs defined in the oil and gas industry. The
most common is “meters drilled per day”. The problem with this KPI is that it does not consider
the specific situation of the drilling job. A certain value of “meters drilled per day” can be good
for drilling a complicated well path in hard formations. The same value may be bad for drilling a
shallow well in an already known formation. The same problem occurs with many other KPlIs.
Therefore, a proper analysis of KPIs will be always done in combination with the necessary
background information, for example from the morning report.

Depending on the subject that has to be observed, a significant KPI should be defined. Some
values give a good overall picture, others can be used to look on a situation in detail. A few
examples for common KPIs in the drilling industry are the following:

¢ Dirilling progress , meters drilled per day (or per hour)

¢ Drilling costs, amount of money (usually dollar) spent per meter of a well

¢ Tripping speed, meters of drill pipe tripped in or out of the well per hour

¢ Rig-up time, time required for assembling and dissembling the rig during a relocation
e Safety incident frequency, injuries that occur in a certain period of time

¢ Productive time, the share of time that is used for the actual drilling operation

¢ Non-productive time (lost time), the share of time that is used to deal with unexpected
events like technical breakdowns or waiting on weather

To come up with useful key performance indicators it is necessary to collect accurately
measured data. Taking them from the morning report may be inaccurate in some cases as this
form of documentation is done manually and therefore not hundred percent objective. Important
facts, like tripping times, are monitored during phases of intense activities and may be inexact
as the focus of the crew is on the operation and not on the documentation. Important
information may be missing due to a lack of communication between the one who is
documenting and the one who is evaluating. And most important, the detailed evaluation of the
performance of a drilling rig requires various kinds of data which should be taken every
predefined time interval, in many cases this intervals will be a second. This is just too much to
be done manually in a consistent way, especially with routine operations. Automated data
acquisition, therefor, will play a big role in detailed evaluation of drilling rig performance57.

KPI Influenced by the Drilling Rig

According to a rule of thumb in the oil and gas industry, forty to fifty percent of the total financial
efforts for driling a new well are related to the drilling rigSB. This includes day rates for
equipment and crew, energy consumption, mud system or costs for rig move. The rest is spent
on material like bits, for cement and casing, all kinds of services or the preparation of the well
site. This is only a rough approximation as the costs depend on the kind of operation, whether it
is a shallow well in a known oil field or a deep, horizontal exploration well. But still, the
performance of the drilling rig has a big influence on the economic success of a prospect for oil.
Figure 28 shows the different matters of expenses from a quotation for drilling three geothermal
wells to give an idea about the driving units for overall drilling costs of a project.
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Figure 28: Example of the total costs for drilling geothermal wells

To rate the performance of a rig it is necessary to concentrate on those parameters which
reflect only the part of an operation the rig has an influence on. The rate of penetration, for
example, will be influenced significantly by the quality of the bit and the BHA. As long as the rig
will provide it with sufficient torque, it will not be able to improve ROP dramatically. The same is
valid for the life span of the downhole equipment. As long it is installed and operated properly, it
will last for a certain period of time, no matter if an old rig or a modern one is revolving it.

In general, a drilling rig can outdo other competitors by being ahead in some specific categories:

¢ Reducing operating costs
¢ Decreasing operational time

¢ Improving health, safety and environment related issues

Reducing operating costs is primary related to the day rates. Figure 29 shows the
proportional cost factors of a 25.000 € day rate for a 300 tons drilling rig. The biggest share is
the cost for the rig itself which will be derived, among others, from the purchasing price.
Operators try to run their rigs 24 hours the whole year which requires four crews for a twelve
hour shift system. With 6 people each crew, this is a major cost factor as well as it can be seen
in Figure 29. Reducing the personnel to zero is hardly possible, but designing a rig that could be
run with less people would bring a potential saving. And as the graph shows, fuel efficiency will
not only bring environmental benefits but also financial.
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Figure 29: Proportion of the main expenses on the day rate for a drilling rig

Decreasing operational time is the second option to minimize the overall rig costs. As already
mentioned, the design of the rig does not influence all processes. So it is important to have a
look on those parameters which can be improved by the surface equipment.

Effective handling and logistics of pipe and downhole tools is very important. The faster they
can be brought into the well the higher the percentage of time that is spent on actual drilling.
Another important role is the rig up and rig down capabilities of the machinery. Easy and fast
relocation is characteristic of a rig that can save quite an amount of money, especially in rather
populated regions like Europe.

High HSE standards will not only help to keep accident statistics low, but it has influence on the
drilling time too. Damage of tools and injuries of the crew will lead to delays. Frequency of
technical failures due to false treatment on the surface is a problem. An accident of a crew
member will lead to temporal shut down of the operation and brings costly investigations with it.

Improving HSE is one of the hot topics in the business. Working on a drilling rig is, with no
doubt, considered as one of the high risk jobs. Accidents have severe consequences and can
result in the loss of lives in the worst case. Besides that, the oil and gas industry is very well
observed by the media and numerous NGOs. It has the reputation of being very money
focused with no scruples of sacrificing human life and the environment for the exploitation of
hydrocarbons.

Minimizing the number of work accidents is not only a matter of ethics. The economic
consequences have to be considered too. The injury of a crew member is followed by the shut-
down of the operation for at least a few hours, depending on the severity up to one or more
days. Investigations for the circumstances of the accident and improvement of HSE standards
will follow and bond personnel. Plus, all companies, especially those who are listed on the stock
exchange, will be rated not only by economic success but also by indicators like work incidents
with injuries.

Lost and Hidden Lost Time

Rating of KPIs like “meters drilled per day” is a rather simple way of classification of the
performance. Drilling operations are diverse and comparison of such values may not tell the
entire story. The analysis of productive and non-productive time goes a little more into detail and
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gives an idea of the different time consumers during the drilling of a well. Exact driling data
monitoring should help to detect those parts where valuable time is lost due to mistakes.

The most common way is to compare productive time (PT) with the non-productive time (NPT)
to detect opportunities for improvement. Productive time is the time of actually driling the well
with the bit rotating on bottom and the pumps on. The residual time is non-productive time, also
called flat time as on a time vs. depth drilling diagram the curve will be flat. This is where all the
operations like tripping, reaming, running casing and cementing, maintenance and other work is
done. So the name non-productive time can be misleading as it contains tasks essential for
drilling a well but at the same time unplanned and sometimes unnecessary events that should
be avoided, for example shut down of the rig due to an accident. Hence, NPT is where the
biggest potential can be found for saving operational time and consequently saving money,
especially savings that are related to the design of the rig.59

The time spent for such unnecessary events during non-productive time is considered (visible)
lost time, or down time. Lost time, such as waiting for equipment, can be detected in morning
reports. The investigation of hidden lost time is more difficult (Figure 30). Hidden lost time is the
outcome of operations that are not executed at the technical limits and mainly related to human
failure or poor equipment. The driller that has to wait for the crew to lift the slips, equipment that
has to get onto the rig floor during tripping due to bad coordination, results of tool damage or the
inconvenient handling of equipment due to the lack of proper handling procedures are only
some of the many examples that can be seen on rig floors. Studies have shown that hidden lost
time is responsible for a significant amount of driling time, in some cases up to 30%. So
elimination of the lost time and especially the hidden lost time should be high priority for
operators.®

Total Valid Target Range
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Figure 30: Theoretical well time vs. real well time due to lost time®!

4.2.4 Best Performance

Best performance is the ultimate goal that people want to reach, no matter which discipline. In
the drilling industry, as in all other productive processes, best performance can be achieved
with the focusing on two things. Getting rid of the lost and invisible lost time on the one hand
and pushing the limits of the machinery on the other (Figure 30).

Benchmarking is the comparison of the performance of competitors, usually those who are
working at the highest level. It is the easiest way to find the technical limit of a certain process.
Those operators who will drill a well in the shortest amount of time will probably work as close
as possible to the technical limit, and therefor set the benchmark for all the others. Still, it is
important to compare the overall performance. Not only time, but other criteria like quality of the
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4.2.5

well or total costs have to be compared, too. If several members of the crew get hurt during the
drilling of the well, it might not be the best way of running a rig, even if they run it fast.

The philosophy of performance drilling can be compared best to those of sports teams, like
formula one. The main goal is to execute the ideal work flow and therefor reach the best results.
The interaction of rig and crew is essential. The crew has to be at a very high training level that
knows every work step by heart. The workflow is usually very well defined, unnecessary work
steps are eliminated. Although the equipment is usually at a high level, operators try to avoid
unnecessary machinery on site and keep the system as simple as possible. If a tool will not
improve the performance dramatically, it will not be used as it is another part of the game that
could fail or disturb the work flow. This is why many rigs that do performance drilling will not
have tools like an iron roughneck or automated slips. They could only slow down the process.
The problem is that the whole concept is very dependent on the human factor. If one member
has to be exchanged, the work of the entire crew will suffer. And performance is nothing without
a constant level of doing so. It is not enough to make one very fast slip to slip connection. The
time required for this has to be kept stable over the entire time period.62

Lean manufacturing comes originally from the car manufacturing business. Since then the
ideas have been used in many other disciplines and can help to improving drilling efficiency.
The concept of lean manufacturing is to avoid anything that is not essential for a certain goal
and concentrate on the actual creation of value. The focus is on the customer and his needs.
The things that are important for him are of high priority as he is willing to pay for it. A lot of effort
is put into the optimization of the different manufacturing processes, synchronization is very
important to avoid downtime. Automation is a key element to execute the physical and mentally
exhausting duties. If production systems do not deliver the desired outcome engineers will not
only go for small alterations but for radical changes. Instead of having unskilled workers with no
authorities the employees are well trained so they can react quickly if necessary. The result is a
production that creates the same number and quality using less of everything. Less workers,
less resources, less space and less time.** ©*

Predictability of Well Planning

The different time intervals that are required to do exactly the same work task are not only a
sign that a rig is not working at the optimum. The even bigger problem is that scheduling of
drilling projects becomes inaccurate. The time required for a 2000 meter trip to change the bit
can only be predicted by using rough estimates. Typical forecasts might be between eight and
twelve hours or half a day. Prognosis closer than one hour are rare and only for standard
operations that have happened in the last weeks. Cost come up for down time due to waiting on
equipment or excessive standby of all kinds of services, a just in time concept is quite far away.

Driling companies have started to use data warehouse processing. Operations from the past
are recorded and documented to use them for future well planning. Still, automated data
collection as well as automated execution of the work will significantly improve the precision of
project scheduling.

Looking at the bigger picture, the estimation of the time required for an entire drilling project is
quite broad, too. Sure, telling the exact amount of days is not possible as so many unknown
factors have an influence. Geology, weather, unexpected troubles with equipment lead to
intense delays, especially in projects as big as drilling for oil and gas. But companies have to
plan their annual budget for exploration, more accurate planning of the amount of days that are
required for drilling a well ensures better disposition of financial resources.
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4.3 Development in Human Resources

4.3.1 Working Infrastructure

The working environment on a drilling rig is changing. In the past it used to be a rough place to
work. Handling of heavy equipment, contact with all kinds of fluids, exposed to the weather,
working in shifts on remote places, far away from civilization. Roughnecks used to have the
reputation of being tough guys, injuries where part of the business, the missing of a finger
nothing unusual.

With the development of technical highly advanced tolls the demands on the crew increased.
New tools are often very sensible and require special techniques for handling and
implementation. Tool damage became a severe problem as the careful handling of very heavy
equipment is not quite easy, especially if the personnel is not used to that. Manufacturers of
hydraulic rigs, for example, report that components get damaged during installation and
maintenance. The reason for this is that the rather sensitive couplings of the hydraulic hoses
are treated with hammers as the crew is used to handle other machines on the rig site like this
as well.

New rig designs try to make the working environment a more pleasant place to be. The driller is
working in a closed cabin with air condition. The crew is removed from the well center with
machinery that can be controlled remotely from a safe distance. Still, a part of the work has to
be done hands on, for example installing BHA components.

4.3.2 Shortage in Human Resources

The oil and gas industry, particularly drilling rig operators, have problems recruiting enough
personnel for running their operations. Positions with all levels of education are affected, but
especially people that are working out in the fields are scarce. Reduction of the crew size of
drilling rigs is going to be a big issue.

One characteristic of the driling business is the up and down of driling activities. With
increasing oil prices, companies start to drill extensively. When the oil price drops, driling
projects are cancelled. The problem for driling contractors is now that during low times with
fewer jobs, a lot of their personnel have to be held on standby or even released to lower costs.
During times with high drilling activities, they have problems hiring enough people to run their
entire fleet on a 24 hour basis. If core workers are absent due to illness or holidays this
becomes even worse. As a result, shifts have to work with reduced members or the free
positions are staffed with rental workers with usually no or little experience. The workflow gets
affected significantly. The permanent workers are faced with doubled burden as they have to
think for the new ones as well, accidents are preprogrammed.

Finding new people becomes more and more challenging. The job on an oil rig is a good
chance to make good money with low education level. But less people are willing to accept the
working conditions as discussed before. And with the increase of the technical level, crew
member-to-be have to be trained better and better before they can be sent on a rig as a full
member.

Demographic tendencies will make this even worse in the next years (Figure 31). The aging
pyramid in the drilling business is well known. Over the next years the industry will lose a big
part of their employees due to retirement. And this goes hand in hand with the loss of
knowledge as knowledge management is not practiced very much.
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Figure 31: Demographic pyramid in the oil and gas industry%®

A big share of the global hydrocarbon reserves are located in emerging and third world
countries. Companies try to run their rigs there with local staff to avoid the problems of locating
personnel from western counties. But finding work force in such countries is not easy. Poor

education systems and different working mentality does often not fit to the requirements of
running complicated machinery.®
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5.BHA Handling Analysis

5.1 Documentation of BHA Handling

5.1.1

5.1.2

5.1.3

BHA Handling as Automation Milestone

The mechanization and automation of complex machinery like a drilling rig is not something that
can be done in just one step. Some key elements have already been successfully realized. Iron
roughneck and mechanized pipe handling were two major milestones on the way to a hands-off
working environment on the rig floor. Tripping of drill pipe can be done without the intervention
of the crew. But there are still quite a lot of work steps that require human intervention. The
installation of BHA is such a procedure that involves a main share of manual labor due to its
complexity. Plus, many of the work steps that appear during BHA handling can be applied for
other work, such as installation of completion or cementing.

Developing a system that could handle the different sets of BHA strings will not be the
finalization of the problem. But it would definitely be a big step closer to a rig floor that will not
need the presence of the rig crew.

Reasons for Documentation

At the beginning of the thesis, the original plan was to do a case study about the implementation
of an industrial robot on the drill floor and simulate the installation of bottomhole assembly. But
already during the starting phase it was realized that the handling process is a rather complex
one with many variables. Lifting a bit into a bit breaker plate and guiding the pipe into the
threads would be an insufficient simulation scenario. Plus, the question came up whether an
industrial robot would be the ultimate solution to our task.

For the automation of a work process it is absolutely essential to know it in every detail.
Unfortunately, neither rig operators nor manufacturers of BHA tools had put much effort in the
documentation of the working steps that are necessary to bring an operating bottomhole
assembly into the well. The material which was found contained information about save
handling of tools. Manuals were pointing out the must for protection of personnel with gloves
and safety glasses, heavy loads should be lifted with the winch and protected against collision.
But a step by step guidance for the correct installation could not be found, and as it turned out,
was hardly available.

Therefor one step back was taken and the target redefined. The new goal was the precise
breakdown of the bottomhole assembly installation process and its boundary conditions to
understand the proceedings and make the development of effective automation practicable.

The Documentation Process

To understand and record the installation of BHA it was decided to observe it on site at an
operating drilling rig. Thanks to the permission of ITAG this was done on two rigs of them
(Appendix B — Rig 27 and Rig 30 from ITAG) that were operating not too far away from each
other. Due to the limited technical auxiliaries and to obtain as much information as possible with
only one monitoring person at the rig it was decided to focus on:

¢ Photo and video documentation of the rig floor
¢ Interview of crew, company man and members of the service company

¢ Collecting information about BHA setup, bills of delivery, data sheets of BHA tools and
rig equipment...
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It was decided to do video documentation of the work on the rig floor with a camera. The
information that was required was just too much to be manually document by one person with
pen, paper and a stop watch. With everything on video file it was possible to study every work
step several times to get the details, stop the video and fill in the data sheets for the later
evaluation. The second big advantage of the video documentation is the fact that it can be
recalled any time for additional information. It happens quite often that during the processing of
the collected data additional questions come up that did not appear before or during the field
evaluation.

Photo and especially video documentation on a drilling rig requires some preparation. First it is
necessary to get the permission to use a camera on the rig. This is critical for two reasons. The
rig floor is a hazardous area with possible explosion-prone environment and an explosion proof
camera was not available. And second, the filming of the crew during work is due to
employment law not allowed. Nevertheless, the project management, the crew and the
company man gave their permission to record the work on the rig floor and it was assured via
confidential agreement (Appendix C — Confidential Agreement) to keep the material classified.
Constant gas detection, especially for H,S, assured a save working environment.

The camera was mounted on a tripod to prevent camera shaking and uncontrolled moving of
the pictures. And with the camera out of the hands, it was possible to make additional notes.
The position of the camera was in the driller's cabin as this turned out to be the spot with the
best view on the well center (Figure 32). In addition to that, the cabin acts as a barrier against
possible gas appearance and the crew members were not disturbed. One idea was to rasterize
the rig floor for the recording with white tape. Unfortunately, even the strongest duct tape would
not hold on the wet and oily metal floor. Another problem appeared as the camera had to be
operated in battery mode as there is no possibility to have access to an electric socket on a rig
floor. Therefor it was focused on specific working scenarios instead of letting the camcorder run
the entire time.

To get a picture of the logistics at the rig site photos were taken to see how things are stored
and transported up to the drill floor (Figure 32).

Figure 32: View of the camera (left) and pictures of the storage of on the rig site (right)

With interviews of the people on site it was tried to gather additional information concerning
BHA handling and ask them about their personal position regarding mechanization and
automation. At the beginning the general opinion was rather skeptical. The phrase “It's just
screwing together of tools, there is not much to improve” came up a few times. But in a closer
discussion over the days this changed. Particularly the younger crew members, but also all the
others, could imagine that an automated system would have some benefits.

Further, additional information about BHA handling could be collected that did not appear in any
literature. For example, certain members of service companies do not want MWD/LWD tools to
be made up with the iron roughneck to prevent damage.

To collect information and to get an idea about the capacities of the rig tools and the logistics
on site revision of different documents such as data sheets of BHA tools and rig tools, bills of
delivery and the setup of the different bottomhole assemblies was done. The intention was to
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understand the logistics that is very important for automation. How many backup rig tools and
BHA components are on site and where are they stored.

5.1.4 Processing of the Data

The close evaluation was done on three BHA runs (Appendix D — Setup of Documented BHA).
The information gathered on site with the video documentation was fed into an Excel file (Figure
33). All files contained information about the setup of the used BHA and a very detailed
breakdown of the work steps:

¢ Begin - time when the work step was initiated

¢ End -time when the work step was finished

¢ Atime - actual time that was required for the work step

e Position - the position number of the BHA tool in the attached list of the BHA setup
e Tool - name of the BHA tool that was handled in that work step

e Laydown/set back - whether pipe was put on the ground or stayed in the mast

e Treatment - the name of the work step

e Necessary machinery and tools - a complete list of the equipment on the rig floor and
information about whether it was in active use (for example crew was setting slips),
passive use (for example slips are in place to hold the tubular, but not part of the actual
operation) or not used at all.

e Work description - a detailed textual description of the work steps

e Comment - commentary describing specific risks, helpful tricks from the crew, etc.

The spreadsheets were the basis for the evaluation of bottomhole assembly installation. It is a
quite effective way of plotting a lot of information into one table. By looking at it, the working
process can be followed up quite good. The disadvantage of such a table is that it is difficult to
present that type of information as it will not fit on a screen or a common A4 page. Therefore a
better visualization will be definitely required.

|Run#3, 8 34" Section Mecessary machinery and togls
[f2l2T4[5[6][7[a[9lal112[13[14 [15]16[17] 12 [ 19 [20[24[2a[2a] [ | ]

Begin ind afime __[Position (s Tool Lgy Trealment ['E TEs!8LTSCT IR ENAW 2w 4l PHTWr TP WHIRS[JSC|MAILC [WBIBBPTBEFF[Ta'CH)  WHI ©1 | CITGINBR Work description
070150 070252 00:0102 40 Drill Collar LD Out of hale ] a 4 iz pullec
070252 070331 000038 38 Drilling Jar LD Install jar safety clamp 4 & 4] 0 [} The jar safety clam

| 070321 070412 000042 40 Orill Collar LD Setinlo slips 00 o X o0 The lop of the BHA
070443 070525 000112 A0 Drill Collar LD Set safety clamps ¥lxiz'o 4] X [} Safety clamps are
07.0525 07.07.00 00.01.25 40 Drill Collar LD Unscrew IR Xk X ¥ 0 oo 4 The remale conirol
070700 070758 000058 40 Drill Collar LD Lift Olos%:x ¥ The unscrewed dri
07.07:88 07.0841 00:01:42 40 Orill Collar LD Thread Protectors 45 35 8% | 4] X 00 To protectthe three
070941 071413 000432 40 Drill Collar LD Liftto pipe handler ofoixix 4 b3 [RE3 o The lower end af tr
071018 071052 00:00:34 40 Orill Collar LD Cleaning and inspection X X ] X 4] Cleaning of the pip
071513 071545 00.00.22 41 Drill Collar LD Open elevator X Elevalor iz manual
07:15:32 07:15:50  00:00:13) 40 Drill Collar LD Unscrew elevator sub [N § [ o X [ With the
07.15.50 40 Drill Collar LD Lay down Ll [4 K C is layed
071650 072031 000341 39 DrillingJar LD Put elevatar sub on 0§ XE i oS 0E0 0 ik ) The elevalor subie
072031 072032 000001 39 Drilling Jar LD Setin elevator olo 2/ 2 X 4] Top of the
072022 072050 00.00.18 39 Driling Jar LD Remove saletyclamps x X X o 4] X o0 Savely clamps are
072050 072066 000006 39 Drilling Jar LD Open slips 0 0 0 X [} ris liftet, the slip
072056 072216 00.01.20 39 Driling Jar LD QOutof hale [} [ X 4] D r1s pulled o
072216 072232 000016 39 Drilling Jar LD Setinto slips 00 o ¥ oo Thetop ofthe BHA
072222 072333 00.01.01 39 Driling Jar LD Sel safely clamps Elx'x'g 4] ¥ o0 o Saletyclamps are
072333 072505 000132 39 Drilling Jar LD Unscrew IR wulelxlx]lo ¥ o0 a The remote cantral
072505 0725119  00:00:14 39 Driling Jar LD Lift olo‘x’'x X The unscrewed jar
072519 072746 000227 239 Drilling Jar LD Thread pralectars Pl RS 4] X ] To protectine three
07:27.46 073237 00:04:51 39 Driling Jar LD Liftto pipe handler 0 0 ¥ X [ ¥ [ § The lower end of i
073237 072308 000022 40 Drilling Jar LD Open elevator olzlzlz b3 H Elevalor iz manual
072812 0728356 000044 39 Drilling Jar LD Cleaning and inspection XX ¥ a X 4] Cleaning of the pip

| 073256 073730 00.04.24 39 Driling Jar LD Unscrew elevalor sub 0 X X [ X [ [ With Ihe |21 on the
07°37°20 39 Drilling Jar LD Lay down XX o X ris layed down v
07.37.33 074011 00.02.38) 38, 37, 36 Drill Collar S8 Pul elevator sub on olglElololo [ [ The elevator sub is
074011 074042 00.00.32] 32, 37, 36 Orill Collar 88 Setin elevalor 0j0:-X X 4] Sel DC wilh elevale
074043 074107 000024] 38, 37, 36 Drill Collar SB Remove safetyclamps x ¥ ¥ 0 4] o0 Savely clamps are
074107 074110 00.00.03] 38, 37, 36 Orill Collar S8 Open slips 0 0 o o0
074110 074437 00:03:27]38.37, 36 Drill Collar S8 Dutofhale 00 a 4

Figure 33: Screenshot of the excel file with the breakdown of the work steps

Author: Klaus Kurz Page: 54



MONTAN

UNIVERSITAT

Implementation of Industrial Robots in Drilling Rig Design BAUER

5.2 BHA Components

5.2.1

5.2.2

Setup of a BHA string

In the drilling process, the bottomhole assembly (BHA) is the entire assortment of tools that is
below the drill pipe (Figure 34). The BHA operates downhole, consisting of the drilling bit, the bit
sub, stabilizers, drill collars, heavy-weight drill pipe (HWDP) and crossovers. To improve BHA
performance, additional tools are implemented such as mud motors, jarring devices, vibration
dampeners, reamers, measure-while-driling (MWD) devices and logging-while-drilling (LVWWD)
devices.

The purpose of the BHA is to provide axial force to the drilling bit (WOB) and to transfer torque
from the drill pipe to the drilling bit to break and loosen the drilled medium. With the right setup it
directs the drilling bit along a desired path. With additional equipment (MWD, LWD) the BHA
can provide the driller with information about downhole conditions.®’

HWDP Combination of drill collars Drill collars Jar Stabilizer  Drilling bit
| and HWDP
! . R
- —— —
Float sub Stabilizer Stabilizer Drill collar Bit sub

Figure 34: Example for a BHA setup®

For the purpose of this work, the bottomhole assembly will be considered everything below the
HWDP. The reason for this is that, like normal drill pipe, HWDP can already be handled hands-
off.

BHA components determine boundary conditions

To develop automated systems it is not only necessary to define the necessary work steps. The
other crucial part is to clarify the boundary conditions. The question is what has to be handled.
To design an efficient mechanized working environment it is important that it can handle all
components. If, for example, only 80 percent of all drilling bits can be handled, the system wiill
fail during field testing. If a customer is willing to operate an automated rig, it has to be assured
that there is no need of a crew around the well center any more. On the other hand, if the
machinery is constructed to handle twice the capacity that it would actually need, entering of the
market will be tough, too.

For adequate dimensioning of automated handling equipment the following technical
dimensions of BHA tools will be of interest:

¢ Weight

¢ Length

e Outer diameter

¢ Maximum outer diameter (of any overhanging parts)

¢ Make-up and break out torque

Further information will be required such as:
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¢ Design and shape of the tools
¢ Adequate handling of the tools
e Logistics of the tools

¢ Rig equipment that is necessary for handling

5.2.3 Representative BHA Tools

The range of BHA tools is too big to discuss them all. To define standard equipment is not quite
easy as they vary in technical dimensions, design, handling requirement and specific
characteristics of the different manufacturers. Therefore it was tried to define a set of BHA
components that will represent the properties of all the others. If they can be handled, the
system should be able to handle the residual, too. These representative BHA tools will be the
basis around which the design of automation systems should be done.

To find those representative BHA tools different BHA designs that were collected from
operators and catalogues of BHA manufacturers were revised. Then these downhole tools
where compared and checked for similarities. The list with the selected components contains
the following tools:

e Diriliing bit

o  Diill collar

o Reamer/Stabilizer
o Jar

o Crossover

¢ Vibration dampener

¢ Magnet

e MWD/LWD

¢ Downhole motor
e AutoTrak

e Bendsub

As already mentioned, searching for recommended procedures for the correct handling and
installation of downhole tools was not very successful. Most of the data sheets of the
manufacturer give safety advices. Complicated assembling is done under their supervision
anyway, so they see no need to print it out. Literature®™  discusses purpose, function and
technical background such as pressure calculations. The information that was gathered mainly
comes from the documentation on site in combination with the interviewing of crew and service
companies. For a few tools (mud motor, AutoTrak) internal instruction sheets existed and were
provided by cooperating tool manufacturers.

To define boundary conditions concerning the technical dimensions of the tools the different
data sheets were scanned for the smallest and the biggest tool available. In some cases a third
tool was selected to show that special designs are available, such as pony drill collars. For
better understanding, the minimal possible values were rounded down, the maximal possible
values rounded up (length to 0,1 m, weight to 10 kg).

The following will only discuss specific characteristics of each tool, standard procedures like
greasing of threads or cleaning of the tool will not be pointed out. The entire handling and data
sheet can be seen at.
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Drilling Bit

The variation in bit design is significant to ensure the perfect bit for every drilling situation. But
the basic forms can be classified into roller cone bits and drag bits. Mechanized handling is
difficult due to the shape and sensitivity. Usually, the bit will be changes with every tripping
operation.

Handling:

- To connect the bit with the drill string, a bit breaker plate has to be used as the design does
not allow the use of tongs. Roller cone bits and drag bits require different bit breaker plates.

- The bit is very sensitive to collision, especially the inserts of PDC bits. When the bhit is set
down it should be done on a rubber or wooden plate to avoid direct contact with metallic
surfaces.

- The bit has to be prepared and checked before using it. The nozzles have to be installed or,
if already in place, controlled. The bit should be the right type and size (can be confused
with different bit on site) and free of any foreign matter. Before lowering the bit into the well,
a flow check is done.

- Recording of bit (serial number, type, nozzles, status of wear etc.) will be helpful for later
analysis of performance or, if the bit doesn’t work properly, prove correct handling. Usually,
photos are made, too.

- Installation of a bit with increased diameter may require the removal of the slips and the
master bushing as it might not fit through.

- When the bit is removed from the well, mud samples are taken if present.

Logistics:

- The bit is usually delivered in a transport box. To protect it during handling on the ground
and transport onto the rig floor it stays in there until it will be assembled.

- If notin site, the matching bit breaker plate has to be delivered, too.

- The amount of bits on site depends on the infrastructure. Operations in very remote
locations will require the storage of the bit and one backup bit for several runs.

Table 1: Technical dimensions of drilling bits

Technical dimension Minimal possible value Maximal possible Value
Weight 5kg 750 kg

Length 04 m 0,7m

Outer diameter 76 mm 241 mm

Max. outer diameter 90 mm 560 mm
Make-up torque 2,5 kNm 85 kKNm
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Drill Collar

Drill collars are standard components of every BHA design. They have a constant diameter and
a plain outer surface. Some have spiral grooves along the tube.

Handling:

- Due to their plain surface and constant diameter, drill collars could fall into the well if slips
fail or are lifted accidently. To prevent this, safety clamps have to be used.

- Spinning units with rollers will have troubles if they are applied on an area with spiral
grooves.

Logistics:

- Logistics of drill collars is similar to drill pipe. As the number of drill collars may change for
different BHA setups, they have to be picked up and laid down a lot during tripping.

- The amount of drill collars on site is determined by the BHA designiv. Usually they dont
have to be changed. Nevertheless a few backup DC on site will be required.

- Depending on the string setup, so called pony collars can be used. These are conventional
drill collars, only shorter.

- Some are non-magnetic to be compatible with magnetic measurement tools. This does
principally not influence the handling, but they should not be mixed up with magnetic drill

collars.
Table 2: Technical dimensions of drill collars

Technical dimension Minimal possible value Maximal possible Value
Weight 250 kg 3200 kg

Length 1.5m 95m

Outer diameter 76 mm 241 mm

Max. outer diameter 76 mm 241 mm
Make-up torque 3 kNm 130 kNm

Reamer/Stabilizer

Stabilizers are part of every BHA setup. Reamers are designed similar to stabilizers, but they
are often more sensible to collision. Due to the shape, mechanized handling is a little tricky, but
not impossible.

Handling:

- There is no standard form of reamers and stabilizers. Tools of the same type, the same
size from the same manufacturer may still differ in the position of the blades.

- Reamers with inserts or stabilizers with integrated rollers are very sensible to handling.

- Before connecting those to the string, reamers and stabilizers should be checked for
correct tool diameter and wear, especially when reusing them. Especially tools with pin to

™ Anti-sticking BHA design with over 30 drill collars occurred during research (extreme case)
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pin or box to box connections have to be controlled that they are assembled in the right
direction (which side is on top, which side on bottom).

- Installation of a reamer or stabilizer with increased diameter may require the removal of the
slips and the master bushing as it might not fit through.

Logistics:

- During tripping operations with no big changes of the BHA design, for example a bit
change, stabilizers or reamers are often not totally disassembled but remain connected to
other components like drill collars to save additional connection and handling time.

- Special BHA components will be delivered as one part, with the reamers and stabilizers
already attached.

- The amount of reamers and stabilizers on site depends on the infrastructure. Operations in
very remote locations will require the storage of tools for several runs'.

Table 3: Technical dimensions of reamers and stabilizers

Technical dimension Minimal possible value Maximal possible Value
Weight 40 kg 900 kg
Length 1.0m 25m
Outer diameter 95 mm 254 mm
Max. outer diameter 120 mm 710 mm
Make-up torque 6 kNm 120 kNm

dar

Jars are commonly used in BHA designs as a backup in case of sticking. They can be applied
in combination with accelerators, which are similar to handle (no safety clamp). Jars can be
mechanical or hydraulic, but this does not influence the handling on the rig floor.

Handling:

- On surface, driling jars have to be secured constantly with a mandrel clamp (jar safety
clamp) from accidently releasing it. This mandrel is removed right before lowering the jar
into the well, with the slips already removed, and installed again the moment it comes out of
the well, before the slips are set. The safety clamp is set on the mandrel (section with
reduced diameter) and locked with bolts. Over-tightening has to be avoided, the mandrel
should be able to move free along the mandrel.

- Due to their plain surface and constant diameter, jars could fall into the well if slips fail or are
lifted accidently. To prevent this, safety clamps have to be used.

- When running out of hole, the inside of the jar has to be cleaned. Water is flushed through
small vent holes in the shell. The mandrel should be inspected for wear and corrosion.

¥ Anti-sticking BHA design with over 15 stabilizers occurred during research (extreme case).
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Logistics:

- The life span of a jar in average is given with 200 to 250 hours of drilling. Depending on the
application, a total number of five jars on site will hardly be exceeded.

Table 4: Technical dimensions of jars

Technical dimension Minimal possible value Maximal possible Value

Weight 220 kg 2500 kg

Length 74m 10m

Outer diameter 85 mm 241 mm

Max. outer diameter 85 mm 241 mm

Make-up torque 6 kNm 120 kNm
Crossover

For the mechanical handling of crossovers it is important to keep in mind that they may not
have a uniform outer diameter.

Handling:
- Crossovers with pin to pin or box to box threads have to be installed in the right direction.

- Due to their plain surface and constant diameter, jars could fall into the well if slips fail or are
lifted accidently. To prevent this, safety clamps have to be used.

Logistics:

- During tripping operations with no big changes of the BHA design, for example a bit
change, stabilizers or reamers are often not totally disassembled but remain connected to
other components like drill collars to save additional connection and handling time.

- Usually, a series of crossovers are part of the rig equipment. Depending on the BHA setup,
additional will be delivered and have to be stored on site.

Table 5: Technical dimensions of crossovers

Technical dimension Minimal possible value Maximal possible Value
Weight 10 kg 450 kg

Length 0,3m 1.5m

Outer diameter 76 mm 216 mm

Max. outer diameter 76 mm 238 mm
Make-up torque 3 kNm 120 kNm

Author: Klaus Kurz Page: 60



MONTAN

UNIVERSITAT

Implementation of Industrial Robots in Drilling Rig Design BAUER

Magnet

Magnets are integrated to the drill string to collect magnetic debris from the driling mud.
Especially during milling, metal parts occur which are problematic to bring them up to the
surface with the hydraulic fluid cycle.

Handling:

Magnets must never be placed near any measurement tools. The magnetic field could
interfere with the calibration of MLWD devices.

When running the magnet out of the hole, it has to be cleaned carefully from the magnetic
debris. Otherwise they could be spoiled all over the rig place during handling.

The magnetic areas are usually covered with a layer of protection material. Slips and tongs
should not be applied there.

Logistics:

Magnets should be stored separately to prevent interference and false calibration of MLWD
tools.

Table 6: Technical dimensions of magnets

Technical dimension Minimal possible value Maximal possible Value
Weight 90 kg 650 kg

Length 22m 5m

Outer diameter 76 mm 203 mm

Max. outer diameter 90 mm 228 mm
Make-up torque 6 kNm 110 kNm

MWD/LWD

MLWD is the notation of a wide range of tubular with different measurement systems
integrated. They can be fixed installed or retrievable from a housing string which is usually
similar to a non-magnetic drill collar.

Handling:

- MLWD tools are usually rather sensible to handle

Some MLWD tools have special threats for communication with other tools of the string, for
example a transmitter sub. These threads are very sensitive and some service companies
do not want them to be connected with the iron roughneck. This would bend the housing
and damage the sealing ring. Plus, these threads require a different type of grease.

Logistics:

MLWD tools must never be placed next to magnetic fields to avoid interference with the
measurement devices.

Retrievable MLWD can be changed at the rig site.
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- Some MWLD strings are delivered on the rig site preassembled. The size of the
preassembled components will be designed due to the lifting capacity of the pipe handling

system
Table 7: Technical dimensions of MLWD tools

Technical dimension Minimal possible value Maximal possible Value
Weight 65 kg 2300 kg

Length 1.3 m 95m

Outer diameter 76 mm 241 mm

Max. outer diameter 83 mm 210 mm
Make-up torque 2,5 kNm 75 KNm

5.2.4 Categorization of BHA Components

With the evaluation of the representative BHA tools several similarities can be seen. This leads
to the conclusion that all the components can be divided into groups. For this work, four groups
were defined:

e String
e Sensible string
e ltem

e Special item

String is the group of tubular that can be basically handled like normal drill pipe with
conventional pipe handling equipment and the iron roughneck. However, they will require
solutions for some special handling features, for example the use of lifting subs to hang them in
the elevator.

Components that belong to this group are drill collars.

Sensible string is the group of tubular with special handling requirements. The main difference
is that it has special areas on the outside which must not be affected by the gripping unit of the
pipe handling system as this may lead to damage. Still, depending on the pipe handling system,
some of them can be treated like normal strings, like vibration dampeners. It has to be checked
that they are compatible with the gripper arrangement.

In addition to that, some sensible string components require special handling procedures, like
installation of a jar safety clamp or the collection of drilling data from MLWD tools.

Components that belong to this group are MWD/LWD tools, AutoTrak, mud motors, vibration
dampeners, jars and accelerators, packers, etc.

Item is considered every tool that cannot be handled with the conventional pipe handling
equipment due to size or design. It is difficult to define the limit of the dimension as it depends
on the available equipment. Theoretically, a magnet with three meter could be handled with
mechanized pipe handlers, but it is also important to think about the logistics in the background.
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Long tubular will be shelved in some kind of storage box. It will be difficult to keep various
components with shorter diameter between longer BHA tools in a sorted manner.

Tools in this group will be stabilizers, magnets, crossovers, vibration dampeners, transmitter

subs, etc.

Special items differ from normal items in their design. Everything that will be difficult to handle
mechanically is in this group. Tools like drilling bits that do not have suitable surfaces to use
conventional gripping devices. Or tools like bent subs that require special installation
techniques. They will require tool modification or the development of special handling devices
for automation purposes.

Tools in this group will be drilling bits, gauge indicators, cup type testers, bent subs, etc.

Tool
Driling Bit L
max.
Drill Collar b

max.

Stabilzer/Reamer T
max.

Jar s
max.

Crossover Bl
max.

Vibration Dampener e
max.

Magnet -
max.

MWDLWD it
max.

Transmitter ol
Mmax.

Downhole Motor -
max.

Bent Sub Pl
max,

AutoTrak™ i
max.

Length
040 m

o m
25m
7.00m
10,00 m
0,30m
150m
3,00 m
450m
200m
3.00m
1,00 m
10,00 m
3,00 m
600m
800 m
10,00 m
040m
140m
82m
106m

Weight

S kg

900 kg
250 kg
2500 kg
10 kg
500 kg
250 kg
1250 kg
30 kg
650 kg
65 kg
3500 kg
150 kg
1500 kg
250 kg
2500 kg
20ka
G600 kg
2500 ko
4000 kg

Torgue
2,5 kNm
85 kNm
3,5 kNm

120 kNm
8 kMm
120 khm
3 kNm
120 khm
13 khm
120 kNm
6 kNm
120 kMm
2,5 kNm
75 kNm
5 kNm
120 kNm
B kNm
75 kNm
8 kMm
120 kNm
14 kNm
&0 kMm

oD
76 mm
241 mm
76 mm
241 mm
85 mm
254 mm
85 mm
241 mm
78 mm
218 mm
120 mm
241 mm
75 mm
203 mm
75 mm
203 mm
76 mm
241 mm
82 mm
245 mm
76 mm
216 mm
171 mm
241 mm

Max. OC c OD* IR*
90 mm
5360 mm
786 mm
241 mm
120 mm

&g T
241 mm
75 mm
240 mm %
120 mm
241 mm
&0 mm
228 mm
53 mm
210 mm
76 mm
241 mm
Stabilizer
Stabilizer
76 mm
218 mm
310 mm
445 mm

* constant puter diameter ofthe tool ** connection can be made with Iren Roughneck

Table 8: Technical dimensions of BHA toolsvi

Additional Info

Cifficutt to handle (design), sensible
Make-up with bit breaker plate
Safety clamp (plain outer surface)

Difficult to handle (design}, sensible
May not fit in iron reughneck
Jar safety clamp has io be installed

Mo constant OD
Check function before use

Mewer near magnetic-sensible tools

Clean before breaking connection (debris)
Senzibel (pipe handler, iren roughneck)
Check function before use

Check function before use

Bent sub adjustment if integrated
Check function before, deplete afteruse
May have to be adjusted (withtongs)

Sengible (pipe handler, iren roughneck)
Includes stabilizer, MWD, transmitter, etc.

Table 8 gives an overview of the technical dimensions that were collected during product
research in Chapter 5.2.3 “Representative BHA Tools”. Those values that will determine the
necessary capabilities of automation systems are highlighted in red.

¥ Important: The values for the maximum torque correspond to the make-up torque. Theoretically, break-out torque
should be the same as make-up torque, but due to drilling activities it can reach higher values. Depending on the
company safety standards, a safety margin between 1,5 to 2 is applied to calculate the theoretical maximum occurring
break-out torque. This should be the boundary condition for equipment.
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5.3 Work Steps for BHA Handling

5.3.1 Breakdown and Visualization of the Work Flow

For the mechanization and automation of a process it is important to have an exact idea of how
the work is executed. The idea is to define all the necessary work steps for BHA handling. If an
automated system is designed that can execute those steps, it should be able to assemble
downhole tools. If, for example, a stabilizer has to be installed, the required work steps can be
chosen out of a range of predefined actions, and the machinery will do the work

Therefore the data from the documentation were taken to generated flow charts for the handling
of the different BHA tools (Figure 35). The benefits of the flowcharts are that it is a good way to
document the work that has to be done on the rig floor which will be helpful for the mechanical
realization. Plus, the creation of a flow chart helps you to find similarities.

So it is important to define the work steps really precise. It is not enough to have “lowering into
the well” as one step but to break it further into “slips open — lower elevator — slips close”. Every
action that has to be initiated, such as removing the elevator from the well center, is a work
step. The visualization should be that precise that theoretically, someone who has never heard
of a diilling rig would be able to execute the operation. Other flow charts can be seen in
Appendix F — BHA Assembling Flow Charts .

The flowcharts were designed according to DIN 66001 (Table 9), a common norm used in
project management and other fields where visualization of processes is done. This should
assure that the flowcharts will be understandable by the different people that will work with them
subsequent to the thesis.

Table 9: Symbols for visualization with flowcharts

...represents the start and the end of a process.

< Start/stop >
...represents a point where a decision has to be made that will
influence the upcoming steps of the process. Decisions should
be stated in a way that the solution is yes or no or other
predefined answers. The answer will determine the next step.

...represents a work step that has to be initiated. If the work step
is completed, the process has to be continued according to the
arrows.

Work step

...represents a series of work steps, a so called routine. The
routine itself consists of several work steps. This is helpful to
Sub-routine keep the flowchart arrangement more clearly as repetitive
workflows can be plotted compacted.

/ ...represents the input or output of data to or from the process
/ Input/output /

...indicates the way from one symbol to the next

v
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Thread treatment

v

To well center
(Manual)

v

Guide string down
(manual)

v

Screw connection
manual

Pick up item

“—_ 0% Manual lifted

Make-up
torque

Make-up connection
/ ’ IR

No
> 30 kg >

Lifting cap on

v

Winch on

v

Lift

v

To well center

v

Guide item down

v

>

v

Safety clamp off

v

Slips open

v

Lower item
(in hole)

v

Slips close

v

Safety clamp on

v

Open elevator

v

Remove elevator

v

Elevator sub off

v

Screw connection IR

Figure 35: Flowchart with the work steps for the installation of a crossover

The starting point for the assembling is the beginning of the transportation of the tool on the rig
floor. This will usually be at the catwalk.
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l' Start : '
v

Elevator sub on

In elevator

v

Close elevator

v

Safety clamp off
Remove slips +— Slips open
Does not
+ fit through
bushing Does
Remove bushing L OD size fit through
bushing
| y y
; * Y Liff ez Clean item
LI Hem Clean item {out of hole)
(out of hole)
| ]
L2 P Slips close
Insert bushing +
+ Safety clamp on
Insert slips

Break connection ‘Iron roughneck Iron roughneck> Break connection
IR can be used can not be used manual

N m Yes Stop
Iron roughneck> Unscrew connection
can not be used manual

Iron roughneck
can be used
A 4

Y

Unscrew connection ol Lift item »  Remove slevator
IR (with elevator)
From well center Elevator sub off
Lower item .
(with elevator) Laydowniem

Figure 36: Flowchart with the work steps for the disassembling of a stabilizer

The starting point for disassembling will be when the BHA component is hanging in the slips,
with the previous tool, which was positioned above in the drill string arrangement, removed and
ready to be pulled out.
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5.3.2 Definition and Categorization of the Work Steps

By going through the flowcharts of the different tools some similarities appear. Some have to be
executed all the time in the same way, like opening of slips or lubrication of threads. Some have
to be executed all the time but in different ways, like making up a connection with either manual
tongs or the iron roughneck. And others are tool specific, for example installation of the jar
safety clamp.

By doing this step by step a list can be compiled with the different work steps necessary for the
handling of BHA. To have a better overview they will also be categorized into different
segments:

e Transport

¢ Assembling

e String handling

e Service

¢ Modification

e Storage

Transportation is every action that is necessary to bring the downhole tool from the ground
(the catwalk) to the well center and, after running it out of the hole again and dissembling it,
from the well center away back on the ground.

Table 10: Work steps for BHA transport on a drilling rig.

Pick up string

Lay down
string

Pick up
sensible string

Lay down
sensible string

Pick up item

Lay down item

Thread
protectors on
Thread
protectors off
Lifting cap on
Lifting cap off
Casing elevator
sub on

Work step Description
Pushing the bottom of the string in the desired direction. This is
Push string necessary to move a tubular to the v-door and the slide or when setting

it back.

The procedure of picking up a string (pipe, drill collar, HWDP...) from
the catwalk and lifting it onto the drill floor in a position where it is
accessible for the elevator

The procedure of taking a string (pipe, drill collar, HWDP...) out of the
elevator and bringing it down onto the catwalk

The procedure of picking up a string that is sensible on certain areas
and cannot be gripped conventionally (downhole motor, MWD/LWD...)
from the catwalk and lifting it onto the drill floor in a position where it is
accessible for the elevator

The procedure of taking a string that is sensible on certain areas and
cannot be gripped conventional (downhole motor, MWD/LWD...) out of
the elevator and bringing it down onto the catwalk

The procedure of picking up any kind of smaller item (bit, stabilizer,
elevator sub...) from the ground onto the drill floor

The procedure of taking any kind of smaller item (bit, stabilizer, elevator
sub...) from the drill floor and lifting it down on the ground

Screwing on thread protectors that protect the threads during handling
(at least when the tool is prepared for transport on the rig site)
Screwing off the thread protectors that protect the threads during
handling (at least when the tool is prepared for transport on the rig site)
Screwing on the lifting caps to attach the tool to the winch

Screwing off the lifting cap that attaches the tool to the winch

Screwing on the casing elevator sub that holds the string in the casing
elevator
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Casing elevator
sub off
Make-up
casing elevator
sub
Break casing
elevator sub
Pipe elevator
sub on
Pipe elevator
sub off
Make-up pipe
elevator sub
Break pipe
elevator sub

String to well
center

String from well
center

Item to well
center
Item from well
center
Winch on

Winch off

Screwing off the casing elevator sub that holds the string in the casing
elevator

Make-up the casing elevator sub, necessary to prevent the threads from
damage

Breaking the casing elevator sub

Screwing on the pipe elevator sub that holds the string in the casing
elevator

Screwing off the pipe elevator sub that holds the string in the casing
elevator

Make-up the pipe elevator sub, necessary to prevent the threads from
damage

Breaking the pipe elevator sub

Push the string, already in the elevator, to the well center. This can be
done with hydraulic elevator bails. Still, guiding the bottom of the string
(manually) is advisable to avoid swinging

Push the string that is in the elevator away from the well center. This
can be done with hydraulic elevator bails. Still, guiding the bottom of the
string (manually) is advisable to avoid swinging

Lift the item from any place on the drill floor to the well center. This can
be done with a winch (and lifting cap) or, if possible, by hand

Lift the item from the well center away and lay it down on the drill floor.
This can be done with a winch (and lifting cap) or, if possible, by hand
Hook the winch onto something that has to be lifted

Unhook the winch from something that was lifted

Assembling is every action that is required to connect and disconnect the downhole tool
properly to and from the string. This also includes the preparation of the components that have
to be done during the assembling.

Table 11: Work Steps for assembling and dissembling of BHA on the rig floor

breaker plate

Mud basket on

Mud basket off
String
revolution
indicator

Work step Description
Jar safet Attaching the jar safety clamp on the jar to lock the device. This is done
y immediately after the jar is pulled out of the hole. The Jar safety clamp
clamp on . )
is locked with two bolts
Jar safety Removing the jar safety clamp that secures the jar during handling. Two
clamp off bolts have to be unscrewed and the clamp can be removed
Bit breaker Installing the bit breaker plate on the shaft of the bit (drag bits) and lock
plate on bit | it with the securing pin
Bit breaker Unlocking the pin and removing the bit breaker plate of the shaft of the
plate off bit bit (drag bits)
Bt < Lons .| Placing the bit with the bit breaker plate on the shaft (drag bits) in the
breaker plate in
frame
frame
Bit in bit

Lowering the string and guiding the bit into the bit breaker plate

Attaching the mud basket to a string that is full with drilling fluid, right
over the connection. This is normally done after the connection has
been unscrewed to avoid spilling of drilling fluid all over the rig floor and
crew members

Removing the mud basket from the string

The string revolution indicator counts the numbers of revolutions during
the unscrewing of a pipe or BHA tool. This prevents that the lowest
groove of the pin thread slides over the top groove of the box thread
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Make-up
connection IR

Break
connection IR

Screw
connection IR

Unscrew
connection IR

Make-up
connection
man.

Break
connection
man.
Screw
connection
man.
Unscrew
connection
man.

Bit breaker
plate in frame
Bit breaker
plate off frame

and crashes back on the thread groove below when revolving it too far.

Make-up a connection by applying the suitable amount of torque to the
connection with the iron roughneck, torque monitoring has to be done.
It is important to have a suitable gripping area that will not be damaged
by the gripping (MWD, etc.) or cannot be reached by the roughneck
(stabilizer, etc.)

Breaking the connection by applying torque to the connection with the
iron roughneck. It is important to have a suitable gripping area that will
not be damaged by the gripping (MWD, etc.) or cannot be reached by
the roughneck (stabilizer, etc.)

Screwing together the connection with the iron roughneck (roller
spinner, etc.). It is important to have a suitable gripping area that will not
be damaged by the gripping (MWD, etc.) or cannot be reached by the
roughneck (stabilizer, etc.)

Unscrewing the connection with the iron roughneck (roller spinner, etc.).
It is important to have a suitable gripping area that will not be damaged
by the gripping (MWD, etc.) or cannot be reached by the roughneck
(stabilizer, etc.)

Make-up a connection by applying the suitable amount of torque to the
connection with the manual tongs and the cathead, torque monitoring
has to be done. It is important to have a suitable gripping area that will
not be damaged by the gripping.

Breaking the connection by applying torque to the connection with the
manual tongs and the cathead. It is important to have a suitable
gripping area that will not be damaged by the gripping

Screwing together the connection with the chain tongs or, if possible, by
hand.

Unscrewing the connection with the chain tongs or, if possible, by hand

Installing the bit breaker plate into the frame (or sometimes the bushing)
(roller cone bits)
Removing the bit breaker plate of the frame (or sometimes the bushing)
(roller cone bits)

String handling is every action that is necessary to move string or tools along the wellbore axis
or keep the string in place. For this work, the boundaries were defined between the transport of
BHA tools and the handover of the tool to the elevator. However, the points of intersection are
often fluent. Lifting subs, for example, are categorized as work steps for transport tasks, but are
required during transport and handling.

Table 12: String handling of BHA string on the rig floor

Work step Description
Sii Opening the slips by slightly hoisting the string that is sitting in the slips
ips open o, . .
and lifting the slips to the open position
Slips close Closing the slips by lowering them into the bushing and thereby
vertically locking the string
Safety clamp | Attaching the safety clamp (or any similar device) to prevent the string
on from accidentally falling into the well in case of slip failure
Safety clamp | Removing the safety clamp (or any similar device) that prevents the
off string from accidentally falling into the well in case of failure of the slips
Guide the pin (or box) of the top pipe, that is already in the well center,
Guide pipe down into the box (or pin) of the bottom pipe that is hanging in the slips.
down This will avoid damage due to collision of the connections. Step-in/out
guides are used in some cases for better and safer execution
Guide pipe up | Guide the pin (or box) of the top pipe out of the box (or pin) of the
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bottom pipe that is hanging in the slips. This is advisable especially for
acme threads to avoid that they will get "hooked" during lifting of the top
pipe. Step-in/out guides are used in some cases for better and safer
execution

Lift the string with the elevator
Lower the string with the elevator
Pipe is set into the elevator (actually the elevator is set onto the pipe).

Lift string
Lower string

In elevator This can be done manually or with hydraulic elevator bails
R Pipe (casing, elevator sub, etc.) is removed out of the elevator [actually
emove ; . ) .
elevator the elevator is removed from the pipe (casing, elevator sub, etc.)]. This

can be done manually or with hydraulic elevator bails
Closing/locking the elevator to lift the string
Opening/unlocking the elevator to remove it from the string

Elevator close
Elevator open

Service is every action that is important to keep the tools in operational conditions, before and
after the actual drilling. In this case, maintenance of the tools such as re-cutting of threads or
changing the inlet of MWD/LWD tools was not considered. Such work is usually done in the
shop, or in special cases maybe at the rig site. But it is not really a part of the actual work of the

drilling rig.

Table 13: Service of BHA tools

Glue threads

Thread
inspection

Clean pipe
annular

Clean pipe
outside

Empty mud
motor

Add ball/chip to
well

Adjust bend
sub

Taking sample

Work step Description
Clean threads | Removing debris, dirt, old dope... from the threads
Lubricate i o ]
threads Apply sealing lubrication (pipe dope) to the threads

Apply glue to the threads to improve the connection. This is done for
example with casing or small diameter pipes with low make-up torque

Inspection of the threads for wear or damage

Cleaning the inside of the string to remove aggressive drilling fluid,
especially tools with no clear annulus like MWD, downhole motors, float
valves...

Cleaning the outside wall of the string to remove aggressive drilling
fluid, especially tools with vent holes have to be cleaned thoroughly
Emptying the mud motor after pulling it out of hole. This is done by
seating the bit into the bit breaker plate and rotating it with the rotary
table until all the mud is out of the mud motor. Flushing it with fresh
water will avoid corrosion and damage of the elastomers

Adding a ball, chip, landing nipple, etc. to the drilling fluid to pump it
down and thereby transmitting a signal to a downhole tool. The ball,
chip, landing nipple,... is simply induced on the drill floor in the string
before connecting it to the next pipe

Bend subs with variable bend degree have to be adjusted. While the
housing is kept static, the orientation sleeve is turned to the desired
bend angle. The lower bend housing is locked by screwing it upwards
and torqueing.

Taking fluid or mud samples from the drill string is done by the mud
engineer to analyze downhole conditions. Very important, for example,
are the probes taken from the drilling bit when it leaves the hole.

Tool inspection

Inspection of a downhole tool for damage, wear, right size, etc.

Modification is every action that will keep the rig floor and its equipment adapted to the specific
working situation. It may not be part of the actual downhole tool assembling, but without the
mechanization of those work steps there will be personnel required around the well center.
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Table 14: Modification of rig floor equipment
Work step Description
Bushing in Installing the bushing (or automated slips) after they have been
removed
Removing the bushing (or automated slips) from the well center. This is
Bushing out | necessary to run tools with large outer diameter (bit, stabilizer, casing,
etc.)into the hole that would not fit through.
Bit breaker Installing the frame, that holds the bit breaker plate in place, on the drill
plate frame on | floor (lock them with the retaining pins in the rotary table)
Biifbredher Removing the frame that holds the bit breaker plate in place
plate frame off
Change Changing the elevator due to change of the outer diameter of the string
elevator or change of the shoulder type (casing or pipe elevator)
Change slips | Changing the slips due to change of the outer diameter of the string
Slips in Installing the slips (or automated slips) after they have been removed
Removing the slips (or automated slips) from the well center. This is
Slips out necessary to run tools with large outer diameter (bit, stabilizer, casing,
etc.) into the hole that would not fit through.
Cover borehole | Cover the borehole if the well is empty.

Storage is every action that is necessary for the logistics of auxiliary equipment on the rig floor.
In this case, additional rig machinery that may be there as a backup was not considered.

Table 15: Storage of auxiliaries on the rig floor

Work step Description
Sene S Storage of safety clamp when not in use
clamp
Store(zzIJ:r;zafety Storage of jar safety clamp when jar is in the well
Store thread .
protectors Storage of different types of thread protector caps
Store bit . .
breaker plate Storage of different types of bit breaker plates
Slore 51 Storage of the frame that connects the bit breaker plate to the rotary
breaker plate
table
frame
SEOFET PR Storage of pipe elevator subs with different sizes
elevator sub
SHIe CZEINY) Storage of casing elevator subs with different sizes
elevator sub
Store lifting cap | Storage of lifting caps with different sizes
Store elevators | Storage of different types of elevators

5.3.3 Evaluation and Ranking of the Work Steps

Theoretically, the implementation of a mechanized system that executes the work on a drilling
rig is possible. It will require the development of new tool, but it is very unlikely to face technical
limits. The decision upon the realization of automated systems will be made due to economic

reasons.

As it is a rather complex and extensive task to design a hands-off rig floor, this will probably not
be done in one stroke but step by step. Therefor it was decided to not only define the different
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work steps that are necessary for the handling of bottomhole assembly, but also to rank them
according to various criteria. This will help to focus the engineering resources on the
development of those mechanization tools that have the highest potential for improvement.

Table 16 shows the list with all work steps filtered out that can already be done mechanized.
Using that list, it will be easier to detect operations that should be focused on in terms of finding
tools for automation. The entire list can be found in Appendix G — Evaluation of Work Steps.
The list was implemented into an Excel sheet. Using the “Filter” functions of excel, it is possible
to define certain criteria and look for work steps with the defined automation potential.

Table 16: List of all hands on work steps

Bl=|x=|% 3l z| 5
5| S 8|8|e|&|5|3
cElecs|=|=| E|l Ss|5|=
sl sl o8|E| T &l 3
5 S| | ® Ll of
Work step < = w || x Equipment
Jar safety clamp on X | X X Manual, wrench
Jar safety clamp off X Manual, wrench
Bit breaker plate on bit X Manual
Bit breaker plate off bit X Manual
Bit + bit breaker plate in
frame X | X Manual, winch
Bit in bit breaker plate X | X Manual, winch
Mud basket on X | X | X X Manual
Mud basket off X | X | X X Manual
String revolution indicator X | X X | x| x Manual, chalk
Manual, manual
Make-up connection man. G P . X tongs
Manual, manual
Break connection man. X | X | x| X X tongs
Screw connection man. X | X Manual, Chain tongs
Unscrew connection man. X | X Manual, Chain tongs
Bit breaker plate in frame X | X Manual, winch
Bit breaker plate off frame X | X Manual, winch
Safety clamp on X | x X | X Manual, wrench
Safety clamp off X | X X | X Manual, wrench
Guide pipe up X | x| x| x| X Manual
Guide pipe down X | x| x| x| X Manual
Slips in R o Manual, winch
Slips out X | X Manual, winch
Bushing in X | X Manual, winch
Bushing out X | X Manual, winch
Bit breaker plate frame on X | x| x Manual, winch
Bit breaker plate frame off X | x | x Manual, winch
Change elevator X | x | x Manual, winch
Cover borehole X | X | X X Manual
Change Slips X | X X Manual, winch
Clean threads X Rag, WD40
Lubricate threads X Brush
Glue threads X Scraper
Thread inspection X Visual, gauge
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Clean pipe annular X X Manual, Water hose
Manual, Water hose,
Clean pipe outside X X | x| X sleeve
Add ball/chip to well X | X Manual
Taking sample X Manual
Tool inspection X Visual, gauge
Store safety clamp X | X X Manual
Store jar safety clamp X | X Manual
Store thread protectors X | X X Manual
Store bit breaker plate X | X Manual
Store bit breaker plate frame Mg s Manual, winch
Store pipe elevator sub X | X Manual
Store casing elevator sub X | X Manual
Store lifting cap X | X Manual
Store elevators X | X Manual, winch
Push string X | x | x X Manual, winch
Pick up sensible string X | x| x Manual, winch, slide
Lay down sensible string X | x | x Manual, winch, slide
Pick up item X | x| x X Manual, winch, slide
Lay down item X | x | x X Manual, winch, slide
Thread protectors on X X Manual
Thread protectors off X X Manual
Lifting cap on X | X X Manual
Lifting cap off X | X X Manual
Casing elevator sub on X Manual
Casing elevator sub off X | X Manual
Make-up casing elevator sub X | X Chain tongs
Break casing elevator sub X | X Chain tongs
Pipe elevator sub on X | X X Manual
Pipe elevator sub off X | X X Manual
Iltem to well center X | X X Manual, winch
Item from well center X | X X Manual, winch
Winch on X | X Manual
Winch off X | X Manual
Count 23 65 71 19 11 40 3 14
Percent 27 77 85 23 13 48 4 17

Author: Klaus Kurz

Page: 73




o 4k

UNIVERSITAT Implementation of Industrial Robots in Drilling Rig Design BAUER

The criteria for ranking the work steps are very alike to the key performance indicators that will
evaluate the performance of a drilling rig:

¢ Automation is available

¢ Work step has to be done on the rig floor

¢ Work steps that are considered as especially hazardous

¢ Frequency of the work step

¢ Time that is required for the work step

e Special knowledge required for execution of the work step

¢ Feasibility of the mechanization

For a closer evaluation all work steps were filtered out where automation is already available
or at least mechanized so far that remote operation is possible. This does not mean that there is
no space for improvement. But as those machineries are already implemented on existing rigs
the mechanization of those working steps will be considered as realized. Those mechanized
tools that are in the field testing phase right now, for example pipe doping units, will stay in the
list. Some of them show problems with their performance and may be worth the overthinking of
the technique.

From the 84 work steps that were collected, 83 percent are done manually or at least require
hands-on duties of the crew. So it can be said that there is a lot of potential for the development
of new rig machinery. For the evaluation of the following criteria it will mainly be concentrated on
those non-mechanized work steps.

The categorization into work steps that have to be done on the rig floor and those which
could theoretically be done anywhere was driven by the question whether it is necessary to do
the entire work next to the well center. All the work that could be done on the ground would lead
to less labor and machinery on the drill floor.

When those were filtered out it can be seen that a part of the service of the tools does not by all
means have to be done on the rig floor. Cleaning of threads and tools, gluing or lubricating of
the connections, taking samples and different inspections could be done on the ground. And, as
a matter of fact, some work steps are executed that way.

Connecting those tools that require the use of manual tongs on the ground would be another
interesting task to remove from the rig floor. And this is done in some cases, too. Service
companies deliver those tools already assembled as far as possible. But some cannot be
transported on the rig floor in one piece, for example AutoTrak from Baker Hughes. So it is still
important to find a way to mechanize that work step.

Eliminating hazardous work steps will directly lead to a decrease of safety incidents. To define
them was not so easy. A quantitative evaluation is dependent on detailed accident reports and
statistics. Unfortunately, driling operators do not publish detailed incident analysis and it was
not possible to convince anybody to provide such material for a master thesis written with
another company.

Therefore, the evaluation was done on basis of interviews. Work steps on a drilling rig are in
general hazardous. The focus was put on those with increased risk of incidents, such as
handling of manual rig tongs and other heavy equipment or covering of the borehole, which is
not dangerous but could lead to accidents if not done.

The frequency of different work steps will have a big influence on whether automatization
tools will be developed as such machinery is the most effective with repetitive tasks. Plus, the
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more often a certain action has to be done, the higher the chance someone gets hurt, even if it

is “only” the sprain of a finger. So it will be of interest for HSE reasons as well.

This criterion might be the reason why slip handling is already automated. Handling of slips is,
compared to other operations on the rig floor, relatively safe and not too exhausting. Manual
setting is not slower than the mechanized version and in case the slips have to be changed or
removed, manual slips perform even better. But it has to be done over and over again, for every
connection. And as it is actuated by the driller, he does not have to wait to move the string for

free crew members to unlock remove the slips.

One problem regarding the frequency of work steps appeared. Some actions were not
executed as often as they should have been, for example they forgot to mark the pipe to count
the revolutions during the unscrewing of the tubular. On the other hand, slips where set too
often as the rig crew applied them at the wrong spot of the pipe. It was decided to correct those

numbers in the data base to avoid a wrong picture due to individual mistakes.

Figure 37 shows the top 25 work steps regarding the frequency they had to be done during the
tripping of a 8 3/8” Dirilling BHA (Appendix D — Setup of Documented BHA). It can be seen that
a part of the work steps can already be mechanized with available machinery, such as iron
roughneck, automated elevators or automated slips. But the bigger part of the work requires
hands-on intervention of the crew. Most of them relate to the transport of tools on and around
the rig floor. Some work steps will be interesting for rig manufacturers, too. Things like counting
of the tubular revolutions during unscrewing or a solution to the manual setting of the safety

clamp may be interesting for costumers.

Tripping out of 8 3/8" Drilling BHA
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Figure 37: Frequency of work steps for tripping BHA

The time required for the work steps will be of high interest in terms of improving the handling
performance and therefor reducing rig time. Figure 38 shows how much time is spent for the
execution of certain tasks. The graph shows the cumulated times of the operations. The times
for transport of pipe and BHA from the ground onto the drill floor could not be recorded as the
documentation focus was on the rig floor. Therefore it could not be observed what was

happening on the catwalk to follow the entire lay down process.
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Figure 38 shows the operations that take the biggest shares of the 2 hours and 36 minutes of
operational time. Handling of the safety clamp takes almost a minute. And it has to be done on
every smooth tubular. Work steps necessary for tool transportation such as handling of threat
protection caps or lifting subs are responsible for another considerable handling period.

Tripping out of 8 3/8" Drilling BHA
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Figure 38: Cumulated times required for work steps

Special knowledge that is required for the execution of certain work steps is difficult to
measure with concrete numbers such as time. Still, it was tried to take this into account. Service
companies that provide sensible downhole tools, such as bits or MLWD, have company people
on site to supervise the assembling process. Plus, such work steps require experienced crew
members which might be a problem to get by different reasons. With interviews with different
people from the business those work steps were selected that had to be observed by
contractors, for example handling of mud motor or taking samples, and non-routine tasks that
could lead to severe problems if they are done wrong, like handling of a jar safety clamp.

The feasibility of the mechanization of certain work steps will play an important role on the
realization. It is easier to convince both rig manufactures and rig customers to make
investments for automated systems if they are cheap and easy to implement, even if they will
solve only small problems and not the big ones. On the other hand, hazardous operations like
the handling of heavy tools will be done manual as long there is no equipment that can do it
economically reasonable.

The installation of a pipe washing system was one of the ideas that came up. Implementation of
such a tool would not require that big amount of money, while at the same time relieving one
crew member from holding the water hose during tripping out.

The evaluation of this criterion was, again, not done with quantitative means. It was done due to
information that was gathered during interviews of drilling manufacturer and operator.
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6.BHA Handling Automatization

6.1 Tool Life Cycle

Automatization of the assembling of the BHA tools on the rig floor will not be the only challenge
to design a working environment that is not dependent on human interaction. It is important to
consider the entire life cycle of the tool on the rig site (Figure 39). An efficient logistic system wiill
require at least the same attention as the mechanization of the installation process. Plus, some
components do require different kinds of service. Whether it may be collecting drilling data from
MWD tools or cleaning of a filter sub. The necessary work steps for BHA handling have already
been categorized in the different stages of the tool life cycle in “5.3.2 - Definition and
Categorization of the Work Steps”. Still, things will have to be further discussed to find a suitable
solution. Many have the main focus on the automation of the drill floor, but automation of
transport, storage and service on site will have a big influence on the success of the entire
system.

Delivery p Storage on site B Plg:.("rg:or:.to <
Rig Floor l
Disassembling |« Drilling the well < Assembling
v
Lay down on the > Storage » Evacuation
ground
) 4
Service

Figure 39: Life cycle of drilling tools

Other industries, which have implemented automated systems, have spatial divided the
different stages of the product life cycle. With success. ° This does not only allow that
equipment can be adapted to the individual requirements of the different operations. It is also a
good way to prevent dangerous interactions of human and machine. Automated working areas
are isolated and cannot be entered during operation. On the other hand, areas, where hands-on
intervention of the crew is required, are designed to minimize possible injuries due to moving
equipment to zero. Such working area designs are becoming more and more popular on drilling
rigs. One example is the Bauer TBA 440 M2.

Figure 40 shows the arrangement of different areas on the rig:

e Service area
¢ Working area

¢ Pipe handling area
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The service area is that part of the rig where the main components like drawworks, power
aggregates, hydraulic pumps etc. are located. Intervention of the crew is only necessary for
maintenance. Entering of this area during operation is not allowed to avoid accidents.

The pipe handling area is that part of the rig where the logistic system for pipe handling and
storage is located. During operation, heavy equipment is handling high loads at increased
speed. Entering of the crew would be highly risky and is therefore forbidden. Still, access to the
tools is possible under certain circumstances, for example in defined areas at the back of the
structure. This may be necessary for inspection or other tasks, for example calibration of MLWD
tools.

Working areas for the crew does not have to be considered during the design of those parts. So
it can be done very compact and process focused as safety issues will not play a dominant role.

The working area is the place where the crew will execute the assembling and disassembling
of the different downhole components. This is also where the driller will have the main focus on.
Industrial robots for the handling of BHA and other tools would possibly be placed here as this is
the area where the hands-on operations are performed.

1: draw works, power
pack etc.

Driller decides, if the pipe
handler is allowed to present
doubles in the working area.

Pipe handling area :

Restricted to the pipe handling
and pipe storage. No
interference with men working
area.

Figure 40: Work space arrangements of new drill floor designs™
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6.2 Tool Data Exchange

An important but also interesting challenge of automated rig floor design will be the data
exchange and management with the system. For the correct handling of downhole tools certain
data will be required. Make-up torque is probably one of the most important values, but also tool
weight, length, diameter, etc. Right now, these values can be taken from the BHA design list
that is generated by the driling engineer. The list is usually at the rig site office and in the
driller’s cabin when assembling the respective string. IF a certain component has to be changed
in the short run, the values will be taken from similar components. This may fit in most cases but
can lead to troubles.

An automated system will require that information as well, but the manual input will be not only
laborious but also prone to failure. A data acquisition system that is implemented into the logistic
tool cycle might be a promising way to solve that problem. When a tool is delivered on site, the
specific data is taken into the system. This can be done with the delivery ticket or maybe with
more advanced methods, like an RFID chip that is integrated into the tool. The automated rig
floor equipment can recall that data during the installation.

This would not only improve the handling quality of downhole tools, it can be a chance for
downhole tools manufacturer as well. The specific data set of a certain BHA component could
not only include technical data but also performance evaluation. Tool history and the status of
wear of a used drilling bit could help to decide if it could be used again in a certain section.
Performance data of a bit that is recorded with automated rig measurement devices could be
saved. This could help to analyze the application of the bit later on.

6.3 Offline BHA Handling

An interesting approach to improve BHA handling is to assemble it offline. Instead of installing
each component on the rig floor, the BHA is assembled on the ground (Figure 41). The heart of
the system is the MBU, the mobile bucking unit. It is basically an iron roughneck that is capable
of handling tubular in the horizontal position. The downhole tools are made up into sets which
will then be lifted onto the drill floor. The size of those sets is only limited by the capacities of the
pipe handling systems.

The biggest advantage is the saving potential of operational time. Tools can be prepared prior
to the installation during phases where the crew has time to do that and not during tripping
when everybody is in a hurry. This reduces also the risk for crew and equipment as the work
can be done without time pressure. Plus, work is removed from the hazardous rig floor, where
people should spend as less time as possible.

The system has been tested since 2006 and is now running on different rigs all over the world,
mainly on offshore rigs. The average time saving is given with three percent of the total rig time,
which is impressive.

, i 3 _“/!}F — i -
Figure 41: Offline assembling of BHA (left), mobile bucking unit (right)

Still, the big breakthrough has not come yet. People criticize that it requires too much space,
space that is not available on the crowded rig site. Plus, the problems with handling of downhole
tools is not solved, only relocated. And the preassembled sets of BHAs still have to be
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connected on the rig floor. So the crew will have to be there, and additional workers on the
ground for operating the MBU. Not to mention the costs for the equipment.’2

6.4 Robotic Drilling Systems

Robotic Drilling Systems (RDS), former company name Seabed Rig, is a young Norwegian
start-up company with companies like Stateil, National Qilwell Varco or Apache as contributors.
The basic vision of RDS is to create a fully automated drilling rig for on- and offshore operations,
with no workers on site. The attempt to build such a prototype was driven by the needs of Statoil
to face challenges of hostile working environments like the Arctic, deserts or the open see. With
the knowledge of building this prototype RDS is trying to create a device able to drill wells
completely on its own, with no staff on site, even at the bottom of the ocean.

To realize their plan RDS is working with components of the oil business as well as of the
automation business. Soft- and hardware is created with prestigious partners and then put
together. Among that partners are NASA with computer software for their mars rovers, Shell
with their drilling automation software SCADAdrill or National Oilwell VVarco with their rig control
system. And the number of oil companies with serious interest in developing automation
systems is growing.”

Inspiration comes from other highly automated industries such as car manufacturing, steel
manufacturing or, as mentioned above, the mars rover program of NASA. The big target is to
produce a drilling rig that can be operated from any office by guiding it with targets (drill vertical
hole with 2000m) and not with commands (pick up pipe). The drilling operation is controlled by
an autopilot, monitored by human that would only take over control if necessary.

RDS is designing robots that will handle various tasks on the drill floor (Figure 42). The robot is
three meters tall, has a range of three meters and should be able to perform different tasks with
interchangeable hands. So far, about 15 different hands are available, with additional hands in
development.”

RDS is trying to prove that the implementation of robotic technology on drilling rigs will improve
the drilling performance. Manual work steps, like changing the elevator set for different pipe
diameter ore pipe tripping, rely on the skills of the crew. Robots execute their work at constant
rate that can be pushed to the technical limit. In addition to that they can handle certain tasks
simultaneously and will not require a pause of the main operation.

Figure 42: Robotic Drilling Systems rig arm’>
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From an HSE point of view an automated rig floor is essential for minimizing incidents in the
drilling industry. The rig floor is a hot spot for injuries being probably the most hazardous area at
the drilling site. Minimizing the staff on the rig floor will increase accidents. Robots will also be
lifesaving when it comes to major accidents. Taking the explosion of the Deep Water Horizon"",
automated driling systems would have reduces the personnel at the offshore platform and
therefor lowered the number of dead and injured. Besides, a robot will continue the work, no
matter if there is fire next to it or not. He can even initialize actions against the failure while

people can start evacuation.

With all this in mind, employees can start focusing on the important tasks. Attention is not
wasted on the procedures that make driling possible, but on the drilling itself. Whereas the
automated system can already detect hidden failures, for example worn out threads of drill
pipes that would possibly be missed by human.”

But not only drilling operations in unfriendly environments are requiring fully automated drilling
rigs. The development in shale gas exploration brings new challenges to drilling operations. For
exploration of shale gas a high number of wells increase the costs for exploitation of reservoirs.
Reducing drilling costs by repetitively drilling similar wells is one of the ways to reduce costs, the
common term is well manufacturing.

Another reason for developing fully automated drilling rigs is the dependence on professional
staff. Increase in drilling activity and the decreasing number of skilled people on the job market
makes it difficult for drilling companies to employ enough staff to run their rigs. Taking a look on
the average age of skilled drillers, the situation will get worse as many good qualified
employees of the drilling industry will retire in the next years, taking their know-how with them.

6.5 Workshop - Automatization of BHA Handling

As already discussed, the realization of automated rig design requires the cooperation of the
different players of the driling business. Therefore the idea came up of bringing together the
different parties that are involved. The planning for the workshop began rather early during the
work for this thesis. But it was decided to host it in the finishing phase to compare the results
with other experts from the drilling industry (Appendix H — Workshop Summary).

The target of the two-day workshop was to bring together experts with professional expertise in
different areas to discuss different approaches to achieve the fully-automated drilling rig. The
discussion was focused on the handling of drilling BHA tools. Thanks to the participants, it was
possible to bring together different aspects that should be considered when working on an
autormated drill floor. This included the knowhow about industrial robots and automatization
technology, performance measurement, downhole tools and practical aspects from a
manufacturer’s, a contractor’s and an operator’s point of view.

The participants of the workshop represented the following disciplines

¢ Rig manufacturer (Bauer Maschinen AG)

¢ BHA manufacturer (Baker Hughes)

¢ Rig operator (ITAG)

¢  Drilling contractor (Statoil, Shell)

¢ Automation techniques (Robotic Drilling Systems, UT Texas)

¢ Data and performance measurement (TDE, Montanuniversity Leoben)

“I Deep Water Horizon was a state-of-the-art offshore drilling platform that exploded and sank after a uncontrolled blowout
in April 2010. Eleven workers were killed, 16 were injured.
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6.5.1

6.5.2

Improving Performance

The two main reasons for the demand for a fully automated drilling rig is the increase of
performance and safety. These two issues have to be responded to a certain extend so that the
significant financial expenditures can be justified. The increase of performance can be validated
by the generated value of the automatization tools, or in other words, how much time it will save
during operation. Half of the costs for a new well are spent in the drilling phase. An example of
an offshore drilling operation in the North Sea shows that the drilling time, the time during which
the bit is actually rotating on bottom and making hole, is beyond 10 percent of the total time.
The rest is used for well treatment, tripping, maintenance of equipment and others. So there is
definitely potential for process optimization.

The difficulty is now to find the biggest potentials for savings, and this depends highly on the
drilling process and the application. On the other hand, some operators claim that they don'’t
see much demand for increasing the working performance on the rig floor, especially when they
do performance drilling with highly qualified rig crews in combination with shallow wells. They
would rather investigate operations like rig moves as this may be one of the major spending for
them. To find a significant statement to compare automated systems to conventional drilling rigs
the key is accurate measurement of the work steps.

Human Resources Development

An important reason that requires a high level of automatization is to meet new aspects in the
human resources development. Getting the crew away from hazardous areas and reduce risky
operations to a minimum has been an important issues for the last years, especially in offshore
drilling. Despite the already high degree of mechanization, many procedures still requires
manual work or at least involves human interference in some way. Performance is not only
measured with time, but also with accidents occurring on site. Many companies follow a zero-
incidents policy, although operators report that additional equipment that would reduce the risk
of the crew is often cancelled to avoid higher day-rates, especially on land rigs. Safety - yes, but
only to the same price.

In addition to that, a drilling rig is not only hazardous for the crew, but also for the equipment.
Transport on site and wrong handling of BHA tools has been responsible for a large portion of
damages which costs a lot of money. Standardized handling procedures and the fact that
automated systems will perform a working sequence always in the same way would eliminate
this.

And there is a second reason why companies want to reduce the amount of people on the rig. It
becomes more and more difficult to find qualified and experienced people that are willing to take
a job in the oilfield. The work on a drilling rig is quite intense, twelve hours shift working, hard
physical work in a harmful environment and remote locations where exposed to extreme harsh
environmental influences are only the top reasons why people do not want to work as a
roughneck any more. And the relationship between employer and employee is not a very
sustainable one. Already today operators have difficulties to fill gaps in their crews with poorly
trained agency workers to keep their rigs running during peak periods. The hiring of additional
crews to run more drilling rigs in case of a possible upcoming boom in drilling activities will bring
the operating business to its limit.

However, there might be a downside, too, if future drilling rigs will be fully automated. More
effort will be spent on maintenance and repair. And as the equipment of an automated rig floor
consists of highly sophisticated gadgets, intervention will required a high level of training and
education. Low educated personnel is willing to work under bad conditions as it is the easiest
way to make a lot of money, to convince skilled personnel to work under these circumstances
will be a challenge. And during the beginning of designing fully automated rigs where new
techniques will be tested through semi-automated applications, the personnel capacity will be
even higher as | need people to service the machinery as well as the normal rig crew.
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6.5.3 Automation through Standardization

To design a fully automated system it is important to know the processes that are required to
reach a certain goal, in this case the goal is to bring an operative BHA into the well. Still, this
does not mean that | must exactly recreate the processes. Manufacturers tend to find ways to
mechanize the exact handling procedure as the crew would do it. They add different tools for
every work step to the drill floor which makes the system complicated, prone to failure and at
the same time inefficient. Essential for developing a marketable automated system is
standardization. Standardization of the process, standardization of the machinery and
standardization of the tools, in combination with a long term drilling program with high numbers
of similar wells.

Other industries implement autonomous assembly lines only for products that are produced in
high quantities, not for individual items. If the same steps are repeated over and over again,
automated systems will proof as efficient. Therefor it is necessary to know the handling
procedures, identify the necessary work steps and find an effective way to implement them in
the automation system, but not necessary replicate the way it has been done so far.
Furthermore, it is necessary to implement a certain standard design for the required BHA
components as well. But as they would be utilized in higher numbers, especially wear parts, tool
manufacturers confirm that they are willing to meet the demands of producing such fit-for-
purpose standardized downhole equipment (for example one size OD design of drill string) and
provide the operator with the necessary support (for example 3D models of the tools).

Standardization of the necessary handling equipment will help to produce them at a reasonable
price. If it is possible to design the machinery in a way that the process of assembling downhole
tools can be managed with only a few flexible handling devices, they can be manufactured in a
number high enough to bring them on the market. Important features will be the implementation
of standard components from the free market. This ensures that the parts require less
maintenance as they have been tested in other industries, are easy available in case of failure
and can be purchased at a lower price than in-house developments. Modular design will help to
implement the equipment on existing rigs as well as on new rigs and will facilitate the adapting
of the systems to changes due to new drilling projects, not to mention that also rig moves can
be carried out faster. Designing the rig as a platform that can be equipped with the necessary
machinery would enable operators to assemble a rig that would meet the requirements of the
current job.

6.5.4 Data Transfer

An important issue concerning automatization is data transfer. Information is exchanged
between the individual components and especially with the human supervisor. To bring a
system to the technical limit, the work steps have to be initiated and coordinated by a computer
that initiates and coordinates the process with the help of different sensor data. Measurement
data show that mechanized systems that are controlled by men, do not have constant
performance and do not work near the possible technical limit. Regulating the equipment by
pushing buttons and handling joysticks make the operating level dependent on the driller. And
with the increase of steering complexity it gets difficult to work on a constant level over a longer
period, even for well trained personnel.

There is a psychological problem as well. People of the oil industry tend to be distrustful to new
technologies. They are more likely to be seen as a handicap that has to be treated with caution
instead of looking at it as a helpful tool that should be driven to the maximum. People from the
field report that is some cases, new tools are not used at all as the crew is not willing to
implement it into the workflow. An autonomous control system, on the contrary, will operate the
rg on a predictable, 24 hour basis. People only need to monitor the operation and intervene if
there is a problem. This can be done from any location around the world, as it is already the
case for some offshore applications. This would minimize the manpower on site to a few
mechanics for maintenance, logistic issues and technical troubleshooting. The actual work is
done autonomously by the computer.
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6.5.5

Again, standardization will be playing a big role. Communication between the different handling
equipment, sensors, logistics and the controller must subordinate a certain language with
common rules, especially as the different components will probably be provided by different
manufacturers.

Conclusion

The concept of a fully automated drilling rig can only be realized by the interaction of all
contributors, the drilling rig manufacturers and designers of downhole tools as well as operators
and contractors. Not only will the developing of new handling machinery, but also a change in
the handling process be necessary. The basement for automatization is standardization.
Standardization of the downhole tools in terms of design and dimensioning to allow fully
mechanized handling as well as standardization of the equipment to allow construction at a
reasonable and marketable price. Besides that, operators need long term driling contracts to
justify higher costs for new automated drilling rigs that are more specialized than cheaper
conventional rigs. Especially the first automated drilling rigs will rather be fit for purpose rigs than
build for market rigs. The high investment will be adventurous if contracts last for only a few
years and the rig may then have to be modified for a new application. Then again, if a drilling rig
can be designed for a ten to fifteen years contract and a high number of standardized wells, like
for developing a shale gas field, contractors and operators may consider investing in totally new
BHA and rig designs. By the end, the most overall-cost effective machinery will be the one on
future drilling sites.
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7.Conclusion

7.1 Automatization in the Drilling Industry

Automatization will become more and more important in the future. The fully automated rig may
not be realized in the next few years, but as soon as the automation technology has proofed the
increase in performance and safety, there is no doubt that it will achieve a lot of attention in the
drilling industry.

The drilling industry has always been skeptical towards new ways of doing the job. With the
high costs of drilling operations and the time running, there is not much space for experiments.
This is different from other branches. Equipment for car assembling can be tested. You build up
a small testing system and start to do trial and error. On a drilling rig, on the contrary, there is
not much room for error. It may not only lead to the loss of a lot of money, failures during drilling
may lead to environmental catastrophes and the loss of lives.

Still, changes of different variables cannot be denied. To keep the global production rates
stable, oil companies will be forced to go for new reservoirs in remote areas with hostile
environments. Running rigs in such environments, for example Alaska, with a lot of personnel is
not only a logistic challenge but will require high financial benefits for the crew members to get
them there.

In general, having enough personnel to keep rigs running will be a problem. This is not only
predicted by different demographical diagrams, operators are facing this problem right now. The
gap between skilled and unskilled workers is getting wider. On one hand, you have educated
people who are not willing to work under the inconvenient circumstances that you find on
today’s rigs. On the other hand, low qualified work force is from a safety point of view not
acceptable on the rig floor. During the documentation the change of the work flow due to rental
workers could be experienced. The work load of the regular crew doubled as they had to do
their own work and take care of the new guy as well. The number of safety incidents increased
directly with the number of external workers.

On the other hand, certain developments in the oil and gas industry bring up chances for new
designs. The boom of shale gas all over the world will require an enormous amount of new and
cheap wells to be drilled. Therefore new drilling rigs will be required. Well manufacturing, the
drilling of similar wells over and over again, is the type of project where automated, build for
purpose drilling rigs can prove their advantages.

7.2 Realization of Fully Automated BHA Handling

7.2.1 Automation trough Standardization

Every industry sector that has successfully implemented automation systems was facing one
big problem during the starting phase: The lack of standards regarding terminology and
technique. Due to the interaction of different engineering areas from different companies all over
the world, the definition of certain norms will be imperative.

Automated systems will demonstrate best performance doing repetitive operations. Assembling
of downhole tools, however, incorporates a huge range of different work steps that have to be
executed on different components. There is not one universal design of a designated type of
tool. If, for example, all MWD tools would be constructed due to a certain norm, with predefined
dimensions and common arrangement of sensible areas, the development of handling systems
would be much more effective.

Fortunately, BHA manufacturers are willing to make changes. Especially during the workshop
(Appendix H — Workshop Summary) it could be experienced that they do understand the
problem and see it as a chance to be a part of a new way of designing drilling infrastructure.
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7.2.2

7.2.3

7.2.4

Target Focused Instead of Process Focused

Although companies put a lot of effort into the development of new equipment that would
mechanize the rig floor, they struggle with the acceptance on the market. Many techniques do
not come through the field testing phase. They are either too slow in the prototype phase or only
applicable to very specific tasks. The reason for this is that engineers often try to reproduce the
human work motion. For the development of a thread greasing unit, for example, the focus is on
the process by trying to imitate the way the crew would apply pipe dope to the connections.
Other industries were more successful in focusing on the target itself, in this case how to get a
connection ready to be screwed together. Solutions may include the change of the greasing
material that would be easier to apply or different pipe connections that do not need to be
greased at all.

Long Term Commitments

Fully automated drilling rigs will require a certain degree of standardization and repetition to be
competitive. They will be built for the drilling of special types of wells, like the development of
shale gas fields. The acquisition of such a build-for-purpose rig brings economic risks for the
operators. Drilling contracts are usually signed for no more than one or two years. To justify the
financial expenses for such equipment, companies have to be sure that they keep their rig
operating in the long term. Again, it can be seen that the realization of automation depends on
the contribution of all participants, manufacturers, operators and contractors.

Setting the Benchmark Right

A basic argument of people that are rather skeptical to automated rig design is that it would
never be able to compete with a well-trained crew. If new equipment is tested, the performance
is compared with manual operations and, in some cases, slower. This does not necessarily
mean that the overall performance is bad. The important thing is to define the benchmark right.
Automated systems will not have to compete with the best performance that has been recorded
so far, it will have to compete with the standard in the business. Human performance is
dependent on the interaction of the rig and its crew, if one variable is changed the system gets
disturbed. It can be recorded that due to small changes, such as working the nightshift instead
of the dayshift, the same crew will perform a little slower. Automated systems will deliver
constant output, twenty-four hours a day, with little or no influence of environmental issues.

7.3 Contribution of this Work

7.3.1

Documentation on Site

The decision to do documentation on an operating drilling rig turned out to be a very productive
way of gathering information. To understand a process it is very difficult to rely on written
material like literature or handling manuals. In the case of BHA installation, such material was
not very precise or not available anyway.

The analysis of drilling operations is very time consuming. Tripping of drill strings is not
considered a daily operation. During the two and a half weeks at the rig site three runs could be
observed. To record the trips on video turned out to be a very effective way of documenting
such an operation by only one person. It would not have been possible to get all the necessary
information by making notes. Plus, additional questions that occurred during the analysis phase
could be answered by reviewing the video files.

Another advantage of observing a work flow on a real rig is the interaction with the crew,
company man and service personnel. They cannot only provide you with information about the
ongoing operation but also with their experience from other projects. Working on the rig floor
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7.3.2

7.3.3

7.3.4

7.3.5

contains so many different tasks and small details of which not even the drilling engineers are
aware of. But these details can be crucial for the success of automation equipment.

The documentation on site can not only be valuable for the research in the course of a thesis
but also in general for the development and construction of new rig equipment. It closes the gap
between manufacturer and operator. It was experienced that the some members of the rig crew
have a lot of ideas and proposals for improvement and are willing to pass them on. This would
help to make tools more suitable for certain tasks and increase usability.

Define the Goals and Boundary Conditions

During the research at the beginning of this thesis it was discovered that documentation of the
work flow for the installation of BHA did not really exist. Only little information could be found on
handling manuals, most of them pointing out to obey safety instructions. So far, neither rig
operators nor tool manufacturers have outlined the different work steps for education purpose
or the evaluation of best practice. Nevertheless, the development and testing of automated
systems requires such information to discuss the entire range of BHA handling activities. It
would not be enough to just simulate the installation of a random drilling bit or stabilizer to the
drill string and then give a meaningful recommendation on the performance. The clear and
exact definition of the various tasks and the determination of the boundary conditions such as
maximal lengths or loads will serve as a basis for future developments.

Detect Weak Spots on Existing Rig Design

Another benefit of the documentation of different work steps is that it reduces the gap that exists
between rig manufacturers and rig operators. It does not only transfer knowledge from the user
of the equipment to the producer for upcoming automation projects, it can help detect weak
spots of existing drilling machinery, too.

One example is that every item, that has to go up onto the rig floor, will be transported with the
winch. Every single item that is too heavy to be comfortably carried in one hand will go up over
the slide to avoid accidents. This is not only inconvenient, it blocks the v-door for other
operations too. Implementing a second transport system with a lifting basket would improve the
situation.

Focus on Tools with the Highest Potential

The automation of the entire drill floor handling infrastructure will probably not be realized in one
stroke. Economic reasons and the complexity of the system will not allow such a big step. It
may also be that people from the business will not accept such a fundamental change. The
achieving of the automated drilling rig will rather be a step by step project. Therefor it is
important to filter out the work steps that can already be executed mechanized and define those
with the highest potential for increase of different performance parameters. With the evaluation
of the work steps it will be easier to find to do so.

Workshop

The workshop turned out to be a very effective way of bringing together different ideas
regarding automation. On one hand it was possible to present the results of the thesis to see if
this was the right approach to the problem. The fact that the BHA handling process had not
been documented so far by any of the participating companies as well as their interest in the
findings of this thesis showed the relevance of the work. Especially as the developers of robotic
systems, RDS, stated that one of their problems is that they don’t know the boundary conditions
and the entire range of demands for their equipment. On the other hand new ideas came up
that had not been considered so far. Changes in the design of downhole tools would facilitate
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the development of mechanized handling equipment. And as it turned out, BHA manufacturers
could think about that option.

The opinions of the different participants regarding rig automation where throughout positive,
especially towards the end of the two days of the workshop. It was important to structure the
seminar as a mutual exchange of ideas and not as a sales event. This created a very
constructive dialog.

One of the most important outcomes was that the different parties, who will be involved in the
realization of the fully automated rig, see the opportunities of such systems and are willing to
contribute their share. This includes cooperation between tool and rig manufacturer to ensure
that handling equipment and BHA tools are designed to be compatible. But also collaborations
between rig operator and contractor to share the financial risks with long-term contracts for the
employment of fully automated rigs.
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8.Appendix A - Nomenclature

AC
ADM
BHA
BxB
DC
DC
DOF
EMT
HSE
HWDP
ID

KPI
LWD
MBU
MD
MLWD
MPT
MTBF
MWD
NASA
NGO
Nm
NOV
NPT
oD
PDC
PDM
PLC
PT
PxB
PxP
RDS
ROP
SCARA
SCR
TVD
VFD

Alternating current

Automatic Drilling Machine
Bottomhole assembly

Both ends have box threads
Direct current

Drill collar

Degree(s) of freedom
Electromagnetic transmitter
Health, safety and environment
Heavy weight drill pipe

Inner diameter

Key performance indicator
Logging while drilling

Mobile bucking unit

Measured depth

Measure and logging while drilling
Mud pulse transmitter

Mean time between failures
Measure while drilling

National Aeronautics and Space Administration
Non-governmental organization
Newton-meter

National Qil Varco
Non-productive time

Outer diameter

polycrystalline diamond compact
Positive displacement motor
Programmable logic controller
Productive time

Pin threads on one side, box threads on the other side
Both ends have pin threads
Robotic Drilling Systems

Rate of penetration

Selective Compliant Assembly Robot Arm
Silicon-controlled rectifier

Total vertical depth

Variable frequency drive
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WOB Weight on bit
WT Wedge threads
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9.Appendix B - Rig 27 and Rig 30 from ITAG

ITAG

Drilling & Werkover

RIG 27
IDECO E-3000-AC

i
i
‘.;:

WAST ’.

Typa LC. Moore - Canti laver kaal (N

Claar Haight 152 T {453 m} F"

War. Hool Load Capacity 1,555,000 6 [(BES 1] it Linae Al

ALBSTRUCTUHRE

Typa L. Moora- Raleed Fhrar 32 1

Sathack Capacily &15.00% Iba {370 B

Antary Capacity 1,480,600 T 1535 1]

Heiyghl ondarnes!h Rodary Beame  2E£7H1 m)

s AR ETET 1K=

Typa Menn E-3880-A0
Mar. Lime Pufl, 2nd Layar 1380043 Iba (18 W)
Drilfing Lima 158 In
Raisd Input Pocwar 2,040 HP
Aumlfiary Braka Baylor ElImgcn TA3E BLOWIUT EGUIPME

Annuwiar BoR 13 SE"-10. 0HIp=l
H1G POWWER 25T Ram BOR 13 910, 10 pal Doubie
Oriva Disnst-akcirleal-AC 13 Sra-1 GLOM0pal S3negla
Typa af Enpines MTL 12 W A0 23 BOP closing unit Cameron C- 324-2-30
Humber 3 valums 323 gal {1_225 [t}
Momimal Raled Posver faach| 1420 WY Choke- & KIlh Manifsic tD.00pe! W with Comtrale
Typa af Gensratom LEROY SOMER OnTing 3pools Bnd Adapiers
HNumbssr 3 o 200
Transiarmer Ststion Feal A D TRME SYETER
{18 120 ko Grid) Actica Tank Syatem Capacity 4 X 1,258 b {200 cban]
Fovar [E30Y) 5,000 kyn Reaprea Tank Syatam Cap. Ax 943 bbl {150 chm)
‘Wattises Current Coampens, Weg {vertical B0pa)
{BIBA. F dym ) Additional Equipmant LF MixIng Systam,
Elaciric- Wawa Flitar LG Mu Agiaicrs,
VO MCC Unil Banlae Cagassar. Bauk S/oa,

Double Trip Tanik

Wi PUMPE
Ty pa (Tripéax Pumpe| 3 o 'Wrth TPK 1500 3 ] EQUIPMEMN

Typa A 31 BWACE PT Mongoaas
IOTARYT TAH Typa 1 x0easndar 400" Conag)
Typa Waco LR 375 [37 172 i) Typa 2 xfkalfar {164~ Cones)
TOR SRIVE EDTITIONAL EtiLa iT
Typa Weriiime Hydraullca DO 500-40 NC¥Y Iron Raughmsck 1R- 30124
Capacity SO0 tan (454 [ Prowar Elipa
Max, Torgue 5,500 M= (75,300 Krm) Fead OF Canrol Syeism
Continuems Tarqua 49,500 T-Bhe (GE, 988 MM 104 rpm Drfling imatrmmantstion
Continuates Tarque 32,000 71-te (43,560 Noggk 161 rpm Colaws Cameea Systerm

Additionsl Fingerboard
BLOCH =a@ Flare amt Klck Syslem
Typa Emsaca RA-53-6-500 Foridif Moblis Werking Plattorm |Chery Picker)
Cagacity 500 tan (454 1) Sounaproaiad Equipment

Ant Coflalon Eyalam (ACA]
3o Tague Banter WED
Zoft Pump System

TR Tafoar GminH - Hags wafa 517 - 29221 CallaBammnany
PFRoma; +43 5141 31440 - Fax- +43 5141 314-338
IEtw itag-co e - ‘v llag-calia.de
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TALs

Brilling & Workover

RIG 30
WIRTH GH-1250 EG

MA

Type

Chaar Hedgh

May. Hook Laad Capecky

TyRe

Sethech Cepacky

fatary Capecty

Halght sadamesth Aalary Baams

Teps

May. Ling Pull. 2nd Leyar
O llbmg: Line

Rabed mput Power
Auxllary Erake

Orive
Type of Engines
Ham IngF Rekad Fowear jeaci|

Type of Genaralorg
Appareni Powes (8ach)
altage

SCR-A MCC- Uil

Typs (Triplax Pumps)

Type

Type

Max. Epead
Capacity

Max Tarque
Canlinuae Tarque

Type
Capeciby

WL, Sarlax 500 - Yertiesl Eraction
138 It [42.0 m}
551,800 |be (250 4 & 10 Lives

WL, - Cantemerized, Bax-on-Bex
485,000 1oz (220 1)

551,000 1oz (150 3

194N [5am|

Wirth GH 250 EG - 5 Ingla Drum
71000 168 {317 WY

1161n

1250 HE

Baylor Elmgea 6052

Olaeal-seetrical
dx Celerpliler 3340 B - 3CAC
A80 K

3 LBDY- SOmar
1,385 Kus

75V

Bemtar

2 1 Wirth TPK 1300

Hatione Dikeall C- 275

Bentes TO-S08-HT

230 rpm

500 lon (435 )

25,500 Ai- 166 [63,000 Hm}

73760 Ai- Ibe | 104,000 Nm@0drpm

taticnal Clkmel b 350
250 o (318 4

Afymular BOP
Ram BOP

BOP cloring unkt

Yolums

Choks- & Kl Manifoid
DrlHing &poats and Adaprars

T

Agdles TANK Sypiam Cepacty
Rasarve Tank Eyetem Cap.

Typa

T F E ITRA

Baundpraakad Equipmant

11" - 10,004 pal

117 - 10,0040 p=! Bouble

11 - 10,004 pal 3ingls
Cameron G 162-1-2D E

162 gal (613 K}

10.030pz! WP with Controia
Airarding to Aaquiremant

3 11,132 bl [120 cbm)
4 ¥ 543 bl 150 cbm)

LP Mixing Sysipm,

Mud Agitatore,
Oagassar, Bulk X,
Oouhbla Trig Tank

2 1 Demick Linasr Motton
3hele Shekar

Iron Roughneck Marttma Hydralics MH 1838

Pawsr 3lips
Faad off Contral Syalem
Driting Instrumanistion
Color Camera 3yetem

Forhiith Mokis Wharking Pisttorm {Chemy PRohery

Antl Collalon Syetem |AcE]
Bal Tarqua Bsntec WVFD

ITAG Tefbohr GmbH - Rageirals 5-17 - 23221 Cade/zarmeny
Phana: +43 51471 $4-9 - Fax: +43 5147 314-368
bi@Itag-ca.da - wawe Hag-eelbe.ds
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und

. Appendix C - Confidential Agreement

hen

Klaus Kurz,
Reiferdorf 1
4310 Mauthausen, Osterreich
- nachfolgend "Diplomand" genannt -

ITAG GmbH,
Itagstr. 5-17
29221 Celle, Deutschland
vertreten durch Ridiger Biedorf

- nachfolgend "ITAG" genannt -
Praambel:

Der Diplomand erstellt derzeit seine Diplomarbeit im Studiengang Petroleum Engineering.

Zu diesem Zweck generiert er Daten und Informationen tiber den Einbau von Bohrstrangen und
deren Logistik, auch {iber zwei Tiefbohr-Projekte von ITAG.

ITAG gewahrt dem Diplomanden Zutritt zur Bohrlokation in Goldenstedt und erteilt ihm die
Erlaubnis, Videoaufzeichnungen iiber die Lokation und die Bohrung zu machen.

Um etwaige vertrauliche Informationen von ITAG, die dem Diplomanden dabei zugénglich
werden, zu schiitzen, erklaren die Parteien folgendes:

Geheimhaltungsvereinbarung:

1. "Vertrauliche Informationen" sind die geméaf nachstehender Ziff. 2 der Vertraulichkeitsverpflichtung

u

nterliegenden Informationen. Der Begriff der "Informationen" umfasst insbesondere jegliches

Anschauungsmaterial wie Unterlagen, Schriftstiicke, Aufzeichnungen, Zeichnungen, Entwiirfe,
Notizen, Beschreibungen, Dokumente, Messergebnisse oder sonstige elektronische Daten,
insbesondere auch die vom Diplomanden angefertigten Videoaufzeichnungen.

2. Der Diplomand verpflichtet sich, die von ITAG in technischer, innerbetrieblicher und wirtschaftlicher
Hinsicht erhaltenen Informationen streng vertraulich zu behandeln, unabhéngig davon, ob die
Informationen in schrifticher oder miindlicher Form, auf Kassetten, sonstigen Datentragern, in
elektronischer oder in sonstiger Form zugéanglich gemacht wurden oder gespeichert wurden.

Die Vertraulichkeitsverpflichtung gilt jedoch nicht fiir solche Informationen,

welche vor erstmaligem Zutritt zur Bohrlokation bereits 6ffentlich zugénglich waren oder zu
einem spateren Zeitpunkt ohne Verletzung dieser Vereinbarung 6ffentlich zugénglich werden,

fur welche der Diplomand den Beweis erbringen kann, dass sie ihm bereits vor der Mitteilung
durch ITAG bzw. bevor seinem erstmaligen Zutritt zur Bohrlokation und ohne Verletzung einer
Geheimhaltungsvereinbarung in seinem Besitz waren oder unabhéngig entwickelt wurden,

soweit der Diplomand die vorherige schriftiche Zustimmung von ITAG zur
Verotffentlichung oder Weitergabe tiber den in Ziffer 4 genannten Zweck hinausgehend
erhalten hat, oder
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- soweit der Diplomand zu deren Weitergabe aufgrund gesetzlicher Regelungen oder
aufgrund behdérdlicher oder gerichtlicher Anordnung verpflichtet ist.

3. Der Auftragnehmer wird die Uber den in Ziffer 4 genannten Zweck hinausgehende Benutzung,
Bekanntgabe, Veroffentlichung, Vervielfaltigung oder Verbreitung der vertraulichen Informationen
unterlassen.

4. Der Auftragnehmer verpflichtet sich, die vertraulichen Informationen nur zur Erstellung, Einreichung
und Verteidigung seiner Diplomarbeit zu benutzen und die vertraulichen Informationen nicht
anderweitig gewerblich zu verwerten.

5. Diese Vereinbarung unterliegt dem Recht der Bundesrepublik Deutschland. Als Gerichtsstand wird
Miinchen vereinbart.

6. Sollte eine der vorgenannten Regelungen unwirksam sein, so wird die Wirksamkeit der tbrigen
Regelungen dadurch nicht beriihrt. Die Parteien verpflichten sich in einem solchen Falle eine
Regelung zu treffen, die der unwirksamen Regelung wirtschaftlich entspricht oder ihr méglichst
nahe kommt. Diese Regelung gilt entsprechend fiir eine Vertragsliicke.

Ort Klaus Kurz

Ort ITAG
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11. Appendix D - Setup of Documented BHA

Type: Project: Operator:
8 3/8" Drilling BHA Well A Operator A
Pos|OD [in] | Tool Length [m] | Weight [kg] | Handling similar to
1 8 3/8| PDC 0,42 95 Drilling Bit
2 6 3/4 | Steering Unit 2,17 800 AutoTrak
3 8 1/4 | Modular Stabilizer 1,28 170 AutoTrak
4 6 3/4| BCPM 3,25 800 AutoTrak
5 NM Sub - XO 0,8 200 Crossover
6 6 3/4| MWD Navi Gamma 8,74 2000 MWD/LWD
7 6 3/4| NM Filter Sub 182 600 Filter Sub
8 8 1/4|SST 1,11 150 Stabilizer
9 6 1/2 | Float Sub 0.8 180 Filter Sub
10 6 1/2|DC 9,44 1306 Drill Collar
11 8 1/4|SST 1,35 180 Stabilizer
12 6 1/2|DC 18,86 1254 Drill Collar
13 8|SST 1,54 205 Stabilizer
14 6 1/2|DC 18,84 1253 Drill Collar
15 8|SST 1,53 203 Stabilizer
16 6 1/2|DC 18,79 1250 Drill Collar
17 8|SST 1,32 176 Stabilizer
18 6 1/2|DC 18,83 1252 Drill Collar
19 8|SST 1,31 174 Stabilizer
20 6 1/2|DC 18,83 1252 Drill Collar
21 8|SST 1,24 165 Stabilizer
22 6 1/2|DC 18,18 1209 Drill Collar
23 7 3/4|SST 1,23 164 Stabilizer
24 6 1/2|DC 18,16 1208 Drill Collar
25 7 3/4|SST 1,55 206 Stabilizer
26 6 1/2|DC 17,54 1166 Drill Collar
27 7 3/4|SST 1,63 217 Stabilizer
28 6 1/2|DC 18,1 1204 Drill Collar
29 7 3/4|SST 1,92 255 Stabilizer
30 6 1/2|DC 18,23 1212 Drill Collar
31 7 3/4|SST 1,16 154 Stabilizer
32 6 1/2|DC 18,81 1251 Drill Collar
33 7 3/4|SST 1,23 164 Stabilizer
34 6 1/2|DC 18,76 1248 Drill Collar
35 7 3/4|SST 1,54 205 Stabilizer
36 6 1/2|DC 18,46 1228 Drill Collar
37 7 3/4|SST 1,64 218 Stabilizer
38 6 1/2|DC 18,28 1216 Drill Collar
39 6 1/2|JAR 0,88 1800 Jar
40 6 1/2|DC 9,24 1229 Drill Collar
41 5| HWDP 82,82 663 HWDP
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Type: Project: Operator:
4 1/8" Drilling BHA#1 Well B Operator A
Pos|OD [in] | Tool Length [m]| Weight [kg] | Handling similar to
1 41/8 PDC 0,24 - Drilling Bit
2|4 3/32 |BST 1,58 85 Stabilizer
3| 31/8 |Short DC 1,92 57 Crossover
414 3/32 |SST 1,50 82 Stabilizer
5| 31/8 |Saver Sub 0,38 - Crossover
6 X0 0,50 15 Crossover
71 31/8 |NMDC (Navi Gamma) 0,46 - MWD/LWD
8| 31/8 |Pulser Sub 0,78 - Transmitter Sub
9| 31/8 |Saver Sub 0,40 - Crossover
10 4 SST 1,50 - Stabilizer
11| 31/8 |Float Sub 0,84 - Filter Sub
12| 31/8 |Saver Sub 0,82 - Crossover
13 X0 0,82 - Crossover
141 31/8 |DC mit 2 x Stabis 9,05 - Drill Collar
15| 33/8 |Driling Jar 7.10 - Jar
16| 3 1/8 |DC mit 2 x Stabis 9,15 - Drill Collar
17 X0 0,36 - Crossover
18| 3 3/8 |Accelerator 7,82 - Jar
19 X0 0,42 - Crossover
20| 31/8 |DC mit 2 x Stabis 9,03 - Drill Collar
21| 27/8 |DP WT23 9,58 - Drill Pipe
22 X0 0,96 - Crossover
23| 31/2 |DP 9,41 - Drill Pipe
24| 31/2 |HWDP 9,28 - HWDP
25 Magnete 5,01 - Magnet
26 XO 0,56 40 Crossover
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Type: Project: Operator:
4 1/8" Drilling BHA#2 Well B Operator A
Pos|OD [in] | Tool Length [m]| Weight [kg] | Handling similar to
1 41/8 PDC 0,24 - Drilling Bit
2|4 3/32 |BST 1,58 85 Stabilizer
3| 31/8 |Short DC 1,92 57 Crossover
414 3/32 |SST 1,50 82 Stabilizer
5| 31/8 |Saver Sub 0,38 - Crossover
6 X0 0,50 15 Crossover
71 31/8 |NMDC (Navi Gamma) 0,46 - MWD/LWD
8| 31/8 |Pulser Sub 0,78 - Transmitter Sub
9| 31/8 |Saver Sub 0,40 - Crossover
10 4 SST 1,50 - Stabilizer
11| 31/8 |Float Sub 0,84 - Filter Sub
12| 31/8 |Saver Sub 0,82 - Crossover
13 X0 0,82 - Crossover
141 31/8 |DC mit 2 x Stabis 9,05 - Drill Collar
15| 33/8 |Driling Jar 7.10 - Jar
16| 3 1/8 |DC mit 2 x Stabis 9,15 - Drill Collar
17 X0 0,36 - Crossover
18| 3 3/8 |Accelerator 7,82 - Jar
19 X0 0,42 - Crossover
20| 31/8 |DC mit 2 x Stabis 9,03 - Drill Collar
21| 27/8 |DP WT23 9,58 - Drill Pipe
22 X0 0,96 - Crossover
23| 31/2 |DP 9,41 - Drill Pipe
24| 31/2 |HWDP 9,28 - HWDP
25 Magnete 5,01 - Magnet
26 XO 0,56 40 Crossover
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12. Appendix E - Data Sheets of BHA Tools

Drilling bit

Types:

There are numerous types of different drilling bit designs, from a handling point of view they
can be segmented into two main groups:

Roller-cone bits

- Drag bits

Specifications: 31" PDC"’ 22” PDC™ 28” PDC"

Length 400 mm 700 mm 700 mm

Weight 5kg 750kg 900kg

ID - - -

oD 75 mm 240 mm 260 mm

Max. OD 90 mm 558 mm 710 mm

Thread 2 3/8” Reg. Pin 7 5/8” Reg. Pin 8 5/8” Reg. Pin

Make-up Torque 2,5kNm 85 kNm 160 KNm

Logistics:

- The drilling bit is delivered and stored in a transport box (normally wooden box or
some kind of synthetic box). The amount of bits on site depends on the location of the
rig. If the drilling takes place in an area with good transport connections to the drilling
bit supplier, the bits will be delivered just in time, maybe not even a contingency bit is
present (another factor for delivery date is if the bit is a rental or property). If the well
is drilled in a remote area, it is possible that the bits and contingency bits for several
well sections are stored at the drilling site

- For every bit size the matching bit breaker plate has to be delivered with the bit or be
on site (roller cone bits and drag bits have different bit breaker plate shapes).

- The bit is transported onto the drill floor in the transport box with the winch over the
slide.

Handling:

Bit is very sensible to collision, especially the cutters of an insert bit and the threads.
When the bit is set down, it is recommended to place it on a rubber mat or a wooden
pad.

Bit breaker plate has to fit the bit.

The inside of the bit has to be free of any foreign matters. Ensure there is no debris
that could plug any nozzle.

Inspection of the bit (cutters, cones, nozzles, bit diameter, status of wear ...) before
running in hole is necessary. This should be checked again on the drill floor before
connecting it to the string to avoid installation of wrong tool.

Record bit type, size, serial number and condition for later analysis (photography of
the condition before running in hole is always helpful)
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Handling of the bit on the drill floor is done with the winch or, if the bit has little weight,

by hand (dropping hazard)

To lift the bit with the winch a lifting cap is screwed on. Depending on the size of the

threads, the suitable lifting cap is used.

The threads have to be cleaned and greased (or glued) before making connection.
The bit can be screwed on/off with the rotary table.

The bit is made up/broken out with the manual tongs.

Apply recommended make-up torque when connecting it to the drill string.
Depending on the size of the bit, the slips and the master bushing may have to be

removed so the bit will fit into the well.

When the bit is installed it is lowered a few centimeters into the well and tested by
pumping drill fluid at a low pumping rate (test the bit nozzles)

When passing bottlenecks such as rotary table, BOP, casing shoes, tight spots or
doglegs tripping speed has to be reduced to prevent damage.

When the bit is pulled out of the hole, mud samples are taken (if there are any on the

bit).

When tripping out, the bit has to be cleaned with fresh water to remove the

aggressive drilling fluids and prevent corrosion.

Required equipment:

Elevator Handling

Elevator sub Handling

Winch Transport/handling
Lifting cap Transport/handling
Slide Transport

Bit breaker plate Assembling

Bit breaker plate frame Handling

Tongs Assembling
Cathead Assembling
Rotary table Assembling
screwing

Revolution indicator Assembling
Thread lubrication (glue) Assembling
Water hose Service
Thread cleaning Service
Thread inspection Service

Handle string on drill floor

Connect string to elevator

Pick up bit, handle it on drill floor
Connect winch to the bit

Lift bit (in transport box) on drill floor
Hold bit while assembling

Connect bit breaker plate to drill floor
(rotary table)

Make-up/break bit connection

Apply torque to tongs

Hold bit breaker plate, rotate for

Count revolutions while unscrewing
Improve connection quality

Clean bit

Clean threads

Thread inspection
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Drill Collar

Types:

Cylindrical drill collars (standard)
Cylindrical, spiral grooved drill collars
Square shaped drill collars
Non-magnetic drill collars

Drill collars with elevator recess
Short drill collar (pony collar)

Specifications: 3” DC® 9 1/2” DC¥ 6 1/2” Pony DC%
Length 9100 mm 9500 mm 1500 mm

Weight 250 kg 3200 kg 215 kg

ID 38 mm 50 mm 64 mm

oD 76 mm 241 mm 165 mm

Max. OD 76 mm 241 mm 165 mm

Thread NC23PxB 75/8 Reg P xB NC50 P x B
Make-up Torque 3,4 kKNm 130 KNm 40 kNm
Logistics:

Drill collars are stored at the rig site on pipe wrecks. Transport on the rig site is done
with fork lifters.

The drill collar transport up on the drill floor can be done in different ways, depending
on the available machinery. The most common way is to lift the drill collar with the
winch (attached to the drill collar via lifting cap) over the slide up on the drill floor.
More advanced ways to bring the drill collar on the drill floor are with the help of pipe
handlers. It is also possible to leave the drill collars in the mast if they are required for
the following drill string assembly.

The threads of the drill collars have to be protected with thread protector caps during
handling on surface. Drill collars are expensive and their weakest points are the
threads, they have to be handled with special care and threat damage while handling
has to be avoided. The thread protectors are screwed on right after pulling a collar out
of the hole and removed right before running the collar into the well. The thread
protectors are stored on the drill floor, normally in an iron cage box. Different
protectors are in service for different threads (different thread sizes, different materials
for example non-magnetic caps for MWD).

Handling:

To lift the drill collar with the elevator an elevator sub is screwed on. Depending on
the elevator (casing elevator or pipe elevator) and the thread size the suitable
elevator sub is used. A second way to handle drill collars with the elevator is the use
of special drill collars with elevator recesses.

Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when drill
collar is set in the slips
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To protect the threads of the drill collar, thread protector caps have to be used during
handling, especially when the ends of the drill collars could slug against something.
The threads have to be clean and greased (or glued) before making connection.
The inside of the drill collar must be free of any foreign matters that could plug the
nozzles.

The drill collars are screwed on/off with chain tongs or by hand and made up with
tongs. If available, this can be done with an iron roughneck, too.

If the drill collar has spiral grooves, the rollers of the spinning unit should not be
placed on the grooves as they could slip through.

When the drill collar is lifted after unscrewing it, the pin should be guided out of the
box as the pin thread could *hook” into the box thread and lift the string that is in the
slips.

Apply recommended make-up torque for connection.

To protect the threads from damage, it is recommended to count the revolutions of
the vibration dampener while unscrewing it. This prevents that the lowest groove of
the pin thread slides over the top groove of the box thread after the last unscrew
rotation and crashes back on the thread groove below.

When tripping out, drill collars have to be cleaned with fresh water to remove the
aggressive drilling fluids and prevent corrosion.

To protect the threads from damage, it is recommended to count the revolutions of
the drill collar while unscrewing it. This prevents that the lowest groove of the pin
thread slides over the top groove of the box thread after the last unscrew rotation and
crashes back on the thread groove below.

Required Equipment:

Pipe handling Transport Pick up/lay down drill collar
Elevator Handling Handle crossover on drill floor
Elevator sub Handling Connect crossover to elevator
Iron roughneck Assembling Make connection with rest of BHA
Slips Assembling Hold crossover in place

Safety clamp Assembling Secure crossover and string
Revolution indicator Assembling Count revolutions while unscrewing
Thread protectors Transport Protect threads from damage
Thread lubrication (glue) Assembling Improve connection quality
Thread cleaning Service Clean threads

Thread inspection Service Thread inspection

Water hose Service Clean pipe annulus and outside
Sponge sleeve Service Clean pipe outside
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Reamer/Stabilizer

Types:

- Stringstabilizer/-reamers, bitstabilizer/-reamers and near-bitstabilizer/-reamers

- Magnetic and non-magnetic stabilizers/-reamers

- Stabilizers/-reamers with integrated blades (one piece), welded on blades or
replaceable blades (sleeves)

- Stabilizers/-reamers with straight blades and spiral blades (right and left twisted
spiral)

- Stabilizers/-reamers with special features, ex. flexible stabilizer/-reamers

- Blade reamers and rotary rolling reamers

Specifications: 4 3/4” Stringstab.?®  28” Stringstab.® 51,” Bitstab.®

Length 1575 mm 2400 mm 1575 mm
Weight 90 kg 900 kg 100 kg

ID 38 mm 76 mm 38 mm

oD 95 mm 254 mm 95 mm
Max. OD 120 mm 710 mm 140 mm
Thread NC26 P xB 7 5/8Reg P xB NC38BxB
Make-up Torque 6 kNm 120 KNm 6 kNm
Logistics:

- Reamers/stabilizers are stored at the rig site on palettes and are transported with a
fork lifter. The amount of reamers/stabilizers on side depends on the location (close to
a supplier or far away) and on the BHA program. It can occur that 20 to 30
reamers/stabilizers have to be stored.

- Reamers/stabilizers are transported on the drill floor with the winch over the slide

- During tripping with no big change of the string setup, for example changing a worn
out bit, reamers/stabilizers are stored with drill collars as one piece.

- Reamers/Stabilizers with interchangeable sleeves (blades) are assembled in the
shop. The sleeves can also be replaced at the site to replace worn out
reamer/stabilizers.

- Thread protectors of the stabilizers have to be handled and stored on the rig floor
during usage.

Handling:

- To lift the reamer/stabilizer with the elevator an elevator sub is screwed on.
Depending on the elevator (casing elevator or pipe elevator) and the thread size the
suitable elevator sub is used.

- To lift the reamer/stabilizer with the winch a lifting cap is screwed on (some elevator
subs have a lifting cap welded on top).

- Reamer/stabilizer with low weight can be unscrewed and handled manually (dropping
hazard).

- Inspection of the reamer/stabilizer (cutters, diameter, status of wear ...) before
running in hole is necessary. This should be checked again on the drill floor before
connecting it to the string to avoid the installation of a wrong or worn out tool.
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- Reamers/stabilizers are screwed on/off with chain tongs or by hand and made up with
tongs. If available, this can be done with an iron roughneck, too.

- When the stabilizer is lifted after unscrewing it, the pin should be guided out of the
box as the pin thread could “hook” into the box thread and lift the string that is in the
slips.

- Theinside of the reamer/stabilizer must be free of any foreign matters that could plug
the nozzles.

- Bit reamer/stabilizer have to be installed in the right direction (box threads on both
sides)

- Stabilizers with blade inserts or roller cutters are sensible to collision and have to be
handled with special care.

- Stabilizers can vary regarding their length and therefore may not be uniform to
another stabilizer of the same size (dimensions change when the threads are recut or
new blades are welded on, important for automatization adjustments).

- To protect the threads of the stabilizer, thread protector caps have to be used during
handling, especially when the ends of the stabilizer could slug against something.

- The threads have to be clean and greased (or glued) for making connection.

- Apply recommended make-up torque when connecting reamer/stabilizer to the drill
string.

- When tripping out, reamers/stabilizers have to be cleaned with fresh water to remove
the aggressive drilling fluids and prevent corrosion.

- To protect the threads from damage, it is recommended to count the revolutions of
the reamer/stabilizer while unscrewing it. This prevents that the lowest groove of the
pin thread slides over the top groove of the box thread after the last unscrew rotation
and crashes back on the thread groove below.

- When passing bottlenecks such as rotary table, BOP, casing shoes, tight spots or
doglegs tripping speed has to be reduced to prevent damage.

Required Equipment:

- Slide Transport Pick up stabilizer

- Winch Transport/handling  Pick up stabilizer, handle it on drill
floor

- Lifting cap Transport/handling  Connect stabilizer to winch

- Elevator Handling Handle stabilizer on drill floor

- Elevator sub Handling Connect stabilizer to elevator

- Iron roughneck Assembling Make connection

- Revolution indicator Assembling Count revolutions while unscrewing

- Slips Assembling Hold stabilizer in place

- Safety clamp Assembling Secure crossover and string

- Thread protectors Transport Protect threads from damage

- Thread lubrication (glue) Assembling Improve and seal connection

- Thread cleaning Service Clean threads

- Thread inspection Service Thread inspection

- Water hose Service Clean stabilizer annulus and outside

- Sponge sleeve Service Clean stabilizer outside
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Jarring Tools

Types:

Hydraulic jar

Mechanical jar

Combination of hydraulic and mechanical jar
Accelerator (intensifier)

Jars for fishing operations

Specifications: 33/8” HydraJar®  91/2” HydraJar” 9'%” Accelerator®

Length 7450 mm 9912 mm 9912 mm

Weight 225kg 2500 kg 2500 kg

ID 38 mm 76 mm 76 mm

oD 85 mm 241 mm 241 mm

Max. OD 85 mm 241 mm 241 mm

Thread 2 3/8” API IF PxB 7 5/8 APl Reg. PxB 7 5/8 API Reg. PxB
Make-up Torque 6,2 kNm 117 KNm 117 KNm
Logistics:

Drilling jars are stored at the rig site on pipe wrecks. Transport on the rig site is
executed with fork lifters.

The drilling jar transport up on the drill floor can be done in different ways, depending
on the available machinery. The most common way is to lift the jar with the winch over
the slide up on the drill floor. More advanced ways to bring the drilling jar on the drill
floor are with the help of pipe lifters or pipe handling systems.

The threads of the jar have to be protected with thread protector caps during handling
on surface. Jarring devices are very expensive and threat damage while handling has
to be avoided. The thread protectors are screwed on right after pulling the jar or
accelerator out of the hole and removed right before running into the well. The thread
protectors are stored on the drill floor, normally in an iron cage box. Different
protectors are in service for different threads (different thread sizes, different materials
for example synthetic caps for MWD).

To secure the jar from accidental firing on surface, a jar safety clamp is installed
during handling. When the jar is in the hole, the safety clamp is stored on the rig floor.
Jar safety clamp is not required for accelerators.

The life span of a drilling jar can be taken from the data sheets. During normal drilling
applications a jar can be operated for 200-250 recommended rotational hours as a
rough average value.

Handling:

To lift the jar with the elevator an elevator sub is screwed on. Depending on the
elevator (casing elevator or pipe elevator) and the thread size the suitable elevator
sub is used.

To lift the jar with the winch a lifting cap is screwed on (some elevator subs have a
lifting cap welded on top).
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Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when the jar is
set in the slips

To protect the threads of the jarring device, thread protector caps have to be used
during handling, especially when the ends of the drill collars could slug against
something.

The threads have to be clean and greased (or glued) for making connection.

Apply recommended make-up torque for connection.

To protect the threads from damage, it is recommended to count the revolutions of
the vibration dampener while unscrewing it. This prevents that the lowest groove of
the pin thread slides over the top groove of the box thread after the last unscrew
rotation and crashes back on the thread groove below.

A jar safety clamp (mandrel clamp) has to be used during handling operations on
surface. The safety clamp will be removed right before running in hole of the tool, not
until the slips are opened and the tool is in tension. It has to be installed as soon the
jar comes out of the hole, before it is set into the slips and the tool still in tension. This
is necessary to protect the mandrel section from damage during handling and to
prevent the accidental activation of the jarring tool which would be very dangerous for
crew and equipment. The jar safety clamp is not used with accelerators.

The jar safety clamp is installed carefully over the reduced diameter mandrel and
locked with bolts. Do not over-tight the bolts, the jar safety clamp must be able to
move free along the mandrel.

When running jar out of hole, they have to be cleaned to remove aggressive drill
fluids. Cleaning the inside by flushing water through the vent holes with the water
hose is important. Check especially the mandrel part for damage, wear or corrosion.
When passing bottlenecks such as rotary table, BOP, casing shoes, tight spots or
doglegs tripping speed has to be reduced to prevent damage.

The speeding-up and slowing-down of a drill string with a jar should be done careful.
High acceleration forces could cock the tool.

Never place a drilling jar below high OD tools such as stabilizers, reamers or mills.
Make sure that the jar is never used as a crossover. The tubular (drill collar,
HWDP...) on top and on the bottom end of the jar should be of the same outer
diameter to avoid excessive stress and premature tool failure. If more than on jar is
installed, make sure that there is a minimum clearance of 500m between two jars.

Required Equipment:

Pipe handling Transport Pick up/lay down drill collar
Elevator Handling Handle drill collar on drill floor
Elevator sub Handling Connect drill collar to elevator
Iron roughneck Assembling Make connection with rest of BHA
Revolution indicator Assembling Count revolutions while unscrewing
Jar safety clamp Assembling Secure jar from surface uncocking
Safety clamp Assembling Secure drill collar from slip failure
Slips Assembling Hold drill collar in place

Thread protectors Transport Protect threads from damage
Thread lubrication (glue) Assembling Improve connection quality
Thread cleaning Transport Clean threads

Thread inspection Transport Thread inspection

Water hose Transport Clean pipe annulus and outside
Sponge sleeve Transport Clean pipe outside
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Crossover sub

Types:

- Boxto box crossovers (example: bit sub)

- Pin to pin crossovers

- Boxto pin crossovers with varying outer diameter (to connect drill string parts with
different thread sizes and ensure a smooth outer shape of the string).

- Boxto pin crossovers with constant outer diameter (example: connect drill string parts
with different thread sizes, saver sub).

Specifications: 3” Bit sub® 9 3/8” Crossover® 4 3/4” Saver Sub®'
Length 300 mm 1500 mm 445 mm

Weight 10kg 450 kg 35kg

ID 38 mm 76 mm 55 mm

oD 76 mm 216 mm 120 mm

Max. OD 76 mm 238 mm 120 mm

Thread 2 3/8 Reg. BxB 7 5/8Reg x 6 5/8Reg NC38 PxB
Make-up Torque 3 kKNm 120 kNm x 60 kNm 17 kNm
Logistics:

- Crossover subs that are frequently in use are part of the rig equipment and are
continuously stored at the rig site. They are stored on the rig floor or, when not
needed, on the rig site on pallets or in barred boxes.

- Crossovers that are not stored at the rig site have to be delivered according to the
BHA program.

- Special crossovers, like bit sub or saver subs, are delivered with the tools for which
they are required (sometimes already screwed together and made up).

- Thread protector caps of the crossovers have to be handled and stored on the rig
floor during usage.

Handling:

- Some crossovers do not have a uniform outer diameter (to connect tubular with
different diameters)

- Crossovers (with box threads on both sides) have to be installed in the right direction

- Crossovers are picked up onto the rig floor over the slide with the winch.

- Lifting caps are sometimes already integrated in the thread protector caps

- Some crossovers (frequently used crossovers) are stored on the drill floor.

- During tripping operations, crossover connections are sometimes only broken
out/made up on the drill floor, assembling and disassembling is done on the catwalk.

- The crossovers are screwed on/off with chain tongs or by hand and made up with
tongs. If available, this can be done with an iron roughneck, too.

- When the stabilizer is lifted after unscrewing it, the pin should be guided out of the
box as the pin thread could “hook” into the box thread and lift the string that is in the
slips.
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Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when the
crossover is set in the slips

The inside of the crossover must be free of any foreign matters that could plug the
nozzles.

When tripping out, crossover subs have to be cleaned with fresh water to remove the
aggressive drilling fluids and prevent corrosion.

To protect the threads of the crossovers, thread protector caps have to be used
during handling, especially when the ends of the crossovers could slug against
something.

The threads have to be clean and greased (or glued) before making a connection.
Apply recommended make-up torque for making a connection.

To protect the threads from damage, it is recommended to count the revolutions of
the crossover while unscrewing it. This prevents that the lowest groove of the pin
thread slides over the top groove of the box thread after the last unscrew rotation and
crashes back on the thread groove below.

Required Equipment:

Pipe handling Transport Pick up long crossovers (> 3m)
Lifting cap Transport Connect crossover with winch
Winch Transport/Handling  Pick up short crossovers (< 3m) and
lift them on rig floor if heavy

Elevator Handling Handle crossover on drill floor
Elevator sub Handling Connect crossover to elevator

Iron roughneck Assembling Make connection with rest of BHA
Slips Assembling Hold crossover in place

Safety clamp Assembling Secure crossover and string
Revolution indicator Assembling Count revolutions while unscrewing
Thread protectors Transport Protect threads from damage
Thread lubrication (glue) Assembling Improve and seal connection
Thread cleaning Service Clean threads

Thread inspection Service Thread inspection

Water hose Service Clean crossover annulus and outside
Sponge sleeve Service Clean crossover outside
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Vibration Dampener

Types:

- Rubber type shock absorber
- Spring type shock absorber

Specifications:
Length

Weight

ID

oD

Max. OD

Thread

Make-up torque

Logistics:

4 3/4” Shock sub®?
3500 mm

270 kg

44 mm

120 mm

120 mm
312IFPxB

13 kNm

9 1/2” Shock sub®
4120 mm

1225 kg

76 mm

241 mm

241 mm

75/8 RegP xB
120 KNm

14” Shock sub™
4360 mm

2800 kg

83 mm

356 mm

356 mm

8 5/8 H90

170 KNm

- Vibration dampeners are delivered via truck and stored at the rig site on palettes or
pipe wrecks. Transport on the rig site is performed with fork lifters.

- The vibration dampener transport up on the drill floor can be done in different ways,
depending on the available machinery. The most common way is to lift the shock sub
with the winch (attached to the drill collar via lifting cap) over the slide up on the drill
floor. More advanced ways to bring the shock absorber on the drill floor are with the
help of pipe handlers. It is also possible to leave the vibration dampener together with
other tools as one string in the mast if they are required for the following drill string

assembly.

- Thread protectors of the vibration dampener have to be handled and stored on the rig
floor during usage (different thread protector sizes, different materials for example
non-magnetic caps for MWD).

Handling:

- To lift the vibration dampener with the elevator an elevator sub is screwed on.
Depending on the elevator (casing elevator or pipe elevator) and the thread size the
suitable elevator sub is used.

- To lift the vibration dampener with the winch a lifting cap is screwed on (some
elevator subs have a lifting cap welded on top).

- To protect the threads of the vibration dampener, thread protector caps have to be
used during handling, especially when the ends of the stabilizer could slug against

something.

- The threads have to be clean and greased (or glued) for making connection.
- Apply recommended make-up torque for connection.
- When running vibration dampener out of hole, they have to be cleaned to remove
aggressive drill fluids.
- To protect the threads from damage, it is recommended to count the revolutions of
the vibration dampener while unscrewing it. This prevents that the lowest groove of
the pin thread slides over the top groove of the box thread after the last unscrew
rotation and crashes back on the thread groove below.
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Required Equipment:

- Pipe handling

- Elevator

- Elevator sub

- lron roughneck

- Slips

- Thread protectors
- Thread lubrication (glue)
- Thread cleaning

- Thread inspection
- Water hose

- Sponge sleeve

Transport
Handling
Handling
Assembling
Assembling
Transport
Assembling
Service
Service
Service
Service

Pick up/lay down drill collar
Handle crossover on drill floor
Connect crossover to elevator
Make connection with rest of BHA
Hold crossover in place

Protect threads from damage
Improve connection quality
Clean threads

Thread inspection

Clean pipe annulus and outside
Clean pipe outside
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Magnet

Specifications: 3 5/8” String magn.*® 9” String magn.** 3 %~”String magn.”’
Length 2286 mm 2972 mm 5000 mm

Weight 90 kg 650 kg 200 kg

ID 32 mm 76 mm 58 mm

oD 76 mm 203 mm 85 mm

Max. OD 90 mm 228 mm 89 mm

Thread 2 3/8IF PxB 6 5/8Reg PxB NC38BxB
Make-up Torque 6 kNm 109 KNm 15 kNm

Logistics:

Magnetic subs are stored at the rig site on palettes and are transported with a fork
lifter.

Magnetic subs are transported on the drill floor with the winch over the slide.

During tripping with no big change of the string setup, for example changing a worn
out bit, magnetic subs may be stored with drill collars as one piece.

Thread protectors of the magnet have to be handled and stored on the rig floor during
usage.

Magnetic subs must never be placed near any measurement BHA tool, the
measurement devices could be interfered or damaged.

When running out of the hole, the caught metal debris have to be disposed at the rig
floor (amount of debris can range from around 10 kg up to max 100 kg, depending on
the tool size and the application).

Handling:

Some magnets do not have constant outer diameters.

To lift the magnet with the elevator an elevator sub is screwed on. Depending on the
elevator (casing elevator or pipe elevator) and the thread size the suitable elevator
sub is used.

To lift the magnet with the winch a lifting cap is screwed on (some elevator subs have
a lifting cap welded on top).

Magnets with low weight can be unscrewed and handled manually.

To protect the threads of the magnet, thread protector caps have to be used during
handling, especially when the ends of the magnet could slug against something.

The threads have to be clean and greased (or glued) before making connection.

The inside of the magnets must be free of any foreign matters that could plug the
nozzles.

Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when the
magnet is set in the slips.

The magnets are screwed on/off with chain tongs or by hand and made up with tongs.
If available, this can be done with an iron roughneck, too.

When the magnet is lifted after unscrewing it, the pin should be guided out of the box
as the pin thread could “hook” into the box thread and lift the string that is in the slips.
To protect the threads from damage, it is recommended to count the revolutions of
the magnet while unscrewing it. This prevents that the lowest groove of the pin thread

Author: Klaus Kurz Page: 110



MONTAN

UNIVERSITAT Implementation of Industrial Robots in Drilling Rig Design BAUER

slides over the top groove of the box thread after the last unscrew rotation and

crashes back on the thread groove below.

- Apply recommended make-up torque for connection.

- When running magnet out of hole, they have to be cleaned to remove aggressive drill
fluids. In addition to that, the metallic debris that have been collected have to be
removed from the tool and should be collected so the will not be scattered on the rig

floor and rig site during handling.

- Magnets must never be located next to any BHA tool with measurement devices. The
magnetic field can interfere with the calibration or even damage the tool.

Required Equipment:

- Slide Transport

- Winch Transport/handling
- Lifting cap Transport/handling
- Elevator Handling

- Elevator sub Handling

- Iron roughneck Assembling

- Slips Assembling

- Safety clamp Assembling

- Revolution indicator Assembling

- Thread protectors Transport

- Thread lubrication (glue) Assembling

- Thread cleaning Service

- Thread inspection Service

- Water hose Service

- Sponge sleeve Service

Lift magnet on drill floor

Pick up magnet, handle it on drill floor
Connect magnet to winch

Handle magnet on drill floor
Connect magnet to elevator

Make connection

Hold magnet in place

Secure crossover and string

Count revolutions while unscrewing
Protect threads from damage
Improve connection quality

Clean threads

Thread inspection

Clean pipe annulus and outside
Clean crossover outside
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MWD/LWD

Types:

Retrievable MWD/LWD and non-retrievable M\WD/LWD
Clear ID MWD/LWD and centrally located MWD/LWD
Modular MWD/LWD and one-piece MWD/LWD

Specifications: 3 1/8” LWD*® 9 1/2” LWD*® 8” PWD'®
Length 9100 mm 7720 mm 1350 mm
Weight 84 kg 2300 kg 65 kg

ID 20 mm 60 mm 49 mm

oD 79 mm 203 mm 203 mm

Max. OD 83 mm 210 mm 203 mm
Thread 2 3/8 IF BxB 6 5/8” Reg BxB 6 5/8” Reg PxB
Make-up Torque 2,5kNm 75 kNm 75 kNm
Logistics:

MWD/LWD tools are delivered via truck and stored at the rig site on pipe wrecks or on
the ground on wooden stakes. Transport on the rig site is performed with fork lifters.
MWD/LWD tools transport up on the drill floor can be done in different ways,
depending on the available machinery. The most common way is to lift them with the
winch (attached to the MWD/LWD tools via lifting cap) over the slide up on the drill
floor. More advanced ways to bring the tools on the drill floor are with the help of pipe
lifters or with pipe handlers if allowed by the tool manufacturer. Transport has to be
done with special care as the tools are sensible.

The threads of the MWD/LWD tools have to be protected with thread protector caps
during handling on surface. The thread protectors are screwed on right after pulling a
MWD/LWD tool out of the hole and removed right before running it into the well. The
thread protectors are stored on the drill floor, normally in an iron cage box. Different
protectors are in service for different threads (different thread sizes, different materials
for example non-magnetic caps for MWD).

The setup of MWD/LWD tools is executed in the shop or on the rig site by the
company man of the manufacturer. In a few cases extra adjustments have to be
executed on the drill floor.

Retrievable MWD/LWD tools may be assembled on the ground, in case of a tool
change only the interior may be changed. The spare tool (inlet) has to be stored with
special care.

Handling:

Handling of MWD/LWD tools is done under supervision of a company man of the tool
manufacturer to assure correct treatment. Wrong handling procedures may affect the
downhole performance.

To lift the MWD/LWD tools with the elevator an elevator sub is screwed on.
Depending on the elevator (casing elevator or pipe elevator) and the thread size the
suitable elevator sub is used. MWD/LWD tools often have separate lifting subs due to
their special threads, in most cases they are delivered with the tool.
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Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when the

MWD/LWD tool is set in the slips

To protect the threads of the MWD/LWD tool, thread protector caps have to be used
during handling, especially when the ends of the MWD/LWD tool could slug against
something. MWD/LWD tools often have separate thread protectors due to their

special threads

The threads have to be clean and greased (or glued) for making connection.
MWD/LWD tools which can transfer data over the threads have a special type of
grease (blue) which is already applied and must stay free of any dirt or fluid.

Apply recommended make-up torque for connection.

When making connection, some MWD/LWD tools have to be screwed together with
chain tongs and made-up with the manual tongs as the Iron roughneck applies too
much force on the tubular. The housing may bend beyond tolerance and damage the
inner workings, O-ring seals... Manual tongs distribute the contact force in a more

uniform matter around the tool.

Set tongs, slips and safety clamps only on those segments of the tool where it is

permitted and never on sensitive surfaces.

To reduce possible negative impacts of lifting and making connection to the
MWD/LWD tools the different components will be already assembled as much as

possible when they are delivered.

To protect the threads from damage, it is recommended to count the revolutions of
the MWD/LWD tool while unscrewing it. This prevents that the lowest groove of the
pin thread slides over the top groove of the box thread after the last unscrew rotation

and crashes back on the thread groove below.

When the pin is guided into the box during the making of connection, avoid collision

which could damage the threads.

When running MWD/LWD tool out of hole, they have to be cleaned to remove
aggressive drill fluids. Possible vents may have to be flushed according to the

manual.

Some MWD/LWD tools may be sensible to magnetic influences and have to be
handled and stored accordingly. Also the BHA tools close to MWD/LWD should be

non-magnetic.

The MWD/LWD tools should be tested after installation. This is done when the BHA is
lowered into the well at a certain depth, at least below the annular fluid level. The
MWD/LWD test is done together with the test of the transmitter. VWhen a mud motor is
part of the string, the test should be done without the motor if possible.

Required Equipment:

Pipe handling Transport
Elevator Handling
Elevator sub Handling
Manual tongs Assembling
Chain tongs Assembling
Safety clamp Assembling
Cathead Assembling
Slips Assembling
Thread protectors Transport

Thread lubrication (glue) Assembling

Thread cleaning Service
Thread inspection Service
Water hose Service
Sponge sleeve Service
Revolution indicator Assembling

Pick up/lay down

Handleing on drill floor

Connect string to elevator

Make-up connection with rest of BHA
Screw connection with rest of BHA
Secure the string

Actuate the manual tongs

Hold string in place

Protect threads from damage
Improve connection quality

Clean threads

Thread inspection

Clean pipe annulus and outside
Clean pipe outside

Count revolutions while unscrewing
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Mud Motor

Types:

Turbine downhole motor

Positive displacement downhole motor

Specifications: 3 5/8” PDM™ 9 5/8” PDM'*? 9 5/8” 1%
Length 6253 mm 9962 mm 9760

Weight 237 kg 2500 kg 2880

ID - - -

oD 92 mm 245 mm 245

Max. OD 95 mm 250 mm stabilizer sleeve
Thread 2 5/8’Reg BXNC26B 6 5/8” Reg BxB6 5/8” Reg BxB
Make-up Torque 6 kNm 75 KNm 75 KNm
Logistics:

Mud motors are delivered via truck and stored at the rig site on the ground on wooden
stakes. Transport on the rig site is performed with fork lifters.

Mud motors transport up on the drill floor can be done in different ways, depending on
the available machinery. The most common way is to lift the motor with the winch
(attached to the drill collar via lifting cap) over the slide up on the drill floor. More
advanced ways to bring them on the drill floor is with the help of pipe lifters or with
pipe handlers if allowed by the manufacturer. Transport has to be done with special
care as the tools are sensible.

The threads of the mud motor tools have to be protected with thread protector caps
during handling on surface. The thread protectors are screwed on right after pulling
the motor out of the hole and removed right before running it into the well. The thread
protectors are stored on the drill floor, normally in an iron cage box. Different
protectors are in service for different threads (different thread sizes, different materials
for example non-magnetic caps for MWD).

The setup of a mud motor is executed in the shop or on the rig site by the company
man of the manufacturer. The components of a mud motor assembly are in many
cases already made-up as far as the single components can be handled. In a few
cases extra adjustments have to be executed on the drill floor.

Handling:

Handling of the mud motor is done under supervision of a company man of the tool
manufacturer to assure correct treatment. Wrong handling procedures may affect the
downhole performance.

To lift the mud motor with the elevator an elevator sub is screwed on. Depending on
the elevator (casing elevator or pipe elevator) and the thread size the suitable
elevator sub is used.

Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when the mud
motor is set in the slips
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To protect the threads of the mud motor, thread protector caps have to be used
during handling, especially when the ends of the mud motor could slug against
something.

The threads have to be clean and greased (or glued) before making connection.
Apply recommended make-up torque for connection.

Make sure that the master bushing and the slips have the right size range for the
string, otherwise they may have to be removed for running the tools into the well..
The bit is connected to the mud motor as described in “Drilling Bits”.

Set tongs, slips and safety clamps only on those segments of the tool where it is
permitted and never on sensitive surfaces.

To reduce possible negative impacts of lifting and making connection to the mud
motor the different components will be already assembled as much as possible when
they are delivered.

To protect the threads from damage, it is recommended to count the revolutions of
the mud motor while unscrewing it. This prevents that the lowest groove of the pin
thread slides over the top groove of the box thread after the last unscrew rotation and
crashes back on the thread groove below.

When the pin is guided into the box during the making of connection, avoid collision
which could damage the threads.

When the mud motor is pulled out of the hole and back on the drill floor, it should be
set with the bit into the bit breaker plate on the rotary table. By revolving the rotary
table, the residual mud in the motor is removed. Then the tool has to be cleaned with
fresh water.

After assembling, the thrust bearing and the dump valve should be tested to check for
wear (see mud motor data sheet).

The mud motor should be tested after installation, usually together with MWD/LWD
and transmitter tools. This is done by lowering the tool so far into the well that the bit
box can still be observed. The string is connected to the kelly or top drive and by
pumping fluid the mud motor can then be tested (flow test).

If testing of the mud motor and the bit is necessary in the well the drill string should be
slowly rotated and lifted. This prevents damage of the casing or borehole wall.
Orientation of the mud motor is adjusted with the rotary table or the top drive. When
the desired orientation is set, the rotary table or top drive is locked.

Required Equipment:

Pipe handling Transport Pick up/lay down drill collar
Elevator Handling Handle crossover on drill floor
MWD/LWD Elevator sub Handling Connect crossover to elevator

Iron roughneck Assembling Make connection with rest of BHA
Manual tongs Assembling Make-up connection with rest of BHA
Chain tongs Assembling Screw connection with rest of BHA
Slips Assembling Hold crossover in place

Thread protectors Transport Protect threads from damage
Thread lubrication (glue) Assembling Improve connection quality

Thread cleaning Service Clean threads

Thread inspection Service Thread inspection

Water hose Service Clean pipe annulus and outside
Sponge sleeve Service Clean pipe outside

Rotary table Service Orientation, emptying of mud motor
Bit breaker plate Service Emptying of mud motor

Bit breaker plate frame  Service Emptying of mud motor
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AutoTrak™

Specifications: 4 3/4” ATK % 91/2” ATK'®®
Length 9200 mm 10600 mm
Weight 2600 kg 4000 kg

ID 32 mm 64 mm

oD 171 mm 241 mm

Max. OD 310 mm 445 mm
Thread 43/4 T2 PxB 91/2°T2 PxB
Make-up Torque 14 kNm 90 KNm
Logistics:

AutoTrak™ is delivered via truck and stored at the rig site on pipe wrecks or on the
ground on wooden stakes. Transport on the rig site is performed with fork lifters.
AutoTrak™ transport up on the drill floor can be done in different ways, depending on
the available machinery. The most common way is to lift the AutoTrak™ with the
winch (attached to the AutoTrak™ via lifting cap) over the slide up on the drill floor.
More advanced ways to bring the AutoTrak™ on the drill floor are with the help of pipe
handlers. Transport has to be done with special care as the tools are sensible.

The threads of the AutoTrak ™ tools have to be protected with thread protector caps
during handling on surface. The thread protectors are screwed on right after pulling it
out of the hole and removed right before running it into the well. The thread protectors
are stored on the drill floor. Different protectors are in service for AutoTrak™ than for
other tools

The setup of AutoTrak™ tools is executed in the shop or on the rig site by the
company man of the manufacturer. In a few cases extra adjustment have to be
executed on the drill floor.

Handling:

Handling of AutoTrak™ is done under supervision of a company man of the tool
manufacturer to assure correct treatment. Wrong handling procedures may affect the
downhole performance.

To lift AutoTrak™ with the elevator an elevator sub is screwed on. Depending on the
elevator (casing elevator or pipe elevator) and the thread size the suitable elevator
sub is used. AutoTrak™ has a separate lifting sub due to its special threads, usually
they are delivered with the tool.

Due to the plain outer surface, a possible fail of the slips would result in a lost string in
the well. Safety clamps have to be installed as a second safety barrier when
AutoTrak™ is set in the slips.

To protect the threads of AutoTrak™, thread protector caps have to be used during
handling, especially when the ends could slug against something. AutoTrak™ have
separate thread protectors due to their special threads.

The threads have to be clean and greased (or glued) for making connection.
AutoTrak™ T2 threads are used for communication between the tools and have a
special type of grease (blue) which is already applied and must stay free of any dirt or
fluid.

Apply recommended make-up torque for connection.
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When making connection, AutoTrak™ has to be screwed together with chain tongs

and made-up with the manual tongs as the Iron roughneck applies too much force on
the tubular. The housing may bend beyond tolerance and damage the inner workings,
O-ring seals... Manual tongs distribute the contact force in a more uniform matter
around the tool.

Set tongs, slips and safety clamps only on those segments of the tool where it is
permitted and never on sensitive surfaces.

To reduce possible negative impacts of lifting and making connection to the
AutoTrak™ tools the different components will be already assembled as much far as
possible when they are delivered.

To protect the threads from damage, it is recommended to count the revolutions of
the AutoTrak™ while unscrewing it. This prevents that the lowest groove of the pin
thread slides over the top groove of the box thread after the last unscrew rotation and
crashes back on the thread groove below.

When the pin is guided into the box during the making of connection, avoid collision
which could damage the threads. AutoTrak™ T2 threads are more sensible than other
threads.

When running AutoTrak ™ out of hole, they have to be cleaned with fresh water to
remove aggressive drill fluids. Possible vents may have to be flushed according to the
manual.

AutoTrak™ may be sensible to magnetic influences and has to be handled and stored
accordingly. Also the BHA tools close to AutoTrak™ should be non-magnetic.
AutoTrak™ should be tested after installation. This is done when the BHA is lowered
into the well at a certain depth.

kTM

Required Equipment:

Pipe handling Transport Pick up/lay down AutoTrak™
Elevator Handling Handle AutoTrak™ on drill floor
AutoTrak™ Elevator sub Handling Connect AutoTrak™ to elevator
Iron roughneck Assembling Make connection with rest of BHA
Manual tongs Assembling Make-up connection with rest of BHA
Chain tongs Assembling Screw connection with rest of BHA
Slips Assembling Hold AutoTrak™ in place

Thread protectors Transport Protect threads from damage
Thread lubrication (glue) Assembling Improve connection quality
Thread cleaning Service Clean threads

Thread inspection Service Thread inspection

Water hose Service Clean pipe annulus and outside
Sponge sleeve Service Clean pipe outside
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13. Appendix F - BHA Assembling Flow Charts

e
BHA Handling 1
Bit Assembling J
Pick up item
(bit)
Remove Slips
Does not
@ fit through#»|  Remove bushing
bushing
Does fits through bushing
\ 4
BBP frame in <
Set BBP in frame [4—RC bit Bit type Drag bit—p»| ~ Set BBP on bit
No Manual lifted Yes Yes Manual lifted No
>30kg <30kg <30kg > 30kg
Bit in BBP Bit + BBP in frame
(with winch) Thread treatment Thread treatment (with winch)
Lifting cap off Screw connection Screw connection Lifting cap off

v

Thread treatment

v

Guide string down
(on bit)

v

Screw connection IR

man. (bit on)

man. (bit + BBP on)

v

v

Guide string down
(bit in BBP)

v

Guide string down
(bit + BBP in frame)

Thread treatment

A 4

v

Guide string down
(on bit)

v

Make-up connection |
man. N

L

v

Make-up
torque

Lift string

BBP off frame

¢ RC bit Bit Type Drag bith

Screw connection IR

BBP of bit

A 4

BBP frame off

A

v

Guide string down

Bushing out Yes—p!

Bushing in

No

v

A

Slips in
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BHA Handling

Bit Disassembling

/ Bit condition /47

BBP on bit

v

Guide string down

Remove Slips

Bit doesn't
fit through
bushing

Bit fits through bushing

Guide string out

Bushing out

v

Bit Inspection

v

BBP frame on

[~ Drag bit Bit type RC bit—pp

;

Break connection

(Bit + BBP in frame)

Yes

Lift string

BBP in frame

v

[ 30 kg Manual lifted L, 30 kP

0

Drag bit Bit type RC bit
Bit + BBP off man. Bit off man.

v v

. Lay down item
BBP off bit (bit)

v v

Lay down item
(bit) BBP off

v v

Lay down item Lay down item
(BBP) (BBP)

Guide string down

(Bit in BBP)

String revolution

indicator

v

Unscrew connection

IR

v

Lift string

v

Lifting cap on

Slipsin  aves @
A
No
Bushingin [Yes Bushing out

Drag bit Bit type RE L
Bit + BBP off Bit off
v 7
BBP off bit Lay dm? item
Lay down item BEP off

(bit)

v

v

Lay down item
(BBP)

Lay down item
(BBP)

Al

BBP frame off
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BHA Handling ]
Drill collar Assembling J

Pick up string

v

Thread treatment

v

To well center

v

Guide string down

v

Screw connection IR

v

L

Make-up
torque

Make-up connection
IR

v

Safety clamp off

v

Slips open

v

Lower string
(in hole)

v

Slips close

v

Safety clamp on

v

Open elevator

v

Remove elevator

v

Elevator sub off
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BHA Handling

Drill collar | Disassembling

Lift string «

Elevator sub on

%

In elevator

v

Close elevator

v

Safety clamp off

v

Slips open

‘ Stop }-‘.—Yes

Mud bucket on l4—No

L g Slips close <

Clean string

v

Safety clamp on

v

Break connection IR

<t sad >

No

\ 4
Unscrew connection

IR

<TErpy sring>

Yes

v

Set back "

P Lift string

Lay down

Lay down string
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BHA Handling
Stabilizer Assembling J Start
. . - Lift item
Pick up item »|  (with elevator)

Screw connection
IR

Iron roughneck
can be used

<

v

v

Elevator sub on

v

In elevator

v

Close elevator

v

Thread treatment

v

To well center

v

Guide item down

< Geomety >

Iron roughneck

can not be used>

v

Lower item
(in hole)

Screw connection
manual

v

v

Insert bushing

v

Insert slips

»
P

Slips close

Make-up connection Make-up Make-up connection
IR torque manual
»  Safety clamp off |«
Remove slips Slips open
Does not
+ fit through
bushing Does i
. Lower item
Remove bushin fit through—p» )
9 @ bushing (in hole)

v

Safety clamp on

v

Open elevator

v

Remove elevator

v

Elevator sub off
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BHA Handling
Stabilizer | Disassembling
Elevator sub on
In elevator
Close elevator
Safety clamp off
Remove slips Slips open
Does not
+ fit through
bushing Does
Remove bushing L OD size fit through
bushing
l Y :
i * ¥ Lit ffem Clean item
Lift tem Clean item (out of hole)
(out of hole)
[ |
v |- il

Insert bushing

Slips close

v

v

Insert slips

Safety clamp on

Break connection
IR

Iron roughneck
‘ g

can be used

< Geomety >

Iron roughneck

can not be used

Break connection
manual

Multi stack

< Geomety >

Iron roughneck
can be used
A 4

Iron roughneck
can not be used

>

Unscrew connection

manual

Unscrew connection
IR

y

Lift item

A 4

(with elevator)

v

From well center

v

Lower item
(with elevator)

v

Remove elevator

Open elevator

v

Elevator sub off

v

Lay down item
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BHA Handling ]

Jar Assembling J

Make-up
torque

Make-up connection
/ » IR

Pick up
sensible string

v

Thread treatment

v

To well center

v

Guide string down

v

Screw connection IR

v

v

Safety clamp off

v

Slips open

v

Lower string
(in hole)

v

Slips close

v

Safety clamp on

v

Open elevator

v

Remove elevator

v

Elevator sub off

I

L 4
Next BHA part on

v

Safety clamp off

v

Slips open

v

Jar safety clamp off

v

Lower next BHA part
(in hole)
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BAUER

BHA Handling

Jar Disassembling

Lift string

Elevator sub on

v

In elevator

v

Close elevator

v

Safety clamp off

v

(out of hole)

Slips open

=

Mud bucket on  [€&——No

Ww

¥

Clean string

Jar safety clamp on |&

v

Slips close

v

Safety clamp on

v

Break connection IR

<t stac >

v

Unscrew connection
IR

<y g >

Yes

v

Lift string

Lay down

Lay down string
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BHA Handling ]
| Crossover | Assembling J
—

Pick up item

Thread treatment

Yes

30 4g

Manual lifted

v

To well center
(Manual)

v

Guide string down
(manual)

v

Screw connection
manual

A 4

Make-up
torque

L

Make-up connection |

No
> 30 kg

—»

Lifting cap on

v

Winch on

v

Lift

v

To well center

v

Guide item down

v

IR N

v

Safety clamp off

v

Slips open

v

Lower item
(in hole)

v

Slips close

v

Safety clamp on

v

Open elevator

v

Remove elevator

v

Elevator sub off

Screw connection IR
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BHA Handling

Crossover | Disassembling

Elevator sub on

v

In elevator

v

Close elevator

v

Safety clamp off

v

Slips open

Lift string
(out of hole)

Clean pipe outside

A

» Slips close <

v

Safety clamp on

v

Break connection IR

<S>,
. w No nscrew connection
>30 kg

IR
Lift item
(with elevator)

v v

Unscrew connection

Elevator sub off

From well center

manual
Lift item Lower item
(manual) (with elevator)

v

Open elevator

v

Remove elevator

v

Lay down item < Elevator sub off

A 4
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BHA Handling

Open slips <

Pick up
sensible string

v

Open slips

< ovsze >

Does fits through bushing
\ 4

To well center

Does not

fit through—p»]
bushing

Remove slips

A 4

v

Connect Bit
(with tongs)

v

Thrust Bearing &
Dump Valve Test

v

Lower string
(in hole)

Bushing out

No

A 4

Slips close

Remove bushing

Yes—Ppi

Bushing in

A

Lift string
(only bit in hole))

Flow test of
Mud motor

Lower string
(in hole)

Close slips

Safety clamp on

disconnect with kelly
or top drive

No (adjustable) bent sub
h 4

Safety clamp on

Slips in

Adjust bent sub

v

Slips open

v

Open elevator

v

v

Lower string
(in hole)

v

Remove elevator

v

Elevator sub off

v

Connect with kelly
or top drive

v

Safety clamp off

Slips closed
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BHA Handling

Mud Motor | Disassembling

Elevator sub on

v

In elevator

v

Close elevator

v

Safety clamp off

v

Open slips

Does not
fit through—] Remove slips
bushing

Does fits through bushing +

>

Remove bushing

Lift string
(out of hole)

\ 4

Clean string

P Bit breaker plate on |«

v

Lower string
(in bit breaker plate)

v

Secure mud motor
with tongs (or IR)

v

Rotate rotary table
(until motor empty)

v

Clean annulus

v

Disconnect bit

v

Lay down string
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[
BHA Handling 1
MLWD Assembling J
L -

Pick up
sensible string

v

Thread treatment

v

To well center

v

Guide string down

v

Screw connection
manual

v

Make-up connection
manual

v

Safety clamp off

v

Slips open

v

Lower string
(in hole)

v

Slips close

v

Safety clamp on

v

Open elevator

v

Remove elevator

v

Elevator sub off
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BHA Handling

MLWD

Disassembling

Elevator sub on

v

In elevator

v

Close elevator

v

Safety clamp off

Lift string

v

-

Slips open

Clean string

Slips close <

v

Safety clamp on

v

Break connection
manual

v

Unscrew connection
manual

v

Lay down string

/ Wellbore

Data

v

Collect data
(via data port)
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BAUER

BHA Handling ]

Pick up J

String

]
g

Pipe handling

Pipe lifter

A 4 \ 4

In pipe handler On pipe lifter Lifting cap on

Pick up Pick up Winch on
Pick up
(over slide)

Is not on Is not on +

In mousehole

Is on Ison
Elevator sub on Elevator sub on +
+ Winch off

hread protector > In elevator +

Is on + Lifting cap off

Close elevator
Is not on +
| Thread protector off +
- - Elevator sub on
+ Lift string
(with elevator) v
s g In elevator

v

In elevator

hread protector

v

Close elevator
Ison

v v

Close elevator

Is nof

v

t
Out of pipe handler o|nThrea|d protector off

v

Lift string

2 g To well center

hread protector

Is on

Is not on

| Thread protector off

L

To well center
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p .

BHA Handling

String Lay downJ
|\

Stays

—P Lay down

Pipe handler:

w

In pipe handler

v

Open elevator

v

Remove elevator

v

From well center

hread protector

Is required

Thread protector on

Elevator sub

Comes off

Elevator sub off

v

v

Out of pipe handler

Is not
required

Pipe handling

Pipe lifter
\ 4

From well center

v

Lower string
(in mousehole)

v

Open elevator

v

Remove elevator

v

Elevator sub off

v

Clean annulus

v

Lifting cap on

v

Winch on

v

Lift string

v

Thread protector on

v

Push string
(on pipe lifter)

v

Lower string
(on pipe lifter)

v

Lifting cap off

v

Winch off

v

Lay down

From well center

v

Lower string
(in mousehole)

v

Open elevator

v

Remove elevator

v

Elevator sub off

v

Clean annulus

v

Lifting cap on

v

Winch on

v

Lift string

v

Thread protector on

v

Push string
(on slide)

v

Lay down

v

Lifting cap off

v

Winch off
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BHA Handling ]

ltem Pick up J

Roundsling on

Size/geometi

Winch on

A 4

Lifting cap on

v

Pick up
(over side)

Lower item on drill
floor

[4—No:

v

Winch off

Lifting cap on

Yes

v

No——»

Roundsling off

Lifting cap off
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p
BHA Handling ]
Item Lay down
( S

Roundsling on

A 4

Size/geomet

Lifting cap off

l—Yes

P Winch on <

Lifting cap on

v

Lift item

v

Push item
(to slide)

Lay down

Winch off

Lifting cap on

No——Pp]

Roundsling off

»\ tﬂp J €
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14. Appendix G - Evaluation of Work Steps

3 HEHEINE R

8 S| S|l 5| & 3|23

© 5|2l x| © Ll o &

O < T Ww | WL

Work step Equipment
Ass Jar safety clamp on X [ x X | Manual, wrench
Ass Jar safety clamp off X | X Manual, wrench
Ass Bit breaker plate on bit X Manual
Ass Bit breaker plate off bit X Manual
Ass Bit + bit breaker plate in frame X | X Manual, winch
Ass Bit in bit breaker plate X [ x Manual, winch
Ass Mud basket on X | x| x| x X Manual
Ass Mud basket off X | x [ x| x X Manual
Ass String revolution indicator X [ x X [ x Manual, chalk
Ass Make-up connection man. X [ x| x| x X | Manual, manual tongs
Ass Break connection man. X [ x Manual, manual tongs
Ass Screw connection man. X [ x Manual, Chain tongs
Ass Unscrew connection man. X [ x Manual, Chain tongs
Ass Bit breaker plate in frame X [ x Manual, winch
Ass Bit breaker plate off frame X [ x Manual, winch
Handl | Safety clamp on X [ x X [ x Manual, wrench
Handl | Safety clamp off X [ x X | X Manual, wrench
Handl | Guide pipe up X [ x X [ x Manual
Handl | Guide pipe down X [ x| x| x| x Manual
Mod Slips in X [ x Manual, winch
Mod Slips out X [ x Manual, winch
Mod Bushing in X [ x Manual, winch
Mod Bushing out X [ x Manual, winch
Mod Bit breaker plate frame on X [ x | x Manual, winch
Mod Bit breaker plate frame off X [ x | x Manual, winch
Mod Change elevator X [ x | x Manual, winch
Mod Cover borehole X | X | x X Manual
Mod Change Slips X [ x X | Manual, winch
Serv Clean threads X X Rag, WD40
Serv Lubricate threads X | X X Brush
Serv Glue threads X X | Scraper
Serv Thread inspection X x | Visual, gauge
Serv Clean pipe annular X X Manual, Water hose
Manual, Water hose,

Serv Clean pipe outside X X [ x | x sleeve
Serv Add ball/chip to well X [ x X | Manual
Serv Taking sample X X | Manual
Serv Tool inspection X x | Visual, gauge
Store | Store safety clamp X [ x X Manual
Store | Store jar safety clamp X Manual
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Store | Store thread protectors X [ x X Manual

Store | Store bit breaker plate X [ x Manual

Store | Store bit breaker plate frame X [ x Manual, winch
Store | Store pipe elevator sub X [ x Manual

Store | Store casing elevator sub X [ x Manual

Store | Store lifting cap X [ x Manual

Store | Store elevators X | x Manual, winch
Transp | Push string X [ x| x| x X Manual, winch
Transp | Pick up sensible string X [ x | x Manual, winch, slide
Transp | Lay down sensible string X [ x | x Manual, winch, slide
Transp | Pick up item X [ x | x X Manual, winch, slide
Transp | Lay down item X [ x | x X Manual, winch, slide
Transp | Thread protectors on X X Manual

Transp | Thread protectors off X X Manual

Transp | Lifting cap on X [ x X | X Manual

Transp | Lifting cap off X [ x X | X Manual

Transp | Casing elevator sub on X [ x Manual

Transp | Casing elevator sub off X [ x Manual

Transp | Make-up casing elevator sub X [ x Chain tongs

Transp | Break casing elevator sub X [ x Chain tongs

Transp | Pipe elevator sub on X [ x X Manual

Transp | Pipe elevator sub off X [ x X Manual

Transp | Item to well center X [ x | x X Manual, winch
Transp | Item from well center X [ x | x X Manual, winch
Transp | Winch on X [ x Maunal

Transp | Winch off X | x Manual

Total 84 23 65 71 19 11 40 3

% 27 77 85 23 13 48 4
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15. Appendix H - Workshop Summary

Workshop

Automatization of the Rig Floor:
BHA Handling

23" — 24"of January 2013

1. Disclaimer
Limitation of liability
The content of this workshop reflects the personal view of the author.

The presentations, summary, etc. have been compiled with meticulous care and to
the best of the author’s knowledge. However, the author and/or BAUER Maschinen
GmbH cannot assume any liability for the completeness or accuracy thereof, for
whatsoever reason. This applies in particular for any dimensions, technical date and
prices provided.

Copyright

The contents provided in the summary of the workshop are governed by the
copyright laws of Germany. Any duplication, processing, distribution or any form of
utilization or commercialization beyond the scope of copyright law shall require the
prior written consent of the author or authors in question.

2. Summary

The target of the workshop was to bring together experts engaged in the oil and gas
industry with professional expertise in different areas to discuss different approaches
to achieve the fully-automated drilling rig. The discussion was focused on the
handling of drilling BHA tools. Thanks to the participants, it was possible to bring
together different aspects that should be considered when working on an automated
drill floor, in combination with knowhow about industrial robots and automatization
technology, performance measurement, downhole tools and practical aspects from a
manufacturer’s, a contractor’'s and an operator’s point of view.
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Improving Performance

The two main reasons for the demand for a fully automated drilling rig is the increase
of performance and safety. These two issues have to be responded to a certain
extend so that the significant financial expenditures can be justified. The increase of
performance can be validated by the generated value of the automatization tools, or
in other words, how much time it will save during operation. Half of the costs for a
new well are spent in the drilling phase. An example of an offshore drilling operation
in the North Sea shows that the drilling time, the time during which the bit is actually
rotating on bottom and making hole, is beyond 10 percent of the total time. The rest
is used for well treatment, tripping, maintenance of equipment and others. So there is
definitely potential for process optimization.

The difficulty is now to find the biggest potentials for savings, and this depends highly
on the drilling process and the application. On the other hand, some operators claim
that they don’t see much demand for increasing the working performance on the rig
floor, especially when they do performance drilling with highly qualified rig crews in
combination with shallow wells. They would rather investigate operations like rig
moves as this may be one of the major spending for them. To find a significant
statement to compare automated systems to conventional drilling rigs the key is
accurate measurement of the work steps.

Human Resources Development

An important reason that requires a high level of automatization is to meet new
aspects in the human resources development. Getting the crew away from
hazardous areas and reduce risky operations to a minimum has been an important
issues for the last years, especially in offshore drilling. Despite the already high
degree of mechanization, many procedures still requires manual work or at least
involves human interference in some way. Performance is not only measured with
time, but also with accidents occurring on site. Many companies follow a zero-
incidents policy, although operators report that additional equipment that would
reduce the risk of the crew is often cancelled to avoid higher day-rates, especially on
land rigs. Safety - yes, but only to the same price.

In addition to that, a drilling rig is not only hazardous for the crew, but also for the
equipment. Transport on site and wrong handling of BHA tools has been responsible
for a large portion of damages which costs a lot of money. Standardized handling
procedures and the fact that automated systems will perform a working sequence
always in the same way would eliminate this.

And there is a second reason why companies want to reduce the amount of people
on the rig. It becomes more and more difficult to find qualified and experienced
people that are willing to take a job in the oilfield. The work on a drilling rig is quite
intense, twelve hours shift working, hard physical work in a harmful environment and
remote locations where exposed to extreme harsh environmental influences are only
the top reasons why people do not want to work as a roughneck any more. And the
relationship between employer and employee is not a very sustainable one. Already
today operators have difficulties to fill gaps in their crews with poorly trained agency
workers to keep their rigs running during peak periods. The hiring of additional crews
to run more drilling rigs in case of a possible upcoming boom in drilling activities will
bring the operating business to its limit.

However, there might be a downside, too, if future drilling rigs will be fully automated.
More effort will be spent on maintenance and repair. And as the equipment of an
automated rig floor consists of highly sophisticated gadgets, intervention will required
a high level of training and education. Low educated personnel is willing to work
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under bad conditions as it is the easiest way to make a lot of money, to convince
skilled personnel to work under these circumstances will be a challenge. And during
the beginning of designing fully automated rigs where new techniques will be tested
through semi-automated applications, the personnel capacity will be even higher as
this requires people to service the machinery as well as the normal rig crew.

Automatization through Standardization

To design a fully automated system it is important to know the processes that are
required to reach a certain goal, in this case the goal is to bring an operative BHA
into the well. Still, this does not require the exact recreation of the processes.
Manufacturers tend to find ways to mechanize the exact handling procedure as the
crew would do it. They add different tools for every work step to the drill floor which
makes the system complicated, prone to failure and at the same time inefficient.
Essential for developing a marketable automated system is standardization.
Standardization of the process, standardization of the machinery and standardization
of the tools, in combination with a long term drilling program with high numbers of
similar wells.

Other industries implement autonomous assembly lines only for products that are
produced in high quantities, not for individual items. If the same steps are repeated
over and over again, automated systems will proof as efficient. Therefor it is
necessary to know the handling procedures, identify the necessary work steps and
find an effective way to implement them in the automation system, but not necessary
replicate the way it has been done so far. Furthermore, it is necessary to implement a
certain standard design for the required BHA components as well. But as they would
be utilized in higher numbers, especially wear parts, tool manufacturers confirm that
they are willing to meet the demands of producing such fit-for-purpose standardized
downhole equipment (for example one size OD design of drill string) and provide the
operator with the necessary support (for example 3D models of the tools).

Standardization of the necessary handling equipment will help to produce them at a
reasonable price. If it is possible to design the machinery in a way that the process of
assembling downhole tools can be managed with only a few flexible handling
devices, they can be manufactured in a number high enough to bring them on the
market. Important features will be the implementation of standard components from
the free market. This ensures that the parts require less maintenance as they have
been tested in other industries, are easy available in case of failure and can be
purchased at a lower price than in-house developments. Modular design will help to
implement the equipment on existing rigs as well as on new rigs and will facilitate the
adapting of the systems to changes due to new drilling projects, not to mention that
also rig moves can be carried out faster. Designing the rig as a platform that can be
equipped with the necessary machinery would enable operators to assemble a rig
that would meet the requirements of the current job.

Data Transfer

An important issue concerning automatization is data transfer. Information is
exchanged between the individual components and especially with the human
supervisor. To bring a system to the technical limit, the work steps have to be
initiated and coordinated by a computer that initiates and coordinates the process
with the help of different sensor data. Measurement data show that mechanized
systems that are controlled by men, do not have constant performance and do not
work near the possible technical limit. Regulating the equipment by pushing buttons
and handling joysticks make the operating level dependent on the driller. And with
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the increase of steering complexity it gets difficult to work on a constant level over a
longer period, even for well trained personnel.

There is a psychological problem as well. People of the oil industry tend to be
distrustful to new technologies. They are more likely to be seen as a handicap that
has to be treated with caution instead of looking at it as a helpful tool that should be
driven to the maximum. People from the field report that is some cases, new tools
are not used at all as the crew is not willing to implement it into the workflow. An
autonomous control system, on the contrary, will operate the rig on a predictable, 24
hour basis. People only need to monitor the operation and intervene if there is a
problem. This can be done from any location around the world, as it is already the
case for some offshore applications. This would minimize the manpower on site to a
few mechanics for maintenance, logistic issues and technical troubleshooting. The
actual work is done autonomously by the computer.

Again, standardization will be playing a big role. Communication between the
different handling equipment, sensors, logistics and the controller must subordinate a
certain language with common rules, especially as the different components will
probably be provided by different manufacturers.

Conclusion

The concept of a fully automated drilling rig can only be realized by the interaction of
all contributors, the drilling rig manufacturers and designers of downhole tools as well
as operators and contractors. Not only will the developing of new handling
machinery, but also a change in the handling process be necessary. The basement
for automatization is standardization. Standardization of the downhole tools in terms
of design and dimensioning to allow fully mechanized handling as well as
standardization of the equipment to allow construction at a reasonable and
marketable price. Besides that, operators need long term drilling contracts to justify
higher costs for new automated drilling rigs that are more specialized than cheaper
conventional rigs. Especially the first automated drilling rigs will rather be fit for
purpose rigs than build for market rigs. The high investment will be adventurous if
contracts last for only a few years and the rig may then have to be modified for a new
application. Then again, if a drilling rig can be designed for a ten to fifteen years
contract and a high number of standardized wells, like for developing a shale gas
field, contractors and operators may consider investing in totally new BHA and rig
designs. By the end, the most overall-cost effective machinery will be the one on
future drilling sites.
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3. Participants

Baker Hughes Jorg Lehr
Bauer Maschinen Stefan Hackl

ITAG

Maximilian Trombitas
Franz-Xaver Both
Klaus Kurz

Manuel Ostermeier
Lothar Schirmel
Rudiger Biedorf

Montanuniversitiat Leoben Gerhard Thonhauser

ADS Florian Aichinger
Robotic Drilling Systems Lars Raunholt
Kenneth Mikalsen
Shell Martha Luise Rodbro
Rick de Bruijn (via conference call)
Statoil Bjern Brekne
UT Texas Mike Reis (via conference call)
4. Agenda
Wednesday, 23.January 2013
12:00 - 12:30 Opening by Sebastian Bauer
12:30 - 13:30 Lunch
13:30 - 16:30 Introduction Presentations
Rig Automation (Maximilian Trombitas)
BHA Handling (Ridiger Biedorf)
Rig Floor Automatization & Well Manufacturing (Rick de Bruijn)
Rig Performance Measurement (Gerhard Thonhauser)
Automated Wellbore Construction (Jorg Lehr)
Robotic Drilling Systems (Kenneth Mikalsen)
Bauer Drilling Rigs - TBA 440 M2 (Hackl Stefan)
20:30 Dinner
Thursday, 24.January 2013
09:00 - 12:00 BHA Handling
Representative BHA Tools (Klaus Kurz)
BHA Handling Work Steps (Klaus Kurz)
12:00 — 12:45 Lunch
13:00 — 14:45 Automated Drill Floor vs. Offline BHA handling
Offline BHA Assembling (Klaus Kurz)
15:00 — 16:00 Summary
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