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riesgo, control de pozos.

Resumen:Un Reventon (Blowout) es el escape sin control@ste, gas o agua
de un pozo debido a la liberacién de presion egasimiento o a la falla de los
sistemas de contencion.

Esta tesis fue desarrollada con la ayuda de ENI gE&Rker Huge, el proposito
original de este desarrollo fue:

e Mejorar el nivel de seguridad durante operaciones.
* Disminuir el riesgo ambiental.
* Mejorar los procedimientos de control de pozos.

El Capitulo 1 presento una explicacion de los ysscipales de un Blowout
Preventer (BOP). Seguido de una definicidbn dec#asas naturales y operativas
que conllevan a un influjo, luego se presentarenni@todos para el control de
pozo usados por ENI e&p.

A continuacion en el Capitulo 2, fueron presentadterpretaciones relacionadas
con los mas costosos y frecuentes reventones lasttaia, peores reventones de
acuerdo con el volumen de petréleo liberado, resudee reventones de gas y
principales y secundarias barreras que fallan @ssttas fases de la operacion.

En el Capitulo 3 se mostro una descripcion de uwrDBole Blowout Preventer
(DHBOP) el cual fue desarrollado con el propésiéosgparar la formacion del
resto del pozo en el caso de un influjo, esto akzeelo inflando un packer. Con
el fin de obtener factibles resultados se llevalaocuna primera prueba de campo
en Oklahoma, Enero, 2010, seguida de una segungidgrde campo en Val
d’Agri, Italy, Enero, 2011. En este capitulo se lexgvon los procedimientos
utilizados, resumen del test, descripcion de laangienta y resultados obtenidos.

Finalmente, un analisis de riesgo fue realizad@a ganocer la variacion en la
frecuencia de ocurrencia de un reventon e ideatifig relacion que existe entre
dicha frecuencia y los diferentes elementos degoiedentificados en el pozo.
Para esto fue aplicado un enfoque cuantitativoaetarso de un analisis de arbol
de fallas. Con dicho método fue evidente que labgdndidad de falla de un

DHBOP en combinacién con un BOP es casi desprecidgualmente fue

comprobado que con el uso de la herramienta laapiiitad de ocurrencia de un



reventon disminuye en 1,6E8 veces, lo cual reptasam gran contribucion a la
estimacion del riesgo total en las instalaciondsofsas y gasiferas. Por estas
razones se concluyo que el uso de la herramienéesamente factible.
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INTRODUCTION

Blowouts occur for a variety of reasons, most comrfactors relate to human
errors, equipment malfunctions and unexpected ggoloThe original scope of
this thesis is to provide data useful in predictthg frequency of a blowout.
Factors to be included are land, water depth, wepth. Further, this work
presents an interpretation of how to decrease lthedwut occurrence with the use
of the eni e&p Down Hole Blowout Preventer (DHBOP).

The general goals pursued by eni e&p in develogherddHBOP were as follows:

Improve operation safety levels

Decrease environmental risks

Improve well control procedures

Reduce non-productive times (NPT)

This thesis (Chapter 1) starts with an explanagioout the main uses and primary
functions of the Down Hole Blowout Preventer; tleedescription of the standard
equipment, including: Annular BOP, Ram BOP, higlessure equipment, low
pressure equipment and auxiliary equipment is mego Further, this chapter
presents some interpretations related to the mq&nsive and frequent blowouts
in the history, the worst offshore blowouts accogdito the volume of oil

released, a gas blowout statistical summary andt rfreguent primary and

secondary barriers that failed in all phases.

This is followed by an explanation of the natunadl aperatives causes of a kick;
also the controls normally used in a case of Kidown as primary and secondary
control, are going to be explained. After, the metused to control a kick are
described; these are going to be introduced itter of priority according to the
best practices in force in eni e&p. These methads @) the Wait and Weight
Method; (2) the Driller's Method; (3) the VolumetiMethod; (4) the Bullheading
Method.



Chapter 2 will present some interpretations reldatedhe most expensive and
frequent blowouts in the history.

Moreover, the last chapter (Chapter 3) shows argien of the Down Hole

Blowout Preventer (DHBOP), which has been develdpeseparate a formation
from the rest of the borehole in a kick situatibp,inflating a packer element and
closing a valve within the string. In addition, ghthird chapter presents an
explanation about the motivation to use a DHBOmain functions, the benefits
in terms of safety, the operation modes, the ojmeralt procedure, followed by a
description of the communication link between theker, placed at the bottom of

the well, and the surface.

This packer was tested twice: the first field tess carried out in Oklahoma, at
the well BH-N-15 in January, 2010, while the secomals performed in Val
d’Agri, Italy, at the well ME10 or B in January 2D. This chapter will describe

the system used, the test objectives and proceduarkthe results obtained.

Finally, Chapter 3 will present a risk analysistbe variation in frequency of a
blowout, depending on the various risk elementstifled in the well, on the
platform and in the procedures of the Organizatiorhis analysis, a comparison
of the occurrence of a blowout when a Blowout Pméseis used alone and
together with the Down Hole Blowout Preventer soatliscussed.



CHAPTER |

BLOWOUT PREVENTER

Before going on any further, we should familiarizeéh a Blowout, which is an
uncontrolled flow of reservoir fluids into the wetire, and sometimes to the
surface. A blowout may consist of salt water, gis or a mixture of these. A
Blowout can occur in all the four phases of operai exploration, drilling,

production and workovers.

A blowout is not always evident at surface; it teppen, in fact, that a reservoir
fluid flows within another formation without reaciy the surface: this is known
as an underground blowout. Normally, involve ansigant downhole flow of

formation fluids from a zone of higher pressure (tlowing zone) to one of lower
pressure (the charged zone or loss zone). Thesecéses of blowout are
important, but the underground blowout is considetbe most expensive

problem.

The primary functions of a blowout preventer systemto:
« confine formation fluids to the wellbore;
+ provide means to add fluids to the wellbore;
+ allow controlled volumes of fluid to be withdrawrom the wellbore.

Normally, they are operated more in function otites prior to spud or drilling

out of a casing shoe, than for actual well corgrlations.

Additionally, blowout preventer systems are used to
+ regulate and monitor wellbore pressure;
« center and hang off the drill string in the welle&or
« shutin the well (e.g. seal the annulus betwedlpgire and casing);



«  “kill” the well, preventing the flow of formationldids from the reservoir
into  the wellbore
«  seal the wellhead (close off the wellbore);

« cut the casing or drill pipe (in case of emergesicie

1.1 DESCRIPTION OF THE EQUIPMENT
The contents of this thesis cannot foresee allaspd the BOP Equipment that
may be encountered, instead, here a general efjplanabout operational

principles is given.

At the first point, we should know that two categerof blowout preventers are
generally used: ram and annular. BOP stacks fralyuantilize both types,

typically with at least one annular BOP stackedvabseveral ram BOPs. Both
Ram and Annular preventers were originally desigteedghut-in a well and to

contain high pressure fluids within the wellbore.

Conventional circulation of the mud and rotatiortteé drill pipe must stop, when
the well is shut-in with the BOP’s. Vertical reapgoation of the pipe to avoid
sticking and circulation of the kick fluids throudfire choke line may be resumed
after shut-in of the well. Consequently, BOP’s designed for secure, high-

pressure containment of the wellbore for a low nends cycles.

The Well Control Equipment can be divided in thkof@ing parts:

Annular BOP
Ram BOP
High Pressure Equipment

Low-Pressure Equipment

® 20 T oW

Auxiliary Equipments.



a. Annular BOP
Generally, this is the first BOP to be closed whekick occurs and is located at
the top stack. An annular BOP can close aroundtaning diameter and, in case

of emergency, is able to perform total well closure
The closing time according to API RP 53 recommernutedtice is:

- For 20" diameters or larger is less than 45 seconds

- For diameters smaller than 20" is less than 30rs#€0

Annular BOPs are equipped with a closing pistonciwhs hydraulically operated
by applying pressure to closing and opening chamfdre main components are:
body, head, piston, closing/opening chambers, pgaknit, seals.

- Operational Principles

+ Closure
When the BOP closing starts, the working fluid emtine closing chamber and
pushes the piston upwards. As a consequence, thegaunit tightens more and
more around the BOP centre, sealinit.

« Opening
During opening, the working fluid enters the opgntchamber and pushes the
piston downwards (the closing chamber is empti@tdg packing unit returns to

its original position, opening the BOB.

Annular BOP’s are also characterized by the opéodiogure pressure that
according to eni e&p practices vary according toPB@pology, though in most
cases it ranges between 700-1500 psi (50-105 Ky/émother fact that has to be
controlled is the Maximum Working Pressure (WP)atths defined as the
maximum well pressure the BOP can bear and commtrebrking conditions.



b. Ram BOP
This type of BOP’s works as here described. Fihg&t,rams extend around the
center of the wellbore to stop the flow; the inaed top faces of the rams are
fitted with packers that seal the space betweein edloer, the wellbore and
around the pipes, running through the wellborertexg pressure. Outlets at the
sides of the BOP housing (body) are used for cdioreto choke and Kkill lines or

valves.

They are useful in case of stripping operations,damnot be used alone; instead,
they are combined with an annular BOPs or with la@otam BOP. An important
characteristic is that they fit to a certain pip&ndeter, which means that when the
pipe diameter changes, also the Ram BOP must lmgetia

Ram BOP closure ensures both upwards and downwasethanical sealing.
Upwards mechanical sealing prevents the drill gtfrom being expelled, in case

of high well pressure values or of insufficient@ieight.

According to eni e&p practices, the main advantagef®am BOPs compared
with Annular BOPs are the following:

+ Dbetter resistance to high pressure values;

+ less control fluid volume required, which implidsoster closing time;

« they can support the drill string weight;

+ they allow stripping, in case of very high pressuabies;

+ once they have been closed, they prevent the shrlhg from being

expelled

- Operations
Opening and closing working pressure is aroundKglént, but this kind of
BOP can achieve a maximum value of 210 kg/amcase of emergency. The

closing time normally is less than 30 seconds.

Moreover Ram BOP are equipped with a secondaryingealhich is

performed by a seal inserted around rams rod. §¢athas been designed to

6



work in static conditions; once it has been acudiatkee rams should not be
opened or closed to avoid damaging the ram shhis. Secondary seal should

be used just in case the primary sealing is leaking

c. High Pressure Equipment
This equipment is made by the following parts:
- Casing
- Stack Equipment
- Choke and Kill Line Equipment

- Drillstem Control Equipment

- Casing: it is a large-diameter pipe lowered into an openie fand
cemented in place. For an adequate characterizatiarformation from a
pressure regime standpoint and a correct positpointhe casing, the
following parameters have to be determined:

- Pore pressure

- Overburden pressure

- Fracture pressure

These pressures are strictly dependent one fronottier. In fact, pore
pressures and overburden pressures are relatecedsetthem by the
compaction pressure in accordance with the effedivess principle and

together allow the calculation of fracture pressure

After having roughly calculated the depths to whibke various casings
must be run, controls are then carried out to chibek these depths are

satisfactory.

Checking the accuracy of the casing setting paesbased on determining
the following five (5) basic factors, that is:
1. Maximum pressure available at the choke: it reprssdahe

maximum pressure that can be allowed to accumudatehe

7



wellhead in case a kick had to be controlled, withcausing the
fracturing of the formation below the shoe of thstlcasing run in
hole. The minimum acceptable value can be not thas 10
kg/cnf for surface casings and 50 g/L difference betwéen
fracture gradient below the casing shoe and thsityeof the mud
in hole (or 40-50 kg/cA) for the others.

. Maximum differential pressure: it is the differenbetween the
pressure exerted by the mud at the maximum defwmiggeen in
that given hole section (generally this is the gabf the mud
density at the end of each hole section) and the pressure as a

function of depth.

. Drilling balance: it is the difference between ghessure due to
the drilling mud at its density and that of thenf@tion, as a
function of depth. This measure indicates how milnehpressure

exerted by the mud exceeds the pore pressure.

. Kick tolerance: it represents the volume of maximuaftux (kick)
that, once entered into the wellbore, can be atedl out with a
“constant bottomhole pressure” method without freiog the

formation below the shoe of the previous casing.

. Expected drilling problems: When selecting the mgssetting
depths, other factors should be taken into conaiber, especially
for what regards the shallower casings, such as:

* Shallow Gas

* Hole Ageing (“time dependent” deformation of thecks:

Creep)
* Unstable Formations
» Seepages and Circulation Losses

» Deviated or Horizontal Drilling

8



* Production Requirements: Open Hole vs Cased Hole

« Economics

- Stack Equipment some of the basic functions of the stack equigmen
are the following:

» Seal the well against the drillstring or open hated contain well
pressure.

* Provide a full-bore opening to allow passage oflidg and testing
tools.

* Permit unrestricted flow of fluids to the choke djnwhile the

preventers are closed.

Operators should test and operate the componentiseo$tack to be
confident that they are functioning properly. Inngeal, the stack

components are very resistant and very reliable.

Just a few things have to be taken into accouné dne BOP stack is
set:

* BOP working pressure rating

» BOP internal diameter

* Availability of adequate drillings spools.

- Choke and Kill Line Equipment: Many well control problems begin
in the choke line or downstream of the choke llhes unusual to find a
rig without the potential for a serious problemvietn the blowout
preventer (BOP) stack and the end of the flaresline order to
appreciate how a choke line must be constructeds itecessary to
remember that, in a well control situation, solidden fluids are

extremely abrasive.



Some of the basic functions of the choke and ki# Equipment are the

following:

* Provide a way to allow fluids to be pumped into thell below a
closed preventer.

« Convey drilling fluid to the bell nipple and flowle.

A typical choke line is shown iRigure 1.1 As illustrated, two valves
are flanged to the drilling spool. There are ogtleh the body of the
blowout preventers; however, these outlets shoaldbe used on a

routine basis, since severe body wear and erosaynresult.

@) Driling Spool

{3:} Manual Gate Valve

@:} Hydraulic Gate Valve

@ Choke Line-Minimum OD 4 Inches
@} Studded Cross to Choke Manifold

Figure 1.1 A typical choke line

Figure 1.1 also shows two valves: one valve is hydraulicalhgrated, while the
other one works like a backup of the first one asec of failure. Special attention
should be given to the position of the hydraulitveaMost often it is outboard
with a safety valve next to the spool to be usetly i the hydraulic valve fails to
operate properly. The outboard position for therbawytic valve is the better choice
under most circumstances, since the inboard vahaways the safety valve. If
the hydraulic valve is outboard, it is importanatthhe system be checked and

flushed regularly to insure that the choke lineas obstructed with drill solids.

10



The kill line is a high-pressure pipe leading framoutlet on the BOP stack to the
high-pressure rig pumps, usually extending appratahy 30,5 to 46 meters from
the wellhead. The main purpose of the kill linetasprovide remote hydraulic
access to the well; it should never be used for pugpose other than an

emergency access. The Kkill line access should revesed as a fill-up line.

For instance, at one location, a fill-up line wasmected to the kill line access.
When a kick was taken and the well was shut insthiesequent pressure ruptured
the fill-up line; the fluid ignited and the rig wésst. At many locations, the Kill
line has provided the intended access to the wellaond the well has been saved.
The integrity of the kill line system can be assuby using the kill line only as

intended.

Kill and choke line connections can be installed:

» Directly on the Ram BOP side outlets: this solutaliows to
reduce the connections number and the stack hdaghif causes
greater erosion inside the BOP during blowout cantr

* By means of a drilling spool: this solution concatdgs erosion
inside the drilling spool, but it requires a higheumber of
connections and a higher stack. It also increabkes distance

between the BOP rams, thus facilitating strippipgrations.

- Drill Stem Control Equipment

The accumulator: is a device used in a hydraulstesy to store energy
or, in some applications, dampen pressure fluanatiWell pressure-
control systems typically incorporate sufficientamulator capacity to
enable the blowout preventer to be operated witlother power shut

down.

It is composed of:

e atank containing hydraulic fluid (oil) at atmospilgressure;

11



» one or more high-pressure pumping units to preastine fluid;

* nitrogen pre-charged bottles to store the pressdifiziid.

The oil is sent to a manifold and also to closingchanisms through

the control valves.

Operations: the pressure accumulator functioning is charamsdrby
five stages.
* Pre-charge: the accumulator bottles are pre-changgdnitrogen
at a pressure around 70,3 kgfcm
* Charge: the control fluid is pumped from the tanktbe pumps
and sent to the bottle charging line. The procests eonce the
accumulator pressure reaches the desired value. chigging
pressure is around 210,9 kgfcm
» Discharge: once the control valves start, the pregsd control
fluid stored in the bottles is sent to the workinges to set the
connected mechanisms to opening or closure. Theleceease in
the accumulator pressure takes place, due to tkehaliging
operation and the pumps may be actuated, if thespre values
decrease below the defined limit.
e Pump control: adequate pressure automatic switdigslro-
electrical and hydro-pneumatic) allow the pump fioring.
« Regulation: the control fluid can be adjusted bemqdate valves,

which allow the pressure to be reduced and costioll

Dimensional data the accumulator is dimensioned depending on the

fluid total volume required to carry out a givennmaer of closing-

opening operations and the usable fluid. The fahgwalues must be

considered:

» Pre-charging pressure: as mentioned, this is tiialipressure of
the bottles charged with nitrogen (70,3 kgfgm

12



* Working pressure: it is the pressure achieved dheebottles are
filled with the control fluid (210,9 kg/ch

e Minimum working pressure: it is the minimum presswhich
allows the accumulator to be used (14 kd/@above the pre-

charging pressure).

Other components, like accumulator bottles, vaheesl pressure
gauges, accumulator pumps, valve connections,ngjostlves, control
fluid tank, working lines and remote control panealsould be included
in the drill stem control equipment.

d. Low — Pressure Equipment
- Manifold Lines

- Mud-Gas Separator

- Degassers

Manifold Lines: they are typically located on the rig floor and
provide flexible and variable flow control and wedlhut-in
capability upstream of the process and measuremgmpment
during well test operations. The flow path, on mide of the
manifold, has an adjustable choke, which is usednduwell
cleanup or drawdown operations, until a stable ftmmdition has
been reached.

Applications:

« Offshore and land operations
* Drill stem tests (DST)

* Well cleanups

* Production/well tests

* Well shut-in at surface
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Mud/Gas Separator:it is the first unit of solids control equipment
arranged to treat mud. As such, they process ahefmud from
the flowline before the mud reaches the primaryesbhakers. The
units have no moving parts and rely on the dendifference
between the gas and the mud for removal. The psosesimple,

yet very effective.

In a separator, the lines are the parts which asemally
problematic; this is due to the velocity of thelldrg fluid, gas,
barite and solids that are passing through it. Baexg slight bends,
which are barely noticeable, have been known taesio a few
minutes. Special attention has to be given to thiees, because

they must be as straight as possible.

Also, the separator itself could be a source obl@ms. The most
common problems are due to size, inability to adésjy control
the liquid level and erosion of the body. Beforestatliing a
separator, the gas volume that is going to be ukethg the
operation should be anticipated; this volume isuacfion of the
physical size of the container, the maximum sdparaorking

pressure and the flare line size.

Normally, during offshore operations, the use ofseparator is
neglected because to the limitation of space; enother hand, in land

operations, this piece of equipment is not a soafgaoblems.

As a rule, all separators used in well control apens should be big,
the body should not be smaller than 1,2 m in diamehd 2,4 m in
height. Generally, the operating pressure is apprately 8,8 kg/crh

However, this can vary according to the liquid les@ntrol mechanism.
For making the system much more reliable it is nec@nded the use

of a positive liquid level control.
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Although the liquid level in the separator is colied by a hydrostatic
column of mud, in most cases the separator bonyrisersed a few feet
into the mud pit. In other cases, a hydrostatierriontrols the liquid
level. Therefore, if the pressure exceeds the lsydtic pressure of the
column controlling the liquid level, gas and resanfluids will pass

out the bottom of the separator and will enter ined pits. Such a
scenario is common with separators designed asridedcand the

results are unacceptably hazardous.

Another important consideration is how the fluidezs into the vessel.
Some separators are designed to permit tangentigl, & the case that
the fluids involved are only gas and liquid. If t#h&id contains solids, a
perpendicular entry is the best choice.

- Degasser Degassers are used to remove the small entrgasd
bubbles left in the mud by the mud/gas separatbes& units are
positioned downstream from mud/gas separators, gurimoval
equipment (if utilized), shale shakers and mud dawers (if
utilized), while hydrocyclones and centrifuges d@ll in the
arrangement. The purpose of degassers is to renm/esmall
bubbles of air or gas present in the mud systewrder to insure
that a mud with the required density is recircudatiewn the drill
pipes. If the air or gas is not removed, the mudjitemeasured in
the pits may be misleading giving values lower ttr@nactual ones
and could result in unnecessary additions of weighmaterials,
thereby giving true mud densities down the holeclwhare much
higher with respect to what planned. Furthermosetha mud rises
to the surface, the dissolved gasses expand arideefrom the
drilling fluid decreasing the hydrostatic pressared causing the

pumping operations to become erratic.
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Two types of degassers are available:
= atmospheric;

= vacuum-type.

Atmospheric degasserprocess mud by accelerating fluid through
a submerged pump impeller and impinging the fludstationary
baffles to maximize surface area and thus enaldsegato escape
to the atmosphere. As with all processing equipntieatprocess
rate is dependent upon solids content and fluidcosy;
processing rates are therefore dependent on mype bies.

Vacuum-type degassersutilize negative pressure to withdraw
entrained gasses from the mud. In order for thisvoéok, mud is
pumped through a Venturi tube, which develops aateg
pressure, thus sucking mud into the unit; the ningh flows over
dispersion plates, arranged either horizontally \artically,
creating thin sheets of gas-cut mud. These dispersliates bring
entrained gases closer to the surface for easyvanhy a stand-
alone vacuum pump. Degassed drilling fluid is pudhffgough an
“eductor” to remove drilling fluid from the vacuurohamber.
Equalization between degasser suction and discharge
compartments is through a high weir at the top e tanks.
Degasser suctions should be located at the bottémhe
compartments. The choice between horizontally- ertically-

mounted units is based on the footprint requiresenthe specific

rg.

e. Auxiliary Equipment
This kind of equipment includes the following items
- Safety valves and cocks.

- Instruments.
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They also include working-condition control devicasd instruments

for kick monitoring and detection.

The most commonly used safety valves and cocks are:

Upper Kelly cocks.

Lower Kelly cocks.

Safety valves for drill pipes.
Inside BOP.

All sealing parts are characterized by a maximuntkimg pressure

value.

Pressure tests: they should be performed with sspre not lower
than 70% of the drill pipes internal pressure, abereng the degree
and diameter of the drill string highest sectior assuming the
pipes as new.

Testing pressure: it must not be higher than theP B&brking
pressure and in no case it can be higher than A@$0

Upper Kelly Cock: it must be installed between the swivel and the
Kelly and has the following functions:

+ Isolate the surface circuit from the well pressure.

+ Stop the flow and reduce the kick volume in case of

blowout from the pipes.

Lower Kelly Cock: it is used to prevent return flow from the pipes
in case the upper cock is either out of serviceabraccessible. The
working pressure should be proportional to the aitestt BOP

pressure.

Safety valves for drill pipes: must be installed before the inside

BOP, if there is one. The safety valves must be& kepand on the
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rig floor in the open position, with the providedykand with the

necessary reductions to connect it to the drilepipeing used.

In case the back flow is particularly violent, aesjal valve called
“fast shut-off valve” should be used, which, thatdsts particular
bowl-shaped lower part and to its remarkable weigttows

installation in all conditions

Inside BOP’s they are check valves used to prevent blowouts
from the pipes and to carry out stripping operaioBecause of
their function, they must be kept at hand on tiefloor, together

with all the other emergency equipment.

Once the valve has been dropped and pumped tedtsthe insert
is latched to the seat indented part by the jawheWthe
circulation is interrupted, the well pressure ahd spring action

push the internal ball upwards.

A limited return flow, subsequently discharged teef it under
control, allows the insert to latch into the séabm that moment

on, both upwards and downwards stripping operatoasllowed.

1.2CAUSES OF KICK

In order for a blowout to occur, the formation @@® must be greater than the

wellbore pressure; this condition is the resuldifferent causes, such as:

Natural Causes
They may determine an abnormal and sudden increase
formation pressure.
a) Abnormal pressure (overpressures)
. Operative Causes

b) Insufficient mud weight
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c) Swabbing

d) Failure to keep the well full during trips
e) Circulation losses

f)  Drilling gas

g) Charged formation

More than 50% of blowout cases are a combinatiacaages b) and c).

a) Abnormal pressures (overpressures)
The formation pressure is considered normal whes equivalent
to the pressure of a column of saline water witdeasity D*
between 1.03 - 1.07 kg/L; it is considered abnorniflit is
otherwise.
The main mechanisms responsible for abnormal pressu
occurrences can be grouped in the following caieg¢®warbrick,
R.E. and Osborne M.J., 1996-1998)

= stress-related mechanismswhich cause the compression of the
rocks with pore volume reduction, such as diselpilm
compaction (vertical loading stress) or tectonilzde(al/vertical

compressive stress);

= fluid volume increase mechanismswhich determine an increase
in volume of the fluids within the pores of a rodkansformed,
then into pressure increase in case the volumeaseris restricted.
Examples are: temperature increase, water release to
mineralogical transformations of rocks (diagenedm)drocarbon

generation, bitumen and oil cracking to gas;

» fluid movements and buoyancy mechanismswhich cause the
movement of fluids from a formation to another wititrease in
pressures, if these extra volumes of fluids areamabmmodated

with an increase in volume of the receiving forroa. Examples
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of these mechanisms are: osmosis, hydraulic osiartgressure,

buoyancy of hydrocarbons above water due to densityrasts;

= redistribution of overpressured fluids, originated by one of the
mechanism categories mentioned above, from one afitm to
another. This occurrence, referred to as transterethough not a
real mechanism in itself, may all the same exetreang influence
on many of the pore pressure profiles seen in tibsigface and
may, sometimes, mask the recognition of the truehaeism

which has originated the pressure anomaly.

If these zones, be chance, are drilled with an filegent mud
weight, a kick can occur, which, if not properly maged, can

degenerate in a blowout.

b) Insufficient mud weight
The main tool to prevent a kick is to always havehe well the
required column of mud at the right density; anuffisient mud
weight can be experienced when:
* an abnormal pressure zone is entered unexpectedly;

» drilling deliberately in underbalance conditions.

c) Swabbing
The reduction in the bottom hole pressure when trings
wireline tools or rubber-cupped seals are pullet afuthe well,
depends on:
* Mud density and viscosity
e String pulling speed
* Clearance between drill collar and open hole dianset

» Presence of clay balls on the bit and stabilizers

It is possible to recognize if the formation fliids entered the well
during tripping out by observing the mud level hetpits. This
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influx of formation fluid creates an underbalancsituation at

bottom hole. In order to minimize and prevent thalsbing effect,

the following precautions should be taken:

» Decrease the trip velocity

e Condition the mud, carefully checking its rheolaic

characteristics

» Pay the utmost attention in case of overpull duangp

e Increase in mud density

* Run frequent short trips.

d) Failure to keep the well full on trips

This is one of the most frequent causes of a Wicthe volume of

the steel removed during the tripping out is ngilaeed by an

equal volume of mud, the hydrostatic pressure @se® along the

entire well section. So, the hydrostatic presssréower than the

formation pressure in the same layer, causinglthe fo enter the

well.

Circulation losses

Losses of circulation indicate a flow of mud frohe twell towards

the formation. Circulation losses can be caused by:

- Geological causes

Karstic formations
Fractured formations

Faults

- Operative conditions that can take place insidentbk

Substantial friction losses in the annulus

Swabbing during tripping in (surge pressure)
Starting of circulation through holes of small deter
at great depth

Gumbo shale in the annulus
21



Some formations can be affected more frequentlyldst
circulation or abnormal absorption:

» Fractured or karstic limestone formations.

* Depleted levels

* Formations with fractures induced during drilling

* Pressure surges in the annulus

f) Drilling gas
When a gas bearing formation is drilled, the voluwfe gas
contained in the drilled rock is released. Thefgasis an emulsion
with the mud which loses density. The gas releasdte well is
subject to the hydrostatic pressure exerted byotrexlying mud
column. As soon as the gas starts to flow upwattts,pressure

over it decreases and the gas expands.

The decrease in mud density is minimal at the botiod greater at

the surface, with a slight decrease of the bottoha pressure.

The quantity of gas released when a gas-bearingafioon is
drilled determines a continuous contamination @& thud, which
depends on the following factors:

- Dirilling rate

- Degree of porosity of the formation

- Hole diameter

g) Charged formation
When different formations having different pressuege drilled,
formation fluid may flow from one formation to ahetr before the
casing is run in and cemented. This phenomenonnavk as
underground blow-out. In this way one formation npagssurize

another formation due to differences in their gonessure.
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1.3 INDICATORS
It is very important to recognize a kick at thelgatage, because less volume

of fluid results contaminated, the higher is thebability to prevent a blowout.

The careful monitoring and evaluation of certaidigators help individuate the
first signals of an abnormal situation. These kiakcator can be subdivided as

follows:

1.3.1 Increase in Rate of Penetration (Drilling Breaks)

As we know the rate of penetration tends to deer@asthe depth
of the well increases, because of increasing hasdoéthe rocks.
But a remarkable increase in the rate of penetratiay indicate a
change of formation or a reduction in differenfméssure. Then
when an unexpected higher pressured zone is drilledrate of

penetration increases.

1.3.2 Increase in Circulating Mud Volumes
Any flow of formation fluid into a well determinean increase in
the surface mud volume. This change in the retiowu fs the first
signal of abnormal well pressure. In this casas ihecessary to
stop operations and carry out a flow check.
A circulating mud volume increase may also dependother
causes, not related to the kick. Some of them are:

e Addition of materials to modify the mud charactecis.

» Leakage or incorrect use of mud system valves wbah

cause the accidental transfer of mud between theta

1.3.3 Variation in Pump Pressure and Strokes

If we compare the formation fluids with the mud, ean say that
they are characterized by a lower density. Sor thélux into the
well determines a decreases of the annulus hydiogtassure and

a subsequent unbalance in the well. Therefore, tinisalance
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determines a decrease of the circulating pressuwtepassibly an

increase of the pump strokes.

This situation may indicate that a kick is takingge and it is
necessary to stop the operations and apply themmemded
procedures.

However, it must be taken into consideration tihat decrease of
circulating pressure may also be due to other sause

e Pump failure

* Unbalanced mud

* Wash-out of the drill string

1.3.4 Drilling Gas

As said, a drilling gas increase is an indicatiéram abnormally
porous formation. Normally, it is an indication ttze influx passes
from the formation into the wellbore. The gas emterto the
wellbore and slowly migrates up to the surface, nehe expands

producing a decrease in mud density.

1.3.5 Variation in Chloride Concentration

An increase in chlorides in the drilling mud indiesithe entrance
of native water. In fact, the salinity in water rimation is usually
greater than that in drilling mud.

Not just the chloride ions content is measured) als increase or
decrease in the resistivity and pH are related attoln hole

differential pressure.

1.3.6 Other Indicators of a Kick
* Decrease in the drill string weight and increasetha
circulating pressure.

* Increase in torque and/or overpulls.
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1.4 WELL CONTROL

1.4.1 Primary Control

Primary control mainly consists in maintaining thglrostatic pressure at a value,
which is sufficient to balance the maximum poresptee of the formation. This
pressure is provided by the drilling mud. In theahe mud weight provides the
minimum pressure to achieve the balance, but iatigeato this weight is added a
safety margin with respect to the pore gradientbiief, primary well control
mainly depends on the correct fluid weight use t@ntain the formation fluid

under control, as well as on the accuracy and obotithe gathered data.

1.4.2 Detection of Abnormal Well Conditions
In the literature, there are available differentmoels, qualitative and quantitative,
which have been developed for an accurate deteofiamy abnormal conditions
occurring while drilling. Generally, these methodan be divided into the
following groups?:
» Use of previous field history and drilling experes (depth of flowing
zones, pore and fracture gradients, types of flumplrmeability, mud

losses and lost circulation intervals).

e Physical responses from the well (pit gains ordesecreases in drilling
fluid return rates, changes in flowing temperaturdsilling breaks,
variations in pump speeds and/or standpipe presssmebbing, reduction
in mud densities, effects on gas shows and pitsgalne to pipe
connections, short and round trips, hole problemsdicating

underbalance).
* Chemical and other responses from the well (chéomttanges in the

drilling fluid, oil and gas shows, formation watshale density, electrical
logs, drilling parameters equations and MWD/LWDdiegs).
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1.4.3 Flow Checks

* A minimum 10 minutes flow check will be made angnéi there is a
drilling break while drilling.

e It could be not necessary to flow check drillingdks in the interbedded
sands of the reservoir, if these sands have a knmgnessive pore
pressure gradient.

* Prior to making any flow check, pick-up pumping satthat the lower full
opened safety valve is accessible at the rig floor.

* A flow check should be realized prior to pullingetBHA through the
BOP.

e All flow checks will be conducted on the trip tankjth the trip tank
pumps running.

* The trip tank is to be kept half full at all timaad is to be flushed at the
beginning of each shift.

* Rotate the pipe during the flow checks.

* While the trip tank is being emptied, the well ne¢d be checked with

someone observing the flow line.

1.4.4 Kick Prevention
If primary control is not sufficient, a kick willdexperienced; as mentioned in the
first paragraphs, common causes of kicks are:

» Swabbing of formation fluids while tripping.

» Failure to check that the hole takes or gives @pcthrrect volume of fluid

when tripping.

* Encountering abnormal formation pressure.

* Insufficient mud weight.

* Loss of circulation leading to reduction in equeval hydrostatic pressure.
Extreme care shall be taken to monitor: mud volyrda#ling breaks and gas cut

mud.
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1.4.5 Slow Circulating Rate Pressure (SCR Pressure)
In surface wellheads, the selected slow circulatiat@s should be in a range

between ¥4 and % of the planned circulation flowe.rat

Awareness of these values is an important elenmekilling operations, in order

to avoid formation breakdown.

This pressure should be measured in the choke atgodinel gauge or on the

gauge which would be used during well control opens.

According to eni e&p practices in subsea wellhe#lus,selected slow circulation

rates should not be less than %2 bbl/min and neitgréhan 4 bbl/min.

1.4.6 Maximum Allowable Annulus Surface Pressure (MASP)
There is an absolute upper limit for the pressaréhée annulus of an oil and gas
well as measured at the wellhead. For each weliasp, the MAASP value

depends on the following factors:

e Drilling/completion fluid density.
¢ Minimum formation fracture gradient below the casirshoe or

perforations.

1.4.7 Secondary Control

If the hydrostatic pressure becomes lower thanfdahmation pressure, the fluid
(water, gas, oil etc.) contained in the formatioauWd enter into the wellbore.
This means that a kick has occurred already. The s&p is preventing it

from becoming a blowout. There are two main procesl that must be followed:

a) Shut- in
When any of the kick indicators are observed, tle# must be shut in by closing
the BOPs and choke valve; this procedure is foltbwe avoid any possible

uncontrolled expansion of the fluid inside the Wwetfie.
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b) Circulate out the fluid cushion that has entered tie well

This procedure involves circulating a sufficientlwmoe of mud through the

adjustable choke valve to expel the kick and tcharge the entire gas cut mud
volume with higher density mud. In order to balaribe pressure inside the
wellbore, a new hydrostatic pressure that has teeds the formation pore
pressure is set. All this process must be doneewkakping the expansion under

control.

c) Increase mud weight

This procedure prevents any further influx of flaishto the well and, using the
most suitable method, allows the displacement efbibttom hole cushion (kick).

It also restores the hydrostatic balance betweenfahmation pressure and the

hydrostatic pressure exerted by the drilling fluid.

The success of this operation depends on prevertimnmeans the proper use of
proper equipment and ad hoc testing and maintenamoggams. Training plays a
fundamental role; in fact, the success of this tgbeperation depends often on
quick reaction from personnel, who must recogniee groblem as it occurs and
proceed with shut-in and well control procedures.

All the conventional methods used to bring the waelller control are based on the
“Constant Bottom Hole Pressure” concept; this deitees the bottom hole
pressure from the mud density and the shut-inpgo#l pressure and to keep the
bottom hole pressure constant while the influxdigplaced . It is established that
the required constant bottom hole pressure shaklightly higher than the pore
pressure to be maintained throughout the killingrapon, in order to maintain

the balance between the well and the formation.

According to eni e&p practices, the order of prefare in the use of the Well
Control Methods is the following: the Wait and Wetignethod is the first, but if
this is not practical, the Driller's Method will hesed; the last choice will be the
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Volumetric Method. In any case, the use of thesehads will always be
influenced by the field knowledge of the drillingfapletion team.

Before detailing these three methods it is necgdsaintroduce some theoretical

considerations:
Theoretical Considerations
* Gas Expansion

In the late 1950s and early 1960s, the oil industayted to realize that no all the
influxes are in a liquid state; they can be als@igaseous state: In this case it
must be taken into account that the gas has thgegsoto expand as it approaches
to the surface. The first mathematical relationdoifpe used is the well known

law of real gases (Equation 1.1):
PV = ZnRT (1.1)
where:

P = Pressure, psia

V = Volume, f£

Z = Compressibility factor

N = Number of moles

R = Gas constant

T = Temperature, °Rankine

By neglecting changes in temperature, T, and cossph#ity factor, Z, and under
varying conditions, the Equation 1.1 can be singdifinto Equation 1.2 as
follows:

P,V =PV, (1.2)
where:

1= Denotes conditions at any point

2= Conditions at any point other than point 1
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This establishes that the pressure of a gas matifly the volume of the gas is
constant and in the case when the gas is not gedmnid expand the pressure

begins to be excessive.

Thereby, the main goal of the circulating methotbibring the gas to the surface,
where it is allowed to expand to avoid rupturing tellbore; it is also mandatory
to keep the Bottom Hole Pressure constant in dadprevent additional influx of

formation fluids.

e The U-Tube Model

The importan of this Model is that all classicamacement procedures are based
on the U-Tube Model, illustrated iRigure 1.2 The left side of the U-Tube
represents the drillpipe while the right side of th-Tube represents the annulus.
Therefore, the U-Tube Model describes a system evtier bit is on bottom and it
is possible to circulate from bottom. If it is n@assible to circulate from bottom,
classical well control concepts are meaninglessram@pplicable.

5 Py 3P,

J-"l'TT'D m {D_ n]

DRILLPIPE ANNULUS

Py

Fy = Bottomhole Pressure, psi
Pygp = Drillpipe Pressure, psi

s = Annulus Pressure, psi
Am = Mud Density, psift
pf = Influx Density, psift
h = Influx Height, feet
D = Well Depth, feet

Figure 1.2 The U-Tube Model
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As illustrated inFigure 1.2 there is an influx of formation fluid in the anuos.
As primary control indicates, the well is shut WUnder these conditions, there is
static pressure on the drillpipe, which is dendigdPy,, and static pressure on the
annulus, which is denoted by. H'he formation fluidps, in the annulus occupies a
volume that can be defined by the area of the aisnby the heighth, of the

influx.

The left side of the U-Tube represents the dripgnd, in static conditions, the
bottomhole pressure is determined utilizing Equafid3:

where:

P,= Bottomhole pressure, [psi]

pm= Mud gradient, [psi/ft]

D= Well depth, [feet]

Pap= Shut-in drillpipe pressure, [psi]

Thereby, all classical models, that will be exptainn this thesis, must keep the
shut-in bottomhole pressure,, Ronstant in order to prevent additional influx of
formation fluids while displacing the initial infkuto the surface. In this method,

all the variables are known and the drillpipe sglased to control the bottomhole

pressure,

The Wait and Weight method

The W&W Method involves only one circulation. Thelux is circulated out and
the kill mud is pumped in one circulation. Whilenpping kill mud from surface
to bit, a drill pipe pressure schedule has to beutated and followed. The drill
pipe pressure is held constant ,thereafter, umgilkill mud is observed returning

to the surfacd?

The Wait and Weight Method is discussed in detafioows!":
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* Step 1: on each tour, read and record the stangpgmsure at several
rates in strokes per minute (spm), including thecgrated Kkill rate for
each pump.

 Step 2: prior to pumping, read and record the pip# and casing
pressures. Determine the anticipated pump presguttee kill rate using
Equation 1.4:

Pc = Pks + Pdp (1.4)
Where:

P. = Circulating pressure during displacement, psi
Pxs= Recorded pump pressure at the kill rate, psi

Pap= Shut-in drillpipe pressure, psi

» Step 3: Determine the density of the kill-weightdnpy, using Equation
15

__ pm*D+Pgp
e

(1.5)

where:

p1= Density of the kill-weight mud, ppg
pm = Gradient of the original mud, psi/ft
Pap = Shut-in drillpipe pressure, psi

D =Well depth, feet

* Step 4: Determine the number of strokes to theblitdividing the
capacity of the drill string in barrels by the cejyaof the pump in barrels
per stroke according to Equation 1.6:

CaplaptChwlhwtCacla
STB = “drtd ot Cacac (1.6)
14

where:
STB= Strokes to the bit, [strokes]
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Cap= Capacity of the drillpipe, [bbl/ft]

Chw = Capacity of the heavy-weight drillpipe, [bbl/ft]
Cqc = Capacity of the drill collars, [bbl/ft]

lgp= Length of the drillpipe, [feet]

lhw = Length of the heavy-weight drillpipe, [feet]
l¢c = Length of the drill collars, [feet]

Cp = Pump capacity, [bbl/stroke]

» Step 5: Determine the new circulating pressBeg,at the kill rate with
the kill-weight mud at the bit, utilizing Equatidn?:

Pop = Py — 0.052 % (p; — p) D + (%) ¥ Prs (1.7)

where:

p1 = Density of the kill-weight mud, ppg

p = Density of the original mud, ppg

Pxs = Original circulating pressure at kill rate, psi
Pap = Shut-in drillpipe pressure, psi

D =Well depth, feet

» Step 6: For a complex drill string configuratioretermine and graph the
pumping schedule for reducing the initial circuigti pressure,P,
determined in Step 2, to the final circulating pre®,Pc,, determined in
Step 5. Using Equations 1.8 and 1.9, calculateelrdbl and create the
corresponding graph.

Table 1.1.- Pumping Schedule: Strokes vs Pressure

Strokes Pressure
0 700
STKS 1 P1
STKS 2 P2
STKS 3 P3
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STB Pcn

STKS 1 = “ezdet (1.8a)
14
STKS 2 = “dprar Cpedp: (1.8b)
p
STKS 3 — Cdplldp1+ Cdpgldp2+ Cdpsldps (18C)
p
STB — Cdplldp1+ Cdpzldpzz Cdpsldp3+"'+cdcldc (18d)
p

STKS1

Pks
Py = P. = 0.052(py — p)(lasa) + (22 = P ) (G520 (1.92)
Pps STKS?2
P, = P. = 0.052(p; = p)(lass + las2) + (222 = Py ) 5120 (1.9b)
Pps STKS3
Ps = P. = 0052(p; = P)(lass + lasz + lass) + (222 = P 1) (1.90)

Pks
Pcn = Pdp - 0-052(P1 - p)(ldsl + ldsz + lds3 + o+ ldc) + (plpk - Pks) (lgd)

where:

STKS 1 = Strokes to end of section 1 of drill sgrin
STKS 2 = Strokes to end of section 2 of drill sgrin
STKS 3 = Strokes to end of section 3 of drill sjrin
STB = Strokes to the bit as determined in Step 4
p1 = Density of kill-weight mud, [ppg]

p = Density of original mud, [ppg]

lgs 23 = Length of section of drill string, [feet]
Cag.23= Capacity of section of drill string, [bbl/ft]

P123 = Circulating pressure with kill-weight mud to ted of section 1,2,3, [psi]
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Pap = Shut-in drillpipe pressure, [psi]

Pxs = Circulating pressure at kill speed determine8tiep 1, [psi]

Cp = Pump capacity, [bbl/stroke]

P.n = New circulating pressure, [psi]

P. = Initial displacement pressure determined in 2teging Equation 2.4, [psi]

For a drill string composed of only one weight oflidipe and one string of

heavy-weight drillpipe or drill collars, the pumpirschedule can be determined

using Equation 1.10:

STKS _ 25(STB)

= (1.10)

25 psi Pe—Pcn

Step 7: raise the density of the mud in the sugtibrio the kill weight

determined in Step 3.

Step 8: bring the pump to a kill speed, keepingctisng pressure constant
at the shut-in casing pressure. This step shouddine less than five
minutes.

Step 9: once the pump is at a satisfactory killespeead and record the
drillpipe pressure. Adjust the pumping scheduleoediagly. Verify the
drillpipe pressure using the diagram establishe®tep 1. Displace the
kill-weight mud to the bit pursuant to the pumpsahedule established in
Step 6 as revised in this step.

Step 10: displace the kill-weight mud to the susfakeeping the drillpipe
pressure constant.

Step 11: shut in the well, keeping the casing pmessonstant and observe
that the drillpipe pressure and the casing presartge0 and the well is
dead.

Step 12: if the surface pressures are not 0 andwitle is not dead,

continue to circulate, keeping the drillpipe presstonstant.
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» Step 13: once the well is dead, raise the mud wegthe suction pit to
provide the desired trip margin.

o Step 14: Drill ahead.

Driller's Method

The Driller's Method requires two circulations tdllka well. During the first

circulation, the influx is circulated out with tlegiginal mud weight. In order to
maintain constant BHP, the circulation through dndl pipe is done at constant
pressure. If the original mud weight is insuffidieto balance the formation
pressure, the well is killed by circulating a hesivinud (kill mud) in a second

circulation.

To hold constant Bottom Hole Pressure (BHP) dutiregsecond circulation, one
of two procedures is employed. The casing press&irbeld constant while
pumping kill mud from surface to bit and the dplpe pressure is held constant
thereafter, until the kill mud is observed retumnito the surface. Alternately,
during the second circulation, a drill pipe pressschedule can be calculated and
followed while pumping kill mud from surface to pand drill pipe pressure is

held constant thereafter.

This Method can be further classified as a simp$pldcement which requires

minimal calculations. The recommended proceduss i®llows™":

» Step 1: on each tour, read and record the stang@pgssure at several rates
in strokes per minute (spm), including the antitzplakill rate for each
pump.

» Step 2. after a kick is taken and prior to pumpiregd and record the
drillpipe and casing pressures. Determine the ipatied pump pressure at

the kill rate using Equation 1.11:

Pc = Pks + Pdp (1.11)
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Step 3: bring the pump to a kill speed, keepingcts@ng pressure constant
at the shut-in casing pressure. This step shoujdine less than five
minutes.

Step 4: once the pump is at a satisfactory killegpeead and record the
drillpipe pressure. Displace the influx, keepinge trecorded drillpipe
pressure constant.

Step 5: once the influx has been displaced, rett@aasing pressure and
compare with the original shut-in drillpipe presswecorded in Step 1. It
is important to note that, if the influx has beempletely displaced, the
casing pressure should be equal to the originatishdrillpipe pressure.
Step 6: if the casing pressure is equal to their@igshut-in drillpipe
pressure recorded in Step 1, shut in the well bgpkey the casing
pressure constant while slowing the pumps. If thsing pressure is
greater than the original shut-in drillpipe pressuontinue circulating for
an additional circulation, keeping the drillpipeepsure constant, and then
shut in the well, keeping the casing pressure emtsthile slowing the
pumps.

Step 7: read, record and compare the shut-in ghdlpnd casing pressures.
If the well has been properly displaced, the shuthillpipe pressure
should be equal to the shut-in casing pressure.

Step 8: if the shut-in casing pressure is greditan the shut-in drillpipe
pressure, repeat Steps 2 through 7.

Step 9: if the shut-in drillpipe pressure is eqtmlthe shut-in casing
pressure, determine the density of the kill-weigltd,p1, using Equation
1.12:

__ Pm*D+Pgy
P1 = o052+ (1.12)

Step 10: raise the mud weight in the suction pitht® density determined
in Step 9.

Step 11: determine the number of strokes to thebbpitdividing the
capacity of the drill string in barrels by the cejyof the pump in barrels

per stroke according to Equation 1.13:
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STB — Cdpldp+ch2vlhw+cdcldc (113)
14
» Step 12: bring the pump to speed, keeping the ggsssure constant.
» Step 13: displace the kill-weight mud to the bigeging the casing

pressure constant.

Warning Once the pump rate has been established, ncefuattjustments to the
choke should be required. The casing pressure ghmmhain constant at the
initial shut-in drillpipe pressure. If the casingepsure begins to rise, the
procedure should be terminated and the well shut in

» Step 14: after pumping the number of strokes regluior the kill mud to
reach the bit, read and record the drillpipe pressu

» Step 15: displace the kill-weight mud to the sugfaceeping the drillpipe
pressure constant.

» Step 16: with kill-weight mud to the surface, siuthe well by keeping
the casing pressure constant while slowing the gump

e Step 17: read and record the shut-in drillpipe gues and the shut-in
casing pressure. Both pressures should be zero.

» Step 18: open the well and check for flow.

» Step 19: if the well is flowing, repeat the procexdu

» Step 20: if no flow is observed, raise the mud Wwetg include the desired
trip margin and circulate until the desired mud giniis attained
throughout the system.

Volumetric Method

The volumetric method is normally used to contrad gxpansion, migrating up-

hole, during the shut-in period.

The most common situations, where the volumetrithoskmay be applicable,
include the following:

- When the mud pumps are inoperable.
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The drill string is far off the bottom or out ofetfinole.
There is a washout in the drill string.

The bit is plugged.

The drill string has parted and dropped.

In this method, the BHP is maintained relativelpstant and slightly in excess of

the pore pressure, whilst the gas is allowed t@edg@s it migrates up to the

surface. The volumetric method mainly consisthinfollow steps®:

Step 1: a constant bottom hole pressure is magdaby bleeding off
mud, with an equivalent hydrostatic head equalhi® ttise in pressure
caused by the migrating gas. For instance, if tieke pressure rises by
7,03 kg/crd, a volume of mud equivalent to the hydrostaticspuee of
100 psi is slowly bled off, maintaining constansicg pressure.

Step 2: bleed off in very small increments to allinw pressure to respond
by using a manual adjustable choke and divertikgnttud into the trip
tank.

Step 3: repeat this process until the influx hagrated up to the BOP.
Step 4: when the gas is at the BOP stack, lubricaig into the well. The
lubrication procedure will replace the influx withud, as the gas is bled
off at the choke.

Step 5: pump mud into the casing until pump presswaches the
predetermined limit and stop the pump.

Step 6: leave the well shut-in for a time to allgas to migrate through
the lubricated mud.

Step 7: bleed gas from the well until the surfaesgure is reduced by the
exact amount equal to the hydrostatic pressurehef fluid volume
lubricated into the well.

Step 8: route returns via the mud gas separator raoditor. If a
significant quantity of mud is returned, bleedirtgpsld be stopped and

further time allowed for the gas to migrate throtigé lubricated mud.
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 Step 9: it is unlikely that all the gas will rise surface as a discrete
bubble and it will be mixed through the mud; theref it will take a
considerable length of time to be completed.

» Step 10: when using subsea BOP stacks, gas mignai&y occur in the
choke line leading to a reduction in bottom holessure. In this case, a
dynamic volumetric method is used for venting tlas from the subsea
BOP, by circulating down the kill line and up theoke line. Control
surface pressure and pit gain with the choke lloge the Kill line to

monitor the bottom hole pressure.

Note If the mud weight is insufficient to balance fleemation pressure, it will be

necessary to strip drill pipe into the well to iraient a standard well kill method.

Bull heading

This method should be only used when normal metthodgilling a well with
conventional circulation are not possible or magute in a critical well
conditions.

Bullheading is usually only considered when théofeing situations occur:

* A H2S influx cannot be handled safely by rig perssirand equipment.

* AKkick is taken with the pipe far off bottom or eveut of the hole.

» Circulating the kick out may result in excessive gates at surface.

» Kick calculations show that the MAASP will be grgagéxceeded during
conventional kill operations.

» Killing completed wells, i.e. actual producing veelbr production well

tests in cased wells.

Major factors that will be considered to determthe feasibility of bullheading

are as follows:
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» Characteristics of the open hole formations, inicigdracture gradients
and estimated permeability.

» Rated pressures of casing, making allowance for e deterioration.

» Size, location and nature of the influx.

e Consequences of fracturing a section of open hole.

Bullheading procedures will be defined and decidedhe rig site, in order to
control a specific situation; it must be clear ttia drilling/completion fluid and
influx are squeezed back downhole into the weadogsbsed open hole formation.

Kill Methods Considerations

According to eni e&p best practices, the explaimexthods should be used in the

following situation&”:

a) Use the Drillers method to kill the well if theflunx is due to swabbing

* The bit shall be backed on bottom.

* It may be necessary to kill the well in stages,leviiorking the pipe back
to bottom.

» If the intermediate casing shoe is deep enouglircalation at this point
will probably kill the well; however, some influxilivstill be in the open
hole.

» Ifitis not possible to get the pipe back to bottdhere may be difficulties
in killing the well completely.

b) Killing the well by the Wait and Weight Method etfinal circulating pressure
should be reached when the killing fluid reaches ltrizontal section vertical

depth, not the bit position.

c) Volumetric Method may not be very effective in izontal wells since the

influx tends to be “by-passed” in the horizontaktgen and remains in the
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borehole. This method, however, should be consijafethe pipe cannot be
stripped to bottom.

d) Bullheading Method. This method should be congideir
* The pipe cannot be stripped to bottom.
* There is no pipe in the hole.

* A large influx has been taken.

1.4.8 Tertiary Control
If secondary control cannot be maintained due taipegent failure and
consequent loss of well control, it is still possilbo apply proper measures to

avoid the complete loss of the well.

Although these measures may avoid the risk of svdot, they usually lead to
partial loss of the well. The main remedies tleat be adopted are:
» Barite plugs

e Cement plugs
Barite Plugs

This method consists in pumping into the well tlgloahe drill pipe a mixture of
barite, water or oil. If conditions permit, theisy is pulled above the plug itself.

As known, the barite is characterized by high dgremnd fine particle grain size,
which is fundamental to form an impermeable banmeorder to stops the well

flowing out.

A barite plug offers the following advantages: @ncbe pumped through the bit;

the string may be recovered; the material is algkdlan site.

The plugs must be made-up from top quality bamiie it must have the following

properties:

- High density;
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- High settling rate.

The biggest risk involved is that the string gelsigged, if circulation is

interrupted before the plug is completely displadgarite plugs may be displaced
with the rig pumps, but it is preferable to useeanenting unit to allow more
accurate volume control. In order for the plug tt @ good seal and to be

accurately displaced, a plug length of at leasthG8 recommended.
Barite plugs can be made in two ways:

a) barite/water mixture;

b) barite/oil mixture.

Cement Plugs

Cement plugs may be used to stop bottom hole iefibut this implies

abandoning the well and loss of most of the dglli@guipment.

The method mainly consists in pumping a cementyshith accelerators into the
annulus through the drill string. Quick setting enreduces the chances of gas-
cutting. The cement is usually pumped until pum@ elmoke pressures show that
a bridge has formed.

The use of cement plugs offers little possibilifyrecovering the string. The drill
string may even become plugged after pumping theeoé This would preclude
any further attempt to control the well, if thestirattempt fails. Cement plugs

must, therefore, be considered as the last salutio
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CHAPTER Il

HISTORICAL CASES

This report presents frequencies of blowouts antineleases based on data from
the areas of US GoM OCS (US GoM) and North Sea.fiidguency basis is the

latest blowout statistics distributed by SINTEF; pecember 2005, Ref. /1/. The
time period of the research started from 01.01£431.12.03 to estimate the
frequency of the events.

Also, this report will focus in documenting blowoand well release frequencies
based on well operations of North Sea standards weispect to standards of
practice and equipment. Another important issu¢ Ithall introduce is a mutual

understanding of the data selected and use of mbgudncies amongst oll

companies and risk analysts.

Delimitation
- Descriptions of well control incidents are notluded in this report.
- Only hydrocarbon releases are included in thgueacy calculations, i.e.
incidents where the released formation fluid isireef as water or incidents
where the releases have been solely mud are didesha
- Blowouts caused by external loads (e.g. firernsjoare not included except
for the production phase, where it is mentionedieitly.

- Underground blowouts with no release to the sgdaiform are excluded

2.1 HISTORICAL CASES
Blowouts occur for a variety of reasons as it Ww#él explained in the next chapter.
Most factors relate to human errors, equipment umation and geology. Proper
planning to handle this situation after the blowaguires an understanding of the
technical basis of each scenario and some quaveitatformation on damage,

frequency, etc. Often, planning and operationalsiees relating to blowouts are
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based on insufficient data, failure to consult viatbwout specialists or emotional
factor.

Further, this thesis presents some interpretatielased with the most expensive
and frequent blowouts in the history. Literaturarsbes from prior projects were
beneficial in developing in the eni's Company blawvdiles. Also, Marintek’s,

BP, and Society of Petroleum Engineers (SPE) blovdatabase was used to

provide insight into database elements and strectur

Blowout data reporting is improving in the industalthough, it has been poor
historically. Emphasis is being given to data ailen by various sources,
including government agencies and insurance corapaniHopefully,
developments in the future will lend themselvesdtta collection that will

provide answers where voids currently exist.

Some data were generalized to fit in a managealeber of categories. If a
sufficient number of categories had been createdetter handle the data, the
database structure would have been unmanageablenang categories would
have few or no data points. The results should tesidered as qualitative
indicators rather than absolute quantitative measants. The relatively small

number of events and available data on each egguoired this approach.

2.2 DISCUSSION OF BLOWOUT DATA ANALYSIS

Figure 2.1 shows blowout occurrences by year foeise areas. The composite
data are segregated into the regions of Albertaa@a Texas, USA and South
America. These data are based on the number ofobloyebs in past history.

However, documented reports were not availabléhfeir entry into the database.
(8]
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Figure 2.1 Blowout occurrence Vs Years

As we can notice the number of reported blowoutseiased from the late 1960s
and even more rapidly as the activity for oil wasalated in 1973. The peak was
in 1978. The trend has subsequently decreasednergeaccordance with the
reduced drilling activity. Even you have to keepmnind that serious well-control

incidents can occur any time, even when least eéggdec

Two recent incidents in the Gulf of Mexico reminsl this fact. The first that will
be mentioned is the BP Macondo blowout. in thisecasnotice that once the
casing is installed and cement is pumped, the ddaget over. The second case
that we would like to mention was a deepwater loorioil spill, clearly an
ecological disaster in Venezuela; this was the mbjowout in the mentioned

country.

TheDeepwater Horizomwil spill, also referred to as the BP oil spill or
the Macondo blowout, is an oil spill in the Gulf Meexico which flowed for three
months in 2010. It is the largest accidental maoitespill in the history of the
petroleum industry. The spill stemmed from a searfbil gusher that resulted
from the April 20, 2010, explosion @feepwater Horizonwhich drilled on the
BP-operated Macondo Prospect. The explosion killédnen working on the
platform and injured 17 others. On July 15, 20he,leak was stopped by capping
the gushing wellhead, after it had released ab&utrdllion barrels (780,000

of crude oil. An estimated 53,000 barrels per day@0 m3/d) escaped from the
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well just before it was capped. It is believed ttieg daily flow rate diminished
over time, starting at about 62,000 barrels per (@800 m3/d) and decreasing as
the reservoir of hydrocarbons feeding the gushes wadually depleted. On
September 19, 2010, the relief well process wasesastully completed, and the
Federal Government declared the well "effectivedgd’.””

At approximately 9:45 p.m. CDT, on April 20, 20X09ethane gas from the well,
under high pressure, shot all the way up and ouhefdrill column, expanded
onto the platform, and then ignited and explodede Ehen engulfed the
platform™® Most of the workers escaped the rig by lifeboat awere

subsequently evacuated by boat or airlifted by coelier for medical
treatment!? however, eleven workers were never found despitee-day Coast
Guard search operation, and everything indicated they have died in the
explosion*? Efforts by multiple ships to douse the flames warssuccessful.
After burning for approximately 36 hours, tbeepwater Horizorsank on the
morning of April 22, 2014**!

The second case was on April 20, 2010, the Deepwateizon, a mobile,
semisubmersible deep-sea oil-drilling rig leasedBlojish Petroleum (BP), was
completing a newly drilled well forty-one miles dffe Louisiana coastline in the
Gulf of Mexico when it exploded and sank, killinigeen oil-rig workers, injuring
seventeen, and triggering the largest offshore spill in U.S. territory in
American history. It will likely be one of the tdpn in world history if it is not
stopped soon. The spill is clearly an ecologicalashier, but overreaction to it
could cause more environmental and economic haan tjood. It should be
viewed in perspective historically and environméptand policymakers should
wait to make changes until the full effects of #pdl can be understood.

The estimates of the amount of oil leaking from [Deater Horizon have
superseded the initial estimate of 5,000 barrels gey; according to the
Department of the Interior, oil is leaking at aeraf 20,000 to 40,000 barrels per
day, though some estimates run as high as 60,008@ldaer day*? Using a
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midpoint range of 30,000 barrels per day, by Jurebdut 172,000 tofis' had
leaked from the well under Deepwater Horizon. Bymparison, thd&xxon
Valdezspilled 37,000 tons, and the 1969 Santa Barbatiopin spill released
12,000 tons.

Delimitation

e A specific description of well control incidents ot included in this
thesis. It is included just an identification numiog¢ incidents, estimation
of cost, frequency and quantity of oil released.

* Only hydrocarbon releases are included in the ®aqy calculations, i.e.
incidents where the released formation fluid isirdef was water or
incidents where the releases have been solely neudisregarded.

* Blowouts caused by external loads (i.e. fire, shaane not included except

for the production phase, where it is mentioned.
2.3 PHILOSOPHY AND METHOD
1.- Hierarchic Approach

A hierarchic approach was chosen for the calculadioblowout frequencies. This
means that main classes were defined for the freme®e calculated.
Subsequently, the main classes are divided intolasfes. Subclasses are defined
as oil wells and gas wells, except for the mairsishallow gas. The latter main
class has been split into restricted and full dsaand topside and subsea
releases, due to some different definitions ofdategory well release compared

to blowouts.

Sometimes, the data for the subclasses are sCHmnas, in order to get a more
reliable frequency, the data have been split sbetheh subclass may be evaluated

on the basis of other information as well.

2.- Guidelines for Choosing Main Classes

The guidelines for choosing the main classes afellasvs:
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« Each main class should contain a number of incgd@meferably more than
3) to obtain a reasonable basis for calculating rttan class frequency.
Alternatively, available exposure data should béfigant to assess a
reliable frequency for the main class.

* To the largest extent possible, each main clasgldhi@ve common failure
modes. Hence, common trends (change in risk over)tcan be found.

« The main classes should have the same, or sirndasequences.
3.- Main Classes

The frequencies have been calculated for 4 difterexnn classes:

- "shallow gas",

- "blowout",

- "well release" and

- “cost”
as presented below. The terminology "deep" is reigrto well operations
performed after the BOP is installed on the wetl ant as a blowout barrier.
Shallow Gas: his main class includes blowouts and well releas®s$ is only
defined for the operation drilling, where the releanedium is reported as shallow
gas. The allocation of blowouts and well releasés one main class is done since
failure modes are the same.
The only difference between a shallow gas blowodt @ shallow gas well release
is that well releases are per definition succelstliverted.
Frequencies of shallow gas releases are splitfult@and restricted releases, but

also topside and subsea releases.

Blowout: The blowout frequency in this main class is caltedaseparately for the

operations regarding drilling, completion, prodaantand well interventions.
Well Release

The well release frequency in this main class isutated separately for the

operations regarding drilling, completion, prodantand well interventions.
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The difference of the failure modes of well releasempared to blowouts is that
failures in the BOP system give a smaller contrdyuto hydrocarbon releases.

Cost

The method applied to estimate costs for a hypthetspill is the EPA
BOSCEM. It is an Oil Program with a methodology &stimating oil spill costs,
including response costs and environmental andosocnomic damages, for
actual or hypothetical spills. The model can qugmtlative damage and cost for
different spill types for regulatory impact evaloat contingency planning, and
assessing the value of spill prevention and redngatieasure's®!

The following section gives the results of sometltd analysis from the data
mentioned.Table 2.1 shows the locations of the six Worst Offshore Blote

according to the volume of oil released.

Table 2.1 Six Worst Offshore Blowouts

Volume Released

(Barrels)

TheDeepwater Horizor oil spill (also referred to as
the BP oil spill or theMacondo blowout) 4.900.000
It is an oil spill in the Gulf of Mexico, which fleed for
three months in 2010. It is the largest accidemiatine oil
spill in the history of the petroleum industry

Sedco 135F and the IXTOC-1 Well
In 1979, the IXTOC-1 blowout flowed uncontrollabiy 3.500.000
the Bahia de Campeche, Mexico, until it was capfed

months lateF”]

Ekofisk Bravo Platform
Phillips Petroleum's Ekofisk B platform experien@ad8- 202.381
day oil and gas blowout in 1977, during a productiel|

workover™*®
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Funiwa No.5 Well
Oil from the 1980 Funiwa 5 blowout polluted the Biig

, 200.000

Delta for 2 weeks, followed by fire and the evehfua

bridging of the well.

Hasbah Platform Well 6
Drilled in 1980 by the Ron Tappmeyer jack-L
exploratory well No. 6 blew out in the Persian Glalf 8

days and cost the lives of 19 men.

ip,  100.000

Union Qil Platform Alpha Well A-21
The 1969 Union Oil Platform A blowout lasted 11 8

but continued leaking oil into the Santa Barbarai@iel

for months afterwards.

Y 80.000

Table 2.2 Other Notable Blowouts

Adriatic IV
A blowout and fire in 2004 destroyed both the Aticidv
jack-up and Temsah gas platform off the Egyptiaasto

Al Baz
Santa Fe's Al Baz jack-up burned and sank aftéovadut
in 1989 with the loss of 5 lives.

5 fatalities

Arabdrill 19

A leg punch-through in 2002 led to a blowout anck
which sank both the Arabdrill 19 and a product
platform in Saudi's Khafji Field.

-

on 3 fatalities

Blake IV and Greenhill Petroleum Corp. Well 250
In 1992, Greenhill Petroleum's workover oil welewl out
in Timbalier Bay, igniting after 2 days and takihdy days

to cap

Major release

C.P. Baker Dirilling Barge
Built in 1962 using an uncommon catamaran desklgn(L

P. Baker drilling barge burned and sank after d®hajas

22 fatalities
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blowout.

Enchova Central
Petrobras' Enchova Platform suffered twice withwidots 42 fatalities
and fire in both 1984 and 1988, ending with thes lokthe
platform in 1988.

Ensco 51
A blowout and fire in 2001 in the Gulf of Mexico wsed
the collapse of the Ensco 51's derrick, resultimg i

extensive platform damage.

Ocean Odyssey 1 fatality
This 1988 North Sea blowout occurred whilst drglian
HPHT well on the Ocean Odyssey, resulting in thatl

D

of the radio operator.

Petromar V Dirillship
The Petormar V drillship sank in 1981 after a shalbas
blowout in the South China Sea.

Sea Quest
Whilst working off Nigeria, the Sea Quest suffered
extensive fire damage after a blowout in 1980 aras |w
then deliberately sunk.

West Vanguard
Another shallow gas blowout, the West Vanguardesett 1 fatality
explosion and fire in 1985 off Norway, with the dosf 1

life.

The following Table 2.3 gives the results of some of the analysis of émemost
expensive accidents in the history.
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Table 2.3 Most Expensive Accidents

Incident Cost ($)

Piper Alpha

Occidental's Piper Alpha platform was destroyed
explosion and fire in 1988. 167 workers were killedhe
blaze.

bY 1 270.000.000

Petrobras P36
In 2001, an explosion destabilized the P36 productig 515.000.000

in the Campos Basin, Brazil, eventually causirtg gink.

Enchova Central
Petrobras' Enchova PCE-1 Platform suffered twicthwi 461.000.000
blowouts and fire in both 1984 and 1988, endindwiite
loss of the platform in 1988

Sleipner A
A design error resulted in the structural failunel991 of 365.000.000
the gravity base unit of the original Sleipner Atbrm.

Mississippi Canyon 311 (Bourbon)
In 1987, the Mississippi Canyon 311 A Bourbon matf 274.000.000
in the Gulf of Mexico was tilted to one side by jan

extensive underground blowout.

Mighty Servant 2
The Mighty Servant 2 struck a rock and sank ofoimesial 220.000.000
whilst carrying platform modules in 1999.

Mumbai (Bombay) High North

A support vessel collided with Mumbai High North
2005, rupturing a riser and causing a major fireictl
destroyed the platform.

n 195.000.000

-

Steelhead Platform
A blowout in 1987 led to six months of trouble fitre 171.000.000
Steelhead Platform, resulting in fire and extengilgform
damage.

Name not known
1993: Explosion and fire destroyed a platform oantr 122.000.000
room and damaged adjacent platforms on Lake Mdracqai
Venezuela, with eleven fatalities.

Petronius A
In 1998, a crane load line broke while lifting theuth 116.000.000
topside module of the Petronius platform, droppthg
module into the Gulf of Mexico.

The nextTable 2.4 Gas Blowout Statistical Summary is based in theR8lss
Northstar study, from 1955 until 1993. The diffdrdrlowouts are grouped

according to the operations taking place when tloevdut occurred and are
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compared with the number of total wells (both exglory and development

wells) drilled in the area of interest.

Table 2.4 Gas Blowout Statistical Summary

Worldwide | Norwegian| UK USGOM North
1955-1980| North Sea | North & North Sea-
1976-1980] Sea | Sea Norway
1955- | combined, & UK
1980 | 1980- 1980-
1992 1993
Well Drilled
36633 11116 1559 15294 4704
Exploration Wells
11737 4175 838 5781 2315
Development Wells
24896 6941 721 9513 2389
Exploration Well
Blowout incl. 96 32 unknown 43 16
Shallow Gas
Blowout
Development  Wel
Blowout incl. S.G 66 14 unknown 25 4
Blowout
Production/Workover
Blowouts 52 unknown | unknown 43 4
Total Blowout incl.
S.G & Production 214 46 6 111 24
Blowouts
Shallow Gas 54 unknown 0 46 unknown
Blowouts
Blowout Incidence
total exp&dev.| One in 230| One in 249 One in Oneiin Oneiin
Blowout/total drilled 260 230 290
Blowout Incidence
Exploration Drilling | One in 120, One in 130 - Onein Onein
130 170
Blowout Incidence
Development One in 380, One in 500 - Onein Onein
Drilling 380 440

Table 2.5gives an oil blowout summary for a range of wglids.
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Table 2.5 Oil Blowout Data Summary

Event Historical Frequency | Experience
Gas Blowout during development 3 . US OCS,
o 2.5 x 107 /wells drilled
drilling 1964-1995
Gas Blowout during exploration 3 ) US OCS,
o 5.4 x 10/wells drilled
drilling 1964-1995
Blowout during production and
_ _ o 5 US OCS,
workovers involving some oil discharge 6.5 x 10™/well-years
1964-1995
> 1 bbl
Development drilling blowout with oil . _ Worlwide,
_ 7.8 x 10”/wells drilled
spill > 10.000 bbl 1970-2000
Exploration drilling blowout with oil A ) Worlwide,
_ 1.5 x 10™/wells drilled
spill > 10.000 bbl 1970-2000
Development drilling blowout with oil . _ Worlwide,
_ 3.9 x 10™/wells drilled
spill > 15.000 bbl 1970-2000
Exploration drilling blowout with oil 5 ) Worlwide,
_ 5.5 x 10™/wells drilled
spill > 15.000 bbl 1970-2000
Production/workover blowout with oil . Worlwide,
_ 2.5 x 10”/well-year
spill > 10.000 bbl 1970-2000
Production/workover blowout with oll c Worlwide,
_ 1.5 x 10”/well-year
spill > 15.000 bbl 1970-2000
PLATFORM SPILLS (Incl.
Blowouts)
o US OCS,
Qil spill > 10.000 bbl 1.3 x 1G/well-year
1964-1995
o US OCS,
Oil spill > 1.000 bbl 3.6 x 10/well-year
1964-1995
o US OCS,
Qil spill > 50 bbl 8.3 x 10%well-year
1964-1995
— US OCS,
Oil spill > 1-5 bbl 1.7 x 10%well-year
1964-1995
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As last main pointTable 2.6 shows the most frequent primary and secondary
barriers that failed in all phases in Louisianaxd® OCS, in the period 1960-
1996. It can be seen that more or less primary sewbndary barriers fail in

similar percentages, being 1206 and 1239, respygtiv

Table 2.6. Most frequent primary and secondary bariers that failed in all phases (Louisiana,
Texas OCS, 1960-1996)

Primary Barrier BO Secondary Barrier BO
Swabbing 268 Failed to close BOP il
Drilling break / unexpected
_ 95 Rams not seated 21
high pressure
Too low mud weight 74 Unloaded too quickly 59
Formation breakdown/lost _
_ _ 71 DC/Kelly/TJ/WL in BOP 36
circulation
Gas cut mud 68 BOP failed after closure 98
Trapped/expanding gas 60 BOP not in place 80
Wellhead failure 44 Diverted/chocked- no problem 60
Xmas tree failure 31 Fracture at casing shoe 48
While cement setting 34 Failed to stab valve/k&lyw 50
Poor cement 20 Casing leakage 46
Tubing leak 18 Annular valve/choke 32
Improper fill up 24 String safety valve failed 25
_ Formation breakdown/lost
Tubing burst 12 , , 29
circulation
Tubing plug failure 13 Diverter failed after closur 17
Uncertain reservoir
20 String failure 17
depth/pressure
Water cut mud 9 Casing valve failed 16
Flange leak 9 Wellhead seal failed 14
Annular losses 8 Xmas tree failed 16
Csg. Collapse 8 String safety valve not installed 3
Unknown 320 SCSSV/storm choke failed 9
Unknown 357
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CHAPTER 1lI

DOWN HOLE BLOWOUT PREVENTER

3.1DESCRIPTION OF THE DOWN HOLE BLOWOUT PREVENTER

The Down Hole Blowout Preventer (DHBOP) is a conaltion of oil tools
products in one equipment, which can be placed stieeerywhere in the
drill string and can be activated by a simple domknin case of a kick
situation. This system is an additional compondrthe wellbore control
system and, in any case, will not replace the stahdquipment, such as
the Blowout Preventer (BOP).

The Down Hole Blowout Preventer (DHBOP), also knoasmthe Down
Hole Isolation Packer (DHIP), has been developeskfmarate a formation
from the rest of the borehole in a kick situatidny, inflating a packer
element and closing a valve within the string. Ryivating the packer
element, the gas will be stopped from enteringbitrehole above it

The placement of the DHBOP does not depend on tie BHA. Due to
its autonomy, it is possible to place it anywherethe drill string.
Activation and deactivation of the packer is dome downlinks with low

flow rates in the range between 400 and 750 L/min.

The downhole BOP is adapted to fit between twogsesf concentric drill
pipe or at near the bottom of the concentric cotldaing, such that the
annulus and inner tube of the downhole BOP andatirailus and inner
pipe or tube of the concentric drill string essalhti line up. Thus, the
annular passage and the inner passage of the ¢ooadnll string are in
fluid communication with the annular passage antkinpassage of the

downhole BOP, respectively.
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3.2 MOTIVATIONS TO USE A DOWN HOLE BLOWOUT
PREVENTER
A well control issue, caused by formation influXenmg the borehole, can
cause several problems; in fact:
* It may lead to a surface or underground blow-out.
* It may develop into a severe HSE matter.
* It may result in tools lost in hole of.

* Itis always costly and time consuming.

The deployment of a new downhole tool, as parhefdrill string, with the
purpose to isolate the flowing formation directly,a good practice to

solve such a problem.

3.3MAIN FUNCTIONS OF A DOWN HOLE BLOWOUT
PREVENTER

The use of a DHBOP does not replace a conventid@ét. The surface
BOP will always be closed first, as standard pracesl dictate, in case of

a kick situation.

The four main functions of the DHBOP are:
* Shut-in the drillstring.
* Shut-in the annulus by inflating the packer element
« Allow circulation above it to remove the gas inflard increase the
mud weight.

* Measure the shut-in drill pipe pressure.

There are two points that should be taken into idenation:
« The DHBOP has to be activated prior to closingsindace BOP.
e The DHBOP has to be fully deactivated in case othaaical or

electrical failure of the tool.
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3.4 SAFETY BENEFITS IN THE USE OF A DOWN HOLE
BLOWOUT PREVENTER

The pressure above the DHBOP does not need tocbeased while
circulating the influx out. This means that drillédrmations are
protected from gas influx. A bypass, above the pgcknakes
possible to circulate out the already entered gab we@eight up the
mud above the packer element. Compared to theathmeell control
procedures, this feature saves time by preventivggas entering the
borehole.

The well is sealed off close to the kicking forroati(30-50 m above
the bit).

It completely isolates the well from the kickingriioation, when
activated.

When a DHBOP is used during reverse circulationllirdy with
concentric drill pipe provides a variety of advagds, as follows : (a)
there are no hydrocarbons escaping on the rig fidole concentric
drill pipe is tripped in or out of the wellbore;)(lwhen drilling with a
liquid drilling medium, the annular passage ancempassage of the
inner pipe of the concentric drill pipe can be eld®ach time a new
joint of drill pipe is added to the drill stringhis prevents the loss of
drilling fluids into the formation containing hydrarbons; (c) upon
entering an underpressured formation, the annudasgge and the
inner passage of the inner pipe of the concentiit gipe can be
closed and the hydrostatic weight of the drillihggd can be reduced
below formation pressure by adding a gas, suchit@sgan. The
overbalanced drilling fluid is not lost into therfeation, while the gas
is added to the drilling fluid; (d) if kill fluid wre required to control
an over-pressured situation in the wellbore, itidde pumped down
both the annulus and the inner space of the innee pf the

concentric drill pipe; and (e) the inner pipe of toncentric drill pipe
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could also be used to bleed down the wellbore press; an over

pressured situatioff”
3.5 OPERATING MODES

« Stand by: The flow path is open trough the tool.
» Fill packer: The drill string is closed, the packerfilled and the
bypass open.
* SIDPP measurement: During flow off. open String Wwafor a
certain time and close it subsequently (programejabl
- This mode provides the possibility to determine Hwgtom
hole pressure by measuring the shut in drill pipesgure at
surface.
* Deactivate DHBOP: Deflate Packer completely. Dstling is
open.
- Go back to the Standby mode, but the Packer O\fdte

remains open.
Notice that all modes can be individually seledtedn surface.
3.6 OPERATIONAL PROCEDURE

In case of a kick during drilling a well, the procee recommended by eni

e&p is the following:

Stop pumps, close surface BOP.

- Open choke lines.

- Downlink at low flow (~500 L/m).

- Shut-in annulus (downhole).

- Read shut-in drill pipe pressure.

- Shut-in pipe, open bypass.

- Circulate out influx above DHBOP.
- Open surface BOP (optional).

- Circulate “kill mud”.

- Close surface BOP.
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- Deactivate DHBOF
- Circulate-out kick below DHBOP.
- Open surface BO

3.7 DOWNHOLE BLOWOUT PREVENTER - SURFACE-
DOWNHOLE COMMUNICATION

* Monitor alternator voltage at low flow rate.

“DHBOP “Weak up” Downlink Sequence :dge uplink from
Operational flow” (7 crossings) ' pressure pulses

F
100
650 f\- - / ________________
Flow (Ipm) . L BX~165 ___min. 455
Min. 60s _f f )
Time (s) / Pressure (bar)
Locking

we - ML

Figure 3.1 Surfac-Downhole Communication

In Figure 3.1 the blue line represents the flow rate. Downhotrdhs a sensor
the string and each time the flow rate exceedseslhiold value, that means tha
is greater than the upper threshold or it is smétlan the lwer threshold value:
the DHOBOP receives a series of commands, lik®@ 1

According to the sequence of 0 and 1 that we siredtool performs a differel
function.

* Activation

The activation of the packer, in case of a kicledseto be done with minimum
of flow; the first idea is to send Down Link (DL)#&nd continue flowing unt
the locking time is elapsed and packer inflates However, it is commo
wellbore control practice to immediately shut i goumps and try to prevent t
link, continuing to enter into the borehole. In this way dating would be
counterproductive. Therefore, the sequence of activatfonhanged and now
possible to send around 650 liter for 5 secondss Teans a reduction in tl
unwanted effect of circulatii the kick too fast and too far up the annt
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“Normal™

= operational Downlink sequence
o {3 crossings)

4000 |

min. §0s

“Weak up™
Figure 3.2 “Old” Procedure of DHBOP Activation

+ Deactivation

To deactivate the tool, DL#7 has to be sent twiklter the first DL#7, a
confirmation uplink of seven pulses is sent frora thol to surface. DL#7 has to
be sent again to confirm the first deactivation dmk. When the second DL#7 is
confirmed by an uplink, the tool starts to deadBvaThe second DL#7 is
implemented to minimize the chance for a deactivally accident.
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3.8 FIRST FIELD TEST

The test was carried out in Oklahoma, January, 2010

Easting (ft)

om0 0 aw g am aw

True Vertical Depth

a1
1=
1

1

|
b I 1 w8 B B

Figure 3.3 BH-N-15 Well Plan
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3.8.1 System Description

The downhole isolation packer has been developesgparate a formation from
the rest of the borehole in a kick situation, bflating a packer element and

closing a valve within the string.

By activating the packer element, the gas will bepged from entering the
borehole above the packer element. Already driitkethations are then protected

from gas influx.

A bypass above the packer makes it possible talaie out the already entered
gas and weight up the mud above the packer eler@empared to the standard
well control procedures, this procedure saves bmpreventing new gas entering

the borehole.

3.8.2 Test Objectives (from FT-Plan)
Following several laboratories and flow loop anabysthis test was planned to
confirm the functionality of the hardware, the #tenics and the software in a
real well. Unfortunately, the system could not bstéd for its purpose, that is
isolate a “kicking” formation from the rest of therehole, but the inflating of the
packer element and the operation procedures wezeked as well, prior to the
next field test, where hazards of kicks will belrea

By using Wired-Pipe Telemetry System (WPTS), aldiions of the DHBOP
could be proven due to a real-time view on theesysperformance and internal

processes.

In general, it was planned to activate and dedaetithe DHBOP 3-5 times at
slightly different depths.

Detailed Test Objectives for DHBOP at BETA
e Activation of the inflatable packer

- Activate the inflatable packer element via simpdevdlink.
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Monitor the pressure characteristics and backupittiormation for
further deployments.

Check pulses (uplinks), that indicate the DHBOPfusctioning
properly.

* Open string valve to measure "shut in drill pipegzure” (SIDPP)

Downlink to "shut in drill pipe pressure (SIDPPYicacheck if the
string valve opens up and enables the measurerhéme downhole
pressure from surface.

Check downlink confirmation that will be sent u@\a pre defined
pulsing sequence (uplinks) after the tool has weckithe simple
downlink.

Stop circulation.

Check if the tool closes the string valve after phe-defined opening

time has elapsed.

« Deactivation of the inflatable packer

Deactivate the inflatable packer element via a rdpwnlink.
Check if deactivating the DHBOP by mistake is plolesby sending
different downlinks.

Check downlink confirmation that will be sent u@\a pre-defined
pulsing sequence, after the tool has receivedithgls downlink.
Check if the tool will open the string valve, dé#lathe packer
element and close the by-pass valve after receilibhg7, twice
(deactivating DHBOP).

3.8.3 Test Results

* Mechanical Integrity

The mechanically exposure of the BHA, includingkmag¢ bypass and control sub

in regards of bending and wear, was very low dua straight vertical well. The

well was already drilled and, therefore, the systess not exposed to lateral and

axial vibrations or stick slip. The string was atsat rotated for most of the time.
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Further, the system will probably be stressed mbue,for this FT it has to be
stated that no wear or washouts were observeddifi@ssembling.

The inflated packer element was exposed to pushpalhavith 35 kip. The packer
kept the position very well. After POOH, the pacleéement was deformed as
expected, but still functioning to specificationfie highest measured diameter of
the packer element after inflating was 8.275" comagdo 7.448" prior to be run
in hole (RIH). It is, therefore, confirmed that thacker element can be used more
than once and that an already used packer elemimotvhave major influence
on circulating, due to its stable shape showing guslightly increased diameter

after inflation.

Figure 3.4. Packer After Push & Pull

After the first run, the packer element came ouhwidamage on the "low side".

This damage probably happened while running in,ledter passing the casing or
the casing shoe. The functionality of the packem&nt was not affected with this
kind of damage, but a slight design change migbitegt the packer from damages

while tripping in or out of the hole.
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Figure 3.5. Damage on Rubber Sleeve

» Sealing of Packer Element
To test the packer element on it is sealing behaimaximum sealing pressure),
the packer was inflated inside the casing and @@ B/as closed with the highest
possible pressure. The tool was set in SIDPP motk the annulus was
pressurized through the choke line.

e Activation
As mentioned, the activation of the packer in aafsa kick needs to be done with
a minimum of flow. It was verified the possibilitp activate the DHBOP by
starting up the pumps just twice to 650 litres 3oseconds. This is a significant
improvement reducing the unwanted effect of cirtotathe kick too fast and too

far up the annulus.

* Filling and Refilling Cycle
The packer pressure is a pre-defined value, whaoh e entered into the tool
prior of running in hole. The system will maintahis pressure by initiating a re-
filling cycle, when the pressure drops below aaiarvalue (Hysteresis Function).

In this test campaign, it was noticed at the FT tha packer element frequently
lost pressure and needed to be refilled. Obvioukly,formation hardness has a
major impact,. The pressure loss, depending onfdhmation, is more or less
severe. Overcoming this pressure loss requirestaidlow through the upper
section from time to time to re-pressurize the gackhis has no influence on the

isolated area below the packer.
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The impact of the formation on pressure lost cdadatlearly seen at the FT, when
activating the DHBOP in different formation typesdainside the casing. Both
tools showed the same behaviour in the formatismshat malfunction of the tool

could be excluded.

In relatively soft formations like sandstones, tlaeker probably expands into the
formation. This expansion results in a pressureedse during the refilling cycle.

It can be clearly seen that the refilling cyclesrdase over time, which leads to
the assumption that the formation is not yieldirgg strong after time and a

balance between formation resistance and packenteestablished.

* Uplinks
Uplinks are generated by closing the bypass vailech will create a pressure
increase that can easily be measured up hole. ateeysed after a Downlink to
confirm the correct response (DL#3 >> Uplink#3).eyhare also sent every 10

minutes to confirm an activated tool.

* SIDPP Measurement
The shut in drill pipe measurement mode was sufidgssctivated by sending
DL#5. The tool also responded with the expectednlplAfter the pumps were
turned off, the tool closed the by-pass valve apéned the string valve for 12
minutes, which is an adjustable value. After tmeetihad elapsed, the tool closed
the string valve and opened the by-pass valve afjlmproblems with this mode
were seen, apart from the already known issueditnvahlinks might interfere with

uplinks or refilling cycles.

» Deactivation
As mentioned, the deactivation of the tool was madiag DL#7, which was sent
twice. After the first DL#7 a confirmation uplink seven pulses is sent from the
tool to surface. DL#7 has to be sent again to confihe first deactivation
downlink. When the second DL#7 is confirmed by gutink, the tool starts to
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deactivate. The second DL#7 was implemented tomin@ the chance for

deactivation by accidel

3.9 SECOND FIELD TEST

A second test was carried out in Val d’Agri,ly, January 2011. The test w
divided in two runs: the first one when drillingettirst cement plug at the 1

back, and the second one when drilling the secdugl @t the casing shoe of t

7" production liner.

The well path and casing profile are showiFigure 3.6
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Figure 3.6 Val d’Agri Well ME 100rB Plan and Path

3.9.1 DHBOF- First Test Procedure

Position of the T Tool:

Tie Back.

in the section where was located the cem&rg at the
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« The DHBOP was inside the vertical section of th&/8" (8.535” ID)
casing during the entire drilling operation.

* DHBOP was positioned in between drillpipe 1000 rovebothe bit.

* DHBOP testing depth is 550 m (bit depth was 1550 m)

* 100 m cement to drill.

* One test prior to drilling, one after finishing ttelling.

246 m o
550m —— -l DHIP Test Depth
—r—Mudweight: 1.70sg
%%%m ! 1
1 100 m
Tie Back
1675 m l ________ 1
Mudweight: 1.055qg
1800 m
\ 9 5/8" Casin
\ A"""’f J

Figure 3.7 Position of the DHBOP

3.9.2 DHBOP- Procedure of First Run

The test was executed on Thursday, 06 January 20810; the procedure was
the following:

e Pick-up tool 1.

* Runin hole (~1 stand).

* Functionality test (30 min).

* Pick-up tool 2.

* Runin hole (~1 stand).

* Functionality test (30 min).
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Trip in to 1500 m.

Circulate Bottoms Up.

Pressure Test (60 min).

Standby Test (90 min).

Drill Cement Plug.

After Drilling Cement Plug, displace mud and runtbitop of liner (2732
m).

Pull out to 1550 m.

Pressure Test (60 min).

Standby Test (90 min).

Rack back Tool 2.

Pull out of hole to pick up 6” bit and new BHA

The test finished on Saturday, 08 January 201 B:802

3.9.3 DHBOP- Second Test Procedure

Position of the second tool; in the section whess Wocated the cement at the

casing shoe.

The DHBOP was inside the vertical section of th&/8" (8.535” ID)
casing during the entire drilling operation.

DHBOP was positioned in between drill pipe 2550bo\e the bit.
DHBOP testing depth is 550 m (bit depth is 3090 m).

Landing collar + Float sub + cement = 51 m (stapimlyg at 3975 m).

One test prior to drilling, one after finishing tdalling.
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Figure 3.8 Position of the DHBOP

3.9.4 DHBOP- Procedure of the Second Run
The test was executed on Sunday, 09 January 20L15tthe procedure was the
following:

* Pick-up Tool 2.

* Runin hole (~1 stand).

» Perform Decoding & Downlink Test (BHA) (20 min).

* Functionality Test (30 min).

e Trip in to 3090 m.

e Pressure Test (60 min).

» Standby Test (90 min).

* Drill Cement.

» After drilling cement, pull out to 3100 m.

* Pressure Test (60 min); this step covered the phractivation and
deactivation, as different of the first test; thenslby test was not
performed.

* Pull out to 2650 m.
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e Lay down Tool 2.

The test finished on Monday, 10 January 2011 €QL9:

‘ 3.9.5 DHBOP- Test Summary

Table 3.1 Test Summary

1st Run 29 Run Sum

Duration of the run 43 hours 44 hours 87.0 hours
Drilling time 2 hours 11 hours 13.0 hours
Drilled distance 100 meter 46 meter 146 meter
Rotation time 2 hours 14 hours 16.0 hours
Circulation time 18 hours 19 hours 37.0 hours
Testing time 8 hours 7 hours 15.0 hours
Activations 5 4 9

3.9.6 DHBOP- Testing Description
* Perform decoding & downlink test (BHA) (20 min).

— Establish expected drilling flow.
— Check MWD decoding.
— Check Downlink MWD funcionality.

* Functionality Test (20 min)

— Activate Packer Element.

— Deactivate Packer Element.

* Pressure Test (40 min)
— Activate DHIP
— Activate SIDPP Mode of DHIP
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— Note down the exact time when Uplink#5 is recogiiz@o
continuous circulation is allowed for 30 minutes).

— Begin to pump carefully a few strokes through stpipe.

— Look at standpipe pressure and also at returisetshaker.

— Raise standpipe pressure step by step until masyre of 120 bar
IS reached.

— If standpipe pressure drops, pump again a few esroé confirm
maximum pressure.

— Release pressure.

— After 30 minutes have expired since Uplink#5 wasogmized,
check whether string valve is closed and bypasgevalopen, then
deactivate DHIP by DLK#7.

» Standby Test (70 min)
- Activate Packer Element.
- Wait ~ 1h without flow.
Observe packer inside pressure

- Deactivate Packer Element.
3.9.7 DHBOP- Test Results

After 9 activations of the packer and 37 hoursiafutation, a slight deformation

(7.5”) was observed.
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Figure 3.9 Deformation in the Packer

« Pre-drill Pressure Test 2" Run, 2" Tool

SPP - Pressure Test 09.01.2011
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Figure 3.10 Behaviour of the Packer during the Tes2" Run, 2" Tool

Thepacker showed very good sealing behaviour for ri@st 10 minute
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« _Post-drill Standby Test £ Run, 2" Tool

‘ —— Diff Packer Pressure / bar ‘ Diff Packer Pressure / bar
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Figure 3.11 Behaviour of the Packer During Post-dti Standby

After setting of the packer, the inflation presswiaes stable for 1 hour.

3.9.8 DHBOP- Second Tool Issue
The following situation was discovered during thestl post-drill test and
represents communication difficulties:
* DLK#4 recognized after 3rd attempt; the packer defmitely inflated.
* DLK#5 not recognized after 2 attempts.
» DL#7 recognized after 3 attempts.
» Decision to trip out and lay down DHBOP.

This situation has to be investigated in order novk what happened during the
test.
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3.10 RISK ASSESSMENT

According to regulations relating to use and impatation of risk analysis in the
petroleum activities issued by eni e&p, it is maoda for any operator to
establish acceptance criteria for environment&l insthe activities and carry out

environmental risk analysis.

After all recent problems with the occurrence dfedtence blowouts, the risk of a
blowout is one of the major contributors to theataisk picture on oil and gas
installations. The consequences can be signifieatht respect to loss of lives,

material assets and damages to the environment.

In this thesis, the main focus is describing howwduts occur and how to
prevent them to happen. The risk of blowouts stlinains a threat to this
industry. In this analysis, the variation in theduency of a blowout and the
correlated dependency on several risk elementstii@éenin the well, on the

platform and the procedures and in the organizatidirbe reviewed.

3.10.1 Risk Assessment Methodologies

Choice of Approach
Definitions
The terminology for risk studies is:

* Risk analysis - the estimation of risk from theibativity “as it is”.

* Risk assessment - a review as to acceptabilitiskf based on comparison
with risk standards or criteria and the trial ofrigas risk reduction
measures.

 Risk management - the process of selecting appteprisk reduction
measures and implementing them in the on-going gemant of the

activity.
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3.10.2 Selection of Approach
Risk assessment can be applied in different appesaa@as Qualitative, Semi-
Qualitative and Quantitative. In this thesis, itsnapplied a quantitative approach
in order to provide most details for understanding also showing the best basis
if significant expenditure is involved. However,ete is no single correct

approach for a specific activity.

It is not possible to create a simple flow chaithw ES-NO branches, to define a
suitable approach to risk assessment. But therbrasal factors, that can be used
to aid the selection of a suitable risk assessmpptoach. These key factors
include:

« Lifecycle stage.

* Major hazard potential.

« Risk decision context novelty/ uncertainty/ stakekoconcerd?™

Once these drivers are defined, it is then feasthbkelect amongst the wide range
of methods for risk assessment. These are thenfivigp
* Hazard Identification Tools
- Judgement
- FMEA - Failure Modes and Effects Analysis.
- SWIFT - Structured What-If Checklist Technique.
- HAZOP - Hazard and Operability Study
* Risk Assessment Approaches
- Rules based approaches: regulations, approved ocoidgsactice,
Class Rules.
- Engineering judgement.
- Qualitative risk assessment.
- Semi-quantitative risk assessment.
- Quantitative risk assessment.
- Value-based approaches.
* Risk Assessment Techniques
- Qualitative (risk matrix).
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- Semi-Qualitative: use of structured tools (fauéies, events trees) —
Bow-Tie approach.
- Quantitative risk assessment (coarse and detaless)).
- Stakeholder consultations.
e Hierarchy of Options Approaches for risk reduction
- Eliminate the hazard.
- Prevent the occurrence.
- Mitigate the consequences.
- Escape, Evacuation, Rescue and Recover.
» Decision making
Level within organization and tools (design teasmisr management

judgment, cost benefit analysis).

3.10.3 Quantitative Methods
Quantitative risk analysis (QRA) is one of the msgphisticated techniques of
risk assessment, but it should be used where @sgav clear benefit and it is
provided clear database. In order to predict tlwvbut risk, this thesis used a
traditional approach applied as a starting pointtfi@ prediction of the blowout
frequency. Then, the second step included an assa&sdard of equipment and
crew, comprehending an evaluation of topside egeigmprocedures, safety
cultures, management system and organization. $t@p of adjustment was
performed through a comparison of the specific agpects against a standard
operation, relevant to the generic blowout freqyeme this case, reliability data
base of the kick frequency will be shown and theromparison between these
data with the use of a Down Hole Blowout Prevenier.make this comparison,

the QRA used was Fault Tree Analysis.

3.10.4 Fault Tree Analysis
Fault Tree Analysis (FTA) is a logical represematiof the many events and
component failures that may combine to cause oiieatrevent (e.g. a system
failure). It uses ‘logic gates’ (mainly AND or ORatgs) to show how ‘basic

events’ may combine to cause the critical ‘top ¢venhe top event would
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normally be a major hazard, such as “loss of pwsikeeping?!! In this case the
possible consequence was estimated as a risk pegearand shows how various

risk contributors combine to produce the overakrnamed “Blowout”.

The construction started with the top event andk&/alown towards the basic
events. For each event, it considers what conditame necessary to produce the
event and represents these as events at the nekdlawvn. If any one of several
events may cause the higher event, they are jowitdan OR gate. If two or

more events must occur in combination, they amegiwith an AND gate.

If quantification of the fault tree was the objeeti downward development
stopped once all branches have been reduced tésetherh can be quantified. If
the tree is simple and each event only occurs dhedrequency of the top event

can be determined manually using the appropriatautae.

An illustrative example of a fault tree is shown kgure 3.12 it is a

representation of the quantity probability thatlawwmut occurs while using the
conventional Blow Out Preventer. In this fault tréee main causes of a blowout
were taken into account; such as: kick and faibfréhe safety systems and this
one was divided in BOP failure or lack of intenientto close the rams, failure

wellhead/BOP connection and lack of warming.
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Figure 3.12 Fault Tree Representing a Blowout whil@sing a Blowout Preventer
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Figure3.13 shows the fault tree representation of the quamptibbability that a
blowout occurs when using conventional BOPs conmtbiwigh the DHBOP; the
possible event that contributed to the failurehef DHBOP was also considered,
such as: activation delay, lack of sealing, commsysiem failure and mechanical
failure. It has been noticed that the risk of a kick is mh&or contributor to the
total blowout risk Further, the occurrence of a failure in the DHB&1 BOP in

combination is almost neglected (4,1E-21).

Table 3.2andTable 3.3show a list of possible combinations of events tizat
result in the occurrence of the top event, whilengia BOP and while using a
BOP in combination of a DHBOP, respectively. We cpreciate that the
probability of occurrence decreases to 1,6E8 timé@sch represents a major
contribution to the total risk estimation on oildagas installations.
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Figure 3.13 Fault Tree Representing a Blowout whilesing a Blowout Preventer in Combination with a Davn Hole Blowout Preventer
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Table 3.2 Possible Combinations of Events that CaResult in a Blowout Using a Down Hole

Blowout Preventer

Event Description Probability
EO Blowout 4,50E-07
E1l Failure of the safety systems 8,60E-06
E2 Kick 5,2E-02
E3 BOP failure or lack of intervention to close thens| 7,50E-06
E4 Failure wellhead / BOP connection 1,20E-06
E5 Lack of warning 6,00E-14
E6 Loss of circulation 5,00E-02
E7 Contaminated mud 1,00E-03
ES Wrong mud density 7,50E-06
EQ Lack of fill-up 7,50E-06
E10 Swabbing 5,0E-0,4
E1l1l Lack of BOP closure 7,50E-06
E12 BOP failure 8,70E-14
E13 Lack of warning (mudlogging-pipe ramp) 2,20E-07
E14 Lack of warming (pipe ramp) 2,80E-07
E15 Driller wrong decision 4,70E-02
E16 Driller assistant wrong decision 4,70E-02
E17 Drilling responsible wrong decision 4,70E-02
E18 Tool pusher wrong decision 4,70E-02
E19 Failure pipe rams (1) 1,00E-03
E20 Failure pipe rams (2) 1,00E-03
E21 Failure pipe rams (3) 1,00E-03
E22 Failure shear rams 1,50E-01
E23 Failure annular preventer 5,00E-04
E24 Failure measurement systems 2,20E-07
E25 Lack of warning 8,10E-12
E26 Failure measurement systems 2,20E-07
E27 Lack of were take into account 6,50E-08
E28 Failure drilling mud pit gain-loss indicator 4,60E-02
E29 Failure speed indicator 4,60E-02
E30 Failure gas detection indicator 4,60E-02
E31 Failure drilling mud density indicator 4,60E-02
E32 Failure drilling mud flow indicator 4, 60E-02
E33 Mudlogger 1 lack of warning 1,40E-02
E34 Mudlogger 2 lack of warning 1,40E-02
E35 Mudlogger 3 lack of warning 1,40E-02
E36 Company man lack of warning 1,40E-02
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Table 3.2 (Continuation): Possible Combinations oEvents that Can Result in a Blowout

Using a Down Hole Blowout Preventer

E37 Mud engineer lack of warning 1,40E-02
E38 Geologic engineer lack of warning 1,40E-02
E39 Failure drilling mud pit gain-loss indicator 4,60E-02
E40 Failure speed indicator 4,60E-02
E41 Failure gas detection indicator 4,60E-02
E42 Failure drilling mud density indicator 4,60E-02
E43 Failure drilling mud flow indicator 4,60E-02
E44 Driller lack of warning 1,40E-02
E45 Assistant driller lack of warning 2,30E-02
E46 Drilling rig responsible lack of warning 1,40E-02
E47 Tool pusher lack of warning 1,40E-02

Table 3.3 Possible Combinations of Events that CaResult in a Blowout Using a Down Hole

BOP in Combination with a Down Hole Blowout Prevengr

Event Description Probability
EO Blowout 2,9E-15
El Failure of the safety systems 5,5E-14
E2 Kick 5,2E-02
E3 DHBOP and BOP failure 4,1E-21
E4 Lack of warning 6E-14
ES Loss of circulation 5,0E-02
E6 Contaminated mud 1,30E-03
E7 Wrong mud density 7,50E-06
ES8 Lack of fill-up 7,5E-06
E9 Swabbing 5,0E-04
E10 Fail DHBOP 8,0E-02
E1ll Lack of command 4,9E-06
E12 Fail BOP 1,1E-14
E13 Lack of warning (mudlogging) 2,1E-07
E14 Lack of warning (pipe ramp) 2,7E-07
E15 Activation Delay 7,8E-02
E16 Lack of Sealing 1,1E-03
E17 Command system failure 4,0E-10
E18 Mechanical failure 1,0E-07
E19 Command system failure 1,1E-14
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Table 3.3 (Continuation) Possible Combinations of #ents that Can Result in a Blowout
Using a Down Hole BOP in Combination with a Down Hte Blowout Preventer

E20 Mechanical failure 9,0E-20
E21 Failure measurement systems 2,06E-07
E22 Lack of warning 7,5E-12
E23 Failure measurement systems 2,1E-07
E24 Lack of warning 6,3E-08
E25 Human error in down link procedure| 4,0E-02
E26 Decision delay 4,0E-02
E27 Packer damage 1,0E-04
E28 Weak formation 1,0E-03
E29 Failure of down link system 1,0E-04
E30 Failure of wired-line pipes systems| 4,0E-06
E31 Failure of packer 2,5E-08
E32 Failure of electronic system 2,5E-08
E33 Failure of valve 2,5E-08
E34 Failure of pressure sensor 2,5E-08
E35 Driller wrong decision 4,70E-02
E36 Driller assistant wrong decision 4,70E-02
E37 Drilling rig responsible wrong decisior] 4,70E-02
E38 Tool pusher wrong decision 4,70E-02
E39 Failure of accumulator 3,5E-15
E40 Failure of signal system 3,5E-15
E41l Failure of high pressure fluid system| 3,5E-15
E42 Failure pipe rams (1) 1,0E-03
E43 Failure pipe rams (2) 1,0E-03
E44 Failure pipe rams (3) 1,0E-03
E45 Failure shear rams 1,50E-01
E46 Failure annular preventer 5,0E-04
E47 Failure wellhead connection 1,2E-06
E48 Failure driII_ing_mud pit gain-loss 4 6E-02
indicator
E49 Failure speed indicator 4,6E-02
E50 Failure gas detection indicator 4,6E-02
E51 Failure drilling mud density indicator | 4,6E-02
E52 Failure drilling mud flow indicator 4,6E-02
E53 Mudlogger 1 lack of warning 1,4E-02
E54 Mudlogger 2 lack of warning 1,4E-02

86



Table 3.3 (Continuation) Possible Combinations of #ents that Can Result in a Blowout
Using a Down Hole BOP in Combination with a Down Hte Blowout Preventer

E55 Mudlogger 3 lack of warning 1,4E-02
E56 Company man lack of warning 1,4E-02
ES7 Mud engineer lack of warning 1,4E-02
E58 Geologic engineer lack of warning 1,4E-02
E59 Failure driII_ing_mud pit gain-loss 4 6E-02
indicator
E60 Failure speed indicator 4,6E-02
E61 Failure gas detection indicator 4,6E-02
E62 Failure drilling mud density indicator | 4,6E-02
E63 Failure drilling mud flow indicator 4,6E-02
E64 Driller lack of warning 1,4E-02
E65 Assistant driller lack of warning 2,3E-02
E66 Drilling rig responsible lack of warning 1,4E-02
E6G7 Tool pusher lack of warning 1,4E-02
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CONCLUSIONS

The Driller's Method is the first and most poputgplacement procedure.

A kick can occur due to many reasons; more than 60#lowout cases
are a combination of abnormal pressure, insufficierud weight and

swabbing.

Specific location and equipment planned to be wseddrastically change
the outcome of the overall risk analysis, since esoaneas are more

susceptible than others to different causes.

The pressure above the DBOP does not need to beased while
circulating the influx out. This means that drillemmations are protected
from gas influx. Compared to the standard well cargrocedures this one

saves time by preventing new gas entering the loteeh

Using a DHBOP the well is sealed off close to tiekikg formation (30-
50 m above the bit).

This device allowed to isolate the well from theking formation when

activated.

The worst blowouts until now are: The Deepwaterittor oil spill (also
referred to as the BP oil spilivith 4.900.000 barrels released, another

notable blowout was Enchova Central with twice legwv2 fatalities.

The most Expensive Accidents was Piper Alpha withoat related of
1.270.000.000 $.

Most frequent primary barriers failures result fr@awabbing, while the
secondary barriers fail resulted while closing B@@Ps.
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The field DHBOP tests performed in Oklahoma, inugag, 2010. Gave a
good overview on the overall system and its pertorce in the case of a

kick situation.

The main concern during the First Field Test wasfttt that the packer
element lost pressure. This was even the case thlegpacker was inflate
inside casingThe objective of the test was not fully achievedspite that
during the second test the design was change asdobserved just a
slight deformation and also the inflation pressues stable for 1 hour.

During the First Field Test was noticed an unpradile deactivation of
the Packer. During the second test not unpredetaleactivation was
noticed in a sum of 87 hours run, also during ttievation of the packer
the required volume decreases significanijis represent a solution

which is practicable and safe.

After a risk analysis of the variation in the freqey of a blowout. It was
applied a quantitative approach using a Fault Rmaysis in which was
noticeable that the risk of a kick is the mayor tabation to the total
blowout risk. Further, the occurrence of a failure the DHBOP in

combination with a BOP is almost neglected.

Using a DHBOP in combination with a BOP we can appte that the
probability of occurrence decreases in 1,6E8 tithas represents a major
contribution to the total risk estimation on oildagas installations. The

tool is technically feasible.
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SUGGESTED FUTURE WORK

Only primary failures from each component were takdo consideration in this
work, because the main purpose was to have a pnaliynrisk analysis, in order
to know if the implementation of the tool is teatally feasible. Future work
should include second and tertiary failures asrckaents and their consequences.

A general scenario was used in the risk assessifiutate work should take into
consideration if the well in case is on-shore drshiore and also the facilities and
equipment available.

Main components of the pressure control equipmesrewsed to perform this
analysis; a specific risk of the system can be dasiag the evaluation of a
particular arrangement.

Future tests or real runs of the tool should béopered in deepwater in order to
know if the tool can maintain the pressure in &edént environment and without
losses.

The tool design also need a final revision in otdeavoid slight deformations.
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