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ABSTRACT

The oil and gas industry has developed rapidly by introduced new various technologies.
Directional, horizontal, Extended Reach Drilling (ERD) and multilateral wells has been
used in the industry for economical and technical reasons. Even though technologies are
well developed in the last decade, but these wells still have high levels of risk in drilling
and completion. Well control is one of the important issues because improper well
control will lead to a blowout which is the most feared operational hazards and
expensive cost. The key elements for the success and further development of ERD
projects are the ability to continue developing new technology while at the same time
adopting a technical limit approach to performance delivery.

For this study, the project focused on well control in ERD well by using
Halliburton’s software, WELLPLAN. WELLPAN is very useful software which is
provides various functionalities such as torque drag analysis, analyze hydraulics, analyze
surge/swab pressures and ECD’s, investigate well control and etc. This project is
focused on investigate well control using the Well Control Analysis Module. The Well
Control module can be used to determined predicted kick type, estimate influx volume
and kick tolerance, evaluate pressure and generate Kill sheet.

Besides, the theoretical calculations also were performed to compare the results
with WELLPLAN. Two equations are identical to find the suitable kill rate. Based on
this study with literature review, well control procedures for extended-reach wells are as
follows:

*  Once a kick is detected and confirmed, perform a “hard” shut-in of the well.

= When the pressure is stabilized, record SIDPP, SICP and pit gain and start
circulate immediately using the Driller’s Method.

= |n order to remove the gas from the horizontal section, the kill rate should be 1/3

to %2 of the rate in drilling circulation flowrate.



= However, for high inclination angle, high kill rate should be performed for a
short time to displace the gas kick.
= Once the choke pressure starts to increase rapidly, slow down the kill circulation

rate to 1/3 to % of the rate in drilling mode.

Keywords: Well Control, ERD Well, WELLPLAN Software, Macro Visual Basic
(VBA), Kill Rate
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NOMENCLATURE

ERD = Extended Reach Drilling

TVD = True vertical depth, ft

HD = Horizontal depth, ft

MD = Measured depth, ft

ROP = Rate of penetration

BOP = Blow-out preventer

CP = Circulating pressure, psi

ICP = Initial circulating pressure, psi
FCP = Final circulating pressure, psi
SPR = System pressure loss at kill rate, psi
MW = Mud weight, ppg

KMW = Kill mud weight, ppg

ECD = Equivalent circulating density, ppg
SIDPP = Shut-in drillpipe pressure, psi
SICP = Shut-in casing pressure, psi

Q = Flow rate, gpm

V = Fluid velocity, ft/sec

V. = Annular fluid velocity, ft/sec

sg = Specific gravity

ppg = Pound per gallon

Pt = Formation pressure, psi

P, = Surface pump pressure, psi

Ppr = Bottom-hole pressure, psi

P = Formation pressure, psi

Py = Pressure drop throught the bit, psi
Pn = Hydrostatic pressure, psi

Papn = Drillpipe hydrostatic pressure, psi
Pan = Annular-hydrostatic pressure, psi

Pi = Influx-hydrostatic pressure, psi

Xii



pmud = Mud density, ppg

pkick = Kick density, ppg

Lk = Length of the kick fluid, ft

Lgc = Drill collar length, ft

DP, = Pressure change over time interval / time interval, hr
D; = Hole diameter, in.

D, = Drillpipe diameter, in.

V, = Rate of gas migration, ft/hr

Xiii



CHAPTER 1
INTRODUCTION

1.1  Project Background

Extended Reach Drilling (ERD) wells has change from simple directional
drilling to horizontal, lateral and multi-lateral steps-outs. ERD is directional wells with
long horizontal departure. ERD can be defined as a well with a measured depth to true

vertical depth (TVD) ratios.

The purpose of well control systems theory is to prevent the uncontrolled flow of
formation fluids into the wellbore. In other words, it is to manage the formation pressure
which the wellbore pressure has to higher than formation pressure. If the wellbore
pressure less than formation pressure, the greater formation pressure has a tendency to
force formation fluids into the wellbore and will begin displacing the drilling fluid from

the well.

Incidents of Loss of Well Control
Gulf of Mexico, 1996-2009

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

= No. of Incidents * Incident with death, fire or explosion

Figure 1: Loss of well control in the Gulf of Mexico



The entry of formation fluids into the wellbore in the presence of drilling fluid is
called a kick. Kicks may occur during drilling operations such as drilling, tripping or
other procedures. A blowout might occur when the well control systems fail to

controlled flow of formations fluids.

In order to prevent the incident happen, kick must be detected and killing the
kick immediately. One of the solutions is by using the Halliburton’s software which is
WELLPLAN. WELLPLAN offers integrated, scalable and configurable technology
solutions that require pore pressure prediction, analysis and interpretation. This software
can improved the drilling performance through reduction of kicks, stuck pipe, lost

circulation and blowouts for significant reductions in non-productive time.

For this study, actual well data which is UTP-2 well was used because this well
is an ERD well and this well is located at offshore Terengganu, Malaysia. The measured
depth (MD) for this well is 15652.9 ft and true vertical depth (TVD) is 5257.1 ft. The
horizontal depth (HD) / TVD ratio is 2.465.

Ferdonsboreverf tonom

TVD (600 i)
i
|

szmoo | oo i==on  =stoo  STS0G  SO0O0 SISO TS00O  BTS0.0 100000 §1S50.0 1ZS000 157500 RS000.0
wertical Secticn (2500.0 fink

Figure 2: TVD vs. Vertical Section



1.2 Problem Statement

If the well control system couldn’t detect the kick (the formation pressure higher
than wellbore pressure) and killing the kick immediately and properly, blowout will
occur. In ERD, the well control system is different from conventional drilling or vertical
drilling. One of the examples is gas kicks accumulated and trapped (buoyancy of the
gas) at the end of the well if that section inclined upwards. Besides, the gas can also get
trapped in gas pockets in the high-lying parts of an undulating well trajectory and
washouts. This gas kicks problem is not present in conventional vertical wells. The
problem is the method on how to remove the gas kicks in ERD wells.

Moreover, Kill procedures in conventional wellbores usually are conducted at a
pump rate between 1/3 and % of the normal drilling rate. The reasons for this procedure
are to lower the annulus friction pressure loss and less pressure fluctuation in response to
a change in choke setting. In addition, the supervisor has more time to analyze the
pressures and make wiser decisions (Advanced Well Control, Watson, et al. 2003). So,
this project was performed to see whether the kill procedures in ERD well is same with

conventional well or not.

1.3  Objectives

1.3.1 Touse WELLPLAN to simulate well control in ERD well

In WELLPLAN, the Well Control Analysis Module is used to investigate the
well control. The module provides various functions such as:
e  Determine predicted kick type
e  Estimate influx volume and kick tolerance
e  Evaluate pressures as a kick is circulated out
e  Predict a safe drilling depth

. Generate kill sheet



1.3.2 To use the theoretical calculations in macro visual basic (VBA)

The purpose of this objective is to compare the results from WELLPLAN with
the theoretical calculations. In order to use anytime and can put any values, the student

have to create a coding in macro visual basic.

1.4 Scope of Study

The work scopes involved in this project is simulating the WELLPLAN software
that is related to well control in lab. Well Control Analysis Module in WELLPLAN
provides investigate well control, determine predicted kick type and; estimate influx
volume and kick tolerance. Besides, it also has evaluated pressures as a Kick is circulated
out, predict a safe drilling depth and lastly generate a kill sheet. The kick can be detected
by studying the differential pressure between the formation and wellbore, sudden

increase in rate of penetration (ROP), insufficient mud weight and etc.

The student also should have study and understand the well control procedures
and the concept of removal gas in ERD wells. It is because in conventional wells, there
is no accumulated and trapped gas at the end of the wellbore. Theoretical calculations
were performed and were developed in VBA in order to compare the results with
WELLPLAN.



CHAPTER 2
LITERATURE REVIEW

Directional drilling is drill the wellbore vertically to a located at a given distance.
ERD means directional drilling of very long horizontal wells or the horizontal departure
(HD) has at least twice the TVD of the well. Kick is known as when flow of formation
fluids into the well in the presence of drilling fluid. (Applied Drilling Engineering,
2005). In this situation, kick occur when the higher formation pressure greater than mud
hydrostatic pressure. The early detection of kicks is very important because blowout
might occur if the kick is not controlled properly. Figure 3 below shows an ERD well

pattern.

NW SE

500

1,000

1,500

Depth (m)

2,000

2,500
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3.500

Figure 3: ERD well pattern

There are some factors affecting kick severity which are permeability, porosity
and differential pressure. Higher permeability and porosity in a rock has higher potential
for kick occur. Meanwhile, the causes of kicks in the well are insufficient mud weight,
improper hole fill-up during trips, and swabbing. Other causes are cut mud and lost

circulation.



During drilling operations at conventional wells, the well control is easier than
well control in ERD wells. The well control operation for ERD wells is different from
conventional wells because of several reasons. The reasons are the effect of swabbing
during tripping out of the hole, shut-in pressure, remove the gas kick and mud density

design.

During well control procedure in ERD wells, the maximum casing-shoe pressure
is usually smaller and the choke pressures stay in low value for a long time than in
conventional vertical well. This is because the TVD at casing shoe is frequently near to
the TVD of the influx zone. The SIDPP and SCIP are same because the hydrostatic
pressures on both sides of the U-tube are the same. Figure 4 below shows an ERD well

that has taken a kick and is shut-in.

4,/” SIDPP = SICP
S <«

yab]

\\\ Influx
NN v

Figure 4: Shut-in of the well after taken a kick in ERD well

In ERD wells, the gas kick occur some unique problems which it is not present in
conventional wells. Three potential traps have been identified that the buoyancy of the
gas may trap at the upward inclined section, local tops in the lateral trajectory and

washout called out of gauge sections.

In order to investigate well control problems, the author using the Well Control
Analysis Module to calculate the expected influx volume, assist with casing design in



terms of shoe setting depths and calculate expected conditions resulting from an influx.
In addition, the module can be used to generate kill sheets and determine maximum safe

drilling depths and maximum allowable influx volumes.

2.1 Kick Detection

Detecting a kick early is the most critical factor because from that we can know
whether the kick is manageable to control or not. Warning signs and possible kick
indicators can be observed at the surface by crew members. Not all positive signs show a
kick because some of the indications just warn of potential Kick situations. There are

primary or secondary warning sign, relative to its importance in kick detection.

One of the indications of the kick to occur is abrupt increase in rate of
penetration (ROP), called a drilling break. Increase in bit-penetration rate is an abnormal
pressure indicator and should not be misinterpreted as an abrupt rate increase. The bit
cuts the rock more easily and faster when high pressure gas may be breaking apart the
rock in front of the drill bit, causing an increase in ROP or rate or penetration. An
increase in ROP does not mean that a kick is occurring but it could just indicate that the

rock type has changed.

Another kick indicator is increasing in flow rate. If the return flow rate from the
wellbore increases higher than what is pumped at a constant rate into the wellbore, it
means there is an influx formation fluids into the wellbore. This excessive volume of
mud that the influx displaces over a period of time at the flow line, resulting pit gain.
The well inflow and outflow of the well must be balance with constantly monitoring to

prevent late kKick detection.

Moreover, another indication of kick is cut mud weight. Obviously reducing the
mud weight at the wellbore caused a kick to occur. The lower mud weights from
cuttings effect are found near the surface, generally because of gas expansion and do not

significantly reduced mud density throughout the hole.



Besides, the changing of string weight is also a kick indication. The drilling fluid
provides a buoyant effect to the drillstring and reduces the actual pipe weight supported
by the derrick. For example, the drillstring is removed from the wellbore when tripping
out of the hole. In order to prevent the bottom-hole pressure less than pore pressure, the
volume of drillstring has to be replaced with mud to make sure that the hydrostatic

pressure in the wellbore is balanced.

Nowadays, there is a new technology that is really important to detect the Kick
early which is measurement while drilling (MWD). Although the functions of MWD are
to monitor mud properties, formation parameters, bottom-hole location, and orientation
of directional drilling systems, it also can be used for well control applications. The
advantage of using MWD is it delivers the required information in real time while

drilling. MWD also can provide early detection of kicks and potential influx.
2.2 Kick Identification
In case after the kick is detected and a kick occurrence, the type of the influx

type that enters the wellbore is required to be determined. The equation for the

determination of the density of kick is as follow:

~ (SICP - SIDPP) (1)

The influx gradient can be evaluated using the given ranges as table below:

Table 1: Influx gradient table
Gradient, psi/ft| Gradient, sg | Gradient, ppg Influx Type
0.05 - | 0.2 0.115 - 0.461 0.96 - 3.85 Gas

Probable combination of gas,

0.2 - 04 0461 - 0923 3.85 - 7.70 oil, and/or salt water

04 - 05 0923 - 1.153 7.70 - 9.63 Probable oil or salt water



2.3  Shut-in procedures

Before killing the kick, the well shut-in procedures must be performed as soon as
one or more warning signs is detected and confirmed. The main reason to have the shut-
in procedure is to minimize kick volume entering into a wellbore when well control
situation occurs. Basically, the faster kick is recognized and shut in a well, the better

well control situation is manage.

The amount of wellbore influx that enters the wellbore are minimized when
personnel respond quickly to shut the well in. It is the fact that a small amount of kick
entering into the wellbore will result in lower initial shut-in casing pressure and lower
casing pressure while circulating. Shutting in the well is not an option even though it is
shallow gas kicks and the surface casing has not been set yet because it can very quickly
turn into a big blowout. If the well is shut-in, the result is almost certainly to be a
combination of underground and surface blowout, where the well is fractured and the

blowout breaks through the formation up to the surface.

There are two types of shut-in procedures in the well which are “soft” shut-in
and “hard” shut-in. In the “soft” shut-in procedure, it is done by closing the BOP with
open the choke valve and once the preventers are closed, then closing the valve slowly.
The problem of delay in closing the valve to obtain complete shut-in of the well is the
additional influx from the formation into the wellbore.

For the “hard” shut-in procedure, it is accomplished by immediately closing the
blow-out preventer (BOP) with close the choke valve after the pumps are shut down. By
performing the “hard” shut-in, the fluid flow is stop abruptly and this procedure produce
a pressure wave, called a “water hammer” through the mud. It was believed that the
pressure in the wellbore could damage the formation and underground blowout may

occur. But until now the “water hammer” effect has no proven substance.



Based on the experimental and theoretical study, it can conclude that the “hard”
shut-in procedures a better than the “soft” shut-in procedures. The reason is the “soft”
shut-in procedures permit continuous influx into the wellbore while the procedures are
executed. Another reason is longer closing time and human error associated with closing
and opening the valves will increase the risk by taking a larger kick. This is why the

“hard” shut-in is the preferred method.

The shut-in pressure can be used in the following equations:
Drillpipe pressure,
P:= SIDPP + Pgpn (2)

Casing pressure,
P = SICP + Py, + P; (3)

In the shut-in procedure, when the well is shut-in, gas will migrate from bottom
to the top of the well. The estimated and actual gas migration rate in a shut-in well can

be calculated with these following equations:

Estimated rate of gas migration,

Vg — 126(_0'37 xXMW) (4)
Actual rate of gas migration,
_ (Increasing in casing pressure, psi/hr) (5)
9 MW gradient, psi/ft

2.4 Killing kick

After the well is shut-in, the pit gain is recorded. Then pressure on the drillpipe
and on the casing is recorded when the pressures have stabilized. The values of pressure
are then used to identify kick fluid, estimate the height of the kick column and calculate

the new kill-mud weight needed to stabilize the formation pressure.

10



The most common kill procedures have been developed are the Driller’s Method
and the Engineer’s Method (Wait-and-Weight Method). There are some differences, but
both methods are used to maintaining the formation pressure constant while the kick is

circulating out and replacing the old mud with kill-weight mud.

The Driller’s Method uses the old mud to circulate out the influx and it requires
two circulations to kill the well. The first circulation of the Driller’s Method is
performed using the original mud. The original mud from the pits displaces the influx

and then second circulation takes place where the old mud replaced with new kill mud.

Drelipipe Poessure Tasing Pressume
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Figure -3First circulation pressures during the drillers mmethiod.
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Figure 5: Driller’s Method, pressure behaviour of first and second circulation

The Engineer’s Method uses only one circulation to kill the well. The mud
weight is increased to kill density in the suction pit. Before starting to circulate out the
influx, the crew members have to wait the kill-weight mud is weighted up and then

replacing the old mud with new kill mud, all in just one circulation.

Before starting of a kill operation, a kill sheet should be filled out completely.
During planning and executing a well Kill, kill sheets are really helpful. For the new
method of well kill procedure, only calculated surface casing pressure has been modified

in the kill sheet. By generating the kill sheets, it would draw charts and graphs, calculate

11



the critical well control parameters, and estimate maximum surface and pit gain
volumetric. A standard kill sheets will show a straight line on the graph of pump

pressure vs. pump strokes.

It is important to calculate pump strokes from surface to bit and from bit to
surface in order to get total time of the pump to kill the well.

Surface to bit strokes,

Strokes (sth) = Drill string volume (bbl) (6)
roRes WSHY = T ump Output (bbl/stk)
Bit to surface strokes,
Annular volume (bbl) (7)

Strokes (stk) =

Pump Output (bbl/stk)

Total stokes,

Drill string vol. (bbl) + Annular vol. (bbl) (8)
Pump output (bbl/stk)

Total strokes (stk) =

Total time to pump from surface to bit and from bit to surface,

Total strokes (9)
Stokes per minute

Total time (mins) =

The velocity of the fluid is also another parameter that has to calculate. From this
calculation also the time can be known for a particular depth.

Inside drillpipe or drill collar,

V=[ ¢ (10)

2.448 x ID?

Annular (between casing and drillpipe or drill collar),

V.= [ 9 (11)
87 12.448 x (OD* — ID?)

12



Once the SIDPP and SICP and pit gain are recorded, start immediately to
circulate the well using the Driller’s Method. In an ERD well, the choice of kill methods
is not a big issue because the casing shoe is close to TVD. In ERD well, there are three
different sections to kill the well. Firstly, the kill mud weight is start circulating at a high
rate for a short time to remove gas from the horizontal section of the wellbore. After
that, slowly reduce the pump speed when the choke pressure starts increase rapidly.

When the gas is expected to be circulated out of the horizontal section and into
the hold section, the kill rate can be reduced to a normal rate, usually 1/3 to %2 of normal
drilling rate. In the hold section, the gas will remove and flow co-currently and to

circulate the gas out of the well, the normal kill rate should be sufficient.

The drillpipe pressure decline schedules are prepared for one pre-determined Kill
circulation rate. If various circulation rates are used, pressure decline schedules have to
be made for each circulation rate. The reason for this is the friction pressure loss which
increases with circulation rate.

Recommended procedures of well control in ERD well are as follow:

1. Kick is detected by warning signs such as increase in ROP, increase in flow

rate, cut mud weight, changing of string weight, and MWD.

2. The type of influx can be determined by using the Equation 1:
After get the gradient of influx, the influx type can be referred from Table 1.

3. Once a kick and the influx type is detected and confirmed, performed the
“hard” shut-in of the well.

13
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Figure 6: “Hard” shut-in procedure

“Soft” shut-in is not preferred in ERD well because the delay in closing the
choke to obtain the well completely shut-in caused additional influx from

formation into the wellbore.

. Once the well is shut-in, it is necessary to generate the kill sheet for planning
and executing a well kill. The kill sheet examples as in Appendix A, Figures
23, 24 and 25. The formulas used in kick and kill procedures are presented in

Appendix B.

. After made the calculations as in step (2), start directly to circulate using the
Driller’s Method. The reason of the Engineer’s Method is not preferable is
the mixing kill weight mud is expected to take a longer period of time and

hole cleaning problem is another concern.
. The first circulation is performed using the original mud to kill the mud

density. The kill mud is starting to circulate when the kill mud volume has

been achieved.
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7.

10.

11.

12.

13.

The choke is opened slightly and the pump speed increased to the kill rate
while the annulus pressure is kept constant by controlling the choke until the
kill mud has reached the bit.

Next, kill the well at a high kill rate for a short time just to remove the gas
from the horizontal section of the wellbore. In order to get high kill rate, the
flow rate of the mud have to increase by increasing the pump rate control.
The mud also must be used heavy mud or in other word increase the density

of the mud.

Then the kill rate reduced to normal rate which is usually 1/3 to % of normal
drilling rate. This reduction of Kill rate is performed when the gas is expected
to be circulated out of the horizontal section and into the hold section.

For the last section which at the hold section, the gas will migrate to the
surface and again normal kill rate is performed to circulate the gas out of the

well.
When all the influx and original mud have been displaced from the wellbore,
open widely the choke and the pump should be shut down. At this time,
SIDPP and SICP should be zero. If so, the well should then be observed for
flow.

The kick is now killed and the wellbore save from blowout.

After that, pump the new mud into the wellbore to be circulated to condition

the hole, and at the same time the trip margin (if any) should be added.
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CHAPTER 3
METHODOLOGY

3.1  Research Methodology

In the process of preliminary works, first of all, the student should has a better
understanding the well control procedure in conventional well and also in ERD well. In
order to get the information, the student has to refer various good books and journals
that related to the well control procedure. Then, the student should learn the Landmark’s
software by using WELLPLAN software training manual. The training for the students
who are using the Landmark’s software is provided. The training was given from
Halliburton’s staffs and it was two weeks course. For this study, the student have to
focus only in Drilling chapter that contain investigate well control using the Well

Control Analysis Module.

Two sections were focused in this project which vertical section (Section 1) and
horizontal section (Section 2). For the Final Year Project 2 (FYP 2), research
methodologies are divided into two parts:

1. Run the WELLPLAN software.

2. Determine kill rate and kill results using VBA.

3.1.1 Runthe WELLPLAN software
Procedure
Procedure 1: Filled up the basic information
a) Wellpath editor (wellbore trajectory).
- Kick off well with 3°/100 ft, Azimuth at 61° at 1082.7 ft. Build angle from 0°

to 78° from 1082.7 ft to 3608.9 ft at 61° Azimuth. Then hold at 78" Tangent
at 61° Azimuth to well MD at 15652.9 ft.
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Figure 7: UTP-2 well trajectory

b) Pore pressure and fracture pressure.

Table 2: Pore pressure and fracture pressure

TVD (ft) | Pore Pressure (psi) | EMW (ppg) | Fracture Pressure (psi) EMW (ppg)
338.9 147.68 8.38 236.15 13.40
574.2 250.20 8.38 400.09 13.40

2611.7 1138.06 8.38 1833.40 13.50
4166.9 1815.76 8.38 3076.82 14.20
4364.7 1901.97 8.38 322291 14.20
44599 1943.43 8.38 3293.16 14.20
4499.0 1960.48 8.38 3322.06 14.20
4538.6 1975.38 8.37 3351.31 14.20
4902.8 2131.34 8.36 3620.23 14.20
5155.4 2238.49 8.35 3806.77 14.20
5237.5 2271.38 8.34 3894.58 14.30
5257.1 2299.06 8.41 3881.88 14.20
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d)

f)

a)

Hole section editor and string section editor.

- The vertical section of this well is with conductor casing, 24 at 574.1 ft and
open hole (OH) section, 16 at 1476.4 ft. The last section of this well for this
study is intermediate casing, 9 5/8” at 9842.5 ft and the open hole section, 8
5" at 15652.9 ft.

- The string as in Appendix, Figures 26 and 36.

Fluid editor.

- Mud density, mud type, rheology model, rheology data, temperature, plastic
viscosity, and yield point.

Geothermal gradient.

- Surface ambient temperature, mudline temperature and temperature at well
TVD.

Circulating system.

- Surface equipment and mud pump.

Next step is using the Well Control Analysis module. The Well Control Analysis

has three modes which are Expected Influx Volume, Kick Tolerance and Kill Sheet. The
processes involve in Well Control Analysis firstly determine the kick type. After that
estimate the influx volume and detection time of the expected kick volume also known.
Next step is analyzing the kick tolerance and evaluate pressures as a kick is circulated
out. Then generate the kill sheet and lastly the report is generated from the kill sheet

information.

Procedure 2: Run the Well Control Analysis

Expected Influx Volume mode.

i) Kick Class Determination
- It is used to calculate the bottom-hole pressure (BHP) and kick type at the
moment an influx occurs.

- The gradient of the initial mud is specified in Setup field.
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- The circulation flowrate and kick interval gradient is specified in Input fields.

- Kick class, circulating BHP, static BHP, kick interval pressure and
underbalanced kick interval is automatic calculated by the software.

i) Influx Volume Estimation

- There are Setup, Kick Detection Method, Reservoir, Reaction Times and
Results tab in this parameter.

- Kick Detection Method, the Flowrate Variation field detects flow-out
increase and Volume Variation detects pit volume increases. The Flowrate
Variation is used in this study.

- Reaction Times is tab for estimation of crew reaction when kick occur.

- Results tab is use to displays the results of total influx volume, influx volume
at detection and detection time.

iii) Temperature Distribution

b) Kick Tolerance mode.

- Type of influx, kill rate, total influx volume, kill mud gradient and depth
interval to check are specified in the Kick Tolerance mode.
- From this analysis mode:
e Wellbore pressures for depth of interests while circulating a kick can
be determined.
e The maximum pressure at each point in the wellbore can be
determined.
e The allowable influx volume based on formation breakdown pressure
can be determined.
e The maximum pressure for various influx sizes at several wellbore
depths can be calculated.
e Shoe setting depth can be estimated based on formation breakdown
gradients.
e The wellbore pressures in the well assuming all mud in the well was

displaced by gas can be calculated.
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The results can be viewed by using the animation. The schematic showed

animated simulation of the process for circulating the influx to the surface.

Schematic Options

LAL Option {To Scale M

5411t J Welhead (133.9 )

29527 ft

Fluids

[ T Colo] Fluid Name
[l [

2| |Lighthiud

13 [T HeawWeight bud

Yalume Pumped: [l bbl

Iiflus Top MD: 148579 ft
Ifu olume: 300 bl
Mean Sea Level (132.9 ft) Ifius Height: 7950 ft

Chake Pressure: 53121 i

Botto Hole Presswe: (381142 5]
Pressure at Depth 307428 i)

(" Dirller's & Wail and Weight

Muding (338.9 ft)

98425 ft

196529 ft

Figure 8: Animation before kill the well

¢) Kill Sheet mode.

i)

i)

Well Control Setup

Slow pump information is reviewed.

Kill Sheet dialog

Kick Parameters part (MD of kick, pit gain, SIDPP, SICP), Weight Up part
(mud tank volume, weighting material, weighting material specific gravity,
weighting material weight per sack, weighting material mixing capacity) and
Pump Details part (pump name, volume/stroke, speed, pressure, volumetric
efficiency) is filled up.

String Annulus Volumes part, String Volume part and Kill Mud Weight

Details are specified by the software.
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iii) Kill Graph

- Kill graph is reviewed.

iv) Kill Sheet Report

- Kill sheet report is generated to review the summary of the information
specified in the Kill Sheet dialog. It also reports the summary of weak links,
weight-up requirement for kill mud and trip margin, pump stroke schedule,

and volume and capacities.

3.1.2 Determine kill rate and kill result from theoretical calculations using
VBA.

Procedure
Procedure 1: Determine the suitable kill rate

a) ECD is taken from the maximum fracture pressure.
b) New ECD is determined by minus 0.5 safety margin.
c) Friction pressure loss, Pt is determined by using the following equation:

_ Pr (12)
ECD =EMW + (0.052 X TVD)

d) From the study, the kill rate, Q can be calculated by using the following
equation, Eq. 13 and 14:

Assume the flow regime is turbulent flow.

8.91 x 107> x MW %8 x Q18 x PV02 x Lg, (13)
(Dh — Dp)3 X (Dn + Dp)18

Pr =

o — 8.91 x 107> x MWO?8 x Q18 x PV02 x Lgc (14)
7= (Dh— Do)3 X (Dn + Do)'8
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Procedure 2: Determine the kill result
a) Figure 9 shows the process of getting the kill result.

b) The calculations are presented in Appendix C.

Initial hvdrostatic
pressure of the
influx, Phgi,

Influx hydrostatic Pumped volume,
pressure, Phg bbl & time, min

Effective annulus
capacity factor,

Intermediate Influx bottom
variable, X MD. f

. .
Jolumes in each
section, V

Bottom-hole
pressure, .

Initial influx Temperature at
length , depth, T

Bottom-hole Pressure at depth,

z factor P

Figure 9: Determination of Kill result

Procedure 3: Develop the VBA by using Procedure 1 and 2

a) Coding is written in the VBA.
b) The results are compared with WELLPLAN software.
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3.2 Project Work Flow

Learn the WELLPLAN software

Get the actual data of an ERD well \I_l/
Run the Well Control Analysis @

Module in WELLPLAN software

Review the results from the @

animation and the kill sheet report

Calculate the kill rate from theoretical

calculations by using macro visual basic @

Compare the results from macro
visual basic with WELLPLAN software

Figure 10: Flow diagram of Project Work Flow

3.3  Equipment and Tools

This project is is not dealing with equipment but only use tools which are two
softwares. The project is divided into two parts, first run the WELLPLAN software. For
the second part, macro visual basic is used to compare the results with WELLPLAN.
3.4  Project Activities

Below are the activities for this project:

a) Get the actual data from lecturer

b) Runthe WELLPLAN
c¢) Fill up the basic information fields as Procedure 1 in 3.1.3.
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3.5

d)

f)
9)
h)

)
K)

Make sure the kick class is kick while drilling by changing the kick interval
gradient value

Changing parameters in kick tolerance with different values such as kill rate and
total influx volume

Determine the maximum allowable volume of kick

Evaluate the annulus pressure, and safe drilling depth

Evaluate the performance of Driller’s Method in animation

Generate kill sheet

Review the summary of the well control

Design coding of theoretical calculations in VBA

Compare some the results obtained from the WELLPLAN with the theoretical

calculations in VBA.

Gantt chart

Below is the Gantt chart for FYP 2.

Table 3: Gantt chart for FYP2

Detaill Week 1 ] 3 4 5 ] 7 8 9 0 11 (11 | 13 | 14 | 15

Project Work Contimues

Submuissicn of Progress Report e

Pre-EDX

Submmssicn of Draft Report

Submmssicn of Dissertation (soft bound)

Submissicn of Technical Paper

Mid-Semester Break

(Oral Presentation [

Submmssicn of Project Dissertation (Hard Bouad) °

@ Suggested milestone
Process
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RESULTS AND DISCUSSION

CHAPTER 4

The information and basic data that are used as follows:

Table 4: UTP-2 Well data

Section 1 (Vertical Section)

Section 2 (ERD)

MD (ft) 1476.4 15652.9

TVD (ft) 1470.9 5257.1

Casing Size (in) 24 95/8

Open Hole Size (in) 16 81

MW (ppg) 10.1 10.8

Initial Mud Gradient (psi/ft) 0.525 0.561

Rheology Model Bingham Plastic Bingham Plastic
Rheology Data PV and YP PV and YP
Temperature (°F) 88.0 88.0

Plastic Viscosity (cp) 18.0 18.0

Yield Point (Ibf/100 ft*) 22.0 18.0

Kick Interval Gradient (psi/ft) 0.535 0.641

Kick Class Kick While Drilling Kick While Drilling
Influx Volume (bbl) 18.0 30.0

Kill Mud Gradient (psi/ft) 0.540 0.650
Circulation Flowrate (gpm) 900 620

Kill Rate (gpm) 450 350

SIDPP (psi) 100 300

SICP (psi) 300 500
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4.1 Effect of varying total influx volume in kick tolerance and geometry of the

wellbore

4.1.1 Introduction

For this investigation, UTP-2 well data was used as the base case for the typical

ERD well profile. Assuming that varying total influx volume in kick tolerance would

have the most effect on annulus pressure during kick occur. The experiment was

performed with several simulation runs for different total influx volume with the ERD

section and vertical section in the same well. All of the experiment was performed with

gas is the type of influx.

Example of experiment:

Table 5: Range variables of total influx volume

Section 1 Section 2

Total influx volume (bbl)

15,30, 5

0 15, 30, 50

4.1.2 Results

a00

=
=)
=

Pressure (psi)

=)
ch
=

300

250

LEGEND

Annuluz Pressure_Total influx vol. = 15 bil
Annulus Pressure_Total influx vol. = 30 bbl

Annuius Pressure_Total influx vol. = 50 bil

Fracture Gradient = 59

5 63 psi (MD = 57

————

|

__| Porg

Pressure = 249.9)

2 psi (MD = 574.1

i3]

1}

il

0 100

200 250 300 350 400 450
Yalume Pumped (bbl)

Figure 11: Annulus pressure for various total influx volume (Section 1)
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Figure 12: Annulus pressure for various total influx volume (Section 2)

4.1.3 Discussions

From Figures 11 and 12, the increasing in total influx volume causes an increase
in the annulus pressure. Besides, the annulus pressure increase with TVD of the well is
higher. For the Section 1, a 15 bbl influx volume is the only acceptable influx volume
for the Section 1 because the annulus pressure is not exceeds the fracture pressure. The
highest annulus pressure for 15 bbl kick is 397 psi and the fracture pressure is 399.62
psi. 30 bbl and 50 bbl are not acceptable because their pressure too high. However, the
results show the annulus pressure of 30 bbl influx volume is not exceeds the fracture
pressure for Section 2. It is because the Section 2 has longer open holes section and it is
allowable more additional influx in the wellbore. The fracture pressure at MD 9842.5 ft

is 3073.1 psi and annulus pressure for 50 bbl is 3120 psi.

The maximum allowable influx volumes for both sections are presented in

Appendix, Figures 37 and 38.
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4.2 Kill rate

4.2.1 Introduction

For this project, one of the objectives is to see the results from both WELLPLAN
and theoretical calculations. The high kill rate must be performed in ERD well in order
to remove gas kick from horizontal section. Table 6 shows the range variables of kill
rate for this project.

Example of experiment:

Table 6: Range variables of kill rate

Section 1 Section 2
Kill Rate (gpm) 300, 450, 500 210, 310, 350

4.2.2 Results

WELLPLAN, Section 1 (450 gpm).

Fluids

Color Fluid Name
1 [
Z Light hud
3 Heavy Weight Mud
Mean Sea Level (138.9 fi
Mean Se: (1389(&) ) Volume Pumped 00 bbl
Influx Top MD: 1330.7 ft

Iflue W olurne: 150 bbl
mMudiine (338.9 ft)
Influx Height: B5 6 ft

Cheke Pressure (e psi
Bottom Hole Presswe:  [313.23 psi
Lt Pressure at Depth: 3765 psi

@ Driler's " Wait and Weight

1476.4 ft

Figure 13: Animation of schematic before Kill the well (Section 1)
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Figure 14: Animation of schematic after completely kill the well (Section 1)

WELLPLAN, Section 2 (350 gpm).

Schematic Options
AL Dption |ToScale -
Fluids

M Fluid Mame
1 I il
2 Light Mud
3 Heavy Weight Mud

Waolume Pumped: 00 bhl

Infhu Top MD: 14857.9 ft
Influ: Walume: 300 ali}
Mean Sea Level (138.0 ft) Infia: Height 50 f
5741 ft mﬂ?ﬁ:%%g%%t?) Choke Pressure: x| psi
Bottom Hole Pressure: | 3811.42 psi
Fressure & Depth: W psi
& Diiller's (™ Wait and Weight

2032.7 ft

9842.5 fi
196529 ft

Figure 15: Animation of schematic before Kill the well (Section 2)
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e Data
Schematic Options
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[ ] Calor] Fluidd Name:
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I Heavy Weight Mud
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Il Ve 0 bl
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Bottom Hole Pressure: W psi

Pressure at Depth: 2989.95 psi

& Driler's " Wait and Weight

2952.7 fi

0B42.5 ft
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Figure 16: Animation of schematic after completely kill the well (Section 2)

Theoretical calculations.

The theoretical calculations were performed with using Procedure 1 in 3.1.2.

Section 1:
a) Max ECD = 13.5 ppg.
b) ECD =13.0 ppg.
C) Ps =221.8 psi
d)
pr = 8.91 x 107> x 10.1°8 x Q18 x 18%2 x 1167.2
(16.0 — 5.43)3 x (16.0 + 5.43)18
=4.013x107° x Q18
pr = 8.91 x 107> x 10.1%8 x Q18 x 18%2 x 309.2

(16.0 — 8.0)3 x (16.0 + 8.0)18
=2.000 x 1077 x Q'®8

Pf1 + Pry = 6,013 x 107°Q1® = 221.8 psi
Q =15989.6 gpm
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Table 7: Max Q calculations using VBA (Section 1)

B = D E F G
3 |MD (ft) 1476.4|TVD (ft) 1470.9
Compressibility
4 |Temp (°F) 88.0| Temp Gradient ("F/100 ft) 2.20|Factor, z 1
5 |Plastic Viscosity (cp) 18.0|Yield Paint (lbs/100 ft2) 22.0|5G 0.6
6 |1. Conductor Csg MD (ft) 574.1|1. Conductor Csg TVD (ft) 574.1|1D Csg 1 (in) 22.000
7 |2. Intermediate Csg MD (ft) 0.0[2. Intermediate Csg TVD (ft) 0.0|1D Csg 2 (in) 0.000
& 3. Production Csg MD (ft) 0.0|3. Production Csg TVD (ft) 0.0|1D Csg 3 (in) 0.000
9 |OH Length (ft) 902.3|Open Hole (in) 16.000
10 | Drillpipe Length (ft) 1167.2| 0D Drillpipe (in) 5.430|1D dp (in) 4.780
11 | Drill collar Lentgh (ft) 309.2| 0D Drill collar (in}) 8.000|1D dc (in) 3.000
Kick Interval
12 MW ([ft) 10.1| MW Gradient (psi/ft) 0.525|Gradient (psi/ft) 0.530
13 |Pit Gain (bbl) 15.0|SIDPP (psi) 100.0(SICP (psi) 300.0
14 |Max ECD (ppg) 13.5|ECD (ppg) 13.0
15 |Friction Pressure Loss (psi) 221.8|Kill Rate (gpm]) 15989.6{Lk (ft) | 80.4
16 N
17 |A 4.013E-06
18 B 1.9998E-06 Calculate
Section 2:
Maximum ECD, ECD, and Ps are as in Table 8.
a) Pg =4.938 x 1073Q!8
Ps =4329 x 1074 Q'8
Ps1 + Pp =5.371 x 1073Q'®=815.0 psi
Q =755.8 gpm
Table 8: Max Q calculations using VBA (Section 2)
B C D E F <]
3 MDD (ft} 15652.9|TVD (ft) 5404.6
Compressibility
4 |Temp (°F) 88.0|Temp Gradient ("F/100 ft) 2.20|Factor, z 1
5 | Plastic Viscosity (cp) 18.0|¥ield Point (lbs/100 ft2) 18.0|5G 0.6
6 |1. Conductor Csg MD (ft) 574.1|1. Conductor Csg TVD (ft) 574.1(1D Csg 1 (in) 22.000
7 |2. Intermediate Csg MD (ft) 2952.7|2. Intermediate Csg TVD (ft) 2612.2|1D Csg 2 (in) 12.400
& |3. Production Csg MD (ft) 9842.5|3. Production Csg TVD (ft) 4165.9|1D Csg 3 (in) B8.681
9 |OH Length (ft) 5810.4|Open Hole (in) 8.500
10 Drillpipe Length (ft) 15359.2| 0D Drillpipe (in) 5.430(1D dp (in} 4.780
11  Drill collar Lentgh (ft) 293.6| 0D Drill collar (in) 6.750(1D dc (in) 3.000
Kick Interval
12 |MW (ft) 10.8| MW Gradient (psi/ft) 0.562| Gradient (psi/ft) 0.600
13 | Pit Gain [bbl) 30.0[s1DPP (psi) 300.0(5ICP (psi) 500.0
14 |Max ECD (ppg) 14.2|ECD (ppg) 13.7
15 |Friction Pressure Loss (psi) 815.0 Kill Rate (gpm) 755.8|Lk (ft) | 832.5
16
17 |A 0.0049376
18 (B 0.00043294
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4.2.3 Discussion

For the Section 1 and Section 2 in WELLPLAN, all the experiment kill rates are
enough to completely remove the gas kick from the wellbore. From the researches that
have been done by reading books and journals, the kill rate should be high rate for
Section 2 to remove the gas kick. However, all the tested kill rates are enough to
displace the kick. The influx volume and influx height are 15 bbl and 85.6 ft for Section
1 with 450 gpm Kill rate. The required KMW to displaced gas volume is 469.2 bbl.
Meanwhile in Section 2 with Kill rate of 350 gpm, the influx height is 795 ft and 30 bbl
of influx volume. The pumped volume kill mud is 1658.9 bbl to completely remove the
gas kick. The differences in Kill rate effects the Pys. By increasing the Q, the Py will
increase. Other kill rate results are presented in Appendix, Figures 27, 29, 31 and 33.

Next, for the theoretical calculations, by using the Equation X, the calculated kill
rate for Section 1 is 15988.8 gpm and 755.8 gpm for Section 2. The result for Section 1
is too high and not realistic. One of the reasons the result too high is because the flow
regimes in the annulus of drillpipe and drill collar are assumed to be turbulent flow. If
the flow regime is laminar, the calculations would be different. The student assumed
turbulent flow because there is not enough data to use in friction pressure loss formula

for laminar flow.

Meanwhile as Table 8, the maximum Q is realistic and the result is suitable to
remove the gas kick at the end of the well. It is because the value is higher than 1/3 and
% of normal drilling circulation rate. Once the gas kick is removed at the end of the well,
the Kill rate is reduced between 1/3 and ¥z of drilling circulation rate. The process is the
user has to fill the required data in green field and the macro visual basic will made the
calculations when click the “Calculate” button. Then the results appear in the yellow

field.
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4.3 Kill Result

4.3.1 Results

WELLPLAN.

Table 9: WELLPLAN Kill result table (Section 1)

A B C D E F G H | J
Influx T Influx Bott
Pumped M“e::ur:: nMu:asure:m Influx  Influx Volume Influx Press Influx Press Choke Bottom-hole  Pressure at
Volume (bbl) Depth (ft] Depth (ft] Height (ft) (bbl) (psi) Grad (psi/ft) Pressure (psi) Pressure (psi) Depth (psi)
6 0.0 1390.7 1476.4 85.6 15.0 801.56 0.014 72.34 813.29 376.96
7 5.9 1357.9 1440.7 82.8 15.2 783.43 0.014 71.12 813.41 375.74
8 11.7 1325.1 1408.5 834 15.5 767.02 0.014 71.59 813.42 376.21
9 17.6 1292.3 1376.7 844 15.7 750.74 0.014 72,27 813.41 376.89
10 23.5 1259.5 1345.3 85.8 16.0 734.57 0.013 73.13 813.39 377.74
11 29.3 12326.5 1313.8 87.3 16.3 718.34 0.013 74.02 813.37 378.63
12 35.2 1193.5 1282.4 88.9 16.6 702.07 0.013 74,94 813.36 379.55
13 411 1161.4 1250.9 89.5 16.9 685.76 0.013 75.37 813.36 379.99
Cont.
A B C D E; F G H 1 J
et Pumped Influx Top Influx Bottom Influx Influx Volume Influx Press  Influx Press Choke Bottom-hole = Pressure at
Volume (bbl)  Measured Measured o ht (1) {bbl) (psi) Grad [psifft) Pressure (psi) Pressure (psi) = Depth (psi)
5 Depth (ft) Depth (ft)
72 387.1 0.0 120.8 120.8 53.3 93.27 0.002 93.04 813.74 333.78
73 393.0 0.0 107.5 107.5 47.5 86.30 0.002 86.11 813.82 333.86
74 398.8 0.0 94.2 94.2 41.6 79.33 0.002 79.18 813.9 333.94
75 404.7 0.0 81.0 81.0 35.7 72.36 0.001 72.24 813.98 334.02
76 410.6 0.0 67.7 67.7 29.9 65.39 0.001 65.3 814.05 334.1
77 416.4 0.0 54.4 54.4 24.0 58.42 0.001 58.36 814.13 334.18
78 422.3 0.0 41.1 41.1 18.2 51.45 0.001 5141 814.21 334.26
79 428.2 0.0 27.8 27.8 12.3 44.48 0.001 44.46 814.29 334.33
80 A3A0 0.0 145 145 0. 37.51 0.001 37.5 814.37 334.41
81 439.9 0.0 1.3 1.3 0.6 30.54 0.001 30.54 814.45 334.49
82 445.7 0.0 0.0 0.0 0.0 29.89 0.001 29.89 814.45 334.5
83 451.6 0.0 0.0 0.0 0.0 29.89 0.001 29.89 814.45 334.5
Table 10: WELLPLAN Kkill result table (Section 2)
A B C D E F G H 1 J
3 Pumped IMnﬂ ux T:: In:Iqu Hot:;m Influx  Influx Volume Influx Press  Influx Press Choke Bottom-hole  Pressure at
easur easur \ . . . ) )
Volume (bbl) Depth (ft) Depth (f) Height (ft) (bbl) (psi) Grad (psifft) Pressure (psi) Pressure (psi) Depth (psi)
5 0.0 14857.9 15652.9 795.0 30.0 3479.22 0.063 53L.21 3811.42 3074.28
6 20.7 14405.5 15056.7 651.3 30.3 3407.91 0.063 516.06 3828.41 3059.48
7 41.5 13953.9 14611.5 657.6 30.6 3354.65 0.062 516.81 3828.17 3060.2
8 62.2 13503.0 14166.3 663.3 30.9 33014 0.062 517.49 3827.96 3060.85
9 82.9 13051.8 137211 669.3 312 3248.14 0.061 518.21 3827.81 3061.57
10 103.7 12600.4 13275.8 675.5 315 3194.89 0.061 518.95 3827.65 3062.32
11 124.4 12148.7 12830.6 681.9 318 3141.63 0.06 519.72 3827.49 3063.1
12 145.2 11696.8 12385.4 688.6 321 3088.38 0.059 520.52 3827.32 3063.92
13 165.9 11244.6 11540.2 695.6 324 3035.12 0.059 521.35 3827.14 3064.77
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Cont.

A B C D E F G H 1 J
3 Pumped IManux T:: Infnl"ux Bol;:m Influx Influx Volume  Influx Press  Influx Press Choke Bottom-hole = Pressure at
4 Volume (bb) D::::'I ) D::::'I ) Heieht (f) (bbl) (psi) Grad (psi/ft) Pressure (psi) Pressure (psi)  Depth (psi)
62 1182.0 119.8 398.5 278.7 123.1 670.46 0.015 598.93 3842.92 2988.6
63 1202.7 61.1 351.5 290.5 128.3 644.11 0.015 605.54 3842.86 2988.54
64 1223.4 0.0 304.6 304.6 134.5 617.76 0.014 613.49 3842.8 2988.47
65 1244.2 0.0 257.6 257.6 113.7 591.41 0.013 588.03 3843.02 2988.7
66 1264.9 0.0 210.6 210.6 93.0 565.06 0.012 562.47 3843.25 2988.93
67 1285.7 0.0 163.7 163.7 72.3 538.71 0.011 536.83 3843.48 2989.15
68 1306.4 0.0 116.7 116.7 515 512.36 0.011 511.11 3843.71 2989.38
69 1327.1 0.0 69.8 69.8 30.8 486.01 0.01 485.31 3843.93 2989.61
70 1347.9 0.0 22.8 22.8 10.1 459.66 0.009 459.45 3844.16 2989.84
71 1368.6 0.0 0.0 0.0 0.0 446.88 0.009 446.88 3844.27 2989.95
72 1389.3 0.0 0.0 0.0 0.0 446.88 0.009 446.88 3844.27 2989.95
73 1410.1 0.0 0.0 0.0 0.0 446.88 0.009 446.88 3844.27 2989.95
74 1430.8 0.0 0.0 0.0 0.0 446.88 0.009 446.88 3844.27 2989.95
Table 11: VBA Kill result table (Section 1)
1 J K L N [e] P Q
Pumped |Time TVD (f) Influx Vol. Influx Influx Top MD| Influx Bottom | Bottom-Hole Pressure at
4 |vol. (bbl} |{min} (bbl) Length (ft) (ft) Measured Pressure (psi) | Depth (psi)
5 0.0 0.0 1470.9 15.0 80.4 1396.0 1476.4 872.5 905.3
6 20.7 3.8 1370.9 15.2 69.3 1313.0 1382.3 872.5 855.2
7 414 7.6 1270.9 16.1 73.3 1214.9 1288.3 872.5 804.8
8 62.1 11.4 1170.9 17.1 77.9 1116.3 1194.2 872.5 754.7
9 82.8 15.3 1070.9 18.3 83.1 1017.0 1100.1 872.5 704.9
10 103.5 19.1 970.9 19.6 89.0 917.0 1006.0 872.5 655.5
11 124.2 22.9 870.9 21.1 95.8 816.1 912.0 872.5 606.6
12 144.9 26.7 770.9 22.8 103.7 714.2 817.9 872.5 558.2
13 165.6 30.5 670.9 24.9 113.0 610.9 723.8 872.5 510.5
14 186.3 34.3 570.9 27.3 123.9 505.9 629.8 872.5 453.7
15 207.0 38.1 470.9 30.1 136.9 398.8 535.7 872.5 418.1
16 227.7 42.0 370.9 33.6 152.5 289.1 441.6 872.5 373.7
17 243.4 45.8 270.9 37.7 171.4 176.1 347.5 872.5 331.2
18 269.1 49.6 170.9 42.8 194.5 53.0 253.5 872.5 290.7
19 289.8 53.4 70.9 435.0 222.6 0.0 159.4 872.5 253.0
20 310.5 57.2 0.0 54.1 122.5 112.5 872.5 2285
Table 12: VBA kill result table (Section 2)
| J K L M N 0 P Q
Pumped Time VD (ft) InfluxVal.| Influx |Influx Top MD| Influx Bottom | Bottom-Hole | Pressureat
4 | vol. {bbl}) | (min) (bbl) Length (ft) (ft) Measured Pressure (psi) | Depth (psi)
5 0.0 0.0 5404.6 30.0 832.5 14320.4 15652.9 3335.2 3663.7
b 20.7 3.8 5304.6 27.6 664.7 14450.0 15154.6 3335.2 3611.7
7 114 7.6 5204.6 27.9 672.1 13984.2 14656.4 3335.2 3559.7
2 62.1 11.4 5104.6 28.2 679.8 13478.3 14158.1 3335.2 3507.9
9 82.8 15.3 5004.6 28.6 687.7 12972.1 13659.8 3335.2 3456.1
10 103.5 19.1 4504.6 28.9 695.8 12465.8 13161.5 3335.2 3404.5
Cont.
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I ] K L M N 0 P Q

Pumped Time ‘ VD (f) Influx Vol. | Influx  |Influx Top MD| Influx Bottom | Bottom-Hole | Pressure at
4 | vol. (bbl) | (min) (bbl) |Length (ft) (ft) Measured Pressure (psi) | Depth (psi)
43 786.6 144.9 1604.6 47.8 395.5 424.6 820.2 3335.2 1832.7
44 807.3 148.8 1504.6 48.7 403.5 245.2 648.7 3335.2 1789.6
45 828.0 152.6 1404.6 49.7 411.8 65.4 477.2 3335.2 1746.9
46 8438.7 156.4 1304.6 50.8 420.4 0.0 305.8 3335.2 1704.8
47 863.4 160.2 1204.6 518 429.3 0.0 134.3 3335.2 1663.1
43 890.1 164.0 1104.6 52.9 438.5 0.0 0.0 3335.2 1622.0
49 910.8 167.8 1004.6 54.1 448.0 0.0 0.0 3335.2 1581.4
50 931.5 171.6 904.6 55.3 457.9 0.0 0.0 3335.2 1541.3
51 952.2 175.5 804.6 56.5 468.1 0.0 0.0 3335.2 1501.8
52 972.9 179.3 704.6 57.8 478.7 0.0 0.0 3335.2 1462.9

4.3.2 Discussions

The initial influx height for Sections 1 and 2 in WELLPLAN are 85.6 ft and
795.0 ft. Meanwhile results in VBA show the influx height is 80.4 ft for Section 1 and
832.5 ft. The percentage error of VBA result for Section 1 is about 6.1% and Section 2 is
4.7%. Reason for the error is because the bottom-hole assembly (BHA) components.
VBA is only considering the drillpipe and drill collar but in WELLPLAN it takes other

BHA components such as stabilizer, crossover, jar and etc.

Next, the results of volume pumped to completely remove the influx are
comparing. Results in WELLPLAN show the kill mud volume pumped are 445.7 bbl for
Section 1 and 1368.6 bbl for Section 2 as showed in Tables 9 and 10. VBA results show
for Section 1 is around 320 bbl and 890.1 bbl for Section 2. For this comparison, the
percentage errors are 28.2% for Section 1 and for Section 2 is about 35%. The
explanation for this error is because the inclination of the well. VBA are not developing
in taking consideration of the well inclination. Other reasons are the bottom-hole

pressure was assumed constant for all TVD and the choke pressure was neglected.
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4.4

of well control. The kill mud weight is calculated by the software.

Kill Sheet

441 Introduction

WELLPLAN provides its own Kill sheet to ease the user to review the summary

4.4.2 Results

Fick Parameters

D of Kick: 1476.4 ft
Pit Gain: [0 bbl
Shut-In DPP: [ono0 psi
Shut-In Cazing Pressure: W pai
Owerkil Pressure: ,r psi
Trip Margin: lﬂﬂﬂi PRg
Weight Up

Mud Tank Yolume: 8200 bl
‘weighting M aterial ’m
Wit Matl. 5pecific Gravity W zg
it Matl Weight per Sack: |94.00 Ibrn

‘Wit Matl. Mixing Capacity:  [188

Additives

Pump Details

Ibrndmin

| Cartinental Emsca - FB-1600 - TR

5998 galfstk

Pump M ame:

Wolume/Stroke:

Speed 40.00 zpm
Pressure: 750.00 psi
Wolumetric Efficiency: 55.00 %

Select Pump/Kil Speed

String _Annulus Yolumes

Drefault fram Editors

Annulus Volume
Length Capacity
Riser: [n.on ft [0.0000 bbl/t
Diill Pipe: |n.on ft |0.0000 bbl/ft
Tubing: [n.on ft|0.0000 bbl/t
Choke + Kill Line: [0.00 ft |0.0000 bbl/ft
Casing: |574.10 ft|0.4415 bbl/t
Open Hole: |a0z.27 ft|0.2067 b/t
Quick Look
Total Annulus Length: ,W ft
Total &nnulus Yolume: 440.0 bl
String Yolume
Length Capacity
DP/CAS/TBE/CT: [571.93 ft {0.0222 b/t
Heawy weight: 29528 ft {0.0158 bbl/t
Dill Collar: |302.15 ft {0.0158 b/t
Quick Look
Total String Length: ,W ft
Total String Yolume: 288 bbl

Figure 17: Kill sheet for Section 1
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Kill Mud *weight Detaik:
‘without Trip Margin

Kill Mud 'weight:
it Matl. PerYolume:
Mumber of Sacks:

Total Matl. Required:

“with Trip Margin

Kill Mud *weight:

Wit Matl. Per Volume:
Mumber of Sacks:

Total katl. Required:
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Kick Parameters String _Annulus Yolumes Kill Mud ‘weight Details
MD of Kick: 15652.9 f Diefault fram Editars “_"‘hm‘t T"P_Ma'g'”
Pit Giain: &0 bl Annulus Volume RIKES It 2
| ‘wit. Matl. Per Wolume:  |1.56 ppg
Shutln DPP: 30000 psi Lemgln Capaciy
Riiser: |0.00 ft 00000 bt Number of Sacks:  [1736
Shut-ln Casing Pressure:  |500.00 psi
Drill Pipe: |n_un ft ‘g_uggn bhl At Total Matl. Required:  [163149.47 lbrn
Owerkill Pressure o.o0 psi
Tubing: [0.00 it [0.00o0 b/t P
Trip Margin: 0.oo ppg . 14 VOB LT
. Chake + Kil Line: [0.00 T Bt Kill Mud Weicht e .
eight Up .
Casing: |3842.50 it [01126 bblit Wt Matl Perviolume: 000 ppa
tud T ank Yolume: 8200 bbl
Open Hole: |5e10.40 it |0043z bblit Nurnber of Sacks: 0
‘wieighting M aterial Barite hd Quick Lok
) ) uick Lool Total Matl. Requred:  |0.00 Ibm
ot (1] Sz TolEly (il = Tetal Annulus Length: 156529 ft
Ot ] el T Sels |l [bm Tt s ey 13588 bl
‘wit Matl Mixing Capacity: {188 Ihrimin
Additives Stiing Yalume
- Length Capacity
e DP/CAS/TBG/CT: [16064.04 & [0.0201 Bl
Fump Name: |Cunlinanlal Emszco - FB-1600 - TR Heavy Weight |295.28 ft ‘D.UDS? Bt
i/t R el Diil ol 23258 it 010 bt
Speed: 40.00 3pm Quick Laok
Pressure: 750.00 psi Total String Length 15652.9 ft
dlmelieEliemrey 2500 E Total String Valume: W78 Etl
Select Pump Kl Speed

Figure 18: Kill sheet for Section 2

4.4.3 Discussion

The values in kick parameters, weight up and pump details are set to be constant
for both sections. The string annulus volumes are specified by the software when click
the ‘Default from Editors’ button. The value of string annulus volumes are taken from
the String Editor. Then the KMW details also are specified by the software.

The KMW for Section 1 is 11.41 ppg and the number of sacks required to pump
into the well is 1083. If the assumption of SIDPP is high for example 300 psi, KMW
will increase as in Appendix, Figure 35. Thus, the number of sacks and total material

required also increase.

For the Section 2, the calculated KMW to kill the well is 11.87 ppg. The mud
weight increases 1.07 ppg and the number of sacks required is 1736. The total material
required to pump from surface to the target depth is 163149.47 Ibm and the value of it
depends on the number of sacks. Meanwhile the weight material per volume is depends
on the KMW and MW.
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4.5 Kill Graph and Well Control Summary

45.1 Introduction

Kill graph is one of the important things in well control. It shows the standpipe
pressure as the kill mud is pumped down the string until it hits the annulus. Well control
summary shows pumping schedule and pump stroke summary. The pump stroke can be
used in well control operations to use drillpipe pressure schedules for maintaining the
bottom-hole pressure at a proper value. During well control operations, the bottom-hole
pressure must be maintained at a value slightly higher than the formation pressure during

Kill operations.

45.2 Results

LEGEND
Strokes vs Pressure _SIDPP 100 psi

850.00

94950 \

848,00 ~

848.50 N

Stand Pipe Pressure (psi)

848.00 1\

847,50 ~

i

‘-‘--"""‘---...

010 20 30 40 50 &0 7O 80 80 100 110 120 130 140 180 160 170 180 180 200 210
Number of Strokes

Figure 19: Kill graph for Section 1 with kill rate 450 gpm and 40 spm (Section 1)
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Table 13: Pumping schedule (Section 1)

Time (min)

Measured Depth (MD) True Vertical Depth (TVD) Time No. of Strokes Stand Pipe Pressure
(ft) (ft) (min) (psi)
0.0 0.0 0.0 0 850.00
I 1297 1297 05 21 849.72
| 2593 2593 1.1 42 849.44
I 3890 3890 16 63 849.16
I 5186 51856 21 84 848.88
I 648.3 648.3 21 106 848.60
I 779 7779 32 127 848.32
| 9228 92238 37 148 848.01
I 1,1079 1,107.9 42 169 84761
I 1,292.3 12910 48 190 84730
| 14764 14708 53 212 84719
Table 14: Pump strokes summary (Section 1)
Strokes Volume Time
(bbl) (min)
Fill String 212 288 53
Fill Open Hole 1,375 186.5 344
Fill Casing 1,868 2535 46.7
Fill Annular Drill Pipe 0 0.0 00
Fill Annular Tubing 0 0.0 0.0
Fill Riser 0 00 00
Fill Choke / Kill Line 0 00 00
Fill Annulus 343 4400 81.1
Total 3455 468.8 864
No. of strokes vs. Time (min)
250
200 , )
0
:
‘3 150
[T
o 100
o =40 spm
< 50 == 60 spm
0 1 2 3 4 5 6

Figure 20: No. of strokes vs. Time (Section 1)
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Figure 21: Kill graph for Section 2 with Kill rate 350 gpm and 40 spm (Section 2)

Table 15: Pumping schedule (Section 2)

Measured Depth (MD) True Vertical Depth (TVD) Time No. of Strokes Stand Pipe Pressure
(ft) (ft) (min) (psi)
0.0 0.0 0.0 0 1,050.00
| 1,535.1 1527.3 57 226 972.50
| 30703 2667.8 1.3 453 916.48
| 46054 3,049.5 17.0 680 90257
| 6,1406 33768 27 907 891.68
| 71,6757 3704.1 284 1,134 880.79
| 92108 40314 340 1,361 869.90
| 10,746.0 4358.7 39.7 1,588 859.01
| 12,281.1 4686.0 454 1815 848.12
| 13,816.3 50133 511 2,042 837.23
| 15,652.9 5404.9 56.7 2,269 824.20
Table 16: Pump strokes summary (Section 2)
Strokes Volume Time
(bbl) (min)
Fill String 2269 3078 56.7
Fill Open Hole 1,849 208 46.2
Fill Casing 8,167 1,1079 2042
Fill Annufar Drill Pipe 0 00 00
Fill Annular Tubing 0 00 00
Fill Riser 0 00 00
Fill Chake / Kill Line 0 0.0 00
Fill Annulus 10,016 135838 2604
Total 12285 1,666.6 3071
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No. of strokes vs. Time (min)

2000 //
1500 /./.,/

1000 / =040 spm
500 == 60 spm

0 10 20 30 40 50 60

2500

No. of strokes

Time (min)

Figure 22: No. of strokes vs. Time (Section 2)

45.3 Discussion

From the above results, in order to kill the well for Section 1, 212 strokes needed
to fill the KMW inside the drill string. The total strokes for the well control operations is
3455 and it takes 86.4 minutes. The standpipe pressure is start at 850.00 psi at 0 strokes
and during the last stroke, the standpipe pressure reduce to 847.20 psi. The reduction of
standpipe pressure is too small which is about 3 psi. The factor of this situation is
because it takes only a few minutes just to transport the KMW to the end of the well. If
the strokes per min high, time taken for the well control operations is less as presented in
Figures 20 and 22.

Next, Figure 21 illustrate 2269 strokes are required in Section 2 to kill the well
and it takes 56.7 minutes and 307.8 bbl from the surface to the target depth. Before starts
kill the well, the standpipe pressure is 1050 psi and it reduces to 824.2 psi when the MW
reaches the target depth. The total time for the well control operation is 307.1 minutes
and the number of strokes is 12285 from the surface to the target depth and from the
target depth to the surface. Besides, the total volumes of kill mud to pumped to whole
well is 1666.6 bbl.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

51 Conclusion

The conclusion of this study is the well control procedures in ERD wells are
different from the conventional wells. For the kick detection, there are no difference
between conventional wells and ERD wells. But for the killing kick, it is difference

between both wells.

In ERD wells, the Driller’s Method is the preferred method to kill the well
because the Engineer’s Method takes a long time to wait until the pressure stabilized.
Kill procedures in conventional wells are usually 1/3 and %2 of the normal drilling rate.
In ERD wells, the kill rate is high at the horizontal section then normal kill rate is
performed between horizontal section and into the hold section, and in the hold section.

But for this study, the gas kick still can be displaced at the end of the well by
using 1/3 or % of the circulation rate. One of the reasons is maybe the inclination angle
of this well is not high. Besides, for the theoretical calculations, the flow regime is
assumed to be turbulent in the annulus. That is the reason why the value of flowrate in
Equation X is not realistic. In addition, the data is not enough for example the 6600 and

0300 data is unknown.

From this study, the procedure of kill the well is as follows:

1. Performed “hard” shut-in of the well once a kick is detected and confirmed.

2. Read the SIDPP, SICP and pit gain when the pressures have stabilized.

3. Verify the KMW using the current the SIDPP and increase the density of the
mud in the pits.

4. Start circulates by using the Driller’s Method.
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5. Use high rate for a short time to displace the gas kick from the horizontal section
of the wellbore.

6. When the choke pressure starts to increase to increase rapidly, the pumps have to
slow down. Then continue with a kill rate which 1/3 or % of the normal
circulation rate.

7. Continue holding the constant casing pressure until the strokes reach the no. of
strokes that fill the drillstring.

8. Observe the drillpipe pressure and maintain constant until the KMW circulates
the whole well which is referring to the total no. of strokes.

9. After complete the circulations, shut off the pump and close the well in.

WELLPLAN is really useful software in analyzing the drilling operations and it
is friendly user. This software can improved the drilling performance through reduction
of kicks, stuck pipe, lost circulation and blowouts for significant reductions in non-
productive time. It will reduce the time to analyze the problem when using the
WELLPLAN. By having proper well control procedures, we can avoid losses of
valuable natural resources, increased drilling costs, environmental damages, increased

regulations, injuries to personnel and the vast consequence is loss of life.

5.2 Recommendation

For the recommendation, the next step would be to investigate the factors that
have effect on valve pressures and gas-return rates for different kick scenarios. The
factors are the effect of kick size, water depth, circulation Kill rate, holes size and also
kick intensity. This research also can use the WELLPLAN software to run and get the

better result.
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APPENDIX A

International Well Control Forum
Subsea BOP Deviated Well Kill Sheet (AP Field

DATE

Units ) SAME

FORMAT IOM STRENG TH DWTA
HURFACE LEAK OF FHESSURE FROM

FORMATION STRENGTH TEST e =
MILID WESSHT AT TEST et s
MAKINILI ALLOWABLE MUD WEGHT =

e () S -

SHOE T DEFTH x0.052

MITLAL Raa:F =

CURREMNT DRILLING MULD
WERGHT

0 LA, TOH D Ta,

=OF MO
W b= DURRENT MUD WEIGHT jx SHOE T DEFTH x 0052
HOF VD
L=
B8 MDD
PLUMP NG 1 DAL FLUMP N 2 DEFL
CAEIN G EHOE DATA
DDl ! SAmEOn bbis / snokm || srE
M. DEFTH
L DYNAMIC PRESSURE LOEE [psl]
IV DEFTH
2 OW PLWS il it HOLE DATA
BATER Fisor | Chon | G ok | RBar | Chos [Lhos
FUATIE AT Tl b= re | Lre || e
f—— Frcaon| -
—p M. DEFTH
- LA DEFTH
FR B RECORDED LEMGTH | CAPRCITY WVOLLBAE LA STROEELS TIVIE
WCHLLIMIE: DT L bbis! & i 5 N TIMRD S
OF = BURFACE TOROF X = '_:;i SS
OF - OF TO EO2 i = hatll B 233
D - BB TOEMHA 5 - " ) f
HEW Wall DRILL FIFE X - & Mz} WS
[EILL GOLLAR X _ NIEE ——
DEILL STR NG VOLUME ||f'-*l binds — n
D0 x OFEN HOLE X =
O | HWIDE x CHFEM HOLE 5 - +
OFEN HOLE WOLLME | | i Bt ks min
OF x GG ” X = 5] + S5 il
CHOREUINE ” X = {H} - ” 55 il
TOTAL SNMULLE ! CHORELINE VIHLLIME = ) A -:J SHS i
TOTAL WELL SVETE WOLLIME O =) ] ks i
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TOTAL ACTIVE FLUID SYSTEM L+ bt 533 | Fiie| Units)
i B )
WUSE INE RISER @ DF ” b = o3 55

Figure 23: Kill sheet sample 1
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International Well Control Forum DalE
Subsea BOP Kill Sheet - Deviated Well (AP Field Units) MAME
SR DATA,
aee [ | o v I pream i
S

FULL WILID WEIEHT

OURREMNT MLUID WEKIHT

g —==T
WD x Q052

. + -
T X 0052 24
MITIAL GG PRESEURE | DYMAMIC FRESSURE LOGE + S0FF
e + = o
b S0P - CHOKE LIME FRICTION
CRENG FRESS AT
SILL FLMF RATE = = o
: " L WILID WERSHT
FIMAL CIRCLILAT MG — —— x DYMAMIC FRESSURE LOSS
PREESURE CURREN T MUD WEKEHT
P x =

et

OV MAMIC PRESSLRE
LSS AT K0P (0}

) (FCP-P SR .
P+ (E } — = +
U o TOMAD .

C—] .

REMNHING SI0FF
AT HOP(F)

SIOFF [_"i.'-.l'n'q' CNV | x FDFTVD :-UU'.-.E]

_ [

} w052 x

CROULATING FRESS
AT KO (HOF F)

o+ (F) =

D YMAMIC PRESS. LOEE
ATEO8 R}

) - EOEMD .
S S } = +
U o TOMAD i

REMENMG SIDPF
ATEOS 5

=L b [_"i.'-.l'r'q' MW x EOETVD :-l'.llll'.nE]

_ [

Jox CLOHE
J T —
G EROULATIN G FRESS i)+ ) = . .
ATEOS EECA i
R ) i T} x 100 K _ m
i 1000 samikns
U} x 100 X 100 pa
U} = KPP - B8 P = = o - = _—
il 100 S 3mioges
W) x 100 X 100
W)= EOB P PGP = = oa — = =
[ N1+ 2+03) 100 s

o By 5SS CRLAT (i L es) S0 2000 |

Figure 24: Kill sheet sample 2
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Subsea BOP Kill Sheet - Deviated Well | AP Figld Units)

International Well Control Forum

MAME

STATIC & DYHAMIC DRILL FIPE PRESSURE |psi] —

STROKES —

| sTROKES | PRESSURE]

[ipessi]

D Mo 350 D403 (Fadd Ukits) 270112000

Figure 25: Kill sheet sample 3
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Hole: Name: Hale Section Impart Hole Section

‘ Hale Section Depth (MD): {14764 ft I additional Columps
Effactive
Measured p Linesr
Section Type Depth LE[?t!ith Eia] ?‘:’][ Di’;:n‘:ter Fiiction Factol  Capacity Item Description
(i) i (bhlvtt]
1 Casing 5741 574107 220000 21813 24000 [} 04702 24 in, 219 pof, %56,
2 Open Hale 14764 0227 16,000 16.000 0.3 02487
-
o
.
String Initialization Library |

Skring Mame ‘EHA Design - 16" Mator Expart

Sting MD] | 1476.4 ft Specify | Topto Bottom [mpoit String Import
Section Type ‘ Le[?t]glh | Measur[?ld] Deplh‘ ﬁrﬁ | [‘”[:] ‘ “{:;%{Wt ‘ Item Desciiption

1 Diil Pipe: 67193 871.9 5.430 4.780 26.33 il Pipe, 5.430 in, 26.33 ppl, 5, FH
2 Heavy Weight 295.28 1167.2 5.500 4.000 5810 Heavy Weight Dril Pipe, 5.500in, 58 10 pof, 1340 MOD, 51/2FH
3 Sub 328 11705 4.000 3.000 15435 Cross Over, 8.000in, 154.35 ppf, 4145H MOD, 6 5/8 REG
4 Dol Callar 9843 12689 4.000 3.000 15433 Diill Collar 8, 2 1/2in, 7H-90
5 Jar 2251 1291.4 8.000 2810 154.36 | Hydrauiic Jar Eastman Hyd.. 8 in
[ Dol Callar 562 13571 000 3000 154.33 Diill Collar &1in, 2 1/2in, 7H-90
7 Dol Callar 3281 13839 000 3000 152.76 Morebag Dril Callar in, 21/2in, 7 H-30
g Sub 328 13331 000 3000 7351 Muleshoe Sub, 8.0001n, 73,51 ppf, 4145H MOD, 41/2REG
9 WD 2461 14177 8.250 54900 142,83 Mw/D Tool, 8 250in, 142,83 ppf. 15-15LC MOD (1), 6 5/3REG
10 [HwD 18.04 14358 8.250 2810 142.83 Logaing While Driling, 8250 in. 142,83 pef, .
1 Sub 32 14331 8.000 3.000 147.00 Float Sub, 8000 in, 147.00 ppf, 4145H MOD, 6 5/8 REG
12 Stahilizer 452 14440 3.000 3.000 152.45 Mear Bit Stabilizer 14 34" FG, 93 in
13 Mud Motor 3051 14745 3630 7.880 150,00 Steerable Motor, 3630 in, 150.00 ppf, 4,
14 Bit 187 14764 16.000 526,00 Tr-Cone Bit, 316, 0.583 ir?
15

Figure 26: Hole section and string editor

chematic Options

B W[ v | (M| B Option |ToScde -

Fluids
Color Fluid Name
i | M
2 Light bud
3 Heavy ‘Weight Mud
~~— Mean Sea Level (138.0 ft) Volume Punped 00 bl
wellhead (138.9 ) e
Irflux Top MD: 1390.7 ft
Influs Yolume: 1650 bbl
™ Mudine (338,59 ft)
Irfius Height: 856 ft
Cholke Presure: 7234 psi
Bottom Hole Pressure:  (B13.25 psi
st — -
' Pressure at Depth 376.95 psi
 Driler's " Wait and Weight

1476.4 ft

Figure 27: Animation of schematic before Kill the well, kill rate 300 gpm (Section 1)
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Schematic Dptions

B | Option | ToScale -

? Mean Sea Level (138.9 ft)
Wielhead (1389 ft)
™ Mudine (333.9 ft)
Sf (-

1476.4 ft

Schematic Dptions

WO Ry | M| Option |ToSeale v

=~

541t

14764 ft

Mean Sea Level (1339 ft)
vyelhead (1329 ft)

Mudine (333.9 ft)

50

Fluids

Color Fluid Narng
1 [ i«

-
]

Light Mud
Heawy weight Mud

Yolume Pumped: 469.2 bbl

Influx Top MD:
Il Yolume:
Il Height:

Choke Pressure:

oo
o b
[0
[m88 g

Eottom Hole Pressure: — |814.41 psi

Pressure at Depth 33450 psi

* Diiler's

" Wait andWeight

Figure 28: Animation of schematic after completely kill the well, kill rate 300 gpm
(Section 1)

Fluids
Colar Fluid Name

1 [ M

2 Light Mud

3 Heawy \Weight Mud
Volume Pumped: 0.0 bbi
Influ Tap MD: 13907 ft
Influ Wolume: 150 bbl
Influx Height: =1 ft
Choke Pressure: 7234 psi
Bottom Hole Pressue: 813,30 psi
Pressure at Depth J76.96 psi

 Diller's

" Wat and weight

Figure 29: Animation of schematic before kill the well, kill rate 500 gpm (Section 1)




ance Frame Data

Schematic Options

B Option |ToScale A

Fluids

Color Fluid Narme
1 [ M
2 Light Mud
3 Heawy 'weight Mud

T Mean Sea Level (1389 ft)

Wolume Pumped 469.2 bl
welhead (138.9 ft) olume Purmpe:

Influg Top MD: 0.0 ft
Influ Yalume: 00 bbi
Influx Height: 0.0 ft

Choke Pressure: 29.89 pai

Bottom Hole Pressure:  |B14.47 psi

 Mudine (333.9 ft)

st —4 ~
Pressure at Depth 334.50 psi
* Diiler's " Wait and Weight
1764 f -

Figure 30: Animation of schematic after completely Kill the well, kill rate 500 gpm
(Section 1)

fa
Schematic Options

B || Opion |ToSede M

Fhiids

[ ] o] Fluid Name
[l [

E | L

3] Heawy Waight Mud

Volume Pumped: 16583 bbl

Influs Top WD [l ft
I Vol o w
Mean Ses Level (1389 ft) Ifhs gt 10 t
Welhead (138.9 ft) Choke Pessue: T
udne (3385 i oke Pressure: ]
Batiom Hole Pressure; 383310 i

Pressure at Depth: 298741 i

¥ Diller's (™ Wait and Weight

574,11

29527 ft

98425 ft
156529 ft

Figure 31: Animation of schematic before kill the well, kill rate 310 gpm (Section 2)
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e Frame Data

Schematic (ptions

B | (pion | Toode v

Mean Sea Level (1389 ft)
Welhead (132.9 ft)
Mudine (338.9 ft)

54,11t

29527 ft

984251t
156529 ft

Fluids

JM Fluid Name
[l [

2| Light bud

1] Heavy Weight Mud

Yolume Pumped: 16549 bbl

FisTopD: [0 n
I Vohume: 0w
Influs Height: ’DD— ft
Choke Pressure: ’W i3]
Battam Hale Pressuie ’W it
Pressure at Depth W i

& Driler's (™ Walt and Weight

Figure 32: Animation of schematic after completely kill the well, kill rate 310 gpm

(Section 2)

WY (O M Option | TaScale M

Mean Sea Level (1383 )
Welhead (138.9 ft)
Mudine (338.9 ft)

St

20327 ft

98425 ft
156529 ft

Fhids

[ ]G] Fliid Name
[l [

2| Light Mud

1] Heavy Weight Mud

Yolme Pumped: [l bl

Influx Top MD! 14857.9 ft
Ifhat Yolume: 300 Bl
Influs Height 795.0 ft

Choke Pressure 3121 psi

Battom Hale Pressure: (379691 it
Pressure at Depth 308540 psi

% Diile's ™ Wait ard Weight

Figure 33: Animation of schematic before kill the well, kill rate 210 gpm (Section 2)
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Schematic Optians

| | Option | To Scale -
Fluids
Color Fluid Marne:
Il [
? Light Mud

3 Hearwy Weight Mud

Yolume Pumped: 16589 bl

Infh Top WD L] ft
If Vohme: 00 ui

Mean Sea Levl (1309 ft) If Heigh 1o i
Welhead (1389 ft) Choke Pressure: 445,83 psi

WMudine (338.9 ft)
Batiom Hale Pressue: 382625 nsi
Pressure & Depth: 2981.07 pi
@ Drller's (" Wait and Weight

574,11

20527 ft

93425 ft
156329 ft

Figure 34: Animation of schematic after completely kill the well, kill rate 210 gpm
(Section 2)

Kick Parameters String _Annulus Yolumes Kill Mud ‘weight Detailz
MD of Kick: ft Default from Editors W D]
Pit G ain: 6.0 bbl Annulus Yolume Rl L0 R
St G T i Length Capacity Wit Matl Per Violume:  |6.28 ppg
T — Riser: ([ ft|o0000 bt Mumber of Sacks:  |3615
Shut-ln Cazing Pressure: (500,00 psi
Diill Pipe: 0.o0 it |0.0000 bbl/ft Total Matl Required:  [339771.03 Ibm
. . &
Overkill Pressure: Q.00 psi .
S — Tubing: |0.00 ft[0.0000 b/t Wit Trip Margin
Chake + Kill Line: [0.00 ft {000 Bblit Kil Mud Wweight: e R
Weight Up : 2
o ok el — " Casing: |574.10 ft[0.4415 bhl/ft Wi Matl Pertvome: [000 ppg
L anl alurmne:
OpenHole:  [302.27 it |02087 bt Mumber of Sacks: |0
‘weighting b aterial Barite hd . .
o Buick Look Total Matl Requied  [0.00 b
Wt Matl. Specific Graviy: |4.500 0 T T4 d it
‘Wit Matl. Wweight per Sack: |34.00 [l
Sl et per 2 " Tatal Anruis Volume: 3100 bbi
‘Wi, Matl. Mizing Capacity: [188 lbrnémin
Additives String Yolume
- Length Capacity
RAEBERS DP/CAS/TBG/CT: [671.93 it [0.0222 bhlit
Purnp Name: ‘Eontlnenta\ Emsco - FE-1600 - TR Heavy Weight: |295.28 ft |D 155 Bblft
Rttt EH el Dl Collar [a0216 t [omse bkt
Speed: 40,00 spm Duick Lok
Fressure: 750.00 psi Total String Length: 14764 it
alumetric: E ficiency: 5500 4 Total String Valume: 288 bbl
Select Pump/Eil Speed

Figure 35: Kill sheet with SIDPP 300 psi (Section 1)
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[ —

T

| [ m— e

= m

(G

Crossover

5" DP (240 joints)

5" HWDP (9 joints)

6 347 DC (3 joints)

6 34" DC (2 joints)

6 3/4™ Pony NMDC

ADN-6 wi 8"1/4 Stabilizer

PowerPulse

ARC-8

Crossover
Xeeed6T5Upper
XceedGTS Bent (0.6 deg)
Xeeed67S Lower Stabilizer

& 1/27 RSS5 PDC Bit

Cum. Len. (m)

502364

240568

178.48

88.48

5168

3168

27.68

21.98

1448

8.98
798
1.64
D.98

0.31

BHA DESCRIPTION
ELEMENT LENGTH {m) QD (in) 1D {in) MaX D (in)
G 1/2 " RSS PDC Bit 0.31 8.50 2.25 8.50
XceedbT5 Lower Stabilizer 0.67 6.75 3.00 8.38
Xceedt75 Bent (0.6 deg) 0.66 7.60 5.00 7.60
XceedBT5Upper 6.34 6.85 518 825
Crossover 1.00 6.75 3.00 6.75
RC-6 5.50 6.75 281 750
PowerPulse 7.50 B.75 ERb B5.89
DN-6 w! £"1/4 Stabilizer 5.70 6.75 225 825
G 3/4" Pony NMDC 4.00 6.75 3.00 6.75
6 3/4" DC (2 joints) 20.00 6.75 3.00 6.75
ar 6.80 6.50 225 6.63
G 34" DC (3 joints) 30.00 6.75 3.00 6.73
5" HWDP (9 joints) 90.00 5.00 3.00 6.50
5" DP (240 joints) 2227.20 493 4.28 6.63
Crossover 1.00 6.75 3.00 6.75
5-1/2 " DP (94 Stands) 2616.96 543 4.78 750
Bit to Direction & Inclination Sensor = 18.0858 m
Depthin:  3000.00 m Depth out  4797.00m
Inclination in: 78.00° Ta: 78.00°
Direction in: 61.00° Ta: 61.00°
Total Drilled 1797.00 m Dogleg o
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Figure 36: BHA design for MD 15652.9 ft




Figure 37: Maximum allowable volume (Section 1)

LEGEND
Annulus Pressure
a00 el
] LT
] [T
] [T
850
] ]
] SNl
] | =TT
500
—_ ] ]
7 [T
a2 ] g
2 450 —
2 ]
% 400 _| Fracture Gradient = 399.63 p: imD:S?M/ﬂ)
e
350
300
250 7 Pore Pressure = 249092 psi (MD = 574.1 1)
T T T T T T T [T T T [ T T T T [ T T [ [T T [T [T T T T T T T T T
] 5 1o 15 20 530 45 50 55 B0 i3] 70 75 80 85 a0 95 100
Influe Wolume (il
Maximum Allowable Volume: 189 kbl

Figure 38: Maximum allowable volume (Section 2)
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LEGEND
Annulus Pressure
] I T EEEEN
3200 | { AEEREEEHRE P
] | | NN ERRERESSSS e ny
| Fracture Gratient =[3073.11|si (MD = 9842.5 ) N
] o —
3000 —|
2800
’5 4
2 ]
== 3600
® ]
= ]
2 ]
o ]
g 2400
2200
2000 —|
] Pol ePress_HreﬂB 3.60 ps_i_(MD=9 42.5 1))
1800 I\\\I\I\II\\II\I\I\\\I\I\I\I\I\I\I\IIIII\II\\I\\\I\\\I\I\I\I\I\III\III\III\III\I\I\I\I\
0 5 10 15 20 5 30 35 40 45 50 &5 B0 B5 70 75 B0 85 90 85 100
Influx Valume (bbl)
Marimum Allowable Volume 295 bbl



APPENDIX B

Phn= MW x0.052 XTVD
Py = Poh — APnydaps + APgps + APy

CP = Py + Py
ICP = SIDPP + SPR
KMW
FCP = SPR + (W)
SIDPP
KMW = MW+ (0.052 X TVD)
P¢= SIDPP + (MW X 0.052 X TVD)
, , DP,
Gas bubble migration rate = 0052 X MW
, , sk
Barite required (m) = 1490 X

Volume increase caused by weighting up = 100 X

56

KMW — MW
35.8 - KMW
KMW — MW
35.8 — KMW

(15)
(16)

(17)
(18)

(19)

(20)
(2D
(22)

(23)

(24)



APPENDIX C

Ci= [b= 25
"7 1029.4 (25)
_ IDz— 0D? -
T 1029.4 (26)
V=LxC (27)
Ppy = SIDPP + (MW x 0.052 X TVD) (28)
Ton = Temp.+(MW x 0.052 x TVD) (29)
V ki
L= — 30
M= (30)
V ki
Cii= — 31
o (81
_ ngL[(
P = 3507 (32)
Plzg1Ca1'
Ppe= 33
hg C. ( )
X = th_gom(D - Dk) - P]]g (34)
Taop = Temp. +(MW X 0.052 X TVDap) (35)
X (X2 GomPpsLrizTCa)\">
Pop = =+ (—
@p 2 + (4 ZpnT biC 2 > (36)
PpiV kizT
Vi=z —— 37
k PzpnT pa (37)
Vi
Li= — 38
k= (38)
|74
v X 0.02381 X Vg
Time = ~Stk (39)

Speed
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