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Abstract

Maintaining pressure within the wellbore to avoid the uncontrolled flow of formation fluids is essential,
and this process is known as well control. When there is an influx during drilling, different techniques
are employed to maintain well control. The Driller's Method and Wait and Weight Method are common
conventional methods used in the drilling industry due to their effectiveness and adaptability. One of
the limitations of these two methods is when having a kick size exceeding the kick tolerance. In order
to ensure the safety and integrity of a well in such conditions, it is imperative to explore alternative
methods for managing large influxes of formation fluids that may occur during drilling operations. One
promising approach involves implementing a reverse well control operation, which would enable the
circulation of such influxes from the wellbore without compromising the integrity of the well. By
reversing the flow of fluids from the wellbore and diverting them inside the strongest pipe from the
beginning, the annulus pressures will be lower. This method can effectively manage and control huge
influx sizes without exposing the annulus to high pressures. This paper does a detailed comparison
between the Driller's Method and Reverse Driller's Method.

Keywords: Well Control; Reverse Diriller’s Method, Driller’s Method; Kick, Blowout.

1. Introduction

Well control is a crucial aspect of drilling operations that involves managing the pressure
inside the wellbore to prevent uncontrolled releases of formation fluids. In the event of an
influx of formation fluids, it is necessary to implement effective killing methods to control the
well and prevent blowouts that can pose a significant risk to human life, equipment, and the
environment [11,

Killing methods involve techniques that enable the safe and controlled circulation of for-
mation fluids from the wellbore, preventing the fluids from escaping uncontrollably. Proper
implementation of killing methods ensures the integrity and safety of the well, as well as the
personnel and equipment involved in drilling operations. Therefore, understanding and utiliz-
ing effective killing methods is essential to mitigating the risks associated with well control
and conducting safe, sustainable, and efficient drilling operations [21.

1.1. Driller's method

The Driller's method is a conventional well control technique widely used in the drilling
industry to control the pressure inside the wellbore. This method involves carefully monitoring
and adjusting the weight of the drilling fluid to balance the pressure inside the wellbore with
that of the formation being drilled 31,

The Driller's method is a well-established well control technique that involves two distinct
and complete circulations of drilling fluid within the well [4l, During the first circulation, the
influx is expelled from the annulus using the mud density that was present in the well at the
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onset of the kick. The casing pressure is maintained at a constant level until the pump reaches
the kill rate, at which point the drillpipe pressure is stabilized to ensure that the bottomhole
pressure remains either equal to or slightly greater than the formation pressure [5],

The second circulation involves the maintenance of a constant choke pressure during the
displacement of the drillstring with kill mud. Finally, the standpipe pressure is maintained at
a constant level until the annulus is filled with kill mud. By following these procedures, the
Driller's Method can effectively manage wellbore pressure during drilling operations and pre-
vent uncontrolled releases of formation fluids 61,

1.2. Wait and weight method

The Wait and Weight method is a widely used well control technique that involves a single
and complete circulation of kill mud within the well. This method is also called “Engineer's
Method” [3:7],

Following a kick in a well, the well must be shut-in until the kill mud can be weighted up to
the required density in the mud pits. Subsequently, the kill mud is circulated into the well,
thus displacing the influx. Throughout this process, it is crucial to maintain the bottomhole
pressure slightly greater than the pore pressure. The casing pressure is maintained at a con-
stant level until the pump reaches the kill rate. This method involves the maintenance of a
stepdown to standpipe pressure during the displacement of the drillstring with kill mud. Finally,
the standpipe pressure is maintained at a constant level until the annulus is filled with kill mud 81,

The Wait and Weight method has the advantages of lower annulus pressures. It reduces
the chance of fracturing the shoe in case of the drillstring volume is smaller than the open
hole annulus volume [®-10],

Conventional well control techniques, such as the Driller's method or the Wait and Weight
method, have gained significant traction in the drilling industry due to their efficacy and adapt-
ability. These methods have become widely accepted and are utilized to manage a variety of
well control scenarios [11],

1.3. Modified Wait and Weight method

One of the disadvantages of the Wait and Weight Method is that the increase in mud weight
necessitates adjustment of the drill pipe pressure to maintain a constant bottom-hole pres-
sure. Thus, it is crucial to perform calculations to determine the pumping schedule required
for this purpose. To minimize the number of calculations involved, a modified version of the
Wait and Weight method, called the "Modified Wait and Weight method" or "Constant Casing
Pressure, Constant Drill Pipe Pressure Wait and Weight method," has gained popularity. The
only difference between this method and the original one is that the casing pressure is main-
tained at a constant level until the weighted mud reaches the bit, which is equal to the initial
shut-in casing pressure plus the hydrostatic pressure of the drillstring volume when it is in the
annulus. Once the weighted mud reaches the bit, the drill pipe pressure is recorded and main-
tained at a constant level until the influx has been entirely displaced [812],

1.4. Overkill Wait and Weight method

The overkill Wait and Weight method is another modified version of the Wait and Weight
method that involves using a mud density greater than the calculated kill mud weight, which
reduces the casing shoe pressure by the difference between the two weights. However, it is
crucial to consider the maximum practical density that can be used to avoid a vacuum on the
drill pipe [131,

Despite the use of higher mud densities, both the Driller's Method and the Wait and Weight
method have the same effect on the annulus pressure during the displacement of the drill
string, regardless of the density of the kill mud weight used in the overkill Wait and Weight
method. After the displacement of the drill string volume, this casing shoe pressure is the
maximum pressure it can face during the killing operation. Then casing shoe pressure de-
creases [14],
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One of the most common causes of failure of the overkill Wait and Weight method is the
improper consideration of the reduction in drill pipe pressure resulting from the increased
density. However, despite this potential danger, the overkill Wait and Weight method can be
a viable and effective alternative in situations where casing shoe pressures approach fracture
pressures and the risk of an underground blowout exists. By carefully monitoring and adjusting
the drill pipe pressure, this method can help regain control of the well, prevent further influxes,
and minimize the risk of safety hazards and environmental impact [15-161,

1.5. Reverse circulation method

During the reverse circulation technique, when the bubble is reversed out, the pressure
profiles for the drill pipe and annulus are reversed as well. The result is a reduction in annulus
pressure compared with the Driller's method and the Wait-and-Weight method. While there
are potential hazards associated with this technique, such as bridging the annulus or plugging
the bit or drill pipe, industry experience has shown that it can be successful. The industry has
not experienced none of these problems when utilizing this new technique [6:8],

2. Mathematical model

The following equations were used for well control calculations:
Pressure at any point (P):

P=Psurface+Ph (1)
Hydrostatic pressure:
n

P, = z 0.052 * Fluid Weight; = TVD; (2)
j=1
Formation pressure (Py):
P; = SIDPP + 0.052 x OMW * TVD (3)
Pr = SICP + 0.052 * OMW * TVDpyq + influx gradient * TV Dy« 4)
Kill mud weight (KMW): by dividing Equation (3) by (0.052 * TVD)
KMW = SIDPP + OMW (5)
"~ 0.052*TVD
Initial circulating pressure (ICP) in normal circulation:
ICP = SIDPP + RRCP (6)
Final circulating pressure (FCP) in normal circulation:
FCP = RRCP Kmw (7)
= *
oMw
Initial circulating pressure (ICP) in reverse circulation:
ICP = SICP; + 100 (8)
Median circulating pressure (MCP) in reverse circulation:
MCP = SIDPP; + 100 (9)
Final circulating pressure (FCP) in reverse circulation:
FCP = 100 « W (10)
= *
oMw
3. Methods

3.1. Circulation path
3.1.1. Normal circulation killing methods

Conventional well control methods involve pumping mud down the drill pipe and up the
annulus to circulate the well, as shown in Figure 1.
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3.1.2. Reverse circulation killing methods

Reverse circulation is a Killing technique that involves pumping the drilling fluid in the op-
posite direction of normal drilling. This technique entails pumping the drilling fluid through the
annulus down to the bottom of the hole. From there, the mud bypasses the bit and enters the
drillstring through a circulating sub located just above the bit. Finally, the mud travels back
to the surface through the drillstring, as illustrated in Fig. 2.

Fig. 1. Conventional well control methods. Fig. 2. Reverse circulation well control method
3.2. The line-up of the standpipe manifold
3.2.1. Normal circulation killing methods

During normal circulation through the drillstring, the standpipe should be connected to the
mud pumps, as illustrated in Fig. 3. When taking a kick and starting to kill the well with
conventional methods, the lineup of the standpipe manifold should not be altered.

Standpipe Manifold Choke Manifold

Tap 1 Tap 2 Tap 3 Tap 4

LINE LINE

Fig. 3. Choke and standpipe line-up for normal cir- Fig. 4. Choke and standpipe line-up for reverse
culation method [17], circulation method [171,

3.2.2. Reverse circulation killing methods

In reverse circulation killing methods, as illustrated in Fig. 4, the lineup of the standpipe
manifold should be adjusted. The standpipe should be connected to the choke manifold. Since
the return comes from the standpipe, all valves that connect the standpipe with the pumps
should be closed.

To implement this method, it is necessary to connect the pumps to the kill line located
below the ram BOP. All valves in this path should be opened to allow for the proper flow of
fluids. It is crucial to note that only one pump can be operated in this configuration, as turning
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on the other pump can lead to its burnout or an increase in the pressure in the annulus,
depending on the position of the valve connected to the discharge of the pump.

3.3. The line-up of the choke manifold
3.3.1. Normal circulation killing methods

During normal killing methods, the influx is circulated out of the well through the annulus.
As a result, all valves connecting the choke line with the choke manifold should be opened, as
illustrated in Fig. 3.

3.3.2. Reverse circulation killing methods

In Reverse Circulation Killing Methods, the choke manifold should be lined up as illustrated in
Fig. 4. The valve in the choke line should be closed since the pump is connected to the annulus.
As the return comes from the standpipe, all valves that connect the standpipe with the choke
should be opened.

3.4. Blowout preventer (BOP)
3.4.1.Normal circulation killing methods

The ram BOP should be closed when the well takes in an influx. The HCR should be opened to
read the pressure in the annulus, as illustrated in Fig. 5. None of the line-ups of the standpipe
manifold, choke manifold, or BOP should be altered when starting the killing operation.

Fig. 5. BOP Line-up for normal circulation method Fig. 6. BOP Line-up for reverse circulation method
[171, (171,

3.4.2. Reverse circulation killing methods

Regarding the line-up of the BOP, as shown in Fig. 6, the ram BOP should remain closed to
contain surface pressure to balance bottomhole pressure. As the fluid is pumped through the
annulus, the kill line should be opened. The HCR should be closed since the return comes from
the standpipe. The focus of this study is on the Driller's Method, including both normal and
reverse circulation techniques.

3.5. Stages of each method

3.5.1. Driller’'s method

This procedure can be divided into four stages as illustrated in Fig. 7.
3.5.2. Reverse Driller’'s method

The procedure can be divided into five stages as illustrated in Fig. 8.
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4 a ) / b c \
\Aftershutinj \ 15¢ circulation /\ 2" circulation /

a.  After shutting in

b. Stage I: Circulating the influx to surface. d  Stage II: Discharging influx.

c.  Stage III: Fill drillstring with heavy mud. e  Stage IV: Fill annulus with heavy mud.

Fig. 7. Procedure of Driller's method.

1111

. 15t circulation 22 circulation
After shut in (Reverse circulation) (Normal circulation)
. VAN J K /
a. After shutting in b. Stage I: Circulating the influx into the drillstring.

€. Stage II: Circulating the influx to surface. d. Stage III: Circulating the influx out of the well.

©. Stage IV: Circulating kill mud from surface to the bit. f. Stage V: Circulating kill mud from the bit to surface.

Fig. 8. Procedure of Reverse Driller’'s method.
4. Results and discussion

4.1. Pump pressure
4.1.1. Driller’s method

During the first circulation, the influx is circulated up through the annulus. In both Phase 1
and Phase 2, the original mud is pumped through the drillstring. Therefore, the pump pressure
should be kept constant at the initial circulating pressure (ICP) as depicted in Fig. 9.

During the second circulation, the drillstring is displaced by the heavy weight kill mud in
Phase 3. So, the pump pressure will decrease in steps till reaching the final circulating pressure
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(FCP) at the end of that phase. Finally, pump pressure will remain constant at FCP as the
drillstring is full of kill mud.

4.1.2.Reverse Driller’'s method

The pump pressure equals the initial SICP plus approximately 100 psi during Phase 1 as
illustrated in Fig. 10. At the end of that phase, the value of overbalance equals the difference
between the initial SICP and the initial SIDPP. The surface casing pressure should be decreased
by this value to reduce the high overbalance. During 2 and 3, the surface pressure exerted
on the casing remains constant because the annulus is full of original mud. In Phase 4, the
surface pressure starts to decrease as a result of displacing the annulus with kill mud. Finally,
it remains constant again during Phase 5 as the annulus is full of kill mud.

Circulating the influx Dischargin'g Flll_d:lr:strlng : F|I‘I Enhnulus i

to surface voinflux ! with heavy | with heavy :

) | mud H mud !

4 Phase 1 | Phase 2 Phase 3 i Phase 4 i

o1
< >
1
1
1
1

o

= ' '

Q‘ 1 : : 1
] - : ' !
2 ®© : T ! ‘
a 4&1‘ : 1 : |
& 8 RRCP ! ! ;

o T | ' |
g % | : | KMW :
a 2 ’ | ' RRCP % —— |
N 1 | 1 " 1
5 SIDPP ! I oMW !

R ‘
| . Time | i
Fig. 9. Pump pressure versus time (for the Driller’'s method).
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Fig. 9. Pump pressure versus time (for the Reverse Driller’'s method).

4.2. Choke pressure
4.2.1. Driller’s method

During the first circulation, the influx is circulated up through the annulus. In Phase 1 to
maintain a constant bottomhole pressure, the pressure of the influx should be decreased. If
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the influx is gas, its volume will increase as a result of pressure decrease. This will lead to a
reduction in the hydrostatic head in the annulus. Therefore, the choke pressure will increase
gradually, as illustrated in Fig. 11. In Phase 2, the influx is displaced out of the well through
the annulus. As a result, the choke pressure will decrease until reaching the initial Shut in
Drillpipe Pressure (SIDPP).

During the second circulation, the kill mud is pumped through the drillstring. In Phase 3
the annulus is full of the original mud, so the choke pressure will remain constant. On the
other hand, in Phase 4, the kill mud displaces the annulus. As a result, the choke pressure will
decrease until reaching zero at the end of this stage.

1L

First Circulation | Second Circulation l

m | |
= I
g2 :
= = !
a o | |
g2 — Gas !
(=9 - | . O| t I
TR ' Il or water :
= *C,' : 1
e @ | : |
O £ . . : :
S : : : :
L 1 1
SICP ; !

! : SIDPP |

! Time | !

Fig. 10. Choke pressure \I/ersus time (for the Driller’'s method).
4.2.2. Reverse Driller’s method

On the other hand, the influx is circulated in the drillstring and up through it to the surface.
During the first circulation, the choke pressure will increase rapidly as the influx is circulated
into the drillstring. As the drillstring capacity is much smaller than the annulus capacity, the
height of influx in the drillstring is much larger than in the annulus. As a result, at the end of
Phase 1, the choke pressure exceeds the value of initial SICP by a large value. Then, this
pressure is reduced by the difference between the initial SICP and the initial SIDPP to reduce
the overbalance, as shown in Fig. 12. During Phase 2, the choke pressure is increased gradu-
ally as the influx is circulated to surface. In phase 3, the influx is circulated out of the well
through the drillstring. Therefore, the choke pressure will decrease dramatically.

First Circulation . Second Circulation :

Choke Pressure
(connected to standpipe)

SIDPP; |

_|

3| siope;

1]

/

Fig. 11. Choke pressure versus time (for the Reverse Driller's method).
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During the second circulation, it remains constant as the drillstring is full of the original
mud in Phase 4. Finally in Phase 5, it diminishes to zero as the drillstring is displaced by kill mud.

4.3. Casing pressure

By combining Fig. 10 and Fig. 11, the result is Fig. 13. As shown in Fig. 13, the surface
casing pressure for the normal Driller's method is higher than that of the Reverse Driller’s
method. As a result, the annulus is subjected to lower pressures when killing with the Reverse
Driller's method. As shown in Fig. 13, the time required to kill the well by the Reverse Driller’s
method is lower than that of the Driller's method. The difference between t2 and ti is calculated by:

Annulus volume (bbl) — Drillstring volume (bbl)
-t= bbl

(11)

Pump output (ﬁ)

Driller’s Method
Reverse Driller’s Method

[}
5 t, =2 End of killing using Driller’s Method
a — t, = End of killing using Reverse Driller’s Method
£ |:
o | -
= <
wvy
o
o

— o~

o - KMW

) . APs anmuius *

N % \ R U.-'»ﬂ'l"\

%
Time ] t t,

Fig. 12. Casing pressure for Driller's method and Reverse Driller’s method.

4.4. Drillpipe pressure

By combining Fig. 9 and Fig. 12, the result is Fig. 14. As shown in Fig. 14, the surface
drillpipe pressure for the normal Driller’'s Method is lower than that of the Reverse Driller’s
Method. As a result, the drillstring is subjected to higher pressures when killing with the Re-
verse Driller’'s Method. The worst case in the Reverse Driller’'s Method is the drilling hose
failure as it is the weakest part in the system.

Driller’s Method
Reverse Driller’s Method

t, = End of killing using Driller’s Method

ol

Z t, = End of killing using Reverse Driller’s Method

g

e RRCP

@

o s

2 z

= RRCP KMW

e SIDPP; - omw
Time t, t

Fig. 13. Drillpipe Pressure for Driller’'s method and Reverse Driller’s method.
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4.5. Casing shoe pressure
4.5.1. Driller’s method

During Phase 1, casing shoe pressure will increase as the influx is circulated up the annulus
from the bottom till reaching the shoe. Then, the shoe pressure will decrease as the influx is
circulated from the shoe to the surface, as illustrated in Fig. 15. During Phase 2, the hydro-
static head above the shoe increases. On the other hand, the choke pressure decreases by
the same value. As a result, the shoe pressure will remain constant. During Phase 3, both the
hydrostatic head above the shoe and the choke pressure remain constant. Therefore, the shoe
pressure will remain constant. Finally, the shoe pressure will decrease as the kill mud is
pumped up through the annulus.

Circulating the influx Dischargin'g FI"-?}:I:S“mg ! F|III :nhnulus
to surface ' influx with heavy | with heavy
i i mud ' mud
Phase 1 | Phase 2 Phase 3 " Phase 4

dl Top of influx just below the shoe

2 Bottom of influx just above the shoe

| Gas
= Qil or water

T

Fig. 14. Shoe pressure versus time (for the Driller's method).

Shoe Pressure

- 5 Time

4.5.2.Reverse Driller’'s method

The maximum shoe pressure occurs after shutting the well in and the pressure stabilizes
during the static state. During the dynamic state, this value increased by a small value (i.e.,
approximately 100 psi). At the end of Phase 1, the value of casing shoe pressure decreases
by the difference between the initial SICP and the initial SIDPP. During Phases 2 and 3, it
remains constant as the annulus is full of original mud. During the second circulation, as the
kill mud is pumped, shoe pressure starts to decrease in Phase 4. Finally, it remains constant
again during Phase 5 as the annulus is full of the kill mud, as depicted in Fig. 16.

‘Pumpvlng : Lifting influx to Dischargin'g FiI.I annulus | Fillldrillstring
influxinto . with heavy with heavy
L surface ' influx ! I
drillstring | | ' mud ' mud
Phase: Phase 2 | Phase 3 i Phase 4 ; Phase 5

1

Shoe Pressure

}swpf SIDPP, : :

Time

Fig. 15. Shoe pressure versus time (for the Reverse Driller’'s method)
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4.6. Pit gain
4.6.1. Driller’'s method

During Phase 1, the pit gain increases dramatically as the influx is circulated up of the
annulus because the influx height increases with time. During Phase 2, the pit gain decreases
rapidly till reaching zero as the influx is circulated out of the well through the annulus. Finally,
it remains constant again during Phases 3 and 4 of the second circulation as shown in Fig. 17.

First Circulation | Second Circulation

i R Gas i

Pit Gain

I [P Qil or water
Oil or water

: Time i '

Fig. 16. Pit gain versus time'(for the Driller’s method).
4.6.2.Reverse Driller’'s method

Pit gain decreases as the influx enters the drillstring in Phase 1, because of the large in-
crease in drillstring pressure. At the end of Phase 1, the pit gain increases slightly due to the
decrease in the overbalance. During Phase 2, the pit gain increases dramatically. During Phase
3, the pit gain decreases rapidly till reaching zero as the influx is circulated out of the well
through the drillstring. Finally, it remains constant again during Phases 4 and 5 of the second
circulation, as depicted in Fig. 18.

First Circulation 1 Second Circulation

— Gas !
= Qil or water

Pit Gain

v ! Time
Fi'g. 17. Pit gain versus time (for the Reverse Driller’s method).
4.7. Action Plan
4.7.1.Driller’s method

1. When detecting a kick, shut the well in and record pit gain.
2. Record SICP and SIDPP after stabilization.
3. Do kill sheet calculations.
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4. Keep choke pressure constant while bringing pump to the kill rate in steps (i.e., 5 SPM in
each step).

5. Keep pump pressure constant at the Initial Circulating Pressure (ICP), Equation (6) till the
end of the first circulation. Pump Pressure = ICP = SIDPP + RRCP

6. Start pumping the kill mud with keeping the choke pressure constant till the kill mud
reaches the bit.

Choke Pressure = SIDPP (12)

7. Continue pumping the kill mud up the surface and keep the pump pressure constant at

the Final Circulating Pressure (FCP), Equation (7). Pump Pressure = FCP = RRCP * ';Z$

8. At the end of the kill and shutting in the well, both SICP and SIDPP should be the same
and equal to zero.

4.7.2. Reverse Driller’s Method

1. When detecting a kick, shut the well in and record pit gain.

2. Record SICP and SIDPP after stabilization.

3. Do kill sheet calculations.

4. Line up the standpipe manifold, choke manifold and BOP to fit the reverse circulation.

5. Pump original mud and bring the pump to the kill rate in steps (i.e., 5 SPM in each step)
keeping the pump pressure constant at the Initial Circulating Pressure (ICP) by adjusting
the choke, Equation (8). Pump Pressure = ICP = SICP; + 100

6. Keep this pump pressure constant till all the influx enters the drillstring.

7. Reduce the pump pressure to Median Circulating Pressure (MCP) to reduce the overbalance

by adjusting the choke, Equation (9). Pump Pressure = MCP = SIDPP; + 100

8. Keep this pump pressure constant till all the influx is circulated out of the well.

9. Pump kill mud through the annulus and keep the choke pressure constant till the kill mud
reach the bit.

Choke Pressure = SIDPP; (13)
10. Continue pumping the kill mud to surface and keep the pump pressure constant, Equation
(10). Pump Pressure = FCP = 100 *%

11. At the end of the kill and shutting in the well, both SICP and SIDPP should be the same
and equal to zero.

5. Conclusions

This study is concerned with the worst-case condition of any influx. This worst case repre-
sents that the influx is gas. In addition is assumes that this gas influx is circulated as a single
phase. The major objective of this study is to develop the theory, procedure, and additional
equipment needed to carry out a reverse circulation method to prove its applicability.

Pressure increase due to gas expansion has no effect on the annulus side in the Reverse
Driller's method. The annulus is subjected to lower pressures when killing with the Reverse
Driller's method. The surface drillpipe pressure for the normal Driller's Method is lower than
that of the Reverse Driller's method. The worst case in the Reverse Driller’'s method is the
drilling hose failure as it is the weakest part in the system. The Reverse Driller's method Loses
more time when changing the standpipe manifold, choke manifold and BOP configuration. On
the other hand, the Reverse Driller’'s method requires less time to kill the well than the normal
Driller's method. The highest shoe pressure in the Reverse Driller's method is after pressure
stabilization after shutting the well in. On the other hand, the shoe pressure increases during
circulation in the Driller's method, reaching its maximum value when the influx is just below
the shoe. The Reverse Driller’'s method gives the lowest pit gain due higher surface pressures.
The Reverse Driller's method requires few calculations such as the normal Driller’'s method, so
it is easy to be learned by the drilling crew. The driller or the supervisor has the freedom to
kill the well normally or reversely.
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Nomenclature
BOP Blowout preventer
HCR Hydraulic choke valve
P Pressure
Pn Hydrostatic pressure
Pr Formation pressure
omMw Original mud weight
KMW Kill mud weight
TVD True vertical depth
RRCP Reduced rate circulating pressure
IcpP Initial circulating pressure
MCP Median circulating pressure
FCP Final circulating pressure
SICP Shut-in Casing Pressure
SIDPP Shut-in Drillpipe Pressure
SICP; Initial Shut-in Casing Pressure
SIDPP; Initial Shut-in Drillpipe Pressure
t; End of killing using Driller's Method
t End of killing using Reverse Driller’s Method

Acknowledgment

The corresponding author would like to express honest thanks to Eng. Ahmed Shams who generously
dedicated his time and effort. His willingness to share his experience and insights has been crucial in
enriching the findings and conclusions of this paper.

References

[1] Maersk Training Centre Well Control Training Manual, 2002.

[2] Chevron Well Control Handbook, 2014.

[3] Feng J, Fu J, Chen P, Luo J and Kou B. Comparisons of the Driller’'s Method and the Wait and
Weight Method in Deepwater Well Killing Operation. Arabian Journal for Science and Engi-
neering, 2016; 41(7): 2699-2706.

[4] IADC Drilling Manual, Technical Toolboxes, Inc., 2000.

[5] ENI Well Control Policy Manual, 1999.

[6] Saudi Aramco Well Control Manual, Saudi Aramco, 2002.

[7] Elgibaly A. Well control during drilling and workover operations. Journal of Petroleum and
Mining Engineering, 2019; 21(1): 104-120.

[8] Grace RD, Cudd B, Carden RS and Shursen alL. Blowout and Well Control Handbook, 2nd
ed.; Elsevier, 2017.

[9] Well Control for the Rig-Site Drilling Team Training Manual, Aberdeen, Scotland, U.K.: Aber-
deen Drilling Schools and Well control training Centre, 2002.

[10] Sharafaddin O, Ismail I, Naji GMA and Al-Hamzah A. Petroleum and Coal, 2023: 65 (2): 400-
408.

[11] Holand P. Offshore Blowouts: Causes and Control, Houston, Texas, Gulf Publishing Company,
1997.

[12] Hossain ME and Islam MR. Drilling Engineering Problems and Solutions, Scrivener Publishing
LLC, 2018.

[13] Raabe G and Jortner S. Universal Well Control, Elsevier, 2022.

[14] Xiaozhen S. Common Well Control Hazards: Identification and Countermeasures, Gulf Profes-
sional Publishing, Elsevier Inc.: Oxford, 2013.

[15] Grace RD, Cudd B, Carden RS and Shursen JL. Advanced Blowout and Well Control, Houston,
Gulf Publishing Company: Texas, 1994.

[16] LYONS WC. Working Guide to Drilling Equipment and Operations, diacriTech, Gulf Publishing:
India, Elsevier Inc., 2010.

[17] "DrillSIM: 20 Interface".

To whom correspondence should be addressed: Abdallah A. Mehanna, Petroleum Engineering Department, Faculty
of Petroleum and Mining Engineering, Suez University, Suez, Egypt,
E-mail: Abdallah.AMMe@pme.suezuni.edu.eq ORCID: https://orcid.org/0009-0003-6020-841X

Pet Coal (2024); 66(2): 560-572
ISSN 1337-7027 an open access journal

572


mailto:Abdallah.AMMe@pme.suezuni.edu.eg
https://orcid.org/0009-0003-6020-841X

	Abstract
	1. Introduction
	1.1. Driller's method
	1.2. Wait and weight method
	1.3. Modified Wait and Weight method
	1.4. Overkill Wait and Weight method
	1.5. Reverse circulation method
	2. Mathematical model
	3. Methods
	3.1. Circulation path
	3.2. The line-up of the standpipe manifold
	3.3. The line-up of the choke manifold
	3.4. Blowout preventer (BOP)
	3.5. Stages of each method
	4. Results and discussion
	4.1. Pump pressure
	4.2. Choke pressure
	4.3. Casing pressure
	4.4. Drillpipe pressure
	4.5. Casing shoe pressure
	4.6. Pit gain
	4.7. Action Plan
	5. Conclusions
	References



