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Abstract

Surge and swab pressures are frequently produced during various stages of well construction, including casing running and tripping
operations. Managing downhole pressure within the mud window is crucial for mitigating the risks associated with drilling operations
including wellbore failure, lost circulation, kicks, and well control issues. The primary objectives of this study are to emphasize the
theoretical foundation of surge and swab pressures, forecast the optimum pipe and casing tripping speeds, as well as identify the
changes in surge and swab pressures (i.e., equivalent circulating density-ECD) for both open-ended and close-ended drill strings. To
achieve these goals, a steady state surge and swab model was used to simulate a case study in the Rumaila oil field, located in
Southern Iraq, by utilizing landmark-well plan software. The results of this study support the evidence that the string trip speed plays
a substantial role in controlling the swab and surge pressures. It was found that pulling out the 5" drill string from the 12 1/4" open
hole section drilled with a 9.51 ppg water-based mud at a speed of 10 sec/stand resulted in a swab ECD below the formation pore
pressure against all formations, thus resulting in a kick. Moreover, it was found that the annular clearance had a significant impact on
the surge and swab ECD whereas the surge ECD at the bit was bigger than that obtained at the previous hole casing shoe. For
example, in our case study pulling speeds ranging from 10-190 sec/stand for the 9 5/8" casing could cause the swab ECD to be below
the formation pore pressure gradient at total depth (TD), which is 9.23 ppg. While it was safe to run the same casing through the
same interval within 55-190 sec/stand. Furthermore, the results emphasized high trip speeds ranging between 10-30 sec/stand, where
for close-ended drill strings, greater surge ECD was observed compared to the open-ended ones. The surge ECD of a 5" close-ended
drill string at 30 sec/stand (60 m/min) at bit was 9.92 ppg, while an open-ended string at the same speed was 9.9 ppg.
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1- Introduction
] o ) . A variety of approaches have been presented in the
During the process of drilling, the drill string operates jjterature for identifying the surge and swab pressures [7].
as a big piston that trip in and outof the borehole, These approaches have different requirements and
resulting in additional pressures along the wellbore [1]. underlying assumptions. Crespo and Ahmed [8]
Normally, a tripping operation is needed while drilling  congucted an experimental investigation within a
operations to replace a worn part of the bit or the drill  ¢onirolled laboratory environment to analyze the impact
string. Because of that, surge and swab pressures may be o arious factors on surge and swab pressures, including
exposed [2]. Sl_Jrge pressure usually occurs |f_the drill pipe speed, fluid properties, hole geometry, fluid gelling,
string or the casing moves downward the hole quickly and 5, pipe eccentricity. Vadim Tikhonov et al. [9] provided
suddenly [3]. In contrast, swab pressure is normally 5 mathematical model for computing the pressure
generated during the upward movement of the drill string  fjyctuations in the holes. They considered different
[4]. When the surge pressure reaches the formation jnflyential parameters such as the elasticity of the
fracture gradient, it will fracture the formation and cause a wellbore, the compressibility of the drilling mud, and the
lost circulation problem, which is considered one of the longitudinal vibrations of the string. Abduljabbar et al.

challenging problems while drilling [S]. On the other 10} conducted a study to determine the optimal tripping
hand, the swab pressure has the potential to decrease the speed of a pipe that could effectively mitigate the

hydrostatic pressure of the drilling fluid and if the ocoyrrence of surging and swabbing during drilling
hydrostatic pressure becomes less than the formation  operations. The study was primarily focused on
pressure, a well kick will occur and could result in  gjycidating the fundamental principle of the underlying
increasing the non-productive time [6]. surge and swab phenomena. Optimizing the maximum

pipe-tripping speed was achieved through the utilization
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of diverse parameters as input values in the process of
performing calculations. The results indicated that the
dimensions of the bottom-hole assembly (BHA) and the
annular space had a significant influence on the
magnitudes of surge and swab pressures. Talleraas
K.[11] also developed a steady-state model and
conducted a sensitivity analysis of surge and swab
pressures, where two well cases were used to estimate the
equivalent circulating density (ECD). The results showed
that the wellbore pressure will rise due to the surge effect
and fall due to the swab pressure. Furthermore, downhole
geometry (drill bit and BHA) had the greatest effect on
the tripping speed. Furthermore, Pilgrim and Butt [12]
demonstrated that switching from start/stop procedures to
a continuous tripping process (CTP) can significantly
reduce the number of starts and stops associated with
conventional tripping. The simulation results showed that
a continuous tripping system can be four times faster than
a traditional tripping.

Rumaila oil field, located in Southern Iraq, has been
selected in this study. This field is near the border with
Kuwait and it is recognized as one of the largest oil fields
globally [13]. It is approximately located 50 kilometers
west of Basra and 30 kilometers west of Zubair oilfield
[14]. It covers 1,600 square kilometers, roughly 80 km in
the north-south, and 20 km in the west-east of the West-
Qurna oilfield. This field is a supergiant field delivering
approximately 33% of the overall oil supply in Iraq [15].
The estimated oil volume in this field is approximately 17
billion barrels, representing approximately 12% of the
Iragi total oil reserves. In the Rumaila oil field, 46% of
the NPT is recorded due to the lost circulation problem
[16]. This shows the importance of determining the surge
ECD for controlling and minimizing the possibility of this
costly problem.

required for tripping in/out for the fear of surge/swab
pressures, and employ the optimum tripping speed for
improving the drilling efficiency and thus decreasing the
non-productive time (NPT).

2- Research Methodology

Datasets of the one-directional well (R-A) in the
Rumaila oil field have been collected, analyzed, and
simulated using the Landmark-Well plan software as
identified in Table 1. The Well Plan software primarily
consists of eight modules, namely (Torque and Drag,
Hydraulics, OptCem, Critical Speed, Bottom Hole
Assembly, Well Control, Surge and Swab, and Stuck
Pipe) [17]. A hydraulic module has been used in this
study to build a steady-state swab and surge pressure
model. The analysis employed various rheological models
while maintaining the rheological mud properties, which
are key parameters to control the margins of surge and
swab pressures [18].

Based on the drilling reports, Well R-A was planned as
an S-shaped well to 3378 m depth in three sections. The
first section was drilled by a 17.5" PDC bit to a depth of
649 m MD through the formations of Dibdibba, Lower
Fars, Ghar, and Dammam. The second section was drilled
by a 12.25" bit to a depth of 1959 m MD through the
formations of Rus, Umm Er Rad, Tayarat, Shiranish,
Hartha, Sadi, and Tanuma. The third section was drilled
by 8.5" bit using KCL polymer mud to 3378 m MD
through Khasib, Mishrif, Rumaila, Ahmadi, Maudud,
Nahr-Umr, Shuaiba and Zubair formations. The target of
this well is to produce from the main pay of Zubair
reservoir, as well as to obtain the open hole wireline logs,
and measure the pressure data and cuttings to allow
completion interval to be determined in the main pay of

The main objectives of this study are to enhance the this reservoir.
understanding of surge /swab ECDs, minimize the time
Table 1. Inputs Parameters to the Well Plan Software
Main Input Category
" Datum Details Well Path Hole Section Drill String Fluids Subsurface
5 . Wellbore profile ~ Components Length Pore Pressure
‘g_ g Vé?gEﬁZdEE.éf,‘;?ﬂ,ﬂn MSZSLiLed Risers Component MD Rheology Fracture
£ - eptn Casing and Component ID Density Gradient
= Datum Elevation Inclination : e h |
& Mean-Sea Elevation Azimuth Liners Components Viscosity Geotherma
Open Hole OD Weight Formation Tops

3- Results and Discussion

In this section, the results of the study have been
displayed to figure out how the tripping speeds could
affect the surge and swab ECD in addition to highlighting
the difference between the surge and swab ECD for the
close-ended and the open-ended drill string as well as the
difference between the surge and swab ECD for a 12 1/4"
casing and 5" drill pipe.

This section presents the results of the simulation for
well R-A graphically utilizing different plots. The
analysis can be categorized based on two cases as
follows:

3.1. Tripping the 5 " Drill String into the 12 1/4" Open
Hole Section

The 12 1/4" open hole section was drilled using a 12.25"
PDC bit with a length of 0.44 meters. The components of
the drill string are shown in Fig. 1 and presented in Table
2. With respect to the drilling mud rheological properties,
the selected mud type was gel/polymer mud, which has a
density of 9.51 ppg, yield point (Yp) of 12 Ib/100 ft?, the
fluid flow behavior index (n) of 0.6, and a consistency
index (K) of 0.03 Ib. s"/ft?. It is important to mention that
the Herschel-Bulkley model was considered in this study
since it is better in describing the behavior of non-
Newtonian drilling fluids [19].
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Fig. 1. A 12 % Open Hole Section: a) Well Path and b) Drill String

Table 2. Components of 5” Drill String

. Length MD oD ID

Section Type (m) (m) (in) (in)
Drill Pipe 1,742.010 1,742.01 5.000 4.276
Heavy Weight 138.000 1,880.01 5.000  3.000
Drill Collar 18.280 1,898.29 6.750  2.870
Drill Collar 9.140 1,907.43 8.000 2810
Jar 6.660 1,914.09 7.750  3.063
Drill Collar 28.300 1,942.39 8.000 2810
Sub 2510 1,944.90 7920  3.240
MWD 8.530 1,953.43 8.250  3.250
Stabilizer 2.330 1,955.76 8250  2.750
Sub 0.800 1,956.56 8.000  3.000
Bit 0.440 1,957.00 12.25

e ECD vs. Trip Time (Open-Ended)

Fig. 2 presents the generated surge and swab ECDs
when running the 5” open-ended D.S through the 12 '4”
open hole section (RIH) or pulling out of the hole
(POOH) at specific depths at the previous casing shoe, at
the bit, and at the total depth (TD).

It is obvious that the surge ECD curves are opposite to
the swab ECD curves, meaning that as the trip speed
increases (i.e., the time per stand decreases), the surge
ECD increases and the swab ECD decreases. The increase
in the surge pressure or the decrease in the swab pressure
can be attributed to the annular pressure loss, which is
already added to the original mud weight, thus producing
the surge ECD, or it is subtracted from the original mud
weight to estimate the swab ECD.

In this case study, the bit has been chosen to be tripped
in against Hartha formation (1680 m-1756 m) MD for two
reasons. The first reason is to distinguish the surge/swab
ECD at the bit from that obtained at TD so that the two

ECD curves do not overlay on each other as in the case
when the bit is only at TD. The second reason is that the
Hartha formation is a thief zone [20], this shows the
importance of calculating the surge and swab ECD to
control the tripping speed and avoid further tensile rock
fracturing. The obtained results showed that the surge
ECD at the bit is bigger than that obtained at TD and at
the casing shoe in spite of the fact that the depth of TD is
bigger than that of bit. This is mainly due to the fact that
the annular clearance at the bit is smaller than that at TD
and at the previous casing shoe, and vice versa is
expected for swab ECDs.

. ECD vs. Trip Time (Close-Ended)

The generated surge and swab ECDs when RIH/POOH
the 5” close-ended drill string through the 12 %” open
hole section at specific depths are shown in Fig. 3.

The results showed that at high tripping speeds (30-10
sec/stand), the surge ECD for a close-ended drill string is
relatively higher than that of an open-ended drill string.
For instance, running the 5” close-ended drill string at a
trip rate of (30 sec/stand) or (60 m/min) at the bit resulted
in a surge ECD of 9.92 ppg, while running an open-ended
string at the same speed resulted in a surge ECD of 9.9
ppg as outlined in Table 3. The reason is that the effective
annular fluid velocity for a plugged pipe is bigger than
that for an open-ended one [21]. As a result, a bigger
surge in pressure for the closed-ended string is observed,
which leads to a larger surge in ECD. On the contrary, at
speeds lower than 30 sec/stand, i.e. (40-170 sec/stand),
the surge and swab ECD are the same for both open-
ended and close-ended strings.
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Fig. 2. ECD vs. Trip Time of Open-Ended Drill String
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Fig. 3. ECD vs. Trip Time of a Close-Ended Drill String

Close-Ended Open-Ended

Time ECDat ECD Time ECD at ECD at
Per Bit at Bit Per Bit Bit
Stand (Swab)  (Surge) Stand (Swab) (Surge)
(sec) (pp9) (ppY) (sec) (ppY) (ppY)
10 8.52 10.5 10 8.55 10.47
20 8.96 10.06 20 8.99 10.03
30 9.1 9.92 30 9.12 9.90
40 9.16 9.86 40 9.17 9.85
50 9.21 9.81 50 9.21 9.81
70 9.26 9.76 70 9.26 9.76
80 9.28 9.74 80 9.28 9.74
100 9.31 9.71 100 9.31 9.71
120 9.33 9.69 120 9.33 9.69
140 9.35 9.67 140 9.35 9.67
170 9.36 9.66 170 9.37 9.65
190 9.37 9.65 190 9.38 9.64
200 9.38 9.64 200 9.38 9.64

e ECD vs. Measured Depth (Open-Ended string)

The surge /swab ECDs that were generated because of
running different pipe speeds versus the measured depths
have been calculated at the bit and at the total depth (TD)
for an open-ended drill string. They are presented to show
the pore pressure and the fracture gradients as can be seen
in Fig. 4 (a and b).

According to the results of Fig. 4, the original mud
density of the 12 %4” open hole section, which is 9.51 ppg,
is close to the pore pressure gradient, which could cause a
good kick [22], therefore using 10 sec/stand to POOH the
bit will cause the swab ECD to be below the pore pressure
gradient, thus a good kick event is possible. In contrast,
RIH the bit at 10sec/stand is safe since the mud density in
this case is far from the fracture gradient.
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Fig. 4. ECD vs. Run Measured Depth of an Open-Ended Drill String: (2) at Bit, and (b) at TD

ECD vs. Measured Depth (Close—Ended String)

The surge /swab ECDs that were generated for various
trip speeds vs. run-measured depth have been calculated
at the bit and at TD for the 5 close-ended drill string. The
results are presented in Fig. 5 to perform a comparison
with the pore pressure and fracture gradients of the
Rumaila oil field.

Swab/Surge Trip Schedule

Fig. 6 displays the calculated maximum allowed trip
speed without exceeding the safe trip margin. The
selection of a safe trip margin of 0.2 ppg is intended to
minimize the gap between the pore pressure and the
fracture pressure gradients, thereby enhancing the safety
of tripping operations. In the case of a closed-ended drill
string, it has been determined that a total of 4 stands,
ranging from 1680 to 1570 m, need to be removed within
a time frame of 80 seconds. Subsequently, the velocity is
to be gradually increased until the point where 12 stands,

ranging from 335 to 6.65 m, are to be pulled out within
the duration of 10 seconds as presented in Table 4.

At some depths, the pulling speeds for an open-ended
drill string are relatively higher than the obtained speeds
for a closed drill string. This finding demonstrates that the
utilization of a close-ended system might lead to a greater
surge and swab effect. For example, it is recommended to
pull 5 stands of a close-ended drill string within 60 sec,
and then pull 6 stands within 70 sec. On the contrary, it is
advised to pull 6 stands of an open-ended string within 60
sec, then 5 stands within 70 sec. This observation holds
true when considering the surge pressure as depicted in
Table 5.

3.2. Tripping the 9 5/8"casing through 12 1/4" Open Hole
Section

A steady-state model was employed to simulate a case
of tripping the 9 5/8” casing through a 12 1/4” open hole
section as shown in Fig. 7. The mud properties are the
same as used for tripping the 5” drill string in the 12 1/4”
open hole section. The drill string components are listed
in Table 6.
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Table 4. The Swab Trip Speeds for a 5” Drill String

Closed-Ended Open-Ended
Measured Depth Number of Trip Time per  Measured Depth  Number of  Trip Time per

(m) Stands Stand (sec) (m) Stands Stand (sec)
1,570.27 4 80 1,570.27 4 80
1,405.68 6 70 1,433.11 5 70
1,268.52 5 60 1,268.52 6 60
1,103.93 6 50 1,103.93 6 50
911.9 7 40 911.9 7 40
692.45 8 30 692.45 8 30
335.83 13 20 335.83 13 20
6.65 12 10 6.65 12 10

Table 5. Surge Trip Speeds for 5” Drill String
Closed-Ended Opened-Ended
Measured Depth Number of Trip Time per Measured Depth  Number of  Trip Time per

(m) Stands Stand (sec) (m) Stands Stand (sec)
356.62 13 10 356.62 13 10
713.23 13 20 713.23 13 20
932.69 8 30 932.69 8 30
1,124.71 7 40 1,124.71 7 40
1,289.30 6 50 1,289.30 6 50
1,426.46 5 60 1,453.90 6 60
1,591.06 6 70 1,591.06 5 70
1,673.35 3 80 1,673.35 3 80

i
i
I
|
I
|
:
I
I
I
I
1

Fig. 7. A 9 5/8"Casing String

Table 6. The Components of 9 5/8" Casing String

. Length MD oD 1D

Section Type (m) (m) (in) (in)
Casing 1,639.855 1,639.85 9.625 8.681
Float Collar 14.500 1,654.35 10.396 8.585
Casing 12.825 1,667.18 9.625 8.681
Casing Shoe 12.820 1,680.00 10.396 8.585

The results of tripping the 9 5/8” casing through the 12
1/4" open hole section can be categorized as follows:

e ECD vs. Trip Time (Open-Ended Casing String)

Fig. 8 illustrates the anticipated equivalent circulating
density (ECD) for various trip speeds, ranging from zero

to 200 seconds per stand, during the process of tripping
inor tripping out with the 9 5/8” open-ended casing
string.

The results revealed that the generated swab ECDs
while pulling the 9 5/8 open-ended casing are smaller
than that generated while pulling the 5" drill string
because the annular clearance between the casing and the
hole is smaller than that between drill pipe and the hole.
Whereas pulling the 9 5/8" casing with tripping speeds
ranging from 200-10 sec/stand could cause the swab
ECDs to be below the formation pore pressure gradient.
For example, pulling the casing from TD within 200 to 10
sec/stand resulted in a swab ECD ranging from 8.76 to
3.82 ppg that are below the pore pressure gradient at TD,
which is 9.21 ppg. The reverse is true for surge ECD
when running an open-ended 9 5/8" casing at a speed of
200 to 10 sec/stand, where the resulting surge ECDs at
TD ranged from form10.26 -15.2 ppg, which are much
higher than the surge ECD of the 5" open-ended drill
string surge ECD which ranged from 9.63 -10.33 ppg.

e ECD vs. Trip Time (Close-Ended Casing String)

The expected ECD for trip speeds ranging from zero to
200 seconds per stand while tripping in (surge) or tripping
out (swab) with a close-ended string are shown in Fig. 9.
In this figure, the curve mentioned at the bit refers to the
end of the 9 5/8" casing that lies in front of Hartha
formation (1680 m MD). The generated surge ECD while
tripping in the 9 5/8" casing within speeds ranging from
200 to 20 sec/stand at 1680 m were calculated and found
to be ranging from 10.4 to 13 ppg. The obtained ECD
values are still below the formation fracture gradient,
which is 13.81 ppg at 1680 m MD of Hartha formation.
Keeping the surge pressure below the fracture pressure is
crucial to prevent rock failure [23, 24].
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Fig. 9. ECD vs. Trip Time of Close-Ended Casing
e ECD vs. Measured Depth (Open-Ended Casing ECD to be below the formation pore pressure gradient at
String) TD.

Fig. 10 shows the ECD versus run depth of an open-
ended casing string for different trip speeds per stand
when tripping in (surge) or tripping out (swab), where the
analysis in this figure was conducted at TD. It has been
seen that running one stand of 9 5/8" casing at TD within
10 sec resulted in a surge ECD exceeding the fracture
pressure gradient, which is 14 ppg. In contrast, the results
showed that running the casing in the hole within speeds
ranging from 190-55 sec/stand will not result in fracturing
the formation. Another important point from Fig. 10 is
that the pulling speeds of the casing as the trip speeds
ranging from (190-10) sec/stands can cause the swab

e ECD vs. measured Depth (Close-Ended casing string)

The equivalent circulating density (ECD) vs. the
running depth of a closed-ended casing string has been
investigated under different trip speeds per stand during
tripping operations. The analysis was conducted at TD, as
depicted in Fig. 11.

The results of optimum tripping speed for tripping a
close-ended casing were obtained to be approximately the
same as that for an open-ended casing (Fig. 10), except
the fact that for the surge ECD that was generated during
tripping a closed-ended casing is slightly bigger than that

148



F. R. Salih et al. / Iragi Journal of Chemical and Petroleum Engineering 25, 1 (2024) 141 - 153

of an open-ended casing. The amount of difference in
surge ECD between the close-ended casing and the open-
ended casing increases with increasing the tripping speed.
For example, tripping one stand of casing within 100 sec
resulted in a surge ECD of 10.83 ppg for an open-ended
casing while for a close-ended casing, it was found to be

11.03 ppg, i.e., the difference in ECD is about (0.2 ppg).
In contrast, increasing the speed to 55 sec/stand resulted
in a surge ECD of 11.41 ppg for an open-ended string and
11.69 ppg for a close-ended string, i.e., a difference of
about 0.28 ppg was observed.

E I B
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Fig. 11. ECD vs. Run Measured Depth of a Close-Ended Casing at TD

e Surge/Swab Trip Schedule

Fig. 12 presents the minimum trip time per one stand of
the 9 5/8" casing while ensuring that the trip margin is not
exceeded. The interpretation of this figure is tabulated in
Table 7 and Table 8. In the case of pulling the casing and
for a close-ended casing (Table 8), it has been calculated
that a total of 36 stands have to be pulled at a speed of

200 sec/stand from 1680 to 384 m MD. Furthermore, the
optimum tripping speed (v,) to pull the casing -when
necessary- from 384 to 348 is 170 sec/stand. On the other
hand, it is allowed to pull the close-ended casing within
high speeds ranging from 170 to 10 sec/stand through the
interval from 384m MD to the surface since this interval
is cased and cemented, i.e. no possibility of kicks and loss
circulation.
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Fig. 12. Surge/Swab Trip Schedule of 9 5/8" Casing

Table 7. Swab Trip Speeds for 9 5/8" Casing

Close-Ended Open-Ended
Trip Trip
Measured Number  Time  Measured Number Time
Depth of per Depth of per
(m) Stands  Stand (m) Stands  Stand
(sec) (sec)
384 36 200 456 34 200
348 1 170 420 1 190
312 1 140 384 1 160
276 1 110 348 1 140
240 1 90 312 1 110
204 1 70 276 1 90
168 1 60 240 1 80
132 1 40 204 1 60
96 1 30 168 1 50
60 1 20 132 1 30
24 1 10 60 2 20
24 1 10
Table 8. Surge Trip Speeds for 9 5/8" Casing
Close-Ended Open-Ended
Trip Trip
Measured Number Time Measured Number Time
Depth of per Depth of per
(m) Stands  Stand (m) Stands  Stand
(sec) (sec)
72 2 10 72 2 10
108 1 20 144 2 20
144 1 30 180 1 30
180 1 40 216 1 50
216 1 60 252 1 60
252 1 70 288 1 80
288 1 90 324 1 90
324 1 110 360 1 110
360 1 140 396 1 140
396 1 170 432 1 160
1,656.00 35 200 468 1 190
1,656.00 33 200

In the case of running the casing and for an open-ended
casing, it is suggested to pull a total of 34 stands from a
depth of 1680 to 456 m MD within 200 sec/stand. But, for

the depth interval of 1680 to 456 m MD, three stands can
be pulled within 190,160 and 140 sec/stand. From the
above results, it can be proven that the optimum tripping
speeds for an open-ended casing are somewhat bigger
than that for a close-ended casing.

4- Conclusions

The findings of this study can be summarized in the
following points:

1. Determination of the optimum tripping speeds is an
important step for reducing the surge and swab ECDs
through drilling operations, which will help in
reducing the potential of well kick or lost circulation
problems.

2. The surge ECD increases as the annular clearance
between the drill string and the open hole decreases,
thus the surge ECD at the bit is bigger than that
obtained at TD.

3. At high tripping speeds (30-10 sec/stand), the surge
ECD for a close-ended drill string is slightly higher
than that of an open-ended drill string.

4. When the used mud weight is close to the pore
pressure gradient, the range of safe tripping out
speeds for swab operation is smaller than that of
surge operation to keep the swab ECD below the
formation pore pressure gradient.

5. The optimum speed for tripping the 5” drill string

through a 12 % “open hole section filled with drilling

mud of Herschel Bulkley flow behavior model at TD

(1957 m) was found to be 80 sec/stand, while it was

found to be 200 sec/stand at TD during tripping the 9

5/8" casing through the same open hole section.

With increasing the tripping speed, the difference

between the surge ECD for the close-ended casing

and the open-ended casing will increase.

o
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The surge and swab ECD analysis in this study is
limited to tripping the intermediate casing and the
drill string through the 12 1/4" open hole section.
Tripping through smaller open hole sections may lead
to smaller allowed ranges of tripping speeds due to
smaller annular clearance.

The steady-state model cannot be considered in
analyzing the surge and swab pressures for fields that
have narrow mud windows. Instead, the transient
model would be more recommended for accurate
results.

Nomenclature

DS Drill String Diameter, in

ECD Equivalent Circulating Density, ppg
K Consistency Factor, lb.s"/ft?

n Flow Behavior index

p Mud weight, ppg

vy Trip speed, sec/stand

YP Yield Point, 1b/100 ft?
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