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In well drilling, one of the objectives of using drilling fluid is to form a thin,
impermeable mud cake. In this study, laboratory flow loop experiments were
conducted to compare dynamic and static conditions. Pressure was not a factor
in these tests, which focused on measuring thickness, initial filtrate volume,
and surface characteristics of the mud cake under different conditions.
Variables such as fluid formulation, well angle, fluid temperature, and drill
string rotation speed were investigated. The results indicate that drill string
rotation and fluid temperature positively affect the increase in mud cake
thickness. SEM (scanning electron microscope) images show that the polymer
texture formed under dynamic conditions is significantly different from static
conditions, although no notable differences were observed in bentonite-based
fluids. An increase in temperature leads to greater mud cake thickness and
lower fluid viscosity. Drill string rotation under dynamic conditions reduces
pore spaces on the mud cake surface. It increases its thickness, making the
dynamic mud cake more structured and uniform compared to static mud cakes.
Using polymer-based filtration control agents instead of bentonite reduces mud
cake thickness, whereas adding them to bentonite mud increases thickness
under both static and dynamic conditions.
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EXTENDED ABSTRACT

1. Introduction

The filtrate volume under dynamic conditions is greater than that under static conditions.[1] So far,
no specific relationship has been established between static and dynamic filtration; however,
experience has shown that if the results of static tests are good, those of dynamic tests under
operational conditions in the well will also be favorable. The thickness of the mud cake formed under
dynamic conditions is less than that under static conditions. The fluid flow and rotation of the drill
string can limit the growth of the mud cake. [2] When the rock surface in the wellbore first contacts
the mud, the filtration rate is very high, leading to a rapid increase in the thickness of the mud cake.
The equilibrium point of this growth occurs when the mud cake's erosion rate due to fluid flow equals
its growth rate. The mud cake's growth rate under static conditions is related to the parameters
affecting Darcy’s law. However, under dynamic conditions, in addition to the parameters affecting
static filtration, the mud cake's erosion rate due to hydrodynamic forces must also be considered.
Figure 1 illustrates the stages of dynamic filtration from the initial moment until the thickness of the
mud cake stabilizes.
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Figure 1: Changes in the thickness of the mud cake and the cumulative volume of the filtrate

entering the formation over time [1]
2. Methodology

The effects of temperature changes were studied in the experiment series at 25 °C, 50 °C, and 75 °C
temperatures. The impact of varying the drill string's rotation speed was also tested at zero and 110
revolutions per minute. The flow loop's angle was altered at 0, 45, and 90 degrees. Furthermore,
different fluid formulations were examined, and the cake structure formed under dynamic conditions
in the flow loop was ultimately compared with that obtained under static conditions using a standard
filter press.PID controllers have been utilized to maintain a constant temperature in this device.

In the dynamic tests, the fluid weight was measured at minute 7, the viscosity at minute 20, and the
cake thickness at minute 30. The filter volume and cake thickness were measured in static conditions

using a standard filter press.
3. Findings and argument

With increasing temperature, the cake thickness increased in both RPM and non-RPM samples.
Additionally, viscosity decreases with increasing temperature, showing a downward trend, with a
steeper decline from 25 to 50 degrees than from 50 to 75 degrees. The Marsh Funnel and Mud cake
thickness are shown in Figure 2.
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Figure 2: Marsh Funnel and Mud Thickness for Group 1

The distribution of pore sizes at three experimental temperatures, with a flow angle of 45 degrees and
no drilling rotation. As the temperature increases, the distribution of pore sizes will change. Although
there is the highest frequency in the range of 10 to 20 micrometers when moving from 25 to 50
degrees, a slight increase in the maximum particle size is observed at 50 degrees, and the frequency
of particle sizes will take on a more uniform distribution. When moving from 50 to 75 degrees, the
frequency of pores in the 20 to 30 micrometer range will reach its maximum, and the uniformity of
the distribution between 40 and 70 micrometers will remain consistent.

With increasing temperature, the cake thickness increased in both samples with and without drilling
string rotation, with significantly greater thickness observed in samples with high string rotation
Compared with cases without rotation, the cake thickness increased at all corresponding temperatures
when the drilling string rotated at 110 RPM. The increase in temperature leads to greater cake
thickness in both rotating and non-rotating drilling string conditions.

Among the different cases of these tests, the maximum cake thickness occurs when the angle is zero
degrees, and the drilling string is rotating at 110 RPM. The minimum cake thickness is observed at a
90-degree angle with no drilling string rotation, as the filter paper is positioned at the top of the pipe.
At both zero and 90-degree angles, it is observed that, with increasing temperature, the cake thickness
in samples with and without drilling string rotation increases, with significantly greater thickness in
samples with high string rotation. At the 90-degree angle in the first group, it is seen that with
increasing temperature, the cake thickness in samples with and without drilling string rotation has
increased, with significantly greater cake thickness in samples with high string rotation.
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4. Conclusions

This study aimed to construct a laboratory device for cake formation under dynamic conditions. In both

static and dynamic studies of drilling fluid filtration and cake formation, efforts were made to investigate the

effects of parameters such as temperature, drilling string rotation, and angle across four different groups of
drilling fluids. The filter paper was placed at the upper part of the wellbore for all tests. Through the
examination and analysis of SEM images, cake thickness, the volume of filtrate output in the initial moments,

and throughout the conducted tests, the following results were obtained:

e Using polymeric materials to control filtration properties instead of bentonite will reduce the thickness of
the mud cake. In contrast, adding polymers to bentonite mud increased the thickness of the mud cake in
both static and dynamic conditions.

e The filtrate volume in the bentonite mud tested in this experiment was greater than in other formulations,
meaning the damage inflicted on the formation was greater than in others. However, the third formulation
initially had the highest volume of entering the formation.

e Based on experimental results, the dynamic condition indicates less formation damage than the static
conditions. The filter cake thickness is less in dynamic situations.

e There was no correlation between API static and dynamic filtration under borehole conditions.
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Fig 1- Mud cake thickness changes and cumulative filtrate volume across time [1]
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Fig2- Mud cake formation process
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Fig 3- Setup schematics and test preparation (Temperature limitation until 90 C, pump rate limitation until 30 Lit/min,

rotation speed limitation until 110 rpm based on API filter press disk and paper)
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Table 1- Design of experiment
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Fig 4- Mud cake in static and dynamic conditions

IR s 950 otalojl o (g li> Sldes o oslital |
8IS 1) SIS e 3y, s 51 i o L yacly 05,
Sl OBlo jaue b5l! J5 LS A8l 50,5 Sgaune b lanl ains
SLS s Sis 3 0,8 dganS 5 b 5l aies il
L et JURE LU
oS |y Gl GBlo w5 0 ol Glube 05 105 50 5 Jlew
b Aol S i b Bl sud aslsl s e o
w3l 9 OgemYge B s la> ah) (232 e (s alayielib

(Y J992) 0220 )18 (oy 0 9 Som 090 | ol

L 69ilS s & 9y baS S5 slapech jtien
cwle glockile o a5 Jiee 0 aSh wes s (il
39 952 g0 Slawla maw 4y e b ol oo (gl ool
Cool> pl oS Wyl 1) SaiS JowoS i g,la> Jlew
O 40,5 oo 18 ookl 3590 b J 508 sl it
2 sl Jlw a4 by 0,5 adlsl sl o o
u‘).a‘ wl.‘ nb)‘d.; S¢>9 LQQT SENED) u‘)é as QS’LQW
drogi S (red 4 05 18 axg 9550 Sdx al e
55 ey o Slae alSleT slaiales] ol L o5

Sobas lagubojl )0 alol> gl I gl aads-Y Jgur
Table 2- Dynamic tests results
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Fig 5- Mud cake thickness comparison at 25, 50, and 75 °C for dynamic and static conditions in series 1 and 2.
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Fig 6- Filtrate volume after 7.5 and 30 min using a static filter press for series 2 and 3
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Fig 7- Slope and intercept of static filtration tests
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Fig. 11- The effect of temperature on mud cake formation in SEM and comparing the results
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