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Abstract
During drilling operations, naturally, fractured formations are prone to show serious mud losses, which hinder drilling and 
increase nonproductive time and costs. The influencing factors of dynamic fluid loss are important for optimizing drill-
ing parameters, reducing drilling fluid loss, and protecting oil and gas reservoirs. In this study, we simulated the dynamic 
filtration loss of drilling fluid during drilling under formation conditions using commercial software CMG (Computer 
Modelling Group). The effects of filtration time, filtrate viscosity, pressure difference, internal filter cake permeability, and 
external filter cake permeability on filtration loss were investigated. The simulation results showed that the permeability of 
the external mud cake is an important factor to control the fluid loss, and the pressure consumed by the external mud cake 
with low permeability can account for more than 90% of the total pressure difference. When the permeability of the external 
mud cake is high, the permeability of the internal mud cake also has a significant influence on the dynamic fluid loss. Under 
formation conditions, the dynamic fluid loss of radial fluid loss is still proportional to the filtration time and pressure differ-
ence, and inversely proportional to the filtrate viscosity of drilling fluid. Under the simulated conditions, the pressure will 
quickly transfer to the boundary, and the formation pressure at the same position in the formation will gradually increase, 
while the increase is relatively small with a constant filtration rate. The results of this paper can be used to the real site for 
drilling optimization. This numerical analysis method can be easily applied to filtrate loss analysis, formation damage area 
calculation, and other radial flow-related study.
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List of symbols
A	� Area of filter cake, m2

cp	� Mass of particles per unit volume of carrier fluid in 
slurry, g/cm3

K	� Permeability, m2

Kec	� External filter cake permeability, mD (× 10–3 μm2)
Kic	� Internal filter cake permeability, mD (× 10–3 μm2)
kd	� Deposition coefficient, dimensionless

ke	� Erosion coefficient, s/cm
L	� Thickness of filter cake, m
q	� Flow rate of filter fluid, m3/s
rc	� Filter cake radius, cm
t	� Filtration time, s
uc	� Fluid flux at the cake surface, cm/s
Pf 	� Original formation pressure, MPa
Ph	� Drilling fluid column pressure, MPa
∆p	� Pressure difference, MPa

Greek symbols
β	� Inertial flow coefficient for the rock or filter cake, 

dimensionless
µ	� Viscosity of fluid, mPa s
μo	� Crude oil viscosity, mPa⋅s
μf	� Drilling fluid filtrate viscosity, mPa⋅s
τcr	� Critical shear stress, dynes/cm2

τs	� Slurry shear stress at the cake surface, dynes/cm2

ρp	� Particle mass density, g/cm3

ϕc	� Filter cake porosity, %
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Introduction

The drilling fluid is the first foreign fluid contacting the 
formation. During the drilling process, the column pres-
sure of the drilling fluid is often higher than the formation 
pressure to ensure drilling safety. When the reservoir is 
drilled open, the solid phase particles in the mud, treat-
ment agent, and filtrate enter the formation due to pres-
sure differences, leading to a change in formation fluid 
saturation. A physicochemical reaction occurs between the 
filtrate, minerals, and matrix in the pore space, leading to 
damaged oil and gas formation and decreased permeability 
close near-bore zones, which increases the flow resistance 
for the crude oil flowing to the wellbore and impacts the 
capacity of oil and gas wells (Kuang et al. 2010; Fan et al. 
2018). As a result, problems may emanate because of the 
severity of lost fluid, wellbore instability, formation dam-
age, and sometimes freshwater aquifer contamination (Al-
Hameedi et al. 2019; Seyedmohammadi 2017). Significant 
mud loss may hamper operations and increase nonproduc-
tive time and cost (Amadi-Echendu and Yakubu 2012).

During the entire drilling process, the largest propor-
tion of filtration loss and longest duration happens during 
dynamic filtration, accounting for approximately 80–90% 
of the total filtration loss (Yan 2011). By studying the 
influencing factors relevant to the dynamic filtration loss, 
we can guide the optimal formulation of the drilling fluid, 
optimize the relevant parameters, and reduce the filtration 
loss of the drilling fluid to protect the oil and gas reservoir. 
Martins et al. (2007) discussed the optimization of viscoe-
lastic parameters and performed an intrusion analysis based 
on two-phase (viscoelastic fluid + Newton oil) radial flow 
through porous media and commercial CFD software. A dif-
ferent concept was proposed to control the intrusion, design-
ing a polymer-based fluid that generates extremely high fric-
tional losses when flowing through a porous medium, but 
no additional losses in the wellbore. To achieve fluid flow 
and solid transport properties in the well without intruding 
into the rock formation, Wang et al. (2020a, b) developed 
an efficient drilling fluid for coal seam methane drainage 
boreholes. Okoro et al. (2020) used ANN (artificial neu-
ral network) to predict the rheological properties. Differ-
ent concentrations of the nanoparticles were added to these 
suspensions of water to act as filtration loss materials. A 
reservoir non-damaging nano-treated aqueous-based drill-
ing fluid was proposed. Majidi et al. (2010) gave a theoreti-
cal solution for the radial flow of a yield-power-law fluid 
between two parallel disks based on the momentum balance 
in the radial coordinate system. By mathematical simplifica-
tion, the closed expression of radial flow pressure drop of 
power-law fluid is obtained, and the approximate analyti-
cal solution is given. The application of the approximate 

solution in the prediction of fluid loss in fractured forma-
tion is discussed. Ahmad et al. (2018) studied the rheologi-
cal and filtration properties of Bent/polymer dispersions in 
deionized and salt water at different temperatures (25 °C 
and 85 °C). The steady shear rheological data were fitted 
to Herschel–Bulkley model to compute rheological param-
eters like yield stress, consistency index, and flow behavior 
index. Kemerli and Engin (2021) evaluated the analytical 
and numerical modeling of the flow of Herschel–Bulkley 
fluid model in a monotube. Based on the fundamental prin-
ciples of fluid mechanics, Wang et al. (2020b) established 
the control equation of liquid–solid multiphase flow in a 
2D rough-walled stationary fracture. The drilling fluid 
was treated as a Bingham type non-Newtonian fluid, and 
the influence of solid particles on fluid flow was analyzed 
in detail. The finite difference method was adopted to the 
numerical solution of the equations, and the impact of such 
working parameters as fracture dimensions, bottom hole 
pressure differential, physical properties of both fluid and 
particle on the fluid loss were analyzed. Albattat and Hoteit 
(2019) based on the Cauchy momentum equation and con-
sidered key primary flow mechanisms, including the non-
Newtonian behavior of drilling fluids using a power-law 
model, to establish a fluid dynamics model from the well-
bore to the surrounding fractured medium. Dokhani et al. 
(2020) presented a mathematical model for predicting mud 
loss in naturally fractured formations. The mathematical 
model helps to qualitatively predict the amount of mud loss 
during well planning and quantify the diversion fractures in 
order to design effective fluid loss control materials. Albat-
tat and Hoteit (2019, 2021) proposed a new semi-analytical 
solution for the fluid loss of non-Newtonian drilling fluids 
in fractured formations and demonstrated the applicability 
of the model. To solve the underground uncertainty, the 
semi-analytic solution is combined with the Monte Carlo 
method, and probabilistic prediction is generated. Andr´ 
et al. (Soares et al. 2021) used the Herschel–Bulkley model 
to adjust rheological data. Rheological properties were 
improved by adding materials to combat loss of circulation 
(LCM) into the drilling fluid. The results showed that car-
boxymethylcellulose polymer (CMC), bentonite (BT), and 
hydrogel (HG) played a major role in plugging the fluid in 
the fracturing and filtration stages. Based on rheological 
tests, the interaction between HG*CMC and BT*CMC is 
important in preventing loss. When evaluating fluid loss 
in drilling fluid flow, most conclusions are that one-way 
fluid loss carried out under laboratory conditions to make an 
indoor evaluation (Bahrami et al. 2011; Byrne et al. 2010), 
while in the actual drilling process, dynamic fluid loss is 
a radial fluid loss process, and there is a certain deviation 
between the evaluation made under laboratory conditions 
and field situations (Lu et al. 2006; Won et al. 2008; Shan 
et al. 2014; Ding et al. 2007).
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In this study, we use commercial software CMG to estab-
lish unidirectional filtration loss model and extend the model 
by considering the compressibility of rocks and fluids to 
simulate the process of radial dynamic filtration loss by drill-
ing fluids under formation conditions. The simulation results 
are validated by experimental results. Then, the influencing 
factors of dynamic filtration loss were investigated using the 
model. The purpose of this paper is to provide insights into 
the main impact factors on drilling fluid filtration radial loss. 
Based on our research, the rank of impacting factors can be 
obtained, also for some impact factors, at a certain degree 
the filtration would show a sharp turn in trends, this can give 
the stimulation limits for field, could be a guidance for the 
field drilling design.

Methodology

The main objective of this study was to investigate the 
influential factors of radial filtration loss of the drilling 
fluid under formation conditions. A unidirectional filtra-
tion loss numerical model was developed, and in order to 
verify model its accuracy, the results are compared with 
indoor experiments. The indoor experiments mainly used 
high-temperature and high-pressure dynamic filtration loss 
instruments and five artificial cores.

Experimental study

Materials and methods

The high-temperature and high-pressure multi-functional 
dynamic filtration meter can simulate the filtration loss of the 
drilling fluid under different temperatures and pressures. The 
instrument consists of the following parts: experimental main 
body system, pressure regulator system, stirring system, con-
trol system, support system, and cooling system. The main 
body of the experiment system is a high-temperature and high-
pressure body with a volume of 800 ml and a heating device 
and a cooling device. The booster pressure regulator system 
includes nitrogen cylinders, low pressure pumps, high-pressure 
pumps, oil storage tanks, pressure converters, and pressure 

lines. There are three kinds of pressurization methods in this 
instrument, nitrogen cylinder pressurization is adopted in this 
paper. The control system is mainly an industrial computer 
touch screen computer and various sensors (pressure sensor, 
temperature sensor, and photoelectric speed sensor). Various 
sensors can feed back parameters such as kettle temperature, 
kettle pressure, and agitator speed to the computer, and can 
read the data on the computer LCD screen. The experiment 
subjects were five artificial cores, denoted by numbers 1–5. 
The parameters of artificial cores are shown in Table 1. Before 
the experiment, the drilling fluid was stirred on a high-speed 
mixer for one minute. In the experiment, the filtration loss tem-
perature was set to 50 ℃, while the differential pressure was set 
to 2 MPa. The core was placed in the core holder and filtered 
for a while. After the filtration loss rate is stable (to ensure that 
it had reached the state of dynamic filtration loss), the filtra-
tion loss within a certain period of time was measured. Five 
artificial cores were tested in the laboratory for filtration loss, 
Figs. 1, 2 and 3 are multi-functional dynamic filtration device, 
artificial cores and pictures of filter cakes from experiments.

Experimental results

In this study, the dynamic filtration test of five artificial cores 
under stratum conditions is studied. The results are shown in 
Table 1, which are the high-temperature and high-pressure 
dynamic filtration experiments of five artificial cores with 
different parameters under the same conditions. It can be 
seen that the amount of filtration increases generally with the 
increase in core permeability. However, the mud cake perme-
ability is much lower than the formation permeability, so the 
influence of formation permeability on the fluid loss is not 
considered in this study. The reason for this phenomenon is 
that before the formation of mud cake, the formation is the first 
permeable medium for mud filtration.

The permeability of filter cake is calculated based on Darcy 
law, as shown in Eq. (1), all the parameters needed can be 
obtained from dynamic filtration loss experiments.

(1)K =
q�L

ΔpA

Table 1   Experimental results and related parameters

No Diameter/cm Length/cm Core perme-
ability/mD

Thickness of external 
filter cake/mm

Permeability of external 
filter cake/ × 10−3mD

Filtration 
time/min

Filtration/mL

1 2.51 5.44 233 1.75 3.75 60 51
2 2.47 5.52 175 1.63 4.21 60 59
3 2.54 5.48 108 1.32 5.60 60 103
4 2.56 5.60 351 1.82 7.22 60 98
5 2.44 5.47 152 1.38 3.58 60 58
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K is permeability (m2), q is the flow rate of filter fluid 
(m3/s), μ is viscosity of filter fluid (mPa s), L is the thickness 
of filter cake (m) when the thickness is stable, ∆p is the pres-
sure difference (MPa), and A is the area of filter cake (m2).

Table 1 shows that the filtration loss of drilling fluid was 
reduced by reducing the permeability of the external filter 
cake, when other parameters are similar. Based on Darcy 

law, when the thickness of filter cake is higher, extra perco-
lating resistance caused by thicker filter cake exists, while 
under the same differential pressure and time duration, a 
slightly reduced filter loss is measured for No.4, but still 
close to the filter loss for No.3. Based on Eq. (1), when dif-
ferential pressure ∆p stays the same, smaller flow rate q but 
larger filter cake thickness L, will lead to a higher perme-
ability. So, a higher permeability of No.4 is obtained. This 
demonstrates that the higher permeability could bring about 
higher filtration rate, which in turn also results in deposition 
of thicker filter cake, for which it could eventually lower the 
fluid loss.

One‑way filter loss model and validation

The established unidirectional filtration loss model is shown 
in Fig. 4, with the external filter cake as the first grid on the 
leftmost side and the core is divided into 20 grids. Consider-
ing the extremely low permeability of the external filter cake 
measured in the experiment, the influence of the internal 
filter cake on the filtration loss process is minimal. Thus, the 
influence of the internal filter cake is neglected in the unidi-
rectional filtration loss model. In the unidirectional filtration 
loss model, all input parameters were kept consistent with 
the experimental conditions. The simulation and experimen-
tal results for the five cores are compared in Table 2.

The relative error of the four groups is within 5.0%, while 
that for one group is within 5.5%. The relative error between 
the simulation and experimental results is not significant, 
indicating the accuracy of the linear model.

Based on the verified linear model, a radial model under 
stratigraphic conditions is developed using the same method 
to investigate the influencing factors during dynamic filtra-
tion loss under stratigraphic conditions.

Numerical study of radial dynamic filtration

The drilling fluid filtrate mainly invades the near-well zone. 
A radial grid, encrypted in the near-well area, is used to 
obtain the detailed distribution of pressure and water satu-
ration in the near-well zone. The encrypted grid is divided 
as shown in Fig. 5 (the black area represents the encrypted 
grid line). The following assumptions were made: Dynamic 
condition is created by only drill pipe/shaft rotation (one-
dimensional radial flow). Incompressible carrier fluid, par-
ticles, and uniform filter cake evolution. Negligible rock het-
erogeneity and mineralogical effect. The basic mathematical 
model includes material balance, Eq. (2).

(2)−drc =
kduccp − ke(�s − �cr)

(1 − �c)�p
dt

Fig. 1   High-temperature and high-pressure multi-functional dynamic 
filtration for drilling fluid

Fig. 2   Artificial cores



597Journal of Petroleum Exploration and Production Technology (2024) 14:593–607	

where rc is filter cake radius (cm), kd is deposition coefficient 
(dimensionless), uc is fluid flux at the cake surface (cm/s), cp 
is mass of particles per unit volume of carrier fluid in slurry 
(g/cm3), ke is erosion coefficient (s/cm), τcr and τs are critical 
shear stress and slurry shear stress at the cake surface(dynes/
cm2), respectively, ρp is particle mass density (g/cm3), ϕc is 
filter cake porosity (volume fraction), and t is filtration time.

Forchheimer equation is used as the motion equation, 
which accounts for the radial flow, and combining Forch-
heimer equation with the radial volumetric flux at the 
external filter cake surface gives Eqs. (2) and (3).

where µ is viscosity (mPa.s), K is permeability (m2), β is the 
inertial flow coefficient for the rock or filter cake (dimen-
sionless), f represents formation, and ec represents external 
cake.

Simulation software is used to analyze the influence 
of different factors on dynamic filtration. The effects of 
the following five factors on dynamic filtration loss were 
analyzed, they are external filter cake permeability, dif-
ferential pressure, drilling fluid filtrate viscosity, filtration 

(3)−
�p

�r
=

�

2�hK

q

r
+

��

2�h2

(q

r

)2

(4)� =
2.92 × 10

4

�f∕ecKf∕ec

Fig. 3   Pictures of filter cake

Fig. 4   Grid division of unidirectional filtration model

Table 2   Comparison between simulation results and experimental 
results

Simulated filtra-
tion/mL

Experimental 
filtration/mL

Relative error/%

1 50 48 4.2
2 59 62 − 4.8
3 103 105 − 1.9
4 98 95 − 3.1
5 58 55 5.5

Fig. 5   Grid division diagram
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time, and internal filter cake permeability. We assumed 
that the formation permeability K is 100 mD, external fil-
ter cake thickness is 2 mm, internal filter cake thickness 
is 5 cm, internal filter cake permeability Kic is 10 mD, 
original formation pressure Pf is 10 MPa, drilling fluid 
column pressure Ph is 12 MPa, formation crude oil vis-
cosity μo is 5 mPa⋅s, drilling fluid filtrate viscosity μf is 
1.5 mPa⋅s, borehole radius is 0.1 m (circular formation), 
boundary radius is 100 m, and the boundary condition is 
a closed boundary.

Results and discussion

Effect of the external filter cake permeability 
on the filtration loss

The effects of different external filter cake permeabilities Kec 

Fig. 6   Distribution of water saturation of near wellbore zone

Table 3   Filtration and 
invasion depth under different 
permeability of external filter 
cake

Kec/md Filtration loss/m3

0.001 0.029662
0.01 0.278248
0.1 1.65999
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on the invasion were investigated separately. The distribution 
of water saturation after 50 h is shown in Fig. 6, while the 
filtrate loss is shown in Table 3.

The filtration loss gradually increases with the external 
filter cake permeability. When the permeability of the exter-
nal filter cake increased from 0.001 to 0.010 mD (a tenfold 
increase), the filtration loss also increased by a factor of 
approximately 10. When the permeability of the filter cake 
increased from 0.01 to 0.10 mD, the filtration loss increased 
by a factor of only approximately 6. This phenomenon can 
be explained by analyzing the pressure distribution in the 
near-well zone after 50 h (Fig. 7).

The pressure difference proportions consumed by the 
external filter cake for different external filter cake perme-
abilities are shown in Table 4. From the data here, we can 
see that the pressure difference proportion consumed by the 

external filter cake decreases as the filter cake permeability 
increases under constant formation permeability. Therefore, 
the filtration loss does not exhibit a linear relationship with 
the filter cake permeability under constant total pressure dif-
ference. We can see from Fig. 8 that, when the permeability 
of external filter cake increases above 0.01 mD, the increase 

Fig. 7   Pressure distribution of near wellbore zone

Table 4   Differential pressure consumed by external filter cake

Kec/mD Percentage of dif-
ferential pressure 
consumed/%

0.001 99.2%
0.01 92.2%
0.1 55.1%
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trend of filtration loss and the descent of pressure consuming 
over near bore are accelerated. This indicates the perme-
ability limit of external filter cake, once the permeability 
excessed the limit, a huge increment of filtration loss and 
pressure consuming occurs.

Effect of the differential pressure on the filtration 
loss

According to the above simulation results, when the external 
filter cake permeability is 0.01 mD, the pressure consumed 
by the external filter cake accounts for more than 90% of 
the total differential pressure; in contrast, when the external 
filter cake permeability is smaller than 0.10 mD, the pressure 
consumed by the external filter cake is lower than 55% of the 
total differential pressure. The water saturation distribution 
after 50 h is shown in Fig. 9 and Fig. 10, while the corre-
sponding filtration loss is shown in Fig. 11.

Fig. 8   Filtration loss and pressure consume along filter cake perme-
ability changes

Fig. 9   Invasion under different differential pressures at the permeability of external filter cake of 0.01 mD
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According to the simulation results, the filtration loss 
increases linearly with the pressure difference for external 
filter cake permeabilities of 0.01 and 0.10 mD. The increase 
in filtration loss is small for an external filter cake perme-
ability of 0.01 mD because of the low filter cake perme-
ability. The comparison of the distributions of formation 
pressure at different pressure differentials shows that the 
percentage change of the pressure differential consumed by 
the external filter cake to the total pressure differential was 
only 0.76% when the pressure differential changed from 1 
to 4 MPa at an external filter cake permeability of 0.10 mD. 
The external filter cake consumed 0.49% pressure when the 
pressure differential changed from 1 to 4 MPa at an exter-
nal filter cake permeability of 0.01 mD. With the change 
in the total differential pressure, the percentage of pressure 
consumed by the external filter cake to the total differential 
pressure is minimal. Thus, filtration loss increases linearly 
with the differential pressure for different external filter cake 

Fig. 10   Invasion under different differential pressures at the permeability of external filter cake of 0.1 mD

Fig. 11   Drilling fluid filtration under different permeability of exter-
nal filter cake and different differential pressures
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permeabilities, this indicates that the flows through the filter 
cake follow Darcy law.

Effects of the drilling fluid filtrate viscosity 
on the filtration loss and depth of invasion

Assuming that Δp is 2 MPa, Kf is 100 mD, Kic is 10 mD, 
and Kec is 0.01 mD, the filtrate viscosity of the drilling fluid 
is varied to simulate the filtration loss of the drilling fluid 
under different filtrate viscosities. The distribution of water 
content saturation after 50 h is shown in Fig. 12. The fil-
tration loss under different filtrate viscosities is shown in 
Fig. 13.

Figure 12 indicates that as the filtrate viscosity gradually 
increases, the filtration loss gradually decreases, and the rate 
of decrease gradually decreases. In addition, the filtration 
loss is approximately inversely proportional to the filtrate 

Fig. 12   Distribution of water saturation under different viscosities

Fig. 13   Filtration under different filtrate viscosities
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viscosity. That is to say higher viscosity of the filtrate could 
lower the filtration loss.

Effect of the filtration time on filtration loss

Under constant conditions as above, the filtration loss was 
simulated for various durations with external filter cake per-
meabilities of 0.01 mD and 0.10 mD by varying the perme-
ability, with the simulation results shown in Fig. 14.

The filtration loss increases linearly with the time for both 
lower and higher permeabilities of the external filter cake, 
which also follows the Darcy law. At a permeability of the 
external filter cake of 0.01 mD, the increase in the filtration 
loss is small because of its low permeability. The distribu-
tions of differential pressure at different times are shown 

in Figs. 15 and 16. The comparison of the distributions of 
formation pressure at different times shows that the pressure 
is quickly transmitted to the boundary at filter cake perme-
abilities of 0.01 and 0.10 mD. With time, the drilling fluid 
filtrate continues to invade the formation, while the forma-
tion pressure at the same location in the formation gradu-
ally increases (however, the increase is relatively small). The 
pressure difference between the two ends of the filter cake at 
5 and 50 h is 0.88% when the external filter cake permeabil-
ity is 0.10 mD, and the pressure difference only 0.12% when 
the external filter cake permeability is 0.01 mD. Therefore, 
the filtration loss rate is essentially constant, while the filtra-
tion loss increases linearly with time.

Effect of the internal filter cake permeability 
on the filtration loss

Before the external filter cake formation, the solid phase 
particles in the drilling fluid intrude into the reservoir and 
block the pore space of the formation around the borehole, 
resulting in a reduction in the permeability in the near-well 
zone. In severe cases, the permeability of the internal filter 
cake area can reduce 10% of the reservoir permeability. With 
the same conditions, only dynamic filtration loss changed 
from 10%, 30%, 50%, and 70% of the formation permeability 
for 50 h. The simulation results are shown in Fig. 17 and 
Fig. 18, and the corresponding filtration loss is shown in 
Table 3.

According to the simulation results and Table 5, with an 
increase in the internal filter cake permeability, the filtra-
tion loss also increases, but the rate of increase gradually 
decreases. The change in the internal filter cake permeability 
minimally affects the filtration loss when the external filter 
cake permeability is 0.01 mD. The change in the internal Fig. 14   Filtration under different filtrate durations

Fig. 15   Formation pressure distribution at the permeability of external filter cake of 0.1 mD
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Fig. 16   Formation pressure distribution at the permeability of external filter cake of 0.01 mD

Fig. 17   Filtration under different permeability of internal filter cake at the permeability of external filter cake of 0.01 mD
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filter cake permeability has a larger effect on the filtration 
loss when the external filter cake permeability is 0.10 mD, 
because when the external filter cake permeability is low, the 

pressure consumed by the external filter cake accounts for 
more than 90% of the total pressure difference, which is the 
main factor to be considered for control of the filtration loss. 
When the permeability of the external filter cake is larger, 
the ratio of the consumed pressure to the total pressure dif-
ference is smaller than 55%, and the ratio of the pressure 
consumed by the internal filter cake to the total pressure 
difference increases. At this time, with the change in the 
permeability of the internal filter cake, the change in the 
filter loss becomes more apparent.

Limitations of the study and recommendations

The paper studied impact factors during dynamic radial 
filtration using numerical methods. The factors include 
internal/external cake permeability, filtration time, filtrate 
viscosity, and pressure difference. The innovative aspects 

Fig. 18   Filtration under different permeability of internal filter cake at the permeability of external filter cake of 0.1 mD

Table 5   Filtration under different permeability of external and inter-
nal filter cake

Kec/mD Kic/mD Filtration loss/m3

0.01 10 0.278248
30 0.284062
50 0.285116
70 0.285608

0.1 10 1.65999
30 1.88619
50 1.94139
70 1.96707
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of this paper lie in the application of this numerical analy-
sis method. However, dynamic radial filtration is a complex 
multi-field coupling problem, we cannot restore the whole 
filtration process with all aspects. This paper focuses on the 
impact factors evolution using numerical simulation. Based 
on the analysis in this paper, we can see that internal filter 
cake permeability, pressure difference, and filtrate viscosity 
have a great impact on the filtrate loss during drilling. The 
proposed simulation method will undoubtedly be effective to 
improve the understanding of filtrate loss for drilling fluid, 
and be beneficial for drilling fluid and drilling parameters 
design; however, there are also some parts of the method 
need to be improved, and these are also future research inter-
est for us, specific as follows:

(1)	  In this paper, the formation temperature, permeability, 
porosity, stress is assumed to be constant values, the 
heat exchange-related issues, and formation damage 
are simplified, such as the change of the drilling fluid's 
properties and the change of the formation properties 
after formation damage caused by drilling fluid.

(2)	  The model in this paper does not consider the changes 
of drilling fluid and filtrate fluid in the process of drill-
ing. The change of composition and concentration of 
the drilling fluid surely have impacts on the drilling 
filtrate, pressure difference, and the formation proper-
ties, which needs further research in future.

(3)	  This study only performed one-way filter loss experi-
ments, a radial drilling fluid loss, especially with multi-
field effects, is necessary for the drilling filtration and 
formation damage research.

Conclusions

(1)	  This paper established an innovative numerical analy-
sis method for radial filtration loss using CMG, which 
can be conveniently applied to the drilling fluid loss 
study, not only limited to the impact factors analysis 
in this paper, but also can be used as filtration effect 
analysis, formation damage analysis, etc.

(2)	  External filter cake permeability is an important factor 
in controlling filtration loss. The pressure consumed by 
the external filter cake with a lower permeability can 
account for more than 90% of the total pressure dif-
ference. When the external filter cake permeability is 
high, the internal filter cake permeability significantly 
affects the dynamic filtration loss of the drilling fluid.

(3)	  The dynamic filtration loss of the radial filtration loss 
for drilling fluid under the formation conditions is still 
proportional to the filtration time and pressure differ-
ence and inversely proportional to the drilling fluid 
filtrate viscosity. The filtration loss increases with the 

external filter cake permeability, but the increment 
gradually decreases.

(4)	  Pressure transferred to the boundary very quickly in 
numerical simulation. The pressure at the same position 
in the formation increases gradually with time; how-
ever, the increase is relatively small, and the filtration 
loss rate is essentially constant.
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