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1. Introduction
According to some relevant reports, 40 percent of 

the wells all around the world require sand control, 
and the percentage is still increasing every single 
year. Sand control methods can be classified into 
mechanical, chemical, combined, and others [1-3]. 
Among them, the most widely used method belongs 
to mechanical approach [4]. Although all the present 
sand control methods have some advantages, there are 
their own problems, and their feasibility is limited to 
specifically formation. So, it is important to develop 
new effective sand control tools and technology to 
prevent and control sanding production and thus to 
reduce the cost of production.

2. The characteristics of 
    mechanical sand control screen 
As shown in figure 1, screen is directly hung 

the screen pipe made by some special process. The 
screen can filter sand in the sand producing layer of 
a well. This kind of screen has a high permeability, 
which allows the formation fluid flowing through 
but kinds the formation sand out. In order to get in 
the well bore then up to the ground, the formation 
fluid, which contain formation sand, has to go 
through the screen first. All the screens can not only 
prevent the formation sand whose diameter is bigger 
than the gap width and pore radius, but also prevent 
some formation sand whose diameter is smaller than 
the gap width by the effect of bridge. For offshore oil 

field in China, the most commonly used sand control 
methods at present in well completion include: 
independent WWS, metallic cottons screen (MCS) 
and MS, gravel packed etc.

Fig.1. Sketch of screen in sand control

Through the research of current methods of mechanical sand control and gravel packed sand 
control, we find that the gravel packed sand control method is more effective, with longer 
period of validity, and less sensitive to the shale content, which make it capable of obtaining 
relatively high and stable productivity after commission. However the operational cost of this 
method is also higher than many other common mechanical sand control methods, whose field 
well completion operations are easer and have lower expenditure. The paper compares the 
advantages of gravel packed sand control, wire wrapped screen (WWS) and mesh screen (MS), 
develops gravel pre-packed sand control screen. Appraisal experiments have been conducted 
to test the effectiveness of the various sand control screens. Based on the experimental results, 
we find that the greater the gravel size, the more serious the sand invasion phenomenon 
becomes. When the gravel size is smaller, fluid specific productivity index increases and the 
bigger the gravel pre-packed thickness, the greater the specific fluid productivity index. When 
the thickness reaches 30 mm and above, the increase of fluid productivity index per meter is 
still small. So gravel pre-packed sand control screen is proposed with optimum packing of 30 
mm of gravel thickness, 20-40 meshes of gravel size. Compared with commonly used premium 
screen in the field, productivity is increased by approximatley 3.23 times, moreover, its sand 
control ability is much better than current screens.
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2.2 Characteristics of independent MS 
As a profound filter medium, the MS tends to 

prevent the fine silt sand between the layers of 
the weaved mesh. This kind of design efficiently 
reduces the opening of the MS, and can prevent 
fine silt sand passing through the screen, resulting 
in the blocking, as shown in figure 3 below. Since 
this kind of design is very sensitive to the size 
distribution of the formation sand and easy to 

be blocked, so even this kind of well completion 
allows the formation stresses redistribute and 
unload, once the screen blocked, the formation 
cannot unload anymore.

2.1 Characteristics of Independent WWS 
The surface of the WWS functions as a filter, 

and allows the big sands to bridge on the surface. 
Thus around the screen a natural sand bridge 
is built whose porosity and permeability are 
bigger than the formation, as shown in figure 2. 
Since we can precisely measure the gap width 
and space of the wrapping wire, we can design 
a screen which allows the fine silt sand and non-
framework sand to pass without blocking it. 
During the production state of a well, formation 
pressure depletes, and consequently the stress of 
skeleton particles increases and the permeability 
of the formation decreases significantly. This type 
of well completion allows the formation stresses 
to redistribute and unload, but the dropped 
out sand will produce during the production 
process. Because the porosity and permeability 
near wellbore area maintain constant, the well can 
keeps a high production rate. 

2.2 Characteristics of Independent MS 
As a profound filter medium, the MS tends to 

prevent the fine silt sand between the layers of the 
weaved mesh. This design efficiently reduces the 
opening of the MS, and can prevent fine silt sand 
from passing through the screen, as shown in figure 
3. This kind of screen is very sensitive to the size 

distribution of the formation sand and easy to be 
blocked, so even this kind of well completion allows 
the formation stresses and once the screen is blocked, 
the formation cannot unload anymore.

2.3 Characteristics of MCS
The filter medium of the MCS showed in figure 

4 is mainly made by compressed metal fiber, and its 
filter accuracy depends on the degree of compaction 
of the metal fiber, . This type screen has stereo filter 
structure and its main characteristics are: wide 
range of sand control application, insensitive to the 

Fig.2. Sketch of independent WWS in sand control

�������������of MS in sand control

Fig.4. The structure of MCS
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size distribution of the formation sand, and large 
interval. But it’s very sensitive to the shale content 
and small grains can easily block the mesh of fibers, 
causing pressure rising. Experimental study found 
that we should be more cautious to select the well 
completion of metal fiber screen when the shale 
content goes over 8%. 

2.4 Characteristics of Gravel-Packed in Sand 
     Control 
In gravel-packed sand control, as shown in figure 5, 

we put the WWS or slotted pipe in the sand production 
layer, and then the targeted specific granularity gravels 
are carried to the annulus between the screen and 
pipeline or casing by certain volume of liquid, forming a 
gravel layer with a certain thickness to prevent formation 
sand from flowing into the well. The selection of the 
grain size of the gravels is based on the granularity of the 
formation sand. The gravel layer will keep off the sand 
and a sand arch whose grain size is coarse to fine will be 
developed outside the gravel layer by natural selection. 
The sand arch not only has a good flow capacity, but also 
can efficiently prevent the formation from sanding. 

The characteristics of gravel packing sand control are: 
the screen can support the gravel layer, which not only 
has a high strength, but also is the best sand retention 
screen. It is applied to fine sand control and severely sand 
producing formation. It costs much, and the construction 
expenditure is very high [5]. 

�����������������������!�"��#$������������
Through comparison analysis of the above screens 

commonly used in field, the main goals of designing 
sand control screens in this paper are: 

1. Choosing the more reasonable screen 
protective coating which well matches the 
size of the gravel while lowering the cost as 
much as possible.

2. Presenting a efficient pre-packed gravel 
thickness, which is favorable for sand control. 

3. The screen has a high strength to prevent 
damage even under great compression or 
tension, which means it can work well even 
under great compression or tension. 

Since WWS, MS and slotted pipe are not so sensitive 
to shale, they are suitable to cooperate with gravel 
pre-packed. Among them, WWS and slotted pipe are 
less sensitive to shale. When taking the cost into 
consideration, slotted pipe and WWS are relatively 
economical. We would like to use ladder-shaped 
opening model, and the accuracy of wrapped wire is 
a=0.3 mm. At the same time, every wire is welded with 
metal to form an entirety of wires. We take the form 
of weaved net in the base pipe of the screen, and the 
base pipe is distributed with overflow holes. Outside 
the base pipe, there is a 0.3 mm gap-width single layer 
metal mesh to prevent the packed gravel particles from 
falloff under some certain pressure. Considering the 
influence of the weight of sand control pipes on the 
operative construction, we choose a stainless steel plate 
that is better in material, more flexible in elasticity and 
lighter in weight as the initial base pipe and protective 
layer of the wrapped wire outside the sand control pipe. 
There are deflector holes on the stainless steel plate 
which can make it more convenient for formation liquid 
to flow. The schematic diagram is shown in picture 6 
and its processed physical map is shown in picture 7. 

The mechanisms of this gravel pre-packed sand 
control pipe are: this design mainly take the advantage 
of compact gravel layer to control sand, because the 
efficiency of sand control of compact gravel layer is 
much better than other mechanical sand control pipes 

Fig.5. ��������%������!�$�������
in mesh screen sand control

����
����������%������!�$��#$�������&����� Fig.7. '��!�������(��%������!�$��#$�������&�����



��������	��	� � 
	��������� � �������������������������������������������

RESERVOIR  AND  PETROLEUM  ENGINEERING 23

�������

and it has strong adaptability to the bottom condition, 
high thermo stability, and high pH resistance. This 
paper studies the relationship between sand control 
efficiency and gravel layer thickness, gravel size by 
indoor experiment research to optimize the design of 
pre-packed screen.

4. Summary of experiment 
�������!�������&���(�
Former researches are all based on some single units 

of sand control, but this kind of simulating experiments 
is defective for its small size and big difference from real 
production conditions. For this reason, the author did a 
series of comparative evaluation experiments using the 
simulative experiment device of oil well sand control 
[6,7] in China University of Petroleum (Beijing). This set 
of experiment device can do the evaluating experiment 
of wellbore oil and sand radius flow regulations under 
confining pressure and can do a better evaluation of 
screen performance from the integral view, because 
it’s undertaking with a full-size sand control pipe 
and simulates stable reservoir producing conditions 
using diaphragm pump, safety valve and a series of 
devices. During the experiment, we can analyze how oil 
production rate and sand production rate change with 
time by measuring the flow rate, pressure and sand 
production rate and other parameters.

4.1. Device for experiment
As shown in figure 8, this set of device including 

five parts: oil and sand mixing system, pressure and 
liquid supply circulation system, sand producing 
simulation device, oil and sand simulation system, data 
auto-acquisition system. 

4.2. Sand control experiment process 
1. After setting and debugging the equipment, 

we first inject white oil to make sure that oil 
flows from all the entrance holes and to check the 
pressure testing system. 

2. Put the pre-packed screen in the pressure vessel, 
and then put rubber cushion which works as 
seal ring on the top of the vessel, then put on the 
pressure vessel cap. 

3. Simulate formation sand size distribution and 
mix clay with sand, and then add the white oil, 
mixed sand and clay into the oil-sand blending 
tank by the preset oil and sand proportion. 

4. Connect circulation system pipeline, pressure 
sensor of the import and export, filter of sand 
produced, data acquisition card, and set pump 
pressure according to the formation pressure. 

5. Turn on computer data detection and acquisition 
system to record the pressure and flow rate of 
every point in real-time during the experiment. 

Fig.8. ���#�$�������(��%���!�)�!!�&����������!�&���������!��������*$���(���
1 - containers; 2 - high-pressure pump; 3, 8 - pressure sensor; 4 - flowmeter; 5 - safety vavle; 6 - autoclave;

7 - deceleration check valve; 9 - oil and sand separator; 10 - oil sands cleaner; 11 - data acquisition card.
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6. Separate the sand from oil using the shaker, 
clean the sand produced using kerosene and 
weigh the sand, then analyze the sand using 
laser grain-size analysis. 

7. Repeat the above procedures to the end of the 
experiment, and then clean the device. 

5. Optimization principles
In order to evaluate the performance of the pre-

packed screen and to find a sand control method 
that is suitable for the long-term development of 
oilfield which means balancing the contradiction 
between sand control and production, a principle 
is proposed that we should improve productivity 
as much as possible under the guarantee of sand 
control efficiency, so we need to compare the 
change rules of sand production and productivity 
under different sand control methods, then we can 
optimize the packing way of pre-packed screen. 
The sand production we use here is the sand 
collected in each experiment, and combined with 
oil volume produced we can calculate the sand 
concentration. Production is measured by fluid 
productivity index per meter (FPIPM), [8], shown 
in formula (1).

                        (1)

Where:
J—FPIPM, m3/(m×d×MPa)
q—flow rate, m3/d
h—effective overflow length of the screen, m
Pe—reservoir pressure, MPa
Pwf—bottom hole gas flowing pressure, MPa.


��+�($���������*$���(����
&���/��%���%%�����������!�&�0�&�
According to the sample of Bohai Bay stratigraphic 

characteristics, particle size sample and shale content 
sample is established, and the formation median size 
is d50=150mm, UC=6, output sand concentration 6%, 
shale content 10%. With testing formation sand and 
industrial standard mesh quartz sand, and according to 
the established database, we analyze the data, compute 
the particle size eigen value (D10, D40, D50, D90, UC 
etc.), and adjust the proportion of the different industrial 
mesh quartz sand to fit the prepared quartz sand with 
the formation particle size eigenvalue., We use three 
most wildly used size-standard industrial gavels as the 
packing media which are shown in figure 9. Comparative 
assessment experiments are conducted to analyze the 
influence of gravel size on the screen sand control 
performance. Figure 10 shows the screen after packed 
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Fig.9. �����!���������*$���(���

Fig.10. �������)���������!�$������
in the experiment

Fig.11. Post-experiment mud cake (left (screen in 
�����!���;<�������=����&��������%�(�������;

16 - 30 20 - 40 30 - 50



��������	��	� � 
	��������� � �������������������������������������������

RESERVOIR  AND  PETROLEUM  ENGINEERING 25

�������

with the experiment gravel. 
The experiment conditions are shown 

in table 1. Figure 11 shows the mud cake 
in the pre-packed screen sand control 
experiment under gravel particle size of 
16-30 mesh. In the process, it is obvious 
that most of the sand filled in the sand 
mixing tank bridges forming the mud cake 
outside the screen; moreover, the degree of 
consolidation is much better in the process 
of forming the mud cake.

Figure 12 to 14 show pre-packed screen 
overflow rate and pressure difference 
change over time under different gravel 
sizes. As can be seen from the diagram, the 
flow rates of all the three are very high in 
the beginning, but they also decline very 
soon with the blockage of the screen, then 
the liquid production achieves a initial 
stabilization.

Figure 15 shows that the FPIPM of 
30-50 mesh pre-packed screen, after each 
pressure drawdown is stable, is the best, 
followed by 20-40, and 16-30 comes third. 
From the whole experiment process, the 
flow conditions of screen pre-packed 30-50 
mesh are more stable. But in terms of throat 
pore diameter, namely 16-30 mesh (159.23 
u m), 20-40 mesh (139.46 u m), 30-50 mesh 
(119.43 u m), the 16-30 mesh is the biggest. 
From the graph it is obvious that in the 
beginning the fluid producing rate of screen 
pre-packed 16-30 mesh is the highest, and 
its fluid producing rate is relatively low 
when it becomes stable. It explains that 
some formation sand grains come into the 
gravel layer in the experiment, forming 
a serious sand invasion, and its filling 
form in the production flowing process is 
shown as below:

According to the physical model of 
solid phase blocking gravel throat [8], 
shown as figure 17, no matter it is sand 
grain gradual blockage or many grains 
bridge blockage, when the solid phase 
concentration is relatively low, there is 
only one grain on any throat section at any 
time as solid-liquid two-phase passing by 
and the grain is not enough to block or 
fill up. But when the solid concentration 
is relatively high, there will be several 
grains on the throat section at the same 
time as solid-liquid two-phase passing by. 
So when grain diameter matches gravel 
throat diameter, the grains will block or fill 
up the throat section by bridging. Figure 
16 shows the sand production in the gravel 
after experiment, the sand in 16-30 mesh 
gravel weighs 12.268g, the sand in 20-40 mesh gravel 
weighs 7.637g, the sand in 30-50 mesh gravel weighs 
3.912g. This suggests that under the same conditions, the 
bridging sand concentration varies with the pre-packed 
gravel sizes, and that a bigger gravel throat diameter 
results in a  higher concentration of the corresponding 

bridging sand.
From the figure 18, according to the comparative 

analysis of sand production under the three different size 
gravel sand producing modeling, the sand production of 
screen pre-packed with 16-30 mesh gravels is relatively 
higher under each producing pressure drawdown 

Fig.12."��&&��������%!�)������������!�������%�>
#?
�(�&�������!�$��������&�

����>��Pressure and flow rate initial data of 20-40
�(�&�������!�$��������&�

Fig.14. Pressure ����%!�)������������!�������%�?#@?�
(�&�������!�$��������&�
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compared with other screens. During the whole 
experiment process, the sand production of 30-50 mesh 
pre-packed screen is the least with respect to its flow 
rate, and the sand production of 16-30 mesh screen is 
higher than the other two in the early production stage. 
When cleaning the sand produced, we find that sand 
production is accompanied with a little gravel output 

when packing 30-50 mesh screen. Since 
the gravel diameter lower bound of 30-50 
mesh is 0.297 mm, we will choose 20-40 
mesh gravel to pack the screen in order to 
avoid gravel output in the 0.3 mm precision 
weaved mesh screen.

B��+�($���������*$���(���
��&�������%���%%�����������!
layer thicknesses
Comparative experiments of different 

gravel layer thickness are conducted 
with the same sample used in the last 
section including formation sand, 
sand concentration, and shale content. 
Four kinds of gravel thickness are 
compared in this series of comparative 
experiments to evaluate the influence 
of gravel thickness on the sand control 
performance of the pre-packed screen. 
. Table 2 shows conditions of different 
experiments.

Figure 19-22 show how the overflow 
rate and producing pressure drop changes 
with time using pre-packed screen of 
different gravel layer thicknesses. From 
the graph it is obvious that, in the initial 
production stage, the flow rates of all 
the four layers are very high, but they 
also decline very soon with the blockage 
of the screen, then the liquid production 
achieves an initial stabilization along 
with production.

It is obvious from figure 23 that gravel 
layer thickness has a comparatively big 
influence on FPIPM. Overall, a bigger 
gravel layer thickness means a bigger 
FPIPM. We can draw a conclusion from 
the analysis of above figures that the 
stabilized productivity indexes, under 
the conditions of gravel layer thicknesses 
30 mm and 42 mm, are very close to each 

other. And the FPIPM of pre-packed screen with 
gravel layer thickness 20 mm is about 75% of that 
of pre-packed screen with gravel thicknesses 30 and 
42 mm. relatively speaking, the FPIPM with gravel 
layer thickness 15mm is the lowest. At the beginning 
of the experiment, the flow rate of the screen with 
gravel thickness 15 mm is the highest, but its flow 

Fig.15. �"�"Q���($��������������(�
�%�������������%%������$������������!�&�0�&

����>
����($��������������(��%�������!�%!�)�����&�
����&�����������&�������������!����&����/���(��

�%�������������%%������$������������!�&�0�&

Fig.17. U���%��(�%��(������&����%�!!&������!
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rate declined rapidly within 10 minutes, and 
its decline amplitude is also the biggest.

X��+�($�����������!/&�&
Through the optimization of the above 

experiment, since the wire wrapped kerf 
width is 0.3 mm, so we take 20-40 mesh gravel 
as pre-packing medium, and 30 mm gravel 
layer thickness to design the sand control 
screen. We set up the same experimental 
conditions as table 1, at the same time use 
empirical method (0.8-1d50) [9-12], choose 
the commonly used in offshore oil wells 
CMS sand control screen of the same sand 
control precision (150 um), then compare 
the analyzed experiment result with high 
quality sand control screen, the specific data 
is shown in figure 24.

Through the above comparison, it is obvious 
that the stabilized overflow efficiency of pre-
packed screen after structure optimization 
is much higher than the commonly used 
metal kapok screen under the same precision. 
Although the FPIPM at initial period of the 
two are almost equal, the metal kapok screen 
blocks much faster in the same period of 
time. The pre-packed screen FPIPM with the 
average of the last 20 minutes is 30.63645 m3/
(m×d×MPa), and the high quality screen is 
9.48463 m3/(m×d×MPa). The FPIPM in stable 
condition of the pre-packed screen is 3.23 
times of the high quality screen. This suggests 
that the pre-packed screen improves the 
productivity after blockage more effectively 
in the process of production.

9. Conclusions
1. Through the literature investigation and 

a lot of practical application, gravel packing 
sand control works very well, and can obtain 
high and stable productivity but its economic 
investment is also higher. While, as for 
many other commonly used mechanical sand 
control pipes, their well completion operation 
in field is easier and money-saver, each 
method has its own specialty in adaptability 
to the formation. 

2. The paper combines the specialties of 
mechanical sand control and pre-packing 
sand control, proposes gravel pre-packed 
screen, and develops a more practical new 
pre-packing sand control screen.

3. The paper evaluates the packing criteria 
of pre-packed screen based on sand control 
experiment, proposes optimal packing form 
of gravel pre-packed method, and compares 
with commonly used high quality screens 
in field. Moreover, its productivity is best 
optimized in 3.23 times, and the sand control 
performance is much better than the existing 
screens at the same time. 

Fig.18. +�($��������������(��%�&����$����������
������������������%%������&�0�������!�$�����

Fig.19. Flow rate and pressure initial data 
�%�������&���&����>@�((������!�!�/����������&&

Fig.20. Flow rate and pressure initial data 
�%�������&���&�����?�((������!�!�/����������&&

Fig.21. Flow rate and pressure initial data 
�%�������&���&����?�((������!�!�/����������&&
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[[ �����!�&�0� Viscosity Median size 
�%�����&����=�@?;

Thickness of 
�����!�%�!!��<�((

Pressure 
difference, MPa

Length of 
the screen, cm

1 16—30 mesh 100 mpa.s 150 um 20 1 35
2 20—40 mesh 100 mpa.s 150 um 20 1 35
3 30—50 mesh 100 mpa.s 150 um 20 1 35

[[ �����!�!�/���
thickness d, mm Viscosity Median size 

�%�����&����=�@?; �����!�&�0� Pressure 
difference, MPa

Length of 
the screen, cm

1 15 100 mpa.s 150 um 20—40 mesh 1 35
2 20 100 mpa.s 150 um 20—40 mesh 1 35
3 30 100 mpa.s 150 um 20—40 mesh 1 35
4 42 100 mpa.s 150 um 20—40 mesh 1 35

Fig.22. Flow rate and pressure initial data 
�%�������&���&����\��((������!�!�/����������&&

��������"�"Q���($��������������(�
�%���%%�����������!�!�/����������&&�&

Fig.24. +�($�����������!/&�&�������(��%�$��#$������&������������((��!/��&���&�����
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