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Abstract:  To obtain a comprehensive understanding on sand production and main factors affecting sand production in unconsolidated 

quicksand oil reservoirs during their production stage, the sand production processes under different conditions have been modelled. The 

modelling experiment was carried out on unconsolidated sand formation model made of water washed white sand, clay (kaolinite) and 

distilled water, by using a newly developed sanding modelling apparatus. The effects of drag force acting on the formation and formation 

cementation on sand production were analysed. The experimental results show sand and oil production rates both increase with the rise of 

drag force acting on the formation and decrease with the increase of cement content, and the sand production rate even approaches zero at 

high cement content. The reservoir with higher pressure is more likely to produce sand during development due to higher drag force, and 

drag force and effective formation stress jointly affect oil production. Therefore, the sand production rate can be estimated according to 

clay content, and proper sanding prevention measures can be taken correspondingly. In some cases, sand production in oil reservoirs can 

be much greater than that in gas reservoirs. 
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Introduction 

Sand production has become a challenge in oil industry due 
to associated severe issues such as erosion of production 
equipment, well plugging, productivity depletion, and threats 
to well stability[1]. Apart from these primary issues, mixing of 
sand with the oil produced is also critical in term of the re-
quired costly sand separation treatments[2]. This implies the 
required better understanding on the sand production mecha-
nism, particularly from unconsolidated and weakly-consoli-
dated sand reservoirs through more descriptive and precise 
quantitative measurements. This however needs a proper 
identification of the influences on sand production, involving 
formation properties such as moisture, clay content[34] and 
effective stresses[56], and operating properties such as injec-
tion pressure[7] and well size[8]. Studies found that the proper-
ties of cementation material and the initial drag force after 
production were dominant factors[3, 910]. Ranjith et al.[3] found 
that the rate of sand production increases with the increasing 
drag force and reduces with the increasing clay content or 
cementation phase. This however has not been tested for oil 
reservoirs. Isehunwa et al.[11] carried out numerical simula-
tions and pointed out more factors including oil production 
rate, oil viscosity, formation grain size and density, control 

sand production. They found that sand production increases 
with oil viscosity and production rate and reduces with forma-
tion density and grain size. Numerical study by Carlson et 
al.[12] showed that sand production in oil formations was 
highly dependent on the formation’s compressive strength. 
Importantly, though compressive strength of any geological 
formation is controlled by the cementation materials in the 
formation, their effect on sand production has not yet been 
appropriately studied. 

In this study, a newly-developed sand production cell has 
been used to simulate the sand production process in uncon-
solidated quicksand formations. A series of experimental 
studies were conducted using this cell to investigate the sand 
production mechanism and analyse how the formation drag 
force and cementation affect the sand production in various 
surrounding conditions. 

1.  Experiment methodology 

1.1.  Experiment equipment 

The newly-developed sand production cell (with a maxi-
mum 300 kPa standing pressure) located in the Deep Earth 
Energy Research Laboratory at Monash University was modi-
fied to study sand production in oil recovery (Fig. 1). 
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Fig. 1.  Sand production cell. 

The cell has three inbuilt pressure transducers at the top, 
middle and bottom and can therefore be used to identify the 
pressure changes inside the cell with sand production[3]. The 
pressure measurements obtained from the transducers are 
recorded in a computer using an advanced data acquisition 
system. Two balances with scales of 3 000 g and 1 500 g were 
used to measure the sand production rate from the reservoir 
and the oil injection rate into the reservoir formation. The 
weight data acquired from the balance were transferred to the 
computer using Datacom DC 500 software to provide a 
weight-time series. The injected oil pressure was adjusted 
using a pressure regulator to obtain different drag force condi-
tions. A high-precision digital camera was also utilised to re-
cord the sand production process in each test.  

1.2.  Sand used for experiments 

The sand used was from the washed white sand group and 
the particle size distribution curve is shown in Fig. 2. The 
uniformity coefficient of the sand is 1.67. According to the 
standard[13], the sand has a uniform particle size distribution.  

1.3.  Experiment conditions 

The experiment conditions are listed in Table 1. Based on 
the sand production data from the preliminary experiments, a 
5-mm outlet was chosen, as the duration for sand production  

 

Fig. 2.  Particle size distribution of the sand used. 

Table 1.  Experiment conditions 

SN Injected fluid Clay/% Injection pressure/kPa

1 5 50 

2 5 100 

3 5 150 

4 5 200 

5 10 100 

6 

Oil 

15 100 

7 5 100 

8 5 150 

9 

Gas 

5 200 

Note: Moisture (wt.) = 5% 
 
is too long for a smaller outlet size. All pressures in the ex-
periments are gauge pressures. 

1.4.  Experiment procedure 

In order to create the oil reservoir formation, totally 4 kg 
sand (mixed with required clay content and 5% distilled water) 
was put into the cell to achieve the same uniform bulk density 
for each test. Each sample was compacted into three layers, 
each layer being compacted with 25 blows with a 2.7 kg 
rammer dropping from a height of 300 mm. After making the 
first soil layer, its top soil surface was disturbed and then the 
second layer was poured on to it and the same procedure for 
compaction was repeated. The third layer was then poured on 
and compacted similarly. After all the soil was poured and 
compacted into the cell, the top lid of the cell was placed in its 
position and the bolts were tightened fully to prevent any oil 
leakage during the test.  

When the sand formation was ready and it was necessary to 
create a drag force for sand production to occur. The required 
drag force was created by increasing the pore pressure in the 
formation by injecting oil at a predetermined pressure. Oil 
was injected using a pressurised oil reservoir placed on a 1.5 
kg scale, and then opened the first valve BV1 to release oil 
from the reservoir. The pressure could be adjusted to the re-
quired value using the pressure regulator. Once the required 
pressure was adjusted using the regulator, the valves BV2, 
BV3, BV4 (to ensure an even pressure distribution) were 
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opened simultaneously to inject oil at the required pressure 
into the reservoir to obtain the pore pressure condition re-
quired in the formation to create the drag force.  

Before opening BV2, BV3, BV4, the pressure logging soft-
ware and electronic scale recordings were started simultane-
ously to ensure the time scales were synchronized. The 
weights of the injected oil and the sand produced with oil 
were recorded using the electronic balances. The injection 
pressures at the top, middle and bottom of the cell were re-
corded using a high-precision data acquisition system. In ad-
dition to these primary data recordings, a digital camera was 
placed in front of the transparent cell to take a video of the 
whole sand production process. When the sand was saturated 
with oil, the gradual formation of a sand cavity could be seen, 
and the sand production process began sometime after the 
sand cavity formed (Fig. 3).  

When the cavity was full of oil, BV1, BV2, BV3, and BV4 
were closed to stop the experiment. The weight recorded at 
this moment was considered as the final cumulative sand 
production. The injection pressure was then released by ad-
justing the pressure regulator to zero and all the data re-
cordings were terminated. 

The sand produced was always mixed with oil as happens 
in the field and it is necessary to estimate the pure sand pro-
duction. This was calculated by subtracting the weight of the 
injected oil from the measured total sand weight (oil + sand). 
Here, the oil weight injected is that measured after the sand is 
fully saturated with oil. Therefore, the oil injection rate after 
full saturation was used for the calculation. The full saturation 
point was identified by naked eye observation. At the initial 
stage of sand production (the first 10s), the amount of oil 
produced from the outlet was a little less than the actual in-
jected oil. However, this does not affect subsequent tests and 
calculations. 

Similar to the oil injection tests, some gas (air) injection 
tests were also performed for a similar sand formation (Table 
1), following the testing procedure given in Ranjith et al.[3] 
Here it is quite easy to find the sand production because the 
sand wasn’t mixed with air. 

2.  Results and discussion 

2.1.  Effect of drag force on sand production from oil  
reservoirs 

Drag force between formation and well bottom has a sig-
nificant effect on sand production as it is the force that pushes 
out sand particles from the formation to the well. As men-
tioned earlier, in this study the drag force was created by in-
jecting oil into the formation. Various injection pressures gen-
erate various formation pore pressure conditions, eventually 
creating various pressure differences between the formation 
and the well outlet (at atmospheric pressure), and therefore, 
various drag force conditions. In these experiments 1-4, clay 
content is 5% under any drag force. 

2.1.1.  Drag force effect on sand production 

The sand production curves for each oil injection pressure 
condition are shown in Fig. 4. According to the figure, the 
sand production rate is significantly enhanced by increasing 
the injection pressure of oil, as this causes the enhancement of 
the drag force acting on the formation, the driving force for 
sand extraction by breaking its grain-to-grain bonding. This 
implies that oil reservoirs with greater pore pressure condi-
tions may be more severally subjected to sand production, due 
to the generation of greater drag force with well opening in 
the production stage. 

To investigate how the drag force influence on gas reser-
voirs, sand production experiments were carried out on oil and 
gas reservoirs (Fig. 5). Comparison of these experiments in-
dicates that sand production from the oil reservoir is much 
greater than from the gas reservoir. This is because the ce-
mentation characteristics of the gas reservoir greatly control 
sand production, while in the oil reservoir, sand particles ad-
sorbing oil loosens the grain-to-grain contacts due to oil di-
luting the cementation materials, thus sand particles easily 
produce[11]. In the experiment, kaolinite was used as cementa-
tion material. It swelled in the presence of water or oil[14], 
causing the cementation to loosen and swell, and therefore 
enhancing sand production. On the other hand, sand produc- 

 

Fig. 3.  Test steps. 
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Fig. 4.  Variation of sand production with various injection 
pressures creating drag force conditions. 

 

Fig. 5.  Comparison of sand production process in oil and gas 
reservoirs. 

tion may be influenced by production parameters. At a high 
gas producing rate, sand production would be severe from gas 
reservoirs[1516]. 

2.1.2.  Effect of drag force on oil productivity 

Only the effect of drag force on sand production cannot 
give a full picture of how it affects reservoir productivity. 
Therefore, the drag force effect on oil productivity was exam-
ined next (Fig. 6). The results showed that the oil productivity 
is clearly increased by increasing the injection pressure. This 
was expected, because a greater drag force occurs due to the 
greater pressure difference between the reservoir and the well 
opening at the ground level, and this greater pressure differ-
ence leads to the creation of an accelerated advective flux of 
fluid, which causes fluid flow from the high-pressure reser-
voir formation to the well top[17], and consequently greater oil 
productivity under a greater drag force. In field conditions,  

 

Fig. 6.  Oil production under various drag force conditions cre-
ated by various injection pressures.  

deeper reservoirs have greater pore fluid pressures and there-
fore opening of the well at the ground causes more sand to be 
produced, due to the high drag force caused by the high- 
pressure gap. However, it should be noted that deeper reser-
voirs are subjected to greater effective stresses. As a result, 
they have more shrunken pore space with reduced flow 
characteristics or permeability, and this has a significant 
negative influence on oil productivity[18]. However, the influ-
ence of the effective stress could not be incorporated into the 
present study due to the cell’s capability (a maximum 300 kPa 
pressure). It can be concluded that the drag force and the ef-
fective stress determine the overall productivity of deep res-
ervoirs. 

2.1.3.  Effect of drag force on flowing characteristics 

The pore pressure developments at the top, bottom (well 
opening) and middle of the formation over time during sand 
production under each drag force condition (created by each 
injection pressure) were recorded using three precise pressure 
transducers. This was done to identify the flow characteristics 
in the formation during sand production and their variation 
with the drag force effect (Fig. 7). According to Fig. 7, the 
inlet pressure suddenly reduces in the first 10s at every injec-
tion pressure when oil was first injected into the cell by open-
ing three injecting valves (BV2, BV3 and BV4), due to the 
suddenly opened low pressure space. Then this pressure 
gradually recovers and builds up to 80-97% of the injection 
pressure at the top and remains stable. However, with the 
formation of a sand cavity (the initiation of sand production), 
the pressure starts to decline as the cavity formation causes  

 
Fig. 7.  Pressure variation. 
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the sand to loosen and weaken the connections between sand 
particles, when sand production initiates. The middle pressure 
gradually develops during the test until the valves close at the 
end of the test, and the time taken for the pressure develop-
ment significantly increases with reducing injection pressure. 
This is probably due to the reduced drag force effect which 
creates a lower pushing force in the formation, which reduces 
the ability of the oil to penetrate into the formation matrix. 
The outlet pressure remains stable at around zero by opening 
to the atmosphere and increases only at the end of the project. 

2.2.  Effect of formation cementation on sand production 
from oil reservoirs 

In this study, the cementation of the sand formation was 
changed by adding clay particles (5%, 10% and 15% of kao-
linite, respectively). Based on these sand formations, the ef-
fect of cementation on sand production was investigated at the 
same injection pressure of 100 kPa in all experiments. 

2.2.1.  Effect of formation cementation on sand production 

Fig. 8 shows that the cumulative sand production reduces 
significantly when increasing the kaolinite clay from 5% to 
15%. This was expected, because as mentioned above, in-
creasing the clay content offers stronger and thicker cementa-
tion to the formation, as it strongly binds the grain-to-grain 
contact by reducing the movement of individual grain parti-
cles with the flowing fluid. Interestingly, at 15% clay content, 
sand production completely stopped, probably due to the 
much thicker and stronger bonding strength of the cementa-
tion material that largely bind individual grains to the rock 
matrix and prevent them moving freely. Therefore, depending 
on the formation clay content, it is possible to estimate the 
seriousness of sand production, and this judgement would 
greatly assist in minimising future sand production by taking 
prevention measures. 

2.2.2.  Effect of formation cementation on oil productivity 

According to Fig. 9, increasing the content of cementation 
material (e.g. clay) reduces reservoir productivity. This is be-
cause increasing clay content reduces the pore space available 
for oil movement, because fine clay particles can easily pene- 

 
Fig. 8.  Variation of sand production under various formation 
cementation conditions 

 

Fig. 9.  Variation of oil reservoir productivity with formation 
cementation characteristics. 

trate small pore throats and disconnect oil flow paths in the 
formation. In addition, as mentioned earlier, interaction of the 
oil with the kaolinite clay causes the kaolinite to swell, which 
further reduces the pore space available for oil movement and 
obstructs the pore throats. 

Importantly, with 15% clay content, there is no oil produc-
tion at the beginning and after some time of drag force crea-
tion oil production slowly starts and gradually increases at an 
almost constant rate. This is probably due to the low perme-
able nature of the clay-abundant sandstone formation, which 
prevents oil penetration into the pore space until a sufficient 
amount of clay wetting occurs to loosen the bonding among 
the grains. However, oil production becomes steady, indicat-
ing no more flow paths created over time, probably due to the 
slow oil flow rate. 

The other important observation is that when the formation 
has lower clay content, oil production rate increases over time 
(i.e. 5% and 10% clay in Fig. 10). This is because that oil 
flows through the pore space fast in the formation with low 
cementation content. This high rate can create a sufficient 
pushing force on cementation materials and cause them to 
shrink and extract them from the matrix, creating new flow 
paths and accelerating oil production over time. 

2.2.3.  Effect of cementation on fluid flow characteristics 

How formations’ cementation affects the flow characteris-
tics was then investigated by checking pore pressure devel-
opment trends under various cementation conditions. 

Fig. 10 shows the pressure variation in the sand formation 
during sand production under various clay contents. Pressure 
development (at the top, middle and bottom of the cell) in the 
formation with 15% clay exhibits a gradual increment without 
any sudden reduction, because no cavity formed or sand pro-
duction occurred in this highly-cemented sand formation. In 
comparison, pressure developments appear slower in the for-
mation with less cementation (i.e. 5% or 10% clay). This 
again confirms that well-cemented stronger bonding exists 
among the grain-to-grain contacts in the highly cemented 15% 
clay sandstone formation. This strong attachment among the 
grains largely controls the ability of oil to penetrate through 
the formation towards the production well, resulting in more  
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Fig. 10.  Pressure variation in the cell for various clay contents. 

oil trapped in the formation and steeper pressure development 
inside the formation over time with oil injection. The outlet 
pressure of all the tests remains stable due to the atmospheric 
effect since the well is open to the atmosphere at the bottom, 
and starts to increase at the end of the test. 

3.  Conclusions 

Sand production from unconsolidated quicksand reservoirs 
largely depends on the drag force acting on the formation and 
the properties of the formation cementation. 

Sand production can be significantly accelerated with in-
creasing drag force as it extracts more sand particles from 
rock matrix by breaking the grain-to-grain bonding in the 
formation. However, increasing drag force may enhance res-
ervoir productivity. Under a high drag force, pore pressure 
may develop fast. 

Increasing formation’s cementation often causes sand pro-
duction to reduce because more cementation materials create 
stronger grain-to-grain bonding that limits individual grain 
particles to move. On the other hand, more cementation 
causes depletion of reservoir productivity. 

The risk of sand production from oil reservoirs may be 
higher than gas reservoirs under some circumstances. With 
higher density and viscosity than gas, oil has a stronger 
sand-carrying ability. In addition, the grain-to-grain bonding 
is weaker in oil reservoirs than in gas reservoirs. 
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