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Abstract: This paper considers a field with high-viscosity oil in a terrigenous weakly consolidated
reservoir (sandstone) with a massive gas cap and an aquifer. The major challenge in the field operation
is the migration of solid sand particles into the well, accompanied by a breakthrough of water and/or
gas. The goal of the investigation was to evaluate the degree of influence on the sanding process
of water and gas shares in the produced fluid and to determine the effect of pressure drop. The
research methodology is based on a series of filtration experiments on small-sized bulk reservoir
models. Particle size distribution of bulk models was created in accordance with that of the reservoir.
The experiments were made in the form of Prepack Sand Retention Tests (SRT). Gas breakthrough
allows sand production on a relatively high level for a longer amount of time, even though the
concentration of solids in the produced fluid is lower than that of water breakthrough. On the other
hand, water breakthrough triggers higher sand production, but it rapidly decreases as time goes on.
Retained permeability of the model-screen system from the drawdown pressure (pressure gradient)
and phase distribution of the flow were investigated. Moreover, a methodology has been developed
for conducting filtration tests on bulk reservoir models to evaluate the efficiency of different screens
(wire-wrapped screens, in particular).

Keywords: sand production; sanding process; solids production; wire wrapped screen; weakly
consolidated reservoir; prepack sand retention tests

1. Introduction

The destruction of the bottomhole formation zone during the operation of a weakly
cemented reservoir and, as a result, sanding, is a complex process that has been thoroughly
examined for more than 80 years. The sanding process is being investigated for steam-
assisted gravity drainage (SAGD) operations and for conventional oil and gas production.
This is mostly due to specific applications of the SAGD-production process: high tempera-
tures, low reservoir depths, high clay content, and other features [1-7]. Conventional oil
and gas production from wells prone to sanding is not as widely discussed and studied as
for SAGD-operations, even though sanding in such fields is present for almost a century [8].

There are many factors that affect the process of sanding, thus, creating many ways
to categorize them in different groups. Some categories are stuck with geological and
technological factors [9], and others are focusing on the parameters influencing the factors
for and against sanding [10]. Since the primary goal in sand control is excluding or
enhancing sand production (it depends on the production strategy and sometimes may
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be beneficial) [11], dividing factors by their action—excluding or enhancing seems more
reasonable. This leads to a problem, because some of the factors can be interpreted either
as excluding or as enhancing in specific terms.

These factors are discussed in many papers worldwide, with the most popular topics
being reservoir drawdown, water and gas breakthrough, particle size distribution (PSD)
of reservoir rock, and sand control technologies that are chosen on this PSD-basis. But
there are many uncertainties in the process of sand production itself—how it is affected by
these factors.

Some authors stated that sand production decays over time due to forming of sand
arches—"stable” bridges of rock around openings/slots of different screens. Their existence
was hypothesized and proven in the 1960-1970s [12,13]. Even though these arches prevent
sand from being produced into the well, stress redistribution in the reservoir may sometimes
destroy these arches causing sand production. This triggers the process of forming sand
plugs in the wellbore. These plugs must be flushed, thus, requiring well shut-in. This causes
stress redistribution in the reservoir. One could say that there is a loop of plugging-flushing.

As such, the authors formulated the goal—to establish and quantify the degree of
influence on the sanding process of drawdown during filtration, and long-term sand
production capabilities, as well as to evaluate the effect of water and gas breakthroughs on
the process of sand production.

The experiments to model the process of sanding can be divided into two main
groups—Slurry tests and Prepack tests. There is no standard procedure or standard facility
for the experiments performed for both the slurry and prepack tests [14]. Prepack SRT
mostly applies to the modeling of the latter stages of the sanding process development—
when part of the bottomhole formation zone collapsed due to continuous sanding. The rock
material lies on the surface of the screen and the filtering goes both through destructed rock
material and through the screen [15]. Prepack SRT also allows precise injection of different
fluids, provides no bias, and also gives insight into sanding process evolution [16]. The
main issue of the prepack testing facility used in this experiment is linear flow and scale
effect. The scale effect is discussed later in the article. Linear flow might bias the results
towards higher values, because it was proven that for the radial flow regime the amount of
sand production is significantly (40-50%) lower [17].

Field and Reservoir Characterization

The oil and gas condensate field is located in the Yamal Peninsula and currently is
under development of the main production facility.

The reservoir is identified within the upper part of the Pokurskaya suite and is char-
acterized by tidal Upper Cretaceous deposits of the Cenomanian stage, represented by
weakly compacted rocks: sands, sandstones, silts, siltstones, and mudstones. They are
specified by the presence of plant detritus, organic residues, coal interlayers, and siderite
lenses completely (Figure 1). The deposits are characterized by explicit facies heterogene-
ity (Figure 2). The sedimentological concept includes two stratigraphic zones that have
significant vertical and lateral differences.

The complexity of reservoir development is due to the following challenges:

The reservoir is composed of unconsolidated /weakly consolidated sandstone;
High oil viscosity (67 cP);

Low reservoir temperature (35 °C);

Small thickness of the pay zone (10-20 m);

Presence of aquifer and extensive gas cap;

Sharp contrast of permeability (100-10,000 mD);

Active sand production during well operation (Figure 3);

Low strength properties of the formation.

XN
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Figure 1. Left part—Snapshot of core rock (a)—weakly consolidated highly permeable sandstone
of “channel” facies, (b)—interbedding of heterogeneous argillaceous sandstone of the “floodland”
facies), Right part represents sedimentary environment [18].

Figure 3. Sand obtained during well flushing in the workover process.

Moreover, the geological structure of the reservoir in the central part is complicated by
faults and fractures. The field is under development by the grid of horizontal wells with
length of horizontal part of 1000 m (3300 ft, 0.62 miles).

A great difference in viscosity between oil and water causes water and gas break-
throughs along the highly permeable channels, which does not allow to provide efficient
development of the field.

It is necessary to develop special approaches and methods for monitoring horizontal
wells during operation, as well as to optimize the design, modes and technologies of
their completion and sand control devices implementation to improve the efficiency of oil
production in such difficult conditions.
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2. Materials and Methods

To achieve the desired goal a coreholder from AutoFlood 700 (Vinci Technologies)
unit was modified and a series of laboratory experiments were conducted on the created

facility (Figure 4).
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Figure 4. General scheme of the facility [20].

The efficiency and resistance to clogging of wire-wrapped screens of various apertures
were determined in the process of conducting laboratory studies. Single-phase and multi-
phase studies were carried out (with different gas, oil, and water content in the flow) for
wire wrapped screens with openings sizes of 100, 150, 200, 500, 700, and 1000 um with a
given set particle size distribution of the bulk reservoir model.

The research program consisted of a series of filtration experiments carried out on
a small-scale bulk reservoir model with a particle-size distribution similar to that of the
reservoir. The experiments were performed under conditions simulating reservoir pressure,
which made it possible to recreate the nature of the removal of mechanical particles in
the bottomhole zone of the simulated reservoir. Previous studies show that results of
small-scale and large-scale testing correlate with each other in a way that allows companies
to make motivated decisions [21,22].

The parameters controlled during the laboratory tests were:

Screen aperture size;
Drawdown pressure during filtration;
Oil, water (brine) and gas content of the injected fluid.

Results of the experiments were determined to evaluate the influence of the input
parameters on:

e  Suspended solids concentration (content) (SSC);
e Relative changes of permeability in the “model-screen” system;
e  Particle size distribution of the produced solids.

During the experiments, filtration was carried out with the following ratios of in-
jected phases:
100% “oil”;
90%/10% “o0il” /brine;
50%/50% “0il” /brine;
30%/70% “oil” /brine;
70%/30% “oil” / gas;
50%/50% “0il” / gas;
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o 10%/90% “oil” / gas.

As a model “0il” in laboratory studies, a transparent mixture of mineral oils PMS-
50 and PMS-100 (PMS refers to methyl silicone or polymethylsiloxane, the number after
hyphen refers to viscosity in centipoise) was used with an exact reproduction of the specified
viscosity. Formation water obtained by mixing distilled water with the required amount
of initial salts was used as water. Nitrogen was used as the gas. Tests were performed at
ambient temperature with recalculation of oil viscosity to ambient temperatures, because it
was proven that temperature does not affect the results of sand retention tests (SRT) [4].

The authors used coupons of wire wrapped screens of 3 cm (0.1 ft) in diameter with the
following aperture (screen opening) sizes: 100, 150, 200, 500, 700, and 1000 pm. According
to the results of preliminary tests, it was decided to abandon the coupon with an aperture
of 1000 microns due to the complete destruction of the bulk model. It is worth noting
that some authors state that standalone screen (SAS) completions tend to develop less
skin-factor over time in field conditions [23].

The tests were carried out on bulk models from rock (fine-grained sandstone) taken
from the bottomhole of production wells. The resulting sand was cleaned from residual
oil. Next, the sand was dried and sieved in portions through a set of sieves on a vibratory
unit. The resulting sand fractions were then mixed in the proportion required to match the
particle size distribution of the reservoir (Figure 5).
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Figure 5. Reservoir particle size distribution curve: (A)—larger PSD, (B)—finer PSD.

The number of sieves directly affects the accuracy of matching the initial particle size
distribution with what is mixed for the bulk model. It is worth noting that the decision
regarding the choice of reservoir sand versus commercial sands is debatable and was
covered in papers [24,25]. We chose reservoir sand over commercial due to reservoir
heterogeneity and uneven distribution of different clays.
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The bulk reservoir model (Figure 6) is assembled using the moist tampering method,
i.e., water is added to the previously prepared and mixed sandstone sample and then
saturated with “oil”, which is subsequently used in the test. There are differences between
“dry” and “moist” tampering methods in terms of end-porosity and end-permeability of
the model—porosity and permeability of models prepared with “moist” tampering tend to
be slightly higher than that of models made with “dry” tampering [14]. During preliminary
tests, we found that under these conditions it is impossible to prepare a high-quality model
using the “dry” tampering method.

Figure 6. Bulk reservoir model with the preinstalled screen coupon (wire-wrapped screen (WWS)
200 pm).

There is also one more process to account for during model preparation, which is
called convergence—tendency of smaller-sized particles to shift down the model due to
the natural gravitational force [14]. To neglect this effect, it was decided to use “moist”
tampering—a mixture of sand was pre-mixed as a dry sand, then mixed well with reservoir
water and then the sand was successively tampered with in tubes by small layers.

The model is sequentially compacted after addition of water. The heat shrink tube is
then shrunk to the required size. During the next step, the model is subjected to uniaxial
compression. After compression, bulk reservoir model is saturated with “0il” in the vacuum
pump facility.

The important differences between using bulk models in filtration testing and fluid
filtration through rock in a standard Prepack Sand Retention Test (SRT) are:

o  scale effect—the smaller the sample of rock, the less uncertainty in the distribution of
rock particles by volume, which directly affects the reservoir properties of the model;

e the ability to “change” the porosity and permeability of the bulk model during its
assembly (by changing the amount of force during uniaxial compression), as well as
by changing the rock pressure in the filtration facility;

e the ability to saturate bulk models with formation water to the required level.

The permeability of bulk models for gas immediately after assembly is about 3-4 pm?
(measured on the TBP-804 unit) and varies depending on the level of compression of the
model on the uniaxial compression unit.

The model is then placed in a filtration unit. The facility could carry out multi-phase
filtration of liquids and gases, as well as simulate rock pressure in significant ranges.

A schematic representation of the core holder used during the laboratory tests is
shown in Figure 7.



Energies 2022, 15, 4657

7 of 17

Phase 1 Phase 2/3

Pressure
"~ transducer

Buffer

Metal grid o — rings
20 mcm
openings Sealing
ring
(expands)
Bulk
reservoir
. ) ~ model
Pressure-inducing
liquid
I
Screen
coupon
Cone to
__— gather

sand

Sample
selection

Figure 7. Coreholder scheme.

There are no publications on recalculation of the rock pressure acting in the reservoir to
the conditions of bulk models, as a result of which it was decided to select the rock pressure
according to the criterion of convergence of the obtained oil phase permeability with
that of oil under reservoir conditions. The target range for permeability was 0.5-1.5 pm?
(500-1500 mD). Empirically, it was found that the most optimal value of rock pressure for
testing is 300 psi (2041 MPa) with the following dimensions of the bulk model: height—
0.055-0.065 m, diameter—0.028 m. Given the length of the horizontal section of the wellbore,
the corresponding volume of the bottom hole zones, and the volume of the bulk model—it
was decided to neglect the scale factor. However, the investigation of different pressure
levels for prepack testing was covered in [1].

At the outlet of the core holder, fluid samples are taken, which are subsequently used
to evaluate the suspended solids content (SSC) and PSD of rock particles suspended in the
fluid. Probe sampling was performed as follows:

1. First probe was taken from initial liquid flux up to 10 milliliters of liquid (with sand) of
volume. Pore volume of the model was estimated to be around 3-4 mL, thus, the first
probe contained 2-3 pore volumes of simulated bottomhole formation zone (BHZ),
which can be classified as well stimulation stage.

2. Second probe was taken immediately after the first one. This stage represents the
pseudo-steady state of the flow in the model (reservoir) and also contained 10 mL
of liquid (with sand). Given the high permeability of the reservoir and models, that
represent it, it is likely that the pseudo-steady flow stage would not last for a long
period of time.

3. Third probe was taken immediately after the second. This stage represents the “steady”
state of the flow and also contained 10 mL of liquid (with sand).

4. Fourth probe was the last and it contained all the remaining volume of liquid with
sand that was pumped through the model during the experiments. Approximately
250 mL of liquid was gathered at this stage.

SSC measurements were carried out in two different ways depending on the aperture
of the studied coupon [26,27]:
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e  For coupons with openings of 100, 150, and 200 um SSC was measured using py-
cnometers (due to the small size of the washed-out particles and their adhesion to
filter-paper);

e  For coupons with openings of 500 and 700 um SSC was measured using filter-paper
(“Blue ribbon”).

Given 4 samples of liquid with sands, only 3 probes were measured for SSC and
particle size distribution (PSD), because the fourth probe was mostly transparent and
contained an unnoticeable number of particles (considering its high volume SSC for this
probe was negligible). Three stage measurements allowed to measure the process of the
“stabilizing” of sanding over time, because some authors state that sanding decays over
time (under normal circumstances) [17,28,29]. This happens due to:

(a) Effect of sand “arching” in front of the screen openings;

(b) Redistribution of stresses and flow paths in the model (reservoir).

3. Results

The series of filtration tests carried out on a small-scale model makes it possible to
simulate the growth of water and gas cut/ratio (10%, 30%, 50% water/gas in the flow) at
different screen apertures. Filtration was carried out at two drawdown pressures—gradP1
and four times greater gradP2 [30,31]. Summarized data on the amount of suspended
particles is presented in Tables 1 and 2 and Figure 8. Suspended solids concentration (SSC)
is indicated for the liquid that has passed through the screen. Note that these are the
averaged results for three probes of liquid with sand.

Table 1. Generalized results of filtration tests on bulk with different content of phases in the flow for
PSD A (larger)—Suspended solids concentration is presented in grams/ liters.

Screen Aperture Drawdown Pressure “Oil” “Qil”/Brine “0il”/Gas
pm - 100% 90/10 50/50 30/70 70/30 50/50 10/90
100 4.3 6.5 7.9
150 6.7 5.3 4.4
200 gradP1 8.5 10.8 115 14.5 7.3 5.6 44
500 11.9 784 87 336.6 422
700 18.2 180 430
100 19 11 144 16.6
150 14 11.9 74
200 gradP2 29.6 15.4 18.5 21.7 18.3 13.8 9.1
500 34 268.4
700 733

Table 2. Generalized results of filtration tests on bulk with different content of phases in the flow for
PSD B (finer)—Suspended solids concentration is presented in grams/liters.

Screen Aperture Drawdown Pressure “0il” “QOil”/Brine “QOil”/Gas
um - 100% 90/10 50/50 30/70 70/30 50/50 10/90
75 3.23 3.50 3.77 4.01 3.17 2.80 3.29
100 cadP? 4.75 5.80 711 7.56 4.60 497 5.10
150 & 7.41 7.92 9.09 11.18 7.45 7.61 7.79
200 10.92 17.16 15.07 12.83 9.65 10.86 13.17
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Averaged ratios of SSC on stages 1-2-3 to the 1st stage for different flow
compositions and drawdown pressures

0.9
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03 _
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0
0 1 2 3 4

Sampling stage

Figure 8. Combined graph for phase distribution and drawdown pressure effect on stabilization rate
for PSD A.

Table 1 demonstrates that SSC increases with increased drawdown pressure—this is
mainly due to the increased flow rate (to create such drawdown pressure). Increasing the
aperture size of the screen almost always results in increasing SSC. Finer PSD results in
higher SSC, which was also expected. Although the increase in SSC is not that high given
the immense difference between the two PSD curves. This result does not agree with the
data given in [29], where the author states that even small differences in D50 will result in
significant changes in the results of the experiment.

As was mentioned earlier, some authors noted that SSC decays over time so a 3-
probe-sampling procedure was implemented [32,33]. The figures below represent the
ratio of SSC on stages 2-3 to the SSC on stage 1. It’s important to note that for one and
only flow composition rate of “stabilization” differentiates between different aperture
sizes. The last figure in the section represents the average-weighted ratio for different flow
compositions—as it can be seen, gas flow strongly affects stabilization rate, but this effect
is negligible given lower SSC for flow with gas in all cases. The process of stabilization
is also affected by the pressure gradient of the flow (flowrate)—higher flowrates result
in lower stabilization rates. The stabilization process can be observed in results obtained
by [5]. They also noted that increasing flow rate for a short period of time will result in
an increase in SSC, which will also “stabilize” to the rates below this increase in flowrate.
Effect of gas flow on SSC and permeability changes was covered in [10]. Experiments were
performed under constant drawdown pressure (denoted as gradP in the tables and graphs)
due to the possible misconception of permeability evolution in constant-flowrate tests [29].
Outlet pressure was 1 atmosphere (1053 bar) and inlet pressure was changing from gradP1
to four times higher gradP2 depending on the needs of an experiment. Effect of drawdown
pressure, phase distribution, and screen aperture size can be observed in Figures 8 and 9.

Figure 9 clearly demonstrates that for both “oil” /brine and “0il”/gas filtrations in-
creased drawdown pressure (increased flowrate) affects the rate of SSC decrease. The
higher effect of pressure increase for flow with gas also should be noted—an increase in
pressure for flows with brine did not account for much difference in stabilization rate.

An increase in SSC due to increased aperture size is to be expected. An increase in SSC
for flows with gas is not that high compared to the increase with brine flows. A decrease
in SSC with an increase of gas content in the flow was studied thoroughly with data from
PSD analysis of the washed-out particles. It was discovered that high gas content results
in a decrease in the radius of washed-out particles as the time goes on—thus, a smaller
amount of SSC should be expected for high gas content in the flow.
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a Ratio of SSC on stages 1-2-3 to the stage 1 for "Oil" filtration
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d Averaged ratio of SSC on stages 1-2-3 to the stage 1 for different flow
compositions
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Figure 9. Stabilization rate between stages (a—c) and combined graph for phase distributions and its
effect on stabilization (d) for PSD B.

On average, a four times increase in drawdown pressure between the tests resulted in
2.15 times increase in SSC for the screen with aperture sizes of 100, 150, and 200 pm. It is
hard to predict how a change in pressure affected screens with higher aperture sizes due
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to the lack of data—these screens did not pass the test program completely (Figures 10
and 11). This data is in correspondence with studies [10,12,17,34-36].
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Figure 10. Suspended solids concentration for different particle size distributions, screen apertures,
and flow compositions ((a)—PSD A gradP1, (b)—PSD A gradP2 (4 times higher than gradP1),
(c)—PSD B gradP2).
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Changes in SSC due to increased drawdown pressure between tests
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~ 4
[a M
T 35
~
% 3 m Oil
Q25 mO/B9/1
wn
2 2 O/B5/5
&
515 O/B 3/7
w1 mO/G7/3
g 05 mO/G5/5
wn
s 0 mO/G1/9
g 100 150 200
55

Screen aperture size, um

Figure 11. Relative change in suspended solids concentration due to increased drawdown pressure
between the tests.

For both PSD’s trend for higher SSC with increased water cut can be observed (except
for experiments with 200 um WWS, where an increase in water cut resulted in a decrease in
SSC). This is probably due to the hydrophilic nature of the reservoir sand—the interaction of
sand with water results in decreased capillary pressures and this “triggers” the mobilization
of the individual sand grains.

Authors pay special attention to the effect of gas flow—an increase in gas/oil ratio
(GOR) resulted in increased SSC for tests on finer sands and decreased SSC for tests on
larger sands. This can be explained by the “critical mass of sand”, which is somewhere in
between the average masses of these sand samples. Thus, below this point—gas is able to
mobilize a significant portion of sand particles, but above it—the energy of the gas flow is
not high enough to trigger the movement of individual sand particles. Figure 11 clearly
demonstrates that an increase in gas injection pressure (gas flowrate) results in a two times
increase in SSC for larger sand (PSD A).

Another important factor that should be accounted—returned permeability of the
screen. In this series of experiments, the initial permeability of the “model-screen” system
was measured for the first time when certain pressure in the system was reached (gradP1
or gradP2). The second point was taken at the end of the test, right before pumps were
shut off. Permeability was calculated using standard Darcy’s law. Data on the permeability
change is shown in Table 3.

Table 3. Permeability change for PSD A during experiments. The number in the table is % of initial
permeability of the system. Dash indicates no value (was not able to evaluate).

Screen Aperture Size =~ Drawdown Pressure “Qil” “Qil”/Water “QOil”/Gas
um - 100 3/7 5/5 9/1 3/7 5/5 1/9
100 gradP1 - 95 87 94 - - -
150 gradP1 - - - - 96 96 99
200 gradP1 87 93 98 97 98 94 99
100 gradP2 94 87 69 92 - - -
150 gradP2 - - - - 98 92 98
200 gradP2 98 82 78 97 98 96 95
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An increase in drawdown pressure during filtration results in a decrease of retained
permeability—it is likely that high flowrates induce the movement of sand particles that
block the permeable channels. Combining data on returned permeability and SSC can give
a clue about screen efficiency. Maximum returned permeability with high SSC results in
complete screen inefficiency. However, small returned permeability and high SSC should
be studied thoroughly for any possible interferences between fluid and sand particles (due
to pH changes [37,38] or convergence of the flow in the vicinity of the screen [39], or any
other effect). All of the screens passed the 50% retained permeability criterion proposed
by [40]. It is also worth noting that retained permeability of the linear flow might be biased
towards lower values and the retained permeability of the same experiment design with a
radial flow regime will be higher [17].

4. Discussion

The Prepack nature of the test allows to represent the whole specter of the reservoir
characteristics in a single test. In this series, a reservoir with high clay content is present,
thus, making it prone to effects of clay swelling and brine chemistry, and others that are
standard in the industry [16].

Suspended solids content (SSC) is one of the key parameters that define both the
process of sanding and technologies, that prevent sanding. SSC depends on many factors,
but the crucial can be listed as follows:

amount of cementing material in the reservoir rock;
both physical and chemical processes in the reservoir;
gas-oil ratio;

water cut;

technology, that is used to prevent sanding;

reservoir drawdown (fluid flowrate) [41];

completion type.

Thus, it can be concluded that multiphase flow will strongly affect the process of sand
production. The appearance of gas in the flow leads to the turbulent nature of the flow
in the lower part of the porous channel and this affects that angle at which flow meets
the sand particle. Given the lower energy of the gas, it still provides enough force to the
particle to separate it from the surface of the channel [39,42]. The potential effects of water
in the flow are as follows [42]:

Capillary pressure changes;
Possible interaction in the hydrophilic reservoirs where brine adheres to the surface
and this makes it easier for the flow to enthrall particles;

e  Possibility of emulsification of the flow, thus, increasing effective viscosity and increas-
ing drag force of the flow.

Suspended particle content directly affects the turnaround cycle of both surface and
subsurface equipment including pumps, pipelines, Christmas tree, separator equipment,
etc. High SSC can also lead to sand plug forming, which requires well workovers (flushing),
thus, stopping the production [43].

Certain assumptions were made during mass measurements with pycnometers:

e  The ratio of fluids in the pycnometers corresponds to the given parameters of the test—
i.e., during the experiment, water/“o0il” 30/70, the ratio of liquids in the pycnometer
was taken as such [44];
Mass of sand that is left in the installation was not measured or evaluated;
Densities of “0il” and brine were measured once at the beginning of the test.

It is also worth noting that sand production behavior and its stabilization over time
depends on the equipment that is used in the bottomhole section. For example, in [45]
two similar wells both had an erratic bean-up program, but one of them had less sand
production due to more suitable equipment in the bottomhole.
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In order to better understand the nature of the observed effects and other trends in the
sanding process, Prepack SRT must be coupled with the results of the Slurry SRT test—this
will allow to simulate of the behavior of the bottomhole formation zone during the well’s
life cycle. Slurry SRT for bringing the well into operation and early stages of the well’s life
and Prepack SRT for mature wells, where continuous sanding has led to the destruction of
the bottomhole formation zone and sand deposited on the screen surface.

Given the fact that SSC decreases over time, it is worth noting that normalizing the
results of the different SRT tests is a difficult task due to the difference between trends for
increasing the area of the screen and produced volume of the fluid through this screen.
This effect can be represented as follows (Figure 12).

Volume-Area trend for increasing SSC
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Figure 12. Difference between trends for increasing suspended solids concentration.

Thus, increasing the area of the screen 10 times will result in 10 times higher cumulative
SSC for a given equal filtered volume of fluid. In order to reach 10 times higher cumulative
SSC one will have to filter a very high amount of fluid and the increase is non-linear. This
makes it difficult to normalize the results of the SRT tests in terms of gram/liter /square
meter or kilogram/cubic meter/square meter (1 kg of produced sand filtered through a
screen with an area of 1 square meter after filtration of 1 cubic meter of fluid). One way
to surpass this problem is to differentiate the process of sanding into two stages—where
in the first stage decrease in differential SSC will be linear and during the second stage
decrease will be non-linear. [21] recommends normalizing results of testing not by screen
area or volume, but by open to the flow area of the screen (OFA)—but this normalizing
does not give any clear representation of the screen’s efficiency in the field conditions, even
though it is a good indicator for the screen manufacturers.

5. Conclusions

A series of Prepack SRT tests on bulk reservoir models with two different compositions
of sand (larger and finer sand) was performed. Keynote distinction between Prepack test on
sandpacks and bulk models is the option to somewhat control parameters of the resulting
bulk model before the experiment—its initial saturation and porosity/permeability.

During these tests, the effect of gas/brine flow combined with the model of oil was
examined. Water cut directly affects the amount of washed-out particles—suspended solids
concentration (SSC): in many cases increase in water cut up to 70% resulted in increase
in SSC.

Increase in drawdown pressure (pressure difference) during the filtration experiment
results in increase in SSC. The reason for that is increased “energy” of the flow—the
flowrates required to create higher drawdown pressure are higher. Water (brine) also
affects returned permeability of the screen—during tests it was investigated that during
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filtration of “0il” /brine compositions returned permeability of the screen was the lowest
among three types of phase distributions.

The flow of “0il”/gas compositions tends to have the lowest SSC amounts, but the
“stabilizing” rate of these compositions is the lowest among all phase distributions—i.e.,
SSC slowly decreases over time, but this decline is not as rapid as for “oil” /brine or pure
“0il” compositions.

It is important to perform all kinds of tests (Prepack, Slurry, LSCE, RSCE) to better
represent the behavior of the wells that is prone to sanding, because each of them represents
a different stage in the well’s lifecycle.
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