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Abstract

Sand production occurs when oil and gas is produced alongside reservoir formations at some point in the productive lifecycle of
a well, understanding why reservoir produces sand is a crucial step towards managing sand production, the objective of this
research is to improve the quality of produced fluid (oil/gas) for easy separation, the study method of this research work was
basically a laboratory based sieve analysis of formation sand of a well in consideration, this is designed to achieve the most
effective gravel pack grain size to be used, from the result analyzed with careful interpretations as presented, the Niger Delta
Well-X formation comprise grain sizes of 0.0788” — 0.0025” range as captured from the available set of sieves used, the
concentration of percentage retain falls within grain size 0.0197” — 0.007 1” with 0.0197” having about 41.4% retain by weight
with the total grain weight of 737grams to stand at 305grams, while grain size 0.0118” had a percentage retained of 25.5% having
a weight of 188grams and 0.0071” had a percentage retain of 12.9% with a weight of 95% respectively, keeping all other size to
be 20.1%, for the sorting, 9.4 was calculated from the analysis of this research which makes the gravel pack to be well sorted.
Therefore, permeability and plugging challenges are not a problem. The range of gravel size recommended for the gravel pack
was kept at a minimum of 0.0727” and a maximum of 0.1639”. A screen size of 55 gauges was calculated to enable effective
gravel pack placement operation, which is practical solution to sand production for the well investigated if properly managed.
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1. Introduction

Sandstone reservoirs has the most significant portion of the
world's oil and gas deposits. Oil and gas producers find it
lucrative to extract natural resources from these formations
with high porosity and permeability. Sand production occurs
in most of these formations at some time throughout their
productive history, which is a drawback of using these highly
transmissible reservoirs to produce gas and oil. Sand produc-
tion in a well is determined by two factors: the production
stresses generated by well fluids flowing through the for-

mation matrix, and the restraining forces that hold the sand-
stone grains in place. Without taking any action for active
sand management, many extremely unconsolidated deposits
create sand during early production [1]. Sand is produced by
competent formations later in the production cycle for a va-
riety of causes, including the compaction caused by over-
burden forces surpassing decreasing reservoir pressure or the
influence of water production on the sand grain’s natural
cementation. The amount of frictional force applied to the
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sand grains depends on the production rate, produced-fluid
velocity, and produced-fluid viscosity. Solids are created
when the pressures associated with production surpass the
formation matrix's restraining forces. Shear, tensile, and
volumetric failure lead the formation grains in weak sand-
stone reservoirs to disaggregate, or get separated from the
rock matrix [2, 3]. Producing fluids does not mobilize all of
the disaggregated sand grains [4]. The strength of weak and
unconsolidated rocks often diminishes as water saturation
rises, with the most strength loss happening after a very small
increase in water saturation from a dry condition [5]. Nu-
merous strategies have been developed to use numerical
models, analytical and empirical correlations, and physical
model testing to anticipate or aid in understanding the prob-
lem of sand production [6, 7]. Routine laboratory testing can
only forecast when sand production will begin [8]. Volumetric
sand generation might be predicted using a more advanced
physical model [9, 10]. Gravel pack is essentially a downhole

filter that is intended to stop the formation of undesirable sand.

The formation sand is kept in place by appropriately sized
gravel pack sand, which is then held in place by an appropri-
ately sized screen [11, 12].

2. Gravel Pack Placement
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Figure 1. Cased-hole gravel pack showing perforations of the com-
pletion interval [16].

The annular area between the screen and the casing or
formation must be entirely filled with gravel in order for the
gravel pack to successfully complete. The gravel must also be
next to the formation without having mingled with formation
sand [13]. To achieve proper gravel placement, specialized
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tools and techniques have been created over time. In gravel
pack operations, carrying fluids such as water or other
low-viscosity liquids were initially employed. Low sand
concentrations and high velocities were required since these
fluids could not suspend the sand [14, 15]. Wellbore cleanout,
sand-exclusion screen installation, and gravel packing were
previously separate operations that were carried out following
fracturing. Therefore, perforating optimization should be
included in the casing-hole gravel-pack design. Perforation
damage can be minimized by choosing the best perforat-
ing-gun system and perforating technique, as demonstrated in
figure 1 [16].

2.1. Aim and Objective of the Study

The aim of this research work is to evaluate the effective-
ness of gravel pack, using a typical formation sand in the
Niger Delta and prepare same by sieve analysis for effective
placement. The main objective is to control formation sand
production alongside reservoir fluid and protect downhole
equipment and improve the lifespan of a well. Others are; to
improve the quality of the produced fluid (oil/gas) for easy
separation and minimize damage of surface facilities.

2.2. Significance of the Study

The significance of this research cannot be over empha-
sized. However, gravel-packing involves inserting a metal
screen into the wellbore and packing prepared gravel into the
annulus around it with a size that blocks formation sand from
passing through it. Therefore, data obtained from this study
can be utilized to enhance gravel selection for gravel pack
operation during well completion.

3. Methodology

The method applied in this research was basically a labor-
atory based sieve analysis of a well’s formation sand in the
Niger Delta. The materials and equipment used in this study
were a set of sieve, formation sand, sample can, source of
electric current, 230-\olt electrical vibrating auto sieve shaker
and receiver pan. This is designed to achieve the most effec-
tive gravel pack grain size to be used. The grain size of a
gravel pack should be chosen such that, the particle size of the
gravel pack depends upon the particle size distribution of the
formation sand. The essence is to achieve the necessary con-
ditions for a gravel pack, which are; sand free operation after
development, highest permeability with stability (low re-
sistance), low entrance velocities and efficient service life i.e.
resistance to chemical attacks.

3.1. Particle Size Selection

The formation sand particle size distribution is obtained
from the standard sieve analysis semi-log plot of cumulative
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weight percent (%) versus grain diameter in (inches) or par-
ticle size in (microns). Therefore, correlation of optimal
gravel size was based on empirical formulas as presented [1],
which depends on the uniformity of the formation but for most
conditions of non-uniform sands the following formula was
recommended and used:
D440 = 6D40 (1)
Where D440 is the recommended gravel size, D40 is
the diameter of formation sand for which 40 wt% of grains
are of larger diameter. To fix gravel size distribution,
Schwartz’s uniformity coefficient U, defined as

_ g0
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And it should be 1.5 or less from which we work with the
following as gravel selection formulas

Dy, min =0.615Dg40 3)

D,, max = 1.383Dg40 (4)

Where Dg,min and Dg,max are the minimum and
maximum sizes of gravel to be used [1].

Where D,: the size of particles such that x percent is larger
i.e. (100 — x) percent passed, therefore Dys is 15% retained
and 85% passed through that particular sieve size.

Therefore, the sand grains particle size distribution analysis
(SGPSDA) was made using a set of sieve with different ap-
erture or sizes as shown in Table 1.

Table 1. Different Sizes of Sieves.

APERTURE (SIZE OF WEIGHT OF SIEVE

S SIEVE OPENING) (GRAMS)
1 2 (mm) 109

2 1 (mm) 103

3 500 (micron) 95

4 300 (micron) 82

5 180 (micron) 79

6 106 (micron) 69

7 63 (micron) 64

3.2. Experimental Procedure

Weigh the empty cans and record the weights, add the for-
mation sand particles from a well into the sample can & note
the weight. Then Oven-dry the wet formation sand particles for
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24hrs to enable moisture content to be removed and be ready to
do proper sieve analysis. Thereafter, determine the weight of
different sizes of sieve and record it on a separate table. Place
back the different sizes of sieve in their orderly manner as it
was arranged; (i.e. in descending order with the sieve with
largest aperture or sieve openings taking the top most sieve tray.
Then place the oven-dried formation sand particles into the top
sieve with the largest aperture, cover the sieve with its cover
and connect the electrical vibrating auto sieve shaker to power
source and switch on the socket. Observe the process as grains
sizes are differentiated with various sieve openings and the well
sorted formation fines (powder-like grains) settle on the con-
tainer at the bottom of the last sieve or mesh. The sieve trays
where measured again to obtain the weight of the sand retained
in individual sieve trays. This weight was gotten by a simple
arithmetic calculation as shown below.

Weight of sieve with sand retained - empty weight of sieve =
weigh of weight of sand retained. (5)

This process was monitored with accurate precaution until
all samples were sieved completely and results recorded ac-
curately. Then the percentage retained was obtained from
another simple arithmetic equation as follows;

weight of sand retained for each mesh size

(6)

Percentage retain = Total weight of formation sand analysed

100%

This cumulative weight percent is now plotted against mesh
sizes or sieve openings (sieve sizes) on a semi-log paper for
analysis. After results recorded, data analysis of graphical
plots and other calculation were done to make necessary in-
terpretations.

4. Results and Discussion

From the laboratory analysis made, different results were
obtained. This section encompasses presentation of results
and the various interpretations that were reached.

4.1. Results Presentation

One oil-well samples in the Niger Delta were studied and
analyzed in this research for effective gravel packing. A total
of 737grams of formation sand was used for the well labora-
tory sieve analysis; these sand samples were obtained from
sidewall cores of the productive intervals of well-X in the
Niger Delta Basin located about 103km from Niger Delta
University approximately.

4.1.1. Results of Sieve Analysis

The laboratory results obtained from the sieve analysis is
presented in table 2 below.
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Table 2. Results of Sieve Analysis for Well-X.

APERTURE  SIEVE WEIGHT  WEIGHT OF \S’\”AE,\:I(;:E_OF PERCENTAGE  CUMULATIVE

SIN  (SIZESIEVE  SIZES OFSIEVE MESH+SAND 1+ " RETAINED (o) "ERCENTAGE
OPENING)  (INCHES) (GRAMS) (GRAMS) RETAINED (%)

(GRAMS)

1 2 (mm) 0.0788 109 135 26 3.527815468 3.527815468

2 1 (mm) 0.0394 103 152 49 6.648575305 10.17639077

3 500 (micron) ~ 0.0197 95 400 305 41.38398915 51.56037992

4 300 (micron)  0.0118 82 270 188 25.50881954 77.06919946

5 180 (micron)  0.0071 79 174 95 12.89009498 89.95929444

6 106 (micron)  0.0042 69 112 43 5.834464043 95.79375848

7 63 (micron) 0.0025 64 95 31 4.20624152 100

From the results presented in the above table 2 of the sieve  sieve sizes or grain size was prepared as presented in figure 2
analysis, a semi-log plot of cumulative percent retained versus  below.
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Figure 2. A plot of cumulative percent retained against grain sizes for Well-X in Niger Delta.

From the above plot (Figure 2) D;40 =0.0197”

4.1.2. Results of Grain Size Analysis for Well-X Therefore the recommended gravel size will be;

The correlation of optimal gravel size for pack design was

based on Schwartz [18] and Saucier [19] empirical formulas Dy40 = 6 x 0.0197 = 0.1182" (7
as presented [1], which depends on the uniformity of the
formation and was calculated using equation (1) as follows: This is approximately 3mm or 3000 microns

Schwartz (1969);

D490 = 6D;90 = 6 x 0.0394 = 0.2364  (8)
D,40 = 6D;40
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For saucier (1974) 6 x 50% intercept gives gravel that will
not allow invasion of grains into pack. This implies;

Gravel Pack Grain size = 6 X 50% intercept (9)

From the plot above, the 50% intercept grain size is ap-
proximately 0.0197”.
This means, the recommended gravel size for packing is:
Gravel Pack size = 6 X 0.0197 = 0.1182  (10)
To fix gravel size distribution, Schwartz’s uniformity co-

efficient U, was calculated using equation (2) as shown be-
low;

Dg40 _ 0.1182
Dg90  0.2364

=05

c (11)
This result is within the limits recommended, but our
minimum and maximum gravel sizes to be used were given in
equation (3) and (4). These equations were used to calculate
for the minimum and maximum gravel size recommendable.

Dy, min =0.615Dg40 = 0.615 X 0.1182 = 0.0727" (12)
Dy, max =1.383Dg40 = 1.383 x 0.1182 = 0.1639" (13)

When converted into millimetre and microns, the minimum
recommendable gravel size for effective gravel packing will
be 1.85mm or 1850 microns. While the maximum recom-
mendable gravel size for an effective gravel packing will be
4.16mm or 4150microns.

4.2. Interpretation of Results

From the result so far presented in this section, critical
analysis was made and the following interpretations were
reached.

4.2.1. Recommended Gravel Size for Packing

From the calculations of recommended gravel size for ef-
fective gravel packing, the best recommendable gravel size
for effective pack design based on the sieve analysis of the
sample in use will be in a range from 0.0727” to 0.1639” for
the Well-X investigated. This in microns will be 1850 to 4150
micron. But this will be better considered when the sorting of
the formation grain size are also taken into consideration. For
sorting consideration, the following calculations were used,;

Sorting = D10/D95 (14)

From the sieve analysis plot, the D10 corresponds to
0.0394”and our D95 corresponds to 0.0042. The sorting of the
formation is therefore given at 9.4% for the aforementioned
Well-X, which is well sorted. This simply means that, there
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will be effective permeability after gravel packing with the
recommended range of gravel sizes and the completion maybe
a screen only or a gravel packed but preferably screen and
gravel pack together for a more productive well life.

4.2.2. Screen Sizing

For open or cased holes with the requirement of screens, an
appropriate screen selection is a criterion that must be incul-
cated in the effective gravel placement technique and design.
This is necessary in order to achieve efficient production life
of the well with coming to servicing for damage of improper
completion related problems. Because screens are placed after
gravel packs towards the annulus of production (i.e., hole),
appropriate screen gauge selection to prevent selected gravel
for packing to be produced is very important. If this is not
taken into consideration, the whole completion work done
will be useless. Conventionally, slot size stops gravel (inches
or gauge) and to get the appropriate slot size or gauge, it was
recommended that 50% to 75% of the smallest gravel size in
range be considered for more effective result [17]. From the
gravel size range above, the minimum gravel size recommend
was 0.0727 inches and 75% of this is;

0.75 x0.0727 = 0.055” or 55 gauge.

This is the recommended screen size that will disallow
gravel used for packing to be produced or eroded.

5. Conclusions

Sand production is a major concern to the oil and gas in-
dustry due to the damage it cause on both downhole and sur-
face equipment. This work has demonstrated the very im-
portance of sieve analysis as the basic instrument from which
all evaluations for gravel sizing is beckoned which in itself is
the father of all other evaluations, pertaining to gravel pack
operations such as size selection to sorting calculations,
screen sizing, hydraulic structure designs, etc. Effective
gravel pack placement is a function of proper laboratory sieve
analysis design to empirically select appropriate gravel size
for pack placement that will be devoid of post completion
production challenges such as plugging, erosion, undesirable
sand production, permeability, etc. With proper gravel pack
placement technique design with sieve grain size analysis,
production challenges such as those mentioned above will be
minimized. However, for further research, it is advised that
gravel pack design and laboratory sieve analysis for effective
gravel packing should be carried out to even the close-set well
in the same location in an oilfield. This is highly recom-
mended because it was observed in the laboratory sieve
analysis that; no powder-like fine particles was seen at the
receiver can at the bottom of the set of sieve during sieving.
This implies that sand production differs from well to well in
an oilfield. Therefore, for effective gravel pack planning, a
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well must undergo proper laboratory sieve analysis to select
filter pack.

Abbreviations

D,: Size of Particles Such That X% is Larger

Dgmin: Minimum Size of Gravel

Dgmax: Maximum Size of Gravel

U.: Uniformity Coeficient

D1o: Formation Sand Diameter, 10 Percentile

Dis: Formation Sand Diameter, 15 Percentile

D.o: Formation Sand Diameter, 40 Percentile

Dso: Median Grain Size of the Gravel-Pack Sand, 50
Percentile

Dgo: Formation Sand Diameter, 90 Percentile

D: Gravel Diameter
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