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ABSTRACT

Distribution of size of sand grains is an important factor in characterization of unconsolidated
reservoirs as well as designing sand control devices. In practice, sand grains are passed through a set
of known mesh sizes by mechanical vibration and for a fixed period then the weight of sediments retained
on each sieve are measured and converted into the percentage of the total sediment (PTS). This
procedure is applied to all core samples and the resulted PTS data are used for characterizing grain
size distribution using one of the sieve analysis procedures. The core-by-core method, for example, is
one of the conventional methods that PTS data from each core sample are used individually to estimate
mean, sorting and other dependent parameters to grain size distribution. In this method, applying a
robust statistical method to integrate all PTS data and picking out the most probable size from all cores
is a challenge.

A new approach is introduced in this paper as sieve-by-sieve method, whereby the grain weight
distribution data are classified based on mesh sizes (as bins) and the most probable size in each class
is picked out among all cores directly and without any manipulation or averaging.

In this paper, the performance of both methods are compared in a homogeneous media and a
heterogeneous media. In a homogeneous media, both methods provide comparable results. However, in
a heterogeneous media, the core-by-core provides too many distributions which sometimes are not
conclusive but the sieve-by-sieve provides the profiles of minimum and maximum weight of retained
grains, which facilitates picking out the most probable size among all cores.

Keywords: Sieve analysis, core-by-core method, sieve-by-sieve method, mean, sorting, the most
probable size.
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1. INTRODUCTION

Burgan Formation is a prolific oil reservoir in Foroozan field in the North West of
Persian Gulf (Figure 1). The main reservoirs are Burgan A and Burgan B. It is a siliciclastic
reservoir and a member of Lower Cretaceous period. The offshore oil reservoir from Burgan
formation has the same geologic characteristics of well-studied formation in the Persian Gulf
region common with Kuwait, Saudi Arabia and some other oil-rich countries of the region
(Ahlbrandt et al. 2000; Stromenger, et al. 2002; Al-Ajmi and Azim 2003; Mehrabi et al. 2019).
The Burgan sands are believed to have been deposited as delta sediments. The Burgan source
area began rising during the later Upper Shuaiba time, silt and shale with some occasional thin
carbonate beds are inter-bedded over the field and surrounding areas. Due to the rise of the
source area at the beginning of Burgan B deposition, a thick layer of sand was deposited,
probably as a delta of numerous streams.

Figure 1: Location map of Foroozan Field in Persian Gulf (from Sadat and Rabbani 2015).
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During Burgan A sand deposition no regression of the sea had happened, but further
transgression occurred which resulted in the deposition of silts and clay particles. Even traces
of carbonates were deposited during Burgan A sand depositional period. An interbedded
sequence of sand, silt and clay particles was the product of rises and falls of the sea during
Burgan A time. Some of the beds cover a wide area but some others are very limited in their
lateral extent over the field. The deposition of Burgan A was ended with a major transgression
of the sea and with the deposition of limestone beds on top of the Burgan A sand known as Dair
Limestone. The Dair Limestone member covers the entire area in the field and surrounding
areas and it indicates the end of Burgan deposition.

The Burgan is further defined as a sequence of fairly well sorted, medium to coarse-
grained sands, usually loosely packed, and with interbeds of shale and silt shale and abundant
amber and bituminous matter. The Burgan sandstone is cemented by carbonate and clay. The
upper sand stringers in Burgan A are very fine grained sand (silt size) and generally have poorer
rock characteristics. The sand grain size generally becomes coarser and exhibits better porosity
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and permeability towards the base of Burgan A. The basal portion of the Burgan (Burgan B)
consists of medium to coarse, unconsolidated sandstone. Since the Burgan B sand is generally
clean and has very coarse grains (it resembles beach sand in most cases), it has on the average
higher porosity and permeability than the Burgan A.

Geological study of Burgan reservoirs shows that there are several unconsolidated sand
layers in these reservoirs (Mehrabi et al. 2019). A common problem in unconsolidated
reservoirs like Burgan reservoir is sand migration to the wellbore (Al-Awad et al. 1999; Zivar
et al. 2019). In fact, it is because of poor cementation between sand grains whereby sand grains
can slip and move over each other and migrate from sand body to the wellbore then travel
through the production tubing. Sand production is a harmful phenomenon because of severe
erosion through production tubing, wellhead, choke, and clogging of production lines. In
addition, it causes premature water breakthrough in waterflooding process (Nassir et al. 2015).
The visual observation of cores and daily production reports of nearby field confirmed this
problem. Thus, it was considered in the mitigation program and designing well completion for
new wells (Khadivi and Vossoughi 2005). Slotted liner and Screener are two types of sand
control devices, which restrict sand migration and settle them beyond the casing (Dong 2016;
Shahsavari and Khamehchi 2018; Mahmud et al. 2019; Wang et al. 2019).

Design of mesh size of a sand control device (i.e. gravel pack, screener or slotted liner)
requires information about the most probable size of sand grains. There are several techniques
for selecting the mesh size of a sand control device. The most widely used sizing criterion
provides sand control when the median grain size of the gravel-pack sand, Dso, is no more than
six times larger than the median grain size of the formation sand, dso (Penberthy and
Shaughnessy, 1992). In the other side, the size of the holes can be half of the smallest grain
diameter but should not be smaller than 70% of the smallest grain diameter as this design
becomes conservative and restricts productivity. Therefore, mesh size impacts significantly on
the economic and productivity of wells. As such, our goals for this study are,

e To find the variability scheme through these formations and relate it to sand size
distribution and,

e To find the most probable size of sand grains among all cores to be used for robust
design of sand control devices.

In order to address above objectives, sieve analysis is used as a tool to obtain distribution
of size of sand grains, which is an important factor in characterization of unconsolidated
reservoirs as well as designing sand control devices.

2. SIEVE ANALYSIS

Grain size is one of most fundamental property of sediment particles, which influences
on the entraining, transporting and depositing of sand particles. Sieve analysis is a method to
obtain the dominant grain size of sediment particles (Folk and Ward, 1957). Sand grain sizes
are most generally measured by sieving. The basic principle of this technique is as follows
(ASTM and AASHTO) whereby a sand sample of known weight is passed through a set of
sieves of known mesh sizes. The sieves are arranged in downward decreasing mesh diameters.
The sieves are mechanically vibrated for a fixed period. The weight of sediments retained on
each sieve is measured and converted into the percentage of the total sediment (PTS). The
percentage of the retained sample in every stage are added with the previous stage to obtain a
new parameter named Cumulative Percentage of the Total Sediment (CPTS). This procedure is
applied to every core sample and reported individually. This method is quick and sufficiently
accurate for most purposes.
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An important objective to conduct sieve analysis is to obtain sorting or the degree of
scatterness. Sorting is tendency for the grains to fall in one class of grain size (see Appendix
for formula). Cumulative curve is a useful presentation of data because many sample curves
can be plotted on the same graph and differences in sorting become apparent. The closer a curve
approaches the vertical the better sorted it is, as a major percentage of sediment occurs in one
class. Significant percentages of coarse and fine end-members show up as horizontal limbs at
the ends of the curve. Sorting can be expressed by statistical methods as well. The simplest of
these is the measurement of the central tendency of which there are three commonly used
parameters: median, mode, and mean. The median grain size is that which separates 50% of the
sample from the other; the median is the 50 percentile. The mode is the largest class interval.
The mean is variously defined, but a common formula is the average of the 25 and 75 percentile.

2.1 Conventional Sieve Analysis: Core-by-Core Method

Grain size distribution is normally investigated by sieve analysis based on statistical
parameters and probability of occurrence for each core plug (Mcglinchey Donald 2005). A
conventional method of sieve analysis is based on core-by-core analysis. PTS data are used to
estimate dominant size of sands, which potentially can migrate from the sand bodies to the
wellbore. Statistical methods are applied to every single core data to acquire a measure of
central tendency (including median, mode, and mean); a measure of the degree of scatterness
or sorting; kurtosis, the degree of peakedness; and skewness, the lop-sidedness of the curve.
Various formulae have been defined for these parameters (Folk and Ward, 1957). Eventually,
statistical analysis is performed on the grain weight distribution of cores then the most probable
size is picked out from the whole core data (Fuller et al. 2019). However, applying a robust
statistical method to integrate all PTS data and picking out the most probable size from all cores
is a challenge. In the other words, PTS data cannot be added or averaged because they are ratio
numbers and have been resulted from different references. However, this method is simple to
apply in homogenous reservoir where distribution is like a unimodal distribution (e.g. clean
sand reservoirs) but it is difficult to get conclusive results in the heterogeneous reservoirs (e.g.
shaly sandstone) where distribution is a kind of bimodal distributions.

In summary, lack of a robust averaging method over PTS data and handling variability
of grains size are two shortcomings of the core-by-core method. To address above challenges,
a new approach is presented in the next section whereby variability of grain size is incorporated
into the averaging process simultaneously.

2.2 New Sieve Analysis Method: Sieve-by-Sieve Method

Variability of the grains size across the perforated interval is a challenge which can be
addressed by studying depositional environment. The weighted average method could be a
solution to integrate all data; however, lack of relevant data to account for the representative
volumes of sand bodies is a new challenge. Another solution for this problem would be
developing an integrated method through scaling up from core-level to whole-core-level while
heterogeneity of grains size is preserved. The benefit of this method is applying sieve analysis
once and just on the whole core instead of multiple analysis on the entire core samples. In the
other words, instead of multiple averaging on the core data to achieve a unique value as the
most probable grain size, cores are combining together and grain size distribution is analyzed
once on the whole core. Although this idea may not be practical in the lab but it is possible by
the mathematical calculation and applying a novel method of sieve-by-sieve method. All cores
indeed are assumed parts of a whole core, which have been sampled and sieved in several steps.
In addition, contrary to the core-by-core method, which is based on PTS (ratios) data, the sieve-
by-sieve method is based on the weight of retained grains, which is an addable parameter. In
this method, the weight data are classified based on the mesh sizes (as bins). Such classification
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allows us to compare the corresponding data of all cores and pick out the most probable size in
each class directly without any manipulation or averaging. The sieve-by-sieve method is simple
and robust because it does not use any complicated statistical calculation or averaging method.

3. RESULTS AND DiSCUSSIiON

Among 200 core samples across Burgan formation, 17 core samples were selected for
sieve analysis which 4 of them falls in the Burgan A and the rest (17 samples) from Burgan B
(Nemati, et al., 2003). Cores have not been sampled across the reservoir sections consistently.
Most of cores are from Burgan B and a few of them are from Burgan A. In addition, distribution
of samples is not uniform. In Burgan B, samples have been taken more or less from the entire
reservoir section; however, a few samples have been taken from top of Burgan A with no sample
from the base of this reservoir. Inadequacy and non-uniformity of samples create uncertainties
in representativeness of samples in Burgan A.

Conventional core analysis (CCAL) tests were undertaken to acquire grain density,
porosity and permeability data. The CCAL results are discussed to better understand porous
media then sieve data are examined using core-by-core and sieve-by-sieve methods to see the
privilege of sieve-by-sieve methods against core-by-core method.

3.1 Conventional Core Analysis (CCAL)

Comparing average grain density data shows that the nature of both reservoirs
predominantly is sand. An average grain density of 2.64 g/cc in Burgan A against 2.61 cc/gr in
Burgan B confirms poor carbonate content and cementation in Burgan B.

Figure 2 is an exhibition of sorting and mean of all core samples from Burgan A and
Burgan B formations (see Appendix for formula). No significant correlation is seen between
these two parameters.

As mentioned before, Burgan A is a sandstone formation mixed with shale, silt and
bituminous matter, which have been cemented by carbonate and clay. However, the available
mean and sorting data (4 samples) show minor variations in Burgan A, thus in any analysis
based on such data, it is considered a homogenous reservoir. Burgan B, in contrast, consists of
medium to coarse, unconsolidated sandstone and generally clean sands with higher porosity
and permeability than Burgan A. However, variations of mean and sorting parameters in Burgan
B are much wider than Burgan A, so in any analysis based on these data, Burgan B resemble a
heterogeneous reservoir.

In the lower part of Burgan B, the mean profile decreases in a stepwise fashion. This is
a typical representation of fining downward (or coarsening upward) behavior, which is common
in the clastic reservoirs (Van Wagoner, et al., 1990; Emery and Myers, 1996).

The sorting remains almost constant at the base of Burgan B, which means in spite of
decreasing grain sizes (or mean), the relative amount of different grain sizes (or sorting) remains
relatively constant. Considering a high degree of sorting (0.9) in this zone, a high permeable
zone in this zone is expected.

87



Figure 2: Comparing profiles “sorting” and “mean” with depth.
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In order to investigate dependency of mean and sorting parameters with formation
permeability, the profiles of permeability and mean are presented in Figure 3, while the profiles
of permeability and sorting are presented in Figure 4. Permeability and sorting shows a better
correlation than permeability and mean. Increasing permeability in the base of Burgan B is
attributed to the well sorted grains, uniformity of clean sand grains and poor cementation factor.

Figure 3. The profiles of permeability and mean grain size with depth in Burgan A & B.
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Sorting

Figure 4: The profiles of permeability and Sorting with depth in Burgan A & B.

1.00
0.90 ;—_—_—_& =
0.80
0.70
0.60
0.50
0.40
| |
030 %
Burgan A ﬂ Burgan B .
0.20
0.10 1 ]
|
0.00
o =t [2.4] o~ w o =t [2.0] o~ w (=] =t [22] o w o
— — — o~ o~ o o o =t =t [Tp] [To] [To] w w M~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
Depth, m
—+—Mean —=—Permeability Top BB

16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

0

Permeability, mD

The profiles of mean and sorting are compared with porosity in Figures 5 and 6,
respectively. Correlation of porosity and sorting specially in Burgan B is seen clearly in Figure
6; however, no correlation exists between porosity and mean grain size.

Figure 5: The profiles of porosity and mean grain size with depth in Burgan A & B.
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Figure 6: The profiles of porosity and sorting with depth in Burgan A & B.
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As shown in Figure 7, a nice correlation is seen between porosity and permeability along
the depth in Burgan A and B. This correlation is confirmed in the next cross plots as well. Figure
8 and Figure 9 show porosity-permeability cross plots in Burgan A and Burgan B reservoirs,
respectively.

Figure 7: The profiles of porosity and permeability with depth in Burgan A & B.
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Comparing permeability data and the fitted functions in both reservoirs (Figure 8 and 9)
shows better rock quality (permeability) in Burgan B than Burgan A. This is confirmed by
comparing the correlation coefficient (R? values) data as well, which is higher in Burgan B
(Figure 9).

Figure 8: Cross plot of porosity-permeability in Burgan A Formation.
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Figure 9: Cross plot of porosity-permeability in Burgan B Formation.
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Improving permeability, porosity and sorting properties at the base of Burgan B (Figure
4 and Figure 6) attribute existence of a clean and loose sands with minimal cementation. This
is an important conclusion as the most probable location of sand production is identified.

3.2 Sieve Analysis

Estimating dominant grain size is crucial for designing sand control devices. This
requires integrating the most probable grain size of all core samples. Figure 10 presents
distribution of grain sizes of 4 core samples from Burgan A. Figure 10 indeed is a representation
of conventional sieve analysis using core-by-core method. Meanwhile, the weight of retained
grains of all 4 core samples on every sieve are added together to obtain distribution of the
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retained grain sizes using sieve-by-sieve method. Figure 11 presents minimum and maximum
distributions of the weight of retained grains of all core samples using sieve-by-sieve method.

Figure 10: Conventional sieve analysis using Core-by-Core Method in Burgan A.
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Figure 11: New sieve analysis method based on the Sieve-by-Sieve Method in Burgan A.
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Figure 10 represents a strong leptokurtic histogram, which implies a very well sorted
sand grain sizes in Burgan A. The most probable size based on this histogram is definitely 150
microns (phi=2.737). Similar conclusion is derived from Figure 11 using sieve-by sieve
method.

Figure 12 presents histograms of sand grains of 17 samples in Burgan B. Combining all
histograms to get a representative distribution from all samples is not a straight forward task
using core-by-core method. However, sieve-by-sieve method readily provides minimum and
maximum distributions of the weight of the retained grains of all core samples as shown in
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Figure 13. In fact, the sieve-by-sieve method exhibits a reliable averaging method to obtain a
representative histogram of all samples. The shapes of distributions do not really look a
unimodal histogram; thus, the mode of “maximum” histogram is chosen as the most probable
size of sand grains in Burgan B, which is 100-150 microns (phi= 2.74-3.32). Selecting a single
mesh size among this range depends on the availability and economic of a sand control device
as well as productivity of well.

Figure 12: Conventional sieve analysis using Core-by-Core Method in Burgan B.

70
—8—C2B35
__60
S —o—C2B&2
B 50 C2B44
=
(1]
£ 40 C2B45
b —e—(2B47
%30 —8—(2B65
i
$ 20 —e—(2B68
]
—e—C38B6
* 10
—e—(38B8
0 —e—C3B12
0O 200 400 600 800 1000 1200 1400 1600
—e—C3B14

Mesh Size (Microns)

Figure 13: New sieve analysis method using Sieve-by-Sieve Method in Burgan B.
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4. CONCLUSIONS

Sieve analysis is a useful and simple tool to characterize unconsolidated sandstone
formations. Sorting and mean are two important parameters that can be integrated with CCAL
data for reservoir characterization. Statistical parameters can also be used for determination of
distribution of size of sand grains. All results provide an insight about possibility of sand
migration and the most probable location of sand production.

The study presented here indicates that permeability and porosity exhibit some
correlations with sorting but not with mean values of sand grain sizes. Conventional sieve
analysis based on core-by-core method, attempts to obtain a mean sand size for the whole
formation thickness. This method of study produces inherent uncertainties due to smoothing
and reduction of data. A new approach was introduced in this paper as sieve-by-sieve method,
whereby the weight of retained grains data were classified based on mesh sizes (as bins) and
the most probable size in each class is picked out among all cores directly and without any
manipulation or averaging.

As results, the performance of both methods were compared in Burgan A & B. The
sorting data show less variability as seen in Burgan A (a homogeneous media) but they show
some extends of variability in Burgan B (a heterogeneous media). Improving permeability,
porosity and sorting properties at the base of Burgan B attribute existence of a clean and loose
sands with minimal cementation. Both methods provide comparable results in terms of the most
probable size of 150 microns (phi=2.737) in Burgan A. The core-by-core provides too many
distributions in Burgan B, which are not conclusive but the sieve-by-sieve provides the profiles
of minimum and maximum weight of retained grains, which facilitate picking out the most
probable size of 100-150 microns (phi= 2.74-3.32).
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Appendix

All equations used in this paper are presented here. Grain-size statistical parameters and
graphic representations are given in phi units. The Krumbein (1934) proposed a logarithmic
transformation of mesh size in millimeters into whole integers according to the following
formula;

¢ = —log,(a), (Eq. 1),

where d is the grain diameter in millimeters.

The statistical parameters like sorting and mean are defined based on the graphical cut
off ¢4, P25, P50, P75 and ¢g, (Folk and Ward, 1957). A common formula to estimate sorting
has been proposed by Trask (1932) as

Sorting = /¢25/¢75 , (Eq. 2)

where ¢, and ¢,5 represent the 25" and 75" percentiles of the grain size distribution
in phi units. The mean parameter is calculated using the graphical cut off ¢4, 5o, and ¢pg,
(Folk and Ward, 1957),

Mean = $iet P25t Pos (Eq. 3).

3
Nomenclature

PTS Percentage of the Total Sediment

CPTS Cumulative Percentage of the Total Sediment

d The grain diameter in millimeters

Greek letters

(0] Phi, a logarithmic transformation of mesh size in millimetres
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