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ABSTRACT

The most frequent viscosifier used in hydraulic fracturing fluid design is guar and its derivatives.
However, Guar leaves residues in solution, it is unstable at higher temperatures, and is not immune
to market dynamics of demand and supply. This research aims to source for an alternate
hydrocolloid for hydraulic fracturing fluid development. Detarium microcarpum (local), Cyamopsis
tetragonoloba(imported) and polyanionic cellulose-regular PAC-R (Imported) were sourced, isolated,
and used in carrier fluid design. The rheological properties of the three fluids were investigated at
27°C, 57°C, and 85°C. The rheological models were generated and compared with the imported
samples as the control. Also, to analyse the proppant handling capacity of each of the carrier fluids,
the geometry of the proppant grains and the rheology of the carrier fluids were used to compute the
coefficient of drag, the drag force and the settling velocity of the carrier fluids.
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ABBREVIATIONS

: shear stress
: yield point
: consistency factor
: shear rate
: flow behavior index
: Plastic viscosity
: dial reading at ith RPM
. spring constant
: coefficient of drag
: density of fluid
: density of proppant
. settling velocity
: radius of proppant grains
. acceleration due to gravity:9.81ms'2
e . Reynolds’ number
i : Bingham number
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1. INTRODUCTION

Hydraulic fracturing is a rock stimulation process
that involves injecting fracturing fluids at high
pressure and flow rates into the rock to improve
permeability and build a network of pore spaces.
The goal is to increase the rock's conductivity
and the surface area that contributes to flow. The
oil and gas industry has been able to explore the
recovery of oil and gas from previously
unexplored tight and ultra-tight reservoirs due to
the success of hydraulic fracturing operations.

Fracturing fluids are essential in the hydraulic
fracturing process for enhancing oil and gas
production in porous medium. APl RP 13M
(2018) specifies that hydraulic fracture fluids
must have adequate viscosity to originate and
propagate hydraulic fractures, as well as to
suspend and convey propping agents deep into
the fracture. The following rheologically related
features should be present in fracturing fluids:
adequate viscosity, low treating pipe friction,
shear stability, thermal stability, low to moderate
fluid loss properties, and controlled degradability.
The base fluid, which might be water, oil, or
foam, viscosifiers or polymers; crosslinkers,
breakers, and proppants are all important
components of a typical hydraulic fracturing fluid.
Some additives could be added depending on
the fluid's characteristic quality or the reservoir's
nature. Biocides, buffers, clay stabilizers, fluid
loss additives, friction reducers, and surfactants
are examples of such additives. This research
focuses on the polymer or viscosifier, which is
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one of the most important components of a
hydraulic fracturing fluid.

1.1 Galactomannan, as A key Ingredient
in Biopolymers

Galactomannan is a heterogeneous
carbohydrate found throughout nature. They are
primarily found in the endosperm of leguminosae
seeds. They are mostly made up of mannose
and galactose, in varying proportions according
to the species. They can be employed directly or
as derivatives in their natural condition. The
chemical structures, chain length, availability of
Cis-OH groups, and replacements all influence
the properties of galactomannans [1-5]. Higher
solubility is achieved by increasing substitution in
the main chain. Galactomannan is an important
enhancing agent in procedures that require a
hydrophilic system to be thickened, suspended,
coated, and so on. Because they have similar
sugar compositions, galactomannan from
Leguminosae seeds is a feasible alternative
source for polysaccharides utilized in industries
such as guar and locus bean gums [4,5].
Variations in substitution degree and crosslinking
ability may, however, result in distinct chemical
characteristics.

J. Du et al. [6] created a hydraulic fluid by
crosslinking an ionic polymer gel (hydroxypropyl
trimethylammonium chloride guar-cationic guar)
with a bola surfactant fluid (bola-carboxylate
polypropylene glycol). Due to the influence of the
dual systems, it was claimed to have significantly
better properties and distinctive traits. When the
temperature rises, the viscosity of the fracture
fluid rises abruptly, with remarkable self-
assembly recovery from shearing. Due to the
creation of a network of structure and
supramolecular microspheres at varying pH, it
also demonstrates pH-responsive viscosity
variations and modest permeability impairment.
The most used synthetic polymer, according to
[7], is polyacrylamide (PAM) and its variants. The
polymers in PAM and its derivatives are treated
to acrylamino hydrolysis, which reduces the
fluid's thermal stability. Due to the lack of
crosslinkable groups, the viscosity, elasticity, and
thermal stability of these polymers are severely
constrained. He offered a new non-
residual fracturing fluid that he developed by
studying the structure of 2-acrylamido-2-
methylpropanesulfonic acid (AMPS). The thermal
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endurance of the fluid will be improved by adding
the  high-temperature-tolerant  groups  2-
acrylamide and 2-methylenepropanesulfonic acid
(AMPS) to the PAM. Additionally, the carboxyl
provided by the acrylic acid incorporated into the
polymer molecules is capable of crosslinking with
the multivalent transition metal ion, increasing
the viscosity of the fluid [8]. proposed a new
fracturing fluid that would overcome the
drawbacks of guar and its derivatives (high
insoluble residue, poor shear resistance, and
pore throat plugging), viscoelastic surfactants
VES (loss of filtrates, difficulty in breaking gel,
and high fluid cost), and the Hydrophobic
associating water-soluble polymer HAWSP (high
insoluble residue, poor shear resistance, and
pore throat plugging) (high initial viscosity,
equipment damage before operation). Prior to
this study, some researchers claimed that
sacrificing viscosity for high elasticity outweighs
any benefit that a high viscosity might provide,
because high elasticity improves sand carrying
capacity and reduces friction between the fluid
and the equipment [9-12]. Hydrophobic
association interactions, electrostatic bridge
effects, hydrogen bonds, and Van Der Waal
forces can all help increase the elasticity of
polymer solutions. HELV was made by
copolymerizing acrylamide (AM), acrylic acid
(AA), 4-isopropenylcarbamoylbenzene sulfonic
acid (AMBS), and N-(3-methacrylamidopropyl)-N,
N-dimethydodecan-1-aminium  (DM-12). By
incorporating a benzene ring, sulfonates, and
long hydrophobic chains into the polymer
structure, a copolymer solution with low viscosity
and great flexibility was created. A new hydraulic
fracturing fluid with exceptional viscoelasticity
and thixotropy was developed [13]. proposed a
novel sort of fluid that injected two types of liquid
at the same time with no proppant. Fracturing
fluid and supporting solids are the two forms of
fluid. At high temperatures, a type of fluid known
as phase change liquid (PCL) will solidify and
serve as a proppant to prevent fracture closure.
The second non-phase change liquid (NPCL)
undergoes no phase shift during the fracturing
process and functions similarly to standard
fracturing fluid [14]. investigated the effects of
hydroxyl groups and oxygen atoms on the
rheological and electrokinetic features of shear
thickening time as a function of chain length and
branching of carrier fluid (STF). Carrier fluids
included ethylene glycol, triethylene glycol, 1,3-
propanediol, glycerine, poly (propylene glycol) of
various molecular weights, and poly(propylene
glycol) triol (dispersants) [15-18]. The solid phase
was silica powder with an average patrticle size of
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100nm. He measured the zeta potential, particle
size distribution, steady state, and dynamic
rheological properties. The findings reveal that
varying the number of -OH group and oxygen
atoms, as well as chain length and branching of
carrier fluids, has a substantial impact on
intermolecular interactions and that rheological
features of a hydraulic fracturing fluid may be
controlled [19,20]. High viscosity friction reducers
(HVFRs), which are typically high molecular
weight polyacrylamides, have been
recommended as a biopolymer alternative [21].
In over 26 case studies, the fluid demonstrated
greater proppant transport capabilities, nearly
100 percent maintained conductivity, cost
savings, a 50 percent decrease in chemical
usage, less operational equipment on site, a 30
percent reduction in water consumption, and less
environmental concerns. The control fluid in this
study is PAC R, which belongs to the
polyacrylamides group and is used in conjunction
with guar [22]. looked at a new polyacrylamide-
based synthetic polymer. For usage in high
temperature and high salt reservoirs,
polyacrylamide-co-acrylic acid-co-2-acrylamido-
2-methyl-1-pro-panesulfonic acid (P3A) was
developed. At greater temperatures and salt
reservoirs, they performed better than guar. They
came to the conclusion that at higher
temperatures, polyacrylamide is a good
alternative for the thermally unstable guar.

1.2 Detarium
Viscosifier

microcarpum as a

Detarium microcarpum is a common tropical food
ingredient used to change the rheology of soups
in African cuisines. They serve as thickeners,
emulsifiers, and stabilizers in soups, as well as
imparting distinct flavors [23].

The polysaccharide component of the seed
endosperms is responsible for the thickening
qualities of these seed flours. The seed of D.
microcarpum contains around 60% of a water-
soluble polysaccharide, which is primarily a
xyloglucan. These seeds' flours have a distinct
behavior in hot water, exhibiting varying degrees
of viscoelastic properties [24]. According to the
Uzomah and Odusanya, D. microcarpum seed
flour contains the following components: ash
(1.4-3.5%), protein (27-37%), fat (14.45-15%),
crude fiber (2.76—-2.9%), and carbohydrate (39—
49.21%) [25]. hulled and dried the Detarium
microcarpum seed at room temperature, and the
endosperms were mixed into particle size and
defatted in a soxhlet extractor with n-hexane for
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12 hours. The flour was made from the defatted
samples. Approximately 50 g of flour was
extracted for 72 hours using ethanol. The
ethanolic extract was then concentrated under
vacuum at 45°C in a rotary evaporator until
nearly 90% of the solvent was removed. This
was put into a weighted crucible and dried in a
heated water bath to a constant weight.

1.3 Constitutive Equations used in the
Analysis of the Carrier Fluids

As standard hydraulic fracturing fluid exhibits
Herschel-Buckley behavior, the fluids were
thought to be Herschel-Buckley fluids at least
until it could be demonstrated differently. The
rheology, drag velocity, and settling velocity were

calculated using the constitutive equations
below.
T=1, +Ky" 1
By, = 8600 — 8300 2
Ty = 9300 - P‘U 3
T=0.01066 X 0i XN 4
y = 1.703 X RPM 5
n=3.32 logM 6
8300
— 9300 _ 600 7
511" F 1022M
_ D
€ = oy 8
_M Ps—P
b = 31;2( p ) 9
2—-ngn
R, =21¢ 10
- m
Bi = 01; ll
m()

Equations 9, 10, and 11 can be solved
using different values of the slip velocity, v by
trial and error. The result can be validated using
(Atapattu et al 1995) semi-empirical correlation
for drag on spheres in Herschel-Bulkley model
liquids.

Cp == (1 + Bi) 12
3 —

Fy = nd (pﬁs P)g 13

For,

10°<Re <0.36
0.25 < Bi < 280
0.13<n < 0.95

The values of B;, R, the diameter of proppant
grains, the density of the proppant grains and the
density of the carrier fluids are inputted into

equations 12 and 13 to compute the coefficient of
drag and the drag force.

1.3 Objective and Significance of the
Study

The conventional hydraulic fracturing fluid
viscosifier-Cyamopsis tetragonoloba (CT) and
the conventional drilling mud viscosifier-PAC-R
were used as benchmarks to examine the
suitability of Detarium microcarpum (DM) as a
polymer in hydraulic fracturing fluid design. The
study will show how Detarium microcarpum (DM)
compares to guar gum and PAC-R in terms of
performance. In addition, using a locally available
biopolymer for hydraulic fracturing fluid design
would drastically reduce the cost of both the fluid
design and the hydraulic fracturing process.

2. METHODOLOGY
2.1 Sample Collection

The DM seed was bought at Rumuokoro
Market,Port Harcourt, while the CT and PR were
bought processed from Joechem Chemicals,
Choba, Uniport.

2.2 List of EqQuipment

Oven, Soxhlet extractor, blender, mechanical
stirrer, hammer mill, centrifuge bottle, knife, glass
rod, beaker, measuring cylinder, thermometer,
pH meter, Hamilton Beach mixer, Fann
Viscometer, electric weigh balance, stopwatch,
measuring cylinder, water Bath.

2.3 Procedure

The Detarium microcarpum(DM) seed is dehulled
and the endosperm is pulverized using a
hammer mill. A blender is used to blend the
pulverized seed into a fine powder. To extract the
oil from the powder, it is wrapped with crystalline
filter paper and placed in a Soxhlet extractor.
Propanol is used for this. In a continuous reflux
procedure, the content is left in the Soxhlet
extractor for three days. The resulting powder
was baked for 6 hours at 80°C in an oven.The
obtained DM powder is mixed separately with the
already processed CT and PR at a concentration
of 10g per litre of water. The three samples are
placed in a Fann viscometer, with dial readings
collected at 3, 6, 100, 200, 300, and 600 RPM
and 27°C. At temperatures of 57°C and 85°C, the
procedure is repeated.
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The travel time of proppant sand particles of 78%
0.002m grain diameter (ASTM 10) down the
burettes is taken and used as the raw data to
compute the drag force and the settling velocity
with DM, CT, and PR at a concentration of 10g/I|
in three burettes.

3. DATA PRESENTATION
DISCUSSION OF RESULTS

AND

Appendix 2 shows the rheology of Detarium
microcarpum(DM), Cyamopsis tetragonoloba
(CT), and Polyanionic-cellulose filtration control
additive PAC R (PR) after 10 sec and 10 min in a
viscometer at 27°C, 57°C, and 85°C. Equations 4
and 5 were used to convert the readings to
oilfield units, which are highlighted on 4,5,6. For
the diameter of the proppant sand, the sizes from
sieve analysis are converted using the sieve
conversion chart in appendix 1.

Table 1 shows the dial readings of DM at
temperatures of 27°C, 57°C, and 85°C,
generated using equations 1-7 from raw data on

appendix 2, table 2. In Table 1, the shear strain
and shear stress at 27°C, 57°C, and 85°C are
computed and presented. With an increase in
temperature, DM shows a decrease in shear
stress. With a reduction in shear strain, there is
also a reduction in shear stress. With increasing
temperature, the flow behavior index, n, and the
consistency factor, k, obtained from equations 6
and 7, decrease.

Table 2 shows CT dial readings at temperatures
of 27°C, 57°C, and 85°C, generated using
equations 1-7 and raw data from appendix 2,
table 3. In Table 2, the shear strain and shear
stress at 27°C, 57°C, and 85°C are computed
and presented. With a rise in temperature,
Cyamopsis tetragonoloba shows an overall
decrease in shear stress. With a reduction in
shear strain, there is also a reduction in shear
stress. The flow behavior index of Cyamopsis
tetragonoloba, on the other hand, increases as

the temperature rises. However, when the
temperature rises, the consistency factor
drops.

Table 1. Rheology of Detarium microcarpum at 27°C, 57°C and 85°C in oilfield units

Shear strain rate  Stress (Ibf/100ft?) 27°C  Stress (Ibf/100ft?) 57°C Stress (Ibf/100ft* ) 85°C

(s

1021.8 0.1599 0.1386 0.1066
510.9 0.1173 0.0959 0.0746
340.6 0.0853 0.0853 0.0640
170.3 0.0533 0.0533 0.0426
10.22 0.0320 0.0213 0.0213
511 0.0213 0.0213 0.0213
n 0.4472 0.5302 0.1549
k 0.0072 0.0035 0.0364

Table 2. Rheology of Cyamopsis tetragonoloba at 27°C, 57°C and 85°C in oilfield units

Shear strain rate Stress (Ibf/lOOftZ)

Stress (Ibf/100ft?)

Stress (Ibf/100ft?)

(s 27°C 57°C 85°C

1021.80 0.7569 0.6822 0.5543
510.90 0.5437 0.3731 0.2878
340.60 0.4477 0.2985 0.1706
170.30 0.3198 0.1706 0.1173
10.22 0.0640 0.0426 0.0320
5.11 0.0533 0.0320 0.0213
N 0.4772 0.8705 0.9453
K 0.0277 0.0016 0.0008
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Table 3. Rheology of PAC R at 27°C, 57°C and 85°C in oilfield units

Shear strainrate  Stress (Ibf/100ft?) Stress (Ibf/100ft") 57°C  Stress (Ibf/100ft°) 85°C
(sh 27°C
1021.80 0.4690 0.4477 0.4051
510.90 0.2878 0.2452 0.2239
340.60 0.2132 0.2025 0.1812
170.30 0.1279 0.1066 0.0959
10.22 0.0320 0.0320 0.0213
5.11 0.0320 0.0320 0.0213
n 0.7043 0.8685 0.8554
k 0.0036 0.0011 0.0011
0.18 y=0.0001x + 0.0316

N 0.16 R2=0.9612

S 014 001x +0.0294

Z R? = 0.9448

g 012

K= 0.1

g 0.08 y = 8E-05x + 0.026

& 006 R2=0.9624

S 004

% 002

0
0 200 400 600 800 1000 1200

Fig.

Shear Stress in |bf/100ft2

Shear Strain Rate in S!

—e—27C —8—57C 85C

Fig. 1. Rheology of DM at different temperatures and 10g/l concentration

0.9
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2. shows the rheology of CT at various temperatures and concentrations of 10g/I
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Table 3 shows the dial reading of the PAC R at
temperatures of 27°C, 57°C, and 85°C,
generated using equations 1-7 from the raw data
on appendix 2, table 4. In Table 3, the shear
strain and shear stress at 27°C, 57°C, and 85°C
are computed and presented. With an increase in
temperature, PAC R shows an overall decrease
in shear stress. With a reduction in shear strain,
there is also a reduction in shear stress. The flow
behavior index has a small slant to it; it rises at
57°C and falls slightly at 80°C. The consistency
factor, on the other hand, follows a predictable
pattern of diminishing as the temperature rises.

The DM has the best rheology at the laboratory
temperature of 27°C, as seen in Fig 1. Rheology
is reduced at higher temperatures, such as 57°C
and 85°C. The curves are densely linked, which
is an intriguing aspect of this discovery. It means
there isnt much of a variation in rheology
between 57°C and 85°C. Also, with a yield point
of 0.0316 Ibf/100ft* at 27°C, the yield point is the
greatest. At 57°C and 85°C, the yield points are
0.0294  Ibf/100ft* and 0.026  Ibf/100ft’,
respectively.

At 27°C, the shear stress-shear strain plot

equidistance. This indicates that when the
temperature rises, the polymer continues to de-
naturate. It means there isn't much of a variation
in rheology between 57°C and 85°C. Also, with a
yield point of 0.1293 Ibf/100ft* at 27°C, the yield
point is the highest. At 57°C and 85°C, the yield
points are 0.0495 Ibf/100ft* and 0.0191 Ibf/100ft?,
respectively.

The plot of shear-stress against shear-strain for
the PR at various temperatures (Fig 5) shows
close knitted behavior at lower shear strains and
equidistance close-knitted behavior at higher
shear strains. It means there isn't much of a
variation in rheology between 57°C and 85°C.
Also, with a yield point of 0.0449Ibf/100ft* at
27°C, the yield point is the highest. At 57°C and
85°C, the yield points are 0.0371Ibf/100ft* and
0.02841Ibf/100ft?, respectively.

At 27°C, the three biopolymers are shown in Fig.
4. The best rheology is seen in CT, followed by
PR, and finally DM. The rheology of the three
biopolymers also shows an equidistance
difference. This implies that there is a significant
difference in their laboratory performances, CT >
PR > DM. At lower temperatures, remember that

(shown in Fig 2) show the rheological behavior. CT is the industry standard. Also, with
The three temperatures are found to be 0.1293Ibf/100ft2, CT has the highest yield.
0.6
0.5 y = 0.0004x + 0.0449
R?=0.9869

L y=0,0004x + 0.0371
S R3=0.993
S 0.4
=
£
£ 03 y = 0.0004x + 0.0284
" :
a R?=0.9917
o
&
© 02
Q
<
(%]

0.1

0

-200 0 200 400 600 800 1000 1200

Shear Strain rate in S1

27C

57C 85C

Fig. 3. Rheology of PR at different temperatures and concentration of 109/l
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Fig. 4. Rheology of DM, CT, and PR at 27°C and 10g/l concentration
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Fig. 5. Rheology of DM, CT, and PR at 57°C and 10g/l concentration
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Fig. 6. Rheology of DM, CT, and PR at 85°C and 10g/l concentration
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Table 4. Summary of results from the drag force and settling velocity experiment

Reynold number, Bingham number, Drag coefficient, The drag Settling
Re Bi Co force, Fp velocity, v
(N)x 10°  (mm/s)
DM 84 243 5485.86 5.415 25
CT 3.05 264.8 40,679 4.205 0.8
PR 72 220 5365.86 4.415 2.4

The three biopolymers are shown in Fig. 5 at
57°C. The best rheology is seen in CT, followed
by PR, and finally DM. The rheology of the three
biopolymers also shows an equidistance
difference. The gap between the DM and PR
stays as large as it was at 27°C, however the
gap between the CT and PR gradually reduces
at 57°C, indicating that PR improves at higher
temperatures.

In Fig. 4, the rheological behavior of the three
polymers at 27°C in the laboratory revealed CT
to be the best by a considerable margin. The PR
is a close second. The difference between CT
and PR has shrunk at a higher temperature of
57°C for fig 5, with DM still wallowing at the
bottom. At 85°C, the characteristics of CT and
PR are close-knit at lower shear rates and close
enough at higher shear rates, as seen in fig 6.
The DM remained at the bottom of the heap. This
suggests that the PR could be an effective
substitute for CT in a job involving high-
temperature hydraulic fracturing.

The consistency indicator, k of CT, indicates a
drop in value. The PR and the DM consistency
index, on the other hand, remains flat over the
temperature range. This demonstrates PR and
DM’'s efficacy at greater temperatures. The
temperature  denaturing problem that s
associated with CT, may most likely not occur in
DM and PR.

3.1 Drag Force and Settling Velocity
g=9.81ms™, d=0.002m, p=19000kgm>,

The proppant handling capability of the three
polymers is shown in Table 4. Equations 8
through 13 were used to create the table. The
best drag or buoyancy force is 4.415 x 10°N for
PR. This means that the polymer sediment has
the least potential to settle out of the solution.
The settling or terminal velocity is best with CT,
which has the slowest settling velocity of
0.8mm/s and hence will settle out of its solution
in the shortest amount of time.
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4. CONCLUSIONS

From this work, the following findings can be
drawn:

i. The Hershel Bulkley fluid behaviors were seen
in the carrier fluid made from the three polymers.
ii. The flow behavior index for the three polymers
was calculated, and it was discovered that the
flow behavior index increased as the temperature
rose. At a concentration loading of 10g/l, the
commercial CT had the highest values, followed
by PR, and then DM.

iii. The flow consistency index, on the other hand,
declines as temperature rises for all three
polymers, with no clear trend within the polymer.
iv. At greater shear rates, CT has the highest
rheology and is still the best polymer.

v. At higher temperatures, the PR demonstrated
the highest rheology, suggesting that it could be
the best substitute for CT.

vi. At higher temperatures, the PR had the
highest rheology and could be the best substitute
for CT.

vii The best drag force is PR, while the optimal
settling velocity is CT.

viii. The DM is ineffective as a replacement for
commercial CT.

CONTRIBUTION TO KNOWLEDGE

The rheological and proppant carrying
capacities of a hydraulic fracturing fluid
were determined using both indigenous
and commercial polymers. Although the

characteristics showed a trend, the indigenous
polymer is not suitable for use as a hydraulic
fracturing fluid polymer. Future researches
can benefit from the indigenous polymer to
investigate if it may be used as a hydraulic
fracturing operation polymer.
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APPENDIX 1

Table 1. Rheology of Detarium microcarpum at 27°C, 57°C and 85°C

0 0

RPM 27°C 57°C 85°C
600 (cP) 7 5 4
©300 (cP) 5 3 3
©200 (cP) 3 3 2
©100 (cP) 2 2 2
06 (cP) 2 2 2
03 (cP) 2 2 2
10 Secs (Ib/100ft") 2 2 2
10 Mins (Ib/100ft°) 3 2 2
PV (cP) 2 2 1
YP (Ib/100ft%) 3 1 2
Density (ppg) 8.39 - -
Table 2. Rheology of C. tetragonoloba at 27°C, 57°C and 85°C

RPM 27°C 57°C 85°C
eeoo (Cp) 71 64 52
9300 (Cp) 51 35 27
9200 (Cp) 42 28 16
©100 (CP) 30 16 11
B; (cp) 6 4 3
©5(cp) 5 3 2
10 secs (Ib/100ft?) 5 3 2
10 mins (Ib/100ft%) 7 4 3
PV (cp) 20 29 25
YP(Ib/100ft” 31 6 2
Density (ppg) 8.3

Table 3. Rheology of PAC R at 27°C, 57°C and 85°C
RPM 27°C 57°C 85°C
©600 (cP) 44 42 38
©300 (cP) 27 23 21
©200 (cP) 20 19 17
©100 (cP) 12 10 9
66 (cP) 3 3 2
03 (cP) 3 3 2
10 Secs (Ib/100ft%) 4 4 3
10 Mins (Ib/100ft%) 5 4 3
PV (cP) 17 19 17
YP (Ib/100ft*) 10 4 4
Density (ppg) 8.1
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APPENDIX 2

Table 4. ASTM Conversion table for sieve sizes

Sieve Mesh Chart

APERTURE SIZE
B.S.5(410/1969) A.S.T.M. (11-70) 1.S. (469/1972) MICRONS
4 5 4.00mm 4000
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Table 5. Particle Distribution of 100g of Sand Particles (proppant) with Specific gravity of

19gcm™
S/N  Standard Sieve Pan Weight (g) Pan Weight + Particles (G) Particles (%)
Size Particles (g)
1 ASTM 10 464.38 542.78 78.40 78.40
2 ASTM 18 451.97 459.17 7.20 7.20
3 ASTM 40 434.80 446.03 11.23 11.23
4 ASTM 140 423.74 426.81 3.07 3.07
5 ASTM 200 293.85 293.90 0.05 0.05
6 PAN 230.33 230.38 0.05 0.05
Total 100.00 100.00

© 2021 Eromosele et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
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