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Abstract

This project explores the application of hydraulic fracturing methods to enhance reservoir productivity at the
Amangeldi field. The study focused on the advanced HIWAY method, which optimizes proppant placement to
improve hydrocarbon recovery. Mathematical models were developed to evaluate key parameters of this technique
and implemented using FracPro software, enabling detailed simulation and analysis. Data for this study were
gathered from publicly available sources, including OnePetro and ScienceDirect, ensuring a comprehensive review
of current practices and innovations. Additional information was obtained during dual training at the Amangeldi
field, providing practical insights and aligning the models with field-specific conditions. Contributions from scientific
journals further enriched the study, supporting the integration of theoretical and empirical approaches. The findings
aim to guide future hydraulic fracturing operations and highlight the potential of the HIWAY method to maximize
efficiency, reduce operational costs, and mitigate environmental impact. This project underscores the importance
of combining advanced modeling with hands-on field experience to address challenges in reservoir management.

Key words: hydraulic fracturing, HIWAY method, Amangeldi field, FracPro software, comparison.

Introduction

The deposit is located in the Moyinkum district of the Zhambyl region of the Republic of
Kazakhstan, 170 km north of the city of Taraz. Geographically, it is located in the southwestern part
of the Moyinkum sands, which occupy the interfluve of Shu and Talas.

Orographically, the area is represented by the bumpy sands of Moyinkum with a relative excess
of bumpy sand ridges in the north-west direction up to 20 m. The boundary of the sands in the south
and south-east extends in a north-westerly direction, along it flows the Talas river, in the bottom part
of which there are farmsteads and cattle breeding stations. The area of depositf is sparsely populated.
The nearest settlement is the village of Uyuk, located 70 km to the south. The sources of water supply
directly for the entire area of the deposit are wells and artesian wells, the water level of which is at
a depth of 10-20 meters from the well head. The area of the deposit is connected by road with the
villages of Akkol, Uk, Ulanbel, the district center of Moyinkum and the regional center — the city of
Taraz. Air transportation is carried out from Taraz airport. Railway transportation is also carried out
by rail, the nearest railway station is Zhambyl station.
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Figure 1 — Field location

The object of the development is the lower Visean productive horizon, within which three
productive bundles (A, B, C) can be traced, which differ from each other by varying degrees of
heterogeneity of productive layers and various capacitive filtration properties.

Pack A. The total thickness of the horizon, considering new wells, varies from 0.6 m to 16.8 m
and averages 8.3 m. The number of isolated reservoir layers ranges from 1 to 6.

The total effective gas saturated thickness ranges from 0.8 m to 8.2 m and averages 4.3 m. The
open porosity of reservoirs determined by well logging varies from 0.14 to 0.22.

In other wells, the reservoir layers are blocked. In wells, the gas-saturated thicknesses were 1.4
m,2.7m,5.2m,3.6m.

The coefficient of sandiness is 0.50, the coefficient of fragmentation is 2.6, the coefficient of
propagation is 0.94.

Pack B is low-power and is separated from the overlying pack A by a clay section with a thickness
of' 4 m to 20 m. The total thickness of the bundle varies from 1 m to 5.6 m and averages 2.9 m. Within
the bundle, there is mainly one reservoir layer, which is sometimes divided into two layers.

In other wells reservoir layers have been replaced by clay differences. The effective saturated
thickness varies from 0.4 m to 4.6 m and averages 2.5 m. The open porosity according to well
logging will change from 0.08 to 0.26.

The coefficient of sandiness is 0.64, the coefficient of fragmentation is 1.1, the coefficient of
distribution is 0.70.

Pack C is the most sustained in terms of power is the stall in which it is separated from the
overlying pack B by a clay interlayer with a thickness from 1.6 to 6 m, its spreading coefficient is 1.0

The total thickness of the bundle varies from 1.8 to 22.6 m, while the effective gas-saturated
thickness varies from 1.8 to 19 m and averages 12.3 m. The open porosity of reservoir layers varies
from 0.12 to 0.19.

The coefficients of sandiness and fragmentation are 0.80 and 2.5, respectively.

The weighted average porosity values for the object vary from 0.14 to 0.19.
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The gas condensate deposit of the lower Visean sublayer was established according to the data
of testing of almost all wells. In 1981, the gas-water contact was adopted at -1938 m in the middle of
the distance between obtaining a weak gas inflow to (-1940 m) and an industrial gas inflow to -193.

In 1996, the inventory was recalculated, the WL processing was revised. Based on these materials,
the GWC was adopted at -1972 m. It was adopted on the basis of testing, where in the first gas was
obtained in an open trunk to an absolute mark of -1967.6 m, and in the second — reservoir water from
an absolute mark of -1976.8 m, according to the results of interpretation of WL materials, the layers
are estimated as water saturated from an absolute mark of minus 1968.6 m.

According to the calculation of reserves in 2007 , the gas-water contact was accepted at -1968
m along.

The gas condensate deposit is arched by type of reservoir, tectonically shielded. The size of the
deposit is 14.8 x 7.5 km, height is 268.8 m.

Reservoir rocks have been studied from the core and from the interpretation of data from Well
logging.

The sediments of pack A are represented by uneven layering of sandstones, siltstones and
mudstones. Sandstone beige-gray, gray, fine-grained, medium-fine-grained, quartz-feldspar, feldspar-
quartz, poorly and medium graded. Clay cement of pore and contact-pore type, calcite pore and
corrosive, conformal incorporation. Siltstones are similar to sandstones in terms of the composition
of the clastic material, as well as the type and composition of cement. Mudstones are gray, dark gray,
often carbonate, strong and black carbonaceous, thinly layered, with layers of anhydrite, with mineral
cracks filled with anhydrite. The reservoir rocks of pack A are represented by beige-gray sandstones,
medium fine-grained, feldspar-quartz, medium graded. The mineral composition of the detrital part
(85-90%): quartz (70-80%), feldspar (10—15%), fragments of effusions, quartzites. Cement (10—
15%) contacts kaolinite, with sections of film chlorite-hydromodic. Porosity is associated with the
formation of secondary voids in kaolinite cement and in kaolinized feldspar grains.

The deposits of pack B are represented by the interlayer of beige-gray sandstones and siltstones
of dark gray, gray, clay, with abundant ORO inclusions, with layers of coals. The sandstones are
medium-fine-grained, fine-grained feldspar quartz, medium and well sorted. Mixed clay cement is
contact-pore, contact, calcite pore, and conformal-incorporation structures of cement are developing.

The reservoir rocks of pack B are represented by beige-gray sandstones, mainly fine-grained,
feldspar-quartz. The sorting of debris is often good. The composition of the clastic material (90%)
is dominated by quartz (90%), in a subordinate amount feldspar are effusive. Cement (10%) is
kaolinite, chlorite-kaolinite pore-contact contouring with conformal-incorporation sections. There
are aggregates of microcrystalline pyrite in the intergranular spaces. Secondary porosity is associated
with microcracks in clastic grains, the opening of which reaches 0.008 mm, and voids (0.08—0.1 mm
in size) in kaolinite cement.

Pack C is represented by gray sandstones, light gray-beige, fine-medium-grained, medium-
grained, multi-grained, mostly massive, feldspar-quartz rocks, well and poorly sorted, with inclusions
and thin layers of carboniferous vegetable detritus. The reservoir rocks of the pack C are represented
by beige-light gray sandstones, mainly fine-medium-grained, feldspar-quartz, medium-graded. The
detrital part (85-95%) contains quartz (up to 80%) feldspars (10) fragments of siliceous rocks,
micro quartzites. The cement is mixed (5-15%) contact-pore, contact kaolinite, kaolinite-hydrous,
conformally incorporated in sections. Porosity is associated with the formation of secondary voids
(0.08-0.09 mm in size) in kaolinite cement and numerous microcracks in classical grains. The
thickness of microcracks is up to 0.007 mm

Hydraulic fracturing (HF) has been employed to improve the efficiency of gas and gas wells
since 1947. During the last seven decades, technology has experienced substantial changes to fulfill
the aims and purposes of enhancing production in any situation.
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Table 1.1 — Static series of permeability distribution

The range of change in permeability *1072 micron
Pack Parameters
0,3-1 1-3 3-5 5-10 10-30 | 30-50 | 50-100 100-300
frequency 40 51 16 7 13 3 4 4
A relative
frequency % 29.0 37.0 11.6 5.1 9.4 2.1 2.9 2.9
frequency 12 7 4 1 1 1
B relative
frequency % 46.2 26.9 15.5 3.8 3.8 3.8
frequency 177 85 10 7 4 2
C relative
frequency % 62.1 29.8 3.1 2.6 1.6 0.8

Literature review

Advancements in hydraulic fracturing technology have enabled the extraction of reserves from
low-permeability and deep reservoirs, resulting in high gas recovery rates and improved fluid flow
to the well. The objective of hydraulic fracturing in modern times is to not only generate a system of
cracks in the rock, but also to control the beginning of these fractures and guarantee the highest level
of permeability achievable following the treatment. The economic feasibility of typical hydraulic
fracturing (HF) technologies is progressively restricted by the reservoir parameters in new field
locations. Under these circumstances, it is advantageous to examine the worldwide expertise in the
functioning and enhancement of such wells. A significant amount of knowledge has been gathered in
the Eagle Ford Shale region in the United States. It is crucial to recognize that attaining the intended
efficiency of well treatments necessitates the proper utilization of HF materials. Optimal production
outcomes can only be achieved by the precise coordination of well completion techniques (including
placement, determination of stage count, and perforation strategy) with hydraulic fracturing design.

The formations in many nations have fractures in hydraulic fracturing that are significantly far
apart compared to other countries. The majority of wells in these countries have between 5 to 8 stages
per well. Another distinction in domestic fields resulting from the hazards of gas-water interaction is
the precedence of longitudinally oriented fractures in regard to the wellbore. When drilling horizontal
wells, it is important to consider not only the risks of crack growth and barrier violations, but also the
need to minimize friction losses in the wellbore and perforations. Failure to do so can result in early
shutdown of operations and require significant time and resources to rectify the situation. Hence, the
HiWAY cluster fracturing technology, which has undergone testing in over 25 countries worldwide.

HiWAY technology is an innovative form of hydraulic fracturing. The advancement of HIWAY
technology is based on the absence of a direct correlation between the quality of propane and the
effectiveness of hydraulic fracturing. This is achieved through the formation of open pathways within
the crack, allowing for a substantial enhancement in the hydraulic conductivity of reservoir fluids
in comparison to conventional methods. The proppant is unevenly distributed in the crack of the
highway, forming proppant "columns" that are flanked by open channels.

The development of this technique was carried out by specialists at the Novosibirsk technique
Center of Schlumberger. After conducting experiments to verify the increased conductivity of non-
continuous proppant gaskets, the researchers focused on finding ways to create proppant columns in
a well within an already existing crack. These columns needed to be able to withstand the stresses
caused by fluid flow and closure cracks, while also keeping the drainage channels open. Various
methods for forming proppant columns within a crack have been examined in model and experimental
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investigations. These methods include the utilization of thermomechanical memory alloy fibers to
gather proppant grains in specific locations, as well as the implantation of encapsulated proppant.

The HIWAY technology utilizes fiber materials to enhance the suspension of proppant, preventing
it from settling down from the upper part of the crack.

Once the fracture is sealed, the fibers disintegrate and rise to the surface without impeding the
subsequent flow of hydrocarbons. Presently, the fibers being utilized are J579 and J659. The product
is called Fiber J579. The fiber has a moderate temperature tolerance, with a maximum recommended
usage temperature of 120°C. Beyond this threshold, the fiber will rapidly degrade. Phyber J659 is
classified as a high-temperature additive. The maximum practical temperature of this product is 180
°C. Up to this temperature, the fiber remains stable and has a high load-bearing capacity. Beyond this
temperature, the fiber degrades at a regular pace.

Hydraulic fracturing with open channels (HiWAY Fracturing)

Open channel hydraulic fracturing, sometimes referred to as HIWAY technology, is a cutting-
edge method of hydraulic fracturing that enhances the effectiveness and long-term stability of
fractures. The primary concept behind HIWAY technology is to generate "channels" within partially
closed fractures using proppant. These pathways stay unclogged, allowing for efficient transmission
of cracks and enhanced movement of hydrocarbons. This is accomplished by carefully dispersing the
proppant within the fractures, enabling the formation of a stable proppant structure and the creation
of open channels.The fundamental idea of this technology is generating fractures with permeable
channels that facilitate the enhanced flow of hydrocarbons towards the well.

The following are the primary attributes and qualities of hydraulic fracturing utilizing open
channels:

1) The HiWAY Fracturing method utilizes unique polymer granules that are included into the
proppant. These granules undergo expansion during the fracturing process, resulting in the formation
of open channels within the fractures. This expansion guarantees a continuous and uninterrupted
flow of hydrocarbons.

2) The benefits of open channels include less hydrocarbon flow resistance, prevention of crack
blockage, enhanced reservoir permeability, and improved long-term well productivity.

3) The precise dispersion of specialized polymer granules in cracks is a crucial feature of
HiWAY technology. This is accomplished using specialized equipment that guarantees the most
efficient blending and dispersion of granules within the hydraulic fracturing fluid.

4) Process control: HIWAY technology offers precise control over fracture formation and the
distribution of open channels, which is a significant advantage. Engineers can optimize the fracturing
procedure based on the precise geological conditions and characteristics of the well.

5) Enhancing long-term productivity: HIWAY Fracturing technique utilizes open channels to
boost long-term well productivity and augment overall hydrocarbon production.Hydraulic fracturing
with open channels, also known as HIWAY Fracturing, is a highly efficient technique for enhancing
well productivity. It is utilized in diverse geological settings and plays a crucial role in optimizing the
extraction of hydrocarbons.

Criteria for selecting a well for hydraulic fracturing.

Hydraulic fracturing effectiveness is determined by the degree of product waterlogging, the
initial gas saturation of reservoirs, the effective capacity of the hydraulic fracturing interval, the
heterogeneity of the formation structure and the fragmentation of its section, the isolation of the
hydraulic fracturing interval by powerful clay layers, the location of injection wells, and the extent
of reservoir flooding at the impact site, according to an analysis of the geological structure and the
history of deposit development at the hydraulic fracturing sites. Given everything mentioned above,
it is feasible to suggest using the following physical and geological factors for selecting low-water
wells for hydraulic fracturing:

a) The initial gas saturation of reservoirs in the fracking interval is close to or above their
possible saturation limit.

b) The effective power of the hydraulic fracturing interval is more than 3m.
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¢) The thickness of the underlying and overlapping hydraulic fracturing interval of clay layers
is more than 5 m;

d) The thickness of the internal clay sections is less than 2m.

e) No more than 5-6 permeable interlayers with a capacity of more than one meter.

f) The water content of well products is less than 40%.

g) The water content of the products of the surrounding nearby wells is less than 70%

h) The potential flow rate of the well is more than 20t/day.

1) Extraction from the initial recoverable reserves at the well of less than 20%.

The technical condition of the well

The well needs to be sound technically. There cannot be any infractions or deformations in the
production column between the packer landing. To prevent backflow during hydraulic fracturing, the
cement ring's adherence to the formation rock and the operating column must be sufficient, at least
50 meters above and below the perforated interval.

Perforation interval

Not more than 20 to 25 meters should be the perforated interval. Otherwise, more scientific, and
technological steps are needed to guarantee that the reservoir is covered by hydraulic fracturing.

Skin effect

The existence of a skin effect in a well after hydraulic fracturing is a good thing for raising its
production. Usually, wells with low productivity in a setting of highly productive ones are where
hydraulic fracturing produces its greatest impact.

The thickness of the formation and the thickness of the screens

Typically, the producing reservoir should have a minimum effective thickness of 3-5m. A
crucial requirement for hydraulic fracturing is the existence of screens with adequate thickness and
uniformity in the region, which operate as barriers between the productive reservoir and the reservoirs
above and below. This is particularly significant when these reservoirs have high permeability and
are saturated with water. The thickness of the screens required for effective isolation of the fractured
formation is determined by the disparity in natural stresses between the screens and the formation,
as well as the hydraulic fracturing technique employed. Plastic rocks, such as clays and siltstones,
exhibit the highest levels of stress. The presence of higher amounts of sandy and siltstone material
in clays, along with their conversion into clay minerals, results in a decline in shielding capabilities.
Dehydration causes the shielding qualities of clays to decrease when they are compacted with depth.
Typically, while conducting hydraulic fracturing at depths ranging from 1000 to 1800 meters, with
a crack that extends up to 50 to 100 meters and an injection rate not exceeding 2.5 cubic meters per
minute, it is recommended to use screens with a minimum thickness of 8 to 10 meters.

Removal of the well from the gas-water contacts

Hydraulic fracturing wells need to be placed sufficiently apart from the gas-water contact
contours, typically at least as far apart as the wells themselves. Rapid flooding or gas breakout from
the cap may happen if the producing well is closer to the gas content contour, particularly if the path
of the hydraulic fracturing crack is perpendicular to the contour line.

Fragmentation of the formation

For hydraulic fracturing, a reservoir with a uniform permeability and adequate thickness is
the ideal target. Hydraulic fracturing may be less successful if the productive reservoir segment is
fragmented. In addition, mistakes in determining the length, shape, and width of the fracture as well
as the technological impact of hydraulic fracturing might occur when building a hydraulic fracturing
crack in a highly heterogeneous formation.

Formation depth

The hydraulic fracturing equipment's technical capabilities and the fixing material's strength
dictate the greatest depth of the development object that can be reached by this method. The depth of
the development object should not be greater than 2500-2800 meters when employing quartz sand.
By using a stronger anchoring substance, the maximum depth that may be reached by hydraulic
fracturing the development object is increased.
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Materials and Methods

Using standard hydraulic fracturing methods, the investigation's key hydraulic fracturing
parameters were calculated for the production well. The thickness (h) of the well is 36.5 meters, and
its depth is 2152 meters. With a viscosity of 0.6 Pa-s and a density of 1100 kg/m?, 62 tons of proppant
are injected into the fracture. Q = 3.2 m*/min is the injection rate.

Table 1 — Tubing parameters for calculations

Tubing
External diameter (mm) Weight (kg/m) Inner diameter (mm) Depth (m)
88.9 13.22 76 1146.18
73 9.16 62 2025
Table 2 — Well parameters for calculations

Well parametres Values
Depth of the well, m 2142
Perforation interval, m 36.5
Initial diameter of tubing, m 0.075
Diameter of production the casing, m 0.178
Rock density, kg/m3 2900
The amount of fracture fluid, m3 282.4
Volume of the proppant, m3 53.33
Porosity of the cracks post-closure 0.17
Density of proppant, kg/m2 1100
Proppant permeability, m2 884*10"-12
Rock permeability, m2 0.0108*10"-12

Table 3 — Casing parameters for calculations
Casing
External diameter (mm) Weight (kg/m) Inner diameter (mm) Depth (m)
168 41.67 150.5 2282

The fracture is computed by hand selecting the well X, and using the algorithm created by
[.T. Mishchenko. Fracture parameter computation is a difficult process with two essential components:

¢ Analyzing the fundamental elements of the procedure and ascertaining the necessary amounts
of equipment for generating fracture segments

¢ Determining the classification of the fracture and doing measurements to determine its size.
The rock rupture pressure can be calculated using the formula provided below for an unfiltered fluid:

()P =P, *g*H=9.81%2142 m *2900 kg/m3 = 60.93 Mpa (1)
where, P, — average density of the rock, H-depth of the well

Next, we calculate the horizontal component of the stresses using the following formula:
(2)P__ =P *p*(1-1)=60.93 Mpa*0.25%(1-0,25) =20.31 Mpa (2)

horiz vert . .
where, - poisson's ratio

283



HERALD OF THE KAZAKH-BRITISH
No. 4(71) 2024 TECHNICAL UNIVERSITY

As the depth increases, the vertical force exerted by the weight of the rocks above becomes more
prominent. At greater depths, the vertical stress sometimes surpasses the horizontal stresses, leading
to the formation of vertical fractures. Below depths of 1000—1500 meters, vertical strains typically
exert greater effect than horizontal stresses, leading to the formation of vertical fractures as the most
probable outcome of hydraulic fracturing. Within our given situation, the magnitude of the force
pulling in the vertical direction is higher than the force acting horizontally, leading to the occurrence

of a fracture in the vertical direction.
fracture width

fracture bed ... § FERR
i well bore 4
‘ fracture height

fracture face

V

./—/?gctﬁ\alf-lenmh

Figure 2 — Vertical fracturing

\

Fracturing pressure determination in the absence of fluid filtration:

(3)P. =P P + P =60.93Mpa — 15.19 Mpa +1.5Mpa = 46.41 Mpa

frac vert reservoir

Calculation of the required downhole pressure:

3 5,25+(E2 )+Q+ 5,254(3,5 *+0,05
. ::w? . (wa.h _ ) _ Ea,ia (E2) Q L;) _ _—,,2;:._{3,::.10”) =0053:06 _ 0,000725
oriz Phoriz (1-n?)«(Phoriz) ®+n" (1-p,252)2:(20,31105)%+382.7
o x%(x—1) = 0.000725
* x=1.66
o 2R 1.0873
Phoriz

¢ P, .=1.0873*20,31 Mpa=22.08 Mpa
where, u-Viscosity of the sand carrier liquid, Q-the rate of liquid injection,

E-Young's module, 7 — poisson's ratio

The length of the extent of fracture created by hydraulic fracturing (fracking) is crucial in
evaluating the effectiveness of the technique. The length is determined by various parameters,
including the injection pressure, the qualities of the fracturing fluid and proppant, and the geological
characteristics of the reservoir. The calculation will be determined using this formula:

( V+E ) 382,7+3,5+1010
(4) L=\ \5,6-(1-92)+h+(Pbwh~Phoriz) /= 5,6+(1-0,252):37+((22,08-20,31)+10%) =200m

where, V- volume of liquid for rupture, E-Young's module, h - perforation interval, 7-poisson's ratio
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The crack length, fracture breadth, and residual width are crucial characteristics that determine the
success of the HF treatment. They indicate the width of the fracture when it is open and any changes
that occur to it once the process is finished. The width of the fracture is influenced by important
elements such as the pressure of the injected fluid, the qualities of the rock, the characteristics of
the fluid, and the conditions of the hydraulic fracturing process. The remaining width of the fracture
following hydraulic fracturing (HF) can also function as a significant indicator of fracture integrity
and its capacity to hold proppant. An assessment can be conducted by employing this mathematical
equation:

{4*(l—r}z)sL*(wah—PhGTizj) . (2+(1-0,25%)=z00=(22,08—20.31)=10%)
E - 3,5%10%°

(5) W= ( =0.037m=3.7 cm

Residual crack width:
(6) W =(W = n0)/ (1 —m) =(0.037*0.008)/0.83=0.0035 m=0.35 cm

here, M ' represents the porosity of the cracks post-closure,while 0 denotes the volume fraction
of proppant within the mixture.

The permeability of cracks in hydraulic fracturing refers to their ability to enhance the flow of
fluids. It acts as a crucial measure indicating the effectiveness of the HF method in increasing reservoir
productivity. Fracture permeability is influenced by various parameters, including fracturing pressure,
rock properties, selection of fracturing fluid, and distribution of proppant. Enhanced permeability
indicates a better connection between cracks and the reservoir, resulting in enhanced fluid flow and
subsequently higher production rates. We shall compute it using this equation:

w12 0,0035%
T12+10%  12s10¢

K1 = 0.066 * 107" M°= 100 Darcy

In addition to assessing the permeability of fractures, it is essential to estimate the permeability
of the zone surrounding the wellbore, commonly known as the near-well or near-wellbore zone. This
area is of great significance in reservoir operations as it has a direct impact on the movement of fluids
from the reservoir into the wellbore. For our specific situation, the answer is:

((r=D-w1)sk+Ww1=K1) {(3,14*0,15—0,003 5)%0,0108+10 12+0,0035+10 1*10‘12)

(7) K2=

m=D 3,14+0,15

=0.768*10"? m? =752 mD

Where, D is the diameter of the well, m, k is the permeability of the reservoir.
The next is volume of liquid for injection:

®) V= 0.785+d in+*H = 0.785+0.076%+ 2087 = 9.5 m3

The hydraulic fracturing process takes a total of 2 hours. At this juncture, a high-pressure fluid
is introduced into the well in order to generate cracks in the rock formation. This phase encompasses
the installation, introduction of fracturing fluid, and following procedures. A reduced timeframe
could suggest a more efficient fracturing process, potentially resulting from enhanced equipment
and processes, or less complex geological conditions. Optimizing time management is essential
in hydraulic fracturing operations to minimize expenses and environmental consequences while
optimizing the extraction of resources. The estimation will be calculated using this formula:

viig+Vinj 382.7+9.5
ga 3.2

9)t= = 122.57 min

where, Q — injection rate’
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Dimensionless conductivity is a critical characteristic that indicates the efficiency of hydraulic
fracturing. The non-dimensional conductivity parameter is commonly used to assess the effectiveness
of the fracturing process by measuring the fractures' capacity to transport fluid. The calculation
takes into account multiple parameters, including fracture geometry, fluid characteristics, and
reservoir conditions. A higher dimensionless conductivity signifies enhanced connectivity between
the wellbore and the reservoir, facilitating greater fluid movement and improved production rates.
The dimensionless conductivity is crucial in evaluating the effectiveness of hydraulic fracturing
operations and maximizing the performance of the reservoir.

Efs=w  284+10 1%2:0,086 30
T kexf  0,0108+10712:101

Cd

The primary determinant of the outcome of hydraulic fracturing is the anticipated impact of
the process. This result reveals the degree to which the current flow rate of the well has increased
as a result of hydraulic fracturing. Within our specific context, this computation is carried out in the
following manner.

(RE) (400}
— E —_ Lg? _ L'gu,a?s =412
n= a2 (z+RE) — {s00) — -
e g, 97zo0
2

where, Rk is the radius of the supply circuit, m; rc is the radius of the well, m; rm is the half of the
crack length, m

Ultimately, using the use of mathematical computations, we successfully ascertained many
crucial factors of hydraulic fracturing, such as permeability, fracture length, fracture width, and other
characteristics. In addition, we evaluated the conductivity of the cracks, the dispersion and density of
the proppant, and the variations in reservoir pressure.

Table 4 — Results of calculation for SLB (HIWAY)

Parameters Values
Half the length of the cracks 974 m
Residual crack width 3.5 mm
Dimensionless conductivity 30
Effect of hydraulic fracturing 4.12
Duration of hydraulic fracturing 134 min
Crack permeability 752 mD

Upon concluding the calculations, the findings reveal a substantial rise in permeability from 10.18
mD to 752 mD, hence showcasing the exceptional efficacy of the hydraulic fracturing procedure. In
addition, the impact of hydraulic fracturing is seen in a 4.12-fold rise in the productivity index.
The significant enhancement highlights the efficacy of the fracturing procedure in improving the
performance of the well and the overall production of the reservoir.

Moreover, the fracture length and width were assessed to be ideal, guaranteeing good
communication between the reservoir and the wellbore. An assessment was conducted on the
dispersion of the proppant, which verified its ability to effectively uphold the cracks and sustain
enhanced permeability. These findings emphasize both the technological achievement of the
hydraulic fracturing procedure and its capacity to greatly enhance the retrieval of hydrocarbons and
commercial profits.
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Table 5 — Results of calculation for Trican

Parameters Values
Half the length of the cracks 89.5m
Residual crack width 2.3 mm
Dimensionless conductivity 18.8
Effect of hydraulic fracturing 3.7
Duration of hydraulic fracturing 130 min
Crack permeability 657 mD

Results and Discussion

Our research aims to determine the optimal hydraulic fracturing (HF) approach. To do this, we
have undertaken the task of calculating the required parameters for Trican, a company experienced in
this industry and known for employing conventional HF techniques. We assessed various important
characteristics, such as permeability, fracture length, and width, along with the productivity index
before and after the hydraulic fracturing treatment. Our goal is to establish the most effective way
by comparing these parameters with those achieved utilizing more sophisticated HF techniques.
Trican's conventional HF technique involved collecting data on the starting state of the well,
treatment pressures, properties of the fluid and proppant, and production rates after the treatment.
This extensive research enables us to compare the performance metrics of conventional approaches
with contemporary alternatives, guaranteeing a comprehensive evaluation of the efficiency of each
methodology in improving well production and economic feasibility.

After doing a comparative analysis of the mathematical computations for both companies, we
determined that Hiway's hydraulic fracturing (HF) yielded the most favorable outcomes in terms
of all essential factors. Our comprehensive investigation involved assessing the enhancements in
permeability, fracture dimensions (length and width), improvements in productivity index, and
total output rates. Hiway's improved approach exhibited superior performance compared to Trican's
conventional methods in all aspects.

We proceeded to simulate all the data using FracPro. The simulation findings, which included
important parameters, closely matched our predicted values. The agreement between the simulation
results and our computations provides additional support for the accuracy of our study. It shows that
our mathematical models effectively represent the behavior of the hydraulic fracturing process and
its influence on reservoir performance. We are dedicated and reliable, instilling trust in our analysis
and its practical implementation in real-world situations.

Table 6 — Results from FracPro

Parameter, for the updated model Optimized design Error
Impregnated crack half-length, m 100.9 m 0.9 %
Crack width 3.8 cm 2.63 %

Fracpro is a comprehensive software package designed specifically for hydraulic fracturing
operations within the oil and gas industry. It's utilized by engineers, geologists, and other professionals
involved in the planning, design, and optimization of hydraulic fracturing treatments.
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Figure 3 — FracPro software general well input data

The "Menu Bar" consists of common opti

ons such as File, Settings, Inputs, Analysis, Results,

and Help, which are used for browsing and setting the software. The "Toolbar" comprises of icons
that provide easy access to numerous functions.
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Figure 4 — Drilled Hole

The Drilled Hole tab is utilized for inputti

ng the precise geometry of the hole after it has been

drilled. The data presented on this tab does not contribute to any of the computations performed in
Fracpro. This information is exclusively utilized for the Schematic View screen, the 2D Schematic
View screen, and the 3D Wellbore Viewer screen. These screens can be accessed either from the icon
bar or by selecting "View" from the main top menu. In this project, total length 2300m.
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Figure 5 — Casing

The term "casing tab" refers to the description of the casing, which may or may not include the
complete pipe string used for transporting treatment fluids. The initial value for the top MD entry of
segment number one is set to zero by default. The user is required to provide the outer diameter (OD)
and inner diameter (ID) for each segment. However, the weight and grade are optional fields.

1. 0-32 m (Conductor)

2. 0451 m (Surface Casing)

3. 0-1308 m (Intermediate casing)

4. 0-2280 m (Production casing)

Will also add the diameter, the effective diameter, and the weight to get the diagram in 2D mode.
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Figure 6 — Surface line/Tubing
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The Surface Line/Tubing tab provides a description of the surface line and tubing. The Surface
Line/Tubing tab is utilized to specify the surface line and tubing arrangements. Like other parts, this
tab enables the input of personalized data. A crucial factor to take into account is the installation
of the packer. If a packer is not installed when injecting fluid into the reservoir, the fluid will reset
upwards, so preventing the formation of a fracture.
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Figure 7 — Perforations interval

There are three methods available for representing multiple perforated intervals. Here are some
general guidelines for when to employ each of these three distinct strategies:

When there are several zones that are quite close to each other compared to the total height of
the hydraulic fracture, and you expect significant overlap between many fractures, it is often more
effective to represent them as a single perforated interval in the model. To consider the interference
between these many hydraulic fractures, you can modify the Opening Factor.

Fracture Design mode allows for the simulation of only one hydraulic fracture at a time, namely
one perforation set. Conversely, in Fracture Analysis mode, it is possible to simulate several hydraulic
fractures simultaneously, including various sets of perforations.

For every perforated interval, the system automatically scans the interval to identify the zone
with the lowest stress and designates the center of that zone as the initial hydraulic fracture depth.

Thus, it is not mandatory for us to input the exact overall perforated height, nor is it always
desirable for you to do so. Instead, it is advisable to input the perforation information in a manner
that ensures the hydraulic fracture start in the simulator occurs precisely at the desired site. We also
have 6 perforation zones. The total capacity is 36.5 m.

The screen is the interface where you input the required parameters to simulate the time-
temperature history of the fluids in the wellbore.

Surface Fluid Temperature refers to the temperature of the fluid that enters the wellbore at the
surface, specifically the temperature of the fluid in the tank. This refers to the initial temperature of
the fluid before the introduction of carbon dioxide or nitrogen in a foam treatment simulation.

Surface Proppant Temperature refers to the initial temperature of the proppant prior to its
injection into the wellbore.

Surface N2 Temperature: This refers to the initial temperature of the nitrogen before it is
introduced into the primary fluid-proppant mixture.
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Figure 8 — Heat Transfer Parameters

Surface CO2 Temperature refers to the temperature of carbon dioxide prior to its introduction

into the primary fluid-proppant mixture.

Surface Rock Temperature refers to the temperature of the Earth's surface or in its immediate
vicinity. While the exact value of this number is not commonly understood, even significant deviations
in it have only negligible effects on forecasts of wellbore heat transmission.

Temperature at the center depth of the hydraulic fracture in the reservoir: This represents the
temperature of the reservoir at the midpoint of the perforation depth. Furthermore, this value is
employed not only for heat transfer calculations but also for the purpose of selecting the appropriate

rheology data from the Fluid Library.
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Figure 9 — Reservoir Parameters
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This section is crucial as it allows us to input essential geological and mechanical parameters.
Here, we define rock types, pore fluid leak-off coefficients, Young's modulus, and other relevant
properties. Additionally, we select the pay zones where the fluid will interact with the rock formations.
These inputs are vital for accurate modeling and simulation, ensuring that the program reflects the
real-world conditions of the reservoir.
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Figure 11 — Treatment schedule
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In this part, they add the proppants and the type of fluid they are pumping. Also, here add a mini
hydraulic fracturing with the main hydraulic fracturing to achieve the desired result. As a proppant,
took both HIWAY ForeProp 20/40 technology. LG 3.0 linear gel was used as a liquid. LG 3.0 gel is
very similar in properties to crosslinked gel YF130.

The schedule included 61 tons of proppant, 282.5 m3 of YF130 liquid, a sequential increase in
the concentration of proppant from 100 kg/m3 to 1100 kg/m3 and a liquid flow rate of 3.2 m3/min.

The main conclusions from mini hydraulic fracturing:

¢ The reservoir pressure in the downhole zone is between 140 and 155 atm, according to the
volume of liquid used to fill the well (~2.5 m3) and the examination of the pressure drop curve
following the tests.

+ Based on the mini-HF results, the liquid's efficiency is approximately 28—-30%.

> Simulation Control - F10 |- —

Treatment Stages

1 2 3 45 6 7 8 91011121314151617181920 2122232425
Model Input & Control

Start WE End [ 4699 (min) Timestep| 0017 |minv]  ModelInputsPlots |

| RunSimdstr | StopSimustor | ResumeRun | |
Fracture Pressure Analysis
Minifiac Analysis | EntyFiicion | ManualMatching | |
Model Output
Pressure Match | Fracture Dimensions | Propped Dimensions J Plot List
Fracture Profie | StageProfes | Welbore Profie | Width Profile
System Messages | MNumenic Output | Generate Report ‘ Compare Results |

Figure 12 — Simulation Control

Once all the data is entered, proceed to the next stage. The blue graphs represent the stages of
hydraulic fracturing process. As progress step by step, these graphs will change color, indicating a
correct hydraulic fracturing schedule. By pressing the "Run" button, can view the results of work,
providing a clear overview of the fracturing process and its effectiveness.
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Figure 13 — FracPro Results

As illustrated in the figure, our simulation indicates that the fracture length is 100.9 meters
and the width is 3.8 centimeters, both of which correspond to our calculations. Additionally, the
concentration of proppant is displayed, providing further insight into its distribution within the
fracture.

Table 7 — Results of FracPro

Fracture Length 100.9 m
Propped Length 100.1 m
Total Fracture Height 57.4 m
Total Propped Height 542 m
Fracture Top Depth 2081.8 m
Fracture Bottom Depth 2139.1 m
Average Fracture Width 3.8cm
Average Proppant Concentration 13.34 kg/mz
Dimensionless Conductivity 34.797

The results from the FracPro software are shown below.
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Figure 16 — 2D Schematic view

Overall, FracPro is a versatile and powerful tool that plays a critical role in the success of
hydraulic fracturing operations. Its advanced capabilities for design, simulation, modeling, analysis,
and optimization empower engineers to make informed decisions and achieve superior results in
unconventional reservoir development.

Conclusion

The HiWAY hydraulic fracturing technique has proven to be superior in enhancing reservoir
productivity at Field X. Its innovative approach to creating open channels within fractures results
in improved fluid conductivity and hydrocarbon flow, leading to better economic outcomes. This
study provides valuable insights for industry practitioners, enabling informed decisions regarding the
adoption and implementation of advanced hydraulic fracturing methods.
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AMAHTI'EJIAI KEH OPHBIHJA HIWAY I'HIPABJINKAJIBIK KAPY 9/JICIH
KOJIZAHA OTBIPBIII KABATTBIH OHIMALJIITIH APTTBIPY

AnjiaTna

By 3eprTey AMaHreni KeH OpHBIHIAFEI Ka0aT OHIMIUTITIH apTTHIPY YIIiH THAPABIUKAIBIK XKapy OMiCTEpiH
KONZaHyFa apHaidFaH. HaxTeIpak alTKaHIa, 3epTTey KOMIpCYTeKTepIi OHIIpy[dl OHTAMIaHABIPY MaKCaTBIHIA
NPOMAHT OpHANAcThIpyAbH kerinaipiiren HIWAY oxiciHe Hazap ayaapaibl. OAICTIH HETi3ri mapamerpliiepid
Oaranay YIIIH MareMaTHKalbIK MoAeNbJep o3ipieHin, FracPro OarpmapnamaiblK KypajiblH KOJNJaHy apKbLIbl
MOJIENbICY JKoHe Tanjay Kyprizinal. Jlepexkesnep perinne OnePetro xone ScienceDirect CHSIKTBI jKaIbiFa KoJi-
KETIMJI TaTdopmanap maiiananbulabl, OyJl arbIMIarel TOXKipHOenep MeH WHHOBAaLMsUIapFa TOJBIK IOy Ka-
cayra MYMKiHIiK Oepmi. KockiMIma akmapar mayaiabl OKBITY OapbICBIHAA KHHAIABI, OYJ1 3€PTTCYAl MPAKTHKAIBIK
MONTiIMETTepPMEH OalBITHIN, YATUISpAl HAKTHI Jaia JKaFaailapblHa COMKeCTeHAIpyre MYMKIHAIK Oepi. 3epTTeynin
TEOPHUSUIBIK YKOHE SMITMPUKAIIBIK TOCUIEPiH OIpIKTIPY FHUIBIME KypHAILAAp/a KapHusUIaHFaH MaTepraliiap apKblUIbl
JKy3ere acTbl. AnbiHFaH HoTkenep HIWAY oniciHiH THIMIUIITIH apTThIpY, Nali/aiany IbIFBIHIAPBIH TOMEHACTY
JKOHE KOpILaraH OpTara acep/ii a3aiTy ayeyeTiH KkepceTTi. by 3epTrey cy KoimaaapblH Oackapy cajachlHia 03bIK
MOJICNBCY S/ICTEPIH MPAKTUKAIBIK TOKIPHOEMEH YINTACThIPY/ABIH MAHBI3ABUTBIFBIH aKbIH A/ IbI.

Tipek ce3aep: runpasmukansik xapy, HIWAY omici, Amanrenni keH opHbl, FracPro 6armapiamaisik jkacax-
TaMachl.
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NOBBILWEHUE MPOAYKTUBHOCTHU IIJIACTA
C HCHOJBb30OBAHUEM METOJA T'MAPOPA3PBIBA IIJIACTA HIWAY
HA MECTOPOXIEHUU AMAHI'EJB/bI

AHHOTAUA
B sTOM mpoekre u3ydaercs NpUMEHEHUE METOAOB THAPOpa3phiBa IIacTa AJs MOBBIIIEHUS MPOU3BOAUTEND-
HOCTH KOJUIEKTOPa Ha MECTOPOXJICHUH AMaHrenspl. ccnenoBanue ObUIO COCPEIOTOUEHO HA MEPEIOBOM METO-
ne HIWAY, xoTopelil ONTUMHU3UPYET pa3MELICHUE MPOIIaHTa Ul YJIy4IIeHUs] U3BJIeUEHUs yIieBogoponos. Ma-
TeMaTH4YeCKHe MOJEIH ObUTH pa3paboTaHbl JUIsl OLCHKH KIIIOUEBBIX ITAPAMETPOB ATOIO METOJA U PEaTM30BaHbI C
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MCIONB30BAaHUEM MPOrpaMMHOTO obecrieueHus FracPro, 4To mo3BossieT MpOBOIUTh IETATbHOE MOACTUPOBAHUE U
aHanu3. JlaHHBIC JJIs 3TOTO MCCIICI0BaHMsI ObLTH COOpaHbI U3 OOIICIOCTYIHBIX HCTOYHUKOB, BKIIoYas OnePetro u
ScienceDirect, 9To oOecIieunBacT BCECTOPOHHUIT 0030p TEKYIINX MPAKTAK ¥ MHHOBaNWH. JlomonHuTembHast HH(Op-
Marys ObIjia IMOy4YeHa BO BpeMsl TyalbHOTO OOYUYCHUS Ha MECTOPOKICHUNA AMaHTEIB/Ibl, 9TO JTAJI0 MPAKTHICCKUE
3HaHMS U CONOCTABUIIO MOJEIIN C YCIOBUSMU, XapaKTEPHBIMU AJI1 MECTOPOXKIEeHUS. BKitaipl HayuHBIX )KypHAJIOB
ere 0oJpIie 00OTaTHIU UCCIIeAOBaHNE, TIOAIePKaB MHTETPALIAI0 TEOPETUISCKUX M SMITMPUUECKUX MOIXOI0B. Pe-
3yJBTaThl MOAYCPKUBAIOT MoTeHIMan Metona HIWAY s makcumusanuu 3¢ heKTHBHOCTH, CHUKCHHUS IKCILTya-
TaLMOHHBIX PACXO/IOB U CMSITYEHHs BO3ACHCTBUS HA OKPYXKAIOILYIO cpey. TOT MPOEKT MOJYEPKUBAET BaXKHOCTh
00BEIMHEHUS TIEPEIOBOTO MOICIUPOBAHHUS C IPAKTUICCKIM OTIBITOM pabOThI Ha MECTaX IS PEUICHUS MpoOieM B
YIPABJIECHUU KOJJIEKTOPOM.

KuaroueBbie caoBa: ruapopaspbeiB miacta, meronq HiWAY, mecTopokiaeHue AMaHTENbIbI, MPOrPaMMHOE
ob6ecneuenne FracPro.
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