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The research work explores and analyzes optimization processing with software on field case
using hydraulic fracturing (HF). The article presents hydraulic fracturing in typical production wells
and process results for the different designs. The data presented in this article are reflected in the
results of the hydraulic fracturing process of the producing well at the Asar field.Hydraulic fracturing
of the reservoir was carried out due toa sharp drop in wellproductivity level being at 5.5 m¥day. The
reservoir consists of sandstone, siltstone and shale. For well 856, hydraulic fracturing was performed,
and as a result, the productivity increase was 4.0 times.

It is necessary to develop a system for optimizing the hydraulic fracturing process, designing
and redesigning the best option for the well, investigating the analyses of the projected design,
implementing recommendations, and creating a consistent one that allows us to track the obtained
parameters and, if necessary, make appropriate adjustments. Implementation of this programming
system is crucial for the hydraulic fracturing process. With the software, we can accurately analyze
our process to observe real-time fractures and development modes.

KEY WORDS: hydraulic fracturing, fluid viscosity, fracturing fluid, fracturing conductivity, reservoir,
proppant, linear and cross-linked gel.

120 HE®Tb U TA3 &5 2024 2 (140)



AOBbIHA

KABATTbl TMAPO)XAPY MPOLIECCIH CUMYJIAATOP MFRAC
APKblJ1bl ACAP KEH OPHbIHAA OHTAUJIAHAObIPY

A.M. YMBETKAIIWU, SHepreTuka xoHe MyHal-ra3 eHep kacibi MekTebiHiH marncTpaHThl,
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KA3AKCTAH-BPUTAH TEXHUKATbIK YHUBEPCUTETI
KaszakctaH Pecnybnukacel, 050000, Anmatkl, Tene 6u, 59

3epmmey xymbicbl Kabammbl 2uOpoXapy 2e0/102UsI-MexXHUKarbIK ic-ulapachklH KorndaHa
OmbIpbIf, apHalbl CUMYISMOP apKblibl Kabammbl 2uOpoXapy MPOUEeCcCiH oHmadlnaHObIpy Xor-
OapbiH Kapacmbipadbl. Makanada eHOipy yHFbiManapbiHOarbl 2uOpoXxapy MpPoUecci XoHe ofaH
KondaHblriambiH CyUbIKMbIH Xapakmepucmuka Hemuxenepi kenmipinzeH. byn Makanada ker-
mipineeH manimemmep Acap KeH OpHbiHOafbl 6HOIPY YHFbICbIHA XacarFaH 2udpoxapy NPoUECCiHIH
Hamuxenepi kepcemineeH. Kabammbi 2udpoxapy YHFbl eHiMOinieiHiH Kypm mycin kemyiHe, sFHU
maoyrieiHe 5,5 M¥/moay 6onFaHObIKMaH Xypeizindi. Kabam Kymmac, aneeponum xoHe cazdapdaH
mypaodbl. 856 yHrbIMachl YWwiH 2udpoxxapy Xypeisindi, HomuxeciHOe eHimOinik 4,0 ece ecmi.

Kabammebi eudpoxapy npoueciH oHmaunaHobipyra, YHFbIMaHbIH €H XaKCbl HyCKachklH Xoba-
nayra xoHe Kalima xobanayra, xobanaHraH xobaHbiH mandaynapbiH 3epmmeyae, yCbiHbicmap-
Obl eHzi3yee XoHe anbiHFaH napamempnepdi 6akbinayra xsHe Kaxem b6ornFaH xardalda muicmi
my3semyrnep eHaisy2e MyMKiHOIK bepemiH KenicineeH xyUeHi Kypyra apHanfaH XyUeHi a3iprey Ka-
xxem. byn 6arOapnamanay XyUeciH eHeizy opeKkUuHa npoueci ywiH eme MaHbI30bl. bardaprnama-
TIbIK )XacakmamaHblH KemezimeH 6i3 HaKmbl yakbimmarbl anuakmbsikmap MeH 0amy pexumoepiH
bakblnay apKbiibl npouecmi 0as1 mandal anambi3.

TYWAIH CO3LEP: kabammei 2udpoxapy, CylibIKmblK MYMKbIPAbIFb], (OPEKUH2 CYUbIKMbIFbI,
ppekuHa emkizziwumiei, eHiMOi Kabam, ponnaHm, cbi3bIKMbIK XoHe alKacraribl 2€eflb.

ONTUMMU3ALUA AN3AWUHA PN NOCPEACTBOM NMPUMEHEHUSA
CUMYNIATOPA MFRAC HA NPUMEPE MECTOPOXAEHUA ACAP
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Paccmampusaemcs u aHanusupyemcs npoyecc onmumu3ayuu ¢ MOMOWbIO NpoepamMmMHO-
20 obecrieqyeHus1 Ha npuMepe MecmopoxO0eHUs C UCMOo/b308aHUeM 2udpasnuyeckoao pa3pbiea
nnacma (FPI).

lpusodsimcs pe3ynbmamsl poyecca audpopaspblea nnacma 8 006bI8aOWUX CK8aXUHAX U
Xapakmepucmuku rMpuMeHsieMol K HeMy xudkocmu. [JaHHbie, npusedeHHbIe 8 0aHHOU cmamhbe,
ompa)keHbl 8 pe3ynibmamax rpouyecca eudpopaspbiea 0obbigatouwjeli CK8aXUHbl Ha MECmMopoXxde-
Huu Acap. 'udpopa3spbie nnacma npoeodusics u3-3a pe3koz2o nadeHus rnpou3sooumeibHocmu
ckeaxkuHbl, m. e. 5,5 m%/cym. [nacm cocmoum u3 necyaHuka, anesposuma u crnadya. [ns ckea-
XUHbI 856 6bir1 nposedeH eudpopaspbie naacma, 8 pesyibmame 4e20 npou3sooumerbHoOCMb
yeenuyunacs 8 4,0 pasa.

HaHbl pekomeHdayuu o Heobxodumocmu paspabomamse cucmemy OnMmuMu3ayuu rnpoyec-
ca eudpopaspbliga riacma, rnpoeKmMupo8aHUsi U MepenpoekmuposaHus Hauny4Jyuieso sapuaHma
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CK8a)KUHbI, U3yHUMb aHanu3bl NPpOeKmMuUpyemMoeo rnpoekma, eHedpums pekoMeHOayuu u co3damb
co2r1aco8aHHy cucmemMy, Komopasi Mo380sIUM HaM omcriexxusams oyYeHHbIe napamemps! U,
rpu HeobxodumMocmu, 8HOCUMb COOMBEMCMEYWUe KOPPEKMUSHI.

BredpeHue amol cucmembl npoepaMmuposaHusi umeem pewarowee 3HadeHue Ors npo-
yecca audpopaspsiga rnnacma. C moMowbto rnpo2pamMmmMHO20 obecrnedyeHuUss Mbl MOXEM MOYHO
aHanu3uposame Haw rpouyecc, Habnwodas 3a pa3pbigaMu 8 PexXUMe peaslbHO20 8PEMEHU U pe-
XXumamu paspabomku.

KITKOYEBBIE CJIOBA: cudpasnudeckuli paspblg rniacma, 853Kocmb KUOKOCMU, XUOKOCMb
0ns e2udpopa3spblea, Mpo8oOUMOCMb 2udpopaspbiea, KOIIeKmop, nponnaHm, AuHeUHbIl U Cuu-
mablU 2€erlb.

production efficiency. This is achieved through a set of measures aimed at
improving oil recovery, which includes various technological techniques and
methods. Existing technologies can be categorized into volumetric and local methods
of impacting the reservoir. Volumetric methods affect the entire deposit or specific
development objects, often involving numerous wells. In contrast, local methods are
intensification techniques that target specific wells under specified conditions [1].
Therefore, in this research work, the main emphasis is directed to the following
stages, according to the scheme in Figure I, the details of which are disclosed in further
sections and chapters:
- creation of a geomechanical and petrophysical model of the reservoir near the well,
- creation of a model on software - introduction of known and expected parameters
in software (software);
- conducting laboratory tests;
- analysis of pressures and other results;
- forecast of production after hydraulic fracturing [2].

I ntroduction. When developing oil and gas fields, there is a need to increase

Classification of hydraulic fracturing

Lithology Well Type Injection method

Traditional Non-traditional Vertical ] Classic

Directional and -
horizontal

Terrigenous Clay shales TipScreenout

Very dense and low -

permeable rocks Scin-frac

Carbonate

— Multistage

Refrac

Figure 1 - Basic classification of hydraulic fracturing [3]
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In hydraulic fracturing, various chemical reagents are utilized to create hydraulic
fracturing fluids. The main challenge lies in selecting the most optimal fluid for specific
conditions. The difficulty often arises from determining the ideal composition of components,
suitable concentrations, laboratory research methods based on reservoir conditions, hydraulic
fracturing injection technology, and other factors. By organizing data, classifying components,
defining conditions and criteria, and selecting appropriate laboratory analyses, the process
of choosing hydraulic fracturing fluids can be simplified [3].

To address this issue, a series of laboratory tests were chosen and conducted to identify
a suitable reagent for specific conditions. The necessary reagents were carefully selected,
and the requirements for the hydraulic fracturing fluid were established. To illustrate the
methodology, a specific fluid selection problem for particular conditions was resolved [2]. It
is believed that this method can be applied to different reservoirs, wells, and technological
conditions for the selection and customization of hydraulic fracturing fluids. Each reagent
was chosen based on scientific and practical considerations [4].

Various tests were performed, including determining the thermal stability of the gel, gel
sensitivity, and break stability using a Chandler 5550 rotary viscometer. Additionally, several
other tests such as emulsion destruction, water composition analysis, cross-linking time
determination, pH measurement, and viscosity assessment under atmospheric conditions were
conducted.To meet the above conditions, it is necessary to synchronize the characteristics
of hydraulic fracturing fluid by considering many factors at the same time and selecting the
necessary components to adjust certain characteristics [5].

As a test of this method, an example of solving a similar problem involving the selection
of hydraulic fracturing fluid for oil and gas fields in Asar, which are trapped in Jurassic
Terrigeneous clastic sediments, is being considered.

Methodology. Researches show that when selecting the optimal hydraulic fracturing
fluid, its formulation must meet the following technological and geological conditions [1]:

» Hydraulic fracturing fluid should preserve the original filtration and reservoir
characteristics of the formation as much as possible.

» Have low filtration characteristics in the formation to reduce its penetration through
the crack walls.

* Be compatible with the formation fluid to reduce the formation of stable emulsions.

* Be compatible with reservoir minerals, such as clays, to prevent their swelling and
blockage of pores.

* Hydraulic fracturing fluid should be easily and as quickly as possible removed from
the reservoir during development.

* After the end of the proppant injection, the gel should collapse in a certain time,
reducing its viscosity to the required values.

* After destruction, leave behind a minimal sediment.

The recent development of environmentally friendly, polymer-free fracturing fluids,
with superior operational performance, represents a major technological advance in the
petroleum industry. The use of these new fluids during fracturing operations brings several
benefits: minimized environmental footprint and formation damage, operational efficiency
and simplicity, and maximized fracture conductivity [6].
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Figure 2 — Chandler Engineering Model 5550 High Pressure High Temperature Viscometer

Each reagent was selected by scientific and practical justification. The methods used
were gel thermal stability, gel sensitivity, and stability to breakdown conducted on a
Chandler 5550 rotary viscometerin Figure 1. In addition, many tests such as emulsion
breakdown test, water composition, crosslinking time, pH metrology, atmospheric viscosity
were carried out.

The properties and parameters of the deposit and well are given in 7able 1. Hydraulic
fracturing was successfully carried out in this well by pumping 40 tonnes of proppant
and obtaining a fourfold increase in production. The choice for hydraulic fracturing fell
due to the presence of a large skin factor, as well as the potential of the well to increase
the flow rate due to hydraulic fracturing.

Table 1 - Reservoir and well parameters

Parameters Data
Skin Factor 2
Perforation interval 2026 — 2044 m
Formation capacity 18 m
Formation temperature 88
Reservoir pressure 195 atm
Average permeability 16 mD
Average porosity 16%
Water saturation 30 %
Carbonate content 1%
. o The sandstone is gray, medium-fine-grained with clay cement. Clay
Petrographic description . . . T .
minerals chlorite, muscovite, kaolinite, biotite are present in the vapors.
Tubing diameter 89 mm
Reservoir fluid oil+water
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In addition to the need to consider the properties and parameters set by the reservoir
and the well (Table 1), it is also necessary to take into account the technological parameters
of hydraulic fracturing injection. Based on the design of hydraulic fracturing, the main
technological conditions for hydraulic fracturing fluid have been identified, which are
summarized in 7able 2. These conditions are characterized by values for which it is
necessary to select the desired liquid composition.

Hydraulic fracturing programs frequently employ extensive clay control measures to
prevent damage from clay swelling subsequent to fracture stimulation. Operators interested
in reducing costs associated with the use of clay control additives and possibly the use of
oil-based fluids question whether these measures are necessary. Procedures are discussed
that may be used to determine the water sensitivity of a given formation. Examples are
presented of fluid changes resulting from laboratory studies. General procedures used
to determine if rocks require clay control are as follows: determine the mineralogy
of formation cores to ascertain if fresh water-sensitive minerals are present, conduct
immersion testing of sample chips in a variety of fluids to determine if any physical
reaction (disaggregation) is observed. This testing will provide information regarding
the salinity requirements of fluids that contact rocks and may be considered "worst-case"
information, and select fluids and cores for use in flow testing. The laboratory results of the
selection and mineralogical analysis of the basic fracturing fluid are presented below [7].

Table 2 — Required process conditions for hydraulic fracturing fluid

Date of testrequest [ e
Horizon (reservoir) J-9b, J-10a (X)
Reservoir temperature 90 °C
Surface temperature 25°C
Time to perforation 4 min
Duration of main fracturing 30 min
Loading the gel no more than 40 g/I
Shift sensitivity no more than 4 sec
Maximum concentrationof proppant 1200 kg/m?
Maximum pressure of treatment 400 atm (at the surface)

As you know, there are many different liquid systems for various conditions. So
there are slickwater systems, linear gels based on various polymers, crosslinked fluids,
viscoelastic surfactants (VES), foams, oil-based solutions. Each of these systems has its
own criteria of applicability [5]. A crosslinked gel system based on water-based polymers
(crosslinked fluid system) is suitable for our conditions. This is justified by the fact that
in this case there is a small (but not micro-permeability) permeability, available chemical
reagents on site, logistical nuances, high concentrations of proppant, average injection
costs, safety requirements [7].

One of the fundamental factors in the selection of linear and crosslinked gels is the
reservoir temperature. It determines the required viscosity of the linear gel, respectively the
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concentration of the gel forming agent, and in addition, the type and concentration of the
crosslinking agent. Gels based on polysaccharides crosslinked with borate crosslinkers are
known to have a temperature range up to 150°C. In our case, a linear gel based on modified
polysaccharides with a concentration of 3.6 kg/m?® was selected for 88°C (Tuble 3), which is
crosslinked by adding a borate crosslinker with a concentration of 4 I/m?. This concentration
of crosslinker allows the viscosity of the crosslinked gel to hold for the required time, which
was substantiated by performing a thermostability test (Figure 3). The thermal stability test
was performed on a Chandler 5550 rotational viscometer (Figure 1), which allows simulating
downhole conditions, namely, keeping the gel temperature at 105°C, and simultaneously
taking multiple measurements such as shear rate, viscosity and other required parameters.
The criterion for the gel to pass the test is the ability to maintain a gel viscosity greater than
400 cP at a shear force of 100 sec™ for the duration of the main fracturing injection.

The complex rheological behavior of crosslinked fracturing fluids is a function of shear
history, temperature, and chemistry. Understanding the relationship between these variables
and the downhole properties of the fracturing fluid is a challenging task. Rheological
measurement techniques are presented that unravel some of the mystery associated with
crosslinked fracturing fluids [2,3]. The concept of a physical gel-point for fluids undergoing
crosslinkingis introduced and shown to correlate strongly with the proppantcarryingability
of the fluid. The gel-point variation with temperature and chemistry is discussed. This
variation can be studied in the laboratory to provide an in-situ field performance evaluation
without the need for expensive proppant-transport flow loops. The limitations for newly
developed, low-concentration polymer fluids are also discussed. The fluid system chosen
for analysis was the pHactivated, borate-crosslinked hydroxypropylguar (HPG) fluid [5].

Table 3 — Water quality analysis

Determinable Units of measurement Anal)./ticgl results Permissible limits
parameters (quantitative values)
Temperature °C 24.8 18-42
Specific gravity (g/cm?3) 1.0
pH 7.2 5-79
Total iron (Fe) (mg/l) 0.4 <8
Total hardness (mg/l) 127 <600
Bicarbonates (mg/l) 109 <600
Chlorides (mg/l) 65 <1000
Sulphates (mg/l) 75 <200
Calcium (mg/l) =
Magnesium (mg/l) =
Sodium (mg/l) =
Potassium (mg/1) -
Barium (mg/1) -

126

HE®Tb U TA3 &5 2024 2 (140)




AOBbIHA

FWG-7 Viscosity Profile
30 Minute Hydration
Fann 35, R1-B1 Combination 511 sec™!
35
\
|
|
25 | | { \ i
a \ —
£ ] | | e | 5.5 kgms
> \\ 3.2 kg/m3
15 | f ! ! | | (3.0 kgim3|
\L\ 2.5kg/m3|
10 | i | i [2.3xg/m3)]
|
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5 10 15 20 25 30 35 40 45
Temperature (°C)
Figure 3 — Viscosity profile of frac fluids
Table 4 — Linear gel quality analysis
Linear gel, guar concentration 3.6 kg/m?
Determinable Units of Analytical results Permissible limits
parameters measurements (quantitative values)
Temperature °C 25.0 >20 (25-35°C)
- . From the viscosity 9
Viscosity cP 28 (figure 3)
pH - 8.0 5.0-8.0

Table 5 — Quality analysis of cross-linked gel

Crosslinked gel: guar concentration 3.6 kg/m?, crosslinker concentration 2.5 I/m?/ 1.0 I/m?3,
breaker concentration from 1.0 to 3.0 I/m3,
breaker activator concentration from 1.0 to 2.0 I/m?,
clay stabiliser demulsifier concentration 1.5 |/m?

Analytical results

Determinable parameters Units of measurements .
(quantitative values)
Funnel closing time Sec 10-15
Time for c.omplete Frossllnklng Sec 45-50
(lip formation)
Temperature °C 25.2
pH - 9.0
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Results and discussion

For testing on the HPHT rheometer “Chandler” configuration R,/B;

Test 1. Test to determine the stability of the crosslinked gel at a reservoir temperature
of 88°C.

00:00:00 00:20:00 00:40:00 01:00:00 01:20:00 01:40:00 02:00:00 02:20:00 02:40:00 03:00:00 03:20:00 03:40:00 04:00:00

L B e

——
19:40:00 20:00:00 20:20:00 20:40:00 21:00:00 21:20:00 21:40:00 22:00:00 22:20:00 22:40:00 23:00:00 23:20:00 23:40:00

Figure 4 — Test 1: Test to determine the stability of the cross-linked gel
at a reservoir temperature of 88°C

The viscosity (figure 5, white line) of the fluid of the system used for hydraulic
fracturing at a reservoir temperature of 88°C should be at least 400 cP with a shear rate
of 100 sec™! after the expiration of the testing period equal to "Hydraulic fracturing time
x 1.2" — the pillow stage with a minimum concentration of breaker — 1.0 I/m>.

The viscosity of the cross—linked gel system is more than 400 cP (Tres. = 88°C, the
shear rate is 100 sec™) is observed during the registration period from 0 to 62 minutes.
The viscosity of the system at the end of the experiment (233 min) is - 0 cP.

For hydraulic fracturing fluid at a temperature of (80°C), the viscosity should be at
least 400 cP with shear strength (Shear rate, sec™) 100 after the test period is equal to "2/3
Hydraulic fracturing Time" when a breaker with an increased concentration of breakers —
2.0 I/m? and1.0 1/m°.

The viscosity of the cross—linked gel system is more than 400 cP (the increase of the
destructor is 2.0 1/m?, the activator of the destructor is 1.0 I/m?, Tpl - 80°C, the shear rate
is 100 sec™) is observed during the registration period from 0 to 151 min. The viscosity
of the system at the end of the experiment (265 min) is — 0 cP.
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Test 2. Test for the restoration of cross-linked properties during cooling

00:00:00 00:30:00 01:00:00 01:30:00 02:00:00 02:30:00 03:00:00 03:30:00 04:00:00 04:30:00
1300.0 L e e
J = Shear Rate (1isec)  0.000
1200.0 600.000 = Viscosity (cP) 00
Sample Temp (°C) 229

~ Pressure (PSig) 27
1100.0 550.000

1000.0 500.000 |

900.0 450.000 ‘
800.0 i 400.000
7000 £ 350,000

|
600.0 300.000 —‘
|

Viscosity (cP)

500.0 250.000
400.0 200.000 -

300.0 150.000

[
FFe—GrE o

0.0 0.000 TSI . — "

200.0 100.000 T l‘

{ |
100.0 50.000 e ’

15:00:00 15:30:00 16:00:00 16:30:00 17:00:00 17:30:00 18:00:00 18:30:00 19:00:00

00:00:00 00:10:00 00:20:00 00:30:00 00:40:00 00:50:00 01:00:00 01:10:00 01:20:00 01:30:00
e L e e e e, T P L e L T L
650,000
Ll — Shear Rate (t/sec)  0.000
o W‘MM\[ : b — Viscosty (cP)
[y Sample Temp (C)

M — Pressure (PSig)
550000 ‘ V

500.000 ‘

450.000

400.000

0.000

Viscosity (cP)

300.000

200.000 -
150.000
100.000
50.000 -} ‘ \“ ‘

0.000
14:40:00 14:50:00 15:00:00 15:10:00 15:20:00 15:30:00 15:40:00 15:50:00 16:00:00

Figure 6 — The interval from 0 to 50 minutes of the test time

The viscosity of the cross—linked gel system is more than 400 cP (the increase of the
destructor is 3.0 1/m’, the activator of the destructor is 2.0 1/m?, Tres. = 88 °C, the shear
rate is 100 sec™) is observed during the registration period from 0 to 41 min. The viscosity
of the system at the end of the experiment (227 min) is — 0 cP.
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Test 3. Shift sensitivity test (5 minutes for 511 seconds™, 10 minutes for 100 sec™)
at a temperature = (Tres.+ Tcl.) / 2 = 59.5 © C — pad stage with a minimum concentration
of breaker - 1.0 kg/m

700.000
~— Shear Rate (1isec)  0.000

650.000 [ = Viscosity (cP) 00
Sample Temp (°C) 565

600.000 ressure (PSig) 279

500.000 |

450.000

)
z
3
H
8
2
s

250.000
200.000
150.000
100.000 -{
50.0

0.000 !
el T e T mmlier ~  onbos ©  wedlem © oibhe: T wobrs © ol
14:18:00 14:20:00 14:22:00 14:24:00 14:26:00 14:28:00 14:30:00 14:32:00

Figure 7 — Shift sensitivity test

The sensitivity of the crosslinked gel system (destructor — 1.0 1/m?, (Tres.+Tcl.)/2 =
59.5 °C, shear rate — 100 sec™) to shear is very low — the viscosity is restored to 400 cP
within 5 sec.

Test 4. Shear sensitivity test (5 minutes for 511 seconds™!, 10 minutes for 100
seconds™) at a temperature = (Tres.+ Tcl.) /2 = 59.5 °C of liquid with an increased
concentration of breaker - 3.0 kg/m? and 2.0 breaker activator I/m?.

00:00:00 00:02:00 00:04:00 00:06:00 00:08:00 00:10:00 00:12:00 00:14:00
650.000 -
! — Shear Rate (t/sec) 100.000
| Sample Temp (*C)
|

~ Pressure (Psig)
550.000
{

500.000 -/

400.000 i
|
§|

00

i
1
1
i
|
\
|

Viscosity (cP)

250.000 -

200,000
150.000 -

100.000 -{

Figure 8 — Shift sensitivity test (1)
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The sensitivity of the cross—linked gel system (destructor — 3.0 1/m?, destructor
activator — 2.0 I/m?, (Tpl.+Tp.) /2 =59.5 ° C, shear rate - 100 sec™!) to shear is very low —
there is a recovery of viscosity to 400 cP within 15 sec.

Proper screening of the chemical additives used in a fracturing fluid recipe is
imperative in enhancing posttreatment cleanup and well productivity. Selection of the
right addtives and dosing should therefore follow a methodical approach that can be
replicated and used for the screening of any fracturing fluid additives. [7]

Stress Width Profiles Fracture Conductivity (Closure)

400 -20 200 40 80 120 160

[
Stress (atm) Width (mm) Length (m)

Figure-9 — Fracture profile after hydraulic fracturing with the use of hydraulic fracturing fluid

Figure 9 shows the profile of the crack created on the basis of this hydraulic fracturing
fluid. The work is considered successful.

* As can be seen from the figure 9, the fracture profile has different geometrie in
both length and width. These value depend on rock properties, lithology and the amount
of proppant injected. The lithological composition of the reservoirs is the same (yellow-
sandstone, red-siltstone, grey-shale).

* As can be seen from the table the created fracture length is 150.44 m, width - 11.923 mm,
height - 35.229 m, dimensionless fracture conductivity - 0.95 respectively for well 856.

* As shown in Table 6 for well 856, the skin factor decreased from 0 to minus (-) 4.66
and the oil flow rate increased from 5.5 tonnes per day to 21.6 tonnes per day, thereby
increasing the oil flow rate by 16.1 tonnes per day.

Table 6 — Parameters before and after hydraulic fracturing of well 856

Parameters before Frac after Frac

Skin 0 -4,66

Water Cut, % 88 54
Dimensionless Pl 0,16 0,62
Productivity Index, m3/day/atm 0,403 1,576
Liquid rate, m*/day 12,1 47,3

Oil rate, t/day 5,5 21,6
Incremental Oil rate, t/day 16,1
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Conclusion
* On the basis of a qualitatively selected gel, which was justified by many parameters

and characteristics, successful work on hydraulic fracturing was carried out. The optimal
formulation of hydraulic fracturing fluid has been selected for work at high temperatures
of Jurassic terrigenous formations, in particular at 88°Con depths of more than 2060 m .

» A water-based cross-linked polymer gel system was chosen as such a liquid. Modified

polymers were used as a gel-forming agent, which were cross-linked with a borate stapler. The
gel was destroyed by ammonium persulfate(NH4)2S208). Control of the remaining required
properties was carried out by additives of clay inhibitors, pH regulators, biocides, demulsifiers.

* Fracture it was successfully created within the framework of a given design: it

had a half-length of about 150 m, a height of about 35 m, was limited at the level of the
perforation interval, did not go into the water zone.

* As a result of hydraulic fracturing, the flow rate of this well has increased several

times compared to the work before hydraulic fracturing. The result of hydraulic fracturing
lasted more than 1.5 year.

* Thus, despite the fact that there are many other factors in hydraulic fracturing technology

that affect the final result of work, the rupture fluid is one of the most important. Therefore,
the most complete analysis when selecting the liquid helped to carry out this work effectively.

This hydraulic fracturing with the use of such a proppant showed a good result for

the conditions of the Asar field.Oil flow rate increased from 5.5 tonnes per day to 21.6
tonnes per day, thereby increasing the oil flow rate by 16.1 tonnes/day. It’s good results
for Asar field, but such a deposit has an averageflow rate for field is 7-8 tonnes per day.

In the future, it is also necessary to investigate the effect of the salinity of reservoir

water on the properties of the rupture fluid. @
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