MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

CI9TBAEB SATBAYEV
VHUBEPCUTETI UNIVERSITY
Institute of geology, petroleum and mining engineering

Department of Petroleum Engineering

Asauov A. A.

Solving the problem of limiting the height of the fracture during hydraulic
fracturing with the use of special chemical reagents

DIPLOMA PROJECT

5B070800 — Oil and gas engineering

Almaty 2021



MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

CoTBAEB [@] saTBAYEV
VHUBEPCUTETI UNIVERSITY

Institute of geology, petroleum and mining engineering

Department of Petroleum Engineering

APPROVED FOR DEFENSE
Head of the Petroleum
Engineering Department
Dairov Zh. K.

L2

4

DIPLOMA PROJECT
Topic: «Solving the problem of limiting the height of the fracture during hydraulic
fracturing with the use of special chemical reagents»

5B070800 — Oil and gas engineering

Performed by Asauov A.

Academic adviser

MSc in in Reservoir Evaluation
and Management

Baibussinova Zh. B.

ya

Almaty 2021



1 1 1 SATBAYEV [ataotyeta 5/11/2021
@ StrikePlagiarismeon UNIVERSITY e poraK G

MeTtagaHHble

HaseaHue
Solving the problem of limiting the height of the fracture during hydraulic fracturing with the use of special chemical reagents

AsTop HayuHeil pykosoauTens
AcayoBAcxar Xanap BainbycuHoBa
Monpasnenexue

WUrHurg,

Cnu1coK BO3MOXHbIX NOMbITOK MaHMﬂynﬂuMﬁ C TEKCTOM

B 3TOM pa3fene Bbl HanaeTe MHAOPMaLWMIO, KacaloLLYOCH MaHUMyIsiLMiA B TEKCTE, C LIENbIo USMEHUTL Pe3ybTaTbl NPoBEpKU. [1is Toro, KTo oLeHuBaeT pabory
Ha ByMaXHOM HocUTene UM B 3NIEKTPOHHOM chopMaTe, MaHUMyNALUMA MOTyT BbiTb HEBUAMMbBI (MOXET BbiTb TaKXe LieneHanpaBneHHoe BMChiBaH1e oWwnBok).
CrieayeT OLEHWUTb, SBASIOTCS NI U3MEHEHUs! NpefHaMepEeHHbIMU UK HeT.

3ameHa 6ykB @ 28

VHTepBanbl [A——> 0

Mukponpobenbl [] 1
?

Benble 3Haku

[Mapadpaszbl (SmartMarks) a 8

O61beM HanaeHHbIX Nnogooun

O6patute BHUMaHMe!BbICOKME 3HaYeHNs KO3 hPULIMEHTOB HE O3Ha4aloT nnarnar. OTYET AoNXeH BbiTb MPoaHanNU3MpPoBaH 3KCMEPTOM.

1.07% 0.49% 0.50%
1.07% 0.49% 0.50%
Km K2
25 16906 103374
OnuHa dpasbl ans koaddmumeH ta noaobunsa 2 Konuuectso cnos Konuuectso cuveonos

Mopo6usa no CMUCKY UCTOYHUKOB

MpocMoTpUTE CMMCOK U NpoaHanU3npyiTe, B 0COBEHHOCTU, Te bparMeHTbl, KoTopbie npesbilwatoT KIM Ne2 (BbiaeneHHbIe XUpHbIM WpudTom). Ucnonb3yiiTte
ccbinky «O603HaunNTb dparMeHT» 1 obpatute BHUMAaHWE Ha TO, ABMAIOTCA N BblAeNeHHble parMeHTbl NMOBTOPSIOWLMMUCA KOPOTKUMU dpasami,

pasbpocaHHbIMU B AOKYMEHTE (COBMajaloLLe CXOACTBA), MHOTOMUCTIEHHBIMU KOPOTKUMU (ppa3amu pacronioXeHHble PsAOM Apyr C ApYrom
(napadbpa3upoBaHue) unu oBLIMpHBIMU dhparmeHTaMu 6e3 yKasaHus UCToYHVKa (“"KpunTouuTarsl").

10 cambix oIMHHbIX hpas LigeT TekcTa
ﬂOPﬂﬂKOBbIVI KOJIMYECTBO WMAEHTUYHbLIX C/10B
HOMEP HA3BAHME W AIPEC UICTOUHMKA URL (HASBAHME BA3bl) (®PArMEHTOB)

1 https://oilcapital.ru/news/markets /20-11-2007 /tehnol ogiya-j-frac-novyy -podhod-k-kontrolyu- 82 0.49 %

rosta-treschiny-grp

2 https://www.daijiworld.com/news/newsDisplay?newsID=801940 20 0.12%
3 https://www.sciencedaily.com/releases/2018/05/180501085545.htm 13 0.08 %
4 Ways to enlarge vocabulary for the initial class i) 0.07 %

Abbinra3uHa AHenb CmaryrnosHa 4/29/2019
University of Foreign Languages and Professional Languages (YueGHbliii oTen)



5 Development of a web portal for finding housing and roommates for students 10 0.06 %
Bubapsic Xanwyp3aes, Makcar Myxamearanues 6/6/2019
International IT University (KomnbroTepHaa HxeHepws 1 MHopmaunoHHas 6e3o0nacHoCTh)

6 Ways to enlarge vocahulary for the initial class 10 0.06 %
Abbinrasuia Axens CmarynosHa 4/29/2019
University of Foreign Languages and Professional Languages (Yue6Hblii otaen)

T Kamenos Anumian.doc 7 0.04 %
Kamenos Anunnka 5/30/2019
Atyrau State University named after Khalel Dosmukhamedov (3konorus)

8 Estimation of the height of the first interaction in gamma-ray showers ohserved by 7 0.04 %
Cherenkov telescopes
Katarzyna Adamczyk,Dorota Sobczyriska,Julian Sitarek,Michat Szanecki,Konrad Bernlohr;

9 Kamenoe Anumxan.doc 6 0.04 %
Kamenos AnumxaH 5/30/2019
Atyrau State University named after Khalel Dosmukhamedov (3konorus)

10 “Impact of migrant remittances to the economy of the Kyrgyz Republic" 5 0.03 %
Kerimbekova Aizhan 6/11/2019
Kirgiz Economic University na M. Ryskulbekov (Kadepapa akoHoMW4yeckoid Teopun M MUpoBOiA
9KOHOMWUKN)

13 6asbl gaHHbix RefBooks (0.04 %)

NOPALKOBRIN KONWMECTEC MOEHTUHHBIX CNOB
HOMEP HA3BAHWE (DPArMEHTOB)

Werounuk: https:/larxiv.org/

1 Estimation of the height of the first interaction in gamma-ray showers observed by 7(1) 0.04 %
Cherenkov telescopes
Katarzyna Adamczyk, Dorota Sobczyriska, Julian Sitarek Michal Szanecki,Konrad Bernléhr;

13 fomalliHeil 6a3bl AaHHbIX (0.00 %) [
NOPAGKOBLIW HOMEP HAZBAHME HOMWHECTEO MAEHTHYHLIX CNOB [DPATMEHTOE)
13 nporpammbl 0bMeHa basamu AaHHbIX (0.35 %) |
NOPALKOBLIN KONWHECTEC WOEHTUHHbLIX CNOB
HOMEP HA3BAHWE (BPArMEHTOB)
1 Ways to enlarge vocabulary for the initial class 21(2) 0.12%

AfBbinrasuta AHens Cmarynosxa 4/29/2019
University of Foreign Languages and Professional Languages (YueBHblit otgen)

2 Kamenos Anumman.doc 18 (3) 0.11 %
Kamenos Anumvxad 53012019
Atyrau State University named after Khalel Dosmukhamedov (3konorus)

3 “Impact of migrant remittances to the economy of the Kyrgyz Republic* 10 (2) 0.06 %
Kerimbekova Aizhan 6/11/2019
Kirgiz Economic University na M. Ryskulbekov (Katheapa 3x0HOMWU4ECKOA TEOPHIA 1 MAPOBOI
IKOHOMUKK)

4 Development of a web portal for finding housing and roommates for students 10 (1) 0.06 %

Bubapbic Xanmyp3aes, Makcar Myxamearanves 6/6/2019
International IT University (KomneloTepHan uixeHepus i udopmauworHan Ge30nacHocTe)

13 UHTEpHeTA (0.68 %) |




NOPAOKOBBIW
HOMEP

WCTOYHWK URL

hups:/ioilcapital.ny/news/markets/20-11-2007/tehnologiya-j-frac-novyy-podhod-k-kontrolyu-
rosta-treschiny-grp

https:/iwww. daijiworld. com/news/newsDisplay?news|D=801940

CnUCOoK NPUHATLIX (hparMeHToB (HeT NPUHATbLIX (DParMeHToB)

KOMWYECTBO WAEHTUYHBIX CNOB
[@PATMEHTOB)

82 (1) 0.49 %
20 (1) 0.12%
13 (1) 0.08 %

NoPAQKOBLIA HOMEP COAEPHAHWE KOMWYECTBO WAEHTWUYHbLIX C/TOB (#PATMEHTOB)



MINISTRY OF EDUCATION AND SCIENCE OF THE REPUBLIC OF
KAZAKHSTAN

CITBAEB SATBAYEV
YHUBEPCUTETI UNIVERSITY
School of geology, petroleum and mining engineering

Department of Petroleum Engineering

CONFIRM

Head of the Petroleum
Engineering Department
Dairov Zh. K.

U

TASK
For completing the diploma project

For student Asauov A.
Topic: « Solving the problem of limiting the height of the fracture during hydraulic
fracturing with the use of special chemical reagents »
Approved by the order of university rector Ne 315-b from 15 feb 2021
Deadline for completion the work: 18.05.2021.
Initial data for the diploma project: well logging data, hydraulic fracturing reports.
Summary of the diploma project: The decision will be based on the results of field
research, previous work, analysis of height restriction methods, and the results of past
hydraulic fracturing work.
The list of issues to be developed in the diploma project:
a) Parameters of the crack height during hydraulic fracturing and methods of its
limitation;
b) Hydraulic fracturing planning;
Recommended main literature:
1. Malyshev A. G. (2010). Features of well operation after hydraulic fracturing.
2. Michael Economides (2007). Unified fracturing design: from theory to
practice.
3. Prud’homme A. (2013). Hydraulic Fracturing: What everyone needs to know.



SCHEDULE
for the diploma project preparation

Name of sections, list of issues Submission deadline to the | Notes
being developed Academic adviser
Task
Introduction, methodology 14.02.2021 completed
Task
Main part, database 14.03.2021 completed
Task
Results 04.04.2021 completed
Task
Recommendations, conclusion 28.04.2021 completed

SIGNATURES
Of consultants and standard controller for the completed diploma project, indicating the
relevant sections of the work (project).

The section Consultant name Date Signature
titles (academic degree, title)

Introduction, methodology | MSc, Baibussinova Zh. B. 14.02.2021 %**
Main part, database MSc, Baibussinova Zh. B. 14.03.2021 Xuﬁ
Results MSc, Baibussinova Zh. B. | 04.04.2021 Xuﬁ
Norm control MSc, Baibussinova Zh. B. | 28.04.2021 Xuﬁ
Academic Adviser /@k Baibussinova Zh.
The task was accepted by student: @QW/W/ Asauov A.

Date «9» May 2021



ANNOTATION

Failures to contain hydraulic fractures in the oil-saturated zone often lead to high
water cutoff of products, premature work stoppages, which dramatically changes the
payback time, the recovery rate of reserves, and the overall economic benefit of
development. In the case of extracted water outside the area of interest, the problem
can hardly be eliminated. At the same time, the operator is faced with the need to
dispose of the extracted water, as well as with the problem of reduced oil inflow. By
analogy, a break into a gas-saturated reservoir from above the producing oil reservoir
also causes problems with the development of reserves from the zone of interest.
Therefore, for many companies, it is important to limit the height of the crack in
hydraulic fracturing (HF), at the present time, this problem is better solved with the
help of chemical reagents.

To solve the problem of limiting the height of the crack during HF with the use of
special chemical reagents, the field X was selected. At the field, some technologies of
processing the bottom-hole zone, as well as perforation and joining of the lower and
overlying layers were used simultaneously with HF. This work will include a deep
analysis of all the main methods for limiting the height of the crack, the selection of a
well for hydraulic fracturing, and the analysis of the main characteristics of the crack
height. As a result, the most optimal method of limiting the height of the crack was the
use of low-viscosity gels. Three models were developed to compare this method and
evaluate hydraulic fracturing fracture geometries using FracPro software. The solution
of the problem of limiting the height of the HF crack at field X by using low-viscosity
gels showed the best result.

All data used in the study was derived from field records available from Field X.

Keywords: hydraulic fracturing, intensification, fracking, oil recovery, crack
formation, ClearFrac, proppants, crack height, FracPro, frack height limit.



AHHOTAIUA

Heynauu nipu caep>KuBaHuU THAPABINYECKON TPEIIUHBI B HEPTEHACHIIIEHHOM 30HE
4acTO TMPHUBOIAT K BBICOKOM OOBOJHEHHOCTHM NPOAYKLUWH, MPEXKIECBPEMEHHBIM
OCTaHOBKaM padoT, YTO PE3KO MEHSAET BpeMsi OKyHaeMoCTH paboThl, KOA(P(PUIUEHT
M3BJICYCHUS 3aI1aCOB U B LIEJIOM SKOHOMMUYECKYIO BBITOAY IIpHU pa3padotke. B cimyuae
n00bIBa€MON BOJBI BHE 30HBI MHTEpeca — MpoOsieMa yKe BpsiA JIU MOXKET ObITh
ycrpaHeHa. OnepaTtop Npu 3TOM CTAJIKMBAETCd C HEOOXOIMMOCTHIO YTHIIM3ALUU
n00bIBa€MOM BOABI, @ TAKXKE C MPOOIEMOM MOHMKEHHOT0 puToKa Hedtu. [1o ananoruwu,
IPOpPHIB B TAa30HACHIIIECHHBIM IJACT CBEPXY OT JOOBIBAIOIIET0 HEPTIHOIO TaKXkKe
BBI3BIBAET MPOOJIEMBI C BBIPAOOTKOM 3a11acoB U3 30HbI HHTEpeca. [loaromy 11 MHOTHUX
KOMITAaHWI Ba’KHO OTPAHUYUTh BBICOTY TPEILMHBI IIPU TUAPABINYECKOM Pa3pbIBE IUIACTA
(I'PII), B HBIHEIIHUI MOMEHT TakKyl MpoOJeMy Jydyllle pemaTh C MOMOIIbIO
XUMHYECKUX PEAreHTOB.

Ha pemenue nmpo0semMbl orpaHU4eHMsI BBICOTHI TpeluHbl BO Bpemsi [ P11 ¢ momomibio
NPUMEHEHUS CIIEUATBHBIX XUMUUYECKUX peareHTOB BbIOpaHo MecTopoxkaeHue X. Ha
MECTOPOXKIECHUH OAHOBpeMEHHO ¢ [PII mnpuMeHAIMCch HEKOTOPbIE TEXHOJIOTUU
00paboTKM TMpH3a00MHON 30HBI, a Takke mepdopanuu W NPUOOIIEHHE HIKE U
BBIIIENIEKAIIMX TIacToB. B 310l pabGote Oyaer riiyOOKMI aHaiM3 BCEX OCHOBHBIX
METO/I0B OTPAHWYEHUS BBICOTHI TPEIIMHBI, MOAOOP CKBAaKMHBI ISl TUAPABINYECKOIO
pa3phIBa IJ1aCTa, TAKXKE MPOBEACH aHAIN3 OCHOBHBIX XapaKTEPUCTUK BbICOTHI TPEILUHBI.
[To pe3ynpTaTy, camblii ONTUMAJIbHBII METOJl OTPAaHUYCHHS BBHICOTHI TPEIIMHBI OBLIO
NPUMEHEHUS HHU3KOBA3KUX Tened. boumm paspaboTanbl Tpu MoJenu A CpaBHEHUS
3TOr0 METOJAa W OLEHHMBAHUS MO KPUTEPUSIM T€OMETPUN TPELIMHBI TMAPABINYECKOIO
paspeiBa IUIacTa C TOMOIIBI0 MporpaMMHOTO obOecnedueHus FracPro. Pemenue
npobseMbl orpannyeHust BoicoThl TpeuHbl ['PI1 Ha MecTtopokaeHnn X ¢ mMOMOLIbIO
NPUMEHEHUS HU3KOBSI3KUX IeJiel MOKa3aJl HAWITYUIyO pe3ybTar.

Bce naHHble, MCNONB30BaHHBIE B UCCIIEAOBAHWU, ObUIM MOJY4YEHBl U3 IOJEBBIX
3aMKCeil, TOCTYIHBIX U3 MECTOPOXKICHUS X.

KaroueBble cjioBa: TUAPOpa3pblB  IUIacTa, WHTEHCUUKALUSA, (PEKHHT,
HedTeoTnava, TpemmHooOpa3oBanue, ClearFrac, mpomnmaHTbl, BBICOTa TPELIUHBI,
FracPro, orpann4enus BEICOTHI TPEIINHBI.



AHJIATIIA

MyHaiira KaHBIKKAH aWMaKTarbl TUAPABIMKAJBIK >KapBIKIIAKTBl YCTal TYPY
KE31H/IeT1 COTCI3IKTep KoOiHece OHIMHIH JKOFaphl CyJIaHybIHA, KYMBICTHIH MEp3IMiHEH
OypbIH TOKTATbUIybIHA OKE€Je/dl, Oyl >KYMBICTBIH OTENy YaKbIThIH, KOpJapAbl aiy
KO3 (UIMEHTIH *OHE TYyTacTail anfaHAa JaMyAblH SKOHOMMKANBIK MalJachlH KYPT
e3repTeni. KpIBBIFYIIBUIBIK alMarblHAH ThIC KEpAE ajblHFaH Cy JKargailbiHaa
npobyieMaHbl ey MyMKiH emec. byn perre Omepartop eHIIPUIETIH CyIbl Kojere
KapaTy KaKETTUIrHe, COHJali-aKk MyHail aFbIHBIHBIH TOMEHJEY NpoOjeMachlHa Tal
0onanpl. OchklFaH yKcac, ©HIAIPYIIl MYHalJaH >KOFapbl Ia3fa KaHbIKKAH KaOaTTarbl
CEpIILIIC KBI3BIFYIIBUIBIK aliMaFblHaH KOpJapibl ©HAIPYre A€ KUBIHIABIK TYIbIpaJbl.
CoHABIKTaH KONTEreH KOMIIAHWsIap YIUNIH TUAPABIMKANBIK ChIHY  KE3IHJE
(TuapaBIMKABIK ChIHY) JKApBIKIIAKTHIH OWIKTITIH IIEKTEY KepeK, Ka3ipri yakbITTa
MYH/JIall MOCEJIEH1 XUMHUSJIBIK pEareHTTEPIIH KOMETrIMEH LIEIIKEH TYPBhIC.

ApHaiibl XUMHSUTBIK peareHTTEP 11 KOJJaHy apKbUIbI THIPABINKAIBIK ChIHY KE31H]IE
KAPBIKIIAKTBIH OWIKTITH MIEKTEY MACEJECIH Ielly YIIiH KeH OpPHBbI TaHJaJabl.KeH
OPHBIH/IA TUIPABIMKAJBIK CBIHYMEH Oip yaKbITTa TOMEHT1 IYHKBIP ailMarblH OHACYIiH
KeHOIp TEXHOJIOTHSIAPhl KOJIIAHBUIILI, COHBIMEH KaTap TOMEHI1 JKOHE >KOFapFhl
Kabartapapl  nmepdopanusiay  koHe  OIpIKTIpy KOJAaHbULABL. byn  skymbicTa
KAPBIKIIAKTBIH OWIKTITIH IIEKTeYIH OapiblK HEri3rl OJICTepIHE TEPeH Tajjay
’Kacajaapl, THIPABIUKAIBIK CBIHY YVIOIH YHFBIMAHBI TaHJAy, COHBIMEH KaTap
YKAPBIKIIAKTBIH OMIKTITIHIH HET13T1 cUnaTTaMaliapblHa Tajijiay skacaitaasl. Hotwkecinae
KAPBIKIIAKTBIH OUWIKTITIH MICKTEYAIH €H OHTaWJbl 9/IiCi TOMEH TYTKBIp Trebiaepl
KoJ1aHy 0oJiasl. byt oficTi cansIcThIpy *)oHe FracPro 6armapiaMaibik xkacaKTaMachlH
KOJIZIaHa OTBIPHIN, THAPABIUKAIBIK CHIHY T€OMETPUSCHIHBIH KpUTEepUiisiepi OOWBIHIIA
Oaranay YIIH yII MOJENb Kacalabl. TOMEH TYTKBIP TENbl KOJJAaHy apKbUIbl X KEH
opubIHAaFbl ['PII >KapbIFbIHBIH OHIKTITIH IIEKTEY MOCENECIH IIENIy >KaKChl HOTHXKE
KOPCETTI.

3eprreyae naiianaHbUiFaH OapiblK MAJIIMETTEP X KEH OpHbIHAH aJIbIHFaH JaJajibIK,
*az0anap/iaH ajJbIH]IbI.

Tyiiinai ce3aep: ruapaBIuKaIbIK ChIHY, KAPKBIHABUIBIK, (GPEKUHT, MYHAil IIBIFapy,
kpekunr, ClearFrac, nmponmantrap, *apbIKIIakTelH OuikTiri, FracPro, >kappIKiakTbig
OMIKTIT1H HIEKTEY
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INTRODUCTION
1.1 Hydraulic fracturing

Hydraulic fracturing is one of the methods of intensifying the operation of oil and
gas wells and increasing the attenuation of pumping wells. Widely used by oil and gas
companies because of high profitability. The hydraulic fracturing method is that cracks
are created in a productive reservoir at great depths, facilitating the pathway into the
reservoir of water pumped into the pumping wells, or facilitating the flow of oil from
the reservoir to operational wells.

When pumped into the well of a working liquid at high speed on it ret off creates
high pressure. If it exceeds the horizontal component of mountain pressure, a vertical
crack is formed. In case of excess of mountain pressure, a horizontal crack is formed.
The network of created cracks improves hydraulic conduction of the rock of the reservoir
and increases the drainage area of the well. This method leads to an intensification of
the production of reserves, respectively, to achieve a higher final oil recovery and
increase efficiency.

As a result, hydraulic fracturing multiplies the debit of extractive or receiving
pumping wells by reducing hydraulic resistance in the filtration zone and increasing the
filtration surface of the well, as well as increasing the final oil output by incorporating
into the production of poorly drained zones and formation.

1.1.1. Crack height

The height of the crack is determined by the behavior of the crack, which means the
analysis of the rupture pressure, and the design of hydraulic fracturing. As seen in the
rechunk 1, the length of the crack is almost inversely proportional to the total height of
the crack Hr. The length of the crack, and with it the expected increase in productivity
is directly dependent on the height of the crack, the undesirable growth of which can
cause a crack to penetrate the aquifer or gas cap and radically change the performance
of the well.
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When viewed in Figure 2 illustrates the basic principle of determining the height of
the crack - the crack grows, choosing the path of the least resistance.
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1.2 Objectives of the study

The effectiveness of hydraulic fracturing depends on the geometry and conductivity
of the crack created. These factors, in turn, depend on the characteristics of the materials
used: hydraulic fracturing fluids and fixing agents (proppant). Failures in containing
hydraulic fissures in the oil-saturated area often led to high watering, premature
shutdowns, which dramatically changes the payback time, the recovery rate and the
overall economic benefit in development. If the height of the crack is edified, the
problem is unlikely to be fixed. Many oil and service companies have tried to use various
technologies to prevent cracks from breaking through and limiting their vertical growth.
Most of these attempts did not bring success. Therefore, the relevance of this problem
in the world experience has extensive literature. The main goals of the work were:

1) To study all possible parameters affecting the height of the crack during
hydraulic fracturing,

2) Analysis of the world's experiments limiting the height of cracks during
hydraulic fracturing using the use of special chemical reagents.

3) Analysis of the suitable variant for the X field and analysis of hydraulic
fracturing carried out with a limitation of the height of the crack in this field in
order to select a well for the operation.

4) Calculation on the appropriate option for the optimal hydraulic fracturing with
a height limit to design on FracPro software, which included models of
mechanical and filtration properties of reservoirs, models of fracking, graphics
of injection of liquids and proppant, a list of necessary equipment, chemical
reagents, expected pressures, processing requirements, calculation of the
growths of debits after hydraulic fracturing and description of the entire model.

5) Economic and environmental calculation of the alternative of optimal hydraulic
fracturing with a limit on the height of the crack.

6) Recommend a detailed hydraulic fracturing with a limit on the height of the
crack on the outcome of the entire project.

1.3 General information about the X field

In this work, it should be noted that the successful implementation of hydraulic
fracturing at wells largely depends on the reliability of the information on the wells. The
economy of the Territory is entirely focused on the oil industry and geological
exploration. The agricultural sector is poorly developed and its development is hindered
by the lack of land suitable for agricultural production and the complete lack of
permanent sources of high-quality water resources. The climate of the area is sharply
continental, with dry hot summers and little snow, cold winters. The vegetation cover is
poor and characteristic of the semi-desert zone. There is no hydrographic network.

1.3.1 Geological structure of the deposit. Triassic system-T.

The roof of the triassic is marked by the appearance of moderately reddish-brown
massive argillites at the top of this pack. The Triassic complex consists of often passing
and passing into each other argillites, sandstones, less often limestone. Argillites are
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usually reddish-brown and light greenish-gray, occasionally very light gray and pale
brownish. They are from soft to solid, dispersed, amorphous, sub-cutting, sometimes
carbonic, from non-lime to slightly lime. Limestones from dirty white to very light gray,
from soft to strong and dispersal. Limestones are different: from vacchi to grainy, sandy
and turning into sandstone. Sandstones from light greenish-gray to light gray, look
speckled. The breed is presented from poorly to moderately cemented, usually from fine
- to coarse-grained and poorly sorted. Sand grains are usually sub-coaled to subrogated
and from sub spheric to sub-length. The sandstones are grainy with lime-rich aleurite
cement. Visible porosity is usually from bad to good and sometimes good. Sandstones
mainly consist of quartz, lit clasts, pyrite, mica, glauconites and chlorite.

1.3.2 Characteristics of the thickness, reservoir properties of productive
horizons and their heterogeneity.

The results of field-geophysical and hydrodynamic studies of wells, as well as
laboratory studies of core samples, were used to determine the characteristics of
thicknesses, collection properties of productive horizons and their heterogeneity. To
determine the nature of the behavior of breed-collectors conducted a statistical analysis
of effective thicknesses on neo-comical, Jurassic and Triassic productive horizons.
Lithological productive layers are represented by alternating sandstones, clay aleurites
and argillites. Collectors are mainly thin- and fine-grained clay sandstones, aleurites, to
varying degrees cemented, aleurites, with layers of brick-red clays.

1.3.3 Analysis of the results of the core study.

For Triassic deposits, the core selection is 825.5 m, the core is taken out 514.06 m
or 62.27% of the pass. The total passage of Triassic productive horizons (T-I, T-II, T-
III, T-IV, T-V) is 456.78 m, core take-out is 292.2 m or 63.97% of the pass. The number
of samples analyzed in The Triassic sediments is 350 samples, including 275 in
productive horizons, 170 of which are air-conditioned samples.

1.3.4 The results of the analysis of geophysical studies of wells.

Species and volumes of GIS in a closed barrel. Definitions of the technical condition
of the well and the study of the current oil saturation of the reservoirs were carried out
in the following combination of modules: gamma logging, thermometry, gauge,
barometric, magnetic detector, pulsed neutron logs, acoustic cement bond logging.

The condition of the cement stone clutch with the column and rock was assessed
according to the acoustic cemetery of the acoustic cement bond logging. In order to
determine the current oil saturation of the reservoir, in wells were measured pulsed
neutron logs. Below are the lithological and capacitive filtration characteristics of
productive horizons.

1) Horizon T-1V. According to the GIS, the porosity in the oil part of the horizon
varies from 0.16 to 0.33 shares of units, on average 0.23 shares units, in the gas
part from 0.18 to 0.31 shares units, on average 0.24 shares of oil saturation
fluctuates in the range of 0.44+0.82 shares of units, 0.45+0.79 shares of core
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porosity vary from 0.15 to 0.29 units, permeability - 0.0075-0.390 mkm?, on
average, 0.24 units and 0.109 mkm? respectively.

2) Horizon T-V. According to fishing and geophysical studies presented by collectors
with porosity in the oil part on average 0.22 shares of units and varying within
0.13-0.33 shares of units, in the gas part with an average value of 0.19 shares and
varying in the interval of 0.17-0.22 shares of the ed. For 51 conditioned core
samples, porosity ranges from 0.15 to 0.34 units, permeability - 0.0012-0.679
microns?, on average amounting to 0.218 shares and units. According to the 23
wells (37 definitions), the permeability varies from 0.00006 to 0.091 mkm? with
an average of 0.020 mkm?.

1.3.5 Qil properties in reservoir conditions.

On Triassic horizons T-I, T-1III, T-IV, T-V the structure is divided into blocks, the
characteristics of the plastic fluid of which differ. In particular, on the III block on the
horizons of T-I-T-1V there is a gas cap, while on the rest of the oil deposits are presented
as purely oil. At the same time, the bulk of deep samples were taken from oil deposits.
By analyzing the measured parameters for samples, it can be established that some deep
samples from wells NeNe 61,64,73,76 were measured abnormal values of parameters of
reservoir oil.

According to the new recombined samples, the measured parameters of the oil are
located in the previously accepted range of representative depth samples. The data have
a correlation, regardless of belonging to a particular formation or area, which gives the
basis for the adoption of uniform parameters of oil for the Triassic horizons.

As part of the current project, when adopting a block structure for oil deposits, the
parameters of oil are accepted based on the results of the studies of representative deep
samples. It should be noted that when building a hydrodynamic model of the deposit on
deposits with a gas cap (block III) took into account the phase state to the level of gas
and oil contact with a saturated state of the reservoir fluid.

1.3.6 IV operational facilities.

As of the date of the project for the IV object, the actual accumulated production
amounted to 1360.6 thousand tons of oil, 2212.9 thousand tons of liquid, 102.8 million
m3 of associated gas, the accumulated injection reached 885.5 thousand m3 of water,
with project accumulated volumes: 1354.3 thousand tons of oil, 2260.6 thousand tons of
liquid, 143.5 million cubic meters of gas, pumping 896.2 thousand m3 of working agent.
In 2018, 27.5 thousand tons were produced at the projected value of oil production. The
actual well fund was 20 units, which is lower than the project fund by 2 units of oil debit
below the project and is 3.0t/day at the project 4.1 tons per day. For 2019, 35.4 thousand
tons were mined, with a projected 29.5 thousand tons. There is an excess of the actual
level of oil production from the project. The current oil recovery factor is 0.339 shares,
against the project 0.337 shares units. Inventory yield was 83.1% at a projected 82.7%.

1.4 Available data on hydraulic fracturing
According to the production plan of Field X in 2019-2021, it was planned to conduct

hydraulic fracturing at 6 production wells with an efficiency of 5 t / day, the plan for
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accumulated additional production of 7.2 thousand tons. As of 01.04.2021, 6 hydraulic
fracturing was carried out according to the plan with an efficiency of 9.57 t/day, the
accumulated additional production was 20.4 thousand tons.

For the period of 2018-2019, one of the first hydraulic fracturing operations was carried
out at two production wells Ne 104 and 136 for the first time at field X in order to
intensify the flow of liquid to the well. The choice of the hydraulic fracturing method
was determined by the low production rates of these wells, the low permeability of the
Triassic horizons, and the extensive experience of hydraulic fracturing in similar fields.

As a result of the work carried out, the increase in oil flow rate for each well
averaged 12.7 t/day, while for the period of 90 days after hydraulic fracturing, the
average increase was 25.5 t/day. Additional oil production as of 20.08.2020 amounted
to 12.3 thousand tons. Wells Ne 104 and 136 were selected for hydraulic fracturing as a
result of a preliminary expert assessment of each well from the technical, technological
and geological-field positions. For each well, the optimal fracturing technology was
selected and designs were designed using FracPro software, which included models of
the mechanical and filtration properties of the formations, models of fracturing
fractures, schedules for pumping liquids and proppant, a list of necessary equipment,
chemical reagents, expected pressures, processing requirements, and calculation of
flow rates after fracturing.

On 29.11.2018, hydraulic fracturing was carried out at the T-V horizon at the
perforation intervals of 1318-1322, 1325-1327 m, the interval of 1327-1340 m was
isolated by filling with proppant in order to limit the development of the crack in height.
In accordance with the approved design, 15 tons of 16/20 fraction proppant and 80 m3
of hydraulic fracturing fluid were injected. The proppant volume of 15 tons was chosen
as the optimal and safe option, since there was a risk of crack development in water-
saturated intervals below the depth of 1345 m. Figure 3 shows the profile of the fracture
modeled in the FracPro software based on the actual data of the hydraulic fracturing
performed. According to the simulation results, the crack development in the water-
saturated intervals did not occur.

On 09.02.2019, hydraulic fracturing was carried out at well Ne 104 on the T-III and
T-1V horizons in the perforation intervals of 1276-1281, 1286-1296 m. In accordance
with the approved design, 40 tons of 16/20 fraction proppant and 120 m3 of hydraulic
fracturing fluid were injected. There was no risk of a crack developing in the water-
saturated intervals, so based on the effective oil-saturated capacity of the reservoirs, a
tonnage of 40 tons was chosen as the optimal volume. Figure 4 shows the profile of the
fracture modeled in the FracPro software based on the actual data of the hydraulic
fracturing performed.

Wells Ne 104 and Ne 136 were among the first wells on the X field to conduct
hydraulic fracturing. Further, during the period of 2020-2021, one of the first hydraulic
fracturing operations was carried out at four production wells No 102, No 144, No 91 and
Ne 121 at field X in order to intensify the flow of liquid to the well. The choice of the
hydraulic fracturing method was determined by the low production rates of these wells,
the low permeability of the Triassic horizons, and the extensive experience of hydraulic
fracturing in similar fields.
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Figure 4 - Actual fracture profile of hydraulic fracturing at well Ne 104

6 wells worked an average of 59 days after hydraulic fracturing, of which 4 achieved
the planned increase, 2 wells due to low pressure. Table 1 provides information on the
effectiveness of hydraulic fracturing as of 01.03.2021.

1.4.1 Analysis of the reasons for the failure to achieve or lack of effect after
hydraulic fracturing (wells Ne 91 and Ne 144)

Well Ne91 was commissioned on .c 30, 2007.c on the T-IV horizon. Prior to the
hydraulic fracturing, the well was operated with the following indicators: 8.4 m3/day
liquid debit, 3 t/day oil debit, 55% watering. The hydraulic fracturing was carried out on
23.10.2020 in perforation intervals 1308.5-1311.5,1317.5-1328 m of the T-IV horizon.
30 tons of proppant were pumped according to the design. The well was launched on
17.01.2021. As of 01.03.2021. worked 72 days with the following indicators: 25.45
m3/day liquid debit, 8.83 tons/day oil debit, 56.49% flooding. The increase in oil debit
was 4.61 tons per day, thus the planned increase of 5 tons per day was not achieved.
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Table 1 - Analysis of the efficiency of hydraulic fracturing performed as of 01.03.2021

Acc.
Average performance Average performance Average figures for the
before HF after HF Park growth, t/ day month (March 2021) :i::i‘
Launch Time Reason
Ne Well date after | worked, Wat Wat Wat for non-
HF day Qp ater | q,, Qp ater | q,, . % of Qp ater Q, Park ach.
3 cut, 3 cut, Plan Fact Difference . 3 cut,
m’ /day % t/day | m’/day % t/day achievement | , /day % t/day street, t
1 136 | 03.01.2019 855 2,07 5,71 1,58 20,86 14,82 14,4 12,82 7,82 256,4 24,71 22,1 15,28 10233,18 -
2 104 | 10.03.2019 819 2,65 12,76 1,83 16,06 36,56 8,66 6,83 1,83 136,6 14,51 67,3 3,76 5226,49 -
3 102 | 14.10.2020 166 5,94 8,08 4,26 27,7 16,37 18,5 14,24 9,24 2848 21,73 22,87 13,31 2264,69 -
4 144 | 31.10.2020 143 9,5 18,04 6,13 17,28 23,37 | 10,28 4,15 -0,85 83 21,14 19,14 13,54 685,04 Low Pr
5 91 17.01.2021 72 12,92 58,75 4,22 25,45 56,49 8,83 4,61 -0,39 92,2 31,66 55,2 11,27 609,88 Low Pr
6 121 | 20.01.2021 68 8,08 36,55 4,03 36,01 33,88 | 18,82 14,79 9,79 295,8 33,68 19,45 21,53 1388,28 -
Total 353,83 6,86 23,32 | 3,675 23,89 30,25 | 13,25 9,57 4,57 191,5 24,57 34,34 13,12 20407,56
Intervention Indicator Plan | Fact Difference %
Quantity 6 6 0 100
. Average growth, t /day 5 9,57 4,57 191,40
Hydraulic
fracturin, iti i
€ | Additional production, 72 204 132 283.33
thousand tons
Average time worked, day 150 353,8 203,8 235,87
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Well Ne 144 was put into operation on 30.09.2020 by the fountain method on the T-
IV horizon. Prior to hydraulic fracturing, the well was operated with the following
indicators: liquid flow rate of 9.5 m3/day, oil flow rate of 6.13 t/day, water cut of
18.04%. Hydraulic fracturing was carried out on 23.10.2020 in the perforation intervals
of 1256.3-1260, 1263.7-1265 m of the T-IV horizon. 30 tons of proppant were pumped
according to the design.

The well was put into operation on 31.10.2020. As of 01.03.2021, it worked for 143
days with the following indicators: liquid flow rate of 17.28 m3/day, oil flow rate of
10.28 t/day, water cut of 23.37%. The increase in oil production was 4.15 t / day, so the
planned increase of 5 t / day was not achieved.

The probable reason for the failure to achieve the planned effect in both wells is the
reduced reservoir pressure in the area of the well location, in the vicinity of wells Ne 144
and Ne 91-this is well Ne 63. At well Ne 91, the pressure transient test study in December
2018 established the reservoir pressure at 82 atm. In October, 2020, a study of the
buildup test was conducted, according to the results of which the P; is about 80 atm. In
order to clarify the current P,, it is recommended to conduct additional well testing for
wells Ne 144, 91 and 63.

1.4.2 Analysis of the causes of complications during hydraulic fracturing

As of 01.03.2020, 6 hydraulic fracturing operations were carried out at fields X,
while no complications were received that would lead to a premature stop when the
emergency “STOP” pump shutdown pressure was reached. However, only in 2 cases
out of 6, the proppant was fully loaded according to the design. In 2 cases, there were
failures in the operation of the equipment, which led to the fact that from 1 to 3 tons of
proppant were not pumped out. Of these, in 1 case, the main cause was failures in the
operation of the blender level gauge, in 1 case, failures in the operation of the proppant
counters.

In the case of well Ne 121, 9 out of 10 tons of proppant were pumped due to a
malfunction of the blender level gauge, as a result, 1 ton of proppant was not pumped.
The tubing was lifted, and one pump-compressor pipe with a shank and a packer
remained in the well. In the case of well Ne 91, 37 out of 40 tons of proppant were
pumped due to a failure in the operation of the proppant meters, as a result, 3 tons of
proppant were not pumped. This is a common cause of many complications. As a result
of the resulting complications, with the total planned volume of injected proppant of 156
tons for all 6 wells, 152 tons of proppant were actually injected into the formations,
which is 97.44%. According to the Hydraulic Fracturing Regulations of JSC NC
"KazMunayGas", when more than 90% of the proppant is injected into the formation,
the work can be considered completed successfully.
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Table 2 - Information on getting complications during hydraulic fracturing

Date of Planned Pumped from Pumped % of proppant in
Ne | Well hydraulic volume of p into the ° 01 propp . Note on complications
. the surface, t . the formation
fracturing proppant, t reservoir, t
1 136 29.11.2018 15 15 15 100 Completed. Proppant uploaded in full
2 104 09.12.2019 40 40 40 100 Completed. Proppant uploaded in full
Completed. 9 out of 10 tons of proppant were pumped due
3 121 03.10.2020 10 9 9 90 to a malfunction of the blender level gauge, as a .resu.lt, 1
ton of proppant was not pumped. The tubing string is raised,
1 tubing string+packer+shank is left in the well.
4 102 05.10.2020 21 21 21 100 Completed. Proppant uploaded in full
5 144 23.10.2020 30 30 30 100 Completed. Proppant uploaded in full
Completed. 37 out of 40 tons of proppant were pumped due
6 91 28.12.2020 40 37 37 92,5 to a failure in the operation of the proppant counters, as a
result, 3 tons of proppant were under-pumped.
Total: 156 152 152
97,44
Average data for 1 well: 26 19,2 19,2

Prior to the main hydraulic fracturing, "bucket" tests of liquid and dry chemical feed pumps were performed at each well, which
showed the complete serviceability of the equipment used. During the work, in case of failures of the proppant and chemical reagent
supply meters, the specialists of the AF KMGI carried out control physical measurements, which showed that the chemical reagents
and proppants were supplied with the planned concentration without deviations. Periodic sampling showed that the quality of the
hydraulic fracturing fluid met the requirements. Table 2 provides information on obtaining complications during hydraulic

fracturing for each well.
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METHODOLOGY

2.1 World experience

Many companies use various technologies to prevent cracks from breaking into the
unproductive zone and limit their vertical growth. Figure 5 shows a comparison of the
development of the crack geometry according to the standard technology and according
to the technology of limiting the growth of the crack in height. Let's consider several
such methods:

1. The artificial wedge method (J-FRAC). Schlumberger's technology for controlling
vertical crack growth. The technology is applied before the main hydraulic fracturing
and uses selective injection of artificial barriers, as well as special fluid systems and
injection schedules. The innovations are aimed at retaining the hydraulic fracturing
crack inside the productive formation. This material is a mixture of a certain size of solid
particles-selected in a special ratio for perfect packaging and minimal permeability.

The J-FRAC injection sequence consists of placing the J-FRAC mixture between
the buffer stage and the proppant stages of the main work — with a small concentration
of ~ 120 KgPA (~1kg/m3), then the planned hydraulic fracturing work is pumped. The
purpose of the large particles in the mixture is to create a mechanical bridge on the clay
barriers, and the two smaller fractions of the particles are used to eliminate leaks through
the large ones. Without the fine particles, the fluid would pass through the large particles
and continue to develop the crack in the vertical direction, creating a "closing zone",
which leads to the hydraulic fracturing fluid breaking out of the zone of interest and
often to an immediate stop of work ("stop"). As a rule, the consequences of this are the
undesirable geometry of the crack, the well flow rate is lower than planned, additional
costs for the work on the hydraulic fracturing zone and the need for repeated fracturing
on the reservoir.

2. Low-viscosity gels (ClearFRAC) - allows you to limit the effective pressure of the
crack with low-viscosity liquids; when compared with FiberFRAC, it uses under-
crosslinked gel and other low-polymer liquids to limit the height of the crack. Hydraulic
Fracturing Fluids Low-viscosity polymer-free gels have been developed specifically for
wells that require additional backflow energy and the hydrostatic benefits of hydraulic
sandstone with liquid CO..

Since the liquids are Low-viscosity gels designed in such a way as to avoid damage
to the proppant package, crack production occurs unhindered. Even at low viscosities,
the elastic properties of ClearFRAC fluids make them highly efficient when transporting
proppant. The result is the ability to change the viscosity to better control the crack
geometry without compromising transportability.

3. Proppant tonnage limitation is one of the main methods of limiting the crack
height in practical applications. The method is to limit the oriented tonnage of the
proppant to the minimum component that was calculated so as not to break the reservoir
layer. This allows you to limit the effective height of the crack during hydraulic
fracturing, but you need to understand that this is not economically feasible. Since
during this method, the crack created will not only be limited in height, but also the
distance of the length will be small. If the energy of the well formation is good, then
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limiting the tonnage of the proppant is not the best method for limiting the height of the
crack.

4. Changing the fluid flow rate helps to effectively limit the height of the crack,
which is also one of the practical methods in the field of hydraulic fracturing. Flow rate
is the volume of liquid flowing through the cross-section of the flow per unit of time.
This means that if its performance is reduced, the reservoir will be filled with liquid
slowly and thus will help it to grow more easily in length.

5. Hydraulic fracturing fluids with the use of fibers (FiberFFRAC). FiberFRAC
technology consists in adding special self-destructing fibers to the hydraulic fracturing
fluid, which create a reinforcing mesh inside the working fluid with the proppant,
mechanically helping to hold and transfer the proppant in a suspended state during the
operation. After the crack is closed and the well is started, the fibers are dissolved under
the influence of the formation fluid and temperature. The time of dissolution depends
on the reservoir temperature: for the conditions of the reservoir of the field, it is about
10 days. The decomposition products are carried out of the crack by the liquid flow.

Increasing the conductivity of the proppant pack is one of the most important tasks
in hydraulic fracturing, as it affects the productivity of the well. The technology of
hydraulic fracturing with the use of fibers solves this problem with the help of two
mechanisms. The first is that FiberFRAC creates the possibility of reducing the loading
of the gelatin agent due to the better ability to transfer the proppant at a reduced
viscosity. A lower polymer concentration means less residual contamination of the
proppant pack and greater residual conductivity compared to classical hydraulic
fracturing. The second mechanism is the use of self-destructing fibers. Under the
influence of reservoir temperature after hydraulic fracturing, they completely
decompose in the crack. The technology was tested in 2010 at 12 new wells in the
Urnenskoye field. Hydraulic fracturing was carried out in wells that opened the
formation with the worst filtration and capacitance properties.

7. Limitations of the perforation interval. The perforation intervals are scheduled by
the geological service of the oil and gas production department within a day after
receiving the materials of the geophysical studies of the actual section of this well. Of
course, the perforation interval and its density should be carefully justified. Therefore,
all wells have a refined perforation height and when we want to limit it, we must show
that the expected crack can break out into the aquifer. With the restriction, the fracture
of the hydraulic fracturing may not reach the water-saturated reservoir, since its lower
depth will be closed. There are two ways to do this: 1) We fill up from the bottom to the
middle of the hole perforation with proppant; 2) We use an in-line packer.

8. Hybrid hydraulic fracturing. For hybrid hydraulic fracturing, specially selected
combinations of various process fluids are used. As a result, a network of cracks is
formed, resembling a spider web. Their length can reach 500 meters, which allows you
to cover a larger volume of the reservoir. Hybrid hydraulic fracturing is a relatively new
technology and is a combination of several fracturing techniques. The term "hybrid"
itself has been used to describe various stimulation fluid systems consisting of
combinations of "slip water", linear and crosslinked gels, foams, and others, for
example: "slip water" + gel, foam + gel, CO, + gel, and so on.
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Figure 5. Comparison of hydraulic fracturing development in the application of
various technologies
2.2 Analysis of these experiments

Modern methods of limiting the vertical height of the crack have their own
interesting technologies. The crack height mainly depends on the stress ratio in the
formation — more precisely, on the difference in the stress value in different lithological
formations. More formally, in all these methods, the crack height is controlled by the
ratio of the effective pressure in the crack and the difference in minimum stresses
between the barrier and the formation. They all differ in some properties. For clarity, all
these methods need to be analyzed using 5 criteria: 1. Relevance (importance,
modernity), 2. Novelty (unusual), 3. Financial and economic justification (profitability),
4. The possibility of practical implementation (in production), 5. Practical results (for
deposits in Kazakhstan). Table 3 provides information on a detailed analysis of crack
restriction methods.

2.3 Analysis of the appropriate option and recommendations

The feasibility of hydraulic fracturing primarily depends on the overall condition
and efficiency of the field development system. The condition for achieving the
maximum effect of hydraulic fracturing is the reasonable selection of a specific well. In
these methods we can observe that the first 5 have very good average estimates and |
think they are all suitable for hydraulic fracturing in the field X.

In this work, we will focus on solving the problem of limiting the height of the crack
during hydraulic fracturing by using special chemical reagents. A good option would be
to use a hydraulic fracturing Fluid using fibers (FiberFRAC), but this method is not
suitable for field X. This method is used when the reservoir temperature is above 60°C,
the temperature indicators of the deposit X are equal to 43°C. Therefore, it is reasonable
to apply the ClearFRAC method and compare it with the base model and with the
proppant tonnage restriction model. As a result, we compare all 3 models and analyze
the best option.
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Table 3 - Detailed analysis of crack restriction methods

Score on a 10 scale (where 10 is good, 1 is very bad) Comment
Financial and | Possibilityof | . |Average| =~
Ne Method Relevance | Novelty [ economic practical rating . Strengths Weaknesses Threats Technology
s . . . results opening
Jjustification implementation
Does not
. . . Difficulty in Combinations of various
Hybrid hydraul . . . .
1 ybrid . rautic 10 8 10 10 10 9,6 2005 require calculating the Stop Risk [ process fluids (lin. +
fracturing additional costs, . . .
required buffer size cross-linked gel)
Easy to use
Placing the mixture
Artificial Wedge Efficiency, Requires additional . . |between the buffer stage
2
Method (J-FRAC) 9 9 9 9 8 8,8 2007 Ease of use costs Stop Risk with a small
concentration
Min. Insufficient Use vi lasti
Low-viscosity gel taminati Kknowl £ ' se viscoelastic
3 Ow-viscosity gels 10 10 8 8 8 8,8 2007 contamination now edge N Stop Risk | hydraulic fracturing
(ClearFRAC) of the proppant rheological . .
. . fluids (synthetic gels)
packing properties
Hydraulic Requires additional Addlng Specia] self-
fracturing fluids High residual information. costs, . .| destructing fibers to the
using fibers 9 10 7 8 8 8,4 2007 conductivity Limited application Stop Risk hydraulic fracturing
(FiberFRAC) (at Tpl >60°C) fluid
Min. Complex production .
5 Lightweight 10 8 8 8 8 8.4 2007 contamination | of propane, Requires | ¢ = o. ngtht pro;;pant gllowi
propane ’ of the proppant additional p youtouse 21\: “viscosity
packing equipment. costs, g
Limitations of the . . L . Restriction with a
6 perforation 9 5 8 10 9 8,2 1990 Efficiency, Requires additional Techmcal packer or proppant
. Ease of use costs risks .
interval filling
- . . Reduced constant fluid
Liquid flow rate Slight effect on Technical . .
7
measurement 8 5 10 10 8 8.2 1980 Easy to use height risks flow during hydraulic
fracturing
Proppant tonnage Reducing the . . Technical ..
8
limits 8 5 10 10 8 8,2 1980 cost of work Suboptimal design risks | Proppant tonnage limit
Total 9,13 7,50 8,75 9,13 8,38 8,58
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MAIN PART
3.1 Crack Height Options

It is often difficult to give accurate quantitative calculations of the crack height, but
it is possible to list the known key factors that control the height: The difference in
closing stresses, the reservoir thickness, the” Pressure " of the rupture, the ratio of
modules, the discharge of the layer plane (Possibly only at a small depth of occurrence),
the plasticity of the rock, the stress/ pressure gradients of the liquid, the difference in
strength (crack resistance). They should be taken into account when analyzing the
minimum conditions for the growth of the crack height:

1) Lithological changes-since changes in closing stresses, changes in modulus or
strength (i.e., crack resistance) are usually associated with changes in the
composition of the rock;

2) Reduction of pore pressure-since a decrease in reservoir pressure will lead to a
decrease in rock stress;

3) The thickness of the formation — since the adjacent bridging layers must be
sufficiently powerful; and, finally,

4) Burst pressure-due to the tendency of the crack to grow out of the zone, the
high treatment pressure is due to the crack closing stress, rock properties, or
thickness.

Dependence on the closing stress.

The dominant height parameter is the change in the closing stresses from zone to
zone. Such changes are usually associated with changes in lithology or pore pressure.
Figure 6 illustrates a case where a large stress difference was present in two different
zones — the well logging data after hydraulic fracturing showed excellent height
retention within the low-stress formation. The same diagram shows another case,
without significant differences in stresses despite the change in lithology. Note that the
height of the crack is not limited to the limits of the productive zone. Thus, lithological
changes are a necessary, but not sufficient condition for changes in the closing stress-
such changes that usually affect the growth of the crack height (the stress differences
in Figure 6 give a gradient of 0.15 psi / ft, and 0.20 psi/ft is the approximate absolute
possible maximum of the stress difference).

The dependence of the crack height on layers with different closing stresses is
illustrated by the following example. Figure 7a shows a perfect example of sandstone,
bounded above and below by powerful clays with higher stress. Formed in the
sandstone, the crack quickly takes the shape of a round coin, as in the area " A " Figure
7b. With further injection, the crack increases in length, since clay layers with high
stress serve as a barrier to the vertical growth of the crack. The effective hydraulic
fracturing pressure (Pnet = dynamic Pgownn - ocl) will increase in the "B" section in
Figure 7, as the viscous fluid flow has to fill the increasingly increasing length of the
crack. As the Pxet (Pefr) increases, the crack grows in height according to the pressure-
height ratio in Figure 7a. For an ideal geometry with two stresses of three layers Figure
7a, this ratio will be.
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Thus, as the crack length increases, the Pne increases, and the crack height will
increase until the effective Pxe pressure is 75-80% of the stress difference-point "C" in
Figure 7. Exceeding this pressure leads to a significant increase in the crack height and
a slowdown in the rate of length increase, or to its termination, in Figure 7"D". When
the Pnet reaches this level, there is an uncontrolled increase in the height of the crack
outside the zone, and subsequent increases in injection volumes lead to significant
uneconomical costs.

For the case under consideration, assume that the stress difference between
sandstone and clay rocks is 1,000 psi. Then, for the moment "A", the effective pressure
1S Pnet = 500 psi (or Pxe/Acgcr = 0.5). In this case, the height will increase by 20% of
the "base" height — by 10% up and 10% down, as shown. As the injection continues,
the crack length increases, and the pressure continues to increase until "B". Py can be
700 psi (PxeAocr = 0.7). This effectively doubles the height: 50% of the power of the
main zone up and 50% down. There is clearly an excessive height increase, which in
total exceeds the capacity of the productive interval by two times. However, the main
height increase is observed near the borehole, and in addition, the crack width in the
above and below clay layers is very small. In this regard, the main injected fluid enters
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the" main " part of the crack, and from the point of view of the material balance (and
the design of the hydraulic fracturing), the described case is still an example of a good
localization of the crack height!

Finally, after continued injection, the crack grows to the point "D". At this point,
the Pnet can reach 800 psi (Pne/Aocr = 0.8), and the crack height increases three times
— up by the thickness of the productive zone and down by the same amount. More
importantly, the pressure / height ratio is equalized, and an additional extensive height
increase will be observed even with a very small increase in Pne. In addition, the crack
geometry undergoes fundamental changes. Now the crack is turning into a radial one "
“with a nose”!

In order to calculate whether the height will be localized within the zone, you need
to have some idea of the stresses of the layers that cause the crack to close. If the voltage
difference is 500-600 psi, then an uncontrolled height increase will occur at an effective
hydraulic fracturing pressure of about 450 psi. If such a low effective pressure does not
ensure the creation of the design length, then it is necessary to design a design that
takes into account the significant increase in height. In other cases, with large values
of the stress difference, at 1,000 psi, as described above, it is possible to create almost
any length of the crack until the" significant " height increases (taking into account that
the height of the crack can easily double without being considered "significant").

The effect of hydraulic fracturing and reservoirpower.

The power of the reservoir has an effect on the height of the crack in two main
ways. First, the power of the productive interval determines the effective pressure of
hydraulic fracturing (assuming the absence of significant height growth), hence the
power is determined by the strength of the barrier limiting the height growth. In
addition, the adjacent layers should be powerful enough to prevent the development of
crack height.

\ ] { — Influence Productive zone power
% 3,000 NG| E=6x10°psi g::g&.:m I illustrated by figure 8 where the
% 2,000 | - \\\‘- i )(zf=_ 07.gg1ﬂftl\lmin |  effective pressure needed to create a
% . N\ - 700 length is given feet (half-length
® ‘—\ o, crack) at different crack height (and
o s00l4 e AN module values). Obviously, a "limit
g 300 E=t0pst | ™., / \'-. degree" sufficient to hold a crack at a
£ 200 | 6 / \\\‘ 200-fqot interval. Would not prevent
& E=X4X1° sz' the height from rising beyond the 50-
20 30 50 00200 300 foot reservoir. There is also a focus on

Fracture Height, H(ft) very high pressures in areas with low

thicker within less than 20 to 25 feet.
It is almost impossible to limit such
pressures, and it is not possible to maintain height within such small intervals (except
in the case of rocks with very low modules, which are often found in hydraulic
fracturing with the installation of a mesh filter - "frac packs»). While the height of the
crack has a major effect on effective pressure, other variables, such as the module, fluid

Figure 8 - Dependence of Py on the general
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viscosity and, in some cases, rock strength, can also determine the required pressure of
hydraulic fracturing. In general, whatever parameters are controlled by effective
pressure, the higher the pressure, the greater the limitation is required to localize the
gap, respectively, and the probability of rising beyond the productive zone is much
higher.

The thickness of the adjacent layers plays an important role, since the final
thickness of the adjacent layers is necessary for the rational retention of the crack
within the productive zone. If we take the extreme case, based on the fact that a 5-foot
clay interval is not able to limit a crack in the sandstone with a thickness of 50 feet,
then, compared to the sandstone, it is quite obvious that the thickness of the clays is
not significant. However, outside of such extreme cases, it is difficult to conclude how
powerful the adjacent reservoir should be. One practical rule is that the thickness of the
adjacent layers should not be less than the thickness of the productive layer. However,
this largely depends on the absolute value of the capacity of the productive zone, the
difference in the stresses of the productive formation and neighboring layers, as well
as on the properties of the rocks, as a module. For each specific case, it is necessary to
perform calculations.

Figure 8 shows the height of the crack for the ideal case with infinite adjacent
layers. However, such situations are rare. In general, the thickness of the formation,
along with the stress difference, determines the permissible hydraulic fracturing
pressure (and, consequently, the permissible crack length) until a significant transverse
crack growth occurs. This is clearly shown in the example in Figure 9. with more
layered deposits. Compared to the previously discussed simple 3-layer geology, in this
case, the simple pressure / crack height equations are no longer applicable. However,
the order of analysis is similar, and the pressure / height relationship can be constructed,
as shown in Figure 9a. Figure 7b shows the crack growth. Again, as soon as a crack is
formed, it quickly takes on a radial geometry, as we considered in the case of "A".

Then the crack length begins to increase, as the thin clay bridge acts as a barrier for
a short period of time, the crack geometry reaches the moment "B" and "C". At the
moment "C", the crack penetrates through the clay bridge, into the upper-lying
sandstone with less stress. At this point, the treatment pressure may decrease as the
crack penetrates into a new preferred low-stress zone, in fact, it is possible to reduce
the crack length, as in the "D" moment. Due to this decrease in pressure, it is possible
to reverse the flow of liquid into the barrel, with the probability of causing a premature
"stop".

The impact of module relationships on height growth.

In general, the actual pressure of hydraulic fracturing, which is necessary to create
a given crack length, the difference in the stresses of different deposits and the relative
power of the reservoirs - these are the parameters that control the height growth.
However, height may depend on other breeds, although, except in extreme cases, other
properties rarely affect its growth.
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Figure 10 - Height dependence on module
ratio

These properties include the Jung module, and
the ratio of modules can influence the height of
the crack. If the adjacent layers have a higher
module value (i.e., they are tougher), they slow
down the growth of the crack outside the zone.
However, the calculations presented by Van
Ikelen (as in fig. 10) show that the degree of
height limit by the ratio of modules is small,
1.e., the acceptable relationship is only a little
more than one.

Other variables that affect height growth

In certain situations, the height of the crack can be controlled by other parameters.
The main number is the shift of the boundaries of the top/bottom of the crack. It is most
likely at shallow depths, either for deposits with abnormally high plastic pressure or
increased natural fissures, as in coal seams.

This is an example of a strong, almost perfect obstacle to height growth. However,
the available evidence proves that it is not among the common factors of fracking in
oil and gas wells. This is explained by the findings of Toifel's laboratory studies, see
the riceof the unc. 11. These experiments (and similar tests on Andersen) indicate that
shifts in the boundaries of the section or planes of the plate are unlikely for depths
below 1,000 to 2,000 feet (300 - 600 m).

Another variable that can influence height growth without discussed in the above
examples, you can call gradients Stress in different layers (and gradient of hydrostatic
pressure of hydraulic fracturing fluid). The height of the crack is associated with their
difference, and this difference is usually small. For example, water-based liquid (0.43
psi/foot) and the normal gradient of mountain stresses this difference is 0.27 psi/foot;
or only 27 psi 100 feet high. cm. Illustration 6. Typically, pressure/stress differences,
as in this case, are dismissively small, and fluid pressure stresss and gradients are not
the main parameters influencing altitude growth if the height of the crack is not too
high. As a result, fracking with a significant height it can turn out to be more than 200
feet. At this value, due to the difference in gradients, effective pressure at the top of the
crack can be 50 - 100 psi higher than the bottom.

(b)
Figure 9 - Height growth dependence
on clay power
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Such is the value of effective pressure Closure Stress
within the order of the typical end pressure of Fluid Pressure Gradient
crack growth; at this point of difference,
gradients begin to control the growth of
geometry (with the corresponding growth of
the crack, usually directed upwards). The
three-dimensional ~ hydraulic  fracturing
models in question at the source, in most cases
show a crack that retains geometry close to the
present conditions radial, with migrating up
the trunk center of the crack coin-shape.

3.2 Selection of a well for hydraulic

fracturing with a limited crack height  Figure 11 - Pressure/stress gradients

Depth

4

In accordance with the data of field X, 5 main candidate wells were selected, among
which 1 candidate for hydraulic fracturing with a limit on the crack height was
identified. For the selection of wells, all wells operating on the Triassic horizons of the
X fields were considered.

The factors that determine the success of hydraulic fracturing are the correct choice
of the object for operations, the competent selection of wells for processing and the use
of the optimal hydraulic fracturing technology for each specific well.

The main factors for selecting candidates were:

e Current state of wells (idle, idle, periodic operation);

e Low production rates (low oil production rate);

e Low water content of products and low risks of increased water content after
hydraulic fracturing;

e Adjacent wells where hydraulic fracturing was performed;

e New wells drilled in low-permeable deposits.

Table 4 shows a list of the main candidate wells for hydraulic fracturing at Field X.
During the selection, cards of three wells Ne 12, Ne 63, No 54 were prepared for a good
overview. As a result of the analysis, Ne 108 and Ne 20, there were potentials for
conducting conventional hydraulic fracturing in the Triassic horizon T-IV+T-V.

Well No 54 was drilled and put into operation in 1998. It is operated in a mechanized
way with the help of sucker rod pump on the horizon PT-V (IV object) with perforation
intervals of 1320-1324 and 1331.5-1334m. As of 01.03.2021, the well is in operation
with average monthly indicators: liquid flow rate of 6.46 m3/day, oil flow rate of 4.55
t / day with 11.25% water cut. The accumulated oil production is 26.25 thousand tons.

According to the Well logging data of 16.09.2019, the interval 1299.2-1313.2 m is
identified as water-saturated, this interval will be covered during hydraulic fracturing,
so there is a risk of increased water content after hydraulic fracturing. According to
well logging tech. status of 16.09.2019 (before the transition to object IV) in the range
of 826.4-842 m, there is a backflow of the column. In the intervals 790-792,6, 1318-

34



1319,6, there is a violation of the integrity of the e/k. According to the Ministry of
Foreign Affairs, the alleged violations of the integrity of the e/c are highlighted in the
intervals 786,9-788, 790-791,8, 1318,2-1318,8 m, e/c wear is noted in the intervals of
1314.7-1318.2, 1318.8-1321.7 m. According to the sonic logging, the contact with the
column is 19.8% solid, and the contact with the rock is 12.9% solid. Taking into
account the age of the well, several transitions between objects with the
implementation of acoustic cement bong log, unsatisfactory technical condition of the
well before the transition to object IV, hydraulic fracturing can be complicated by the
occurrence of emergency situations, as well as an increase in water cut, in this regard,
it i1s not recommended to conduct hydraulic fracturing on this well.

Well Ne 63 was drilled and put into operation on April 23, 1998. It is operated in a
mechanized way with the help of sucker rod pump on the horizon PT-V (IV object)
with perforation intervals 1231,0-1235,0; 1270,0-1274,0; 1304,0-1306,0; 1309,0-
1312,0; 1315,0-1328,0 m. As of 01.03.2021, the well is in operation with average
monthly indicators: liquid flow rate of 53.4 m3/day, oil flow rate of 11.79 t / day with
72.16% water cut. The accumulated oil production is 57,834 thousand tons. Hydraulic
fracturing on the T-V horizon in the perforation intervals of 1315-1328 m.

The interval of 1304-1312 and 1315-1328 m is separated from the main SP, which
complicates the hydraulic fracturing due to the formation of undesirable multi-cracks
and uncontrolled leakage of hydraulic fracturing fluid, and is also located near the
underlying water-saturated layers of the T-V horizon (1338.5 m). For these reasons, it
is recommended to lower the packer to a depth in the region of 1280-1282m for
temporary isolation of perforation intervals 1231-1274 m. Approximate tonnage of 10
tons.

Well Ne 12 was drilled and put into operation on June 8, 1994. It is operated in a
mechanized way with the help of sucker rod pump on the horizon PT-I (object III) with
perforation intervals of 974.0-977.0 m. As of 01.03.2021, the well is in operation with
average monthly indicators: liquid flow rate of 42.11 m3/day, oil flow rate of 11.06 t/
day with 66.33% water cut. The accumulated oil production is 37,335 thousand tons.
The recommended hydraulic fracturing at the T-V horizon in the perforation intervals
of 1323-1328 m. Taking into account the age of the well, several transitions between
objects with the implementation of acoustic cement bong log, unsatisfactory technical
condition of the well before the transition to object IV, hydraulic fracturing can be
complicated by the occurrence of emergency situations, as well as an increase in water
cut, in this regard, it is not recommended to conduct hydraulic fracturing on this well.

According to the wells, it can be understood that the best option for conducting
hydraulic fracturing with a limited crack height will be Ne 63. The well production
profile and well logging plate are shown in Figures 12 and 13, respectively.
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Table 4 - List of major fracking wells

Well information

Recommendation for hydraulic fracturing

Effective Accumulated 'Perforatlon
) . Bottomhole, ) Water intervals for | h )
. . ... _|Operating| perforation oil Qf Qo . . Proppant, t Risks
Ne | Well Object  [Horizon |Condition : fact. : cut Horizon| hydraulic |eff Comments
method interval production .
fracturing
m m t m3/day % t/day m m (16/20|12/18 | Total
There is a
potential for
conducting
conventional
1 | 108 11 132 | mwork | Sucker | 781,0-784.0 1205 18940 3515 |91,576| 2,51 | TV | 13281335 | 7| 22 | 8 | 30 | hydraulic No
rod pump | 786,0-790,0 ..
fracturing in
the Triassic
horizon T-
IV+T-V
The risk of a
Good flow rate crack breaking
2 | 12 11 IPT | Inwork | "% | 9740.9770 | 977 3733504 | 42,11 | 6633 | 11,06 | TV | 13231328 |5| 8 | 5 | 13 | (higherthan | [MOMC"
rod pump 10t/ day) saturated layers
Y below the depth
of 1341,5 m
Sucker | 1320,0-1324,0 1320-1324 Poor technical
3 54 v V-PT | Inwork rod pump | 1331.5-1334.0 854 26250,1 6,46 11,25 | 4,55 -V 1331,5-1334 6,5 10 5 15 | condition of No
the well
1231,0-1235,0 A good Cgﬁiﬁa‘ﬁ
Sucker | 1270:0-1274,0 candidateto | %> " £
4 63 v V-PT | Inwork o 1304,0-1306,0 1377 57834,15 53,40 72,16 | 11,79 -V 1315-1328 | 13| 7 3 10 consider W
rod pump o saturated layers
1309,0-1312,0 limiting the below the depth
1315,0-1328,0 crack height of 1338.5 m
There is a
potential for
conducting
Sucker 1304-1308 conventional
5 20 |[Chargebacks| III-PT | In work 1226,0-1231,0 1250 49998,17 29,86 83,31 | 3,94 -V 1313-1318 | 16| 40 10 50 hydraulic No
rod pump ..
1321-1328 fracturing in
the Triassic
horizon T-
IV+T-V
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Figure 12 - Production profile No63 of the X field
3.3 FracPro Hydraulic Fracturing Simulation

FracPro is a hydraulic fracturing simulator, an industrial software for mathematical
modeling and analysis of the fracturing process during hydraulic fracturing. The
hydraulic fracturing simulator is designed to solve a number of applied problems related
to modeling the propagation of a hydraulic fracturing crack in a formation, taking into
account the geological structure of the formation, the geomechanically properties of the
composing rocks, the dynamics of the flow of the fracturing fluid and the transport of
proppant. Hydraulic fracturing modeling software is used in the oil and gas industry in
the planning, monitoring and analysis of the application of hydraulic fracturing
technology.

Import of well data. Initially, to create a hydraulic fracturing design, you need to
import data about the well design and information about the well and processing:
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Figure 13 - Construction of the well Ne63 of the field X

The acts of the general design of wells were used and the depth of the projected
hydraulic fracturing with the help of the well logging was included in the program (Fig.
14). Due to the lack of data on inclinometers, the column under the appropriate name
was not filled, however, according to available information, well 63 is vertical. Also, the
parameters of the heat transfer of the reservoir were taken from the data on the field.
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Importing reservoir data. The next step is to enter data about the reservoir, namely,
about the filtration-capacity and geomechanical properties of rocks. The main
parameters of the reservoir are porosity, permeability, oil saturation and thickness. The
data entry technique was based on lithologies. This means that we first imported the data
from the geophysical survey of the well and selected the base in the rock library. The
basic mechanical, chemical, and thermophysical properties of the rocks were hammered
into the properties of the rocks. For the correctness of all the parameters, we used the
data that was found out from the hydraulic fracturing that was in well Ne 91, since they
are located at close distances. Additional properties included drainage area,
compressibility, viscosity, porosity, reservoir pressure, permeation ratio, and average
crack pressure.

Selection of liquids and proppants. The next step is to select the fluid and proppant
for the planned hydraulic fracturing design and take into account the expected geometric
structure of the formation. Proppants are used to fix cracks created during hydraulic
fracturing. It is a similar-sized pellet with a typical diameter of 0.5 to 1.2 mm. This
design uses the typical proppant values for this deposit, which are BorProp 16/20 and
BorProp12/18. Such proppants have a bauxite base, are characterized by a homogeneous
structure and uniform crystallization of the material.
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Figure 15 - Formation parameters of well Ne63 of field X

When selecting the hydraulic fracturing fluid, we used the Crosslinked Gel #25
(Delta Frac 140 30 Ib/Mgal gel 2% KCIl) and Linear Gel #25 (Water Frac G (WG — 19)
30 Ib/Mgal gel) available in the Halliburton fluid database. For convergence with the
actual hydraulic fracturing fluid used at field X, the rheological parameters n’ and K’

were changed using laboratory studies of the hydraulic fracturing fluid.
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The schedule of hydraulic fracturing. While the ultimate goal of well stimulation
is to increase its productivity using cost-effective activities and materials, the challenge
of hydraulic fracturing design and analysis is to create optimal pumping schedules
showing the volumes and concentrations of propant portions. The pumping schedule was
similar to the neighboring well 91: consumption 1 and 2, propane concentration 1 and 2.
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Figure 17 - Download schedule of Ne 63

At the end of the simulation, the profile of the cracked hydraulic fracturing well Ne
63. The profile of the crack shows the different parameters of the final model and the
cracked hydraulic fracturing (Figure 18).
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Figure 18 - Crack profile Ne63 (1-model)
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RESULTS
4.1 Model Details

This paper describes in detail all the possible parameters that affect the height of the
crack during hydraulic fracturing and the world experiments of limiting the height of the
crack during hydraulic fracturing using special chemical reagents. According to the
analysis of a suitable option at field X for hydraulic fracturing with a limited crack
height, the most effective method was identified, it turned out to be Viscoelastic
hydraulic Fracturing Fluid (ClearFrac). For a detailed analysis and visual view of the
crack height, it was reasonable to compare three different models: the Basic Model, the
Proppant Tonnage Limitation Model, and the Viscoelastic Fluid Utilization Model. It
should be noted that all models have common parameters, such as the Well Design and
Reservoir Data.

4.1.1 First Model

The first Model (the Basic Model) is the originally designed hydraulic fracturing at
well Ne 63, which was injected with 60 tons of propane. In Figure 18, it is clearly visible
that the crack has reached the water layer and from the geometry of the crack, you can
see that the height of the sound is high.
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Figure 19. Planned hydraulic fracturing schedule (1-model)

4.1.2 Second Model

The second Model (the Model of Limiting the tonnage of proppant) is the reduction
of the accumulated proppant to a minimum in which the created crack will be located in
the zone of oil layers. According to the model it can be observed that the tonnage of
proppant was reduced from 60 tons to 50 tons. Figure 20 shows that the crack did not
reach the water layer and compared to the Basic Model, it is limited in height.
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Figure 20. Crack profile Ne63 (2-model)
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Figure 21. Planned hydraulic fracturing schedule (2-model)
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4.1.3 Third Model

The third Model (The model with the use of Low-viscosity gels) is due to a change
in the hydraulic fracturing fluid supplied. Hydraulic fracturing with the use of Low-
viscosity gels (ClearFrac) — differs only in the type of liquids used. As we remember, in
conventional hydraulic fracturing, there are concepts like Linear and Crosslinked gels.
In this Model, we use approximately this kind of gels, but the rheology of the liquids is
changed. In the ClearFrac method, you need to take two liquids: WF and 2% J508W.
The first 1s water-based, and the second is also water-based with 4% Cs content and 2%
concentration of the total liquid. Finally, a model with a limited crack height is obtained.
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Figure 22. Crack profile Ne63 (3-model)
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Figure 23. Planned hydraulic fracturing schedule (3-model)
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4.2 End Analysis

In the final analysis, all the fracture profiles of the hydraulic fracturing were placed
on the main plate of the geophysical study of well Ne 63. The scale of all models is the
same, and for clarity of the picture, the line of the water oil contact is visualized. The
data on the deposit explains that it has a low permeability and high water cut. Therefore,
the most effective crack will be the one that has more coverage across the reservoir.
Also, the crack should have good indicators for height, width and flow rate increase.
Naturally, the height should be more limited than the others.

Each hydraulic fracturing operation must be accompanied by a calculation of the
increase in flow rate after hydraulic fracturing. This is done on the usual calculated Excel
file that was made in the company where I did my internship. This file contains the basic
formulas of production technologies and techniques, as well as all the indicators before
and after hydraulic fracturing. This indicator shows how cost-effective our hydraulic
fracturing operation is. You can add these conclusions in the economic calculation of
the project. The calculation of the increase in flow rate after hydraulic fracturing and the
total additional production for 1 year are shown in Table 11. A detailed calculation of
the total additional production for 1 year is described in the economic part of the project.

To give arguments other than visual, we can mathematically show which model is
optimal. To do this, based on the above observations, we set the indicators of the height,
width, length of the crack and the flow rate of the optimal model and take them into
account by 100%. The full calculation of the optimal model is shown in Table 6.

Table 5 - Calculation of additional production
Model 1-Model 2-Model 3-Model

Tons 60 50 60

Filter mode Pseudo-installed |Before HF|After HF | Before HF [After HF Before | After

HF | HF
L'q';;‘ieﬂ"w (Qiig) [m3/day] 47,9 169,7 | 47,9 1608 | 47,9 | 201,1
Water flow rate| (Qw) [m3/day] 345 | 1222 | 345 | 1158 | 345 | 1448
0il flow rate (Qo) [t/day] 10,6 37,6 10,6 357 | 106 | 44,6
Water cut () [%] 72,0 80,0 72,0 720 | 720 | 72,0

Increase in oil

production rate (AQ) [t/day] 13,7 25,1 34,0
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1-Model 4150,415

Cumulative additional

. t
2-Model production for 1 year Q 7604,045
3-Model 10300,3
Table 6 - Calculatini the oitimal model
Length, m 70,10 63,60 105,80 110,00
Height, m 48,40 39,80 37,80 37,00
Width, mm 0,63 0,70 0,78 0,80
Increase in the flow rate, t/day| 27,00 25,10 34,00 35,00
Length, % 63,73 57,82 96,18
Height, % 76,45 92,96 97,88
Width, % 78,75 87,50 97,50
Increase in the flow rate, % 77,14 71,71 97,14
Total 74,02 77,50 97,18
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Figure 24. Comparison of Models

It can be observed from Figure 24 that the 3-model has good indicators than the
others and it is more optimal. According to the 1 - model, we see that it breaks through
into the water-saturated layer, which means that after hydraulic fracturing, its water
content will increase and this will no longer be profitable. Further, the 2-model does not
break through, but it is in height, width and length behind the 3-model. In the end, we
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can say with confidence that the 3-model, which uses the method of limiting the height
of the hydraulic fracturing crack with the use of special chemical reagents, namely Low-
viscosity gels, showed a good result and this model is optimal for well 63 at field X.

4.3 History matching

Model calibration for us is the fitting of the model, carried out in order to ensure the
best agreement of the model output data with the measurement results. In order for us to
trust the model, we initially used real hydraulic fracturing data in the neighboring well
Ne 91 before modeling. Therefore, we can compare the design for the well Ne 91 with
the same fracturing fluid and propane that was in the 1-model. As we can see in Figure
25, these models are similar and have similar crack conductivities. As a result, based on
the above observations, we can trust this model.
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Figure 25. History matching (1-model)

ECONOMIC AND ENVIRONMENTAL PART
5.1 Economic part

The huge increase in hydrocarbon productivity due to the creation of an extensive
network of fractures in the hydraulic fracturing process is an indicator of the economic
feasibility for the oil and gas industry to use huge hydrocarbon resources in previously
undeveloped low-permeable unconventional reservoirs.

Any relatively large project proposed for implementation in the energy sector of the
economy needs a thorough preliminary assessment of its development opportunities,
primarily from the point of view of investors, that is, companies (companies) interested
in participating in the project and counting on a profitable investment of their money in
the project.

In this project, for the economic assessment of the technological indicators of the
field development options, the change in income due to the use of oil development and
production technologies (increase in oil production) is estimated. At the same time, the
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following parameters are analyzed: the additional volume of oil production, the period
of reaching the economic limit, the payback period of investments, capital investments,
operating costs, net profit, accumulated cash flow and economic indicators. The analysis
of the financial profitability of the project is based on modeling the flows of real money
that develop over the entire period of its implementation.

We will calculate the economic efficiency of hydraulic fracturing carried out in the
3-model from field X in order to better understand how much it is advisable to conduct
hydraulic fracturing not only from the technological side, but also from the economic
side.

Table 7 - Baseline averaged for a single well (3 model)

Indicators Esle. I mean. It's ed. Values
[zm.
The amount of daily production rates for >qu T/day 10,6
wells before hydraulic fracturing
The amount of daily production rates for > Q2 T/day 44,6

wells after hydraulic fracturing

Operating ratio - 0,83

Number of wells being processed - 1

Kr

Average cost per well processing K Tg. 50 000 000
W
n

Number of treatments per well - 1

Cost of production of 1 ton of oil to C Tg. 6480
hydraulic fracturing

The calculation of additional oil production from hydraulic fracturing is shown in
Table 11, but is not detailed.

AQz(zqz—qu)x%SxKr

Where the q is an additional annual production; 365 - the number of days of work.

After hydraulic fracturing, the well increased its productivity by 4 times,
respectively, we get:

40 =039, — Y q,) X365 %X K. = (44,6 —10,6) - 365 -0,83 = 10300,3 t.

This type of processing, as well as additional annual oil production, entails
additional costs. Thus, knowingthecost of one processing, as well as the number of
effective days of work, we calculate the total size of capital investments according to
the following formula:

ACI =KW xn
where ACI - the total capital investment of Tg.
Taking into account that one well has made one treatment in one well, we get:
ACI = KWn =50000000-1-1=50000000Tg.

The amount of additional operating costs is calculated by the number of conditional
variables costing one ton of oil for an additional annual oil production. Conditional
variables include those articles and calculations of the cost of oil, the costs of which
directly depend on the amount of oil extracted.
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These articles are:

1. The cost of energy spent on the extraction of 1 ton of oil - AEE, 480 tons;
2. The cost of artificial impact on the seam - AAI 540 tg.;

3. Oil and gas collection and transportation costs - AGaT, 480 tg;

4. The cost of oil preparation is - AOP, 600 tg;

5. The cost of maintaining and operating the equipment is - AMaO, 600 tg.

The amount of operating expenses (additional) is calculated by the following

formula:
AE = (AEE + AAI + AGaT + AOP + AMaO) x 4Q,tg

where, AE - the amount of additional operating expenses (tg).

The amount of conditional-variable articles expensing the cost of one ton of oil to
hydraulic fracturing (tg):

AEE + AAI + AGaT + AOP + AMaO = 2700 tg
AE = 2700 x 10300,3 =27 810810 tg.
We calculate the cost change according to the following formula:
AC = C; — G,

where, ACis the change in the cost of tg.; C, is the cost of oil production before

fracking = 6480 tg.; C; is the cost of one ton of oil after fracking tg. In turn, the cost of

one ton of oil after hydraulic fracturing is found by the formula:
_ 2E+ AE + ACI

2= T+ 40
where, 2 E - the full expenses of gross oil production before the event. Q; - annual
oil production before the event, we find according to the formula:
Qi =Yq X365 xK.=10.6-365-0,83 =3211,27 t.

The full expenses of gross oil production to hydraulic fracturing is found according
to the formula:
YE=0,x P =3211,27 - 6480 = 20 809 029,6 tg.

Then, the cost of one ton of oil after the hydraulic fracturing:
__ 20809 029,6+27 810 810+50 000 000 _ 729892 tg.

C, =
3211,27+1 300,3

Annual oil production after hydraulic fracturing is found similarly to annual
production before hydraulic fracturing.
Q, =>q, X365 X Ky =44,6-365-0,83 =13511,57 .
Table 8 - Indicators of economic efficiency after the event (3-model)

Indicators Before the event | After the event Rejection
was introduced was introduced absolute

Oil production, thousands of tons 3211,27 13511,57 +10300,3
Average daily debit of wells, t/day 10,6 44,6 +34
Cost of 1 ton of oil, tg. 6480 7298,92 +818,92
Economic effect, thousands of tg. 20 809 029,6 98 619 868.,5 77 810 838,9
The profit growth remaining at the - 77 810 838,9 77 810 838,9
company's disposal is thousands of tons.
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After analyzing the received values, we can conclude that the economic efficiency
of hydraulic fracturing is very high during the calculated year. after the hydraulic
fracturing was 98,619,868.5 tenge, that is more than 4 times the justification for the use
of hydraulic fracturing on this well is economically feasible.

5.2 Environmental Part

As a result of hydraulic fracturing, the groundwater may be contaminated with
chemicals. 1% of the hydraulic fracturing fluid is a helium solution based on chemical
additives that allow you to create cracks. If the proppant is relatively harmless, then
chemical additives are quite toxic substances. In the United States, hydraulic fracturing
is so developed that the damage from it is also noticeable.

When viewing the analysis of the current state of surface and underground waters,
in hydrogeological terms, the considered territory of the deposit is located within the
Buzachinsky artesian basin of the second order, which is part of the Caspian Artesian
basin. According to the nature of flooding and the common lithological-facies
composition of water-bearing rocks, aquifers and complexes of Quaternary, Cretaceous,
Jurassic and Permian-Triassic sediments are distinguished in the basin.

In the best 3-model, we see that our crack does not reach the depth of the ground
water and also the lower aquifer. Therefore, based on the application of hydraulic
fracturing at a given well, it is environmentally appropriate.

CONCLUSION AND RECOMMENDATIONS
6.1 Conclusion

At the field, some technologies of processing the bottom-hole zone, as well as
perforation and joining of the lower and overlying layers were used simultaneously with
hydraulic fracturing. In the forecast, an attempt is made to remove the obvious effects
of the increase in the flow rate of wells that are not associated with the use of hydraulic
fracturing.

The X field is well suited for hydraulic fracturing due to its low-permeability rocks.
It should be added that field X has a problem of high-water content and the water-
saturated zone is close to the perforation zone of many wells, thus it was decided to use
methods to limit the height of the crack. The selection of wells was made, taking into
account the previous hydraulic fracturing operations of 2019-2021, the most suitable for
performing hydraulic fracturing was well Ne 63.

The analysis of the main characteristics of the crack height and methods of its
limitation is carried out. As a result, the most optimal method of limiting the height of
the crack was the use of special chemical reagents, or rather low-viscosity gels
(ClearFRAC). Three different models were developed to compare this method and
evaluate hydraulic fracturing fracture geometries by criteria. The solution of the problem
of limiting the height of the hydraulic fracturing crack at field X by using special
chemical reagents showed the best optimality (97.2%).
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Analysis of the technological efficiency of hydraulic fracturing, which shows an
increase in productivity by an average of 4 times. The efficiency of the proposed
hydraulic fracturing technologies in producing wells is economically and
environmentally justified.

6.2 Recommendations

Based on the results of solving the problem of limiting the height of the hydraulic
fracturing crack at field X by using special chemical reagents in 2021, the following is
recommended:

1) It is recommended to use the hydraulic fracturing method of limiting the crack
height using low-viscosity gels (ClearFRAC) on the Ne 63 well, since it showed the best
result according to the optimality of the model.

2) In order to eliminate waterlogging in field X, it is recommended to use methods
for limiting the height of the crack on several horizons.

3) It is recommended to consider the use of technologies aimed at physical
measurement of the height of cracks in order to improve the accuracy of model
calibration and optimize the design of hydraulic fracturing, such as micro seismic
monitoring, injection of special marked proppants with the well logging method of
pulsed neutron-neutron logging before and after hydraulic fracturing, thermometry after
hydraulic fracturing, acoustic broadband logging before and after hydraulic fracturing,
the use of depth gauges during hydraulic fracturing.

4) In order to make practical use of the above recommendations, it is necessary to
include them in the technical specifications for hydraulic fracturing contractors.

GLOSSARY
Accumulated Reflects the amount of oil and extracted from the field since the
mining launch of the first extracting well.
Bottom hole Oil pressure (fluid) on the ret off (bottom) of the well.

pressure

Capital investment  Capital expenditures are the investment activities of the
company, investments in the purchase of equipment, buildings
and facilities, construction, etc.

Core A cylindrical rock sample obtained from the well when it is
drilled using a special core receiver.

Filter-capacity The filter-capacity properties of the rocks are determined by the

properties (FCP) basic physical parameters - porosity, permeability and water
saturation.

Hydraulic fracturing A way to intensify oil production in the field. It is that under
high pressure in the layer pumped a mixture of liquid and a
special snuck agent (proppant).
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Logging

Oil Recovery (Rf)

Production
(extracting) well
Productive thickness

Propant

Rate

Reservoir

Viscosity

Water cut

Water-oil contact

Well logging (WL)

Well Testing (WT)

The general name of the methods of geophysical research of the
well, carried out by the descent and lifting of the geophysical
research probe.

One of the basic indicators of the efficiency of oil production.
This is the ratio of the amount of recoverable reserves to the size
of geological reserves.

Designed for oil and gas production.

The thickness of the layer, measured by the shortest distance
between its roof and sole.

A granular material that is used in the oil industry to improve
the efficiency of well recoil using hydraulic fracturing
technology.

The rate of wells is the volume of oil or gas coming into the unit
of time from a natural or artificial source.

The oil and gas reservoir is a rock capable of accommodating
liquid, gaseous hydrocarbons and giving them away during the
development of deposits.

The most important technological property of the oil system.
Characterizes the force of friction (internal resistance) that
occurs between two adjacent layers inside a liquid or gas per
surface unit as they move mutually. The viscosity of oil depends
on its fractional composition, as well as on the temperature.

The water cut of the stingray is the content of water in the well's
production, defined as the ratio of water debit to the amount of
oil and water rates.

The conditional surface separating the oil deposits in the oil
deposit area of oil and reservoir water.

A set of methods used to study rocks in near-important and
inter-important spaces, as well as to monitor the technical
condition of wells.

A combination of various measures aimed at measuring certain
parameters (pressure, temperature, fluid level, debit, etc.) and
sampling of reservoir fluids (oil, water, gas and gas condensate)
in working or stopped wells and their registration over time.
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292
CI

ft
HF

LLP

ABBREVIATIONS

The amount of daily production rates for wells before hydraulic
fracturing

The amount of daily production rates for wells after hydraulic
fracturing

Capital Investment

Feet

Hydraulic Fracturing

Average cost per well processing

Operating ratio

Limited Liability Partnership

Meter

Measured depth

Mega (x106) Pascals

Number of treatments per well

Price

Net pressure

Formation pressure

Pounds per gallon

Pounds per square inch

Number of wells being processed

Change in Formation Pressure

Poisson’s ratio

Cost of production of 1 ton of oil to hydraulic fracturing
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APPENDIX A
Table 94 - Project download schedule (1-model)

Consu | Consu
Coaran |Propan mption | mption
The past type volume t e Propant| of of the type
Dia Stage type | It's time Liquid Liquid |concent|concent| Stage |mixture mixture ropagon
Ne min:sec q (m3) |ration 1|ration 2| (kg) 1 2 propag
(kg/m3)|(kg/m3) (m3/mi | (m3/mi
n) n)
Fluid in the well #25 linear gel 6,617
1 Pumping water 1:59 | #25 linear gel 7,000 0 0 0,0 3,50 3,50
Stop STOP
2 . 22:00 DOWNLOAD| 0,000 0 0 0,0 0,00 0,00
downloading
ING
3 | Mini-hydraulic |5 0l o o n 825 gel| 4,000 0 0 00| 3,50 3,50
fracturing
4 Proped tutu 24:39|Sewn #25 gel|  5,0000  100|  300| 9950| 3,50/ 3,50 Bfgfzrgp
5 | Mini-hydraulic | )¢5l gown #25 gel| 5,000 0 0 00| 3,550 3,50
fracturing
¢ | Minihydraulic | 0.y 1405 lincar gel| 8,000 0 0 00| 3,550 3,50
fracturing
Stop STOP
7 . 73:22|DOWNLOAD| 0,000 0 0 0,0 0,00 0,00
downloading
ING
g | Mainhydraulic | o0, 1o 05 gel| 45,000 0 0 00| 3,550 3,50
fracturing buffer
A mixture of
. . BorProp
9 basic hydraulic 91:37|Sewn #25 gel| 18,000 100 200| 26953 3,50 3,50 16/20
fracturing
A mixture of BorProp
10 basic hydraulic 98:30| Sewn #25 gel| 22,000 200 400| 6578,6 3,50 3,50 16/20
fracturing
A mixture of BorProp
11 basic hydraulic | 106:28 | Sewn #25 gel| 24,000 400 600(11977,8 3,50 3,50 16/20
fracturing
A mixture of BorPro
12 basic hydraulic | 115:33 |Sewn #25 gel| 26,000 600 800(18 177,2 3,50 3,50 16/20p
fracturing
A mixture of BorPro
13 basic hydraulic | 121:28|Sewn #25 gel| 16,000 800| 100014 386,6 3,50 3,50 12/18p
fracturing
A mixture of BorPro
14 basic hydraulic | 123:24|Sewn #25 gel| 5,000| 1000 1200| 5496,0 3,50 3,50 12/18p
fracturing
The sale of the
15 main hydraulic 125:15|#25 linear gel 6,500 0 0 0,0 3,50 3,50
fracturing
Stop STOP
16 . 245:15 DOWNLOAD| 0,000 0 0 0,0 0,00 0,00
downloading ING

Project Fluid Volume (m3)191.50Proproject Propant (kg)60 306.4
Project Volume of Mix (m3)210.92
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Table 104 - Information on crack geometry (1-model)

Half-length of the crack (m) 70 Fixed half-length (m) 69

Total crack height (m) 48 Total fixed height (m) 47

Vertical depth to the upper edge of the crack 1295 |Vertical depth to the upper boundary of the 1296

(m) fixed crack (m)

Vertical depth to the bottom of the crack (m) 1344 |Vertical depth to the lower boundary of the 1344
fixed crack (m)

Equivalent number of formed cracks 1,0 Maximum crack width (see) 1,01

The effectiveness of the fracking mixture 0,44 Medium crack width (see) 0,63
Average propane concentration (kg/m2) 11,49

Average conductivity 4096,2 |Medium crack width (closed on propane) (see) | 0,623

Immeasurable conductivity 19,03 | Relative permeability of the reservoir (MD) 3,13

Propane damage factor 0,50 Permeability of undamaged propane under 1152132
stress (MD)

The apparent damage factor 0,00 Permeability of propane, taking into account 576 066
damage to propane (MD)

General damage factor 0,50 Permeability of propane, taking into account 576 066
the total damage (MD)

Effective fixed length (m) 69 Pressure of propane (mm) 0,580

Effective pressure of the model 66,5 The pressure of fracking at the boae (atm) 164,7

Actual Effective Pressure (Atm) 0,0 The grade of the pressure of the bow (atm/m) 0,1250

Hydrostatic pressure (atm) 128,1 |Medium pressure on the mouth (atm) 166,8

Plastic pressure (atm) 95,0 Maximum pressure on the mouth (atm) 189,6

Table 114 - Project Download Schedule (2-model)

The Stage type past type volume |Coaran|Propan |Propant| Consu | Consu type
Dia It's time Liquid Liquid t e Stage |mption | mption| propagon
Ne min:sec (m3) |concent|concent| (kg) of of the
ration 1|ration 2 mixture mixture
(kg/m3)|(kg/m3) 1 2
(m3/mi | (m3/mi
n) n)
Fluid in the well #25 linear gel| 6,617
1 Pumping water 1:59 |#25 linear gel| 7,000 0 0 0,0 3,50 3,50
2 Stop 22:00 | Aboutthe 0,000 0 0 0,0 0,00 0,00
downloading pumping
machine
3 Mini-hydraulic 23:08 |Sewn #25 gel| 4,000 0 0 0,0 3,50 3,50
fracturing
4 Proped tutu 24:39 | Sewn #25 gel| 5,000 100 300 995,0 3,50 3,50 BorProp
16/20
5 Mini-hydraulic 26:05 | Sewn #25 gel| 5,000 0 0 0,0 3,50 3,50
fracturing
6 Mini-hydraulic 28:22 |#25 linear gel| 8,000 0 0 0,0 3,50 3,50
fracturing
7 Stop 73:22 | Aboutthe 0,000 0 0 0,0 0,00 0,00
downloading pumping
machine
8 Main hydraulic 83:22 |Sewn #25 gel| 35,000 0 0 0,0 3,50 3,50
fracturing buffer
9 A mixture of 86:22 |Sewn #25 gel| 10,000 100 200 | 14974 3,50 3,50 BorProp
basic hydraulic 16/20
fracturing
10 A mixture of 91:41 | Sewn #25 gel| 17,000 200 400 | 50834 3,50 3,50 BorProp
basic hydraulic 16/20
fracturing
11 A mixture of 97:59 | Sewn #25 gel| 19,000 400 600 | 94824 3,50 3,50 | BorProp
basic hydraulic 16/20
fracturing
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The Stage type past type volume |Coaran|Propan |Propant| Consu | Consu type
Dia It's time Liquid Liquid t e Stage |mption | mption| propagon
No min:sec (m3) |concent|concent| (kg) of of the
ration 1|ration 2 mixture mixture
(kg/m3)|(kg/m3) 1 2
(m3/mi | (m3/mi
n) n)
12 A mixture of 104:59 |Sewn #25 gel| 20,000 600 800 (13 982,4 3,50 3,50 | BorProp
basic hydraulic 16/20
fracturing
13 A mixture of 110:31 | Sewn #25 gel| 15,000 800 | 1000 (13 487,4 3,50 3,50 BorProp
basic hydraulic 12/18
fracturing
14 A mixture of 112:27 | Sewn #25 gel| 5,000 | 1000 | 1200 | 5496,0 3,50 3,50 BorProp
basic hydraulic 12/18
fracturing
15 The sale of the | 114:19 |#25 linear gel| 6,500 0 0 0,0 3,50 3,50
main hydraulic
fracturing
16 Stop 234:19 | Aboutthe 0,000 0 0 0,0 0,00 0,00
downloading pumping
machine
Project Fluid Volume (m3)156.50Proproject Propant (kg)50 024.1
Project Volume of mix (m3)172.61
Table 124 - Information on crack geometry (2-model)
Half-length of the crack (m) 64 Fixed half-length (m) 62
Total crack height (m) 40 Total fixed height (m) 39
Vertical depth to the upper edge of the crack 1297 |Vertical depth to the upper boundary of the 1298
(m) fixed crack (m)
Vertical depth to the bottom of the crack (m) 1337 |Vertical depth to the lower boundary of the 1337
fixed crack (m)
Equivalent number of formed cracks 1,0 Maximum crack width (see) 1,08
The effectiveness of the fracking mixture 0,48 Medium crack width (see) 0,70
Average propane concentration (kg/m2) 12,89
Average conductivity 4259,7 | Medium crack width (closed on propane) (see) | 0,699
Immeasurable conductivity 21,96 |Relative permeability of the reservoir (MD) 3,13
Propane damage factor 0,50 Permeability of undamaged propane under 1203 665
stress (MD)
The apparent damage factor 0,00 Permeability of propane, taking into account 601 833
damage to propane (MD)
General damage factor 0,50 Permeability of propane, taking into account 601 833
the total damage (MD)
Effective fixed length (m) 62 Pressure of propane (mm) 0,588
Effective pressure of the model 80,1 The pressure of fracking at the boae (atm) 164,7
Actual Effective Pressure (Atm) 0,0 The grade of the pressure of the bow (atm/m) 0,1250
Hydrostatic pressure (atm) 127,9 | Medium pressure on the mouth (atm) 168,2
Plastic pressure (atm) 95,0 Maximum pressure on the mouth (atm) 183,6
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Table 134 - Project Download Schedule (3-Model)

The Stage type past type volume |Coaran|Propan |Propant| Consu | Consu type
Dia It's time Liquid Liquid t e Stage |mption | mption| propagon
Ne min:sec (m3) |concent|concent| (kg) of of the
ration 1|ration 2 mixture mixture
(kg/m3)|(kg/m3) 1 2
(m3/mi | (m3/mi
n) n)
Fluid in the well #25 linear gel| 6,617
1 Pumping water 1:59 WF120 7,000 0 0 0,0 3,50 3,50
w/0.001563 1
2 Stop 22:00 STOP 0,000 0 0 0,0 0,00 0,00
downloading DOWNLOAD
ING
3 Mini-hydraulic 23:08 | 2.0% J508W | 4,000 0 0 0,0 3,50 3,50
fracturing in4% 2
4 Proped tutu 24:39 | 2.0% J508W | 5,000 100 300 995,0 3,50 3,50 | BorProp
in4% 2 16/20
5 Mini-hydraulic 26:05 | 2.0% J508W | 5,000 0 0 0,0 3,50 3,50
fracturing in 4% 2
6 Mini-hydraulic 28:22 WF120 8,000 0 0 0,0 3,50 3,50
fracturing w/0.001563 1
7 Stop 73:22 STOP 0,000 0 0 0,0 0,00 0,00
downloading DOWNLOAD
ING
8 Main hydraulic 86:14 | 2.0% J508W | 45,000 0 0 0,0 3,50 3,50
fracturing buffer in4% 2
9 A mixture of 91:37 | 2.0% J508W | 18,000 100 200 | 2 695,3 3,50 3,50 | BorProp
basic hydraulic in4% 2 16/20
fracturing
10 A mixture of 98:30 | 2.0% J508W | 22,000 200 400 | 6 578,6 3,50 3,50 | BorProp
basic hydraulic in4% 2 16/20
fracturing
11 A mixture of 106:28 | 2.0% J508W | 24,000 400 600 |11 977,8 3,50 3,50 | BorProp
basic hydraulic in4% 2 16/20
fracturing
12 A mixture of 115:33 | 2.0% J508W | 26,000 600 800 (18 177,2 3,50 3,50 | BorProp
basic hydraulic in4% 2 16/20
fracturing
13 A mixture of 121:28 | 2.0% J508W | 16,000 800 | 1000 |14 386,6 3,50 3,50 | BorProp
basic hydraulic in4% 2 12/18
fracturing
14 A mixture of 123:24 | 2.0% J508W | 5,000 | 1000 | 1200 | 5496,0 3,50 3,50 | BorProp
basic hydraulic in 4% 2 12/18
fracturing
15 The sale of the | 125:15 WF120 6,500 0 0 0,0 3,50 3,50
main hydraulic w/0.001563 1
fracturing
16 Stop 245:15 STOP 0,000 0 0 0,0 0,00 0,00
downloading DOWNLOAD
ING

Project Fluid Volume (m3)191.50Proproject Propant (kg)60 306.4
Project Volume of Mix (m3)210.92
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Table 144 - Information on crack geometry (3-Model)

Half-length of the crack (m) 106 Fixed half-length (m) 101

Total crack height (m) 38 Total fixed height (m) 36

Vertical depth to the upper edge of the crack 1297 |Vertical depth to the upper boundary of the 1299

(m) fixed crack (m)

Vertical depth to the bottom of the crack (m) 1335 |Vertical depth to the lower boundary of the 1335
fixed crack (m)

Equivalent number of formed cracks 1,0 Maximum crack width (see) 1,21

The effectiveness of the fracking mixture 0,42 Medium crack width (see) 0,78
Average propane concentration (kg/m2) 10,38

Average conductivity 2 719,6 |Medium crack width (closed on propane) (see) | 0,526

Immeasurable conductivity 8,64 Relative permeability of the reservoir (MD) 3,13

Propane damage factor 0,50 Permeability of undamaged propane under 1152122
stress (MD)

The apparent damage factor 0,00 Permeability of propane, taking into account 576 061
damage to propane (MD)

General damage factor 0,50 Permeability of propane, taking into account 576 061
the total damage (MD)

Effective fixed length (m) 101 Pressure of propane (mm) 0,580

Effective pressure of the model 66,7 The pressure of fracking at the boae (atm) 164,7

Actual Effective Pressure (Atm) 0,0 The grade of the pressure of the bow (atm/m) 0,1250

Hydrostatic pressure (atm) 128,5 |Medium pressure on the mouth (atm) 174,3

Plastic pressure (atm) 95,0 Maximum pressure on the mouth (atm) 236,8
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