Hydraulic Fracturing Planning
to Increase Well Productivity in
RAG Well of Cessna Field

by Eny Suparni

Submission date: 01-Aug-2024 03:25PM (UTC+0700)

Submission ID: 2425720553

File name: 2-_Paper_CSB-01-07-2024-1368_Joko_Pamungkas.pdf (1.81M)
Word count: 5841

Character count: 28666



Link Scimago CSB: https://www.scimagojr.com/journalsearch.php?q=84932&tip=sid

25 scmagojr.com

SJR

Scimago Journal & Country Rank

Home Journal Rankings Country Rankings Viz Tools Help About Us

Kexue Tongbao/Chinese Science Bulletin

COUNTRY SUBJECT AREA AND CATEGORY PUBLISHER

China Multidisciplinary Science China Press
Multidisciplinary
1 Universities and research
<. nstitution: a

Media Ranking in China

¥
H-INDEX PUBLICATION TYPE 1SSN

4 3 Journals 0023074X, 20959419
COVERAGE

1963-1964, 1980-1984, 1989, 2015-
2023

Kexue Tongbao/Chinese +« Show this widget in G SClmago Graphica
Sclence Bulletin your own website
Explore, visually

Multidisciplinary

Just copy the cade below communicate and make
and paste within your htm sense 01 data \‘\l'ith our
code: . . .
SJR 2023 new data visualization
0.3 4l <a href="https:/'www.scimag tool.
- )
s —

Metrics based on Scopus® data as of March 2024




Indexation Scopus Database Link: https://www.scopus.com/sourceid/84932

Sou rce deta i |S Feedback > Compare so

Kexue Tongbao/Chinese Science Bulletin 3‘2‘“ e

Scopus coverage years: from 1963 to 1964, from 1980 to 1984, 1989, from 2015 to Present

Publisher: Science China Press

ISSN: 0023-074X E-ISSN: 2095-9419 3’*5“;27
Subject area:  (Multidisciplinary :
Source type: Journal
SNIP 2022
() Save to source list 0.468

Indexed By

Kexue Tongbao/Chinese
Science Bulletin

Multidisciplinary

SJR 2023
03 /\/—"

Y/ ORES

Kexue Tongbao/Chinese Science Bulletin

Kexue Tongbao/Chinese Science Bulletin (ISSN:0023-074X) and (E-ISSN:2095-9419) is a monthly peer-
reviewed scopus indexed journal originally from 1963 to 1964, from 1980 to 1984, 1989, from 2015 to
Present. The publisher of the journal is Editorial Office of Journal of Science China Press.The journal

welcomes all kind of research/review/abstract papers regarding Multidisciplinary subjects

Kexue Tongbao/Chinese Information Guidelines
Science Bulletin




Indexed By

Kexue Tongbao/Chinese
Science Bulletin

Multidisciplinary \’ e
37 ORES

0.3 _ ail

ed by sCimagojr.cc

Kexue Tongbao/Chinese Science Bulletin

Kexue Tongbao/Chinese Science Bulletin (ISSN:0023-074X) and (E-ISSN:2095-9419) is a monthly peer-
reviewed scopus indexed journal originally from 1963 to 1964, from 1980 to 1984, 1989, from 2015 to
Present. The publisher of the journal is Editorial Office of Journal of Science China Press.The journal

welcomes all kind of research/review/abstract papers regarding Multidisciplinary subjects.

Chinese Science Bulletin
Volume 69, Issue 06, July 2024

Paper ID: CSB-04-07-2024-1373
The Novel Vibratory Ball Mill Concept for Nanoparticle Production

Paper ID: CSB-01-07-2024-1368
Hydraulic Fracturing Planning to Increase Well Productivity in RAG Well of Cessna Field

Paper ID: CSB-25-06-2024-1367
Fibonacci Noise Modification on Data Encryption

Paper ID: CSB-24-06-2024-1366

Balancing Sustainability and Decision Maker Preferences in the Palm Qil Supply Chain: A Multi-
Criteria Supplier Selection Approach with Analytical Hierarchy Process and Fuzzy Goal
Programming

Paper ID: CSB-22-06-2024-1363
Optimizing Production in Ceramic Tile Manufacturing through Lean Manufacturing Tools: A Case
Study in Peru

Paper ID: CSB-20-06-2024-1361
Correlation of Pathloss in the Okumura-Hata Model with the COST 231 Model in Simulation-Based
Cellular Communications

Kexue Tongbao/Chinese Information Guidelines
Science Bulletin




CcSB

I58M-tB13.0Te, b 413

Scopus Index(2024) Indexed By

Kexue Tongbao/Chinese
Science Bulletin

Multidisciplinary

S|R 2023
0.3 /¥~-‘—'

o’ -
3~ ORES

Kexue Tongbao/Chinese Science Bulletin

Kexue Tongbao/Chinese Science Bulletin (ISSN:0023-074X) and (E-ISSN:2095-9419) is a monthly peer-
reviewed scopus indexed journal originally from 1963 to 1964, from 1980 to 1984, 1989, from 2015 to
Present. The publisher of the journal is Editorial Office of Journal of Science China Press.The journal

welcomes all kind of research/review/abstract papers regarding Multidisciplinary subjects.

Editorial Board

Prof. Guang Zia
¢ Editor-in-Chief

Prof. Song Ze Bing
e Associate-Editor
Ming-Poi Kih

e Co-Editor

Assist. Prof. Zhenyu Zhang
» Sub-Editor

Prof. Liming
« Editor

Sabio Maradona
e Co-ordinator

Kexue Tongbao/Chinese Information Guidelines
Science Bulletin




C S B ISSN: 0023-074X

e e e et Volume 69, Issue 06, July, 2024

Hydraulic Fracturing Planning to Increase Well
Productivity in RAG Well of Cessna Field

Joko Pamungkas'’, Dedy Kristanto!", Ravi Aditya Ghassany', Ebenezer Solin?
Petroleum Engineering Department, Universitas Pembangunan Nasional “Veteran” Yogyakarta
J1. Padjajaran 104 (Lingkar Utara) Condongcatur, D.I. Yogyakarta 55283, Indonesia'

PT. Pertamina EP Asset 3 Zona 2 Regional 7, Tambun Field, Jakarta 12560, Indonesia®

Corresponding authors: 1*

CrossMark

Keywords: ABSTRACT
Hydraulic fracturing, Proppant,
Productivity, Stimulation, Inflow
performance relationship.

The RAG well is an oil well that has been workover by moving layer
workover at a depth of 3788.1 - 3820.1 ft MD in TAF tight sandstone
formation with a directional well configuration located in the Cessna field

of the Northern West Java basin. This well has a shaly sandstone reservoir
with silt rock intrusions with a permeability value of 10 mD and a
porosity of 15%. This low permeability of the formation may affect the
daily barrel fluid per day produced from the well, this is the main reason
why it is necessary to plan stimulation in the form of hydraulic fracturing
in RAG well with the hope of increasing well productivity in RAG well.
The method used in planning the implementation of hydraulic fracturing
in RAG well includes planning hydraulic fracturing on RAG well,
followed by executing hydraulic fracturing based on the simulation
design, as well as analyzing the success of hydraulic fracturing in
accordance with the planning that has been carried out. Based on the
results of the analysis of hydraulic fracturing success parameters, it was
found that there was an increases in production parameter post hydraulic
fracturing job in the RAG well, including an increases in the average
permeability of the formation from 10 mD to 162.89 mD, fold of increase
(FOI) to 6.33, productivity index, oil flow rate based on Wiggins IPR
analysis from 6.39 Bopd to 40 .44 Bopd with the maximum fluid flow rate
also increasing from 86.97 Bfpd to 550.67 Bfpd.

® This work is licensed under a Creative Commons Attribution Non-Commercial 4.0
International License.
BY ND

1. INTRODUCTION

Decreasing well productivity is a common problem that occur in oil and gas wells that has been produced,

either it is a new production well or even well that has been produced for a long time. This problem usually
caused by the low permeability of the reservoir in the prospect productive formation even though it still has
potentials oil reserves because it will affect the daily production rate of the fluid produced later [1- 3].

To increase the productivity of well in formations, there are several methods that can be used, such as
stimulation method such as acidizing and fracturing [1- 3]. In this research, will be focusing the topic on the
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hydraulic fracturing method. Hydraulic fracturing is a method used to increase formation productivity
through fracturing the formation, where the fractures formed will be filled with proppant strong enough to
hold the formation that has been fractured. This is different from acidizing, where acidizing focuses more
on injecting acid on near wellbore problems and is generally carried out in carbonate formations, while
fracturing focuses more on the reservoir fracturing characteristics of the formation especially in tight sand
formation [1], [4]. In this case TAF (Talangakar sandstone formation) of RAG well at 3788.1 ft - 3821.0 ft
(MD) is the target formation for hydraulic fracturing planning.

The main reason of choosing hydraulic fracturing as the stimulation method in stimulating RAG well is due
to the low reservoir value of the targeted reservoir which has a value of 10 mD with a lithology of shaly
sandstone based on logging data. The targeted formation has a shale formation above and underneath.
Based on previous production data this well only produced the amount of daily oil per day rate of 6.9 Bopd
and liquid per day rate of 86.97 Bofd. meanwhile this formation still had an amount of 6063 Stb of
potential. Prior planning the hydraulic fracturing, several data needed are the reservoir data of the well, well
completion data, well test data, geomechanics data and petrophysics data off the well. from the data
gathered the hydraulic planning will be conducted by inputting the calculation results in hydraulic
fracturing supporting simulator.

Based on the simulation result. the result will be calculated and evaluated focusing on parameters such as
the increase of productivity index, inflow performance relationship, increase in permeability, and fold of
increase after performing hydraulic fracturing jobs in RAG well according to the planned that has been
conducted.

2. METHODOLOGY

The methodology on this research is intended to solve the main problems that are occurring at Cessna field,
especially on RAG well; which comprised of data compilation and preparation, succeeded by data analysis
and evaluation. The steps that are taken in this research are as follows:

a. Gathering several data needed including the reservoir data of the well, well completion data, well
test data, geomechanics data and petrophysics data off the well,

b. Conducted hydraulic fracturing simulation in order to simulate the designated hydraulic fracturing
design by inputting the data gathered,

c. Determining the fracturing model, proppant determination, and the suitable fracturing fluid that will
be used for hydraulic fracturing planning on RAG well.

d. Give recommendation for hydraulic fracturing strategy to be implemented in RAG well.

Based on fracturing model design, the fracturing method will used the principle of PKN (Perkins, Kern,
Nordgren) due to it presumption to generate longer fracture length (Xf) rather than fracture height (hf) after
conducting the fracturing process [5], [6], the fracture height is assume has the same value as the reservoir
thickness of the targeted formation at 44.9 ft with fracture length of 248.95 ft and this method is suitable for
formation with low reservoir permeability such as the TAF (Talangakar formation) designated fracturing
interval of RAG well that has permeability of 10 mD at depth of 3788.1 - 3821.0 ft (MD) with tight
sandstone formation. The proppant and fracturing fluid that determination is also considered by the
formation characteristic and fracturing fluid guide for oil well by M. J. Economides, and K.G. Nolte, 2000
[7] which will be adjusted with the database of simulation. After the design has been executed, the
simulator will show the fracturing design geometries (length, width, and height), fracture conductivity value
and estimated closure time of the designated hydraulic fracturing plan.
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After conducting the simulation, the result will be calculated to evaluate the increasing of productivity
index and production rate after conducting hydraulic fracturing based on Cinco-ley, Samaniego and
Dominguez method [8] and also evaluate increasing inflow performance prior and after conducting
hydraulic fracturing in RAG well based on the designated plan.

3. RESULTS AND DISCUSSION

3.1 Field Data
The data needed in order to planning hydraulic fracturing in RAG well include reservoir data, well

completion data, and perforation data, as shows in Table 1 through Table 3, respectively.

Table 1. Reservoir data

Parameter Value Units
Well Type Oil
Reservoir Thickness 449 ft
Reservoir Pressure 1700 Psi
Flowing Well Pressure 1150.64 Psi
Bottom Hole Temperature 210 °F
Porosity 15 %
Permeability 10 mD
SG Gas 0.67
Gas Component (N3) 0 %
Gas Component (CO») 0 %
Water Salinity 20000 Ppm
Water Compressibility 1.00E-06 1/Psi
Fracture gradient 0.797 Psi/Ft

Table 2. Well completion data

Parameter Value Units
Casing OD 7 Inch
Casing ID 6.366 Inch
Tubing OD 35 Inch
Hole Size 85 Inch
Wellbore radius (rw) 0.125 ft
Drainage radius (re) 328.08 ft
Packer Setting Depth 3239.24 ft
Top Perforation 3788.1 ft
Mid Perforation 38045 ft
Bottom Perforation 38209 ft
Perforation Diameter 04 Inch
Well Depth 4831.79 ft

Table 3. Perforation data

Parameter Value Units
Top Perforation (MD) 3788.1 Ft
Mid Perforation (MD) 3804 5 Ft
Bottom Perforation (MD) 38209 Ft
Perforation Diameter 04 Inch
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Perforation Number 165

3.2 Analysis and Result
3.2.1 Fracture geometry
In order to calculate the length of the fracture, it can be calculated using the following equation:

(W+2Splgo
Xr=———5—
amhf Cf

[ exp (B?) erfe (B) + j,—'g_l] 0

Afterwards, to calculate the fracture width, it can be calculated using the following equation:
. PKN (Perkins, Kern, Nordgren)

_ 1 n¥ 1+2,14xnf nf , 1 qi™. hf(n) | xf 1/(2n'-2)

Wi =9.15 an+2x3.98 2an+2x[ nF 2n*+2xK2nF +2[ E ] (2)
*  KGD (Kristianovich, Geertsma, De Klerk)
1 nf  142nf of 1 qinf . xf? F

_ P ) r 1/(2nF+2)

Weo=111 InFiz X 324 2nF+2 [ o omFra XN oaF g b o Er ] 3
Assuming the shape factor with the following equation:
J

W =()w(0) 4

Calculating the fracture conductivity using the following equation:
Wkf=Kfx W (5)

The fracture geometry model will be carried out using the 2D PKN Method. the fraction geometry
calculation was carried out with the following data in Table 4.

Table 4. Fraction Geometry Calculation Data

Parameter Value Units
Young Modulus (E) 3.82E+06 Psi
Poisson Ratio (v) 022 Ft
n’ 1 Ft
k’ 0.0000209 Pa det'”
Injection Rate (qi) 19 Bpm
hf 449 Ft
Xt 248.95 Ft
Total leak-off coefficient (Cl) 0.0038 m/'s'’?
Total treatment time (ti) 723 Min
Spurt loss (Sp) 0 Gal/100ft>

Initial length of fracture iteration (Xf(iteration+1)) = 75.88 m = 248.95 ft. this value is used because it is the
result of simulation, where the maximum fracture width will be calculated using the equation:

_ 1 n' 1+2,14xn’ o' , 1 qi" . hfO) | xf 1/(zn'-2)
Wo =9.155005% 3.98 x| e Ko | E ] (6)
1 1 142,14 x 1 1 1
W[m = 9.15 m x 3.98 2x(+2) X [ 1 I 2+ X UUUUUZUgm

0,050318333" . 13,685520 ") . 75,88, /(2 (1)-2)
[ 4014291,72 ]
Wi =0.01248 m
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Wi =0.0400 ft

The average fracture width (W) is calculated by using the following equation:

Wave = (5) x w(0) ‘ (7)
Wae = (27 001248
Wy = 0.00784 m
Wavg = 0.02572 ft
Calculate the fracture conductivity using the following equation:
Wkf = K proppant x Wy, (8)
Wkt = 622098 x 0.0257
Wkt = 16004.10 md ft

3.2.2 Fracturing fluid design

Determination of fracturing fluid in planning hydraulic fracturing stimulation needs to be adjusted to the
characteristics of the reservoir to be fractured. So that the implementation of hydraulic fracturing can run
well according to plan without causing problems when carrying out the work [7], [9]. Determining the
fracturing fluid can be viewed based on the characteristics of the formation to be fractured, the amount of
clay content, the reservoir content, and the pressure in the reservoir. Based on existing log and petrophysical
data, it can be seen that the RAG well is a well with an oil reservoir where the lithology in the zone to be
fractured is shaly sandstone with a slight intrusion of siltstone which has a permeability of 10 mD with a
reservoir pressure of 1700 psi and a bore hole temperature of 220 F.

Based on the guidance for selecting fracturing fluids for oil wells according to [7], [10], that the fracturing
fluid that is suitable for application in planning hydraulic fracturing in RAG well is a fracturing fluid with
the Low pH Crosslinker + 25% COQO? type. Based on the results of trials carried out on the simulation, trials
have been carried out on several fracturing fluids, and in this plan the fracturing fluid to be injected is of the
YF430LpH-(CO, 70Q)-F104 type, which is a type of water-based fluid with a low pH crosslinker. The
reason of choosing this type of fluid is because the crosslinker has the ability to linked molecules so that the
viscosity of the fluid will increase so that it is able to maintain the condition of the fluid at a high
temperature for a long time and because this fluid is low pH so it is able to provide fluid stability at high
bore hole temperatures up to 300 F. This also allows the injected fluid with the addition of CO? to tend to
lower the pH. Furthermore, for example, the pH of the fluid is below around pH 7, the fluid will reduce the
tendency for scale deposits to form. Hence, it is suitable for application in RAG well with a borehole
temperature of 220 F. The fracturing fluid composition is shown in Table 5, while the fracturing fluid
additives is shown in Table 6.

Table 5. Fracturing fluid design composition

Parameter Value Units
Fracturing fluid YF430LpH-(COz 70Q)-F104
Fluid Type Water Based
Frac Fluid Density 624 Ib/Ft*
SG Fracturing fluid 1.02 Pa det'?

n’ |
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K’ 0.0000209 Lbs s"/ft?

Table 6. Fracturing fluid additives composition

Type Name
Biocide M275-Microbiocides
Clay Stabilizer M117-Potassium Chloride
Surfactant F108-Surfactant
Gelling Agent I1876-HPG Polymer slurry
Iron Control L401-Stabililzing Agent
Crosslinker J532-Crosslinker
Surfactant F104-Foaming Agent
Breaker J218-Breaker

The explanation of the additives function used on the fracturing fluid design are as follows:

l.

Biocides

The use of M275-Microbiocides functions is to eliminate bacterial content that can damage the
polymer bonds in the fracturing fluid that might reduce its viscosity. The use of biocides is mixed
with water that has not been mixed with polymer, because the enzymes produced by bacteria (even
if the bacteria are dead) can break down the bonds in the polymer.

Clay Stabilizer

The use of M117-Potassium Chloride as a clay stabilizer is used to prevent the spread of clay,
especially in sandstone formations such as kaolinite, illite, chlorite and smectite which can be a
problem in production. Clay is also commonly found in shale rock formations. Because in the
“RAG” Well the formation to be fractured is in a formation with shaly sandstone lithology, the use
of a clay stabilizer is very necessary to prevent the spread of clay by providing cationic properties
to prevent ion transfer and prevent the development of clay.

Surfactant

In this fracturing fluid composition, there are two types of surfactants used, namely F108 which is
used as a surface-active control agent to facilitate the breakdown of water from the surface of the
formation, prevent emulsion formation and facilitate fracturing. And is able to change the contact
angle of the leak-off fluid into the pores which is able to change the wettability of the fluid to the
formation. then the usage of F104 as a foaming agent to make foam.

Gelling Agents

The use of J876- HPG Polymer Slurry as a High-Pressure Guar gelling agent functions to increase
the viscosity of water so that it can form a gel, in this case the viscosity of YF430LpH-(CO2 70Q)-
F104 which is a water based fracturing fluid under RAG well pressure conditions of 1700 Psi.

Iron Control

The use of L401-Stabilizing agent is used to control pH because the fracturing fluid used is a low
pH type fluid and is used to prevent the deposition of Fe’* ions in the fracture zone. Where the
“RAG” well that is to be fractured is a sandstone formation with minerals such as kaolinite, illite,
chlorite, and smectite, where these minerals can form iron oxide, so the use of L401-Stabilizing
agent is needed to prevent oxidation of Fe** ions.

Crosslinker

The use of J532-crosslinker aims to increase the viscosity of the fracturing fluid used by binding the
molecules. The high fluid viscosity is able to maintain the fluid at high temperatures for a long
time, where in this case, the RAG well has a fairly high temperature of 220 F. The crosslinker is
needed to strengthen the fracturing fluid molecules so that they unbreak when fracturing fluid is
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injected into the formation.

7. Breaker
The use of J218-Breaker as a breaker is used to reduce the viscosity of the fracturing fluid used
after the job is carried out. The breaker will help the fracturing fluid to become more liquid from
previously being in a gel phase so that it is easy to clean/flush after fracturing in the RAG well.

3.2.3 Proppant determination

In general, the factors that influence proppant selection are the strength of the proppant to be able to
withstand the closure pressure of the formation, the size of the proppant to be able to enter the fracture in
the perforation hole formed, and the increase in conductivity when using type of proppant [11]. If the
proppant experiences stress that exceeds its strength limit, the proppant will experience crushing and this
will cause a decrease in fracture conductivity and affect the effectiveness of the hydraulic fracturing. In
order to calculate proppant strength, the following equation is used:

Pclosure = (Gf x D) (C)]
Pclosure = (0.797 x 3804.46)
Pclosure = 3029 .6 Psi

The determination of proppant in this planning is based on the results of sensitivity tests on the ability of
various types of proppants to withstand the minimum horizontal stress which is assumed to be the closure
pressure value of 3029.6 psi, as shown in Figure 1, that the most suitable proppant is the 16/20 proppant
XRT Ceramax.

ko | Agn | Wl | Zone mu|w-

Db | Prseds Pl |

— [etor s [ibAz
Seswbron SRR pwgelosgiobs R0

Fud

b [0 2] e [TPORLSEED2] FIAE] FhidFsaed Fackr |10

Figure 1. Sensitivity result comparison between proppant permeability vs closure stress
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for several proppant

3.2.4 Injection pressure and pump horse power

As the final stage in the entire fracturing design process, a final pump pressure plan is required to achieved
the desired level of conductivity in the hydraulic fracture corresponding to the selected hydraulic fracture
plan. the reason why it is necessary to design pump pressure is due to the dominant factor influencing the
fracture shape is the peak value of the disturbance and stress increase along the pump pressure [2], [3], [12].
Pumping horse power and injection pressure needs to be adjusted in order to create the designated fracture
in the targeted formation by injecting fracturing fluid in a state of injection pressure way higher than
formation fracture pressure (P > Pi). The following is the data needed in order to determine the injection
pressure at the surface as shown at Table 7.

Table 7. Surface injection pressure calculation data

Parameter Value Units
Injection Rate (Q1) 19 Bpm
ID DP 2441 Inch
n’ 1 Ft
k’ 0.0000209 Pa det!?
Fracturing Fluid Density 62.4 Lb/gall

SG Fracturing Fluid 1.02
Tubing Length 3631.63 Ft
Perforation Diameter 04 Inch
Perforation Number 165
Fracture gradient 0.797 Psi/ft
Mid Perforation (TVD) 1159.60 FT
Pt 1831.24 Psi
Closure Pressure 3029.62 Psi

Injection pressure calculated used the following equation:
WHTP = BHTP + Ppf + Pf — Ph (10)
WHTP = 912.6052 + 0.1046 + 4534.02 — 502.29234
WHTP = 4944 4389 psi

and for calculating of the pump horse power as follows:

_ QiPwtr

HHP = 208 (11)
19x 4944.4389

HHP =0

HHP =2302.5573 HP

3.2.5 Pumping schedule

The pump rates used in hydraulic fracturing according to the planning carried out can be seen in Table 8.
The pump rate was obtained at 19 bpm based on test results on several pump rate values. The pump rate is
chosen based on the pump's ability to inject the fracturing fluid and proppant used so that it can fractured
the formation.

Table 8. Pumping schedule
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No. Stage Injection Fluid Proppant Proppant Slurry Injection
Rate Volume Concentration Mass Volume Time
(Bbl/min) (Gallon) (PPA) (Ibs) (Bbl) (Minutes)
1 (Pad) 19 2270 0 0 54 28
2 19 2530 1 2530 63 33
3 19 2250 2 4500 58.4 3.1
4 19 1790 3 5370 484 25
5 19 2433 4 9732 68.4 3.6
6 19 2544 5 12720 74.2 39
7 19 2777 6 16662 84 44
8 19 2788 7 19516 87.3 4.6
9 19 2579 8 20632 83.5 44
10 19 2877 9 25893 96.3 5.1
11 19 3000 10 30000 103.6 55
12 19 3155 11 34705 112.3 59
Flush 19 18454 0 0 4393 23.1
Total Injection Time 72.3

The total time required to pump YF430LpH-(CO: 70Q)-F104 fracturing fluid and XRT Ceramax 16/20
mesh proppant according to the pumping schedule is 72.3 minutes. The fracture geometry model that has
been formed after executing the design using the simulation based on the 2D contour plot is shows in Figure
2 and the conductivity contour is shows in Figure 3.

Figure 3. Fracture geometry model of RAG well based on conductivity contour
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3.3 Analysis of RAG well hydraulic fracturing planning after fracking

3.3.1 Formation permeability before and after fracking

The results of implementing hydraulic fracturing stimulation will influence the increase in rock
permeability values which will later influence the fluid flow rate in the formation where hydraulic
fracturing stimulation [2], [3]. Calculation of fracture permeability and average permeability values was
carried out using the Howard and Fast equation. The data required to calculate the increase in permeability

after fracturing is shows in Table 9.

Table 9. Permeability calculation data

Parameter Value Units
Wellbore radius (rw) 0.125 Ft
Drainage radius (re) 328.08 Ft

hf 449 Ft

Xt 248.95 Ft

Formation Permeability (ko) 10 mD
Fracture Width (wq) 0.0257 Ft
Proppant Permeability (kpyp) 622098 Md

The following step is explained to calculate fracture permeability and average permeability after conducting

hydraulic fracturing:

Calculating the fracture conductivity using the following equation:
Wkf =K proppant x Wy, (12)

Wkf = 622098 x 0.0257
Wkf =16004.10 md ft

Calculating the Fracture Permeability by using the following equation:

(k x hf)+Wkf
Kfiae = B — (13)
K _ (10x44.9)+16004.10
frac = —449

Kfiue =366.43 mD

Calculating the average formation permeability after fracking by using the following equation:

Kavg = 108G (14)
- 1 xf 1 re
[kfrac x (lng;)ﬂmx (ICIEW)]
328.08
Kavg _ lng(o.lzs )
= T

248.95 1 328.08
|-3!31!3.‘1-3 x (lﬂg 0.125 )+{E x (lngzd-ﬂ.gs)l

Kavg = 162.89 mD

Based on the results of the calculations that have been carried out, it can be concluded that there was an
increase in the average permeability of the formation in the RAG well after hydraulic fracturing stimulation
in accordance with the planning. Before hydraulic fracturing stimulation was carried out, the permeability
value in the formation was 10 mD. Meanwhile, after hydraulic fracturing stimulation was carried out in
accordance with the plans that had been carried out, the permeability value increased to 162.89 mD.

3.3.2 Increase in productivity index
2202
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The method used to calculate the productivity index is by using Cinco-Ley, Samaniego, and Dominguez
methods. This method is used in fracture conductivity and also for quick evaluation to calculated the
estimated increase of productivity (K2P) in hydraulic fracturing. This method is used to calculate
productivity index (PI) by considering skin factor and pressure changes in the targeted reservoir [8], [13],
[14]. This method also assumes that the well has a cylindrical drainage area, cased hole well completion
configuration, homogenous reservoir, limited by impermeable layer above and below the productive layer,
has a constant productive layer thickness, permeability and porosity, the produced fluid has constant
compressibility and viscosity values, fully penetrating and finite conductivity fracture, gravity effects are
ignored and the fluid flow regime is laminar type [8], [ 14]. This assumption has the same characteristic with
RAG well. The following steps was to determine the PI based on Cinco-Ley, Samaniego and Dominguez
method.
Calculating the value of Dimensionless Fracture Conductivity by using the following calculation:

wKf

FCd_Kx(xf) (15)
16004.10

Fed = 10 2a895)

Fcd=6.4

Find the rw'/Xf value by plotting the Fed value into a rw'/Xf vs Fed graph, as shown in Figure 4.

1.00-

rix,
=
T

0.01 - . -
0. 01 1 10 100
cﬂ

Figure 4. Graph of rw’/Xfvs Fed

Based on the results of the Cinco-ley Samaniego and Dominguez plot on the rw'/Xf vs Fed graph, the
rw'/ Xt value is 0.38.

Calculating the rw' value by using the following equation:

rw' =Xt x 04 (16)
rw’=248.95x 0.4

rw’=94.6 ft

Calculating the skin factor by using the following equation:

rwr

N =-In (E) (17)
94.6

S =Gy

S =-662

Calculating the comparison of productivity index before and after hydraulic fracturing using the
following equation:
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_J _ G
FOI =70 T mcs (18)
3Z8.08

; _ mEED
Fol =L = 0.125

Jooin )
Fol =L =633

Jo

3.3.3 Inflow performance relationship

In this research, the inflow performance relationship (IPR) comparison calculation before and after
implementing hydraulic fracturing uses the Wiggins IPR method. Based on [15], the results of the analysis
of the Wiggins method state that the two-phase method from Vogel is a three-phase method, so that a three-
phase method is obtained which is simpler than the previously existing three-phase method.

In the Wiggins method it is assumed that each phase is treated separately, so that the results between oil rate
(go) and water rate (qw) can be calculated separately. When comparing the Wiggins IPR equalization
method with the Hagerdorn-Brown and Pudjo Sukarno methods, this method will get production rate results
that are equivalent and almost the same, this indicates that the Wiggins three-phase IPR equalization results
are correct. The maximum difference from this ratio is 3.98% for oil and 7.08% for water. The reason for
using the Wiggins IPR method is considering that the fluid flowing in the well is a three-phase fluid with a
positive skin value of +0.53 and the assumption in this method is that the water-cut percentage exceeds 40%
where the water-cut in the RAG well is high, reaching 93% based on last well test results. Determination of
IPR comparison results before and after fracturing carried out according to the plan for the RAG well which
is shown in Table 10 and Table 11, respectively.

Table 10. Inflow performance relationship data before fracturing

Pwf Qo Qw Qtot
(Psi) (BOPD) (BWPD) (BFPD)
0 1492 209.63 22455
100 1444 200.55 21498
200 1391 191.06 204 .96
300 13.33 179.54 192.77
400 12.70 170.86 183.56
500 12.02 160.16 172.18
600 11.29 149.05 160.33
700 1051 137.53 148.04
800 9.68 125.60 135.28
900 8.80 113.27 12208
1000 7.88 100.53 10841
1100 6.90 87.39 94.29
1150.64 6.39 80.58 86.97
1200 5.87 7384 79.72
1300 4.80 59.89 64.68
1400 3.67 4552 49.19
1500 2.50 30.76 33.25
1600 1.27 1558 16.85
1700 0 0 0

In order to predict the increase in inflow performance after hydraulic fracturing, used the following
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equation:

Calculating Qomax after fracturing, this is also applied for Qw and Qtot.
Qomax After =}io x Qomax Before (19)
Qomax After = 6.33 x 14.92
Qomax After = 94.44 Bopd

Table 11. Inflow performance relationship data after fracturing

Pwf Qo Qw Qtot
(Psi) (BOPD) (BWPD) (BFPD)
0 94 .44 1327.10 1421.54
100 91.90 126960 1361.00
200 88.04 1209.54 1297.58
300 84 .36 114691 1231.27
400 80.38 1081.70 1162.08
500 76 08 101392 1090.00
600 7146 943.57 1015.03
700 66.54 870.65 937.18
800 61.29 795.16 85645
900 55.74 717.09 77283
1000 49 87 636.46 686.32
1100 43 .69 553.25 596.93
1150.64 40 44 510.13 550.57
1200 37.19 467.47 504 .66
1300 30.38 379.12 409.5
1400 2325 288.20 31145
1500 1582 194.70 21052
1600 8.07 98.64 106.7
1700 0 0 0

Based on the IPR tabulation on Table 10 and Table 11, then the following inflow performance relationship
comparison before and after conducting hydraulic fracturing according to the designated plan on RAG well
could be constructed, as shows at Figure 5 and Figure 6, respectively.

Inflow Performance Relationship
1800
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40.44 BOPD
1200 €.39 BOPD ~———IPR Pre Frac
T 000 T IPR Post Frac
2
% a0
&
600
400
200
~
0 .
0,00 10,00 20,00 30,00 40,00 50,00 60,00 70,00 80,00 90,00 100,00
Qo, BOPD
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Figure 5. Inflow performance relationship comparison pre and after hydraulic fracturing for oil rate

Inflow Performance Relationship

550,67 Bipd
~— —— i Pre Frac
.

. —8— PR Post Frac

Figure 6. Inflow performance relationship comparison pre and after hydraulic fracturing for liquid rate

Based on the IPR graphic curve in Figure 5, it is found that the increase in oil rate after conducting the
hydraulic fracturing in RAG well using the Wiggins IPR Method at Pwf = 1150.64 psi is in-creased from
6.39 Bopd to 40.44 Bopd. whereas in Figure 6 show an increase in fluid rate after frac-turing from 86.97
Bfpd to 550.67 Bfpd. Therefore, it can be concluded that the hydraulic fracturing planning in RAG well can
increase well productivity as indicated by an estimated increase in the IPR curves.

4. CONCLUSIONS
From the result and discussion above, it concludes that:

1. Based on the simulation design results, it was found that the fracture geometry using PKN
geometry models, and were obtained parameters in the form of fracture length (Xf) of 248.95 ft,
fracture height (hf) of 44.9 ft, fracture width (W(0)) of 0.4680 inch and fracture conductivity
(Fed) of 75094 md ft.

2. The hydraulic fracturing plan for the RAG well usage fracturing fluid YF430LpH-(CO: 70Q)-
F104 low pH crosslinker + 25% CO? with additional additives that have been adjusted and
using XRT Ceramax 16/20 mesh proppant.

3. In operation of hydraulic fracturing in the RAG well, has been determined that the surface
injection pressure used of 4944 4389 psi, with a pumping horse power of 2302.5573 HP at an
injection rate of 19 bpm and a treatment time of 72.3 minutes.

4, Based on the analysis of parameters, it was found that there was an increases in parameters in
the RAG well including an increases in the average permeability of the formation from 10 mD
to 162.89 mD, fold of increase to 6.33, productivity index, and rate of oil production based on
Wiggins IPR analysis from 6.39 Bopd to 40.44 Bopd with fluid flow rate also increasing from
86.97 Bfpd to 550.67 Bfpd.
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