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ABSTRACT: The ‘X’ well is an oil well located in South Sumatra, Indonesia, the well began
production (on stream) in June 2017 and is still in production today. Fluid characteristics of heavy
oil with a value of 24.6 °API and a high pour point of 48°C originating from the Talang Akar
Formation reservoir. The analysis problem shut-in well after two months of production, and the results
of laboratory analysis of oil samples are oils with asphalts problems so that the oil freezes before
it reaches the surface. The analysis is carried out in the production well has been done twice with
a chemical injection of xylene (CgHig) + toluene (C7Hs) and the "X" well is back in production for 9 days
but has decreased oil production by 16% per day until the X' well shut in on 18 January 2018, due to indications
of heavy oil deposits in production tubing. Based on data from the EMR (Electric Memory Recorder)
starting at a depth of 400 m from the surface the temperature is below the pour point (48°C) of oil
produced. On July 22, 2018, a thermal stimulation project with thermochemical by injecting
(HCI 15% + NH3 5% + Ester) was carried out to overcome the asphaltenes problem in the 'X" well.
Thermochemical stimulation succeeded in turning on the X' well with Qoi 325 BOPD and raising
the wellhead temperature from 30°C / 86°F to 50°C / 122°F for 100 days and then production lasts
58 BOPD for 120 days. This research was successful in handling production problems at a mature
oil field for 230 days (almost 8 months) economically and can operate at low oil price conditions
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INTRODUCTION

The characteristics of oil produced in well ‘X’ are
heavy oil with high pour-point / HPPO (high pour-point
oil). Based on the characteristics of the oil produced, there
will be freezing of oil deposits in the production tubing
before it reaches the surface because has a production
problem in the form of asphaltenes problem. A study on
handling thermal stimulation has been carried out in the
field with the problem of heavy oil in oil wells in 1994.
The problem of wax and asphalt deposition in the

PETROBRAS oil field, Brazil, was overcome by research
conducted by the PETROBRAS Production Dept. Campos
Research Centre. This study uses an esterification reaction
with Nitrogen (N2) and produces heat, which can melt wax
and asphalt deposition [8]. Along with the advancement
of research and technology progresses, paraffin and asphalt
removal develop with esterification formation reactions
using chemicals that can generate heat with higher
temperatures up to 200°C [13]. The heavy oil field that
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implementation of thermochemical stimulation treatment
is the Albacora field, Brazil, is succeeded increase oil
production by 32% and generating USD 200,000 / day [8].
Thermochemical stimulation research to overcome the
asphalt problem is also applied in the marginal field of
West Malaysia, and it can be concluded that this method
is more profitable [2].

Research conducted at Well X used a thermochemical
method by injecting HCI 15% and NH;3; 5% as a result
of the most sensitive components in the laboratory. This
thermochemical reaction can increase the temperature
of production fluid up to 160°C. Then it is observed that
the temperature can last until it reaches the pour point
of the production fluid at 48°C. The fluid composition
of thermochemical is very effective to maintain well
production for up to 230 days. At first, there were doubts
about using HCI for injection fluid due to its corrosive
nature to casing and tubing, but by adjusting the proper
concentration it will cause a heat reaction and produce
a solvent fluid that will be produced with the production
fluid. If the concentration of HCI after reaction stability
in reach on the surface, it can be anticipated in the separation
equipment or in water treatment with the addition of NaOH
can produce salt and water.

THEORETICAL SECTION
Asphaltenes problems

Asphalt crystallization in crude oil produces non-
Newtonian flow characteristics, including time-dependent
(thixotropic) yield stress at the temperature of crude oil.
Asphalt crystallization depends on the low temperature
and the rate of temperature decrease. Crystallization in
crude oil can cause three problems: high viscosity, pressure,
high-stress yield, and crystalline deposits. High viscosity
(>150 cp) and deposits are the leading causes of production
problems, such as high pressures and increased pumping
rates due to deposits, but oil production decreases. Besides,
high viscosity in the presence of sediment will cause
damage to pipes and production facilities.

These asphalt crystals settle to production facilities
such as tubing, flow line, storage tanks, pumps, and other
equipment will cause this production fluid cannot to flow [9].
The crystal can settle even though crude oil is at a
temperature above its freezing point. This happens because
oil has a high pour point value. Asphalt crystals will settle
to a slower fluid flow compared to a faster fluid flow rate.
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Tablel :.Asphaltenes Qil Characteristic Problem

(Viscosity Pour point
Specific Gravity (SG) Color
Cp °C
_ >150 >40 >0.9 Dark Browrj

Low flow rates affect asphalt deposition, mainly due to
longer residence times on the pipe.

This increase in residence time allows more heat loss
and results in lower crude oil temperatures, which can cause
precipitation and precipitation of asphalt crystals.

The characteristic of oil with an asphalts problem is
that it has a high SG value (> 0.9) and a high pour point
(> 40°C) compared to oil with paraffin problem oil color
with dominant brownish dark asphalts in the presence
of shiny films. The following are the characteristics of oil
with the asphalts problem shown in Table 1.

In Table 1 above, the oil with asphaltenes problem has
characteristics with a dark brown color, a viscosity above
150 cp, SG value is high (> 0.9) so that the value API
Gravity into a low/heavy oil.

Indications of deposition of heavy oil

The first step to organic diagnosis deposit is to analyze
samples of crude oil. There are some routine laboratory
tests conducted on samples of crude oil such as dissolution
tests and SARA(Saturates, Asphaltene, Resins, and
Aromatics) Analysis [13].

a) Dissolution test

In examining the nature of the sample, one of the routine
tests is to analyze the sample solubility in an organic
solvent, organic acid, and water.

Dissolution testing is not a quantitative test, but a useful
method to examine the nature of the deposit samples.
Samples with dominant fraction soluble organic solvent
while the non-dominant samples dissolved in acid and
water. This step is one of the first steps to characterize
organic sediment, therefore, needed further tests to determine
the organic deposits in crude oil. Here is a sample
of the dissolution process of oil with solvent and acid + water
is shown in Fig. 1.

Fig. 1 above, section A shows a sample of oil with
an acid + water, while in B visible oil sample with a solution
of the solvent resulted in a dark brown color precipitate.
This indicates that oil sample B is the dominant part
of the asphalt.
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Table 2 : Types of Deposits Based On Melting Points.

( Type of Wax Melting Point \
Asphaltenes (120-150°C)
Resins (120-150°C)

K Aromatics (60-100°C) j

T

B

J

N /

Fig. 1: Dissolution Test.

b) Analysis of SARA (Saturates, Asphaltenes, Resins, and
Aromatic)

Analysis of SARA (saturates, asphaltenes, resins, and
aromatics) is an analysis performed to determine the levels
of saturation, asphalt, resins, and aromatic content in
petroleum. Analysis SARA detected by the Colloidal
Instability Index (CII), is the ratio between the saturation
and the asphalt with resin and aromatic, if the value of CII
is below 0.7, then the level of SARA is stable, whereas
if the value of CII ranges above 0.9 then the oil or
the sample tends to be unstable with predominantly content
asphalt therein.

The higher the value of CII (Colloidal Instability
Index), the higher the content of asphalt in the oil, with this,
the oil will tend to be easier to freeze and cause problems
of production and the resulting decrease in oil production
due to the deposition of organic oils that usually accumulate
in the tubing production and zones of perforation. Based on
the description of saturates, asphalts, resins, and aromatics
above, it can be grouped types of organic sludge by melting
in Table 2 below. In Table 2 above, groups of asphaltenes
and resins is a type of sediment that has a high melting
point compared with other sediment type group.

SARA in crude oil fraction can indicate the level of
asphaltene stability. High asphaltene content of which
is not the reason for the problem of asphaltene, but the fraction
of high saturation can cause asphaltene instability. In addition,
the resin concentration affects the stability of asphaltene,
when the ratio of resin to high asphaltene, there will be
no problem in the hydrocarbon fraction, whereas when
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the ratio decreased, asphaltene become unstable. The Colloidal
Instability Index (CII) is another approach to identifying
the stability of asphaltene. CII is the ratio of total
asphaltenes and saturation of the total aromatics and resins.
Crude oil is was teady if CIl value under 0.7, and then
crude oil is considered unstable when CII value is higher
than 0.9. Determine levels of CIl, and then use the
following equation:

Sat + as
cri= 2278 100 (D)
res + aro
Explanation:

sat : saturates

asp: asphaltenes

res: resins

aro: aromatic

The data used to calculate the CII on the oil sample is
total saturation, levels of asphalt, resins, and aromatics
obtained on test samples in the laboratory.

¢) Thermochemical stimulation

Thermochemical stimulation is a method of injecting
chemicals into production wells as heat-producing /
exothermic reactions with temperatures generated in the
range (125°C-175°C) and then soaking/soaking for 12-24h
The purpose of thermochemical stimulation is to clean
the production tubing due to organic deposition or freezing
due to the oil produced being heavy oil with high asphalt
content, after thermochemical stimulation is expected
to increase well production.

The chemicals injected are HCL 15% and amine (NHs)
5% which can produce high temperatures + esters (NH4Cl),
this high temperature produced will melt/melt frozen oil
deposits in the production tubing, while chemicals
resulting from the exothermic reaction in the form of
an ester which is a solvent so it cannot be mixed with
the oil to be produced.

The following is the equation of the thermochemical
stimulation reaction shown in the equation below.

HCl+ NH, = HEAT + NH ,CI 2

Thermochemical stimulation process

Stimulation thermochemical is divided into three main
parts: the injection of chemicals into the well to be
stimulated, then an immersion process or chemical soaking
wells for 12-24 hours in this process is the longest process
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(A)Injected (B) Soak (C). Produce

- J

Fig. 2: Thermochemical Injection Process.

of stimulation segment thermochemical and chemical
production process back to the surface, In the process
injection of stimulation is divided into three segments,
namely the segment of pre-flush, flush, and post-flush
which is a different part in the type of chemical that
is injected. The chemical segment has a different function
in the part of stimulation.

The stimulation process is performed on the same
production wells, for more details, it is shown in Fig. 2
show for the chemical injection section.

Figure 2 (A) above is a chemical injection, first of
chemicals injected into the wells in the order of injection
pre-flush, flush (thermo-A + thermo-B), and post-flush.
The following is a function of the chemical in
thermochemical stimulation operations:

A) Pre-Flush: a chemical that serves as the entrance of
the chemical thereafter by breaking the thin films in the
organic pour point inside the production tubing with
chemical surfactants. The injection volume is 10%
pre-flush of the total volume of production tubing.

B) Flush

a. Thermo-A: Chemical Thermo-A is a chemical that
reacted with the chemical Thermo-B to generate heat.
The heat generated will dissolve heavy oil deposits that are
still settled on the production tubing, perforation zones,
and several feet in formation. Volume thermo-A injected
into the well is 40% of the total volume of the casing
perforation zone and a few feet from the wellbore.
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b. Thermo-B: a chemical that is reacted with
the chemical Thermo-B to generate heat. The heat generated
will dissolve sludge deposits of oil in the production
tubing, casing perforation zone, and a few feet after
the wellbore. Volume thermo-B was injected into the well
is 60% of the total volume casing perforation zone
and a few feet from the wellbore.

C) Post flush: The chemical used is a surfactant that is used
to push in thermo-A and thermo-B into the casing and
perforated zone, the volume of which is used to inject
the chemical post flush as much volume of production tubing.

Furthermore, the well is capped and soaked/soaked
for 12-24 hours to completely dissolve the heavy oil,
in a process of soaking time graphics to be displayed in Fig. 2 (B).
Soaking in thermochemical stimulation. Soaking aims
to optimize the chemical reaction and produce the optimum
temperature.

Further wells in the open again and produced up to
1.5 times the volume of chemical is injected to ensure
the entire chemical that is injected has been completely out
of the wellbore as shown in Fig. 2(C). The production
process well after stimulation as shown in Figure 4 above,
do injection and soaking, then performed to produce back
well after stimulation does thermochemical. Once all
the stimulation fluid is reproduced and then well testing
is to determine the performance of the wells. Research
methodology is a combination of experimental in the well
performance injection thermos chemicals, and analytical
in laboratories to physical and thermal properties bellow
and after injection thermochemical.

EXPERIMENTAL SECTION
Experiment Stimulation

Well X' produced 504 bopd after that for 58 days the
well experienced a fairly rapid decline in production until
shut-in. The X" well can produce again in November 2017
by stimulating xylene + toluene so that the well can return
to production with 90 bopd, but the well will return/shut in
within 22 days, then xylene + toluene will be stimulated
again in January 2018 and the well returned to production
for 9 days after which the well was shut-in again due to the
heavy oil produced. On January 18, 2018 well "X' decreased
by 16% per day until the well shut down in 9 days so that
the well could not be reproduced until production
was handled. Following is the production data on well "X'
displayed graphically in Fig. 3.
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/ Specific Gravity @60/60 °F 0.9067 \
API Gravity @ 60 F 24.6

Kinematic Viscosity at 140 °F 159.3 cp
Kinematic Viscosity at 180 °F 51.24 cp
Kinematic Viscosity at 210 °F 26.98 cp
Pour Point 48 °C
Flash Point "ABEL" 90.5 °C

K Oil Type HPPO-Heavy Oil /

Table 4: SARA Analysis Result Well X

/ Sample basis (%) Dry basis (%) \
Volatiles 43.7
Macro crystalline wax (low molecular wt.) 21.49 38.23
Saturates
Micro crystalline wax (low molecular wt.) 2.35 4.18
Total saturates 23.84 42.41
Asphaltenes 2.98 5.3
Resin 8.68 15.44
Aromatics 17.56 31.24
Napthenes 25 4.46
K * Total 99.35 98.85 /

Themochemical

QO norn

Fig. 3: Production data well X’

In Fig. 3 above, Well ‘X’ is indicated by the presence
of frozen oil along the production tubing. The following is
the result of the fluid properties in Laboratory of the Well
Oil 'X' displayed in Table 3.
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Based on the fluid properties of the X' well above, where
the well 'X" is a heavy oil with low API Gravity at 24.6 °API
and is a high pour point oil (48°C), then further laboratory
analysis is performed by analyzing more hydrocarbon fractions
in the analysis of saturates, asphaltenes, resins, and aromatics.
In this condition, the crude oil has frozen in the tubing so that it
cannot flow to the surface of the well.

SARA (Saturates, Asphaltenes, Resins, and Aromatics)
Analysis

SARA analysis (Saturates, Asphaltenes, Resins, and
Aromatics) is an analysis of oil samples used to diagnose
the dominant heavy oil deposits in the oil hydrocarbon
fraction in well 'X'. Laboratory results on oil samples
produce saturates, asphalt, resins, and aromatics, as shown
in Table 4. below this.

From the laboratory results in the SARA analysis
above, which is macro saturation because the value of
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RHP-01 )

EB Casing 20" ; K-55; 94 ppf; BTGR3.
at 30 m.

YT
OO s
e

preiceiecinnies 0N

"~ Asphaltenes Sedimentation
400 m

TOLat 700 m.

CGasing 9 5/8" ; K-55; 36 ppf; BIGR3.
at 747 m.

Perfo. Layer. TAF Sand-1at 1352-1354 m.

Packer 7" MG-1Single Gripat 1370 m.
UR. 27/8" at 1380 m.

= Perfo. Layer. TAF Sand-2 at 1384-1388 m.

_ BPat1413 m.
M~ Perfo. Layer. lLematat 1414-1418 m.

BP at 1650 m.

BPat 1673 m.

B Casing 7" ; K-55; 26 ppf; BTC-R3.
To 1;0’;.;. at 1697 m.

o J
Fig. 4: Well Diagram RHP-01 with Deposition Indications

Analysis.

macro saturation is greater than micro saturation.
Furthermore, it can be determined the value of CII
(Colloidal Instability Index), CIl is the ratio between
saturation and asphalt with aromatics and resins in the
macro hydrocarbon fraction.

The CII value in the good oil sample can be determined
by the equation:

23.84+2.98
Cll=——""""—"—

8.68+17.56
Cll =1.022

CII value in Well X ’from the calculation result is 1,022
which means crude oil is indicated as dominant
asphaltenes sediment because CIlI value> 0.9, and
the hydrocarbon fraction is stable if the value CIlI <0.7.
With this SARA analysis, it proves the assumption that oil
in the X" well has asphaltenes problems with oil freezing
in the production tubing and perforation zone

Static pressure and temperature analysis well X

Analysis of static pressure and temperature in the 'X'
well by using Electric Memory Recorder data ) is shown
in Table 5.
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Based on the EMR data above, where at 400 m from
the surface the temperature is below the pour point of the oil
produced, so the oil settles/solidifies from a depth of 400 m
to the surface. Graphically it can be shown in Fig. 4 below.

In Fig. 4 above, visible heavy oil deposits freeze
at 400 m from the surface in the production tubing. Asphaltic
deposition problems a fluid flow blocking as an effective
oil is not produced to the surface, although artificial lift
(Electric Submersible Pump) performance is normal.

Planning thermochemical stimulation
A) Determination of chemical stimulation

Based on the asphaltenes problem in the well X',
the chemical used for the thermochemical stimulation
in Table 6 below is determined. Table 6, is a chemical
determination used for thermochemical stimulation where
the resulting temperature must be higher than the melting
point of asphaltenes 120°C-150°C. So the chemicals used
for stimulation are thermochemically consisting of 15% HCI,
amine (NHs) 5%, and esters (125°C - 175°C). The Determinate
of Easter Specific Head can be followed in Table 7.

B) Enthalpy of thermochemical reaction

The following is the determination of the enthalpy
generated from the thermochemical stimulation reaction
process with heat generated from the reaction at
temperatures of 125°C and 175°C.

Enthalpy Final temperature 175°C

SH =2.259J/g°C

m  =53.5¢g (HCI + NHa)

AT =(30°C -175°C)

=-145°C

AH=mxSH x AT .... (3)

AHg@1750c = -17520 Joule

Next is the determination of the enthalpy of the
thermochemical stimulation reaction with the final
temperature produced at 125°C, obtained :

AHg1250c = -11008 Joule

Based on the enthalpy calculation in the thermochemical
stimulation reaction above, the enthalpy produced at the final
temperature of 175°C is AHg17s0c = -17520 Joule and the
reaction with the final result of 125°C isAHg@1250c = -11008 joule.
The negative sign of the enthalpy result is that the reaction
produces an exothermic process where heat is generated from
the system (thermochemical stimulation reaction) to the
environment (boreholes).
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Table 5- Static Pressure and Well Temperature ‘X' Before Stimulation.

/ Depth Depth Pressure
No Temperature, °F Temperature, °C
Meters Feet psi
1 1375 4511 1134.09 185.35 85.160
2 1350 4429 1116.08 184.24 84.570
3 1300 4265 1081.02 181.26 82.900
4 1250 4101 1046 177.7 80.900
5 1200 3937 1011.13 174.03 78.800
6 1150 3773 976.26 171.1 77.200
7 1100 3609 940.77 167.83 75.400
8 1050 3445 905.75 164.51 74.000
9 1000 3281 870.34 161 71.600
10 950 3117 835.18 157.77 69.800
11 900 2953 799.72 154.19 67.880
12 850 2789 764.2 150.52 65.800
13 800 2625 728.6 147 63.800
14 750 2461 692.95 143.9 62.000
15 700 2296.7 657.30 140.60 60.300
16 650 2132.65 621.25 136.75 58.190
17 600 1968.6 585.33 133.40 56.330
18 550 1804.55 549.36 129.79 54.320
19 500 1640.5 513.15 125.79 52.100
20 450 1476.45 476.72 122.00 50.000
21 400 13124 440.30 118.55 48.000
22 350 1148.35 404.30 114.34 45.700
23 300 984.3 368.29 110.16 43.400
24 250 820.25 331.60 105.61 40.800
25 200 656.2 294.21 100.77 38.100
26 150 492.15 256.88 95.07 35.000
27 100 328.1 219.50 90.98 32.700
28 50 164.05 182.32 87.54 30.850
K 29 0 0 148.05 86.55 30.200 /

Table 6- Chemical Stimulation Based on Temperature.

@ Chemical Stimulation Temperature A
Xylene (<40°C)
Xylene + Toluene (<60°C)
HCI (<100°C)
HCI+ Xylene (<100°C)
N (HCL 159N oevEstr (125475°C) )
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Table 7- Final temperature Vs Easter- specific heat.
/ Final Temperature (°C) Specific Heat (J/g. K) \

Empirical Study of Thermochemical ...

25 2,028
75 2,082
125 2,166

K 175 2,259 /

Table 8- Determination of chemical concentration percentage.

/ Concentrations (%)
No Temperature (°C)
HCI NH;
1 5 5 83
2 7 5 85
3 10 5 112
4 10 10 115
5 12.5 10 125
6 15 5 160
7 15 10 160
- /

180
160

140

120
100
[ST8)
40
20
0

Fig. 5- Determination of optimum chemical concentrations.

Temperature, C
b4

C. Determination of chemical concentration

In thermochemical stimulation planning the concentration
of the chemical and its solvent is important, so the
chemical content and the solvent are in accordance
with the concentration needed to produce the temperature
needed to dissolve the deposits of oil deposits.

Following are the results of laboratory experiments
on the percentage of optimal chemical concentration
on thermochemical stimulation shown in Table 8 below.
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Based on the results of laboratory experiments in Table 8,
optimal concentrations of HCL and NH3 to produce high
temperatures are with HCL concentrations of 15% (32%
base) and NH3 5% (20% base) so as to produce
temperatures of up to 160°C, with temperatures of 160°C
thermochemical has been able to melt heavy oil deposits
asphaltenes problem. The percentage concentration of
HCL 15% and NH3 5% is the sensitivity of laboratory
experiments, then it is graphically from Table 8, shown
in Fig. 5 below. In Fig. 5 above as a determination
of chemical concentration used in thermochemical
stimulation by reacting X' well oil samples with 15% HCI,
Amine (NH; =35%) is the optimum chemical concentration
to produce high temperatures (160°C) sufficient to dissolve
sediment

Asphalts heavy oil problem. The next step is to determine
the ratio/percentage volume of HCI and NHjs to the solvent
(water) using the dilution equation as follows.

Base HCI (M1)= 32%

HCI 15% (M,)= 15%

V2 =2,9 bbl.
0o, @
M, xV, =M, xV, (5)
0.32xV:=0.15x 2,9 bbl.
V1= 1,36 bbl.

V2 =Vi + V solvent

V solvent= 1,54 bbl.

% solvent=53%

Based on the calculation of the dilution reaction above,
where the base HCI 32% is diluted to 15%, the concentration
ratio of HCI to its solvent (water) becomes ratio (47:53).
Next is determining the percentage of NHs; with the
following Eqgs (4) and (5)

Base NH3 (M31) = 20%

NHs 15% (M2) = 5%

V, = 4,3 bbl.

ni=ny

MixVi=MyxV;

0.2xV1=0.05x 4,3 bbl.

V1= 1,075 bbl

V,=V; + V solvent

V solvent = 3,225 bbl.

% solvent = 75%
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Table 9 : Chemical concentration laboratory results.
vc:{[ (|Dc)z/(1029.45)} x Depth(m)}— 7
/ Chemical Concentration \

HCI 15% 152.542 ppm

Amine (NH3) 5% 47.619 ppm

k Surfactant 30% 230.769 ppm /

The process of diluting NH3 with its solvent (water)
from base 20% to 5% used in thermochemical stimulation
isto be (25:75). Next is the determination of concentration
(ppm) obtained in the following Table 9.

Based on Table 8 above, thermochemical stimulation
in X" wells with chemical flush concentrations with 15% HCI
at concentrations of 152,542 ppm. Furthermore amine (NHs)
5% with a concentration of 47,619 ppm. The results
of this laboratory produce a temperature of 160°C where
this reaction has dissolved heavy oil deposits in the
asphalts problem. Furthermore, chemical pre-flush and
post-flush use surfactant 30% at 230,769 ppm.

D. Determination of injection volume

The determination of thermochemical injection volume
in the 'X' well is determined by observing the well 'X'
profile. The following are the data used to calculate the injection
volume:

ID Tubing Production = 2,441 in

OD Tubing =2.875in

Depth of Tubing Production = 1380 m

Depth of Tubing-Casing=(1413- 1370) m=43 m

Depth of Perforation = 1384 — 1388 m

ID Casing = 6,456 in

?=165%

Calculation of the injection volume of the
thermochemical tubing segment (VT) in the X'well with
the following equation (6) ;

VT =[(IDt)2/(1029.45)]x Dtx (3.281) (5)

(2.441)"

VT = x1380x3.281

1029.45
VT =26.2068 bbl
The above calculation is a volume calculation for
production tubing, then the thermochemical volume
calculation for the perforated casing zone (VC) with
the following Eq. (7) ;

2528

{ (ODt)z/(1029.45)} x Depth(dT)}}x(3.28l)

( 6.456° 2

VC =
1029.45

X m —

)
x10m [x3.281
1029.45
VC =5.7121 bbl-0.2634 bbl
VC =5.4487 bbl

The injection volume calculation for 2 ft (VW) around
the well uses Eq. (8) below.

VW = (Radius Well bore in Perfo.) — (8)

(V.Casing in Perfo)x @

For the value of @ = 0.165, then the value of VW,
can be calculated:

(30.456° V( 6.456°
vWw :L ><43m><3.281JL

1029.45

)
x4mx3.281
1029.45

x (0.165)
VW = (11,82 bbl - 0,53 bbl) x 0,165 = 1,8628 bbl.

Total volume = VT + VC + VW

Total volume = (26,2068 + 5,4487 + 1,8628) bbl

Total Volume = 33,5183 bbl.

The total volume of thermochemical injected in
thermochemical stimulation is the sum of the volumes
of the production tubing segment, the casing zone, and
the near wellbore zone. The following are the results of the
calculation of the thermochemical injection volume shown
in Table 10 below.

The above calculation is a determination of the amount
of thermochemical volume to be injected into the X well.
Furthermore, the volume determined for each type of
thermochemical consists of pre-flush, flush, and post-
flush.

e  Pre-Flush = 10% x Tubing Volume

=10% X’ 26,2068 bbl.

=2,62068 bbl.

. Flush

Thermo-A = 40% x (5,4487 + 1,8628) bbl.

= 2,9246 bbl.

Thermo-B = 60% x (5,4487 + 1,8628) bbl.

= 4,3869 bbl.

e  Post Flush

= 26,2068 bbl.

= Production Tubing Volume
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Table 10: Thermochemical Injection Volume Calculation Results.

/ Segment g ID (in) Depth (a), m Depth (b), m Depth (b-a), m Volume, bbl.\
Tubing 2441 0 1380 1380 26.2068
Casing 6.456 1370 1413 43 5.4487
Near Wellbore 0.165 24 1384 1388 4 1.8628

K Volume Total 33.5183 bbl /

E. Determination of injection rate

Thermochemical injection in well ‘X’ is pumped with
a Triplex pump. The thermochemical injection process is
by reacting thermo-A and thermo- B as a high-temperature
producer (120°C-175°C), for that in the injection process
set the pump rate so that thermo-A and thermo-B can react
well by minimizing heat loss when pumping so that it can
produce optimal heat.

Following are the Triplex Pump specification data
and other data used to inject chemicals into X wells.

Stroke Length =12in
SPM =90/min
ID tubing =2.441in
n =80%

Based on these data, it can be determined the amount
of injection rate/pump output from the triplex pump using
the following equation (9).

PO =3x[(IDt)2 xTcap |xSLxLcapxSPM xn 9)

PPO = (3x(2.4412 x0.7854)x12)x0.00411x90x80%

Pump Output = 49.85 gpm = 1.18 bpm
So the magnitude of the chemical injection rate of 1.18 bpm
with a pump efficiency of 80%.

F. MASTP (Maximum Allowable Surface Tubing Pressure)

Maximum Allowable Surface Tubing Pressure (MASTP)
is the maximum injection pressure that can be received
by the tubing. The MASTP determination is determined
for each injection segment because the chemical injection
density is not the same for each segment.

The following is the determination of MASTP
for pre-flush and post-flush segments.

Fluid Density =7,3ppg
Mid Perfo = 45475 ft
Frac Gradient =0,7 psi/ft

The determination of MASTP is done by knowing
the magnitude of the hydrostatic pressure and the fracture
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pressure of the formation first, using the following MASTP
as equation (10) ;

MASTP = (Prf -Ph) (10)

Frac.Pressure =0.7psi/ft x 4547.5 ft = 3183.2 psi

Hydrostatic Pressure (Pf) = 0.052x 7.3 ppgx 4547.5 ft
= 1726.2 psi.

MASTP =(3183,2—1726,2) = 1457 psi

Next is the determination of MASTP in the flush
injection segment at fluid density = 7.9 ppg, is :

MASTP = (3183,2 — 1868,1)psi = 1315,1 psi

Based on known MASTP data, it can be determined the
amount of pump pressure used, pump pressure must not
exceed MASTP.

By knowing the rate of chemical injection, the estimation
of chemical injection time into the wellbore can be determined.
The following is the result of the chemical injection time
calculation in Table 11. Based on the calculation
of the estimated time in Table 11 above, the thermochemical
injection process into the X well is 31 min or less than
1 hour.

Stimulation operation evaluation

Thermochemical stimulation operations are divided
into chemical injection, soaking time or immersion,
and running Electric Memory Recorder (EMR) to determine
the static pressure and temperature wells thermochemical
x subsequent to stimulation.

A. Chemical injection

Chemical injection is the first phase of stimulation
thermochemical operations, the number of chemicals that
is used by 33.5 bbl consisting of 2.6 bbl segment pre-flush,
flush segments 2.9 thermo-A, 4.3 flush thermo-B segment,
and 26 bbl segment post-flush. Chemical injection of
the stimulation process used a thermochemical Triplex pump
for the injection speed is needed to minimize heat loss.
The chemical injection process carried out in stages with three
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Table 11: Estimated Thermochemical Injection Time.

/ No Description Volume, bbl. Pumping rate, bpm Pumping Pressure, psi Time, min\
1 Pre-Flush 2.6206 1.18 1300 2.220
A 2.9246 1.18 1200 2478
2 Flush
B 4.3869 1.18 1200 3.717
3 Post Flush 26.206 1.18 1300 22.20
\ Injection Time Estimation 30.62 /

segments with sequence injection pre-flush, flush, and
post-flush. Pre-flush is injected at the first stage to pave
the way for other segments pre-flush is injected at a rate
of 1:18 bpm with a pump pressure of 1300 psi.
Furthermore, injected segment flush consisting of
thermo-A and thermo-B was injected simultaneously
with two pump rates of 1:18 bpm with pump pressure
1200 psi of each pump, the last injected segment of post-
flush to encourage chemical flush into the zone of
the casing and into formation with 1:18 bpm injection
rate and pressure of 1300 psi pump.

The estimated time spent in planning thermochemical
stimulation to inject the entire chemical into the well is
31minutes. Subsequently, the wells were closed for 12 hours
for the period of immersion/soaking time. Thereafter
the well produced back as much as 1.5 times the volume
of injection to ensure the entire fluid injection/chemical
has been removed entirely from the wells in the stimulation.

B. Running Electric Memory Recorder (EMR)

Following stimulation thermochemical wells X was
running EMR (Electric Memory Recorder) in wells X 36 h
to determine the static pressure and temperature. Here are
the results of running EMR (electric memory recorder)
wells x subsequent to stimulation shown in Table 12
below.

Based on Table 12 above, in which the results of
running the EMR (Electric Memory Recorder) wells
thermochemical x subsequent to stimulation, the resulting
magnitude of temperature and pressure at the bottom of the
well at 122°C and 1600 psi, while the temperature and
pressure wellhead at 50°C and 188 psi. The EMR data,
then the magnitude of the temperature at the well head
temperature remained above Pour-point oil produced
so that the oil can flow to the surface without experiencing
a pour point along the production tubing.
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RESULTS AND DISCUSSION

Based on the well production problems X with
asphaltenes problem, the type of chemical used is a
thermochemical consideration resulting in temperature
(125°C-175°C) and thermochemical containing HCI 15%
(32% base), and amine / NH3 5% (20% base). Enthalpy
is required to produce a high temperature in the well
with a final temperature of H =-11008 Joule at 125°C,
and at the final temperature175°C of H = -17 520 Joules.

Planning injection thermochemical the well X with
a total volume of 33.5 bbl, and the injection is done at
a rate of injection 1:18 bpm (80% efficiency) for 31 minutes
of injection and pressure pumping segment pre-flush and
post-flush of 1300 psi, while pressure pump on a segment
flush of 1200 psi. Well X is back into production after
stimulation and does thermochemical with Qoi 325 bopd.

Furthermore, based on the data EMR (Electric Memory
Recorder) following thermochemical stimulation, the
magnitude of the temperature and pressure at the bottom of
a well at 122°C / 252°F and 1600 psi. While the
temperature and pressure at the wellhead at 50°C / 122°F
and 188 psi, so the magnitude of the wellhead temperature
is still higher than in Pour-point (48°C) oil that is produced,
so that, subsequent to stimulation of wells thermochemical
X can be returned to production. The stimulation effect
on the rate of production and the length of time of production
in the ‘X well can be seen in Table 13.

From Table 13, it can be seen that without well
stimulation Well X only produced 58 days, with initial
production 504 bopd, and then continue to fall to 0 bopd
on day 59. By using solvent stimulation (Xylene +
Toluene) the first injection was produced for 22 days
with peak production of 90 bopd. On the second injection,
this Well X only produced 9 days, with peak production
at 75 bopd. The stimulation with thermochemical wells
can produce for 230 days with peak production at 325 bopd

Research Article



Iran. J. Chem. Chem. Eng.

Empirical Study of Thermochemical ...

Vol. 41, No. 7, 2022

Table 12 : Static Pressure and Well Temperature Data ‘X" After Thermochemical Stimulation.

/ Measured Depth Pressure Temperature \
Meters psi °F °C
0 188.021 122.957 50.532
50 200.901 125.717 52.065
100 227.554 127.936 53.298
150 259.556 130.631 54.795
200 301.664 134.706 57.059
250 313.631 138.169 58.983
300 325.312 140.395 60.219
350 367.959 144.024 62.236
400 391.520 147.793 64.330
450 454.624 151.413 66.341
500 517.774 154.624 68.124
550 562.508 157.681 69.823
600 611.642 160.399 71.333
650 633.159 164.488 73.604
700 654.298 169.606 76.448
750 694.289 173.0489 78.360
800 746.392 178.398 81.332
850 777.566 184.3824 84.657
900 808.400 189.6549 87.586
950 830.020 194.8833 90.491
1000 861.510 200.2809 93.489
1050 902.168 206.8359 97.131
1100 972.674 212.5085 100.283
1150 1042.893 219.764 104.313
1200 1113.871 224.6153 107.009
1250 1223.808 229.7225 109.846
1300 1354.088 236.1675 113.426
1350 1523.570 245.8232 118.791
1375 1600.541 252.2602 122.367

Table 13 : Well ‘X’ Production Rate and History.

f Stimulation Production Rate Production Time \
Non Stimulation 504 bopd 58 days
Xylene + Toluene 90 bopd 22 days
Xylene + Toluene 75 bopd 9 days
Thermochemical Stimulation 325 bopd 100days
(HCI 15%+NH3 5%+ Ester) 58 bopd 230 days

K Average Production

82.81 bopd
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then decrease slowly production to 58 bopd , or the average
daily rate production is 82.81 bopd.

Production result analysis

The wells X with this problem, an analysis of
indications of freezing oil deposits in the tubing was
carried out, the fluid properties analysis showed that RHP-
01 well oil is a type of heavy oil-HPPO (High Pour point
oil) with 24.6°APl and 48°C pour point. Analysis of
hydrocarbon / SARA fractions (saturates, asphaltenes,
resins, and aromatics) shows a Cll value of 1.02 which is
an asphaltenes problem (CII > 0.9). Static temperature data
shows that at 400 m from the surface, the tubing
temperature is the same as the oil pour point (48°C),
so there has been a freeze.

Based on these problems, thermal stimulation is carried
out to melt oil deposits in the tubing, an optimal chemical
selection is done to melt asphalts (120°C-150°C). To
produce high temperatures, the chemicals used are HCI
15% (from 32% base acid ) and NH3 / amine 5% (20%
base) with the resulting temperature of 160°C and
produced ester / NH4Cl as a thinner. The HCI concentration
used is 43:57 with the solvent (water), while the ratio
of NH3 concentration with the solvent (water) is the ratio
(25:75)

Thermochemical stimulation in wells X is done by
injecting chemicals which are divided into 3 parts, first is
the pre-flush injection of 2.6 bbl surfactant 30% to open oil
deposits in tubing, then injected thermo-A flush as HCI
15% 2.9 bbl and flush thermo-B NH3 5%, 4.3 bbl.
Furthermore, post-flush surfactant 30% 26 bbl injection
was to push oil deposits in the melting tubing into the
wellbore. The injection rate is 1.18 bpm with a pump
pressure of 1200 psi for flush, and 1300 psi for pre-flush
and post-flush. After injection, the X well is closed/soaked
for 12 hours to produce an optimum reaction. The well was
again produced 1.5 times the volume of injection to ensure
all chemicals were produced and a well test and running
EMR (Electric Memory Recorder) were performed to
determine the static pressure and temperature after stimulation.

Stimulation thermochemical on wells ray done on 19
July 2018, and began to be produced on July 22, 2018 with
a magnitude of Qoi production of 325 bopd. Until the final
data obtained ie on October 31, 2018, Well x is still
producing at 58 bopd, then made forecasting/forecasting
production method based on the decline curve with

2532

Herianto, H.

Vol. 41, No. 7, 2022

the gradient of temperature decreases wellhead at
0.011°C/days. The. average daily rate production is
82.81 bopd for 230 days of production.

Economies analysis investment

The following is a calculation using the production
forecast decline curve method. Determining the type of
curve used by the calculation annexed to the Attachment.
Below are the results of the type used in the determination
of tortoise forecast production at well X.

Tipe Kurva = harmonics

b=1

gi = 61,91 bopd

dT=20days (Oct, 11— 31, 2018)

Determination dT (decline Temperature) is a period
of decline curve analysis used to forecast production
on well X Fields HERA. Furthermore, the determination
of the value decline rate per day (DI) using the following
equation.

(ai) |
Di:LqIJ (12)
aT
(61.91\_1
0i L58.47J
20

Di=0.002941/ days

Decline rate (Di) in the well of X by 0.002941 / day
using harmonic curve type (b = 1). Here is the well
production data X, subsequent to stimulation thermochemical
and forecast production and the amount of temperature
decrease wellhead displayed graphically in Fig. 8 below.

In Fig.8, a forecast of production wells thermochemical,
subsequent to stimulation, the well began production
back on July 22, 2018 with a production of 325 bopd,
further production wells continue to decline due to
the effect of the heat generated from the stimulation began
to decrease. Until the last production data obtained ie
October 31, 2018, Well x still producing at a rate of
58 bopd of oil production. Furthermore, in the forecasting
of the production wells X, the parameter next is the gradient
drop in temperature wellhead at 0,011°C/day, and during
the 230 days of production, namely the March 9, 2019
wells X back shut in due to temperature wellheads having
to be the same as the pour point of oil produced (48°C).
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Fig. 8: Forecast Oil Production Well ‘X’ After Stimulation.

Following an economic determination of stimulation X
Well thermochemical with oil price data as follows.

Oil Price = USD 60/BBL

Lifetime =230 days

(22 July 2018 — 9 March 2019)

The calculated value of cumulative production

( Np-i) =19047.87 bbl.

If the cumulative total production of X Wells after
thermochemical stimulation is 19047.87 barrels, for 230
days, then the average daily production rate is 82.81 bopd.
The following economic calculations are revenue or the
Gross Revenue (GR) on Well X in the stimulation
thermochemical wells using the following :

GR = (82,81 bopd x 320 days x 60 (USD/bbl)
Gross Revenue = 1142872 USD

Gross income or revenue from the success of well
stimulation thermochemical on X amount of USD
1,142,872 for 230 days (July 22, 2018 - March 9, 2019).
Thermochemical stimulation requires no small cost,
the cost of chemical and equipment rental costs are the
most expensive cost of this thermochemical injection
operation and coupled with the cost of personnel and
specialized in the field of chemical used in this stimulation.

Based on the result economical analysis investment (Table 14)
above, in which the size of the investment required
for the stimulation of thermochemical with the cost
of USD 195061. Having in mind the amount of investment
made then the next can be determined the amount
of profit/profit from thermochemical stimulation is determined
using the following equation.
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Profit =( 1142872-195061) USD
Profit = 497811 USD

The amount of net profit /profit the thermochemical
stimulation operations on wells X obtained at USD 947811
for 230 days from the wells back into production (July 22,
2018 - March 9, 2019), the greater the revenue or gross
income, the greater the profit obtained

Here is a budget of stimulation thermochemical
on wells X displayed in Table 14 below. Furthermore,
the determination of the pay out time (POT) of investments
made in thermochemical stimulation on the well X. Here
is the determination pay out time (POT) on the stimulation
of wells thermochemical X by using the following :

POT =(195.061 (USD) / 82.81 (BOPD)) /60 (USD/BBL)
POT = 39 days

So that pay out time (POT) investments in
thermochemical stimulation for 39 days after Well x back
into production after stimulation does thermochemical,
on August 30, 2018.

The amount of revenue / gross income from the
investment of this thermochemical stimulation during
the 230 days is USD 1,142,872 with the amount of investment
issued USD 195,061 for the cost of chemical, personnel,
and equipment support, so the magnitude profit obtained
is of USD 947 811. Here is the result of the calculation
economics of thermochemical stimulation wells X
displayed in Table 15 below. Based on Table 15 above,
with average oil production of 82.81 bopd during the
exothermic stimulation at 230 days, resulting in revenues
amounting to USD 1,142,872 at an investment cost of USD
195 601, making a profit of USD 947 811 from the
stimulation thermochemical.

And future investment returns or Pay Out Time (POT)
for 39 days from the wells X back into production after
stimulation of wells in thermochemical.

Stimulation thermochemical on wells ray done on 19
July 2018, and began to be produced on July 22, 2018 with
a magnitude of Qoi production of 325 bopd. Until the final
data obtained ie on October 31, 2018, Well x are still
producing at 58 bopd, then made forecasting/forecasting
production method based on the decline curve with the
gradient of temperature decrease wellhead at 0,01° C / day.
Total infestation 195061 USD, POT 39 days, and Net
profile as 947811 USD is a very profitable project.
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f No Chemical Total IDR \
1 Pre-Flush Rp66.553.200
2 Thermo-A Rp129.874.500
Flush
3 Thermo-B Rp213.518.200
4 Post Flush Rp665.053.200
Sub Total Rp1.074.999.100
No Personal Total IDR
5 Project Coordinator Rp133.000.000
6 Chemical Field Specialist Rp159.600.000
7 Field Technician Rp139.650.000
Sub Total Rp432.250.000
No Equipment Total IDR
8 Triplex” Pump Rp931.000.000
9 Chemical Pump Rp146.300.000
10 Generator set Rp146.300.000
Sub Total Rp1.223.600.000
Total IDR (Chemical + Personal + Equipment) Rp2.730.849.100
\_ Total USD $195.061 -

Table 15: Calculation of POT (Pay Out Time), Revenue, and Thermochemical Stimulation Profit.

Revenue, USD

( Qo, BOPD

Infestation, USD

Profit, USD

POT, days w

1.142.872

k 82,81

195.601

947.811 39 J

CONCLUSIONS

Thermochemical stimulation carried out at well "X' to
overcome the asphaltenes problem is a reaction of 15%
HCI with 5% amine (NH3), by producing an ester product
(NHA4CI) and the resulting temperature of 160°C. Well
performed at a rate of 1.18 bpm in the pre-flush segment
of 2.6 bbl with a pump pressure of 1300 psi, and flush
segment with a pump pressure of 1200 psi at 7.2 bbl,
and injection of 26 bbl post-flush with a pump pressure of
1300 psi. Well stimulation, as succeeded, raise the
temperature of the well-produced to 147°C, and can turn
on the X" well that previously died with Qoi 325 bopd
and the effect of exothermic reaction for 230 days, with
an average oil production of 82.81 bopd with temperature
well head 50°C / 122°F. Pay Out Time (POT) from cost
analysis on thermochemical well stimulation project,
within 39 days by generating 230 days production of
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revenue of USD 1,142,872, investment of USD 195,601,
and profit of USD 947,811.

Nomenclature

Cll Colloidal Instability Index
POT Pay Out Time
bopd Barrel Qil per Day
DI Decline rate per day
SARA Saturates, Asphaltenes, Resins, and Aromatic
SG Specific Gravity
EMR Electric Memory Recorder
MASTP Max.Allowable Surface Tubing Pressure
oD Outset Diameter
ID Inset Diameter
sat Saturated
asp Asphaltenes
res Resins
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aro Aromatic
Ph Hydrostatic Pressure
Pf Fracture Pressure
usbD US Dollar
VT Tubing Vole
VC Casing Volume
VW Wellbore Volume

Acknowledgment

The authors would like to thank Mr. Renaldi Imran and
Mr. Ryan Hera, from the Odira Energy Karang Agung
PSC, for this support.

Received : May 29, 2021 ; Accepted : Aug. 23, 2021

REFERENCES

[1] Alade O.S., Hamdy M., Mahmoud M., Al Shehri D.A.,
Mokheimer E., Patil Sh., AL-Nakhli Ayman A
Preliminary Assessment of Thermochemical Fluid for
Heavy Oil Recovery, Journal of Petroleum Science and
Engineering, (2019).

[2] Cheong, Keith., et all., “Multi Strategy Approach
to Manage Waxy Oil Wells in Malaysia’s Marginal
Fields — A Unique Experience Offshore Peninsular
Malaysia”, International Petroleum Technology
Conference., Kuala Lumpur, (2014).

[3] Mousavi Dehghani S.A., Vafaie Sefti M., Mirzayi B.,
Fasih M., Experimental Investigation on Asphaltene
Deposition in Porous Media during Miscible Gas
Injection, Iran. J. Chem. Chem. Eng. (IJCCE), 26(4):
39-48 (2007).

[4] Ghloum E.F., Al-Qahtani M., Al-Rashid A., Effect of
Inhibitor on Asphaltene Precipitation for Marrat Kuwaiti
Reservoir, Journal of Petroleum Science and
Engineering, 99-106 (2009).

[5]Hadi, Saeful., Orryandhi, C., “Acquisition Pressure and
Temperature Data  without  Slickline  Unit”,
SPE/IATMI Asia Pacific Oil and Gas Conference and
Exhibition., Bali (2015).

[6] Heidari Semiromi A., Jahangiri A.R., Investigation Of
CO2 Solubility in Blends of AMP and HMDA
Solvents: Thermodynamic Modeling Base on The
Desmukh-Mather Model, Iran J. Chem.Chem Eng.
(IJCCE), 40(1): 231-240 (2021)

[7] lorahim J., Ali K., Thermochemical Solution for
Removal of Organic Solids Deposit in and Around
Wellbore and Production Tubing”, SPE Conference
Effective Technologies., Jakarta, (2005)

Research Article

Empirical Study of Thermochemical ...

Vol. 41, No. 7, 2022

[8] Khalil C.N., Neumann L.F., Linard C.A., Santos I.G.,
“Thermochemical Process to Remove Wax Deposits
in Subsea Production Lines”, Offshore Technology
Conference. Houston, Texas, (1994).

[9] Misra S., Baruah S., Singh K., “Paraffin Problem in
Crude Oil Production and Transportation; A Review”,
SPE Oil and Gas Natural Corp Ltd. Houston, .(1995).

[10] Moran M., “Fundamentals of Engineering
Thermodynamics”, Chapter 3, Page 89-112, Wiley
Edition, India, (1987).

[11] Sheibani S., Zare K., Mousavi Safavi M., The Effects
of PH and Chelating Agent on Synthesis and
Characterization of Ni Mo/V-Alumina Nano Catalyst
for Heavy Oil Hydrodesulfurization, Iran J. Chem.
Chem. Eng. (IJCCE), 40(1): 21-34 (2021).

[12] Alian S., Singh K., Saidu Mohamed A., Zaki Ismail M.,
Anwar M.L., Organic Deposition: From Detection
and Laboratory Analysis to Treatment and Removal”,
SPE Asia Pacific Oil and Gas Conference and
Exhibition., Jakarta, (2013).

[13] Singh K., Saidu Mohamed A., Sheykh Alian S., Ismail M.,
Anwar M., Wan Mohamad W., Abdul Ghani S.,
“Thermochemical in  Situ Heat Generation
Technique to Remove Organic Solid Deposition:
Effective Tool for Production Enhancement and Flow
Assurance”, Offshore Technology Conference,
Houston, (2013).

[14] “Plan of Development PT Odira Energy Karang
Agung PSC”. PT. Odira Energy Karang Agung PSC,
Jakarta, (2010).

[15] Nurullaev V.H., Usubaliyev B.T., Taghiyev D.B.,
Zargar Gh., Ghol Gheysari R., Takassi M.A.,
Roestami A., Zadehnazari A., Evaluation of a
Sulfanilic Acid Based Surfactant In Crude Oil
Demulsification: An Experimental Study, “Oil & Gas
Science and Technology-Rev”. IFP  Energies
Nouvelles 73,20 (2018).

[16] Monjezi E., Roestami A., Joonaki E., Shadizadeh S.R,
"New Aplication of Henna Extract as an Asphaltene
Inhibitor : an Experimental Study, Asia-Pac. J.
Chem. Eng, DOI:10.1002/apj2043, Curtin University
(2016).

[17] Moghadasi R., Rostami A., New Aspects of the
Asphaltene Precipitation via Interfacial Tension
Measurement, “Petroleum Science and Technology”,
1-6, Taylor and Francis (2018).

2535


https://www.sciencedirect.com/science/article/abs/pii/S0920410519311234
https://www.sciencedirect.com/science/article/abs/pii/S0920410519311234
https://www.sciencedirect.com/science/article/abs/pii/S0920410519311234
https://onepetro.org/IPTCONF/proceedings-abstract/14IPTC/All-14IPTC/IPTC-17729-MS/153189
https://onepetro.org/IPTCONF/proceedings-abstract/14IPTC/All-14IPTC/IPTC-17729-MS/153189
https://onepetro.org/IPTCONF/proceedings-abstract/14IPTC/All-14IPTC/IPTC-17729-MS/153189
https://onepetro.org/IPTCONF/proceedings-abstract/14IPTC/All-14IPTC/IPTC-17729-MS/153189
https://www.ijcce.ac.ir/article_7599.html?__cf_chl_jschl_tk__=pmd_d09739e2b73369a69d1b084865e468dbd52fbc7f-1628078078-0-gqNtZGzNAeKjcnBszQaO
https://www.ijcce.ac.ir/article_7599.html?__cf_chl_jschl_tk__=pmd_d09739e2b73369a69d1b084865e468dbd52fbc7f-1628078078-0-gqNtZGzNAeKjcnBszQaO
https://www.ijcce.ac.ir/article_7599.html?__cf_chl_jschl_tk__=pmd_d09739e2b73369a69d1b084865e468dbd52fbc7f-1628078078-0-gqNtZGzNAeKjcnBszQaO
https://www.sciencedirect.com/science/article/pii/S0920410509002307
https://www.sciencedirect.com/science/article/pii/S0920410509002307
https://www.sciencedirect.com/science/article/pii/S0920410509002307
https://onepetro.org/SPEAPOG/proceedings-abstract/15APOG/All-15APOG/SPE-176275-MS/181034
https://onepetro.org/SPEAPOG/proceedings-abstract/15APOG/All-15APOG/SPE-176275-MS/181034
https://www.ijcce.ac.ir/article_36827.html
https://www.ijcce.ac.ir/article_36827.html
https://www.ijcce.ac.ir/article_36827.html
https://www.ijcce.ac.ir/article_36827.html
https://onepetro.org/SPEAPOG/proceedings-abstract/05APOG/All-05APOG/SPE-93844-MS/72876
https://onepetro.org/SPEAPOG/proceedings-abstract/05APOG/All-05APOG/SPE-93844-MS/72876
https://onepetro.org/SPEAPOG/proceedings-abstract/05APOG/All-05APOG/SPE-93844-MS/72876
https://onepetro.org/OTCONF/proceedings-abstract/94OTC/All-94OTC/OTC-7575-MS/43862
https://onepetro.org/OTCONF/proceedings-abstract/94OTC/All-94OTC/OTC-7575-MS/43862
https://onepetro.org/PO/article-abstract/10/01/50/70240/Paraffin-Problems-in-Crude-Oil-Production-And?redirectedFrom=PDF
https://onepetro.org/PO/article-abstract/10/01/50/70240/Paraffin-Problems-in-Crude-Oil-Production-And?redirectedFrom=PDF
http://krodriguez.net/libros/moran.pdf
http://krodriguez.net/libros/moran.pdf
https://www.ijcce.ac.ir/article_37259.html
https://www.ijcce.ac.ir/article_37259.html
https://www.ijcce.ac.ir/article_37259.html
https://www.ijcce.ac.ir/article_37259.html
https://www.researchgate.net/publication/266662712_Organic_Deposition_From_Detection_and_Laboratory_Analysis_to_Treatment_and_Removal
https://www.researchgate.net/publication/266662712_Organic_Deposition_From_Detection_and_Laboratory_Analysis_to_Treatment_and_Removal
https://onepetro.org/OTCONF/proceedings-abstract/13OTC/All-13OTC/OTC-23933-MS/37421
https://onepetro.org/OTCONF/proceedings-abstract/13OTC/All-13OTC/OTC-23933-MS/37421
https://onepetro.org/OTCONF/proceedings-abstract/13OTC/All-13OTC/OTC-23933-MS/37421
https://onepetro.org/OTCONF/proceedings-abstract/13OTC/All-13OTC/OTC-23933-MS/37421
https://www.researchgate.net/publication/325875837_Evaluation_of_a_sulfanilic_acid_based_surfactant_in_crude_oil_demulsification_An_experimental_study
https://www.researchgate.net/publication/325875837_Evaluation_of_a_sulfanilic_acid_based_surfactant_in_crude_oil_demulsification_An_experimental_study
https://www.researchgate.net/publication/325875837_Evaluation_of_a_sulfanilic_acid_based_surfactant_in_crude_oil_demulsification_An_experimental_study
https://www.researchgate.net/publication/308662486_New_application_of_henna_extract_as_an_asphaltene_inhibitor_an_experimental_study
https://www.researchgate.net/publication/308662486_New_application_of_henna_extract_as_an_asphaltene_inhibitor_an_experimental_study
https://www.tandfonline.com/doi/abs/10.1080/10916466.2018.1447958?journalCode=lpet20
https://www.tandfonline.com/doi/abs/10.1080/10916466.2018.1447958?journalCode=lpet20
https://www.tandfonline.com/doi/abs/10.1080/10916466.2018.1447958?journalCode=lpet20

Iran. J. Chem. Chem. Eng.

[18]

[19]

[20]

[21]

2536

Rostami A., Abdolhossein HS, and Amir H.
Mohammadi, Estimating n - Tetradecane/Bitumen
Mixture Viscosity in Solvent-Assisted Oil Recovery
Process Using GEPand GMDH modeling approaches,
Petroleum Science and Technology, Taylor and
Francis, DOI: 10.10809, (2018).
Rostami A., Ebadi H., Mohammadi A.H, Baghban A.,
Viscosity Estimation of Athabasca Bitumen in
Solvent  Injection  Process Using  Genetic
Programming Strategy, in “Energy Sources, Part A:
Recovery”, Utilization, and Environmental Effects,
DOI: 10.1080, Taylor & Francis, (2018).

Alireza Rostami, Milad Arabloo, Shaghayegh
Esmaeilzadeh, Amir H. Mohammadi, On Modeling of
Bitumen/N-Tetradecane Mixture Viscosity: Application
in Solvent-Assisted Recovery Method, “Asia Pacific
Journal of Chemical Engineering”, Willey, Curtin
University, October (2017).

Experimental Investigation of the Asphaltene
Deposition Process during Different Production
Schemes, Oil & Gas Sciences and Technology, 66(3):
507-519 (2011).

Herianto, H.

Vol. 41, No. 7, 2022

Research Article


https://www.researchgate.net/publication/327799149_Estimating_n-tetradecanebitumen_mixture_viscosity_in_solvent-assisted_oil_recovery_process_using_GEP_and_GMDH_modeling_approaches
https://www.researchgate.net/publication/327799149_Estimating_n-tetradecanebitumen_mixture_viscosity_in_solvent-assisted_oil_recovery_process_using_GEP_and_GMDH_modeling_approaches
https://www.researchgate.net/publication/327799149_Estimating_n-tetradecanebitumen_mixture_viscosity_in_solvent-assisted_oil_recovery_process_using_GEP_and_GMDH_modeling_approaches
https://www.researchgate.net/publication/324330468_Viscosity_Estimation_of_Athabasca_Bitumen_in_Solvent_Injection_Process_Using_Genetic_Programming_Strategy
https://www.researchgate.net/publication/324330468_Viscosity_Estimation_of_Athabasca_Bitumen_in_Solvent_Injection_Process_Using_Genetic_Programming_Strategy
https://www.researchgate.net/publication/324330468_Viscosity_Estimation_of_Athabasca_Bitumen_in_Solvent_Injection_Process_Using_Genetic_Programming_Strategy
https://www.researchgate.net/publication/319314323_On_Modeling_of_Bitumenn-Tetradecane_Mixture_Viscosity_Application_in_Solvent-Assisted_Recovery_Method
https://www.researchgate.net/publication/319314323_On_Modeling_of_Bitumenn-Tetradecane_Mixture_Viscosity_Application_in_Solvent-Assisted_Recovery_Method
https://www.researchgate.net/publication/319314323_On_Modeling_of_Bitumenn-Tetradecane_Mixture_Viscosity_Application_in_Solvent-Assisted_Recovery_Method
https://www.researchgate.net/publication/266894096_Experimental_Investigation_of_the_Asphaltene_Deposition_Process_during_Different_Production_Schemes
https://www.researchgate.net/publication/266894096_Experimental_Investigation_of_the_Asphaltene_Deposition_Process_during_Different_Production_Schemes
https://www.researchgate.net/publication/266894096_Experimental_Investigation_of_the_Asphaltene_Deposition_Process_during_Different_Production_Schemes

