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ABSTRAK
Optimalisasi ekonomi dari sebuah proyek minyak dan gas adalah kewajiban yang harus dilakukan untuk meningkatkan 

laba secara keseluruhan, apakah lapangan tersebut masih layak secara ekonomi atau lapangan telah melampa ui batas 
ekonominya. Dalam hal ini, bidang marginal dipilih untuk penelitian ini. Dalam sejarah produksi lapangan marginal 
X, metode EOR telah digunakan untuk mendorong laju produksi. Namun, metode EOR skala penuh mungkin tidak men-
guntungkan karena jumlah sumber daya yang diperlukan untuk melakukannya. Oleh karena itu, metode Huff dan Puff 
adalah teknik EOR yang diusulkan untuk meningkatkan perolehan dalam kasus sumur tunggal. Metode Huff and Puff 
adalah metode EOR di mana sumur tunggal berfungsi sebagai produsen dan injektor. Teknik Huff and Puff: (1) Sumur 
diinjeksi dengan fl uida injeksi tertentu (2) sumur ditutup untuk membiarkan fl uida “bereaksi” di reservoir selama beberapa 
waktu, dan (3) sumur dibuka dan fl uida reservoir berproduksi. fl uida injeksi (dalam hal ini, nano-surfaktan) akan diteliti 
dengan hipotesis mampu mengurangi tegangan antarmuka antara minyak dan batuan, sehingga meningkatkan perolehan 
minyak. Dalam penelitian ini, penerapan metode Huff dan Puff menggunakan Nanopartikel (NP) sebagai cairan yang 
diinjeksikan, sebagai metode meningkatkan perolehan minyak disajikan dalam studi kasus lapangan di Sumatera Selatan. 
Studi ini menghasilkan bahwa metode tersebut menghasilkan peningkatan perolehan minyak yang optimal di mana 
aspek ekonomi mendapatkan lebih banyak keuntungan, dan oleh karena itu dianggap layak untuk diterapkan di lapangan.
Kata Kunci: Huff n Puff, nano surfactant, tegangan permukaan

ABSTRACT
Economic optimization of an oil and gas project is an obligation that has to be done to increase overall profi t, whether 

the fi eld is still economically feas ible or the fi eld has surpassed its economic limit. In this case, a marginal fi eld was 
chosen for the study. In this marginal fi eld EOR methods have been used to boost the production rate. However, a full 
scale EOR method might not be profi table due to the amount of resources that is required to do it. Alternatively, Huff and 
Puff method is an EOR technique that is reasonable in the scope of single well.  The Huff and Puff method is an EOR 
method where a single well serves as both a producer and an injector. The technique of Huff and Puff: (1) The well is 
injected with designed injection fl uid, (2) the well is shut to let the fl uid to “soak” in the reservoir for some time, and 
(3) the well is opened and reservoir fl uids are allowed to be produced. The injection fl uid (in this case, nano-surfactant) 
is hypothesized to reduce interfacial tension between the oil and rock, thus improving the oil recovery. In this study, 
the application of Huff and Puff method using Nanoparticles (NPs) as the injected fl uid, as a method of improving oil 
recovery is presented in a case study of a fi eld in South Sumatra. The study resulted that said method yields an optimum 
Incremental Oil Production (IOP) in which the economic aspect gain more  profi t, and therefore it is considered feasible 
to be applied in the fi eld.
Kata Kunci: Huff n Puff, Nano Surfactant, Tegangan Permukaan
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I. INTRODUCTION

The economic optimization of the petroleum 
industry is one of the many challenges that petroleum 
engineers face. Maximizing the economic aspect of a 
project involves a multitude of areas, from increasing 
the recovery factor to expenditure effi ciency. One 
of the methods to improve the recovery is by using 
surfactant, while still considering the cost of using 
said surfactant. 

However, a full scale EOR project has many 
challenges. The main reason the problems exist 
in a full scale EOR is mainly due to the quantities 
of surfactant required, capital involved to develop 
surface facilities, and also a longer timeframe to 
develop lab testing and optimization. Surfactant 
quantities increase dramatically moving from 

small fi eld tests to full scale EOR projects (Barnes, 
et al. 2018) A smaller, more feasible method is 
used in this study, a method that does not require 
high quantities of surfactant: Huff and Puff. The 
method only affects around a well and is considered 
as smaller project compared to full scale EOR.

nanoparticles (NPs) utilization as surfactant 
has been examined for past decades. Among 
the examinations, particularly Silica NPs were 
extensively utilized (Ahmed, et al. 2018). In this 
study, the utilization of Silica NPs is also used to 
improve the oil recovery, thus improving the 
economic aspect at the end of the production period. 

Huff and Puff technique involves a well to be a 
producer as well as an injector in the same well. The 
technique is a cyclic process where three different 

Figure 1
Model reservoir of X fi eld.
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periods are used in every cycle: 
(1) injection of surfactant (Huff); 
(2)  soaking t ime (where  the 
well is shut and the surfactant is 
allowed to reduce the interfacial 
t e n s i o n ,  h e n c e  i m p r o v i n g 
the production later on); and (3) the 
well is re-opened, thus allowing the 
fl uids to be produced to the surface 
(Puff) (Wang, et al. 2006). Using 
NPs as surfactant, when the well is 
shut during the soaking period, the 
NPs reduce the interfacial tension 
between the oil and rock. Soaking 
period also translates to the well being 
allowed to recover its pressure, giving 
additional energy for the well to be 
produced. In the production period, 
after the surfactant has given its effect, 
the oil production should increase. 

The advantages of Huff and Puff 
method is that it only needs a single 
but also provides a reduction in surface 
facilities cost (if compared to other 
injection methods), making it more 
feasible to be applied to marginal 
fi elds.

II. DATA AND METHOD

The objective of this study is 
to fi nd the optimum Huff and Puff 
method economically and technically. 
In order to fi nd the optimum method, 
several sensitivity analyses were 
conducted: Injection schedule, 
injection rate, injection sequence, 
and economic analysis. Ultimately, 
the best method (the one that yields 
maximum profi t) is chosen.
Problem limitations set in this study:

- 3 Wells of the reservoir is selected 
- Surfactant concentration is 0.1 %wt,
- The Injection period (Huff) is one day,
- The Soaking period is two days,
- Total production period is limited 

to one year (365 days), Only one 
cycle of Huff and Puff conducted 
within the one year of production, 
and The economic analysis only 
covers the cost of nanoparticles 
and brine treatment.
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A l i m i t a t i o n  w o r t h  n o t h i n g  i s  t h a t 
t h e  c o n c e n t r a t i o n  o f  w h i c h  t h e  n a n o -
silica is diluted in brine is always 0.1 wt%. This is 
because this concentration, along with 0.05 wt% still 
remains stable, whereas 0.3 wt% was proved to be 
relatively unstable (Ahmed, et al. 2018).

A. Schedule Sensitivity

 During the experimental period of the study, the 
fi rst step is to determine the best time to do huff and 
puff in a specifi c well. The way this is done is by 
defi ning the constraints in each well manually. Two 
methods were used in determining the best schedule 
for maximum profi t. The fi rst one is to choose the best 
injection time that yields maximum well increment, 
while the second one is to choose the best injection 
time that generates maximum fi eld increment. At fi rst, 
the well is simulated without any kind of treatment. 

The data obtained from said simulation is then 
used as the control data, mainly oil production rate 
(per well), fi eld oil production and cumulative oil 
produced. From this control data, each well’s maximum 
fl ow rate is known, and when the decrease in oil 
production happens is also known. The data is then 
tabulated, and each well is experimented one by 
one (to decrease the amount of uncertainty in the 
sensitivity testing) using the same injection rate. The 
injection schedule is based on the decrease in each 
well’s oil production rate. The sensitivity of every 
well varies in terms of percentage consistency, due 
to the search for optimum injection time. The testing 
is further done until the results show a decrease in 
cumulative oil increase.

The formula that is used to calculate Incremental 
Oil Production is:

(1)

Tabel 1
Scheduled sensitivity for well A

Tabel 2
Scheduled sensitivity for well B
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(2)

Tabel 3
Scheduled sensitivity for well C

-  Injection Rate Sensitivity
After the optimum schedule is determined, it is 

then used for the rest of the study. In injection rate 
sensitivity, the rate of surfactant injection is varied: 
50, 250, and 500 barrels per day.
- Sequence Sensitivity

Sequence sensitivity variations are NP, brine-
NP, and NP-brine-NP. Note that when varying the 
sequence for every experimental testing, the injection 
period is still one day. This means, for example, in 
NP-brine-NP sequence, the fi rst nano injection period 
is 8 hours, another 8 hours for the brine, and the last 
8 hours for NP. The soaking period is maintained at 
two days.

- Economic Analysis
The economic analysis of this study only considers 

the cost of brine treatment and NP price. Injection 
rate sensitivity and sequence sensitivity could not 
be concluded as to which is the “best” because the 
economic aspect of the methods was not yet done. 
As mentioned before, the analysis only covers the 
price of the NP and brine treatment cost. Fortunately, 
because the results show the increase of money at 
the end of production, it is easy to further study the 
price of, for example, surface facilities cost and the 
cost of converting a well into a huff and puff well. 

Tabel 4
Field schedule optimatization
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Tabel 5
Economic analysis

Tabel 6
Optimized Huff and Puff method

The assumptions used in this economic analysis:

- Brine density is 1020.7 Kg/m3,
- Nanoparticle density is 2650 Kg/m3

- The price of the nanoparticle is 237.98 USD/Kg
- Oil price is 70.77 USD/barrel
- Brine treatment cost is 0.095 USD/barrel

III. RESULT AND DISCUSSION

The data required for this study is gathered from 
a fi eld model that has been recalibrated by history 
matching. By 2017, the model has around 3 MMSTB 
of remaining oil in place, with 25 wells operating. 20 
of them being producer wells and the other 5 being 
injectors. Porosity ranges from 0.05 – 0.22, and 
permeability ranges from 130 – 330 md.

After sensitivity for individual wells, two best 
schedules were found. First schedule maximizes 

increment per well (table 1-3), and the other that 
maximizes fi eld increment (table 4). Scheduling 
method is then to be determine based on those 
sensitivities. The best scheduling method is: well A 
in June 28th, well B in November 18th, and Well C 
in February 2nd. This optimum scheduling method 
does not require an economic analysis, thus can be 
easily concluded which is the best option because 
the amount of injected surfactant is the same for 
every case.

As for the injected rate sensitivity, the more 
fl uid injected, the greater the oil production at the 
end of production time. This due to more surfactant 
injected means that more pore volume is affected 
by the surfactant allowing the interfacial tension of 
the rock reduce. Judging only by the incremental oil 
production, the injection rate that maximizes oil pro-
duction is 500 barrels/day. In the injection sequence 
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sensitivity, the results show that the incremental oil 
production is maximum when using the NP-brine-NP 
sequence. However, the injection rate and sequence 
sensitivity are yet to be concluded because there is 
a change in the amount of fl uid injected, and that 
contributes to a difference in cost. 

The economic analysis is straightforward and 
doing this analysis will make the conclusion of 
which method maximizes profi t. The results show 
that brine-NP injection sequence with 50 bbl/day 
injection rate is most profi table.

However, there is an anomaly in well B. The 
well experienced a decrease in oil production when 
treated with Huff and Puff. Interference effect may 
be a suspect towards this phenomenon. Rightfully 
so, when the Huff and Puff method is only applied 
in well A and C, with well B being opened all year 
without treatment, the cumulative oil production 
increased signifi cantly. 

IV. CONCLUSIONS 

The conclusions for this study:

- Optimum recovery is achieved if well B is not 
treated.

- The optimum schedule for each well is June 28th 
for well A, and February 2nd for well C.

- The optimum Injection rate for the Huff and Puff 
method is 50 barrels/day.

- The Optimum Sequence which generates maxi-
mum profi t is brine-NP sequence.

- The maximum profi t generated for 1 cycle, 1-year 
Huff and Puff is 5923 USD.
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