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Abstract: Nowadays, recovery operations in oil reservoirs through water injection have a favourable
economic approach, but the efficiency of this method decreases due to the formation of mineral deposits
in super saturation. In the present study, formation of mineral deposits of barium sulphate and strontium
sulphate has been studied and predicted during water imbibition operation in several oil fields such as
Nosrat and Siri, according to the Extended UNICQUAC activity factor model. Based on the results of this
study, the Extended UNIQUAC model is well matched to experimental and field results. Also, the prediction
of barium sulphate and strontium sulphate precipitation in Nosrat oilfield depends on the conditions and
composition of formation water, injected water (Persian Gulf water) and operational conditions, which can
cause problems in surface and sub-surface equipment in oil exploitation operations. But for the Siri oil
field, based on the analysis of water and operational data, the precipitation of barium sulphate and strontium
sulphate is not significant. In this study, the temperature is 50, 100 and 110 °C, and also the pressure is
135, 270 and 2465 psi. The concentration of mineral salts in the water sample and injection water was up
to 86,900 mg / L.

Keywords: Mineral ion, Extended UNIQUAC Model, Water flooding Operations, Mineral Deposit
Formation.
INTRODUCTION

The waters of the oil fields contain soluble dissolved minerals such as sulphate, carbonate, barium,
strontium, iron, magnesium and calcium. Due to the use of water injection operations, the combination of
two incompatible water (water formation with water injection) is carried out. Therefore, with the movement
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of water inside the sub surface of the reservoir, the temperature increases, which leads to a change in
the solubility of the dissolved materials in the water. If the solubility decreases, formation of mineral
deposits occurs [1-3]. Several reports and investigations of mineral deposits in reservoir damage and
blockade of oil wells have been presented due to mineral ions in aqueous solution of water (water or
injectable water). Mitchell and Griest [1] performed a study in the oil field due to problems caused by
carbonate and sulfate mineral deposits in the North Sea Furtis reservoir. According to their research, the
formation of sulphate mineral deposits such as barium sulphate and strontium sulphate is carried out
according to the operation of sea water injection into the reservoir and the mixing of two incompatible
water. VoloShin et al. [2] investigated the operation of water injection in the West Siberian oil field.
According to their research, the composition of inorganic substances in the water of the injected system
is an important factor in the process of formation of mineral deposits in the reservoir and wellfield of
the oil field. Zing et al. [3] studied the formation of mineral deposits in a water injection system in an
experimental work. According to their results, iron oxide and iron sulphide deposits can cause water
problems. In this study, Extended Unique model was used to study the solution of aqueous (solid-liquid
equilibrium system) in order to predict barium sulphate and strontium sulphate precipitation index. In
this study, the extended UNIQUAC, NRTL, and MSE models (according to OLI software) are compared
to experimental results in an oil system.

METHODS

Inorganic deposition index
The saturation ratio in chemical systems is usually defined as follows [4]:

SR = 4mMax 1
Ksp (1)
In equation (1), if the SR is greater than 1, mineral deposits are formed, and if less than one, the formation
of mineral deposits is not considered. Also, in equation (1), M is the indication of mineral cations (such as
strontium, calcium and barium) and X represents inorganic anions (such as sulphate and carbonate). a is the
effective activity of electrolytic solution ions.

Extended UNIQUAC Model
The extended UNIQUAC model is based on the combination of the UNIQUAC model with the extended
Debye-Hookel equation [5-6]:

GE = GEcombinatorial + GEResidual + GEDebye—HucKel (2)
9; 0  z 9 9 " "
Iy =In(2)+1-— 42 [1 (—)+1——]-z (F)+1-2
nvi n X + X + 2 @ | Hi Hi n Tw ™w
z Ii- Qw Ii- Quw Ok Pik
+-.q; [ln( )+1— ]+ qi |1—1In zecp —Z 3)
2" Twdi rwdi 1 - Ik = 2. 8101k
5 AIl/Z
= qi[1 — In(Qwi) — Piwl — Z; T3 B2
For the present study, we have the thermodynamic equilibrium constant [7]:
AHo\ (1 1 AC T\ , T
In KSP(T' Po) =In KSPO - (TO) (? - T_o) + Rpo [ n (T_O) + ?0 -1 ] (4)

Data used in this study
In tables 1, input concentration values are provided to predict the formation of mineral deposits of
strontium sulphate and barium sulphate.

) 7 1A Sl ¥ 0 5kod o sle 0398



Journal of Mineral Resources Engineering (JMRE)

Table 1. Analysis of water resources of Nosrat and Siri oil fields and injectable water based on Persian Gulf water

(inmg /L) [8]

Tons Siri-E Nosrat Persian Gulf water
Ba®** - 18 0.09
Sr* - 610 3.4
Ca** 8917 7920 267
Na* 42800 43700 11750
Mg* 552 2010 2996
Fe** 246 - 0.42

K" 88 - -
SO, 142 340 3350

Cr 83324 86900 23000

HCO;y 397 244 166
FINDINGS AND ARGUMENT

In tables 2 and 3, respectively, the results of prediction of mineral precipitation of barium sulfate and
strontium sulphate (according to the analysis of water table 1) are based on Extended UNIQUAC model,
experimental results, OLI software, Pitzer model and NRTL model.

Based on the results of Table 2 for the Siri-E field, the numerical value of the saturation ratio (SR) of
barium sulphate according to the experimental result at 50 °C and 135 psi is equal to 0.17 and also at 100 °C
And the pressure of 270 psi is equal to 0.23. In other words, given that these two values are less than one,
they are not formed as a result of sediment with the desired conditions. Based on the results of Table 2, the
saturation ratio for the Siri field is based on the extended UNIQUAC thermodynamic model at 50 °C and a
pressure of 135 psi is 0.04, and at a temperature of 100 °C and a pressure of 270 psi is about 0.02. Therefore,
the model under study, as well as experimental results, emphasizes the lack of mineral deposits according
to the studied conditions. Based on the results of Table 2, for Nosrat oilfield, based on the temperature of 50
°C and 135 psi and also the temperature of 100 °C and the pressure of 270 psi, according to the extended
UNIQUAC model and the experimental result, the precipitation of barium sulphate (according to SR larger
than one). According to Table 2, the results of Pitzer, NRTL, and MSE models (based on OLI software) for
the Siri and Nosrat oilfields are consistent with experimental results.

In Table 3, for Siri-E and Nosrat oil fields, according to the composition of the Persian Gulf water
(based on the analysis of water in Table 1), the prediction of the formation of strontium sulphate has been
investigated. The experimental results refer to the Siri-E oil field for temperatures of 50 °C and 135 psi,
as well as a temperature of 100 °C and a pressure of 270 psi to the absence of mineral deposition (SR
smaller than one). However, for the oil field of Nusrat, due to the temperature and pressure conditions
mentioned, the formation of sulphate strontium (greater than one) is considered. Based on Table 3, the
results of extended UNIQUAC, Pitzer, NRTL, and MSE thermodynamic models (based on OLI software)
for Siri and Nosrat oilfields are similar to experimental results based on qualitative conditions.

CONCLUSIONS

In the present study, the prediction of the formation of mineral deposits of barium sulphate and strontium
sulphate in the course of water flood operations was investigated for several samples of oil fields such as
Nosrat and Siri E. In this study, the extended UNIQUAC model was compared with the results of Pitzer,
NRTL, MSE (based on OLI software) and experimental results. According to the results of this study, the
extended UNIQUAC thermodynamic activity coefficient model is consistent with experimental results.
These conditions also apply to three other thermodynamic models.
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Table 2. Estimation of saturation ratio (SR) of barium sulphate precipitation based on water composition of Siri and

Nosrat and Persian Gulf water

Oilficlds Conditions SO?;,:,L . NRTIE91;/lodel Pltze[lr1 13/]lodel Extendels[ é,(IiI;IIIQUAC FE;?
Siri-E 135 psi 50 °C 0.21 0.53 0.525 0.27 0.527
Siri-E 270 psi 100 °C 0.074 0.34 0.37 0.05 0.38
Nosrat 135 psi 50 °C 32.1 7.67 7.5 1.39 6.02
Nosrat 270 psi 100 °C 13.1 5.54 5.44 1.41 4.295

Table 3. Estimation of saturation ratio (SR) of barium sulfate precipitation based on water composition of Siri and

Nosrat and Persian Gulf water

Oilficlds Conditions Sog\l;vgre NRTlfgl;/Iodel P1tze[r1 l(\)/]lodel Extendel\c/lI (I,g:]IQUAC I?;;?
Siri-E 135 psi 50 °C 0.01 0.156 0.183 0.04 0.17
Siri-E 270 psi 100 °C 0.03 0.215 0.23 0.02 0.23
Nosrat 135 psi 50 °C 2.14 2.24 2.4 2.25 1.65
Nosrat 270 psi 100 °C 4.62 3.089 3.1 2.51 2.21
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