
Experimental Investigation of Low and High
Salinity Water Injection Simulation and Their
Comparison with Pure Water Injection
to Determine Optimum Salinity

Afshin Davarpanah

Abstract
Analyzing the sensitivity of high and low salinity,
according to the moderately low recovery factor of high
and low salinity among injection scenarios, illustrates the
low sensitivity of this parameter in a fractured carbonated
reservoir. By reviewing different scenarios, it could be
demonstrated that if water injection was being applied to
the reservoir from the preliminary times of production,
the recovery factor rate will increase. Pure water injection
has a high recovery factor than salty water injection. By
the way, these two methods have a little difference in their
recovery calculating methods. Moreover, in water injec-
tion methods, if the injection rate of water increases, the
recovery factor will increase and give rise to a higher
efficiency. Besides, this parameter is significantly depen-
dent on well-head equipment properties, safety factors
and economic issues (water production). Analyzing the
figures and the volumes of low salinity water injection
after the injection of pure water in different injection
scenarios showed that all these scenarios have the highest
rate of recovery and the maximum production efficiency.
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1 Introduction

Due to the growing population and increasing demand for
energy in different areas of life, especially in major indus-
tries and in manufacturing, it seems that this God-given and
non-renewable resource should be used optimally, and any
improper use and application of this energy source is not

only causing problems at the present time but also jeopar-
dizing the survival of future generations [1–5]. Fossil energy,
such as oil, gas and coal, which at first glance looks great
and endless, is generally not fully recoverable and huge
amounts of wealth remain in situ. In general, it depends on
the operation at harvest time, such as the speed and method
of operation [6]. With the continuous drop in reservoir
pressure, the production rate is gradually reduced until the
normal production of the reservoir is no longer
cost-effective. This point occurs when the oil recovery from
the reservoir is relatively low. This recovery for Iranian
reservoirs is about 15–20%; in other words, 80–85% of their
oil remains in the Formation.

2 Methods

The economic output of the reservoir depends on water cut
and wellhead pressure. If the wellhead pressure exceeds a
specified level, injection scenarios have to be planned
accordingly. Six different scenarios were defined based on
the analysis of different degrees of salinity. Scenarios 1, 2,
and 3 focus on the impact of salinity on the recovery factor,
and scenarios 4, 5 and 6 compare previous scenarios. This
study assumes a low salinity of 5 g/kg (density, 1005 kg/m3

and 1.15 cP at 15 °C) and a high salinity of 40 g/kg (density
1030 kg/m3 and viscosity 1.23 at 15 °C).

3 Results and Discussion

1. Among the different scenarios of water injection, sce-
nario no. 5 with an injection rate of 2000 barrels per day
is the best known injection plan (Fig. 1).

2. In case of a low salinity scenario, better support and
performance efficiency results in marginal recovery.
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3. Water injection from the beginning of production sup-
ports better and higher efficiency performance.

4. Higher injection rate results in higher recovery.
5. Low salinity levels in all injection scenarios and maxi-

mum production efficiency result in the highest rate of
recovery.

4 Conclusions

As time passes and production decreases significantly, the
difference in salinity between the top and the bottom of a
reservoir (before and after production) increases, which
reflects the effects of high salinity water injection with time.
Injection of pure water results in a higher recovery factor
than low salinity water injection, although the difference in
the recovery factors is less. This injection rate applies in both
1000 and 2000 barrels per day.
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Fig. 1 Various scenarios of
water injection and natural
depletion mode
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