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Introduction

The high volume of water produced from oil and gas
reservoirs and its subsequent environmental effects
make reservoir engineers consider producing water
treatment methods [1]. Environmental discharge,
desalination, polishing, and re-injection are the main
produced water treatment methods. Produced water
re-injection (PWRI) is the most economical and
ecological method for onshore fields [2]. For this
purpose, drilling an injection well or finding a proper
abandoned well is needed.

One of the main challenges reservoir engineers face in
produced water re-injection operations are injectivity
impairment and permeability reduction because
of precipitation of inorganic scales. The change in
temperature, pressure, and/or chemical composition
by mixing incompatible waters significantly impacts
the scaling problems [3]. As the injectivity renewal
operations are costly, compatibility investigations are
essential before starting any water injection operation
[4].

Although  numerous studies contain  water
compatibility investigations, they have got bottle-
necks. The cost of sampling real water and its tough
preservation process make researchers use synthetic
water. Additionally, most water injection studies
investigate the compatibility between produced water,
with its corresponding formation water. Sometimes
the produced water is a mixture of nearby fields with
the same refinery facility. in the present research,
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compatibility between two water-producing nearby
fields, “A” and “B” with the same refinery facility,
and the formation water in a third field, “C” are
investigated. Field C is in their vicinity with an
abounded well. thereafter, real formation and injection
water samples were collected to increase the accuracy
of measurements.

Materials and Methods

Three investigated fields are located in west of Iran,
within a 60-90 kilometers distance. Moreover, fields
“A” and “B” produce oil in the Asmari and Bangestan
reservoirs with high water cuts while developing
field “C” has an abounded well in the water-bearing
Asmari formation. Furthermore, real produced and
formation water samples from each field are analyzed
to determine their properties and compositions (Table
D).

Due to changes in water-oil ratios in water-producing
fields, the injection water mixing ratio might change.
Moreover, considering these operational conditions,
compatibility tests were performed for five different
injection waters: pure samples from either fields A
and B, and three water mixtures with 0.25, 0.5, and
0.75 mixing ratios. In order to better simulate the
operational conditions, compatibility tests were done
at field site pressure and temperature. Furthermore,
Table 2 summarizes the properties of injection waters
in the compatibility tests.
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Table 1 Properties of water samples.

Table 3 Injection and formation water compatibility tests.

) ) Fields
Properties | Units
A B C
T C 49 59 48
pH - 5.21 6.43 6.68
EC mS/cm 315000 | 332000 | 250000
Viscosity | cP 1.45 1.32 1.19
TSS mg/1 124 17.7 35
TDS mg/1 237608 | 210455 | 169420
HCO,- mg/l HCO, | 150 470 300
S 2 mg/l S* 14 560 56
SO, mg/1 SO, > | 350 420 470
Cl- mg/1 CI 131000 | 115000 | 101000
Ca™ mg/l Ca? 13000 11000 | 6700
Mg*™ mg/l Mg > | 1900 1200 970
Na* mg/l Na* 64000 | 58000 | 53000
K~ mg/l K* 1100 3800 1900
Fe™ ppm 9 3 3
Ba™ ppm 20 20 20
Sr? ppm 640 900 570
Al? ppm <10 <10 <10
Table 2 Properties of injection waters in the compatibility tests.
Exp # Mixing Ratios TE) | Psh
Field A Field B
1 0 1
2 0.25 0.75
3 0.5 0.5 60 14.7
4 0.75 0.25
5 1

Beside the fact that water injection mixing ratios could
change due to the production conditions of the water-
producing field; the injection and formation water
fraction may also change during the water injection
process. Furthermore, that’s why the compatibility
between formation water and different injection water
mixtures must be investigated, too. Moreover, the
injection and formation water ratio changes during the
injection operation. By considering the compatibility
of injection and formation waters, tests are defined
in 12 stages at reservoir temperature and surface
pressure. In addition, Table 3 summarizes the injection
and formation water compatibility tests.

Due to the point that water samples in this study are
collected from the fields in a cluster, low inorganic
scale precipitation and compatibility between the water
samples are predictable. Moreover, this might increase
the experimental error. Furthermore, to overcome
this challenge, a rolling wheel setup was used to
agitate the samples and accelerate the inorganic scale
precipitation process.

. Field injection
Exp f;:g:non Injection Water Mixing
# . Waterfraction | Ratios
fraction
A B
6 0 100
7 25 75
0.25 0.75
8 75 25
9 100 0
10 0 100
11 25 75
0.5 0.5
12 75 25
13 100 0
14 0 100
15 25 75
0.75 0.25
16 75 25
17 100 0

An electrical motor rotates the wheel, where the
samples are placed, at the desired speed and the owen
provides the appropriate temperature for 14 days.
Moreover, generated scales were separated from the
liquid phase using 0.45-micron filter paper. In addition,
the separated solids were dried, weighted and at last,
the morphology and composition of the scales were
investigated with an SEM-EDX instrument.

Results and Discussion

Results show that the precipitated scales in the
injection waters compatibility check never exceed
7 mg/l and confirm the compatibility between the
injection fluids. Besides it was concluded from the
results that the total scale of injection water samples
compatibility tests directly relates to the fraction of
field “B” sample in the mixture. It’s worth mentioning
that the water-producing field “A” was completed in
the Asmari formation while field “B” was completed
in the Bangestan formation. This variation in formation
rocks and consequently in composition of the formation
water is a reason for this incompatibility increase.
The changes in the total precipitated scale versus the
mixing ratios of injection waters are demonstrated
in Fig. 1. The SEM-EDX analysis results show that
silicate and calcium carbonate are convenient scales.
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Fig. 1 Total precipitated scale in different mixing ratios of
injection waters.
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In the next step, the compatibility of the injection water
mixtures with formation water at reservoir temperature
was investigated. The results of twelve formation and
injection water compatibility tests are summarized in
Table 4.

Table 4 Results of formation and injection water compat-
ibility tests.

Formation Water Inj.ec'tion Water Total scale
Exp # | - Injection Water Mixing Ratios
L . (mg/l)
mixing ratios
A B
6 100-0 8.16
7 75-25 8.82
25-75
8 25-75 7.78
9 0-100 10.15
10 100-0 3.57
11 75-25 7.41
50-50
12 25-75 9.79
13 0-100 6.64
14 100-0 7.55
15 75-25 10.89
75-25
16 25-75 16.33
17 0-100 7.58

Based on the injection and formation water
compatibility results, the most compatible sample was
the pure injection water from field “A” and formation
water mixed in a 1:1 mixing ratio with a 3.57 mg/l
precipitated scale. Both fields "A” and “C” are in the
Asmari formation and this low scale precipitation
confirms the compatibility of waters from the same
formation. On the other side, the most incompatible
test was experiment number sixteen where a 25:75
injection water mixing ratio of field “A” to “B” was
mixed with formation water at a 1:3 mixing ratio, and
the total precipitated scale was 16.33 mg/l. This test
shows that incompatibility increases when a high ratio
of produced water from field “B” is injected when the
injection water ratio is low compared to the formation
water in the reservoir.

Considering the aquifer, porous media is initially
saturated with formation water. As the injection
operation progresses in a specific control volume,
injection water saturation increases while formation
water saturation decreases. The addition of specific
injection water precipitated scales at various injection
and formation water ratios could show scaling problems
during an injection operation. Fig. 2 demonstrates the
total precipitated scales of different injection waters
during the lifetime of an injection operation.
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Fig. 2 Total precipitated scales in different ratios of injection
waters compatibility tests during an injection lifetime.

Based on Figure 2, using pure produced water of
field “A” as the injection fluid has the least risk
of incompatibility during the injection lifetime.
Moreover, the ratio of field “B” water in injection water
composition is directly related to the incompatibility
of injection and formation water. This incompatibility
reaches its maximum when the injection water ratio is
1:3 for fields “A” to “B”.

The scale morphology and mineralogy determination
are crucial parameters for selecting the best treatment
method. For this purpose, the SEM-EDX instrument
was used. The SEM-EDX analysis results show that
calcium carbonate and silicate scales are convenient.

Conclusions

Water re-injection is recognized as a highly effective
treatment method for onshore water-producing
fields. However, this method is not without its
challenges, which are primarily related to inorganic
scale precipitation in porous media and permeability
reduction, as observed by reservoir engineers.
Moreover, the present study investigates the water
compatibility of samples from different fields within
a cluster. Initially, the compatibility of produced
water from fields “A” and “B” was investigated.
Subsequently, the compatibility of diverse injection
water mixtures with the formation water of field “C”
was examined. Furthermore, the use of real water
samples and a rolling wheel setup enhances the
reliability of the results. Moreover, the compatibility of
the produced waters was investigated in five different
ratios at the field site temperature. The results indicate
that the total precipitated scales do not exceed 7 mg/l,
suggesting that the produced waters are compatible.
Subsequent investigations revealed a direct correlation
between the ratio of the produced water from field “B”
in the mixture and the precipitated scale amount. The
observed reduction in compatibility of injection waters
could be attributed to the distinct reservoirs utilized by
fields “A” and “B.”

In order to investigate the compatibility of injection
waters mixture and formation water, twelve
compatibility tests were performed at reservoir
temperature. Moreover, the total scales varied from
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3.57 to 16.33 mg/l in different tests. Considering the
total precipitated scales during the injection operation
lifetime, the produced water from field “A” was
determined to be the most compatible injection water.
Conversely, the injection of mixed water, comprising a
25:75 ratio of fields “A” and “B,” resulted in the most
incompatible outcome. The observed compatibility
patterns within a cluster of fields, i.e., fields “A” and
“C,” which are situated within the Asmari formation,
contrast with the ineffectiveness of injection into the
Bangstan formation, suggesting that while fields within
a cluster may demonstrate compatibility, variations in
reservoir formation can enhance incompatibility.

The results of the study indicate that the produced
wastewater and formation water from nearby fields
exhibit good compatibility and can be injected with a
low risk for the purpose of disposal. In this context,
it is recommended that samples of produced fluids
from closely located fields be collected and, after
conducting compatibility tests, that a combination
of these wastewaters be injected into a single well.
This approach will reduce the costs associated with
drilling injection wells and simultaneously address
the environmental challenges posed by multiple fields.
Additionally, it is recommended that the compatibility
of fluids from adjacent fields in other geological
groups, such as the Khami and Dehram groups, be
considered in the researchers’ agenda regarding
wastewater injection.
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