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Abstract
Keywords:
The supplied water of the Shahid Mofatteh power plant is provided from the wastewater | Thermal Power Plant,
treatment plant of Hamedan. As a consequence, the microbial contamination of this Wet Cool_ing Tower,
power plant is significantly higher than the other power plants. Furthermore, the Mofatteh Dry Cooling Tower,

power plant is distinguished by its use of both wet and dry cooling towers which operate
in a combined mode during the hot season. Based on the nature of the supplied water and
the complex mechanics of the cooling towers, monitoring the microbial parameters in
both wet and dry cooling tower is of critical importance. To monitor the microbial
parameters of the power plant, supplied water (wastewater), dry cooling tower water, wet
cooling tower water were analyzed for microbial, physicochemical, and chemical
characteristics. Regarding the microbial analysis, both general and specific tests TDS for
industrial microorganisms were conducted in this research. Physicochemical monitoring
involved measuring conductivity, Total Dissolved Solids, salinity and pH is performed
as well. Finally, chemical monitoring included the analysis of ions associated with
corrosion (both causative and product ions), scale-forming ions and ions that serve as
nutrients for bacterial growth were carried out. The total bacterial count value reaches
approximately to 10®> CFU/ml for the wet cooling tower and it reaches near zero for dry
cooling tower. These TBC levels correspond to water conductivity of 1.15 uS/cm for the
dry cooling tower and 8400 puS/cm for the wet cooling tower. The SRB level of zero in
the dry cooling tower is attributable to the absence of sulfate ions (the nutrient source for
SRB), whereas the "Moderate" SRB level in the wet cooling tower is consistent with the
high sulfate concentration (2137.9 ppm). NRB levels remain constant at a "Moderate"
range in both the wet and dry cooling towers and the primary reason for the elevated NRB
levels is the source water, which contains a nitrate ion concentration of approximately 38
ppm. Operational strategies specifically optimizing oxidizing biocide dosages, applying
organic biocides, utilizing reverse osmosis, employing nitrate-selective ion-exchange
resins during treatment and using iron corrosion inhibitors are recommended to reduce
microbial contamination and enhance the performance of wet and dry cooling towers.
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1. Introduction

The Shahid Mofatteh Power Plant in Hamadan,
one of the country's key thermal power plants, was
designed and constructed using steam technology
and a combination of wet and dry cooling towers.
Natural gas serves as the primary fuel, while mazut
is utilized as a backup fuel during emergencies.
The facility comprises four 250 MW units,
bringing the total nominal capacity to 1000 MW
megawatts. Electricity generated at the plant is
transmitted to the national grid via 230 and 400 kV
high-voltage  substations and subsequently
distributed to consumers through regional power
stations in the cities of Hamadan, Arak, Sanandaj,
and Zanjan (Fig. 1) (Alzahmi et al., 2024).
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Fig. 1. Schematic layout of the heat exchanger, boiler,
and turbine arranged alongside one

The supplied water for the Shahid Mofatteh
power plant in Hamadan is provided from the
wastewater treatment plant. Consequently, the
microbial contamination in this power plant is
significantly higher than the other power plants.
Moreover, the operating conditions of this power
plant are far more challenging than those of
conventional power plants, given the use of both
wet and dry cooling towers. Therefore, considering
the nature of the supplied water and the complexity
of the cooling tower systems, it is crucial to
monitor the microbial parameters and establish a
key correlation between the  microbial
contamination and  the  chemical and
physicochemical parameters. As a result, this study
investigates the physicochemical, chemical, and
microbial properties of water samples from the
Shahid Mofatteh Power Plant in Hamadan,
specifically the supplied water, wet cooling tower
water and dry cooling tower water. Finally, the key
relationship between microbial parameters and
physicochemical parameters was established and a
preventive corrective solution was proposed for
each microbial issue.

! Total Bacterial Count (TBC)
2 Acid-Producing Bacteria (APB)
3 Fluorescent Pseudomonas (FP)
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2. Materials and methods

2.1. Materials

Various granulated agar-based culture media
components were procured from Merck
(Germany). Microbial test kits for Escherichia coli
(E. coli), Total Bacterial Count', and specific
assays such as those for acid-producing bacteria?,
fluorescent pseudomonas’, iron-related bacteria*
and nitrate-reducing bacteria were obtained from
Zist Kavosh Iranian, the official representative of
Ibersco, Switzerland. Additionally, other chemical
reagents required for monitoring kit color changes
and instrument calibration were purchased from
Merck in analytical grade.

2.2. Physicochemical and chemical
monitoring

This study employs a benchtop conductivity meter
and pH meter (HANA brand), equipped with
platinum and glass electrodes, respectively. It
should be noted that the equipment used to
measure pH, conductivity, Total Dissolved
Solids®, and salinity was calibrated using standard
solutions prior to use. In this procedure, the
calibrated pH and conductivity electrodes are
immersed in the samples to assess electrical
conductivity, salinity percentage, turbidity, and
pH. Each Ion’s determination was required to be
analyzed  precise in  laboratory  using
internationally recognized standard methods.

2.3. Microbial testing using test Kits

For this test, the E. coli and TBC kits are first
immersed in the sample for 10 seconds and the kit
is then shaken to remove excess liquid and stored
in a sealed container until color changes are
observed. Subsequently, to perform APB, IRB,
NRB, Aecro, SRB, and TRB tests, 20 mL of each
sample is injected into the respective kit, which is
then incubated for 3 days to monitor for color
changes. Additionally, for the FP test, 1 mL of the
sample is injected into the kit, and the kit is stored
with the cap closed.

3. Results and discussion

According to the TBC test results and PCA culture
media, the TBC value and TBC for demineralized
water and dry cooling tower water samples are
determined to be zero. These findings are
corroborated by the microbial culture results.
Conversely, TBC levels for the wet cooling tower
are estimated at approximately 103 CFU/mL and

4 Iron-Related Bacteria (IRB)
3 Total Dissolved Solids (TDS)
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Fig. 2. Image of the microbial kit showing test results for E. coli, TBC, APB, FP, IRB, NRB, Aero, SRB,
and TRB at the following points: a) demineralized water, b) dry tower, c) wet tower, and d) supplied water

for the supplied water at approximately 10*
CFU/mL results that are further confirmed by the
observed growth of culture halos. It was concluded
that the disinfection process for the demineralized
water was carried out optimally, resulting in a zero
TBC level for the dry cooling tower water as well
(Bonilla et al., 2017).

The disinfection of demineralized water as well
as the water transfer lines leading to the dry
cooling tower is carried out to the highest quality
standards, ensuring the dry tower remains free of
microbial contaminants. In contrast, TBC and PCA
culture results for the wet cooling tower and the
supplied water indicate levels ten times higher
reflecting a more contaminated supplied water.
Consequently, the disinfection and transfer
processes for the wet tower's supplied water
demonstrate only moderate effectiveness, capable
of reducing the TBC count by a factor of ten
specifically, from 10* to 10> CFU/mL.

The TBC results, showing zero contamination
for the dry tower and 10° CFU/mL for the wet
tower, it can be concluded that leakage of wet
tower water into the shell-and-tube heat exchanger
(where dry tower water flows through the tubes
while the tubes themselves are submerged in the
wet tower) is not occurring. Furthermore, to
eliminate the bacterial load, the use of organic
biocides such as  isothiazolinone  and
glutaraldehyde in the wet tower, along with
ozonation in the dry tower is recommended (Fig.
2).

The E. coli test was conducted to verify and
complement the PCA culture medium and TBC
test kit analyses. The results showed zero E. coli
levels for demineralized water, the dry cooling
tower, and the supplied water. In contrast, the E.
coli for the wet tower was approximately 102
CFU/mL. The absence of E. coli in the
demineralized water and dry tower indicates
effective disinfection within the power plant's
water treatment stages, while the zero count in the
supplied water reflects its excellent quality.
Finally, the high E. coli levels in the wet tower,
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combined with the absence of the bacteria in the
dry tower, refute the hypothesis that water from the
wet and dry towers mixes within the shell-and-tube
heat exchangers.

4. Conclusions

The supplied water for the Shahid Mofatteh power
plant in Hamadan originates from wastewater
treatment plant. As a result, the microbial
properties at this facility differs significantly from
that of other power plants across the country.
Furthermore, the plant's operational conditions are
considered highly complex due to its use of two
types of cooling towers (wet and dry). Therefore,
given the nature of the supplied water and the
operating mechanisms of the cooling towers, it is
essential to assess the microbial parameters and
develop practical strategies to reduce it. In this
regard, a comprehensive study was conducted to
monitor the microbial, physicochemical, and
chemical parameters of the supplied water and the
water in the wet and dry cooling towers of this
power plant. Based on the findings, the
implementation of the following operational
measures is recommended to reduce microbial
load and improve the performance of the wet and
dry cooling towers (Poon 2022).

v TBC Control: Optimization of oxidizing biocide
dosage; application of organic biocides such as
isothiazolinone and glutaraldehyde;
implementation of reverse osmosis to reduce
sodium and chloride ion concentrations.

v Reduction of APB, FP, and Aero: Application of
organic biocides such as polyquats; use of strong
oxidizing biocides (ozonation).

v NRB Control: Removal of nitrate ions from the
supplied water using nitrate-selective ion-
exchange resins during the water treatment
process.

v IRB Control: Use of common organic biocides

such as isothiazolinone; application of film
forming iron corrosion inhibitors to control the
concentration of ions that serve as bacterial
nutrients.
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Fig. 1. Schematic layout of the heat exchanger, boiler
and turbine arranged alongside together
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Fig. 2. Delta view and tube arrangement in the dry
cooling tower
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Fig. 3. Schematic of the dry cooling tower and its
inlets and outlets
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Fig. 4. Schematic of the converter with a wet cooling
tower
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Table 1. Culture medium and microbial test kit results including tests for E. coli, TBC, APB, FP, IRB, NRB, Acro,
SRB and TRB for the following points: a) demineralized water, b) dry tower, c) wet tower, and d) supply water

Bacteria/ CFU/mL DW Dry CT Wet CT SW
TBC 0 0 103 104
E. coli 0 0 102 0
FP + + + +
APB Moderate Moderate Moderate Moderate
IRB 25 25 25 100
NRB Moderate Moderate Moderate Moderate
Aero 61000 0 6500 6500
SRB 0 0 Moderate High
TRB High Low Moderate Moderate

DW: Demin water, CT: Cooling tower, SW: Supplied water.
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Table 2. Physicochemical monitoring, including measurements of conductivity, turbidity, salinity percentage,
temperature and pH for demineralized water, the dry tower, the wet tower, and supplied water

Sample EC/pS/cm TDS/ppm NaCl/% Temp./°C pH

DW 1.15 0.57 0.00 22.60 8.74

Dry CT 6.06 3.04 0.00 31.00 7.61

SW 1600.00 800.00 3.10 24.00 7.80

Wet CT 8400.00 4210.00 16.50 29.00 7.57
Ratio (SW/Wet CT) 5.25 5.26 5.32 - -

EC: Electrical conductivity, DW: Demin water, CT: Cooling tower, SW: Supplied water.
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Table 3. Chemical monitoring including the measurement of anions and cations for supplied water
and cooling tower water sampling points

Ions/ppm Supplies water Wet CT
Na* 181.0 1000.0
K* 19.0 115.0
Ca? 65.1 418.8
Mg?* 33.9 188.2
NOs 38.0 247.1
Cr 205.4 1169.8
SO4* 207.4 21379
Alkalinity 171.1 522
PO4* 1.1 8.9
F <0.5 <0.5
Total Fe 0.02 0.03
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