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Abstract

Introduction: The water of cooling tower for Shahid Moftah power plant is
supplied from treated wastewater. Therefore, chemical control of water in order
to control corrosion in this cycle is very complicated.

Methods: The results of the TBC (total bacteria count) test of cooling tower
indicate the approximate number of bacterial colonies equal to 103 cfu/ml, which
is in the light range. According to the microbial tests, the amount of TRB, IRB
and APB bacteria is very high and has values of 1200, 500-2300 and 10° cfu/ml,
respectively. Using treated wastewater as a feed of cooling tower due to the
presence of high concentration of calcium ions leads to intensification of
sedimentation and increase the growth of microbial organism. Moreover, the
presence of high nitrate is predictable due to the origin of water supply, which
causes the increase of nitrate and nitrite reducing bacteria (NRB). On the other
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- sedimentation and intensify microbial growth, especially sulfate-reducing
10.30495/jnm.2023.32200.2006 : aceeria (RB) in the sample.

Findings: As a result, high concentrations of TRB, IRB, and APB bacteria is
required to be selectively removed in the first priority. In the second priority,
nitrate and sulfate ions, which are food for NRB and SRB bacteria, need to be
removed by selective removal of nitrate ions using ion exchange resins and
sulfate with biological regeneration method. Due to the high level of microbial
agents TRB, IRB and APB as well as the high concentration of microbial agents
feed, as the third priority, methods based on non-oxidizing biocides needs to be
applied in this power plant.

Keywords:

Microbial ~ corrosion,  Shahid
Mofateh power plant, Corrosion
prevention, Total bacteria count,
Corrosion monitoring

Majid Ghahraman Afshar, Mohsen Esmaeilpour, Hossein Ghaseminejad, Narges Esmaeili, Detection
and Analysis of Microbial Influenced Corrosion in Cooling Tower of Shahid Mofateh Power Plant, Quarterly
Journal of New Materials. 2023; 13 (50): 46-59.

#Corresponding author: Majid Ghahraman Afshar

Address: Chemical and Process Engineering Department, Niroo Research Institute, Tehran, Iran
Tell: +989121611961
Email: mghahramanafshar@nri.ac.ir



https://doi.org/10.30495/jnm.2023.32200.2006
mailto:mghahramanafshar@nri.ac.ir

Detection and Analysis of Microbial Influenced Corrosion in Cooling Tower of Shahid Mofateh Power Plant

Extended Abstract

Introduction

According to the previous studies, microbial
corrosion is a type of corrosion that occurs
through the contact between the metal and the
aqueous environment. Therefore, there is a
possibility of happening microbial corrosion in
the cooling tower and steam-water cycle of
thermal power plants. However, due to the high
temperature and pressure in thermal boilers and
steam-water cycle, the possibility of the
presence of macro-organisms and micro-
organisms in such conditions is low. However,
the possibility of the presence of bacteria and
the occurrence of microbial corrosion is high
according to the proper operating conditions of
cooling tower, especially in power plants where
the supply water is full of microorganisms.

Predictions indicate that in power plants and
industries where the cooling water is supplied
from the wastewater treatment, there is a
possibility of the presence of high
concentration of microbial factors. As a result,
the incidence of microbial corrosion is higher in
compared with power plant which the water is
supplied from the river or fresh sources. In this
research, Hamedan power plant was selected as
a thermal power plant due to the supply of water
required for the cooling cycle from treated
wastewater a. Additionally, in the operational
phase of this research, visiting the power plant,
sampling, performing physical-chemical tests
and microbial corrosion was conducted.

The purpose of this research is to investigate the
cooling water of Shahid Mofateh Hamedan
power plant from the point of view of the
presence and growth of microbial agents. In this
regard, a general test for measuring the total
number of bacteria and specific tests for
measuring specific bacteria are performed on
the water sample of the cooling tower. In order
to collect comprehensive and sufficient
information about the cooling tower water
conditions, physicochemical conditions
(conductivity, salinity, pH, turbidity) and the
concentration of anions and cations in the
cooling water is conducted. Finally, having the
concentration and type of each microbial agent
and its relationship with other physicochemical
parameters, corrective and preventive solutions
to deal with microbial agents are presented and

Journal of New Materials. 2023; 13 (50): 46-59

prioritized based on technical-economic
justifications.

Experimental

In this section, a set of microbial tests was
performed on the sample of cooling tower of
this power plants, which includes the TBC test
to measure the total number of bacteria (general
test) and specific tests to measure specific
bacteria. The parameters of pH, electrical
conductivity, salinity percentage, hardness and
water temperature are detected with a HANNA
brand conductivity analyzer and thermometer
(HI' 2300 EC/NaCl/TDS Meter). Analyzes
related to each ion were performed with
standard reference methods.

In order to measure sodium and potassium ions,
the flame photometer method was carried out
according to the 3500-Na and 3500-K
standards. Moreover, for the analysis of
calcium and magnesium, 3500 Ca-B and 3500
Mg-B standards were used by atomic
absorption method. The analysis of nitrates,
nitrites, fluorides and phosphates in the sample
was carried out according to the standard
method of 4110 SMWW with spectroscopic
method (UV-VIS). Analysis of chloride ion,
sulfate and alkalinity of the sample was
performed by Mohr titration, barium titration
and titration with HCI, respectively. The
standard of performing these tests is 4500 ClI,
4110 SMWW and 2320 B SMWW.

Findings and Discussion

The results of the TBC test showed the
approximate number of bacterial colonies equal
to 1000 cfu/ml, which is in the low range. In the
APB test, medium invasion power is reported
with a bacterial value of 100,000 cfu/ml. In
order to perform the FP test, the kit is placed
under the UV lamp, after which the solution
inside the vial becomes cloudy and the
fluorescence glow is observed, which indicates
the positive growth of bacteria. In the IRB test,
it is observed that the aggressive power is
medium to high, and the formation of a black
layer on the bottom of the vial indicates the
population of anaerobic bacteria. The results of
the NRB test and the color change from green
to orange indicate the presence of NRB bacteria
with medium to high functional strength, and
the presence of sludge at the bottom of the vial
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indicates that the type of bacteria in the sample
is anaerobic.

In the Aero test, the aggressive power of
bacteria is reported within the range of medium
to high, and the black layer on the bottom of the
vial and the bottom of the sphere indicates the
activity of anaerobic bacteria. The results of the
SRB test and the observation of the black color
of the solution at the bottom of the vial indicate
the density of the dominant anaerobic bacteria
Desulfovibrio, confirms the presence of
anaerobic bacteria. According to the TRB test,
the yellow color indicates the positive presence
of bacteria, and the average strength of this type
of bacteria is reported, and the sediment on the
bottom of the vial indicates the presence of
anaerobic bacteria.

Conclusion

Shahid Muftah Hamedan power plant is
considered a special case of a power plant
because the cooling tower water is supplied
from the wastewater treatment. The results
indicate that sodium, potassium, and
magnesium species have favorable
concentrations, while calcium, nitrate, and
phosphate  species have very  high
concentrations. The high concentration of
nitrate and phosphate might be attributed to the
effluent of the supply water sample. On the
other hand, the high concentration of nitrate
also in turn intensifies the growth of NRB
bacteria. On the other hand, most of the
microbial factors have medium to high
concentrations and the results of the total
number of bacteria count test show the number
of 1000 cfu/ml, which confirms the favorable
conditions of the water sample of the cooling
tower and subsequently treated wastewater.
Moreover, in the continuation of the corrective
strategies to deal with microbial population, the
first priority is the selective removal of
thiosulfate, iron and organic compounds, the
second priority is the chemical regimen of
reducing the concentration of calcium in the
clarifier and the selective removal of sulfate and
nitrate ions, and the third priority is the use of
non-oxidizing biocide such as DBNPA and
guaternary salt of quats.
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