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Abstract  

There is a great importance in investigating and measuring microbial corrosion in the cooling tower of 

thermal power plants, especially in the case of open cycles. Moreover, this issue becomes more important 

in the situation where the source of water supply for cooling tower is river or sea water. In this research, 

the cooling tower water for Ramin Power Plant, which is supplied from the Karun River, is examined as a 

point of of microbial growth. For this purpose, microbial tests including TBC (general test) and specific 

bacteria tests such as APB, FP, IRB, NRB, Aero, SRB and TRB, physicochemical tests (conductivity, 

salinity, pH, turbidity) and the amount anions and cations, are carried out in the water sample of the 

cooling tower. In the TBC test, the approximate number of bacterial colonies is 107 cfu/ml, which is in a 

very heavy range. The results of APB and IRB test indicate the value is much higher than the permissible 

limit and the presence of Aero bacteria. On the other hand, in the analysis of anion and cation, sulfate and 

chlorine species have a very high concentration of more than 1000 ppm. Therefore, to deal with microbial 

factors, and as a solution in the first priority, the method of chlorination with water shock is 

recommended. The second priority includes the general method based on oxidizers such as ozonation and 

bromination. Selective removal of sulfate and nitrate ions is suggested as the third priority solution due to 

the high concentration of these ions and the intense activities of SRB and NRB bacteria.
 

Keywords: Microbial Corrosion, Ramin Power Plant, Corrosion Prevention, Total Bacteria 
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1. Introduction 
According to the previously published papers, 

microbial corrosions are mainly a kind of wet 

corrosions that occur on the contact surface of  

metal equipment with water. Based on these 

phenomena, there is a possibility of  

microbial corrosion occurring in the water-steam 

cycle and cooling tower of power plant. 

Therefore, considering the critical conditions of 

temperature and pressure of the water-steam 

cycle, the possibility of the presence and survival 

of microorganisms and macro-organisms in such 

conditions is impossible. On the other hand, the 

possibility of occurrence microbial corrosion in 

the cooling tower is very high. 

Microbial corrosion and the phenomena 

affected by this kind of corrosion have a very 

high probability in the temperature and pressure 

conditions of the cooling tower, especially in 

cases where the cooling tower water supply is 

rich with microorganisms. As a result, it is 

expected that the presence of microbial agents is 

more likely in power plants where the water 

supply for the cooling water is sea or river water 

than in the power plants where the water supply 

for the cooling tower is supplied from the well 

water.

In summary, the results predict the highest 

probability of the presence of microorganism 

occurs in once through cooling tower and the 

lowest presence of microbial agents is predicted 

in closed cycles. Because the fresh water is 

constantly rich in microorganisms during the once 

through cooling tower, which greatly increases 

the probability of microbial corrosion. According 

to the wide range of animal, plant and microbial 

activity in sea water, most microbial corrosion 

happens in once through cooling tower when the 

water supply is sea water rather than river water. 

For this reason, Ramin Power Plant, whose water 

supply is from the Karun River, was selected for 

investigating microbial corrosion.

 
2. Experimental part 

In this research, sampling and carrying out the 

microbial test, physicochemical and ion 

measurement are perfumed for the once through 

cooling tower of Ramin Power Plant. In this 

regard, after visiting the power plant, a series of 

physicochemical and microbial tests are 

performed at the place of the cooling tower, and 

ion measurement tests are performed in the 

laboratory after sampling. The samples taken are 

related to cooling tower water of Phase, Units 1 

and 2 of Ramin Ahwaz Power Plant, dated April 

2022.

In this section, a set of microbial tests is 

performed on the cooling tower water sample in 

the power plant, which includes a general test to 

measure the total number of bacteria and specific 

tests to measure specific bacteria. In order to 

investigate the quality of water on site, it is very 

important to apply a device that is calibrated 

before performing the test. Therefore, the pH, 

electrical conductivity, salinity percentage, 

hardness and water temperature parameters are 

investigated with a conductivity analyzer 

(HANNA) and thermometer (HI 2300 

EC/NaCl/TDS Meter). Important and analyzable 

parameters in cooling tower water samples, such 

as ions in the sample, require accurate 

measurement in the laboratory. Therefore, the 

analyzes related to each ion are carried out with 

international standard methods  

 

3. Results and Discussions 

In the TBC test, the approximate number of 

bacterial colonies was equal to 107 cfu/ml, which 

is in a very high range. The results of the APB 

test indicate that the invasion power is much 

higher than the permissible limit and shows a 

value of more than 500,000 cfu/ml. Moreover, 

sediment on the bottom of the vial indicates the 

presence of anaerobic bacteria in this sample.

In the FP test, by placing the kit under the UV 

lamp, the solution inside the falcon is not clouded 

and no shine is observed, which shows the lack of 

growth of Pseudomonas bacteria in this system. 

The results of the IRB test indicate a very high 

aggressiveness and the formation of a black layer 

around the sphere and the bottom of the vial 

indicates a diverse population of aerobic and 

anaerobic IRB bacteria. The bacteria population 

based on color change is reported to be more than 

140000 cfu/ml. In the NRB test, sediment on the 

bottom of the vial indicates the presence of 

anaerobic bacteria with moderate functional 

strength. According to the Aero test, followed by 

the discoloration of the environment inside the 

vial from the bottom of the vial to the sphere, the 

presence of aerobic bacteria is indicated, based on 

very high aggressiveness. In the SRB test, the 

black color of the solution indicates the positive 

presence of invasive bacteria. The black layer at 
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the bottom and around the sphere indicates the 

presence of aerobic and anaerobic bacteria. The 

results of the TRB test indicate a high invasive 

power and the sediment on the bottom of the vial 

indicates the presence of high levels of anaerobic 

bacteria.

According to the results including the TBC 

and the monitoring of microbial agents such as 

APB, FP, IRB, NRB, Aero, SRB and TRB, the 

presence of microbial agents in the cooling tower 

water of Ramin Ahwaz Power Plant indicates 

very high concentration levels. Therefore, 

considering the role of microbial factors in 

accelerating and intensifying various types of 

electrochemical corrosion and following the 

heavy costs caused by this type of corrosion, it is 

suggested to investigate and monitor microbial 

factors and especially the microbial test to count 

the total number of bacteria in thermal power 

plants. 

 

4. Conclusion 

In Ramin Ahwaz Power Plant, the water for the 

cooling tower is supplied from the Karun River, 

which has a very complex and variable case that 

depends on the inputs of the river. Medium 

concentration of sodium, calcium, magnesium 

and alkalinity ions is observed in the water of the 

cooling tower. On the other hand, the results of 

microbial including general and specific tests 

instance, total number of bacteria show the 

number of 107 cfu/ml, which is considered a very 

high value. This high amount of TBC value is 

attributed to the entry of human, animal and 

industrial sewage into the Karun River. 

Moreover, here, in this research, corrective 

solutions to deal with the microbial corrosion are 

briefly described as follows. In the first priority, 

chlorination with the shock of bleach and 

continuous chlorination by applying bleach shock 

of 12 or 24 hours with high concentration is 

recommended. As the second priority, ozonation 

and decontamination using an ozone generator 

device and decontamination using bleach 

injection facilities are suggested. In the third 

priority, the selective removal of sulfate by 

biological reduction method and copper 

precipitation and removal of nitrate using 

selective ion exchange resin is recommended. 
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Fig  1. a) Cooling tower, b) bleach injection line, c) H2SO4 injection line and

d) pumps for transferring water to condenser
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Fig. 2. Control microbial test kit of APB, TBC, FP, IRB, 
NRB, Aero, SRB and TRB
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Table 1. The result of microbial test, physicochemical parameters and ion detection in Ramin Ahvaz Power Plant 

Microbial test Physicochemical properties Ions concertation
 809.5 Na

+
/ ppm 

>6800000TRB/ cfu/ml  8.0 K
+
/ ppm 

>6800000SRB/ cfu/ml 7.95 pH at 25 
o
C 352.7 Ca

2+
/ ppm 

61000-575000Aero/ cfu/ml 43.3 T/ 
o
C 143.1 Mg

2+
/ ppm 

ModerateNRB/ cfu/ml 5.87 Cond/ ms 15.8 NO3
-
/ ppm 

>140000IRB/ cfu/ml 9.80 Salt/ %NaCl 1240.8 Cl
-
/ ppm 

Ne-FP/ cfu/ml 2.95 Hardness/ g/L 1345.0 SO4
2-

/ ppm 

10
7TBC/ cfu/ml 90.9 T-Alka/ ppm 0.2 NO2

-
/ ppm 

500000APB/ cfu/ml 
 

0.04 PO4
3-

/ ppm 

 0.9 F
-
/ ppm 

TBC

pH

TBC
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Table 2. Prioritizing solutions to prevent the microbial corrosion in Ramin Ahvaz Power Plant 

MethodPriority

Chlorination with the shock of bleach - continuous chlorination by applying a shock of 12 or 24 hours of 

bleach with a high concentration.
First

Ozonation and bromination - Ozonation using an ozone generator and bromination using chlorine injection 

facilities.
Second 

Selective removal of sulfate by biological reduction method (copper precipitation) and nitrate removal using 

selective ion exchange resin
Third 

cfu/ml

Afshar et al., 2023

(Behzadi .

l., 2021et a)

SRBNRB

m
3
/h
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