qy

Case Study

dx.doi.org/10.22093/wwj.2023.387017.3327

Journal of Water and Wastewater, Vol. 34, No. 4, pp: 97-108

Microbial Corrosion i Cooling Tower of Ramin

Power Plant: Determination and Corrective Solution

M. Ghahraman Afshar?1*, M. Esmaeilpourz, N. Namaki Shooshtari3

1. Assist. Prof., Dept. of Chemical and Process Engineering, Niroo,
Research Institute Tehran, Iran

(Corresponding Author) mghahramanafshar@nri.ac.ir

2. Assist. Prof., Dept. of Chemical and Process Engineering, Niroo,
Research Institute Tehran, Iran
3. Chemistry Manager, Dept. of Chemistry Engineering, Ramin Thermal
Power Plant, Ahwaz, Iran

(Received Feb. 23,2023  Accepted July 25, 2023)

To cite this article:
Ghahraman Afshar, M., Esmaeilpour, M., Namaki Shooshtari, N. 2023. “Microbial corrosion in cooling tower of
Ramin Power Plant: determination and corrective solution”
Journal of Water and Wastewater, 34(4), 97-108. https://doi.org/10.22093/wwj.2023.387017.3327

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
Count, Corrosion Monitoring.
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Microbial Corrosion in Cooling Tower of...

Extended Abstract

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
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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
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presence of invasive bacteria. The black layer at
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, Acro, 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,
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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, ¢) H,SOy injection line and

d) pumps for transferring water to condenser
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Fig. 3. Microbial test kit of APB, TBC, FP, IRB, NRB,
Aero, SRB and TRB for cooling tower of Ramin
Ahvaz Power Plant
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Table 1. The result of microbial test, physicochemical parameters and ion detection in Ramin Ahvaz Power Plant

Ions concertation

Na'/ ppm 809.5

K'/ ppm 8.0
Ca”'/ ppm 352.7 pH at 25 °C
Mg**/ ppm 143.1 T/°C
NO;/ ppm 15.8 Cond/ ms

CI'/ ppm 1240.8 Salt/ %NaCl
SO4*/ ppm 1345.0 Hardness/ g/L
NO,/ ppm 0.2 T-Alka/ ppm
PO,*/ ppm 0.04

F/ ppm 0.9

Physicochemical properties

Microbial test

TRB/ cfu/ml >6800000
7.95 SRB/ cfu/ml >6800000
43.3 Aero/ cfu/ml 61000-575000
5.87 NRB/ cfu/ml Moderate
9.80 IRB/ cfu/ml >140000
2.95 FP/ cfu/ml Ne-
90.9 TBC/ cfu/ml 10

APB/ cfu/ml 500000

sl S il sl ym 5 sV UUS o p ol s o w2l axdls 55 g
O b 51 s 3 0l 3555 b (58 o o i 5 00 Sl
g5 5 s St Ol gl (bl (sl dne bl l 55 0
gssn sled 4 (S35
PH olis Lagy o Gt & by s 03051 gl ol
3130 3l ol 8Ly 5 oyl o s Sm 5JUT =l e
Nl (Sl Ol (G CBlE ez 5 Solus Jhidais
Lyl s 55 ol8 i 55 S O 5 S e 5 w18 o e ks
Jemeily L os game 55 5o sl &S5 Joall g JLo i e
Ll 5 s B5 e S el (G NB sy 5 (S35 VL
33 TBC (531) 5,8 Jalse 53 Sl 51 S0l 5 o
VU o ol b LISl ol st el ool (Vo cfi/ml s g
58 i (28 Jalse B 20l o see S0l S
L by ol 5o Jols o S5t U (5508 (6558 Sl sy
T 22 PIAS) ssdon o5 oS Zuad 55w G
O3S i 5 (29 S 9 Al sl i st s s
Jeolse L dblin 55 35,08 g, (05800 ool b a8 1 5 S
sl omlmn S ot 53 5 e LS ) s S
e L ol o colas dlas .(Afshar et al., 2023)
o, L3 S el eble 6 cons ple sk s L“‘r-“*-:-;g)b)g:“
3 L“r-»é\f)bﬁw Sl Gl e 48 (63,050 3 epl b S
s ael 55 s Sl i (Sl sl s b SL
Sl b Jols OF G5 e IS shteas 5500

Journal of Water and Wastewater

slossas b 5 ime Sl T ol S S 5 58 o el
Sl sl 53 5 00,8 laan Sl ol g5lala, gl 5 6lss g,
3 e sl i Gl g b ste CBE (S8 & 2
T D PRI JER PCTHIMR IS JPINCINE
33 3,5 Jealse nias 5 (S sl (5 Sn sl
s )i TBC ¢y 5n) s s L5 s jlaie aiiy
Sl IS s Sl (5Ll ) S s e 0L 1 005
sl Bl 55 4 o Olxls 8 5 Sl
S5 Olod (3 S0 (53053 )t sy w2
355 15,5 (52555 el "85 s Sen Jol e 51 iy G
3345 CuS o ol g5 e Vol ol s Sou55 5l sl
61 305 sl Jlaze sl axils S8 ST L S wlile
il oreb lalane 53 ls 552y (s S (5555 6 B
ot ot ale it gLala e s 5 T 5 SLs
Leglsn 55550 02 loos slaosle (3LitlS mlio (g5l 228
ols s Dlakd 5 il Ly (ed oS5 3 il slacand
st ol LaelSy 5 55 (6350 5m s See (So, 5% (s p b
BE \—“r—-é@)‘ﬁjg'f S o Sl 3 oUWl s L 555l
CEV e BB leslS)y 0 5l el s il Sz 5 (5o, 5
Soss 5l pn il sa 3l 3 U SU 5l i e
Sladoe (s g o sbalals 55 el OSen (S5 5595
ol 5 3l G5y Ol oss ol Sl st o o gl ~
33 Vsana 53555 Son (Sous% w258l 318 gls5 S8
Sl ol by wl 2l O ol S u S Wl o Glis) Llis

Vol. 34, No. 4, 2023

OMSL 5 O alone O

V¥ dLﬂﬁf b)l.m:'nrf 092



dx.doi.org/10.22093/ww;j.2023.387017.3327

ol ol S B O 40 950 (F295

Shead ol o855 55 (05 S ol g Lol oSl (guny 5= ¥ J i
Table 2. Prioritizing solutions to prevent the microbial corrosion in Ramin Ahvaz Power Plant

Priority Method

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

Second Ozonation and bromination - Ozonation using an ozone generator and bromination using chlorine injection
facilities.

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

selective ion exchange resin
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