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The water of Persian Gulf, which is currently used as the water in the cooling tower for Bandar
Abbas power plant has high alkalinity, conductivity and salinity. The examination of microbial tests
for the cooling tower indicates the high concentrations of all kinds of microbial species which is
related to the high level of fluoride, sulfate ions and sediments. The TBC shows 10 cfu/ml which
is considered a high value. On the other hand, the presence of magnesium and calcium ions in
carbonate form is a reason for the huge amount of hardness. The high level of ions concentration
especially chloride and magnesium in the cooling water increase the growth of microbial
parameters. Furthermore, the reason of such a huge growth of sulfate-reducing bacteria (SRB) is
the high concentration of sulfate. Therefore, the solution of reducing the general concentration of
ions using methods such as reverse osmosis and ion exchange resins is suggested as the first priority
to prevent microbial corrosion. Additionally, chlorination methods are proposed as the second
priority due to economic efficiency and high-performance capability. Finally, ozonation method is
presented as the third priority due to the higher cost compared to chlorination, high power and the
absence of side products. Also, the high concentration of sulfate leads to the activity of SRB
bacteria and causes various types of corrosion, and therefore, the use of methods for reducing the
concentration and selective removal of sulfate as an effective and priority solution should be
considered.
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Extended abstract

Introduction

Microbial corrosions are generally wet corrosions that occur due to contact of metal with water. Therefore, the occurrence
of microbial corrosion in the water and steam-water cycle and the cooling tower of power plants is probable. However,
according to the operating conditions of thermal boilers and high pressure and temperature, the possibility of the existence
of microorganisms and microorganisms in these conditions is low. However, there is a possibility of microbial corrosion
in the cooling tower of the power plant according to the operating conditions.

The possibility of corrosion caused by the organism is very high due to the pressure and temperature conditions of the
cooling tower and where the supply water of the cooling tower is full of microorganisms. Therefore, it is expected that
the presence of microbial factors is lower in power plants where the water of the cooling tower is supplied from a well
than in the power plants that water is supplied from the river or sea water. On the other hand, in once trough cycles due
to the continuous passage of fresh-water rich in microorganisms, the probability of microbial corrosion is much higher
than in closed-cycle.

Methodology

In this part of the research, a set of microbial tests is performed on the circulating cooling tower sample of power plants,
which includes a test to measure TBC (general test) and specific tests to measure specific bacteria. The conditions for
performing each test are in accordance with the technical note provided by Ibresco, which determines the presence and
absence of any type of bacterial agent by changing the color of the test kits and comparing it with the color change of the
reference sample kit.

In order to evaluate the water quality (in-situ), parameters including pH, electrical conductivity, salinity percentage,
hardness and water temperature are determined by using HANNA brand conductivity analyzer and thermometer (HI 2300
EC/NaCl/TDS Meter). Important and analyzable parameters in cooling tower samples, such as ions in the sample, have
been performed using standard methods used in the world.

Results and discussion

In the TBC test, the approximate number of bacterial colonies is equal to 10,000 cfu/ml, which is in the moderate range.
As itis clear from the APB test and its color change, the invasion power is high and the amount of ABP bacteria is 500,000
cfu/ml. For the results of the FP test, by placing the kit under the UV lamp, the solution inside the falcon is not clouded
and no shine is observed, on the basis of which the growth of bacteria is reported as negative. The results of the IRB test
show a very high invasive power, 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. In this test, the bacterial population is more than 140,000
cfu/ml.

In the NRB test, the color change from green to reddish yellow indicates the presence of NRB bacteria with relatively
high functional strength. The results of the Aero test indicate a change in color from green to reddish yellow, indicating
a relatively high offensive power. The discoloration of the inside of the falcon from the bottom of the vial to the sphere
indicates the presence of aerobic bacteria. In the SRB test, the black color of the solution indicates the positive presence
of the invading bacteria. The black layer at the bottom and around the sphere indicates the presence of aerobic and
anaerobic bacteria. In the TRB test, the black vial means that the test is positive, as well as the large accumulation of
black sludge at the bottom of the vial, indicating anaerobic bacteria.

Conclusion

In Bandar Abbas power plant, due to the providing the supply of water for the cooling tower from the open sea of the
Persian Gulf, very high salinity, conductivity and alkalinity are observed as a result of the high concentration of sodium,
magnesium, calcium and chloride ions. The results of microbial tests confirm the relatively high concentration of all types
of microbial species. The main reason for the invasion of microbial agents might be attributed to the high concentration
of precipitants as well as sulfate and fluoride ions. The results of TBC indicate the number 104, which is a moderate value.
In the first priority, the reverse osmosis method and ion exchange resins are suggested. Secondly, and among the general
methods, the use of oxidizing methods such as chlorination and ozonation is suggested. In the third solution, the selective
removal of sulfate ion is proposed.



de M “‘.Hw
1Fe¥ oy ¢F 0 ylaow (FR 0490

Journal Homepage: http://Jes.ut.ac.ir University of Tehran Press
g 5 SLL: YYFD —SAYY VYD -ASY 1 le SLLS

S SS 45 3> DT 43 s jlumo Jolgs 31 yilio (99 w0 (59395
bs y0 1> ol g

Ta155 comlB s <7 g9 Julowsl pumnsne B JLES! (Lo jod o

mghahramanafshar@nri.ac.ir :asbl], « )|yl ¢ 45 gy olKiimgly el )8 5 comsd (g} 09,5 .
Mesmaeilpour@nri.ac.ir :asbbly ¢yl <yl yas cop olKiimgsy Ainld o cond (img}s 09,5 ¥
hghaseminejad@nri.ac.ir :aebll, ¢yl ¢yl pad o oKiidgss chis] ) g cond (didrg} 09,5 ¥

oS> Ao SN

-

395 9 Colid ol (> w5 250k ol IS (layg (Vb cdale sty 0,6 s sl g Alle e £o)
5 ey 9bien il (S Wyp OF el pglate 4 O el obe s o9y 5 g ABle (VL
ol kol s o8 2bbipe (9,5 sladisS lgl (VL lacdale ouimd i (9,5 slagyge] b))
s oximd i lais Sl IS iled (905l bl )i, (VL il 5 Slilgw wulsls slagyg
a oy Vb e g Sae Jole 45 ol sle ] o ol 4 Yl e & ol Cfu/ml 104
sl NI gy Jole plgie & e (VL Clle & drgi L g bl e (S SiS O Wiged 13 1,18 52 032
5 Qlﬁw <YL elkle cQsz]y» WRY L;Lmd)i.{b by Jele e Do J)Z.f uf&o QT 5 O] Ol}ﬂ”
Ls:l.hups) )] odlazwl l.: Ltbuy Il o clale w&:l{ )l.gdbl) 5)L)Jl )] .Lwl.»k;o blfa).u L)Jl » 0dS s Jraerwen u’l
@950 SS9 | S sl cae 3 Jgl cugdyl e 4 S LS lacn) 9 (wSas sel Ui taojlgans’
@ Cand VL alse s @ G5 03l Uhg) 5 ped Cusdsl Uiy (55 slaiy) orman Db Slendy S Lp (I Rk
@ llgw S Bls g clle el sl by ledlinul 33,5 0 daidey pgw Coglyl Olgie & G5NT Uled g Ko (FpS 0l

il pgw Coglyl Glgie wbe o oo T Sl

VEANYIY iCdl s &b
VYA Y 16 )RS3k g U
VEY A At g dy g )b

VEY/AANY 2y Wis! g ,U

Sy oy (SCSis 4 Ul 3 jlasee Jolgs 1 yilie g ySm (5355 (VF+Y) s 15 somslh £ e 6gr e ol fubime L] oo 23 Lus]
oo YA (F)FA liilass 4y el i

DOI: http/doi.org/10.22059/JES.2023.356713.1008395

DOR: 20.1001.1.10258620.1402.49.4.7.3

—G)
@ E~ DOI: http//doi.org/ 10.22059/JES.2023.356713.1008395

sy © o oBatsls Lzl 2 a8l



http://jes.ut.ac.ir/
mailto:mghahramanafshar@nri.ac.ir
mailto:mghahramanafshar@nri.ac.ir
mailto:mghahramanafshar@nri.ac.ir
mailto:mesmaeilpour@nri.ac.ir
mailto:hghaseminejad@nri.ac.ir
https://doi.org/10.22059/jes.2023.356713.1008395
https://dorl.net/dor/20.1001.1.10258620.1402.49.4.7.3
https://doi.org/10.22059/jes.2023.356713.1008395

’f’r‘)le-?djlw;ﬁ.yj‘je.?c)’élwumﬂﬂ yay

doddio .
AL elas Sl o Wbl 5 oS00 g9 ) sk a1 (29,5 S S2y08 45 g0 Sliios 5 Sllllas ol
Sy Jlan! YU glod g Jlid 5 Syl lajbe Jldes lulid @ 4595 b g>g opl L (Ilhan-Sungur & Cotuk, 2010
€589 Jin! ¢ Sldas ylyd & dogi b olSgys (S ad o o Lol (ol bty opl )0 el lg o g bapuansS)lg Sl
[(Ilhan-Sungur & Cotuk, 2010; Garcia & Barrero, 2008; Miller, 1980) 5> 3939 (29,50 (53,5

(29550 (50,98 (iosias 5 loord = (Sa3d slagygoil pll syl piges @l 1 035L) Lhaghy ol Slles B )5 cnlple
Klose & ) c8,5 plosl (wlie ity o g8 (S SB 4352 3 (29500 (5055 €989 Jiol 5 (9)See Jelse 3929 (L) 9 Ll
B ol Ol 45 (6350 13 9 S SB piuanw olod g ,Lid Lail b 4y aso5 L (Wernecke, 2004; Licina & Cubicciotti, 1989
Samimi, 2013; Liu & ) wsb o 3 jlan o 51 50 (clmossty 9 (53595 osty Jloin! 15l a8 g ;Ko 51 )L par 008 S
S0 el ol 31 (S S s O] &5 w0l gy )3 29 ySe Jelge yin Jleinl 295 oo (st 95c) 51 (Zhang, 2009
arg b S g I8 LS, clads > 15 K03 Byl 51l 5ol 59 e ool bys O b a5, 51 a8 ool s 4y
g JSoo Ly (5 SE slotd 2 & Sl (9,500 (5,55 lgil £33 Jloi] )y )Seo 51 L pus 5 036 O Aty ygee 4
.(Reynolds, 1980; Morrison, 2015; Little & Lee, 2014) il o yuins olpo &

s )L s b gloolSgys o Sl B9y (a5 (a9)5ue (52,55 diej 53 Ll L ojgliie bl
M 04y 35 Sxiie ol5g Ob.;.c a5 L)’“';l" EYSICIFNES .\‘j byl ufn_ﬁo > gj &S Gl yuly o5 g, 405«5\._&
LSS (S SE sl 0 &S pl 4 ase LS00 )b 5l (Reynolds, 1980; Raptis & Pfister, 2016; Jolley et al., 1977)
235 o el (b slacl 5 BB3g) T x5 1y Basle 155 390 O & 35 0 oaaliie pleelSgye )3 o S0, sy
.(2022; Ghamati & Roudaki, 2022; Little & Wagner, 1992

S it Slwg) (Solued 9 1yd Spglome )3 olie sy 08 (G3eghS W B0 pn (bl )3 &Bly bty ()l o895
Y ol &5 ol @l WYY wdgi cudyls b Sylis g9 5l il colSg s 5l (S el sdwy (gl po e 4 VWO e o
2l ¥ ol a8 Cuwl Glgl&e VWAL wlgs s b b 4w o8g 0 cCunl 515150 YO (555 sy ¥ ol «culgl&o 8+ (6555 059,05 Mg
VoA bl & legeme gise £ )3 gile g 1) (igrbe V s 4 legaze (e Y 5 UigilE oS el (nbo S T ity
Als ¥ ol (655 089wy ()3 oo 4 VWY L jo OT 55956 5 WO Jlw ;3 08 g, pl 9 oo (siwo s d 5l ygulio
b o SlolRe YY 0 g4 opl (deos )a8 g Cunl lun cale Sl s Jo Sl YO 56

Sedio g (53 ol Koo sloild | e | g 45 3980 el )3 JUS )3 jguae dzudge Byl 1 oy Sl 290
O S s (6399 1 4 G235 sebate 4 Jgl3 Ol g 9 (639)9 Sl SIS Bl &y i o 0ad ,52Y g S0 5l (6518 S oo
o L)l{; 9 d‘ib)p B )...Lz.m oKiwd (MED) Yu_,‘b)&: »la Y Coows ))JY9).A.<J1 )] = u—l O qu,o olfs).u )9».01.&5 9
() JS8) 59 aalgs O S g jbgr 035 Ol plgis 4 (6055 4 sl byl o3y yild ¥ 5l jus |

1. Gas Infrastructure Europe
2. Multiple effect desalination
3. Mixed bed


https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D9%87%D8%B1%D9%85%D8%B2%DA%AF%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D8%A8%D9%86%D8%AF%D8%B1%D8%B9%D8%A8%D8%A7%D8%B3
https://fa.wikipedia.org/wiki/%D8%A8%D9%86%D8%AF%D8%B1%D8%B9%D8%A8%D8%A7%D8%B3
https://fa.wikipedia.org/wiki/%DB%B1%DB%B3%DB%B5%DB%B9
https://fa.wikipedia.org/wiki/%DB%B1%DB%B3%DB%B5%DB%B9
https://fa.wikipedia.org/wiki/%D9%81%D9%87%D8%B1%D8%B3%D8%AA_%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87%E2%80%8C%D9%87%D8%A7%DB%8C_%D8%A7%DB%8C%D8%B1%D8%A7%D9%86
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%D8%AD%D8%B1%D8%A7%D8%B1%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%D8%AD%D8%B1%D8%A7%D8%B1%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DA%AF%D8%A7%D9%88%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D9%85%DA%AF%D8%A7%D9%88%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%D8%AD%D8%B1%D8%A7%D8%B1%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%D8%AD%D8%B1%D8%A7%D8%B1%D8%AA%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%DA%AF%D8%A7%D8%B2%DB%8C
https://fa.wikipedia.org/wiki/%D9%86%DB%8C%D8%B1%D9%88%DA%AF%D8%A7%D9%87_%DA%AF%D8%A7%D8%B2%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DA%AF%D8%A7%D9%88%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D9%85%DA%AF%D8%A7%D9%88%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%D8%A8%D8%AE%D8%A7%D8%B1
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%D8%A8%D8%AE%D8%A7%D8%B1
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%DA%AF%D8%A7%D8%B2%DB%8C
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%DA%AF%D8%A7%D8%B2%DB%8C
https://fa.wikipedia.org/wiki/%D9%85%DA%AF%D8%A7%D9%88%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D9%85%DA%AF%D8%A7%D9%88%D8%A7%D8%AA
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%D8%A8%D8%AE%D8%A7%D8%B1
https://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%AA%D8%A7%D9%84%DB%8C%D8%A7
https://fa.wikipedia.org/wiki/%D8%A7%DB%8C%D8%AA%D8%A7%D9%84%DB%8C%D8%A7
https://fa.wikipedia.org/wiki/%D9%86%D9%81%D8%AA_%DA%A9%D9%88%D8%B1%D9%87
https://fa.wikipedia.org/wiki/%D9%86%D9%81%D8%AA_%DA%A9%D9%88%D8%B1%D9%87
https://fa.wikipedia.org/wiki/%D8%B3%D9%88%D8%AE%D8%AA_%D8%AF%DB%8C%D8%B2%D9%84
https://fa.wikipedia.org/wiki/%DA%AF%D8%A7%D8%B2_%D8%B7%D8%A8%DB%8C%D8%B9%DB%8C
https://fa.wikipedia.org/wiki/%D8%AA%D9%88%D8%B1%D8%A8%DB%8C%D9%86_%DA%AF%D8%A7%D8%B2%DB%8C
https://fa.wikipedia.org/wiki/%D8%AC%D9%86%D8%B1%D8%A7%D9%84_%D8%A7%D9%84%DA%A9%D8%AA%D8%B1%DB%8C%DA%A9
https://fa.wikipedia.org/wiki/%D9%87%DB%8C%D8%AA%D8%A7%DA%86%DB%8C
https://fa.wikipedia.org/wiki/%D9%87%DB%8C%D8%AA%D8%A7%DA%86%DB%8C

ray O 3 L o a3 (P 5 T 30 (s o Jolpe 1 9L i 550 535

~f

San 5l (€ 3 MED olSzs (0 )Yyl (C «ySnin ik (D ecs oSl domdgs (8 o pob iz olS gy ilisions cilen (slncamnd J oles ) JSeub

S dxdge | oSS it L 3590 Ol g 3l 0 I8 LS, g5 5l 9 GIE €808 bl olS gy ol 53 0SS o
o3l gl 5 48,5 & 50 (lagyh piges 13 ol CadeS gy 2 bl )3 (Y US8) 33,5 o el Jls ol Go)p 5l o 9 L
by walgs ol 5 Jols

Google

L3 4 G o g By Y JS0

il el 3 dblon ogySan elge ypin a5 alais 5 obie yhis olSg 8 S St &y Ul gy (355 () (ool o
oSl s ol (glageiSl o olait] clagisesl 5 ((soges (igeil) s Sl S slasi oo (TBC) g0l
iz (NRB) 2l 0155wl (5 5L (IRB) "yal L Lasye (slacs 51 (FP) T oligogsgms (plinysls (APB) sl o115 0t

Total bacteria count

Acid producing bacteria
Fluorescence pseudomonas
Iron related bacteria
Nitrate reducing bacteria

apwdE



’f’r‘)%djqu.e.;’ ‘Py c;;.:;wuw.h.m“ 4.{)-«3.; rafr

OSSE 48 O Wises (g) 2 (TRB) "l gusss 0iiSelnl (651, 5 (SRB) "ulilgus 0uiiS'elal (555, (Aero) ' Sag gl (6581,
OSSOl baylys ) 3 g mels leMbl il ;505 (ggu ;I (Ghahraman Afshar & Esmaeilpour, 2023) 5,3 0 plo]
o Dga3 )3 logsls g gl olise g (2935 PH (698 «olin) (alondsSsid sloygasl el DleMol (gyglgen siajls
Rl b coleg )3 c8)5 )8 I jgued 53 38 g g (alesdsid lajiell (lomie Baiod ol ) Al (S 43
Jolse L allie jslato 4y 411Ky 9 (2ol (glo lSal ) oo g 508 (ool ol b (o L5 g 980 Jole o g5 5 clale
(Afshar & Azimi, 2023) 335 o (s lgl (solaidl - 8 Gl g ol g &ly) 29)Se

Oglise 578k g9 V3l Gl dasude s g s Sl IS ol loxtas L ol (S &2 O diged (09 Uil
Gl g il (g cnl 0005 ey W a0 plol 4 a5l )3 Lid daws 5> 4S9 s 53 o5 &5 5k gl 61
g9 ool b oy 5l g Lily ol )3 ABloo 03,08 Baiod g loj diajls olSTg s )3 (09)See Like b sla S3)08 i
Al e Olisiog (gim B ) ol (905 Sldas g Wl Ky Sl Al o JLs 4 deolSg s ) (53,95

aw ol (sl 5 (S2)98 (lidSu) s 4 B8 (pl 3 (29)See (S2)98 datiie (s 5 (29,50 (SO (o
9,50 (5255 0kl 0 fge sl lgil g yobo 4 g Sge Jolge 4l )l gy o ol cdllio ] o Bl b oS
Cgue (olondy Sl la 53)05 elil 51 )18 g 5lo Jlas abali Jl pg)Sue (S2)98 & Cusl 5 4 p3Y 503 (g 1 23)5 (o)
3,50 bles (mdge S8 & (owlidesy) jlai alali I (53)08 £ cnl (2955 (52)95 e Slapins )3 (men 3,5 oo
Ddien (kb g (Slojis (53)95 bl 4 oxie 395 &S

2P0 ¥
3 m tly cnl 0 )15 55818 st o lays hories 5 liendsSosd (950 slagygeil pll 5 (o) pised Sy cnl
olSalosl ) (oo pigas 3l gy (iomies slopisesl 5 Joe 53 (20,50 5 aliassd 5 (i sl ygesl At @l ) 3l
ol 005 48,5 (Lod 0 VL (gy) ymiliiS” (293 Jome ) (5SS &2 Ol Wiged J) 3o ol 13 S Wigel 2y e Oy
8l (glged blpd (53l 5 29y Jolgs A3y Al (gl dbaid oy Fcwslio dbail (pl iy s § Cliios olul oS

A5 0035 (29,50 Jelse oy sl oauled lais 4 Of Wge (o odomy Lly ) 5

29550 SLgoT N
asgazee cpl & 2y 0 plol Cotie cloelSgys (30,5 )3 (SIS Ol Wised g9y 1 (29550 Slapiges] degezme 15k cal
FPAPB i (ol slasySl Giomis polaidl slaggeil 5 (oes 09o)) lais Sl JS olas (iomis TBC (0] Jolis
sd b mllas aejl o ploul byl sl 0 001> 2y S5 b (905! 2 debdl j3 oS0l o TRB 4 SRB Aero NRB (IRB
G S5y ) 00latal b Cales 53 9935 o0 ploxdl laygo3l Jalygion b illae 45 bl o 98yl €555 ik sl ons 4l S

23,5 0 e 2l Sl oo £ 0 e 5 g5l i g 0> g2 po0 Higed ) e b ol dglie 5 oS

FP APB TBC ol (29,50 slacuS & diged (13958l dlaxd )3 L5903 S (29,50 (il ol 1ald (29,50 oS
(S5 305 5ek) L5 Aiged i &y ecans] gusly ¥ USS 3 45 sl slad 28,5 ), )y 3,90 TRB 5 SRB Aero NRB JIRB
85 dales 448 eolitul 3)50 (2B g 5 sladiged 2 L) juk (el g g odlaul 4ly

6. Aerobic bacteria detection
7. Sulfate reducing bacteria
8. Thiosulfate reducing bacteria



ras OlyKas 5 Uil lopgd dumo / .. y0 GFKS 5y o 40 (s j lmo Jolpe 1 yilio 519550 (S0y55

TRB , SRB, Aero, NRB, IRB, FP, APB, TBC sl e oo jl als 9SS ¥ S5

OIS ST 03908 g pH 59 (Calod Jow 40 SlapygeT Y-
ool 23k 03 ol cygnl ool 1 8 ol (3331 0ysdlS 51 el 45 alSzs ) aolizal o Jone 55 o S oy sslie 2
Xy gl g (riwcalin T ol b ol (clod g (5t (g9 doyd ¢ S0l Colun PH (ol yzol,b cgyopl 5ol oYL
Cawl 005 48,5 6 0 (HI 2300 EC/NaCIl/TDS Meter) Jio HANNA

OF S T B el g B anT ki (o o903 T.F—Y

Al o olBiinloj] )3 8483 iomiw Mejls diged )3 39390 (slayg dile (S SB a8 n O (cladiges )3 LT LB g oo (slayielyb
3 oty 5 s (slogigy (it jolaie 4 Cunl 0ad ploml 153 )3 pousye 3,lal (slabg) b gy 4 barye slaglll cnlple
3500 Ca- 3,85kl I o juie 9 punndS LT g pimons Canol 05 030l 3500-K ¢ 3500-Na 3, Juskiw] 3ubo (¢ ytogideald 59,
D99y b iy 4 5 aiges cldd g Sligw IS e 3BT el ouis plosl (UV-VIS)  smwwcib (o9, b 4110 SMWW
4110 SMWW 4500 CI P9y L‘bu}oﬂ L)"‘ fl?ul b)‘.bl.w)‘ Lol 045 lnl?u‘ HCI L u?‘“’l)’-’ 9 fb-’)L’ U?‘*"&"l)“’ R go (.)5‘5""’1):“5
A3l 2320 B SMWW

o Bom &S 5 (o8 LT 5 abesdsSind slapiell Giodw ol JWd a1 g a9)See slagysejl gl bl )3 ise cnl
b)) WSy 5 (ol cloylSal; (felse Shgs 5 290500 Slogell @l el p ol Jlis & cales 0 035
23,5 oo

30 512 0 g g8 S SS BT (19 50 g0 3T A -Y
e Hebolen )l )8 Mawgie 0jl 1> 45 o3 Veeew cfUMI b ply il Lo V3> 65SL SolS w8 i TBC 90l
099)'] s ly il o B v e cfu/ml 50 ABP (5 SU jlade 9 YU oaled )a8 Cowl asuin OT S, yuss 9 APB C)}‘)'—'

1. Moderate



’f"’gl@%o)hﬁ‘w,‘jﬁo)}h‘;‘am#@qﬂ Yas

stio g 5L wdy (wlwl pl a8 20,8 o odalive i )d 5 0t HAST sSIB 4900 Jelore UV oY pj S ol )8 L FP
Juy 55 (55 Blbl 1> 5 ol Y S5 icad § 40350 jo |y YU o (502185 8 IRB (903l glis 2500 5155
Ve oo cfuml 5l i (6L Camen (e (905l cpl 0 il oo (65l92 0 5 (55len IRB (slace ySb 5l goisio Cunon osimd oyl
25 e B

b e s S5y o bbb e YU L,w oxleg )18 oam i 50,8 4 ble 3y 4 jew 5 S5y pui 1 S Aero ygejl
ozl Jaloxs oluw S5, SRB O}n)'] 2 il e gilar sla g Sl jaas saimd i (665 Cuow 4 Jbg S Caows j sSIB
0903l 3 2lise silam e 5 lon sl 29y (SbsS (65 )93 5 ol 0 el Y LBl o (6B p2ae spi> (g o
Sl ySL onm s Jby S 5> K)ol ) o> odes a3 iz 5 (90]] (91 St shae 4 S5 ok Jlis TRB
8l ilares

A
TRB , SRB,

Aero, NRB, IRB, FP, APB, TBC ol sl )t oS5, g S S -F JSWo

b g (15> 0 3 (S SS OT W90 9 PH (5398 (Calud Joxo 3 SoggoyT ¥ Y

Caonl 13L odd Lol g0il plol 1 LB o 538 0,8 51 lsebsl & ol I oslinul (Jote ;3 O CodS gy yslaio 4
Xy gl g (riwcalin U1 ol b ol (clod g (5t (g9 doyd ¢ S0 Sl caolun PH (ol yzol )b agyopl 5ol (oYL
b )3 08 g 55 sowd olKialojl 45 o plowl (el 3JUT 4 a6 b s (¢ 503151 (HI 2300 EC/NaCI/TDS Meter) Jao HANNA
(0o ) ST sy O e 1o g ol S O 3ol 3 40 g0 (VU Jlon (S iUl clin (81 51 sl o T pH
i 9 peedS layg 3529 > 4 55 digel VL (e 03 g (N Jgi Geb) )5 35 (2 VL Sl (5598 0 )3 45 035
Al (SluyS WS ogu) p)8 5

il g (312 0 g 308 TS ST Ly 9ailS g Lo(yasT Gicmiuw (aloowid SO 9037 .Y —F

il e o8tlol )3 585 horius iajl diged )3 39290 slagysy Lo (S SIS 482 O (sladigai )3 ST L 5 oo (sl el
3 iy 5 s (slogigy (ot yolaie 4 Cunl 0dd plol L5 )3 pgusye 3,lal (slabg) b gy 4 barpe slaglll onlple
3500 Ca- 3,5k}l pajuie 5 mals’ LT Cags ppioman sl 03 plool 3500-K 5 3500-Na 5laikil 3l (claleds zosysi be,
Ikl gy sllae dges 1D 9390 laud g dlyeld co yis wl s LT .l oad odlitnl o3l L b9, b 9 3500 Mg-B 4 B
ol 813 plsl (UV-VIS) oiwcib bs, b 4110 SMWW



vav OlyKas 5 Uil lo s dumo / oo 0 TS 455 o 40 s j lamo Jolpe 1 yilio 19500 (50555

A1 sbys ol 5l o5 ol (S ST oS ol 4y jlas 5 olie iy 0l8g, oSS Ol diged LTSI Jols ol 4 a2 L
oz ool oanlie LB gl )3l g s (Yl CalE 9 ol 15 0392 Yl s 905 ((5)58) S Cle 5 0 (30l
2Vl plgle e S5 ggu 3l sl ST 35 s )3 g 039 oty BB G905 nl )3 55 e 5 maselty YL Sl clile
ol it gt 4 (5SS Ol wigas 3 1)) og 4 laciss £ nl 3929 9 0392 it BB lagiss] b aiilen o O wiges
23,5 S Cumlion g 039 a2 BB L9053 )15 00w Jelo lgie 4 Vb majie 3929 (pizmed Ml oo (29,50 Jalge 4335
bl n o g5 S K5 4y 55 il 01Ul slags ST ) sl ale cigas > Slilgu oY Calé & Canl 85 4 p3Y

Jolse lolid g gy plo Gimghy ) Ban 1 5 035 olandbg S (gl $3,55 Elsil o pms g 2l Lo 29,500 Jolse
SO Copo 4 olSgys oUS SIS &2 ) (9955w (5058 & (ol 4 Ao b Al o gys 0SS JShw 3 (29,5
930 s b )3 39290 (29,5 elos 4 (g sed (oulidSn) Sl p )b Sl gycnl w3 (L 1) 395 (alienidy il
ssbate 4 d)l> olianda iUl (5355 b alite (2580 sl (29,50 elss Sl (23U (59,58 iy, o cul ol o i
s Sl JS 3l jioxis 5 FP g Aero dRB SRB APB (NRB TRB _g,Sue Jolss (bl 5 comspt cstsrSere (5 2ys> (sloolid
95w Jolge clale 1 oleMol (il L) (29)See Jolge 5| (o8 (olond iUl (53,55 (g5 oo (nlpli -l Cuonl 3> (TBC)
SRS 5 (95 Jelgs Bl 5 wuld Mol Car )3 5o (aliand o)l 4l b g 3,8 (bl lags Sy S Slasi
55 Jos o] §) il

s Sk JS slas g TRB o SRB Aero (NRB dRB FP APB b j| Lg,See Jolss 5| JolS 5 aols cledbl (3L 5
938 0355 (sloigslS g gl Clale il oliendsSysd elge il g 0d (g)glaex o gyl 0SS5 45 2 3 (TBC)
«land y]5l8) oy (i sloise]] @B Ganges 8 13 bl 5 () 2090 5 (50,8 Jpame g Colis PH (59
NRB SRB TRB (oS cud) (29,550 slogyojl s § pamolty ol oo a0l ey IS clilgus ol g 25
J9d )3 e Sygo 4y oo )ity 59,5 50 (PH 5 Colid (559 )935) (o90s (slagygesl 5 (TBC 9 APB FP Aero dRB
Ll 0 )yl Y o;lass

Jolse gy 2y Jloio) a4 2295 b o b allie 530 cloylSaly bl s 9 29,50 Jelse Sl 5 Gtomis ol
lacus oS 65, @ g (2955 slayiel)l o b laglgy Al LWl oy ol 4 cusal | 09)See
iy Ol 955 Jolos b ol Byl bl s o (bordsSisd Sledbl Sl 5 olSgps (S a2 )3 (29,5
el 390 LI> b g 315 )13 b5l g (yp 3)90 b Cumlad g el L) (09,80 (53)95 5l canilon 5 (S)bjL
9 >Nl plond laylSaly (of S 2 3 29y el Sllee Giomin | Job @S 5 (295 Jelse Sl zel
ooy baulpd & dogi b Loles 2500 518 (2bjyl g (oo 290 bl =38 as I By o g 295 00 ey &l Sy
S5 O 3 9 (19550 (5295 Cenlos (sLiSoly oS ad dalgs )yl (ool - (58 a5 L VL Coglyl L (2Mol sla Sl
D92 8ld 09)Swe s Ell 5l (29,0

oamlio YU jlus ColdB 5 Culum c6y5d (ol bty oS5y 3 o)ligls ol sbys ol Jl (S S8 as 2 uwb J
o1l (529,50 sloygejl | ol @l bl oo )15 5 ol oo aio (sloiigs eV Cale I 3L ol oyl 4895 0
e 3 IS Gy (VU Ll &) lgien |y g5 Jolse w2 led o s aili o (9,500 slaisS gl VL T ke
Canssd 4 Hlo &S d2d o L |y Vo ¥ cfu/ml sue o 5L IS s hjladd (0] ol ol Cund 35 Llyeld g Glalgw (slo s
25 o gue (2L



’f’rf)%dju;W’MQJ’.};wwMQﬂ YaA

ool ptis ()l ogp 3 g ioxie 5 (2lesdsSjd sl sl 29,5ee sBgeil @l ggece Y Jgaa

lons Concertation

Na*/ ppm 11875.0 Microbial Test

K*/ ppm 475.0 Physicochemical Properties TRB/ cfu/ml >6800000
Ca?*/ ppm 464.9 pH at 25 °C 8.5 SRB/ cfu/ml >6800000
Mg®*/ ppm 1782.2 T/°C 28.0 Aero/ cfu/ml 61000-575000
NO3z/ ppm <0.3 Cond/ ms 56.4 NRB/ cfu/ml Y & g, bawgio
Cl/ ppm 21624.5 Salt/ %NaCl 944 IRB/ cfu/ml >140000
SO+*'ppm 3228.0 Hardness/ g/L 28.3 FP/ cfu/ml Ne
NO2/ ppm 0.02 T-Alka/ ppm 141.4 TBC/ cfu/ml 104
PO.*/ ppm <0.02 APB/ cfu/ml 500000

F/ ppm 45.0

il g 059 1 39 (95500 (5955 Al g (St o (SN0t S0y F Y

il oo 29,Sue slo 53,05 elgil jludice; Jolge I YU Hlaus Colin 5 (5y9 3939 5 331 (sbyd Of 5l i3 as o O pols
95 Jolge 21a5 Lol o w3 o i |y YU T ClIe L g S (slaisS lsil plos ciaigySan (slagigesl 31 ol ol
oW [y Ve¥ oue (6,58L S slawi i ylews a0l ol ol Cond Slalguw 0535 jobo 4y g o y5lS o el (YL cldale & lg5 o,
D)8 o Cgmxe oYU Cond 4 Hlade &S AR 0

clale yuoren Al oo YAY ppm o VO ppm AVAYD pPM i 5 4y 9 YU jluws o2 jui0 9 pawlly (oo cdale o8g5 (ol o
CH8 layesls YU clacdale (il o YO ppm 5 YYYA ppm SVSYY ppm sy 0 YUl 50 )5l8 o Slalgw )87 g
el b o)k (sl ate Sl lgie 4 o )3 g 1S e sl byl Jalge glgl ady sl (rolio bame lagygul ien
9 S PU slagn)) plid ol by) o8 2,5 e dliidn Loy (eges chle (il Sl Jol cogll 13 (0950 sla 53,95
NG RPN PO ) PR QWIS @SS P

s 5l ogSan jewl (o) (S92 L5 slacnsy 9 ogSae sewl (o) (s3Lal (8 Sy g oad ploxl Clalllas (ol
gl e diza (o) Sl ki ) 65 S SO Sbcn)y Bhay 2 IS e rimen 9 2L g pee Job Jlas
355 50 L8 Caglyl )3 sy 4 Camd o1 Vb 5 Slas 5 Sl jos Jsb 8,5 i o L o adly oo i

33,5 o0 My (2955 Jolse b (oges dblie By o 39250 SlasySL Elgl 9 Glise 4 0l S L g pod 43
loby; o jl g bl a5Vl IS oges (gl by cud YU (29)Se (5395 0iSob] Jslse olod s &5 ool
b9 p9> Cughgl )3 0ad 4l Lo sby) (o 1145095 o0 ety (FVL eales @538 > ) 02081 (sla g 3 )8 ¢ oges
Vi )38 g (il SV guae il J> 4 (G303 By 0f S o Osmen 9 ol Ced g dblie (VL )8 s @ 518
g o e (S & S 5V 4y 30)

odd p 3ol (G5l (G5 0l > aw > el ooy e )9S 598 bulyd 3 Siil 9 S3AS Obgy o b
ol onl plxl olley mlis sdas Jobs Jbs o olpl (eolabdl byl b 4 a g b Lol sl 350551 (010ja cou o ol cuglgl 5 cul
Jd> 0 G5500]) & candlo )3 ol il oud 03,0 o b 5550579 il olgen ol Jgir )3 elSgy oles (gl 1)l )
D0 418 coglgl YU sl g (il Y guase il YU Sl

Callad Sl (36 sy S3)9 glgil 3 58 Sllgw VL Clald (09)See (555 p Fse byl ST ST yp b 4l
o gy )8 ypiasd ) Cumlioo 9 pow Cuglyl 3 jb Cllgw clale oS g Bl (35 Gl sl gy I g 13k o 390 LSRB
ol 23 )18 gl Caglgl )3 o o 9 Sllgs (So55lgn slsl gy «lilgw Blo (sl gy w9 3565 518 liepiis Sl
9 ! 2 Bl Sl o 4 (gjie (Do) (oY 55155 95 g (alronidy sSUI (Bg)) 038 iyl (slagsbgy wlo b (Wl 55 (2,



vaa OlyKas 5 Uil lo s dumo / oo 0 TS 455 o 40 s j lamo Jolpe 1 yilio 19500 (50555

3lioe omly iz je xS ) g peS Hhawr oV 51959 Sl 5 (aleend ySUl 09y &) Cond B pne Bpae (e

S o2 F

€85 )8 o 9 Gl 2390 (29,5 Jelos pgi sl alas Sl sl iy ()l o595 S5 82 O ol oo 4y dlie () 0
Jolse 1) 5 Colin 6ygd 45 1l oo oylé guls 331 o]l (S 4y Ol i olgp ol 4 pols gy Lol L
Sl lardsS b ol s el 550 dalllae S plgie 4 ol g ol s A8l IS0 Y g it Jleas o 3 29,500
Sl g colan .8 S 8k 3)90 29,See Jelge S5 S5 o (TBC (yg0)l) (soges 5k 4 (29,50 Joloe (2l 5 oy £ge0
B Ll o (05)Sn slagigal | Jols b5 ilign 2058 5 andS oafiio qortr sl sV Sl 36 VL Sl
OExen 9 Byl Cgw) (Vb clale 4 (g |y (295 Jelos pales (ol s b (p9)Sse slaaisS gyl plos (oYL
Yl Cuns 4 ke oS a0 L 1) 10% sue (6L S sl (b)led g0l oS O Cans s Llyels g Sldow (o
95520 jonl (S S5 452 (0399 ol IS g o 0 kS (S (slogigs eV Sl Sl 5 Colin L 4y 095 0 g
&3 TBC (VL jldo qw)p b ashl 13285 )3 lacuglgl Juadyu 13 (09,50 Jolge b dblie ol (Mol S0l lgis &
3o b9y gt 4 (05 SE ol oz w0l B3 g sty o)) Bt S8 4 b o3l ) Siil s (el < )
Glo g g Vb clalé § (S8 B Ol L & dog b coles 3 .88 18 I 5t 13 (29580 Jelge b o)l
D35 0 dpog pow B9y Olgis & Sllg (g sl (Seiglen (o) Bk jl 8 SWaw (S Skl

ool ()l o5y )3 (a9ySee else L oj)lo sla Sy sz glyl Y Jgua

2] Cuglyl
Vi (0,5 5 mdes (52) (Sod clale Ls 4 YU (S 58Tl colan — (gSas joul Jol coglyl
sy il ol jledlitl b 55 ol = ol s 3N P> Cadl
e a9 (Sufelen skl gy — Ol (5 bl Bl pow Cogll

19 588 ¢ 55 O
s 1y 85 JlaS (28 slaoyslie 5 ()ldpaigas slisly )d lisyi (Sl 0B g0 st Cislue 9 ()50

&‘ 0o 09

Afshar, M.G., et al. (2023). Batch and continuous bleaching regimen in the cooling tower of Montazer Ghaem power plant. Journal of
Hazardous Materials Advances, 11, 100339.

Garcia, K., etal. (2008). Lost iron and iron converted into rust in steels submitted to dry—wet corrosion process. Corrosion Science, 50(3),
763-772.

Ghaedi, H., Abedini, E., & Ansari, A.N. (2022). Thermoeconomic analysis of seawater desalination methods in Bandar Abbas power
plant. Journal of the Brazilian Society of Mechanical Sciences and Engineering, 44(11), 559.

Ghamati, E. & Roudaki, .M. (2022). A Novel Integrated Design for Heat and Water Recovery from Exhaust Flue Gas of Bandar Abbas
Power Plant. Energy and Environment Research, 12(1), 1-26.

Ghahraman Afshar, M., Esmaeilpour, M. & Ghaseminejad, H. (2023). Investigation of water consumption in Shahid Montazer Ghaem
steam power plant and technical-economic evaluation of the boilers' blowdown recycling solutions. Nashrieh Shimi va Mohandesi
Shimi Iran.

Ilhan-Sungur, E. & Cotuk, A. (2010). Microbial corrosion of galvanized steel in a simulated recirculating cooling tower system. Corrosion
Science, 52(1), 161-171.

v Ozone Generator



VPY loz o plads g 9 M2 0999 «swlid o 4y puiid Foe

Jolley, J. R., Robert, L., Pitt, W. W., Taylor, J. R., Fred, G., Hartmann, S. J., ... & Thompson, J. E. (1977). Experimental
Assessment of Halogenated Organics in Waters from Cooling Towers and Once-Through Systems (No. CONF-
771070-2). NETL (National Energy Technology Laboratory, Pittsburgh, PA, and Morgantown, WV (United
States)).

Klose, S., Wernecke, K.D. & Makeschin, F. (2004). Microbial activities in forest soils exposed to chronic depositions from a lignite power
plant. Soil Biology and Biochemistry, 36(12), 1913-1923.

Liu, H. & Cheng, Y.F. (2020). Microbial corrosion of initial perforation on abandoned pipelines in wet soil containing
sulfate-reducing bacteria. Colloids and Surfaces B: Biointerfaces, 190, 110899.

Licina, G.J. & Cubicciotti, D. (1989). Microbial-induced corrosion in nuclear power plant materials. JOM, 41, 23-27.

Samimi, A. (2013). Micro-organisms of cooling tower problems and how to manage them. International Journal of Basic and Applied
science, Indonesia, 705-715.

Liu, Y., etal. (2009). Role of bacterial adhesion in the microbial ecology of biofilms in cooling tower systems. Biofouling, 25(3), 241-253.

Little, B.J. & Lee, J.S. (2014). Microbiologically influenced corrosion: an update. International Materials Reviews, 393- 384, (7) 59.

Little, B., Wagner, P. & Mansfeld, F. (1992). An overview of microbiologically influenced corrosion. Electrochimica acta, 37(12), 2185-
2194

Miller, J. (1980). Principles of microbial corrosion. British Corrosion Journal, 15(2), 92-94.

Morrison, F. (2015). Saving water with cooling towers. ASHRAE Journal, 57(8), 20.

Raptis, C.E. & Pfister, S. (2016). Global freshwater thermal emissions from steam-electric power plants with once-through cooling
systems. Energy, 97, 46-57.

Reynolds, J.Z. (1980). Power plant cooling systems: policy alternatives. Science, 207(4429), 367-372.



