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Specific Heat
The amount of heat required to raise the temperature
of one gram of substance by one degree Celsius.
Substance Specific Heat (J/g-K)
Water (liquid) 418
Ethanol (liquid) 2.44
Water (solid) 2.06
Water (vapor) 1.87
Aluminum (solid) 0.897
Carbon (graphite,solid) 0.709
Iron (solid) 0.449
Copper (solid) 0.385
Mercury (liquid) 0.140
Lead (solid) 0.129
Gold (solid) 0.129
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(Plain Carbon) Steels

&) Low Alloy «| Several types Si,
|| Low Carbon SAE < 5% | Si-Mn, etc
C < 0.3%
Medium Carbon Medium Allo
Y
| 03%<C<05% | [ sus<SAE <10%

Ni i
High Carbon i (cryogenic)

0.5%<C<1% Ni (Maraging)

- High Alloy - -
Ultra High Carbon —> SAE > 10% *ﬁ Cr-Ni (Stainless Steel Cr=12%)

1.0%<C<1.7%
Mn (Hadfield)

Mild Steel: Non Alloy and low carbon steel with C from 0.16 to 0.29%, which is used in 85% of all steel applications in the
workd.
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Range ¢l (sams b s JA e Cooling tower performance il g 85ty slal uld aly
111Site conditionsd) s 8 el cilddliall g ciliudsil) a5 ... Approach < &Yy
:Range sl -1
leaving 4ie 4a Wiy z al! entering temperature 31 obwall 318 A3 3 G CMEAY) sy
(s mAill) temperature
Range °C = CW inlet temperature - CW outlet temperature
Ada AT AN 31l da a (e ST el SRS 31 el Ay o old auslilly
obaall 31 a A 3 2kl Ll bl g ul) BoliS (o o g9 Lgtad il LSy, Delta T Wl JAT jumty A
Joaa usally S B ) gy
10— 6 (o 555 T L) Ll
e o i oo ps o JeadY) o U] 038 48 60 A S i o i Hlia 70 (5 ) s Jas Slia SIS 5
:Approach <2y -2
4,29 ""CW outlet temperature™ Wale (lhais 280 7 s (e da A elal) 30 a a2 o GAD s
A0 Al a9 WBT Jsii I laidls wet bulb temperatured) s ambient wet-bulbd! 31
ot slal) 3 ja Ao Jiay ddabows ny ., 3580 (g ) o) sl (a ma g 7l Guila £ guaga slall (e gS 3 0 A
1Tl ) adal) ) ggd) o gl

Approach°C = CW outlet temperature - wet bulb temperature
Sl 7l Sl BeliS o dlld Ja Jaaall Jan o) e sl o A AN slall B e dg ) ey 81 LalS audally g
%100 ) Jsash o$ad ¥ Liles 4di Aiially ., %100 3US L) Juad olall 4 5
;223 Commercial standard approach W "o 83" ad aa 50 L jlad g
Jrand) clbs sl .. byl sgd a3 15 — g gl la sl 10 — (Rsie 43,3 2.8 (Asn) culgigd a2 5
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ASaa Ao g ol e lis 3aL 5 ) S ) aaa il Zlial

93



N @ s Belis s 2l 5 Ay o U e il

:Ady il Aslaal) (e 0l 7 Aleld Glua g approachd)s ranged) clws g
Cooling tower effectiveness%o =
= [Range/ (range + approach)] x 100

= CW inlet temperature - wet bulb temperature

| COOLING TOWER PERFORMANCE

Hot water

temperature (in)
_-

(In) to the tower
(Out) from the tower

Cold water
temperature (out)

<« Range 4>|

Approach Wet-bulb

temperature (in)
—nlll

b E—

v L raida il i) 7 g BeliS Gilad Jlia o i of W 3L
Cold water temperature = 35°C
Hot water temperature = 42°C
Wet bulb temperature = 25°C

Range =42-35=7°C
Approach =35-25=10°C
Cooling tower efficiency = 7/ (7+10)*100 = 41.17%
s ) 7 Be S o daaty Gl 3 gana quadi (udigal)

dilla 7 al) ) Jodal) aie o) gl duks 311 B ) jad) Aa pa e B S Al B g 3y ) 7 Adlad (O eial ) (e
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o 0 sl Bliiadl g cooling range 2ol e dda g A 5 7 sall JAAl glall 30 pa A3 G (GAN an
e Lo ., CiiSal) B plall 30 sa Aa a8 B L S Lgluse g od) B il s (158 O g Al Ae gara
g Sl e g sall ezl o lall slall e S ae o Jary Sl iy jaa aladia) A
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o obeall el sl g s 9l £ 5gd) Bl Ana pBliad) i S () sad) JUESY) Jale o aad sli& B
& lia dal) Jale b dadipa o 5gd) B1a A0 L, Al usali Cinallg ., BB 098 il Jale ¢ G
S 5 (5 ) Al JUEINL

1B 0sSs il oY dial) oo plLdl) A J8) sliaall & make-upd) o.sss 13

0998l La

sdile b ga Gail (udigall 3

5 S Al Uil g Audalod) Uil B Auald gl B A gl L) uses sl b i Uil 20
2529 a5 3ag .. S £ oh ApaS G Ao pn @Y 7 gl pall Ll g3l bapda sale) ) ladad 3By zall 5 )
) B iS JIG A Jona i &y o S

: palaall

) Ay gha )l il ghaliall B BT A oY eUdl oo disall & make-upd! J& ALl G gl US 5 gl ey
rile b ga Cral uigal) 3,

.make-upd) <¥aa ¢ ABial) Ul g A S8 aai | dlle dygha ) o

Boguay ) (adils Cua 7 gl sall i) ga el Ao W U jediy sad) 8 Ay gk ) gl ) aie | ABaadla dllia
By el 345 clua e dld ¢8G9 cpl 3l (e ST Jaas circulation d1 8345 ) il B9 ax 43 gala
cfiiaall Jlaal paddl jadal gf .. usedl over Loadd) o 1aa Ly 8 adead o Ukal

:Cooling capacity 4z il daudl

W Blall Auas et 92 9 TRJ) sl Cooling capacity A sl dad) g "3, daa g4 AT 2 ggda
90 A gl ABUY) LA jauan g 4y 5ia Banl g Ay Al B olsall 3 ) & Ao o (aldd Rejected Wb gl Wi o
s IS nliy Ao/ g 08 LS Lgtan gy ., ) L. Jpal) il g

Cooling capacity (TR) (rejected) =

= Mass flow rate x specific heat x & Temp.
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Bl Al ... gl Jasall o gad Al sliall 43aS & (Mass flow rate) duibal) ALY ¢y Jira of Eua
a9 8 0a da 3 il gl ad 1 da DU ABUal) 43aS 8 5 10 52 4,18 (s sl g olall specific heat 4 s
KCal/hr Aslu JsI 5 1S o1 Lgtian g 9 4y 9ia Bl g A 3 obsall (1a gl s 1S

Efficiency of cooling tower = Cooling capacity of cooling tower

A0 (Uadd Gl g) @d 4 B ABUall 4uaS 4 9 heat capacity daload daud) puse A 4y il dadl g

A gha Bas g da ya LgdS Al 3 ) jal

(Aasia Baal g Ax 33 al > b8 aa) g JAIES 4o P ABUAY) g8 Ao 5l 3 ) jadl Lal)

g obeall ol ) Asalhall avanal aly (20 (A1 30 Se) 50 Al A e G35 rejectedd! glua o sl
o aaa e aal 13 g sthall flow rated! (38ady 4l

e Ailiuiga el uigall cliales

2l 7o gl ad) Jaad)
AL Aalaal) cya (g0 padl Jaad) quen)

Qct = mw. CP. (tin-tout)
10 Ena
Kg/sec o o i 3l sal) elall (383 m W
slall 4o il 5 ) ad):CP
ol Jalal slall 81 e da 2 Ty
o e g AN slal) 81 a daa s Toy
o B Al elal) ALS Culs M || 7o) B Al sle LSy o i cuglhaall elal) LSGEy AN B ) jad) dsaS g
Pl Alalaal) (e dgleans (1Say Ll 7 all (g ) o) Jaadl (8 (M) )

Qct=m.L. H
| FLTN
550 Kcal/kg s slall JA1 (Latent heat) 4l 30 L. H
ALS (pa 5 Al da U 3 1 jad) Al Cua ddablod U] elal) Gy JAG Aol ) JAka 3 il Aylas Al 138
ALYl g Ell ) dre gl A () agohall £l sgd) Jansuy ... WA A d Qi Al 480 sla
Tod) e @AY ) sgd) Bl Ana adi 510 o) ggd) ) slall (e S A guunall 81 pad) (a5 50 8 lld )
aie g sgdl duda sl 31 Al Ao Ao B s Aa Al BT &yl 7o Anleld (8 Mg | dygha sl dgas Lal g
Gl ) ddaddia Jedal die Jiral) siaga silly o) sl 31 dn 3 CuilS LalSh Jisal) sia ga jilly dulla 7 pll Jgdl)
e Tl Anled
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12l 7ol g el Jeall (o diaat Gladi 3 gana uad (uaigal)

tOEN Gailalaad) gaa) e 3l 7 gl Al Jaad)

Qct =mw. CP. (tin-tout)
Qct=m.L.H
: Jlia

2250 ... CO 31 8,0ua daun g Au9 CO 36 5,1us Aok iy dus KQ/seC 2 Janay b g o8 slall (3305

gl gl daadl -1
. slall AL Jira 22
1- Qct =mw. CP. (tin-tout) = 2 x 1 (36 -31) = 10 kcal/sec
2- M =Qct/L.H=10/550 = 0.018 kg/sec
1O R (G Laa
Zoa O Ao LAl olall 50 a A9 o a ranged! Aed @) j WS &3 performance g shai -1
sl JAsi Jas
Ao Al olsall 8,1 a A cuy 8) LS ay approachd) 4ad culé L & 5 performance g s1al -2
Aol i lalina Ml g Jaa o) 31 A cpa 2 sl (e
o 4l 138 g performance g 3l 13 a3 1) effectiveness g &led -3
AN sleadl cpe AS gl Lgajh Al A 31 el s ay TRJ) sl Cooling capacityd! 315 Wis -4
Sl Az ) Belis e dlth Ja LalS Wy yi

good 1 | | !

T = Increasing , L= Decrasing

s S S Lagal il O 3 Cman g . A0 B puall

T1 = 20°C T1 = 22°C

T2 = 30°C T2 = 38°C

Wet Pulp = 17°C Wet Pulp = 20°C
Efficiency = ?? Efficiency = ??
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sddalaal) (pa
Range °C = CW inlet temperature - CW outlet temperature
Range of tower ""1" =30-20=10
Range of tower "'2" =38 — 22 =16

Approach°C = CW outlet temperature - wet bulb temperature
Approach of tower 1" =20-17=3
Approach of tower "'2" =22 -20=2

Cooling tower effectiveness% = [Range/ (range + approach)] x 100
Cooling tower "'1" effectiveness% = [10/ (10 + 3)] x 100 = 76.9%
Cooling tower 2" effectiveness% = [16/ (16 + 2)] x 100 = 88.9%
(BUS Y 7o) a8 sall (pay A9) 22 M) 38 (e itk dagy 1 AEN & il s X
aadlg
i) GadATs Ml @ ) (e ST aaad liad ¥ W sl approachd) Jé s 4df -1
4885 Jew Approachdls 4y 068 WBTJ oY 158 Cisal) A 435 @ sl 368 0 g2 g AT jal -2
2o A SN water loadd) 21955 oSae Aad) o2 A .,
Sua e Aluall cuils ol dald Jadil) <l gl g Cpa 3l pa J& 7 ) 3oUS adally -3
1) LS 8 Al gal sl g
LSy Liquid to gas (L/G) 4z Le gl (Jad) () Jiual) sl #1561 () olpall (385 dpmady S5 7l BoUS
oA dgudl) o2 () e ) B aual o qua LaS |, el oS Clh ¢ ged) (305 < gl aa ABBNIAL) olyal) ana 31
Jomhal) (A dran gall il ) aa
S8 a5 dalal) 3y gual) L) oY) et
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Cooling tower performance

— L/G Ratio (WATER/AIR RATIO)
N _— | UGratio= Mass ratio
= usually 1.0-2.5.

The higher L/G the lower the
performance

[ i~ L/G < 1, TOWER OVERSIZED
I e - = - TURN OFF FANS OR CELLS

N
)
C\
~\
@\

no\

-
(=)

COLD WELL TEMPERATURE, °C

)
~
T

- : L/G > 2.5, TOWER UNDERSIZED
sULL L L1 WILL NOT PROVIDE LOW
WET BULB TEMPERATURE, °C APPROACH TEMPERATURES

At a fixed water/air contact surface — the L/G determines the approach at a
given WBT

OV o) Bolis Bl (L/G)J) Aad cad)j LalSy ., 2.5 — 1 o La 6 ) Jilead) (a4 sl dpcal) - f i
Qea usall g o gllaall g A JSAIL By y Ao o) 5¢d) 308 (e ST granal olsal)

... (Oversized) cslall (1o pS) daaa g qugllaall (o ST ol BoUS o A a1 (00 ST dpedl) cils o
&l ... LAY sae JI83 g Lalai g8 3 of Dlia 7 91 jall Ao o B JIBS Uil

(undersized) wslaall Ga B dana g B G 7o) BelS O A aa L, 2.5 (e aS) dpedl) cils gl
Slia g ) el Ao puu B2 38 Al Ay s 5y 7 ) BoliS @ g il

D315 51580 s Arsds 1o i LS sball ) aal Tndaad) Aaluaal) lo iy ) G a siial) ol
il b gl BliS o i il . pdial

15600 slaall (2 ,mt) Aia 3l Baal) (Jsha b aSalll T3 4yl Bzl phal o iy Lol sl e plis
sl gl o

%11 233 B J8 4l BeUS o Gigad) san) il 8 g) dseliS 3 55 g L) ) ALSIal oluall 5 ) jadl da o
(5 AY ol g2l Sl aa (A gie 420 48 — 45 (e Mia) il o 3G olall B ) jald) Aa 3 B30 pa

Jaal) Ll g5 Jasdny i Sha - ghpall Ao pug B gy Agh aSatiiy |, bl B gl BpUS o iy g o) (385 Jara
tips L/ s> 5 (blade angle) 4 gl i 4

rObrd 3 gana G (udigal) Ciliytas

ol e 1o 35BS g
T (B Algda die ¢ gell Ada 1) B )l Ao 3 -1
M ali 5 518 g o) gl Al mal) cl,'ul\chu:\ab.u -2
T 8 65l iy -3
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(e g uSlatia ¢ g 1 s5a ) Aol Lpusily 51 g4l Gyt olaS) -4
20l g e BeliS (il Jabiall g 2l 7 o G Adlesall ABDe
olall 258 Ay Gpaual (S 1309 ... (S La Bl pduaal) B Jalsall g i) @ s G Al (585 O Ay
Le daai AN (pipes) sl sall paa 38 Ol Gsaaaall pagh B ., Jasall (B (gl Jalal) de Ml
b AlSdia D IS 1My L, 3l SUBS L I o) paa (e %30 o8 a0 Y Ll Llad gl Jabal o
Sy ¢S g ... Olmd) Jira (pa o peailly lld o QT || clabiss 3929 aded 7 sl aad o shadad Al adlaal)
o 5 Ll BeliS L o AT JSUdia Gy £ o) JAI8 slial) (s (e gl (s ASY Lye Sl
rie (Al ga Gyl (uigal) (Galas
Jia o ST 393 IS 0lg Lasen ¥ )l bl o bl Cme 355 55 .. pds AT (o clling
Jai ja (Sl B Liajlg Adlika alaaly Jibia 300 SIS Lw 2300 Braci) il Jal) Jpes o .. el
saa o Jabaa S0 (el Jira Jasds g 1A (6516 e calial) aan o sluall Jpiag Aaddia oSlal g
&S B I o) OF aValall Jedall 8 4y gal) Cishl) (e aSaill g Jsaall flowd) gads S Gaob oe dlly
pSaa dallaa el 2999 (B i sill slaall Jgaa p2e a5 c¥alsall JA13 Gusna 5 Eigaa (B Gupdiy 9B olall
ISite conditionsd! &
Crogl e ) (e Ll |, algel Bae gl alal lae o site conditionsd) Adsae gl sL&H) & ey
iy JhaaYs claglea o sgingg .., Baaire 4ga o) On gl alall i o cluldly i L. Google
wet and Jls Highest temperature J) s& <l ajlll aalg ... ol ... of 35 igan ol Lgaladl g Lgie jug

Aolay cial o 352 of Al s Aihaial) b ailias 392 9 48 e Ll ... dry bulb temperature
i 5Bl oy ) (Al 3l (BT (B i o s Lol 5 Sl laa) 0 e sy 0 ) a5
OSI Al 1MB | da g ) (ha S (Jglall of) ddTall g Jaard) Cp dhadl pa AU alyg L @ 9 ) AYIS Bana 5 pa
O3 B g &y staal) 551l a3 ) el g BUES 7 ) By oy LA, 35S manal ot A il sha
Bk dBal) b 0sS) edaall anyy ., Adaglia cilaglea 340 3 gal) ¢ dald ool (g auSad ol Lliab Lgb
D ay JSLia ciaa gl s (Maddl) oda (e AL (Jglhall) 3 gall e g Aaliall site conditionsd) & o)
o) b Gl GRS Jass 3 gl i
Lith . i & gia a5 35 1) 500 A 3 ) Uidagg 32 (1 45 0oa 5 1A 30 custlaall (S Sia g1
285 9 L. Filling materials sl 31ga 2935 9l .9l all 4y Jia Gl ) Jiaals approachd) 293
039 $ L/G ratio @ 48 sadle sy sl sgdly obsall G (uaddll gl dabuss (1 335 Al ) daloss
g sl sl paal) a1 plal e 5 il 038 S . Al g ) L ol ., (1 s8dl) SRR ) i
Tadheall g 33 55 @ 9 £ ol g sa¥) 03gs A3l o (155 O
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sdaaa Al gl (udigal) uiled

B A5 Lgia gAY adlall g g laall 5 Gl EYT o) cllBAY Jia gAY Clandl (e z ) a8 5a Liadl AdLZ) (<)
o olal dgllaal) 3pUS 1) ABLYL o) BeliS o iy

kel sdaa dles udigal) culad

il plaal) 038 (e Al dpcdd B3l 3 e Y1 e glra B claliadl Glua Jas oy asially
syl bl
1gd adgia pal) (ublall i L) . gllaa ST cilaglray (il e quead) ) Jgeasll Aglaa oSl .. auslilly
oAl g Wl dd Yy L, Jadal gl Qg Aliad o) B A A Jadiall AN Bkl oo W
Clalal)
ey 1 S 5" ag e sh s 5 7 paa
Heat load ¢l Al Jaal) ga bl -1
Range J) ga bajh -2
Approach J) g biuse -3
St e lalia ,d (A WBTY) s s -4
cilaglaa Bas Jady aganll bz ) 32

Capacity A )

Operating capacity dabaial) daud)

Recirculation rate el Jaxa

Hot water temperature ALl elall 350 ja da

Cold water temperature ALl elall 3 ) s da o

Delta Temp T ul

Load MM BTU/hr sl Jaall

Average load% %o daall s gia

Metallurgy (Bashaall 5 5 ) all Jabuadl) deadiivdl) (palaall
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o gl Jlie J34

Capacity (gallons) 100.000
Operating capacity (gallons) 75000
Recirculation rate (gpm) 30.000
| Hot water temperature °C 43.3
Cold water temperature °C 33.3
Delta Temp °C 10
Load MM BTU/hr 150
Average load% 50
Metallurgy (Copper/nickel cpn_denser — mild steel
piping)

e b Gube Guaigall

Sl oaly amy Lagad g aill gl B olially slogSh eblgiul Bd5 RS sa 9 ia aga £ pdage dlin
Laldl) g all cls jan e variable frequency drivers ds adl yéh quS 5 YWl L. sbaally sl <)
oAl Ay (S anlly LA Jad A Lagwady 30l daye qua o eladiy ual gl sk
GAOY ol JuliS Ll g A8l yd g sall 50 s (e BAEEY) g gl el Ao i MYy (Saly ,,, duaddia
B1oad) a3 (adds Laaie Lulals

ri e (b ga Gl il 3

e g Al 0 gSu Adl Xal) (rag Jliaa Lk variable frequency drive (VFD) quS 5 £ sdasa i
Al LIRS B dad) g Aabose A ()5S £ g gall 130 (o (i8] 5 ABUAL

rile (il ga Gyl uaigeal) iaaty 3 il 7 Sl il ghad (e
tal) 7o Jidd il ghad
108 pa ) el
J(start up s ) 4 ¥ Jaadal) Al ja -1
(trip) @ ) i i Gy 4y gl Jadal) dda ya -2
:start up da e Y
.l ghadl) Al B 5. 1Y ga g 800l Jalst midd Jes -1
Dlad o Ly sl gal) Jadag alalll ST (e aal) cpa "Gl )" g il 9 ApaS W GgSm el gall O slra
Aadleal) A8 laghy ., Jaghadl) b cililial) dlli S (e (aldil) (e &Y MU &) | o gadi Lag g (ubSTg aladl
By, BaY Juali A ¢ s 138 9 sl gal) J313 4 gulaad) 3 gall 03 olsall ) Cilial 4 918 pala ol il jim
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09 Sl Cuaah (gdiall) misldl o il glal) Al U<y olual) JLaa) ated @l g aal ) o G gl

gJad) Lad

Bal 13a g ... gdad) eand Cge 13gag sl Gl gal o JAN aal ) ol Cuay ciBige bad Jary o685 el Jal)
cee TR Al oliall (L peal) Jira (B dda aSaTi (g gy il Aile (98

¢ Jsda (e Lgitaal Lyl aiaall Ja1a 4 el a¥aball o bypass "oab " Jes ol Ly
side dpall Jidd oy e} aayy clpathl) o gal gl e ol Gl sy LMl 88 el g8 cililia
ol g Gl Bl el Jana Jasda g dpeni ) dzallal) Jaads a3y & L. 33N L stream filtration
O il L AV agliag |, el B b fasiud 134 side stream filtration 4salks Cildy) 5 dsallal
g Jexl a¥ Loy Bl Jaly @il A clislall 08 Alead oball eSin bk Gigal) Lozl
S ol JA3 olall (95 Fa pudagl) 1 o paludy L, Gaodll B B ghlal) dpasll (g sl (Make-up)
Cugdl 13z cal |, g Joii O pokiad b g8 Laie g ., sl dady 3 Sal) dua (p (gl sl
Il (A g 8 sk

=AY B ghdl)

By sdall o Jaad aal )l cigly mib ay Loy g 500 A dlaa pliaally Aaldd) c¥aluall JA85 i oo gllas
ad (o Y5k Jirey Sl e Adayl AN JAam fas LB 5 \Sall adisiw .. circulation Jes
.circulation

AN 5 ghadl)

4ol ClLaIES 8 dridga B 10 & il g olaal) dapds iy (o3 Agtlaal) el 385 Aqlleal) 48 Jd g0 il
A el )

.. gl circulation J) 4ad (e %S 5 Ale a g8 (a fdall (e 0da g 7l Aald BB 48 | SN Aty
o 2l ola (e Ll 9 o gaaal) £) 5l Guas ¢ i ) JA13 B lSadl (Y ol Jaka 3 sall o Jablas S
slaall slaa OIS Of B &S (3295 W Jgera (S lagks (da gal olsa ) ABLGYL ., SN gl 23 ey

Sl (e
0 7 g o) INA G A Jalsad) (b L., el 080
. Jshid

A slhaal) 3,8l 7 s dss 1
il Jipal g sl 1l 432 2
Wl 7 o daw sty 4 8l 7 e guAD dis Ay glhall plall 5 ) s An e -3
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sty (Al Al g Cpanl (uaigal)

i sal) B Al ol aagi Yy glall JSI Banly Jaall Llg) ... 29106 4 @ e ., REI Aadla
Gl AL el 24004 20004 790 A ) gall sasal (B S gl 45 o Badall ., vibration Yy ...
$94ad grial)

1 g2 udigall 3

Z A o1 g duas pal 5 fadll (e L. qsaaal) Jasal) sy gl o 3 s gl Jalald) cud Jual Ui g
A8 ) cilpa g Uyl g L., Aag e 0 galdl) (S g pal) Alay il gall Ly lag ) Alla Uil g dag e JS (a
s sall i lagll i Bl dmalpe Ldaly (uS g saallgl il sall o S ) g apadil) B Y 33 5all
00dpalall 58N A aaa AL s o) sadl 4l Jay gaS e sl

rdle il ga Gl (udigal)

AN o sbal 5L s b L. LAY Lo shadl mist sy e Gal sa L ciSE L ) Byl
Angli ¥ iy Al e ol Gl Ala (b (oually o paanall £1 54l GBUAT Angl g (i
el (e plogl Qi g2 (o) i) @Al B i) b ad o Lay L qeaall £l sl 0L
Yl BeUS o A5y 38 ,mal) 8305 ) 635 a3 (g L. AT 2043 el (980 ) Al AlSiag ., Jgud)
CHLIAY 7 o) e el (B palsa S Ad Jaag 13y GELIAY (p EAY Salal) Ge Lal cle) b 48 gl
LAY CBg e QEA FI gl G ) AN o) caag Al || e ) Al el Al Leguiand (iiadilall

1OR L Jaae pla daae uaigal)

(e gl pmes Slisa Baa - Jad) i coa el 1o A5 - A € - 55l il cadd
00 figa oda JS ., S g gida ) by A5 Jha aeSi

rile (i o Gyl utigeall 3

sl 515l Jhames paadl QR B candliy 35 SIS o 50 Andpa gal) B Al B
OY ol Qg sl adpa o o Lagile G5 oF AN JgAs Gl gl iAl B AlSa s g laghg
sdal) e bypass @ik 2 ) s¢d)
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1l 7 g a8 daaaty Cldi 3 gana s (utigeall

:cooling tower capacity i) z n dau

Bloal) dnaS g ... il Jiles W oy ) Ay (AN gl 2l Bl L glay AN 31 ad) dsaS Wilina 7 s () dnu
Jelal Jad ce Al 3 ) jad) A + Al Lguaiiay Al 3 jad) AsaS A 3l Jile Wy o Ay Al
A i O gl o) 1 gl o Bl bl g ol de slall Algdl) Boall Ao o Badly
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The bleed take-off point should be located on the high
pressure side of the system after the heat exchanger as this
water is the warmest and is the most depleted of any water
treatment chemicals. Taking bleed from a low pressure area
may cause practical difficulties with metering this water
volume. Taking bleed from the tower cold water basin
reduces system capacity as the bleed water would have
already been cooled by the tower. It is more efficient to
take bleed from before the tower inlet.
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Where:

Q is the flow rate.
A is the area.
V is the fluid velocity.
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E= = X R XW .................................. (3.6)

Therefore, when 1 percent of circulating water
evaporates, the temperature difference becomes
approximately 5.8°C. However, the actual evapo-
ration loss becomes smaller than the calculated one
in winter because the water is also cooled by the
cold air itself. Table 3.6 shows the relationship
between the actual and the calculated evaporation
losses in each season in Japan.

Equation 3.7 is an equation to calculated more
exact evaporation loss by considering the influence
of air temperature (dry bulb temperature) on the
water evaporation in cooling tower.

E - _(0575+0.011T,) X RX AT o
580

where
Ts= air temperature (dry bulb temperature) (< C)
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(Reference: Perry’s Chemical Engineers Hand Book)
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NUMBER OF
CYCLES OF Cooling Water Concentration = Makeup Water Concentration

CONCENTRATION

Water Quality and Cycles of Concentration (CoC)

Total
Hardness Calcium Total He*
mg/l as Hardness Alkalinity™ P
CaCO;

Water

Status Conductivity

Makeup Water 600 300 150 200 7.5
1,200 600 300 400 8.0
2,400 1,200 600 800 8.5
3,600 1,800 900 1,200 8.8

6,000 3,000 1,500 2,000 9.0

*with no chemical treatments such as acid **pH is estimated; it may be higher or lower.

Cycles of Sl Jalaa gf Sl ci)ge Layl e gllag ., ail glod alle B 1aa aga s
aS Ahaluey Wliaa g ... (Concentration factor) CFJ) sl CC sl COC Jsii 1 aidl s concentration
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Cycle of concentration (number of cycles) = 2
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2siil) Agas Und; ol Ly .. 4 g oamall TDSH (al) aal) Upaad 085 elllyg 1200 Y Juatl g3
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H.O + Cl,= HCL+HOCL
HOCL = HCL+ O
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While increasing concentration factor
reduces water use, it also increases
nutrients in the system water,
encouraging growth of bacteria and
slimes. Therefore, we normally run
most cooling systems between 2 and 5

Concentration Factor

sbgsll 4as By make-up waterd! ghia¥) (8 LalS (2,0 sl dallee aa) Sl @l g @) Lals)
S(adlaall iy glasS Al 3y 5 AUl g #3103 JAY) Gilad) e ot g Algriaal)

C.0.C = blowdown conductivity/make-up conductivity
oAU g o (B B gBhall olrall dpaS Cluaa LiiSai g
Blow-down losses = Evaporation/ (C.O.C -1)
:JUia
ol L edll) ol & TDS = 500 ppm Jds ... Jsaa ol TDS = 200 ppm 4 88 g
.Make-upd's Blowdownd) <bwa & 55 ... Evaporation = 44
:dall
Blow-down = Evaporation/ (C.C -1)
C.C =500/200=2.5
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Blow-down = Evaporation/ (C.C -1) =44/ (2.5-1) = 30
Make up = evaporation + blow down =44 + 30 =74
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Wastage = drift + leakage + purge.
Wastage = Evaporation loss/ (COC -1)
Makeup water = wastage+ Evaporation loss
1S A Gl puigal)
Evaporation = 1% of water recirculation (M?®) @ 10 F degree of delta T

Bleed + windage = Evapor./C.F -1
C.F = concentration factor
C.F=CI'in Cooling Tower / ClI" in feed
CI" = Chloride salt
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Each 10°F that the RR needs to be cooled; one percent of the cooling water is

evaporated
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4 giae il A gy SN S ) £ saaa 29 (Ct = Total dissolved inorganic carbon) J) ok Lale
LA
pkindg) AU gusall gl m-alkalinityd) SSA e pHJ) dad g liiiad LWIDA Ga Say Aslae dUa -5
:(ee excel sheet Jasd o

PHacown = 1.7177 log (M alk) + 4.1333

Remember this is only an approximation, but should be quite useful in
performing your cooling tower cycling calculations.

This can be easily entered into an Excel spreadsheet with the following
formula, assuming the total alkalinity has been entered in cell Al.

=1.7177*LOG(A1)+4.1333
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pH versus Total Alkalinity
per Water Text
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pH Vs Alkalinity in Cooling Tower Water
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have shown a non-linear electrical power cost
increase with increased scale thickness, for
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power cost increase of 3.5%, while 1.5 muls
increases power cost to approximately 12.5%.
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81 850 (slall) udall iy ja ga gradiiy 38 il jad) ASa oY 18I B ) Al 3345 ae Y Al gd 3
(i Ladall qaad g (985 dua b Ml
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(Scales) L4l &S sl ZUd 5 Al A,«.{Jj» dale il

L3 a g gual) il 1S g p gaeallSl) )51 9 p 523 gaal) 35618 la Al gd O T gand L. (AN bl ana ) ) g ki)
J(Saturation g&al s jal Juai 38 g3 s slaall 3 W 38 5 & 5 aaally g) 30 ad) A o 2L e

Solubility of Selected Solids in Liguid Water at Power-Plant Coolant Pressures
150 |
—%— MNacCl
] KCI —
NazZ504 )
100 - B
(=]
=,
=
=
=
£ et
= AT
= _ﬁ-"'--ﬁ---
1A - A
50 — =
0 P
Nl
: | | |
] 100 200 300
Temperature [deg C)

Inverse solubility Aswsall 43 g ML Cuak g 3) adl 3345 ga s AT g3l daily g3 Jii g
A 5 AN ) o Lagh uall suaall pgoasiall g o guudlSl 30 Cipa S AT Un 83 adly
heat Jloall Jalual) dilaia & ) gdl) pand L Lgde Cilad ddaki aaf ellily .., 3 ) al) g e Lgdligd &3y
e 2 7 50 O AST (g0 oAl Jalally gy Lail puaall ualiag .. olaall 31 s A8 adii 5 &ua exchanger
Sl 5 el Al e alina ,, UY) igi Walin ., g i g Wi (Jolally Al (s Y
sl Adks Jgf B ) el ¢ o8 Lailag ..., (Sl adlaall ae dald S aal g 7 s e Y Gon ) A i Jas
Ly B Lol jedlll oo adf Las | ABhaiddl oda B JoSu Y) ABLG) alyg AL giial) i Sanally olall
(A3 e () gl s
elay ,,, dirall 8 Gl Ko A o (U G a ganitall i a gandlSll il ga S 23l O 98 Eiaag Lag
sk LS el Ao o ganadlS) g S Gaa s g .. Agalad) b gruall g 81 pall Al CO2d) W
Ca (HCO3), =CaCOs3i + H.O + CO21

2 g Lal) g S g ) (il

Mg (HCO3), »*MgCOs! + H0 + CO»1
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(Scales) L4l &S sl ZUd 5 Al A,«.{Jf- dale il

20 ad) da )3 Bl ) aa g\l il g9 S il 93 (AEAS) G AN AL )

Solubility of CaCO3

100
80
60
40

20

solubility ppm

190
Temperature degrees C

O Clie A aa A il A B 51 jad) Ag 53 Bal ) as obsall (B a gead\SY) A (lBAS) gria gy (AL a0
sl g3 Sl = Sla) (e Adlida <) 38 5

Cahm at pH 7 and 5,000 ppm salinity

0.045

L\ —a— 1 mM HCOz™
fels —m— 2 mM HCOs ||
0.035 \‘\ —e— 4 mM HCOs™ |
0.030

0.025 \k

0.020 = \\‘\

0.015 \'\ \‘\
\1\"“1\ 1\”‘*\\

0.010 #-
0.005 \‘\‘\F—::g
0.000

0 5 10 15 20 25 30 35 40
Temp °C

ca®, ., (Molar)

405> ) Juali (a8l oad) da o @) LalS Lgiiib gl 155 s AV A (e 5f) CaSOy pssllsll cildy s
Adlaial B3 .. posdlSl) Sliga S g 15l s AT B e Lgailgh JEI Lgd Al gd i A9 4ysia da 0
A ot Alalacal ey <) (aan Al cuila 4380 ola (B iy pll dpad ) § 1) gl Lgdy oS
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(Scales) L4l &S sl ZUd 5 Al A,«.{Jj» dale il

Calcium sulftate (dihvdrate)

10 20 30 40 50 B0 70 80 90
Temperature (°C)

() Agd olall (yudi B0 a da 3 Jual AT Jalia g 4y gia da 3 40 () Juall 4 olual) 5 da 3 Jalpae o855 1A
€05 DAY Jal gl Gl e a gaeiiall g o gaeadlS) 9 Cilaan 31 A 0 Lagal ... Au 5 4252 60 51 50

:pH o) ¥ -3

CH 8 ver (A2h ABNS ) (a s\l il gy JSS) 2 DMaY) Qa3 AilSa) ) Aac Bl el gl g pHJ) @l Lals
S AT Jal gl g 8l al) iU e Liadl 8 — 7.5 500 (B il i Eigan (<l

S g S 3l (ke ry ., (STO2) W) Al 93 b LalS dgae 8l b LalS Uiy

:suspended solids A&llal) 3) sal) -4

) il e ale aanti 4 gif it Guia - SLaY a3 A1Sa) <) olpal) B Adllal) 3) gal) i) Lals

:retention time guliaY¥) (wj -5
By ... dead zone Al (3hliall Wi gamy .., dpalall ;gdl) ¢Sl Ao 9 AN A T39S, Y olual)
481 slaa ) Joaii B gll pag JSUy (5 S gad Lay g duale il i gde il cl ol (A bl quay S0

18 gw o ol
Bl e A cilaw 3l 4 35 i sskin temperature of heat exchange Jabsall gdas 312 43 48 -6
Al Jakal) mhaw B )

:flow rate ebwall Sl Jira -7

@hlidl (aed Water flow velocity sball hisw 4 ju o gddl) o< aa buse ulily 3 Jalal)
ol sl oY 1T 23 e Jgd 33U sweepingd) dead AT Y Al il sliall Ae i Lgd ()5S
sda b Ll Jieuii) 48Laa) sy ... (100 N> > G W CaCOs asedlsll cligy S) slall (ga S
Jrdiall 3 pd aa (s 138 g Alhial)
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(Scales) L4l &S sl ZUd 5 Al A,«.{Jj» dale il

Bl e Lo (J8) A1 ghial) olyal) dpaS (o8B, Alad) b gill 7 5l (B3 s said g4 (ppanaal) lany addin g
oY) il 5 Gaaath J8y & il Jara (Y B adl da e B

Lia LaLida] a8 3 ) jad) da 3 il o) BaY g) Scalesd) (oS Ao Adbidal) Jal gadl il padly Al Jgand) i)
s (popestitall g o gpudlSl) Sl gy S 30 Lo

Factors Scale formation

Concentration of dissolved salts

Water temperature
pH
Suspended solids

Retention time

Skin temperature of heat exchanger
(heat flux)

Flow rate

Sl a3 1 s 4 )3 Skim temperature of heat exchanger (heat flux) Jb 2 salall
ciaily ... RSIJg LSIJ dalaa A (e 3N 5988 (580 ApilSaly il S o i ail adll) (iladl
Aa ()b parny e
1Tl ad gl daas oS (uadigal) ol
Lagas &) al) ealaal) Y| il il A 01 Jal ) (ha 30 oad) Ao a9 Sl Jalaa o) oS3 583 LaS ok
dpaldy pall JUal Jaw Ao il pSlly g Sl 23kl o e u10a0 clajdl el s kg ol
A Q) e e 2 SN Jalaa et 13) Auaddia B ) s e e A B £3Yy L Reverse Solubility
A8l 58 6 cind 2- 1.9 g3 A (98 58 AN Jalaa U B_SIA 5 5A3
omsa A gical)
oS 08y AICdal) 038 g I liall 4B (yia a1 A gal) olpall aadied J gall (e S
(SR e S (B LA da o B LS Y aadid)
s ) Ol (uigeal)
S A il e 8 sl Jal gl

e ALl a2 JES) (4983 g Y s A dald g pH ) -1

sl ds pu 22
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(Scales) L4l &S sl ZUd 5 Al A,«.{Jj» dale il

Sl il 45 g%l Y 38 5 -3

JSEU A ) (955 g Y) Al b Al 931l a3 -4
1 ) g
) @)l (B sl (0 gy pail) (g LS
Sl 7 b U sRN Eand o ey AN 3 Aad o ALy

;Ju.bl;ﬁ\ <)
LS8Rl (9S85 Guandd (Al Jal gad) 2 9 g cailay dadl) AdBUY Jualilly agie iaatic i 59 4l Jalaa
1) Qs (uaigall 3

OF Gy a1 Ay (g Aalaall gal sy 23 U3 g s il g JSUAL (g 52l by Jpa 3pan3 Yl
o Aallaa aga g Ada A Gailall (e 53 1000 (e Aol g Aallaa 9t 7o) sl (A Ggaladl (e 532 500
Osslal) g5 800 dis Jard) Jall g

C.f (Concentration factor) =3.2 - 3.5
et ) o ) daal Guaigal)
TDS ) 4 A 3 mall slall aa pdibual) (uabail) cld 4804 o) e a2l 0 685 3 i 5al) Jal g2l aa
S Jal gl 03a Jgua g dis ale Sy Lulall) Jal gall g Auldl) i A Y ALY .. (TSS total hardness
— 5 O g oal g 558 (50-10) O B Sl Bkl 3 gall que i Ml .., dulle aadd Adads
RSI (ubia g dianal) 7 shadl o CaCOs3 o i dpaS Ao ja5aS LS| J) (il o sladeY) a3 1Y, 9
b JSU (1985 Jala g8 6 (e (A8 9l a5 (190 Jda 968 6 (e B il g 2
s dia J)

*boiler J! af cooling tower J) A ... § bsalls ¢l scales JI ¢S

;Ju.’él&}d\ <)

1Y) b

1 )

PPMI20 s el sba (A juall O (1 a2 00 ppMI100 ¢& sl 70 obe pue (RlAS) Cuw g L
Fmnn A adla pladian) Gueay penl] a5 lia 4] ¢Sy A L., 3 58 AN &l 93

:J.'AM\ <)
Made il 5 eS8 ) SR o goaa Laral) Jidatl) gl
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(Scales) L4l &S sl ZUd 5 Al A,«.{Jj» dale il

ALl AT G dllia s 1) ¥) 4300 ol 0 WLIAS ¢Sy Y (815 puundl g 3 Iy AL 5y 985 Jas a3 5l
Ol e A5 8 Slal b il 5 gaa

rdle il ga Gl uaigall 3
JANA peall (168 ¢ (Saal) (e Aal) o2a BB, 4ith g i of Sia RO olaa (i g2l olual Jald Jary cudd ol
Dpdies 038 g il 03 B La I8 lligh aal g gl saill juaa glg aldd) olpall (B el (e BB (1S 7
g e (e Juadune A 5 U Cua G gl BeliS e g de jun 4 ad) alalial) e Al e

o) JAR Y e e G gl 3l g gig D 3 a8 A
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LSI CALCULATOR




1RSI Jalaas LSIalas S ZL1 5 Ay o U e il

e (SN i)

'RSI dalaayg | Sldalas -12

! Scaling potential us<&l 53 s corrosion potential JSEH & gas Adlaialy suiill cialaa an
p speallS) il g S Tpaat g Apatae a3 igan g JSU & gany 5l Alslaa g 1938 b M juliady™ allall g
Jaidl gy LSI o ... IL (Langelier index) (sl Jda o) aaddll Jady ... deuls Wlauy ...
.Langelier Saturation indexd
Jalaa . dacl o pag dsale Sl 5 Elaay olpall Jpay 5l AT jdiga gudad 1555, allad) oaxy slag
Ryznar Saturation J Juaidl sa s RSI sl Ryznar index aaal) Jalaa si " 55, sdsa" sl 55,
Adaa gk by o8y ... “Ryzner stability index” (RSI)sl "'Stability index"" as index
oS L Ol e oball JBI quulil g 4 il ) el Jie opened systems z.siiall aUail) aa Sl LSIJ)
RO dpde | Jia Jaidal) cuasi g Ailal) Lalaiy) ae dlinal) & axdig | SIJ)
e JSU ) Al cilpan 5 & gang gl padaiead 535 Ja) g by MLl Bas Ly g
oar SN A8 allaal) o adlal A cplalaally Aaldd) adl) cYa o athi $9flagia JS Glua Ay iy
.. idaadal)
'RSIJ S LSIJ) ad & La
4,00 ola anii g Alad) Cha g
dala Vg slall 8 4ild ¢ o g a gaeadlSl) il gy S0 il Al ya ) Jucali &l slsall
Antiscales g ill Cildlias 4Ly

<0.0

-2.0 t0o-05 serious corrosion usha Jsti 8 cuwdl)
-0.5t00 2948 (685 AlSa) ke aa Limia JSUS
0.0 938 ¢, 95 Sl 2303 ¥ 5 (@) ) 50 Adla B ol
4y g p sl il g S Al super saturation geddl (58 a3 sluall
O Aagill @l j LalS g (CalCited) sl) psseallsl) cilisy S (a9l ¢ 555 AsilsaY
281 &l 38 5 Antiscales ddlialy dua gl aly ) 9dlll ()9S5 d3ilSa) cal ) iual)

0.0to<0.5 Lyl Addmida Ay JSU duang LS A Ay (<15 ) gl () <G

0.5t02.5 JSU & gan ade aa b ghy ) g () oS5 Agil<al
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1RSI Jalaas LSIalas S ZL1 5 Ay o U e il

CSan La 8 Lgd JSU (8 Gun 6.7 - 6 (o La b dad Jubly 10 - 4 O oI i Jalaa ad Ll
sdgaadl LB L Jaa JBlg 01 s sy L. (Satta JBT cilana 51 9

RSI aLdil) olia anll g Al ciajg
<55 4 ) adl el g Jaghadd) o 73S 4y 68 il 55
55-6.2 Ay Al eNalall g Ja ghadl) 5 Cmm Sl A

G sllaa ) i

4adl bl s b ghilly JSG & gaa

Ay ) ad) eNaliall g Ja ghadlly apad JSU & gas

sdaa) | gif daa | gisal)
L g gamial) agaat) (B (9% 9 8 al) A Jaseay JSU &gan dllatial iy 7 (352 RZ J) dasd

Dbl el

Sadl) JSUl el G piih Jof b 8.5 Aa ,, aad

:RSIJ Jatra g LSIJ) Jalaa il

Ao glal) Ao gia slpal) Jia ., il /fana 10000 <Y1 5 pdadl (e J8l TDS gd ) sbsall aa LSIJ) adiien
99 Al (ubla dld | el olia aladiad a3 13) YY) Balinall & il ol aa bl My .. (Brackish water)
.Stiff & Davis stability indexd Jtaid) s2 9 (S&DSI)J!

Oy U S g Al (udl (5335 La Lo g Adlida oy L ST ciboss

s oY) ARy plaly

p(olpall dilara s any g) Atlal) Adslaal) ) )

LSI = pH (measured) - PHsat
RSI = 2pHeat - pH
PH meterdy 4wt aby Cua L3 olaal cigall ol g gl o8 58 pH ol Lale
Aok Alua by Saturation pH assallsl) @ilig S aadal) Ala die a g yugh) 2831 548 pHaed) Wl
sl yia ) bl il dga plaay dlma Cifalea (pa Adlida
.(Calcium hardness)as cacos pssd\ll 58 5 -1
(U 52 801 38 5 Ul 6f) (M-Allkalinity) 4aist 4 otal) -2
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1RSI Jalaas LSIalas S ZL1 5 Ay o U e il

PpPMJk TDS 4xial dusl) &3y -3
A giall o) il gl 8 ) el da 2 -4

PHsat = [9.3 + A+ B] - [C + D]
AN Jghaad) JYA e lgple Jgant) (Say <l 5 A B,C,D o us

3

DATA FOR RAPID CALCULATIONOF THE LANGELIER AND RYZNAR INDICES

A C D
Total Solid Calcium Hardness M.O. Alkalinity

(ppm) A | (ppm CaCo;) C | (ppm CaCo;) D

[ 50-300 0.1 10-11 0.6 10-11 1.0

L400 - 1000 0.2 12-13 0.7 12-13 1.1

[ 14-17 0.8 14-17 1.2

B 18-22 0.9 18-22 1.3

23-27 1.0 23-27 1.4

Temperature 28-34 1.1 | 28-35 1.5

( y *F *C B 35-43 1.2 36-44 1.6

44-55 i.3 45-55 1.7

32-35 0-2 2.6 56-69 1.4 56-6% 1.8

36-42 2-5 2.5 70-87 1.5 70-88 1.9

i 43-49 69 2.4 | 88-110 1.6 | 89-110 2.0

| 50-56 10-13 23 | 111-138 1.7 [ 111-139 2.1

( 57-63  14-17 2.2 | 139-174 1.8 | 140-176 2.2

64-71 18-22 2.1 | 175-220 1.9 | 177-220 23

72-80  23-27 2.0 | 221-270 2.0 |221-270 2.4

81-89  28-32 1.9 | 27i-340 2.1 |271-350 2.5

90-99 33-37 1.8 | 341-430 2.2 | 351-440 2.6

100-111 38-43 1.7 | 431-550 2.3 |441-550 2.7

112-121 44-49 1.6 | 551-690 24 | 551-690 2.8

121-132 50-55 1.5 | 691-870 2.5 | 691-880 29

( 133-145 56-63 1.4 | 871-1000 2.6 | 881-1000 3.0
' 146-161 64-72 1.3
162-178 73-81 1.2

Obtain the value of A, B, C and D from above table
pHy =(93+A+B)-(C+D)

Langelier ( Saturation ) Index =pH - pH, (LI)
Ryznar ( Stability ) Index =2 pH;—pH (RI)

e o o o

- IfRlis less than 6.0 Alkaline scale will precipitate

- IfRImorthan 7.0 corrosion will proceed unhindered by scale formation

- A RI between 6.0- 7.0 indicates that a mixture of scale and ccrrosion wi!l be
foumd in the plant.
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T.D.S | T.D.Sjj| Tempr.Of Calcium | Ca.H | Total
Index || Water °C | Index [|Hardness Alk.
50-350 . 0-2 10-11 10-11
400-1100 . 2-5 : 12-13 . 12-13
6-9 . 14-17 8 || &
10 - 13 3 | 1822 . gg;
14 - 17 : 23-27 1. 58-35
18 -22 : 28-35 L 36.44
23 -27 : 36-44 . 45.55
28 -32 1. 45-55 1.: 5660
33 -37 1. 56-69 l. 70-88
38 -43 1. 70-87 l. 89-110

44 - 49 1. 88-110 | 1.6 [f111-139
50 - 55 1. 111-138 1. 140-176
56 - 63 1. 139-174 | 1.8 | 177220
64 - 72 13 175229 | 1.9 J#H0

B2t

3 B3 25
P Ly e e -

73-81 | 1.2 [l 230-279 i)
351440

280-349 | 2. 3
350439 | 22 |
440-559 | 23 o100
260-699 | 2.4 J 811000
700-869
870
1050

P TR Y
T W GO =

sl gl clalaaly A B,C,D J) ad Glus (ki oa g
A =(Logl0 [TDS] - 1)/10 =0.15
(Ol (A 532 10000 (535 1000 (¢ xS 3 AJ) A Glaa pbaids Lga)
B =-13.12 x Log10 (°C + 273) + 34.55 = 2.09 at 25°C and 1.09 at 82°C
C = Log10 [Ca* as CaCO3] -0.4=1.78
(Ca?" as CaCOs is also called Calcium Hardness and is calculated as=2.5(Ca?*))
D = Logl0[alkalinity as CaCO3] = 1.53
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A cldiaal) S Gua las (e 120 g
PHmeasured = 8.2, TDS = 380 ppm , Temperature = 85°F = 29.4°C,
Calcium hardness ascacos = 225 ppm,

Total alkalinity as cacos (M-Alkalinity) = 250 ppm
:AaY) g

TDS =380 ppm = A=0.2
Temperature =29.4°C - B=1.9
Calcium hardness as cacos = 225 ppm =+ C= 2.0
Total alkalinity as cacos (M-Alkalinity) = 250 ppm = D=2.4
«ddaleal) uﬁ Uaa g2l
PHsat = [9.3+ A+B]-[C+D]=93+02+19-[20+24]=+7
LSI = pH (measured) - PHsat =8.2-7.0 =+ 1.2
£eAG L) J glaad) DA G +1.2 Aalll Ga s 1ika
Galeal) JUial) (a (AN dglsn Ty RS 60y Jabral dpailly g
RSI = 2pHsat—pH =14 -82=+5238
CPARLL Jglaad) JYA (e 45,8 dagll) Ja i 13 )

;R.ALA cdaadla
o LSIJ) Glua iy iy 1SKiN Cteall Al mhaadl o LSIJ) ¢a B Bulk sbeall (& :LSI Jalaa
LOLdady

Juali Ll ¢y 5 pual) ¢y 98l o Ul o Aadlacall sl (A .1 el Xie 6% o ) ) al ga JuadY)
Of LS (g slasSll Jandlly giadlaa (Saall (b ) gddl) Ll Ganall aen (A JAT quaea JSEN (Y JSUY e ) gl
SN e paad il iy

Anti scales alaiia iy aadally g L SIJ) 2 2.8 58 4l Jual ¥ o) o pd 5 ucibl

8.2 52y bl 1 ) Jualigpan B Gaad AN Ay gidd) Sadls Aud) Jguad (lry A LSIJ) w3 Ubaiw
slaall 3558 ) glaa S pdi (1 slpa g1 Jia Jitad ladi By | aulead) ) JBI) g g Auandd oy of YY) i gy g
Aoalal) ) gdll) ¢ oS clanall jlad Jaaudld W) g gg Band LYY il gl Ay Y s Basal)

LaS dpuads) cilpn Al pliga g Lad) ., Sl sl gl WLad) g Ui ga¥) gl )y plslly dB3e A G L SIJ) Jalaa
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ALY 43y )
(A Al ) i)

LSI = (pH) + (Temperature °F) + (Calcium Hardness ppm) + [(Total Alkalinity ppm) -

(CYA correction factor @ current pH)] - (TDS ppm)

addiuy gl Cyanuric dhyssisad) paes ) 3 989 CYA correction valued) 13l aslaa (Gaila JS
Aabidl clalaa G addicpg Ladale g ., uadd) ¢ gia (pa Alilan g o 1 Y (375 Cuna Cilaal) (o ) oSl Cufiag
s slarall Jadail) il Cuilag A8Lad) adl) 4d pa aodaiid AU J gaad) (g

Equivalent Factors - Langelier Saturation Index (LSI)
Temperature Temperature Calcium Calcium Alkalinity ~ Alkalinity  Cyanuric Cyanurate Total TDS Factor
; [Factor fardness  Hardness  (PPM) Factor Correction lissolved
2 0.0 5 0.3 5 0.7 pH Factor <1000 ppm 12.10
37 0.1 25 1.0 25 14 70 0.23 1000 ppm 12.19
46 0.2 50 13 50 17 72 0.27 2000 ppm 1229
53 03 75 15 75 19 74 0.31 3000 ppm 12.35
60 04 100 16 100 20 76 0.33 4000 ppm 1241
66 05 150 18 150 22 78 035
76 06 200 19 200 23 8.0 0.36
8 07 300 21 300 25 Note: Only use if CYAis used Note: most calculators
in your pool. Only applies to assume 12.1 for under
# 08 o e W < >7.0pH. If s0, select correction | 1000ppm, or 12.2 for anything
105 09 800 25 800 29 factor based on pool pH. over 1000,
sdaluu alas olaal JUia )

pH = (7.4)
Temperature = 84°F (0.7)
Calcium hardness: 300 (2.1)
Alkalinity= 100 (2.0)
Cyanuric acid= 100 (pH 7.4 = 0.31)
TDS < 1000 (12.1)
LSI = [(7.4) + (0.7) + (2.1) + [(2.0)-(0.31)] - (12.1)
=[(10.2) + (1.69)] - (12.1) =-0.21
300 (0 posedlsl) pus 58 5 3305 Sha (&adg ., JSE Guila B LgiSly jhaall (e G ik

Aagiil) of aad ellal

oall (e T S 1388 g ¢y galal) 8 5 5 400 ()
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1RSI Jalaas LSIalas S ZL1 5 Ay o U e il

Anilall 3 gall alia o i L) Cuan ) gl (oSl el ) gal) 2929 A g sall (o (9% VA (lary A
Jstlt

LG SS aila yiiny il g3 a9 gaeadlS) ¢y gof A3 Aia) pag

139430 Jada daa) gudigall galat

HAlgadaghi B JSU &gan g il 5 0983 ¢ g 22l pte o aolid Al Jal gadl ab i LaibsasS olall ol 350
Do) 555 LeDUA oluall Ao g B ) Al Aaa Jia Al Jul) i g plal) Liayl g 4y il

s e J)

Cialdaa aladind g Ja ., dadl pe il Lgadlal g Adsi makeupd! sy sdall (e du B LS| J) wils ¢
23 ) @ sl (Sl 9 S

s palaall 3

OSar ¥ Lilee (15 il sl o0 axdiiand Y 53 Uyt g Liaga ¢Sy ... JSU daglia (o Al cilddlial) aibs
Gl asdiaiadl & (uladll (5% 38, 7z sl Case studyd! 4wl e 3as g ysal Bas o el W) &b 448 ¢
A& oLl (988 g S 1) s ABBe LY sy 581l b g guudllSH il S 5 of LSl BBl Al
A cely of Aadleal) 484 ., 13 g saturation gsddll aad 3l Jual 5855 il g asdiad B g 3 i
Laale Gl g L lad £ guda gall 0 alold z pull Al 0 9 il glasS

s dia J) g

A LSI J) dagly asatl) o JSUN adal olsal) il g 380 0 cleaning & passivation Jas g Ja

s palaal) 3,

Zero ) Zero Corrosion 4wl s od 2 53 38 5 jlias WS ol s RS g) LSIJ) 4ad o Sy (Aandl ad) gl
Dy A LaS dualdl) Lgilla 4y 55 B i JST g JUa alia JSI (g Aallaall (e 238 sCalle

:Lennteche galdd) Jayl i ki) |, RSIJ) cibaad cill) o a8l ga 22 59

https://www.lenntech.com/calculators/ryznar/index/ryznar.htm

161


https://www.lenntech.com/calculators/ryznar/index/ryznar.htm




4503 Ayl g S iy o5 sl 210 5 A oS J e sl

14 gan 43l) 9 JSU) iy 2% 13

D9SN ¢ e8ig Ay ol g Y gL L, pHJ) B L. 2l i) 93 Lt G e Al JSUED) Ja g (st U SLa
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Type of Material

Galvanized lron
(Cu and Zn
coaling)

Stainless Stea|

Miid Slesd

Copper alloys
Including
Admiralty Brass
and Muntz metsl

Effect of Water Quality Parameters on Cooling System Companent Materials

Effect of Waler Qualty Parameters

Susceplible 1o corrosion (while rusl) from: (a) high dissaived solids, particulary chiorides and
hesvy metals, or (b) pH levels below 6.5 or sbove 8.5,

Susceptible o corrosion, ususlly at lower rates than for mild steed. Corrosion can be due 1o
high dissolved solids —primarily chiorides that can cause siress corrosion cracking (SCC) or
severe pitting. Chioride levels above 200 mo/l in contact with 304-SS are of concarm when
deposit-forming condilions exist. (Chiorides concentrale undes deposits.) However, 1,000
mgh chioride levels do not cause 304-SS corosion if surfsces are free of deposits. The 316-
SS alloy can lolerate chlaride levels of 5,000 my/l chioride kevels when deposil-fonming
condilions exist, and 30,000 mall when surfaces are free of deposits, Biomass deposits,
particularly from sullaleweducing bacteris and iron-deposling bacleria, can cause rapid
pitting of stainless sieel. Chemical waler ireatment can effectively minimize ot eliminale this
polential. Maintaining a posilive axidant keved will benefit the inlegrily of the prolective oxide
film on siainiess steals and will reduce biomass accumulation. The waler ireatment program
can also prevent deposits and help keap stainless sleed surfaces clean, Nilrales are known
10 reduce stainless steal corrosion.

Susceplible o corrasion from: (a) high lolsl dssolved solids, usually chiorides, (b) any
depasit-forming conatituents such as suspended solids, biomass, scale, and (¢) heavy
metals, such as copper. Effective water reatment and operational changes can eliminate or
minimize corrosion caused by thess condiions. Operalional changes include increasad flow
rates and periodic Bushing of heat exchangers. Ammonia does nol conlribule directly 10
slesl corrosion (but rather indirectly through increases 1o biomass),

Susceptible 1o corrosion from: (&) ammani and (b) high dissoivad solids, usually chiorddes
and deposil-forming constBuents such as suspended solids, Ammonia above 0.5 mall as
NH; can cause cracking of brass (Admirally), severe corrosion of copper alloys, and
conbributes 1o biomass thal can cause conrosion 1o copper alloy under deposits, The
cracking of brass can be rapid and savere. Even chioramines (chiorne plus ammonia) can
cause cracking. The use of copper corrosion inhibitors such as TTA (Tolylriszole or BZT
(Benzolriazole) reduce but do not totally eliminale cracking. The use of BBT
(Butylbenzotriazole) is s8I more affective, but does not toltally eliminale cracking. Copper-
nickel alloys (90/10 and 70/30) are resistant to cracking. Water tresiments can manimize or
eliminale other contributors 1o copper alloy comosion.

Needs (o be prolected from decay or chemical altack.

Should be corrosion-resistant, bul nesds 1o be kepl dean and free of deposils 1o prevent
clogging, elc. Plastic film in parficular needs 10 be kepl dean and free of biomass buldup.
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Corrosion Advantages Limitations Type / Dosage
Inhibitors concentration/pH
range
Anodic Inhibitors
Orthophosphates | Applicable but no Well control of the system is | Type — Anodic
specific advantage. required to control
sufficient dissolved oxygen
(DO) in water for oxide film | Dosage [mg/L]
formation. 5-20 (as PO4)
Deposits of iron phosphate .
can form anodes if Applicable pH range
corrosion starts and 6.5-8.5
encourages under deposit
corrosion.
Calcium phosphate
scale inhibitors are
Formation of always included in
orthophosphate leads to phosphate based
precipitation of calcium corrosion inhibitor.
phosphates.
Molybdate Less toxic compare with Expensive Type - Anodic
chromate.
Sensitive to chlorine and Dosage [mg/L]
Can p_revent pitting sulphate. 50-150 (as MoO4)
corrosion and under
deposit corrosion crack.
Applicable pH range
7.0-8.5
Nitrite Applicable but no Subject to biological Type - Anodic
specific advantage. degradation - this leads to
the loss of inhibitor and
bio-fouling problems. Dosage [mg/L]
250-1000
Require careful control in
open recirculating system Applicable pH range
as it can be easily oxidized
to nitrate in open system.
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Cathodic Inhibitors

Polyphosphate
(Molecular
dehydrated,
condensed
polymeric, poly and
metaphosphates)

Water quality insensitive.

Certain bacterial enzymes
increase the reversion rate
of polyphosphates.

Formation of

orthophosphate leads to
precipitation of calcium

Type - Cathodic

Dosage [mg/L]
10-20

Applicable pH range
65-85

Calcium phosphate
scale inhibitors are
always included in
phosphate hased
corrosion inhibitor.

Organic
Phosphorous
Compounds
(Phosphonates)

Water quality insensitive.

Phosphonates do not
revert to
orthophosphate, thus no
calcium orthophosphate
deposition.

No specific limitation

Type - Cathodic

Dosage [mg/L]
10-20

Applicable pH range
7-9

Require either
calcium or metal ion,
such as zinc, for
effective corrosion
inhibition.

Zinc Salts

Applicable but no
specific advantage.

Above pH 7.5, zinc
hydroxide precipitates from
solution as hydroxides or as
various organic zinc salts.

Type - Cathodic

Dosage [mg/L]
05-2

Applicable pH range
65-75

The pH range can be
extended upward by
including stabilizer
to prevent zinc

precipitation.
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Dosage [mg/L]

Reduction in the dosage

formation

Zinc A more tenacious and | Hardness Sensitive Type - Mixed
Phosphonate protective film can be
formed by adding zinc.
Reduced rate of film Dosage [mg/L]
Dosage [mg/L] formation _
Reduction in the dosage 1-5(as Zn)
1-5(as Zn) .
concentration when
comparing with the Applicable pH
usage of phosphonate ppiicable pri range
only. 7-85
Zinc A more tenacious and | Biological nutrient Type - Mixed
Phosphonate protective film can be
formed by adding zinc.
Reduced rate of film Dosage [mg/L]

7-20 (as PO4)

blended with organic
inhibitors.

7-20 (as PO4) concentration when
comparing with the .
usage of phosphonate Applicable pH range
only. 6-75
Molybdate / Improved corrosion Film formation ability Type - Mixed
Phosphonate protection can be remains relatively weak, and
achieved at lower the level of protection is
concentrations of marginal in corrosive Dosage [mg/L]
molybdate when environments. 5-20 (MoO4)

Applicable pH range
7-8.5
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Corrosion Vs. Temperature

Temperature

In general, for every 18°F in
water temperature, chemical
reaction rates double.

Corrosion Rate
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pH: 7.
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Influsaencs of water tempeaerature on
carbon steal corrosion rate and the
imnhibEkicon effect of a polyvphosphate
based chemical
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Uniform Corrosion
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TYPES OF PITTING CORROSION:
TROUGH PITS
Marrow, deep Shallow, wide Elliptical Vertical grain attack
SIDEWAY PITS
Subsurface Undercutting Horizontal grain attack

O | 0 |
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Intergranular
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Effect of Water Quality Parameters on Cooling System Component Materials

Type of Material Effect of Water Quality Parameters

Galvanized Iron  Sysceptible to corrosion (white rust) from: (a) high dissolved solids, particularly chlorides and
(Cuand Zn heavy metals, or (b) pH levels below 6.5 or above 8.5.

coating)

Stainless Steel  Sysceptible to comosion, usually at lower rates than for mild steel. Corrosion can be due to
high dissolved solids — primarily chlorides that can cause stress corrosion cracking (SCC) or
severe pitting. Chloride levels above 200 mg/l in contact with 304-SS are of concern when
deposit-forming conditions exist. (Chlorides concentrate under deposits.) However, 1,000
mg/l chloride levels do not cause 304-SS corrosion if surfaces are free of deposits. The 316-
SS alloy can tolerate chloride levels of 5,000 mg/l chloride levels when deposit-forming
conditions exist, and 30,000 mg/l when surfaces are free of deposits. Biomass deposits,
particularly from sulfate-reducing bacteria and iron-depositing bacteria, can cause rapid
pitting of stainless steel. Chemical water treatment can effectively minimize or eliminate this
potential. Maintaining a positive oxidant level will benefit the integrity of the protective oxide
film on stainless steels and will reduce biomass accumulation. The water treatment program
can also prevent deposits and help keep stainless steel surfaces clean. Nitrates are known
to reduce stainless steel corrosion.

Mild Steel Susceptible to comrosion from: (a) high total dissolved solids, usually chlorides, (b) any
deposit-forming constituents such as suspended solids, biomass, scale, and (c) heavy
metals, such as copper. Effective water treatment and operational changes can eliminate or
minimize corrosion caused by these conditions. Operational changes include increased flow
rates and periodic flushing of heat exchangers. Ammonia does not confribute directly to
steel corrosion (but rather indirectly through increases to biomass).

Copper alloys Susceptible to corrosion from: (a) ammonia and (b) high dissolved solids, usually chlorides

including and deposit-forming constituents such as suspended solids. Ammonia above 0.5 mg/l as

Admiralty Brass  NH, can cause cracking of brass (Admiralty), severe corrosion of copper alloys, and

and Muntz metal contributes to biomass that can cause corrosion to copper alloy under deposits. The
cracking of brass can be rapid and severe. Even chloramines (chlorine plus ammonia) can
cause cracking. The use of copper corrosion inhibitors such as TTA (Tolytriazole or BZT
(Benzotriazole) reduce but do not totally eliminate cracking. The use of BBT
(Butylbenzotriazole) is still more effective, but does not totally eliminate cracking. Copper-
nickel alloys (90/10 and 70/30) are resistant to cracking. Water treatments can minimize or
eliminate other contributors to copper alloy corrosion.

Wood Needs to be protected from decay or chemical attack.

Plastics Should be corrosion-resistant, but needs to be kept clean and free of deposits to prevent
clogging, etc. Plastic film in particular needs to be kept clean and free of biomass buildup.

DA (e daie 3y il 300 s M) JSUN £ g8 aB g o) aoalaiad |, JSU £ 680 aal Lida i) o 22y 1388
Adanal) o JaY) Garg o) e &l dlind & ja g ol g 29 .. Bi 51 3aY dhand g metallurgy J)
1 gl) Gl & JSUY) (£ 980 Band (e B
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B35 51 5l LgY nnih gl e (53R 12) Lgsb s gy 3 gal S1 5 5 (FLa o) alad e s
ABLaal) clyglash el e i L cailag L (Auiuad) ¥l e LgaS) 5 Jie) Lglas

s Biological growth asissd) salll 5 asiond) midgll sa sasay cad M) mid il gisil aaiy
(s il — Uy — llaally A S Sl LS gai s 3585

TaS ol Lan Ll Blalhayg ... Aalal) 9Bl Gunn i A0 il slh sl 8 5b3 G anall Oty Ll
G SCAESY) Appens Lo iladal day i ) Sy 8 il gl 3l ABaay 3 Thermal isolation gt sadl )
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Thermal Conductivity of Tube Surface Deposits
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Relative Thermal Conductivity
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Biofilm Magnesium Calcium Caleium Magnetic lron
Phosphate Sultate Phosphate Oxide

Biofilms are more insulating than other types of heat exchanger depaosits (Source: N. Zelver, et al,
CTl Paper TP239A, 1981)

A Adsal) qalladall gf STim LSl Aualid) da 3l Al g calladally 7z al) 630a) o ol gaad) gadll o G5y
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PRINCIPAL CLASSES OF TROUBLESOME MICROORGANISMS

CLASSIFICATIONS

DESCRIPTION

COMMON PROBLEMS

BACTERIA
Filamentous
Sulfur depositing
Iron depositing

Corrosive
Desulfovibrio

Non-Spore forming

Streptomyces

Clostridium
(spore forming)

Stringy, slippery, gray or gray-green

Black granular appearance glows
beneath slime or deposit

Fouling

Corrosion
Formation of gases

Flavo bacterium Achromobacter Gelatinous, flocculant substance Fouling
Alcaligenes Aerobacter resembling mucus, may be colored Formation of gases
Pseudomonas Mucoids Protect corrosive bacteria

Spore forming

B. subtilis B. megatherium Gelatinous, may be stringy, rope like, Fouling

B. cereus B. mycoides may be colored. Protect corrosive bacteria
Pathogenic

Legionella Live inside protozoa. Can cause a pneumonia-like

FUNGI (Spore forming)

Proliferate in dirty systems

illness in susceptible individuals

Molds
Aspergillus Cladosporium Stringy, fluffy or matted, normally Wood decay
Penicillium Mucon colorless but may be green Formation of corrosion cells
Trichoderma Fouling
YEASTS
Monilia Endomyces Leathery, rubbery or resembling Formation of corrosion cells
Qospora Rhodotorule mucus, may be colored or colorless Fouling
Torula
ALGAE
Chroococcus Ulothrix Loose slimy or rubbery green or Fouling
Oscillatoria Navicula blue-green, found only in sunlight. Protect corrosive bacteria
Chlorococcus Fragilaria

1o Sl (2 a3
Ol o g giad AN olal) b gerobic diler LS .. Gl Gllile ) agerd) (B LS el
A5l pla% 3y ) 71 (B oaal g5 quray AN £ gl g ... CuaS §Y) (0 AR anaerobic sl sa Y LS
cad ¢Sl ol 61 5gd) LS o Basmadl Asal) (SLY) 5l Dead zoned) 8 Lal gdis (! g da glaial) & dllal)
slime 4dmdall &l J il & 5l Under deposits ! g
Sulphur bacteria cu sl b s
'Sulphate reducing bacteriactiy sl J 540 L i< g

vaaa ) Lgdgady cuy psll @il ja JS 2us Allg Thiobacillus J) e A sgd) sl B g1 Lgha 22 g
S 9 aall audally JSU Guy (g3 el

2S + 2H2 + 302 = 2H:S0O4 (By Thiobacillus)
i g s oY) £ 53 sulphate reducer bacteria <t Sl JI a0 b i< dii A ga sl Jagll A g
iy pasl) (aan (9% o8 M | Ay 3 88N Al o2 (B CaaeS oY) 205 Ladie aandii y psl) L Ky Ada ¢ o
i Sl L S g il sl ) A L S 3 g ol Al Al g3 A4l 9 heavy slimed) ¢
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8H + SO4 > S% + 4H,0
4Fe?* +S% 4+ 60H — FeS + 3Fe (OH):
Nitrifying bacteria 5 sl L i<
Denitrifying bacterias sl 41 ) b i< g
A i ) L ) el B Rl L iy el NH4A Liga¥) 38 5 adl  Gua W 8 5 Saand) adlaa
Nitro «ils ¢ b idl) (haea of @il ) Jeafi gl Nitrozod) £68 ¢e budsdl @ik o8 HNO, ()
LSS5 pHJY (& Galdad) cud ¢piailll MS g bacteria
NHs — NO2 — HNO: [Nitroso-bacteria].
NO2 — NOsz: — HNOz [Nitro-bacteria: Nitrosomonas & Nitrobacter].
ARBAY i) gall cilay 3 Sodium nitrite e seal) i dllgiud b AS oda o A &aad A1) 3 ) ghdl)

S

:Anaerobic corrosive bacteria JSUll dxual) 4 a3 L asy)

Esi o el i SSOI el HoS g gl 2o i ansdl] 4y S0 L) iy 4 o U] L p5S)
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rile (il g gl (uigall
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120 71l (A S galll (e g1 i DG 23 999
1- Bacteria (Produce acidic waste that lowers pH and cause corrosion - produce large
volume of iron deposits fouling - produce acid from ammonia that increase corrosion
and lower pH and reduced heat transfer.
2- Algae: require sunlight to grow- found on tower decks - form algae mats - Provide
food for other organisms - Plug screens /fouling equipment.
3-Fungi: Used carbon in wood fibers for food - Destroy tower lumber by either surface
- Loss of structural integrity tower.
nitrite J Baby Miad Lanyl) gy o g 3l g B el ) JSUEaD) JS o STy Badl)
Ol LS ., JST Ly Sy laed ) 35 die B e A8y jlay gl 3 il & A8, oy JSUN cusews reducing bacteria
948l g ., Al QY (nutrients) 4B A gall 85 foulingd) ASdia (e &3 o gn JSEY
1388 5 iron oxided! Jsdd & eSS s JSU g .. Biofouling J Aswlie 4 yiny
haaal) sl ol gd) B Lisal) ,edil AN Saand) S pd 8 diaag LaS 2 sl gl saill &y Ul o) sgd) G gli
Ll Ngadl e LY T AsSug Sual) lilS)) gad 438 elally dalidsy zodl ) elsgd) ae JANig
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o saill g AiSan Aas sy ool Jeo g iy il ek 13) iy L 58l 7 e JAN pHJ) JER HNO3 €l s
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CLASSIFICATIONS

BACTERIA

Aerobic Slime-Forming

Pseudomonas
Pigmented
Mucoids
Aerobacter

Anaerobic Corrosive
Desulfovibrio
Clostridium
Facultative

Iron-Depositing
Sphaerotilus
Gallionella

DESCRIPTION

Sticky, gooey, masses

usually colored by
suspended solids or
corrosion products.

Black appearance. Rotten

egg odor (H2S).

Grow best under slime

or other deposits and
in low-flow areas.

Sphaerotilus can be
white or rust-colored,
whereas Gallionella is
always rusty. Stringy,
slippery; often forms

voluminous red deposits.

) Zbd 5 Ay o U e ltiloe

1 pnlly Uil A&4lA Simaw Cinda (patigual

COMMON PROBLEMS

Fouling. Produces conditions
for anaerobic corrosive bacteria.
Produces acids and gases.
Reduces heat transfer
efficiency.

Corrosion.
PH reduction.

Insoluble iron deposits
in cooling system.

Nitrifiers Produce acids in NHg pPH reduction.
contaminated systems. Corrosion.

FUNGI

Molds Stringy, goocey, masses

Aspergillus
Penicillium
Trichodarma

Yeast Types
Torula
Rhodotorula

typically on wooden
areas. Usually white
or colored by system
contamination.

Leathery or rubbery;
resembling mucus.

Wood decay and fouling.

Fouling.

ALGAE
Oscillatoria
Chlorococcus

Found living only in
sunlight or source of
light. Loose, slimy,
rubbery. Often green
or brown.

Plugging of distribution
deck holes.

fMacro foulingd) s& L

clils e ke 52 ... Macro foulingd) o) sl gisl sl ansd (2 sl gad) il i) (e £ 55 L) 22 9
Wandi g AN (o aend gally Guaili (Al g B Sl dyilall Sl ca W g 5 all el g cbidauall Jia 8 S doa
once J s g 4ie Whaas 1) g gl 3 laual g lld jelay | JSU A 355 olaall iy Jima B (il cang

A G bl jhaa ¢y 68 Ledie 4adll g through cooling system

Aallaal) N S 5 g g dabad B JA Lhary g da k) ) gally el g (g GAUES W) WY By
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- L l— @_, Flter

(a) Full flow filtration

< Load
A

A
o
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Tower
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>
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Filter

(b) Sde stream filtration

N

3

Hlter

(c) Basin filtration
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(d) Make-up Water Filtration and Bleed
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Partial Softening of Makeup Water

Partial softening of the makeup water prior to its introduction to the cooling tower 1s an effective
pretreatment method to increase cooling tower efficiency. Partial softening reduces water hard-
ness, alkalinity and silica. In this method the water is treated with lime or a combination of
lime and soda ash to precipitate the ions contributing to hardness and alkalinity. The precipitate
1s removed by filtration. Partial softening 1s used to treat water with moderate to high hardness
and alkalinity in the range 0f 150 to 500 ppm as CaCO,.
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8,18 Japdilll B andiay o) mlal) Cilad Ay Y Gua Japddl) cdg @l sy 1dalal)
S gad) dayg s gud) S8 558 JS TDSY) b g 10 L ol JAad s (assignall
il Agles Qi g Ao Glitaladl g Ly 85 il 058 Eua

A8 sk ppetl) A3y phal aladiad dlid OS o) Al ol B Mk el A4l el -2
28 11 e SASY pHJ) @ padiewal) p gadlsll BS g pab ¢ Eua Lime softeningd)
ol Bl 2 J Al Jd pHJ) bl olady)

(o 1S Al 5l 50 e Jedall 0 slaal) Apdlaal Ulial (pusSall zadaliil) 485 aladsia) -3
PHJ (b dcadiia ¢ 85 Aaiiall iy gl slaa ¢ ) (8 qusadl g ... sl olie dpaS (83
b 13 ., B0l (B pHU) s (B paadlall LsSlgia) Jiy MUl (ROJ) 4585 aa))
b glal) g 3 Sl alids) o
paly ... aza Aall) olaa o) dpadacal) olpall pa Jald gy Cipa ) pladiad ade g (SUg
(Cselall (B 532 50 (e ST) B s d3a% agaadlSl) puais aa) il Uilads oo dlld (8 qu
ualgd Al e Y ol s A Cudly L., Sl ey Gaatii Las JSUN sldaa 3oLl
Ao ¢ samall 1) e pHJ) Qalidsl aa A0S0
ROJI (e 4xiiall slpall gl dgatadl slpall aladily ) &N Maad A aga glaiBY) aua gl g
O Ll 8l (e8 La 188 Apald) olse of Aadand) oluall aladiad of gl AiladUd
Dlgin) JBy ROJ o 5SS @pge @iy of s al gl B ROJ pladiul
N ghiadaa g il (e da LAY olsal) aladied) (98 By, L iy 43 e A8l 5 iy gl
M e it JB
g a LA Yy ., Al pd g Al 4 olual) £ g JLARN g Alaiy) dadlaal) |, (g5 LS
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i) 2z el olaal AdAal) daldlaal) 220

Aallaa ., aludi mu ) Aadlaall anadi & L, 3l ) oak 2l olal dpdlaal) Jga LdNES
A oY) olsall CullS o) gau ., BN B ey JANS QT 3N Raw water sl sbaally (aids da A
vagdl Jaxi A Make-up water oaigail) sl gl daghiiall Jids 4a A Lgaadind Al
R - daald ciliBlia 3aatg - oY) Waday ¢l AN Ll dadlaal) |, 48 paiall o edil slia
adll g .. Circulating cooling waterd) Wle (ki La gl 3,80 3 4803 J213 & 5 olall dallaa
e sl olea dallaa ga LAY

9 gl gl gl (oSS |, oY) gdB (i, JSU |, el DAY pa AS e pa 0 ST LilE
148l A laily) Uile Jguadl < jia sl Bas (8 aSatli 0 g ... (o> 9loml) sall)

dAdR Al Aatlaal) Jga A il 3 9al) B L Shia Al Sl (el
o) g Az gl Aglua gill g LY 38 5 B asaill -]
Alkalinity 451! g pH J) 2 aSail) -2
.(anti-corrosion)Jstill <l 43l g JSU| da glia -3
.(antiscalant) sl cilaliaa ddlal; z3WY) 588 ¢ 9 daglia -4
(Biocides b gl qalladal) g L il clabdan ALaly o 5l g2l galll daglia -5

1A gl Aol i) g =3V S 5 B asal) -]
(Good conductivity control)

slia dapb lgan] claglia 3o o UL st alyg | Lgo e gall 58 AN 393 o Blial) g
dasd b Bleed valve J) &= conductivity controller (Sensor) S aliy ... 43l
9 bleed valved) g a3 W g sawal) 2al) oo dpluagil) @) M | 2508 g w sl
A 7o) pla Cpe AnaS (e aliiil) slina g B cra WU S3 . blow downd) i bleed offd) dules
ALB Ll 65 ! make upd! dlen raw water s slay gy 2l

:conductivity controllerd! 3_sa ) il
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CONDUCTIVITY
CONTROLLER

il I conductivity Adsasil) (addl ba saa sley g2 sl bleed offd! dulas a3
A sllaall

1) Gladl B gy oy il TDSY) ¢re 2 Apibast) datlaall B bl Al el glassl)
.Concentration of cycles JS il < 8 o Blial) Ua )i

Juai ¥ Guay L Gsslell B s3a 200 — 100 O L Q58 O Sl ageal) B8 peal) Ly
Al oY) Aadlaall jhadaiy jgdl) oS3 phal (a paiie i) o a3 gly ... geddl) Aa Al o gadlslly
R gliad i ) (a3l Bty . saulISl) (il g ool Uy ) el e 0B gl .. e L ey
aaaile L JSEY)

JSAAN Gl A I Gy ) A0 ) BT 5l il g de daad Ladie Al
) pany (8 WGl § o gacsitall 9 o gaadlSl) gl g

Slo Janl) Juadi U i) cpad |, Ao ualS Sia 3.5 38 1 Qi g9 330 7 gannal) (IS ol
BaLi) 9& ) oSy o .. dald Bac1® o g Lgadlal B A 98 A3l ola (Y 3.0 JuS A B9
Aatlaally daldd) 4 glassl o) gall

230



) 2 olsad Adafal) Aadlaal s 2l 5 Ay o U e il

:Alkalinity 451 s pH J) 2 aSadll -2
G 12 8.5 — 7.5 (A e Judly L. 99 6.5 Oy gt Y L agend) B
.. dadlaal) 4 ) clagdas
Lp..\a.mu.\al.uwt\.d&pHmugﬁu\kgiﬁwdmﬂ\uﬂ\c\y‘i@ \AASL’.A}\GA\JA
s (2 L (pase pH A 20l 7 g ... A slanl) sallly el el say aligd o3 JSUl) jlad
Jia)  guil) i g8 g Y o i ALKl i) 3 8.5 e Sa 31 o L S Vg Ade up Y L.,
b pHJ) <t o8 pH = 8.0 @b duald S e Uilh LaS (p gpuallsl) il gb g il gy S 30l
Ling ... 2l zon Aaghiia ga 235 pHJ) ... 08 o0 Ul LaSy . sgdll 8 fa JSW i
e 008 g el ady
e W T 5amad) gl ) Lguadd g pHJ) lasia, agmuaaubmdﬁ\uaad\JJAm@h
SLAT LaS alSi bt 138
Adma pH A dery (5 sl galisll (1% Le LIS
1R pHJ) gl ¥ da paalall L) ol iy 8.4 ¢ Aol pH L Jary ¥ i sdl) i)
@
ga o lo gl Y (aea Jablg) g gl aBlg Agalil) R A (aes dBLa) ol
AU ) ety g A elall padiy a gl dua | pHUY) bk ADA e aly ey g (Sl Sl
Pl el 8 aa LaS gadl ) dda g il gy Sl g il g2 SN (a3 92 ST daaS

1- (Destruction of Carbonate Alkalinity):

H2SO4 + Na2CO3 = H20 + CO2T + NaxSOq4

2- (Destruction of Bicarbonate Alkalinity):

H2S04 + 2NaHCO3 = 2H20 + 2CO21 + NazSOq

Ay slall B ULgd JiSY) 2 gacallSl) iy 58 (0 08 gaallS) il g S aa Jo Uiy (aaad) (o LaS
MJ\UAUJJMJ‘;M\SS\quJ&UAJ ud\eyﬁd&\uhy)sw;w\u&MUdeAS\
1l ) g3 S

Ca (HCO3)2 + H2SO4 = CaSOs + 2CO2tT + H20

de Geu Sl dsyl AU ) alig Sl duad o Bluall B (98 pHJ) b asadll zldag
A slhaal) il glsall

JSUN 3358 4y 7 gaceal) 2al) (o pHJ) QRBR5 Y i B S ApaSy iy pSl) (aea ALl ate iy
Mg ) (g9 il sl 5855 80k ) s AT Aga gL Aga e IR L

lgadl (e 4381 gal gling (&) el Sl GuSag) AL ghat Al ggan g Adal i )1 Juday by Sl) (an g
(@lad jial) delica 8 4 saal 1Y)
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aas aaa Cind 3.6 (e ST aaald gliag (Sl g aadien ¢ Saall o HCI el slS gl aen
%99 () Juay oM iy &) (uSay 936 A S 5 ] (Y iy sl
lall yaal)l g G g @ B Gal Bk e dyslSguagdl paes o) LS
16l 5 518 5 gl Gaan Adlda) amy duand Al Aalaall ), Tagaad G (bl g

Ca (HCO:3)2 + 2HCI — CaClx+ 2CO2 + 2H20

PH Ju el i 0¥ oyl pH S pag Asslagigl 48k, u'mﬂ‘ dla) Jualyg
Oy cfal) dpall ) aSail) da gl jue dllaghe’ ey G 2a die pHJ) <uali 13) controller
Jalall pa LS ) Gluali gl Baly) Jlaia) Lgad (198 38 4y paid) ARy phal) (Y ., iy pSh) (e de
S asatl) e i Laa
Ban s che Aat ) olia (3065 o g g ... bl il ann gl G 51 8 Ay el la
Jliy make-upd) ¢ e Ll s die Ml ., pHJ) Acadldia ¢S usel) puialiilly 4alas
lad) il Jlaa B ¢yslalal) Al pal ., Gl g Sl el AU 3 65 G pHUJ!
.RO
O Jualy Al LSIJ) dad Whaia (rag Jul e Bas A (he 4y pa gl aly pHUL galdd) saallg
5 SNl Ui W S5 S8 (e 0l S0 8 Alalaall g ., Jduall ) B i i Lgtiadd (S

LSl = pH (measured) - PHsat

JaS NaHSOs (At w’-«w Sodium bisulphate <l agagall addicg (e
daladl clabaa & pHY i b Lyl addiey s pHJ) i el 1<l paaa (e gad )
i NaHSO3 (Atess! 8 305 Sodium bisulphite culilu b a g gall aladiad ol ol .,
oball dpdaala Jany ¢y sall SIS g Ll G 5180 A1) b ardieds
el A lghud g 8 il 7o daghiia 8 adi i AN pHY) Gl Gaes d8la) ol Adf LB Las
e i) A ja Al die 4d) Lalig ol 13 g) ., Ao glh Bale AL Al Ulaly .., 4 masdl
i W jdae oluall (o o) Al e sldal ) B Gadall e cued digaa gl Gaalal)
e (Slna
9l) diiga Sl ans aa Jolilly a8 Eua ., AyglSh) I3 guall A PHJ) a5 (AN Balal) oda sl
PHJ) aliddl & cunud Al g paalall ¢a 823030 Ao o) G (688 oM (Cpaush) sl A
A Jelal) By

NaOH +CO; = HCOs + Na*
o eslball pHJ) e B Bailad) (A (985 AN Slig Sl quila agaageal) Gl Jolil il
all e pHJ @13 Y)g O aa o 055 Y Ad) ga g Ay plil) Balal) 48l Mo Ll Sal) Gy oSl g
M-J) 2 5) dalsl) 46180 &y 35 Y O g Jaa gl (A g L. 2 3Y) a5 il i) S g 4 7 ganal)
LaS <l g Sl g a9 pagd) ligl JS (8 uad (Al 29 Gsalall 2 ¢ 32 100 ¢= (AlKalinity
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il g Sl gl i g S g0l gl Ge s ANl g P-AlKalinityd) ) dsijad) 436180 ¢
O Y oanid L) B U8 o0 g ol Ol Jmay ., shuall (e S gl Jhea (g gba o) o
518 g gl paaa (e AL Lk adad zUay ol pH = 8.2 sk 5 0 B8 i colorless 4
e Laily Joli Las Lgllaal) 43008l adg) Akdil)l ol dic (alll anad Jeadyl daladl (e

(Sla gil)
rdle il ga Gl Qutigall

Ge 2l gl L, 2o slSl Gl 25 A Wl g1l (B lioslS g ogd) (aes (s Jualy ¥
o2 (fa Juadig .. dyloal) a¥abial) B Jie Guliiud) (A Fod Qs 43 7 samall 2ad)
PHJ dasd o JIA (e dg sl o (5508 Jard ey

Sl 5 Gigan s By .. 9l 080 adal Jy Jgdl) A Y sl ) @)l (A Glaeal) (Ba g
i gill g il el .. Aibas ol ApSilSia La) AT A8yl Lgd odgd 4y al) cialual)
Gand 98y 13 g Ao il g L gilel) Lleally o La gh g Girall djlead Gistha puwd gal) o
Aadlaal) 4S p& saaad Al slrall J gra g obpall Jullad o £l daady o) dgllaal) geald

idia gl (b (galas
sl gay il JSU G sl gongd) aea ¥ (adla ol gl (Ao Biad gaie
031y .. poaeadlSl) iy S ) 9B (oS5 B WS Sl (aea o Biad gale Ll g Jiw (ulilin)
o 38T aa lagd &y ) @l 99 c¥ara ad )1l 7)Y ABES RO sl aladiiad Juad) cilau)
IS G Ao Aadlaall el gl Aadlaall julaal 1885 a5 31 LBl daadlly &l ) gal) aae jLie )
Aadlaal) Sy (e AS

Cdlaall %Jﬁﬁ\wﬁﬁﬁeﬂg#

ssal B2 o Gl adiay

(A0 5 ghdal) slsall A ny) 38 5 55939 ... Make UPJ) sbwe B ALK &y glal) Ll oY f
sl sl pHU) s Ah il 2 gl il g

ills & pH Lt Jadall Gig ks cilS sl 1 a g psal Bas o dainy dlihy Sl (aes AdL) (LG
Ll st 3153 3 pHULs Wl Jgeas) 3055 ) A8 gl g .. dndpo cllS ) Al
.(Dosing) dib Sl (aes de o qilua ol lgale g, SIS

S AL SY ) Al g g¥) Ay ) pakiadd al 5) (paalall (o i gllaal Al a8 i Sl
ALY B ) gually 488 yal) A8y yhall aladind &y i ... try and error Uaddly Qglaal) ik oo &l
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Example of Sulfuric Acid Requirement
Calculation

Calculation of the requirement for acid dosing to a cooling system or the
makeup water is dependent on a number of factors, most importantly the
desired final alkalinity in the recirculating water, the incoming alkalinity,
and the strength of acid used.

Example. A cooling system operating at 4x cycles requires 5000 m>/day of
makeup water, of 160 ppm total alkalinity (as CaCOs). How much sulfuric
acid of 98% strength is required per day to maintain the cooling water total
alkalinity within the range of 60 to 100 ppm?

Comments and calculations:

Aim for 20 ppm total alkalinity in the makeup water to provide 80 ppm
in the recirculating water. This requires 140 ppm CaCO; of makeup water
alkalinity to be destroyed by the sulfuric acid.

Makeup = 5000 m" /day.
Given that: 140 ppm = 140 mg/l, or 140 g/m?, and 1 kg = 2.204 1b

Then

140 x 5000 x 2.204
1000

One pound of 98% sulfuric acid is approximately equivalent to 1 Ib of alka-
linity as CaCOs. Thus the daily amount of acid required is 1542.8 Ib/day.

= 1542.8 Ib/day alk as CaCO,

PHI (0 A dad o Bllas S (aalall gl qglhaal) Lol a5 58l Jglaa dUia g
alid) olsal) daguds o pUL Apaliall 58 i1 <l 59 238 ADIA (a daad o4} alad) Jgand) auai (Y1
Wbl agumitally aguudlsll 38 5ig TDSJly 4stilly pHY) all 4 7 gewall gally

140 gllaal) ciliial gall ha 0 S 9 LSIJ) ad g iy St g ) ol<l) g
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With Mermal pH Gperation

__With High pH Operation

Make Clre Est Clre pEm

Up | Cycles wﬂ” ':'ﬂ:Mht T':'Hﬂ H2S04
M-Alk pr= | Target | Tareet | eeded

mo acid
[ 834

ppm | ppm %
H2S04 | H2504 | H2304
needed | saved | saved

M-Alk pH
Target | Target

B0 TEE | 120 200 | 534 0 120 | 100%
a0 765 220 300 B.6d4 1] 230 0%
a0 T.E5 J20 FT5 B.B1 25 205 X%
B0 766 | 420 376 | B.81 125 255 | T0%
B0 TE5 | 620 375 | 881 225 295 | 5T%
T TES | 620 s | 881 328 265 | 48%
80 TE5 T20 375 B.E1 425 285 41%
a0 755 820 IS B.B1 525 205 IEVa
B0 TE6 | 920 36 | 8.8 625 205 | 32%
20 TES | 1120 | 376 | 881 825 295 | 26%
80 TES | 1320 | 375 | B.81 1025 | 265 | 22%
80 T ES 1520 TS B.E1 1225 205 199

Assume 100 ppm Ca as CaCd3 in Make up. Higher Ca watérs may require lower target M-Alk,
Ahways run mingral solubility analysis and get expert assistance to validate treatment program and limits,

€8] gaall addiedd Cius

1o 8 Sl

"o AY) @l sl g da g jiall pHJ dn o ae aidli Lay S ) &)y 99 Judadl dyaas
3 Make-upd) obsa o cai A1) dslarall Julladll g 2580 7 s dualdd) cila glaal) 48 pa 228
sl 5 8 (&) . 3.5 -3 — 2.5 — 2 — 1.5 () JaSUAN g3 2o midag daag ., ol Jdaa
I ¢ gd 58 8 @ g Bl ) Jpa sl Ladaiad 13) W jldicy) 8 adagll aa LIS < ghadldl
sdaaiional) il glasSll g culBdl) 48 gil Juad'y) oA
Mia ¢ygalall B 5 5a 300 siasll TDSY cils b || L) Juai ¥ 0 qag TDS (ol daas
LFEY O gan ol A e Galal) B s a 1000 Ge ST Jaaii Y () sadl Jaleall ddial ga g
Juade 528 A &l 59 3.5 Laadia) glg .. Gsalall (B 532 900 () Jeall 3 (8 JuS Al il g0 2
Ada) gall (358 (yalall £ 52 1050 N
& Ay .. lead) JUal) B 3 oo S AN <l 9a 03 Y O R 288 J)sal) (e ds sl oY
TIA ) a5 3 ab ) Sl B g0 cuils 13) Lgdlhs g Aal) oda o il 2B (5 AY) ) )
DA el ddial g ¢
B3 o 23 pH vl Gl .. s LS g) pHUI Wiy AT el el ) ) lols s
) 5.7 (e psard) Ay n il gl il ge (B Cura sde A A gl oal) L (GaSUAD @l g
P o8y Al e pH o A (e dUs g Aaidie pH o goal) Jadls ashy (e dUiag 8.5
S g bl WU R B S B0 0o Jld Joaadl aladiad dis g .. Gibad) sdall (udi
ol g (4 pasadl pHY
Gl JEAS JUaSy 5 AYY @l el ) JBE pHJI9 TDSJ (Ae #Ux SaSall 30 JLER) 2y
- 2505 Y O g Adual gall g .. Gsalall (B & 60 i) slual) (B0 38 5 S oL i)
aall L 300 A WS Jual § S8 89 O aad L el G galall s 300
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Sala hatid AV ol el w) sl 388 005 Lagplh | Jaliag o g U iy L, a8Y)
A5 o CiBgal) A kil Ja 4.5 L, S8 SN B e Jaad o Jualy Mg 13000
Al sisdl

gl QB g (5 6 Sl padied Uadla 2.5 Lad ) Jsmasl Uiy ., LSIJ) M) 5 Ly
(S g5 g 53 LS 1) 8 3

uilallly Jedll (S sy Ao AN LY Wl Jeagll ae g Jetadl sl peall kil
1""N0 go"* zone - sams

11 oaalall (e Y pHJ) (8l (B ¢ ga Sl s gl AU aladiad

chgolal A g sl gl sl A Gsosll asS gl A g3 Ad Gaay a g o OB (e LSS
9 8Dk o1 SYL &l slia e AL g ¢ g3 S S gl (A padiud el (g (Sl ., dpalal)
B ol s Sl dS gl (AU by Ad guse Uil gl (4 injectors) Compressor kéla
PHJI padiiip eyl g Sl paas ) Jsadi g aaaad) Ciil a8 slsall

dal il e Gl faY) g LaS 12 a4l gzl A injection CRal S JUER) allly
e ) 8 ) g 4 glaacia g 43 3) gia Jagladl) A o ghuall (585 0 Aalliia 7)ol Bas llia (s 1Y)
S Sims gl aal e back pressure s bid diaag 8 daglia S8 o\Sall
S g .. col el B ey B A o) e el L goall i) (agaldl B slall 5 gia
ot 08 Alaiia (i gl Jae

19 ) pas (udigall

cezal) drg ALalS (g gatl) olsa Jallad 48 jra e 23Y -

ALalS 7zl e bleeding J) slae Jallad 43 jaa cpa Y - Y

o e ol Al a8 S 3all B jlSal) duad -
O dallea il glasS ABLG) (ot e 3529 Aa sl gl slhe) (Say ABLud) all) 4B s
dpi 3539 Ao Janll LAl oliay pusall slaa Jald g iy glasS ABLs| ) g i sl Y9 ... dass
oY) Ao g e B yuusall slual) AagadaS by JSU & gaad Laldl 7 4l (A 4 gaudlSl) 23l (0 A g
rdggllaal) Jullaslly

pH - Conductivity - Chloride - Ca. Hardness - Total Hardness -Total Iron -

M.Alkalinity.

 yaladl) qulas
e Lad g2 g (oS B o (Al z3ad) o o Un pd Ladagan g (g S0 AL 5 b gud)
s sl 3l oy | o
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(G dlia Ql.uélu\

o pgealiph agisly e &Y 4l daay .. m-alkalinitydy pHJ Bl gossall e Ja
(ouSal) i s AN 9 55 Banl g (Sadl) (ha al Slaguiany

uab) etm-alkalinityd) galdadl g gl ) 8 )5 ually 4adly Lpalddd) 5l pH J) gyl & ... !
9.1 (i) () Al Ale Ladry 190 450N (sSig 8.7 i) () (19S5 Ladie Jalladl) milid Ja
09 Ahla ¢y 88 Saa 138 Ja 90 4y sl

s daal JJ.'\\ daa) Jéﬁﬁ\ Ay
(A9 (lary B Slab oy 138 g pH J) Aad o S 8 ¢ 90 4t Aad pd ) liag Ual

s ksl ded

e e LS g0l Gol g AslBY B ) el ciliga Sl g Jalai US 13 Jaa ki
O Jsii O Ay .., cliga Sl A 418N 2935 Al speciesd) ) s Ja LgEsd Al Al
g 0r v = Ayl (Saal) ey L3S T A1) Laga 8.4 - 8.3 agaa (B cligy Sull ()
e il g Sl ABLG) 3y sk (8 B L ALY ) g G gplall A

O S8 Gluayg paaall ga ddg pal)l dlerall B leall Jas Al G} e 2l Ay S
.85 PPM 23 Ao Gl gy Sl 5 il g3 <) g oS g g

1A o8l g i 9 pagd) el (Bl Lash Aald Baild ilida) (b o Gyl antigeall

A2 olsal Apilaiy) dadlaally) (39 el b ) ALl 4o 11.0 0SS make-upd! 2 pHJ
3529 dagil pHJ) oaidll slally 7 gl sall (pa i gamnal) o) ggdl Quadld gy ... (Foad) Jsda J
.. s D) (57,8 ) pH O Gk .. g sl i ) g 1305 . £156d) LACO;
AT = G i) o o5 A g9 Allaall B o) A1) Il b gl 3 aala) i iy 12
Gsx make- upd! O Ja & pHJ) (A Jsas Jand 7l (A paalald) Dlgial a5 (usally g
COJ) sy paalall il 338 | (Amphl) obiall) pH = 7.8 e ay puall (add
strong 4as® A slall GsSi Cua fige i Alal) o A 7 glsall P (e 51l (A gasal
.alkalinity

dallaall B pal) ALl dagii pH = 11.0 W sbay o5k &g £ basin JI & ... AT dra
132 ... #1548 aa csamall CO2 J) Aaili (addiin pHJI Ua ... circulation Jas als 4 Y1
A5 CO2d i alkalinity week (5859 ... dSguun g B 098 4 ptal o) (B oy
PH =7.9 sie i <) 8 ) ga ) Lelea gy g 435180 Lo

.basind! . 058 make-upd! Jsda o\sa
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agpitallg agaedlsll o alddl) ol jall dBla) 2y 4l weak Alkalinity Jb 2gaiall
aan 13 5 Ay plAlt 047040y g o gamiiall 945040y g o gadlSll 9470 () Jual Ay 4 9181

el ALay) et i pHA!
JBuds Ul of W ray . ) dBlda) 38 jeally 435181 Strong Alkalinity o 2 gaiall

‘_A\J@u.\a \‘_,J\JMJUM\@ Mﬂ\dﬂ\@\oé@ahﬂ\&aéuu\ﬂ\wcﬂ‘
 PHJ a3 (g LYY (8 & ptal) Tas 58 Al Jalaa 335 aag 7.8 (Al Jgash daag VA
gé’laehahﬂw PHJ) o Bliall el <l (s (e Tan A48 clpas dla) A (e aSadl) ody
adnia dudi paaall ¢ 6< circulationd) s pHJ! dasda s (aala Gia sl basind) e 43l
make- & Weadiclg JSI ol 11,0493 2 pHJ) GuSiy ol B s> sl gaie oSy .,
city oy make-Upd desi Al g gdicy ... atia 43d gaaall s 099 zUp
pH 4 il AY) gl oo diledl 3 jde (aala claaS 7 ) & cdalg .. pH =7.8 Wwater
B9 Gaany pHJ) lasda oy bagha |, Jdidll Al A& pHY) Ao JoiS Jars agdl s = 11.0
pH s circulation Jex adi al Ui AL g) adeie 4pdi (aeall oda ¢y 6% circulation ) s
p sl dblia) 3 Al slpall o CO2 J) sl o sl dga g okl oslg Sl 40y (2 =110
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Fig. 3.27 Influence of chloride and sulfate ion
concentration on the effects of various
corrosion inhibitors against carbon steel
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Type of corrosion Applicable operational » .
Target corrosion rate Remarks

polymer type

Retention time; Within 50 days

Water temperature; Below 60°C

inhibitor conditions of system
Biocides for nitrification
Make-up water; FW*!, SW*2, Carbon steel; Below 1 mg/dm?day bacteria should be used in
- DW* (Below 0.005 mm/year) the case of cooling water
Nitrite type B 13 S BT - . e
e Retention time*#; No limitation Copper and its alloys; Below 1 mg/ temperature of 10 to 40°C
Water temperature; No limitation dm?day (Below 0.005 mm/year) where the bacteria rapidly
grow.
i ———— Carbon steel; Below 10 mg/dm*day
Make-up water: FW, SW, DW Carbon \tgl Below 10 mg/dm?*day
Molyhdate- (Below 0.05 mm/year) Polymers are used as

Copper and its alloys; Below 1 mg/
dm?day (Below 0.005 mm/year)

corrosion inhibitor.

Phosphate-
polymer type

Make-up water; FW
Retention time; Within 10 days

Water temperature; Below 50°C

Carbon steel; Below 10 mg/dm?2-day
(Below 0.05 mm/year)

Copper and its alloys; Below 1 mg/
dm*day (Below 0.005 mm/year)

Polymers are used for
preventing calcium
phosphate scale.
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Molybdates, tungstates and some organic acid
salts inhibit the carbon steel corrosion. They are
more often used in closed cooling water systems
than in open recirculating cooling systems because
of their higher costs.
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Operation and Maintenance Instructions W

Water Chemistry Parameters

The water treatment program designed for your evaporative cooling equipment must be compatible with the
unit's materials of construction. Control of corrosion and scale will be very difficult if the recirculating water
chemistry is not consistently maintained within the ranges noted in Table 3. In mixed metallurgy systems,
the water treatment program should be designed to ensure protection of all the components used in the
cooling water loop

Table 3: Guidelines for Recommended Water Chemistry

FRP Evaporative Condensers & Fluid

Property Gahanised Stainiess Steel FRP Gahanised Copper 304 Stalnless

Steol Type 304 Type 316 | Towess Coll Coll Coll
pH 70-88 |60-95160-95|65-90| 65-83 65-90 65-90
pH During Passhation 70~-8.0 NA NA NA ? NA NA
Hardness as CaCO3 (ppm) 50 - 500 <600 <600 < 300 50 to 300 | 50 to 300 < 300
Alkalinity as CaCO3 (ppm) 75 - 400 <600 <600 < 500 S0 to 300 | S0 to 300 < 500
Total Suspended Solids (ppm) * <25 <25 <25 < 25 < 25 < 25 <25
Total Bacteria (chv/ml) <10,000 <10.000 | <10,000 | < 10.000 | <10.000 <10,000 <10,000
Conductivty (micro-mhos/cm) ** <2,400 <4 000 <5,000 < 5,000 < 2.400 < 4.000 < 5,000
Chiorides as Ci (ppm) *** <300 <500 <2.000 < 4,000 < 250 < 400 < 400
Chiorides as NaCL (ppm) < 6,600 < 410 < 660 < 660
Sulfates (ppm) < 1,000 < 250 < 400 < 500
Silica (ppm) <150 <150 <150 < 150 <150 <150 <150
Note: gahanised coils may require routine passivation if continuously operating with pH abowe 8.3
* Based on standard EVAPAK®™ fill
" Based on clean metal surfaces. Accumulations of dirt deposits, or sludge will increase corrosion potent:al
*** Based on maximum temperatures below 120F (49C)

If a chemical water treatment program is used, all chemicals selected must be compatible with your unit's
materials of construction as well as other equipment and piping used in the system. Chemicals should be
fed through automatic feed equipment to a point which ensures proper control and mixing prior to reaching
the evaporative cooling equipment. Chemicals should never be batch fed directly into the basin of the
evaporative cooling equipment,

EVAPCO does not recommend the routine use of acid due to the pernicious consequences of improper
feeding; however, if acid is used as part of the site specific treatment protocol, it should be pre-diluted prior
to introduction into the cooling water and fed by automated equipment to an area of the system which
ensures adequate mixing. The location of the pH probe and acid feed line should be designed in
conjunction with the automated feedback control to ensure that proper pH levels are consistently
maintained throughout the cooling system, The automated system should be capable of storing and
reporting operational data including pH reading and chemical feed pump activity. Automated pH control
systems require frequent calibration to ensure proper operation and protect your unit from increased
corrosion potential

The use of acids for cleaning should be avoided. If acid cleaning is required extreme caution must be
exercised and only inhibited acids recommended for use with your unit's materials of construction should
be used. Any cleaning protocol, which includes the use of an acid, shall include a written procedure for
neutralizing and flushing your evaporative cooling system at the completion of the cleaning.

Control of Biological Contamination

Evaporative coaling equipment should be inspected regularly to ensure good microbiological control
Inspections should include both monitoring of microbial populations via culturing techniques and visual
inspections for evidence of biofouling.

Poor microbiclogical control can result in loss of heat transfer efficiency, increase corrosion potential, and
increase the risk of pathogens such as those that cause Legionnaires ' disease. Your site specific water

sales@evapco.com.au WWW.EVapCo.com.au Page 23 of 34
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Inhibitors coat the surface and prevent corrosion
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Moly/Phosphonate
» For corrosive, low hardness &/or alkalinity water.

» Molybdate-based corrosion inhibitor phosphonate for
scale inhibition

Good at high skin temperatures.

h

»  Molybdate . 6-16 ppm (as MoO,)
»  Phosphonate :1-2 ppm (as PO,)

»  Calcium : 0-500 ppm

»  M-Alkalinity : 50 -2,000 ppm

» Temperature :57-82°C

Conductivity : 2,000 uS/cm

v

Alkaline /Zinc

» low level of zinc with ortho phosphate for corrosion control
» Polymeric dispersant used for scale control at high pH

» Zinc provides cathodic corrosion protection

» Ortho phosphate provides anodic corrosion protection

» Operate at higher pH to provide excellent corrosion

» Zinc :0.5-2.0 ppm

» Ortho PO, : Extremely variable
» Calcium :15-1,000 ppm

» M-Alkalinity : 50 -1,500 ppm

» Temperature : 71°C max.

&nductivity : 6,000 micromhos max.
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» Stabilized Phosphate
» High levels of ortho PO, to provide corrosion protection.

» Polymeric dispersant provides calcium phosphate
stabilization.

» Operates at near-neutral pH.
» Low make-up calcium &/or M-alkalinity

» O-PO, : 8 =17 ppm (Ca dependent)
» Calcium 15 -1,000 ppm

» pH : 6.8-8.4 (Ca dependent)

» Temperature : 66°C max.

»  Conductivity : 7,500 micromhos max.

» All Organic

» Non-heavy metal /phosphate program

» High pH & alkalinity conditions to provide corrosion
protection in a scale forming cooling system
environment.

» Organic scale inhibitors prevent mineral deposits.

Calcium : 80-900 ppm
M-Alkalinity : 300-500 ppm
pH :8.5-9.4

Temperature 43-60°C
Conductivity 4,500 microS
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Sl i) aia g Ad)3) (B ilausd (A oal) g3 sgdas

OO 3o CO 33
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<l e A& Poly-Phosphonates «lisgiwst (Asdls Phosphonates <bisiwsdll -4
O« ULd i 5 organo-phosphorous compounds i silly dag s 4y sl
1ABIS ale AliasS ey Lgdy g e i) Sl dl)
C-PO (OH) 2 or C-PO (OR) 2 groups (where R=alkyl, aryl)
Gliugh A o Ll 3 g0 (b p gaeadlSl liga S sy o Jead Mia il ghea sl 028
do gl e Yy Ul gd JASY) o gacalls)
CaCOs + Phosphonates— Calcium phosphate (more soluble)
MY e il Lgaia il ST 8 asatl) 3 Ll ) g0 conld ol IS Liagf il gt o)
1 Jbalid) ga g dBilud) ) gual) aaf A day LS HEDP $2 5 Jsgda oS
1-Hydroxy Ethylidene-1, 1-Diphosphonic Acid -3
1S (A 9e Cpal udigall
LJSE 85 38 g cbeadSil) adad Al 3 gall (0 HEDP <l gias gl
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Sodium Polyacrylate, Polymethacrylate :Jia 4ipadgall <y S Al S o -5
Mrellla (gl e Lglia L 5 9 o ganadlSl) iy 308 g o gaaadlSl) il g S a5 a8 da plra
Gaa 2895 pa 2000 WSS a3 B 5 (Sl o) dapdal) (CupallSll) o gaaadlSl) il gy 48 3 ) gua ki)
s(Cpadd) o) @B ST (A gl JANE 3y 0 95 L]

p " ol : Treatment with a polyacryate yields dstorted
Normal caldum carbonate (calcite) arystals Ui ialodicds
(magnified 2000X) (magnified 2000X)

Calcium carbonate crystals
modified by treatmentwith a

"Normal" calcium carbonate

CaICIum (calcite) crystals polyacrylate into light, fluffy shapes

(magnified 2000X) that are easily dispersed from
cooling system surface (magnified
2000X)

:Carboxylic acids s s 8l salaa¥) -6
1J i) ga g GAELY Il A ARld) ) guall aaf (B 5 5 LS PBTC J) S e W gl
2-phosphonobutane-1, 2, 4- tricarboxylic acid.
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AISH) adl 5 gl JSU Gany M lgale 3 Y A pllaal) Ao ) ) 4iiith Galadl) elilu g dyaadl JSU
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bl Jual) e JSU ada audallyg ., ST ) 63 (pa LB LaS Ciplas Ao i g aal) 3a) g

A3 60 9 55 2 AN JLY) G Aa A olal) 0 B U LaS aadieg 38 3,0l 7 0 -12
B o Sl A1 ABLa) B Al Y JsRi L L, RO gl il e Jsaall 8 13 g 4 gia
058 o Japd Al cleliall B Jadia gl qdll dadla slaa U g8 cugthaal) (S 13) &y il
.Food grade

Loy sdil) Al g 5 g dile pgreallSl) Cligr )S o ST slaall (6 p gunallSl) by S Lailisd -3
DH (5o 2 o gueallSl i S 6 2S5 Lo . o gnallSl iy € S i

slaa aladicd g4 Ll ¢ o Juadld Closed loop Aliall i gal) B JuSeniiil) aladind (e Y4y -74
(I (e Lians LaS Lgd JSU) pile ddlia) aih (UM a2 (395 LS 9l LS 2 3aY) Ao g 3a

199 AT 1aka ,, SN &igan gl gl a3 L, O LA Liala)

A bl Gl e sl A1) 3) giians LY IS pa Gl el by 500 gl
Barall o) 8Y) jaadl e Sl JSUD Lady dladie ddBlia B dlld ay i gis WS cleaning
Agdlai) 4318 ¢ 585 Al g gl (B W ] jlaalg

Al b 7 e JS O Al g) Mgdiadl dadlaall al jy and AUl Jghand) ki)
:(Case study 4walidl) 4dlla

Antiscales

Phosphonates and polymer
Phosphonates and polymer

Phosphonates and polymer

HEDP | PBTC | PAA
Scaling L.S1 RSI1/PSI (100% Active Basis)
None 0.0 > 5.8 0.0 0.0 0.0
Slight 0.2 5.6 -5.7 0.2 , 0.1 0.5
Moderate 0.5 S§3-—-55 0.5 0.3 1.0
Strong 1.0 4.7 —-5.2 1.0 0.5 2.2
Very Strong 1.5 4.3 -4.6 2.0 & 4.0
Severe 2.0 4.1 —-4.2 3.0 1.8 X
Very Severe 2.5 3.9-40 X 2.4 =
Highly Stressed > 2.7 < 3.9 X X X

HEDP = Hydroxy Ethylene Di-Phosphoric acid , PBTC = Phosphonobutane-1,2,4-TriCarboxylic
acid.

PAA = Poly-Acrylic acid , PP = Poly-Phosphonate , HMP = Hexa-Meta-Phosphate.

TSP = Tri-Sodium Phosphate , AEP = Amino Ethylene Phosphoric acid.
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Table VII
Dosage for Calcium Carbonate Scale Prevention

HEDP | PBTC | PAA
Scaling LSI | RSI/PSI (100% Active Basis)
None 0.0 >5.8 0.0 0.0 0.0
Slight 0.2 5.6-5.7 0.2 0.1 0.5
Moderate 0.5 53-55 0.5 0.3 1.0
Strong 1.0 4.7-52 1.0 0.5 22
Very Strong 1.5 4.3-4.6 2.0 1.2 4.0
Severe 2.0 4.1-4.2 3.0 1.8 X
Very Severe 25 3.9-4.0 X 24 X
Highly Stressed >2.7 <3.9 X X X
Activity of Commercial Product 60 50 50
% PO, in Commercial Product 55.3 17.6 X

Polyacrylates show a lower level of effectiveness than the phosphonates for calcium carbonate
control. Furthermore, higher levels of polyacrylate can create an increase in scale, this time,
some of it as calcium polyacrylate. Polyacrylic Acid (PAA) will hold calcium carbonate in

solution or dispersion to a PSI of 4.6 at dosages of 4 ppm, but will not be effective at lower PSI
values.

Gl Ll Ll Agiiy (U Aula) JaSaw AU Ay gthaall il 38 Sl Aaldd) claua gl (2any ) g
Alas o il olse dagdal ladig dadiaad) ol Apdlaall S Hid) Cilia il Al s A la () 68
:try and errord

Antiscalant

Sodium phosphate
Phosphonates

Polyacrylate
Polymaleic
Co-polymer ( or Terpolymer)
EDTA

1S (A 9e (il udigall
Csalall (B 652 20 -17 Ga Sl e i) dgaa ¢4 985 4 il ) gl (B
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Characteristics of some common scale inhibitors
Scale Inhibitors | Advantages Limitations Type / Dosage
concentration/pH
range
Polyphosphate Cost effective It has a tendency to Type — Inorganic
: hydrolyze and revert back to
[Inorganic] orthophosphate and forms
Highly soluble in water, insoluble calcium Dosage [mg/L]
thus low concentration is | orthophosphate. 1-5
required
Low order of toxicity Applicable pH range
6.8-7.5
Can be used for
calcium carbonate
and calcium
sulphate inhibition
Organic polymer No hydrolysis problem Low calcium tolerance Type - Organic
when compared with
polyphosphate
Dosage [ma/L]
More hydrolytically 10-15
stable in highly alkaline
environment Applicable pH range
Not specified
It shall be used
together with
anionic or non-ionic
type non-oxidizing
biocide.
Sodium Applicable but no No specific limitation. Type - Organic
Polyacrylate specific advantage.
Dosage [mg/L]
2-3
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Scale Inhibitors

Advantages

Limitations

Type / Dosage
concentration/pH
range

Applicable pH range
Not specified

Can be used for
calcium carbonate
and calcium
phosphate inhibition

Aminotrisimethyle
ne phosphonic
acid] (AMP)

No hydrolysis problem
when compare with
polyphosphate

Attack rapidly by oxidizing
biocides

Careful dosage is required
to prevent precipitation

Type - Organic

Dosage [mg/L]
10 - 20

Applicable pH range
7-9

Can be used for
calcium carbonate
inhibition

(1-
hydroxyethylidene)

No hydrolysis problem
when compare with

Careful dosage is required
to prevent precipitation

Type - Organic

biocides

diphosphonic acid | polyphosphate
(HEDP) Dosage [mg/L]
Attack slowly by oxidizing 5 .40
biocides
Applicable pH range
7-9
Can be used for
calcium carbonate
inhibition
2- No hydrolysis problem Careful dosage is required Type - Organic
Phosophonobuta | when compare with to prevent precipitation
ne polyphosphate
-1,2.4- Dosage [mg/L]
tricarboxylic acid 20 -40
(PBTC) Stable to oxidizing

Applicable pH range
7-9

Can be used for
calcium carbonate
inhibition
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Before Biodispersant

bl Sl e JE Ayl ga A ... surfactantd) A 4 glel) cilindall g gl el
\9\4.\.1\9.\4\56\\9.\\%_\.4 L Adany a gl Al il Gy jhall Mgl g i gldl) () A3 o aeludg sball
it Baild Lt o LaS | .. Detergents at il cddlatal) dlile Lelay ., L& gl e o A8l
S5 O g S g g g 3 (e sl da glaia
sdia ol gl clitiall A4
Acrylates, Ligonsulphonates, methacrylates and Poly- carboxylic acids
...etc.

e i) g1 53
Lo gy N4 L., (S Ol gie it aaliad faa 388 o glanl) sall) dday A gl ) gl
! il ¥ 1 oS LadlS a1l e i) cpda ity BacS e 1o L gy 3 ga g B 5a

:0xidizing Biocide aS3a as gl -1
ar (B gl olaally LSl gl g Ay gudanll N gall MuSigng Cilig Saall o gud) Cigal) e g
ISl
1- Halogens:
A- Chlorine.
B- Bromine.
C- lodine.
2- Ozone. 3- Hydrogen peroxide.
4- Peracetic acid. 5- Chloroxyleneol.
6- Peroxy acid. 7- Potassium peroxy-monosulfate.
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1 dia J) g

£ Jabeall JSU s 1.0 ppm i Gl 4o o Ja

;Jﬁél;.}d\.{)
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sazial) L B el ddigall 3

LAl Jiy platia ddaglay elSlly ., Ggelell A s 3a (0.2- 0.5) (v QoS sl slsl Jady
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e JoT) audl adlje Ad) Agmy Gmagudls .. &) ... hypobromus acid owes s sug!
o Y4 Brandl) gilias daddindy ., oSl e S8 Ao ol glingg faa Jlad 4dst () slsl) (e ) yall
Uil 28y G el dpasal) cppal o oISl il ja (98 A 9 ) S pal) g L olSl Y (g 518
Lillaa < il g oy il pa Jo Uiy ¥ 56d a gl el L., O el
LCpagol Jia dlia L ga¥) g Joliy ¥ ol daasS gl (A6 ) SHL paal)
s Sl Al Guigall
ala 33 &ua baa sodium hypochlorite & sodium bromide ¢8a aly 3,80 ) sl o B
LSl 38 8 Agte Y
s M) o ’\JQ
s i CS gl g gua aSlb e, Peroxy acid J) s2 Peracetic of (i size
s palaall 3
Jaadil) aln g daal (S g al) (1 £ 55 0 9 iad )

Peroxy acid = peracid = R-COOOH
e R = CHad) cuils gl &) | Gy i lisall (e dlidia 4y gpiae JS1] 4o gaaa RY) O Cua
&ua ... CH3COOOH s34, Peracetic acid d ditd jum o) gasal Jiisa de gana ny
J .. il ) @ CH3COOH disad) aaa o &l Cpas gl 3,30 Al o
de gana (4 2 42 Bala (e ASH Lghad g sabg Alcohols Jie cibsall (e daild Peroxy
C -OH 4 ganay jpali Al <Y gasl) Jia COOH 4s ganally jpaii (Al Ak 5y SN (alaal)
caaa 2o HoOp Gt ) (368 aat) (e el ) o688 |, dpaliallyy |, Lgolidiag
e OXONTA bt puaSY) au) s Al (gl Jadlll g, i)

:Non-Oxidizing Biocide xS 34 & gl -2
Clblal) aiay £ i) 130 .., lia ) slkh SIS ol Aal) 5 sall) g Ay gae 3 ga (oS L Bale
1ok oo (Metabolism ajs s:tisall) 4080 3 4, gual

AR 23S s 11

A g ) cile panall jpadi -2

O 9 o) G 5 -3

A gaal) ey 33Y) edle Uil ada -4
Ly o A glaa ey Miad LAY e £l el g el g sGall 5 o) cigal) e g4
&) A
N ol daie (50 Ulaly sada 0988 Ulal non-oxidizing biocide s aladiud g
Ao lial g U0 ¢ gl g 083 A gulallyy .. cinl s s i 518 5h o g3 )
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Joaadly slinda g La g2 W jgd auSiga pbd) o galall (e Bsae 1530 aa g9
: Al

3

Isothiazoline (= Alkyl isothiazolin-3-ones):
880 — 35 i La B e ja ulhy lladal) aa ¢Sl g S aa ) Jlad ¢l g S g 30
palgs dua Cplalal) daua o 43 ) ghd uilay dulle ATRIC Jray Laa G galall (2 6 50
slall & Jlaty ay .. Biodegradable 431 st Lgsiiay Al 850al) ... Coadl qus 5
.a-“.-.‘zm u‘b S J.'.‘:'u add Lo 5! g

Glutaraldehyde (= pentane-1, 5-dial): )
lladall o 3gana il 4l ¢Sl g ald gilall g LSSl o BN g g dan Jlad
. Oslall A s 3a 56— 45 Gmleds All99 - 6.5 O pH B dary ., il phaill g
QAJ\@.UA@HL' Mﬂ‘u‘i\aﬁ\uﬁ600uﬂdm J.\.\SAJSJUAJ.\S\MAQJ
@gﬂmm%maw\@aﬁmﬁ@)«aﬂ
Quaternary ammonium salts (=quats = alkyl-dimethyl-benzyl
ammonium chlorides):

LAMMFoameﬁMuﬁJMMA\ (Mﬁ\M\g)u@aY\w&y
(MkﬁMuJSLAJMy@JAJMY) emuJSaul.\a\Z\UQAGAJ . o gl
o ale Aa g ... Ol B £ 52 600 — 25 (e el qlladal g LSl M Jaay |,

2 J.-.‘é
M T sanall agaall (B o gaudlSll (e S Ay 4y slaa (Sl (a5l g
100 — 40 O e dle a qlbig las 5 68 Quat -distributyl tin 4ew g ¢ a9
Adnll 5334 tin paalll ¢ Ay .. Galal) s
Carbamates (like: Sodium dimethyldithiocarbamate and
Potassium dimethyldithiocarbamate)'
=7 5 pH ¢ dary ., lladal) sia Gliaay .., @i sl ) Slasea JS e s Jlad Llee
oo A Al ute»ﬂua«so (ol i B gl e 52 18— 12 (e 4 24 8.5
UJM\@MJJMJMU u\.u.i‘g\ Jb.ac.ﬂ.u)-‘
DBNPA (Dibromo nitrilo propionamide):
100 — 25 (e g gllaall die a |, Jd Slugly ... Organo ¢ s oS e & (ag
9.5 — 6.0 & b pH A dery ... lladall Als & 3., Goaladl A s 5
Hydroxymethyl nitro (Trisnitro):
140 — 70 O 4psllaall 4ol ., olsall (8 0518, 5 158  sha e Jal Sl g Alls (b Jlad
) )99 as paiia La el L. Guslall (65

Methylene bisthiocyanate:

17.8 <al pH e Ggalall (A5 32 90 — 15 (0 588 Lmisl
Triazine :like: 2-(tert-butylamino)-4-chloro-6-ethyl amino-s-
& 1,3,5-tris(2-hydroxyethyl)-s-triazine (HHT) Triazine
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foam 858 ) que ¥ pH ) aa Jarg g lladal) JI8 jlias |, 2 alle ) o8 Ada (3lhaly
de jall L3 (Saag Gaplall A e ja 1.5 — 1 O ... Bl Adlad Lt agllaal) 5 38 g

S aa se b aadiy ., shock dose & Gsslal) B 552 75 s

Formalin:

O ) G gl ASST s gl (e £ 55 Calla dl)

e Adllaal) S j g B gal) AS ) s g B Al g A il auladd 4 giSall @l S Al aalally

sie dSpa il S gl (e B S (5 AT £ 680 dlia 0 Las
Chloramines - BHAP = 2-bromo-4-hydroxyacetophenone — QAC — bronopol
- Alkyl benzyl Dimethyl ammonium chloride - Ethylene Chloride.

s ga pard) Al gl "aaladi" &) aaall
(e il g e Alad Al Al canlia -]
Sl gl aa Chma W 8l 4 guaadl 3) gall g Liigal) Jia el dllgind AN cbiglal) -2
S a )
Jan Allad gl Ladiia ¢ 38 5y -3
Ll Ll Al s environmentally biodegradable sz A sge Azl & Jstis 4
(DS JSlia Gy
Uil A3l (ST (8 Lo (JB g (g guand) JiSaiiV) aalgi ¥ -5
(b Alp LS M8Ey UL g ao pead) AL A il Cunilia s 48 p3Sall (SLY) (B oSt AdLa) -6
o2 A8 A B g8 Al Sl B lsll (S () g) BanSipa id) 3l gall ) Ladi 1A iy g pSaal) S
(e
S pa pid) Al gl Mdalad)t bt
Oausisl) (e Ao bl -1
PHA sl -2
L e (09 Gl (e (e £ ol danadia ()5S £ 6 (ny -3
llakl) aa Jlad S gy -4
O el gl L) £ 65 + Contact time oeaddll () + (GSUA f) dasthal) 4o jall) o
Try and Usdlly dglaall | grudady (819 dajla (il gl | graady ¥ (S giled) (0 g1 50 B
o§ 094 (iRl il g olall dagala g Jaadil) i gl Lt error
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Bolal) ghliall A jalwa JSdy 58 — £55 gl — Syl olS b o g gall Gl sasld e
L83kl g Adatiaal) (ahlial) u& dadla cle g
OV it a8, daghaiall B aw sl Jife timed) o ding Ao jall g ds jad) (o caBgil) o
138 g life timed) slgiil ga A8LaY) (58 ... £ sal 5l Al 3 2 g 5 a3 Ly S & pal g dna il
25220 Ga AS) ) L life time J) B2a Jght daliil dlia g ., s AY daghiia (e ilidy
Jﬁuuﬁu.wudhu\us JSM\JMM)’AY\JUAJ‘QN‘UADJ.I\JA.GJAMM\?&G_\A.\.
Slertiose oS o EAY) ol
AU NS e BU Ly i B 3ATH Al Ly e gall e ol o J ki Aale o
(as Clz) Gsslal) (& 532 1 - 0.5 (Adall goaay Euag (sl jalesa (s -]
Gauslsl Juad intermittent dsin cile s (s ab agagall Cul jolS g aladia die 2
data dBLa| (Al .., agll (B Giebugl dolu Baal (as Clp) celel) (B 532 3 M) Al
488330 - 20 50 JS B3a Liagy uba 4-2 455,418
. (as Br) ¢slalt A4 s 5a 1 0.5 M Adiay Jual (e gl -3
Gla alyg ... (as ClOz) Gsslall b £ 52 0.5 — 0.2 4 (Aiey Juad uws-‘ﬁ‘ QS g} (A -4
(as ClO2) asdall (A £ 32 1.5 ) Al cuslsh) Juad |nterm|ttent Ada Liy cle o
458330 — 20 50l e gy i 30 4- 2 Ade dada Giag .. asal) (B oL gl Aol Bl
b ill lad g salal) g 3o 30 — 5 S duSa il Aba il 5
Lal&&h@am\gohd\wuwids\giu-&\g.\uidS\giLcymbi’LuykﬁdM o
JSy I A gll) Landiia) 13) ) ¢yl J.auuyl.d\ulsu\mt; . Alaad) 5 uad) g
o 9 .., JalB dia U SO LaS JaLilly iy L £ 98 (e S aladid (Sayg ,,, dlinal) B e s
sl
Dual Alternating Biocide Program
.(quaternaryds ¢l sk ¥ s Jal Jia)
i ¥ 8 Ulaly L., S12 Ggd gl 8Ll g Ba)gal) GSHAN Gary gdin (a dad o
T 1S Gl Y g i) olia LEA] o) A1) Gilacad adl g Tan B s il 58 JS V) b gl
Jaxi JiS) gl Ay e A )3 60 () Jeali oliay LSl (g 93ST g (g Al Jalpal) B alg & )
ALY o1 M o glaii al Lad La oSl aall o} aa dliag ., LS o) @ e
s g Ao iy jlaall B_iS duany @M\M gl ) lld o\ 1) PRI VPV
£ gl JS AZBLL) (Sall) (b o ol gl cidall gl bio-dispersant J Ll e
Cilia il of dagis i<l de ja BaL 3 pladal 8B JSU adlaS Al g il sl) Adl) dic o
oSl de Gl A8 e gl A il L, lladallg LS gad (e 5 dgdia Bl
(o a8 Bal) Al glsl e 0.5 S8 ) dual s
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2o Oisla ) dslu e Ly oliall circulation st Jes Sl g ... Basin (i)

b gy pladi
1 ) g
000ia g1 absa JS o) L gaud Banl g de oy duS3a d) Ml gl ABLa) Juadi Laga
sariall 38 B el uaigall 3y
Adlra Bala ga g sl Jagh o iU (Y (pe gaud JS shock dose il
s ) Al Guigall
Jidil) clles & i 135 B8 1) Gigand 5% duSsa pid) Al gl de o Baly) (Saall (e
FURRR:
A oluall yodl gty Al Al (S M0 7 e phgad Jf (e gdilal) o cpla B ga k)
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29 US4 ., £ samil JS 22ty sala JSu biocided) O (e 58 AL aag ., il il g Gillada
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A 3 ot LBl Jga g pda o Jardg g Al Jai Je Lt Ladie 3alal) ¢y sliaa :OXidizing
G209 (Y12 S5 i sl suld p 933 gua) Jibaad) )l 5o Laladial 2l gall JiST ., Lgule ualii
§-% badd jilala 0.7- .5 O Lgad s £ saad US4 ... B aiee A Sil/dda 0.2 dpad o BBLE ¢
At de s clela

o Odlaall o ki gt clladall g U i<y Jde el e Ll Jaay :Non-oxidizing
£ Saal (S ilial g Aaiiaal) AS pil) cas CALIAS AaS g

rdle b ga Gl udigall
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BHAP

« 2-Bromo-4-hydroxyacetophenone for bacteria and, slimes.
« Useful for once-through cooling systems

« Doserateis 1 to 3 ppm

« Forrecirculating cooling systems10 to 20 ppm up to 80ppm

Glutaraldehyde

« Pentane-1,5-dial.

« good penetrating ability.

« Effective against SRBs and biofilms. NOT against algae and
fungi.

« Cross-link outer proteins of cell

« Fast-acting biocide (3 to 4 hours, up to 4 or 6 hours with
difficult slimes) a wide pH range (typically pH 6.5 to 9.0)

« Typical use concentration is 100 to125 ppm up to 200 to
300 ppm

Isothiazolines

« AlkylfS isothiazolin-3-ones

« Bactericide and algaecide

« wide range of pH

« Inhibiting microbial respiration and food transport through
the cell wall.

« Contact time is typically 5 to 6 hours.

« Dose’T rate is typically 50 to 120 ppm

Quats (ADBACs)

« Alkyl dimethyl benzyl ammonium chlorides “Quaternary
ammonium compounds”.

« The kill mechanism is due to the cationic nature, whereby
an electrostatic bond is formed with the cell wall, which
affects permeability and protein denaturing.

« Optimum pH 6.5-8.5

« Deactivated by high hardness (typically over 500 ppm.

« dose rate 50 to 100 ppm

« Contact time is typically 4 to 6 hours.
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0k 3 gana g (udigal)

(bacteria and fungi) <lhkills LSy (Algae) ilaklls Lal) 4y glandl Cillilsl) s g8
Lz il daily ., duagbal) olual) jilaa gad (8 Adlide cile g g 45 glilla by Al el g
oo alhilly Gllakall gail Aaiis & il 7)) BelS S 1) oy gali Lgld (g sl o) gl
o I (g S ] 5 S B 5 llaal) gl a3 . olsall s e s Laa (s
da gidal) Cilad yal) g il yaall g & il G\J,\i P dale Qllahll bl (uaddl ¢ g iy plall
Ll Al g

L8 gad el gall JAN3 A Lgia paldl) (b 1A g Adaia 4 oh cilaladl B Sale calladal) galiy
lladal) g (o il .. el gall ) L sia 08 Lgia glia caagy 1A olial) (38030 § Jala coaey B
cladipall o Aans sl cus oalsaly sl clR ol 2 8530 cl gl
o) Aol sl b a5y (s (Sl el i €l Bl L S Jgal S |, ciliaalls
SN 7100 JSU Glaad (g 6 . iy Sl (aala

o) Lk sa g Ana g ) il 9l Baus] A Ay (nitrifying bacteria) 82l L aga g (<1
dlaa ga olsall it ga N JA N & paaall 3 gall angh) cibiles o el W gy il g <l i
iy lladall gai ada (Say ... B3msSY) g adgdl 2 DU CrausYL Cildaad) 038 Aad Eun (g gl
Ca oS e By L, slSl (e Aaliile Gl ol s ) ABLSYL J AN (e 5 gl e
g Ty ganl) 3 gally Lisad) (o alil) Ale ity (o3 Janl) 30 B slial) b ¢ ghaall sl
Lgiakais o) (Spray-nozzles) L il b g Aol Al A gf iy psh) J) 40 G S a8 Alls
. obtall jlaa B (O ghaall jglSl) il By g Adld qulladally

s eala daa] daa) (uadigal)
g zlia 05 organic phosphate J sl all organic program gl aladial s 4
1 A il 4 s ot chlorine ) Al sda 3 L 9 )zl by Aalddl pH J) dad
J s Quat J i non oxidizing biocides aladial sl Ay .. sl gl
o3 & . oxidizing biocide aladiu) ¢ 2Ny OIS ¢ Carbamates sl Isothiazoline
880 ¥+ JUEIIY) g Allad BalaS 1 () 0.25 Ay (9181 438L) g bromine J) aladdad ol Alad)
Sl 7ol e Blalia de jag adla) ahyg
Non oxidizing biocides: Dose 50 to 200 ppm according to HTI - Holding
Time Index.

1 dial J) g
.\ﬁjﬂfu.ﬁ)‘d\SJ\JAJ\Z\QJJ&ACJA‘gUM\YJQQGﬂSiQJSgUJ;mpHGli;ﬁ)jlﬁ\
U ) lst) dleld
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ghﬁ\qsmumigaﬁg.du!

sl 518 s Sy AT 0 () 35 Ll gt g Al ) s rlins o
Aol o iy 51 13 gas 7.2 (on IS ) (o 15 Jenl ) olae plina LG
s (A5 Slg) Jgisall gy

sda B9 7.6 O pH J) A1) Aiplis J&ig 7.2 (e S8 pH e addeil) b i<l el ala 3
addail) Lo ld ladal gl (e S dpast gz Uias Adlad)

sdada dd) (gdaa udigal) 3

90} -4 10
80 -4 20
70 - 30
60 - 40
- L
8 sof 150 §
X S
X S
" 40} - 60
30 -4 70
20 *-K _ (H7) (OCIN) - 80
i~  (HOCI)
10K, = 2.0 X 10~8 at 0°C -4 90
K, = 33 X 10°% at 20°C
0 1 ] N L ‘ 5100
4 5 6 7 8 9 10 11
pH
Dissociation of hypochlorous acid versus pH.

Oxidizing o daira salas sisl) d3leld J&5 pHJ) dad £ U5 ) g o W Cptly (Galead) niall (1
Juadl lo Jguanll Ao ) 1,0 e pH 293 (9% of Jualy il w4l 7)) JANy Biocide
Bl Ao il Gagady Wi L., Adeldll (Ll gz ) JA0 s AW (e Yl Eua (e gl
DAl Jana 350 8 Al Ay 4o B L)) pa ATY ., gmgdl aili JB LalS B ) jad) dq o i ) Lals
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% V¢ ool deld (8 pH 8.5 (e St ais g .., Ll duleld J&5 pH ) @l ) Lals
puSgall g daa golall Ay g
Sure each non Oxidizing biocide have its own character with pH, but most
of non Oxidizing biocides for organic chemicals and most reference not
indicate the effect of pH, but for example:

Biocide Mechanism Advantages Disadvantages
Isothiazoline Penetrates Effective on both Inactivated
cell membrane | bacteria and fungi, by sulfide
to deactivate persistent in system, | contamination,
enzymes synergism with concentrated
needed for cell | oxidizers, activity isothiazoline is a
to survive over wide pH range skin sensitizer
Glutaraldehyde | Crosslinking of | Very effective in Reacts with
two adjacent normal pH range halogens,
amino groups | of cooling water ammonia, and
in cell wall systems organic amines
proteins (but not quaternary
impairs cell amines), should
function not be applied in
systems with these
contaminants
or with oxidizing
biocides
2,2-dibromo- Reacts with Fast acting against Lack of
3-nitrilo cellular bacteria persistence, rap’ 6
propionamide | membranes hydrolysis at high
(DBNPA) and enzymes, pH (Fig. 21.19),
causing high cost relative
disruption to other biocides,
of cell less effective for
metabolism algae and fungi
Quaternary Binds anionic | Generally effective Can cause foaming
ammonium components of | against bacteria, and can inactivate
compounds cells and cell fungi, and algae, anionic polymer
(Quats) walls have surface-active dispersants
dispersing properties

i 3 i) 3 tane Cprtigal)
Aggls g (oS pH ) g Jilead) 918 Ll dpal (gl 5 518 50 (831 pH ) padds il sl
Hypochlorous acid (HOCI) sl (g 1S sasgd ASiiy g 4 4lS Ludi gy

Cl, + H,O = HOCI + H" + CI
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:Sodium hypochlorite
NaOClI + H,O = NaOH + HOCI
PH O Ao il (gl ) 18 saag ) 80 (e S (5 68 10 gl 0 ek

) oA Mgl (e dpuliall Ao al) daad B el Juaadl) L Al A S (5 AT B ey

dauliall de jall oot gl JIGS DB | LlalaB] ad ga i jnil Lilana dlalia (e 4 D | (5 i)
My Yy
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14 slassl) cile jal) Gl LS g & ) dalil) A8) 0 -25

sl Lo o i Hga¥) O OBy 0o s hdy L o2 B padl g Aadeal) JeS i puy
abl) il g (A JIA 9 B0l (B ALG @ gl g B e olia pa Jalal (Al |, Cead) @ e
2 adaill daliall s monitoring 4l sall culs (A || &yl g8 ) g8 88 4y by plUad] g asadil) g
LS try and error Uaddl s 4 glaad) fase of LaS ., cilanall 53 3gaY) dalia iy ., AradYl gl
chemical dosing < sbasSl) (s Jana daglia uagd LAGH Cad J15n ¥ (g slassl) g3lal) 3 Lt
cdy )l i sensor 33¢als Online monitoring Jéadl 4 cluldll (aey dla
Aall) e dga (o) AAIC a4y 90 B guay At Aplerall ClulEl cailag 138, dgad) Gigaa
oo Ol g (A1) J 98 55 g ) Aple Bablay o)

Sl dll Gy ., sl o) salll A8) ja |, )9l (oS5 AB) pa ., JSEY A o o Guaatic Ud
Adlral) g da gidall i gall aa Ay ghassl) e o) Gl Ay ., AT (Al Aglarall g 418a)

sleabidadt i) A4 )l8a

10 Aale 3y guay i) 34
Al gY) dallaal) Jal e (b o) dilpass ) ga (o] ddLa) S Make-up 433l ol -1
O Sk oo cadsl) b Ui agl 4180 e gl oay g ) JBT £ g 2l B pila -2
Alinal) o siil) sbaa 5 7 al) e slila (ha A JAT) olpall -3
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1 OSlal B8 (pa (5 el gall) Ll sluall i cula Al

LA E e e Aa A olaall g Addbad) slpall g (gl sliaS Bulk water bl aeal) -1
Lg Al Jalall (s e gl £ LI
Cold (Al pasall mhw g gdiadl mhad o 28l 7 9 G hal) o clie -2
(& ... Distribution deck g b g5l s gl ...basin
(W oy mhull o g Alal) gl ) 20l 30 A (5 08l mll 4y gllaal) aiBl) 8 134 g
Not available 4alis & diual gall o) Ary Jsaals NAJ) 4alSy .,

Recommended Target Values
Routine Treatiment of Cooling Water Systems

Agar Pour Microscopic
Parameter Dipslides Plate or scop
. Exam
Petrifilm
Ci:‘f“‘féf | <10000 | <10000 | Nohigher
I,, } CFU/mL CFU/mL life forms
Water)
ooese <100.000 | <100,000 | No higher
. CFU/em® | CFU/em’ life forms
(Surfaces)
: - - No higher
Deposits NA NA fe forms

Note: Results from dipslides, agar pour plates, or
Petrifilm are colony forming units (CFU per milliliter or
per square centimeter) of total aerobic heterotrophic
bacteria. Legionella bacteria are not detected by these
conventional plate count media. Microscopic
examination for the presence of higher life forms
requires a ftrained microscopist and specialized
MICTosSCopyY equipment.

¥ o Gl AU W, JaBd 045= ALl gl B oSl sl of ltey) B Adlg
S8 G ) B Lans 485 0495 () jaadl g
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Example of bacterial cultures from cooling
water system grown on an agar plate as part

of a DMA

14380 sall Jay o 985 gral 2

<l el Bas hawdai g aUall monitoring 48« Jars a8 software sy < sl gal g g
(3D IS5 el Jia L. Crupdall gl g i gSll (gl Al e Ledhiny (Sl JSU adlas)
W g (quild uid) il gdll g (g gudand) jand gal) Aa il o)) True sense gebixzg Trazar)
.softwared) gl

(b ABladl) ol glassl) 38 553 ORPS PH.3 81ua (s 2l g1l (8 (o IS sl 8 30 llia g
A sthaal) el 38 il ai il glasl) AdLaly o yal g ars g 7 sl

09048 o oy AN Cilull) CuilS ol Jadi Nla , (ull) g 480 yal) ey
s slhaal) aall e AiM) AN ~3aY) o) Al gil) (BT o gl ) -1
9 BaL3) sl dgas B Undd Aol 5u€ 5l @i g0 B asadll B QA dllia aslilly
make-upd! 33k ) <ol 5 (e Leakage quosd a0 Ly (Obali
Aadlal g cu el e (e CRESH Cpa Lin AN g 7 3laY) S i addild
tp sl s gL ) -2
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DR/890
COLORIMETER

PROCEDURES MANUAL

© Mach Compasry. 1997-300%, 20835, All tighs seserved Primsed i the US A e OVES 1000

Method 8009
ZINC (0to 3.00 mg/L Zn) For water and wastewater

Zincon Method” USEPA approved for wastewater analysis ~ (digestion needed; see Section 2)

ISR
PRGM - - %
)
(o) g v
ﬁ - -

1. Enter the stored 2. Press: 97 ENTER 3. Filla25-mL sample 4. Add the contents of
program number The display will show  cell with 20 mL one ZincoVer 5 Reagent
for zinc (Zn). mg/L, Zn and the of sample. Powder Pillow. Cap.
Press: PRGM ZERO icon. Note: Rinse glassware with Invert several times to

The displ ill sh Note: Total zinc requires a 1:1 hydrochloric acid and ~ completely dissolve the
€ display will show: 2 o

PRGM 2 prior digestion; use either :‘)""":"d paleg powflcr‘ i s‘nmplc‘

: the Digesdahl or mild e s GOBE TI0L thrn Crange. 55
Note: For most accurate digestion (Section 2). Note: If samples cannot be the note below.
results, perform a Reagent  Nofe- Adjust the sample to analyzed immediately, see  Note: Powder must be
Blank Correction using pH 4-5; see Sampling and Sampling and Storage. completely dissolved or
deionized water (see Storage following inconsistent results
Section 1). these steps. may occur.

Note: The sample should
be orange. If it is brown or
blue, dilute the sample and
repeat the test. Either the
zinc concentration is too
high or an interference

is present.

Caution: ZincoVer 5 contains cyanide and is very poisonous if
taken internally or inhaled. Do not add to an acidic sample.
Store away from water and acids.
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ZINC, continued

5. Measure 10 mL of
the orange solution into
another sample cell
(the blank).

'\

9. Place the blank into
the cell holder. Tightly
cover the sample cell

with the instrument cap.

6. Add 0.5 mL of
cyclohexanone to the
remaining orange
solution in the first
sample cell (the
prepared sample).
Note: Use a plastic
squeezer. Rubber bulbs
may contaminate the

cyclohexanone.

[ ZERO |

10. Press: ZERO

The cursor will move to
the right, then the
display will show:

0.00 mg/L Zn

Note: If Reagent Blank
Correction is on, the
display may flash “limit".
See Section 1.

7. Tightly cap the cell.
Shake vigorously for 30
seconds (the prepared
sample).

Note: The sample will be
red-orange, brown or blue,
depending on the zinc
concentration.

l\

11. Immediately place
the prepared sample into
the cell holder. Tightly
cover the sample cell
with the

instrument cap.

8. Press:

TIMER ENTER
A 3-minute reaction
period will begin.
Note: Steps 9-11 must be
completed within 10
minutes after the timer

beeps.

12. Press: READ

The cursor will move to
the right, then the result
in mg/L Zn will

be displayed.

Note: Standard Adjust may
be performed using a
prepared 0.50 mg/L
standard. See Section 1.

resled Zoka plall ae (uaigall 425 gals
Y Lgra il 300 Jolin Alal) gl 3 OH JamS sagd) 30 9 gL L (Y Aagand) Jana
(oY) luall) rust water sigs i pamsla JSEG g Ganall b o Ll (1
1 ) g
Tl 7 olsa (B i3 Landi filal
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Palintest

ORGAN O- Micro Titration Method
PHOSPHONATE

TEST FOR ORGANOPHOSPHONATE

0 —20 mg/l
IN COOLING WATER

The use of organophosphonate compounds as inhibitors in cooling systems
has become widespread in recent years. It is essential to monitor the active
organophosphonate content of the cooling water to ensure the treatment is
fully effective.

The Palintest Organophosphonate test provides a simple means of monitoring
organophosphonate levels over the range 0 - 20 mg/l. The test has been
developed for use with commercially available organophosphonate products
based on amino trimethyl phosphonic acid and hydroxyethane diphosphonic
acid-the two compounds most commonly used in these formulations.

Method

Organophosphonates can be titrated with thorium nitrate under acid
conditions using xylenol orange as indicator. Ordinarily this test suffers from
a number of disadvantages, particularly the poor colour change at the end
point and the very precise pH conditions which need to be established. The
latter often requires a separate pH titration to be carried out as a forerunner
to the main test.

These problems have been eliminated in the Palintest Organophosphonate
test which uses a special combined buffer-indicator tablet in conjunction with
standard thorium nitrate solution. The tablet contains a screened xylenol
orange indicator together with a buffer mixture which provides the correct
conditions for the test. This tablet eliminates the tedious pH correction
procedure and ensures an improved green to purple end point colour
change. A dechlorinating agent has been incorporated so that the test can be
used on systems also being treated with chlorine compounds.

Low levels of organophosphonate compounds are used and it is essential that
these can be accurately determined under plant conditions. This is achieved by
using standard thorium nitrate solution in conjunction with a direct-reading
titrator - a microburette directly calibrated in terms of organophosphonate
concentration. The titrator can be read to a precision of 0.4 mg/l.

319



Ao sl e ) lua AAS 5 3 ) dadi] 48) 1 sz 5 flys oS Jp due ltalie

Reagents and Equipment

Palintest Organophosphonate No 1 Tablets

Palintest Organophosphonate No 2 Solution

Palintest Titrator Tube, 10 ml (PT 648)

Palintest Direct-Reading Titrator, 0 - 20 mg/l (PT 378)

Method

1 Take a sample of the water under test in the Palintest titrator tube, filling to
the 10 ml mark.

2 Add one Organophosphonate No 1 Tablet, crush and mix to dissolve.

3 Fit the plastic tip to the end of the titrator then submerge the tip in the
Organophosphonate No 2 solution. Pull the plunger to fill the syringe.

4 Remove any air bubbles trapped in the titrator by inverting it and tapping
the barrel until the air bubbles move up to the tip. Expel the air by tipping
the syringe back to horizontal and depressing the plunger slightly. Note —
it is advisable to do this over a sink or suitable waste receptacle.

5 If required, submerge the tip in the Organophosphonate No 2 solution
again and pull the plunger to refill the syringe.

6 Adjust the plunger so the solution level coincides with the zero mark (Fig 1).
Insert the titrator through the hole in the cap of the titrator tube (Fig 2).

Gently depress the plunger on the titrator, adding the solution a drop at a
time and shaking the tube gently to ensure mixing.

9 Continue adding the solution until the colour changes from green to purple.

10 Observe the mark corresponding to the solution in the titrator (Fig 3). This
figure represents the active organophosphonate concentration in the sample
as milligrams per litre.

Notes

1 The results of this test are expressed in terms of mg/l (ppm) active
organophosphonate. Commercially available products are normally sold
as aqueous formulations with a given active organophosphonate content.
To calculate the dosage of commercial products required from the test
results, regard must be made to the active content of the product in use.

2 For most accurate results it is recommended that a blank be carried out on
the water without organophosphonate compound, or on the makeup water to
the system and the result of this test subtracted from the test reading obtained
with the cooling water. Substances reported to interfere with this test are
aluminium, polyphosphate, chelating agents and iron in high concentrations.
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3 Thorium is a naturally occurring element* which is carcinogenic. However,
the Organophosphonate No 2 solution is very dilute (contains less than 0.1%
thorium nitrate) and is not hazardous when used as instructed. Contact with
bare skin should be avoided. If skin contact occurs, wash thoroughly. Mop up
spills as soon as possible and dispose of wipes to waste. The contents of the
test tubes and any unused solution must be disposed of via a waste water
system (not into the body of water being tested). * Naturally occurring
thorium is weakly radioactive.

USE OF THE PALINTEST

DIRECT-READING TITRATOR
N /'
q 0
2
S
— 4

Fig 1 - Adjustreagent
level to zero mark

o
-

12

14

Fig 2 - Insert titrator into Fig 3 - Read result from
tube and add titrator mark
reagent dropwise V3-04/10
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Evaporation Rate: E = (RR x AT xEf)/Lv
Blowdown Rate: BD = E/((Cy-1))
RR = Recirculation Rate (m®/h)
AT = Temperature Drop across the Cooling Tower (°C)
Ef = Evaporation Factor ( kcal/kg/°C)
Lv = Latent Heat of VVaporization of Water (556 kcal/kg)
Cy = Cycles of Concentration
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REASONS

A reasonably accurate estimate of the volume of a closed system is required

for the following reasons:

1. The determination of the source(s) of air ingression.
2. The determination of the amount of glycol addition.

3. The determination of the amount of inhibitor addition.

METHODS

The following methods may be used to determine the volume of a closed

system:

1. Mathematical calculation.
2. Direct measurement.
3. Rule of thumb estimate.

4. Tracer addition.

Mathematical Calculation of System Volume

The mathematical method of estimating the volume of a closed system involves
the field measurement of the larger pieces of equipment in the system and the
use of established mathematical formulae, such as the following formula for the

volume of a cylinder:

V=0.0785 X d X (1)

where,
V  :volume of cylinder, litres
d : diameter of cylinder, cm

\ . length of cylinder, m

As one may expect, this method is very tedious and time consuming for large

systems, but it is simple and straight forward for small systems.
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Direct Method of System Volume Determination

The direct method of determining the system volume involves the use of the

water meter in the fresh water make-up line to the system.

The system is drained completely, the initial make-up water meter reading is
recorded, the system is filled to its operating level, and the final make-up water
meter reading is recorded. The system volume is simply the difference

between the two meter readings.

This method is an accurate method of determining the system volume, provided
that the system is completely drained initially. However, its disadvantage lies in
the fact that the system must be drained, thus exposing the wetted surfaces to

oxygen and causing corrosion.

Rule of Thumb Estimate of System Volume

The rule of thumb method of estimating the volume of a closed system involves
the use of proportional relationships between the capacities of certain key

pieces of equipment in the system and the total volume of the system.

That is, for closed hot water heating systems that are heated by a hot water
boiler, the estimated total volume of the system is determined by multiplying the
boiler horsepower by 10. For example, for a 50 hp boiler, the estimated total
system volume would be 50 X 10 = 500 USG.

Similarly, for chilled/hot water systems that are cooled/heated by a heat
exchanger, the estimated total system volume is determined by multiplying the
circulating pump capacity by 3. For example, for a circulating pump capacity
of 150 USG/min, the estimated total system volume would be 150 X 3 = 450
USG.

Although the estimated volume is determined very quickly with this method, it

should be considered to be only a "ball-park” estimate.
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Tracer Addition Method of System Volume Determination

The tracer addition method of determining the system volume involves the
addition of a measured quantity of unreactive foreign material to the system,
determining the tracer material concentration by chemical analysis, and

calculating the system volume by a mathematical formula.

The most common tracer material in use to-day is lithium chloride. It is very
soluble, it does not chemically react with other elements in the system water, its
concentration is reasonably easy to accurately measure, and it is readily

available.

A detailed procedure is presented overleaf, but generally, the system volume is
estimated, a calculated amount of lithium chloride is added to the system, the
lithium concentration in the system is determined by chemical analysis, and the

volume of the system is calculated.

This method of system volume determination is easy to implement, and it is

accurate.

PAGEG6
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Procedure for System Volume Determination by Tracer Method

1. Obtain a water sample of the system and determine the lithium
concentration initially in the system by chemical analysis;
2. Determine the estimated volume of the system by the mathematical or rule
of thumb methods described previously;
3. Determine the amount of lithium chloride addition as follows:
W =15.27 X V/P (2)
where,
W : calculated weight of lithium chloride, grams
V, : estimated volume of system, litres
P : purity of lithium chloride, %
4. Add the calculated weight of lithium chloride, or a known amount close to
the calculated weight, to the system;
5. After 2-5 days of system circulation, obtain a sample of the system water

and determine its lithium concentration by chemical analysis;

6. Determine the system volume as follows:

V,=1.637 XP XW/(C,- C)) (3)
where,

V, . calculated volume of system, litres

P . purity of lithium chloride, %

- weight of lithium chloride added, grams
C, - final lithium concentration, mg/l;
C, - initial lithium concentration, mg/I.
PAGE'7
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APPLICATIONS

Source(s) of Air Ingression

In order to reduce air ingression into a closed system, a positive pressure of at
least 5 psig is maintained at the top of the system by air addition to the
expansion tank. The required pressure is calculated as follows:
P=(HX04335)+5 4)
where,
P : static pressure at the circulating pump, psig
H : head of water to top of system, feet
OR,
PM = (HM X 9.805) + 34.47 (5)
where,
PM: static pressure at the circulating pump, kPag

HM: head of water to top of system, meters

The quantity of make-up water for a closed system should average less than
0.1% of the system volume per day. That is, for a 1000 gallon system, the
water make-up rate should be less than 30 gallons per month. This equates to
a sodium sulphite consumption of approximately 10 ml per month per 1000
gallons of water in the system. If the sodium consumption is considerably

higher than this amount, there is excessive air ingression into the system.

The tracer method of system volume determination may be used to determine

the source of this air ingression.

PAGES
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That is, if the difference between the lithium chloride concentrations on two
successive tests after it is added to the system is large, the air ingression is
caused by excessive water loss from the system, and the volume of this water
loss can be calculated. Alternately, if the difference between the lithium
chloride concentrations on two successive tests after it is added to the system
is small, the air ingression is caused by low system static pressure, faulty valve

& pump seals, faulty automatic air vents, etc.

Amount of Glycol Addition

The amount of glycol addition required may be determined by the following
formula after the volume of the system is determined:
G =V X (100/P) X (CD - CP)/(100 - CP) (6)
where,
G: volume of glycol to be drained & added, litres
V: volume of system, litres
P: purity of fresh glycol, vol%
CD: desired glycol concentration, vol%

CP: present glycol concentration, vol%

Amount of Inhibitor Addition to Glycol System

If the RA (100%) value is less than 9.0 in an ethylene glycol system, the
following equation may be used to calculate the first estimate for the amount of
inhibitor required to increase the inhibitor concentration:

| =1.75 X V/100

PAGED
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where,
I: volume of proprietary inhibitor, litres

V: system volume, litres

Similarly, if the RA (100%) value is less than 9.8 in a propylene glycol system,
the specific gravity, system volume, and phosphate concentration are required
in order to determine the correct amount of food grade dipotassium phosphate

to add to the system.
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Water Quality Guidelines

Water Treatment

A proper water treatment program, administered under the supervision of a competent water treatment specialist, is an essential

part of routine maintenance to ensure the safe operation and longevity of evaporative cooling equipment, as well as other system
components.

In evaporative cooling products, cooling is accomplished by evaporating a small portion of the recirculating water as it flows
through the unit. As the water evaporates, the dissolved solids originally present in the water remain behind and if not controlled,
the concentration of dissolved solids will increase rapidly. This can lead to corrosion, scale or biological fouling which may
negatively affect heat transfer as well as the longevity of system components.

*  Corrosion — Red rust on steel components and white rust on galvanized surfaces may affect the longevity of system
components.

*  Scale Formation — Scale, typically a calcium or magnesium based build-up, not only reduces heat transfer and system
efficiency, but also may lead to under deposit corrosion. If scale is not controlled, it may continue building on critical
components such as the fill and severely impact thermal performance.

* Biological Fouling — Slime and algae formations may reduce heat transfer, promote corrosion, and harbor pathogens
such as Legionella.

For more information on water treatment, please see the Filtration Guide section in the previous section.

i

Q/\
NOTE:

Since the quality of the ambient air and make-up water varies significantly from job site to job site, BAC strongly recommends obtaining the
services of a competent water treatment specialist prior to the initial start-up of the evaporative cooling equipment. Additionally, to protect against

the risk of Legionella contamination, never operate the cooling equipment without adequate biological control.

Corrosion and Scale Control

To control corrosion and scale, maintain the water chemistry of the recirculating water within the parameters listed in

Table 1 on the following page. The specific measures required vary from system to system and are dependent on the chemistry
of the make-up water, the metallurgy of the piping and heat transfer devices exposed to the recirculating water, and the
temperatures at which the system will be operating. Bleed/blowdown, the continuous flow of a small portion of the recirculating
water to a drain, is used to control the concentration of dissolved solids. On rare occasions, this may be adequate to control scale
and corrosion. More often, chemical scale and corrosion inhibitors are necessary, which raise the allowable level of dissolved
solids without the risk of scale and corrosion.

Keep the chemically treated water within the guidelines given in Table 1. In cases where bleed/blowdown alone is being
employed for corrosion and scale control without chemical treatment your water treatment specialist may recommend more
conservative limits than those shown in Table 1.

PRODUCT & APPLICATION HANDBOOK VOLUME v J253
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. TECHNICAL RESOURCES

Water Quality Guidelines

Recommended Levels for Various Materials of Construction

Trikrmor® Corrosion Protection

System or Type 316

Property of Water Galvanized Steel Thermesetting Hybrid Polymer Type 304 Stainless Steel Stainless Steel
pH 6.5 to 0.0 6.5 to 9.2 6.5t09.2M £.5t09.5m
Total Suspended Solids 25 ppm 25 ppm 25 ppm 25 ppm
Total Dissolved Solids (TDS) 1,500 ppm 2,050 ppm 2,050 ppm 2,500 ppm
Conductivity 2,400 (microohms/cm) 3,300 (microchms/cm) 3,300 (microchms/cm) 4,000 (microchms/cm)
Alkalinity as CaC0, 500 ppm™ 600 ppm™ 600 ppm™ 600 ppm™
Calcium Hardness as CaCO, 50 to 600 ppm= 50 to 750 ppm= 50 to 750 ppm=! 50 to 750 ppm=
Chlorides (CL) 250 ppm 300 ppm 300 ppm 750 ppm
Sulfates 250 ppm 350 ppm 350 ppm 750 ppm
Silica 150 ppm 150 ppm 150 ppm 150 ppm

Table 1. Quality Guidelines for Treated Circulating Water

Galvanized steel units require passivation in order to prevent white rust (refer to “Passivation”).
Hardness and alkalinity limits may be exceeded under certain circumstances. Consult your water treatment specialist for recommendations.

The conversion factor used to determine conductivity is 0.625 (TDS = 0.625 x Conductivity).

EVERTOUGH™ Construction units have a TriArmor® Corrosion Protection System basin.

The guidelines above refer to the materials used in construction. Different combinations of materials may be used on the same unit.

Water chemistry will change with operating temperatures. The recommended guidelines listed in Table 1 refers to water temperature at 95°F.

Chemical Treatment Requirements

Chemical treatment programs must meet the following requirements:

*  The chemicals must be compatible with the unit materials of construction as well as other materials used in the system
(pipe, heat exchanger, etc.).

s  BAC discourages acid dosing as means of scale control except for open circuit cooling towers with remote sump
applications or towers constructed from stainless steel. This should be done at a point in the system where total mixing
and dilution occur before reaching the evaporative cooling equipment. The preferred injection point for chemical
scale and corrosion inhibitors is on the discharge side of the system circulating pump(s). These chemicals should not
be batch fed directly into the unit’s cold water basin or water distribution system, as this can severely damage areas
directly contacted.

*  When chlorine is added to the system, free residual chlorine should not exceed 1 ppm, except as noted in start-up and
shutdown section. Exceeding this limit may accelerate corrosion.

1254 QUESTIONS? CALL 410.799.6200 OR VISIT WWW_BALTIMOREAIRCOIL.COM
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Passivation

When new systems are first commissioned, special measures should be taken to ensure that galvanized steel surfaces are
properly passivated to provide maximum protection from corrosion. Passivation is the formation of a protective, passive, oxide
layer on galvanized steel surfaces. To ensure the galvanized steel surfaces are passivated, the pH of circulating water should be
kept between 6.5 and 9.0 and calcium hardness between 50 and 600 ppm (as CaCO,) for four to eight weeks after start-up,

or until new zinc surfaces turn dull gray in color. If white deposits form on galvanized steel surfaces after the pH is returned to
normal service levels, it may be necessary to repeat the passivation process. In case the pH can't be kept below 8.2, a secondary
approach is to conduct a chemical passivation using inorganic phosphate or film-forming passivation agents. Consult your water
treatment specialist for specific recommendation.

NOTE: Stainless steel cold water basins and basins protected by the TriArmor® Corrosion Protection System or thermosetting hybrid polymer do not

require passivation. However, if the upper structure is galvanized steel, passivation is required. Closed circuit cooling towers and evaporative condensers
with galvanized coil require passivation.

Biological Control

The warm, oxygen and nutrient rich environment inside evaporative cooling equipment provides an ideal environment conducive
to the growth of algae, slime, and other micro-organisms. Uncontrolled, this can reduce heat transfer, promote corrosion, and
promote the growth of potentially harmful organisms such as Legionella. To avoid biological contamination and minimize the risk
of Legionella, initiate the biocide treatment program at stari-up and continue on a regular basis thereafter in accordance with
the treatment supplier's instructions. Bleed/blowdown or chemical treatment used for corrosion and scale control alone is not
adequate for control of biological contamination. Introduce solid or granular biocides through a chemical “pot” feeder installed
in parallel with the system circulating pump. Diluted liquid biocides may be added directly to the cold water basin.

Initial Start-up and Start-up Following a Shutdown Period

To minimize the risk of biological contamination during a shut-down period of three days or more, it is recommended that
the entire system (evaporative cooling equipment, system piping, heat exchangers, etc.) be drained. To resume operation of
a drained system and at initial start-up, clean all debris from the cold water basin and fill the system with fresh water. Then
execute one of the following biocide treatment programs while operating the circulating pump and prior to operating the unit
fans:

*  Resume treatment with the biocide that was used prior to shut-down. Operate the pump only while maintaining the
maximum recommended biocide residual for a sufficient duration (residual and time will vary with the biocide) as
recommended by the water treatment supplier. Start the fan only after this treatment period is completed.

*  (Check the pH of the circulating water and, if necessary, adjust it to 7.0 - 7.6 pH. Then, running the pump only, treat
the system with sodium hypochlorite to maintain a level of 4 to 5 mg/l (ppm) free chlorine (as CI,) over a six hour
period. Test kits for measuring the free residual of chlorine are commercially available. Start the fan only after this
treatment period is completed.

When it is not practical to drain the system during shut-down periods, install a by-pass line with shut-off valves to permit the
recirculating water to circulate throughout the system, including the unit basin, while bypassing the fill section of the evaporative
cooling equipment (fans should remain off). Treat the system as per one of the above-described methods prior to restarting the

unit. PRODUCT & APPLICATION HANDBOOK VOLUME v 255
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System Cleaning for Coil Products

This section is applicable to BAC Closed Circuit Cooling Towers and Evaporative Condensers only.

The outside of the heat exchange coil may require occasional cleaning. The chemicals used must be compatible with the
materials being treated. For example, the standard coil is galvanized steel on the outside. The inside of the coil is black carbon
steel. For finned coils, the coil cleaning must be careful not to damage the fins (outside of the coils) and the coils themselves.
For specific recommendations on coil cleaning, contact a qualified consultant.

Closed Circuit Cooling Towers

With proper precautions, prior to start-up circulate an alkaline solution which can be used to clean condenser water systems
through a closed circuit cooling tower. The necessary precautions include:

*  Limit the duration of the cleaning to one day or at the most two days.
*  The temperature of the solution should never exceed 100°F (37.8°C).
* The maximum concentration of chemicals in the circulation solution should not exceed any of the following:
- 5% Sodium Hydroxide
- 5% Sodium Metasilicate
- 2% Sodium Carbonate
- 2% Tetra Sodium Pyrophosphate
- 0.5% Trisodium Phosphate
- 0.5% Sodium Nitrate
- 5-10% Butyl Cellosolve

Evaporative Condensers

The installation and manufacturing processes commonly used for field assembly of steel-piped systems may leave weld
byproducts inside coils and connecting piping (especially in refrigeration systems). It is common practice to install filters and/
or strainers that remove contaminants during initial system operation. Shortly after system startup, the filters and/or strainers
should be cleaned or replaced.

Al (ONngoing control) saiwall aSailly mall LSy equipments izl o sl
dagia e 03 aly 2l o dug Aa Jesy o) g8 ililiy back flushing Jex
diliasst) Al

L R
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Corrosion rate = weight loss/ (surface area x time)
1 Allls ST Janal (il cafas ol dsudtly
mpy = mils per year = millimeters per year
mdd = milligram / decimeter / time (days)
sAdll) Adlaad) (e mpyJl JSUN Jara Glua ol
Corrosion Rate (mils per year, mpy) = 22.3 W/(D.A.T)
Where:
W = weight loss, mg,
D = density of the metal, g/cm?,
A = exposed area of coupon, in.2, and
T = time, day
Ulsalg .. oS oy sy 488 pal) laglarl] 89 (pa LT Ay (99 5800 4B gl Aalsall dnaily
Al Alalaal) (1a 8 pilaa Ganuand Eumy F Jalaa 053580 3
Corrosion rate = w x F x 1000/ days
: JST Jna (b .84 = Jalaall (1S5 a g3 30 (2 a1 s2ulle 0,04 OIS CJsY (38 Sidd
Corrosion rate =0.04 x 0.84 x 1000/30=1.12
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Alloy Density (g/cmd3)
Aluminum, 1100 2.71
Aluminum, 2024 2.78
Brass. Arsenical Admiralty 8.52
Brass, Aluminum Arsenical 8.33
Brass. Phosphorized Admuralty 8.52
Carbon Steel. Pipe Grade 7.85
Carbon Steel. 1010 7.86
Carbon Steel. 1018 7.86
Carpenter 20-Cb3 8.08
Cast Iron, Gray 7.19
Copper 8.91
Copper-Nickel. 90/10 8.94
Copper-Nickel, 70/30 8.94
Inconel 600 8.51
Incoloy 800 7.94
Incoloy 825 8.14
Lead 11.34
Monel 400 8.84
Monel K-500 8.47
Nickel 200 8.89
Stainless Steel. 304 8.02
Stainless Steel. 304L 8.02
Stainless Steel. 316 8.02
Stainless Steel. 316L 8.02
Stainless Steel. 2205 Duplex 7.80
Titanium. Gr. 2 & 4 4.54
Zinge 7.13

342



EXAMPLE

G558h) JLma) g JSU Jara (ulid

sl 25 Ay ol J e sl

: JSU Jana claat Las Jlia 13 g

A mild steel coupon weighing 10.9265 grams and having an exposed area of 2.96 square inches was
installed in a process on August 27, On November 13, after 78 days in the process. it was removed
and cleaned. The weight was found to be 10.5560 grams. From the following table. the density is found
to be 7.85 g.-"'cnf’. The corrosion rate calculation for the period is:

22,300x(10.9265 — 10.5560)

=456y <

falglaa Lad | 4,56 ad) uils dagiil) giled) JUally g 45 Las

:aY) J glaa s g AN J gaad)

7.85 x 2.96 x 78dayvs

Starting Point for Specifying and Quantifying Corrosion Rates

Interpretation of Corrosion Rates in Open Cooling Systems
Description | Rate (mpy) Comment®
Negligible <2.0 Excellent. Very difficult to achieve
Mild 2.0-40 Good. Acceptable for most situations
Moderate 4.0-6.0 OK. Probably adequate protection
High 6.0-8.0 Poor. Doubtful protection
Severe >10.0 Very poor. Probably unacceptable protection
For copper and brasses, the same comments apply if mpy is 10% of above rates.

“For closed systems, same comments apply if steel mpy is 50% of above rates.

Corrosion Rate Standards
Rating Rate (Mils/yr)
Poar >5
Fair 3.5-5.0
Good 2.0-3.5
Excellent 0.0-20
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Rate of corrosion
mpy

>5
3.5-5.0
2.0-35
0.0-2.0

10all Shadl i) AT Jgaa Vg

Sysom | MidStesl | CCWWAT":’Y' | Auminum | Stainless Steel | Comment
<10 | <0.1 | - | <0.1 | __Excellent Corrosion Rates
Cooling 1.0-3.0 | 0.1-03 - Good Corrosion Rates
Towers 30-50 | 03-05 | | - | Fair Corrosion Rates
>50 | >0.5 | - | >0.1 | Poor Corrosion Rates
<02 | <0.1 | <0.1 | <01 | Excellent Corrosion Raltes
Closed | 02-05 | 0.1-02 | 01-03 | - | Good Corrosion Rates
Loops | 05-10 ! 02-03 | 03-05 | = | Fair Corrosion Rates
>1.0 | >0.3 >05 >0.1 | Poor Corrosion Rates

*All corrosion rates in mpy

A good cooling water treatment program should be able to reduce corrosion rates to the
following generally accepted average levels reported as mil/yr:

Mild Steel 1to2 Copper Alloys 0.1to0.2
Aluminum 1to?2 Zinc 2to4

tO5ssl) L) e JUia g Ua (e clliada
@) Jira Al sbuall (385 Jguay W Craal dagaa A8y phay (5080 Jay i il Guay -
e Q52980 il QA Bae Al rack agada Jala aladind sy, (obral) Gl (b
1 AN o ol (e i b a5 481 22 (ol (ISR Y
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Amount of Glycol Addition

The amount of glycol addition required may be determined by the following
formula after the volume of the system is determined:
G =V X (100/P) X (CD - CP)/(100 - CP) (6)

where,

G: volume of glycol to be drained & added, litres

V: volume of system, litres
P: purity of fresh glycol, vol%
CD: desired glycol concentration, vol%

CP: present glycol concentration, vol%

1 sSalald) Gluad Liayi Jagl )11 138 ) B
http://www.nucalgon.com/glycolcalculator
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Propylene Glycol
% Volume | F ’ee(%,?:) Point % Volume Free(zo?: ;Domt

o +32 34 +4

1 +32 35 +2
2 +31 36 +1

3 +31 37 1

4 +30 38 3

5 +30 39 o
6 +30 40 6

7 +29 41 -8
8 +28 42 10
) +28 43 12
10 +27 44 -14
11 +27 45 _16
12 +26 46 18
13 +25 a7 20
14 +24 48 22
15 +24 49 25
16 +23 50 27
17 +22 51 29
18 +21 52 32
19 +20 53 _34
20 +19 54 -36
21 +19 55 _39
22 +18 56 _41
23 +17 57 _47
24 +16 58 50
25 +15 59 -53
26 +14 60 -56
27 +13 61 -58
28 +12 62 -60
29 +11 63 < -60
30 +9 64 < -60
31 +8 65 =< -60
32 +7 66 - 99 <-60
33 +5 100 -74
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[Ethylene glycol has generally low toxicity to aquatic organisms. Toxic
are above 1000 mg/liter. EC50s for growth in thresholds for microorganisms
micro-algae are 6500 mg/liter or higher. Acute toxicity tests with aquatic
invertebrates where a value could be determined show LC50s above 20 000
mg/liter, and those with fish show LC50s above 17 800 mg/liter. An
amphibian test showed an LC50 for tadpoles at 17 000 mg/liter. A no
observed effect concentration (NOEC) for chronic tests on daphnids of 8590
mg/liter (for reproductive endpoints has been reported. A NOEC following
short-term exposure of fish has been reported at 15 380 mg/liter for Growth]
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Cleaning of Stainless Steel

Routine Maintenance - Mild Cleaning

Simple pressure washing (of sheet metal components only), using household cleaners, detergents or ammonia annually (more
frequently in marine or industrial environments) will help maintain the finish and keep it free of atmospheric contaminants.

Minor Surface Dirt — Mildly Aggressive Cleaning

Use of a sponge or bristle brush with a non-abrasive cleaner is recommended. After cleaning, rinse with warm water from a
hose or pressure washer. Towel dry cleaned area and coat area with a high quality wax to provide extra protection.

More Aggressive Cleaning — Removal of Fingerprints or Grease

Repeat processes 1 and 2, then use a hydro-carbon solvent like Acetone or alcohol. As with any hydro-carbon solvent,
caution must be taken when using the product. Do not use in confined spaces or while smoking. Keep solvents out of
contact with hands and skin. Household glass cleaner, Spic n’ Span are other options for cleaners. After cleaning, towel dry
and apply a coat of high quality wax for extra protection.

Aggressive Cleaning - Removing Stains or Light Rust

If iron contamination or surface staining is suspected, immediately remove the stain or rust using a chrome, brass or silver
cleaner. The use of mild non-scratching creams and polishes are also recommended. When the cleaning procedure is
complete; use a high quality wax for extra protection.

Most Aggressive Cleaning - Removing Heavy Rust Deposits, Iron Contamination, Spot Weld Discoloration and
Weld Spatter using Acid

First try processes 1 through 4. If the stain or rust is not removed, the following should be used as a last resort. Rinse the
surface with hot water. Use a saturated solution of oxalic or phosphoric acid (10 to 15% acid solution). This should be applied
with a soft cloth and allowed to stand for a few minutes — do not rub. This acid should etch out the iron particles. Follow this
with an ammonia and water rinse. Rinse the surface again with hot water; coat with a high quality wax for added protection.
Use extreme caution when working with acids! Synthetic rubber gloves should be used, goggles and aprons are advisable.

DO NOT USE THIS METHOD IF THE UNIT HAS GALVANIZED STEEL COMPONENTS.
As a minimum, these guidelines should be followed to maintain and clean the stainless steel unit. When cleaning stainless steel,

NEVER use coarse abrasives or steel wool, NEVER clean with mineral acids and NEVER leave stainless in contact with iron or
carbon steel,
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Phosphoric Acid: Phosphoric acid will dissolve iron oxide without at-
tacking the other components of the steel (chromium and chromium
oxide, nickel, and iron).

Adle ABUSy (985 oA Tanal) pa Juadl (ST ey ) gl g8l) man (ha Ungl slibaal) (aea -2
Acetic Acid: The reaction with acetic acid is often slower than phos-
phoric acid and can be a better choice when the underlying corro-
sion/staining affect a larger percentage of the substrate.
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General Passivation Procedure

The following steps are the general passivation procedures for both Citric
and Nitric Passivation.

Initial Flush: The piping shall be thoroughly flushed to drain with water
(recommended velocity 5 to 10 feet/second), to assure removal of foreign
matter. Care should be taken to ensure that the piping is fully flooded. Wa-
ter of a quality comparable to the final usage of the system should be used
for flushing. The water usage estimate should be provided to plant engineer-
ing prior to start of flushing operations.

Water supply and waste drainage capacity for handing flow rates for the en-
tire passivation process shall be verified prior to the work being performed.
Caustic Cleaning/ Rinse: Contaminants on the stainless steel surface can
prevent contact with air or other oxidizing agent; therefore, the system shall
be detergent cleaned prior to passivation.

Cleaning procedures need to recognize the types and amount of contami-
nants on the surface to be cleaned. Keeping surfaces as clean as possible
during fabrication will make the final cleaning easier.

Acid Passivation: The piping shall be treated with a Nitric or Citric Acid
aqueous solution for a pre-determined duration, temperature and solution
concentration.

Final Rinse: Flush continuously with water of quality consistent with the in-
tended use of the system, until a pH check at all outlets of the system is with-
in 0.5 pH of the incoming flush water. The quality of the water to be used for
flushing shall be approved by the Process Engineer. The system shall be
flush continuously and shall not be re-circulated.

Documentation: For each piping section or circuit that is passivated individ-
ually, a passivation report shall be filled out. This report shall include in-
formation such as passivation method, step duration, concentrations, tem-
peratures, etc. This report should be filled out by the contractor executing
the passivation process.

391






o Aadaif b i g s (e JSLES sl 2l 5 Ay oy e il

1o i) dadad) B Sllia g Lia (e JSLda =30

1 il 710 olsa & (foam asd) 3680 ¥ il

1558 ) o sl ol Al A2Sial)

P i) 7 s ol (B i g pgd) Y B palddd) s AD Al
P i) 79 JA1D 213 ga olaa ¢ A ) AdSial)

1l b JSUiia shanaldl) LSl

1o sl olua (o8 ) QAR « ddload) ASEal)

s i) )l A ) ey Aagldd) AdSdial)

oLl sbaa ) g S8 Gy s Adlil) Al

1 il 7100 olsa (& (Foam asd) 3.5& ) 1 ¥ A<l

anih gy S Adana Ma ity cilhaal) 3a) (e da BT 3l oba B sl gl (s8i B
a8 oliall Overflow.g sl sall Jala o) sgdl B AALS g Ja grucal) L@ JSUiia Uil

I iy (e o)) Jibe JA02 1 5gd) 9 SR (e gand (s sa Al Foam asdl) g s sl 1)
Ay jal) Askaiall (o Le Jualyy 1o U ana Gl L. Jladl sl sgd) Balds 4010 dBh o
1asball s ole ) & ALY gl ., interface i slis ALl g

| - o™ > ©» Y
.o » * - U P O .
. . ‘.‘ " ‘ °
o. - -\ E,,
o ® . Ve - ©
& . -« ¢ " © ~"0‘
’.\0‘ ~ =)
- a -
>~ ’ %,
- »
o .




o Aadaif b i g s (e JSLES sl 2l 5 Ay oy e il

sl 3555 s

A Aad 4de) polar kd Jiw slally Non-polar (hé s slsedl of Jsii Ja¥) B
gy .. A agin g L. OBEIL Y Lagudand plaef el g g i, (Rllug A g
Lasic: olual) 5 and A1 .. Aol i) 5lally BliS, (s ¥ i ., (ool i gilly Uiy plal
(S $Lally AT g MR gl 13 . gl aa ASuilaia B b ()9S5 Lgilis S (b e le A
bd sl e 3adl b g elall adad) pgill S8y 438 dad p8 oS kb Ada £ e JaAAl) 1A
Qo QoSEd || Akl olially Jasy kel g 5l g olsall JAIA dgdagg (kb ) o) ged AAL
112 98" LY ¢ oS g slall JAa 40 g

s Aad B el 1) o gl () oS0 Aaglatal) AN 138 (38 — ALE B cady -yl g e Ay
Basin (Al pagal) b 098 ol gl il Ao iy z )

o A8 ) dnban g B | gl gl eSS B |, Sl jaaa o adind g gl N oda ol sl
bl e Ay Apan (1985 M8

1 ) ol g B (B a g8l (9SS Gulaad)
sliay W) 5 ) palaied 5 g8 0 odb g ... 51l oo (B adl) g olsal) qulliiy (3305 Al -]
1559 ol 23 9 Al 3ial) oluall ) ga (ha An LAY sluall i 5 1 Cilialh (e slsall (3315 Mic

BSagda 3ildy B A5 o) uli W] lad L6

(B addal) ade gl A oY) adiail) axe 2

:Chemical overfeed 4dLaall ey slasll 4 ja A B3l -3
Ml de ) glSun apiga Gl Jile p(gla) chy gl) asdl ued Ll Bah) M
JOUE Eua |, day Lad (5 g8 ) el Al A g pSual) Sl o oL B S 43Sy intake
trisiba (uala 53 (1 gall) o 51t gud S g )b (98 ) ) 518 sagd) 2a olial)

NaOCI + H20 - NaOH + HOCI

(15l Gl (e 038 ) g gibal) dslia b JAXT Y (5 gl& )1 13 gual) Cuad
oSl ya¥) il 1) (De-foamer) ash (Al dla) pa dugill) Ao Sl yefd 1dal)
Al gy M e g el pa gmad cBg sy 8585 L Wiy L, W sty sl ) lelad
(sl
Jd (e Ade Wiaad o quats Jly JSUl Balaal) il gal) Jia 5 AY) iy glassl) (any Ly
sthall e o dsaty dAdlia a5 13) (5 g8 ) ey JuS5a i s gilS

1) U el (uaigall i

1S i sl 89 duS5a 1 bl gy ABLia) i g8 3y ) 7w e (B JSAT (S Jadlly
i US g oaa ol Ay e Lo 80 cile L Alal B a sdl) L Bug g gall B (o sl Cludbua
Sl Al e JSUaa o) e (S Al o) S8 5 1Al slidl




3 Bl (b i 5 U (e Sl sl 2l 5 Ay oy e il

:0ver cycling W asall o JaSall @l g0 a3 B34 -4
3L ilag slall kel gl e JIEE AN #3WY) B0 A g2 SuS AN @l ga Bal)
deo ga . W rasall ) S @l aae Sl and L ABLGal) cilyglassl) S

S ol gl gl gy o

:Excessive suspended solids 4&ladl 3 gal) B 3345 -5
Ul LaS 381 Ja¥) 18 gk g ... (3 sadl g AVl Juaall o1 5gd) gl sy (3585 gl g
18 geally Las (813 sl p sl gl g Mash AN ABL) o Jb (e

sl AU (eaigal) ddd)1e
Glilae Jes Ao A3 8 Sl @90 Bl quew alkalinity & pHJ) i) ol el
b gl Jes Ao 858 O (Saal) (e g JSU g capen A1)

(A g 3 30) (> 5 gaal) gl Cllalae (pa 40EU 4 9ili Cilaiia -6
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The type of biocide which has the foam effect is ammonium salt biocide -
Quaternary ammonium salt for example
As i mentioned ammonium salts biocide cause the foam = Didecyl-Dimethyl-
Ammonium Chloride
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To avoid foam you can use Isothiazoline biocide type.
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Yes, But you can use it alone with keeping free chlorine 0.2 ppm and results
will be stable.
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Property G-235 Type 304 Type 316
Galvanized Steel Stainless Steel Stainless Steel

pH 7.0—-8.8 6.0-9.5 6.0 —-9.5
pH During Passivation 7.0—-8.0 N/A N/A
Total Suspended Solids (ppm)* <25 <25 =25
Conductivity (Micro-mhos/cm) ** = 2,400 = 4,000 = 5,000
Alkalinity as CaCO3 (ppm) 75 - 400 < 600 < 600
Calcium Hardness CaCO3 (ppm) 50 - 500 < 600 < 600
Chlorides as CI (ppm) *** < 300 < 500 < 2,000
Silica (ppm) < 150 < 150 <150
Total Bacteria (cfu/ml) =< 10,000 = 10,000 =< 10,000

“ Based on standard EVAPAK? fill

“* Based on clean metal surfaces. Accumulations of dirt, deposits, or sludge will increase corrosion potential

“** Based on maximum coil fluid temperatures below 120°F (49°C)

DH Cidi ) g aand] sen dualls Cudd o7 of 28555 3la | Sl ] Aasic] s 6, 2287 Lo, Lo Flisg
4 o)) Lpnalsd] da ol  NIpH ) dail de jad) 50U j AT of £ p0ill 5 4ilo 4

Ly ) (s Lallh gy puill 5 i) pidiS aasivn sbadl (o £ 5i o Of Ul e g ulosd] Joandls
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sl lgma g ) ol o oy ] ) tple oS 55 8y Gl 5 gl 5 Sl ]
cpsdls) o diola ) Linls

White Rust, Bright White Deposit, Shown With Gray Calcium Scale on Condenser Tube

o lad dey il SN J38 6 an ) Jaall 65T e glia i i LK 1Y) CUlS W) aaf Cuald 23
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Minimizes WHITE Promotes WHITE
RUST Potential RUST Potential
Q pH control between 7.0 to 8.5. pH levels less than 6.0 or greater

than 9.0

Calcium Hardness of 200-400 ppm

measured as CaCO3 Calcium hardness as CaCO3 less

than 100 ppm
Alkalinity of 200-400 ppm measured

as CaCO3 Chloride greater than 250 ppm,
Sulfate greater than 500 ppm
o Chleoride less than 250 ppm

o Calcium less than 50 ppm,
combined with high alkalinity

o Sulfate less than 500 ppm (300 ppm) and pH 8.3+
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White Rust Prevention

An Industry Update and Guide Paper - 2012

Presented By:
Association of Water Technologies (AWT)
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Warning and Disclaimer
This document is designed to provide infor-

mation regarding the subject matter presented.
It is produced with the understanding that neither
AWT nor the authors (or other contributors) is
rendering legal, medical, engineering, or other
professional services. Neither AWT nor the au-
thors (or other contributors) shall be liable for
damages, in any event, for incidental or conse-
quential damages caused, or alleged to be
caused, directly or indirectly, by the use of any
information disclosed in this document, including
the use of any recommendations, methods,
products, services, instructions, or ideas.

Forward

The Association of Water Technologies (AWT) is
an international trade association founded to
serve the interests of water treatment profes-
sionals and to advance the technologies of safe,
sound and responsible water treatment practice.
AWT is a non-profit organization providing edu-
cation and ftraining, public awareness, network-
ing, research, industry standards and resource
support. Association activities serve to benefit
members, as well as advance the arts and sci-
ences of the water treatment industry. Moreover,
AWT makes a commitment to the public as a
responsible steward of the environment.

The corrosion of galvanized steel components
commonly used in HVAC-related applications,
such as cooling towers and evaporative conden-
sers, may be referred to as white rust and the
consequence of white rust can be premature
failure of galvanized steel components.

20f 16

The on-going occurrence of white rust corrosion
of cooling-related components led the AWT
Technical Committee to create a White Rust
Project team and conduct a survey amongst the
AWT membership to assess the magnitude of
concern for white rust corrosion. A brief overview
of the survey results is as follows: white rust cor-
rosion was identified as a serious and prevalent
problem. It was identified that white rust corro-
sion occurs predominantly with newly construct-
ed/installed galvanized steel towers and related
cooling components. The predominant chemistry
parameter known to aggravate white rust is high
alkalinity/high pH, and is further aggravated by
low hardness (softened water) and/or elevated
chloride and sulfate concentration. It is known
that water treatment professionals have various
methods of prevention, but that these methods
are not always successful when alkalinity/pH,
chlorides, sulfates and/or hardness levels are
not maintained within the prescribed ranges.

Furthermore, the conclusions of the survey of-
fered the following: 1) white rust is a prevalent
problem and 2) the AWT organization should
prepare a topic update and guidelines to in-
crease awareness and promote prevention of
white rust corrosion of galvanized steel cooling
components. The intention of this publication is
to draw from and summarize published refer-
ences and anecdotal experiences into one cen-
tral document that will effectively present the top-
ic of white rust corrosion and its prevention. The
intended audiences for this document are water
treatment professionals, cooling tower own-
ers/operators, and architect/design and mechan-
ical contracting firms involved in the specification
and/or installation of cooling-related compo-
nents. Prevention of white rust corrosion can be
accomplished if all parties involved in specifying,
manufacturing, operating and maintaining galva-
nized steel cooling components work together.
Reference sources are provided for more de-
tailed information on the causes, cures and pre-
vention of white rust corrosion of galvanized
steel cooling towers and related galvanized steel
cooling equipment.
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Section One - Introduction and Background

Since the 1950’s, galvanized steel has remained
the principal material of construction for factory
assembled cooling towers and related compo-
nents. This fact attests to the cost-effectiveness
of galvanized steel, and when properly main-
tained this material can provide 20 years or more
life expectancy in cooling applications. However,
as noted in the Forward of this document, white
rust corrosion continues to be a prevalent prob-
lem that has led to many towers requiring prema-
ture replacement. White rust corrosion can re-
duce life expectancy significantly, in some cases
failure has occurred within a year or two of
startup. This has led to a growing trend of using
alternative materials of construction for factory
assembled cooling towers such as fiberglass,
plastic and stainless steel or hybrids of these two
materials along with galvanized steel. None the
less, galvanized steel cooling components still
remain the most common choice especially when
the decision is solely based on up-front cost for
cooling component material. One objective for
this document is to offer the reader some guid-
ance in determining what materials of construc-
tion might be best based on the water chemistry,
design, environmental and operational conditions
existing or expected.

Many documents dedicated to the discussion of
white rust corrosion have been published over the
last 10-15 years. Some publications®'' have re-
ported that changes to the galvanizing and finish-
ing process has increased the potential for white
rust, while other publications®°"'? refute this con-
clusion altogether and report that changes to the
water treatment and related cooling water chem-
istry has increased the potential for white rust.
Still other documents note that changes to both
the galvanizing process and the water chemistry
have increased the potential for white rust corro-
sion. There will be discussion of both these varia-
bles later, but briefly; there have been notable
changes to the galvanizing process and the water
treatment chemistry that have been driven in
large part by environmental restrictions and regu-
lations as well as cost-reduction initiatives. Also,
the intent of this document is to identify these
manufacturing and treatment changes and pro-
vide guidance for those who will consider pur-
chasing and operating a new galvanized steel
cooling component or have purchased and need
to operate an existing galvanized cooling com-
ponent.

White Rust

Galvanizing produces a coating of zinc-iron in-
termetallic alloy layers on steel with a relatively
pure outer layer of zinc.

Eta

(100% Zn)

/ 70 DPN Hardness
Zeta

(94% Zn G% Fe)
L~ 179 DPN Hardness
Delta

{90% Zn 10% Fe)
" 244 DPN Hardness

Gamma

{75% In 25% Fe)
250 DPN Hardness
— Base Steel
159 DPN Hardness

The zinc is anodic to steel and thus will provide
cathodic or sacrificial protection to any small are-
as of steel that may be exposed (i.e., scratches,
cut edges, etc.). Additionally, the zinc coating will
oxidize and provide a physical barrier in protect-
ing the bulk of the steel surface from any direct
contact with the environment. Since the wear of
galvanized steel in service is inevitable, it is fair to
say that with all things being equal, a thicker (as
measured by weight of zinc applied per surface
area) and more durable zinc coating inherently
will provide protection for a longer period of time.

White Rust may sometimes be interchanged with
the term Wet Storage Staining since they have a
similar corrosion mechanism. Wet storage stain-
ing is typically a pre-construction problem where
new galvanized steel sheet or parts are exposed
to a wet or moist environment because of im-
proper storage. Post-construction white rust is a
problem where the fresh galvanized surface is not
able to form a protective, non-porous basic zinc
oxide and typically the surface is partially wetted
or completely submerged in water. In both cases,
the deterioration begins when a localized corro-
sion cell is formed. The activity of such a corro-
sion cell/pit, results in rapid penetration through
the zinc coating to the steel.
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Under these corrosive conditions, the surrounding
zinc coating may be unable to protect the base
steel and consequently the corrosion will continue
to penetrate through the base steel.

White rust corrosion is often identified by the
white, gelatinous or waxy deposit that can be ob-
served. This deposit is a zinc-rich oxide, report-
edly 3Zn(OH); ¢« ZnCO; ¢ H,O and can be quite
similar chemically to the protective zinc oxide typ-
ically identified as a dull-gray passive oxide. One
critical difference between the two oxides is that
the white rust oxide is porous and generally non-
protective of the substrate, while the passive ox-
ide is dense and non-porous effectively protecting
the substrate from exposure to the environment.
Corrosion control of galvanized steel, as with any
metal, depends on forming and maintaining a
stable and passive oxide layer.

If the oxide is disrupted, repair is crucial. If the
oxide layer is constanily disrupted or removed,
general corrosion potential will increase or in the
case of galvanized steel, depletion of the zinc
coating will eventually occur. And if pitting corro-
sion occurs and is not mitigated, the life expec-
tancy of the component will be greatly reduced.

It is not the intention with this document to detail
the specific reactions and chemistry of white rust.
It is important to know that the specific mecha-
nisms and causes of white rust can vary from
system to system since there are a number of
variables (with various combinations and permu-
tations) that lead to white rust corrosion. One var-
iable is the galvanizing process; several changes
have been noted that have likely reduced the
window of tolerance of the galvanized steel to
white rust corrosion. Another variable is water
treatment chemistry, which has changed signifi-
cantly since the early 1980’s.
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The incidence of white rust corrosion can be
heavily impacted by water chemistry, especially
during the initial start-up operational period.

Having awareness as to how the galvanizing pro-
cess and water chemistry can impact white rust
potential is useful in obtaining a resolution or ide-
ally an avoidance of the white rust corrosion.

Galvanizing Processes

Hot dip galvanizing is applied to a weight per
square foot requirement, which can range from
light to heavy. The amount of galvanizing applied
may also be expressed in terms of thickness,
which will correlate with weight, i.e., light/thin to
heavy/thick. The hot dip coating actually alloys
with the steel and forms an integral zinc-steel al-
loy bond between the base steel and outer pure
zinc layer. The zinc oxide weight applied, the
thickness applied to the working surface and in-
teralloying are critical factors affecting galvanized
steel performance. Components manufactured for
cooling tower application may be manufactured
using a post-fabricated hot dip process or a pre-
fabricated hot dip process. Another consideration
for the galvanized coating relative to performance
is formability. Pre-fabricated hot-dip galvanizing
must allow for cold working to be done without
damage or fracturing of the coating. Some galva-
nized steel is not suitability for cooling wa-
ter/HVAC applications. The tower manufacturer
needs to ensure that the galvanized steel product
purchased is suitable for these applications.

Up until the 1960's, the predominant method of
galvanizing for manufacture of galvanized steel
cooling towers and other cooling components
was a post-fabrication hot dip process. This
method of hot-dip galvanizing (HDG) is still used
extensively for coating large structural parts (i.e.,
pre-fabricated cooling tower structural parts,
evaporative condenser bundles, etc.) and for
small miscellaneous parts. This zinc coating is
rough and heavy (1.5 oz./ft?) with an average
thickness of 3 — 6 mils applied to the exposed
surface (per side). The galvanizing process often
will include a water-based quenching step where
post-passivation is done, typically using chro-
mate. The chromate passivation provides pre-
operational protection of the galvanized coating.
The governing specification for post-fabrication
hot dip galvanizing is ASTM A123.
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Three cooling tower OEMs and one trade publica-
tion® report that the more common galvanized
steel product used today for cooling tower manu-
facture is the heavy mill galvanizing (HMG) pro-
cess.

This is also a hot-dip process, but instead of post-
fabrication & batch galvanizing, the raw, pre-
fabricated rolled steel sheet is put through a con-
tinuous galvanizing process. The galvanized
sheet roll still needs to be cold-worked by the
tower OEM for fabrication of cooling towers;
hence, this can be termed a pre-fabrication pro-
cess. The governing specification for pre-
fabricated hot-dip galvanizing is ASTM AB653 (al-
so, cooling tower components should meet a
G210 HMG classification). The HMG process will
produce a more uniform, thinner coating of zinc
and zinc-steel interalloy (relative to the post-
manufacture galvanizing process) with at least
3.0 mils thickness (2.1 oz./ft2) total or 1.5 mils
(1.05 oz./ft?) on each side. Aluminum may be
added primarily to enhance the corrosion re-
sistance of this thinner coating. Quenching may
be either an air-cooled or water-spray process.
Chromate post-passivation may be done or some
other form of pre-operational protection may be
used.

Electrogalvanizing is a third galvanizing process
where zinc is deposited on steel in a relatively
thin layer by a process of electroplating. There is
no interalloy layering with this process and the
weight of zinc applied is thin compared to hot-dip
galvanizing. Consequently, electrogalvanized
steel product would have a fairly short life expec-
tancy if used for the manufacture of wetted cool-
ing tower parts.

Experience indicates that both HDG and HMG
galvanized steel can provide reliable, long-term
operating service in a cooling tower environment.
However, as reported in at least two publica-
tions®'!, there are notable differences between
the HDG and HMG methods of galvanizing (and
resulting product) that can directly impact the ini-
tial tolerance to white rust corrosion and generally
impact the life expectancy of galvanized steel
cooling components. It should not be assumed
that all galvanized steel product has equal toler-
ance to white rust corrosion. For example, due to
more stringent environmental regulation, some
galvanized steel producers no longer use chro-
mate passivation while others have reduced the
concentration of chromate in their passivation
step.

Chromate is an excellent passivator of galvanized
steel and the reduction or elimination, in some
cases, of chromate is expected to increase the
vulnerability of the galvanized steel to white rust.

Water Chemistry & Treatment

A typical water treatment program is designed to
control scale, corrosion and microbiological relat-
ed problems that may occur throughout the cool-
ing cycle. The old standard of using chromate-
based treatments and acid pH control along with
a biocide provided excellent results. This treat-
ment and pH chemistry regime were favorable to
protecting and maintaining galvanized steel sur-
faces, but is long gone due to regulatory ban of
chromates in the 1980’s.

Today’s cooling water treatment programs have
been greatly influenced by several factors includ-
ing environmental restrictions, energy and water
conservation efforts, and the on-going focus on
increasing facility safety. Some specific factors
include:

e As noted, the USEPA ban of chromates in
cooling systems - effectively implemented by
the middle 1980's,

* A more recent and growing trend toward re-
ducing the concentration of phosphate-based
inhibitors,

¢ The use of acids has grown less popular due
to safety and handling concerns,

« [Efforts to conserve water and/or reduce oper-
ating costs have pushed many operations to
increased cycling of the water chemistry,

+ In many cases, the facility will modify the wa-
ter source to achieve higher cycles or use
poorer quality water sources, which are lower
cost and/or more plentiful.

Consequently, water treatment professionals
have adopted and supported these trends by
modifying the water treatment program. Today,
many treatments are using less anodic corrosion
inhibitors and have compensated with a higher
pH control range in order to provide effective cor-
rosion control and avoeid acid feed. Water soften-
ing has become a more common option to help
maximize water conservation. Unfortunately,
these trends have mostly been contrary to the
needs of protecting and maintaining galvanized
steel surfaces.
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The following section will highlight the needs for
the chemical treatment program and provide wa-
ter chemistry guidelines that can help ensure rea-
sonable life expectancy for all cooling system
components, including galvanized steel compo-
nents. The following section should also help a
prospective buyer (of a cooling tower) to deter-
mine if galvanized steel is an appropriate material
of construction choice.

Section Two - Prevention of White Rust

The discussion of white rust corrosion prevention
is presented to address the responsibilities of the
equipment OEM and that of the water treater
separately. It is critical that the personnel specify-
ing, purchasing and ultimately operating the cool-
ing system be educated on what the require-
ments are for the prevention of white rust.

If these requirements cannot be achieved, an
alternate cooling component material of con-
struction should be considered (see Section
Five).

Equipment Manufacturers’ Perspective

Cooling equipment OEMs have the responsibility
to manufacture a product that meets customer
and industry specifications. To help ensure the
product achieves life expectancy, cooling equip-
ment manufacturers have developed chemistry
and water treatment recommendations for cooling
towers and related equipment. The seller, buyer
and owner/operator needs to ensure that the in-
tended or existing conditions will be able to
achieve the manufacturer's recommendations.
The information to follow is extracted from several
cooling equipment manufacturer references. The
specific manufacturers whose documents were
reviewed are identified in the Table 1. Moreover,
these recommended operating ranges are sum-
marized in Figure 1 — Galvanized Towers Operat-
ing Ranges. This visually differentiates between
initial and routine service.
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Pre-Installation Handling Guidelines:

+ Abide by the American Galvanizers Association
recommendation to store galvanized metals
under dry conditions until it is placed in service
to prevent “wet storage staining”.

« Tower manufacturer publications may or may
not note if the galvanized steel is pre-
passivated with chromate. The manufacturer's
product should be pre-passivated with chro-
mate or some suitable alternative should be uti-
lized.

+ Several cooling tower OEMs note a need to
consider alternative materials of construction
(MOC) if system conditions are expected or
known to be harsh relative to galvanized steel.
The choice of cooling tower construction mate-
rials should consider corrosion resistance,
structural integrity and durability, desired
equipment life, and not just upfront cost. Stain-
less steel, plastic, fiberglass and epoxy coated
galvanized are becoming common alternatives
to galvanized steel, but at a higher upfront cost,
to gain improved equipment life.

Post-Installation Handling Guidelines:

+ All OEM publications reviewed indicate that the
potential for white rust corrosion is greatest
when the tower is newly constructed, having a
freshly exposed galvanized surface. All OEM
companies referenced below recommend the
tower be pre-passivated prior to putting any
heat load on the tower.

VAl OEM publications reviewed indicate that
proper water chemistry and chemical treatment
during initial tower start-up is essential to the in-
itial formation of a passive zinc oxide. In par-
ticular, alkalinity/pH control and the presence of
calcium hardness are emphasized.

N All OEM publications reviewed emphasize the
need to have a water treatment professional,
knowledgeable of the topic of white rust preven-
tion, involved in the start-up and operating pro-
cess.
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TABLE 1
COOLING TOWER MANUFACTURERS - RECOMMENDED WATER CHEMISTRIES

Parameter

BAC?

Evapco’

Marley'?

OEM Reference:

BAC Operating Manual

Evapco Eng. Bulletin 036A

Manual 92-114B

Passivation Duration:

4 to 8 weeks

4 to 12 weeks

Minimum of 8 weeks.

pH during Passivation: | >7.0 to <8.2 >7.0-<8.0 >6.5-<8.0

pH for Routine Service: | 6.5 to 9.0 suggested >6.0 t0 <9.0 No specific guide found
Hardness (as CaCO3): >30 ppm >50 ppm 100 — 300 ppm
Alkalinity (as CaCO,;): <500 ppm <300 ppm 100 — 300 ppm
Chlorides (as Cl ): <250 ppm <250 ppm No specific guide found
Sulfates (as SO4): <250 ppm <250 ppm No specific guide found
Conductivity: <2,400 uS <2,400 uS No specific guide found

Chlorine (as Free CL,):

<1.0 ppm as a routine

<0.5 ppm as a routine

No specific guide found

General Comments:

* BAC offers removal &
treatment recommenda-
tions for white rust.

e Critical to have a pas-
sivation plan and assigned
responsibilities prior start-up.

* Chromate rinse used
for HMG steel sheet.

NOTE: Cooling OEMs suggest that the system be initially treated with the maximum allowable level of a non-oxidizing
biocide and/or sodium hypochlorite (oxidizing biocide) to a level of 4 to 5 mg/l free chlorine at a pH of 7.0 to 7.6. This
recommendation is in place as a sound practice for bacteria control in cooling towers (see AWT Position paper on
Legionella Guidelines for further discussion of this important issue). Exposure of galvanized steel to elevated chlorine
level will increase corrosion potential of new, unpassivated galvanized steel and may damage passivated galvanized

steel.

Figure 1 - Galvanized Towers Operating Ranges
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Water Treatment Companies’ Perspective

Since the water treatment professional is often in
the position of being a unit operations consultant,
it is important they be aware and communicate
the established industry knowledge for maintain-
ing galvanized steel tower surfaces. Also, the wa-
ter treatment professional can help by communi-
cating (to the specifying company and/or the
owner/operator) the likely consequences when
these water chemistry and operating require-
ments are not maintained.

Too often the decisions dealing with design, in-
stallation and start-up of a new cooling tower and
related equipment are made without any or insuf-
ficient review and input from a qualified water
treatment professional. Consequently, the re-
quirements for a trouble-free, long operating life
of the galvanized steel tower are compromised.
In today’s competitive environment it is increas-
ingly critical that the owner/operator protect and
optimize their investment. Involving a knowledge-
able water treatment professional early on in the
review process will help minimize problems and
will help optimize the owner/operator's invest-
ment.

This section will discuss the critical considera-
tions a water treatment consultant should consid-
er and communicate during the tower-
preconditioning phase, during the routine operat-
ing phase and during any idle operation/lay-up
phase.

There are some basic established requirements
that ideally should be assessed before deciding
on the purchase/use of a galvanized steel tower.
These include: 1) raw water chemistry parame-
ters such as alkalinity, calcium hardness, chlo-
rides and sulfates, 2) will the makeup be sof-
tened, 3) can the galvanized component be iso-
lated from the system and 4) can the galvanized
surface be properly passivated prior to heat load
being applied. Generally speaking, if the existing
system conditions make it difficult fo effectively
accommodate the needs for maintaining galva-
nized steel, then one should reconsider the pur-
chase and installation of a galvanized steel tower.
Refer to Section Five in this document, which will
address alternative material of construction selec-
tion.
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Tower Preconditioning Phase Check List:

v Clean and passivate any newly installed cool-
ing system or component prior to or upon ini-
tial exposure to circulating water. Galvanized
steel surfaces have the same requirement to
be cleaned and passivated as other metals,
such as steel, but offer some special limita-
tions. During the initial startup phase is when
white rust is most likely to occur and conse-
quently impact on the life expectancy of the
galvanized steel tower or cooling related
component. The startup phase may last sev-
eral days to accommodate the “system”, but
passivation of the “galvanized component(s)”
may require several weeks to several months
to achieve desired results.

v Control pH/alkalinity during the initial expo-
sure of the galvanized surface to recirculating
water. between pH 7.0 to 8.0 being ideal.
Cleaners should be buffered to maintain pH
between 6.5 and 8.0. The water treater
should be capable of selecting an appropriate
cleaner, but typically a phosphate-based
and/or silicate-based cleaner is used. Specif-
ically, inorganic phosphates are typically used
for passivation. An acidic phosphate (such as
phosphoric acid) can aid the conditioning pro-
cess and help buffer the pH. Note each mg/L
of phosphoric acid, as PQ,, will neutralize
roughly 0.5 to 0.7 mg/L of bicarbonate alkalin-
ity. Phosphate addition can range from 10’s of
mg/L to 100’s of mg/L concentration. Howev-
er, one should consider calcium phosphate
deposition potential before applying the high
phosphate residuals.

Y Use an effective copper corrosion inhibitor
that will minimize the copper level in the recir-
culating water and complex any soluble cop-
per to minimize potential for re-deposition.
High copper levels in the circulating water can
re-deposit on metal surfaces, particularly gal-
vanized metal.

v Isolate the fresh galvanized surface from any
harsh solutions/cleaners. There may be pre-
existing parts of the system that require
strong acidic or alkaline conditions. Ideally,
the system design allows for the galvanized
equipment to be isolated and by-passed.
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v A minimum calcium of 30 to 100+ mg/L (as
CaCQ;) is desired to achieve proper pas-
sivation when using phosphate-based or
phosphate/molybdate-based treatments.
Temporary addition of calcium may be re-
quired (i.e., bypassing a makeup water sof-
tener or by addition of a calcium source).

v Halogen products should not be routinely fed
to exceed 1.0 mg/L free halogen (as Cl,).
However, it is understood that proper sanitiza-
tion may require up to 10 mg/L free halogen
as Cl, for a period of 24 hours. Passivation af-
ter sanitization may be required.

v Avoid starting-up a new unpassivated galva-
nized steel component with full heat load.
Heat load on the system during precleaning
and passivation should be minimized or ideal-
ly avoided to prevent concentration of salts
and minimize corrosion potential.

v Monitor the galvanized surface prior to and
during preconditioning. Monitoring should in-
clude as a minimum, visual inspection and
documentation. Monitoring may also include
trending zinc in the makeup and recirculating
water to assess zinc oxide pick-up. Corrosion
coupons or a corrosion rate probe have been
used with some success. Monitoring will be
covered in Section Five of this document.

Routine Operating Phase Check List:

Once the tower and system is precleaned and
passivated, the water chemistry and operating
conditions can be modified to accommodate pro-
cess needs. However, there will still be limitations
that should be considered for galvanized steel
components.

v The tower pH may exceed 8.0; however, it is
recommended the pH be increased slowly
(not all at once) to the intended target. A pH
of 9.0 is a desired maximum,; although some
tower treatments can allow a pH greater than
9.0 (consult with the water treatment repre-
sentative servicing the facility). If excessive
pH is identified as a concern, the own-
er/operator should plan to operate at lower
cycles or control pH/alkalinity with acid feed or
by dealkalizing the source makeup water.

Note operating at lower cycles is costly and may
be precluded due to blowdown limitations. Re-
quirements for proper handling, feed, and control

of acid are critical and must be considered to en-
sure operator and system safety.

v Control tower chemistry, considering treat-
ment capability, to minimize corrosion poten-
tial of steel, copper (if present) and galva-
nized steel. Care must be taken with the wa-
ter treatment not to harm the galvanized steel.

v Overfeed of phosphonates, polymers and
other chelating chemistries should be avoid-
ed. If the galvanized oxide is harmed, recon-
ditioning of the galvanized steel surface (as
identified in the preconditioning phase) may
be required. Remove white rust by reducing
the pH below 8.0, preferably to neutral pH,
and implementing an effective treatment
clean-up program (physical and chemical)
targeted for galvanized steel.

v Add maintenance chemicals ensuring they
are well mixed and diluted prior to contact
with the galvanized surface. As a rule, avoid
adding chemical treatment directly to the
tray/sump if constructed of galvanized steel.
In the case where system upsets may require
harsh chemicals to be used, the galvanized
component should be isolated from the water
circulation or an appropriate galvanized steel
inhibitor used.

v On-going visual monitoring of the tower’s gal-
vanized steel surface should be a service visit
routine. Other forms of monitoring may be
useful and will be covered later in this docu-
ment.

Idle Operating/Lay-up Phase Check List:

An “operating” system in many ways is much eas-
ier to treat and protect than an “idle” cooling sys-
tem and/or tower. However, for various reasons
cooling systems and/or cooling tower(s) will need
to be shutdown.

v Lay-up solutions should be buffered to main-
tain pH between 7.0 and 9.0. Excessive
pH/alkalinity can destroy the protective zinc
oxide and result in white rust corrosion. Note,
it is most common that the “coocling tower”
component will be drained during lay-up.

v Cleaning and passivation may be required to
accommodate special issues such as system
sanitization. For example, sanitization may
require high levels of halogen (i.e., > 10 mg/L
halogen, as Cly) after an extended shutdown.
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Repassivation may be required after the sani-
tization.

v If at all possible, water circulation through the
system should not be shutdown. Ideally, by-
pass the tower completely or least by-pass
the tower fill.

Section Three: White Rust Treatment Basics

Evolving Technologies

Most water treatment professionals have access
to conventional inhibitor technologies capable of
maintaining low steel and copper corrosion rates.
These conventional technologies are often ade-
quate where galvanized steel is used if the galva-
nized steel surface has been properly seasoned.

Some newer technologies are being used and
have been promoted as having enhanced capa-
bility to protect galvanized surface®'®. It should be
the goal of the general water treatment communi-
ty to gain a better understanding of these tech-
nologies and to continue to develop promising
technologies for galvanized steel. This section will
review the basis for some of these technologies.

Common Treatment Approaches

The management of white rust in process water
can provoke a wide range of treatment approach-
es. While no one approach is considered stand-
ard, three primary treatment themes emerge
when field practices are examined: Passivation,
Water Chemistry Control and the use of Reactive
Inhibitors. Passivation and Water Chemistry Con-
trol have already been addressed in Section 2.
The two approaches remain the most commaonly
used concepts in mitigating or at least controlling
white rust. Reactive inhibitors represent the use
of treatment concepts that reportedly mitigate or
control white rust and broaden the operating
chemistry window tolerable to avoid white rust.

Reactive Inhibitors

Reactive inhibitors refer to those chemical com-
ponents that are specifically added in order to
limit the reactions involved in the formation of
white rust. As opposed to protective film for-
mation or water chemistry control, reactive inhibi-
tors are designed to either slow anodic or cathod-
ic reactions or complex with zinc ions as they are
liberated from the metal surface to prevent sub-
sequent reaction with free carbonate and hydrox-
ide ions.

Following there are two primary chemical ap-
proaches that will be reviewed reportedly capable
of controlling white rust with reactive inhibitors.

The first approach is analogous to that of control-
ling mild steel corrosion where blends of common
inhibitors such as molybdate, phosphate, phos-
phonates, polyphosphates, zinc and/or other
compounds believed to work are added to the
system using proprietary formulae. There are var-
ious reports, industry papers, patents, etc that
show data claiming efficacy for such treatments.
While it is not the position of AWT to endorse any
specific treatment, the approach of limiting anodic
and/or cathodic reactions involved in the destruc-
tion of the galvanized surface is a valid approach.
However, there does not appear to be a consen-
sus or even a leading series of guidelines within
the water treatment community to support a par-
ticular combination of inhibitors or formula.

The second approach is the use of strong ligands
to react with solubilized zinc to form a complex
that has limited or no reactivity with hydroxide or
carbonate ions. One class of chemicals with re-
ported success is dithiocarbamates.

Dithiocarbamates are sulfur compounds prepared
from the reaction of amines with carbon disulfide.
The resultant dithiocarbamate compound can
form highly water insoluble complexes with most
transition metals. Because of this property, dithio-
carbamates are well suited to complex with zinc
ions at the water/surface interface and limit the
ability of the metal ion to subsequently complex
with either hydroxyl or carbonate ions that are
necessary to form white rust. The specific com-
position of dithiocarbamates can vary widely de-
pending upon the starting amine and, as such, a
range of dithiocarbamates have reported efficacy
in the literature. The addition of other compounds
such as phosphonates and molybdate are report-
ed to show significant improvements over the use
of dithiocarbamates alone.

Section Four - Removal & Repair of White Rust
Removal of White Rust

Whether or not to remove the White Rust?

As noted, white rust corrosion is characterized as
a localized/pitting type corrosion and identified by
characteristic white, waxy tubercule-type depos-
its.

10 of 16

428




oauyl jaall

sl 25 Ay ol J e sl

However, not all white deposits found on galva-
nized steel surface are due to white rust and not
all deposits, including zinc-rich deposits, will re-
sult in localized/pitting corrosion.

Consequently, it is incumbent of the own-
er/operator, with guidance from the water treat-
ment professional, to determine if the deposits
are better left alone or if removal is required.

Evaluation can include any or all of the following:

e Deposit analysis — determine the inorganic
content. It may be the deposits are calcium-
based and not zinc oxide.

e Physical inspection of the surface under the
deposits — investigate to determine if there is
pitting corrosion resulting beneath the depos-
it. Consider leaving the deposit alone if pitting
is not observed.

e Age of the equipment and of the deposits —
the deposits may be doing more good than
harm. A tower that is far along in life expec-
tancy with white rust that has been present for
years is probably better off left alone.

Mechanical Cleaning Methods:

Virtually all information recommends the removal
of the white rust by brushing with a stiff (non-
metallic) bristle brush and then coating the dam-
aged areas. If the white rust build-up is light or
spotty, it should be easily brushed off to allow for
the formation of the protective zinc oxide. This
process can be enhanced by the addition of inor-
ganic phosphate or by the reduction of the
pH/alkalinity during the repassivation step.

Chemical Cleaning Methods:

In mild cases the area should be brushed (using
a stiff non-metallic bristle brush) with a mild
cleaning solution. Severe cases may require mul-
tiple applications of a more concentrated cleaning
solution along with brushing. Phosphoric acid is
an excellent choice, although other acids such as
acetic, glycolic or citric acid have been used with
success.

Care should be taken when using these other ac-
ids since they can chelate the base zinc coating.
Overzealous application of such chelating agents
may strip the zinc coating from the steel surface.
Follow the cleaning process with a thorough wa-
ter rinse.

Repairing Damaged Galvanized Surfaces

Re-galvanizing with Zinc-Rich Paints:

¢ ZRC Worldwide
ZRC Cold Galvanizing Compound

e Sherwin Williams
Zinc Clad Xl

e Benjamin Moore & Co.
Epoxy Zinc Rich Primer CM18/19

Non-galvanic finishes

e Belzona, Inc.
Belzona 1111 Supermetal
Belzona 5811 Immersion Grade

e Benjamin Moore & Co.
Coal Tar Epoxy M47/48
Low Cure Epoxy Mastic Coating M45L/46

« PPG Industries
COAL CAT® Amine-Cured Coal Tar Epoxy
COAL CAT® Resinous Cured Coal Tar Epoxy

Please Note.: The above list of manufacturers is
not meant to represent a complete list of coating
suppliers nor is meant to be an endorsement of
these products.

Application Guidelines:

To achieve reasonable performance from the
post-installation finishes, it is critical to properly
prepare the surface. This will require removing
debris and deposits, cleaning the base surface
(typically with a phosphate-based cleaner) and
repairing any areas where failure has occurred.

The surface should be dry before applying the
finish. There are products that may be applied to
a wet surface; however, results are usually tem-
porary. Best results will typically be achieved by
having a professional, experienced in this trade of
metal surface finishes, perform the task.

Application instructions will vary somewhat
among manufacturers - the basic steps are:

1. Remove sealing compound from corners.

2. Sandblast surface to near-white profile. Grind-
ing the surface and wire brushing the rusted
areas may be acceptable, but not as effective
as sandblasting.
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3. Completely remove debris, clean and dry sur-
face - use fans to promote faster drying.

4. Apply coating according to manufacturer’s in-
struction; typically two coats are required to at-

tain a minimum desired dry film thickness.

. Allow fully coated surface to dry/cure for speci-
fied time period (it can be as shortas 1 to 3
days and as long as 14 days with zinc-rich
paints). In some cases, application and curing
times may be accelerated — check with coating
manufacturer.

Notes:

1) Zinc rich compounds require extended cure
times (up to 14 days) in order to provide the best
possible performance.

2) The most important factors for the success of
paint systems are adhesion and continuity — and
in the case of zinc-rich paints, electrical conduc-
tivity.

Continuity of the paint systems is extremely im-
portant for carbon steel, since pinholes and other
imperfections quickly become rust pits. Zinc-rich
paints must be electrically conductive in order to
provide cathodic protection.

3) Surfaces to be reconditioned, which will be
subject to immersion should be prepared in ac-
cordance with Near White Metal Blast SSPC-
SP10.

Refer to ASTM Section A 780 for details on these
and other approved repair methods for galva-
nized steel surfaces.

Leak repair

Quick fix (for sump/pan area): insert a stainless
steel bolt through the hole with a rubber gasket
on each side of the affected area. The use of tar
or an epoxy can help seal this type of repair. For
larger areas use a piece of plastic sheet, fasten
with rivets and use tar or epoxy to achieve a seal.

Long term repair (for sump/pan area): some cool-
ing tower OEMs will provide a retrofit fiberglass
basin. The cost of the sump insert is not a signif-
icant expense, but the cost of installation can be
expensive since the tower may require partial
dismantling.

Section Five - Monitoring for White Rust

Historically physical inspection, mass balance
and galvanized steel coupons have been used to
ascertain if white rust corrosion of galvanized
steel was an ongoing problem in cooling towers.
This section will provide some thoughts and guid-
ance to the value and methodology nuances of
each.

The simplest method of monitoring is visual ob-
servation of the galvanized surface. Physical in-
spection of cooling towers for white rust has
proven to be fairly reliable in that white rust forms
an easily identified soft white, waxy deposit on
galvanized surfaces which when removed shows
a definite area of attack on the metal surface.
However, visual inspection is not preventative or
proactive and it may not allow for the detection of
zinc coating loss, unless gross loss occurs.

Standard mass balance analysis of cooling wa-
ters to determine if a white rust problem is occur-
ring is generally not usable as the corroded zinc
will deposit as corrosion product (i.e., white rust)
and thus is not measured in the cooling water.
The exception to this is where sufficiently aggres-
sive treatments are used such that zinc is dis-
solved into cooling water. This may occur during
the initial start-up phase, routine operational
phase or during post-operational cleaning events.
In these cases, measuring zinc in the makeup
and recirculating water (and factoring tower cy-
cles) to determine zinc pick-up can help monitor
zinc oxide stability. For example, based on zinc
measurement (i.€. ZiNCpiowgown/ZINCmakeup), ONE Can
determine if zinc pick-up is occurring at the ex-
pense of the galvanized steel surface. It is ex-
pected that zinc oxide pick-up may be high to
start, but it should level off with time and eventu-
ally approach theoretical tower cycles. Note, this
monitoring method will not be effective if zinc is
fed as part of the treatment program.

Corrosion coupons and to a lesser extent corro-
sion probes outfitted with zinc coated tips have
long been used to monitor for white rust corro-
sion. Two material options to consider when us-
ing corrosion coupons are hot dip galvanized
steel or pure zinc corrosion coupons.
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Table 2 — Example Coupon Data

Min. & Max Range,
Makeup Water mpy loss Average,
Quality, mg/L - mpy loss
Min. Max.

TH <5, TA 91 549 32.55 11.62
Galvanized Coupon 1.35 8.03
TH 75, TA15 2.00 5.83 3.09
Galvanized Coupon | 0.49 1.44
TH 44, TA 52 1.53 3.98 2.65
Galvanized Coupon 0.38 0.98
TH 241, TA 235 1.9 5.7 3.23
Galvanized Coupon 0.47 1.41

Data is strictly provided as example.

The field data shown is provided as an example to
highlight the difference in data obtained from pure
zinc coupons versus the HDG coupons. It sug-
gests that because there is less zinc to be re-
moved from the HDG coupon as compared to a
pure zinc corrosion coupon that under the same
conditions the reported metal loss will be lower
(perhaps understating the actual corrosion result).

There also needs to be some rational given as to
when this monitoring approach is best suited. For
example, the use of corrosion coupons is ideal
when monitoring galvanized surface during sys-
tem start-up and pre & post operational cleaning
events. Furthermore, this monitoring method will
work well when using “reactive” white rust inhibi-
tors as part of a maintenance treatment regiment.
However, there are some practical issues that
need to be considered when using zinc-based
coupons to monitor a maintenance treatment that
does not employ a “reactive” white rust inhibitor
regiment. For example, if the coupon is not pre-
passivated, then the water chemistry of the circu-
lating cooling water will have a predominant affect
on the coupon regardless of what affect the same
water source may have on the actual zinc sur-
faced equipment. This is because an already
“passivated” galvanized metal surface is more
tolerant of a broader chemistry window. An un-
passivated zinc-based corrosion coupon exposed
to water chemistry under heat load, operating
conditions will demonstrate white rust, but will not
necessarily reflect accurately what is happening
to the equipment that has been passivated.

As with all corrosion coupon data, this coupon
data needs to be evaluated in the context of other

data sources and over time as a trend for each
individual operating cooling system.

In the absence of any formally presented data, it
is still unclear how to fully interpret the result of
zinc-based corrosion coupon data. There is an
AWT reference'” that offers a good overview of
best practices for corrosion coupon monitoring.
This same project committee is currently looking
to establish a specific performance rating system
relating to galvanized coupon corrosion rates.
Once complete, that specific data will be provid-
ed.

Section Six - Alternative Materials

This section will endeavor to provide some guid-
ance on whether the (cooling) system conditions
represent a high risk for shortened life expectan-
cy (see figure 2) and will offer suggestions on al-
ternative materials (see Table 4). Included is a
summary of the basic features and benefits of
alternative materials and some review of their lim-
itations. The most popular alternative MOC
choice to galvanized steel cooling towers and
evaporative condensers is a hybrid of stainless
steel/galvanized steel or all stainless steel (ex-
cluding fill, distribution nozzles and louvers). Fi-
berglass and plastic are gaining somewhat in
popularity, but are still a high cost option, espe-
cially when structural integrity is fortified.

Selection of Galvanized Steel Material

The decision tree shown on the following page
will offer guidance as to whether galvanized steel
should be selected. This decision tree is simply a
guide and should not be used to draw absolute
conclusions as to whether galvanized steel MOC
is the right choice or the wrong choice for a par-
ticular application.

Table 4 that follows offers a basic overview of the
alternative materials one may want to consider if
the risk assessment guide suggests that galva-
nized steel is not appropriate for existing or ex-
pected application conditions. Each of the alter-
native materials may have advantage(s) over gal-
vanized steel; however, the reader is encouraged
to pay close attention to the limitations noted for
these alternative materials as well.

When in doubt, it is best to consult with one or
more tower OEMs and water treatment consult-
ants.
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FIGURE 2
Decision Tree - Okay To Use Galvanized?

Startup and
operating

chemistries meet
specs naturally?

Will pH meet target
specs naturally?

pH can be
adjusted to meet
target specs?

Startup and operating
chemistries can be

No
Co::si_dn:r e Considsr alternats
matersa material

Table Summary:

As one might expect, tower materials with longer
life expectancy will tend to have a higher relative
cost. Galvanized and epoxy coated galvanized
steel towers have the lowest life expectancy, but
offer a relatively low-cost option.

If conditions are abusive, the life expectancy of
any of the materials shown above may be short-
ened. However, it is fair to say that the more ex-
pensive materials are more forgiving. It holds
true that galvanized steel has a narrower window
of tolerance.

Epoxy coated galvanized steel is offered by one
QEM. The OEM claims that the epoxy coating in
combination with the base galvanized steel effec-
tively protects the base steel substrate. If the
epoxy coating is disrupted the exposed galva-
nized steel will become quite anodic (corrosion
will be localized to this small exposed area) and
white rust-type corrosion is likely to occur.

Consequently, the epoxy coated galvanized steel
is considered to be only a minor upgrade at best
from galvanized steel.

The seller and buyer should inquire with the
manufacturer as to whether this epoxy coating
can effectively expand the window of tolerance
for operating and chemistry conditions considered
to be non-conforming for galvanized steel.

adjusted to meet specs

Tower will not be
exposed to harsh
chemicals?

Tower can be
isolated from harsh
chemicals?

Consider alternate
matserial

Stainless steel is among the fastest growing al-
ternative materials used, replacing galvanized
steel. A stainless steel hybrid with galvanized
steel is a common trend as well. The hybrid tow-
er considers the structural components of signifi-
cant vulnerability for galvanized steel and replac-
es these components with stainless steel. Stain-
less steel can be vulnerable to chloride pitting
and to stress corrosion cracking (although chlo-
ride tolerance is typically greater than that re-
quired for galvanized steel). Stainless steel type,
temperature, chloride concentration and surface
cleanliness are all important factors when using
this material.

Fiberglass continues to gain ground as an alter-
native material, but cost remains an issue and
structural integrity can be a limiting factor to size
of cooling application. Relatively new manufac-
turing technique for high-strength structural com-
ponents will address the structural integrity issue,
but cost continues to be an issue.

Wood and concrete materials remain common-
place in medium-sized to large cooling towers
applications. However, these materials are not
commonly used as an alternative to galvanized
steel. Wood has been a viable alternative in the
past for smaller cooling applications, but wood
material is not readily available today and wood
has a fire concern.
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Material Type & Uses

Life Expectancy
(expected
Vs.
theoretical)

 TABLE 4

Cost Factor
(galvanized = 1.0X)

Limitations/Comments
(ease of use)

Ceramic

« Weight can be an issue

- Louvers
- Evap. condenser

- Tower structure 20+ Vs. 30+ 2.5t0 3.0X+ « Fill more prone to fouling
. years
- Towerfill
Fiberglass/Plastic « Prone to UV degradation
- Tower structure « Structural integrity can be a
- Dist. deck & basin 15-20 Vs. 25+ zgszxgirt:%a‘!:;gg:r limitation to size
- Towerfill & louvers years ’ - : « Fastener material can be a
structural integrity weak link
« Generally easy to fabricate
Wood » Availability of wood product
- Tower structure 20+ Vs. 30+ 3.0X+ « Prone to MB degradation
- Tower fill & louvers years ’ « Can be fire hazard concern
- Distribution deck
Stainless Steel « Avoid high chlorides
- Tower structure 15'206\55 25+ 1.8X to 2.0X « Keep surface clean
- Distribution deck y « Generally easy to fabricate
Concrete _ « Weight, roof-top installations
- Tower structure 20-25Vs. 30+ 3.0X+ « Rebar corrosion
: years
- Tower basin « Generally easy to use
Epoxy Coated « Maintain coating to protect gal-
Galvanized Steel vanized surface
- Tower structure 10-15 Vs. 20+ 11X to 1.9% « Avoid high chlorides and sul-
- Dist. deck & basin years ; ; fates
-  Louvers « Typical coating life is 2 to 10
years per AWT survey
Galvanized Steel « Prone to white rust
- Tower structure ~ « Proper startup conditions are
- Dist. deck & basin 10 \;2&155 20 1.0X critical

« Avoid chemistry upsets.
« Generally easy to fabricate
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Basic of cooling towers by Yasser Badr 2018.

Basic cooling water treatment principles by John Cowpar.

Best management practice and guidance manual for cooling towers (by JEA).
Cooling water treatment ""principles and practice' by Colin Frayne.

Cooling water treatment (by Nalco).

Cooling towers and salt water (paper published by SPX cooling technologies).
Cooling water by Bureau of Energy Efficiency.

Cooling tower seminar and workshop by Nalco.

Corrosion coupons weight loss analysis by Metal Samples Company.

Corrositivity of water in the absence of heat transfer (Weight loss method). ASTM D
2688.

Calculation and adjustment of Langelier Saturation Index for reverse 0osmosis.
ASTM D 5739.

Cooling tower water management by ProChemtech international.

Corrosion inhibitors: principles, mechanisms and applications by Camila G. Dariva
and others.

Cooling tower modification for intermittent operation by William S. Midkiff.
Cooling water control program (by Dr.Soliman Emara — Ensol).

Counter-flow evaporative condensers (Evapco).

Corrosion inhibitors — principles, mechanisms and applications by Camila
G.Dariva.

Cooling product testing and control by Dave Christopersen ,CWT.

Calculation of effect of cycles of concentration on amount of makeup water neces-
sary for sea water cooling towers at Diablo Canyon Power Plant (Bill powers)
Cooling water problems and solutions (A.Bhatia).

Corrosion , fouling and scale formation in sea water cooling system , a case study
with reference to scaling problem of NTPV-Simhadri unit # 3 (By P Ghosh).



Cooling water system control by (Ch: Ahmed Adel Sherif).

Cooling water (GE power systems).

Cooling tower fundamentals by Marley.

Chilled water treatment by Mohammed Afifi.

Code of practice for water treatment service providers (Cooling tower systems)
[Public health group- Victoria].

Corrosion Coupon Rack installation, operation manual (Pulsafeeder).

Cooling water management: basic principles and technology by Timthy Keister,
CWT.

Chemical Water Treatment Recommendations for Reduction of Risks Associated
with Legionella in Open Recirculating Cooling Water Systems by Betzdearborn.
Factors that impact scale inhibitor mechanisms by Lorraine Scott Boak.

Fouling during the use of sea water as coolant (Engineering conferences internation-
al 2003).

Ethylene glycol: Environmental aspects (WHO — Geneva 2000).

Determination of closed system volume by G.F Yuzwa , P.Eng.

Effect of nitrite ion on corrosion inhibition of mild steel in simulated cooling water.
(Siragul Karim and others).

Design and performance analysis of a cooling tower in sulfuric acid plant (B.A
Chrowdhurry)

Guidelines for managing water in cooling systems (by San Jose/Santa Clara water
pollution control plant and the city of San Jose Environmental Service department.
Environmentally friendly corrosion inhibitors by Rafael Marinez, Octavio Olivars
and others.

The selection and application of non-oxidizing biocides for cooling water systems by
Colin Frayne.

Operation and maintenance instructions for Evapco induced draft and forced draft
cooling towers (Evapco).

Foaming cooling tower by James Mcdonald.



Water treatment and distribution, source, used and quality (Engineering Encyclo-
pedia by Saudi Aramco).

Sulfuric acid plant cooling tower improvements (GE water & process technologies).
Water conservation in cooling towers by Airall.

GE Book water treatment.

Inhibitor choice and dosage (for scale control in cooling towers) by Robert R. Cav-
ano.

A guide to glycols (by Dow Company).

Determination of closed system volume by G.F. Yuzwa, P.Eng. (H20 Engineering
LTD).

Sea water cooling tower by Marley.

Treatment and corrosion control of cooling water (by Rose Corrosion Services Lim-
ited).

Water treatment and distribution /water treatment systems (Engineering Encyclo-
pedia).

Water treatment for cooling towers (HPAC articles).

Legionellosis (by Cooling Technology Institute CTI).

Scale and deposit control polymers for industrial water treatment by Rober W.Zuhl.
White rust prevention (by AWT).

The effect of corrosion inhibitors on stainless steels and Aluminum alloys (African
Journal of pure and applied chemistry).

pH & total alkalinity by James McDonald.

Sea water cycling cooling and its industrial application (IC3ME 2015)

Water quality guidelines (BAC technical resources).

Treatment and corrosion control of cooling water (Rose corrosion services limited).
Legionella and the prevention of Legionellosis (WHO).

Using salt water in cooling towers by John S.Maulbetsch and Michael N. Difilippo.
Palintest water analysis technologies organophosphate (OP) (Micro titration meth-
ods)

Palintest water analysis technologies organophosphate (OP) (Photometer method)



e Phosphate testing by International Chemtex Corporation)
e Prepare your cooling system before start-up (By Paul. R Puclorius).
e Sea water cooling system for Joibail 2 (Royal commission for Jubail & YanBu).
e The proper use of modern polymer technology in cooling water programs). (Associa-
tion of water technologies (AWT).
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