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 ( .Hydrosphere

4/1

1  %

 .

80 %.

H2O

 .

 .

 .1
1HD2O

Deuterium . Hydro)) ((gen)) ((

  Lavoisier) ( .

  Oxy)) ((gen)) ((

 .

) ( .

.
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O H

SP3

 .

109o.28/)N.B (

105o .O-H96pm

) .1pm =10-12m(

)Hydrogen Bond (

)Surface Tension ( .

-100 oC.

O

HH

H

O

HH

96 pm

105o

277 pm

105o
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                             .

)Solutions (                

)Homogeneous Mixture (

0.1- 2 nm .

.)Colloid (

2-500 nm

.

 .

 .

 .  

.

Al2S3 + 6H2O                     2Al(OH)3 + 3H2S

.



6

10g/L1g/L

10 g/L1g/L

CaSO4

Ca(OH)2

Ag2SO4

-

IA

 .

)TDS (ppm600

0.06%4% .

1%0.07%

 .

 .

 .

 .

19000ppm)1.9% (10500 ppm)1.05% ( .

0.001 ppm
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 .

:

Cl- .

 .250ppm
 .

1000 ppm.

Mg .

 . .

pH<3
pH>9 .

  

     

  

 .
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 .

1 %26/0

1385175014001300

1000  

 .
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1 (Industrial Waters
:

1 - .

2 -)Boilers (  

.

3-  )Cooling Towers  (

)Heat exchangers(

4- .

  

   .  

:

   )Suspended materials ()Salts(

)Deposits (      

.

   

        

 .
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   )Drink Water(

 .

.

1 -100

 .

2 -)5000(

5.

3 -1350  .

4-250.

5-4040

.

6-2400  .

7-200  .

8-100  .

9 -6  .

10 -12-4.
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11 -)Power Station(1Kw.h200

.

300

6

.

2600

2400

700

34

)1(

.
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)1(

1-

2

-

3

CaCO3

4
HCO3

-

CO3
2-

OH-

CO2

5H2SO4

HCl

6CO2

7pH-

8SO4
2-

9Cl-

10
F-

.

11
SiO2
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)1(

12
Fe2+

Fe3+

Mn2+

13-)(

14

O2

15NH3

16H2S

17Dissolved

Solids.

18Suspended

Solids
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2 (Corrosion

 .10  900   

 .2535  

 .)(    

 .   

 .   

:

 ()Morphology(

 (

 :

1 (Chemical Corrosion

2 (Electrochemical Corrosion

3  (  Biochemical Corrosion

4 (  Dry Corrosion

 .  

  

)Electrochemical Equilibrium (.
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)Interface( .   

)Reduction (   

)Oxidation( .      

) (  

Anode  

Cathode .   

Fe  Fe2+

) (  

 .:

:

Anodic Reaction           Fe(S)                            Fe2+
(aq)  + 2e-

Cathodic Reaction       ½ O2  + H2O + 2e-                 2OH-(aq)

Total Reaction             Fe2+
(aq)  +  2OH-

(aq)                  Fe(OH)2 (S)

)(2

)(Re44)(2
2

22

oxeFeFe
doxHOelOHO



16

      

.   

H+CO2

    CO2   .

.

Anodic Reaction           Fe(S)                         Fe2+
(aq)  + 2e-

Cathodic Reaction        2H+ + 2e-                 H2(g)

:

Anodic Reaction           Fe(S)                             Fe2+
(aq)  + 2e-

Cathodic Reaction   2CO2(g)  + 2H2O + 2e-                 2HCO3
-(aq) + H2(g)

                                   Fe2+
(aq)  +  2HCO3

-(aq)                   Fe(HCO3)2

                             Fe(HCO3)2  + 2H2O                  2Fe(OH)3 + H2 + 4 CO2
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))((

                        Fe2+               Fe2++  2OH-(aq) OH- OH- OH- OH-

  Fe2+           Fe2+ O2 O2 O2 O2 O2

Fe(OH)2

                                                                2e-

Anode                                                 Cathode

:

1-)Casting()Metallurgy (

.

2-)Welding(.

3-  .         

)Micro structure (.

   

MgCl2 .:
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MgCl2 + 2H2O                    Mg(OH)2 + 2HCl

Fe  +  2HCl                       FeCl2 + H2

Mg(OH)2 + 2 FeCl2 Fe(OH)2 + MgCl2

MgCl2   

 .MgSO4NaCl  

)Metathesis Reaction (  

.

MgSO4 + 2 NaCl MgCl2 + Na2SO4
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3(
)Carryover (

)Foaming (
)Priming (

  

 .   

 ) .Steam(

 .

 .    

.

     

.

  

 .      
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 .      

.

:

1(TDS  

   

.

2(   

       

)Hot Zone (

 .

3()Surfactants ()Surface Tension (

)….(

4()Total Alkalinity(

5(.

6(.
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4 ()Caustic Embrittlement (

Graham  

  

  .NaOH75

500

 .Fatigue .

                 

)Tube Failure( .

 .

  

  .NaNO3

Na2SO4Na3PO4.
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5 (
     

 .           

X

.

Scale
Name(Mineralogy)Chemical Formula

AcmiteNa2O. Fe2O3. 4SiO2

AnalciteNa2O. Al2O3  , 4SiO2.H2O
AragoniteCaCO3

AnhydriteCaSO4

BruciteMg(OH)2

PectoliteNa2O , 4CaO , 6SiO2 . H2O
ThenarditeNa2SO4

Xonotlite5CaO , 5SiO2 .H2O
Serpentine3MgO , 2SiO2 .2H2O

CalciteCaCO3

Cancrinite4Na2O , CaO , 4Al2O3, 2CO2, 9SiO2 . 3H2O
QuartzSiO2

MagnetiteFe3O4

Nozelite4Na2O , 3Al2O3, 6SiO2 , SO4

HematiteFe2O3

HydroxyapatiteCa10(OH)2(PO4)6

WallastoniteCaSiO3



23

1 (  

   .

330 Cal/m2.hr Cal/m2.hr406.3 Cal/m2.hr

2.6 Cal/m2.hr0.2 Cal/m2.hr .

2 (

 .

  600 oC .

 .

3 (

.

4 (10-12%.

5 (
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6 (

 .

.

    

 .

 .   

       

.

)Inhibitors (  

)Film (       

)Egg shell ( .     

 .   

150psi     

 .  

 .  

  

 .  

)Polyphosphates( .   
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(PO3Na)XP2O7Na4 .  

pH.

      

)Sodium orthophosphate (:

3CaSO4 +  2Na3PO4                         Ca3(PO4)2   +  3Na2SO4

3CaCO3 +  2Na3PO4                        Ca3(PO4)2   +  3Na2CO3

)Organophosphorus (

)Inhibitor ( .

R1OP(O)(OH)OR2 .

[Fe3(PO4)2]

 .

 .

Over haul

  .)Descaling (.

 (–

  

 .
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 .

800oCCO2

 .

.

 (

.

Acid wash

 . .

 .Fe3O4

 .

Inhibitor

 .

 .

)NH4F ( .
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)H2N-SO3H (

 . .

 .

Boiler Blowdown

 .)Boiler water blowdown (

 .Boiler blowdown

.

)feedwater (

1%

20% .  .

:

100%
feedwaterquantity

waterblowdownquantityBlowdown

feedwaterquantityx waterblowdownquantityy

feedwaterinionconcentratChloridea

rboilerwateinionconcentratChlorideb

blowdownpercentk blowdownpercentofdefinitionby
x

yk 100
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:

         :

               :

)Specific Conductance (

)Total Solids ()Dissolved Solids (

)Specific Gravity ( .

.

)Blowdown rate ( .

 .

  0.5-1 ppm.

100%
waterboilerinCl

waterfeedinClBlowdownk

ybxa

xb
100

x
y

b
a 100100

x
yk 100
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   ) .14/2/88 (

6 (Heat ExchangersCooling Waters

  

 .

 .

Scale   .

 .

ppmfeedwaterinionconcentratChloride 17

ppmrboilerwateinionconcentratChloride 398

%3.4100
398
17100%

waterboilerinCl
waterfeedinClBlowdownk
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 .

Scale

 .

7 (  Industrial Water Unit
)Processing(    

    .    

  A
B . ))-((  

 .Steam.

 Lime Reactions
Ca(HCO3)2  + Ca(OH)2                          2CaCO3  +  2H2O

Mg(HCO3)2  + 2Ca(OH)2             Mg(OH)2  +  2CaCO3  +   2H2O
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Ca(OH)2   +  MgSO4                            Mg(OH)2   +   CaSO4

Ca(OH)2   +  MgCl2                      Mg(OH)2   +  CaCl2

Ca(OH)2   +  CO2                          CaCO3   +   H2O

 .

Mg(OH)2 +  SiO2                                     SiO2.Mg(OH)2

Soda Ash    –    .

)(   

:

Na2CO3  +  CaSO4                    Na2SO4  +  CaCO3

CaCl2   +   Na2CO3                   2NaCl   +  CaCO3

      

-:

CaO (meq/lit) = Carbonate H. + Mg H. + Free CO2 + 1.35 = A (meq/L)

Mass of requaired CaO = A (meq/L) × 28 (mg/meq) =  (A×28) mg/L

Na2CO3 (meq/L) = TnCH  + 1.35 = B (meq/L)

Mass of requaired Na2CO3 = B (meq/L) × 53 (mg/meq) =  (B×53) mg/L
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  100 %   

)(Purity.

)Carbon Filter (

)Anthracite(   

   .

P    

Back wash .  

         

)Zeolite bed()Ion exchanger (.

.

 .

  ZNa2

 .

 :

ZNa2 + Ca2+               ZCa + 2Na+

ZNa2 + Mg2+                 ZMg + 2Na+
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)Regeneration (:

Back wash

)Deionized Water(

 .

ZCa + 2Na+             ZNa2 + Ca2+

ZMg + 2Na+             ZNa2 + Mg2+

D.M .  

.

Raw water inlet

Steam

Chemicals

Treated water
outlet

A
nt

hr
ac

ite

Z
eo

lit
e

R
ea

ct
io

n
To

w
er

Pump
Sludge
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8 ()Bar Diagram(

meq/L
Bar .

meq/L  meq/L

 .

meq/L

meq/L .Bar

 .  

 ..

 .

:

Cations
K+Na+Mg2+Ca2+Cation
3.94.69.936.0C (mg/L)

Anions
Cl-SO4

2-HCO3
-Anion

7.126131C (mg/L)
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K+= 0.1Na+= 0.2Mg2+ = 0.8Ca2+ = 1.8

Cl- =0.2SO4
2- = 0.54HCO3

- = 2.15

.

Value (meq/L)Component

1.8Ca(HCO3)2

0.35Mg(HCO3)2

0.45MgSO4

0.1Na2SO4

0.1NaCl

0.09KCl

AnionsCations

mg/L(CaCO3)meq/Lmg/LAnionmg/L(CaCO3)meq/Lmg/LCation

108131/61=2.15131HCO3
-9036/20=1.836Ca2+

2726/48=0.5426SO4
2-40.59.9/12.1= 0.819.9Mg2+

107.1/35.5= 0.27.1Cl-104.6/23=0.24.6Na+

----53.9/39=0.13.9K+

1452.89164.1Total145.52.9154.4Total
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9 ()Chemical Softening of Water(
:

1 -.

2 -

.

3-.

4-

.

5 -

.

:

Reverse Osmosis

  Electro dialysis

Distillation

Magnetic Treatment of water
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:

20 mg/L as CaCO3.

:

)(

    

.

    

.
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:

)(

)(

)(

  

(

9 -1 ()Lime Softening Method(

 .    

meq .   

:

Ca(HCO3)2  + Ca(OH)2                   2CaCO3   +  2H2O

CaCO320mg/L

CaCO340mg/L

.CaCO3
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0 150 200

125 2000

Scale .CO2

Carbonation .

CaCO3  + CO2  +  2H2O                 Ca(HCO3)2

   Scale

.

9-1 ( .  

Bar .

Value (mg/L as CaCO3)Component
150Ca2+

50Na+

125HCO3
-

75SO4
2-

 (.

Ca2+ Na+

HCO3
- SO4

2-

Total Hardness = 150 mg/L  as CaCO3

Carbonate Hardness = 125 mg/L  as CaCO3
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115

85

0

meq
.

CaCO3CO2  
.

Ca2+ Ca2+ Ca2+ Na+

OH- HCO3
- HCO3

- SO4
2-

Ca2+ Na+

CO3
2- SO4

2-

CO2 Ca2+ Na+

CO3
2- SO4

2-

Ca2+ Na+

HCO3
- SO4

2-

Ca(OH)2

Sludge = 210 ppm

0 150 200

0
65

40 115

200125

40 115

115

40

0

0

0 65

40 115

115
0

65

125
40

40

40

40
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9-2 (
  

 .

pH11  )   (    

 .   Mg(OH)2  

10mg/L .:

Mg(HCO3)2  + Ca(OH)2       2CaCO3   + MgCO3  +  2H2O

MgCO3  + Ca(OH)2          2CaCO3   + Mg(OH)2

Mg(HCO3)2  + 2Ca(OH)2       2CaCO3   + Mg(OH)2  +  2H2O

:

 (.

 (

 (CO2

 (1.35 meq/LpH

Value (ppm as CaCO3)Component

40Ca(HCO3)2

25CaSO4

50Na2SO4
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pH

 .

pHCO2 .

 .

9-3 (-
 .

 .

Ca(HCO3)2  + Ca(OH)2       2CaCO3    +  2H2O

.

Na2CO3  +  CaSO4                       Na2SO4  +  CaCO3

CaCl2   +   Na2CO3                      2NaCl   +  CaCO3

 :  

4010ppm .

3010ppm

0.60.2.



43

0 200 250

100 2500

9-3 ( .1000m3

– .:
 (

 (
 (CO2

 (
 (

Value (mg/L as CaCO3)Component
150Ca H
50Na+

100HCO3
-

150SO4
2-

 ..

Ca2+ Na+

HCO3
- SO4

2-

mg/L100 ppm

40 ppm160 ppm.

Sludge = (2×100) – 40 = 160 ppm

      

:
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60

40

T.H – Carbonate H = Noncarbonate H

200 – 100 = 100 ppm as CaCO3

:

CO2.

Ca2+ Ca2+ Ca2+ Na+

OH- HCO3
- HCO3

- SO4
2-

Na+ Ca2+ Ca2+ Na+

CO3
2- CO3

2- SO4
2-

Ca2+ Na+

CO3
2- SO4

2-

Ca(OH)2

Sludge = 160 ppm

0 200 250

250100

100

Na2CO3
100 ppm

Sludge = 100 ppm

0 140 190

190

100 40

0 190

190

40

0 40
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9-4 (-
)Excess Lime-Soda Softening Method(

 .  

- .  

 .:

CO2 Ca2+ Na+

CO3
2- SO4

2-

Ca2+ Na+

HCO3
- SO4

2-

Value (ppm as CaCO3)Component

40Ca(HCO3)2

150Na2SO4

0 190

190

40

0 4040

40

0 190

190

40

0 40
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 Lime-Soda Reactions

Ca(HCO3)2  + Ca(OH)2                2CaCO3    +  2H2O

Mg(HCO3)2 + 2Ca(OH)2            Mg(OH)2  + 2CaCO3 +   2H2O

Ca(OH)2   +  MgSO4        Mg(OH)2   +   CaSO4

Ca(OH)2   +  MgCl2    Mg(OH)2   +  CaCl2

Ca(OH)2   +  CO2                                CaCO3   +   H2O

 .

Mg(OH)2 +  SiO2                                             SiO2.Mg(OH)2

)(   

:

Na2CO3  +  CaSO4                       Na2SO4  +  CaCO3

CaCl2   +   Na2CO3                      2NaCl   +  CaCO3

CO2  +  CaCO3 + H2O                    Ca(HCO3)2  + 2NaOH

CO2  +  Ca(OH)2                      CaCO3  + 2H2O
     

  :

1 () .T carbonate H = Alkalinity(

2 () .HMg(

3 () .Free CO2(

4 (pH1.35 meq.
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:

1 (

2 (pH.

    

pH:

Na2CO3  +  Ca(OH)2               CaCO3  +  2NaOH

9-4-1 (  1000 m3       

- . .

Value (ppm as CaCO3)Value (meq/L)Component
2505.0TH
1302.6Ca Hardness
2004.0M-Alkalinity
100.2Free CO2

:
.

HMg = T.H - HCa

HMg = 5.0 - 2.6 = 2.4 meq/L

M-Alkalinity = Carbonate Hardness

Noncarbonate H = T.H - Carbonate Hardness
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Noncarbonate H = 5.0 -4.0 = 1.0

9-4-2(1000 .

 .

 .

 (

 (

 (

222 )()(Re COFreeOHCaExcessHHCarbonate
L

meqOHCaquired Mg

L
meq

L
meqOHCaquired 95.72.035.14.20.4)(Re 2

kg
mg

kg
m

Lm
meq
mg

L
meqkgOHCaquired 15.294)

10
1()

1
1000(1000)(37)(95.7])([Re 63

3
2

35.1)(Re 32 HteNoncarbona
L

meqCONaquired

)(35.235.10.1)(Re 32 L
meq

L
meqCONaquired

kg
mg

kg
m

Lm
meq
mg

L
meqkgCONaquired 55.124)

10
1()

1
1000(1000)(53)(35.2][Re 63

3
32
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 (

 (

 (

Component mg/L eq weight meq/L ppm as CaCO3

Ca2+ 80 20 4.0 200
Mg2+ 30 12.2 2.5 125
Na+ 19 23 0.8 40
Cl- 18 35.5 0.5 25

SO4
2- 64 48 1.3 67

HCO3
- 336 61 5.5 275

 Free CO2 15 22 0.7 35

 (     –
 .

 (:
1 -.
2 -  .
3-pH.
4-.

:
1 -.
2 -.
3-.
4-) (.
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 (.

 (

Alkalinity = Total Carbonate H = 5.5 meq/L

Mg. H = 2.5 meq/L

Free CO2 = 0.7 meq/L

Excess Ca(OH)2 = 1.35 meq/L

Ca(OH)2 = (Carbonate H) + (Mg H ) + (Free CO2) + 1.35

Ca(OH)2 = 5.5 + 2.5 + 0.7 + 1.35 = 10.05 meq/L

Noncarbonate H = T.H – Carbonate H

Noncarbonate H = 6.5 – 5.5 = 1 meq/L

Na2CO3 = Noncarbonate H + 1.35

Na2CO3 = 1 + 1.35 = 2.35 meq/L

.

CO2

Ca2+ Mg2+ Na+

CO3
2- SO4

2- Cl-

Ca2+ Mg2+ Na+

HCO3
- SO4

2- Cl-

0.7 7.34.0

0.7

6.50

5.5 6.8 7.3

7.34.0 6.50

5.5 6.8 7.30

0
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      Mg(OH)2

CaCO30.20.6.

1.35 meq/L

pH.

Na2CO3  +  Ca(OH)2               CaCO3  +  2NaOH

CO2

 .

(

Ca2+ Mg2+ Na+

CO3
2- OH- SO4

2- Cl-

Ca2+ Mg2+ Na+

HCO3
- SO4

2- Cl-

Value (ppm as CaCO3)Component
30Ca(HCO3)2

10Mg(HCO3)2

65Na2SO4

25NaCl

0.80

2.1 2.60

0.6 2.6

0.80.6

2.1 2.60 0.8

2.60 0.80.6
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Back Wash

Ca(OH)2

T
re

at
ed

  W
at

er

Sludge
Disposal

9-4-3( :18/1/88

 .

.)1000(

Pr
ec

ip
ita

te
Fl

oc
cu

la
tio

n

Se
di

m
en

ta
tio

n

Fi
ltr

at
io

n

Na2CO3

R
aw

  W
at

er

Pr
ec

ip
ita

te
Fl

oc
cu

la
tio

n

Se
di

m
en

ta
tio

n

CO2
CO2

kg
mg

kg
m

Lm
meq
mg

L
meqkgOHCaquired 85.371)

10
1()

1
1000(1000)(37)(05.10])([Re 63

3
2

kg
mg

kg
m

Lm
meq
mg

L
meqkgCONaquired 5.124)

10
1()

1
1000(1000)(53)(35.2][Re 63

3
32

kg
mg

kg
m

Lm
meq
mg

L
meqkgCOquired 6.17)

10
1()

1
1000(1000)(22)(8.0][Re 63

3
2
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ValueComponent
280(ppm as CaCO3)TH
160(ppm as CaCO3)Ca Hardness
200(ppm as CaCO3)M-Alkalinity

5.0 ppmFree CO2

63 ppmNaCl
7.5pH

6.0 ppmSiO2

520 S/cmConductivity
85 ppmSO4

2-

Component eq weight meq/L ppm as CaCO3

Ca2+ 20 3.2 160
Mg2+ 12.2 2.4 120
Na+ 23 1.1 55
Cl- 35.5 1.0 50

SO4
2- 48 1.8 85

HCO3
- 61 4.0 200

 Free CO2 22 0.2 11
Alkalinity = Total Carbonate H = 4.0 meq/L

Mg. H = 2.4 meq/L

Free CO2 = 0.2 meq/L

Excess Ca(OH)2 = 1.35 meq/L

Ca(OH)2 = (Carbonate H) + (Mg H ) + (Free CO2) + 1.35

Ca(OH)2 = 4.0 + 2.4 + 0.2 + 1.35 = 7.95 meq/L

Noncarbonate H = T.H – Carbonate H

Noncarbonate H = 5.6 – 4.0  = 1.6 meq/L

Na2CO3 = Noncarbonate H + 1.35

Na2CO3 = 1.6 + 1.35 = 2.95 meq/L
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.

      Mg(OH)2

CaCO30.20.6 .

1.35 meq/L

pH.

Na2CO3  +  Ca(OH)2               CaCO3  +  2NaOH

CO2

Ca2+ Mg2+ Na+

CO3
2- SO4

2- Cl-

Ca2+ Mg2+ Na+

HCO3
- SO4

2- Cl-

Ca2+ Mg2+ Na+

CO3
2- OH- SO4

2- Cl-

0.2 6.73.2

0.2

5.60

4.0 5.8 6.8

6.73.2 5.60

4.0 5.8 6.80

0

0.80

2.6 3.60

0.6 3.5

0.80.6
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CO2 .

Ca2+ Mg2+ Na+

HCO3
- SO4

2- Cl-

Value (ppm as CaCO3)Component
30Ca(HCO3)2

10Mg(HCO3)2

90Na2SO4

45-50NaCl

2.6 3.60 0.8

3.50 0.80.6

kg
mg

kg
m

Lm
meq
mg

L
meqkgOHCaquired 15.294)

10
1()

1
1000(1000)(37)(95.7])([Re 63

3
2

kg
mg

kg
m

Lm
meq
mg

L
meqkgCONaquired 35.156)

10
1()

1
1000(1000)(53)(95.2][Re 63

3
32

kg
mg

kg
m

Lm
meq
mg

L
meqkgCOquired 6.17)

10
1()

1
1000(1000)(22)(8.0][Re 63

3
2
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 .   

   

 .
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11(Sour Water Treatment Unit
     

   

H2S , NH3 .H2S  SO2  

 .   .

        

)850 (.

12 (Hydrogen Plant
38   

 .  

 .      

 .H2CO

CO2 .

CO2  )MEA(  

T.Fe
ppm

NH4

ppm
H2S
ppm

pHTest
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95   

.:

 Reforming with Steam:      CnH2m +  nH2O                          nCO  +  (n +m)H2

   Steam      

  Make upSteam DrumDeaerator   pH

.
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13 (

)Condensate(

 .

)2(

 .
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)2 (

RangeFrequencyTest MethodRequired TestSample Name

9-11Every ShiftASTM D1293 or

Manual book of pH meter

pH

A Reaction

10 ppm (Max)Every ShiftASTM  D859SiO2

9-11Every ShiftASTM D1293 or

Manual book of pH meter

pH

B Reaction

10 ppm (Max)Every ShiftASTM  D859SiO2

7.0-8.3Every ShiftASTM D1293 or

Manual book of pH meter

pH

Cooling Water

(C.W)

100 ppm (Max)Morning  shiftASTM  D859SiO2

10 ppm (Max)Morning  shiftASTM  D515-82-BPO4
3-

4000 µS/cm (Max)
Morning  shift

ASTM  D1125 or

 Manual book of

Conductimeter

Conductivity

60 ppm (Max)Morning  shiftInhibitor

1500 ppm (Max)Morning  shift

Sun. & Wed.

BetzNaCl

50 ppm (Max)Morning  shiftBetzPa-Alkalinity

Every WeakBetzPb-Alkalinity

120 ppm (Max)Morning  shiftBetzM- Alkalinity

1000 ppm (Max)
Morning  shift

Standard Method 2340-C

&

Standard Method 309-B

Total Hardness

1000 ppm (Max)Morning  shiftStandard Method 3500-CCa – Hardness

100000 No. (Max)Sampling on Mon.

& Result on Wed.

(Dip-selides)
T.B.C

1.0 ppm (Max)Morning  shiftLovibond MethodFree Cl2

20 ppm (Max)Sat. & WedStandard Method 2540-DT.S.S
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)2(
RangeFrequencyTest MethodRequired TestSample Name
7.2 – 9.0Sun. & WedASTM  D1293 or

Manual book of pH meter
pH

Inlet.Polisher

0.2 ppm (Max)Sun. & Wed.Lovibond MethodT.Fe & Sol. Fe

TraceWedVisualOil
Condensate

Water

-50C (Max)By  requestSHAWDew.PointDryer Air

10-12Every ShiftASTM D1293 or
Manual book of pH meter

pH

Boilers

10-35 ppm (Max)Every ShiftASTM  D859SiO2

15-40 ppmEvery ShiftASTM D1339-84-CSO3
15-40ppmMorning  shiftASTM  D515-82-BPO4

3-

4000 µS/cm (Max)Morning  shiftASTM  D1125Conductivity

700 ppm (Max)Morning  shift
Sun. & Wed.

BetzNaCl

500 ppm (Max) Thu. Morning  shiftBetzPa-Alkalinity

350 ppm (Max)Morning ShiftBetzPb-Alkalinity

400 ppm (Max)Morning  shiftBetzM- Alkalinity

1.0 ppm
(Max)

Tue. Mornig shiftLovibond MethodTotal Fe

9-11Every ShiftASTM  D1293pH

Feed Water

3.0 ppm (Max)Every ShiftASTM  D859SiO2

200 µS/cm (Max)
Morning  shiftASTM  D1125 orConductivity

100 ppm (Max)Morning  shiftBetzNaCl

TraceWed. MorningVisualOil

0.5 ppm (Max)Mon.Bets&CO2Deaerator
1.0 ppm (Max)Mon.BetsO2

2 ppm (Max)Every  shiftLovibond MethodCl2Drink Water

10-12Every ShiftASTM  D1293 or
Manual book of pH meter

pH

Boiler Steam TraceEvery ShiftASTM   D859SiO2

200 µS/cm (Max)Morning  shiftASTM   D1125 orConductivity
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14(pH
H+  pH   .   pH

)Indicators (

)Electrical Conduction ( .pH

 .pH7  pH

7.      .

H2O  = H+ + OH-

:

[H+][OH-] = K. [H2O] = 10 -14

[H+][OH-] = KW = 10 -14

pH + pOH = 14

[H+][OH-]        :

[H+] = [OH-] = 10 -7

pH = -log[H+]= -log 10 -7 = 7

OH
OHHK OH
2

2
Lmol

L
molg

g

V
M

m

V
nCM /5.55

1
/18

1000
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100oC  

[H+]10-6pH6 .  

pH .

pH
General Principles

 .

 .

 .)SHE ()NHE (

 .
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 .

                 Reference electrode       Salt bridge       Analyte Solution        Indicator electrode

)Potentiometer(pH .  

pH .  

:

pH6  

A.Beckman    .  pH    

)Glass Membrane (H+     

 . .

  

 .:

Eref EJ Eind

JAnoderefCathodindCell EEEE )()(
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CaONa2OSiO2

6%22%72%

CaOLi2OSiO2

10 %10%80 %

KCl  

)AgCl( .pH  

 ).    

 (.  

      

:

 .   )0C25

pH (:

in

Out

H
H

F
RTKE

][
][ln
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E cell = K/ - 0.059 pH

pH   

pH)114(mV59pH .

 .

:

Na+
Glass + H3O+

 Solution                      H3O+
Glass + Na+

Solution

pH

 ()Alkaline Error(

pH10 )    (  

pH .  

   .  

 )KH,Na <10-10(  

 )NaOH (.

E cell = K + 0.059 log([H3O+] + KH,Na[Na+])
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 ()Acid Error(

pH)pH<0.5 (   

 .pH   pH

 .

pH)(pH  

 .)Standard Buffers (

)Accuracy(0.01±pH .   

  

 .pH .  

pH  

 . .

  

 .pH   

 .    

.



68

pH.

Plastic
Cap

Reference solution
Filling hole

Ag/AgCl
Reference

Sensing  Area

Pt   wire

Inner
electrode

Outer
electrode

Cable to
pH meter

)Combined(

Glass Frit
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1. a sensing part of electrode, a bulb made from a specific glass

1 (.

2. sometimes the electrode contains a small amount of AgCl precipitate

inside the glass electrode

2 (.

3. internal solution, usually 0.1M HCl for pH electrodes or 0.1M MeCl for

pMe electrodes
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3 (0.1MpH0.1 M

MeClpMe).(

4. internal electrode, usually silver chloride electrode or calomel electrode

4 (.

5. body of electrode, made from non-conductive glass or plastics.

5 (.

6. reference electrode, usually the same type as 4

6 (4) (.

7. junction with studied solution, usually made from ceramics or capillary

with asbestos or quartz fiber.

7 (.

)Indicator Paper(
       

) ()Universal (  

pH    .

pH   .

pHpH .

)Indicator Solution(
   

pH .) (
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 .    [H+]

    [H+]

pH   .   HIn     

)Phenolphthalein (:

HIn                 H+  + In-

            

[H+] .

 .  

[H+] )[OH-] (  

.

:

1     

.2  -log3 .  3

Henderson-Hasselbalch .

aK
HIn

InOH3

In
HInKOH a3

HIn
InpKpH a log

1

2

3
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In-HIn    

             100.1     

 .101/0               

3.

Indicator pH Range = pKa ±1
) (pH   

pH .    

)Methyl Orange (  pH1/3  

pH5/4 .pH1/3  5/4

) (.

  

 .    

0.1% -0.5% .  

    .    

       

 .
-

pH

)Methyl Orange(1/3 -5/4
)Methyl Red(2/4-3/6

0/5-0/8
)Phenolphthalein(0/8-0/10

HIn
In

HIn
In
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:

:

pH .Cooling

pH7.7-7.8

Cooling

pH8.1-8.2

.

15(T.D.S
)Total Solids()TDS (   

)TSS (.)Gravimetric (  

103-105oCTSS  

  

TDS.   
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High Tem & P

.   

 .

16 ()ASTM  D515-82-B(
   )Scale(

 .

 .   

    

   

 .
                    MgSO4                        MgCO3
Na2CO3 +                                                               +    Na2SO4
                    CaSO4                          CaCO3

  

 .    

 .:

    Na2CO3  +  HOH                          2NaOH  +  H2O + CO2

    MgSO4  +  2NaOH                        Mg(OH)2  +  Na2SO4

Sludge to blow down
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)Inhibitors (   

)Film (    

)Egg shell ( .   

 . .  

150psi    

 .   

 .   

    

 .   

)Polyphosphates( .   

(PO3Na)XP2O7Na4 .     

pH.

      

)Sodium orthophosphate (:

3CaSO4 +  2Na3PO4                         Ca3(PO4)2   +  3Na2SO4

3CaCO3 +  2Na3PO4                        Ca3(PO4)2   +  3Na2CO3
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)Organophosphorus (

)Inhibitor ( .    

R1OP(O)(OH)OR2 .

    

[Fe3(PO4)2]    

 .

  

  

    

 .   

  

  .

   

 .    

 [(NH4)6Mo7O24 , 4H2O]    

(NH4)3[P(Mo3O10)4] .   

)C10H5NH2OH-SO3H ( .  
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 .:

HPO4
2-

(aq)  + 12MoO4
2-

(aq) + 3NH4
+

(aq) + 23H+
(aq)                (NH4)3[P(Mo3O10)4]   +  12H2O

(NH4)3[P(Mo3O10)4] + C10H5NH2OH-SO3H  Blue Color Complex

) (  

1mL1N0.5gPotassium Per sulfate

  ) ( .

 .

        O

R1O-P-OR2   + H2SO4 + K2S2O8                 H3PO4  + 2K+ + 3SO4
2- + Organic By product

         OH
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17(ASTM  D859
SiO2 .

100 ppm

 .

.35ppm

 .:

pH105/10

1

100 oC.

Recirculation Contact Time.

     .

.

Na2SiO3  +  MgO  +  H2O                  MgSiO3  +  2NaOH

SiO2  +  Mg(OH)2                     SiO2.Mg(OH)2
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)Coagulation (pH=10.2

 .

  

    

   

)Colorimeter (  )Spectrophotometer(

 .  

:

H2SiO3 + 3H2O                H8SiO6          Silicic Acid ( hydrated silica )

H8SiO6 + 12(NH4)2MoO4 + 12H2SO4             H8[ Si( Mo2O7 )6 ] + 12(NH4 )2SO4 + 12H2O

                                                                             Sillicomolybdic acid

H8[ Si( Mo2O7 )6 ] + H2NC10H5(OH)SO3H                      Blue Color is formed

18(
 .  

)Henry’s Law (  

 .      1 atm

)Standard Temperature & Pressure (6/14  )ppm (
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20ppm2/9.    

)Dissolved Oxygen ( .  

      )  

 (

)Deaeration ( .  

)Contra Current ()Steam ( .

 .  

3:

 (.

2Na2SO3   +  O2             2Na2SO4

Na2SO4   

SO2H2S.

 (

H2NNH2   +  O2               N2 + 2H2O

 (SO2

2SO2   + 4NaOH + O2           2Na2SO4 + 2H2O

DO     

)Iodometry ( .  
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KI  

)Starch (  

 .

5KI  + 6HCl  + KIO3                  3I2  + 6KCl  + 3H2O

Na2SO3  +  I2 + H2O                     Na2SO4 +  2HI

19()(
 .

Mohr

 .

.

AgNO3  +  Cl-                     AgCl   + NO3
- Ksp = 1.82×10-10

Ag+   +   CrO4
2-                   Ag2CrO4 Ksp = 1.1×10-12

Cl-   .  

  

353/1945  

 .  

)Solubility (
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.

25)ppm (    

250    

    

1000  

.

    

     

.    

106     .

200L/day    30mg/L
.  

200    6 ton     

.  

 .    

 .   

 .
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 .

)Argentometry (    

15/010   

 .

 .    

 .

 .     

 .   

.

Ag+ + Cl-                           AgCl (White Precipitate)

 :AgCl  

)CO3
2- () .

5mL(.

 .

  )Reference Electrode(

)Indicator Electrode( .
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2       

.

                 AgCl                     Ag+ + Cl-

                    Ag+  + e-                      Ag (S)

:

   AgCl   + e-                    Ag (S) + Cl-        E0 = +0.222 V

E = E0 - 0.06 log [Cl-]
n

E = 0.222 - 0.06 log [Cl-]

E = 0.222 + 0.06 p[Cl-]

2.

  

 .

)Interference(

 .  

 .  

  



85

 .)PO4
3-(25  

)Ag3PO4 ( .   

10  )Titration

End Point (.

20()ASTM D1126(
)Hardness( .     

 .    

     

) (    

 .

2R-(CH2)n-COONa + Ca2+                  [R-(CH2)n-COO]2Ca  + 2Na+

  )Carbonate Hardness (

)Noncarbonate Hardness.(    

)Temporary Hardness()Permanent Hardness (
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 .     

pH :

Ca2+  + 2HCO3
-                 CaCO3 + H2CO3

HCO3
-  +  OH-                   CO3

2-  +  H2O

)Scale (  

   .  

  

 .  

.  

   

.:

)()(

          Ca2+ HCO3
-

          Mg2+                                                                                                        CO3
2-

                                                                                                                           OH-

        Na+                                                                                                          SO4
2-

         K+                                                                                                           Cl-

                                                                                                                         NO3
–
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)ppm (  

    

.

5.564Al2.497Ca

1.531Zn4.116Mg

1.822Mn1.142Sr

1.792Fe

:

mg/L CaCO3

55-5100 -56200-101500-201

mg/L)ppm (      

   

9/173/14102/17 .
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   )Total Hardness (  

   :

TH = CaH  +  MgH

TH = Total Hardness

CaH = Calcium Hardness

MgH = Magnesium Hardness

THCaHMgH .  

.

EDAT  

     T  

pH)1/00/10 (     

)Wine Red ( .EDAT    

EDAT    

  

 .   

 .   
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 .pH .  

pHMg(OH)2Ca(OH)2  

pH .pH    1/00/10

 .    5

 .

M2+ = Mg2+ or Ca2+    &   Na2EDTA  = H2Y2-

 MgIn-  + HY3-                                     MgY2-  +  HIn2-

  Red Blue

EDAT .  EDAT

Ca2+Mg2+.

EDTA

 .    

EDTA    .  

 pM    

 .     

6-10  7-10 .    
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OH
2ON

SO3
-

OH
NO2

SO3
-

  

 .-    

pH    

 .Eriochrome black T  

 .–   

:

         +  H+

H2In-                              HIn2-  +  H+

                           

HIn2-H2In- .pH   

HIn2-In3-.

N

N

O-

N

N

OH

Ka =5 ×10-7
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pH7  HIn2-

 .:

 MgIn-  + HY3-                                     MgY2-  +  HIn2-

                       Red                            Blue

   

 .  

EDTA-  

-EDTA   .

 .EDTApM  

-.

 :  

.

)Interference(

    

 .   
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550oC    

   .20HCl  

NaOHpH=7 .50)  

 ( .     

.

 .  

     

 .  

.

50mL25012  

 .pH101/10  1mL

 .  

 .  EDAT  

        .

EDAT.
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:  EDAT  

15mL .   

 .

   ) (

 ) (EDAT .

-EDAT0.01M)0.02N (.

-EDATEDAT5-10.

-.

    10-5mol (EDTA)         10-5mol(Ca2+, Mg2+)        10-5mol (Ca2+)         10-5 mol(CaCO3)

     1ml (EDTA)         10-5mol (EDTA)         10-5mol (CaCO3)

     10-5 mol × 100g/mol CaCO3          10-5 × 100 g CaCO3

      10-5 × 100 × 1000 mg =  1 mg CaCO3

:

1mL EDTA = 1 mg CaCO3
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:

A: Consumption Volume of EDTA

 : ml of  sample                                               TH(mg/L CaCO3) = A × 1000/ 

EDAT     

B    

.

8/0.

2-5 ppm as CaCO3.

EDAT

  .

  pH       

 .pH   12-13 .  pH  

Murexide  )Pink (  EDTA

1000)/( 3
BACaCOLmgTH
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Ca2+       

-)Purple (.

)Interference(

  

 .

Concentration(mg/L)Ion

2Cu2+

20Fe2+

20Fe3+

10Mn2+

5Zn2+

5Pb2+

5Al3+

)PO4
3- (pH .  

 .

: .
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 .

 )R (   .

150mg100g .  

 .20/0    

Mesh50-40 .

)Relative Error (9/1 .

 .    

.

-EDTA
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21(
)Alkalinity (pH

 .pH .

.

 .pHpH

pH .

1ppmCO210ppm

pH10ppmCO2100ppm .

4ppmCO2pHpH

  .

) (

 .

 .

 . .

 .

CO2

:
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CO2  +  H2O                         H2CO3

H2CO3                        HCO3
-   +  H+

     

:

CaCO3  +    H+                      HCO3
-   +  Ca2+

CO2pH4 .  pH  

 pH=6.3  

 .8.3 pH  pH  )CO3
2-

 (.pH3/10) (   

pH5/11)CO3
2-(.pHpKa

  Henderson-Hasselbalch .

 Henderson-Hasselbalch Equation

       

)routine (.

H2CO3                  HCO3
-
(aq)   +  H+

(aq)      pKa1 = 6.35

HCO3
-
(aq)                        CO3

2-
(aq) + H+

(aq)      pKa2 = 10.3

][
][log

HB
BpKpH a
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pHH+  

H+

.

CO2)Heterogeneous Equilibrium (   

pH .  

:

)Henry’s Law (CO2

.

Solubility of gas = k.P
CO2  +  H2O                         H2CO3

K(Henry Constant) = 3.7 × 10-2 mol/L.atm(25oC)
=>

If  p= 1atm  => [H2CO3]  0.04 mol/L

H2O +  CO2                        HCO3
-   +  H+

If  p=1atm  =>     -1.43 = -7.8 + pH  =>  pH = 6.37

2

32

COp
COHk

2

3

COp
HHCOk

2
log43.1]log[ 32 COpCOH

pHpHCO CO2
log8.7]log[ 3

2
loglog]log[ 32 COpkCOH
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H2CO3HCO3
-10-1.430.04 mol/L.

                                             CO2 + H2O                             H2CO3

H2O +  CO2                        HCO3
-   +  H+

                                         H2CO3                             HCO3
-   +  H+

Henderson-Hasselbalch Equation

pH=pka.

                                      pH=pka = 6.37

10 .  

Henderson-HasselbalchpH 7.37

[HCO3
-] .

][ 32

3

COH
HHCOka

][
][log

32

3

COH
HCOpkpH a

pHpHCO CO2
log8.7]log[ 3

2
log43.1]log[ 32 COpCOH

P= 1 atm

1
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CO2 + H2O                          CO3
2- + 2H+

  CO2  + H2O                       HCO3
-   +  H+

CO2 + H2O                          CO3
2- + 2H+

HCO3
-                      CO3

2-  + H+

Henderson-Hasselbalch Equation

  pH=pka.

                                 pH=pka = 10.34

    

.     OH-CaO

Ca(OH)2MgOMg(OH)2NaOH  .

pHpCO CO 2log14.18]log[
2

2
3

][
][log

3

2
3

2 HCO
COpkpH a

pHpCO CO 2log14.18]log[
2

2
3

pHpHCO CO 2
log8.7]log[ 3

P= 1 atm

2
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CO3CaCO3MgCO3Na2.  

 :

Ca(HCO3)2 , Mg(HCO3)2   , NaHCO3

:

   )  8pH  = (  

 )5/4 =pH .(      

.

pH11     

 .pH8   .  

P)Phenolphthalein (   

 .  

    M

)Methyl Orange (   

.M  

Total Alkalinity.

:

1 -.

2 -.

3-

4-  .

5 -
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M=Total Alkalinity.

1 -P=M

.

2 -2P>M

 .M .

2(M-P)2P-M.

3-P=0 .pH

3/8 ..

4-2P<M

P2

.M-2P

5 -2P=M2P

.

 .

.

2
MP

2
MP
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Bicarbonate
Alkalinity Vs

CaCO3

Carbonate
Alkalinity Vs

CaCO3

Hydroxide
Alkalinity Vs

CaCO3

Result of
Titration

M 0 0 P=0
M-2P 2P 0 1/2M >P

2P<M
0 2P 0 1/2M=P

2P=M
0 2(M-P) 2P-M 1/2M<P

2P>M
0 0 M M=P

 :   

.

)Pa(

mL50250   

 .pH3/8  

  0.02N  

 .A1  

.
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)M(

mL50250  

 .   .

  0.02N  

 .A2.

:

:

:

Total Alkalinity = Methyl Orange Alkalinity

Total Alkalinity = M = Carbonate Hardness (Temporary Hardness)

:

If  H>M  =>  Permanent Hardness = H-M     &    Temporary Hardness = M

If  H =M  => Permanent Hardness = 0     &     Temporary Hardness = M =H

If  H <M   =>  Permanent Hardness = 0     &    Temporary Hardness =H

& Sodium Bicarbonate = M-H

20)/( 13
ALmgAlkalinityaleinPhenolphth CaCO

20)/( 23
ALmgAlkalinityOrangeMethyl CaCO
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BETZ)42 (2P-M = +5 to +15

 .pH10.2.

AlkalinityT.HA       

 )20/9/85(

P = 10 ppm (as CaCO3)

M = 16 ppm (as CaCO3)                              2P –M = 20-16 = +4

T.H. = 58 ppm (as CaCO3)

pH = 9.8

H>M       =>        Permanent H = H-M     &     Temporary Hardness = M

Permanent Hardness = 58-16 = 42   ppm   as CaCO3

Temporary Hardness = M = 16 ppm   as CaCO3
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 )24/11/87(

Pa = 6 ppm as CaCO3

M = 12 ppm as CaCO3                    2P – M = 12-12 = 0

TH = 60 ppm as CaCO3

Ca.H = 40 ppm as CaCO3

pH = 9.4

H>M       =>        Permanent H = H-M     &     Temporary Hardness = M

Permanent Hardness = 60-12 = 48   ppm   as CaCO3

Temporary Hardness = M = 12 ppm   as CaCO3
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22 ( Conductivity
)Specific Conductance(   

 .) (   

»TDS «    

 .   

 .)Boiler Blow down (

.

 .      

 .   

.

 )Ohm (  

    »mho «) .   ohm .(   SI   

)Siemens ( .

 »TDS «»ppm «»TDS «     

»TDS «.  

1cm25oC .    S/cm  

mS/cm25oC .    

 .
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:

    

TDS >1000 ppm  

  

 .    

 .    

.

 .    

 .  

)Gallic Acid  ()Acetic Acid 2%( .  

  

 .

)4 ( .    
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 .  

 .

      

   

 .   »CO2 «

 »NH3 « .  

  

 .   »pH «  

 .     

 )oC2025 (   

    

 .

.  TDS    

) (   

)EC (:

)7.055.0()/(.)( CmSCEppmTDS
)9.0()/(.)( CmSCEppmTDS
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TDSGravimetric Analysis  

TDS   

 .Condensate0.5   

0.60.7.

   

»TDS« .

23 (
   

)1ppm ( .  

 .   

  

.) ()Fe2+ ( .pH  

IIIII  

III .  )Turbidity(

 .   

.
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 .    .

    

.

II110)1,10-phenanthroline(     

-110) (  Beer  

        510  

) (.

     3                + [Fe(H2O)6]2+                                              Fe

110                     110

1,10-phenanthrolineC12H8N2.H2O
0C94-93

0C117 .

 .)

 ()Coating (.

2+
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Fe3+    

Fe2+)    NH2OH, HCl (

.
2Fe3+  +   2NH2OH                                 2Fe2+  + N2 + 2H2O + 2H+

pH)pH= 5.7(

  

pH.

pH     

)Al(OH)3 (   

pH)7/5=pH (  

.

II))0/4-02/0 ((ppm    

 .  0/4ppm.

                            

)(    

5)ppm (2  

)ppm(    

)CN- ()NO2
- (  

.
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 . .  

    

 .   

)HCl (.

24(
)Theory of Disinfection (

)Disinfection (

 .

T.Smith:

:

D :

N :

V :

R :

.

)N (

.

:

R
VND .
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1 (.

2 (  

3 (

4 (

:

1 (.

2 (.

3 ()(.

4 ( .

5 (.

6 (.

) (                 

.

  

UV

.

.
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H2S

. .2.5

 .651000

 .3.5 atm1.5 .

100 ppm

 .

 .

 .

.

  

mg/L

H2S2-91ppm of H2S

H2S2-91ppm of H2S

1-10

BOD0.5-21ppm of BOD

2-15

*

2-10

2-20

1-25
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*

6[FeSO4. 7H2O]  + 3Cl2                   2FeCl3  + 2Fe2(SO4)3  +  42H2O

H2S:.

H2S + 4Cl2 +  4H2O                    H2SO4  + 8HCl

:

1(.

2(.

3()Peaking Factor (

 (1000m3/day .20 mg/L

 .3 .

) (

 .

tdtNdN ,,

2

2
1lnint. tK

N
NegrationafterdttK

N
dNNtK

dt
dN

o

t

4343.0KK
t

o

N
N

K
t log22

day
kg

day
m

m
L

mg
kg

L
mgCl

day
kg 6031000)

1
1000()

10
1(20)(

3

362
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:

No

Ntt

Ks-1

.

t)Nt (  

 .

:

pH

 (99%

) .K=10-5 s-1(

.pH .pH<5

Cl2pH5-6)HClO (pH>7
-ClO)hypochlorite ( .

min5.10455.632400000
1

100log
10

2log2
5

22 stt
N
N

K
t

t

o
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)Free Available Chlorine ()Free Residuals (.

H2O + Cl2              HClO + HCl

HClO             ClO-  + H+            K = 3.2 ×10-8 (Hypochlorous acid)

:

NH4
+  + HClO               NH2Cl  + H2O + H+

NH2Cl  + HClO               NHCl2  + H2O

NHCl2  + HClO               NCl  + H2O

pH=7K)F.R (1.6×10-2 (s-1)

)C.R (1.6 ×10-5 (s-1) .

Coliform .

C.RF.RF.R .    

C.RF.R .C.RF.R

25F.R .

(E.Coli99.99%

.

 (    0.2 mg/LK= 10-2 (s-1)

 (    1mg/LK= 10-5 (s-1)

Monochloroamine

Dichloroamine

Nitrogentrichloride

Combined Residuals
(C.R)
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CH3CH3

NH2H2N

CH3

NH2ClClH2N

CH3

H+

 .

pH.

Ca(ClO)2     2ClO- + Ca2+

ClO-  + H+   HClO

Orthotolidine .

 .H+

  .

 . .

                                                 +  Cl2

Emprical:

min5.028800
01.0

100log
10

2log2
2

22 stt
N
N

K
t

t

o

min14890800000
01.0

100log
10

2log2
5

22 stt
N
N

K
t

t

o
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No :)(

No :t )(

t :

Ct :ppm )

(

 (107/100 mL

200/100mL .30

.

3).23.01( tC
N
N

t
o

t

3
7

3 ).23.01(
10
200).23.01( tCtC

N
N

tt
o

t

84.35.23.084.36.23.01)50000(.23.01 3
1

tCtCtC ttt

).(2.5
30

8.1558.155
23.0
84.35. RF

L
mgCtC tt
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25(

:

1 -

2 -

3-

8/010  

 .  m34800  

.  

.

1-Treated Sanitary water

2-Oily Storm Water

3 -Oily Water from Sewer

4-Oily Process Water from Stripper or

Desalter
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1 -Stream Boiler Blow Down

2 -Reactors Blow Down

3-Cooling Tower Blow Down

4-Raw Water

26(
        

)Screen(    )Comminotor (  

Bypass)Grease Removal Channel ( .

      

        

)Grease Removal Basin (

)Oxidation & Settling ( .  

 .    

  )Antifoam Water Spring System(

     

 .   
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)Treated Water Basin (

  )TT-12 ( .

27(

  

)TT 1 A & B (       

API .  

SewerAPI .API    

     

C.P.F)Curved Plate Finger Type(

)Equalizing Basin()TT-4 ( .TT-6

 .    

    

 .APIC.P.F    

)Sludge Thickener ( .

   

pH)TT-8 ( .    pH

8 .    
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TT-23    

 .)FeSO4 ()Flocculation (   

TT-8 .   TT-8    

TT-9TT-10 .

  )  10

 ( .  

  TT-24)Floater (  

    

  

TV-1)Pressured Retention Tank (  

 .    

)Skimmer(  

TT-16   .

  

 .   

   TT-11)Neutralization Basin(     

pH .   

TT-24
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 .      

)CPFAPI (   

    TT-12)Aeration (

 .    

 .  

 .      

Flak    

 .  

    

 .  

)  0C32 .(   

 .

TT-14 .  

TT-18   

 .  

 .
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TT-21    

    

    

  

TT-16 .   

.

:.

 (

 (

  

) (pH  

.

28 (
:

1-

2-

3-
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4-

.

TT-7 .  

T.D.S    

TT-7  

 .   

  TDS

TT-7      

TT-19 .      

:

- .

pH   MgO  

pH .  

TT-28 .pH  

pH  
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  TT-18TT-14

  

    

)TP-27 ( .

TT-19    

-)Cold Lime-soda( .  

.

29 (
    

  

 .
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Cl2

ppm

D.O

ppm

Caustic

%

Ca.H

ppm

T.H

ppm

NH4
+

ppm

SiO2

ppm

Cond.

µS/cm

PO4
3-

ppm

H2S

ppm

pH         Test

Sample

-----Every Mon.

Morning

---MMAPI

--------NN

-----M---MMT.T 4

-----N---NN

----M---M-MT.T 7

----N-----N

----M---M-MT.T 19

----N---N-N

-----M--M--T.T 14

-----N--N--

M--MMMMMM-MFilter

Outlet N----NNNN-N

-M---M--M--T.T 12

-N---N--N--

----------MT.T 24

----------N

-----------T.T 1

-----------

--Every

Mon.

Morning

--------T.T 20

Caustic ----------

N

M
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30(
Determination of NH4

+ in water by Colorimetric chemical analytical

method Lovibond 1000

mL2)  

 (mL210  

Lovibond    

 .      mL50

 .

   

     

) . :TT12(.

Vol. of sample( mL)Sample

2TT4

50TT14

50Filter outlet

50TT12
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 NH4
+  +  2[HgI4]2-  +  4OH- HgO.Hg(NH2)I   +  7I-   +  3H2O

     

 . .

31 (»DO«
 .

Salinity* .(Fresh Water)**

)1 atm ( 14.6 ppmoC20  9.1 ppm

.

Henry’s Law

Solubility of gas = k.P

*Salinity .

**Fresh Water)Dissolved Salts (       

0.5 ppt500 ppm .   

.

 )Empirical equation (D.O   

Weiss1970.
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:

A1 = -173.4292                                  B1 = -0.033096

A2 = 249.6339                                    B2 = 0.014259

A3 = 143.3483                                    B3 = -0.001700

A4 = -21.8492                                     T = temperature in Kelvins

S = Salinity in g/kg or ppt(Part per Thousand)

D.OmL/L1.4276

D.Omg/Lppm .

1 :  (D.O)Fresh Water (1 atm20 oC

.

SalinityS

:

])
100

(3
100

21[)
100

(4)
100

(310021)( 2TBTBBSTATLnA
T

AADOLn

)
100

(4)
100

(310021)( TATLnA
T

AADOLn

)
100
293-21.8492()

100
293(143.3483

293
100249.6339173.4292-)( LnDOLn
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2 (Salinity9 ppt20 oC .

)1 atm (     

:

LmLantiLnODDOLn /37.68517.1.8517.1)(

ppmor
L

mgLmLOD 1.9094.94276.1/37.6.

])
100

(3
100

21[ 2TBTBBSTermSecond

)])
100
293(0.001700-(

100
2930.014259-0.033096[9 2TermSecond

053199.0TermSecond

L
mLantiLnODDOLn 0406.67985.1.7985.1053199.08517.1)(

ppmor
L

mg
L

mLOD 6.86235.84276.10406.6.

)1)(1(

)1()1(
*

WV

WV

P P

P
P

P

PCC
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C* = D.O  at Standard Pressure (1 atm)

P = actual pressure

PWV = Partial pressure of water

T = temperature (K)

t = temperature (oC)

3  (20oC0.7atm  salinity

) .    1atm  20oC  

9.1ppm.(

)216961()70.3840(8571.11 2TT
LnPWV

)10436.6()10426.1(000975.0 285 tt

7783.35272.21082.138571.11)
293

216961()
293

70.3840(8571.11 2WVLnP

atmantiLnPLnP WVWV 0229.07783.37783.3

54285 105744.210852.2000975.0)2010436.6()2010426.1(000975.0

410155.7

)10155.71)(0229.01(

)]7.010155.7(1)[
7.0

0229.01(
7.01.9

)1)(1(

)1()1(
4

4

*
P

WV

WV

P C
P

P
P

P

PCC
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.

 .   

   .    

      

 .  5ppm   .

   

   .

  

 .

 .

  

 .   

9763.0
9668.037.6

)9993.0)(977.0(
)]9995.0)(9673.0(37.6

)10155.71)(0229.01(
)]100085.5(1)[0327.01(7.01.9 4

4

PC

ppmCP 3.6308.69903.037.6
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   .

)Winkler (   .  

   .

.

     

 ..

MnSO4  +  2OH-                          Mn(OH)2 +  2SO4
2-

     2Mn(OH)2  +  O2                      2MnO(OH)2   Yellow Precipitate

 .   

MnO(OH)2:

MnO(OH)2  +  2H2SO4                        Mn(SO4)2 + 3H2O

Mn(SO4)2  +  2I-                            MnSO4 + SO4
2- + I2

.

2S2O3
2-  +  I2                         S4O6

2- +  2I-
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1/2 .      

.

   

 .  

 .  

    

.

 .   

:

1 -

2 -

3-

4-- .
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 .  

 .  

g/L50)ppb (  

1mg/L)ppm ( .  

 .4 %      

) (  100  

200)III ( .  )NaN3 (

.

2N3
-                           3N2   +  2e

2(HNO2  + H+ + e                     NO   + H2O)

2N3
-   + HNO2  + 2H+                  3N2  + 2NO  + 2H2O

    .  

) (  

 . .  

.
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(MnO4
-  + 8H+ + 5e                  4H2O    + Mn2+)

5(Fe2+
(aq)                      Fe3+ + e)

MnO4
-  + 8H+ + 5Fe2+                5Fe3+ +  4H2O   + Mn2+

:

2(MnO4
-  + 8H+ + 5e                4H2O    + Mn2+)

5(C2O4
2-                           2 CO2 + 2e)

2MnO4
-  + 16H+ + 5C2O4

2-      10CO2 +  8H2O   + 2Mn2+

   

)AlK(SO4)2.12H2O (.

-    

 .   

.
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32(TSS  MLSS
TSSMLSS  TSS   

Millipore0.45 m20

  103-105oC  

  

  

TSSppm .MLSS  

)Whatman 41(TT-12.

MLSS
)Mixed Liquor Suspended Solids(

MLSS)TT-12 (

)TT-14 ( .

2500-3500 .MLSS

SIV

)Sludge Volume Index ( .SIV50-150100

.
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SIV30.

SIV

 .SIV

 .SIVMLSS

SS30)Settelable Solids (

 .SS

30.

 )BOD (SIV

 .SSMLSSSIV .

1000
)/(

)/()/(
LmgMLSS

LmLSSmgmLSIV
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33 (COD
)ASTM  D1252  Method A & B(

 .COD

800mg/LCOD

 .Cl-1000 mg/L

mg/L10-30.

0.9 mL              

High RangeLow Range2.1 mL

2mL

2)Digestion(

150oC .Blank .

CODppm

460 nm620 nmSpectrophotometer DR-

2000)HACH(.
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High Range1.022g3.33g16.7mL

 .Low Range

0.1022g.

)22g

4090g.(

 :

Hg2+
(aq)  +  2NO2

-
(aq)           Hg(NO2)2

Hg2+
(aq)  +  2Cl-

(aq)         HgCl2

   .

     

 .  

 .COD

.

2K2Cr2O7  + 8H2SO4                  2Cr2(SO4)3 + 2K2SO4 + 3O2  + 8H2O

C6H12O6  + 2K2Cr2O7  + 8H2SO4  2Cr2(SO4)3 + 2K2SO4 + 6CO2  + 14H2O

) (
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34(H2S
Determination of H2S in water( Standard method 4500 F)

  H2S

.H2S  

  

APITT-4 .   H2S  

    

 .:

Pb2+  +  S2-          PbS (Black)

H2S    

.

2 mL HCl (1:1)  + 10 mL of  I2  Solution  0.1 N +  Sample

Titre with  Na2S2O3  (0.1 N) [Indicator is 2-5 drop of  Starch]

Calculation :

)(
2

1704)(

SampleofmL

testblank

W
VV

SHofppm
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:

Vblank =N/1010 mL

VTest =N/1010 mL  

.

 .

  H2S.

I2   +   H2S              2I-  + 2H+  + S

2S2O3
2-  +   I2                     S4O6

2- + 2I-

   

 .  H2S

13 .

 :
SHIOS

meqmeqmeq
22

2
32

)
1

1000.(
)(

)
1

04.17).((.
?

L
mL

mLW
meq

mgmeqVN
ppmor

L
mg
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0.1 N:

35 (
ASTM  D 516 (Method A)

 .   

 .   

 .250    

 .      

  

 .    

   

 .

:

)Gravimetric Method(

)Turbidimetric Method(

)Volumetric Method(

W
V

L
mL

mLW
meq

mgmeqV
ppmor

L
mg 1704)

1
1000.(

)(

)
1

04.17).((.1.0
?
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ASTM  D 516 (Method A).

)Cathartic action (.

20-100 ppm .

 .

)Summary of Method : (

 .

SO4
2- (aq)   +  Ba2+(aq)                 BaSO4

)Interferences : (

 .

   .

.
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 )Reagents(

1()sp gr = 0.90(

2()118 g/L: (118BaCl2.2H2O

.

3(Hydrochloric)1+9 :(HCl)sp gr =1.19 (9

.

4(Hydrofluoric)48-51 % :(HF.

5(Methyl orange)0.5 g/L : (0.05g

100mL.

6()sp gr = 1.42 : (HNO3.

7(Picric :.

8()100 g/L : (10AgNO3100mL

.

9(Sulfuric )sp gr = 1.84 : (.

)Procedure(

1 ()Ash less ( .

  .
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2(1050

200mL

 .) (

10 mL)1+9 (.

50 ppm -

100mL500 mL .

3 (5mLBaCl2

)0.6g ( .

)  .2

 .(

)(21)
)(233

)(96(50? 2
4

4

2
4

4
2
4

SOmg
BaSOmg
SOmgmgmg BaSOSO

)(4)
)(233

)(96(10? 2
4

4

2
4

4
2
4

SOmg
BaSOmg
SOmgmgmg BaSOSO

mgLSO
L

mgVolumeSample 51.0)(50 2
4

mgLSO
L

mgVolumeSample 204.0)(50 2
4
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)Settled out ( .

2.

1 (10mL

)Saturated (5BaCl2

 .

4 (BaSO4  

 .

AgNO3 .

AgCl .

 .BaSO4

 )  .

 .AgClBaSO4-

Cl-

2mLAg+

 .(

5 ()Platinum Crucible (
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 .800oC

.

6 (

SiF4)Silicon tetrafluoride (

 .800oC

 .

)Calculation(

:

 :

W =

S  =.

Mw (BaSO4) = 137 + 32 +(4×16) = 233 g/mol

2 (dehydrationHCl

HClO4  ASTM D 859

5 .

S
WppmorLmgSulfate )411500()/(
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)Silicic acid = SiO2.nH2O (

dehydrated SilicaHCl

 .

 :HCl           

)sp gr =1.19 (5mL .

5mL .

)Scratch-free, low-form, Chemically-

resistant glass beaker ()Hot plate ( .

 .5mL

 .

110oC .5mL50mL

 .

 .

)Ashless, medium-texture paper (

.15  

 .

 .
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200mLHCl

34

 .

 .

110oC . .

DR-2000.



155

1 ())((

) (

2 (ASTMStandard Methods

3 ())  ((  

1381

4 ())((.

5 ())((.

6 ())((    

1374.

7(-))((   

1370.

8 ( :  1384

9) BETZ – Handbook of Industrial Water Conditioning


