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Water Quality 

The availability of a water supply adequate in terms of both quantity 

and quality is essential to human existence. Early people recognized the 

importance of water from a quantity viewpoint. Civilization developed 

around water bodies that could support agriculture and transportation as 

well as provide drinking water. Recognition of the importance of water 

quality developed more slowly. Early humans could judge water 

quality only through the physical senses of sight, taste, and smell. Not 

until the biological, chemical, and medical sciences developed were 

methods available to measure water quality and to determine its effects 

on human health and well-being 

 

Like all sciences, the science of water quality has developed its own 

terminology and the means of quantifying these terms. The purpose of 

this lecture is to introduce the students and readers to the modern 

concepts of water quality. The means by which the nature and extent of 

contaminants in water are measured and expressed are presented along 

with the sources of various contaminants that find their way into water. 

An understanding of the material in this lecture will be essential in 

subsequent lectures dealing with water quality changes in both natural 

and engineered systems 
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ION BALANCE: 

 It is possible to check whether this is true by performing an Ionic Balance 

calculation. This check should return a value of 0% if cations and anions are 

perfectly in balance, although it is accepted that values between ± 10% are 

satisfactory for this test. When values are outside the ±10% range, there is 

often an assumption that some part of the analysis is wrong. However, often 

there are other explanations.  

The Ionic Balance Calculation should encompass all anions and all cations with 

the sample. However, commercially this is not viable and a range of different 

calculations are available that cover the most commonly encountered cations 

and anions, such as the examples below 
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Secondary Anions :Iron , Sr, CO3
-2  

, F
-1

, Si… 

Ideally, therefore, we can state :anions (meq/L) = cations (meq/L) 

To convert from mg/L  to meq /L, the following formula is used 

mg/L( Equivalent Weight)Meq/ L = mg/L ( Charge/ Atomic Mass) =   

To carry out this conversion we need to know the relationship between the mass and the 

charge for each species. Some examples are shown in the following table 
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8.49- 7.89) / 7.89) * 100%=)) e% = 
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Ca(HCO3)2 = 2.75 meq /L 

Mg(HCO3)2 = (4.1 -2.75 )=1.35 meq/L 

MgsO4 = (4.23 -4.1 )=0.22 meq/L 

Na2 sO4 = (4.35 -4.23 )=0.12 meq/L 

NaCl= (4.35 -4.23 )=2.51 meq/L 
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Alkalinity Definition : 

is defined as the quantity of ions in water that will react 

to neutralize hydrogen ions . alkalinity is thus  a measure 

of the ability of water to neutralize acids. 

Without this acid-neutralizing capacity, any acid added 

to a stream would cause an immediate change in the pH. 

 Algae remove CO2  pH 9-10 

The Standard Limit of drinking water range ( 6.5 – 8.5 ) 

Increasing Alkalinity leads to Low Hydrogen Ion Concentration  
then High pH value . 

Sources: 

Constituents of Alkalinity in natural water system include: 

 ( CO3
-2

 , HCO3
-1

 , OH
-1

 , HSiO3
-1

 , H2BO3
-1

 , HPO4
-2

  , 

HS
-1

 and NH3
o
 ) 

These Compounds result from,dissolution of mineral 
substances  and basic materials in the soil and atmosphere  
Phosphate (HPO4-2) also may originate from detergents in 

wastewater discharges and from fertilizers and insecticides 

from agricultural land. 

Hydrogen sulfide and Amonia may be products of microbial 

decomposition of organic material. 

The most common Constituents of Alkalinity. Are   ( CO3
-2

 

, HCO3
-1

 , OH
-1 ). 

In addition to their mineral origin , these substances can 

originate from Carbon Dioxide (CO2) , a Constituent of the 

atmosphere and product of  microbial decomposition of 

organic material. These reactions are as follow : 

   CO2(aq)+H2O                    H2CO3                   ( Carbonic Acid) -(1) 
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       H2CO3                                HCO-1
3  +  H+1

             (Bicarbonate)  ---(2) 

      HCO-1
3                                CO-2

3  +   H+1
                 (Carbonate)  -----(3) 

       CO-2
3  +H2O          HCO-1

3 +OH-1     
(Hydroxide)  -----(4)

 

The reaction represented by the equation No. (4) is a weak reaction 

chemically. 

However , utilization of the Bicarbonate ion as carbon source by 

algae can drive the reaction to the right and result in substantial 

accumulation of OH
-1 

. Water with heavy algal growth often has pH 

values as high as 9 to 10 . 

Impacts : 

 In large quantities , Alkalinity imparts a Bitter Taste to 

Water  , the principal objectionable of alkaline water , is the 

reactions that occur between alkalinity and  certain Cations 

in the water  to Produce precipitates ( Solids) can foul pipes 

and other water system appurtenance . 

 

Measurement : 

 Alkalinity measurement are made by titrating the water with an 

acid and determining the hydrogen equivalent.  

Titration: A titration is a technique where a solution of known 

concentration is used to determine the concentration of an unknown solution. 

Typically, the titrant (the know solution) is added from a buret to a known 

quantity of the analyte (the unknown solution) until the reaction is complete. 

Knowing the volume of titrant added allows the determination of the 

concentration of the unknown. Often, an indicator is used to usually signal 

the end of the reaction, the endpoint. 

Alkalinity is then expressed as milligrams per liter as CaCO3 . 

If 0.02 NH2SO4 is used in the titration , then (1 ml ) of the acid will 

neutralize ( 1mg ) of alkalinity as CaCO3 . 

https://chemed.chem.purdue.edu/genchem/lab/equipment/buret/home.html
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Hydrogen ions from the acid react with the alkalinity according to 

the following equations : 

       H
+1

  +  OH-1
                                   H2O                                                          -----(5) 

       CO-2
3 +H

+1                HCO-1
3     

                   -----(6)
 

      HCO-1
3 +H+1

                             H2CO-2
3                                     -----(7)

 

Figure -4 :Alklinity Titration Curve 

 

 

 

  

P 

T 
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If acid is added slowly to water and the pH is recorded for each addition . a 

titration curve similar to the curve in Fig1 above is obtained .Of particular 

significance are the inflection points in the curve that occur at approximately pH 

(8.3) and ((4.5) . The conversion of  carbonate to bicarbonate (Eq'n 6) is 

essentially compelete at ( pH = 8.3) .However, because bicarbonate is also 

alkalinity species , an equal amount of acid must be added to complete the 

neutralization . Thus , the neutralization of carbonate is only one –half complete 

at     ( pH = 8.3), all of the hydroxide and one –half of the carbonate have been 

measured at (pH=8.3)  

We use phenolphthalein Indicator ( Pink), to know the first inflection point when  

end point-pink to colorless 

 . At pH=4.5 all of the bicarbonate has been converted to carbonic acid (Eq'n 7) , 

Including the bicarbonate resulting from the reaction of the acid and carbonate 

(Eq'n 6). 

We use mixed-bromo cresol green methyl Indicator ( Green), to know the second 

inflection point when  end point-Green to Red. 

Thus, the amount of acid required to titrate a sample to pH=4.5 is equivalent to 

the total alkalinity of the water 

 . This point is illustrated in the following examples .       

 

 

 

 

 

 

Alkalinity is calculated using the following Eq'n : 

           (
  

 
         )      (       )                         

            
-Eq'n (8) 
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Pink to colorless 
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Example-1 : (Determining total alkalinity ) 

A 200-mL  sample of water has an initial pH of 10. Thirty milliliter 

of 0.02NH2SO4 is required to titrate the sample to pH = 4.5 . What is 

the total alkalinity of the water in milligram per liter as CaCO3 ? 

SOLUTION: 

Using Eq'n No.  (8) 

 

           (
  

 
         )      (  )            

      
 = 150 

  

 
           

Example-2 : (Determining total alkalinity ) 

A 100-mL  sample of water is titrated for alkalinity determining. (3.0)  milliliter of 

0.02NH2SO4 is required to reach the phenolphthalein end point-pink to colorless, 

and an additional  (12 ) mL is added for the mixed bromo cresol green methyl color 

change . Calculate the phenolphthalein  alkalinity, the mixed-bromo cresol green 

methyl alkalinity and the total alkalinity ?  

 . What is the total alkalinity of the water in milligram per liter as 

CaCO3 ? 

SOLUTION: 

Using Eq'n No.  (8) 

                            (
  

 
         )    

        ( )            
      

 = 30 
  

 
          

                                             (
  

 
         )    

=    
(  )            

      
 = 120 

  

 
          

                   (
  

 
         )   

   (  )            

      
 = 150 

  

 
          

Or Total Alk. =                Alk.+ Mixed- bromo cresol Alk =  

= 30 + 120 = 150 
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Alkalinity Species : 
If the volume needed to reach the (8.3) end point is known , the species of 

alkalinity can also be determined . Because all of the hydroxide and one-half 

of the carbonate have been neutralized at pH 8.3 , the acid required to lower 

the pH from 8.3 to 4.5  must measure the other one-half of the carbonate , 

plus all of the original bicarbonate. If (P) is the Alkalinity  to reach pH 8.3  

and (T) is the total quantity of Alkalinity required to reach pH 4.5 , the 

following generalization concerning the forms of alkalinity can be made : 

 Hydroxide and bicarbonate alkalinities cannot be present at the same time (incorrect 

but rough estimate), @pH8.3 neutralization of  hydroxides are completed. 

Five possible situations: 

1. If  P = T , all alkalinity is Hydroxide only  ,initial pH  = 10 

 Hydroxide (OH
–
) alkalinity is present if phenolphthalein alkalinity is more 

than half the total alkalinity. 

OH
-1

 Alk. =Caustic Alk. =Total Alkalinity = T  

2. If  P = T/2 , all alkalinity is Carbonate only , initial pH = 9.5 

 Carbonate (CO3 
-2

 ) alkalinity is present when phenolphthalein alkalinity is not 

zero but is less than total alkalinity. 

(CO3 
-2

 ) alkalinity = 2  ×Caustic Alk. = 2P = Total Alkalinity 

3. If  P = 0 all alkalinity is Bicarbonate only , initial ,(pH ≥  8.3) 

Bicarbonate (HCO3
-1

 ) alkalinity is present if phenolphthalein alkalinity is less 

than half the total alkalinity. 

(HCO3
-1

 ) alkalinity = T =  Total Alkalinity  

4. If  P  >  T/2 ,  alkalinity  are CO
-2 

3 and HCO
- 

3 . ( 8.3  < pH > 10.5 ) 

(CO3 
-2

 ) alkalinity = 2  ×Caustic Alk. = 2P   

(HCO3
-1

 ) alkalinity = T – 2P = Total Alkalinity - (CO3 
-2

 ) alkalinity  

5. If  P   < T/2 , alkalinity  are OH
-1  

and  CO3
- 
 , initial pH = 10 

 (OH
-1

  ) alkalinity = 2P-T ,     (CO3 
-2

 ) alkalinity =  2(T-P) 
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Figure -2 Graphical representation of titration of samples 

containing various forms of alkalinity 

 
 Figure -3 Graphical representation of titration of samples 

containing Hydroxide of alkalinity 
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Figure -4 Graphical representation of titration of samples 

containing Carbonate of alkalinity 

 
Figure -5 Graphical representation of titration of samples 

containing Hydroxide - Carbonate of alkalinity 
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 Figure -6 Graphical representation of titration of samples 

containing Carbonate - Bicarbonate of alkalinity 

 

Figure -7 Graphical representation of titration of samples 

containing Bicarbonate of alkalinity 
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Figure -8 Alkalinity species vs. pH values 

 

 

Example -3: 

In alkalinity determination using (0.02 N Acid), (1 mL = 1 mg calcium carbonate). 

A 100 mL sample of water gave the following results:- 

Titration to pH = 8.3(Phenolphthalen change color) added 14.5 mL Acid. 

Total titration to pH = 4.5( mixed bromo cresol change color)  added 22.5 ml Acid 

Determine the Alkalinity Species and Quantities? 
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SOLUTION: 

P = 14.5 mL 

T = 22.5 mL 

T/2 = 11.25 mL 

P  < T/2 , then , alkalinity  are OH
-1  

and  CO3
- 
 , initial pH = 10 

(OH
-1

  ) alkalinity = 2P-T  

(CO3 
-2

 ) alkalinity =  2(T-P)  

(Using Eq'n 8)  

- Total            (
  

 
         )               

     (    )            
      

 = 225 
  

 
           

- Phenolphthalen             (
  

 
         )  P - Alkalinity 

    (    )            
      

 = 145  
  

 
          CO3

- 
 

  (OH
-1

  ) alkalinity = 2P-T = 2(145)- 225= 65 
  

 
          CO3

-
 

(CO3 
-2

 ) alkalinity =  2(T-P) =2( 225 – 145) = 160 
  

 
          CO3

-
 

ABSTRACT: 

 

Figure – 9 : Alkalinity Species and Measurements 
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Calculation from alkalinity + pH measurements 

  

 

Alkalinity and acidity are based on the “carbonate system “ . 

[Alk.]=[HCO-3 ] + 2[CO=3 ] + [OH-] –[H+] 

( mol/L of H+ that can be neutralized) 

(Alk.)=(HCO-3 )+ (CO=3 ) + (OH-) –(H+) 

( meq/L of H+ that can be neutralized) 

Alk. In mg/L as CaCO3= ( Alk.) x EW CaCO3 
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Example : 
CO=3 = 20 g/m3      HCO-3 = 488 g/m3 

OH-= 0.17 g/m3           Alk. = ? 

 

 

Expressing in terms of CaCO3: 

Species A 

mg/L as CaCO3 = ( mg/L A)(EW CaCO3 / EWA) 

Example : 10 mg/L Mg2+ , Mg+2= 24,3 mg/L EW 

 Mg+2 = 24,3/2=12,15 Conc of Mg+2 as CaCO3  

(10 mg/L)x((5000 mg/meq)/(12150 mg/meq Mg+2))= 41,15 

mg/L as CaCO3 
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3. Calculation from equilibrium reactions : 

 

Application of alkalinity data: 

Chemical coagulation: excess alkalinity should be present 

Water softening: important in calculating lime and soda ash 

requirements 

Biological processes 

Industrial wastewaters: Many municipalities prohibit caustic 

alkalinity to sewers 

İS Kİ requires 6<pH<12 

pH changes during aeration of  water: 

Common purpose of aeration is to strip 

Carbon dioxide pH 

Ammonia 

VOCs 

Air content t0,035 % by volume CO2  

Henry ‘s constant: 1500 mg/L.atm Equilibrium conc. For CO2 = 

0,00035 x 1500 =0,45 mg/L 

KA1= [H+] [HCO-3 ] / [H2CO3 ] 
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If alkalinity= 100 mg/L Aerated until equilibrium of CO2 in 

airpH=8,6 

pH changes in the presence of algal blooms: 

 
 

Boiler waters : 
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 SOFTENING: 

Hardness  as a water quality parameter discussed in previous Lectures , the term ' 

reduction of hardness' or" softening", is a process commonly practiced in water 

treatment , Softening may defined as a Chemical precipitation is among the most 

common methods used to soften water 

Softening may be done by the water utility at the treatment plant or by the consumer at 

the point of use, depending on the economics of the situation and the public desire for 

soft water. 

Generally, softening of moderately hard water (50- 150 mg/L Hardness) is best left to 

the consumer, while harder water should be softened at the water treatment plant . 

softening processes commonly used are chemical precipitation and Ion exchange, either 

of which may be employed at the utility-owned treatment plant . Home-use softener are 

almost exclusively ion-exchange units. 
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Homework: 

  Two-stage softening:  A water with the ionic characteristics shown below is to be softened by the 

lime-soda-ash-excess-lime process .Calculate the required chemical quantities in (meq/L).Draw a 

bar diagram of the finished water. For a flow of (5×10
6
. L/d), calculate the daily chemical 

requirements and the mass of solid produced. Assume that the lime and the soda ash used are (90 

%) pure?         (15 Marks)                                                                                   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Cl
-1 

SO4
-2 

HCO3
-1 

Na
+1 

Magnesium
+2

  Calcium
+2

  CO2
 

Element 

71.8 29 164.7 13.7 71.1 40 8.8 
Concentrati

on (mg/L) 

Hco3
-1 

Na
+1 

So4
-2 

Cl
-1 

K
+1 

Mg
+2 

Ca
+2 Elements 

61 23 96 35 . 5 39.1 24 . 3 40 Atomic Mass 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

9 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

11 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

11 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

12 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

13 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

14 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

15 

 

 



  

 Water Quality Control                                  Prof. : Majeed Mattar  

Third – Class              Lec. 8 : SOFTENING           

  

16 

 

 

 

 

 

 

 

 

 

 

 

 



 Iraq Republic of    

Ministry of Higher Education and Scientific Research 

University of Anbar 

 College of Engineering 

Dams And Water Resources Department 

 

 

Third Class 

 

Water Quality Control 

 

By 

  Professor : Majeed M. Ramal 
 

 

 

 

 

Lecture – 9-2 

DO Sag Curve Modeling 
 

 

 

 

 

 

 

 

 

 

 



 

 Water Quality Control                                   Prof. : Majeed Mattar  

Third – Class                     Lec. 9 : DO Sag Curve   

  

1 
 

SELF PURIFICATION OF NATURAL STREAMS  
The self purification of natural water systems is a complex process that often 

involves physical, chemical, and biological processes working simultaneously. 

The amount of dissolved Oxygen (DO) in water is one of the most commonly used 

indicators of a river health. As DO drops below 4 or 5 mg/L the forms of life that 

can survive begin to be reduced. A minimum of about 2.0 mg/L of dissolved 

oxygen is required to maintain higher life forms. A number of factors affect the 

amount of DO available in a river. Oxygen demanding wastes remove DO; plants 

add DO during day but remove it at night; respiration of organisms removes 

oxygen. In summer, rising temperature reduces solubility of oxygen, while lower 

flows reduce the rate at which oxygen enters the water from atmosphere.  

 

  Factors Affecting Self Purification : 

1.Dilution: When sufficient dilution water is available in the receiving water body, 

where the wastewater is discharged, the DO level in the receiving stream may not 

reach to zero or critical DO due to availability of sufficient DO initially in the 

river water before receiving discharge of wastewater.  

2.Current: When strong water current is available, the discharged wastewater will 

be thoroughly mixed with stream water preventing deposition of solids. In small 

current, the solid matter from the wastewater will get deposited at the bed 

following decomposition and reduction in DO. 

 3.Temperature: The quantity of DO available in stream water is more in cold 

temperature than in hot temperature. Also, as the activity of microorganisms is 

more at the higher temperature, hence, the self-purification will take less time at 

hot temperature than in winter. 

 4.Sunlight: Algae produces oxygen in presence of sunlight due to photosynthesis. 

Therefore, sunlight helps in purification of stream by adding oxygen through 

photosynthesis. 

5.Rate of Oxidation: Due to oxidation of organic matter discharged in the river DO 

depletion occurs. This rate is faster at higher temperature and low at lower 

temperature. The rate of oxidation of organic matter depends on the chemical 

composition of organic matter. 
 

  Oxygen Sag Analysis : 
The oxygen sag or oxygen deficit in the stream at any point of time during self 

purification process is the difference between the saturation DO content and actual 

DO content at that time. Oxygen deficit, D = Saturation DO – Actual DO The 

saturation DO value for fresh water depends upon the temperature and total 

dissolved salts present in it; and its value varies from 14.62 mg/L at 0oC to 7.63 

mg/L at 30oC, and lower DO at higher temperatures. The DO in the stream may 

not be at saturation level and there may be initial oxygen deficit ‘Do’. At this 
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stage, when the effluent with initial BOD load Lo, is discharged in to stream, the 

DO content of the stream starts depleting and the oxygen deficit (D) increases. The 

variation of oxygen deficit (D) with the distance along the stream, and hence with 

the time of flow from the point of pollution is depicted by the ‘Oxygen Sag Curve’ 

(Figure 1). The major point in sag analysis is point of minimum DO, i.e., 

maximum deficit. The maximum or critical deficit (Dc) occurs at the inflexion 

points of the oxygen sag curve. 

 

Figure 1 Deoxygenation, reoxygenation and oxygen sag curve 

 

Deoxygenation and Reoxygenation Curves  
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When wastewater is discharged in to the stream, the DO level in the stream goes 

on depleting. This depletion of DO content is known as deoxygenation. The rate of 

deoxygenation depends upon the amount of organic matter remaining (Lt), to be 

oxidized at any time t, as well as temperature (T) at which reaction occurs. The 

variation of depletion of DO content of the stream with time is depicted by the 

deoxygenation curve in the absence of aeration. The ordinates below the 

deoxygenation curve (Figure 1) indicate the oxygen remaining in the natural 

stream after satisfying the bio-chemical demand of oxygen. When the DO content 

of the stream is gradually consumed due to BOD load, atmosphere supplies 

oxygen continuously to the water, through the process of re-aeration or 

reoxygenation, i.e., along with deoxygenation, re-aeration is continuous process. 

The rate of reoxygenation depends upon:  

i)Depth of water in the stream: more for shallow depth.  

ii)Velocity of flow in the stream: less for stagnant water.  

iii)Oxygen deficit below saturation DO: since solubility rate depends on difference 

between saturation concentration and existing concentration of DO.  

iv)Temperature of water: solubility is lower at higher temperature and also 

saturation concentration is less at higher temperature.  

 

  Mathematical analysis of Oxygen Sag Curve:  
Streeter – Phelps equation The analysis of oxygen sag curve can be easily done by 

superimposing the rates of deoxygenation and reoxygenation as suggested by the 

Streeter – Phelps analysis. The rate of change in the DO deficit is the sum of the 

two reactions as explained below: 
dDt/ dt = f ( deoxygenation and reoxygenation) 

 OR dDt / dt = K’Lt – R’Dt ……………………....(1)  

Where, Dt = DO deficit at any time t, 

 Lt = amount of first stage BOD remaining at any time t  

K 1 = BOD reaction rate constant or deoxygenation constant (to the base e)   

R ( or K2) = Reoxygenation constant (to the base e)  

t = time (in days)  

dDt/ dt = rate of change of DO deficit Now, 

Lt= L0.e
-k.t 

Where, Lo = BOD remaining at time  t = 0  

Hence, 
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Where, K = BOD reaction rate constant, to the base 10  

R or  (K2)= Reoxygenation constant to the base 10  

Do = Initial oxygen deficit at the point of waste discharge at time t = 0  

t = time of travel in the stream from the point of discharge = x/u  

x = distance along the stream u = stream velocity  

This is Streeter-Phelps oxygen sag equation. The graphical representation of this 

equation is shown in Figure 2. 

 

Figure .2 Oxygen sag curve of Streeter-Phelps equation 

Note: Deoxygenation and reoxygenation occurs simultaneously. After critical point, 

the rate of re-aeration is greater than the deoxygenation and after some distance the 

DO will reach to original level and stream will not have any effect due to addition of 

wastewater. At time t=0 at x = 0. 
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 Modeling DO in a River 

• To model all the effects and their interaction is a difficult task 

• The simplest model focuses on two processes: 

– The removal of oxygen by microorganisms during biodegradation (de-

oxygenation) 

– The replenishment of oxygen at the interface between the river and the 

atmosphere (re-aeration) 

  

  

  
 

 

 

 

Critical time and Critical DO deficit 
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Critical Point = point where stream conditions are at their worst 

Determination of Critical DO deficit (Dc) and distance Xc The value of 

Dc can be obtained by putting dDt/dt = 0 in equation 3, Hence,  

 

Where, tc is time required to reach the critical point. The value of tc can 

be obtained by differentiating equation 4 (or 5) with respect to t and setting 

dDt/dt = 0  Therefore, 

 

 

The distance Xc is given by Xc = tc . u Where, u = velocity of 

flow in the stream The deoxygenation constant K, is obtained by 

laboratory test or field tests, and varies with temperature as given 

below:  

 

         
     ……(10) 

Where, θ = 1.047  

The reoxygenation constant R or (K2) also varies with the temperature and 

can be expressed as:          
    

  ........(11)  

Where, θ = 1.016 

Where, R = 0.15 to 0.20 for low velocity large stream = 0.20 to 0.30 for 

normal velocity large stream , and 0.10 to 0.15 for lakes and sluggish stream. 
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Dilution Equation ( Mass Balance Equation)= 

           
         

            
 

This equation used to measure all variables after mixing 

T And DO 

 T And DO 

0    X    
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DOs = f (Temperature) 

When Temperature increase DO is Decreased 

 

 

 

 

 

 

 

 

 

CBOD5= The amount of O2 exerted through five days 
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  Reaction constant rate: 

The de-oxygenation (Reaction) constant K, is obtained by laboratory test or 
field tests, and varies with temperature as given below:  

         
     

  Where, θ = 1.047  

K = 0.1 to 0.3 for municipal sewage, base 10, (0.23 to 0.70 for base e) 

 

Example: 

The (BOD5) of a wastewater @ 20
 ο

C ) is  (150 mg/L ) , The  (K) reaction constant rate is (0.23 per 

day-( d
-1

 ) @ (20 
ο
C)  , What would be the BOD8 if the test were run at  (15 

ο
C ) ? 

Solution: 

 )kt-e-(10L=t BOD 

BODu =L0  = [BOD5 / (1-e-kt)] 

 220 mg/L)   = (0.23* 5-e-= 150 / (1  0=L uBOD 

          
     

                               

 

BOD8 @ 150C =220(1-e-0.18* 8) =168 mg/L 

0BODU= L 
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Life of a Reservoir  
 

The dead storage provided in reservoir capacity is allowed 

for sedimentation. Actually all the sediment load does not go in 
dead storage. It encroaches upon live storage also. The 

encroachment and its distribution depend upon many factors such 

as reservoir operation, valley characteristics, capacity inflow ratio, 

sediment content in the inflow etc. The useful life of a reservoir is 

taken till its capacity is reduced to about 20% of’ the designed 

capacity.  

The rate of sedimentation is higher in the initial stages and it 

decreases with years. This is due to fall in the trap efficiency of the 

reservoir, consolidation and shrinkage of deposits and formation of 

delta.  
 
 
Trap efficiency : The trap efficiency (ηt) is defined as the percent 
of the total inflow sediment which is retained in the reservoir. Thus 

Trap efficiency   
 
 
 
 

t

Sediment retained
η = x100

Total sediments
                               

(8) 

From the observations of the rate of sedimentation is of existing 
reservoirs, it has been found that the trap efficiency of a reservoir 
depends upon the capacity/inflow ratio. Thus                   ηt = 
⌠(capacity/inflow ratio) 

Brune (1948) gave the curves relating the trap efficiency and the 

capacity/inflow ratio on the basis of sedimentation data of existing 

reservoirs (Fig. 14)  
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                                                                  (Fig. 14)  
The following procedure is used to estimate the useful life of 
reservoir. It is assumed that the capacity, the annual inflow, the 
annual sediment load, the trap efficiency and the mass density of 
the deposited sediments are known. 

1. Determine the capacity – inflow ratio from the annual inflow 
volume and initial capacity of the reservoir. 

2. Find the trap efficiency from Fig. 14 for the capacity – inflow  
ratio found in step(1). 

3. Divide the available storage in different portions. Generally, it 
is divided into 10 portions. Compute the capacity – inflow 
ratio when the capacity is reduced to 90% of the initial 
capacity. 

4. Determine the trap efficiency for the capacity – inflow ratio 
found in step (3). 

5. Find the average of the trap efficiencies found in steps (2) 
and (4). This is the trap efficiency with the sedimentation 
takes place when capacity is reduced by first 10%(in this 
case). 
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6. Multiply the average annual sediment load by the average 
trap efficiency to determine the amount of sediment 
deposited annually. 

7. Convert the deposited sediment from mass (or weight) units 
to the volume units by dividing the mass (or weight) of the 
sediment by the mass density (or specific weight). 

8. Determine the number of years required for filling the 10% 
capacity of the reservoir by dividing this 10% capacity by the 
annual volume of sediment found in step (10). 

9. Repeat the above steps and find out the number of years 
required for filling the successive 10% of the capacity till only 
20% of the capacity is left, i.e. 80% of its is silted. 

10. Calculate the sum of the number of years required for 
filling the successive 10% of the capacity. This sum total is 
equal to the useful life of the reservoir. 

Example 4 :A reservoir  has a capacity of 3.6 Mha-m up to the 
level of the spillway crest . The average annual inflow is 1.5 Mha-
m of water. If the average annual  sediment inflow 3 X 1011 kg. 
Determine the following: 

a. The useful life of the reservoir, assuming that usefulness of 
the reservoir is terminated which two – thirds of the total 
capacity is filled with sediment. 

b. The storage capacity at the end of 30 years. 
c. The period in which the reservoir will be completely filled up 

to the crest level. 
Assume mass density of sediments as 1100 kg/m3. 
Consider only 6 divisions of the total storage capacity. 
Solution Annual sediment inflow = 3 x 1011kg. 
                                                        

11
3 33X10

= m =272.73Mm =0.0273Mha-m
1100

 

Annual inflow of water                  = 1.5 Mha-m 
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Initial capacity – inflow ratio 
3.6
= =2.4
1.5

 

Storage capacity at the end of useful life = 1/3 X 3.6 = 1.2 Mha-m 

Capacity – inflow ratio   
1.2
= =0.8
1.5

 

Volume of sediment deposited in 30 years = 30 X 0.0273 = 0.82 
Mha-m 
Storage capacity at the end of 30 years = 3.6 – 0.82 = 2.78 Mha-m 
 

Capacity – inflow ratio  
2.78
= =1.85
1.5

 

When the reservoir is completely filled with the sediment, Capacity 
– inflow ratio =0.0 
The calculations are shown in the table below. The values of the 
trap efficiency are obtained from 
 
 

S. 
No. 
 
 
(1) 

Capacity 
(Mha–m) 

 
 
(2) 

Capacity 
inflow 
ratio 
 
(3) 

Trap efficiency Annual trapped sediment Increment
al volume 

Mha-m 
 
(8) 

No. of 
years 

required 
 
(9) 

Point 
efficiency 

(100%) 
(4) 

Average 
efficiency 

(100%) 
(5) 

Mass 
(kg) 
 
(6) 

Volume 
(Mha-m) 

 
(7) 

1 3.60 2.40 98.2      

2 3.00 2.00 98.0 98.1 2.943 X 10
11

 0.0268 0.60 22.4 

3 2.40 1.60 97.5 97.75 2.933 X 10
11

 0.0266 0.60 22.6 

4 1.80 1.20 97.0 97.25 2.918 X 10
11

 0.0265 0.60 22.7 

5 1.20 0.80 96.0 96.5 2.895 X 10
11

 0.0263 0.60 22.8 

6 0.60 0.40 95.0 95.5 2.865 X 10
11

 0.0260 0.60 23.1 

7 0 0 0 47.5 1.425 X 10
11

 0.0130 0.60 46.2 

                                                                                                                                                             

159.8 years 

Useful life of reservoir = 22.4 + 22.6 + 22.7 + 22.8 = 90.5 years 
Storage Capacity at the end of 30 years = 2.78 Mha – m 
Total life of reservoir = 159.8 years. 

 
 


