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1.1 TRANSPORT PROCESSES 

In most cases, contaminants are introduced into rivers over a particular 

subarea of the river cross section, For example, pipe discharges are typically 

over a small area along the side of the river, whereas submerged multiport 

diffuser discharges are over a larger portion of the river cross section. In these 

cases, two distinct zones are identified: the initial zone where the contaminant 

mixes across the cross section of the channel, and the well-mixed zone, 

where the contaminant is well-mixed across the cross section and further 

mixing is associated with longitudinal dispersion in the flow direction. 

 

1.1.1 Initial Mixing 

The turbulent velocity fluctuations in the vertical and transverse 

directions in rivers are on the same order of magnitude as the shear velocity, 

u *, which is defined by : 

 

u * = √
 

 
     ------------- Eq.(1) 

Where : 

V = the mean (longitudinal) flow velocity, m/s 

ƒ = Darcy–Weisbach friction factor 

 

The vertical turbulent diffusion coefficient, εv, in a wide open channel can 

be estimated by the relation : 

 

εv = 0.067du* ----------- Eq.(2) 

Where :  

d = the depth of flow in the channel, m 

 

Experimental results in straight rectangular channels indicate that the 

transverse turbulent diffusion coefficient, εt, can be estimated by the relation: 

 

εt 0.6du* (natural streams) ------------ Eq.(3) 

 

Considering a stream of characteristic depth d and width w, the time scale, Td, 

for mixing over the depth of the channel can be estimated by :  

 

Td= 
  

  
  ---------- Eq.(4) 

 

and the distance, Ld, downstream from the discharge point to where complete 

mixing over the depth occurs is given by : 
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Ld = VTd=  
  

  
    ---------- Eq.(5) 

Similarly, the time scale, Tw, for mixing over the width, w, can be estimated by:  

Tw= 
  

  
  ---------- Eq.(6) 

 

and the corresponding downstream length scale, Lw, to where the tracer is 
well mixed over the width can be estimated by: 

Lw = VTw=  
  

  
    ---------- Eq.(7) 

Fischer (1979) used field measurements to estimate the actual distance, 

Lw , for a single-port discharge located on the side of a channel to mix 

completely across a stream as : 

Lw'  
       

  
   at any discharge location in a stream --------- Eq.(8.a) 

if a multiport outfall of length L is placed in the center of a stream of 

width W, full cross-sectional mixing occurs when the contaminant mixes over 

a width, w=(W-L)/2, and the downstream distance, Lw, to complete cross-

sectional mixing is given by: 

Lw'  
     (   ) 

  
   ---------------- Eq.(8.b) 

        Clearly, cross-sectional mixing can be accelerated by using multiport 

diffusers rather than single-port outlets. 
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DISCHARGE MEASUREMENT 

Discharge (flow rate) measurement is very important to provide the basic data 

required for river or stream water quality. The discharge in a stream cross-

section can be measured from a sub-section by the following formula: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

TIME OF TRAVEL 

The river time of travel and stream geometry characteristics can be 

computed using a volume displacement model. The time of travel is 

determined at any specific reach as the channel volume of the reach divided 

by the flow as follows: 
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Dissolved Oxygen Saturation 

DO saturation (D.O. sat) values for various water temperatures can be 

computed using the American Society of Civil Engineers’ formula (ASCE, 

1960) 
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This formula represents saturation values for distilled water at sea level 

pressure. Water impurities can increase the saturation level or decrease the 

saturation level, depending on the surfactant characteristics of the 

contaminant. The D.O. sat values calculated from the above formula are listed 

in Table 2.2 . 
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