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Introduction

 The water quality issue: loadings (PS 
and NPS) and water quality criteria 
and standards

 Fundamental quantities (mass, 
concentration, rates) 

 Conservation of mass (“balance”)
 Mathematical/computer models 

(empirical, mechanistic)



Fundamental Quantities

Mass, m, and concentration, c:
c  =  m/V

where:

m = mass (M)
V = volume (L3)
c  =  mass per unit volume

For dilute solutions, concentration may be expressed on a 
mass basis as ppm, ppb, and ppt.



Fundamental Quantities 
(cont.)

Mass loading rate for waste discharges

W   =   m/t

where:

m   =   mass of contaminant
t     =    time interval Δt
W  =    mass of waste per unit time



Rates from Point Sources

Loading rate (mass):
W = Q x c

Flow rate (volumetric):
Q =  U x Ac

Mass flux rate:
J   =   m/(tAc)  =  W/Ac =  U x c



Mathematical Models 
(also referred to as Computer Codes)

 Empirical or inductive:
 c = W/a

 Mechanistic or deductive:
 c = f (mathematical solution obtained from 

conservation principles)



A Simple Linear Mathematical 
Water Quality  Model

• “...represents the response of  a system of a 
receiving water body to external stimuli (i.e., 
waste loading)…”, as follows:

Concentration in water body: 
c   =      f (W; physics, chemistry, biology) or
c   =       ( 1/ a) x W

where:
a      =   assimilation factor (L3 T-1) of receiving water body



Model Implementation/Application
 Simulation mode: 

 c = W/a
 Design mode I (assimilative capacity):

 W = c x a
 Design mode II (environmental 

modification):
 a = W/c



“Conservation of Mass”
Principle

 Organizing basis of mechanistic (or deductive) models
 “Mass in a control volume (within system boundary), 

over a period of time, is neither created nor 
destroyed” and may be quantitatively expressed as 
rates, as follows:

 Accumulation rate in a “system of interest 
=  loadings (sources/sinks) +/- transport 

+/- reactions



Historical Development of 
Models

 1925-1960: analytical, 1D, BOD/DO
 1960-1970: analytical and numerical, 1D/2D, 

BOD/DO
 1970-1977: numerical, 1D/2D/3D, nutrients
 1977-present: numerical and analytical, 

conventional and emerging contaminants, 
expanded process detail, model integration, 
scale effects, fate of contaminants (e.g., 
priority, emerging) etc., etc. 



Lecture 1 – Example 1.1



Lecture 1.2 – Example 1.2
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Lecture 1 – Example 1.3
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