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Introduction 
Water and wastewater disinfection has been practiced in the US for more than 175 years.   

This is particularly noteworthy since the understanding that infectious diseases are transmitted by 
microorganisms only dates back about 120 years following the important work of Pasteur and 
Koch.  Over the years of practice in disinfection, there has been an evolution in the techniques 
used for design of disinfection processes.  This paper will provide a historical summary of these 
methods, and present an approach for the next stage in process design. 

Historical Evolution 
The earliest disinfection “design” guidelines were based on dosing for the purpose of 

deodorization (in accordance with the miasmatic theory of disease).  Following the 
understanding of bacteria as pathogenic agents, and experiments in the first decades of the 
twentieth century, it was recognized that dose and time were required to achieve bacterial kill in 
accord with the quality of the water or wastewater (demand) being disinfected. 

During the 1930-1970 period, there was increasing development of rate expressions for 
disinfection, and recognition that the disinfectant residual combined with the contact time (also 
as functions of pH and temperature) were crucial predictors of disinfection efficiency.  The work 
of Fair et al. was particularly noteworthy in calling attention by careful kinetic analysis to the 
direct relationship between the acid dissociation of HOCl and the efficacy of free chlorine as a 
function of pH. 

In the late 1970’s, with the development of the US EPA Surface Water Treatment Rule, it 
was recognized that the non-ideal hydraulics particularly during disinfectant contacting needed 
to be incorporated into design and compliance calculations.  The empirical use of the t10 (time for 
most rapid 10% of water to pass through a system) was an attempt to correct for this.  However 
many have recognized that this has severe limitations, as opposed to a fuller consideration of the 
overall residence time distribution (originally set forth by Trussell and Chao). 

Even the use of the full RTD in a design approach (generally termed the Integrated 
Disinfection Design Framework) suffers from oversimplification of mixing conditions – and 
further, if a system has not been built, the RTD cannot be experimentally determined.  In 
addition, there has been a greater understanding that as yet incompletely understood aspects of 
water quality can influence inactivation kinetics.  Therefore, a more detailed design approach is 
called for. 
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Proposed Approach 
The vision for a framework for modern predictive chemical disinfection system design 

has the following elements: 
• Predictive model of inactivation kinetics incorporating water quality factors 
• Predictive model of continuous flow reactor (contactor) performance using computational 

fluid dynamics (CFD) to directly describe disinfectant concentration and microbial decay 
• Predictive model of disinfectant demand 
• Predictive model of disinfection byproduct formation kinetics 

In the presentation, progress towards the first two bullets will be discussed, including a 
proof of concept that CFD methods can be directly applied to full scale disinfectant contactor 
simulation.  It will also be shown that neural network models can be used to describe 
multivariate water quality effects on disinfection.  This provides encouragement that it will be 
possible to develop optimal designs by computational efforts, given the (necessary development) 
of more robust data sets on inactivation, disinfection decay, and DBP formation in a variety of 
water matrices. 
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