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Preface

This first edition of AWWA Manual M38 provides detailed information on the
classical electrodialysis (ED) and the electrodialysis reversal (EDR) processes and
systems. ED and EDR systems employ electrochemical and membrane cell technolo-
gies to separate ionic materials in aqueous solutions. These systems have proven
useful in food processing, medical applications, and other specialized industrial uses,
with major applications being the production of drinking water or pure industrial
process water from mineralized sources.

Directed to engineers and operators of ED and EDR systems, this manual pro-
vides detailed background information on ED and EDR as they relate to water treat-
ment processes. The manual explains process principles, equipment information,
electrodialysis technology, and system design. Information on water chemistry is
included to enhance understanding of water processing.

It is hoped that this manual will also assist water process engineers and treat-
ment plant decision makers in understanding the value of ED and EDR technology
applied to their water treatment needs.
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AWWA MANUAL

Chapter 1

Introduction

Electrodialysis (ED) is an electrically driven membrane process used to
demineralize brackish water. Brackish waters lie under approximately two thirds of
the United States, and inland rivers, such as the Rio Grande and the lower reaches of
the Colorado, also contain high levels of salinity. Water is classified as brackish when
mineral content ranges between that of fresh drinking water and that of seawater.
Brackish water contains more than 500 mg/L of total dissolved solids (TDS) and
seawater more than 30,000 mg/L: TDS.

ED and electrodialysis reversal (EDR) reduce TDS in brackish source water by
electrically removing contaminants that exceed acceptable levels for drinking and
process water. An overview of membrane process applications based on the molecular
weights of contaminants appears in Figure 1-1. The ED and EDR processes are
competitive with reverse osmosis (RO) in treating brackish waters. Typical ED
systems include chemical feed systems for antiscalant and perhaps acid addition, a
cartridge filter for prefiltration, the ED unit, and equipment for aeration, disinfection,
and stabilization. EDR systems can often operate without fouling and scaling
chemical feed, and they can treat high-fouling sources more efficiently than RO.
However, it is important to remember that the types of membranes used in ED and
EDR systems do not provide a barrier to remove microorganisms as do RO,
nanofiltration (NF), ultrafiltration (UF), and microfiltration (MF) membranes.

BASIC WATER CHEMISTRY CONCEPTS

A basic understanding of salts and water is necessary to understand the design,
operation, and maintenance of a water demineralization system. A review of water
chemistry concepts is provided here.

lonic Solutions

An ion is a charged atom, molecule, or radical, the migration of which affects the
transport of electricity through an electrolyte solution. For example, common table
salt is a typical ionic compound. The chemical name for this crystal is sodium
chloride, and the chemical symbol is NaCl. The crystal consists of two types of
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