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Introduction to Modern Water Treatment Standards

In the industrial landscape, the management of water systems is not merely a utility requirement but a critical 

engineering discipline that ensures operational efficiency, equipment longevity, and environmental safety. The 

Association of Water Technologies (AWT)  has long served as the primary authority for providing standardized 

technical guidance through its Technical Reference and Training Manual . This guide explores the core principles

of water treatment, ranging from foundational chemistry to the advanced management of boiler and cooling

systems, as outlined in the AWT’s comprehensive curriculum.

Understanding the complexities of industrial water treatment requires a multi-faceted approach. Professionals must

navigate the chemical nuances of scale and corrosion inhibition, the mechanical intricacies of heat exchangers and

boilers, and the evolving regulatory landscape. For those with 6 months to 2 years of experience, the transition from

basic water testing to holistic system management is bridged by the detailed technical chapters provided in the

AWT manual, specifically focusing on external pretreatment, internal chemical treatment, and biological control.

The Theoretical Framework of Water Chemistry

Industrial water treatment is predicated on the manipulation of water chemistry to prevent three primary failure 

modes: scale formation, corrosion, and biological fouling. To master these, one must understand the

fundamental metrics that define water quality.

•  Conductivity and Total Dissolved Solids (TDS): Measurement of the water's ability to conduct electricity, which 

serves as a proxy for the concentration of dissolved minerals.

•  pH and Alkalinity: The balance of hydrogen ions and the water's capacity to neutralize acids, which directly 

affects the solubility of minerals and the rate of metal corrosion.

•  Hardness: Primarily the concentration of calcium and magnesium ions, which are the chief architects of 

mineral scale in high-temperature environments.

The AWT Technical Reference and Training Manual emphasizes that water is a universal solvent. In an industrial

loop, as water evaporates, the concentration of these dissolved constituents increases. Without proper

management, the water will reach a state of supersaturation, leading to the precipitation of solids onto heat transfer

surfaces.

External Treatment and Pretreatment Mechanics

Chapter 2 of the AWT manual focuses on External/Pretreatment. The goal of external treatment is to remove or

modify contaminants before they enter the boiler or cooling system. This is the first line of defense in any water

management program.

Ion Exchange and Water Softening



The most common form of pretreatment is sodium cycle ion exchange, or water softening. This process involves 

passing raw water through a resin bed where calcium and magnesium ions are exchanged for sodium ions. 

Because sodium salts are highly soluble even at high temperatures, the risk of scale is significantly reduced. 

Regenerationof the resin using a brine solution is a critical maintenance step that must be calculated based on

the exchange capacity of the resin (typically measured in grains per cubic foot).

Membrane Technology and Reverse Osmosis (RO)

For high-pressure boiler systems or applications requiring ultrapure water, RO systems are utilized. These systems 

use semi-permeable membranes to remove up to 99% of dissolved solids. The AWT guidelines highlight the 

importance of monitoring silt density index (SDI)to prevent membrane fouling, which can lead to expensive

replacements and system downtime.

Advanced Boiler Water Treatment: Chapter 3

Boiler systems represent one of the most volatile environments in an industrial facility. High pressures and 

temperatures accelerate chemical reactions, making precise control mandatory. According to the AWT Guidelines 

for Boiler Water, treatment is divided into internal and external strategies.

Internal Chemical Treatment Programs

Once water enters the boiler, internal treatment chemicals are used to manage residual hardness and oxygen. Key

components include:

•  Oxygen Scavengers: Chemicals like sodium sulfite or DEHA (diethylhydroxylamine) are used to react with 

dissolved oxygen to prevent pitting corrosion in the boiler and economizer.

•  Sludge Conditioners: Synthetic polymers that keep suspended solids in a fluid state, allowing them to be 

removed through bottom blowdown rather than settling as hard scale.

•  Alkalinity Builders: Ensuring a pH between 10.5 and 11.5 within the boiler water to promote the formation of a 

protective magnetite layer on the steel surfaces.

Condensate Return Management

Corrosion in the condensate return lines is often caused by carbonic acid formation. The AWT manual details the 

use of neutralizing amines (such as morpholine or cyclohexylamine) to raise the pH of the condensate and 

filming amines to create a molecular barrier between the metal and the corrosive water.

Cooling Water Systems and Heat Exchange Efficiency

Chapter 4 of the AWT technical manual addresses cooling water, where the primary challenges are evaporation

and exposure to the atmosphere. Open-recirculating cooling towers act as massive air scrubbers, pulling in dust,

bacteria, and debris.

Saturation Indices and Scale Control

To predict whether water will scale or corrode, water treaters utilize indices such as the Langelier Saturation 

Index (LSI) or the Ryznar Stability Index (RSI). A positive LSI suggests a tendency for calcium carbonate to 

precipitate, while a negative LSI suggests the water is aggressive and corrosive. Chemical inhibitors, such as 

phosphonates and zinc, are used to extend the solubility limits, allowing systems to run at higher Cycles of 

Concentration (CoC), which conserves water.



Parameter Low-Pressure Boiler 
(&lt;300 psi)

Open Cooling Tower Closed Loop (Chilled)

Hardness (as CaCO3) &lt; 1.0 ppm Controlled by CoC &lt; 50 ppm

pH Range 10.5 – 11.5 7.0 – 9.0 8.5 – 10.5

Oxygen Control Critical (Chemical) N/A (Saturated) Moderate (Mechanical)

Biological Risk Low (High Temp) High Moderate

Biological Control and the 2022 Tech Supplement

One of the most significant updates in the industry is reflected in the AWT 2022 Tech Supplement , which provides 

new guidance on cooling tower cleaning and disinfection. With the rise of regulatory focus on Legionella

prevention (e.g., ASHRAE Standard 188), the supplement outlines rigorous procedures for maintaining biological

safety.

Oxidizing vs. Non-Oxidizing Biocides

Control of the biofilm is paramount. Biofilm acts as an insulator, reducing heat transfer efficiency more effectively 

than mineral scale, and provides a haven for anaerobic bacteria like Sulfate-Reducing Bacteria (SRB), which

cause microbiologically influenced corrosion (MIC). The manual recommends a dual-biocide program:

1.  Oxidizing Biocides: Chlorine or Bromine are used for continuous or frequent shock dosing to burn off organic 

matter.

2.  Non-Oxidizing Biocides: Specialized compounds like DBNPA or Isothiazolin are used to penetrate thick 

biofilms and kill resistant microorganisms.

Step-by-Step Cooling Tower Disinfection Procedure

Following the 2022 Technical Supplement, a standard disinfection procedure for a suspected contaminated tower

involves several critical steps:

•  Initial Chlorination: Raise the free residual chlorine to 5-10 mg/L for at least 6 hours while maintaining pH 

between 7.0 and 7.6 to ensure maximum biocidal efficacy.

•  System Scrubbing: Physically removing debris from the tower fill, basin, and drift eliminators.

•  Biodispersant Application: Using surfactants to break up the protective extracellular polymeric substances 

(EPS) of the biofilm.

•  Re-testing: Utilizing dip slides or ATP testing to verify that microbial populations have been reduced to 

acceptable levels (&lt;10,000 CFU/mL).

Regulatory Compliance and Wastewater Treatment

Chapter 5 of the AWT Technical Reference and Training Manual delves into Regulatory and Environmental 

concerns. Modern water treaters must be aware of discharge limits regarding phosphorus, zinc, and halide 

concentrations in blowdown water. Furthermore, the manual introduces wastewater treatment basics, focusing on 

coagulation and flocculation. This process involves neutralizing the negative charge of suspended particles so

they can aggregate into larger "flocs" and be removed through sedimentation or filtration.



Mathematical Models in Water Treatment

Accuracy in water treatment is driven by mathematical precision. One of the most fundamental formulas taught in 

AWT training is the calculation for Cycles of Concentration (CoC):

Formula: CoC = (Conductivity of Blowdown) / (Conductivity of Makeup Water)

Another essential calculation is the Blowdown Rate required to maintain a specific CoC:

Formula: Blowdown = (Evaporation) / (CoC - 1)

Mastering these formulas allows the water treatment professional to optimize chemical usage and minimize water

waste, directly impacting the facility's bottom line and sustainability goals.

Case Study: Troubleshooting Scale in a Low-Pressure Boiler

Consider a facility experiencing rapid scale buildup in a 150-psi firetube boiler despite having a water softener.

Upon technical analysis using the AWT manual's troubleshooting framework, the following issues were identified:

•  Hardness Leakage: The softener resin was fouled with iron, reducing its exchange capacity. Solution: 

Implement a resin cleaner and increase regeneration frequency.

•  Improper Blowdown: The automatic blowdown controller was calibrated incorrectly, leading to high TDS levels 

and mineral precipitation. Solution: Recalibrate the probe and establish a manual testing verification protocol.

•  Chemical Feed Point: The scale inhibitor was being fed into the condensate tank rather than the boiler feed 

line, leading to premature reaction with makeup water minerals. Solution: Relocate the injection point closer to the 

boiler shell.

This case highlights the necessity of the holistic approach taught in the AWT Fundamentals and Applications 

Training, where mechanical, chemical, and operational factors are evaluated simultaneously.

The Importance of Continuous Education

The AWT Bookstore offers the Technical Reference and Training Manual in various formats, including individual 

chapters for targeted learning. As technologies evolve—such as the introduction of "smart" sensors and IoT-based 

chemical delivery systems—the foundational knowledge provided in these manuals remains the bedrock of the 

industry. Professionals are encouraged to pursue the Certified Water Technologist (CWT) designation, for which

this manual is the primary study resource.

Effective water treatment is a dynamic balance of science and field experience. By adhering to the structured

guidelines provided by the Association of Water Technologies, facilities can ensure they are not only protecting

their capital assets but also operating in a manner that is environmentally responsible and economically sound. The

transition from a beginner to a senior technologist involves a deep commitment to understanding these technical

principles and applying them with precision in the field.

Ultimately, the AWT Technical Reference and Training Manual is more than a book; it is a roadmap for excellence in

the water treatment industry. Whether managing a small cooling tower or a massive high-pressure steam plant, the

principles of chemistry, engineering, and regulation detailed in its chapters provide the essential framework for

success in this demanding technical field.
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