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			A pool is not just water.
It is a series of interrelated systems.

It is our responsibility.
We own every drop until it’s safe.
When a bather walks out the gate, 
they carry our standard with them.
They take it home, to work, 
to their communities.

Their safety — 
and the safety of everyone they touch — 
rests with us.

		

	
		

		
			CHAPTER 1

			Special Mention

			Acknowledgement of contributions that influenced the technical accuracy 
of this book.

			Many people help with writing a book like this. They are usually working quietly in the background — perhaps a beta reader who makes a few comments, or someone who has a conversation over coffee about something tangentially related.

			Over many years, many people have mentioned things that helped shape the ideas expressed in this book.

			However, one contribution deserves special recognition:

			I would like to thank Richard A. Falk for his generous and detailed technical feedback on chlorine chemistry, redox behaviour, and ORP interpretation. His work clarifying hypochlorous acid / hypochlorite ion (HOCl/OCl⁻) kinetics and thermodynamics significantly strengthened the accuracy of this book.

			Richard has helped the pool industry — and me — more than can be expressed in a simple acknowledgement. Not only with this book, but in so many ways.

			Thank you, Richard. Fantastic work.

		

	
		

		
			CHAPTER 2

			What This is About

			This book explains why ORP control behaves unpredictably in real pools and how to understand what is actually happening.

			Have you ever encountered a situation like this?

			There is a spa or pool installed on your site.

			It was testing fine. The controller was reading correctly on the last visit.

			Two days later, you receive a call reporting excessive chlorine in the water, or no chlorine at all, because the dosing system has emptied the drum completely. 

			You attend the site and find the full drum of chlorine, acid, or both has been fed in. 

			Yet the readings were perfect a few days before.

			This becomes even more confusing when the spa has been stable for several weeks, months, or sometimes years.

			Or consider this scenario: 

			The water tested fine.

			The controller read correctly.

			Calibration1 was completed and set points2 all ticked off this morning.

			

			
				
						 1  Adjusting a measuring device so it shows the correct value.


						 2  The target value you want a system to reach or maintain.


				

			
		

		

		
			Then this afternoon, chlorine was over 30 mg/L, and swimmers’ swimwear was being bleached.

			Events like these can lead to:

			
					Environmental Health Officers making statements like, “No spray pads will be permitted in this city.”

					Facilities being shut down and improvement notices issued.

					Damage to equipment, bathers, and potentially you.

			

			The reason these events happen is not equipment failure. The controller was not broken. It was doing exactly what it does. The problem is that most of what the industry teaches about ORP (the millivolt reading from the probe) does not explain what that reading actually means.

			After forty years of working with these controllers since about 1988, I have enough experience to be genuinely sceptical of them, and enough respect for the technology to have written this book anyway.

			Note: This book assumes you already understand:

			
					free chlorine testing

					pH testing

					probe calibration

					total alkalinity basics

					circulation systems

			

			This book also presupposes that the reader already understands dosing systems and controller calibration procedures and focuses instead on how ORP behaves inside real operating systems.

			This book explains how controllers interpret water conditions. The optional companion CO₂ book explains the carbonate system that drives those conditions.

		

		

	
		

		
			CHAPTER 3

			How ORP Really Works (Read This First)

			Before going further, understand this: 

			A pool is a system, not a tank of water. 

			ORP does not control the pool. 

			It only reacts to what the system is doing. 

			The chain works like this:

			 Hydraulics → Mixing → Chemistry → pH → ORP → Controller

			If anything, earlier in that chain is unstable.

			Everything after it will also be unstable.

			Core rules:

			
					ORP measures electron activity related to chlorine but is not a direct chlorine measurement.

					ORP follows pH 

					pH follows CO₂ 

					CO₂ follows how the water is moved and disturbed

			

			This means:

			If CO₂ is unstable, → pH will move

			If pH moves → ORP will move

			If ORP moves → the controller will respond

			

			If these are not stable, the controller cannot be stable.

			In addition, if the system is not stable, the ORP controller cannot make it stable.

			The controller is reacting to the problem.

			It is not creating stability.

			In addition, if the system itself is not stable, the ORP controller cannot make it stable.

			This book explains each part of the chain.

		

	
		

		
			CHAPTER 4

			Origins

			This chapter explains my practical background with ORP controllers and why I approach them with caution.

			I have been involved in recreational water for a while — over forty years now, keeping bathers safe and preventing recreational water illnesses wherever I can.

			Back in the late 1980s, around 1988, I was selling and installing Hannah Instruments Blackstone ORP/pH controllers, as early pool-specific controllers had not appeared in my local market.

			The Blackstone controllers were semi-industrial units, and I was installing them on both domestic and commercial pools.

			So, when I talk about ORP/pH, it is not from the outside looking in. I have been working with this technology long before it became widely adopted.

			Even after all that experience, I have always been careful about how ORP/pH controllers are used in recreational water.

			They are just one component in an entire network of systems that keep water safe. The sanitiser, whether chlorine, bromine, or another agent, is the last line of defence.

			ORP/pH controllers are only part of the system, not the hero of the story, regardless of what the marketing often suggests.

			I have always been cautious about relying on them in pools.

			In the industrial and drinking-water world, where I did a fair amount of ORP/pH work, they behave more predictably.

			

			In recreational water, they have always struck me as too unreliable, too sensitive, too easy to mis-set, and too often sold as a magic fix when they are not.

			I have also included a section on bulk chemical storage in this book. That comes from another chapter of my life: I was a dangerous goods consultant in Western Australia.

			When you turn up on site, and there is a large tank of chlorine or acid in front of you, it helps to have even a basic understanding of what you are dealing with.

			So, I have included that background for readers who may walk into these situations.

			This book was not my idea. Lee Salisbury from the Institute of Research and Learning asked me to write it.

			Lee reviewed earlier drafts of my other books, so when she asked, I agreed — part curiosity, part “oh great, here we go.”

			Perhaps I am wrong about ORP/pH.

			Perhaps there is a way to make it more reliable in recreational water.

			Perhaps, with a better understanding than what is found in most manuals, the problems can be overcome.

			One thing I want to make clear:

			I do not see ORP/pH control as a “chemical system.”

			I see it as one interlinked subsystem inside a recreational water body, connected to hydraulics, circulation, design, bather load, filtration, chemistry, and everything else that affects water quality.

			So, this book is part research, part observation, and part me revisiting decades of experience to see whether new insights emerge when everything is laid out together.

			ORP/pH is likely one of the more misunderstood technologies in the industry.

			

			This is going to be an interesting journey — for me as much as for the reader.

			Because of my work and confidentiality agreements in place, detailed case studies and specific client examples are not included in this book. Instead, the guidance and insights provided are based on extensive experience and best practices distilled from a wide range of projects.

		

	
		

		
			CHAPTER 5

			What This Book 
Is / Isn’t

			Defines what this book will help you do and, just as importantly, what it will not solve.

			This book provides a clear, practical, and field-focused understanding of ORP/pH control.

			ORP is not unreliable. It is conditional.

			No chemical controller stabilises a pool. Hydraulics, turnover, mixing, buffering, and bather load management create stability.

			Controllers only respond to the stability already present in the system.

			Rule: Controllers do not create stability. They only respond to it.

			If the system is unstable, the controller will just follow it into the ditch.

			This book assumes the reader is familiar with swimming pool or spa pool equipment.

			A note for early-career technicians

			At this stage in your career, your role is not to solve ORP. It is to recognise when ORP cannot be trusted.

			Purpose of the Book:

			
					Explain ORP and pH control in clear, service person friendly language.

					Replace industry folklore with real, evidence-based understanding.

					Help operators diagnose and prevent common ORP/pH failures.

			

			

			Problems This Book Solves:

			
					Misunderstanding of ORP readings and their relationship to pH and CO₂.

					Incorrect installation or placement of the probes.

					Instability caused by hydraulics, aeration, temperature, or contaminants.

					Overshooting, undershooting, and controller misbehaviour.

			

			What This Book Will Not Solve:

			
					It does not turn ORP into a perfect or universal control method.

					It does not fix inappropriate pool designs, poor circulation, or bad hydraulics.

					It does not replace proper operator training or regulatory requirements.

					It cannot overcome the inherent limits of ORP in spas, spray pads, or highly aerated pools.

			

			Who This Book Is For:

			
					Technicians, operators, and service personnel who manage real-world pools.

					Facility managers seeking to understand ORP behaviour.

					People transitioning from manual dosing to automated systems.

					Trainers and supervisors wanting a reliable technical reference.

			

			Who This Book Is Not For:

			
					Readers seeking academic electrochemistry or advanced modelling.

					Pools relying solely on amperometric or colorimetric systems.

					Water bodies unsuitable for ORP control (spas, spray pads, high-aeration designs).

					Anyone expecting ORP to replace consistent manual testing.

			

			

			How This Book Is Built

			This book follows one chain, in order:

			Hydraulics → Mixing → Chemistry → pH → ORP → Controller

			Each stage depends on the one before it. If you get the order wrong in your thinking, the rest of the book will not make sense.

			So the book moves in four stages:

			
					What’s actually in the water?
Before ORP means anything, you need to know what is moving through the system and what is reacting in it: hydraulics, turnover, the chemicals themselves.

					How ORP behaves, and why it is not what you think. 
This is the physics and chemistry of the reading itself: what raises it, what suppresses it, why it follows pH rather than chlorine.

					Building a system that does not fight itself.
Site setup, storage, tubing, pumps, injectors: the physical installation that determines whether the controller has a chance of working at all.

					Stage four — Keeping it honest over time.
Probes drift. Chemicals degrade. Storage temperature matters. This is the maintenance and troubleshooting half.

			

			If you are already experienced in the field, you can skip to Stage 3 or 4 and use the earlier chapters as a reference. If you are newer to this work, read in order, each stage builds on the last.

		

	
		

		
			CHAPTER 6

			Safety Information

			Sets the boundaries for safe handling of chemicals and equipment when applying anything in this book.

			The information in this book is provided for educational and informational purposes only.

			While every effort has been made to ensure accuracy, the author and publisher assume no responsibility or liability for any errors or omissions, or for any damages or injuries resulting from the application of the information.

			Handling pool chemicals and equipment involves inherent risks.

			Always follow manufacturer instructions, use personal protective equipment (PPE), and comply with all applicable local, regional, and national laws and regulations.

			This book is not a substitute for professional training, certification, or legal advice.

			Readers are encouraged to consult qualified professionals for help with pool installation, maintenance, chemical dosing, or any safety concerns.

			By using this book, you agree to do so at your own risk and acknowledge that the author and publisher are not liable for any consequences arising from its use.

		

	
		

		
			CHAPTER 7

			Glossary

			Aeration

			The process of introducing air into the water, which affects pH and ORP readings because of oxygen content and CO₂ exchange.

			Alkalinity

			The measure of the water’s ability to neutralize acids, primarily because of bicarbonate ions, affects pH stability.

			Amperometric Sensor

			A sensor type that measures the concentration of free chlorine directly by detecting the current generated by the chemical reaction.

			Bromine

			A chemical sanitiser used in pools and spas, less common than chlorine, with different ORP characteristics.

			Cavitation

			Formation and collapse of vapour bubbles in a liquid near pumps or valves, causing turbulence and damaging equipment.

			Cyanuric Acid (CYA)

			A stabiliser that protects chlorine from UV degradation but reduces the fraction of active hypochlorous acid.

			

			Dosing Pump

			A device that injects chemicals like chlorine or acid into the pool water in controlled amounts.

			Electrode (ORP/pH Probe)

			A sensor that measures oxidation-reduction potential or pH by detecting electrical signals resulting from chemical reactions.

			Free Chlorine

			The amount of chlorine available in the water to sanitise and oxidise contaminants, including hypochlorous acid and hypochlorite ion.

			Hydraulics

			The study and management of water flow and circulation within the pool system, important for consistent chemical distribution.

			Hypochlorous Acid (HOCl)

			The active, fast-acting form of chlorine responsible for sanitizing pool water.

			Nernst Equation

			A mathematical relationship describing how ORP changes with ion concentration and temperature.

			Oxidation-Reduction Potential (ORP)

			A measure of the water’s ability to oxidise contaminants, expressed in millivolts (mV), reflecting the electron activity in the water.

			Peristaltic

			
			

			
			
			
			
			
			
			
			
			
			
			
			
			
			
		

	