[bookmark: _Toc226782565]What are we Controlling
A recreational water body is a semi-open environmental control system influenced by:
· hydraulics
· atmospheric exchange
· human loading
· biochemistry
· surface chemistry
· temperature
· materials
· and instrumentation limits
ORP controllers operate inside and are influenced by this system.
They do not control it.
These will be examined further in this book. To understand ORP/pH, each of these interrelated systems comes into play.
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Before commencing on the main topic of ORP/pH, there is a need to quickly cover a few areas in hydraulics and turnover.
This chapter is not meant to be a full coverage of this topic. Rather, it is a light skim over topics that are more relevant to understanding ORP/pH. It is assumed that a reader of this book already has some working knowledge of this subject.
[bookmark: _Toc226782567]Turnover vs Mixing
Turnover is an expression of the time it takes for the pool volume to pass once through the entire filtration process.
Typically, turnover is expressed in hours. A 4 - 6-hour turnover is a common domestic turnover rate. 2.5 hours is a common commercial turnover rate in WA.
One turnover does not mean all the water in the pool has been through the filtration process or passed the probes. A water body works on the principle of continuous dilution. That is, a small amount of water is treated repeatedly, and some of this water is treated for the first time, some for the fifth time, etc.
Under the theory of continuous dilution, roughly six turnovers are typically required for >95% probabilistic treatment exposure.
In most cases, one turnover is sufficient for chemical testing; however, this is not always the case.
Different water bodies may mix at different rates. Consider a standard rectangular shape, which will likely mix easier than a completely free-form pool shape with curves, nooks and corners where circulation may be reduced.
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Consider the pool shape and how water may move within it. This forms part of the considerations when looking at ORP/pH and any water treatment systems.
[bookmark: _Toc226782568]Dead Zones and Recirculation Loops
Within a water body, there are often dead zones. Usually, these are easy to see. They are the points in the pool where leaf litter always accumulates, algae growth is often evident or spots that simply require additional cleaning.
Dead zones can sometimes be fixed by redirecting the return eyeball or perhaps adding an automatic cleaner to change the circulation pattern.
Recirculation loops are effectively shortcuts. Areas where perhaps the pool return is pointing directly at the skimmer box. Or perhaps a shorter pool has the pool jets pointed up to the surface, and the skimmer is also pulling from the surface; consequently, the water in this area is being turned over multiple times and less so in the lower parts of the water body.
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Laminar flow is discussed at times in this book. Laminar flow is effectively smooth, undisturbed flow. Laminar flow examples could be water in a straight run of pipe of not less than 5 pipe diameters long.
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Turbulent flow, as its name implies, is turbulent. Turbulent flows are encountered on exiting a pump, entering a pump, and around changes of direction. Water entering the skimmer box is usually turbulent for example.
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Cavitation is usually associated with pumps; it can occur anywhere in the system, but it is simply more common in pumps.
Cavitation is caused by a change in velocity and direction. If this is severe enough, the water effectively shears. Anywhere the local pressure drops below the vapour pressure of water (about 3.15 kPa at 25°C) a vapour bubble forms and collapses violently as the pressure is recovered. These collapsing bubbles cause noise, vibration, reduced flow and can cause long-term equipment damage.
Cavitation can add or cause turbulation, and turbulent flow will disturb ORP/pH readings.
[bookmark: _Toc226782571]pH Changes Induced
Some pipe and water treatment equipment can induce pH changes. This is covered in more depth in Chapter 12 The CO2 Connection: Why pH Behaves the Way it Does.
Venturis and aeration of any sort will generate a pH change, because dissolved CO₂ is continually leaving the water in an aerated, open system and this in turn leads to less stable ORP/pH readings.
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