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SYSTEM SPECIFICATIONS 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

AR Series System 

 AR Series 

Capacity 
1, 3 or 5 kg/day (5 or 10 lbs/ 

day) FAC 

Power 208 VAC, 1 ph, 50/60 hz, 15A 
FAC Concentration 4,500 mg/L 

Flow Rate 15, 34 or 45 LPH 

Feed Water Temp > 1⁰C < 30⁰C 
Feed Water Pressure 3 bar minimum (40 psi) 

Dimensions 0.7m W x 1.8m T x 0.25m D 
Weight 20 kg 
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IMPROVEMENTS 
 
 
Aqua Research Inc reserves the right to make design improvements to the system 
without prior notification.  Every attempt is made to ensure backward compatibility to 
avoid obsolescence of earlier designs, and to facilitate application of later improvements 
in to earlier designs.  However, safety and performance will dictate. 
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SAFETY CONSIDERATIONS 
 

The oxidant is a strong disinfectant and must not be consumed directly.  The oxidant 
requires dilution to the proper concentration for the application. 
 
For drinking water applications, the proper authorities must evaluate the correct 
concentration X time (CT) values to determine the correct dose for drinking water 
applications.  The appendix of this document discusses oxidant dosing issues. 
 
Hydrogen is produced in all electrolytic systems and must be properly vented from the 
system in order to avoid the possibility of explosion.  Venting procedures defined in this 
manual must be followed.  
 

GENERAL HYDROGEN SAFETY PRECAUTIONS 

 
• HYDROGEN GAS IS PRODUCED IN ANY ELECTROLYTIC PROCESS AND SHOULD 

BE ASSUMED TO BE PRESENT IN THE OXIDANT TANK AND ROOM WHERE THE 
OXIDANT GENERATOR IS LOCATED. 

• NO SMOKING OR IGNITION SOURCES IN VICINITY OF THE OXIDANT TANK. 
• REMOVE THE OXIDANT TANK LID AND VENT THE TANK AT LEAST ONE HOUR 

PRIOR TO TANK MAINTENANCE.   ENSURE ADEQUATE FACILITY VENTILATION. 
• USE OSHA CONFINED SPACE PROCEDURES WHEN ENTERING ANY OXIDANT 

TANK. 
• VERIFY INTEGRITY OF THE PASSIVE AND/OR ACTIVE VENT SYSTEMS TO THE 

OUTSIDE OF BUILDING.   
• THE DROP TUBE SYSTEM INSIDE THE OXIDANT TANK(S) MUST BE IN PLACE 

PRIOR TO SYSTEM OPERATION.   
• HYDROGEN VENT PIPING SHALL HAVE NO VALVES, DROP LEGS (FOR 

ACCUMULATION OF LIQUID) OR OTHER BLOCKAGE AND SHALL BE 
ADEQUATELY SIZED TO AVOID BACKPRESSURE. 

• IF THE ON-SITE GENERATOR IS MODIFIED OR EXPANDED, CONSULT THE 
MANUFACTURER OR TECHNICAL EXPERT TO ENSURE TANK VENT MEETS NEW 
SYSTEM CAPACITY. 

• FOR MULTIPLE OXIDANT TANK SYSTEMS, ENSURE THE PASSIVE OXIDANT 
TANK HYDROGEN VENT SYSTEM IS NOT CROSS CONNECTED BETWEEN 
TANKS.   

• FOR THE DILUTION AIR VENTILATION SYSTEM, CROSS VENTILATION, OR 
SERIES VENTILATION, IS ACCEPTABLE.  HOWEVER, DO NOT CROSS CONNECT 
THE PASSIVE VENT SYSTEM WITH THE DILUTION AIR SYSTEM.  THE VENT 
SYSTEMS MUST BE VENTED SEPARATELY TO THE OUTSIDE OF THE FACILITY. 

• DO NOT ADD OTHER CHEMICALS TO THE OXIDANT TANK THAT ARE 
INCOMPATIBLE WITH A CHLORINE-CONTAINING SOLUTION (SUCH AS BLEACH). 

• ENSURE INSTALLATION AND FACILITY DESIGN IS IN CONFORMANCE WITH 
STATE AND NATIONAL BUILDING AND SAFETY CODES. 

 
Electrolytic systems utilize electricity to produce chlorine-based oxidants.  Power that is 
provided to the systems is typically conventional AC power sources at industrial rated 
voltages.  For the AR series of systems, typical feed power is 220 VAC, single phase.  
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Caution must be taken in the presence of electrical components.  Electrolytic cells 
typically operate at voltages below 40 VDC (typically considered non-lethal) but at high 
amperage.  If electrically conductive components come in contact with the cell power 
leads, a strong electrical arc condition can exist.  This is similar to conditions with an 
automotive car battery.   
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1. INTRODUCTION 
 

The AR Series on-site generators are electrolytic systems that use salt, water and 
power to produce a hypochlorite-based mixed-oxidant solution.  The oxidant can be used 
anywhere chlorine is currently used in industry, including municipal water, wastewater, 
cooling towers, aquatics, food processing, the poultry and dairy industries, clean-in-place 
applications, oilfield recovered water, and other industrial applications. This system 
eliminates the safety and degradation issues associated with other chlorine alternatives. 
The disinfectant solution can usually be produced less expensively than purchasing and 
transporting bulk hypochlorite.    
 
The unit utilizes a stainless steel passivated enclosure to operate in any industrial 
environment. The system includes a stainless power supply enclosure and a plastic 
back panel for fluid controls. An internal heat exchanger cools the control cabinet.   
Feed water temperature should be maintained above 50F (10C).  A complete system 
requires a brine generator, an oxidant storage tank, a water softener, and a mode of 
oxidant injection.  These peripheral components are sized and selected based on the 
customer’s specific operational requirements. 

 
 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. AR Series System 
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Flexible Chemistry 
 
On-site generated oxidants are chlorine-based disinfectants.  The system can be 

configured for either sodium hypochlorite production or mixed oxidants, depending on the 
selection of an electrolytic cell, or a mixed oxidant cell, and the proper power supply.   The 
sodium hypochlorite configuration is designed to produce chlorine as inexpensively as 
possible by minimizing the power and salt consumption needed to generate sodium 
hypochlorite.  Operational efficiencies for sodium hypochlorite are in the range of 3 
kilograms of salt to produce a kilogram of chlorine (3 pounds of salt per pound of chlorine) 
and 6 kilowatts of electricity to produce a kilogram of chlorine (3 kilowatts of chlorine per 
pound of chlorine).  With the proper selection of electrolytic cell and power supply, the AR 
series of sodium hypochlorite systems can be configured for either 1, 5 or 8 kilograms per 
day (KPD) (2, 8 or 15 pounds per day – PPD) of free available chlorine (FAC) production.  
All numbers are approximate. 

 
Mixed oxidant systems are configured and optimized to maximize disinfection 

performance.  Mixed oxidants consist of chlorine and small amounts of hydrogen 
peroxide.  The solution does NOT contain ozone or chlorine dioxide.  Mixed oxidant 
performance is well documented to be more effective than conventional sodium 
hypochlorite.  Microorganism inactivation is superior, and mixed oxidants have been 
demonstrated in well documented cases to remove biofilms in distribution systems.  To 
achieve this superior disinfection performance, more power is required.   Typically, mixed 
oxidants use about the same amount of salt to produce an equivalent amount of FAC as 
sodium hypochlorite systems, but power consumption is slightly higher at 8 kilowatts of 
electricity to produce a kilogram of chlorine (4 kilowatts of power per pound of chlorine).  
With the proper selection of electrolytic cell and power supply, the AR series of mixed 
oxidant systems can be configured for either 1, 3 or 5 kilograms per day (KPD) (2, 5 or 
10 pounds per day – PPD) of free available chlorine (FAC) production.  All numbers are 
approximate but are conservative. 
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2. OPERATION 
 

Chlorine has been produced for years by electrolyzing salt water in to liquid chlorine. A 
salt water brine solution flows between a set of electrodes and converts chloride to 
chlorine.  This has typically been done at large industrial facilities where the anode 
produces chlorine gas, and the cathode produces sodium hydroxide and hydrogen gas.  
Typically, the anode and cathode products are separated from each other with a 
membrane between the anode and cathode, thereby keeping the two components 
separate.  But the dividing membrane can foul easily.  Today, on-site generated bleach 
is made my combining the anode product (chlorine) with the cathode product (sodium 
hydroxide – i.e. caustic) to form sodium hypochlorite (NaOCl), aka hypochlorite, in a 
membrane-less electrolytic cell.  Hydrogen gas is liberated safely from the process.   
 
In recent years, on-site generators (OSGs) have been developed in order to produce 
the chlorine-based solution at the point of use.  There are a number of advantages.  The 
OSG process eliminates safety issues associated with transporting and handling 
chlorine gas or commercial grade bleach (typically 12.5% chlorine).  OSGs also reduce 
logistics by only transporting salt.  One pound of commercial bleach weighs about 10 
pounds since only 12.5% of the solution is chlorine.  The rest is water.  For OSG, 
however, only 3 pounds of salt need to be transported per pound of chlorine produced.  
Water at the site is mixed with salt in the brine generator.  The brine is then filtered and 
transferred to the OSG and mixed with water in the system to produce the electrolyte 
needed for electrolysis within the cell.  Another advantage of OSG chlorine is that it can 
typically be produced cheaper than delivered hypochlorite.   
 
From a process standpoint, only water, salt, and electricity are fed to the system, and a 
liquid chlorine solution and hydrogen gas are liberated.  A water softener is mandatory 
and is used to remove calcium in order to eliminate scale buildup in the electrolytic cell.  
The only waste product from the whole process is an occasional discharge of reject 
brine from the water softener when the water softener is in regeneration mode.  The 
amount of discharge is a function of the calcium hardness of the source water.  
 
Figure 2 is a system process and instrument diagram (P&ID) that shows the flow of fluid 
and materials through the system.  The P&ID also identifies the major parts of the 
system. Figure 2 includes many of the peripheral components that may be included in a 
system, all of which may not be included in any particular system installation.  The 
specific installation components are typically specified by the user, or their engineer.    
 
The following narrative describes the P&ID and the major components as the flow 
moves from left to right in the diagram.  Potable water taken from the facility is first 
filtered via a 5 micron 10” filter cartridge (FL-001) and then enters the water softener 
(IX-001).  The filter is needed in front of the softener in order to protect the turbine and 
gears in the water softener head.  Brine from the discharge of the brine generator (BG-
001) is fed to the head of the softener to provide the brine source for regenerating the 
water softener.  A check valve is needed in this brine line in order to prevent water from 
flowing backwards down the brine line to the brine generator.   Under normal (non  
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Figure 2. System P&ID 
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Figure 3. Unit P&ID 
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regeneration mode) operation, the water softener head is under pressure and will tend to flow 
water back to the brine generator.   A drain line is discharged from the head of the water 
softener to an appropriate drain.  The discharge of the water softener may include a hardness 
monitor that verifies softener operation.  If the softener fails to operate normally, hard water will 
enter the electrolytic cell and will rapidly form scale in the cell.  Calcium scale formation can 
seriously damage the cell. 
 
Soft water is then fed to the brine generator in order to make soft brine.  Using normal potable 
water (non-softened) to the brine generator will ultimately cause scale formation in the cell.  
The brine generator includes a 6” quartz rock bed to filter the brine. Brine is then fed to the on-
site generator (OSG-001) unit.  Details of the on-site generator are shown in Figure 2 and are 
discussed below.  Continuing with Figure 3, the water feed line is connected to the on-site 
generator.  Low feed water pressure will inhibit flow through the cell and can cause unstable 
operation and a high temperature rise through the cell that can damage the cell.  System 
controls monitor pressure, temperature and flow conditions and alarm and shut down the 
system if necessary.  If system feed water pressure has normal low pressure fluctuations or 
flow rates, boost pumps may be included to set the desired system feed water pressure.    
 
Brine is discharged from the brine generator through a manual isolation valve (needed for 
brine tank maintenance).  The brine is filtered through a 5 micron 10” standard filter (FL-002) to 
ensure clean brine is fed to the brine pump in the on-site generator.  The brine pump operates 
on 24 VDC, but the speed of the brine pump is controlled by a variable speed motor that 
receives a 0 to 5 VDC control signal from the system controller.  Inside the on-site generator, 
soft brine is mixed with soft water as the solution (electrolyte) enters the cell.  The primary 
control scheme for the system relies on maintaining the proper amperage set point on the cell.  
Cell amperage is monitored by the system controller.  As the amperage operates below or 
above the optimum amperage set point, the controller sends a signal to the brine pump via a 
process integral derivative (PID) control loop.  If the amperage is below the set point, the brine 
pump speed is increased in order to add more brine in the cell to increase the conductivity in 
the cell, and therefore more amperage.  If the amperage is above the set point, the brine pump 
signal voltage is turned down to reduce the brine pump speed, and subsequent amperage on 
the cell.  As electrolysis occurs in the cell, chloride is converted to chlorine in the form of 
sodium hypochlorite, or mixed oxidants, and hydrogen is liberated at the cathode.  The fluid 
leaving the cell is now two-phase flow, liquid and hydrogen gas. A thermowell is included in the 
discharge flow piping to monitor discharge temperatures to ensure the oxidant storage tank 
(OT-001) is not exposed to excessive temperatures.  The inlet and outlet thermowells are also 
used to determine the temperature rise across the cell.  This temperature rise should be a 
given value based on the proper cell flow rate and applied cell amperage, typically about 40F 
(20C).   
 
An important safety feature of the system is the hydrogen gas trap system in the oxidant 
storage tank.  The oxidant tank is equipped with a gas trap drop tube. The diameter of the drop 
tube is sized to ensure that the flow of liquid down the pipe is much slower than the velocity of 
hydrogen bubbles flowing upward in the pipe.  In this way, hydrogen gas is effectively blocked 
from entering the oxidant tank.  Hydrogen gas is safely vented to the outside of the facility.  
The hydrogen vent line may include a flow meter (FM-001) to ensure proper flow of gas from 
the vent.  For systems larger than 250 kilograms per day of chlorine production, the system 
may include a hydrogen dilution blower system (DAF-001).  This system adds 100 parts of air 



7 

for each part of hydrogen produced in the system.  This dilution air is blown in to the oxidant 
storage tank, on one side of the tank, and the discharge piping is connected at the opposite 
side of the tank.  Any hydrogen that accumulates in the tank will be diluted by at least 100:1.  
Since the lower explosive limit of hydrogen is 4%, this will ensure that the concentration of 
hydrogen in the system is no greater than 1%, or at most, 25% of the lower explosive limit of 
hydrogen.  With these systems, a flow switch (FS-001) is included in the vent line to ensure 
that air is flowing at the proper rate in the line.   If not, the flow switch will shut down OSG 
system operation.  Facilities can also be equipped with hydrogen gas monitors (GM-001) to 
ensure that any gas that may escape from the piping is monitored in the upper ceiling spaces 
of the facility.  All oxidant storage tanks are equipped with a safety warning placard as well as 
a non-smoking sign.  Both of these signs MUST be installed on the oxidant storage tank.  
 
The oxidant storage tank is typically fitted with a high and low level oxidant switch (LS-001).  
When the lower switch is activated (ceases to float) the switch activates the OSG system 
operation to begin producing fresh oxidant.  When the upper float switch is activated (lifted by 
oxidant), then the switch sends a signal to the OSG to place the system in standby, thereby 
avoiding overflow of oxidant from the tank.  The oxidant tank is fitted with an overflow pipe.  As 
an alternative, liquid level in the tank can be monitored by a pressure transducer (PD-001).  
Systems are available to measure four discrete tank levels (high, low, high-high, and low-low) 
as well as an analog signal to continuously measure tank level.  The OSG controller is 
equipped with the capability to utilize either type of tank level control scheme.  
 
Figure 3 is a P&ID of the OSG unit.   Water and brine both enter the OSG cabinet via a set of 5 
micron 10” filter housings (FL-001 and FL-002).  A pressure transducer (PT-001) is included in 
the plumbing just inside the panel to measure incoming water pressure.  If the pressure is 
below the low-level set point, the system will shut down and alarm for low pressure.  Water 
then flows up through a flow meter (FM-001) so that the proper flow rate can be verified.  
Above the flow meter, a thermowell is mounted to measure incoming water.  If the temperature 
is below 10C (50F), then the system controller automatically controls energy to an optional in-
line heater (HTR-001) in the plumbing to ensure that the temperature leaving the heater is set 
at 10C (50F) minimum.  This process only occurs after the water feed solenoid valve (SV-001) 
is opened to allow system operation.  An optional surge protector can be added in front of the 
system water feed in the event there is a short-term disruption in water supply pressure.  The 
air head in this surge protector pipe will maintain system pressure for a short period of time if 
the water supply pressure feeding the system under goes a low-pressure transient.  This often 
may occur in a facility when a large water valve opens, or someone flushes a toilet in the 
facility.  The water feed solenoid valve (SV-001) is included just downstream of the flow meter.  
Any restrictions in the plumbing such as a solenoid valve, pressure reducing valve, or flow 
control valve, can cause cavitation bubbles in the plumbing.  These bubbles can form on the 
flow meter and provide a false reading.  For this reason, the flow meter is included upstream of 
any flow control devices.   
 
Pressure in the electrolytic cell (C-001) must be maintained at or below 15 psi.  This is to avoid 
pressure damage to the cell.  Feed pressure to the cell is controlled by a pressure reducing 
valve (PRV-001).  A pressure gauges (PG-001) provides visual pressure monitoring.  The flow 
control needle valve (FCV-001) allows manual control of the flow in the system.   Piping from 
the plumbing panel is fed to a heat exchanger (HE-001) mounted on the inside of the control 
enclosure.   This heat exchanger removes heat generated by the power supply and controls in 
the control enclosure.  The water tubing then goes down from the control panel and enters the 
cell.  Further down from the cell inlet is a rupture disc that protects the cell from over pressure 
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conditions.  The rupture disc is a 3/8 inch union fitting with a .002” Teflon rupture disc.  Spare 
rupture discs are inside a zip lock bag that is taped to the inside of the control panel door.   
 
 Continuing with Figure 3, brine from the brine filter enters the plumbing panel where it 
enters the brine pump (BP-001).  Brine then flows through a check valve (CV-001) where the 
brine enters the soft water line just prior to entrance in the cell.  At this point, the diluted brine 
entering the cell is technically referred to as electrolyte.   During the cell shutdown sequence, 
the brine pump is turned off several seconds before the water feed solenoid valve is turned off.  
The brine check valve (CV-001) ensures that water does not flow backward to the brine pump 
and the brine generator when the brine pump is turned off.  Water that flows backward through 
the brine pump can cause brine dilution and can upset the system startup sequence.   
 
 After the electrolyte is electrolyzed in the cell (CELL-001), the oxidant flows from the cell 

and on to the oxidant storage tank.  The fluid leaving the cell is about 20°C (40°F) hotter than 
when it entered the cell.  This oxidant discharge temperature is measured with a second 
thermowell (TW-002) to ensure that the oxidant discharge temperature is below safe levels.   
In combination with the inlet thermowell, the differential temperature across the cell can be 
measured.  As long as the flow through the cell and the amperage on the cell are constant, the 
temperature rise through the cell will be constant.  The controller monitors this differential 
pressure and alarms is the temperature rise is out of specification. 
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3. INSTALLATION 
 

 

3.1 Introduction 
 
 System installation is fairly straightforward, but certain precautions must be taken.  The 
key components of the system that require installation are the on-site generator (OSG), the 
water softener, the brine generator, the oxidant tank, and hydrogen vent system.  There are 
four utility interfaces for the system: 1) a potable water supply, 2) electrical power, typically 220 
VAC single phase power, 3) a floor drain, and 4) and oxidant connection point where the 
oxidant is to be used.  Figure 4 shows a typical system layout.  Each of the major components 
of the system are discussed below. 
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Figure 4  Typical System Layout 
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3.2 System Installation 
 
 The system consists of two components, a plumbing panel with the electrolytic cell and 
fluid components, and the power supply/control cabinet mounted above the plumbing panel.   
These components are designed to be bolted to a wall or Unistrut mounted to a wall during the 
installation process.  There are typically two installation configurations.  The first is to mount 
the components directly to a wall in the facility.  The other configuration includes an option to 
mount the components to fiberglass Unistrut.  Unistrut mounting offers the advantage of 
spacing the components away from the wall in case there are pipes or conduits running along 
the wall.   
 

3.2.1 Wall Mounting - The components are designed to be mounted to four 36” long 
Unistruts that are first mounted horizontally to the wall.   The configuration for mounting the 
Unistruts are shown in Figure 5.  Fiberglass Unistrut is preferred versus metal Unistrut due to 
the corrosion resistance characteristics of fiberglass.  The bottom Unistrut should be mounted 
at least 45.7 cm (18 inches) from the floor to allow for room for the brine filter, and to facilitate 
replacement of the brine filter element.  The brine filter is mounted on the bottom of the 
plumbing panel to avoid air locking the brine feed line.   

 
Unistrut can be mounted to the wall in the facility by a number of methods depending on the 
construction of the wall.  This can include concrete anchors for block or concrete walls, lag 
bolts for stud type walls, or toggle bolts for sheet rock type walls.  Mounting the Unistrut to a 
solid mounting point is important to ensure stability of the unit.  Be sure local codes are 
followed for any seismic mounting requirements.  Toggle bolts in sheet rock should be 
avoided.  It is preferable to mount the Unistrut directly to studs in the wall with lag screws, or 
with concrete anchors into a concrete wall, or toggle bolts in a hollow block wall.  When 
mounting the Unistrut to the wall, be sure the heads of the fasteners allow the mounting clips 
to fit in the locations where the clips will connect to the plumbing panel or to the control box.   
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Figure 5  Unistrut Mounting Configuration from Floor 

 
After the Unistrut is mounted to the wall, begin by installing the control panel using clips and 
hardware in the Unistrut to the mounting clips on the control box.   
 
Continue the installation by mounting the 3/8” spring nuts in the Unistrut channel on each end 
of the channel.  Install the plumbing panel on the lower two Unistruts, and the control box to 
the top two Unistruts.    

 
 

3.3  Brine Generator Installation 
 
Brine generators are provided in a variety of sizes to meet the customer’s operational 
requirements.   The size of the tanks and salt volume capacity determine how often the 
customer will need to fill the brine generator with salt.  For small systems, these tanks are 
typically HDPE or XLPE tanks.   For large systems, the tanks can be fiberglass.   
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Figure 6  Typical Brine Generator Tanks 

Brine generators require a few precautions during assembly and installation.  Refer to Figure 
6.  The first item to be installed is the collection pipe.  In large systems that are ordered as a 
brine generator package, the collection system comes with the tank.  For small systems, the 
collection pipe is fabricated to fit the tank.  The collection pipe is a slotted pipe that is 
connected to a bulkhead union in the bottom side of the tank, and then capped at the end.  
The slotted pipe is then wrapped in plastic screen material.  This pipe is then covered with at 
least 15 cm (6 inches) of quartz rock.  Quartz rock should be approximately .25 inches in size 
and acts as a filter for food grade salt that is used in the brine generator.   
 
The float valve is a special vertical acting valve that fits inside a 12.5 cm (5”) diameter plastic 
pipe.  The plastic pipe should be cut to a length such that the bottom end of the pipe is about 
15 cm (6 inches) above the quartz rock bed.  The pipe has two holes cut in the upper sides of 
the pipe approxmately 90 degrees from each other, but offset vertically.  The threads on the 
side of the float valve penetrate through the side of the poly pipe and also through a hole in the 
side of the brine tank.  These holes will need to be drilled in the field to suit the installation site.   
The float valve secures the poly pipe to the brine tank with a pipe coupling.  Soft water piping 
is then connected to the pipe coupling on the outside of the brine tank.  The appropriate pipe 
fittings are connected to the bottom of the float valve (before the float valve is installed in the 
pipe) and then connected to a length of 3/8” poly tube of sufficient length to wrap around the 
inside of the brine tank.  The 3/8” poly tube is clipped to the inside of the brine tank with plastic 
clips and brass screws.  The open end of the 3/8” poly tube is capped with a 3/8” poly tube 
cap.  Using a 1.5 mm (.06 inch) drill bit, drill holes upward in the poly tubing at a 45 degree 
angle pointing downward to the center of the tank.   Space the holes approximately 10 cm (4 
inches) center to center all the way around the inside of the tank.  This creates a spray ring for 
water to dissolve the salt in the tank.  Be careful not to drill through both sides of the poly 
tubing as this will cause water to spray upward along the side of the brine tank, possibly 
causing a spill outside the tank.   Also, do not drill holes in the poly tube that will allow water 
inside the 12.5 cm (5”) poly pipe.  Fresh water getting inside the poly pipe can come out of the 
bottom of the pipe and short circuit through the salt bed causing the brine at the bottom of the 
tank to be diluted.   
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Figure 7  Brine Generator Cross Section 

           
3.3.1 Brine Tank Drain Pipe and Overflow Piping - For cleaning and maintenance, a tee 

and separate manual valve can be added at the drain valve.  The brine tank overflow is located 
at the top of the tank with a 1” spin fitting.  Aqua Research recommends using schedule 40 
PVC piping to be fitted to the overflow connection and then routed to a drain.   
 
The brine and oxidant tank overflows must be piped into a separate drain header than the drain 
header for the water softener discharge.  This will prevent potential backflow up the brine and 
oxidant tank lines, which would fill the brine generator and oxidant tank with calcium rich brine.  
A common floor drain can be used as long as there are separate drain headers. 

 

Do not pipe the water softener discharge into the same drain header as the drain 
header for the brine and oxidant tank overflows.  Install separate drain headers to a common 
floor drain.  If all of the systems are tied in to the same drain header, high backpressure from 
the water softener discharge drain can backflow up the brine and oxidant tank overflow lines 
and fill the brine generator and oxidant tank with calcium rich brine.  This will result in brine 
tank flooding, calcium carbonate contamination of the electrolytic cell, and dilution of the 
mixed oxidant solution. 

CAUTION! 
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3.4  Oxidant Tank Installation 
 
Like the brine generator, the oxidant tank can be sized to accommodate any customer 
requirements.  For example, the flow rate for an AR5 system is approximately 250 
gallons per day.  To accommodate 24 hours of oxidant production, the oxidant tank 
would need to have a capacity of approximately 250 gallons, or 1,000 liters.   
 
Oxidant tanks come in high density polyethylene (HDPE), cross linked polyethylene 
(XLPE) and fiberglass (FRP).  HDPE and XLPE tanks usually have a temperature 

threshold limit of 60°C (140°F).  For this reason, the on-site generator control system is 

designed to limit oxidant temperatures to values less than this.  Oxidant tanks should be 
opaque or black to minimize solar degradation of the oxidant inside the tank. 
 
The primary design criteria for construction of the oxidant tank is the hydrogen safety 
vent system.  This is shown graphically in Figure 8.  Figure 8Error! Reference source 
not found. shows the details of the drop tube arrangement.  A separate hydrogen 
safety white paper is available that discusses the safety issues in detail.   
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Figure 8  Oxidant Tank Configuration 
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Figure 9  Oxidant Tank Drop Tube 

 
The hydrogen safety vent system is designed to trap and safely vent all of the hydrogen 
that is generated in the electrolytic cell.  In any electrolytic process, hydrogen is 
generated at the cathode.  As brine enters the cell, the flow is single phase (i.e. liquid 
only).  As brine is electrolyzed, the flow becomes two phase flow (i.e liquid and gas).  
This two-phase flow leaves the cell and is transferred to the oxidant storage tank via the 
piping system.  This hydrogen must be separated from the liquid and removed from the 
facility via the hydrogen safety vent system.  This system is designed to keep any 
hydrogen from accumulating in the oxidant storage tank or in the facility where the 
system is operating.   The following precautions related to hydrogen safety are 
presented at the front of this manual but are presented here again for emphasis. 
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GENERAL HYDROGEN SAFETY PRECAUTIONS 
 

• HYDROGEN GAS IS PRODUCED IN ANY ELECTROLYTIC PROCESS AND 
SHOULD BE ASSUMED TO BE PRESENT IN THE OXIDANT TANK AND 
ROOM WHERE THE OXIDANT GENERATOR IS LOCATED. 

• NO SMOKING OR IGNITION SOURCES IN VICINITY OF THE OXIDANT 
TANK. 

• REMOVE THE OXIDANT TANK LID AND VENT THE TANK AT LEAST ONE 
HOUR PRIOR TO TANK MAINTENANCE.   ENSURE ADEQUATE FACILITY 
VENTILATION. 

• USE OSHA CONFINED SPACE PROCEDURES WHEN ENTERING ANY 
OXIDANT TANK. 

• VERIFY INTEGRITY OF THE PASSIVE AND/OR ACTIVE VENT SYSTEMS TO 
THE OUTSIDE OF BUILDING.   

• THE DROP TUBE SYSTEM INSIDE THE OXIDANT TANK(S) MUST BE IN 
PLACE PRIOR TO SYSTEM OPERATION.   

• HYDROGEN VENT PIPING SHALL HAVE NO VALVES, DROP LEGS (FOR 
ACCUMULATION OF LIQUID) OR OTHER BLOCKAGE AND SHALL BE 
ADEQUATELY SIZED TO AVOID BACKPRESSURE. 

• IF THE ON-SITE GENERATOR IS MODIFIED OR EXPANDED, CONSULT THE 
MANUFACTURER OR TECHNICAL EXPERT TO ENSURE TANK VENT 
MEETS NEW SYSTEM CAPACITY. 

• FOR MULTIPLE OXIDANT TANK SYSTEMS, ENSURE THE PASSIVE 
OXIDANT TANK HYDROGEN VENT SYSTEM IS NOT CROSS VENTILATED 
BETWEEN TANKS.   

• FOR THE DILUTION AIR VENTILATION SYSTEM, CROSS VENTILATION, OR 
SERIES VENTILATION, IS ACCEPTABLE.  HOWEVER, DO NOT CROSS 
CONNECT THE PASSIVE VENT SYSTEM WITH THE DILUTION AIR SYSTEM.  
THE VENT SYSTEMS MUST BE VENTED SEPARATELY TO THE OUTSIDE 
OF THE FACILITY. 

• DO NOT ADD OTHER CHEMICALS TO THE OXIDANT TANK THAT ARE 
INCOMPATIBLE WITH A CHLORINE-CONTAINING SOLUTION (SUCH AS 
BLEACH). 

• ENSURE INSTALLATION AND FACILITY DESIGN IS IN CONFORMANCE 
WITH STATE AND NATIONAL BUILDING AND SAFETY CODES. 

 
The hydrogen generation rate is 6.96 milliliter per amp-minute per active anode 
electrode at standard temperature and pressure which is defined as 0oC and 1 
atmosphere pressure.  The volumetric hydrogen generation rate increases proportional 
to absolute temperature above 0oC, and is inversely proportional to barometric 
pressure.    Hydrogen (H2) is the lightest of the gases with a vapor density of 0.069 
(relative to that of air taken to be 1.0), and smallest in molecular size, making hydrogen 
gas difficult to contain.  As such, hydrogen gas will tend to rise rapidly in a normal room 
atmosphere, seek the highest point in a room or container, and tend to diffuse through 
most materials of building construction.  Nevertheless, hydrogen gas explosions are 
highly energetic and need to be taken seriously.  Conditions which might lead to 
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development of mixtures of hydrogen and oxygen (in air) that are capable of explosion 
should they be accidentally detonated are to be avoided. 
 
The lower explosive limit (LEL) of hydrogen is 4.1% by volume in air.  This means that 
any concentration of hydrogen in air less than 4.1% will not be explosive (too “lean” in 
fuel).  Likewise, the upper explosive limit of hydrogen is 74.2% by volume in air.  This 
means that air containing greater than 74.2% hydrogen will not be explosive (too “rich” 
in fuel).   Clearly, the range between 4.1% and 74.2% is broad.  Any ignition source in a 
hydrogen-air mixture environment within these percentages can have adverse 
consequences.  Because this fuel source is produced in any electrolysis process, 
proper venting of hydrogen is mandatory for safe operation of on-site generation 
equipment.   
 
For any systems pertaining to this manual, i.e. systems less than 11 kilograms per day 
(25 pounds per day) of free available chlorine production, the proper size drop tube in 
the oxidant tank should be 100 cm (4 inches) or greater in diameter.  The drop tube 
should extend all the way to the bottom of the oxidant tank and should have an angle 
cut on the bottom of the pipe to ensure fluid flows easily out of the bottom of the drop 
tube.    
 
All oxidant tanks must have a “No Smoking” sign and hydrogen safety placard placed in 
a conspicuous place on the tank where it is easily visible from anyone walking up to the 
tank.  Copies of this sign and placard are available from Aqua Research INC. and three 
sets of these placards are shipped with each system.  The placards should be placed 
every 120 degrees around the oxidant tank so that the signs can not be hidden as a 
person approaches the tank from any side.  
 
 

 
 
 
 

• NO SMOKING OR IGNITION SOURCES IN 
VICINITY OF OXIDANT TANK 

• HYDROGEN GAS POTENTIAL IN AND NEAR 
THE TANK, AND THE AREA 

• USE CONFINED SPACE PROCEDURES PER 
OSHA STANDARD 1910.146, PERMIT-REQUIRED 
CONFINED SPACE 

• DO NOT ADD OTHER CHEMICALS TO THE 
TANK  

• REFER TO THE AQUA RESEARC OPERATOR’S 
MANUAL FOR OTHER SAFETY RELATED 
PRECAUTIONS 

CAUTION 
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3.5  Water Softener Installation 
 

This section contains information on the water softener installation and operation. 
The information is contained under the following sections: 

 
▪ 3.5.1  Unpacking the Water Softener 
▪ 3.5.2  Connecting the Twin Tower Tanks 
▪ 3.5.8  Water Softener Operation 
▪ 3.5.12  Water Softener Specifications 

 

 
The feed water to the AR Series system must have a water hardness of less than 

1 grain (1 grain = 17.1 ppm) for the system warranty to remain valid.  Most water will 
exceed this value.  Without soft water, calcium carbonate in the water supply will deposit 
on the cell electrodes and flow control orifices, and will render the system inoperable in a 
short period of time.  Aqua Research offers twin-tank Kinetico water softeners, including 
all of the connections necessary for the AR Series system, to provide a continuous supply 
of soft water.  While one tank regenerates, the other tank supplies softened water.  The 
water softener comes with a water softener installation kit, which is shipped inside the AR 
Series brine tank. 

 
Aqua Research uses Kinetico water softeners.  Advantages include trouble-free 

operation, continuous soft water, automatic switching of tanks, lower salt consumption, 
no use of power or a timer, a low system flow nozzle (0.5 gpm) provided specifically for 
use with Aqua Research systems, and a check valve to prevent backflow of water from 
the softener to the brine tank.  The Kinetico softener results in an overall improvement in 
efficiency and cost savings.  Selecting the appropriate metering disc can improve 
efficiency even further.  Please see Table 3.  Meter Disc Selection.  For maximum water 
and salt use efficiency, Aqua Research recommends the following models: 
 

Table 1.  Maximum Grain Efficiency of Water Softeners 

CC208: CC210: 

10-39 grains* 40-102 grains* 

*Grains of compensated hardness = 

[3 x (ppm of ferrous Fe and Mn)] + grains per gallon hardness 

 
 
 
 

The water softener should remain upright at all times; otherwise the ion exchange 
resin can leak out.  This resin could create a slipping hazard if it leaks onto the floor, or can 
get into the plumbing manifold on the system and create a maintenance problem. 

CAUTION! 
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3.5.1  Unpacking the Water Softener 
 

The twin tower Kinetico water softener is shipped from Aqua Research with a water 
softener installation kit.  Unpack the water softener components and the installation kit in 
order to begin assembly according to the steps below. 

 
3.5.2  Connecting the Twin Tower Tanks 
 
Unpack the black Kinetico water softener tanks and place them approximately 6” 

apart with the tank connector openings facing each other.  Take the two black plastic 
connector pipes and make sure there are two O-rings on each end.  Spread silicone gel 
(included in kit) on all O-rings.  Push one connector into each opening on the first water 
softener tank.  Next, push the connector openings of the second tank onto the other end 
of the connector pipes, connecting the two tanks.  Place one of the two 6” metal connector 
links parallel to the connector pipes, on top of and between them.  Next, insert a connector 
pin into each end of the link, and connect the two pins to the second metal connector link, 
placing it underneath and between the two connector pipes.  This will secure the twin 
tower tanks together.  The water softener tanks must be seismically mounted with Unistrut 
or some other means to a solid wall.  Refer to local building codes for seismic mounting 
requirements.   
 

3.5.3  Water Supply to Softener 
 

Water supply to the softener can be from almost any source, including water that 
has been disinfected by the AR Series oxidant.  First, place O-rings on the brass fittings 
provided with the water softener installation kit and spread silicone gel evenly.  Then push 
one of the brass adapter fittings into the water softener inlet connection (Figure 10(A)), 
which has an inward-pointing arrow, and place the second brass adapter fitting into the 
water softener outlet connection (Figure 10(B)), which has an outward-pointing arrow, on 
the softener head.  Place the silver adapter bracket over these inlet and outlet 
connections, and secure it with the bracket pin, pushed through the top, and then clip the 
cotter pin through the hole in the bottom of the bracket pin. 
 

Next, tape the threads of the ¾” NPT hose adapter (either an elbow or a straight 
hex nipple) with Teflon tape and thread the adapter into the brass fitting for the inlet 
connection, with the inward-pointing arrow.  Connect the ¾”  female hose connector to 
the adapter.  Attach the ½” clear braided garden hose to the connector, clamping it 
securely with the clamshell.  The other end of the hose should be attached to the water 
source. 
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NOTE:  Feed water to the softener should be piped to the inlet with the inward pointing 
arrow on top of the water softener head.  IF THE FEED WATER IS NOT CONNECTED 
TO THE PROPER OPENING, THE WATER SOFTENER WILL BE UNABLE TO 
REGENERATE and will not provide softened water to the K Series system. 

 
A 5-micron water filter cartridge and 10-inch filter housing are provided with the AR 

series system. The filter MUST be plumbed on the inlet of the water softener. 
 
3.5.4  Backflow Prevention 

 
Most municipal and state plumbing codes require the use of a backflow preventer 

on any water service line that feeds a piece of equipment.  The backflow preventer 
prevents any fluids generated in the AR Series system from entering the water distribution 
system.  The backflow preventer is a simple brass check valve type of device that screws 
on to the water source connection, such as a wall-mounted faucet. 
 

A brass backflow preventer is included in the Aqua Research operation kit.  The 
backflow preventer is installed at the source of the water connection, and not on the AR 
Series system.  If it is installed on the AR Series system, the check valve will be operating 
with the wrong orientation, and no water will flow to the AR Series system.  During 
operation, the backflow preventer will occasionally activate, which causes a small amount 
of water to be discharged.  This is normal and does not indicate a need for service. 

 
3.5.5  Water from Softener to AR Series System 

 
Tape both ends of the gray plastic ¾” nipple pipe (approximately 1 ¾” long) with 

Teflon tape and then insert the pipe into one end of the tee.  Insert the other end of the 
nipple pipe into the brass fitting for the outlet connection, with the outward-pointing arrow.  
Tape the male end of the two ¾” hose bibbs with Teflon tape and place one hose bibb 
into each of the remaining two openings of the tee.  Cut the ½” clear braided hose long 
enough to allow flexibility of movement for the softener and AR Series system.  Attach a 
piece of hose to each hose bibb with the connectors, clamping each hose securely with 
the clamshell.  Before connecting one of the hoses to the AR Series system, turn on the 
main water supply and flush water through the softener until the water is clean and clear.  
(The other hose serves as a wash down hose). 

 
3.5.6  Water Softener Brine Recharge Hose Connections 

 
The water softener uses fully saturated brine taken from the AR Series system 

brine tank to recharge the softener.  In order to connect the water softener recharge hose, 
tape the smaller male threads (1/4”) jutting off of the water softener head with Teflon tape.  
Take the small black connector elbow and thread it onto the brine inlet, then attach the 
3/8” polyethylene tubing (with the check valve).  Make sure that the arrow on the check 
valve is pointing from the brine tank toward the softener.   Connect the other end to the 
½” NPT female fitting on the side of the brine tank.  This connection should be made 
before the brine tank is filled with water and/or salt in order to avoid spilling. 
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NOTE:  Incorrectly connecting the check valve will not allow the softener to 
regenerate itself and may cause the brine reservoir (tank) to overflow.  Be sure the 
flow arrow on the check valve points in the direction of the water softener and away 
from the brine tank. 

 
3.5.7  Water Softener Discharge Hose 

 
Tape the larger male threads jutting off the head of the water softener (3.6 (D)) 

with Teflon tape and connect the larger black elbow to the discharge threads.  Insert the 
½” discharge tube into the elbow, and place the other end in a drain. 

 
 

Do not pipe the water softener discharge into the same drain header as the 
drain header for the brine and oxidant tank overflows.  Install separate drain headers 
to a common floor drain.  If all of the systems are tied in to the same drain header, high 
backpressure from the water softener discharge drain can backflow up the brine and 
oxidant tank overflow lines and fill the brine generator and oxidant tank with calcium 
rich brine.  This will result in brine tank flooding, calcium carbonate contamination of 
the electrolytic cell, and dilution of the mixed oxidant solution. 

 

3.5.8  Water Softener Operation 
 
Ensure that the water softener is operating properly before initial startup.  This can 

be done by testing the water flow from the water softener for hardness with a hardness 
test kit or strip.  (Test strips are included with the Kinetico water softener owner’s manual.)  
The easiest way to do this is with the water softener wash down hose.  If hardness is 
more than 1 grain (17.1 mg/L), the softener is not functioning properly.  Verify the 
following: 

 
1. Feed Supply Water: 

The feed supply water must be connected to the proper inlet on the water softener 
head, with the inward-pointing arrow (see Section 5.1.2).  (Water from the softener 
to the AR Series system must be connected to the outlet, with the outward-pointing 
arrow.) 

2. Check Valve: 
The brine recharge hose has a check valve in the middle of the line with an arrow 
that must be pointing from the Aqua Research brine tank toward the water 
softener. 
 

3. Brine Tank: 
Verify that there is sufficient brine in the brine tank for the water softener to 
regenerate.  Confirm that brine flows freely out of the tank. 

 
 
 

CAUTION! 
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3.5.9  Regeneration Cycle 
 

 The Kinetico softener operates “on demand” based on your actual water usage.  
It is not necessary to set any timers since the regeneration cycle is automatic. 
 

During regeneration, water flows up through the media bed as opposed to the 
downward flow during service.  The regeneration process for both tanks consist of three 
steps: Brine, Rinse and Backwash.  The control disc on top of the softener moves in a 
clockwise direction, with the dot indicating the following steps: 

 

• Dot at 6:00 position: 
1.) Main Tank is in service; Remote Tank on hold. 

• Dot between 6:00 and 12:00 positions: 
2.) Main Tank regenerating (Brine/Rinse); Remote Tank in service. 
3.) Main Tank regenerating (Backwash); Remote Tank in service. 

• Dot at 12:00 position: 
4.) Main Tank on hold; Remote Tank in service. 

• Dot between 12:00 and 6:00 positions: 
5.) Main Tank in service; Remote Tank regenerating (Brine/Rinse). 
6.) Main Tank in service; Remote Tank regenerating (Backwash). 
 
After Step #6, the process begins again with Step #1. 
 
3.5.10  Manual Regeneration 
 
If the brine tank should run out of salt for any reason, you will have to manually 

regenerate the unit.  To do this, you must first add salt and then wait a minimum of 30 
minutes for it to dissolve.  Next, using a Phillips screwdriver, push down on the actuator 
(see Figure 11, Item 4) in the center of the clear cap on top of the control valve and hold 
down while turning the screwdriver clockwise until you hear 3 or 4 clicks, and water begins 
flowing through the drain line.  After the water flow stops, (which will be 29 to 90 minutes, 
depending on the model), repeat the manual procedure to be sure both resin tanks are 
regenerated. 

 
3.5.11  Cold Weather Protection 

 
The Kinetico Water Softener must be protected from freezing temperatures.  If it is 

installed outside or in an area that is not heated, precautionary measures must be taken 
to prevent freeze damage to the unit.  This can include installing a space heater, moving 
a system that is unused during cold weather to a warm storage area, or draining the 
softener. 
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3.5.12  Water Softener Specifications 

Table 2. Water Softener Specifications 

 Model CC208 Model CC210 

Maximum Compensated Hardness 
(GPG)1 

65 102 

Service Flow Rate (gpm)2 3 3 

Backwash Flow (gpm)3 2 3 

Max. Flow Rate to Drain 

during Regeneration (gpm) 

3 3 

Resin per Tank, cu. ft. 0.7 1.5 

Tank Freeboard (inches) 15 18 

Capacity per Cycle, grains 14,662 37,272 

Grains Exchange per Lb. of Salt 3,772 3,727 

Salt Used per Cycle (lbs.) 5.5 10.5 

Regeneration Time (min.) 45 90 

Water Used per Cycle (gals.) 45 120 

Min./Max. Operating Pressure 103.4 - 861.9 kPa (15 - 125 psi) 

Min./Max. Operating Temp. 2 - 49C  (35 - 120F) 

Max. Working Pressure, psig 861.9 kPa (125 psi) 

 
1 Maximum compensated hardness with #4 Meter Disc.   

Compensated Hardness = [3 x (ppm of ferrous Fe and Mn)] + grains per gallon 
hardness.  17.1 ppm = 1 grain. 

2 Service Flow Rate is rated at a 15 psi pressure drop.  Rate is for a low flow nozzle. 
3 50% Expansion. 
4 Tank Size = Diameter x Height. 

 

SODIUM INFORMATION: Water conditioners using sodium chloride for regeneration 
adds sodium to the water.  People who are on sodium-restricted diets should consider 
the added sodium as part of their overall sodium intake.  The amount of sodium added 
to the water is about equal to the calcium hardness in mg/l of the water entering the 
softener.  

Kinetico Water Conditioners are certified by NSF International against the ANSI/NSF 
Standard 44 for softener performance and chemical reduction of barium and radium, 
226/228. 
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Figure 10. Kinetico Twin Tower Water Softener Models CC-208 & CC-210 

 

3.5.13  Disc Selection Chart 
 

The water softener’s meter disc can be changed according to the hardness of the 
water. The softener usually comes with a number 4 meter disc.  To determine the 
appropriate meter disc for your water system, you must first determine the compensated 
hardness range.  Compensated hardness is determined by multiplying the ferrous iron 
and manganese concentrations (ppm) by 3, and then adding to grains per gallon of 
hardness. 

Table 3.  Meter Disc Selection 

 Maximum 
Ferrous Iron & 

Manganese 

Meter Disc Number 

 1 2 3 4 

CC 208: 4.0     

Compensated Hardness Range (grains)1  1-20 21-38 39-50 51-65 

Usable Gallons between Regenerations  600 300 200 150 

CC-210: 6.0     

Compensated Hardness Range (grains)1  1-35 36-62 63-84 85-102 

Usable Gallons between Regenerations  850 425 283 212 

1Compensated Hardness = [3 x (ppm of ferrous Fe and Mn)] + grains per gallon hardness 
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3.5.14  Changing Meter Disc 
 

Please refer to Figure 11 for all graphical references in this section. 

Disassembling the Cap Assembly: 
Unscrew all eight of the Cap Screws (1) and remove the Cap (2)*.  Remove the 

Balance Piston (7) from the center of the cap assembly, and then remove the Balance 
Piston Spring (8) from the center of the cup on the Control Disc (9). Squeeze the Meter 
Drive Pawl (14) against the side of the assembly, and remove the Meter Disc (METER 
DISC) while holding the Meter Drive Pawl open. 
 
Reassembling the Cap Assembly: 

Take the new Meter Disc and again squeeze the Meter Drive Pawl (14) against the 
side of the assembly.  While holding the Meter Drive Pawl tight, place the new Meter Disc 
on top of the Control Disc (9) with the decal facing up.  Replace the Balance Piston O-
ring (6) in the groove on the Control Disc, if necessary.  Set the Balance Piston Spring (8) 
in the center of the cup on the Control Disc.  Place the Balance Piston (7) on top of the 
Balance Piston Spring. 
Make sure that the Actuator (4) is still in the center of the Cap (2).  Double check that 
Pawls (12, 13, and 14) are properly ratcheted against meter (METER DISC) and control 
disks (9).  Place the Cap on top of the total assembly, making sure that the leg on the 
Cap goes over the Level-1 Screen (15) at the 5 o’clock position.  Secure the Cap with 
the eight Cap Screws (1). 

 

 
 

* Note the position of the leg on the Cap that fits over the Level-1 Screen. 
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Figure 11. Kinetico Water Softener Level 1 Assembly 

1 Cap Screw 
2 Cap 
3 O-ring, Actuator 
4 Actuator 
5 Seal, Cap 
6 O-ring, Balance Piston 
7 Balance Piston 
8 Spring, Balance Piston 
9 Control Disc 
10 Screw, Main Valve 
11 Support Pin 
12 Pawl, Regeneration Drive 
13 Pawl, No Back 
14 Pawl, Meter Drive 
15 Filter, Level 1 (35 M) 
16 Spring, Meter Drive 
17 Pawl, Regeneration Start 
18 Eccentric Pin 
19 Level 1 Shell 
20 Level 1 Seal 
21 Level 1 Asy UT 
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3.6  Plumbing Installation 
 
Water and Brine Lines - Aqua Research recommends the use of schedule 80 piping 
throughout the system where hard piping is called for.  For all piping feeding water or 
brine to the AR Series system, PVC piping is acceptable.  Use PVC solvent and glue as 
specified for PVC.   
 
It is often advantageous to use hose to connect the brine line to the OSG.  For the brine 
line, clear PVC or Tygon tubing is acceptable.  The brine primer bulb can easily be 
installed in this type of tubing.  Be sure the primer bulb flow direction is towards the 
OSG. 
 
Oxidant Piping - It is IMPORTANT, however, to use schedule 80 CPVC pipe for all 
piping that is exposed to oxidant.  This includes piping from the AR Series system to the 
oxidant tank, and any piping from the oxidant tank to the injection pump system, and 
including the piping from the injection pumps to the point of injection of the oxidant.  
CPVC piping has an operating temperature range up to 95C (203F).  PVC has an 
operating range to 60C (140F) and could soften and leak if used for oxidant at high 
temperature.   
 
There are special glues used for CPVC pipe.  Specifically, IPS Weld-On 724 and P-70 
primer.  These glues are specifically formulated for high pH chlorine service (sodium 
hypo).  A complete procedure for using this glue is included in the procedures section at 
the back of this manual.  The title of the document is CPVC Pipe Solvent Weld 
Procedure. 
 
Another important procedure for assembling any type of plastic pipe is to use a pipe 
cutter to cut the pipe.  DO NOT use a saw to cut the pipe.  Saw cuts leave small pieces 
of flashing (even if you try to clean it) that WILL get into plumbing components, notably 
the seat on the solenoid valve and the turbine gears in the water softener head.  It is 
also a good idea to flush all lines prior to connecting to the on-site generator.   
 
It is sometimes convenient to run hose from the oxidant port on the OSG to the oxidant 
tank.  If using hose, use clear braided PVC hose.  This hose has a long track record of 
success for this application.    
 
 

3.7  Pressure Conditioning System 
 
One of the common problems associated with a system installation is that the water 
supply pressure from the facility is not consistent.  In many facilities where an OSG is 
located, there are other components that utilize water.  This may include other water 
valves in the facility, commodes that are flushed, or general low pressure when the 
community is using a lot of water.  The AR series systems incorporate a water pressure 
switch in the plumbing to monitor the incoming supply pressure.   If supply pressure is 
inadequate, the system will not start.   In addition, a surge pipe can be included in the 
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plumbing to help the system overcome short fluctuations in supply pressure.  In some 
applications, the supply pressure is known to be low. To overcome this problem a water 
boost pump may need to be added.  Boost pumps are not a standard part of the AR 
series system.  The optional boost pumps are sized for the specific application.   
 
The best option for a boost pump is a variable frequency drive boost pump.  They are 
readily available and have the advantage of low cost.   These pumps are controlled 
electronically and the pressure set point can be adjusted for the system.  These type of 
pumps are typically used in apartment buildings that have a water reservoir under the 
building or on lower floors of the building.  These pumps provide adequate pressure for 
building floors at higher elevations.  Typically, the desired feed pressure to the AR system 
is 40 psi.  These pumps operate by monitoring the set point pressure, as the pressure 
drops due to water flow, the pump motor increases speed to maintain the set point 
pressure.  If there is no water flow, the pump automatically turns off and will not operate.  
One example of this type pump is the MQ pump manufactured by Grundfos.   
 
 

3.8  Temperature Conditioning System Installation 
 
The AR Series system requires water feed temperatures of at least 50F (10C) but less 
than 100F (38C).  If feed water supply temperatures are not adequate, then a heater will 
need to be added to the system.  The cell inlet thermowell monitors the incoming 
temperature, and if the temperature is low, the system will shut down and alarm.  A wide 
variety of water heaters are available world-wide that the customer can install prior to 
the system.  If the system is operated below the minimum water temperature 
requirement and the cell is damaged from low water temperature, the cell warranty is 
void.   
Chillers can also be obtained locally if the water feed temperature is too high.  The 
system will alarm and shut down if the inlet feed temperature exceeds 100F (38C).  
Damage caused by attempts to operate the system above 100F (38C) will void the 
warranty.   
 
 

3.9  Electrical Installation 
 
 

Disconnect all power sources to the unit prior to opening the control 
enclosure.  The switch on the lower side of the control enclosure is a disconnect 
breaker switch rated at 30 amps.  Components inside the control enclosure may still 
be energized when this disconnect/breaker is in the off position.  Follow all local codes 
for wiring to the system.  

 
 

CAUTION! 
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The AR series system operates on 208 
VAC, single phase power, and a 30 amp 
circuit.  Inrush amperage can exceed 30 
amps, so slow blow breakers should be 
used for incoming power.  AC voltage 
variations can be in the range of 180 to 260 
VAC.  Local codes should be used for all 
wiring runs to the OSG.  Wiring can be in 
the form of a multi-strand cord with the 
appropriate plug connection, or conduit 
can be routed to the system.  The control 
cabinet can be penetrated anywhere on 
the top or on the left or right side.    Main 
power to the system is terminated in the 
control enclosure on terminal blocks in the 
upper left side of the back panel of the control enclosure.  The terminal blocks are 
convenient for field terminations for all power and control wiring from the field.  No 
additional power wiring is required for the system.  All necessary devices in the unit are 
wired at the factory.    
 
Field Termination Wiring 
 
The AR Series system is shipped with the control box separate 
from the plumbing panel.  Six devices will need to be connected 
in the control box when the system is first installed.  These 
include the brine pump, pressure switch, solenoid valve, inlet 
thermowell, oxidant thermowell, and level switch wiring from the 
oxidant tank.  The field termination diagram is shown below and 
is mounted on the inside of the control panel door.  All of the 
wires from the field come through Heyco fittings on the bottom 
of the control cabinet.  The brine pump is a connector that plugs 
in to a socket fitting and is secured by rotating the locking 
screw.  The brine pump wires may also be fed directly through a 
Heyco fitting and may not have the connector.  All of the other 
five field wires can come through any of the five Heyco fittings.  
Location is not important.   
 
Since the wires are not connected to the terminal blocks when shipped, as noted above, 
they will need to be connected in the field.  The terminal blocks have three connection 
points on both sides of the terminal block, the upper (U), the middle (M), and the lower 
(L) connection points. The screw for tightening the upper connection point is hidden 
beneath the black fuse.   With the fuse in place, the tightening screw cannot be 
reached.  For this reason, all of the fuses are removed from the terminal blocks prior to 
shipment, and are located in a plastic bag attached to the inside door of the control 
panel. See the photos below. 
 

Figure 12. Main Disconnect/Breaker on 

the side of the Control Enclosure and 

Main Power Terminal Blocks 

Figure 13 Heco 

Fittings 



32 

 
  
 
 
 
 
 
 
 
 
 
 
 

 
After all field wiring is complete, install the fuses on the terminal blocks.  All connections 
should now be complete and the system should be ready to operate electrically.   

     Figure 14 Fuses on Terminal Blocks 

 

Fuses Removed from 
Terminal Blocks 

Fuses in bag on inside of 
control panel door 

Fuses Installed on Terminal 
Blocks 
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Figure 15. FIELD TERMINATION DIAGRAM 
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3.10  Controls Installation 
 

3.10.1  Solution Tank Liquid Level Switch Installation - The liquid level switch is 
shipped loose so that it can be installed in any oxidant tank, because the Aqua 
Research solution tank is shipped separately, or may be provided by the customer.     
 
Refer to Figure 16 for the level switch installation in the oxidant tank.  Proceed as 
follows:  

 
1. Coat the male end of the street elbow with Teflon tape/paste and then connect it 

inside the solution tank into the bulkhead fitting (or ½” spin fitting) at the top of 
the tank.  A bulkhead fitting is preferred for this installation.  A spin fitting doesn’t 
rotate in the tank, so the level switch has to be turned completely around inside 
the tank to screw it in the fitting.  If the level switch is fairly long (18”) then there 
may not be enough room to swing the switch to screw it in.  With a bulkhead 
fitting, the bulkhead fitting locking thread can be loosened to allow the bulkhead 

fitting to rotate and screw on to the level switch. 
2. Feed the electrical cord through the elbow and out of the tank. 
3. Apply pipe sealing compound to the male end of the liquid level switch using 

Teflon tape/paste and then screw it into the female end of the street elbow.  
Hand tighten. 

 
The switch is designed to operate with the AR Series 
controller.  The wire from the level switch is fed into the 
AR Series control enclosure via a feed through fitting on 
the bottom left control enclosure.  A field termination 
diagram is shown above and is also located on the inside 
of the control panel door.  The diagram shows the tie point 
for the float switch wires and the location on the DIN rail 
mounted connectors on the inside left of the control 
enclosure.    Also see the electrical schematic at the back 
of this manual for wiring instructions.  Note that the 
terminals mounted on the DIN rail have upper, middle, 
and lower mounting positions.  To access the upper 
mounting position screw, the black fuse at the top of the 

Figure 16. Solution Tank Level Switch Installation 

Figure 17. Field 

terminal wiring points 

on the DIN rail in the 

Control Enclosure 
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block must be removed. The floats on the level switch are designed to be electrically 
open when the floats are dry (down position).  Also note that the level switch can be 
ordered with any length between the upper and lower floats.  Normally, the switch is 
configured with a center to center distance of 18” (7 cm).   
 

 
 

If the system experiences excessive stops and starts, the mixed 

oxidant solution will be diluted with startup and shutdown flushes.  This can 

be corrected by installing a float switch with a longer length between the 

upper and lower switches. 

 

 
 

3.11  Injection System Installation 
 

3.11.1  Injection System Overview 
 

This section provides an overview of injection system sizing and methods in the 
following sections:  

 
▪ 3.11.2  Injection System Sizing 
▪ 3.11.3  Injection Method 
▪ 3.11.4  Injection Rate 
▪ 3.11.5  Total Dissolved Solids (TDS) Overview 

 
 
 

3.11.2  Injection System Sizing 
 
Determining the correct amount of mixed oxidant solution necessary to disinfect 

the untreated or raw water is dependent upon several measurable factors including: 
 

OXIDANT DEMAND: 
▪ Types and amounts of microorganisms in the water. 
▪ Water quality and chemistry – such measures as the turbidity and color, total 

organic carbon (TOC), pH, total dissolved solids (TDS), hardness, and biological 
or chemical oxygen demand (BOD or COD). 

▪ Physical characteristics such as temperature. 
 
CELL FAC CONCENTRATION: 

• FAC concentration is approximately 5,000 mg/l on all systems, and must be 
considered when calculating the injection rate. 

 
CONCENTRATION x TIME (CT): 

WARNING! 



36 

• Concentration x Time (CT) is the residence time in the line – that is, the flow time 
between when raw water is introduced into the water system and when the first 
user connects to the system.  Inactivation of microorganisms is a function of the 
concentration (C) of the oxidant and the time (T) the oxidant is exposed to 
organisms in the water.  Consult your local regulatory agency for proper CT 
values. 

• Chlorine CT values are typically used with Aqua Research systems although 
users tend to see a quicker inactivation rate with mixed oxidants than with 
chlorine. 

 
DESIRED CHLORINE RESIDUAL: 

• For potable water applications, the required residual will be a function of the CT 
values and chlorine residual required by the federal or state regulatory agency.  
Normally, most states require a 0.2 ppm chlorine residual at all points in the 
distribution system. 

• For swimming pool and spa applications, in order for the unit to be NSF-listed, 
the output setting must be sufficiently high to maintain a minimum of 2.0 ppm 
residual chlorine. 

 
 

It is critical to use the correct amount of mixed-oxidant solution 
in the raw water in order to adequately remove any water-borne 
microorganisms that may cause illness or death.  Before installing or 
operating the AR Series system, the factors described in the preceding 
points must be measured so that the correct Concentration x Time (CT) 
values can be calculated.  Measurements can usually be obtained from 
governmental health authorities, a licensed professional engineer, or water 
analysis laboratories. 

 
3.11.3  Injection Method 

 
Some systems can utilize a venturi injector.  This system is low cost and easy to 

maintain.  If the water system has a steady flow rate, it qualifies for a venturi injection 
system.  A venturi injector uses differential pressure to draw oxidants into the water 
stream.  A booster pump can be used to increase the injector inlet pressure, if 
necessary.  The most common configuration is a side stream injector, although many 
other configurations are possible. 

 
Water systems with a variable flow rate normally utilize a diaphragm type 

chemical metering pump.  These pumps typically are controlled by a 4 to 20 mA signal 
from a controller (e.g. chlorine monitor, ORP monitor, or flow meter), which adjusts the 
pump rate accordingly.  Aqua Research has had very good experience with Prominent 
Fluid Control metering pumps.   

 
Multiple venturi injectors and hybrid systems combining chemical feed pumps 

with venturi injectors are also possible.   

WARNING! 
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3.11.4  Injection Rate 
 

The injection rate must be determined according to: 
 

• the oxidant demand of the water, 

• the desired chlorine residual, and 

• the FAC concentration of mixed oxidants produced, typically 4,000 mg/l. 
 

Required dosage is found by adding the oxidant demand and the desired chlorine 
residual.  The required dosage is then divided by the FAC concentration to find the 
injection ratio.  The water system flow rate is multiplied by the injection ratio to determine 
the total injection capacity. 

 
Aqua Research recommends selecting an injection system with ample oversizing 

in case of water demand increases, cell production capacity decreases, or a need for 
shocking the system.  Since chlorine production remains more or less constant with each 
system, shocking the water system must be done by increasing the injection rate. 

 
Aqua Research has a computer program for system sizing, which also notes the 

necessary injection capacity.  The program is available at no cost to engineering firms 
and distributors to assist with proper system sizing. 

 
Oxidant Production for Sanitation -  The AR Series systems nominally produce 

oxidant at about 5,000 mg/l, or parts per million (ppm) of free available chlorine (FAC).  
For highly contaminated medical settings, the solution may be used directly without 
dilution.  For general cleaning and sanitation, a solution of 500 ppm may be adequate.  A 
500 ppm solution is prepare by adding 8 to 9 parts of water for each part of oxidant.  
Follow health department or regulatory guidelines for disinfection in each application 
scenario.  
 
 
 
 
 

3.11.5  Total Dissolved Solids (TDS) Overview 
 

Total dissolved solids (TDS) can be composed of a variety of elements.  As far as 
the K Series system is concerned, the only two TDS elements added to the water are 
sodium (Na+) and chloride (Cl-), the different components of sodium chloride (NaCl) salt.  
Use of chlorine gas or sodium hypochlorite also increases TDS of the treated water.  
However, the increase in TDS from any form of disinfection should not be of concern to 
the water system.  It is rare to find water systems that contain TDS levels less than 150 
mg/L.  If this is the case, the minimal increase in TDS resulting from the use of mixed 
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oxidants does not violate any current drinking water standards, nor does it increase the 
taste of the water to a threshold noticeable to the consumer. 

 
Determining TDS Added to the Water: 

 
The mixed oxidant solution is generated from a 10 to 12 g/L NaCl brine, which 

equals 10,000 to 12,000 mg/L NaCl.  The chlorine species of the mixed oxidant solution 
is measured as FAC, the concentration of which is typically 5,000 mg/l.  TDS added to 
the water in the form of Na+ and Cl- can be calculated simply as the NaCl concentration 
of the brine (10,000 mg/L) multiplied by the injection ratio.   The injection ratio equals the 
dosage divided by the FAC concentration.  At 5,000 mg/l concentration and brine at 
10,000 mg/l, for a 1 mg/l dose to the water, the total TDS added to the water is 10,000 
5000, or 2.0 mg/l. 
 

TDS in mg/L added to the water by an average AR Series system at a dosage of 
1 mg/L is summarized below: 

 
To determine how much TDS is added as Na+ and how much is added as Cl-, 

the relative proportions are simply calculated from the molecular weight.  The molecular 
weight of NaCl is 58.45.  The molecular weight of Na+ is 23.00 and the molecular 
weight of Cl- is 35.45. 

 
Sodium (Na+) added, with (T) being total TDS added: 
 

Na T T)+ = =
23 00

58 45
0 3935

.

.
( .

 
 

With T=2.0, the amount of sodium added to the water is 0.8 mg/l per 1 mg/l of FAC 
added to the water. 
 

Chloride (Cl-) added, with (T) being total TDS added: 
 

Cl T T)− = =
3545

58 45
0 6065

.

.
( .

 
 

With T=2.0, the amount of chloride added to the water is 1.2 mg/l for each mg/l of FAC 
added to the water.   
 
 

3.12  Initial System Settings and Start-Up 
 

The following sections describe system operational settings and start-up 
conditions for the AR series systems:  

 
▪  
▪ 3.12.1  Salt Specifications 
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▪ 3.12.2  Initial Salt Filling 
▪ 3.12.3  System Start-Up 
▪ 3.12.4  AR Series System Controls 
▪ 3.12.5  Cell Flow Rates 
▪ 3.12.6  Cell Chlorine Concentration 
▪ 3.12.7  Daily Chlorine Production 

 
 
3.12.1  Salt Specifications 

 

The AR Series system operates using sodium chloride salt. 
Aqua Research INC. recommends salt that is at least 99.5% pure, 
is coarse granular salt without additives or preservatives, and 
recommends that concentrations of calcium (Ca) be less than or 
equal to 0.03%, that magnesium (Mg) be less than or equal to 
0.02%, and that manganese (Mn) be less than or equal to 0.005%.  
Although pelletized and compressed salts of purity equal to 99.5% 
will also work, experience has indicated that coarse granular salt 
dissolves more quickly and produces the best brine solution.  
Granules that are larger than about ½” in size tend to dissolve more 
slowly and can contribute to poor brine concentration in the brine 
generator, particularly when the salt level is low in the tank.  

 
A salt that has proven to work very well is Morton’s Cullinox 999 or calcium and 

manganese free (CMF) from Cargill Salt.   These are 99.9% pure salts and are universally 
available in the United States.   Due to the purity of this salt, it has proven to provide 
excellent service and extremely low maintenance.  This salt is available in NSF60 grade 
if required. Due to universal availability of this salt, it is usually very competitive in price, 
even when compared to lower quality salts.  As a relatively abundant commodity, the 
primary cost of salt is related to transportation logistics, not the price of production.   

  
 

 
 
 
 
 

  Avoid the use of salt that contains calcium or manganese as a 
contaminant, rust inhibitors/iron removal agents, or free-flowing agents, including 
anti-caking compounds.  These can reduce system performance over time.  Also 
avoid water softener pellet salt since this salt is formulated with surfactants.  These 
surfactants are used to clean the resin in ion exchange systems (water softeners) 
but when used in electrolytic cells, the surfactants tend to create bubbles in the vent 
piping.  This can restrict flow of gas in the vent piping, and can damage surfaces 
below the vent pipe discharge point due to condensate dripping from the end of the 
vent pipe.   

WARNING! 
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3.12.2  Initial Salt Filling 
 

Salt is loaded into the brine generator.  This is accomplished manually via bag 
loading, or pneumatically with very large brine generators.  Be sure the brine generator 
has a quartz rock bed in the bottom of the tank.  This rock bed acts as a pre-filter for food 
grade salt.  Next, be sure that soft water is connected to the tank.  However, it is advisable 
to load the salt first (if initially filling the tank), and then turning on the water supply.  This 
will ensure that the first brine coming out of the generator is fully saturated.   Be sure not 
to get salt inside the float valve pipe.  After the tank is filled with salt, turn on the water 
valve and fill the tank until the float valve shuts off the water flow.   

 
1. Close Drain Valve - Make sure the brine tank drain valve is in the closed position. 

 
2. Add Salt - Pour salt into the brine tank until it is full.  You can fill salt all the way to the 

top.    
 

3. Fill Tank with Water – THIS MUST BE SOFTENED WATER.   Open water supply 
valve.   The system has a float that will control the water level in the tank.  Do not start 
the system until the appropriate water level has been reached, causing the float to cut 
off flow to the tank. 
 

4. Allow Salt to Dissolve - After filling the brine tank with salt and softened water, allow 
a few minutes for salt to dissolve before starting the system. 

 
5. Open the brine drain valve – Be sure the brine line is connected to the OSG, and 

that the brine primer bulb is installed and pointing in the direction of the OSG.   
 

6. Purge the brine filter of air -  During initial startup, the brine filter will be air locked.  
The top of the brine filter has a red air release valve.  While holding down the red 
release valve, pump brine through the filter with the brine primer bulb until all air is 
purged from the filter, and brine begins flowing out of the red air relief valve.  Inside 
the cell enclosure at the bottom of the enclosure, remove the poly tubing coming into 
the top of the brine pump.  Pump the primer bulb a couple of more times to ensure 
that brine enters the brine pump and begins flowing out of the discharge port of the 
brine pump.  Reconnect the poly tubing in the right side of the brine pump.   

 
 

3.12.3  System Start-Up 
 

This section describes the procedures to start the system for INITIAL installation. 
 

3.12.3.1  Checks Prior to Start-Up: 
 

After the system has been installed by a trained technician and before turning it 
on, the following items should be checked: 
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1. Brine tank is full of salt 
2. Water softener hose fittings are tight 
3. Electrical connections to cell electrodes good (25 ft-lbs. torque) 
4. Electrical power connection good (cord plugged in) 
5. Electrical control box securely closed 
6. Water valves open 
7. Brine tank drain valve in closed position.  This is the tank drain valve, not the 

brine valve going to the OSG. 
8. Brine connected and operating properly 

 
3.12.3.2  Electrical Check 

 
Verify that the correct AC power is being used, 208 to 240 VAC, 50 to 60 Hz, 

single-phase, 30 amp circuit. 
 

3.12.3.3  Brine Pump Priming 
 

To ensure the system will operate properly on initial startup, brine must flow 
through the system to the brine pump.  If necessary, to ensure that brine has reached the 
brine pump gears, these steps will only need to be followed on initial startup or if the 
system has been idle or in storage for an extended period of time. 

 
1. Remove the white poly tubing on the right side of the brine pump head.  This is a John 

Guest type push on fitting.  By holding the collar down, 
the tube can be pulled out of the fitting.  Squeeze the 
brine primer bulb to push brine through the brine pump 
head.  When brine starts flowing through the fitting, 
reconnect the tube to the fitting.  Be sure the tube is 
pushed all the way in to the fitting.  The tube has to be 
pushed past an o-ring in the fitting and then must seat 
against a shoulder in the fitting. 

 
2. When the system is started up, you will be able to hear 

the brine pump speed increasing and decreasing to 
keep the system in the correct amperage window.   

 

 

 

 

 

 

 

 

 

 

 

 

Hold collar against fitting and pull 
tube from the fitting 

Figure 18. Brine Pump 

Fittings 
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3.12.4  AR Series System Controls 
 

The AR Series system uses a color touch screen 
display as a human machine interface (HMI).  The only other 
control is a red mushroom switch located just underneath 
the HMI display. See Figure 19.  System operation can be 
stopped at any time by pushing the red mushroom button.  
The red button will shut the system down in an orderly 
manner by turning off the power supply to the cell, and then 
going through a purge sequence to remove brine from the 
cell.   Of course, all power to the system can be shut off by 
turning off the main breaker/disconnect on the lower left side 
of the control enclosure.  This means of powering down the 
system will not allow a purge to occur on shutdown.   In the 
event the shutdown purge sequence is missed, the purge 
time for this shutdown sequence will be added to the purge 
time for startup, resulting in a longer startup sequence.  The 
HMI is an IDEC programmable logic controller (PLC) 
incorporated in the unit.   The primary screen on the HMI is shown in Figure 20.  This 
display will show when the PLC has finished booting up. In this screen the unit is in 
STANDBY status, meaning that the low-level float in the oxidant tank is active, that 
oxidant is above the low-level float.  The system will remain in STANDBY until the 
oxidant level in the tank goes below the low-level switch.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20. Primary or MAIN MENU Screen of the HMI Display 

Figure 19. Control Panel 

and HMI Display 
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The MAIN MENU continually displays the key system operating parameters.  Various 
functions on the MAIN button allow the operator to access setup parameters such as 
units of measure (metric or English), to access alarms and other statistics.  A trouble 
shooting guide is included at the back of the manual to help correct alarms.   System 
parameters can also be set via the MENU button.  Important operating parameters and 
scale factors can also be modified, but this requires a password.  Modifying important 
functions without knowledge of the effect of those changes can destroy the system.  
 
To normally start the system, the float switches in the oxidant tank must be “dry”.  In 
other words, the liquid level in the oxidant tank must be below the level of the low-level 
switch.  If the liquid level is between the upper and lower switch, the system will be in 
standby mode and will not start.  Assuming the oxidant level is below the low-level 
switch, the system can be activated by pressing the green “Start” button on the MAIN 
MENU.   Note that the mode is STOP.  This means that the system has been manually 
stopped, even though the oxidant level is below the low-level switch. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

START SCREEN 
 
 
System startup begins with the water solenoid activating to allow water flow through the 
system.  The “MODE” will indicate “START UP”. Water will purge through the cell for a 
period of time to be sure there is no brine in the cell during power supply activation.  
The number of seconds remaining for the purge cycle is shown on the display to the 
right of the “MODE” indicator.   
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STARTUP SCREEN 
 
 
 
When the system completes the purge cycle, the “MODE” indicator will display “RUN” 
and cell power will be applied to the cell and the brine pump control signal voltage will 
begin climbing above 0.  The cell amperage will begin climbing to the set point for the 
appropriate system size.  The proper operating parameters for each of the system cell 
configurations (system capacities) is shown in Table 4.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

RUNNING NORMAL SCREEN 
 
 
 
 
 



45 

Table 4. Key System Operating Parameters 

  

SYSTEM AR1 AR3 AR5 

Capacity, KPD, Approximate 1.0 3.0 5.0 

Capacity, PPD, Approximate 2.5 6.0 10.0 

Current setpoint, Amps  45 75 100 

Applied Cell Voltage, DC 12 12 12 

Flow, LPH 17 34 45 

Flow, GPM .07 .15 .2 

 
 
During RUN, in the startup cycle, the cell current will slightly overshoot the set point and 
then begin to come down to the operating amp setting.  The brine pump speed will be 
changing in order to bring the current into the operating range.  Once stable, the current 
should not vary more than 1 to 2% from the system set point. The system will continue 
to operate until the high-level float switch in the oxidant tank is activated. The operating 
elapsed hours will display on the HMI to the right of the “MODE” function.  
 
NOTE: ON THE VERY FIRST STARTUP OF A NEW SYSTEM, THE SYSTEM MAY 
FAIL TO START DUE TO INADEQUATE BRINE OR WATER FLOW.   IF THIS 
OCCURS, CLEAR THE ALARM AND RESTART THE SYSTEM. THE SYSTEM 
SHOULD OPERATE NORMALLY AFTER THIS INITIAL RESTART.    
 
When the high-level oxidant tank switch is activated, the system will go into 
“SHUTDOWN” mode.  During the shutdown sequence, the power supply will be 
deactivated, the brine pump will shut down, but the water feed solenoid valve will stay 
on to purge the cell with fresh water.    
 
 

 
Shutdown screen 
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The time in seconds remaining for the purge sequence will be displayed to the right of 
the “MODE” function.   When the purge system has been completed, the system will go 
into “STANDBY” mode.  The system stays in “STANDBY” mode until the low-level 
oxidant tank switch is activated, or the operator presses the red “STOP” button in the 
upper right side of the HMI and the system will go into STOP mode.   
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
MENU SCREEN 

 
 

The menu screen allows you to access various functions.  Following below are 
descriptions of each of the buttons on the MENU screen.   The functions are described 
left to right and down each row.  You can always return to the MAIN MENU by pressing 
that button. The system cannot be damaged by pressing buttons unless you are in the 
LOGIN screen.   However, you have to have a password to enter the LOGIN screen.  
Functions in the LOGIN screen allow basic operating parameters of the system to be 
changed.  Changing these parameters can severely damage the system.   Contact 
Aqua Research or an authorized distributor for access if necessary.   
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SETPOINTS SCREEN 
 

The SETPOINTS screen allows you to change the name of the system and convert 
from metric to English units.  If the system is optionally ethernet connected, it also 
allows the operator to go from local mode to remote mode.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ALARM SCREEN 

 
 

If a parameter gets out of balance and the system identifies an alarm, the “ALARM” 
button on the main display will begin to flash, and the system may shutdown, or it may 
continue to run but with a trend that is heading in the wrong direction.  For instance, 
above a certain control voltage level, the brine pump control voltage may be getting 
high, indicating that the brine filter may be loading up.  This is not a reason to shut down 
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the system, but is just an indication that the brine filter may need to be changed.  In 
order to see more details about the current alarm, simply press the “ALARM” button and 
the ALARMS screen will open and the description will show details about the current 
alarm.   The problem can be diagnosed by accessing the troubleshooting guide at the 
back of this manual.  Buttons at the bottom of the screen provide various options for the 
alarm.  The alarm will also be logged to the ALARM HISTORY screen which can be 
accessed with the lower right button.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

MANUAL MODE  
 

MANUAL mode can only be accessed when the system is stopped.  This mode allows 
the operator to check various functions in the system.   For instance, the water feed 
valve can be checked for operation.  By pressing the red WATER VALVE button, the 
water solenoid will engage and water will begin flowing through the system. Flow can be 
seen on the flow meter on the plumbing panel, and the solenoid valve should have an 
audible click when it opens and/or closes.   To close the valve, press the button again.  
Likewise, the cell power supply can be engaged, and the external alarm relay can be 
activated to verify it is operational.   
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MANUAL MODE - WATER SOLENOID VALVE ENGAGED 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
DATE AND TIME SCREEN 

 
By pressing on the SET TIME button, and then entering data in each of the white boxes, 
the date and time can be changed.  
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ALARM HISTORY 
 

By pressing the ALARM HISTORY button on the MENU display, a list of all of the recent 
alarms will be displayed.   This can be useful for diagnosing system issues. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

INPUTS SCREEN 
 

When the INPUTS button on the MENU display is pressed, the operator can see what 
functions are currently active.  For instance, in the display above, all of the functions are 
active except the LOW FLOAT switch.  This simply means that the oxidant level in the 
tank has reached the low float switch, and the switch is now “open”, but not the high 
flow switch.   
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NETWORK CONFIGURATION SCREEN 
 

The IDEC controller has the capability to support a Local Area Network (LAN).  The 
system can be monitored and controlled via LAN from another local building or room if 
wiring is routed from the AR system to another computer in the adjacent building or 
room.  The NETWORK CONFIGURATION SCREEN allows the user to change the IP 
address (and subnet mask and gateway) of the IDEC itself so that it can communicate 
with other devices on the LAN.   It can also support a Wide Area Network (WAN) if 
optional equipment is configured in the AR Series system.  If the optional WAN 
configuration is desired, please contact Aqua Research or the regional distributor for 
assistance.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
RUN STATISTICS 
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If the RUN STATS button is activated on the MENU screen, certain data will be 
displayed on the screen including the temperature difference between the inlet 
temperature on the cell versus the oxidant temperature leaving the cell.  The nominal 
temperature rise through the cell is 40F (20C).  The delta temperature shown above 
may indicate that the flow rate through the cell is low, or the amperage on the cell is too 
high.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

OUTPUTS SCREEN 
 

Like the INPUTS screen, the OUTPUTS screen shows active devices.  In this case, the 
water solenoid valve is active as well as cell power.   There are no active alarms, so the 
ALARM OUTPUT switch is not active.   
 
As long as everything runs normally, the main display readouts will be uneventful.  
 
 

3.12.5  Cell Flow Rates 
 

The flow rate from the cell is set to allow the system to deliver optimum mixed oxidant 
solution.  Maintaining a consistent and steady flow rate is essential for proper system 
operation.  The plumbing manifold in the system utilizes a pressure reducing valve (PRV) 
configuration to ensure steady flow.  The nominal flow rate for each system size is shown 
in Table 4.  While the system includes a flow meter, an accurate way to check the flow 
rate is to measure how much of a container (e.g. 1000 ml graduated cylinder) is filled in 
30 seconds.   

 
Flow (F) in mL/30 sec equals flow (Y) in lph: 
 

ml 1000

liter 1

hour 1

minutes 60

minute 1

seconds 60

seconds 30

ml
= FY  

or 
Y = (F)0.12 
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 If flow is measured for less than 30 seconds, replace “30 seconds” in the 

denominator of the equation with the time period used, and recalculate to find the new 
coefficient. 

 

Example 1: 658 mL of a graduated cylinder are filled in 30 seconds with mixed oxidant 
solution.  What is the flow rate (Y)? 

 
Y = (F)0.12 

Y = (658)(0.12) 
Y = 79 

Cell Flow Rate  79 LPH 
 

 
 

 
If the flow varies greatly 

from the specified rate, check to 
be sure that the feed water 
pressure to the system has 
adequate pressure, i.e. greater 
than 40 psi.  If the pressure is 
adequate, check and adjust the 
flow rate by adjusting the flow 
control valve and monitoring the 
flow rate on the flow meter. This 
flow rate should be checked 
with the system running.  
Please note that any 
adjustment to the flow rate should be done very gradually.  As the flow rate is adjusted, 
the system controller must have time to respond to readjust the brine flow rate to maintain 
the correct amperage on the cell.  Rapid changes in the flow rate can cause the system 
to go in to fault mode due to an over amperage condition, particularly when the flow rate 
is being adjusted downward.   

 
 

3.12.6  Cell Chlorine Concentration 
 

Production of mixed-oxidant solution is affected by the cell flow rate and amperage 
applied to the cell.  It may be desirable to occasionally verify the oxidant production 
capacity of the system, or simply to check the chlorine concentration produced by the cell.  
Testing cell production should be done with a free available chlorine test. 

 

Figure 21. Flow Control Manifold 

Flow 
Control 
Valve 

Pressure 
Reducing 

Valve 

Flow 
Meter 
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Under normal operating conditions, the system cell free available chlorine (FAC) 
concentration should be around 5,000 mg/l, regardless of the chlorine production capacity 
of the system.  If FAC concentration is significantly below the specified minimums, check 
the following parameters: 

 
Flow Rate - Should be approximately the flow rate value show on the preceding chart.  
 
Amperage – Should be approximately the value shown on the preceding chart.  
 
Water Softener - Make sure the softener is supplying softened water, which contains 
less than 1 grain (17.1 mg/L) of hardness, to the cell. 
 
Cell Life - If salt consumption is high, the cell may need to be acid washed or the cell 
may need to be renewed. 
 

Purity of Salt - Verify that the salt is at least 99.5% pure and contains calcium (Ca)  

0.03%, magnesium (Mg)  0.02%, and manganese (Mn)  0.005%.  It should not 
contain rust inhibitors or free-flowing agents. 

 

NOTE:  Note that water quality may affect cell performance.  If production levels have 
always been below specified minimums, it may be because of constituents in the water.  
All Aqua Research electrolytic cells are tested before leaving the factory and are found to 
meet specified minimums. 

 
3.12.7  Daily Chlorine Production 

 
Daily FAC production (system capacity) can be calculated using FAC 

concentration and flow rates.  FAC production (Z) in kilograms/day, with (X) being FAC 
production in mg/L and (Y) being flow rate in liters/hr, is: 

 

mg 1,000,000

kg 1

day 1

hr 24

hour

liters
Y

liter

mg
XZ =  

or 
Z = (X)(Y)0.000024 

 

Example:  An AR system has an FAC concentration (X) of 5000 mg/L and a flow rate (Y) of 79 
lph.  What would the total daily chlorine production (Z) be? 

Z = (X)(Y)0.000024 

Z = (5000)(79)(0.000024) 

Z = 9.48 kilograms per day 
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 The mixed oxidants collected should be used as quickly as 
possible in treating raw water to gain the maximum benefit of the 
disinfectant power.  If the mixed-oxidant solution is stored for more than 30 
minutes before use, it should be stored in a covered container.  Containers 
for storage should be high density polyethylene (HDPE), cross linked 
polyethylene (XLPE) or fiberglass reinforced plastic (FRP).  The tank 
should be well sealed, and properly vented.  Oxidant solution that has been 
properly stored for up to 7 days will retain the potency of freshly generated 
mixed oxidants.  After about 7 days, the potency will not be as effective as 
mixed oxidants, but will retain the strength of sodium hypochlorite for an 
extended period.   

 

 
 
3.12.8  AR Series External Alarm Relay 
 

 
1. J7 – Alarm Switch – When there is an alarm on the 

HMI display, it may be advantageous to send a 
physical alarm signal external to the OSG.  For 
instance, this switch can turn on a physical audible 
alarm or may turn on a warning light external to the 
facility to indicate the presence of an alarm in the 
system. This alarm switch is active when the system 
is shipped from the factory.  

 
 
 

 
 
 
 

4. MAINTENANCE 
 
 

4.1  Routine Maintenance 
 
 Required Tools – This system is designed for worldwide service.  Like most 
automotive applications, this system utilizes metric hardware almost universally.  The 
only components that may be English thread sizes are those that are utilized on 
purchased components.  Most of the bracket mounting screws and other small screws 
have been standardized at M5-.8 Phillips head screws.  The following tools supplies 
should allow assembly/disassembly of all components of the system and peripheral 
components. 
 

WARNING! 

Figure 22  Alarm Connector 
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 Metric wrench set 
 English wrench set 
 Metric socket set, 3/8” drive 
 English socket set, 3/8” drive 
 Channel locks, qty 2 
 Lineman’s pliers 
 Needle nose pliers 
 Side cut pliers 
 Flat screw driver, medium 
 Flat screw driver, jeweler size (for releasing wires in connectors) 
 Phillips screw driver, medium 
 Phillips screw driver, small 
 Infrared camera (not necessary but makes loose connections easy to spot) 

Wire strippers 
 Allen wrench set, ball end, Metric 
 Allen wrench set, ball end, English  

Razor knife 
 PVC Pipe cutter 
 Electrical test meter, volt/ohm/amps 
 Wrench for 10” standard filter housing 
 Teflon tape 
 Teflon pipe paste 
 Thomas and Betts Kopper Shield 
 
 Water Filter – The water filter removes particulates from 
the water supply to the system and helps keep foreign materials 
out of critical components such as solenoid valves, needle 
valves, PRVs, etc. The filter is a standard 10” filter housing with 
a 5-micron element.  These filter elements are commonly 
available at most hardware or home improvement stores, and 
are very low in cost.  A water filter MUST be installed in front of 
the water softener.  This arrangement keeps particles from 
getting in the turbine gears in the control head of the water 
softener.  As water pressure is first applied to the system, air my 
exist in the clear housing.   Simply push the red button top of the 
filter housing to relieve air pressure inside the filter housing.  
 
 Brine Filter  - The brine filter removes particulates from 
the brine supply including undissolved salt particles that may be 
in the brine solution.  The filter is a standard 10” filter housing 
with a 5-micron element.  These filter elements are the same 
filter elements as those used for the water filter.  If food grade salt is used (as 
recommended) then the brine filter should need changing only about once per quarter.   
The filter elements are commonly available at most hardware or home improvement 
stores, and are very low in cost.  It is not advisable to mount the brine filter in a location 
different from its location at the bottom of the unit.  The brine is under suction pressure 

Figure 23. 10" Filter 

Housing with 5 micron 

Filter Element 
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as it is being pulled through the filter by the brine pump.   The filter housing location is 
selected to keep it flooded relative to the fluid elevation in the brine generator.  Filter 
element change out is simple. Remove the clear filter housing and replace the element.  
It may be necessary to use a filter wrench to unscrew the housing.  Install a new 5-
micron element and screw the filter housing back on.  The top of the filter housing has a 
red air bleed valve.  Since brine is under suction, it will be necessary to purge air out of 
the filter housing.  This is accomplished by squeezing the black brine primer bulb which 
is mounted in the brine feed tubing between the brine generator and brine filter.  As you 
are squeezing on the brine primer bulb, push the red air relief valve on top of the filter 
housing.  Continue squeezing until brine begins to flow out of the air relief valve.  Failure 
to follow this procedure may prevent the system from operating properly.  If air gets in 
the head of the brine pump, then the brine pump may be air locked, which will prevent 
brine from flowing to the cell.    
 
 System Cleaning – The AR Series system is designed to operate in most 
environments, including high humidity conditions, high pressure washdown operations, 
and similar environments.  The control housing door is gasketed, and the cooling fan is 
inside the control box.  If a leak happens to occur in the heat exchanger inside the 
control box, there are two ¼” holes in the bottom left and right of the control cabinet to 
allow water to escape.      
 
 The control cabinet is constructed of 304 stainless steel and is passivated to 
remove any iron particles in the surface of the metal.  This helps control corrosion that 
can occur in a high chloride or chlorine environment.  If corrosion does occur on the 
cabinet material, it is relatively easy to clean.  The stainless finish is buffed at the factory 
with a medium Scotch Brite pad mounted on an orbital sander.  Simply re-buff the 
affected area until the finish is uniform throughout.  Avoid buffing the HMI display or 
other components mounted on the surface of the cabinet.  
 
 To protect the final finish and give it a nice glossy appearance, you can apply 
baby oil or equivalent type of finishing oil to the stainless surface with a cotton cloth.  
This will give the cabinet a nice uniform appearance.   
 
 
 
 

4.2  Cell Maintenance 
 
 Normally, there is very little to do to the cell in the way of maintenance.  If acid 
washing is required, refer to the ACID WASHING CELLS protocol in the back of this 
manual. Periodically check the cell for any signs of leakage.  If any leakage along the 
cell perimeter or manifold blocks is noted, gently torque the screws around the cell or on 
the manifold blocks.  The back side of the cell can be inspected easily.    
 
The final check for the cell is the security of the connections for the main power leads.  
These cables are operating at high amperage and low voltage.  Because they are low 
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voltage, they are non-lethal, similar to an automotive battery.  Since they are high 
amperage connections, any resistance in the connection (poor connection) will result in 
excess temperature at the connection due to resistance heating.  High temperatures at 
these connections can translate to high temperatures where the electrodes are entering 
the cell housing.  This can cause the cell housing to become soft and ultimately lead to 
a cell leak.  Damage to the cell housing due to poor electrical connections is not 
covered under the cell warranty.  An easy way to check all electrical connections in the 
system is through and infrared camera.  An infrared camera can easily identify hot 
spots.  Hot spots on the cell leads can also be identified by touch, but this could present 
a burn hazard.  When the cell leads are tightened properly (25 ft-lbs), they are not hot to 
the touch.  All high amperage connections (at the cell and at the power supply) should 
use Thomas and Betts Kopper Shield (or equivalent) to improve conduction at the 
connections.   
 
 

4.3  Brine Pump Maintenance 
 
  

 
The brine pump is a gear type pump that is magnetically coupled to the drive motor.  The 
motor is sealed to prevent any moisture or brine from damaging the motor.  Under normal 
conditions, the brine pump and gear set should last for several years.  The 5-micron brine 
filter protects the gear set from premature wear and failure.  The brine pump is powered 
by 24 VDC but the speed is controlled by a signal voltage in the range of 0 to 5 VDC.  If 
all is working well, the brine pump will operate at the same signal voltage for extended 
periods.  If the brine pump signal voltage begins to operate with a signal voltage greater 
than 2.0, and the brine filter and electrolytic cell are clean, then the brine pump gears may 
be worn.  The brine pump gear set can be changed by removing the pump gear head 
Allen socket screws on the end of the pump head, removing the pump head, and replacing 
the gear set.  This can be accomplished without removing the brine pump.  Alternately, 
the complete gear head assembly can be removed and a service pack can be installed 
that changes the bearings and the gears. Refer to the procedures section of this manual 
for refurbishing the complete gear head assembly.  

Figure 24. 5 mm Brine Pump Phillips 

Head Mounting Screws (4) 

Figure 25. 3.5mm (0.140 inch) Allen Socket 

Head Screws (2) for Pump Head 
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If the system has been in storage for an extended period of time, and/or the gear pump 
has been allowed to dry out without purging the pump with fresh water, then salt may 
have accumulated in the gear set.  This can stop the brine pump from operating.  When 
the system tries to start up, and the brine pump is receiving a signal voltage, then you 
should be able to feel the brine pump housing and notice a slight vibration.   If there is no 
vibration, then the gears are not turning.   There are two possible solutions.  The first is 
to purge the brine pump head with fresh water.  The system will need to be in standby 
mode.  This can be done by configuring a water source to feed the polytubing on the brine 
pump inlet (left side fitting), and removing the tubing from the fitting on the right side of 
the brine pump so that water can flow freely through the head.  This will dissolve the salt 
in the pump head and allow it to operate freely.  The second choice is to loosen the two 
Allen socket screws on the pump head which will give the gears room to move.  This 
operation will need to be done when the system is in manual mode and the brine pump 
is activated.   When you notice the pump starting to vibrate, then the gears are turning 
and the pump head screws can be tightened back quickly.  If in Manual Mode, turn off the 
brine pump. 
 
 

4.4  Electrical Maintenance 
 
 

Disconnect all main power sources before working on electrical 
components! 

 
 
The system electrical schematic is shown in Appendix C – 
System Electrical Diagrams.  All of the primary control 
systems as well as the cell power supply are located in the 
controls enclosure.   Most of the primary sensor and control 
devices for the system are located on the plumbing panel.  The 
main controls consist of an IDEC PLC/HMI.  The control 
scheme was designed as a modular component of a family of 
systems.  However, for the AR series system, only one system 
is utilized since there is only one cell in the system.  The IDEC 
PLC mounts in the front door of the control panel.   All of the 
wiring connections from the PLC to the terminal blocks on the 
DIN rail on the back panel in the control box are routed through 
a single multi-stand cable.  Wiring connections are shown in 
Appendix C – System Electrical Diagrams.   
 
 
Other components in the control box include a DIN rail mounted 24 VDC power supply to 
provide power for the water solenoid, brine pump, and other 24 VDC powered devices.   
 
 

WARNING! 

Figure 26. Back Side 

View of IDEC front door 
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Main Disconnect/Breaker –  
 

 

Figure 27. Main 

Disconnect/Breaker on 

the Left Side Panel of the 

Control Enclosure 

 

Figure 28. Main 

Disconnect/Breaker 

Cover Inside of Door 

Figure 29. Field 

Termination Block for 

Main Power Leads 

(upper) and Field 

Control Wiring (lower) 

 
The maintenance requirements for the disconnect/breaker and power leads are minimal.  
One of the easiest ways to spot electrical problems is with an infrared temperature probe 
or an infrared camera.  Loose connections that may be hot are easy to spot.  This is 
particularly true for high amperage DC connections such as the cell leads.  
 
The disconnect/breaker is rated at 30 amps.  However, to access the main 
disconnect/breaker, first disconnect the main power to the system, then remove the nuts 
securing the cover of the inside breaker housing and remove the housing.  Disconnect 
the leads from the breaker, and then remove the four screws on the left side of the control 
panel housing that is holding the main breaker in place.  
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Power Supplies – There is one model of power supply that is 
utilized on the AR series systems.  The design of the system is 
modular.  For the smaller size application, a single power supply 
is utilized.  For the larger system, two power supplies are 
stacked in a modular configuration.  All of the power supplies are 
connected to a mounting plate.  There are holes in the mounting 
plate to fit both power supply configurations.  The mounting plate 
is designed to mount to the main back panel in the control box 
without removing the screws in the main back panel.  To remove 
the power supply, disconnect the large cell leads from the top of 
the power supply.  Disconnect the control wiring.  Disconnect the 
cables to the cooling fan.  Drain the system and disconnect the 
two water cooling tubes on the right end of the heat exchanger.  
Loosen the four screws that secure the power supply mounting 
panel to the control box main panel.  DO NOT remove the four 
screws.  Lift the power supply upward so that the two lower tabs 
on the power supply mounting plate are disengaged from the 
screws.  Pull the bottom of the power supply forward and slide 
it down.  The power supply can now be removed from the control 
cabinet.  
 
 

4.5  Controls Maintenance 
 
 

Disconnect all main power sources before working on electrical 
components! 

 
Interface Blocks – The terminal blocks mounted on the vertical DIN 
rail on the left side of the cabinet are the tie points for the system 
components such as the brine pump cable, the solenoid valve, 
thermowells, pressure transducer and other components on the 
plumbing panel and control enclosure.  The input/output assignments 
are shown in Appendix C – System Electrical Diagrams.  To remove 
the interface blocks, remove them from the DIN rail by pushing the 
release tab.   Replace the interface modules in reverse order. 
 
 

WARNING! 

Figure 30. Cell Main Power 

Leads Are Connected on 

the top – power supply fans 

blow upward from the heat 

exchanger 

Figure 31. Location of 

Interface Module 
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IDEC Controller – The IDEC Controller manages all of the 
system functions including the front panel display.  This 
includes communication and alarm protocols, communications 
with the color touch screen, oxidant tank position sensing, feed 
water pressure and temperature monitoring, and other 
functions.  Problems that could occur with the IDEC PLC are 
identified in Appendix A, Troubleshooting guide.  Normally, 
there is no routine maintenance required for the PLC.  If 
maintenance is required, it usually involves replacing the PLC 
as a unit.  To change out the PLC, begin by turning off system 
power.  The IDEC PLC is mounted in the front door of the 
control cabinet.  Disconnect all of the connectors on the PLC.  
The PLC is removed easily from the door by loosening the 
retaining clips.  Install a new PLC by reversing the operation.   
 

 
4.6  Brine Generator Maintenance 

 
The brine generator is a relatively simple device that converts dry salt into a fully 

saturated salt water brine solution.  Fully saturated brine has a salt concentration of 317 
grams per liter and a specific gravity of 1.204.   Whether the brine generator is large or 
small, the system has the same general components.  A brine collection manifold is 

Figure 32. IDEC 

Controller Rear View 

Figure 33. Brine Generator Configuration 
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included at the bottom. For small systems this is usually a slotted PVC pipe.  To further 
filter salt crystals from entering the collection pipe, a quartz rock bed is added above the 
collection pipe.  For smaller brine generators, a 15 cm (6”) quartz rock bed is 
recommended.  The quartz rocks should be 0.6 cm (1/4”) in approximate size.  For large 
bulk brine generators, the quartz rock bed should be two layers with 0.6 cm (1/4”) rock on 
the bottom to a depth of 15 cm (6”) followed by a 15 cm (6”) upper layer of 1.2 cm (1/2”) 
quartz rock.  Washed quartz rock is recommended, particularly for large brine generators 
since the rock can be abraded and ground down from heavy overburden loads.  Quartz 
rock in particular is hard enough to resist being ground down.   

 
The upper section of the brine generator is the water feed system.  For small 

generators, this includes a float valve mechanism with a float inside a vertical pipe in the 
tank.  A spray ring is included around the upper inside diameter of the tank.  Water sprays 
out of the ring and through the salt bed.  As water fills the tank, it activates the float 
mechanism and terminates the flow of water.  This system is simple and does not require 
electricity to operate.  For large fiberglass systems, they typically include a pressure 
transducer measuring the weight (height) of water (brine) in the tank.  As the height of the 
water drops, a solenoid valve is activated allowing water to enter the tank. When the water 
level is high, the solenoid valve is turned off.  There is one notable issue associated with 
this configuration.  When the solenoid valve is activated, it allows free flow of water to the 
brine generator, and the water pressure in other parts of the system may drop 
significantly.  This can affect the operation of the on-site generator that is tied in with the 
same plumbing.  To reduce the effects of this problem, flow restrictors can be added to 
the water feed line on solenoid valve systems to limit the pressure drop in other parts of 
the system. 

 
Maintenance of a brine generator is usually limited to two items.  The first is ensuring 

that the float valve mechanism is working properly and that there is no short circuiting of 
water to the saturated brine.  Special care should be taken to ensure short circuiting does 
not occur.  In small systems, the pipe containing the float valve should not extend to the 
quartz rock bed.  If fresh water gets inside the float valve pipe, it will short circuit to the 
brine in the quartz rock bed and the brine leaving the tank will not be saturated.  This 
problem usually occurs at installation when the float valve pipe is installed at too low a 
depth in the tank.  The end of the pipe should be about 15 cm (6”) above the quartz rock 
bed.  However, the pipe must be well below the bottom of the float ball so that salt under 
the pipe does not keep the float ball from dropping and turning off the water flow. Also, 
water from the spray ring should not be allowed to get inside the float valve pipe.  
Theoretically, if fresh water is not allowed to enter the inside of the float valve pipe, then 
the float valve pipe could extend to the bottom of the tank.  However, it is good practice 
to limit the depth of the float valve pipe to within 15 cm (6”) of the quartz rock bed to 
guarantee this brine dilution scenario does not occur.   
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The second maintenance item associated with brine 

generators is related to the quality of salt.  Some poor quality salts 
have high levels of insolubles in the salt.  As the salt crystals 
dissolve, these particles in the salt do not dissolve.  Over time, these 
particles accumulate in the quartz rock bed and will block flow of 
brine to the brine collection pipe.  This can be checked by 
disconnecting the pipe outside of the brine generator and opening 
the brine drain valve.  If no brine flows, and there is water in the 
tank, then the collection system is blocked.  To correct this problem, 
the brine generator will have to be taken out of service and 
completely cleaned and reassembled.  This usually requires 
replacing the quartz rock.  To avoid this problem, food grade salt 
is highly recommended.  Aqua Research recommends Morton’s 
Cullinox 999 or Cargill CMF (Calcium and Manganese Free).  A paper discussing SALT 
QUALITY ISSUES RELATING TO ON-SITE GENERATORS is included in the back of 
the manual. 

 
4.7  Oxidant Tank Maintenance 
 
 Oxidant tank maintenance is fairly straightforward.  The tank includes a level 
control system, a hydrogen containment system, and a drain valve. Periodically check 
the bottom of the brine tank to ensure it is clear of particles and debris.  Drain the tank 
and clean as appropriate.   

Figure 34. Cullinox 999 

Salt 

Figure 35. Oxidant Tank Configuration 
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 The control system will generally identify when there is a level switch problem.  If 
the oxidant tank overflows, then the upper level switch is suspect.  If the level switch 
requires replacement, then turn off power to the main system.  Disconnect the level 
switch connector from the control panel.  Loosen the bulkhead fitting on the oxidant tank 
and unscrew the level switch from the bulkhead fitting.  Replace the level switch in 
reverse order.   
 
 Periodically check the hydrogen vent piping and drop tube in the oxidant tank to 
ensure that all connections are tight.  The integrity of this system is dependent on no 
gas leaks in the piping system.  Ensure that all piping leaving the oxidant tank to the 
outside of the facility is secure and connected.  Also check the oxidant vent piping on 
the outside of the facility to ensure that nothing has blocked the discharge from the vent 
piping.  For a complete discussion of the hydrogen vent piping system, refer to 
HYDROGEN SAFETY FOR ON-SITE GENERATORS on page 72. 
 
 

4.8  Rupture Disc Maintenance 
 

The rupture disc is located to the lower right of the plumbing panel at the end of the 
tubing in the brine feed line.  The rupture disc is designed to protect the system from an 
over pressure event that may occur in the electrolytic cell.  The rupture disc, Figure 36,  
is designed to rupture at 25 psi.  The system comes with 12 additional rupture discs 
stored in a zip lock bag and taped to the inside of the control panel door.   

 
      
  

Figure 36 Rupture Disc 

Assembly 
Figure 37.  Teflon Disc in 

Union Fitting 
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A) APPENDIX A – TROUBLESHOOTING GUIDE 
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B) APPENDIX B – PROCEDURES 
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OXIDANT DOSING 
 

 
Adding mixed oxidants to untreated water in the proper amounts will disinfect the 

water by killing or inactivating most water-borne microbes. When using mixed oxidants, 
the Concentration times Time (CT) values for chlorine should be used to calculate CT 
credits. 

  
 

 
Determining the correct amount of oxidant necessary to disinfect the untreated, or 

raw, water is dependent upon several measurable factors including: 
 

▪ types and amounts of microorganisms in the water; 
▪ water quality and chemistry – such measures as the turbidity and color, total 

organic carbon (TOC), pH, total dissolved solids (TDS), hardness, and 
biological or chemical oxygen demand (BOD or COD); 

▪ physical characteristics such as temperature; and 
▪ residence time in the line – that is, the time between when raw water is 

treated and when it is ready for use. 
 

  

The mixed oxidant solution is a disinfectant—not drinking water – and 
therefore should not be consumed without diluting it with water.  Neither is Aqua 
Research equipment a desalinization device for making fresh water from salt water, but 
instead uses salt water in making the mixed-oxidant solution (a disinfecting solution). 

It is critical to use the correct amount of oxidant in the raw water in 
order to adequately remove any water-borne microorganisms that may cause 
illness or death.  Before installing or operating the on-site generator, the factors 
described in the preceding four points must be measured so that the correct 
Concentration x Time (CT) values can be calculated.  Water systems that have 
seasonal variations in the water quality should obtain a series of measurements 
and use those measurements taken while water quality is the worst in calculating 
the proper mixture of oxidants.  Measurements can usually be obtained from 
governmental health authorities, a licensed professional engineer, or a water 
analysis laboratories.  Calculating CT values should be done by a competent 
health professional, professional engineer with water systems expertise, or other 
such competent professional.  It is the operator’s responsibility to ensure 
adequate dosing and maintenance of a chlorine residual in the water distribution 
system.  

WARNING! 

CAUTION! 
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HYDROGEN SAFETY FOR ON-SITE GENERATORS 
 

GENERAL HYDROGEN SAFETY PRECAUTIONS 
 

• HYDROGEN GAS IS PRODUCED IN ANY ELECTROLYTIC PROCESS AND 
SHOULD BE ASSUMED TO BE PRESENT IN THE OXIDANT TANK AND 
ROOM WHERE THE OXIDANT GENERATOR IS LOCATED. 

• NO SMOKING OR IGNITION SOURCES IN VICINITY OF THE OXIDANT 
TANK. 

• REMOVE THE OXIDANT TANK LID AND VENT THE TANK AT LEAST ONE 
HOUR PRIOR TO TANK MAINTENANCE.   ENSURE ADEQUATE FACILITY 
VENTILATION. 

• USE OSHA CONFINED SPACE PROCEDURES WHEN ENTERING ANY 
OXIDANT TANK. 

• VERIFY INTEGRITY OF THE PASSIVE AND/OR ACTIVE VENT SYSTEMS TO 
THE OUTSIDE OF BUILDING.   

• THE DROP TUBE SYSTEM INSIDE THE OXIDANT TANK(S) MUST BE IN 
PLACE PRIOR TO SYSTEM OPERATION.   

• HYDROGEN VENT PIPING SHALL HAVE NO VALVES, DROP LEGS (FOR 
ACCUMULATION OF LIQUID) OR OTHER BLOCKAGE AND SHALL BE 
ADEQUATELY SIZED TO AVOID BACKPRESSURE. 

• IF THE ON-SITE GENERATOR IS MODIFIED OR EXPANDED, CONSULT THE 
MANUFACTURER OR TECHNICAL EXPERT TO ENSURE TANK VENT 
MEETS NEW SYSTEM CAPACITY. 

• FOR MULTIPLE OXIDANT TANK SYSTEMS, ENSURE THE PASSIVE 
OXIDANT TANK HYDROGEN VENT SYSTEM IS NOT CROSS VENTILATED 
BETWEEN TANKS.   

• FOR THE DILUTION AIR VENTILATION SYSTEM, CROSS VENTILATION, OR 
SERIES VENTILATION, IS ACCEPTABLE.  HOWEVER, DO NOT CROSS 
CONNECT THE PASSIVE VENT SYSTEM WITH THE DILUTION AIR SYSTEM.  
THE VENT SYSTEMS MUST BE VENTED SEPARATELY TO THE OUTSIDE 
OF THE FACILITY. 

• DO NOT ADD OTHER CHEMICALS TO THE OXIDANT TANK THAT ARE 
INCOMPATIBLE WITH A CHLORINE-CONTAINING SOLUTION (SUCH AS 
BLEACH). 

• ENSURE INSTALLATION AND FACILITY DESIGN IS IN CONFORMANCE 
WITH STATE AND NATIONAL BUILDING AND SAFETY CODES. 

 
 
A.  BACKGROUND 
 
 Electrolytic cells of all types using water as a component of the fluid medium (i.e. 
brine) produce hydrogen gas at the surface of the cathode in the electrolytic reaction.  
The hydrogen generation rate is 6.96 milliliter per amp-minute per active anode 
electrode at standard temperature and pressure which is defined as 0oC and 1 
atmosphere pressure.  The volumetric hydrogen generation rate increases proportional 
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to absolute temperature above 0oC, and is inversely proportional to barometric 
pressure.    Hydrogen (H2) is the lightest of the gases with a vapor density of 0.069 
(relative to that of air taken to be 1.0), and smallest in molecular size, making hydrogen 
gas difficult to contain.  As such, hydrogen gas will tend to rise rapidly in a normal room 
atmosphere, seek the highest point in a room or container, and tend to diffuse through 
most materials of building construction.  Nevertheless, hydrogen gas explosions are 
highly energetic and need to be taken seriously.  Conditions which might lead to 
development of mixtures of hydrogen and oxygen (in air) that are capable of explosion 
should they be accidentally detonated are to be avoided. 
 

The lower explosive limit (LEL) of hydrogen is 4.1% by volume in air.  This 
means that any concentration of hydrogen in air less than 4.1% will not be explosive 
(too “lean” in fuel).  Likewise, the upper explosive limit of hydrogen is 74.2% by volume 
in air.  This means that air containing greater than 74.2% hydrogen will not be explosive 
(too “rich” in fuel).   Clearly, the range between 4.1% and 74.2% is broad.  Any ignition 
source in a hydrogen-air mixture environment within these percentages can have 
adverse consequences.  Because this fuel source is produced in any electrolysis 
process, proper venting of hydrogen is mandatory for safe operation of on-site 
generation equipment.   
 
 Aqua Research INC. (AR) has taken a pro-active approach to designing 
equipment for engineered safety.  Engineered safety barriers have been engineered 
into all phases of equipment design.  This document discusses those safety design 
aspects by system component. 
 
B. CELL DESIGN 
 
 All of Aqua Research’s electrolytic cells are designed for minimum cell dead 
volume.  Excess space in the cell provides space for hydrogen gas to accumulate.  By 
keeping the available gas volume to a minimum, the risk of creating an explosive 
condition is minimized.  Figure 38 shows the relative gas volumes available in Aqua 
Research design cells versus conventional circular cell design configurations.   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 38. Gas Volume Space in AR vs. Conventional Circular Cells 

 

Cell Pack 

AR Cell 

Gas Space 

Gas Space 

Cell Pack 
PVC Tube 

Conventional Circular Cell  
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Another characteristic of AR cells is that they are designed for low rupture 
pressure.  The cells typically are operated at 15 psi or less, and each cell is leak tested 
to 25 psi.  By keeping the rupture pressure of the cell relatively low, should a detonation 
occur within the cell, less pressure can develop before cell ruptures, and any resulting 
event would be small and contained within the cabinet (discussed further below).  In 
some cases where cell flow is blocked, such as calcium carbonate accumulation or the 
cell discharge plumbing is blocked by improper field plumbing, rupture discs (25 psi 
rupture pressure) have been incorporated on the cell plumbing to safely drain the cell in 
the event liquid flow from the cell is blocked.  Pressure and cell inlet water switches and 
thermowells are incorporated in the system design so that the system will not start, or 
will shut down if operating, if adequate water pressure or flow is not available or oxidant 
temperatures are too high.    
 

As a further measure to protect cells from improper field plumbing or other 
situations, all valves in the cell discharge plumbing (for oxidant sampling, etc) utilize 
special open-center 3-way valves that are supplied with each system if those peripheral 
components are ordered.  2-way valves are not utilized in cell discharge plumbing and 
must not be installed in any of the field plumbing downstream from the system.  Blocked 
flow can cause serious damage to the electrolytic cell.   
 
C.  CELL ENCLOSURE DESIGN 

 
To protect operators from a hydrogen event that may occur within the cell, 

systems (whether mixed-oxidant or sodium hypochlorite generators) are enclosed in 
stainless steel cabinets.  The front doors of the cabinets are double latched and 

incorporate internally mounted Lexan windows that will contain any loose components 
that may be ejected from a ruptured cell.  On larger systems, the back or sides of the 
cabinets have removable panels for access.  The removable panels incorporate vent 
holes within the panels to exhaust gases that may be ejected in a cell detonation event.  
In some systems, panels may have a plastic see-through window held in place with 
plastic screws.  In the case of a cell detonation event, the plastic panel acts as a blast 
panel.  To verify the integrity of this design concept, the system was safety tested.   
 
D.  LIQUID BARRIER HYDROGEN VENT SYSTEM   

 
Aqua Research systems use a gas trap system to prevent hydrogen gas from the 

electrolysis process from entering the oxidant storage tank system.  See Figure 39.  
Each of the oxidant tanks is equipped with a drop tube in the oxidant tank that 
hydraulically locks the oxidant solution similar to a “P-trap” system in household 
plumbing thereby creating a liquid barrier preventing hydrogen gas from entering the 
oxidant storage tank.  As long as the velocity of the oxidant stream in the drop tube is 
lower than the rate of bubble rise in the oxidant tube, all of the hydrogen gas will be 
trapped and vented out of the system through the hydrogen vent piping that discharges 
external to the building.  The drop tube in the oxidant tank typically rests on the bottom 
of the tank.  The bottom of the drop tube should have notches (typically a 45 degree cut 
half way to the center of the pipe).  The highest point in the drop tube notch must not 
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extend more than 3 to 4 inches above the bottom of the tank to ensure that hydraulic 
“lock” occurs at a low liquid level in the bottom of the oxidant tank.   All other portions of 
the drop tube within the oxidant tank should be sealed.  All joints should be thoroughly 
glued or sealed, and no part of the drop tube assembly should have holes or vents.  
Where possible, the drop tube diameter should be maintained within the oxidant tank, 
through the penetration in the tank (either through the top of the tank or the side wall) 
and just to the outside of the tank.  The drop tube can also be located external to the 
oxidant tank, but this requires a penetration in the oxidant tank at the lower end of the 
oxidant tank and could represent a future leak point in the tank.  The oxidant feed line 
from the on-site generator as well as the hydrogen vent lines (which are typically 
smaller) should be plumbed into the larger diameter drop tube piping on the outside of 
the oxidant tank.  In this way, the larger diameter drop tube piping external to the 
oxidant tank will act as a stagnation chamber to allow better separation of the liquid 
oxidant from the hydrogen gas. 

 

 
 
 
 
A very small amount of hydrogen will be dissolved in the oxidant solution and the 

amount is a function of the temperature of the oxidant.  Over time, this dissolved 
hydrogen will evolve from the solution into the oxidant tank space.   In addition, during 
initial startup, the drop tube system will not be hydraulically “locked” until the bottom of 
the drop tube is sufficiently covered by liquid.  During this period, some residual 
hydrogen may enter the oxidant tank.  For this reason, Aqua Research requires that a 
separate hydrogen vent pipe be connected to the oxidant tank at the highest point in the 

 

 

Mandatory H2 
vent at the 

highest point 
in the tank  

Mandatory Drop Tube 

Passive 
hydrogen 

vent 

Two phase 
oxidant flow 

Maintain drop 
tube pipe size to 
outside of tank 

Bubble (gas) flow 

Liquid flow slower 
than gas flow 

Figure 39. Passive Hydrogen Vent System 
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tank.  This tank vent line should be routed separately to the outside of the facility to 
avoid any possibility of cross ventilation between the two vent systems.  This vent pipe 
should be a minimum of 2 inches diameter but may need to be larger for very large 
oxidant systems – greater than several thousand gallons in volume.   With this system, 
hydrogen gas does not accumulate to any significant level in the oxidant storage tank.  
On dual oxidant tank systems, the vent systems from each tank should be routed 
separately to the outside of the facility.  In this manner, a tank that has been drained for 
service or cleaning will not have a common hydrogen vent header that could possibly 
allow hydrogen from the active oxidant tank to be transferred through common vent 
piping to the tank that is drained for service.   

 
 The lower explosive limit (LEL) of hydrogen is 4.1 percent by volume in air.  The 

generally accepted limit for hydrogen accumulation is 25 percent of the LEL, or 1% 
hydrogen.  These limits can be easily maintained with the required liquid barrier vent 
system.  The drop tubes are sized for each system to ensure hydrogen gas separation.   
The drop tube diameter must be of adequate volume to ensure that the downward 
velocity of fluid is slower than the upward flow of bubbles in the liquid stream.  It is also 
important to review the drop tube diameter in the event that the on-site generation 
system capacity is increased by adding additional cell modules, or increasing the size of 
existing cell modules.  Additional new oxidant generation capacity will increase the 
volume of fluid entering the drop tube.  This may require that the drop tube diameter be 
increased to ensure effectiveness of the system.  The drop tube system is described 
below, and in the service manuals for all Aqua Research systems.  PASSIVE VENT 
SYSTEM PIPING DIAMETERS FOR OXIDANT TRANSFER, DROP TUBES, AND 
HYDROGEN VENT LINES on page 88 provides data on oxidant piping fluid velocities 
and recommended minimum pipe sizes.  This chart also includes information on drop 
tube sizing and hydrogen vent pipe sizes.  This liquid barrier hydrogen vent technique 
avoids the use of electric fans and motors and the potential for an ignition source near 
hydrogen.   
 
E.  OXIDANT TRANSFER PIPING 
  
 In general, the oxidant transfer piping between the on-site generator and the 
oxidant storage tank must be adequately sized to maintain a reasonably low velocity of 
the two-phase flow of fluid and gas within the piping to the oxidant storage tank.   The 
piping diameter must be adequately sized for the flow from all of the cell modules tied to 
the manifold, whether or not all of the cell modules are intended to be operated at the 
same time.  Improperly sized oxidant transfer piping can cause backpressure in the 
system that can adversely affect the pressure within the cell as well as the proper flow 
rate in the cell.  This can lead to cell damage.  Improper oxidant transfer piping size can 
also cause high velocities within the piping that can entrain liquids into the hydrogen 
vent piping.   The result is that liquid is carried out of the hydrogen vent piping which 
can cause oxidation damage to facilities and/or vegetation where the liquid drips from 
the end of the hydrogen vent piping outside the facility.   
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 It is usually desirable to have a sample port in the oxidant transfer piping in order 
to obtain oxidant samples for analysis.  Aqua Research provides special OPEN-
CENTER three-way ball valves with each cell module for this purpose.  In addition, 
special Viton seat diaphragm check valves are supplied with all of the larger cell 
modules (11 kilogram per day production and greater) to prevent back flow of oxidant to 
the cell module when the specific cell module is in standby and other cell modules on 
the same oxidant manifold are operational.    
 
 To avoid shutoff of oxidant from the electrolytic cell during operation, it is 
important that no two-way valves or dead center three-way valves be installed in any 
portion of the oxidant transfer piping.  This includes air or solenoid operated valves.  
Inadvertent closure of these valves during cell operation can cause immediate cell 
damage.  Special open-center three-way valve configurations can be assembled to 
allow selective transfer of oxidant from the oxidant manifold to any of several oxidant 
tanks.     
 
F.  HYDROGEN VENT PIPING 
 
 Hydrogen vent piping must be adequately sized to prevent high velocity flow 
within the piping.  High velocity flow within the piping can cause entrainment of oxidant 
within the hydrogen vent piping with subsequent loss of liquid oxidant out of the end of 
the vent pipe.  This can cause damage to facilities or vegetation where the oxidant 
discharges out the end of the vent pipe.  In addition, high velocities within the vent 
piping can cause backpressure within the vent piping that can reduce the effectiveness 
of the drop tube or dilution air system.  
 
 Hydrogen vent piping must not incorporate any restrictions to flow in the pipe or 
flow restrictions at the discharge of the pipe.  No valves of any type are permitted in the 
vent piping.  In addition, the hydrogen or dilution air vent piping must be routed to avoid 
any liquid traps in the plumbing.   Oxidant vapor can be entrained in the vent piping.  If 
the piping includes low points, liquid can accumulate in the low points and act as a 
hydraulic lock to prevent free flow of gases in the vent pipe or could freeze and block 
flow under cold weather conditions.  In freezing climates, the exit of the vent stack 
outside the facility should be evaluated to ensure that is not subject to blockage from 
cold weather conditions.  It is advisable to route vent piping straight up out of the facility, 
or to slope the hydrogen vent piping back towards the oxidant tank so that liquids can 
run back to the oxidant tank.  PASSIVE VENT SYSTEM PIPING DIAMETERS FOR 
OXIDANT TRANSFER, DROP TUBES, AND HYDROGEN VENT LINES on page 88 
and DILUTION AIR BLOWER CFM RATINGS AND VENT PIPE SIZES on page 89 
show recommended minimum vent pipe sizes for on-site generators. 
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Figure 41. Vent Piping "DOs" 
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Figure 40. Vent Piping "DON'Ts" 
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G.  DILUTION AIR VENTILATION SYSTEM 
 
G.1  System Description: 
 Aqua Research offers an optional fan-driven dilution air vent system.  This 
system is provided as an alternative to, and in place of, the standard hydrogen liquid 
barrier gas trap system.  The hydrogen liquid barrier system with drop tube and passive 
hydrogen vent pipe can be deleted if there is assurance that the dilution air vent system 
is interlocked to prevent on-site generator operation in the event of loss of flow of 
dilution air.  The dilution air vent system utilizes a separate air fan duct and plenum 
located external to the oxidant tank and low to the ground.  The fan is a normal 
industrial fan that can be configured in most common electrical power arrangements.   
With the fan low to the ground and external to the duct, the possibility of introducing an 
electrical arc as an ignition source for hydrogen in the oxidant tank is minimized.  The 
dilution air duct runs up the side of the oxidant tank and enters the oxidant tank near the 
top edge of the tank or on a “flat” on the top dome of the tank, or in the case of FRP 
tanks, in to the appropriate flange connection on the top of the tank.  To provide 
discharge ventilation  for the dilution air system, the oxidant tank incorporates a 
separate vent pipe (separate from the drop tube hydrogen vent pipe) at the top of the 
oxidant tank that is routed separately to the outside of the building.   
 
 By necessity, the dilution air vent system operates under positive air pressure 
within the oxidant tank.  Due to these conditions, the oxidant tank must be sealed.  
Many oxidant tanks come with vented covers.  These vents must be sealed to prevent 
dilution air from exiting the oxidant tank.  In addition, oxidant tanks may incorporate 
oxidant overflow ports.  These ports may represent a source of dilution air discharge 
from the oxidant tank.  To avoid this situation and still maintain the overflow, the 
overflow piping can incorporate a drop tube inside the oxidant tank.  Internal to the 
oxidant tank, the overflow port should be plumbed with an elbow fitting and pipe 
extending down to the bottom of the oxidant tank.  The end of the drop pipe should have 
a 45 degree angle cut in order to allow free flow of liquid in the pipe.   
 
 The dilution air vent system provides an additional engineered barrier for 
discharge of hydrogen.  The lower explosive limit of hydrogen is 4.1 percent.  The 
system design is intended to maintain a hydrogen concentration that is less than 25 
percent of the lower explosive limit.  This means that 100 parts of air must be introduced 
to the oxidant tank system for each part of hydrogen that can possibly enter the oxidant 
tank.  The volume of hydrogen is determined by the system size and is a function of the 
amperage applied to the electrolytic cell.   
 
 Since both the liquid barrier hydrogen vent and dilution air vent systems are 
sized based on the capacity of the on-site generator system, the size of the hydrogen 
containment systems, liquid barrier or dilution air, need to be re-evaluated if 
modifications are made to the system, particularly if system capacity is increased either 
by scaling up the electrolytic cell size or adding additional cell modules to the system.  
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 The dilution air system is configured as a dual fan system with check valves and 
an air flow switch to provide indication of loss of air flow, and alternate backup fan.  The 
air flow switch is installed in the discharge piping downstream for the oxidant storage 
tanks just before the piping exits the facility.  With the air flow switch located 
downstream, a leak in the oxidant tank or piping (such as a tank cover being removed) 
is indicated, and the system will shut down to prevent hydrogen accumulation inside the 
facility.  Dilution air system sizes are available in a variety of ductwork pipe diameters, 
and the system size is matched to the hydrogen generation rates for the selected 
system.  A graphical representation of the passive and dilution air vent systems is 
shown in Figure 42.   Figure 43 shows the configuration when 2 or more oxidant tanks 
are incorporated in the design.  Figure 44 shows another configuration where a small 
standpipe external to the oxidant tank is utilized with a dilution air blower to separate the 
hydrogen gas from the oxidant storage tank before the gas can enter the oxidant 
storage tank. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 42. Dual Blower Hydrogen Dilution Air System 
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G.2  Dilution Air Blower Selection: 
 
Aqua Research utilizes blowers manufactured by various suppliers.  Materials of 
construction are polypropylene (PP), polyvinylchloride (PVC), or fiberglass reinforced 
plastic (FRP).  Motors are 60 Hz and explosion proof.   
 
Blowers are selected in order to provide 100 times the volume of air flow through the 
oxidant tanks as the volume of produced hydrogen from the on-site generator when all 
cell modules are operating.  The appropriate blower for each on-site generator is shown 
in DILUTION AIR BLOWER CFM RATINGS AND VENT PIPE SIZES on page 89.  
 
The duct size for the dilution air blower system is a function of pressure loss in the 
ductwork.  As backpressure increases, blower output volume decreases.  As such, 
backpressure must be minimized in order to maintain flow volume.  An on-line program 
that can calculate the pressure loss in PVC ducting is located at: 
 
http://www.freecalc.com/gasfram.htm 
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Figure 44. Dilution Air Standpipe Configuration 
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Aqua Research has selected the minimum size duct based on the appropriate flow rate 
and assumes 100 feet (33m) of duct piping, 6 long sweep ells, and air flow check 
valves.  More complex duct routing systems may need to be evaluated for the specific 
application.   
 
G.3  Dilution Air System Controls: 
 
 The dilution air control system consists of a stainless steel control cabinet and a 
separate blower manifold with dual blowers. The control cabinet is designed to be 
utilized for all size systems with the only difference being the addition of contactors for 
blowers that require more than the typical 110 line voltage 15 A service.  The dilution air 
system blower and duct sizes are chosen based upon the size and configuration of the 
particular system.   
 
The control panel incorporates the following functions: 
 

• On first time power up, it performs a test to determine if each blower is 
operational. Also, during operation the control panel monitors the selected 
blower.  If a blower fails, it is deactivated and the other blower is selected. Failure 
is detected by the absence of flow from a flow switch installed in the blower 
manifold. 

• Upon detection of a failed blower, a fail light is lit on the front panel of the control 
panel for the corresponding blower. If both blowers fail both fail indicator lights 
will flash off and on.   

• In addition to the fail indication lights, two relay outputs are provided, one that 
cycles off and on to indicate a single blower failure or on continuously indicating 
both blowers failed. This output could be used to drive a two tone buzzer or 
switch a remote light. The other relay turns on only when both blowers have 
failed. It could be used to shut down the on-site generator in the event of a 
double failure or switch a light or alarm. Alternatively, these signals could be 
connected to a SCADA system for remote monitoring. 

• All alarm outputs have dual relay contacts and normally open and normally 
closed contacts to support different system interface requirements. 

• The blower is turned on by applying 24v to the run input.  

• The control panel has additional terminal block capacity to support a single point 
connection to SCADA from other possible hydrogen vent system sensors (i.e. 
differential pressure switches, oxidant feed vent liquid level switch, etc as 
required) 

• The panel has a dip switch with selectable blower shutdown delay from 0 
minutes to 45 minutes in 3 minute intervals. This allows the blowers to continue 
to run after the on-site generator is shut down to assure all hydrogen is purged 
from the oxidant tanks.  The default setting is 15 minutes. 

• The control system randomly selects which blower to turn on to prevent one 
blower from wearing faster than the other. 
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• The system incorporates a manual override for maintenance and service 
functions. This override allows the user to select a blower.  In manual mode the 
control module is bypassed so alarm outputs are inactive. 

 
H.  HYDROGEN MONITORS 

 
 Aqua Research offers Mine Safety Appliance (MSA) hydrogen monitors as an 
optional accessory to detect and alarm the presence of hydrogen within the facility.  
These systems provide contact closure or 4-20 ma outputs to SCADA or other 
monitoring systems depending on the desired control configuration.  The sensor 
component of the hydrogen monitor should be mounted high in the facility ceiling in an 
area where hydrogen gas could be trapped.   
 
I.  CUSTOMER OR CONTRACTOR-INSTALLED OXIDANT TANKS 
 
 It is mandatory that the engineering parameters defined in this document in terms 
hydrogen vent piping be complied with by customers and/or contractors during 
installation of oxidant storage tanks to ensure personnel safety.  See PASSIVE VENT 
SYSTEM PIPING DIAMETERS FOR OXIDANT TRANSFER, DROP TUBES, AND 
HYDROGEN VENT LINES on page 88 and DILUTION AIR BLOWER CFM RATINGS 
AND VENT PIPE SIZES on page 89 for pipe sizes.   
 
 Safety labels are also required on all oxidant tanks in addition to the labels 
normally provided by the tank suppliers.  These labels identify safety issues specific to 
on-site generated solution, as well as no smoking signs.  These labels are available 
from Aqua Research. 

 

 
  
  
  
 

• NO SMOKING OR IGNITION SOURCES IN 
VICINITY OF OXIDANT TANK 

• HYDROGEN GAS POTENTIAL IN AND NEAR 
THE TANK, AND THE AREA 

• USE CONFINED SPACE PROCEDURES PER 
OSHA STANDARD 1910.146, PERMIT-REQUIRED 
CONFINED SPACE 

• DO NOT ADD OTHER CHEMICALS TO THE 
TANK  

• REFER TO AQUA ACCESS’S OPERATOR’S 
MANUAL FOR OTHER SAFETY RELATED 
PRECAUTIONS 

CAUTION 
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J.  HYDROGEN CATALYTIC RECOMBINER 
 
 In applications where hydrogen vent piping is problematic, a catalytic hydrogen 
recombiner system can be utilized.   This system can be used on marine systems where 
equipment is located on lower ship spaces.  This system uses forced ventilation to the 
oxidant tank, and the exhaust from the oxidant tank goes through a catalytic hydrogen 
recombiner.  The catalytic recombiner uses electrical power for a heater on the 
hydrogen recombiner to maintain the proper dew point in the recombiner to avoid 
moisture and promote catalytic formation of water from oxygen and hydrogen.  The end 
product out the vent system is air and water vapor with no residual hydrogen. 

 
K.  OXIDANT TANK MAINTENANCE 
 
 Periodically, oxidant tanks may need to be cleaned out, or the tank may need 
maintenance for leaks.  Do not use any cleaning or pumping devices that can act as an 
ignition source to gases that may be in the oxidant tank.  When tank entry is required, 
comply with requirements for Occupational Safety and Health Administration (OSHA) 
section 1910.146, Permit-required Confined Space.  OSHA Section 1910.146, Appendix 
A has a decision tree for the requirements for entry into confined spaces.  Refer to the 
OSHA web site: 
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_i
d=9797 
 
L.  INCOMPATIBLE CHEMICALS 
 
Periodically, oxidant tanks may need to be cleaned or drained.  The normal solution in 
the oxidant tank is a chlorine disinfectant that may have a concentration as high as one 
percent (10,000 mg/L) in water.  It is important to be sure that other chemicals that may 
be added to the tank are chemically compatible with the chlorine oxidant.  If 
incompatible chemicals are added to a tank with chlorine disinfectant already in the 
tank, a potential explosive situation can occur.  In general, the oxidant will have a pH of 
approximately 9.  Also, do not add devices (i.e. pumps) to the interior of the tank that 
may have residual fluids that are not compatible with the chlorine disinfectant.  
Chemical compatibility information is available at the Department of Energy web site:  
http://tis.eh.doe.gov/web/chem_safety/chem_comp.html 
 
M.  CODE COMPLIANCE 
 
All on-site generation equipment produces hydrogen gas which is normally contained in 
the piping and vent systems.  Release of hydrogen would be an abnormal condition.  As 
such, facilities that house on-site generation equipment are classified as an 
Occupational Safety and Health Administration (OSHA) Class I, Division 2, Group B 
location.  Facility designs should be reviewed by qualified personnel for compliance with 
the appropriate local and national codes.   
 

http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9797
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=STANDARDS&p_id=9797
http://tis.eh.doe.gov/web/chem_safety/chem_comp.html


87 

For instance, ignition sources in the vicinity of oxidant tanks should be avoided.  This 
includes overhead gas or electric heaters at or near the oxidant tanks.   In addition to 
the possibility of an ignition source from these devices, hot air from the heater impinging 
on the oxidant may damage the tank, or may restrict safe venting of the oxidant tank 
when lids are removed for maintenance or access.  
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PASSIVE VENT SYSTEM PIPING DIAMETERS FOR OXIDANT 
TRANSFER, DROP TUBES, AND HYDROGEN VENT LINES 

 
 

Table 5. Passive Vent System Minimum Plumbing Sizes for Mixed Oxidant Generators 

SYSTEM  

VOLUMETRIC 
LIQUID FLOW 
+ 15%, GPH 

HYDROGEN 
FLOW CFM 

MINIMUM 
OXIDANT 
HEADER 
PIPE DIA  
INCHES 

PASSIVE 
VENT 

PIPE DIA  
INCHES  
(NOTE 3) 

MINIMUM 
TANK 

HEADSPACE 
VENT PIPE 
DIA INCHES  

(NOTE 2) 

OXIDANT 
TANK 
DROP 

TUBE DIA  
INCHES 

AR1 4.4 .007 .38 1 1 2 

AR3 7.4 .019 .38 1 1 2 

AR5 12.4 .031 .38 1 1 2 

K7 17.3 0.044 0.38 1 1 2 

K11 48.3 0.123 0.75 2 2 2 

K22 96.6 0.246 0.75 2 2 2 

K33 144.9 0.369 0.75 2 2 4 

K44 193.2 0.492 0.75 2 2 4 

Note 1. Typical bubble velocity is 300 mm/s. 
Note 2.  This pipe size is based on the requirements for a passive vent system only.  If a dilution air vent system is 

being utilized, larger pipe sizes are required.  See data in DILUTION AIR BLOWER CFM RATINGS AND 
VENT PIPE SIZES on page 89. 

Note 3.  Passive vent piping is routed from the drop tube header outside the oxidant tank to the outside of the facility. 
Note 4. Tank vent piping is routed from the highest point on the top of the oxidant tank to the outside of the facility. 
Note 5. No valves or drop legs are allowed in vent piping.  Slope vent piping backward to oxidant tank for liquid 

drainage. 
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DILUTION AIR BLOWER CFM RATINGS 
AND VENT PIPE SIZES 

 
 

Table 6. Dilution Air Blower CFM Ratings and Vent Pipe Sizes 

for Mixed Oxidant Generators 

 SYSTEM 

VOLUMETRIC 
LIQUID FLOW 
+ 15%, GPH 

HYDROGEN 
FLOW CFM 

MINIMUM 
DILUTION 

AIR 
BLOWER 

CFM 
RATING 

(NOTE 1) 

DILUTION 
AIR 

SYSTEM 

 PART 
NUMBER 

DILUTION 
AIR PIPE 

DIA 
INCHES  
(NOTE 2) 

K7 17.3 0.044 5.0 Future 4 

K11 48.3 0.123 13.0 Future 4 

K22 96.6 0.246 25.0 Future 4 

K33 144.9 0.369 40.0 Future 4 

K44 193.2 0.492 50.0 Future 4 

Note 1. The calculated pressure drop in the vent pipe system is based on the minimum CFM flow rating.   
Note 2.  This pipe size is based on the minimum flow restriction required for a dilution air blower system 

with 100 feet of pipe and 6 long sweep ells.   
Note 3. Tank vent piping is routed from the highest point on the top of the oxidant tank to the outside of 

the facility. 
Note 4. No valves or drop legs are allowed in vent piping.  Slope vent piping backward to oxidant tank for 

liquid drainage.  
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CELL REPLACEMENT FOR AR SERIES 
 
 

Disconnect all main power sources before working on electrical 

components! 

 
 
The AR series cells are modular cells.  There are 
two different capacities; 3 and 5 kilograms of free 
available chlorine (FAC) production per day.  From 
a front view, the two different cells look similar, but 
the AR5 cell is wider.   All of the cells are changed 
in identical fashion.   
 
Turn off all power to the system.   Disconnect the 
bolts that retain the main power leads to the left and 
right of the cell.  These bolts use a 13 mm wrench.   
 
Place a bucket or other container under the union 
fitting coming out of the bottom of the lower cell port.  
Loosen the union fitting and allow the fluid to drain from the cell.  Loosen the union 
fittings on the front plumbing manifold.  See red circles in the cell photo.  The cell is 
simply sitting in supports on the left and right of the cell.  Lift up the cell and remove it 
from the panel.  Install the cell in reverse order.  Use Kopper Shield conductive paste on 
the cell power lead connections and tighten the cell lead bolts firmly.   

WARNING! 

Figure 45. AR Series Cell 

Viewed from Front 
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ACID WASHING CELLS 
 
Water with a hardness of greater than 1 grain/gallon (17.1 mg/L) feeding water to the on-
site generator will coat the cathode electrodes in the cell with carbonate scale.  Likewise, 
calcium can be a contaminant in the salt and will be a contaminant in the brine solution.  
As scale forms on the cathode, the gap between the anode and cathode narrows.  Since 
the control scheme is designed to maintain amperage on the cell, the amount of brine 
entering the cell will increase to cause an increase in brine conductivity in order to 
maintain fixed amperage.  If not corrected, scale can completely bridge the gap between 
anode and cathode and cause high localized amperage to damage the anode electrode.   
By correcting the problem early in the process, serious damage can be averted.  This 
procedure discusses acid washing the cell to remove the scale and restore the system to 
normal operation. 
 
Indication 
Calcium Carbonate (CaCO3) is usually white in color but can be other colors depending 
on dissolved salts in the water.  Carbonate scale formation in the cell is usually indicated 
by an increase in the control signal to the brine pump which indicates that the brine pump 
is spinning faster to deliver more brine, and hence more conductivity, to the cell.   
 
Troubleshooting 
The usual source of the problem is either a failed water softener, or poor quality salt.  A 
failed water softener will cause a rapid degradation in performance of the system, which 
itself can be an indicator of the source of the problem.  Begin by checking the hardness 
of the water being discharged from the water softener.  If the water is soft, put the softener 
into a regeneration so that it switches to the other softener tank.  Check the other tank for 
hardness as well. Be sure to check the water softener system thoroughly as the problem 
with the softener could have been an intermediate problem.  Check the hardness of the 
source water and be sure the softener is configured to handle water of that hardness.   
 
If both water softener tanks check okay, it may be possible that the salt is high in calcium 
contaminants.  Check the quality of the salt to ensure it meets specifications.  Use of high 
quality salt is usually an economical solution to the problem.  
 
 

  Remember to always add acids/bases into water – NEVER ADD 
WATER INTO ACIDS/BASES. Use rubber gloves and safety goggles when 
working with acids. 

 

Acid Washing Procedure Electrolytic cells on the Aqua Research AR systems are 
simple to remove for acid washing.  Simply disconnect the power leads from the cell.  
Open the rupture disc union fitting on the lower right of the cell.  Be careful not to lose 
the o-ring or Teflon rupture disc.   Allow the cell to drain.   Disconnect the inlet and 
outlet union fittings and remove the cell from the support blocks.  Place the cell on a flat 
surface with the two union fittings pointing up.  Use a funnel or other device to pour 

WARNING! 
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muriatic acid in the inlet port on the cell.  Let the cell sit until there is no more fizzing 
coming out of the cell ports.   

 
 

  The gas that is liberated from the cell during acid washing is chlorine 
gas.  Do this procedure in a well ventilated setting, and DO NOT BREATH THE 
GAS VAPORS!! 

 

Discard the spent acid in an environmentally safe manner according to local 
environmental codes.   Flush the cell with fresh water.  Replace the cell in the supports 
on the plumbing panel.  Reconnect the union fittings and cell leads.  Be sure to use 
copper conductive grease on the contact surfaces of the cell leads.  Replace the Teflon 
disc in the rupture disc assembly and screw the union back together.  Be sure the o-ring 
in the union fitting is correctly in the groove.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WARNING! 
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BRINE PUMP SERVICE PACK REPLACEMENT 
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CPVC PIPE SOLVENT WELDING 

 
 Aqua Research uses IPS Weld-On primers and cements.  These primers and 
cements are NSF approved materials.  Specifically, IPS Weld-On P-70 Primer is 
required as well as IPS Weld-On CPVC 724 cement.  CPVC 724 is specially formulated 
for schedule 80 pipe through 12” sizes and has improved chemical resistance to 
caustics including hypochlorite solutions.  This primer and cement can also be used for 
PVC pipe.  However, Aqua Research only recommends the use of CPVC pipe, 
especially for oxidant plumbing, since CPVC has a continuous operating temperature of 
90C (195F).  PVC pipe has a maximum operating temperature of  57C (135F).   
CAUTION:  The use of PVC pipe, or other solvents or primers can cause leaky joints 
and fittings, sagging pipe, or other complications.   Instructions for proper joint makeup 
can be found on the can labels, or as follows: 
 
 
PRIMER APPLICATION:   
1. Cut pipe square and deburr.  It is preferable to use a PVC pipe cutter with a sharp 

blade to avoid plastic pipe flash from entering the pipe.  Pipe flashing can get in to 
solenoid valves, pressure reducing valves, orifices, or other components in the 
system and can lead to serious equipment damage. 

2. Check for dry fit of pipe and fittings. 
3. Use a suitable applicator at least ½ size of the pipe diameter. 
4. Apply P-70 PRIMER to the inside of the fitting equal to the socket depth.  Without 

delay, coat the pipe end up to the socket depth until soft.  Apply again to socket 
fitting.  Avoid puddling. 

5. To check penetration, scratch surface.  Recoat if necessary.  Immediately, while 
surfaces are still wet, apply Weld-On CPVC 724 cement. 

 
 
CEMENT APPLICATION (Weld-On CPVC 724 ONLY): 
1. Apply a full, even layer of cement on the pipe equal to the depth of the socket.  Coat 

the fitting socket with a medium layer.  Applying too much to the inside of the socket 
can cause the glue to form a thin membrane over the end of the pipe, particularly on 
smaller pipe diameters, thereby blocking flow of fluid through the fitting.  If 
necessary, apply a second full layer on the PIPE.   

2. Assemble while the cement is wet.  If not wet, recoat parts before assembly. Ensure 
pipe bottoms in fitting socket.  Twist 1/8 to ¼ turn.  To avoid pushout and allow for 
initial set, hold for about 30 seconds.  Wipe off excess to avoid dripping on the floor, 
other components, and to ensure an aesthetically pleasing appearance.   

3. Allow several minutes for good handling strength.  At temperatures from 16C (60F) 
to 43C (110F) allow 24 hours cure for cold water systems, and 48 hours cure for hot 
water systems such as oxidant lines.  At colder ambient temperatures, allow more 
time to cure.  In general, longer cure times are needed when the pipe is used for 
chemicals, particularly mixed oxidant solution or sodium hypochlorite.   
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THREADED PIPE JOINTS: 
 Aqua Research has used a variety of threaded PVC/CPVC pipe joint sealing 
techniques over the years.  Failure of threaded pipe joint seals is particularly noticeable 
on brine feed lines where salt encrustation forms at the point of the leak.  While these 
type of leaks are generally not detrimental to system operation, they represent an 
aesthetic and maintenance issue.  Techniques used in the past have included Teflon 
pipe joint compound, a combination of Teflon pipe joint compound with Teflon tape 
(experience indicates this is more effective than Teflon paste alone), and also Spears 
Blue 75 Thread Sealant.  This is an NSF approved sealant.  Spears is one of the 
leading suppliers of PVC/CPVC pipe and fittings.  They have developed this formulation 
specifically for their products.   
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SALT QUALITY ISSUES RELATING TO ON-SITE 
GENERATORS 

 
BACKGROUND 
 All on-site generators utilize salt (sodium chloride) as a primary feed material.  
Electrolytic cells for on-site generated disinfectants generally operate using dilute brine 
from 3 to 5% concentration.  Fully saturated brine is approximately 317 grams per liter 
concentration.  The specific gravity of fully concentrated brine is 1.204, and is an 
important consideration for calculating pump sizes.  For reference, seawater is about 35 
g/L concentration, or approximately 10% saturation.  A simplified flow diagram of an on-
site generator is shown in Figure 466.    
 
 

 
Electrolytic cells are subject to fouling from a variety of contaminants.  The principal 
contaminant is calcium carbonate, although other materials can contaminate the cell.  In 
an electrolytic process, calcium carbonate is readily formed at the cathode element in 
the cell when calcium is present either in the feed water or the salt.  In order to eliminate 
calcium from the feed water, systems are shipped with dual tower water softeners.   
Kinetico dual tower water softeners that are sized for the application are appropriate.  
Manufacturer’s Operations & Maintenance Manuals should also include detailed 
sections on water softener installation and maintenance.   
 
SALT QUALITY 
 Assuming the on-site generator is operating properly and the water softener is 
configured and operating properly, salt quality is the leading factor relating to system 
maintenance.  Theoretically, any level of salt quality can be used in an on-site 
generator.  However, experience has shown that lower quality salt causes significantly 
more maintenance problems and damage to the electrolytic cell that often outweighs the 
benefit of a lower priced salt.  The biggest source of problems from salt comes from the 
concentration of residual calcium as a contaminant in the salt.  Calcium forms calcium 
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Tank 
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Figure 46. On-Site Generator Flow Schematic 
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carbonate within the electrolytic cell, causing blinding of the electrodes, cell fouling, flow 
restrictions, electrical shorting and other issues.  Due to the high cost of the large 
system cells and significant damage that can occur, the use of 99.7 percent or better 
food grade salt (sodium chloride) is strongly recommended.  For very low maintenance 
operation this salt is recommended for ALL applications.  Food grade salt that meets 
this specification is available from the leading salt suppliers.  It might at first seem that 
food grade salt will be expensive, but food grade is available across the US in large 
quantities, and the available supply keeps prices competitive.  If this salt is ordered in 
bulk for delivery by a bulk transport carrier, a major component of the cost is delivery 
charges.  As such, the difference in price between a good grade of salt and a poor 
grade of salt is not significant.  Food grade salt will require a quartz rock bed in the brine 
generator as discussed below.  As a minimum for the mid-size and smaller systems, 
solar salt or evaporated salt with a purity level of 99.5% NaCl or greater can be used, 
but expect more maintenance and possible cell damage that may not be covered by 
warranty.   

Table 7. Salt Quality Chart 

Rating Quality Level Salt Type Calcium 
Limit, % 

Magne-
sium 

Limit, % 

Manganese 
Limit, % 

SO4 
Limit, % 

Strongly 
Recommended 

Excellent 
Quality Salt but 
Cannot Be 
Pneumatically 
Transferred in 
Bulk Brine 
Silos 

Solar/ 
Pellets 

.002 .002 .00002 .02 

Strongly 
Recommended 
(Bulk) 

Excellent 
Quality Salt – 
Bulk or Bag 

Evaporated .002 .002 .00002 .02 

Recommended Good Quality 
Salt but 
Cannot Be 
Pneumatically 
Transferred in 
Bulk Brine 
Silos 

Solar/ 
Pellets 

.03 .02 .00002 .04 
 

Recommended 
(Bulk) 

Good Quality – 
Bulk or Bag 

Evaporated .03 .02 .00002 .04 
 

Caution Lower Quality 
Salt  

Solar/ 
Pellets 

.05 .02 .00002 .06 

Caution (Bulk) Lower Quality 
Salt  

Evaporated .05 .02 .00002 .06 

Do Not Use Does not meet 
OSG Specs 

Any Form     

 
In the chart, manganese has very low limits.  Manganese forms manganese 

oxide on the anode surface, which produces oxygen that can lead to oxidation of the 
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anode.  OSG manufacturer’s maintain a list of all different types of salt, and classifies 
the salt as “Strongly Recommended”, “Recommended”, “Caution”, and “Do Not Use”.  
“Strongly Recommended” salts meet all purity and contaminant limits and should 
provide ease of operation and maintenance. “Recommended” salts can be used on the 
smaller systems with periodic acid washing.  Salts marked as “Caution” tend to be 
overly high in calcium, but can still be used if a regular acid-washing program is 
implemented. “Do Not Use” salts should be avoided in all cases. A copy of the salt list is 
available from OSG manufacturers, and is typically updated to reflect new information 
and experience from our customers.   
 

While this salt list was produced from the manufacturer’s specifications and from 
experience utilizing these salts, OSG manufacturers do not accept liability for any salt 
selected from this list.  Due to a variety of reasons discussed in this document, salt 
quality can vary from one month to the next, and the manufacturer does not control the 
quality processes at various salt manufacturer’s sites.  Salt manufacturers provide 
specification sheets for various salts that list the typical level of contaminants.  Salt is 
ordered with the assumption that the selected salt will be delivered meeting the 
specifications provided by the manufacturers.  If operational problems with on-site 
generators are encountered utilizing salt from the “Strongly Recommended” or 
“Recommended” list, it is advisable to evaluate the affected electrolytic cell for the 
probable contaminant, and then to have an independent salt analysis performed to 
determine compliance with the salt quality specification from the manufacturer. 
 
 Sources of Salt - Generally, salt comes from a geologic formation, ocean, or salt 
lake and varies in color from colorless when pure, to white, gray or brownish, typical of 
rock salt.  Salt that comes from drying beds is generally called solar salt.  For mined 
salt, the quality is a function of the contaminants that were present when the salt dome 
was created in geologic times.  Some mined salt is of very good quality.  Other times it 
can be very poor quality to start but can be processed to produce very good quality for 
on-site generation applications.   In general, mined salt is obtained by pumping water 
down to the salt dome, and then the brine is returned to the surface.  Alternately, it is 
mined like other minerals with heavy equipment.  A variety of processes are used to 
purify the salt.  Typically, these processes may include clarification and evaporation.  
Some processes are designed to remove specific impurities such as calcium.   
 
FORMS OF SALT 
Salt usually comes in one of several forms, variations of evaporated salt, solar salt, rock 
salt, or brine.   
 
Evaporated Salt: 
Granular salt is the form with which most people are familiar since table salt fits in this 
category.  It is very fine grain and is produced in numerous salt quality grades.  Almost 
all granular salt is refined by various processes, including evaporation processes.  
Reagent grade is very pure.  Food grade can be made for food processing, such as in 
meat processing plants, or it can be made specifically for foods like pretzels, or it can be 
refined with additives like iodine for table salt.  The salt industry does not necessarily 
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consider calcium to be a contaminant in food grade salt, so some food grade salts may 
still be too high in calcium content to be acceptable for on-site generation.  Granular salt 
can be delivered in a variety of containers, but for industrial purposes, it is usually 
delivered by bulk transport truck and pneumatically transferred (“blown”) into a brine 
silo. 
 
Salt Pellets:  Salt pellets are made by compressing fine grain salt into pellet form.  This 
salt can be held together with binders so that the salt form maintains shape.  Salt pellets 
are a common form of salt used in water softeners.  Salt in pellet form can have very 
good quality since it is usually produced from granular salt that was refined through 
various treatment processes.  Pellet salt for water softeners can also have anti-rust 
inhibitors and surfactants added to aid in cleaning water softeners during the backwash 
cycle.  Some of these additives are not favorable for on-site generation applications, 
although most are acceptable. More information is available below.  Pellet type salt 
usually comes in 40 or 50-pound bags, and can be good for manually loaded brine 
generators.  Pellet salt is not recommended for bulk brine silos since pellet salt cannot 
be shipped in bulk or pneumatically blown into large brine silos.   
 
Cube Salt:  The is essentially the same as pellet salt but is compressed into different 
shapes.  Smaller forms of salt usually dissolve better than larger size varieties.  Another 
disadvantage of larger salt cubes is that the interstitial space has more volume.  The 
same weight of salt will require a larger brine container.    
 
Solar Salt: 
 Solar salt is produced from seawater that is dried in drying beds.  After a period 
of months, the salt is harvested using earth-moving equipment.  Contaminants in solar 
salt can include materials such as airborne dust.  As such, the levels of these 
contaminants can vary from one batch to another, and at different times of the year 
depending on when the salt was harvested.   
 
Coarse Solar Salt:  Solar salt is typically produced as coarse or extra coarse salt.  The 
size of the salt crystals are usually in the range of 1/8” to ¼” size.  Coarse salt can be 
pneumatically blown, but pneumatic transfer is usually reserved for granular, fine grain, 
salt.  Coarse, or extra coarse solar salt is typically delivered in 50-pound bags but is 
available in other size containers. 
 
Rock Salt: 

Rock salt is usually of the coarse, or extra coarse variety with crystal sizes from 
1/8”  to ½”.  The largest industrial use of rock salt is for de-icing roads in winter.   In this 
application, rock salt is delivered in bulk by truck or transport trailer.  As such, it is 
usually unrefined and has high levels of contaminants.  Typical contaminants may 
include dirt, calcium, organic matter, and other insoluble minerals. Rock salt is also sold 
for consumer use and is packaged in 40 to 50-pound bags.  As indicated in other areas 
of this report, rock salt is not recommended for on-site oxidant generators. 
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SALT ADDITIVIES 
A number of salt additives are utilized for a variety of different purposes.  
 
 YPS – Yellow Prussiate of Soda is a common anti-caking agent.  Anti-caking 
agents were first developed by Morton Salt Corporation to allow salt to “free flow” even 
in humid environments.  Anti-caking agents are an acceptable additive for salt used in 
on-site generation and may even help the salt from binding or bridging in the brine 
generator. 
 
 Surfactants – Surfactants (detergents) are typically added to salt pellets in order 
to help clean the ion exchange resin in water softeners when the water softener is in the 
regeneration cycle.  Salt with surfactants is not harmful to on-site generators, but is not 
recommended since the surfactants will create foam in the oxidant transfer and 
hydrogen vent piping. Foam may block release of hydrogen gas or cause discharge of 
oxidant at the hydrogen vent outlet, which may damage building components or 
vegetation, depending on where the discharge piping is located.   
 
 Hardening Agents – SHMP or Sodium Hexametaphosphate is a hardening 
agent or binder that is added to salt pellets.  This additive does not have any adverse 
affects on on-site generation equipment and is acceptable as an additive.  
 
 Iron Removal Agents and Cleansers– Certain additives are sometimes added 
to pellet salt in order to help avoid the presence of red iron color from water softened 
with water softeners.  While additives in general are not recommended for on-site 
generators, there is nothing inherently wrong if iron removal agents are in the salt.  
Citric Acid based cleansers are sometimes used to help clean resin in ion exchange 
water softeners.  As long as these cleansers do not have surfactants, they may be 
permissible.  Experience will determine whether their use is acceptable.   
 
 
SALT CONTAINERS 
Salt is typically available in three different container sizes. 
 
 Bags – For small on-site generator systems, salt is commonly obtained in 40 or 
50-pound bags.  In metric countries, bags are typically 20-kilogram capacity.  Bagged 
salt is available from a variety of sources.  Common examples are hardware stores 
such as Home Depot or Lowes, feed stores, and water treatment companies that sell 
and service water softeners.  They usually offer a variety of different grades.  It is 
important to specify the correct grade of salt.  Again, the primary contaminant is 
calcium, and it should have a concentration of less than 0.03%.  
 

Important note for bagged salt: Most of the salt manufacturers now have an 
identification code, identifying which mine that salt came from, printed on the edge 
seam at the bottom of the bag.  These manufacturing codes are identified in our salt list. 
It is important to note that a manufacturer will use the same bag design or artwork 
(other than the mine code) for the same name brand salt across the country, regardless 
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of where that salt was manufactured. This means that salt with the same name may 
come from different plants using different refining processes.   Salts with the same 
grade may be acceptable from some plants but not from other plants.  Note that salts 
with the same name are listed as “Strongly Recommended”,  “Recommended,” 
“Caution,” and “Do Not Use,” depending on their place of manufacture. The most 
important factor is not the name of the salt but rather which plant that bag comes from, 
and the quality of salt that comes from that plant.    While you may be located in the 
vicinity of a salt mine, it doesn’t necessarily mean that salt you have selected comes 
from the mine in your area.  Track down the label on the bag to identify the mine and 
ascertain that you are getting the correct salt quality. In addition, you can contact the 
manufacturer (contact information is available on the salt list) and inquire where to 
obtain salt from a particular mine. 

 
 Fifty-pound bags are typically shipped on pallets that contain 49 bags.  The total 
weight of the pallet can vary depending on whether the bags are 40 or 50-pound bags 
(2000 to 2500 pounds per pallet).  A typical semi-truck load of salt has about 15 pallets 
of salt.   
  
 Supersacks:  Supersacks are single large bags of salt that contain 2000 to 2500 
pounds of salt.  The bags are about four feet square and have lifting lugs (loops) on the 
top four corners.  These lifting lugs allow the use of a fork truck or hoist to lift the bag.  
The bottom center of the bag usually has a 3-inch diameter cloth spout that is tied off.  
The fork truck typically lifts the bag over the salt storage container (brine tank), and a 
string on the 3-inch diameter nozzle is pulled, thereby releasing the salt from the bag 
through the nozzle.  It may seem that Supersacks are less expensive than 50-pound 
bags delivered by the pallet, but 50-pound bag loading is an automated process at 
many salt plants.  Supersacks typically require special handling, and may not be more 
economical.    
 
 Bulk Salt:  Bulk salt is usually delivered by a salt transport truck.  The typical 
load is 25 tons (or 50,000 pounds).  Bulk salt is almost always delivered as fine grain 
food quality salt.  Unloading the transport truck is accomplished by pneumatically 
transferring the salt from the truck to a brine silo on site.  The blower is on the truck, and 
the salt is transferred via a 4-inch hose to a 4-inch stainless steel pipe that runs up the 
side of the brine silo and has a large radius sweep into the top center of the brine silo.  
The brine silo is normally equipped with a bag filter for containing airborne salt dust, and 
allowing the brine silo to vent when the blower is running.  One important consideration 
in sizing a brine silo is to ensure that the silo is large enough to accommodate a 25-ton 
load and still have space in the silo for unused salt.  This allows the operator to have 
salt for several days of operation while the salt is being delivered.  A silo with 40 tons 
minimum capacity is recommended. In some situations, a municipality may have 
several small sites with smaller brine silos, and will order one truckload to load several 
small silos.  Note that a full truckload of salt should always be ordered since freight 
constitutes a large portion of the cost of the salt.  
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COST FACTORS 
Salt is a commodity and the raw material at the mine is usually low cost.  The biggest 
cost element of salt is transportation.  The company with the mine closest to the location 
will likely have the lowest price salt.  However, several other factors can influence the 
price of salt.  One obvious cost element is the purity of the salt, and the cost to refine 
the salt.  Fortunately, however, high quality food grade salt is in high demand in most 
parts of the country.  As such, it is low cost when delivered in bulk.  Higher quality food 
grade salt can often be lower in cost than solar salt, or pellet salt for water softeners. It 
is advisable to obtain quotations on all acceptable grades of salt in the area.   
 
 Another factor that can influence the price of salt is certifications (discussed 
below).  Some states are now requiring NSF-60 approved salt for on-site generation, 
and the cost of obtaining those certifications is passed on in the price of the salt. 
 
 As a general rule, salt in bags, whether pellets or solar salt, costs approximately 
6 to 10 cents per pound.  Salt delivered in bulk ranges from 3 to 6 cents.  Delivery costs 
can have a significant impact on salt price per pound. 
 
 
COMMON SALT PROBLEMS 
 
Calcium Contaminants – Calcium carbonate formation in the electrolytic cell is the 
leading cause of maintenance and failure of on-site generation cells.  Assuming the 
feed water to the on-site generator is soft (less than 1 grain/gallon or 17.1 mg/L 
hardness), then the level of calcium contamination in salt will determine the 
maintenance interval for any particular system.  Calcium contamination is easily 
detected by adding a drop of hydrochloric 
acid to the suspect calcium carbonate 
scale.  If the acid causes bubbling of the 
material, releasing carbon dioxide, then 
calcium carbonate is a contaminant in the 
cell.  Calcium carbonate only forms in a 
high pH environment.  As such, it only 
forms on the cathode surface in the 
electrolytic cell.  Initially, as calcium 
carbonate forms, electrical resistance in 
the cell goes up, and the control scheme 
causes an increase in the brine 
concentration to increase the conductivity 
of the electrolyte solution so that chlorine 
production is maintained.  This is evident 
on the OSG system controller from an 
elevated brine pump control voltage value or elevated brine flow meter reading (larger 
systems incorporate a brine flow meter).  As calcium carbonate continues to form, the 
gap between the anode and the cathode plates also is reduced locally.  This can cause 
increased current density at the anode surface, and can cause premature failure of the 

Figure 47. Calcium Carbonate 
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anode coating.  Finally, as calcium carbonate continues to form, the cell flow path and 
discharge ports can become obstructed.  When this occurs, the flow rate through the 
cell can be reduced.  As the flow is reduced, the cooling effect of fluid through the cell is 
reduced, and the temperature rise through the cell increases. This results in higher cell 
discharge temperatures that can damage the cell housing, field plumbing, and the 
oxidant storage tanks. (Note that most system designs incorporate an effluent 
thermowell to measure discharge temperatures from the cell. If the temperature is too 
high, the system will “fold back” the amperage, attempting to reduce the heat generated 
in the cell. If the oxidant temperature remains high, the system will shutdown, protecting 
the components from damage.) 
 

Obviously, it is important to select salt with low calcium levels.  The maximum 
recommended level of calcium is 0.03% (300 mg/L concentration per gram of salt).  If 
calcium is present in the salt, the maintenance interval for acid washing cells will need 
to be established through experience.   

 
NOTE: Calcium contamination is of equal concern for any electrolytic cell 

process. All OSG on-site technologies will experience the same build-up of calcium 
carbonate in their cell if they use impure salt. Some on-site generation companies will 
offer broader salt specifications with the understanding that a regular acid-washing 
program must be maintained. This option is viable and would apply to those salts listed 
as “Caution.” Note that some cell designs have much less head space in the cell body 
and thus requires a much smaller quantity of acid to clean the cell. Since acid is a 
hazardous substance that must be disposed of, the quantity of acid required to clean 
the cell should be taken into consideration, especially if the cell must be acid-washed on 
a regular basis. 

 
 Insolubles – As salt dissolves, contaminants trapped in the salt crystals will 
settle to the bottom of the brine generator and clog filters.  In many cases, these 
contaminants will develop a hard cake in the bottom of the brine generator over time 
which must be broken up and removed from the brine generator.  During breakup of the 
cake, filter components such as piping in the brine generator can be damaged or 
rendered useless.  Quartz rock (discussed below) is a common filter used in the bottom 
of brine generators.  Contaminants will also build up around the quartz rock and will be 
difficult to separate from the quartz.  In that situation, the quartz rock would need to be 
replaced, which means that the brine generator would be off-line until new quartz rock 
was ordered and delivered from materials vendors that provide quartz meeting the 
required specifications.  For these reasons, salt that is high in non-soluble contaminants 
is NOT recommended for brine generators serving on-site electrolytic generators. 
 

Bridging – Bridging occurs when the salt clumps or sticks together in the brine 
generator.  Water in the brine generator cuts a path through the salt bed.  This can 
create a short circuit whereby water at the entry point in the brine generator passes 
directly to the discharge point in the brine generator.  As a result, the brine is not 
properly saturated at the discharge to the brine generator.  This problem is resolved by 
maximizing the distance of the water flow path from the inlet to the outlet of the 
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generator.  This is also accomplished by keeping the water level relatively high in the 
brine generator and plumbing the discharge port low in the brine generator.  On bulk 
silos, the bridging problem is resolved by using a circular feed water ring 3 to 4 feet (1 to 
1.3 m) from the bottom of the brine generator, and maintaining a water level above the 
ring. 
 
 Surfactants – By themselves, surfactants are not harmful to on-site generators.  
Surfactants are commonly present in water softener salt, particularly salt that is 
marketed as water softener salt.   Some manufacturers utilize a unique hydrogen vent 
system and drop tube arrangement in the oxidant storage tank.  The drop tube acts as a 
gas trap that precludes entry of hydrogen gas into the oxidant storage tank.  As such, 
bubbles in the oxidant transfer line going from the electrolytic cell to the oxidant storage 
tank do not have an escape route other than out of the hydrogen vent line.  This causes 
foaming at the discharge of the hydrogen vent line, and subsequent liquid oxidant 
discharge.  Depending on the location of the end of the hydrogen vent, the liquid oxidant 
can damage or destroy foliage on the ground below the vent discharge, or can damage 
building construction materials (such as roofing) due to the oxidizing characteristics of 
the oxidant.  For these reasons, surfactants should be avoided. 
 

Dirt – Because of the highly processed nature of evaporated salt, dirt is not a 
component of processed granular salt (i.e. table salt) or water softener pellets that are 
made from evaporated salt.  However, dirt can be an issue with solar salt.  By itself, dirt 
does not pose an operational problem with the on-site generator.  Most OSG 
specifications require a 5-micron filter on the brine inlet to the on-site generator.  Dirt 
becomes a problem associated with maintenance of the brine generator.  It is usually 
evidenced by a brown film on top of the water in the brine generator, or by visually 
seeing brown streaks in the salt when viewing through a translucent brine tank.  The 
level of dirt contamination will determine the required cleaning interval.  Generally, the 
only problem associated with dirt is brine filter loading.  Rock salt is notorious for being 
dirty.  For a variety of reasons mentioned in this document, rock salt is not 
recommended for on-site generators. 

 
 Iron – Iron is removed from the electrolytic cell feed water in moderate quantities 
via the water softener.  Iron that is present in salt may form iron oxide (FeO2) and will 
generally be filtered out at the brine filter.  A rust coating will sometimes appear in the 
cell, but in the oxide form will not normally damage the cell.  Iron that has not been 
oxidized (in the ionic form) can get through the filters and can form on the anode 
coating.  This can ultimately blind the coating and render the electrolytic cell inefficient 
or inoperable.    
 
 Manganese – The safe limit of contamination of manganese is 20 parts per 
billion (ppb) (0.00002 %).  Manganese forms manganese oxide (MnO2) which adheres 
to the surface of the coating on the electrode and is difficult to remove with acid 
washing.  Manganese at normal levels is removed prior to the electrolytic cell feed water 
via the ion exchange resin in the water softener.  However, manganese in brine cannot 
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be removed by a water softener.  Care should be taken with salt to ensure that 
manganese limits are within specifications. 

 
BRINE FILTRATION 

A brine filter is utilized on all brine that is fed to most on-site generators.   This 
usually takes the form of a 10-inch standard filter housing with a 5-micron pleated filter 
cartridge element installed downstream from the brine tank discharge.  This filter 
arrangement offers minimum pressure drop and maximum protection of components in 
the on-site generator, particularly the brine pump.  For on-site generator sizes that 
produce more than 20 pounds per day of chlorine production, a dual filter arrangement 
is available that will facilitate filter change-out while the systems are operational.   
 
Salt pellets and coarse or extra coarse solar salt will dissolve adequately within the 
brine tank to be filtered by the 5-micron filter.  Granular salt, typically food grade salt, is 
fine-grained and can be entrained in the brine flow from the tank to the 5-micron filter.  
Under these circumstances, the 5-micron filter will be clogged quickly by fine salt 
particles.  To eliminate this problem, the brine generator, whether a bulk brine silo or 
smaller brine generator, must incorporate a salt roughing filter.  This filter consists of a 
two-layer washed quartz rock bed in the bottom of the tank to avoid clogging of the 
brine intake port.  The bottom layer should be 7 inches of quartz rock between ¼ and ½ 
inch in size.  The top layer should be 5 inches of quartz rock between 1/8 and ¼ inch in 
size.  The brine collection manifold is located below the quartz rock bed.  The collection 
manifold is typically constructed of slotted or perforated PVC pipe.  The plastic 
collection pipe can be wrapped two to three layers thick with plastic door screen 
material available at most hardware stores, which acts as a roughing filter to reduce salt 
intrusion into the slotted pipe.  Quartz rock is required due to its high strength 
characteristics.  As the salt in the generator dissolves, it grinds against the quartz rock, 
which can stand up to the grinding without damage.  Common forms of gravel will not 
work, since they will be ground up and create an insoluble slurry in the bottom of the 
brine generator.  Suppliers of quartz rock in the United States are listed as an 
attachment to this document.   Because of the quality of the quartz, the preferred 
supplier is Southern Products and Silica in Hoffman, North Carolina.  After the quartz 
rock is installed in the brine generator, and before salt is added, it is advisable to wash 
the quartz rock.  In many cases, the quartz rock will have dirt mixed in with the quartz.  
The water should flow cleanly through the quartz rock bed before adding salt to the 
brine generator.   
 
NSF STANDARD 60 SALT 

Several state regulatory agencies are now requiring that the source material 
feeding on-site generators (i.e. salt) must be NSF-60 listed to ensure that no hazardous 
materials ultimately enter the drinking water supply.  NSF-60 ensures that chemicals in 
contact with drinking water are safe and non-toxic to the drinking water supply.  In 
recent years, the major suppliers of salt have obtained NSF-60 listing for certain brands 
of salt.  It is important to note that only salt from specific mines, or plants, is NSF listed.  
If NSF-60 listing is required, be sure the salt is coming from the NSF-60 listed mine. 
Note also that not all NSF-60 listed salt meets the criteria for recommended or strongly 
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recommended salt. In other words, NSF listing does not relate to levels of calcium, 
magnesium, manganese, insolubles, etc. For a complete list of salt suppliers that offer 
NSF-60 listed salt, refer to the NSF web site at www.nsf.orghttp://www.nsf.org/. 

 
SALT SUPPLIERS 
 Some of the leading suppliers of salt in the United States include Morton 
International, Cargill Salt, and North American Salt.  These suppliers can provide 
assistance with salt selection meeting the quality requirements necessary for on-site 
generators.   
 
 
QUARTZ ROCK SUPPLIERS 
 

 Manufacturers Mineral Company 
Attn:  Louis E. Spader 

1215 Monster Road SW 
Renton, WA  98055 
Tel:  (425) 228-2120 
Fax:  (425) 228-2199 

 
Materials Testing & Consulting (MTC) 

1687 Old Hwy. 99 S. 
Mount Vernon, WA  98273 

Tel: (360) 428-0900 
Fax: (360) 428-0682 

 
American Materials Corporation 

Attn:  Al Twerberg, Mgr. Industrial Div. 
717 Short Street 

Eu Claire, WI  54702 
Tel:  (715) 835-2251 
Fax: (715) 835-3324 

 
Northern Gravel Company 

Attn:  J.L. Meltzer 
P.O. Box 307 

Muscatine, IA  54761 
Tel: (319) 263-2711 
Fax: (319) 263-2857 
OR: (800) 962-7190 

 
BOS Sand Company 

Attn:  Harold Bos 
Gateway Center 
20 South Rt. 45 

Frankfort, IL  60423 
Tel: (815) 469-3608 
Fax: (815) 469-7051 

 
 

Southern Products & Silica 
P.O. Drawer 89 

Hoffman, NC  28347 
Tel:  (910) 281-3664 
Fax: (910) 281-3815 

 
Parry Company 
Attn:  David Parry 

P.O. Box 125, US RT. 35 
Richmondale, OH  45673 

Tel: (740) 884-4893 
Fax: (740) 884-4892 

 
Howard Lisk Trucking Company 

RT. 1, P.O. Box 166 
Wadesboro, NC  28170 

Tel: (704) 272-7641 
Fax: (704) 272-8578 

 
 

American Filter Sand 
1400 N. Dayton 

Chicago, IL  60622 
Tel: (312) 640-1611 
Fax: (312) 640-0788 
OR: (800) 428-5377 

 
 

Capital Sand Co. 
Attn:  Steve Bohlken 

700 Mokane Rd. 
Jefferson City, MO  65101 

Tel: (573) 634-3020 
Fax:  (573) 636-5734 
Cell: (573) 690-3937 

 
 

http://www.nsf.org/
http://www.nsf.org/
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R.W. Sidley Inc. 

7123 Madison Road 
Thompson, OH  44086 

Tel: (440) 298-3232 
Fax: (440) 951-1921 

 
Best Sand Company 

Attn:  Peter Hoyt 
11830 Rabenna Road 
Chardon, OH  44024 
Tel: (440) 285-3132 
Fax: (440) 285-4109 

 

 
Standard Sand & Silica Co. 

Highway 17-92 North 
Davenport, FL  33836 
Tel: (941) 422-1171 
Fax: (941) 422-6610 
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C) APPENDIX C – SYSTEM ELECTRICAL DIAGRAMS 
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D)   APPENDIX D – WARRANTY 
 
 
 

SYSTEM WARRANTY STATEMENT 
 
Standard System Warranty: 
WARRANTY – AQUA RESEARCH INC. warrants that the system components manufactured by 
AQUA RESEARCH will be free from defects in material and workmanship for one year.  (Limited 
life items such as water and brine filters, tubing, tube fittings, test strips, misplaced items, or 
items damaged by the customer are not included.)   
 
PERIOD – This one-year warranty period will run from the date of delivery to the customer.   
 
Standard Cell Warranty: 
WARRANTY– AQUA RESEARCH warrants that its electrolytic cell will be free from defects in 
material and workmanship for 1 year.  The warranty does not cover cells that have been 
operated on hard water (> 1 grain hard).  Cells that have been operated on soft water are 
covered under the warranty as long as the cell is returned to Aqua Research for evaluation, and 
has not been opened by the user.  Damage due to abuse by the user is not covered under the 
warranty.  
 
A Return Materials Authorization (RMA) must be obtained from Aqua Research prior to returning 
the cell.   Return shipping will not be paid by Aqua Research if an RMA was not obtained prior to 
shipping.  Returned cells that continue to perform above minimum specifications when tested 
will be returned to the customer with freight charges billed to the customer. 
 
 
Power Supply Warranty 
Damage to the power supply from electrical transients that damage these components are not 
covered by this warranty.  
 
Standard Parts Warranty: 
WARRANTY– Any components on the AQUA RESEARCH system that is not manufactured by 
AQUA RESEARCH (for example power supply) are warranted to be free from defects in material 
and workmanship for 60 days from the date of receipt by the customer of that part.  In some 
cases, the manufacturer’s warranty will extend further.  This provision takes effect when a new 
part is purchased after the expiration of the standard system warranty period. 
 
NOT INCLUDED – This does not include peripheral equipment such as the injection system, 
solar power systems, and other components that may be covered under their own warranty 
unless specifically stated in the AQUA RESEARCH proposal. 
 
VOIDING THE WARRANTY – This warranty does not apply to defects caused by customer 
abuse, misuse, or neglect, accidents, acts of God, improper installation, operation, and 
maintenance, modification performed by other than AQUA RESEARCH or its official 
representatives; or usage other than as recommended in AQUA RESEARCH system 
documentation and by AQUA RESEARCH’s authorized personnel. 
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REPLACEMENT OR REPAIR – AQUA RESEARCH’s responsibility under these warranties is to 
correct by repair, or replacement, at the option of AQUA RESEARCH, any such defect, 
disclosed on examination by AQUA RESEARCH or its representative. 
 
 
AGREEMENT AND TRANSACTIONS – Warranty service is provided by AQUA RESEARCH or 
an authorized representative of AQUA RESEARCH.  AQUA RESEARCH offers this warranty to 
the owner of the AQUA RESEARCH equipment.  If warranty service is required, service can be 
obtained by contacting your local AQUA RESEARCH distributor or AQUA RESEARCH's 
customer service department at info@AquaResearch.com or by calling (505)414-3929, 
obtaining an RMA, and service will be arranged. 
 
If the equipment owner deals directly with AQUA RESEARCH for warranty service and not with 
his or her local distributor, the equipment owner is responsible for paying all freight and handling 
charges for components returned to AQUA RESEARCH under this warranty.  AQUA 
RESEARCH will pay for freight and handling charges for replacement components returned to 
the end user, except for expedited freight charges, which, if necessary, will be the responsibility 
of the end user.  AQUA RESEARCH will examine all returned components or systems for 
warranty service and determine if the warranty will be applied. 
 

AQUA RESEARCH RESPONSIBILITY EXCLUSIVE TO CLAIMS IN THIS DOCUMENT – This 
warranty is in lieu of all other warranties covering the products, expressed or implied, including 
those of fitness and merchantability.  No one is authorized to create for AQUA RESEARCH any 
other warranty in connection with the sale of our products.  AQUA RESEARCH shall not be held 
liable for consequential or incidental damages. 
 

DESIGN CHANGES – AQUA RESEARCH reserves the right to make design changes, additions 
to, and improvements on any of our products, and has no obligation to make the same changes, 
additions, or improvements on any products previously manufactured. 
 

PRODUCTS TO BE REPAIRED OR REPLACED – 

• Must be accompanied by a Return Materials Authorization (RMA) 

• Must be shipped/delivered to AQUA RESEARCH Customer Service at the company offices 
in Albuquerque, New Mexico. 

• Must have included in the package a statement covering the nature of the malfunction, the 
name and phone number of the person returning the unit, and the address to which the 
equipment should be returned. 

• Should be shipped in the original packaging or its equivalent to provide adequate protection. 

• Must be returned with all transportation charges prepaid. 
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E)  APPENDIX E – MATERIAL SAFETY DATA SHEET 
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