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1
Introduction
1.1
What this booklet covers

This booklet provides information about the supply of safe drinking-water to small water supplies serving less than 5000 people.

Cartridge filtration and ultraviolet (UV) disinfection are effective methods for treating protozoa-contaminated drinking-water.  UV disinfection is also effective against bacteria and some viruses.  Both treatment techniques are simple and relatively inexpensive, which makes them popular for small and remote water supplies.

1.2
Drinking-water Standards
Under the Drinking-water Standards,
 supplies are required to provide a certain level of protozoa treatment according to their raw water source type and the level of contamination in that source water.  For example, a source supplying water from a bore in which bacteria are rarely found needs to provide a lower level of treatment than a surface water supply with regular bacterial contamination.

The level of treatment required is given in a water supply catchment risk assessment and is called the ‘log credit requirement’.  Table 1 gives an indication of the log credit requirement for different raw water sources.  Once supplies have determined their log credit requirement and had it signed off by their drinking-water assessor, they will need to install processes that have a total number of log credits at least equal to their log credit requirement.  UV treatment has a log credit of up to 3, and cartridge filtration has a log credit of 2.  Thus, if a supply has cartridge filtration and UV disinfection, they would have a total of up to 5 log credits.  For more details, see section 5 of the Drinking-water Standards.

Table 1:
Raw water source and log credit requirements

	Log credit requirement
	Raw water source

	None
	Secure bore water

	2
	Non-secure bore water from deeper than 30 m

	3
	Water with low risk, such as shallow groundwater and surface waters with a forested catchment

	4
	Water with moderate risk, such as surface water with a low-intensity agricultural catchment

	5
	Water with high risk, such as surface water with a high-intensity agricultural catchment or a wastewater discharge upstream


1.3
Further guidance

This booklet is part of the Resources for Drinking-water Assistance Programme.  Further guidance is available on other aspects of planning, developing and operating small drinking-water supplies, including:

· Managing Projects for Small Drinking-water Supplies

· Operation and Maintenance of a Small Drinking-water Supply

· Pumps Pipes and Storage

· Optimisation of Small Drinking-water Treatment Systems

· Sampling and Monitoring for Small Drinking-water Systems

· Treatment Options for Small Drinking-water Supplies

· Pathogens and Pathways and Small Drinking-water Supplies

· Sustainable Management of Small Drinking-water Supplies

· Design and Operation of Bores for Small Drinking-water Supplies.
These resources are all available from the Ministry of Health at: www.govt.moh.nz.

2
UV Disinfection
2.1
UV inactivation principles

Ultraviolet (UV) light inactivates protozoa, bacteria and to a lesser extent viruses.  It does this by damaging the genetic code of the organism, which prevents them from reproducing.  This renders the organism harmless because it cannot replicate to the large numbers needed to make people sick.  However, the UV light is only effective at a particular wavelength (ie, 254 nm).

Figure 1:
Gotcha!  Protozoa can be inactivated by UV light
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UV disinfection has become popular because it is very effective at inactivating protozoa, which can be resistant to a number of other disinfectants, such as chlorine.  UV disinfection can qualify for up to 3 log credits under the Drinking-water Standards, depending on the dose.  Also, compared to many other protozoa disinfection methods, UV is fairly inexpensive and requires relatively little maintenance or expertise.

Unlike chlorine, UV does not have an ongoing disinfection effect to prevent re‑contamination in the distribution system.  As a result, UV is commonly used along with chlorination, because chlorine does have this residual effect.

UV light is generated by applying a voltage across a gas mixture, in the same way as happens in fluorescent lamps.  There are a number of different types of UV lamp.  The most common for small water supplies are low-pressure lamps.  The name arises because the mercury vapour used to produce the light is at a low pressure inside the lamp.  Medium-pressure systems are also used, particularly for large drinking-water supplies.

2.2
When should UV be used?

Choosing a treatment process depends on a number of variables, including the raw water quality, the budget and the final water quality required.  Water suppliers should read Treatment Options for Small Supplies
 for an overview of the range of treatment options available.
Because effective disinfection depends on UV light reaching the target organism, anything that has a shading effect will prevent disinfection.  This can occur when there are particles in the water, when the water is opaque to UV light, or because of ‘fouling’ on the lamp sleeves.  It is for this reason that UV can only be used if the water has a low turbidity (less than 1 NTU)
 and high transmittance (over 80 percent).  Sometimes pre-treatment will be needed so that the UV system can operate effectively (see section 2.4 for an explanation of these terms).

2.3
System design

The UV tubes are mounted in a stainless steel casing or ‘reactor’.  The reactors should be located after any treatment processes that improve the clarity of the water (such as coagulation or filtration).  They should also be placed before any processes that reduce the clarity of the water (such as lime dosing), because these will affect the transmittance of the water and hence reduce the effectiveness of the UV light.

UV can be used as a ‘point of entry’ treatment system for individual households.  In this case the reactor needs to be large enough to treat the maximum flow for the household.

To comply with the Drinking-water Standards, a filter that reduces the water turbidity to less than 1 NTU must be installed prior to the UV reactor, unless the supply can demonstrate that the raw water turbidity is consistently less than 1 NTU.  If this filter is a cartridge filter it must have a pore size no greater than 5 microns (nominal) and be a rigid cartridge (not pleated paper/fabric or string-wound).

Most UV reactors start up and shut down reasonably infrequently.  A large number of on/off cycles will reduce the life of the UV lamps and may void the manufacturer’s guarantee (most manufacturers set a limit of three or four on/off cycles per day).  This aspect of the operation of the UV reactor should be borne in mind when the location of the reactor in the water supply system is considered.
UV lamps can take a long time to start up because the lamps need to warm up before reaching full power.  Start-up times range between one and ten minutes depending on the lamp type.  Water suppliers need to take this into account, as any water that passes through the reactor before the lamp has warmed up will be untreated.  Larger supplies may install an actuated valve (a valve that a motor will open or close) connected to a controller that tells the valve to open once the reactor has warmed up.  This prevents untreated water from reaching customers.

The quartz sleeves covering the UV lamps will normally need cleaning.  Often this is very infrequent and can be done manually by removing them and giving them a wipe down.  A mechanised cleaning system can be used where frequent cleaning is expected (see section 2.4).  These systems use wipers or a mechanism for filling and soaking the reactor interior in a chemical cleaning solution.

Figure 2:
A typical small UV installation
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Although some reactors can operate at high pressure, they can still be damaged by water hammer.  (Water hammer is where the pressure in a pipe surges very quickly due to something like a valve opening or closing suddenly and can sound like a hammer blow on the pipe.)  Particular care needs to be taken when opening and closing valves for this reason.

The water pressure lost across most UV reactors is quite small unless a flow restrictor is installed.  In this case, the water supplier should do a hydraulic calculation to check that the system will function correctly.

UV reactors should be located in a building protected from the weather.  The ballast system is a box full of electronic circuitry that regulates the current entering the lamp and converts the electricity to a more useful state.  This ballast needs to be kept well ventilated because it will generate a considerable amount of heat.  The lamps also generate heat, which can affect performance while there is no water flowing past to cool them.  Some small systems include a bleed valve that releases the heated water to waste if the temperature reaches a particular level.

UV reactors should ideally be oriented so that the outlet is facing upwards to prevent air from becoming trapped inside.  If the outlet is not facing upwards then an air purge valve should be installed on the top of the unit to enable the removal of any trapped air.

There should also be sufficient space to give access for maintenance.  For example, a free space at least as long as the reactor is required so that the lamps can be removed.

UV reactors are very sensitive to power fluctuations.  Generally this is not a problem, but loss of power can cause the lamp to lose its arc, which then takes time to re‑establish when power returns.  The UV supplier should be consulted to ensure the power quality meets the requirements of the unit.  If the site is very remote or experiences frequent power outages or fluctuations in voltage (this will be noticed as a sudden dimming of the lights), this information should be provided to the UV supplier.  Power fluctuations can also shorten ballast life.  There are ways around these issues, such as the use of an uninterruptible power supply (UPS).
Figure 3:
UV system components
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2.4
Water quality requirements

Because of the shielding effect the water can have, the effectiveness of UV disinfection is highly dependent on the quality of the water entering the reactor.

Another consideration is the rate of fouling (depositing of dirt/chemicals on the quartz sleeve inside the reactor).  There are a number of chemicals that contribute to fouling, and these need to be tested for so that there are no surprises in terms of the level of maintenance required.  These include hardness, iron and manganese.

There are specific minimum requirements listed in the Drinking-water Standards.  Water quality results should be discussed with the UV supplier and an independent expert.

UV transmittance: UV transmittance is a measure of how much UV light is absorbed by chemicals and particles in the water and is normally given as a percentage transmittance through a 1 cm wide measuring cell at a light wavelength of 254 nanometres (nm).  Transmittance is the most important consideration when choosing the size of the UV reactor.  This means that it is important to know the UV transmittance of the water and how it varies before buying a UV unit.  For example, a change in transmittance from 92 percent to 90 percent can result in the need for a 25 percent increase in reactor size.

Water with a transmittance below 80 percent cannot be treated with UV.  Some forms of water treatment, such as coagulation/filtration, are effective at improving UV transmittance.

Turbidity: Turbidity is a measure of the cloudiness of water.
  It is usually quoted as a value in nephelometric turbidity units (NTUs).  Turbidity of the water entering the UV unit should normally be less than 1 NTU and always less than 2 NTUs.

Turbidity and transmittance are similar in that they both measure how light passes through water.  The difference is that transmittance measures the way the water absorbs the light, whereas turbidity measures the way the water scatters it.

Temperature: The output of UV lamps is affected by temperature.  The optimal temperature for a low-pressure lamp is 40oC.  A quartz sleeve around the lamp insulates it against low water temperatures.  However, heat build-up at very low water flow rates can affect system performance.

Fouling: Compounds in the water can accumulate as ‘fouling’ on the lamp sleeves and other wet components such as the monitoring window of the UV sensor.  Fouling reduces the amount of light available for disinfection.  It is very hard to predict the rate at which fouling will accumulate, but the following compounds can cause problems.

· A high level of hardness leads to the deposition of calcium carbonate (CaCO3) on the sleeves.  Problems increase as the hardness increases.  Levels above 200 mg/L (as CaCO3) may mean that water softening is needed for UV to be practical.

· Iron and manganese can also precipitate onto the quartz sleeve.  The cleaning frequency will increase with concentration.  As a guide, concentrations above 0.2 mg/L of iron and 0.04 mg/L of manganese will mean relatively frequent cleaning is needed.

Samples to determine water quality should be taken from the point in the treatment process where the UV reactor will be installed.  The samples need to be representative of the quality of the water that will be treated.  As a guide, turbidity and UV transmittance could be measured weekly for one to two months if water quality is stable, or weekly for six to 12 months if the water quality changes a lot.  Include samples where the water quality is likely to be at its worst, such as during poor weather, or when the turbidity is high (ie, after rainfall events).

2.4.1
Monitoring

For UV treatment to comply with the Drinking-water Standards, monitoring of certain parameters is required.  The requirements vary according to the population served and are given in Table 2.  The monitoring is designed to alert the water supplier when the system is not operating correctly, and to confirm that the system is operating to specifications.

In order to tell the operator when the unit is not working as intended, the UV intensity sensor must send an alarm to the operator if the intensity falls below the set point.  This is required in order to comply with the Drinking-water Standards.  It is also usual for the turbidity meter to send an alarm to the operator if the turbidity goes above the set point (usually 1 NTU), because this has the potential to cause non-compliance with the Drinking-water Standards.

Table 2:
Drinking-water Standards requirements for monitoring

	Population served*
	Requirements

	501–10,000
	Continuous monitoring of flow, UV intensity and lamp outage on each reactor is required, along with continuous monitoring of combined turbidity.  An alarm must be installed to notify the operator of the water supply when the flow or UV intensity falls outside the design limits, or if the turbidity exceeds 1 NTU.

Samples must be taken to test the UV transmittance at least twice a week.  If, after 12 months of monitoring, the transmittance has always been greater than 85% then the frequency can be reduced to once weekly.

	101–500
	Continuous monitoring of UV intensity, lamp run hours, lamp outage and total flow is required.  An alarm must be installed to notify the operator if the flow or UV intensity exceeds the design limits.

Flow can be measured on each reactor or as a total over more than one reactor.  If the total flow is measured, each reactor must have a flow restrictor fitted.  This should limit the flow to within the ‘validated range’.

Samples must be taken for turbidity and transmittance at least weekly for the first 24 months.  If the transmittance does not fall below the design value during this period the frequency can be reduced according to the source type.  If a supply takes water from a surface water source such as a river or lake, then monitoring can be reduced to monthly.  If the supply extracts from a groundwater supply, then monitoring of transmittance can stop.

	100 or fewer
	Continuous monitoring of UV intensity, lamp run hours and lamp outage is required for supplies serving 100 people or fewer.  Flow does not need to be monitored, but flow restrictors should be fitted to each reactor to limit flow to within the validated range for the reactor.  An alarm should be installed to notify the operator if the UV intensity exceeds the design limits.

Any additional requirements specified in the certification must be adopted as well.
UV transmittance and turbidity should be sampled manually at least once a month.


*
This booklet is targeted at water supplies serving up to 5000 people, so supplies serving over 10,000 people are not included.
2.5
Certification of UV disinfection systems

For a UV reactor to comply with the Drinking-water Standards it must have appropriate certification.  Certification is proof that a particular reactor model gives sufficient disinfection at a certain UV transmittance and flow.  Under the Drinking-water Standards, approved certifiers are NSF, DVGW and ÖNORM.

Depending on the standard used for certification, operators should check the following details for any reactor under consideration.

NSF-ANSI-55 Class A: UV units that meet the NSF standard are listed on the following website: http://nsf.com/Certified/DWTU/.  Operators should refer to the NSF website and check that the UV brand and model are listed (meaning that it has been tested and approved).  Scroll down the page to ‘Reduction Claims for Ultraviolet Microbiological Water Treatment Systems’.  Click on the box ‘Disinfection Performance, Class A’.  This brings up a list of the brands and models that have been tested and approved.  Always check the website electronically: do not rely on printed versions.

DVGW Technical Standard W294: UV units that meet the DVGW standard are issued with a certificate, and each unit carries a name plate.  The operator must ask to see the original DVGW approval certificate.  This is contained within the equipment’s instruction book.  Be aware that a performance graph on its own does not constitute an approval certificate.
ÖNORM M5873-1 Standard: UV units that meet this Austrian standard are issued with validation documentation that includes a graph indicating acceptable flow rates dependent on the UV Transmittance (UVT) of the filtered water and UV intensity.  Operators should check that the reactor under consideration is certified to treat the flow and transmittance characteristics of the supply.

2.6
Operating a UV system
Operating a UV system is fairly straightforward.  The guidelines that follow are general and particular UV systems will have their own maintenance requirements.  Table 3 gives an outline of the routine maintenance needed on UV reactors.  The frequency and activities required will vary depending on what is installed and the water being treated.

Table 3:
Routine maintenance tasks

	Task
	Action
	Indicative frequency

	Check for fouling on sleeves
	If fouling is observed on the sleeves, clean the sleeves and sensor windows.  Sleeve fouling can be difficult to see.  Try placing the sleeves on a clean, white, lint-free cloth next to a new sleeve for comparison.

Cleaning should be according to the manufacturer’s instructions.  Care should be taken to use cleaning chemicals that will not scratch the lamp sleeve; examples include Lime Away and CLR.  The inside of the lamp sleeve should be dried before reinstallation.  One way to do this is with isopropyl alcohol and a lint-free cloth.  Be careful when fitting quartz sleeves because it is easy to break them by over-tightening the compression nuts.  Wiper systems and manual cleaning of the quartz sleeve can cause scratching, which results in reduced transmittance of the UV light, reducing the system’s effectiveness.  Replace sleeves if damage, cracks or irreversible fouling is observed.  While the reactor is drained for the sleeve inspection, the inside should be inspected and cleaned if necessary.
	Monthly; adjust frequency based on fouling rate.

	Check UV intensity sensor
	Compare the reading of the duty UV intensity sensor to that of the reference sensor.
	Monthly

	Check UV reference sensor calibration
	For supplies serving fewer than 500 people this can be done against another water supplier’s reference sensor.  Supplies serving over 500 people will need to send the sensor to an appropriate facility, or after 12 months replace the duty sensor with the reference sensor and purchase a new reference sensor.
	Annually

	Test trip ground fault circuit breakers
	Test the ground fault circuit breakers in accordance with the manufacturer’s recommendations.  They usually last for about a year of constant use.
	Annually

	Replace lamps
	Lamps are normally replaced based on the number of hours run.  See the manufacturer’s specifications.
	Approximately annually


Cleaning and inspection of the quartz sleeve and UV sensor should be undertaken by a suitably qualified person.  It is best left to a supplier or supplier’s agent.

Figure 4:
The quartz sleeve should be inspected regularly for fouling
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2.6.1
Lamp replacement

Lamp output decreases over time, so lamps must be replaced periodically to maintain a sufficient UV dose.  Lamps are normally replaced based on the manufacturer’s instructions.  All of the lamps in a reactor are generally replaced at the same time unless a lamp fails.  Only replace with lamps supplied by the manufacturer, otherwise reactor certification becomes invalid.

Lamps should be handled in accordance with the manufacturer’s instructions using clean cotton, powder-free latex or vinyl gloves.  Fingerprints can interfere with their proper operation.

When replacing lamps, they should not be inserted so that they will affect the reading of the UV intensity sensor.  Note that the wire that runs along the lamp can cast a shadow that can cause a falsely low UV intensity reading.

UV lamps are commonly disposed of in landfills.  However, environmental best practice is to recycle the tubes to recover the mercury, which is a hazardous substance.  Some UV suppliers and councils will accept spent tubes, or they can be sent direct to the recyclers.  Recycling costs approximately $1 per tube (as of 2007).

2.6.2
Sleeve replacement

The sleeves should be replaced when they are damaged, or when permanent staining reduces UV intensity to an unacceptable level.  Because the sleeves are fragile, water that causes a lot of fouling will increase the frequency of sleeve replacement due to permanent deterioration.

Sleeves should be handled in accordance with the manufacturer’s instructions using clean cotton, powder-free latex or vinyl gloves to avoid leaving fingerprints on the surface.

2.6.3
Spare parts

Components inevitably wear out or break.  Spare parts are used to repair faults quickly after they happen.  What parts need to be kept and in what number will depend on how quickly replacement parts can be obtained and how long the water supply can make do with a unit out of service.  The following spare parts might be kept in storage: lamps, sleeves, O-ring seals, ballast, ballast cooling fan, UV intensity sensor.

The following table gives an indication of the typical operating life of the main components of a UV reactor.  The figures are typical and will vary between manufacturers and with advances in technology.  They will also vary with the specific characteristics of the water supply, such as how the system is operated and the quality of the power supply.

Table 4:
Typical operating life for various components

	Component
	Typical operating life

	Low-pressure lamp
	12,000 hours

	Medium-pressure lamps
	8,000 hours

	Duty and reference sensor
	3–10 years

	Electronic ballast
	10–15 years


See the comments in section 2.6.1 about lamp replacements and the manufacturer’s requirements.
2.6.4
UV intensity sensor calibration

See the equipment supplier for advice on sensor calibration.

2.6.5
Start-up following maintenance

After maintenance, the operator should watch the initial start-up to ensure everything has been put back together properly.  The operator should check the following during start-up:
· all lamps are operating and the UV intensity sensor is reading the expected value (or is not registering an alarm)

· there is no build-up of heat on the top of the reactor after it has been running for a while (this would indicate that an air pocket may remain in the vessel).

2.7
Troubleshooting

A number of things can prevent the reactor treating the water effectively.  The UV intensity sensor warns of many of the problems that affect the safety of the water.  All supplies must monitor the intensity continuously and have an alarm installed to alert the operator if the value drops too low.

Low intensity can be caused by
· high water turbidity

· water contamination, leading to low UV transmittance

· excessive fouling of the quartz sleeve or sensor window

· lamp or ballast failure

· drift in the UV intensity meter calibration (it tends to drift downwards).

Figure 5 can be used to help determine the cause of the low intensity.

Figure 5:
Low UV intensity troubleshooting
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3
Cartridge Filtration

3.1
Cartridge filter principles

Cartridge filters remove particles from the water as it passes through a porous medium.  Particles larger than the pores in the filter are trapped on the outside and the smaller particles pass through, just like a tea strainer.

Cartridge filters can be an effective way of removing turbidity and protozoa from water.  They will not remove bacteria and viruses, because these are smaller than the pore sizes available.  In addition, simple filtration will not remove dissolved contaminants such as colour or dissolved metals.  These would need to be removed by a different process, such as reverse osmosis, or micro, nano and ultra filtration.

Certified cartridge filtration can qualify for 2 log Cryptosporidium removal credits under the Drinking-water Standards, or 0.5 log credits if preceded by another form of approved filtration.

A cartridge filter consists of one or more filter cartridges, which slot into a housing.  Cartridges can be made of a rigid or flexible material.  They have to be thrown away when they become blocked.  Cartridge filters are well suited to small water supplies because they are simple, inexpensive, require minimal maintenance and cope reasonably well with varying water quality.  However, the incoming water quality needs to be low in turbidity, otherwise filter replacement becomes very frequent and expensive.

Five micron cartridge filtration is often used to pre-treat water prior to UV treatment so that the water is sufficiently clear for the UV light to pass through (see section 2.3 of the Drinking-water Standards).

	Figure 6:
Changing a cartridge filter
	Figure 7:
Used cartridge filters
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Figure 8:
Cartridge filter components
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3.2
Cartridge filter system components

The cartridges used in cartridge filters consist of a rigid core (usually polyvinyl chloride – PVC) surrounded by a filter medium.  Examples of filter media are wound polypropylene and pleated polyester.  Filters are available in a range of pore sizes but are typically sold in 100, 50, 25, 10, 5 and 1 micron (µm) sizes.  Pore sizes can be absolute or nominal.  Absolute means that all pores are the size specified or smaller.  Nominal means the specified pore size is the average, so some larger particles will still pass through.

Figure 9:
Nominal versus absolute pore size
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The effectiveness of treatment obviously depends on the size of the particles in the water.

When using cartridge filters to remove turbidity, the pore size will normally be chosen based on trial and error.  Sometimes the particles in the water that cause the turbidity are too small to be removed effectively by cartridge filters.  The different types of soil particle are given in Table 5.

Table 5:
Sizes of different soil particles

	Clay
	< 2 micron (ie, 0.002 mm)

	Silt
	2–20 microns

	Fine sand
	20–200 microns


Protozoa vary in size between 3 and 9 microns.  Because protozoa can deform as they pass through a filter, a 1 micron cartridge filter certified for 3 log Cryptosporidium removal is required for effective removal (see section 5.12.1 of the Drinking-water Standards).  To increase the useful life of a 1 micron cartridge filter, it is common to pre-treat the water with a coarser cartridge.  The best pore size of the pre-treatment cartridge should be determined by experimentation, but a cheaper cartridge with a larger nominal pore size is normally used.

Figure 1:
Coarse pre-treatment cartridge filter mounted before a fine cartridge filter
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Housings for large cartridge filters are generally made of stainless steel.  Smaller housings are made of either stainless steel or plastic.  Housings can contain between one and twenty filter cartridges.  Most housings are opened from the top with a lid, which is sealed with an O-ring and clamped, bolted or screwed in place.

3.3
Monitoring

Certain monitoring requirements have been included in the Drinking-water Standards.  These are designed to demonstrate compliance and alert the water supplier if the system is not operating correctly.  The key parameters are differential pressure, flow and turbidity.
	Pressure differential
	Pressure differential is the difference in pressure across the filter, otherwise called the ‘head loss’ across the filter.  This is normally measured by taking the water pressure at the filter inlet and subtracting the water pressure at the filter outlet.

The pressure differential will gradually increase as the filter blocks.  The cartridge will require replacing when the differential pressure exceeds the manufacturer’s recommended level (as a rule, a 1 bar difference between the inlet and the outlet).  If the pressure differential drops below the last recorded value then the filter may have burst, or it may have ‘unloaded’ some of the particles it had collected.  If this occurs it must be assumed that the cartridge has failed.

	Flow
	It is useful to keep records of the flow that has passed through a filter to get a feel for how long a cartridge will last and when it may need replacing.

	Turbidity
	Treated water turbidity indicates how well the filter is removing material in the target range.  This should be less than 0.5 NTUs.


Table 6:
Drinking-water Standards minimum requirements for monitoring

	Population served*
	Differential pressure
	Flow
	Turbidity

	501–10,000
	Continuous measurement on each housing
	Continuous measurement
	Minimum of one turbidity meter for every filter (or housing), or daily manual sampling

	500 or less
	Weekly readings
	Daily readings (can use a simple water meter)
	Not required (but recommended in order to detect filter failure).


*
This booklet is targeted at water supplies serving up to 5000 people, so water supplies serving over 10,000 people are not included.
3.4
Operating a cartridge filter system
Cartridge filters must be routinely checked and periodically replaced.  Only use filter cartridges approved for use in the assembly or filter housing.  The date on which a new cartridge is installed should be recorded so that its length of service and the volume treated can be checked.  Filtering to waste for the first five minutes after any maintenance is recommended to allow the filtration process to settle down.

The following checklist may be useful when changing a cartridge.

3.4.1
Cartridge filter servicing checklist

(
Filter housing, filter housing seal and cartridge seal checked for problems or leaks.
(
Filter housing wiped clean and disinfected before installation or after any maintenance
(
Correct filter cartridge used for the particular housing.

(
Cartridge is located correctly in the filter head and housing.

(
Seals replaced and lubricated in accordance with the filter manufacturer’s recommendations.
(
Filter housing is replaced and tightened correctly.
(
Flow flushed to waste before putting the filter back into service.

(
System checked for leaks.

(
Head loss, date of work and work done, including date of cartridge change, recorded and head loss checked to make sure it is within the correct range.

3.5
Troubleshooting

One of the attractions of cartridge filters is their simplicity.  Nevertheless, problems can sometimes develop.  Table 7 gives guidance on common problems.

Table 7:
Troubleshooting guide for cartridge filtration

	Indicator
	Possible problem
	Solution

	Rapid increase in head loss and short filter lifespan
	Incoming water too dirty
	Install or improve pre-treatment.  Consider installing a coarse cartridge filter upstream.

	One filter blocks much earlier than the others
	Uneven flows to individual filters
	Improve control of flows to individual filters.

	Spikes in filtered water turbidity during a filter run
	Sudden changes in flow rate to a filter are causing it to ‘unload’, particularly where high pressures are allowed to build up
	Look for causes of sudden changes in flow to the filters.  Use slow operating valves to control flow to the cartridges.  Some valves are opened by the 90 degree turn of a handle.  As a result the flow can go from zero to full flow very quickly.  Valves that require many turns of a handle to open them are preferable.

	Flow declining and possible increase in treated water turbidity
	Changing cartridges too late
	Is the pressure differential or treated volume being checked regularly enough?

	High filtered water turbidity
	Cartridge pore size is too large
	Investigate reducing the cartridge pore size or changing from a nominal size to an absolute size.  Of course, if more material is removed then the cartridge will have to be replaced more often.  It may not be practical to remove very fine sediment with cartridges.

	
	Cartridge not seated or installed correctly
	

	
	Cartridge is starting to unload
	Replace cartridge.  Take a note of the pressure differential.  Has it been allowed to increase too high?

	
	Cartridge has ruptured (sudden loss in differential pressure)
	Replace cartridge.  Is the upstream pressure too high?  Was the cartridge damaged before installation?

	Heterotrophic plate count increases across filter
	By concentrating particles in one area, cartridge filters can contribute to the growth of non-coliform bacteria
	Difficult to prevent but can minimise with frequent cleaning, cartridge replacement and post-chlorination.
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�	Drinking-water Standards for New Zealand 2005 (revised 2008).


�	Ministry of Health Resources for Drinking-water Assistance Programme.


�	NTU = nephelometric turbidity unit.


�	More specifically, turbidity is a measure of the scattering of light by particles in the water.


�	The ‘validated range’ is the flow range over which the reactor has been tested and certified to ensure there is sufficient disinfection at a given transmittance.  See section 2.6 for more details on reactor certification.





