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KNOW YOUR FILTERS

Sandy M cGregor, Water Treatment Technol ogist, Gippdand Water

ABSTRACT

This paper provides engineers and operators with hel pful information for the identification and remediation
of poor filter performance, based on experience gained by Gippdand Water in filter management. The

followi

ng points are covered..
The importance of well operated and maintained filters.
Operator’ s knowledge of filter performance.
Obsarvations from failures and their reasons.
Rebuilds, modifications and smple remedies.
Re-establishment of performance and ongoing monitoring.
Performance monitoring tools.
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INTRODUCTION

Gippdand Water has adopted the Hazard Andyss And Criticd Control Point (HACCP)
management philosophy for the operation of its filtration plants. Under HACCP the filters in a
treatment plant are consdered to be a critica control point.

As it is the filter that provides the physicd barrier to pathogens in the treatment process it is
necessary to ensure that they are in top operating condition & dl times. To monitor and assessthis,
improvements in on-line insrumentation and physica assessments / ingpections have been amain
focus over the last four years.

Gippdand Water has made progress in this area and now actively monitors the performance of its
filtration plants and encourages its operators to look at the operation of their plants and perform
some of the work discussed in this @per themsdves. It is from this work that much of the
information in the following discussion is derived.

Nate: Dueto the variety of filter types and designs the information given isaguiddine only.
DISCUSSION

Normal operation

A typicd water trestment plant filter operated under norma conditions should produce filtered
water with a turbidity of less than 1 NTU mogt of the time, with an average of less than 0.5 NTU
being desrable. Waell-operated treatment plants with properly maintained filters can produce
filtered water of less than 0.05 NTU when operated at optimum.

Backwashing frequency of 8 to 96 hours are common. In generd, if turbidity breskthrough occurs
in less than 8 hours, questions relating to the economy of plant performance need to be addressed.

Excessve filter run durations are not encouraged as the risk of taste and odours due to anaerobic
flocincreases. For example, filter runs greater than 96 hours.

Head loss build up during a filter run is expected see figure 1 for an example of atypicd filter run
detailing the increase in head loss and the changes in turbidity. Typicaly two metersis used asthe
trigger leve for abackwash. However it is suggested that totd filter bed depth be used as the head
loss st point.
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Vaues greater than two meters lead to more rapid head loss increases, which can become
unsudainable. Unsugtainable head losses result in blinding off of filter. Allowing this to happen
frequently will compromise the backwash regime as the filter becomes more difficult to clean.
(Refer to Figure 1)

Eigure1:

Turbidity & Head loss over Time (Water Training Centre)
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2.2  Filter performancecriteria

5
Time (hours)

Filter performance criteria is a benchmark for monitoring the performance of your filter/s. Table 1
isan example of the filter performance criteria used by Gippdand Water.

Iablel: Typical filter performance criteria values
Parameter Units Nominal M ax Comment
Turbidity greater then INTU increases the potential
Filtered water turbidity NTU <05 10 for poor disinfection due to increases chlorine
demand and shielding of bacteria.
Head loss m 1-2 3 Pen_d_l ng bed depth. May be reported as outlet valve
position.
counts/m Gippsland Water aims for <200 counts/ml in the 2 —
Particle counts | NA <200 15 um sizerange 95% of thetime. Refer Murray B.A
1995
Filtration rates are afactor of the design and loading.
Filtration rate m/hr 8-12 15 Australiadoes not apply any upper limit on filtration
rates, unlike some foreign countries.
A - Target for pre-treatment systems and reference point
Filter inlet turbicity NTU <2 > for filter solids loading for future performance data.
Thisisusually determined by Filter media used, bed
Backwash rate m/hr 36— 46 50 depth and the height of the wash trough from the
media
Wash water turbidity at NTU 5 NA The parameter is plant dependent.
end of wash.
Shake test result % <5 <10 Refer- * Assessment of filter state & condition’
Timeto form clear . Approximate values which should be determined by
. min <8 10 h
patches during backwash trials.
; Based on Aluminium residual values as detailed in
Residual Coagulant mg/L <01 02 the Australian drinking water guide lines 1996

Dueto thevariety of filter types and designs the information given isa guideline only, and should
be verified and determined by carrying out thefilter performance tests discussed in this paper.
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2.3

The performance trid should take at least two weeks or longer. During the trid the filter should be
subjected to varying conditions, both high and low solids loading, flow rates and extended filter
runs. Solids loading trids and be carried out by changing the off take at the supply reservoir or by
changing the conditions of upstream process such asthe clarifier operation.

Durlng the trids the filter should be monitored for the following:
Inlet & Outlet turbidity and particle counts.
Head loss (or outlet vave podition) and Water Level.
Backwash waste stream Turbidity and adequate backwash duration.
Resdua Coagulant and Chlorine demand.
Residud Iron, Manganese and Organic Carbon.
Messured filtration rate and Backwash rate.

When trended or graphed this data can be used to determine the operationa limits of the filter as
well as providing the basdine data for future reference, and can indicate deterioration of the filter
performance. (The graph becomes a control chart)

Assessment of filter state & condition

Good filter performance and condition monitoring returns benefits in the form of early detection of
potential causes for filter falure. It can dso be sed that where a filter has faled due to an
operationa practice, it is dso common to find poor filter monitoring. But this is not dways the
case.

Performance monitoring tools such as ortline ingruments and data trending is the firgt point of cal.
Trends or graphs of data such asfiltrate turbidity and head loss enable changes in performance to
be seen over very long periods. Additiond information such as the filter inlet turbidity, backwash

waste stream turbidity, filtration rates and particle count data al enable better filter management.

In addition to on-line ingrumentation, periodic physical ingpections of filters and obsarving the
backwashes are important. Since 1997, Gippdand Water has carried out assessments and
ingpections of most of itsfilters. These assessments have led to filter refurbishments, modification
work, and supplementary on-line insrumentation a some Stes.

A typical performance ingpection would involve the following.
Searching records and checking plant for design data.
Observing the backwash routine.
Physcdly inspecting the media
Taking media samples for shake testing.
Documenting findings and reporting results induding recommendations.

By observing the backwash it is possible to determine how hedthy the filter is. Two of the most
useful observations during a backwash are the level of bed fluidity of the media, and air scour
pettern. Both of these observations tell us information about the condition of the filter bed. The
fluidity can be determined by a long handled (4 meires) probe, with a surface area of
gpproximately 75cm square a the end.  The resistance to the probe being lowered into the filter
indicates the amount of fluidity. If the probe has to be pushed in to the media then the backwash
rate can be consdered as inadequate or localised clogging of the bed has occurred. Further
physica ingpection may be required. Media boiling during the wash phase indicates that the
support media has been irreversbly disturbed. The degree of bailing will indicate the extent of the
failure and will indicate if the bed needs to be replaced.
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In consstency of the air scour pattern, say large volcano type patches or very gill areas can aso
indicate problems with the support media or problems with the under drain pipe work. Seefigures
8 & 9. Broken pips or cracking of the filter bed are also causes for backwash problems. The
physicd ingpection of the mediais carried out by scratching around and feding the media. Indoing
this you are able to detect foreign matter, media cracking, and support media on the surface. You
are dso able to get arough estimation of the media cleanliness and presence of mud bdls, (Refer
Figures 2t0 6). Figures4, 6 & 8 are examples of foreign matter trapped in the filter bed.

Do not attempt to carry out any filter entry with out adequate safety equipment and
supervision, as most filters are confined spaces.

Eigure2: Uneven media surface, asaresult  Eigure3. A 50mm Sludge layer that clearly
of thefilter inlet design shows cracking and shrinkage

Eigure4 Rubbish removed from within the  Eigure5 Mud ball found in afilter that
filter during refurbishment at Morwell had completely failed at Traralgon
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Eigure6 Rubbish removed fromwithinthe  Eigure7: An example of a shake test.
filter during refurbishment at Sale Layers of media, sludge and water can
& . wmsmmem Clearly be seen

The shake test is a ssimple procedure that can be completed by anyone, and is done to indicate the
effectiveness of the backwash. The shake test is done after a backwash and is carried out be
taking a 500ml core sample from various locations and depths from the filter. Vigoroudy shake the
sample in one litre of water and dlow to stand for 20 minutes, then determine the percentage of
settled dudge versus the volume of media. If the result of the test is greater than 15% dudge, then
the backwash regime should be reconsidered as this indicates poor backwashing. Vaues less than
8% are considered normd. (Refer Figure 7).

Generdly failures can be attributed to problems with, the design, the congtruction, or operation of
the filter. Design failures are difficult to overcome, as they are often an integra part of the filter
structure. See Figure 2 for example. Congruction failures generdly relate to the way in which the
mediabed islaid. These falures often become evident as snk holes in the media or boiling during
backwashes. In most cases the filter bed needs to be replaced, with the posshility of some
underdrain work. Operationa failures are probably the most common type and are often
represented by blinding of the media, mud bal formation, and high filtrate turbidity during the filter
run. (Refer Figures 3, 5 & 10) Figure 10 was the result of an underdrain failure, which affected
the performance of the other filters at the plant.

These failures may require minor or mgjor work to rectify. Chemica washing, physica removd of
the offending materid, or possble totd replacement of some or dl of the filter media may be
required.
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Eigure8 A plastic bag covering an under Eigure 10: Result of a broken under drain
drain nozzle nozzle. Sand entered the backwash tank
and was redistributed to other filters. This
required significant work to remove the
sand and resulted in other filter rebuilds.

Eigure9: Support gravel has been completely Eigure11: Typical of a good air scour
displaced. A still areain theair scour pattern pattern during testing
was the first indication
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Remedial action
Modifications and Smple remedies are the most common approaches to fixing filter problems. As
in the example described below the remedia action to overcome the failure was smple. However,

it may not dways be S0 easy.

In the case of a polymer over dose, the filter media may be blinded off to the point that it is
necessary to chemicdly clean the filter by washing it with highly concentrated solutions of caustic,
hypo, acid or other chemicas such as detergents. Regained performances can range from 60 to
100% of origind design, depending on the Stuaion. The drawback is tha large quantities of
contaminated water are left for digposa. Chemica deaning of the filter media can adso be used to
diminate lime build up where lime is used as a coagulant for the remova of iron, manganese or
chemicd binding by calcdum and for trestment of agal build ups.

Practical example of remedial action. An automated treatment plant built in southern NSW,

was designed with data from seven years of dry wether. The plant was commissoned with a
backwash routine adequate for the plant loading under dry conditions. As time progressed the
through put was increased due to demand and the westher became wet again.

As a result the filter was running at above design rates and the raw water qudity changed. The
plant’s chemical dosng system was programmed to cope with this, but the backwash routine
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remained unchanged. As a result the filter was not backwashing as efficiently as it should have and
eventualy caused turbidity breakthrough and finaly blinding of the media. Action was taken to
rectify this by consecutive backwashes until the filter was consdered to be clean again. The
backwash was reassessed and optimised to handle the new operating conditions of the plant.

Rebuilds & modifications

Rebuilds are often a last resort as the cost of this work can be very high. Other remedid action
that can be taken to prevent filter failures is the replacement of media and modification of the way
in which the filter operates.

For example- At the Mirboo North Water Treatment Plant an air scour system and backwash
pump VSD were indaled. This was done to improve the backwashing of the filter. The
ingdlation of a blower meant that ar scouring could now be employed. The inddlation of the
VSD dlowed controlled ramping of the wash water rate. Controlled ramping of the wash water
removed the risk of the support media being disturbed due to sudden surges of water. The
modification has also enabled the use of combined air scour and water backwashing.

At the Heyfidd Water Treatment Plant it was noticed that during the filter run turbidity spikes
occurred. This was investigated using a particle counter. The turbidity spikes were attributed to
vave operation. For example, when the plant started a backwash the filter outlet vaves would
open to about 80% to alow the filter to drain. This increased the flow through the filter to a point
that alowed turbidity bresk through. This was rectified by restricting the valve operation to only
open to gpproximately 10% above the last operating podtion. The reduced vave movement
dowed the flow through the filter and stopped the turbidity spike. The investigation aso found that
when the filter was put back on line the ripening duration was extreme. It was found that the filter
level control loop was not correctly tuned, which resulted in the filter outlet vave swinging wildly
while trying to maintain level st point. To rectify this the vave operation was dowed and the
control loop re-tuned. The result was a much-improved level of control and a reduction of the
turbidity and particle counts exiting the filter. A commonly neglected but very important functiond
check, which can prevent filter fallureisthe Air Scour test.

Thistest is carried out before adding the filter media on an empty filter with gpproximately 150mm
of water in the bottom and the ar blower running. This test gives a clear indication of the
digribution of the ar pattern. If the air digtribution is not correct the filter will not backwash
correctly. Thiswill lead to long-term degradation in performance. (Ref Fig 11)

Re-establishment of performance criteria.

After afilter has been modified or rebuilt, it is good practice to re-determine its performance. This
will provide new reference data for comparison in the future. A performance trid is dso used to
verify the effectiveness of a modification.

CONCLUSION

The importance of well-operated and maintained filters is essentid, as a filter that is in poor
operationa condition or is being operated poorly, increases the chance of compromising the quaity
of the product water delivered to our customers.

The operator’s knowledge of filter performance and how to monitor and improve it is important
too, as mogt of the time it is the operator who is respongble for the operation and maintenance of
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his / her gte. It is aso the operator who has to determine what is happening when the dant
performance is not up to scraich and what to do about it. “ And as we all know, this often
happens when we least need problems.” Therefore it is important that he / she has a good
understanding of the water trestment process and has an inquisitive nature that draws them to
observe their plant closdly. References and design texts are idedl for gaining additional knowledge.
Some useful texts are listed under ‘References. However it is the “getting your hands dirty”
experience that reinforces the text book knowledge, as you get to see aspects of filtration and plant
performance required to ensure that plants are running a their optimum.

The monitoring of filter performance and integrity may not bring dividends in the short term, but will
enable you to avoid water quality and hedlth incidents. It will also keep your plant ahead of the
changing and more stringent regulations of the future.
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