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Optimum filter performance has become a critical component of surface 
water treatment.  For conventional and direct filtration systems, LT1ESWTR 
requires the combined filter effluent turbidity be less than or equal to 0.3 
NTU’s for 95% of the readings taken each month.  At no time may the 
readings exceed 1 NTU.  As regulations change and filtration is pushed 
toward the lower limits of turbidity measurements, excellent filter operations 
with optimum backwashing techniques are needed. 
 
Backwashing filters is a necessary and important part of the filtration 
process regardless of the type of filters.  Producing a high quality, low 
turbidity water requires having clean media, free of cracks and mud balls.    
Many problems associated with filtration can be traced back to delayed or 
inadequate backwashing. In order to optimize filter performance, proper 
filter backwashing is required.   
 
During the backwash, filter media is fluidized and expands as a result of 
reverse water flow.  The rate of flow is controlled to optimize cleaning while 
preventing media washout. Most filter backwash procedures are based on 
predetermined backwash flow rates.  Achieving proper backwash flow rates 
is critical.  Water flowing at too high a rate can result in the loss of filter 
media, while a flow rate that is too low will not adequately clean the media.   
 
Proper backwashing requires adequate filter bed expansion.  Adequate 
expansion means the entire filter media is fluidized and all individual 
particles are suspended.  In order to properly clean the filter, the media 
grains must be agitated together violently to remove sticky floc and calcium 
carbonate buildup.   Media suspension helps with the cleaning of the filter 
and assists with even re-stratification of the filter bed. 
 
Insufficient filter bed expansion results in poor filter cleaning and can lead 
to numerous filtration problems. Some of these include sensitivity to 
hydraulic surges or flow changes, shortened filter run times and eventually 
mud ball and crack formations.  All of these problems can increase the 
likelihood of a breakthrough in turbidity, increase the potential for 
breakthrough of water born disease causing organisms, and increase 
operational costs. 



 
Studies and filter design specifications generally suggest that the media 
should be expanded in the range of 20 to 50% of the total expandable media.  
The proper backwashing rates and percent of filter bed expansion should be 
determined by the type of filter media, grain size and its uniformity 
coefficients.  These are important factors which must be determined when 
establishing proper filter backwashing procedures.  Percent bed expansion is 
calculated by dividing the inches of the expansion media by the inches of 
expandable media.   
 
Filter media expansion during backwashing is influenced by a number of 
factors.  The primary factor is the backwash flow rate.  There are many 
factors which influence the plants ability to maintain the proper flow rate. 
Backwash pump wear, valve problems, piping head losses, and varying 
levels in backwash water holding tanks are some of the factors that may 
influence backwash flow rates.  
 
Water temperature also has a significant effect on the backwashing waters 
ability to properly fluidize and expand the filter bed.   Cold water has a 
higher viscosity, and therefore can fluidize or expand the filter bed easily.  
At higher water temperatures a higher backwash flow rate to achieve the 
same percentage expansion is required. This becomes a critical factor when 
trying to establish proper backwash flow rates at your facility.  Correction 
factors are often applied to compensate for varying water temperatures.  A 
temperature change of 15° C may result in the necessity to alter 
backwashing flow rates by as much as 25% 
 
 
Many times plant operators will determine the adequacy of their filter 
backwash by observing the turbidity of the backwash wastewater.  As the 
backwash cycle ends the water becomes clear and it is assumed that the filter 
has been adequately backwashed.  However, if the bed is not properly 
expanded and fluidized, trapped floc can remain in the filter media.  It is for 
this reason that visual observation is not enough.  The only way to know if 
the bed is being properly expanded is to measure the bed expansion. 
 
There are a number of devices that can be used to measure filter bed 
expansion.  Most of these involve inserting a temporary measuring device 
into the filter during backwashing.  These may consist of disks or floats, 
graduated tubes or other means of capturing and measuring the media at its 



highest expansion level.  Depending on the device used, the level of 
accuracy, and additional labor required to perform the test will vary. 
 
There is also an automated alternative to manual measurement of filter bed 
expansion.  This instrument utilizes underwater acoustic technology to 
determine the height of the filter bed both during the filtration process and 
during backwashing.  With this instrument every backwash can be measured 
and the proper bed expansion achieved.  The guess work of determining 
influences such as varying water temperatures, tank levels, pump 
performance, piping headloss, etc. is eliminated since you are measuring the 
bed expansion with every filter backwash.  
 
Measuring bed expansion with every backwash assures proper backwashing 
which will prevent media loss due to excessive backwash rates, reduce 
backwash water usage, reduce mud ball formation and filter media cracking, 
and promote even media re-stratification.  Consistent proper backwashing 
can also extend filter run times, directly reducing operating costs.  
 
The City of Warren elected to install automated filter bed expansion 
analyzers as part of their recent plant upgrades.  The instruments were tied 
into their SCADA system so that they could be utilized to monitor bed 
expansions and aid in the control of the automated filter backwash process.  
During the high rate backwash step of the backwash process the bed 
expansion monitor signal is used to open or close the filter backwash flow 
rate valve.  This automated control results in the proper bed expansion 
during every backwash regardless of water temperature, varying tank levels, 
piping headlosses, etc. 
 
Warren’s Plant Superintendent, Mr. Vince Romeo, has found the use of the 
automated filter bed expansion instruments very helpful.  “They take the 
guess work out of filter backwashing; with it you are sure you are getting a 
proper backwash”.  Through the use of the units, the City has seen a savings 
in backwash water, minimized loss of filter media, and achieved better 
overall filter performance. 
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