
Bead Filters were originally invented to overcome some of the major problems with using sand filters
in high density recirculating aquaculture systems with stocking densities approaching one

pound of fish per gallon of water.  Compared to sand filters, bead filters are immune to
biofouling, never require replacement of the bead media, minimize water usage and

reduce energy cost by lowering pump head requirements.  In fact, compared to high rate
sand filters, bead filters comply with three of the major sustainability issues summarized in the LEED
Green Building Rating System.  Bead Filters operated with water pumps typically operate at low

pressure (<20 psi) which facilitates the use of low to medium head pumps which reduces
horsepower requirements, as well as energy consumption.  Bead filters specifically designed to
use airlift pumps for circulation operate with less than one psi headloss.  Additionally, backwash
water loss rates for Propeller Bead® Filters are as low as 10% and PolyGeyser® Bead Filters
are as low as 1% of those experienced by typical sand filters. Bead Filters are also easily

automated, never require replacement of the filter media and are immune to caking and channeling.

THEORY OF OPERATION
Bead Filters were first developed in Louisiana State University’s Civil & Environmental Aquatic Systems
Laboratory in the early 1990’s by Dr. Ron Malone.  Bead Filters are generally classified as “expandable
granular biofilters” or EGB’s and are distinguished from other filters by the use of plastic floating  granular
filter media.  Water from the aquatic system passes through the packed bed of plastic beads. The beads
capture the solids, while simultaneously providing a large surface area (400 ft2 /ft3 ) for the attachment of
nitrifying bacteria which remove dissolved nitrogenous wastes. Bead Filters are often referred to as
Bioclarifiers for their ability to perform both biofiltration and clarification in a single unit.

Biofiltration depends on the attachment and growth of beneficial bacteria to the surface of the bead
media. These bacteria extract dissolved chemicals from the water and convert them to particulate biomass
or harmless dissolved compounds. Given a proper environment, the bacteria grow in a thin film covering
the surface of each bead. Each ft3 of our bead media contains approximately 600,000 beads that provide
an estimated 400 ft2 of surface area for the propagation of bacterial films. There are literally hundreds of
different species of bacteria at work in a biofilter. Most of the bacteria are classified as "heterotrophic"

species, which actively break down organic materials into carbon dioxide and water. The most critical,
however, are broadly described as “ammonia oxidizing bacteria” or AOB’s and “nitrite oxidizing bacteria”

or NOB’s.  These bacteria are responsible for the conversion of the toxic nitrogen forms, ammonia
and nitrite, to relatively harmless nitrate. Management of biofiltration is critical in aquatic systems

Clarification is the process of removing suspended solids from water. Suspended solids in
an aquatic system are generally small particles (< 100 microns) of undigested or partially digested
food, bacteria, algae, clay, and silt, suspended in the water column. Fine suspended solids cause
gill irritation and tend to reduce the clarity of the water, whereas larger organic particles create a



serious waste load problem by consuming tremendous amounts of oxygen, thus adversely
affecting the aquatic system's ecology. Bead Filters remove suspended solids by at least
four different mechanisms as water is passed through the packed bed of plastic beads. Particles
>100 microns are subjected to Physical Straining. For slightly smaller particles (50-100 microns)
the most dominant mechanism is Settling. Suspended particles (5-50 microns) are removed by
Interception, a subtle process caused by collisions between the particle and the bead media
surface. Finer particles (<20 microns) are removed through Bioabsorption, the capture of particles
by the bacterial biofilm. Bead filters are excellent clarification units, capable of maintaining display quality
water at high waste loading rates. Studies have shown that Bead Filters capture 100% of particles > 50
microns and 48% of particles in the 5-10 micron range per pass.

BEAD FILTER SIZING CRITERIA
Bead filter sizing criteria are highly dependent on the application in which the filter will be utilized and the
class of filter being utilized i.e. Propeller Bead® Filter, Bubble Bead® Filter or PolyGeyser® Bead Filter.
All sizing criteria take into consideration the type of water quality
that you are trying to achieve: from the cleanest categorized as
oligotrophic with TAN < 0.3 mg-N/L, to mesotrophic at TAN <
0.5 mg-N/L, to a commercial eutrophic production level with
TAN < 1.5 mg-N/L.  Likewise the sizing approach takes in to
account the type of bead media that is used.  The actual sizing
values are further adjusted to reflect our experience and
feedback from customers using our bead filter technologies.
For assistance in selecting and sizing the appropriate Bead
Filter for your application you can visit our website at
www.BeadFilters.com to download a copy of the Bead Filter
Sizing Worksheet or you can use our Electronic Bead Filter
Sizing Calculator. Worksheets should be faxed or e-mailed to
AST for review and/or sizing recommendations.

Bioclarification: In applications where bead filters are acting as
bioclarifiers providing both solids capture and biological filtration, they are sized according to the
maximum amount of feed (35% protein dry pellets) that will be introduced into the system per day.
Bead Filter Sizing recommendations for each class of filter are presented in their respective brochures
for both standard bead media (Figure 1) and enhanced nitrification (EN) bead media (Figure 2). Our
standard polyethylene bead media is 3-4 mm in diameter and has a specific gravity of 0.925 g/cc.
EN bead media are essentially “shaped beads” which provide protection for the delicate nitrifying
bacterial biofilm during back-washing. By reducing abrasion of the bacterial biofilm during
backwashing, the use of EN Media can boost nitrification rates by up to 50% over standard bead
media.  The Propeller Bead® Filters and Bubble Bead® Filters are traditionally shipped with standard
bead media while the PolyGeyser® Bead Filters traditionally ship with EN bead media.  In fact,
PolyGeyser® Bead Filters were specifically designed to take advantage of the biofilm protection
offered by EN Media.  Increased biofilm protection allows increased backwash frequency without
over abrasion of the biofilm thus facilitating a thinner, healthier biofilm allowing more efficient
nitrification. For “bioclarification applications” requiring additional nitrification such as seafood
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holding systems, bait systems and/or cold water applications we offer enhanced nitrification bead media
as an optional upgrade on both the Propeller Bead® and Bubble Bead® Filters. 

Aquaculture Bioclarification Filter Sizing: The bioclarifier category is divided into four
sub-categories reflecting changes in water quality objectives or the trophic level of the system. For
Aquaculture Grow-out considered a Eutrophic application the criteria are designed to assure that a
TAN level below 1.5 mg-N/L can be achieved.  These are peak sustainable loading guidelines meaning
that a filter can sustain the indicated TAN concentration at the peak loading for an indefinite period.
A distinct set of guidelines is also provided for Fingerling and Ornamental Fish Grow-out considered
a Mesotrophic application for both warmwater (> 15 deg C) and coolwater (10-15 deg C). These
smaller fish are presumed to be more sensitive to water quality deterioration and the criteria is
adjusted to assure that a TAN level of 0.5 mg-N/L or less can be achieved with good management.
Finally, a set of criteria is provided for Broodstock and Fry systems, an Oligotrophic application, that
provides for very pristine water quality with a TAN level of 0.3 mg-N/L or less. The safety factors on
the Oligotrophic application are high and no adjustment for cold water is required.

Bait Fish/Shrimp Holding Bioclarification Filter Sizing: This category assumes animals are not
fed and takes into account the almost continuous shock loading of the system as the bait is stocked,
sold and re-stocked multiple times per day or week.  Sizing is based on the same VTR used
to calculate the highest feed loading for a Bioclarification application listed in the filter sizing table
in the brochure for each filter for both standard and EN Bead Media.  Recommended Bait System
Volumes are based on a maximum holding capacity of ¼ lbs of bait per gallon of water.

Aquaculture Solids Capture Only Filter Sizing: The Propeller Bead® Filter is the only class of
bead filter that we recommend for applications where the filter will be used primarily for mechanical
filtration on systems being feed more than the maximum feed rate recommended for Bioclarification
Grow-out applications.  In applications where the bead filter will only be used as a clarifier we size
the filter according to either the maximum daily feed input or choose a filter size with a flow rate
compatible with the application i.e. required system turnover rate.  Our line of “High Flow Propeller
Bead® Filters” were originally developed for applications, where additional flow rate is more
important than surface area available for bacterial attachment, since the bead filter is only being
called on to perform solids capture.  We do not recommend that Bubble Bead® Filters be used
primarily for solids capture in applications where the maximum daily feed input exceeds that of the
maximum feed rate recommended for Bioclarification.

Aquaculture Solids Capture Only Propeller Bead® Filter Sizing assumes a maximum feed rate of 4-6
lbs of feed per cubic foot of bead media with multiple daily backwashes.  Automation is recommended
for this application since the filter should be backwashed whenever the pounds of feed fed equals
the cubic feet of beads in the filter.  For example when utilizing a Model PBF-10 Special for solids
capture only it should be backwash once for every 10 lbs of feed added to the system.

Biofilter Recommendations for Life Support Systems Using Propeller Bead® Filters for
Solids Capture Only: For applications using a Propeller Bead® filter for primary solids capture we
recommend the use of a Moving Bed Bioreactor(s) with Curler X-1 Media for biological filtration.
MBBR Design and Sizing criteria are presented in detail in the Curler X-1 brochure.



Koi / Display Ponds: In applications where bead filters are installed on Koi Ponds, Water Gardens or
Fountains as bioclarifiers, we utilize a hydraulic sizing criteria whereby we obtain a minimum of a 2 hour
turnover of the entire pond through the filter with the understanding that a faster turnover rate is always
going to produce cleaner, clearer water. This rate is dictated by the algae reproduction rate, which is
estimated to be 4-6 hours and coincides with the recommended pond turnover rate through a properly
sized UV Sterilizer, required to kill algae faster than it can reproduce. 

Koi /Display Ponds are assumed to be very lightly loaded (25 to 50 lbs koi per 2,000 gallons) and thus also
lightly fed.  Criteria for Koi ponds and display systems are assumed to be limited by fine solids capture, not
nitrification, so criteria for these applications are expressed by the total volume of the pond or tank based
on an approximate 120 minute turnover. These criteria are set to ensure a high degree of water clarity and
assume a properly sized UV Sterilizer will be utilized to control free floating algae.

Displays with “Underwater Viewing“: In applications where the display will have “underwater viewing”,
we also use a hydraulic sizing criteria to determine the required filter size. Our experience is that zoos and
aquariums typically demand their systems turnover every 30 minutes, a flow rate that usually prescribes
the use of a larger filter than would be recommended for bioclarification. We also recommend the use of a
properly sized and installed ozone system on displays with underwater viewing. 

Like Koi/Display Ponds, Displays with Underwater Viewing are also assumed to be very lightly loaded and
limited by fine solids capture not nitrification, so a hydraulic sizing criteria that provides for a 30 minute turnover
is used to determine filter sizing.  Sizing recommendations are expressed as maximum total system volume.

BEAD FILTER SIZING RECOMMENDATIONS
Included in the brochure for each class of bead filter i.e. Propeller Bead® Filter, Bubble Bead® Filter and
PolyGeyser® Bead Filter is a table that presents the filtration capacities for both standard and EN Bead
Media of each filter model in each particular class of bead filter for several common applications. The criteria
presented already have a substantial safety factor included via the volumetric TAN removal rate (VTR)
expressed as grams TAN removed per ft3 of bead media-day used in the calculation to estimate maximum
feed loading (lbs feed/ft3 bead media-day).  The tables assume that the filters are backwashed regularly as
demanded by the application. Less frequent washing decreases the peak capacity whereas, more frequent
washing can substantially increase peak capacities. Pond and display criteria are not subject to peak loading
conditions and are not as sensitive to backwash frequency.

If you have any questions on sizing and selecting a Bead Filter for your application please do not hesitate to
contact us. Thank you for considering an Aquaculture System Technologies’ Bead Filters for your application.
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