










WETTING RATES

The overall application rate of wastewater
to the trickling filter, including recircula-
tion, expressed as gpm/ft2 (or m3/m2/hr)
of the filter area, is known as the “Wetting
Rate.” The desired wetting rate ranges
from 0.05 gpm/ft2 (0.12 m3/m2/hr) to a
maximum of 3 gpm/ft2 (7.32 m3/m2/hr),
but is more typically in the range of 
0.25 to 1 gpm/ft2 (0.61 to 2.44 m3/m2/hr)
for BOD removal systems and 0.75 to 
2 gpm/ft2 (1.83 to 4.88 m3/m2/hr) for
nitrification trickling filters.

If the average wetting rate is too low, 
the water may not penetrate the depth of
the filter bed uniformly. It may channel
away from some areas and leave damp
unwetted areas that can act as incubators
for pests like filter flies and snails (in 
nitrification towers). Also, biological 
populations not continuously wetted and
fed by wastewater become ineffective.
Those areas of the filter tower will not be
available to provide effective treatment 
of wastewater during periods of higher
flow. Semi-dry biomass can also putrefy
and create odor problems.

Recycle of treated wastewater is an 
effective method of keeping all areas and
depths of the trickling filter biologically
active when the influent flow is too low
for proper wetting.

Instantaneous Wetting Rate
From the work of the German 
wastewater treatment industry, a term 
has been developed that identifies the
Instantaneous Application Rate. This term
is the SpülKraft Rate, or SK Rate, that has
the units of mm of water per pass of the
distributor arms. 

Hydraulically-driven rotary distributors in the
normal operating mode usually rotate at a rate
of 1 revolution per 3/4 to 1-1/2 minutes and
have two or four arms. The SK Rate may be in
the range of 0.3 to 0.5 mm per pass in rock fil-
ters and from 5 to 30 mm per pass in more
modern filters.

If recycle capacity is minimal and the operator
has the ability to slow the rotation speed of 
the distributor, it is possible to compensate
somewhat for low wetting rates by using higher
SK values. Higher SK values will provide more
complete penetration of the filter media depth
and keep the bulk of the filter wetted. 

Short cycle times of dryness between flushing
will not be as detrimental to the biomass as a
general starvation for water in pockets of media
that are by-passed at low wetting rates.

TRICKLING FILTERS: DESIGN & APPLICATION CONSIDERATIONS

RECIRCULATION BENEFITS

Recirculating treated effluent to the trickling 
filter dilutes the influent wastewater entering
the trickling filter. Since the BOD removal
process is first order (i.e., the
rate of removal of BOD is affect-
ed by the initial concentration 
of BOD), recirculation helps 
distribute the loading evenly
through the depth of the filter. It
also helps to manage the diurnal
variation in loading while main-
taining a minimum wetting rate
throughout the day. In general,
higher recirculation ratios 
(recirculation flow rate: influent
flow rate) the better the effluent
quality, at least to the point
where the hydraulic retention
time in the filter bed becomes
too short. Typical recirculation
rates are 1-3 times the daily 
average influent wastewater flow.

When dealing with nitrification filters, the 
benefit of recirculation only applies to 
maintaining high wetting rates, since the rate 
of ammonia removal is zero order to ammonia
concentrations down to 2 mg/L NH3-N 
concentrations. This means that only the 
availability and mass of the bacteria on the
tower determine ammonia removal as long 
as the ammonia is greater than 2 mg/L.

MEDIA SUPPORT SYSTEMS

In a typical arrangement, the bottom layer
of media modules are placed on 8 or 10
inch (200 or 250 mm) wide support beams
spaced across the tank on 2 ft. (610 mm)
centers. In the case of 10 inch (250 mm)
support beams, a 2 inch (50 mm) wide 
center channel provides proper drainage. 
At the tank wall and around the center 
distributor column, a ledge 4 inches 
(100 mm) wide is used to support small
pieces of cut media.

AccuPier Support System
An alternative to the conventional concrete
beam & pier system is the Brentwood
AccuPier® System. This pre-engineered 
support system, consisting of field-
adjustable plastic stanchions and fiberglass
grating, is more economical and offers 
better air flow than concrete beam & pier
supports. The open structure of the
AccuPier system provides excellent 
ventilation and drainage. The glass-
reinforced ABS piers have field-adjustable
bases to accommodate sloping floors. The
PVC pier stanchions are cut to length for
the specific installation. Fiberglass grating
in nominal 12 inch (305 mm) widths x 20 ft.
(6.1 m) lengths, pre-cut for the tank dimen-
sions, spans the piers to give a flat, level
surface to support the media. The piers are
arranged in rows 2 or 3 ft. (610 or 914 mm)
apart, and the spacing between piers within
the row varies from 2 to 4 ft (600-1200 mm),
depending on tower height and grating
strength.

SK = Flushing Intensity, mm/pass
q + R = Influent and Recycle Hydraulic

Loading, m3/m2-h
a = Number of Arms
n = Distributor RPM

q + R
a x n
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EFFECT OF RECYCLING
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PERFORMANCE
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Module Testing
In addition to the physical and mechan-
ical properties of the PVC sheet stock
used in forming the media sheets, the
structural strength of the modules is also
determined by material sheet thickness
and module configuration. For example,
because the CF-1900 has more sheets per
24 inch (610 mm) wide module than the
CFS-3000, it has greater surface area, and
is, therefore, inherently stronger than a
CFS-3000 module with the same sheet
thickness. Crossflow modules are 
inherently stronger than vertical flow
modules because of the crossed 
alignment of the bond joints. Therefore,
empirical testing is necessary to ensure
structural soundness of the wide variety
of media types and sheet thicknesses of
the PVC material. An industry-standard
test procedure uses four modules in 
two layers placed at right angles to each
other in a hydraulic test apparatus. 
The module deflection is measured as 
a function of the load applied. The
deflection should not exceed 1.5% at 
the design load.

Compressive Strength of Modules
The structural integrity of the media is
paramount to the longevity of the filter.
Typically, each layer of the media is 
constructed to support the static weight of
the media above, including the attached
biomass and the transient loading of the
applied wastewater. Industry practice 
is to use a factor of 40 lbs/ft2 per foot 
(6.3 kPa per meter) of tower height. The
bottom layer is constructed to a minimum 
standard of 1000 lbs/ft2 (47.9 kPa) to 
support the full height of the tower on 
the support beams. The top layer is also
designed to support 1000 lbs/ft2 (47.9 kPa)
to accommodate possible foot traffic 
during maintenance. This can be reduced
to 700 lbs/ft2 (33.5 kPa) when protective 
surface grating is used.

MEDIA STRENGTH

Dedicated Bond Joints
Because the modules are constructed 
of vertical, corrugated sheets of PVC, 
the structural strength of the modules is
dependent on the bonds between adjacent
panels. Solvent welding at dedicated bond
points, formed in the sheets to provide
adequate bonding surface, ensures the
structural integrity of AccuPac media.

MEDIA PROTECTION

The hydraulic impact of the wastewater
and braking jets of the hydraulic distrib-
utor can, over time, damage the surface 
of the media. Also, it is often necessary
to walk on the surface of a trickling filter.
Good tower hygiene requires removal of
debris that accumulates on the top of the
filters. The distributor arms and bearings
in the distribution tower also need to be
serviced regularly to maintain proper
operation and equipment longevity.

Brentwood AccuGrid™ polypropylene
grating provides that additional protec-
tion for the surface of the filter surface.
This grid, when placed over the top 
surface of the media in the trickling filter
system, will provide a non-skid walking
surface that is strong and durable against
foot traffic and will help to reduce the
hydraulic impact on the media.

S = Compressive Strength 
of Module, lbs/ft2 (kPa)

f = Compressive Strength
Design Factor: Typically
40 lbs/ft2/ft (6.6 kPa/m)

h = Height of Media above
Module Interface, ft or m

S = f*h  

Compressive Strength Criteria
Easy Placement Indicator

One-Piece
Molded Construction

SureFoot Tread

Self-Guiding Connections

Self-Locking Tabs

2 inch x 2 inch 
(50 mm x 50 mm)

Grid Openings

AccuGrid Bio-Grating
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TRICKLING FILTERS: ECONOMIC FACTORS

ECONOMIC CONSIDERATIONS

While direct economic comparison to
other treatment processes can only be
made on a case-by-case basis, some 
general comparisons can be made.

• The containment vessel for bio-towers
does not need to be constructed to hold
the weight of the wastewater, as do 
activated sludge tanks. Vessels are often
built of low-cost, pre-cast concrete 
panels or bolted steel plates.

• Power consumption for bio-towers is
limited to pumping wastewater and 
re-circulated wastewater. No aeration
power is needed (with the exception, in
certain cases, of ventilation fans.)

• Maintenance for bio-towers is limited 
to the distributor arm and pumps.
Blowers, air diffusers, return sludge
pumps, and associated electrical 
equipment and controls are not needed.

• Less operator labor is needed to monitor,
sample, and make adjustments to the
process for the simpler trickling filter.

• Odor containment, if desired, is accom-
plished with the simple addition of a
dome cover to the bio-tower tank.
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THE BRENTWOOD TRICKLING FILTER SYSTEM

A complete system for the
internal components of a
typical trickling filter
includes: media support
system; structured sheet
media; and protective 
surface grating. As a 
manufacturer of all these
components, Brentwood
Industries is capable of
supplying a complete 
system, with a full struc-
tural warranty. All compo-
nents are engineered by
Brentwood to work with
each other and provide the
lowest installed cost. In
addition to engineering
the system and manufac-
turing the components,
Brentwood can provide
on-site assistance for
installation of the system.

AccuGrid™ BioGrating

AccuPac™ Crossflow Media

AccuPier™ Support System

AccuPac™ Vertical Flow Media

8




