WATER/WASTEWATER

Bringing wastewater treatment
into the digital age

P

roper treatment of wastewater
is vital for both human and
environmental health. With
the build-up of concentrated
population centres, separation of
wastewater from drinking water
catchments was historically undertaken
purely to prevent public health issues
from contamination. With increased
awareness of our natural environment,
wastewater management has in recent
decades shifted to also consider
nutrient run-off and the potential
for negative impacts to marine life
through eutrophication of lakes, rivers
and ocean.
Many current treatment processes
are energy, chemical and labour
intensive. Use of automation however,
can drastically save operating costs and
improve overall plant performance.

a few key treatment steps that may be
incorporated into their design – each
with its own function and aims.

The process

Secondary Treatment
Using biological processes, the main
purpose of secondary treatment is the

Whilst no two wastewater treatment
plants (WWTP) are the same, there are
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Primary Treatment
The primary treatment step is
focused on the removal of larger
solids from the raw, incoming flow
from the sewerage network. Largely
comprising physical processes,
primary treatment includes filtration
of rubbish (e.g. paper & plastic)
by staged screens, sand and grit
removal through aerated grit tanks
and sedimentation of heavier organic
matter including fats/oils/greases.
The sedimentation process slows
the wastewater stream, allowing gravity
to pull and separate out to the bottom
of large tanks the heavy particles, called
primary sludge.

removal of nutrients such as carbon
(C), nitrogen (N) and phosphorus (P)
compounds from the Mixed-Liquor
Suspended Solids (MLSS) of bioreactor
tanks. In this step, typically an activated
sludge process, naturally occurring
microorganisms remove nutrients
through consumption in an environment
carefully controlled for dissolved oxygen
content, temperature and pH.
After the aeration tank/bioreactor
stage, activated sludge plants often
include another sedimentation
process (secondary clarifier), where
the activated sludge settles out
and can be either returned to the
bioreactor (return activated sludge
or RAS) or if in surplus, removed
from the process as WAS (waste
activated sludge).
Tertiary Treatment
Tertiary treatment occurs in some
more sophisticated plants. In this
step, the “clean” water that has passed

through all prior treatment, is given a
final filtration, disinfection and general
“polishing” before being released as
effluent into the environment. After
this final removal of fine particles,
bacteria and potential parasites in
the water may be incorporated into
water recycling initiatives such as
irrigation and dual reticulation in
residential networks.
Waste and sludge handling
The solids by-product removed from
each of the previously mentioned
treatment steps will, often with the
assistance of chemical coagulants,
undergo thickening to remove excess
water before final dewatering (eg.
centrifuge or presses) to further
reduce the sludge volume for
transport.
Whilst this thickened/dewatered
sludge was historically only seen as
inconvenient and costly waste, more
recently it has been identified as a rich
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Sensors can be used in all stages of the wastewater treatment
process to make it more efficient and cost- effective.
resource, capable of generating both
usable biogas (energy) from anaerobic
digesters and resalable biosolids
(fertiliser) from dewatering.

Where automation comes in

In order to achieve target or regulated
levels of treatment, many of the
discussed processes in current WWTPs
rely heavily on:
• Labour for manual sampling,
testing and reporting
• Somewhat slow and inelastic
schedules of control
• Inefficient over-processing based on
peak conditions
• Heavy dosing of expensive
chemicals to stimulate
sedimentation and dewatering
• Heating diluted sludge feed to
anaerobic digesters
Automation can bring drastic
labour savings in terms of sampling
and testing through the introduction
of reliable sensors at key stages of the
treatment process. Activated sludge
plants will conduct time-consuming
dry weight (or equivalent) laboratory
tests daily from each bioreactor to
measure the total suspended solids (TSS
or MLSS) of the tank – an estimate
of the microorganism population.
As they work more efficiently in an

environment with a stable/sufficient
proportion of nutrients (food) to bug
population, this insight allows operators
to know whether to re-circulate RAS to
increase the population or expel WAS if
it is too high.
By using a Cerlic ITX for
measurement of TSS instead, the
physical collection of a MLSS sample
can be avoided, along with the waste
of laboratory consumables and 30-60
minutes of lab time taken for analysis
and reporting.
Operational savings and
maintenance costs from the
incorporation of dissolved oxygen
(DO) sensors are generally accepted in
activated sludge processes where their
continuous feedback is used to control
blower speeds to ensure sufficient

aeration for the bug population.
However, in municipal WWTPs
the norm is still to use the once per
day measured TSS/MLSS value as a
static reflection of the bug population
throughout the entire day. This is
done even though inflow fluctuations
diurnally change with peak morning /
evening routines (eg. shower and toilet
after waking up and before bed) and
midday quiet patches.
The use again of a real-time TSS
sensor such as the ITX would foster
elasticity in the MLSS return/wasting
control cycle, not possible with the
more labour intensive, once daily
sampling regime.
This process improvement could
have even more significance in regional
or holiday WWTP locations for

impact where the practice of manually
operated control systems means
plants are often operated at near full
capacity throughout the year to ensure
successful wastewater treatment at
peak times (eg. school holidays), even
though the population and therefore
inflow from surrounding suburbs
will scale back by magnitudes out of
holiday times.
Given the widespread use of
sedimentation processes in primary
and secondary treatment along with
sludge thickening steps, it is clear
that significant opportunities exist for
automation here too.
Take for example the replacement
of daily, manual sludge blanket
measurement by an operator at a
reasonably sized WWTP with four
primary sedimentation tanks and
four secondary clarifiers (conservative
numbers for the WWTPs of most
populated suburbs). If just one sample
per shift is taken from each tank, more
than an hour will be lost from each
day - significantly more if a complete
laboratory based “settling test” is
conducted for each. Once again, the
recorded variable is now assumed static
for the entire shift, defining the use of
expensive chemical coagulants until the
next sample, regardless of any changes.
If the process was monitored
instead by a continuous sludge
blanket sensor such as the Cerlic
CBX, operators would have an
updated sludge blanket level every
30 minutes without leaving their
office. Changes in sludge settling
caused by a rain event or improper
polymer dosing would be picked up
rapidly, allowing for process control to
prevent a possible wash-out event (with
associated expensive filter backwash
cycles or non-compliance issues),
optimisation of chemical dosing or
automatic clarifier de-sludging for
RAS/WAS in MLSS balancing in the

By monitoring sludge blanket and fluff blanket levels in sedimentation processes, wash-outs
can be prevented and de-sludging/thickening maximised.
FEBUARY 2017 www.pacetoday.com.au 13

WATER/WASTEWATER

those offered by Cerlic, plant staff
can find automation opportunities
throughout their WWTP, leading to
significant cost savings, streamlined
biosolids handling and improved
effluent quality.

The difference

The sensors’ solids detection
mechanism is based on BeerLambert’s law.
bioreactors for sludge retention time
(SRT) control.
Similarly, in thickening and
dewatering processes, there is room
for savings and process improvement
through automation. Typically,
equipment in many of these stages
operates based solely on an infeed/
outfeed volumetric flow rate (eg.
m3/min), without consideration
of the variation of total solids (TS)
concentration. This means that the
amount of chemical added and the
speed of dewatering equipment (eg.
centrifuge, belt or screw press) operates
independent of the total solids (TS)
content of the sludge – i.e. the same
amount of coagulant would be added
whether the sludge feed content is
2 per cent or 24 per cent TS, and
likewise the centrifuge speed would
not alter.
By installing a continuous, inline
sludge TS sensor such as the Cerlic
ITX-IL, plants could automate
both the chemical dosing rate and
dewatering equipment speed to match
the real-time TS concentration,
optimising the dewatering to
ensure a consistent cake TS with

The Cerlic optical sensing circuit,
including reference detector.
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minimised volume for transport.
For WWTPs that incorporate
anaerobic digesters, there are
also ways that sensor controlled
automation can help. The
microorganisms that populate the
anaerobic environment within a
digester consume the carbohydrates
from incoming sludge, releasing
methane gas as a by-product. The
bugs require a stable operating
environment with a temperature of
37°C in which to do this. Lower
concentration sludge increases the
volume of water and dilutes the
carbohydrate supply of the digester.
This dilution means an unnecessary
increase in energy use to heat the
sludge, whilst causing a lower yield
in the gas production. Once again,
by monitoring TS of sludge feed with
inline sensors and incorporating sludge
blanket sensors in pre-thickening
processes, the plant can minimise
the water content delivered to the
digester and optimise the production
of valuable methane gas, captured for
plant-based electrical cogeneration.
With the incorporation of reliable
process control sensors such as

Although a number of the suspended
solids sensors on the market rely on
the use of reflection or light scattering
techniques developed for turbidity
measurement in clean water, the
Cerlic range of optical sensors utilise
near infrared (NIR) transmission of
light instead.
A linear correlation between loss
of light and sample light absorption
in wastewater treatment processes is
created by calibration of the sensor
against clear, particle free water and a
sample of known concentration.
To ensure robust and steady
operation throughout the lifecycle of
Cerlic optical sensors, a reference light
detector is uniquely located within
the sensor head (next to the light
source) to provide continuous light
compensation for any natural variation
that may occur in the intensity of the
light source.
As a clean sensor is a more accurate
and reliable sensor, all Cerlic optical
suspended solids sensors utilise
high pressure self-cleaning, with a
choice of either water or compressed
air. To cut down maintenance and
increase life expectancy, this cleaning
has no moving parts (i.e. no service
requirement) and is completely
integrated into the body of the
sensor – rather than attached to the

outside where it becomes entangled
with hair and other rubbish that
has bypassed screening in the early
wastewater processes.
Commonly used sludge blanket
sensors use an ultrasonic pulse to
bounce a soundwave off a blanket
represented by a fixed density. In
applications however where a floating
layer of sludge or changing density in
the sedimentation process exists, this
ultrasonic principle tends to become
inaccurate as a noisy signal becomes
more prevalent.
The Cerlic CBX instead lowers
a suspended solids sensor through
the entire sedimentation tank,
continuously correlating TSS
concentration and depth. From the
one sensor, individual outputs from
the CBX are continuously provided
for fluff level (i.e. poor settling
sludge), sludge blanket level (i.e.
sludge interface) and tank profile
(i.e. TSS versus tank depth). This
way an accurate profile of the tank
sludge levels can be seen by process
operators, regardless of the sludge
settling properties.
With increased information
gleaned from the real-time feedback
of reliable, repeatable and accurate
analytical sensors, WWTP have a
wide scope of potential automation
upgrades in the digital age to not only
provide improved plant performance,
but enhanced process knowledge and
environmental outputs over the years
to come. PACE
Control Components
02 9542 8977
www.controlcomponents.com.au

Self-cleaning of the ITX has kept the sensing element free
from build-up after 8 months without manual maintenance.

