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Summary
@one Alliance undertook a four month trial of FilterClear™ at Cambridge Water Recycling Centre (WRC) as part of
a side-by-side evaluation of tertiary filtration technologies for Anglian Water. The trial, during spring 2012, was very
successful and FilterClear™ has since been selected as an option for several full-scale installations. FilterClear™ has
been selected by Anglian Water to be included in their Tertiary Solids Removal Framework.
The objective of Anglian Water’s trial was to evaluate innovative technologies capable of achieving stringent discharge
quality standards, whilst delivering a low Whole Life Cost (WLC). Existing filtration technologies, such as sand filters
and disk filters cannot always guarantee to meet suspended solids and BOD limits of less than 10 mg/l. Membrane
filtration is effective but has very high capital and operating costs.

FilterClear™ Technology
FilterClear™ is a multi-media downflow depth filtration
technology. FilterClear™ operates at high filtration
velocities of over 25 m/h, which is significantly higher
than conventional sand filters. When used for wastewater
tertiary treatment applications, FilterClear™ filters
are capable of producing an average effluent TSS
of 3 - 5 mg/l. Also, runtimes are comparatively long
and backwash volumes comparatively low.

The filter bed contains up to four different media which, in
order of increasing density, are anthracite, silica, alumina
and magnetite. Normal total media depth is 900 mm.
FilterClear™ has enhanced filtration efficacy, stemming
from two filtration mechanisms in series. First, both the
alumina and the magnetite layers contain particularly
small particles; the smallest particle size is 0.35 mm,
which increases filtration efficacy by straining and
interception. Second, the surfaces of the magnetite
particles carry positive charges whereas most small
organic particles in the wastewater are negatively
charged. Therefore, appreciable further solids and BOD
removal can be achieved by surface adsorption.

The media are carefully selected in terms of their density
and grade (size distribution) allowing the backwash
procedure to stratify the different media into separate
layers. Stratification is considered necessary to obtain the
high filtration performance and longer runtime. The media
are also selected for their void characteristics, so the overall
void of the bed is comparatively high at approximately 50%,
which provides a high solids holding capacity.
As the feed water passes through the filter bed, the
suspended solids are retained within the media layers,
the headloss through the filter starts to build up. For tertiary
treatment, FilterClear™ can operate at maximum pressures
of up to 2 bar, and average operating delivery pressures are
generally in the range from 0.8 bar to 1.1 bar depending
on solids loading rate and required runtime. This applied
pressure ensures the higher filtration rate and a long
runtime, giving the benefit of smaller footprint and lower
backwash water consumption when compared against
conventional sand and dual-media filters.
In comparison to the other sand filters, FilterClear™ filters
have the following advantages:
•

High effluent quality, with average TSS of 3 - 5 mg/l
in most tertiary treatment applications

•

High filtration velocity of 25 m/h, in comparison to
10 m/h in conventional sand filters

•

Small footprint

•

High solids holding capacity

•

Long runtime between backwashes

•

Low backwash water consumption

•

Minimum civil works allowing quick on-site installation

•

Fully automated system with minimum operational
intervention.

Figure 1. FilterClear™Filter Containing Four Layers of Media

FilterClear™ demonstrated a higher
ﬁltration rate and long runtime,
giving the beneﬁt of smaller
footprint and lower backwash water
consumption when compared
against conventional sand
and dual-media ﬁlters..
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Anglian Water Site and FilterClear Demonstration Plant
The FilterClear™ demonstration plant was trialled for 4 months (Feb 2012 – May 2012) at Cambridge WRC (one
of Anglian Water’s largest works, treating a population equivalent of approximately 150,000). The site comprises
two treatment streams: a trickling filter stream and an activated sludge stream. The FilterClear™ plant was tested
downstream of both streams.
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Figure 2. Process Flow Diagram

The FilterClear™ pilot plant is housed in a 20ft
container comprising the following main items:
•

One GRP FilterClear filter, 640 mm diameter,
rated at 2.5 bar

•

One feed pump (VSD) delivering up to
approximately 10 m3/h

•

One backwash pump delivering up to 25 m3/h

•

One clean backwash water tank of 4 m3 capacity

•

Valves and instrumentation for a completely
automatic system

•

Control panel

•

Heating and lighting

Monitoring and sampling was carried out on a
daily basis from Monday to Friday. The purpose
of the trial was to investigate, demonstrate and
confirm that the FilterClear™ multimedia filtration
technology can consistently provide the performance
required by Anglian Water.
The typical design filtration rate for FilterClear™ filter
is 25 m/h at FFT. During the trial, a wide range of
hydraulic loading rates (HLR) from 9 m/h to 31 m/h
was tested.

Figure 3. FilterClear Filter Demonstration Plant

TSS Removal
The FilterClear™ plant was first set up to receive humus tank effluent from the trickling filter stream. The average
humus tank effluent TSS was 19 mg/l, and the average FilterClear™ effluent was 5 mg/l. As can be seen from the
graph below, the performance of the FilterClear™ filter was consistent under various hydraulic loading rates, and
the average TSS removal was 74%.
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Figure 4. TSS Removal by FilterClear™ downstream of the Humus Tank (at HLR from 18 to 31 m/h)

To test how the FilterClear™ filter would cope with high solid concentration during the trickling filter sloughing season,
it was decided to bypass the humus tank, and feed FilterClear™ plant with the un-settled trickling filter effluent directly.
It can be seen from the graph below that, as the influent TSS averaged around 100 mg/l and up to 200 mg/l, the
average effluent TSS from the FilterClear™ filter was 9 mg/l, demonstrating a high removal efficiency and reliable
performance under high solids concentration conditions.
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Figure 5. TSS Removal by FilterClear™ when Treating Trickling Filter Effluent without Humus Tank
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It was evident that FilterClear™ was very effective in handling the rise in TSS concentration. It needs to be pointed
out that, when treating the trickling filter effluent without the humus tank, the flow throughput was reduced to give
a filtration rate of 12m/h, and the filter backwash was increased to 8 times a day to handle the extra solids retained
by the filter media.
The FilterClear™ demonstration plant was also installed downstream of the activated sludge stream, treating final
settlement tank (FST) effluent. Figure 6 below illustrates that, although the TSS of the FST effluent varied greatly, the
FilterClear™ effluent TSS was consistently below 7 mg/l, with an average TSS of 3 mg/l. The average TSS removal was
80%. Therefore, it can be concluded that FilterClear™ provides even better solids removal when treating effluent from
an activated sludge process. This better performance was considered to be due to the nature of the solids.
In general, solids from an activated sludge process are better flocculated than those from trickling filter works.

FilterClear Treating ASP Effluent
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Figure 6. TSS Removal by FilterClear™ when Treating ASP Effluent (at 25m/h - 31m/h)

COD, BOD and Nutrient Removal
COD and BOD were monitored occasionally during the FilterClear™ trial. FilterClear™ is a solids removal technology
and not designed for organics and nutrient removal. However, as the solids are removed, it is expected that the
particulate COD, BOD, TN and TP will be removed. The following table lists the results when FilterClear™ was
used downstream of the trickling filter stream.
The data shows that an average 53% BOD removal was achieved, reducing BOD from 11 mg/l to 5 mg/l. This will meet
the stringent BOD consent as required by Anglian Water. Also worth noting is that 22% TP removal was achieved. It
is possible that particulate P is being taken out with the solids. This can be very useful at sites when the effluent P is
borderline with the consent requirement.

Influent

Effluent

Removal

Date

TSS
(mg/l)

COD AmmN Total N Total P BOD
(mg/l) (mg/l) (mg/l) (mg/l) (mg/l)

TSS COD AmmN Total Total P BOD
(mg/l) (mg/l) (mg/l) N
(mg/l) (mg/l)
(mg/l)

TSS

COD AmmN Total
N

Total BOD
P

7/2/12

20.0

72.0

11.6

31.0

2.4

13.2

1.0

54.5

11.7

29.5

1.9

6.7

95%

24%

-1%

5%

20%

49%

13/2/12

19.0

69.2

11.9

32.1

2.2

14.3

1.0

39.7

8.3

29.3

1.6

3.2

95%

43%

30%

9%

29%

77%

14/2/12

20.0

66.9

6.2

27.4

2.0

12.7

6.0

44.1

6.2

26.4

1.7

3.9

70%

34%

1%

4%

15%

69%

16/2/12

15.0

59.6

7.8

27.9

2.1

8.9

10.0

41.9

7.6

27.2

1.8

3.9

33%

30%

2%

3%

14%

56%

22/2/12

28.0

64.0

9.1

35.9

3.0

9.2

10.0

41.6

8.8

-

2.2

5.1

64%

35%

3%

-

28%

45%

2/3/12

30.0

70.9

8.9

22.8

4.0

10.6

7.0

50.2

8.1

31.2

2.6

7.1

77%

29%

9%

-37% 35%

33%

3/3/12

26.0

58.6

8.6

33.9

2.1

9.8

11.0

44.5

7.5

34.5

1.9

5.4

58%

24%

13%

-2%

12%

45%

Average

22.6

65.9

9.2

30.1

2.5

11.2

6.6

45.2

8.3

29.7

1.9

5.1

70% 31%

8%

-3%

22%

53%

Table 2. FilterClear™ Filter Performance - Downstream of Trickling Filter Stream

On un-settled trickling filter influent,
with TSS averages around 100 mg/l
and up to 200 mg/l, the average
efﬂuent TSS from FilterClear™
was 9 mg/l, demonstrating a high
removal efﬁciency and reliable
performance under high solids
concentration conditions.

www.bluewaterbio.com

24-h Diurnal Profile
To investigate more closely how FilterClear™ would cope with diurnal variations, auto-samplers were set up
to take hourly influent and effluent samples. Figure 7 below shows that the FilterClear™ effluent TSS concentration
was consistently low regardless of the variation of the incoming TSS.

Figure 7. – FilterClear™ Performance (HLR at 25m/h)

Pressure Profile
In the later part of the trial, backwash was initiated when the inlet pressure reached 1.8 bar. The backwash was
carried out at 55 m/h for 10 minutes. As expected, over time there was an increase in the system pressure indicating
solids accumulation in the media layers. Figure 8 below illustrates that the runtime varied between 15 and 20 hours
between 21st April and 25th April. The backwash water consumption was between 1.8% and 2.4% of the treated flow.

Figure 8. Filter Clear™ Pressure Profile and Runtime

In practice, average operating pressure can be reduced by reducing the maximum differential pressure and run time.
Hence, operating conditions can be chosen to suit specific site conditions.

Power Consumption
The headloss through a FilterClear™ plant is effectively used to force the flow through the multi-media and produce
good quality effluent, while the headloss of a typical Continuous Flow Sand Filter (CFSF) is normally wasted via static
drop at the sand filter high-level discharge point. In addition, the air compressors of CFSF, which continuously lift and
wash the sand media add a significant amount to the power consumption.
The static head of a FilterClear™ filter is very low because the filter vessel and pipework are totally enclosed.
As FilterClear™ plants are generally sized to treat FFT, the differential pressure across the filter vessel is significantly
reduced at low flow periods during the diurnal cycle. The electricity consumption is reduced accordingly. The typical
energy consumption of FilterClear™ varies from 0.043kWh/m3 to 0.049 kWh/m3.

Conclusions
The hydraulic capacity of FilterClear™ is twice as high as conventional sand filters, therefore it is smaller footprint with
minimum visual intrusion. Most importantly, the FilterClear™ filter will achieve a better effluent quality
that is almost comparable with MBR. The effluent TSS was proved to be steady under various hydraulic loading
rates and influent solids concentrations. The trial plant at Cambridge WRC has demonstrated that:
•

FilterClear™ is efficient for tertiary solids removal with good effluent quality achieved over a wide range of filtration
rates from 9 m/h to 31 m/h.

•

FilterClear™ is a suitable tertiary solids removal technology downstream of trickling filter streams with 75% solids
removal, producing an average effluent TSS of 5 mg/l.

•

FilterClear™ is also capable of handling high solids concentrations up to 200 mg/l, which will meet the
requirements during the trickling filter sloughing period.

•

FilterClear™ is a suitable tertiary solids removal technology downstream of activated sludge streams with 80%
solids removal, producing an average effluent TSS of 3 mg/l.

•

FilterClear™ achieved 53% BOD removal, producing an effluent BOD of 5 mg/l, which will meet the stringent
consent limits required by Anglian Water.

•

22% TP removal has also been observed as the particulate P is removed with solids.

•

The filter runtime can be typically around 20 hours depending on the solids loading.

•

The backwash water consumption was below 3% of the treated flow.

From the demonstration trial at Anglian Water, it can be concluded that FilterClear™ is capable of producing a superior
effluent quality, and is a suitable tertiary solids removal option. It also fills the gap between the normal sand filter and
MBR, which is suitable for sites with a stringent BOD consent below 10 mg/l.
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