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ABSTRACT 
 

With the challenge of meeting new tighter ammonia consents in municipal wastewater 
treatment, tertiary aerated sand filters, combining the solids removal aspects and self-
cleaning properties of continuously backwashed up-flow filters (CoUF’s) with the ammonia 
conversion capabilities of an attached growth filter are becoming increasingly popular.  With 
specific reference to the DynaSand / DynaOxy system, this paper examines how the filters 
work, covering their form and operation and what mechanisms are used in their control.  The 
optimisation of process air requirements to maximise the ammonia conversion effectiveness 
of biomass is considered, along with energy consumption issues and operational practices 
required to ensure efficient operation in the longer term.  The results of a monitoring study of 
a full-scale installation treating a dry weather flow of over 2000 m3/day are presented. 
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INTRODUCTION 
 

As existing municipal wastewater treatment works are tasked with the challenge of meeting 
new tighter ammonia consents, an option for tertiary ammonia removal along with solids 
filtration is the tertiary aerated sand filter. This combines the solids removal aspects and self-
cleaning properties of continuously backwashed up-flow filters (CoUF’s) with the biological 
activity of an attached growth filter for ammonia conversion. 
 
The DynaSand system filters solid particles from wastewater travelling up through a granular 
media bed, trapping them in the bed.  The bed moves down through the filter as a result of 
the action of an air lift pump removing ‘dirty’ media from the base for ‘washing’ and 
subsequent return to the bed surface.  The process is therefore ‘continuous’.  The trapped 
solids act as part of the filtration process causing higher solids capture than would be 
achieved in a totally clean bed.  Particulate BOD associated with the captured solids is also 
removed.  The DynaOxy system operates according to the same basic principles, but 
incorporates components to support biological treatment.  The DynaSand and DynaOxy 
systems are described in further detail in the following sections. 

 
BASIC OPERATION 

 
The DynaSand 
 
Figure 1 provides a schematic sectional view through a DynaSand filter.  Its operations is 
described below. 
 

1. Wastewater is introduced at the bottom of the filter and spread across the available 
surface area by a number of distribution arms. 

2. The water flows up through the sand bed where solid particles are captured. 
3. Most of the cleaned water (filtrate) passes over the fixed final filtrate weir 
4. A small percentage travels up through the sand-washing labyrinth, where entrained 

solid particles are released from the sand grains as they fall down through the 
washer. 

5. The sand bed moves down the filter and over the sand distribution cone as a result of 
the action of an air-lift pump. 

6. Sand, trapped solid particles and water are pulled up through the air-lift pump to the 
washing section. 



7. The sand particles, because of their greater size and density, fall through the sand 
washer, against the countercurrent of process filtrate, which carries the lighter effluent 
particles over the washwater weir and out of the system. 

8. The clean sand is return to the top of the bed 
 
By adjusting the air flow rate to the air-lift pump it is possible to increase and decrease the 
amount of sand lifted, and therefore the sand movement rate through the filter.  By adjusting 
the washwater weir height (and therefore its relationship with the filtrate weir), the amount of 
washwater generated can be increased or decreased.  For optimal performance, the 
washwater is typically set to be 1.5 to 2 times the sand volume lifted. 

 
 
Figure 1:  Sectional View Through a DynaSand Filter , Showing Effluent Flow 
Paths 
 



The DynaOxy 
 
The DynaOxy works on the same basic principles as the DynaSand, but has the added 
feature of an aeration ring, introduced to supply air bubbles into the filter to increase dissolved 
oxygen (DO) levels.  These are illustrated in Figure 2.  The media can then sustain an aerobic 
biomass, thereby treating BOD and ammonia.  
 
 
 
 
 
 

CONTROL 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2:  View Through a DynaOxy Filter Showing th e Air Diffusers 
 

 
CONTROL 

 
Water Side 
 
Water is normally pumped through the filters, usually by either duty / assist / standby fixed 
speed pumps, or duty / standby variable speed pumps, as this keeps the flow variations to a 
minimum.  Water can gravitate through the filter, but as the filters can be quite tall (up to 10 
m) this tends not to be an option. 
 
DynaSand and DynaOxy systems are typically installed in clusters, to allow target treatment 
flowrates to be met.  In this context, flow is distributed to the filters via a common header pipe, 
with small variations in flow distribution being regulated by the filters themselves.  As filters 
are on a common header, and therefore at the same inlet pressure, flow is distributed on the 
basis of blocking, with the filters with most trapped solids receiving less flow.  This allows 
these filters the to wash themselves more effectively and subsequently return to maximum 



capacity.  This means that the whole filter plant is constantly balancing for optimum 
performance but with the plant as a whole operating around a mean flowrate.   
 
The amount of washwater produced by the filters is basically fixed over the flow range.  The 
washwater rate is adjusted by raising or lowering the washwater weir in relation to the fixed 
filtrate weir.  The flowrate should be set as a one-and-a-half to two times multiple of the media 
movement rate, and as the head over the filtrate weir does not vary a great deal neither does 
the washwater rate. 
 
Air Side 
 
The air side of the filters is split into two categories; air required for the action of the air-lift 
pump and air required to provide dissolved oxygen for the nitrification process. 
 
Air-Lift Pump Air 
 
The air-lift pump utilises air at around 4 barg, this is normally provided by means of a 
compressor (screw and vane types are the most common).  Approximately 140 Nl/min of air is 
required per filter.   
 
The compressor system normally feeds an air receiver which acts as a small buffer tank.  
Control of the compressors is based on reaching low pressure “start making air” and a high 
pressure “stop making air” set points with rotating duty, and duty compressors failed devices. 
 
Air should only be provided when the filters are receiving flow, otherwise dirty media will be 
raised to the top of the filter and flow down through the washing labyrinth, depositing on the 
top of the media bed.   During normal operation, this does not occur, as filtered washwater will 
be available for the cleaning process.  Therefore, it is essential that an interlock exists 
between the feed pumps and the air distribution panel (ADP) to shut off the air when there is 
no water flow. 
 
The amount of air provided to the air-lift pump controls the amount of dirty media and water 
transported from the filter cone to the washing section.  This, in turn affects the media bed 
movement rate.  The more air provided, the more media is raised and the quicker the bed 
turns over.  The bed is typically set to have an average movement rate of 7 to 9 mm/min.  The 
air rate is adjustable in the ADP by means of a manual valve.  The amount of air is measured 
using a variable area flowmeter (rotameter). 
 
During start-up of the air-lift pump, extra air is periodically applied to the filter by means of a 
pulse flow solenoid valve, allowing a little extra air through the system in order to kick start the 
media bed circulation after a period of the media being static. 
 
Process Air 
 
The process air in a DynaOxy is required at approximately 1 barg pressure, and is provided 
via a diffusion system into the filter bed at an appropriate point.  The process air must provide 
sufficient oxygen for the nitrification process and any additional BOD removal requirements.  
A gap is provided between where the water is distributed into the filter, and where the process 
air is added such that the normal filtration action of the filter can occur, thereby removing 
some solids and any BOD associated with those solids. 
 
This duty is difficult to achieve with normal “roots” type blowers.  One solution is to use the 
compressor to provide the process air as well as provide the air for the air-lift system.  This 
however leaves two key challenges: 
 

1. The air flow can be difficult to regulate, therefore tending to run either fully on, or on 
an on/off basis, according to DO levels. 

2. The compressor compresses the air up to 10 barg before it is reduced back down to 1 
barg, which leads to poor efficiency, and therefore high-energy costs. 

 
A solution is to use “claw” type blowers that are able to produce pressures of up to 2 barg.  
These can then be operated on the always on, on / off, or a variable speed basis, providing 
sufficient air to meet the process requirements without over-aerating the water.  The DO level 
is controlled in the filters such that variable speed blowers provide sufficient oxygen to keep 
the filtrate DO at a set point, commonly set at around 6 mg/l to ensure sufficient DO 
throughout the bed. 
 



OPERATING COSTS 
 
The size and shape of DynaOxy vessels is determined by both hydraulic loading rate and 
ammoniacal nitrogen removal considerations.  The loading rate will determine the surface 
area, while ammoniacal nitrogen removal targets will govern media bed volume requirements.  
Given these two parameters, the nearest best fit in terms of standard units can be selected. 
 
Given that the basic operating costs for pumping to the filters and providing the compressed 
air for the air-lift pump are not going to change in any given system as the size and shape are 
set, this leaves the air required for the nitrification process as the main variable in terms of 
power usage. 
 
Process Air 
 
As discussed in the previous section, there are five principal ways in which the air can be 
provided: 

1. “Always on” using compressors 
2. “On / off” using compressors 
3. “Always on” using claw blowers 
4. “On / off” using claw blowers 
5. “Variable flow” using claw blowers 

 
A system with an ammoniacal nitrogen removal target of 70 kg/d peak would require provision 
of a blower system capable of delivering 140 Nm3/h of air. 
 
If a claw type blower provided this then the power required would be around 7.5 kW.  If a 
compressor was used to generate the same amount of air then a 15 kW system would be 
required. 
 
Considering typical diurnal patterns of air usage, power consumption rates can be estimated 
for the five system alternatives, presented in Table 1. 
 
Table 1: Power Usage by Various Ways of Providing P rocess Air 
 
  Power Used kWh 
  1 2 3 4 5 

Time 
Air 

required  
Compressor 
always on 

Compressor 
on / off 

Blowers 
always on 

Blower on / 
off 

Blower vsd  
 

 Nm3/h 15 kW 15 kW 7.5 kW 7.5 kW 7.5 kW 
00:00-01:00 70 15.0 7.5 7.5 3.8 3.8 
01:00-02:00 70 15.0 7.5 7.5 3.8 3.8 
02:00-03:00 70 15.0 7.5 7.5 3.8 3.8 
03:00-04:00 70 15.0 7.5 7.5 3.8 3.8 
04:00-05:00 70 15.0 7.5 7.5 3.8 3.8 
05:00-06:00 70 15.0 7.5 7.5 3.8 3.8 
06:00-07:00 70 15.0 7.5 7.5 3.8 3.8 
07:00-08:00 140 15.0 15.0 7.5 7.5 7.5 
08:00-09:00 140 15.0 15.0 7.5 7.5 7.5 
09:00-10:00 140 15.0 15.0 7.5 7.5 7.5 
10:00-11:00 105 15.0 11.3 7.5 5.6 5.6 
11:00-12:00 105 15.0 11.3 7.5 5.6 5.6 
12:00-13:00 140 15.0 15.0 7.5 7.5 7.5 
13:00-14:00 140 15.0 15.0 7.5 7.5 7.5 
14:00-15:00 105 15.0 11.3 7.5 5.6 5.6 
15:00-16:00 105 15.0 11.3 7.5 5.6 5.6 
16:00-17:00 140 15.0 15.0 7.5 7.5 7.5 
17:00-18:00 140 15.0 15.0 7.5 7.5 7.5 
18:00-19:00 140 15.0 15.0 7.5 7.5 7.5 
19:00-20:00 105 15.0 11.3 7.5 5.6 5.6 
20:00-21:00 105 15.0 11.3 7.5 5.6 5.6 
21:00-22:00 70 15.0 7.5 7.5 3.8 3.8 



22:00-23:00 70 15.0 7.5 7.5 3.8 3.8 
23:00-00:00 70 15.0 7.5 7.5 3.8 3.8 
TOTAL 2450 360.0 262.5 180.0 131.2 131.2 
 
From this table it is clear that compressors are always more costly than their claw blower 
equivalent, and DO control provides greater efficiency.  It is more difficult to determine the 
effects of the on / off control verses the variable speed drive, as potentially, they would use 
similar amounts of power to produce the required air.  Using the variable speed drive will 
mean that the blower would work less hard to maintain a specific DO level, as the on  / off 
control would undulate between its two set points.  Therefore, potentially, the variable speed 
control would use less energy. 
 
 

CASE STUDY: A TERTIARY AERATED SANDFILTER AT GILLIN GHAM STW, WESSEX 
WATER 

 
Gillingham has seen rapid housing development in recent years, giving it the title of the 
“fastest growing town in Dorset”.  This growth is projected to continue at a high rate over the 
next 20 years.  As a result, Gillingham STW, a conventional trickling filter works, was 
becoming overloaded and seen to be at risk of failing to comply with its discharge consent 
standards.  Due to the increase in flows received at the works, the consented dry weather 
flow (DWF) was being exceeded and therefore a consent reduction was required.  The 
consent was tightened from 20:40:10 (BOD:SS:AmmN) to16:32:8 (BOD:SS:Amm).  To 
achieve these new limits it was decided to leave the existing works essentially as it was, as it 
had the capacity to take the new flows, but to add four aerated tertiary sand filters (ATSF) to 
the process, thereby allowing the new standards to be met.  A bank of four DynaSand units 
was installed, as shown in Figure 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: DynaOxy Units Installed at Gillingham STW  – Wessex Water 
 
Following the installation of the units, performance tests were needed to confirm that the plant 
was capable of meeting the required effluent quality at the design horizon loading rates 
(2013).  To simulate the future loads it was necessary to dose ammonia into the inlet flow 
using Purisol 362.  The dose rate was controlled by adjusting the speed and stoke settings on 
the pump to give a fixed dose rate.  The actual Ammonia load would vary depending on the 
incoming load from the humus tanks; it was accepted that the loading rate would marginally 
exceed the design levels on occasion. To pass the process performance tests the final 
effluent from the plant had to meet the specified numerical standards of 15:30:8 for 



BOD:SS:Amm in absolute terms, i.e 100% compliance under the design horizon loading 
condition.   
 
 
Method 
 
The initial programme of the performance tests allowed for 10 days of testing at the actual 
flow rates coming from the upstream works, with the plant working in fully automatic 
operation.  During this time, ammonia was dosed to try to achieve the 95%ile ammonia 
loading for the 2013 design horizon for the plant.  Table 2 shows the design loadings and 
effluent quality required from the facility.  For each of the 10 days, 24 hour composites were 
taken plus two spots of the feed and effluent to the plant.  All of these samples were analysed 
for BOD, SS and Ammonia.  During one 68 hour period, hourly composite samples were 
taken, each sample consisting of 4 sub-samples taken every 15 mins, and the ammonia 
analysed and the final effluent ammonia monitor results used for the outlet.  Following the 10 
day trial a further 3 days of testing was carried out to look at the plant’s performance under 
different flow conditions:  
 
Day 11 - Filter 3&4 fed at 38l/s (FFT for 2 filters) aiming to dose 7.2mg/l ammonia. 
 
Day 12 - Filter 3&4 fed at 12.65l/s (DWF for 2 filters) aiming to dose 21.6mg/l ammonia. 
 
Day 13 – Hydraulic test Filter 4 fed at 23.75l/s (maximum design flow for 1 filter) with no 
dosing. 
 
Table 2: 2013 Design ATSF Loading Conditions 
 

BOD Suspended Solids Ammonia Design Conditions 
Average 95%ile Average  95%ile Average 95%ile 

Influent Load 35.5 kg/d 68.3 kg/d 41 kg/d 81.9 kg/d 15.8 kg/d 47.2 kg/d 
Influent Concentration 13 mg/l 25 mg/l 15 mg/l 30 mg/l 5.8 mg/l 17.3 mg/l 
Effluent Concentration 7.5 mg/l 15 mg/l 15 mg/l 30 mg/l 2.7 mg/l 8 mg/l 
2013 Design Flows: DWF 2184 m3/d, FFT 6552m3/d. 
 
10 Day Design Loading Trial 
 
Figures 4 to 6 show the BOD, SS and ammonia removal by the sand filters during the 
performance tests.  For each parameter it can be seen that the loading rates on some days 
were far in excess of the design 95%ile loading rates.  Despite the periodic high loads the 
plant performed well.  It was only after 3 consecutive days of BOD loads over twice the design 
that the effluent quality rose above the new consent limit (due to the high feed strength, these 
results were not included in the final system assessment). 
 
The average of the 10 days composite results are shown in Table 3 below and show that 
during the performance tests the plant was operating at its peak design loadings and 
comfortably meeting the new consent. 
 
Figure 7 demonstrates that over almost 3 days the ammonia loading rate was very variable 
with peak loads significantly above the design maximum levels.  Even with this, the final 
effluent ammonia quality remained very good with the hourly averages never going above 4 
mg/l on the ammonia monitor. 
 
Table 4 shows the spot samples taken during the 10 day test (note, a time delay of 45 
minutes was allowed between feed and effluent samples to allow for retention within the sand 
filter).  All the effluent samples met the new consent conditions apart from the BOD result in 
the last sample.  This was not included in the final system assessment as the feed sample 
associated with it was far in excess of the design limits. 
 
 
 
 
 
 
 
 
 



 
 

Gillingham Performance Tests
BOD 24 hr Composite Results
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Figure 4: Composite BOD Results 
 
 
 

Gillingham Performance Tests 
Suspended Solids 24 hr Composite Results
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Figure 5: Composite Suspended Solids Results 
 
 
 

Gillingham Performance Tests
Ammonia 24 hr Composite Results
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Figure 6: Composite Ammonia Results 
 
 



 
 
 
Table 3:  Average Results for 10 Day Peak Loading P erformance Test 
 
 BOD mg/l SS mg/l Ammonia mg/l 
Design 95%ile 25 30 17.2 
Average Feed 26.6 29.5 17.2 
Average Effluent 7.5 9.5 1.69 
New Consent 15 30 8 
 
 

Gillingham Diurnal Ammonia Performance
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Figure 7: Diurnal 1 Hour Composite Results  
 
Ammonia Spike at FFT  

 
The aim of this trial on Day 11of the performance tests was to demonstrate the plant’s ability 
to cope with spike increases in ammonia.  Due to the high flows required to achieve FFT for 
the full plant, it was necessary to run this test on just 2 of the 4 filters at 38 l/s for 1 hour.  The 
first sample was taken prior to the dosing starting.  A target ammonia concentration of 7.2 
mg/l was aimed at to simulate design peak loading.  From the results in Table 4 it can be 
seen that the ATSF comfortably coped with the increase in ammonia load at FFT conditions. 
 
Table 4:  Ammonia Spike at FFT Flow Rate 

 
Ammonia Spike at DWF 
 
Day 12 of the performance tests was a repeat of day 11 but instead of running at FFT the 
simulation was at DWF.  Due to some problems with the ammonia dosing equipment it was 
again necessary to run the test on 2 of the 4 sand filters to ensure that the required ammonia 
concentration was met.  The 2 filters had a feed flow of around 12.65l/s with a target ammonia 
concentration of 21.6mg/l.  Due to the problems with the dosing the feed concentration was 
not easily controlled, and this lead to excessive ammonia being dosed for a period.  However, 
the plant still achieved the new consent targets, as can be seen in Table 5. 
 
 
 
 
 

Date Time 
Feed BOD 

mg/l 
Feed SS 

mg/l 
Feed Ammonia 

mg/l Time 
Effluent 

BOD mg/l 
Effluent SS 

mg/l 
Effluent 

Ammonia mg/l 

24-May-05 10:45  7 30 4.01 11:45 < 6 13  0.609 

24-May-05 11:15 < 11 21 9.44 11:45 < 6 16 < 0.6 

24-May-05 11:40  8 25 6.64 12:10 < 6 14  1.05 

24-May-05 12:00  8 23 5.51 12:30  6 25 < 0.6 

24-May-05 12:15  9 27 7.8 12:45  6 21 < 0.6 



 
 
Table 5: Ammonia Spike at DWF Flow Rate 

 
Hydraulic Test at Maximum Design Flow Rates 

 
The aim of this test was to demonstrate the filter’s ability to cope with the maximum hydraulic 
design flows to ensure that there was no bed fluidisation causing loss of sand and/or reduced 
treatment.  As this was solely a hydraulic test, no ammonia dosing was carried out.  Due to 
the flow rates required, this test could only be carried out on one filter at a flow rate of around 
23.8l/s.  The test was run for 4 hours to ensure that the sand bed had gone through a 
complete media turn during the test.  Table 6 below shows the results collected during this 
test. 
 
Table 6:  Hydraulic Test on Filter 4 At Max Hydraul ic Load. 
 

Date Time Feed BOD Feed SS 
Feed 

Ammonia Time Effluent BOD Effluent SS 
Effluent 

Ammonia 

26-May-05 10:00 18 25 1.68 10:30 < 9 16 < 0.6 

26-May-05 11:00 16 21 1.78 11:30  10 14 < 0.6 

26-May-05 12:00 17 22 2.21 12:30  8 14 < 0.6 

26-May-05 13:00 16 19 2.81 13:30  9 13 < 0.6 

 
CONCLUSIONS 

 
The DynaOxy is a continuously operated up-flow filter (CoUF) incorporating biological 
treatment for ammonia removal.  Its basic operating principles are very similar to those of the 
DynaSand, with the added requirement for dissolved oxygen within the filter.  This is achieved 
by the use of an air diffusion grid within the filter media bed. 
 
The water-side of the control system is very simple and self-regulating with regard to flow 
distribution.  The air-side has two components, the first is for the air-lift pump to wash the 
media, and the second is to provide air for the biological process.  The nature of these two 
different air requirements leads a choice of ways of supplying the air, also providing options 
regarding dissolved oxygen level monitoring and control. 
 
From an operating cost perspective the use of separate compressors and blowers allows the 
most cost effective operation.  The compressors provide enough high pressure air for the air-
lift system, and the blowers enough lower pressure air for process requirements.  The blowers 
do not waste energy by compressing up to a high level before utilisation at a much lower 
pressure, and are therefore much more efficient than alternatives. 
 
For small process air demands, the inefficiency of providing air using a high pressure device 
like a compressor outweighs the additional complexity and capital costs required for a 
separate blower based system.  For larger systems with greater process air demands the 
dual based compressor and blower based system is regarded as considerably better, and 
with the addition of dissolved oxygen control the efficiency is further improved. 
 
From the performance tests carried out on the DynaOxy installation at Gillingham STW, the 
system ha been proved to be capable of treating flows and loads up to and beyond the design 
loading rates, with effluent quality remaining well within the consent standards for the site. 
 

 

Date Time 
Feed 
BOD Feed SS 

Feed 
Ammonia Time Effluent BOD Effluent SS 

Effluent 
Ammonia 

25-May-05 13:20  18 23 3.84 14:20 < 6 6  1.91 

25-May-05 13:45  12 32 8.12 14:45  13 8  3.74 

25-May-05 14:05  20 23 36.1 15:05  15 10  5.86 

25-May-05 14:15  15 24 85.3 15:15 < 6 9  5.66 

25-May-05 14:25  18 25 9.81 15:25 < 6 8  4.95 

25-May-05 14:40 < 9 <5 4.52 15:40 < 9 10  2.96 


