






 
CRA 43075Memo-6-TPs 

APPENDIX A 
 

BAF LITERATURE REVIEW 
RETURNED BAF QUESTIONNAIRES (two) 



APPENDIX A 
 

BIOLOGICAL AERATED FILTER (BAF): A LITERATURE REVIEW 
 
 
 

CRA 43075Memo-6-APPA  Page 1 of 9 

Removal of organics and various species of nitrogen in wastewater is required by many 
regulatory agencies based on the issues of toxicity, oxygen demand, and eutrophication effect.  
The regulations are intended to respect water as a valuable natural resource and maintain a 
clean environment from man-made pollution. 
 
There are many physical, chemical, and biological treatment methods to remove organics and 
nitrogen from water or wastewater.  However, in many cases, biological treatment processes 
will be the most cost-effective and technically efficient treatment of choice. 
 
Among the biological treatment methods available is a Biological Aerated Filter (BAF).  BAF 
systems consist of a reactor container, media for supporting biofilm growth, an influent 
distribution system, an aeration system and an effluent collection system.  The use of various 
media types has been reported (Kent et al., 1996).  Most of these are dense (sinking, specific 
gravity >1.0) natural materials such as sand, shale expanded clay, etc.  However, low density 
(floating, specific gravity <1.0) synthetic materials such as polystyrene beads and pure 
polypropylene have been used (Vedry et al., 1994).  The media sizes range from 2 to 6 mm and 
provide very high specific areas for biofilm attachment.  Specific areas of 1000 to 1500 
m2/m3media have been reported for granular media (Mendoza-Espinosa and Stephenson, 1999).  
Recommended media depths are in the range of 2 to 4 m (Grady et al., 1999). 
 
BAF systems use submerged attached growth processes for treatment of organic and inorganic 
pollutants in wastewater, typically under aerobic conditions.  They are capable of high removal 
efficiencies and require smaller footprints than other secondary treatment processes, such as 
conventional activated sludge.  The BAF technology has been used widely in Europe since the 
early 1970s (Mendoza-Espinosa and Stephenson, 1999).  In the USA, a 2-stage BAF (for 
carbonaceous BOD removal followed by ammonia oxidation) was constructed at treatment 
plant at Roanoke, VA to upgrade the existing facility and was reported to be the first of its kind 
at full-scale in the USA (Love et al., 1999).  It is, therefore, a relatively recent wastewater 
treatment process in the USA. 
 
The nature of the media used in the BAF defines its operational mode.  Sinking media BAFs 
enable influent to be fed in an upflow or downflow mode.  However, a floating media is 
operated exclusively in an upflow mode.  In the downflow mode, wastewater flows 
countercurrent to air.  This is found to have a beneficial effect by providing sufficient oxygen in 
the lower regions of media bed, thus aiding nitrification if it is desired in the treatment process 
(Grady et al., 1999).  In the upflow mode, wastewater flows cocurrent with air.  Depending on 
the position of the aeration system in the reactor, the system is capable of producing different 
treatment effects.  For example, if the aeration system is provided at the bottom, then 
carbonaceous and ammonia oxidation is predominant and suspended solids are filtered as well 
(Grady et al., 1999).  However, if the aeration system is provided mid way through the media 
bed, then the bottom half of the reactor filters while the upper section performs carbonaceous 
removal and ammonia oxidation, depending on the influent C/N ratio. 
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BAF media eventually clogs due to biomass growth and filtration of suspended solids, creating 
resistance to flow of liquid and air.  Regular backwashing is therefore required to remove excess 
biomass and particles, allowing treatment to be resumed directly after washing and to ensure 
acceptable performance.  It is reported that ineffective backwashing results in the formation of 
mud balls, poor effluent quality during initial stages of filtration and increased head loss build 
up during subsequent filter runs (Rogalla et al., 1994).  Backwashing for floating media is 
carried out by reversing the flow of water through the system.  Backwashing for sinking media 
could either be cocurrent if operated in upflow mode or countercurrent if operation is 
downflow.  Solids dislodged from the backwash process require collection and disposal. 
 
Although more than 500 plants are in operation world-wide, there is still a lack of published 
operational experiences to help planners and operators to identify potential for optimization 
(e.g. energy consumption or peak loads). 
 
The advantages and disadvantages of the process are highlighted below and the analysis of 
full-scale data is given. 
 
 
ADVANTAGES AND DISADVANTAGES 
 
The main advantage of the BAF process compared to the conventional activated sludge 
processes are the high biomass content and high volumetric reaction rates of the systems, 
resulting in small footprints.  Other advantages of the BAF process include: 
 
• Constantly low suspended solids in effluent; 
• Enrichment of slow growing microorganisms (e.g. nitrifying biomass); 
• Plug-flow hydraulics allows stratification and specialization of biomass as well as substrate 

gradients in the reactor, leading to higher reaction rates than in completely mixed systems; 
• Reduced temperature dependency due to small reactor dimensions and short HRT (reduced 

cooling in cold winter climates) and reduced sensitivity for temperature of biomass in 
biofilms; 

• Easy-to-hide technology that can be integrated into industrial surroundings or even 
completely covered in sensitive areas; 

• Modular technology that can easily be extended and optimized separately for each unit 
process;  

• Reactors can be housed and offensively smelling gases can be treated more easily; and 
• The effluent NO3-N concentration can be adjusted to very low concentrations with a main- 

or side-stream post-denitrification stage. 
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Most of the disadvantages of the BAF process are more or less negative consequences of its 
positive characteristics being a high rate biofilm process and being a filter unit: 
 
• Necessity for backwashes to remove filtered suspended solids and control biofilm thickness 

with requirements for equipment, energy and water (15–30 percent of treated water) 
normally discontinuous operation due to backwashes; 

• Relatively high requirements for mechanical pretreatment, especially for up-flow filters 
where clogging of water and air distribution systems (e.g. nozzles) must be avoided; and 

• Biofilm processes are normally limited by diffusion, therefore high oxygen concentrations 
are necessary for high nitrification rates in nitrifying BAFs. 

 
 
PERFORMANCE EVALUATION 
 
The performance of BAFs is defined relative to the specific pollutants, which must be removed. 
BAF can combine ammonia oxidation, carbonaceous oxidation, and solids removal in a 
single-unit (Grady et al, 1999).  In a 2-staged system, it is possible to achieve carbonaceous BOD 
removal in the first stage and ammonia oxidation in the second stage (Gilmore et al., 1999).  
Reported removal rates for carbonaceous BOD5, ammonia, and nitrates are 4.1 kg BOD5/m3-d, 
1.27 kg NH3-N/m3-d and 5 kg NO3-N/m3-d, respectively, where the volume reflects reactor 
empty bed volume (Dillon et al., 1990; Mendoza-Espinosa and Stephenson, 1999).  Very high 
pollutant reductions (about 90 percent) have been reported for both upflow and downflow 
reactor configurations. 
 
Media depth is among those factors influencing performance and is recommended to be 
between 2 and 4 m for full-scale BAF plants (Stensel et al., 1988).  The granular nature of media 
provides a very large surface area of attachment for biofilm growth, resulting in high removal 
efficiencies and small footprints.  The media should be chemically inert and resistant to attrition 
(Kent et al., 1996).  The size of the granular media used affects the efficiency of treatment in 
term of physical removal of suspended solids and providing adequate surface area for biomass 
attachment.  It also affects the frequency of backwashing.  The use of large media (greater than 
6 mm) causes a reduction in nutrient and suspended solids removal through high void spaces 
and reduced surface area for biofilm growth (Stensel et al., 1988).  However, it reduces the 
backwashing frequency and, hence, the overall maintenance and operational cost of the system.  
Very small sized media may result in short filter run time and frequent backwashing.  In this 
regard, optimizations of the system in terms of media type and backwashing rates are needed 
for efficient running of BAF systems (Mendoza-Espinosa and Stephenson, 1999).  Air and water 
flow rates used in backwashing are normally between 0.43 and 0.52 m3air/ m3media-min and 
0.33 to 0.35 m3water/m3media-min, respectively (Condren, 1990).  The amount of liquid 
required for backwashing full-scale BAF plants is 12 to 35 percent of total daily effluent flow for 
secondary treatment and 2 percent if the reactor is for tertiary treatment (Canler and Perret, 
1994).  
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Reported flow velocities for efficient running and performance of BAFs are between 1 and 
10 m3/m2-h (Stensel et al., 1988; Paffoni et al., 1990; Vedry et al., 1994).  Over 80percent 
ammonia removal was reported by Gilmore et al. (1999) at a hydraulic loading rate 
between 5.1 to 15.8 m3/m2-h, for an average ammonia loading rate of 1.35 kg NH3-N/m3-d and 
an organic loading rate of 0.65 kg cBOD5/m2-d.  It was possible to have over 90 percent NH3-N 
reduction of diluted wastewater and stormwater at a flow rate of 30 m3/m2-h in upflow 
biofilters (Peladan et al.,1997). 
 
 
BOD5 REMOVAL 
 
BAFs have been used extensively for carbonaceous BOD removal combined with suspended 
solids filtration (Mendoza-Espinosa and Stephenson, 1999).  Removal of carbonaceous 
pollutants in BAFs is carried out by suspended solids filtration and hydrolysis, absorption of 
soluble and colloidal organic matter, and oxidation (Stensel et al., 1988).  BAFs are capable of 
producing high volumetric organic removal rates in secondary processes and high quality 
effluents.  Organic removal rates of 4.1 kg BOD/m3-d have been reported in partially nitrifying 
BAFs (Mendoza-Espinosa and Stephenson, 1999).  The removal rate is very high compared to 
that typically found in trickling filters, oxidation ditches, and activated sludge plants of 
0.06 kg BOD/m3-d, 0.35 kg BOD/m3-d, and 0.42 kg BOD/m3-d, respectively (Pujol et al., 1994).  
See Table 1 for carbonaceous matter removal for various reactor configurations and organic 
loading rates. The system performance is affected by high peak loading, resulting in organic 
breakthrough due to limited treatment efficiency (Ruffer and Rosenwinkel, 1984).  
 
 

TABLE 1 
 

CARBONACEOUS REMOVAL USING BIOLOGICAL AERATED FILTERS 
FOR WASTEWATER TREATMENT 

 
Reactor 

Configuration 
Reactor 
volume 

(m3) 

Influent Conc. 
(mg/L as N) 

Organic 
Loading Rate 
(kg/m3-day) 

Removal 
(%) 

HRT 
(h) 

Reference 

Upflow and 
downflow  

Full-scale 
plant 
31.5– 90.3  

35-607 0.5-6.3 55-85 - Pujol et al., 
1992  

Upflow  Full-scale, 
two units 
151.2 m3 
each  

25-43 Approx. 2.4 
(per unit) 

48-70 21 Peng et al., 
1995  
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NITROGEN REMOVAL 
 
BAFs can be used for nitrification in systems that combine suspended solids, chemical oxygen 
demand (COD) and ammonia removal (combined secondary and tertiary treatment) or in 
systems that remove suspended solids and ammonia (tertiary treatment).  Two to three percent 
of influent ammonia is used to synthesize cells while the rest of ammonia is oxidized. (Akunna 
et al., 1994). Nitrification rates of 1.27 kg NH3-N/m3-d are obtainable and depend on influent 
ammonia concentrations and hydraulic residence time.  Ammonia removal using BAFs for 
wastewater treatments are reported in Table 2 (Gilmore et al., 1999; Mendoza-Espinosa and 
Stephenson, 1999).  
 

TABLE 2 
 

AMMONIA REMOVAL USING BIOLOGICAL AERATED FILTERS 
FOR WASTEWATER TREATMENT 

 
Reactor 

Configuration 
Reactor 
Volume 

(m3) 

Influent 
Conc. 

(mg/L as N) 

Organic 
Loading Rate 
(kg/m3-day) 

Removal 
(%) 

HRT 
(h) 

Reference 

Upflow  Full-scale  <0.46 -  Carrand et 
al., 1990  

Upflow  Full-scale, 
333 

Approx. 22 
NH3 

Approx. 0.9 
(NH4-N) 

89 - Vedry et 
al., 1994  

 
 
PHOSPHORUS REMOVAL 
 
Enhanced concentration of phosphorus entering the aquatic systems has been linked with 
eutrophication and its associated problems.  Phosphorus removal techniques fall into three 
main categories: physical, chemical, and biological.  Physical methods have proved to be either 
too expensive, as in the case of electrodialysis or reverse osmosis.  Enhanced biological 
treatment can remove up to 97 percent of the total phosphorus, but this process can be highly 
variable due to operational difficulties.  Chemical removal techniques using salt are reliable and 
well-established processes.  Phosphorus removal by chemical precipitation in a biological 
aerated filter was investigated by Crark et al. (1997).  In addition, they looked at adverse effect 
of chemical dosing on the performance of the BAF system.  Clark and co-workers reported that 
chemical dosing onto a BAF using ferrous sulphate is a highly effective method for the removal 
of phosphorus and it required a very low chemical consumption.  The general performance of 
the BAF, with respect to BOD, COD, SS, and TKN removal, was also unaffected by the chemical 
addition.  Thøgersen and Hansen (2000) reported full-scale operation of a biological aerated 
filter (BAF) resulted in 74 percent total phosphorus removal. 
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RESPONSE TO INFLUENT AMMONIA LOAD VARIATION 
 
Ress et al (2004) investigated full-scale implementation of a biological aerated filter for second 
stage nitrification.  An analysis of historic data illustrated that the system responded well to 
fluctuations in influent ammonia load.  Implementation experience, performance testing, and 
long-term operation of the system have led to the following conclusions: 
 
• The BAF system met effluent permit requirements on a long-term basis. Over the first 

30 months of permit operation, monthly limits were achieved without exception and daily 
limits were met on all but three days.  Construction activities and equipment failure caused 
the three daily permit limit excursions. 

• During the first 30 months of full-scale operation the system was documented over 120 days 
with daily influent ammonia loads of 1.5 or more times the average influent ammonia load 
of the previous 28-day period.  On these days of significant influent ammonia load 
variation, the system maintained sufficiently low effluent ammonia concentrations.  
Operational experience indicates other influences, such has putting a cell back in service 
after a period of nonuse, have had more impact on the observed effluent ammonia 
concentration than influent ammonia load variation. 

• The BAF demonstrated consistent removals on the order of 5 to 10 mg/L of cBOD5 and TSS. 
• The BAF system was subjected to a 4-week test of critically loaded performance during cold 

process water temperature conditions.  During the test the system was loaded at the 
maximum month and peak day design levels.  The BAF system performed within the 
performance envelope determined during design and produced an average effluent 
ammonia concentration of 0.6 mg N/L. 

 
 
RESPONSE TO WET WEATHER CONDITIONS 
 
Depending on the raw influent characteristics and effluent objectives, the best media size of 
BAF can be chosen, either favouring high specific surface with finer media or higher solids 
storage or less hydraulic resistance with larger grains.  One growing application of upflow BAF 
is for treatment of wet weather peak flows, since there is no risk of flushing out the biomass at 
higher hydraulic loads as is the case on conventional clarifiers.  Stephenson et al. (2004) 
reported that in the Colombes Plant, West of Paris, designed for a dry weather flow of 2.8 m3/s, 
short-term storm peaks of up to 4 times higher were tolerated.  To achieve nutrient residuals of 
10 mg TN/L and 1 mg TP/L for 1 Million PE, the plant consists of chemically enhanced 
primary treatment and three BAF steps for COD removal, nitrification and tertiary 
denitrification.  As the rain peaks also dilute the influent concentration, all flows can be 
biologically treated while still coming close to the dry weather effluent quality.  This was 
achieved by switching all BAFs in parallel and converting the anoxic filter to aerobic COD 
removal.  Rother and Cornel (2004) reported that about 60 percent of all BAF plants face 
problems with hydraulic and/or concentration peak-loads.  These problems do usually not lead 
to exceeded consent limits, but elevated effluent concentrations can often not be avoided.  While 
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concentration peak-loads are often partly caused by the plant itself, e.g. by uncontrolled dosage 
of sludge liquor from dewatering anaerobically digested sludge, hydraulic peak-loads come 
directly from the sewer system or are caused by a displacement of stored C- and N-load into the 
biofilters from upstream units, e.g. primary clarifiers or high loaded activated sludge stages. 
 
To remediate these problems, the possibility of increasing the plants hydraulic capacity during 
rain for short or long periods were studied by adjusting all BAF filters to full nitrification by 
applying bottom aeration only (Thøgersen and Hansen. 2000). 
 
 
CONCLUSIONS 
 
After through review of the literature, the following conclusions can be made: 
 
• The BAF system can be used as an alternative wastewater treatment process as compared 

with the conventional activated sludge process. 
• According to previous experience, SS elimination, BOD and COD elimination, nitrification, 

denitrification, and phosphorus removal are all possible using this process. 
• Extensive P-elimination can also be achieved by means of chemical precipitation either at a 

flocculation basin or chemically enhanced primary clarifier prior to the BAF system or by 
direct dosing of the flocculant chemicals onto the BAF reactor. 

• Considerable savings can be made in volume and space using BAF technology. 
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QUESTIONNAIRE: OPERATION OF BIOLOGICAL AERATED FILTER 
 
This questionnaire was designed by the Conestoga-Rovers & Associates (CRA) 
project team to obtain information about the operation of Biological Aerated Filters 
in full-scale, operating wastewater treatment plants. 

 
 

BASIC DATA ON THE WASTEWATER TREATMENT PLANT 
 

Name: 
Kim Rees 
Position: 
Operations Manager 
1. Where is your wastewater treatment plant located? 
Address: 
337 S. Hancock Ave 
City:                                                             Province: 
Freeport, Illinois 61032 
Tel:                               Fax:                         E-mail address: 
(815)  232-6017 (815)  232-4414           fwasc61@cjrinc.com 
2. What stages of treatment are used at your facility?  Please describe. 

 
Primary Bar screen, grit removal, rectangular primary clarifiers 
Secondary Complete mix activated sludge 
Tertiary Biological aerated filters 
Other  
3. What is the rated capacity of the treatment plant?  What is the current average and 
peak flows?  What is the population currently served by this treatment facility? 

 
Rated Capacity (L/d) 6.75 MGD 
Average Flow (L/d)  4.5 MGD 
Peak Daily Flow (L/d) 18.0 MGD 
Maximum Day Flow (L/d) 18.0 MGD 
Population Served 
(if known)  

 
26,000 

4. How is sludge (biosolids) disposed of? 
 

 

Land Application Yes 
Landfill  
Fertilizer   
Other  
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5. In what year was the plant, and specifically the BAF, built? 
 
Plant constructed in year:  1970 
BAF constructed in year:    2000 
6. Have there been any modifications of the plant in recent years? 
The plant was upgraded in 2000.  This upgrade included replacement of raw sewage 
pumps, new grit removal, blowers, air lines, and diffusers for activated sludge, and 
the addition of biological aerated filters for ammonia removal. 
 
 

 
 

7. Are there any plans for additional improvements to the plant? 
 
No 
 
 
 
8. Please provide typical influent (BAF) wastewater parameter concentrations? 

 
BOD5 (mg/L)               10 mg/l 
COD (mg/L) 
Total Suspended Solids (mg/L)        12 mg/l 
Total Phosphorus (mg/L) 
TKN (mg/L) 
Ammonia-nitrogen (mg/L)            15 mg/l 
9. Please provide required final effluent criteria.  Does the treatment facility meet its 
effluent requirements?  

Objective Concentration         Compliance Concentration 
BOD5 (mg/L) 20  
COD (mg/L)   
Total Suspended Solids 
(mg/L) 

25  

Total Phosphorus (mg/L)   
TKN (mg/L)   
Ammonia-nitrogen (mg/L) 1.5  
Bacteria (#/100 mL) 400  
Other   
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WASTEWATER TREATMENT INFORMATION 

 
10. Primary Treatment Processes 

 
Processes  Size (if known)  Main operational problems (if 

exists) 
Two Primary Clarifiers 138,000 gallons each None 

   
11. Secondary Treatment Processes 

 
Processes  Size (if known)  Main operational problems (if 

exists) 
Four Aeration Tanks 132,000 gallons each None 
Four Final Clarifiers 270,000 gallons each None 

12. Tertiary Treatment Processes 
 

Processes  Size (if known)  Main operational problems (if 
exists) 

Seven Biological Aerated 
Filters 

  
None 

   
13. Sludge Stabilization Processes 

 
Processes  Size (if known)  Main operational problems (if 

exists) 
Two Anaerobic Digesters 243,000 gallons each  
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BIOLOGICAL AERATED FILTER INFORMATION 

 
14. Why was the BAF technology selected for treatment?  Were other treatment 

alternatives considered and if so, is there any literature/reports available that 
document the evaluation process? 

The BAF technology was selected because of its smaller footprint.  The existing 
wastewater treatment plant does not have adequate room between the existing 
activated sludge and chlorine contact tanks for additional aeration system.  I do not 
have engineering information on the evaluation process. 
 
 
 
15. Mode of operation and BAF manufacturer 

Kruger 
 Mode of operation Manufacturer 
Upflow Yes Kruger 
Downflow   
 
16. Medium 
 
Type (material) Spherical  polystyrene beads 
Size (mm) 3.6 mm 
Other Specification  

 
17. Loading Rate 

 
Number of Cells 7 
Cell Area (m2) 6000 cubic feet 
Height (m) 13.1 feet 
Volumetric Loading 
(kg BOD/m3d) 

 

Detention Time (hr)  
Hydraulic Loading 
(m3/m2h) 

5.0 gpm/ft2 

 
18. What is the backwash management strategy? Please describe in brief.  What is the 

frequency of filter backwashing?  Is there equalization of filter backwash and if 
so, how does it function? 

 
The cells will backwash at 120 hours clock time or 72 run time or when the headloss 
is 73.0 in. W.C.  Because the influent to the BAFs is from the secondary clarifiers the 
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TSS is less than 15 mg/l and so headloss in the BAFs is not a problem.  The cells 
always backwash at 120 hours clock time or 72 hours run time.  Some of the cells will  
go in to idle mode when the flow is low to save use of a blower. 
 
 
19. Was any lab-scale or pilot-scale testing of the BAF system conducted prior to full-

scale application? If so, what were the results? 
 
No 
 
 
20. Have there been any experiences of medium loss? And why? 
 
No, The nozzles were installed into the concrete roof slab.  The contractor did a good 
job of installation and no nozzles have come loose and so no media has been lost. 
 

 
21. What are the most critical process parameters that may affect the efficiency of the 
BAF system? 
Parameter  Comments 

Ammonia The influent to the BAFs is 15 mg/l and the effluent is less 
than 0.5 mg/l 

TSS The influent to the BAFs average is 12 mg/l and the 
effluent average is 8 mg/l 

BOD The influent to the BAFs average is 10 mg/l and the 
effluent average is 6 mg/l 

  
  
  
  
   

 
22. In your opinion, what are the main problems with the control of the BAF system? 
 
 
The only problem we have experienced is with the Sutorbilt Model 6MP blowers.  
There maximum design pressure is 12.8 psi and we average around 11.5 psi.  So we 
are running on the upper end of the design pressures.  There are seven blowers and 
we have replaced four of them with a Sutorbilt  Model 8HP.  The Model 8HP is larger 
and designed for higher pressures. 
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23. What parameters are currently monitored or controlled automatically?  In your 
opinion, are there any additional parameters that could be automated or 
improvements made to the control system? 
 
 
The backwash cycles are automatically control for 120 hours clock time or 72 hours of 
filter time.  Also the time the cells are in idle mode or filtering mode is automatically  
controlled.  The BAFs are easy to operate and take very little time for the operators.  
There is no additional lab testing for process control.  The operators walk through 
the BAF process every couple of hours and just check the equipment. 
 
24. Have there been any problems with foaming? And how did you overcome the 
problem?  
 
Only several times have we had a foaming problem.  One day there was no excess 
foam and the next morning we had large amounts of foam on top.  There are foam 
nets on each cell which prevents foam from blowing away.  We have a five gallon 
pail of defoamer which we keep on hand.  If there is a foaming problem we mixing 
this defoamer with water and spray it on top of the cells which greatly reduces the 
foam.  Since we experienced this only several times and for short periods, we believe 
the cause was some type of detergent from an industry or septic hauler. 
 
 
25. Have there been any problems with clogging? What were the operating 
conditions? 
 
Clogging of the media has not been a problem.  The low TSS and BOD to the BAFs 
helps prevent clogging. 
 
 
26. Have there been any impacts of loading rate variation on BAF performance? And 
how did you overcome the problem? 
 
There has been several times when there was a filamentous bacteria problem in the 
activated sludge which caused much higher TSS and BOD loadings to the BAFs.  The 
BAFs reduced the TSS and BOD so the wastewater treatment plant stayed in 
compliance. 
 
 
27. Have there been any issues associated with BAF performance under wet weather 
conditions? And how did you overcome the problem? 
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During heavy rains, our influent flow will increase to a maximum of 18 MGD.  The 
BAFs are designed to handle a flow of 18 MGD, so this is not a problem. 
 
 
 
28.  If phosphorus removal is required by precipitation, please describe chemical 
addition system (i.e. chemical(s) used, location of addition point, dosage). 
 
Our NPDES permit does not require phosphorus removal.  However phosphorus 
limits will be in our next permit. 
 
 

29.  Please describe any unusual operation or maintenance issues associated 
specifically with the BAF that you have experienced. 
 
The only real problem has been the failure of the blowers.  The maintenance staff 
was performing the preventative maintenance as suggested by Sutorbilt.  We have 
replaced four of these blowers with Sutorbilt Model 8HP which can handle the 
higher pressures. 
 
 
 
30.  Please provide any additional comments on the BAF treatment equipment and/or 
process as applied at your treatment facility. 
 
The BAFs were installed in 2000 and have done a good job of ammonia removal.  
There is little additional work for the operators.   
 
I would be glad to give interested parties a tour of the Freeport Wastewater Plant. 
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COST INFORMATION 

 
31.  What was the total plant construction cost (if known)?  Please provide a cost 
breakdown for construction of separate treatment plant processes (i.e. primary 
treatment, BAF, sludge stabilization), if available. 
 
The plant upgrade in 2000 was $12,000,000.  This was for upgrading old equipment 
such as raw sewage pumps, piping, aeration blowers, air lines, diffusers, return 
sludge pumps, BAF installation and SCADA.  I do not have a breakdown of the cost 
of the BAFs. 
 
 
  
32.  What are the annual operating and maintenance (O&M) costs for the treatment 
facility?  If possible, please provide a breakdown of the O&M costs (i.e. labor, power, 
sludge disposal, other).  What are the separate O&M costs of the BAF specifically, if 
known? 
 
I do not have a breakdown for individual O & M cost for each piece of equipment in 
the plant. 
 
 
 
 
Thank you for completing this questionnaire.  Information collected will be shared with 
members of the CRA project team and our client (City of Owen Sound) to assist in the 
evaluation and selection of a secondary treatment upgrading alternative. 
 






















