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(ABSTRACT) 

The hybrid activated sludge-biofilm system called Integrated Fixed Film Activated Sludge 

(IFAS) has recently become popular for enhanced nitrification and denitrification in aerobic 

zones because it is an alternative to increasing the volume of treatment plant units to accomplish 

year round nitrification and nitrogen removal.  Biomass is retained on the fixed-film media and 

remains in the aerobic reactor, thus increasing the effective mean cell resident time (MCRT) of 

the biomass and providing the temperature sensitive, slow growing nitrifiers a means of staying 

in the system when they otherwise would washout.  While the utilization of media in aerobic 

zones to enhance nitrification and denitrification has been the subject of several studies and full-

scale experiments, the effects and performances of fixed film media integrated into the anoxic 

zones of biological nutrient removal (BNR) systems have not adequately been evaluated as well 

as the impacts of integrated media upon enhanced biological phosphorus removal (EBPR).  Also, 

user-friendly software designed specifically to simulate the complex mixture of biological 

processes that occur in IFAS systems are not available.  The purpose of this research was to 

more fully investigate the effects of integrated fixed film media on EBPR, to evaluate the 

impacts of media integrated into the anoxic zone on system performance, and to develop a 

software program that could be used to simulate the effects of integrating the various types of 

media into suspended growth biological nutrient removal (BNR) systems.  The UCT type 

configuration was chosen for the BNR system, and Accuweb rope-like media was selected for 

integration into the anoxic zones of two IFAS systems.  The media also was integrated into the 

aerobic reactors of one of the systems for comparison and for further investigation of the 

performance of the Accuweb media on enhanced nitrification and denitrification in the aerobic 

zones.  The experiments were conducted at 10 day total MCRT during the initial phase, and then 

at 6 days MCRT for the experimental temperature of 10 oC.  A13 hour hydraulic retention time 



 

  

(HRT) was used throughout the study.  A high and a low COD/TP ratio were used during the 

investigation to further study the effects of integrated media on EBPR.  The PC Windows based 

IFAS program began with the concepts of IAWQ model No. 2 and a zero-dimensional biofilm 

model was developed and added to predict the IFAS processes.  Experimental data from the 

initial study and existing data from similar studies performed at high temperatures (>10oC) 

indicated that there were no significant differences in BNR performances between IFAS systems 

with media integrated into the anoxic and aerobic or only aerobic zones and a suspended growth 

control system maintained at the same relative high MCRT and temperature values.  Even 

though greater biological nitrogen removal could not be achieved for the experimental conditions 

used, the experimental results indicated that the IFAS systems with fixed film media installed in 

the anoxic zone have a greater potential for denitrification than conventional BNR systems.  As 

much as 30 percent of the total denitrification was observed to occur in the aerobic zones of the 

system installed the media only anoxic zones and 37% in the system with integrated media in 

both anoxic and aerobic zones where as no denitrification was observed in the aerobic zones of 

the control system when the systems were operated at 6 days MCRT and COD/TP of 52.  It is 

statistically confirmed EBPR can be maintained in IFAS systems as well as Control systems, but 

the IFAS processes tend to have more phosphorus release in the anoxic zones with integrated 

fixed film installed.  Further, the combination of split flow to the anoxic zone and fixed film 

media in the anoxic zone resulted in the decreased EBPR performances in the IFAS system 

relative to the control system.   

 


