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summary of the modifications is included below, and a detailed discussion of the 5-stage BNR 
configuration and equipment modifications and process control strategies is reported by 
Mahagan and Bilyk, 2016. In general, treatments plants may find opportunities to reconfigure 
flow through existing basins and effect improvements to enhance BNR treatment allowing the 
plant to achieve enhanced biological treatment (EPA, 2010). The modifications implemented by 
HWWTP described below are a good example of successful process enhancements that may be 
implemented by facilities that are below design capacity. The modifications further improve 
performance and achieve enhanced denitrification by modifying BNR system zones and internal 
mixed liquor recycle rates. The biodegradable carbon that would otherwise be oxidized 
aerobically can be used instead to fuel further nitrate removal. 

 
The modifications to the BNR zones included reallocating a portion of the first aerobic zone to 
anoxic volume as shown in Table 7-7. In addition, the nitrogen recycle flow rate was increased to 
900 percent to keep this new anoxic volume mixed and maximize denitrification capacity. As a 
result, the facility reported that effluent TN concentrations were dramatically reduced, initially 
from around 3 mg/l to 1.5 mg/l and averaging 1.38 mg/l over the next 12 months. No pH 
adjustment was needed during that time, and no additional carbon source or coagulant was used 
to achieve these results (Mahagan and Bilyk, 2016). 

 
Table 7-7. Comparison of Zone Volumes and Detention Times Before and After 

Modifications to the Original Design 
(Adapted from Mahagan and Bilyk, 2016) 

 
 Original 

(Nov 2013 through June 2014) 
 Modified 

(July 2014 through Sep 2015) 
 
Zone Volume 

(MG) 

% of 
Volume 

Allocated 

NRCY 
% of 
Inf 

 

Volume 
(MG) 

% of 
Volume 

Allocated 

NRCY 
% of Inf 

Anaerobic 0.125 6%  
 

0.125 6%  
1st Anoxic 0.375 17% 200% 

 

0.875 39% 900% 
Aerobic 1.5 67%  

 

1 44%  
2nd Anoxic 0.1875 8%  

 

0.1875 8%  
Reaeration 0.0625 3%  

 

0.0625 3%  
Avg Influent Flow: 1.038 MGD 

 

Avg Influent Flow: 0.898 MGD 
 

The facility also implemented a process control strategy that included several components. As 
the first aerobic zone volume was reduced, a tapered aeration approach was implemented with 
DO setpoints of 2.2 to 3.0 mg/l at the head of the zone and 0.5 - 1.5 mg/l at its end. Additionally, 
in anticipation of storm events, operators implemented a procedure to pace the nitrogen recycle 
pumps to maintain a desired anoxic zone detention time. This included gradually reducing the 
speed of the nitrogen recycle pumps manually to reduce the possibility of recycle flow spikes 
(that would cause shorter anoxic zone detention times resulting in elevated effluent TN). 
Additionally, the plant modified detention time setpoints through the plant’s supervisory control 
and data acquisition (SCADA) system that modulate the speed of the recycle pumps to maintain 
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a desired detention time setpoint. The facility reported that this was done to allow for increasing 
the first anoxic zone detention time. This was based on sampling the end of the first anoxic zone, 
testing for nitrate concentrations and using the result to increase the detention time setpoint if the 
nitrate concentration is above the target (usually 0.3 to 0.5 mg/l). 

 
The facility does not fully know the exact scientific cause of the significant enhancement of 
nitrogen removal to levels well below those typical to 5-Stage BNR processes. It suspects that 
several causes worked together to attain this significant level of treatment. The treatment level 
was attained without the addition of costly external carbon addition, except for small amounts of 
methanol during short periods of time. The increase in the NRCY rate was likely an important 
contributor to the success. Another potential cause of significant operational improvement was 
thought to be related to conditions selecting for organisms that are more adept at hydrolyzing 
slowly biodegradable influent BOD under anoxic conditions. The plant believed this was likely 
aided by the splitting of the first anoxic zone into two separate compartments, the first 
compartment serving as an anoxic selector and the second compartment being completely anoxic 
and approaching anaerobic conditions. Anaerobic conditions are/were demonstrated by the very 
low nitrate found at the end of the second compartment of the first anoxic zone. The second 
anoxic zone also has separate chambers with the three chambers resulting in a plug flow and 
each compartment becoming more anoxic. HWWTP staff believe this is part of the reason for the 
success in removing nitrate without additional carbon added. 

 
Finally, in considering the challenges encountered and lessons learned by the facility after 
implementing the above, two brief operational incidents of reduced performance occurred around 
November 2015 and February 2017 and were addressed by the facility. The first occasion in 
November 2015 saw elevated TN effluent concentrations (Figure 7-6) starting on November 3rd 
(3.7 mg/l) and as high as 6.5 mg/l on November 10th before going back to typical concentrations 
on November 24th (1.69 mg/l). This incident was reported to be caused by the impact of large 
discharges of drinking water plant sludges which caused organic nitrogen spikes. This was 
resolved by controlling these discharges, thus eliminating the spike loads. 

 
The second incident occurred in February 2017, with higher plant effluent TN concentrations 
starting on January 31 (3.7 mg/l) and peaking at 8.3 mg/l on February 7th before subsiding on 
February 21st (2.3 mg/l). The facility reported that although the specific cause was not 
completely identified, they suspected that the cause was a chemical discharge to the collection 
system which inhibited nitrification; ammonia nitrogen levels measured between February 7th 
and February 14th were in the 7 – 8 mg/l range with no other causes identified. The ammonia 
levels started to subside gradually reaching typical levels on February 20th. 
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