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PROJECT
RESULTS

CONSTRUCTION 
DETAILS:

Baffle Wall 
Modifications – four 
baffle walls were 
fabricated and 
installed by HRSD 
maintenance 
staff

Flow Splitting: each 
of the phased 
upgrades required 
piping modifications 
that were completed by HRSD
maintenance staff

Swing Zone: to mix the new swing zones when 
unaerated, plant staff designed, tested, 
optimized, and then built and developed large 
bubble mixers that use a small amount of air 
from the main aeration supply.

Automation: An 
innovative and unique 
control system was 
developed and 
implemented to 
control dissolved 
oxygen and air 
flow to the swing 
zone based on the 
feedback from the 
aeration effluent 
nutrient sensors, swing 
zone dissolved oxygen 
probes, and the plant influent 
flow meter.

Significant improvements in nitrogen removal 
were proven to be achievable and affordable 
at the WBTP. All upgrades were completed 
in mid-2018. Since operations with Phase II 
tanks in service, the effluent TN has 
averaged 2.8 mg/L with the lowest two-week 
average at 1.7 mg/L. It is also clear that bioP 
is now not as sensitive and while the plant 
ferric demand has not significantly changed, 
slightly improved TP removal is evident.

HRSD NUTRIENT REMOVAL 
PROGRAM: WILLIAMSBURG 

AERATION TANK MODIFICATIONS
The Williamsburg Treatment Plant (WBTP) treats approximately nine 
million gallons per day with current concentration-based limits of 
total nitrogen (TN) at 14 mg/L and total phosphorous (TP) at 2mg/L 
on an annual average basis. As part of the aggregate wasteload 
allocation with six other HRSD treatment plants discharging into the 
James River, the treatment objectives for Williamsburg Treatment 
Plant are more stringent than the concentration-based limits with 
targets of less than 5 mg/L TN and 0.7 mg/L TP. The HRSD SWIFT 
(Sustainable Water Initiative for Tomorrow) program will require 
more stringent nutrient goals, including total inorganic nitrogen (TIN) 
<5 mg/L (instantaneous), TN <4 mg/L (monthly average) and TP <1 
mg/L (monthly average). 

HRSD initiated a process optimization study with the objective of 
consistently treating to lower effluent TN and TP with more reliance on 
biological phosphorus removal (bioP). For the WBTP, operational 
considerations included variable chemical oxygen demand (COD) loading, 
nitrification issues linked to incinerator scrubber water, and unreliable 
bioP during summer months. Historical plant data was reviewed, a 
calibrated Biowin® (EnviroSim, Ltd) process model was developed, and 
the process model was used to evaluate basin configuration upgrades 
that could be used to treat to lower effluent limits.

Original MLE Configuration

Phase I: 
Installation of three baffle walls (shown by 
yellow dashed lines)
Adjusted nitrate recycle piping (NRCY) dis-
charge piping
Addition of step feed of mixed liquor
Moved existing mixer to second anoxic zone
Aeration grid modifications

Phase II: 
Additional baffle wall for swing zone
Addition of large bubble mixing in swing 
zone
Aeration grid modifications
NRCY intake modifications
Actuators for Distributed Control System

Post-upgrade Performance

CONCLUSION:

Original MLE Phase I Phase IIIPhase I - complete
Phase II - under Construction
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