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Low-Cost Operating Modifications and
Supplemental Carbon Automation to
Achieve a Future Nitrogen Permit at a

Florida Municipal Facility

Victoria Reuvers and Mahsa Mehrdad

wastewater treatment plant, located in
AFlorida, has a daily average flow of 6.5

mil gal per day (mgd). The facility was
issued a new permit by the Florida Department
of Environmental Protection reducing the
future plant effluent nitrate and nitrite (NOy)
concentration to 10 mg N/L or below.

Originally, the facility was comprised of
six suspended-growth trains (600,000 gal each)
running in parallel. Figure 1 shows the layout
of the facility. Each train includes a small anoxic
zone, followed by an aeration basin. To avoid
expensive penalties and/or a full plant upgrade,
the facility decided to make minor and low-cost
modifications to the existing process. These
modifications include expanding the anoxic
zone, implementing an internal recycle (IR), and
adding a supplemental carbon source.

A pilot study was performed on one of the
six trains to verify that these modifications would
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allow the facility to achieve the future effluent

requirements. The primary objectives of the study

were to:

¢ Demonstrate stable operation, while achieving
a plant NOy concentration below 10 mg N/L.

¢ Identify key operating criteria, such as
dissolved oxygen (DO) concentration in
aeration basins, IR flow rate, and carbon
source addition.

é Fine-tune the automated carbon addition to
reduce overall chemical costs and periods of
overdosing.

é Identify site-specific considerations for
implementation of the full plant operation.

Before the pilot study commenced, a process
performance model using a Biowin® simulator
was calibrated based on the facility’s historical
data. The process simulator model was originally
run with methanol built in for the carbon source.

Figure 1. An aerial view of the facility.
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A review of safety factors and costs was used to
determine that an alternative nonhazardous,
nonflammable, and glycerol-based carbon source
product called MicroC® 2000 would be used.

The simulation predicted that, with an IR
rate of 300 percent of the influent train flow and
280 gal per day (gpd) of MicroC addition, effluent
nitrate concentration would decrease from 10
mg/L to approximately 6.7 mg/L with four of the
six trains in operation.

Pilot Project

The pilot project was executed between
May and November 2020. Process modifications
were performed on Aeration Tank No. 6 as the
evaluation train. The existing anoxic zone was
expanded to three times the original size using
a membrane baffle system, slightly reducing
the volume of the aeration basin. High-volume,
low-head pumps were located at the discharge
end of the train to provide a return rate between
100 and 300 percent of the average influent flow.
Two HACH Nitratax probes were installed in
the train to collect real-time NOy concentration
data, which are utilized by the automated control
strategy.

An external carbon source was supplemented
via two pumps at different locations. Pump No.
1 was feeding MicroC to the anoxic zone of the
Aeration Tank No. 6 to enhance denitrification
using a Nitrack® controller, and Pump No. 2 was
a manual MicroC pump, feeding a set rate of 96
gal into the common headworks. There were
four trains online during the first months of the
evaluation; thus, roughly 24 gal were assumed to
enter the evaluation Train No. 6.



Data Collection

The nitrogen removal performance of the
train was evaluated by collecting data from
upstream and downstream of the anoxic zone.
The first method of data collection was through
real-time monitoring by two HACH Nitratax
probes. The first probe was located at the end
of the anoxic basin, and the second at the end of
the aeration basin. The second method used was
collecting grab samples from similar locations
in Aeration Tank No. 6 as the evaluation train
and Aeration Tank No. 5 as the control train.
These grab samples were analyzed by the facility
using the same methods for each sample and
collecting the samples at the same time of the
day at the identical location.

Control Strategy

A Nitrack controller was deployed to
optimize the carbon dosage into the anoxic basin.
The control strategy is a unique combination of
a feedforward and feedback control algorithm
in order to optimize the carbon feed to a specific
site. Feedforward control actively adjusts the
process conditions to changes in influent
conditions, called disturbances, but does not
adjust manipulated variables based on system
performance. Conversely, feedback control
actively adjusts manipulated variables based
on system performance, but can have difficulty
adjusting to disturbances in influent flow
conditions.

The combination of a feedforward with
a feedback control algorithm ensures that
the effluent nitrate limit is achieved with
continuous adjustment based on changing
influent conditions. The facility influent flow,
return activated sludge (RAS) flow, and Nitratax
probes data were received and used by the
controller to estimate the amount of required
carbon in the anoxic zone.

Results and Discussion

The trial started in mid-May of 2020 by a
MicroC addition into evaluation Train No. 6.
Figures 2a and 2b depict the Aeration Tank No.
6 performance and the supplemental chemical
addition. The evaluation trial was divided into
two periods. The first period, depicted in Figure
2a, was from May 18 through September 1, when
the process was unstable due to significantly
varied influent loading, process upsets, and
instrumentation issues, which are described
further. In the second period of operation, from
September to November, the process performance
became steady and consistent, as shown in Figure
2b. Table 1 includes the detailed results of the
evaluation trial at different stages of operation.
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Figure 2. Nitrogen removal performance and supplemental carbon addition in
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and (below [b]) after the evaluation period, from September to November 2020.
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Figure 3. Comparison of the Grab NOx samples from the aeration
effluent of Evaluation Train No. 6 and Train No. 5.
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The average monthly grab sample results
for aeration effluent NOy-N in both Train
No. 6 and Train No. 5 are shown in Figure 3.
Throughout the trial, the aeration effluent
NOy-N concentration of Tank No. 6 remained
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less than the nitrogen limit of 10 mg N/L.
The average effluent NO,-N concentration in
Aeration Tank No. 6, with MicroC addition,
was 6.7 mg N/L compared to 20.2 mg N/L in
the Aeration Tank No.5 as the control train. The
minor process modifications with the external
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Figure 4. Ammonia and NOx-N concentrations at the aeration effluent of Train No. 6.
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Figure 5. Nitrogen removal loading and cost of the carbon source per day in Aeration Tank No. 6.

Table 1. Summary of the process performance during the evaluation frial.

Pre-Trial a b c d Post-Trial

Start Date 18-May | 27-May | 25-Jun | 16-Jul | 4-Aug 1-Sep
End Date 27-May | 17-Jun | 30-Jun | 1-Aug | 20-Aug | 12-Nov
GRAB NOx Aeration Effluent in Tank 6, mg N/L 6.2 5.4 11.9 6.7 10.5 7.02
GRAB NOx Anoxic Effluent in Tank 6, mg N/L 0.69 0.31 1.32 | 0.59 5.65 0.5
GRAB NOx Aeration Effluent in Tank 5, mg N/L 19.62 16 19.73 | 22.31 | 25.11 17.28
PROBE NOx Aeration Effluent in Tank 6, mg N/L 8.3 7.8 11.5 8.4 7.0 9.2
PROBE NOx Anoxic Effluent in Tank 6, mg N/L 1.7 1.4 3.4 1.7 2.3 1.1
NOx Removed, Ib N/day 300 350 430 325 210 440
Set Point 1.5 2.5 3.0 1.5 1.5 1.5
MicroC Dosed, gpd 264 170 36 33 87 78
gal MicroC/ Ib NOx-N removed 0.8 0.4 0.2 0.1 0.6 0.1
Price MicroC $/day 540 350 75 70 180 160
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carbon addition improved the nitrogen removal
performance by 67 percent.

After Evaluation

The results confirmed that the process
modifications and the addition of the carbon
source were capable of reducing the effluent
NOy of Aeration Tank No. 6 to below 10 mg
N/L, as shown in Figure 2b. Once the process
remained stable, without any instrumentation
or process upsets, the Nitrack anoxic set point
of 1.5 mg N/L was met consistently with the
calibrated automation system. On September
1, the facility reduced the number of online
trains from four to three, consequently
increasing the flow and nitrogen loading to
each train. As a result, the influent train flow
increased from 1.71 to 2.28 mgd, subsequently
decreasing the IR ratio since the pump
capacity was at 5.5 mgd. With a 55 percent
increase in influent flow, the IR ratio decreased
by 23 percent (3.14Q to 2.42Q). Figure 2b
illustrates that the anoxic effluent NO,-N set
point was consistently met, with an average
concentration of 1.17 mg N/L.

Troubleshooting

Fine-Tuning and Optimization

The MicroC feed to the anoxic basin was
optimized using the Nitrack controller and
two Nitratax probes located at the end of the
aeration basin and the end of the anoxic zone.
The combination of feedforward and feedback
control was modified, and some additional site-
specific variables were altered until periods of
overdosing and underdosing were minimized
and the optimal carbon dose was achieved.
Section (a) in Figure 2a shows the period of
operation (between May 27 and June 21) when
the controller modifications were implemented.
Figure 2a shows that the MicroC utilization
decreased significantly from 0.8-gal MicroC/lb
NO-N removed to 0.3-gal MicroC/lb NOy-N,
while similar NO, removal was achieved.

Dosing

The MicroC dosage into Train No. 6 halted
for a short period of time due to some issues at
the facility. Pump No. 1, which fed the anoxic
zone and was being controlled by the Nitrack, was
turned off between June 25 and July 1, resulting in
the effluent NOy of both the anoxic and aerobic
basins to spike, as seen in section (b) in Figure
2a. Manual Pump No. 2 was turned off early in
July through July 31; thus, the additional 24 gal of
MicroC into Train No. 6 were not received.

Nitrification
On July 5, the plant accidentally wasted



more sludge than usual, reducing the mixed
liquor suspended solids from 4,500 to 2,000
mg/L overnight and washing out a large portion
of the biomass inventory. In addition, during
the month of July, the DO concentration in
the Aeration Tank No. 6 dropped below 1.5
mg O,/L, limiting the ammonia oxidation.
As shown in Figure 4, nitrification began to
gradually deteriorate on July 17 and was lost by
85 percent by the end of July. While ammonia
was not being successfully converted to NOs;
prior to returning the mixed liquor back to the
anoxic zone, less nitrate load was present for
removal. As a result, the NOx removal in the
anoxic zone reduced from 400 Ib N/day to less
than 300 1b N/day, as shown in section (c) of
Figure 2a.

Instrumentation

Beginning in August, the aeration effluent
NOx probe started to malfunction, resulting in
inaccurate readings as high as 10-12 mg N/L.
These readings are a critical part of the Nitrack
control strategy and greatly impact the MicroC
dosing into the anoxic basin. Section (d) in
Figure 2a shows carbon dosing spikes due to
the inaccurate probe reading. The probe was

replaced, and no further instrumentation issues
occurred after the evaluation period.

Summary

Table 1 summarizes the detailed results of
this evaluation trial at various stages of operation.
The MicroC usage was highest the first month
of the evaluation and then significantly reduced
after some fine-tuning of the control strategy
to optimize the automated chemical feed. The
average MicroC usage of 157 gpd prior reduced to
55 gpd after control optimization and achieving a
steady process.

Figure 5 presents the nitrogen removal and
price per day for MicroC added into Aeration
Tank No. 6. The average price per day during
the start-up was $566, which was reduced to
$160 by September, and after the evaluation
period. This is while Aeration Tank No. 6
received a third of the total plant loading after
the evaluation period, compared to a fourth
of the plant loading during the start-up, due
to the number of trains online. By optimizing
the system and control strategy, the facility was
able to reduce the average daily chemical cost
by over 70 percent.

Conclusions and Recommendations

This entire evaluation was conducted
during COVID-19. Due to the constant travel
restrictions, the collaboration among EOSi, the
contractor, and the facility staff was crucial to the
success of this evaluation.

Based on the data gathered during this
study, the modifications will be expanded to
the remaining five aeration tanks to provide
the county with the means of meeting the NO
limits for groundwater monitoring without major
facility upgrades.

Its recommended that the IR pumps are
sized to achieve up to 400 percent of the average
plant flow to maximize the amount of nitrate
recycled from the aeration basin back to the
anoxic, allowing more NOy to be removed. In
addition, the carbon feed system should be
designed to dose MicroC in both the headworks
and each anoxic basin to provide adequate
flexibility to the operators at the facility.

Finally, four of the six trains should remain
online to ensure that the loading to each train
remains low enough to achieve the final effluent
goals. ¢
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