
 
 
 

ChemScan®  Process Analyzer 
 

Reprint 
 

 City of Orlando 
 

The Iron Bridge Bardenpho System 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Published by: 
Applied Spectrometry Associates, Inc. 

2325 Parklawn Drive Suite I 
Waukesha, WI 53186 

 
 
 



TABLE OF CONTENTS • PROGRAM MATRIX • SECTION HEAD 

CITY OF ORLANDO 
THE IRON BRIDGE BARDENPHO SYSTEM 

... A GREAT PROCESS MADE BETTER! 

Author (s) / Presenter (s) 

Roy A. Pelletier, Assistant Bureau Chief - Wastewater Process & Operations Bureau 


David S. Sloan, Bureau Chief - Wastewater Process & Operations Bureau 

Thomas L. Lothrop, P.E., Deputy Director - Public Works Department 


City of Orlando, Florida 

Public Works Department· Wastewater Process & Operations Bureau 


5100 L. B. McLeod Road 

Orlando, Florida 32811 


Phone (407) 246-2213 FAX (407) 246-2886 

Project Goal 

The project goal was to identify and obtain the maximum treatment capacity of the existing 
Bardenpho process to treat flows significantly above the original design value. 

The Bardenpho process modification project has allowed the decommissioning of the City's 
failing Rotating Biological Contactor (RBC) process without a reduction in the facility's 
permitted treatment capacity. The City's anticipated savings in averted capital for new process 
tankage, to replace the lost RBC permitted capacity of 16 mgd, exceeds $40 million dollars. 

Facility Overview 

The Iron Bridge facility is currently permitted for a total treatment capacity of 40 mgd. Each 
of the four (4) Bardenpho process trains, initially designed to treat 6 mgd, have been rerated 
through the Florida Department of Environmental Protection to treat 10 mgd, as a result of 
process modifications. Each Bardenpho train has been modified to include two (2) 150 hp 
mechanical aerators with VFD units for speed control, and coarse bubble diffusers supplied by 
200 hp blowers to provide supplemental aeration within the Carrousel aerobic zones. 

Fermentation Zone Baffle Walls 

The City and their consultants are currently designing various modifications to the existing 
Bardenpho trains to enhance performance in fermentation, IS! anoxic and 2nd anoxic zones. 
Baffle walls will be installed in the beginning of the fermentation zone to promote quicker 
reaction of the fermentation process by enhancing "plug flow" resulting in an increased F/M 
ratio in the first portion of the fermentation zone. 
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Step Feed ofInternal Recycle Flow 

Denitrification efficiency in the I s( anoxic zone will be enhanced by step feeding internal 
recycle (IR). Modifications will be made to allow portions of the IR flow to be fed to the 
second half of the fermentation zone, provided the required reactions can be accomplished 
within the first half of the fermentation zone. A portion of the IR flow can also be applied to 
the beginning of the original I s( anoxic zone. 

r l Anoxic Zone - Extended Aerobic Time 

Another baffle wall will be installed to equally divide the I st anoxic tanle. The first half of this 
tank will remain as traditional anoxic; however, the second half of the tank will be equipped 
with a fine bubble diffused aeration system. Based on the degree of denitrification, as 
measured by the nitrate concentration entering the second half of the ISl anoxic zone, the 
aeration control system will select operation of the second half of the ISl anoxic zone in a 
traditional mixed anoxic environment, or in an aerobic environment extending the overall 
nitrification zone. 

Carrousel Supplemental Aeration 

Each Bardenpho train has been equipped with a coarse bubble diffused aeration grid installed 
by City crews in the 1 s( aerobic zone of the Carrousel aeration tanle. The additional aeration 
has allowed the total treatment capacity of the Bardenpho process to be expanded from 24 mgd 
to 40 mgd. Future modifications are being designed to include installation of fine bubble 
diffused aeration to improve oxygen transfer efficiency. 

Lower Mixing Impellers 

Each mechanical aerator has been modified with lower mixing impellers to improve efficiency 
in the Carrousel channels and to maximize distribution of the applied oxygen. Based on visual 
observations, it appears that the lower mixing impeller has improved the velocity profile 
through the aerobic zones of the Carrousel tanle. 

Increasing Zone Operating Levels 

The original design of each train provided a free-fall over the Carrousel outlet weir fluctuating 
between 2 to 3 feet (depending on the position of the adjustable weir) as the mixed liquor 
discharged to the 2nd anoxic tanle. Air entrainment into the mixed liquor, just before entering 
the 2nd anoxic zone, slowed the reaction of denitrification within the initial zone of the 2nd 

anoxic basin. The goal was to decrease the existing free fall over the Carrousel weir. Slightly 
closing the outlet under-flow sluice gate of the reaeration basin increased the operating levels 
in the 2nd anoxic and reaeration tanks by about 16%. This modification has decreased the free 
fall over the Carrousel weir to less than one foot. Besides decreasing the D.O. level entering 
the 2nd anoxic tank, another significant benefit has been realized by the increased capacity and 
treatment detention time in the 2nd anoxic tank and reaeration tame. 
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Process Sampling & On-Line ChemScan Analyzer (Nitrogen Profile and Phosphorus) 

Each Bardenpho train is sampled using submersible chopper pumps at three (3) locations: 1) 
outlet of the pt anoxic tank, 2) Carrousel outlet, and, 3) outlet of the reaeration tank (Figure 1 
depicts the flow pattern and sample locations, typical of each Bardenpho train). Based on an 
automatic sequencer system, each MLSS sample is delivered to the ChemScan system and 
analyzed for NOrN, N03-N, NH3-N, and P04-P. The respective MLSS sample is filtered in an 
ultra-filtration module, and then the filtrate is supplied to the ChemScan UV analyzer. The 
ChemScan system performs a UV spectrum analysis to identify the nutrient profile 
characteristics in about 8 minutes per sample location. The on-line, real-time data generated 
by the ChemScan analyzer is electronically tabulated, trended, stored in the field device and 
simultaneously transmitted to the facility's SCADA system where it is used for automated 
control of the Carrousel mechanical VFD aerators. The SCADA control system allows 
operator-definable ammonia and nitrate setpoints, when compared to the actual ammonia and 
nitrate values, to control the speed of the mechanical aerator VFD drives. 

Mechanical Aerator VP1J Speed Control Automation - Based on Process Performance 

The aerators are controlled based upon periodic ChemScan readings in the first anoxic, 
aeration, and reaeration basins. The "inside" aerator (l sl anoxic outlet into the Carrousel 
aeration tank) of each train has been designated as the ammonia/nitrification aerator, and the 
"outside" aerator as the NOx/denitrification aerator. Based upon a calculated value, each 
aerator is adjusted when one or more of the readings or setpoints are updated. With a rerate 
flow volume per train of 10 mgd, the hydraulic residence time (HRT ... time for one complete 
turnover) of the first anoxic basin is about 20 minutes, the aeration basin about 80 minutes, the 
second anoxic basin 90 minutes, and reaeration basin about 15 minutes. 

To achieve nitrification, the inside aerator's speed is adjusted to maintain a target ammonia 
setpoint value at the aeration basin's weir, while being proactive to the ammonia concentration 
entering the aeration basin from the 1 st anoxic basin. As the ammonia concentration at the 
weir, or in the 1 st anoxic outlet, rises above the target setpoint value, the speed of the inside 
aerator is increased (enhancing the nitrification process). Conversely, as the ammonia 
concentration at the weir, or in the 1 st anoxic outlet, falls below the target setpoint value, the 
speed of the inside aerator is decreased (enhancing the denitrification process). 

To achieve denitrification, the outside aerator's speed is adjusted to maintain nitrate setpoint 
values at the aeration basin weir and the outlet of the reaeration basin. As the nitrate 
concentration at the weir, or the outlet of the reaeration basin, rises above the target setpoint 
value, the speed of the outside aerator is decreased (enhancing the denitrification process). 
Conversely, as the nitrate concentration at the weir, or in the outlet of the reaeration basin, falls 
below the target setpoint value, the speed of the outside aerator is increased (enhancing the 
nitrification process). 
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Table 1: Bardenpho Process Equipment Summary 

Process Area 
Equipment/ 
Component 

# Design Criteria Rerate Criteria 

Bardenpho Bardenpho 
Trains 

4 6 mgd Avg Capacity Each 10 mgd Avg Capacity Each 

Fermentation 4 606,000 Gallons per Tank 606,000 Gallons per Tank 
Tanks 2,424,000 Total Gallons 

for All Fermentation 
Tanks 

2,424,000 Total Gallons for 
All Fermentation Tanks 

Fermentation 
Mixers 

8 Two Mixers per Tank 
Low Speed Turbine 
Mixers 

Two Mixers per Tank 
Low Speed Turbine Mixers 

First Anoxic 4 606,000 Gallons per Tank 606,000 Gallons per Tank 
Tanks 2,424,000 Total Gallons 

for All First Anoxic 
Tanks 

2,424,000 Total Gallons for 
All First Anoxic Tanks 

First Anoxic 
Mixers 

8 Two Mixers per Tank 
Low Speed Turbine 
Mixers 

Two Mixers per Tank 
Low Speed Turbine Mixers 

Carrousel 4 2,630,000 Gallons per 2,630,000 Gallons per Tank 
Aeration Tank 10,520,000 Total Gallons 
Tanks 10,520,000 Total Gallons 

for All Aeration Tanks 
for All Aeration Tanks 

One 200 hp Blower per 
Tanl< for Supplemental 
Diffused Aeration 

Surface 
Mechanical 
Aerators 

8 Two Aerators per Tank 
with Two-Speed Motors, 
150 HP Motor 

Two Aerators per Tank 
with VFD Drives 

150 HP Motor 

Second 4 890,000 Gallons per Tank 1,035,636 Gallons per Tanl< 
Anoxic 3,560,000 Total Gallons 4,142,544 Total Gallons for 
Tanks for All Second Anoxic 

Tanks 
All Second Anoxic Tanks 

Second 
Anoxic 
Mixers 

8 Two Mixers per Tank 
Low Speed Turbine 
Mixers 

Two Mixers per Tank 
Low Speed Turbine Mixers 
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Process Area 

Bardenpho 

Secondary 
Clarifiers 

RASIWAS 
Stations 

Equipmentl 
Component 

Reaeration 
Tanks 

IR Pump 
Stations 

Total IR 
Pumps 

Secondary 
Clarifiers 

RAS/WAS 
Wet Wells 

RAS Pumps 
per Wet 
Well 

Total RAS 
Pumps 

WAS Pumps 
per Wet 
Well 

Total WAS 
Pumps 

# 

4 

4 

12 

8 

2 

3 

6 

2 

4 

Design Criteria Rerate Criteria 

Coarse Bubble Diffused Coarse Bubble Diffused 
Aeration Aeration 
150,000 Gallons per Tank 174,545 Gallons per Tank 
600,000 Total Gallons for 698,180 Total Gallons for 
All Reaeration Tanks All Reaeration Tanks 

36 mgd Max per Train 36 mgd Max per Train 

Propeller Pumps Propeller Pumps 
Float Controlled Float Controlled 
6 mgd Capacity Each 6 mgd Capacity Each Pump 
Pump 

100 Foot Diameter Tanks 100 Foot Diameter Tanks 
3 mgd A vg Capacity Each 5 mgd A vg Capacity Each 
Draft Tube RAS Removal Draft Tube RAS Removal 

Each Station Serves 4 Each Station Serves 4 
Clarifiers Clarifiers 
Telescopic Valve for Telescopic Valve for Each 
Each Clarifier m the Clarifier in the RAS/WAS 
RAS/WAS Wet Well Wet Well 

Two-Speed Motors 
About 3,000 gpm Each VFD Drives 

Discharges to Head of About 3,000 gpm Each 

Fermentation Tanks Discharges to Head of 
Fermentation Tanks 

Submersible Pumps Submersible Pumps 

Constant Speed Constant Speed 
About 350 gpm Each About 350 gpm Each 
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Figure 1: Bardenpho Train Flow Pattern and Sample Locations 
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Project Summary 

The Northwest WRF was originally built in 1987 as a 2 MGD wastewater treatment 
facility to serve the rapidly growing communities of Actworth and Kennesaw, near 
Atlanta, Georgia. The plant was expanded to 4 MGD in 1990 and expanded again to 8 
MGD in 1998. Unit processes include grit chambers, influent biofilters, four 1 MGD 
equalization basins, primary clarifiers, four sets of aeration basins, secondary clarifiers, 
sand filters, ultraviolet disinfection, aerobic digesters and belt presses. Discharge from 
the plant is to Lake Allantoona. 

A ChemScan UV -4100 was provided for an effluent ammonia and phosphate analysis 
demonstration during December 2000 and January 2001. An effluent sample flow to 
supply a composite sampler was available in an equipment room, located in the main 
administrative building at the plant. The ChemScan system was installed and started up 
by a factory service representative, using a factory calibration. 

Analysis Methods 

The ChemScan UV -4100 uses reagent assisted methods for analysis of ammonia and 
phosphate. The ammonia method uses bleach reagent and hydroxide to form chloramine 
at a controlled pH, which can be detected using UV absorbance. The amount of 
chloramine is proportionate to the ammonia in the sample. Ortho-phosphate is analyzed 
using a vanadomolybdate reagent, with the reaction product also detected using IN 
absorbance. 

The ChemScan IN-4100 can also be used to detect direct analysis parameters such as 
nitrate, nitrite, or COD. These parameters were not of interest to the plant and were not 
included in the demonstration. 

Demonstration Results 

Direct comparison results were not available due to a lack of grab samples. The best 
comparison available was from the daily composite sample. An internal data log is 
available in the ChemScan analyzer, which allows the most recent 1000 values to be 
retrieved for each parameter. At the rate ofone analysis cycle every 10 minutes, there are 
144 analysis cycles per day, translating into 6.9 days of data contained in the log. 
Periodic downloads of the log can be used to calculate a time proportioned composite 
each day, for each parameter. This calculated composite could be compared to the 
analysis results from the flow proportioned composite sample collected by the auto- . 
sampler. Although the time and flow composites are not directly comparable, the data can 
provide a rough approximation of the agreement between the ChemScan values and the 
laboratory values. 

Data was collected for an initial evaluation period in December 2000 and compared to the 
composite values. Figure 1 is a graph of the ChemScan ammonia and phosphate values 
for a 7day period starting 12/ 13/00. 
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Figure 1. Cobb County Northwest WRF, 


Dec. 2000 Data Log 
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Comparison of flow proportioned composite samples with the calculated time composite 
from the ChemScan analyzer shows the following comparisons. 

Table 1. Ammonia comparison. 

Date ChemScan 
AmmoniaN 

Plant 
AmmoniaN 

AmmoniaN 
Difference 

14 Dec 0.55 mg/I 0.15 mg/I 0.40 mgIi 
15 Dec 1.68 mg/l 0.92 mg/l 0.76 mg/I 
16 Dec 2.55 mg/I 1.83 mg/I 0.72 mg/I 
17 Dec 0.98 mgIl 0.44 mg/l 0.54 mg/l 
18 Dec 0.76 mgIi 0.15 mg/I 0.61 mg/l 
19 Dec 0.76 mg/I 0.15 mg/l 0.61 mg/I 

Comparison of these data sets indicates an average error of 0.61 mg/I. Figure 2 shows a 
graph of this comparison. 



Figure 2. Composite Ammonia Comparison 
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No calibration samples were obtained at startup. The analyzer used a calibration from 
another nearby plant. After inspection of the above data, it was determined that an offset 
of -0.50 mg/l should be applied to the ChemScan ammonia value, in order to improve the 
agreement between the ChemScan calculated composite and the plant physical 
composite. Table 2 shows the results of this adjustment. 

Table 2. Ammonia comparison after adjustment. 

Date Adjusted 
ChemScan 

Ammonia N 

Plant 
Composite 

AmmoniaN 

Difference 
AmmoniaN 

14 Dec 0.05 mg/l 0.15 mg/l -0.10 mgll 
15 Dec 1.18 mg/I 0.92 mgll 0.26 mgll 
16 Dec 2.05 mg/l 1.83 mg/I 0.22 mgli 
17 Dec 0.48 mg/l 0.44 rog/I 0.04 mgll 
18 Dec 0.26 mg/I 0.15 mg/I 0.11 mg/l 
19 Dec 0.26 mg/I 0.15 mg/l 0.11 mg.!l 

The average error had been reduced to 0.11 mg/l, providing much better tracking and 
better agreement between the data sets as can be seen in Figure 3. 



Figure 3. Composite Ammonia Comparison 
(Adjusted) 
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After entry of the adjustment, the test continued into January 2001. The result was an 
improved comparison between the plant composite sample analysis results and the 
calculated composite from the ChemScan internal data log. Table 3 shows the results of 
the comparison following adjustment. 

Table 3. Ammonia comparison after adjustment. 

Date Plant Difference 
ChemScan Composite AmmoniaN 

AmmoniaN AmmoniaN 
3 Jan 0.67 mg/l 0.70 mg/l 0.03 mg/l 
4 Jan 1.95 mg/l 1.60 mg/l -0.35 mg/l 
5 Jan 1.05 mg/l 1.10 rug/l 0.05 mg/l 
6 Jan 0.66 mg/l 0.09 rug/I 0.24 mg/l 
7 Jan 0.14 mg/l 0.20 mg/l 0.06 mg/l 
8 Jan 0.56 mg/l 0.70 mgll 0.14 mg.!l 

The average error was only 0.03 mg/l for the period. Given that the comparison is being 
made on the basis ofcomposite samples without benefit of site specific calibration, this is 
an excellent result. The comparison for early January can be seen in Figure 4. 
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The ChemScan analyzer was also setup to monitor phosphate at this location. Because of 
the low phosphate concentration, the analyzer was setup to detect orthophosphate as P 
down to a detection limit of0.01 mg/I. This detection limit is well below the plant's 
detection limit of0.1 0 mg/l for the composite sample. Good comparison data could not 
be obtained because the ChemScan system was always operating below the plant 
detection limit, as can be seen in Figure 5. . 

Figure 5. Composite Phosphate Comparison 
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The ChemScan system provided a reliable automatic analysis ofammonia and phosphate 
in wastewater effluent at the Cobb County Northwest WRF. Analysis of both parameters 
was performed at 10 minute intervals during December 2000 and January 2001. When 
compared to the results from composite samples at the plant, the ammonia results were in 
general agreement with plant result trends based on composite samples. The average 
difference between plant composite analysis and calculated ChemScan composites for 
ammonia was reduced to 0.03 mg/l as a result of an adjustment made after examination of 
the test data comparison from the initial test period. Phosphate results were always below 
the detection limit for the method of analysis in use at the plant. The ChemScan 
phosphate detection limit is below the plant detection limit. 

After adjustment ofthe ChemScan ammonia results, very close correlation could be 
obtained between the physical composite and the calculated composite. Log data obtained 
after the adjustment was installed on the ChemScan system, shown in Figure 6, indicates 
that the plant effluent ammonia concentration tends to vary from concentrations above 
3.5 mg/l to concentrations that are below the ChemScan detection limit of O.l 0 mg/l. 
These data could be used by the plant for real time monitoring and control of nitrification. 

Figure 6. Cobb County Northwest WRF 
Jan 2001 Data Log 
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