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3.2 Secondary Treatment 

3.2.1 HPO Reactors 

 

3.2.1.1 Purpose and Description 

The first stage of biological treatment at the HFC AWTP is accomplished by a High Purity Oxygen (HPO) 
activated sludge process. The HPO system consists of the Main Pumping Station (MPS), six HPO reactors, 
two 60 ton/day cryogenic HPO generation systems, and the intermediate pumping station. The MPS 
combines primary effluent, raw sewage, residual recycle and dewatering flow from the Main Drain to be 
pumped to the HPO reactors or DARs for carbonaceous BOD removal and nitrification. Seven main 
sewage pumps are located in the MPS to provide a firm pumping capacity of 250 MGD. The HPO system 
was designed to operate in three separate modes: carbonaceous BOD and suspended solids (SS) 
removal, two-stage nitrification, or single-stage nitrification. The six HPO reactors are grouped into 
stages to accomplish each of the three operational goals. HPO reactors 1 and 2 are designated for 
carbonaceous BOD and SS removal, reactor 3 is a swing tank to be used for either carbonaceous BOD 
and SS removal or nitrification, and reactors 4 – 6 are designated as nitrification reactors. Each reactor is 
completely covered, has a volume of 1.27 million gallons, and is separated into four zones by full height 
baffle walls with openings beneath water level and in the gas headspace to allow water and gas flow 
between zones. High purity oxygen provided by the cryogenic generation systems is fed into the first 
zone of each reactor at 95% oxygen. Mechanical surface aerators in each zone transfer oxygen from the 
reactor headspace into the wastewater to provide an oxygen rich environment for biological 
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carbonaceous BOD consumption and/or nitrification. Return sludge from FSTs 1 – 12 is pumped to the 
first zone of each reactor to maintain the population of active biomass. 

The HPO reactors were originally designed to provide either two-stage nitrification or single-stage 
nitrification during high flow. When operating the HPO reactors for two-stage nitrification, influent from 
the MPS is treated by HPO reactors 1 and 2, passes through FSTs 1 – 6, and is returned to HPO reactors 3 
through 6 for nitrification by the intermediate pumping station. The intermediate pumping station 
consists of four 40 MGD pumps for a firm pumping capacity of 120 MGD. HPO reactor 3 may be used in 
this operation for either carbonaceous BOD removal or nitrification. Influent wastewater to the reactors 
may also be fed directly from the MPS discharge channel into the nitrification reactors by the 48-inch 
supplemental nitrification stage conduit to the northeast corner of the HPO reactors. All nitrification 
stage effluent from reactors 4 – 6 then passes through FSTs 7 – 12 and on to the DARs. When single-
stage nitrification is desired, all HPO reactors operate identically in parallel to remove carbonaceous 
constituents and to provide nitrification, and all HPO effluent is settled by FSTs 1 – 12. Following the 
construction of the DARs and FSTs 13 – 20, the HPO reactors could also be operated in fully 
carbonaceous BOD and SS removal mode. All HPO reactors and FSTs 1 – 12 are available to provide 
carbonaceous BOD and SS removal prior to separate stage nitrification in the DARs. 

3.2.1.2 Process Evaluation 

The HPO reactors have been used mainly for the removal of carbonaceous BOD since the addition of the 
DARs for separate stage nitrification. Reactors 1 and 2 have been used most often, with reactor 3 mainly 
being used in high flow situations for improved hydraulics and carbonaceous removal. Key process 
parameters for the HPO reactors have been calculated and determined from the 5 year historical 
monitoring data provided. These parameters are summarized in Table 3-16 for 2013 through 2015. Data 
prior to 2013 is not shown because it does not accurately represent the current operation of the 
biological processes. 

Table 3-16 – HPO Reactors Key Process Parameters 

Year 
MLSS 

(mg/L) 
SRT(1) 
(days) 

F/M Ratio(1) 
(mg BOD/mg 

MLSS*d) 
BOD Reduction 
(% removed)(2) 

2013 1,342 0.59 2.3 72.6% 
2014 1,375 0.60 2.6 86.6% 
2015 1,378 0.52 2.4 86.2% 
2013-2015 
Average 

1,365 0.57 2.4 81.8% 

(1)Values are calculated from historical monitoring data and therefore approximate. 
(2)Based on MPS influent BOD and FST 1 – 12 effluent BOD. 

Nitrification is not required in the HPO reactors because of the DARs, and as a result the two-stage 
nitrification operation of the HPO reactors is unnecessary to meet Class I reliability. Despite the minimal 
SRT, some nitrification has been observed in the HPO reactors due to the presence of nitrate in the HPO 
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effluent. Previous engineering reports have indicated this is most likely due to the wastage of DAR 
sludge to the HPO system, thereby introducing acclimated nitrifying organisms to the HPO activated 
sludge. This is a viable hypothesis and the most likely cause of this phenomenon because the nitrifying 
organisms contained in the DAR waste sludge have a significantly greater cell residence time compared 
to the heterotrophic organisms in the HPO reactors. Therefore, nitrification in the HPO reactors is 
somewhat detached from the HPO SRT and a direct function of DAR wastage to the HPO system. 

The mechanical aerators in the first zone of reactors 1 and 2 are of greater capacity than those installed 
in the first zone of reactors 3 through 6. This results in variations in operation and treatment capacity 
when reactors 3 through 6 are used. Several of the mechanical aerator motors for reactors 4 through 6 
have been removed. Also, treatment plant operations staff indicated to McKim & Creed that the motors 
for the mechanical aerators in the first zone of the reactors become overloaded at high flows. This is 
likely due to exceeding the maximum submergence of the impellers under high flow, and the age of the 
aerator motors. This issue may be alleviated by modifying the height of the impellers or by installing 
impellers with a greater submergence allowance. In addition, the step feed equipment installed in 
reactors 1 and 2 cannot be used to send all influent flow to the second zone of the HPO reactors 
because the oxygen requirement will exceed the oxygen transfer rate of the installed mechanical 
aerators in zone 2. As a result, the step feed equipment is currently used to send approximately 40% of 
the influent flow to the second zone of reactors 1 and 2. 

The HPO generation plants were observed to be in poor overall condition as seen in Figure 3-13 and 
Figure 3-14 and as noted by Solutionwerks, Inc. in their June 2014 evaluation. A large majority of the 
oxygen generation equipment and piping is original to the facility and in need of repairs, replacement, 
and protective coatings. Oxygen Generation Plant No. 2 has been offline since around 2004 and 
construction for the rehabilitation of this plant is currently underway. Rehabilitation of Oxygen 
Generation Plant No. 2 is focused on major components and controls to return the plant to operation. 
However, many of the smaller components such as valves and piping remain original to the equipment 
and are not planned to be replaced as part of the rehabilitation. Failure of control valves or piping is 
likely to cause complete shutdown of the plant despite rehabilitation of major equipment. Previous 
studies by Solutionwerks, Inc. and Greeley and Hansen have indicated that the HPO generation at the 
HFC AWTP significantly outpaces the requirements of the HPO reactors at times. DO concentrations in 
the HPO reactors as high as 20 mg/L were consistently observed by Solutionwerks, Inc., and the 
observed oxygen demand during turndown testing was between 30 to 35 tons/day. A DO level of 20 
mg/L is far above the basis of design concentration of 7.0 mg/L and above the recommended high DO 
alarm levels of 14 mg/L. Since the HPO generation system is one of the largest energy consuming 
processes at the facility, a significant cost savings can be realized by overhauling the controls of oxygen 
supply and mechanical aeration in the HPO reactors. Controls will be overhauled for Oxygen Generation 
Plant No. 2 to allow load following capability as part of the rehabilitation project. Solutionwerks, Inc. 
indicated that Oxygen Generation Plant No. 1 is capable of a turndown range from 60 tons/day to 28 
tons/day. 
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Figure 3-13 – West Elevation View of HPO Generation System 
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Figure 3-14 – LOX Storage Tank and Piping 

 

Currently, DO is only monitored in the last zone (Zone 4) of each HPO reactor. The rate of HPO supplied 
is controlled based on the pressure in the headspace of the first zone of each HPO reactor, and the vent 
gas purity from the fourth zone of each reactor. Oxygen generation and supply is manually controlled for 
the most part and control in the HPO reactors is not directly linked to the DO concentration in each 
zone. Rather, the control scheme is based upon the fact that as oxygen demand increases the headspace 
gas pressure in the first zone of the reactors will decrease and the vent gas purity from the fourth zone 
of each reactor will decrease. This is corrected by increasing the oxygen supply and opening the vent gas 
valves gradually until headspace gas pressure and vent gas purity reach operator selected values. The 
opposite is true in response to decreased oxygen demand. Combustible gas and oxygen purity is also 
monitored in the first and fourth zones of each reactor by a combined system that monitors the HPO 
reactors in groups of reactors 1 – 3 and reactors 4 – 6. The combustible gas and oxygen purity analyzers 
are located centrally on the reactor deck and sample lines from each reactor are of considerable lengths. 
The length of the sample lines may result in inaccurate results due to sample degradation by biofilms 
within the sample lines and/or by dilution due to mixing within the sample piping. The result of 
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inaccuracy in these measurements may be unnecessarily high oxygen supply due to oxygen purity 
measured lower than actual purity, and late response to a build-up of combustible gases in the reactors. 

The basis of design for the HPO reactors reported by the 1999 Greeley and Hansen Operations & 
Maintenance Manual indicates that a maximum of four reactors are to be used at the design AADF of 96 
MGD (121 MGD with residuals recycles) for carbonaceous BOD removal. Historical monitoring data and 
the modeling performed by Tetra Tech for the DAR evaluation and the Arcadis Operation and 
Maintenance Performance Report suggest that the existing HPO reactors are sufficiently sized to provide 
carbonaceous BOD removal at the current and design AADF. However, there has been significant 
variation in the BOD removal efficiency for the HPO reactors (Figure 3-15) and may indicate that the 
current operation should be evaluated for modifications to improve consistency. 

Figure 3-15 – HPO Reactors Effluent BOD and BOD Removal Efficiency 

 

 
The basis of design reported by the Operations & Maintenance manual indicates a design HPO MLSS 
concentration of 2775 mg/L and a design SRT of 0.8 days. Figure 3-16 illustrates the historical MLSS 
concentration data and RAS flow. 
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Figure 3-16 – Historical HPO MLSS Concentration and RAS Flow 

 

The HPO reactors have been operated well below their design MLSS, which may contribute to the 
variability of the BOD removal efficiency. Operation at a greater MLSS will result in greater BOD removal 
and greater resiliency to shock organic loads. However, the influent BOD loading to the HPO reactors is 
less than that assumed by the basis of design, which accounts for some reduction in the biomass 
production because less carbonaceous substrate is available for growth. The operation of the HPO 
reactors at lower MLSS is also likely tied to the operation of the DARs for denitrification. This is because 
HPO effluent BOD will be greater at lower MLSS and provide more carbon for denitrifying organisms to 
convert nitrate and nitrite to nitrogen gas. As BOD removal and the HPO MLSS concentration has varied 
under the current operation, so has the HPO SRT. The HPO RAS flow rate has remained relatively 
constant while the WAS flow rate has experienced several short periods of significantly low flows. Figure 
3-17 shows the changes in the WAS flow rate and the resulting changes in the HPO SRT.  
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Figure 3-17 – HPO SRT and Wastage Flow 

 

The variations in the HPO SRT as a result of the WAS flow rates, and the highly variable BOD removal 
and MLSS concentration appears to indicate insufficient monitoring information, controls, and 
automation available to the operators. These concerns should be evaluated further to determine their 
root causes and solutions to improve reliability in the HPO BOD removal efficiency. 

Table 3-17 – Summary of Evaluation of High Purity Oxygen Reactors 
Performance 

Performance Goals 
Effluent BOD = 27 mg/L 
Effluent SS = 16 mg/L 
Percent TKN Removal = 56% 
Effluent TKN = 10.6 mg/L 
Effluent NO3 = 4.4 mg/L 
Percent Phosphorus Removal = 16.3% 
Effluent Phosphorus = 6.6 mg/L 
Design HPO Demand = 82.3 tons/day 
 
Design SRT = 0.8 days 
Design Wastage Rate = 130,800 lbs/day 

Observed Performance(1) 
Effluent BOD = Unavailable 
Effluent SS = 10.03 mg/L 
Percent TKN Removal = 56.2% 
Effluent TKN = 16.14 mg/L 
Effluent NO3 = 10.57 mg/L(2) 
Percent Phosphorus Removal = Unavailable 
Effluent Phosphorus = Unavailable 
2015 Average HPO Supply = 38.2 tons/day 
2015 Maximum HPO Supply = 58.3 tons/day 
2015 Average Estimated SRT = 0.47 days 
2015 Average Wastage Rate = 59,743 lbs/day 
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Evaluation Findings 
• The main sewage pumps, motors, and drives at the MPS are in excess of 37 years of age 
• The air compressors in the MPS are aging and in need of replacement 
• The ventilation system in the MPS is in need of improvements. Ventilation Improvements are 

currently under design. 
• Current operation only uses HPO reactors 1 through 3 
• Step feed equipment was installed in reactors 1 and 2 to alleviate hydraulics due to current 

operation, but step feed equipment cannot be used to full extent 
• Multiple mechanical aerators in reactors 4 – 6 have been removed or partially disassembled for 

parts. Some mechanical aerators have been replaced but many of the motors are the original 
motors and are in excess of 37 years of age. 

• HPO reactor oxygen and combustible gas sampling lines are too long to guarantee representative 
samples, sample dilution and biological degradation is likely to occur 

• Inadequate DO monitoring equipment to monitor and control oxygen transfer rate 
• Step feeding to zone two may result in oxygen demand exceeding the capacity of the installed 

mechanical aerators 
• Mechanical aerators in reactors 3, 4, 5, and 6 do not match the oxygen transfer capacity of those in 

1 and 2. Motors and gearboxes for mechanical aerators in reactor 3 are currently being replaced to 
match the capacity of those installed in reactors 1 and 2. 

• Intermediate pumps are in excess of 37 years of age and have not been operated for quite some 
time due to the current operation of the HPO reactors for BOD removal only 

• Many components of the oxygen generation systems appear to be in poor condition and may pose a 
health and safety risk as well as an operational risk. Many of the original components to the Oxygen 
Generation Plants installed in 1978 are still in operation. Only Oxygen Generation Plant No. 1 is 
operable. Failure of control valves or piping original to the generation plants is likely to cause 
complete shutdown despite rehabilitation to major equipment. 

• Solutionwerks, Inc. noted dissolved oxygen concentration in the HPO reactors remained consistently 
near 20 mg/L, indicating significantly more oxygen production than needed. 

• HPO F/M ratio is consistent with a high rate activated sludge process for carbonaceous removal 
• HPO MLSS concentration and BOD removal efficiency has been highly variable, and may indicate a 

need for improved monitoring and control. 
Recommendations 

• Evaluate main sewage pumps, motors, and drives for repairs and replacement due to their age 
• Investigate the replacement of the process air blowers for channel mixing. Other air mixing systems 

used significantly less energy and are easier to operate. 
• Redirect scum from the HPO influent channel and FSTs 1 – 12 to gravity thickening, mixed sludge 

pumping station, or to disposal to prevent perpetual recirculation of foam inducing microorganisms 
such as Nocardia bacteria. 

• Consider a complete repair and replacement campaign of all oxygen generation system piping and 
equipment due to equipment age and condition. It is understood that Oxygen Generation Plant No. 
2 is currently undergoing repairs to the major equipment based upon the recommendations of the 
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June 2014 report on site conditions by Solutionwerks, Inc. This is a high priority item due to the 
critical nature of oxygen generation at this facility. 

• Investigate options to provide denitrification prior to denitrification filters. Most equipment and 
infrastructure required for process modifications may already be present, or require minor 
modifications. This recommendation shall be considered concurrently with repairs to the Oxygen 
Generation Plants to weigh the merit of a complete overhaul of the Oxygen Generation Plants. 
Modifications should be modeled to prove validity. 

• Evaluate the intermediate pumping station in conjunction with process modifications as an option to 
provide internal recycle or other flows. 

• Aging equipment should be investigated for replacement 
• Consider replacing HPO mechanical aerators with newer, more efficient mixers and motors. Higher 

oxygen transfer rate/efficiency and higher mixer efficiency will reduce energy usage. Mechanical 
aerators should be of equivalent size and oxygen transfer rate/efficiency for each reactor to allow 
each reactor to be operated identically. There should not be variations in aerator capacity between 
reactors, but variation between zones is expected and recommended. 

• Consider improving BOD, MLSS, DO monitoring 
• Consider improving SCADA integration with operational controls 
• Consider increasing the MLSS and SRT towards the design values to increase BOD removal efficiency 

and reliability. 
• Model the HPO operation to determine more robust operational parameters to provide reliable and 

efficient BOD removal based on current operation. 
• The mechanical aerator motors for reactors 4 through 6 should be placed back into operation or 

readily available and easily installed to enable the use of reactors 4 through 6 in the event of 
equipment failure in reactors 1 through 3. 

• Consider purchasing additional gas analyzers and relocating existing analyzers adjacent to sampling 
locations to improve accuracy and oxygen generation control 

• Consider redeveloping oxygen generation supply and control scheme to reduce oxygen production 
while maintaining necessary oxygen transfer rate. An automatic load following control system 
should be implemented to reduce energy usage. (To be completed for Oxygen Generation Plant No. 
2 as part of rehabilitation project) 

• Evaluate the replacement of oxygen supply and vent gas meters and valves due to age 
• Replace 34 year old sample pumps 
• Evaluate reactor sluice gates, weir gates, stop logs for replacement due to age 
(1)Average values based on data from 5-year study period 
(2)Previous studies have indicated inaccuracy in daily composite sample nitrate concentration 
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