Pilot Study Final Report
Process Definition and Concept Design of Wastewater
Reclamation Facilities
City of Wichita, Kansas

July 27, 2021

Table of Contents
1

Introduction .......................................................................................................................................... 1

2

Background ........................................................................................................................................... 1

3

Pilot Plan ............................................................................................................................................... 2

4

3.1

Pilot Objectives ............................................................................................................................. 2

3.2

Effluent Safeguard Measures ........................................................................................................ 4

3.3

Pilot Schedule................................................................................................................................ 4

3.4

Pilot Data Collection...................................................................................................................... 5

Pilot Technologies and Evaluation ........................................................................................................ 5
4.1

Gravity Selective Wasting ............................................................................................................. 5

4.1.1

Overview ............................................................................................................................... 5

4.1.2

Sampling Results and Observations ...................................................................................... 6

4.1.3

Next Steps ............................................................................................................................. 8

4.2

RAS Fermentation and Sidestream EBPR (S2EBPR) ...................................................................... 9

4.2.1

Overview ............................................................................................................................... 9

4.2.2

Modeling Results................................................................................................................. 10

4.2.3

Plant-wide Application ........................................................................................................ 11

4.2.4

RAS Fermentation Pilot Sampling Plan ............................................................................... 12

4.2.5

Sampling Results and Observations .................................................................................... 20

4.2.6

Next Steps ........................................................................................................................... 24

4.3

Simultaneous Nitrification and Denitrification (SNDN) .............................................................. 24

4.3.1

Overview ............................................................................................................................. 24

4.3.2

Modeling Results................................................................................................................. 26

4.3.3

Plant-wide Application ........................................................................................................ 27

4.3.4

Two Day Observation Period Procedure (Aeration Basin 2) ............................................... 29

4.3.5

Six Week Pilot Procedure (Aeration Basin 2) ...................................................................... 33

4.3.6

SNDN Pilot Sampling Plan ................................................................................................... 33

4.3.7

Planned Control Improvements .......................................................................................... 33

Tables
Table 3-1 Pilot Summary ............................................................................................................................... 3
Table 3-2: Current and Anticipated Pilot Schedule ....................................................................................... 4
Table 4-1 Sampling Plan - Baseline ............................................................................................................. 13
Table 4-2 Sampling Plan – S2EBPR with PSL Feed (June 18th to July 30th) .................................................. 14
Table 4-3 Sampling Plan – S2EBPR with PSL Feed (August 2nd to August 20th) ........................................... 15
Table 4-4 Sampling Plan – S2EBPR without PSL Feed ................................................................................. 17
Table 4-4 SNDN Pilot Sampling Plan ........................................................................................................... 33
Figures
Figure 2-1: Plant 2 Existing Process Flow Diagram ....................................................................................... 2
Figure 4-1: Gravity Selective Wasting Pilot Schematic ................................................................................. 6
Figure 4-2: inDENSE Pilot – Plant 2 Aeration Basin 6 .................................................................................... 6
Figure 4-3: 2021 SVIs..................................................................................................................................... 7
Figure 4-4: 2021 Clarifier Sight Depth........................................................................................................... 7
Figure 4-5: 2021 Aeration Basin Ammonia ................................................................................................... 8
Figure 4-6 RAS Fermentation Pilot Schematic .............................................................................................. 9
Figure 4-7: RAS Fermentation Pilot Tanks at Plant 2 .................................................................................. 10
Figure 4-8 RAS Fermentation Process Flow ................................................................................................ 11
Figure 4-9 RAS Fermenter Pilot - Sampling Locations................................................................................. 19
Figure 4-10: Baseline: VFA and ffCOD (initial 24 hours) ............................................................................. 20
Figure 4-11: Baseline: VFA and ffCOD (initial 72 hours) ............................................................................ 21
Figure 4-12: Baseline: Primary Sludge TSS and FFCOD ............................................................................... 22
Figure 4-13: PSL Feed: AB 6 Influent and Effluent TP ................................................................................. 23
Figure 4-14: PSL Feed: AB 6 Influent and Effluent PO4-P .......................................................................... 23
Figure 4-15: PSL Feed: RAS Fomenter ffCOD and PO4-P ............................................................................ 24
Figure 4-16: P/SNDN Pilot Schematic ......................................................................................................... 25
Figure 4-17 P/SNDN Process Flow .............................................................................................................. 26
Figure 4-18 - Simulated effluent TN in PNDN mode ................................................................................... 27
Figure 4-19: Location of Valve Between Turbo Blower and Aeration Basin No. 2 ..................................... 30
Figure 4-20 Schematic of Low DO Observation Period/Proposed Initial Pilot Approach ........................... 32
Figure 4-21: Current DO Probe/Measurement Locations and Ideal DO Probe Placement ........................ 34
Appendices
Appendix A – Grant Weaver (KDHE Consultant) Recommendations, Nutrient Removal at Wichita’s Plant 2
Appendix B – KDHE Letter, Proposed Pilot Effort to Optimize Nutrient Reduction at Plant #1&2
Appendix C – Final Pilot Study Plan
Appendix D – RAS Fermentation and SNDN Sampling Plan

1 Introduction
In 2020, the City initiated a Process Definition and Concept Design for Biological Nutrient Removal at Plants 1,
2, and 5 (also known as the “BNR Study”). These facilities are hydraulically connected, discharging within the
Lower Arkansas River basin. Flows from Plants 1 and 2 are combined for treatment at Plant 2 then discharged
to Arkansas River. Plant 5 originally served as a scalping facility, which discharged into the Cowskin Creek
receiving stream. Plant 5 is currently kept in reserve with all flows being treated at Plant 2. Plant 2, which is the
focus of the piloting efforts, was originally constructed in 1957 with major improvements completed in 1987
and 2000. Plant 2 is a two-stage biological treatment facility with the liquid treatment (trickling filters followed
by aeration basins and final clarification) and centralized solids processing for Plants 1, 2, and 5.
As part of the City of Wichita’s (City) BNR study, the City has initiated full-scale pilot testing of three treatment
technologies: gravity selective wasting, return activated sludge fermentation, and simultaneous
nitrification/denitrification. The following Report presents the Pilot Plan and the Pilot technologies and
evaluation. Section 3 (Pilot Plan) includes a summary of the selection of the pilot technologies based on KDHE
feedback, effluent safeguard measures and the pilot schedule. Section 4 (Pilot Technologies and Evaluation)
includes an overview of each piloting technology, modeling results, potential plant-wide implementation
options, sampling plan and sampling results.

2 Background
A Kansas Department of Health and Environment (KDHE) consultant, Grant Weaver, visited Plant 2 and
provided recommendations for a pilot to improve phosphorus and nitrogen removal within the existing
treatment processes. The existing process flow diagram is presented in Figure 2-1. Those preliminary
recommendations are summarized below and attached as Appendix A.
1. Phosphorus Removal – RAS Fermenter
•

Convert one or both of the existing filtrate tanks as a RAS fermenter by pumping
approximately 10 percent RAS into filtrate tanks and return fermented mixed liquor (assuming
VFA and enriched PAOs therein) back into mainstream flow to improve biological uptake of
soluble phosphorus during aeration.

2. Nitrogen Removal – Simultaneous Nitrification/Denitrification
•

Cycle aeration on/off to produce alternating aerobic conditions for ammonia-nitrogen
conversion to nitrate-nitrogen during air-ON and anoxic conditions for nitrate-nitrogen
conversion to nitrogen gas during air-OFF.

The existing facility was evaluated by the BMc/HDR team for the applicability of these pilot technologies. A
BioWin model of the facility was created to evaluate the pilot technologies. Modeling and operations data
suggest that the trickling filters remove a significant amount of the readily biodegradable carbon in the influent,
which is critical for both biological phosphorus and nitrogen removal. Consequently, even with aeration cycling,
the limited fraction of BOD available will prevent significant denitrification. Further, phosphorus removal will
be limited by the amount of VFA that can be generated from the RAS.
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Figure 2-1: Plant 2 Existing Process Flow Diagram

Following meetings with KDHE and City staff, and based on the recommendations of the KDHE Consultant, the
RAS fermentation and P/SNDN were selected as the pilot technologies to be implemented within the existing
Plant 2 facility.
In a letter dated November 25, 2020, Tom Stiles, Director of KDHE Bureau of Water, provided enthusiastic
endorsement for the City to undertake a pilot to evaluate these treatment processes and technologies. He
encouraged implementation of piloting efforts that would allow for incremental improvements at Plant 2 with
minor, cost-effective additions and modifications to the existing treatment basins to further optimize biological
processes to reduce nitrogen and phosphorus output in the effluent. The KDHE support letter is included as
Appendix B.

3 Pilot Plan
The Pilot Plan developed by the Burns & McDonnell and HDR team dated October 9, 2020 (see Appendix C),
summarized the approach and the objectives utilizing the recommended technologies from KDHE’s Consultant.
The Plan also included the implementation of a gravity selective wasting technology that City staff had
independently identified for piloting.

3.1 Pilot Objectives
The primary objectives of the pilot were:
•

Evaluate candidate technologies for effluent nutrient reduction and overall compliance cost reduction

•

Achieve measurable improvement in effluent water quality

•

Utilize existing infrastructure, as much as possible

•

Provide a training opportunity for staff

Table 3-1 presents a summary of the benefit, purpose, limitation, and expectation of each of the proposed
pilots. The sampling priorities presented in the table include recommendations by the City’s Owner’s
Representative, Garver. The additional sampling will be included by the City if the cost and additional resources
necessary for the collection of the sampling are deemed reasonable by the City’s operations staff.

Page 2 of 34

Table 3-1 Pilot Summary

Pilot

BNR Benefit
Purpose
Expectation
Pilot
Implementation
Interim/Full-scale
Potential
Timing
(see Table 3-2)

Limitation

Sampling Priority

Operational
Requirements

RAS Fermentation

Improve P Removal
Improve bio-P removal by generating more
rbBOD and VFA on one basin during pilot
period, on all basins after upgrade

Aeration Control

Selective Wasting

Improve P Removal and settleability
Prove ability to selectively retain biomass with P
granules and dense floc structure

Decrease TP by 4 mg/L
Pilot on one basin to collect data to be used for
design of upgrade

Improve N Removal
Optimize aeration to improve N removal on all
basins during interim, gain experience with
aeration control to be applied for improved N
removal after upgrade
Decrease TN by 3.5 mg/L
Implement on all basins to allow SNDN or PNDN
during interim period

Upgrade design, effluent quality (minor
improvement during pilot operation)

Interim and full-scale effluent quality, energy
savings

Future capacity, effluent quality (minor
improvement during pilot operation)

Pilot underway, operate pilot to collect data
prior to detailed design of upgrade

Implementation underway, operate throughout
interim period, applied lessons learned when
operating upgraded process. Will be most
effective in RAS fermentation basin after
fermentation is active
Supply of BOD from ICs is insufficient for
significant N removal even with optimal
aeration control

Pilot underway, will be most effective after RAS
fermentation is active on same basin

COD fractionation, ammonia, nitrite, and nitrate
chemical analyses. Consider sending sludge
samples to KU or other lab to quantify
abundance of nitrifiers and denitrifiers before
and after control is implemented. Watch SVI
closely. Filamentous growth should be
interpreted with COD fractionation data.

SVI-5 and SVI-30 is a good indication of
settleability. If lab personnel are available,
consider taking a sludge settleability profile (to
quantify intrinsic settling velocity). If a special
sampling campaign is possible, conducting flux
curve analysis with supernatant concentrations
will allow for better understanding of the
clarifier capacity with densification.
Monitor MLSS, SSV5, and SSV 30. Monitoring of
TP will be included in RAS Fermentation pilot

Volume of centrate tanks to be used as
fermenters insufficient to ferment RAS from
more than one basin, minimal BOD from RAS
alone so supplementing with PSL as surrogate
for future influent BOD
VSS and COD fractionation before and after the
primary clarifier, to understand the mg VFA or
mg ffCOD generated per mg VSS; SRT and HRT
of the fermenter

Collect data and monitor sampling data
according to Pilot Plan (Appendix C)

Install aeration control instruments, equipment,
and programming. Implement on/off and/or
low DO control one basin at a time while
monitoring NH3 and NO3 from each basin
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Unknown
Pilot on one basin to identify potential for
future capacity improvement

Supply of BOD from ICs may be insufficient to
generate enough WAS for selective wasting to
provide significant solids densification

3.2 Effluent Safeguard Measures
The following summarizes effluent safeguard measures implemented as part of this Pilot Study:
Capacity. During the proposed piloting activities Aeration Basin 5 remains offline for maintenance and Basin 6
will be utilized to demonstrate the benefits of the pilot treatment technologies. As a worst-case scenario, the
secondary treatment capacity was assumed to be reduced by approximately one-third of its original design
capacity. To evaluate the impact of operating without Aeration Basins 5 and 6, a BioWin model was calibrated
to available operating data. The results of the modeling suggest that at 12°C and a 12-day SRT in Aeration
Basins 1 to 4 (active basins) the effluent ammonia (< 1mg/L) remains well below the permit limits. In addition,
if Aeration Basin 6 continues to nitrify, it will further supplement the nitrogen removal realized in Basins 1 to
4.
Active Basin Upset/Failure. If an active basin requires removal from service additional volume will be required
to maintain treatment levels. If needed, the piloting can be discontinued, and flow could be diverted to Basin
5 to bring the basin into full operation.
Pilot Basin Upset Conditions. The intent is to operate the pilot basin separately from the remaining basins
eliminating the potential for additional upset. Waste activated sludge (WAS) from the active basins can also be
used to reseed the pilot basin to speed up recovery from potential upsets.

3.3 Pilot Schedule
The current pilot schedule is summarized in Table 3-2. The inDENSE pilot has been operating since October 20,
2020. The RAS fermentation pilot began filling on June 13, 2021 with the baseline testing initiating on June 15,
2021. The expected initiation period of the SNDN pilot will be prior to July 30, 2021. Pilot meetings are held
with the City on a bi-weekly basis to discuss active pilots, review sampling results, and prepare for SNDN
implementation.
Table 3-2: Current and Anticipated Pilot Schedule

Pilot Technology

Phase

Duration

Timing

Gravity Selective Wasting
(inDENSE)

Basins 5 and 6

Ongoing

Initiated October 20, 2020

Gravity Selective Wasting
(inDENSE)

Basins 1 and 2

Anticipated

To be determined

RAS Fermentation

Baseline

3 days

June 15 to June 17, 2021

RAS Fermentation

PSL feed as carbon source

9 weeks1

June 18 to August 20, 2021

RAS Fermentation

No PSL

4 weeks

To be determined

SNDN

Observation period

2 days

To be determined

6 weeks

To be determined

SNDN

Continue operating RAS fermentation with PSL feed until noticeable phosphorus uptake is observed. If no uptake is observed
after (4 weeks), the pilot can be discontinued. If uptake is observed within by August 20th, recommend removing PSL feed and
continuing operation of fermentation for 4 additional weeks or as necessary for observation of phosphorus uptake.
1
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3.4 Pilot Data Collection
Effluent data is being collected by City staff according to the Pilot Sampling Plan (Appendix D). The contract
end date for the BNR Study is July 30, 2021. For that reason, it is recommended that the City continue to collect
pilot data according to the Sampling Plan through the completion of each pilot. The data will be compiled and
evaluated by the design team selected for the Plant 2 BNR Improvement Project. In the interim, the Owner’s
Representative will provide support for operational issues.

4 Pilot Technologies and Evaluation
The following section provides an overview of each piloting technology, the results of BioWin modeling for the
RAS fermentation and SNDN pilots, potential plant-wide implementation options for each technology, and a
sampling plan for the RAS fermentation and SNDN pilots. Sampling results and observations are also provided
for the RAS fermentation pilot.

4.1 Gravity Selective Wasting
4.1.1 Overview
Gravity selective wasting was first introduced at a small treatment plant in Austria with the goal of retaining
anammox granules in a mainstream deammonification trial. The original application resulted in a drop in SVI.
This process has since been replicated at several facilities and provides an effective way to control SVI and
promote establishing a more granulated activated sludge. The latter of which, however, requires an anaerobic
zone with a high food to mass ratio. This anaerobic zone is not a part of the Plant 2 current configuration. This
pilot will focus on the SVI improvements through gravity selective wasting of convention activated sludge.
The process utilizes hydrocyclones sized for specific WAS flow ranges. The standard module is equipped with
four (4) hydrocyclones. The gravity selection occurs by retaining the heavier particles with the hydrocyclone
(similar to grit removal with hydrocyclones). Once the desired SVI range is achieved, the number of
hydrocyclones in operation can be reduced and managed going forward.
inDENSE is one technology that utilizes gravity selective wasting to retain heavy biomass while wasting the
lighter and less dense fraction of biomass. Over time, this yields a measurably denser and better settling mixed
liquor as indicated by settleometers and SVI calculations. The number of hydrocyclones included in the design
is dependent on the targeted SVI. The City’s inDENSE pilot unit includes four (4) hydrocyclones. Once the
desired SVI range is achieved, the number of hydrocyclones in operation can be reduced and managed going
forward. Gravity selective wasting may be less effective for the existing treatment configuration because the
current activated sludge system treats (trickling filter) secondary effluent. Without much residual BOD in the
trickling filter effluent, there is little biomass growth; thereby, little wasting relative to what is anticipated for
the future configuration. With little wasting, the transition from a typical flocculent sludge to a densified sludge
will be slower. While the hydrocyclones have shown to improve sludge settleability, it may not translate into
lower clarifier effluent TSS.
In October 2020, independent of the pilots identified by KDHE, City staff installed an inDENSE Pilot unit by
WorldWaterWorks at the Distribution Box No. 6 on the Aeration Basin 6 treatment basin. Figure 4-1 shows the
pilot process schematic and Figure 4-2 shows the inDENSE Pilot at Aeration Basin 6.
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Figure 4-1: Gravity Selective Wasting Pilot Schematic

Figure 4-2: inDENSE Pilot – Plant 2 Aeration Basin 6

4.1.2 Sampling Results and Observations
The implementation of gravity selective wasting can provide improved sludge settleability, measured in a lower
sludge volume index (SVI). Figure 4-3 shows the trend since the initiation of the pilot. After connecting the
inDENSE unit in October 2020 SVIs decreased quickly, aligning with other operational evidence that gravity
selective wasting can reduce SVI within a month or two of implementation. While SVIs showed a steep incline
in January 2021, operations stabilized and SVIs have since been declining. While a side-by-side comparison of
basins with and without inDENSE is preferred, SVI data from the other basins were limited during this period
due to plant upsets from extreme weather. However, the SVI trend demonstrated in Aeration Basin 6 is
showing consistent and continuous benefit from the inDENSE pilot.
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While gravity selective wasting has shown to be effective in reducing SVI, it has not necessarily been proven
to reduce fines in the effluent. Nevertheless, the improved sight depth of the inDENSE basin (Basin 6) in 2021
as demonstrated by Secchi testing (see Figure 4-4) suggests that pilot has improved effluent quality for that
corresponding final clarifier. The Secchi disk test is a measure of water transparency. A disk is lowered into
the water and when it can no longer be seen the depth is recorded. Therefore, a greater depth translates to
reduced suspended solids and the reduced potential for carryover.
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In mid-February 2021, Winter Storm Uri swept across North America and brought record cold temperatures to
a significant portion of the United States, Mexico, and Canada. More than 3,000 daily record cold temperatures
were observed between February 12th and February 17th, with temperatures below freezing dominating an
extended period of time. During this recent extreme weather event, the trickling filters experienced freezing
conditions, resulting in the biomass dying off and sloughing to downstream processes. This loss of microbial
population caused a significant increase in loading to the aeration basins (see Figure 4-5). This spike in loading,
combined with very low basin temperatures, caused a major biological upset in the aeration basins and
clarifiers impacting effluent quality, similar to what many plants experienced throughout the Country. During
this same time, the City was piloting gravity selection technology on Aeration Basin 6. Through the freezing
temperatures, the pilot enabled Basin 6 to be the only treatment basin to maintain its biomass and treatment
effectiveness by selecting for microbial population to improve settleability.

0

Figure 4-5: 2021 Aeration Basin Ammonia

4.1.3 Next Steps
City staff indicated that operation of the unit is simplistic with minimal maintenance necessary, noting that unit
pressures must be regularly monitored to verify successful operation. The City plans to relocate the inDENSE
Pilot unit to Distribution Box No. 4 on Aeration Basins 1 and 2. The intent of relocating the unit to this treatment
basin is to observe any further operational benefits based on the improved DO control associated from the
new Aerzen Turbo blowers and planned DO control improvements.
The gravity selective wasting pilot has proven to have operational simplicity and support improved
performance, reduction in operations and maintenance, and consistent effluent quality. This technology
should be evaluated during the design phase for the overall Program Improvements and considered as a value
engineering opportunity to the Program. Further, if this technology continues to prove beneficial to the current
treatment configuration, the City should consider incorporating inDENSE as a cost-effective, incremental
improvement to further optimize biological processes prior to full-scale nutrient removal implementation in
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2027, in alignment with KDHE’s objectives. The utilization of the gravity selective wasting technology may allow
for operation at a higher mixed liquor concentration, thereby, reducing the amount of new volume required
for the bioreactors as part of the future full-scale improvement project.

4.2 RAS Fermentation and Sidestream EBPR (S2EBPR)
4.2.1 Overview
This process has gained attention in recent years as a suitable carbon management alternative for a Biological
Nutrient Removal (BNR) system. The VFAs required for enhanced biological phosphorus removal (EBPR) are
generated by fermenting (i.e., acidifying) a portion of the RAS flow. This has been tested successfully at several
facilities. The design parameters (HRT, RAS fraction) depend on many factors but are in the range of sending
roughly 10-percent of the RAS to a fermentation tank with an HRT of 12 to 48 hours. The limited duration of
the pilot does not permit testing of different flows and HRTs. The pilot results collected will be used to further
calibrate the S2EBPR model, discussed further below. The model can then be used to evaluate if other
combinations of HRT and RAS rates may produce better results. Current process models are not well-suited to
evaluate RAS fermentation. However, the existing pilot infrastructure can be used by the design engineer
during the predesign phase to validate the model.
This initial phases of the S2EBPR pilot can be viewed as “proof of concept”. If the phosphorus removal potential
can be confirmed, further testing may be justified. The Plant staff anticipate shutdown of the pilot during the
winter months due to exposed process piping. If additional piloting is determined necessary, the pilot may be
restarted in the spring. Even without definitive proof, it may be beneficial to include an 2SEBPR option in the
basin layout to provide operation of the anaerobic zone as part of the A2O process or in a MLE with S2EBPR
mode. The future biomass will be different once the activated sludge process receives primary effluent instead
of secondary effluent.
Figure 4-6 shows the pilot process schematic and Figure 4-7 shows the RAS fermentation tanks at Plant 2
utilizing the existing filtrate tanks.
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Figure 4-6 RAS Fermentation Pilot Schematic
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Figure 4-7: RAS Fermentation Pilot Tanks at Plant 2

4.2.2 Modeling Results
The following discussion provides an overview of the BioWin modeling efforts undertaken for the pilot-scale
implementation of RAS Fermentation. The Plant 2 operational data utilized in the model was based on January
2015 through December 2019. The inDENSE technology was not included in the modeling efforts.
Current process models are not well-suited to evaluate RAS fermentation. Significant changes to the model
kinetics are required to simulate RAS fermentation and sidestream enhanced biological phosphorus removal
(S2EBPR). The actual population dynamics and reaction kinetics are not yet included in standard models.
Therefore, the model is manipulated to match the expected performance in order to test the proposed
approach. Changes in model kinetics are not completely arbitrary. These changes are based on data collected
from operating installations. Process modeling experts from Envirosim 1 recommended changing the anaerobic
hydrolysis rate (AS from 0.04 to 0.5). This change significantly increases the VFA generation, thus promoting
S2EBPR. It is, however, a workaround and may not reflect what is happening in actuality. For example,
Testrasphera, believed to be a key PAO in S2EBPR, is not included in the model at all. Nevertheless, these
changes have been informed by data from existing S2EBPR operations.
With these changes, the model suggested that the effluent phosphate from Aeration Basin 6 (pilot basin) may
be well below 1 mg/L with RAS fermentation and S2EBPR. The process flow for the RAS fermentation pilot is
presented in Figure 4-8.

1

BioWin Vendor
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Figure 4-8 RAS Fermentation Process Flow

4.2.3 Plant-wide Application
The intent of the pilot is to confirm feasibility and quantify potential nutrient removal and operational benefits
associated with interim application. The single basin implementation may be an interim solution, while the
Overall Program is under design and construction, or a permanent plant-wide solution, included with the
Overall Program with an implementation date of 2027. If selected for interim single basin implementation,
these interim nutrient removal capabilities will be maximized when conditions permit with the flexibility to
revert to conventional treatment during peak events or during the time when water temperatures are lowest.
Further, If the pilot is going to be implemented in the interim (2021 to 2027) the equipment and piping must
be winterized to enable year-round operation.
RAS fermentation can be viewed as a carbon management strategy. It does not reduce the total tank volume,
in fact, it may require some additional tankage. It does, however, have the potential to achieve EBPR without
the use of influent readily biodegradable carbon that can now be dedicated to nitrogen removal. It also has the
potential advantage of protecting EBPR from the variability of the influent VFA supply.
For the pilot, the assumption was made that RAS fermentation alone would not produce meaningful results in
the available time. Therefore, primary sludge will be fed as a carbon source kick start S2EBPR. Once established,
primary sludge feed would cease. Primary sludge carries a significant VFA load plus additional readily
biodegradable and easily degradable carbon.
The goal of the pilot is to establish S2EBPR and then reduce the primary sludge feed gradually. If the S2EBPR
process requires significant carbon addition, then it is not be very attractive for full-scale, plant-wide
application. When primary sludge is diverted in a significant fraction it reduces the digester gas yield and
increases the MLSS concentration.
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4.2.3.1

Implementation Opportunity

The potential for plant-wide implementation for RAS fermentation are as follows:
•

Interim – If proven effective, the RAS fermenter pilot can continue to be utilized in Aeration Basin 6
only for improved VFA and/or PAO production prior to implementation of the overall Program
Improvements.

•

Permanent – S2EBPR can be evaluated as a value engineering opportunity to the overall Program
Improvements. Based on the pilot findings, it may be more cost-effective to utilize S2EBPR for the
plant-wide implementation as an alternative to the conventional, separate anaerobic zone identified
in the BCE and selected as the preferred alternative by City Council. This should be considered during
the design phase for the overall Program Improvements.

4.2.4 RAS Fermentation Pilot Sampling Plan
This pilot will help to determine if sidestream enhanced biological phosphorus removal (EBPR) is a viable and
economical alternative for biological phosphorus removal. The pilot will establish the design criteria for the
RAS fermentation and sidestream EBPR tank, quantify the VFA yield from RAS fermentation, and determine if,
and how much, supplemental carbon addition may be required.
The current process configuration, with trickling filters upstream of the activated sludge process, does not
allow for an exact pilot representing the future liquid process. However, it is anticipated the kinetic parameters
associated with RAS fermentation can be applied to the future design process model to validate unit process
sizing.

4.2.4.1

Baseline Testing

Duration: 3 days
Objective: Determine RAS Fermentation potential. Document microbial composition of MLSS.
-

Collect MLSS for genetic analysis from Aeration Basin No. 5. The daily representative MLSS sample is
taken to establish the MLSS phosphorus content prior to sidestream EBPR.

-

Determine primary sludge (PSL) solids volatile fatty acids (VFA):
o

-

VFA range, TSS, and VSS measured every 8 hours for 3 days This will help to gauge the diurnal
variation in primary sludge VFA and determine the most representative time to collect the PSL
sample.

Perform RAS fermentation batch test:
o

Fill fermenter tank with RAS then stop feed.

o

Allow RAS to ferment with minimal mixing (prevent settling but minimize oxygen entrainment
through vortexing). Field adjustments may be required.

o

At the beginning of the baseline, while the RAS fermenter is being filled, collect a
representative RAS sample to determine volatile solids content and total phosphorus content
in MLSS.
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Once the fermenter is filled completely, monitor VFA generation normalized for VSS (mg/L
VFA per g VSS per hour). Samples should be taken every 8 hours for 3 days. This will provide
the following:

o



Establish VFA yield normalized for VSS



Begin establishing a correlation between VFA and ffCOD, and sBOD (or sCOD,
depending on the City’s sampling preference).

Table 4-1 Sampling Plan - Baseline
ABI

AB

FCL

WAS

Final Effl

RAS

RAS Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Parameter

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

Temperature

°C

SCADA
1**

1**

3/d

TSS

mg/L

VSS

mg/L

1**

1**

3/d

ffCOD

mg/L

3/d*

3/d*

3/d

VFA

mg/L

3/d*

3/d*

3/d

NO3-N*

mg/L

1**

TP*

mg/L

Genetic Test

1/d

1/d

-

1*

(1) Refer to Figure 4-9 RAS Fermenter Pilot - Sampling Locations
* Field pre-filtration required
** Single sample at the beginning of the test

4.2.4.2

RAS Fermentation with Primary Sludge (Carbon) Feed

Duration: 9 weeks
Continue operating RAS fermentation with PSL feed until noticeable phosphorus uptake is observed. If no
uptake is observed after August 20th, the pilot can be discontinued. If uptake is observed by August 20th,
recommend removing PSL feed and continuing operation of fermentation for 4 additional weeks or as
necessary for observation of phosphorus uptake.
Objective: Monitor RAS fermentation and sidestream enhanced biological phosphorus removal rate aided with
primary sludge as a carbon source.
Feed 10% RAS (0.31 MGD) to the RAS fermenter for an approximate hydraulic retention time (HRT) of 27 hours.
To accelerate establishing EBPR, up to 60,000 gpd of primary sludge will also be fed. The primary sludge delivers
both VFA and additional carbon that can be converted to VFA within the RAS fermenter. The PSL flow will be
determined during the baseline testing based on its VFA content. The maximum PSL feed shall be equivalent
to 20% of the total primary sludge load (Total PSL*0.2/basins online). The baseline testing of primary sludge
VFA and TSS will be used to set the required PSL flow.
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EBPR performance will be monitored by measuring pilot basin influent and effluent phosphorus as well as the
MLSS phosphorus content. At the end of this test segment, one MLSS sample will be sent out for genetic
analysis to determine how the RAS fermenter impacted the microbial composition of MLSS. It is assumed that
during this phase VFA generation (yield) in the RAS fermenter cannot be determined as any measured VFA will
be the product of VFAs generated from RAS and PSL, VFA fed with PSL, and VFA consumed. The VFA yield from
the baseline test can be used in interpreting measured VFA concentrations.
Table 4-2 Sampling Plan – S2EBPR with PSL Feed (June 18th to July 30th)

Parameter
Flow

ABI

AB

FCL

WAS

Final Effl

RAS

RAS Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

mgd/gpm

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

SCADA

SCADA

4/w

4/w

°C

SCADA

TSS

mg/L

4/w

4/w

VSS

mg/L

4/w

1/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

ffCOD

mg/L

4/w**

4/w

VFA

mg/L

1/w**

2/w

TKN

mg/L

4/w

4/w

NH4-N*

mg/L

4/w

4/w

NO3-N*

mg/L

4/w

4/w

NO2-N*

mg/L

4/w

4/w

TN*

mg/L

4/w

4/w

PO4-P**

mg/L

4/w

4/w

TP

mg/L

4/w

SRT

ft

SVI

mL/g

4/w

4/w

2/w
1/w

2/w

2/w**

4/w**

4/w

SCADA
daily

Genetic Test*

1

(1) Refer to Figure 4-9 RAS Fermenter Pilot - Sampling Locations
*One sample at the end of the test segment
** field pre-filtration required
Note: The TP samples were previously shown as field filtered. This note was in error and these samples for ABI, WAS, and Final Effl
should not be field filtered.
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Table 4-3 Sampling Plan – S2EBPR with PSL Feed (August 2nd to August 20th)

Parameter
Flow

ABI

AB

FCL

WAS

Final Effl

RAS

RAS Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

mgd/gpm

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

°C

SCADA

TSS

mg/L

4/w

VSS

mg/L

4/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

ffCOD

mg/L

VFA

mg/L

TKN

mg/L

4/w

NH4-N*

mg/L

4/w

NO3-N*

mg/L

4/w

NO2-N*

mg/L

4/w

TN*

mg/L

4/w

PO4-P**

mg/L

4/w

TP

mg/L

4/w

SRT

ft

SVI

mL/g

SCADA

1/w

4/w
2/w

Genetic Test*

4/w**

4/w

1

Refer to Figure 4-9 RAS Fermenter Pilot - Sampling Locations
*One sample at the end of the test segment
** field pre-filtration required
Note: The TP samples were previously shown as field filtered. This note was in error and these samples for ABI, WAS, and Final Effl
should not be field filtered
(1)
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4.2.4.3

RAS Fermentation without Primary Sludge (Carbon) Feed

Duration: 4 weeks
If phosphorus uptake is observed with PSL feed by August 20th, recommend removing PSL feed and continuing
operation of fermentation for 4 additional weeks or as necessary for observation of phosphorus uptake.
Objective: Monitor RAS fermentation and sidestream enhanced biological phosphorus removal rate without
primary sludge as a carbon source.
Feed 10% RAS (0.31 mgd) to the RAS fermenter for an approximate HRT of 32 hours. Estimated HRT and RAS
flow rate are subject to change based on prior pilot test results.
EBPR performance will be monitored by measuring pilot basin influent and effluent phosphorus as well as the
MLSS phosphorus content. With no primary sludge transfer, VFA generation in the fermenter can be monitored
at the discretion of the City. This may be modified based on the pilot’s performance. VFA may not be
measurable if all is consumed by PAOs during phosphorus release.
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Table 4-4 Sampling Plan – S2EBPR without PSL Feed

Parameter
Flow

ABI

AB

FCL

WAS

Final Effl

RAS

RAS Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

mgd/gpm

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

°C

SCADA

TSS

mg/L

4/w

VSS

mg/L

4/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

ffCOD

mg/L

VFA

mg/L

TKN

mg/L

4/w

NH4-N*

mg/L

4/w

NO3-N*

mg/L

4/w

NO2-N*

mg/L

4/w

TN*

mg/L

4/w

PO4-P**

mg/L

4/w

TP

mg/L

4/w

SRT

ft

SVI

mL/g

1/w

4/w
2/w

4/w*

4/w

SCADA

ORP
Genetic Test*

1

Refer to Figure 4-9 RAS Fermenter Pilot - Sampling Locations
*One sample at the end of the test segment
** field pre-filtration required
Note: The TP samples were previously shown as field filtered. This note was in error and these samples for ABI, WAS, and Final Effl
should not be field filtered.
(1)
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4.2.4.4 Field Sample Prefiltration
Purpose: Remove 99% of the biomass to stop the reaction (i.e., P release)
Equipment needed
-

Two 1 L plastic beakers
Large funnel
200-micron filter or coffee filter
0.5 L sample bottle

Method
-

Collect sample and pour into one beaker.
Allow max 5 minutes for the solids to settle
Place funnel with filter in the second beaker
Carefully decant the settles sample into the funnel
Transfer pre-filtered sample to sample bottle

Optional: City can consider purchasing a Hach FILTRAX field filtration system

4.2.4.5 Field Grab Sample Method
Location: RAS Grab at Distribution Box No. 6
Method
-

Collect sample by dropping container quickly to avoid collecting foam/scum on surface
Place sample container to a consistent depth (> 1 feet depth)
Retract sample bottle quickly to avoid collecting foam/scum on surface
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Figure 4-9 RAS Fermenter Pilot - Sampling Locations
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4.2.5 Sampling Results and Observations
The RAS fermentation and sidestream enhanced biological phosphorus removal (S2EBPR) pilot is still ongoing.
The remaining data collected by the City during the pilot will be compiled and evaluated by the design engineer
following selection for the Plant 2 BNR Improvement Project. The following subsection is an evaluation of the
data that has been collected for this pilot through July 8, 2021.
As described in Section 3.3, the baseline testing was initiated on June 15, 2021 and ran for 3 consecutive days.
The goal of the initial baseline testing was to calibrate the BioWin process model. Specifically, the hydrolysis
rate, which drives the breakdown of particulate organics to intermediate soluble, long-chain carbon that can
be converted to volatile fatty acid (VFA). In addition, genetic testing is being performed on the waste activated
sludge (WAS) for all phases of the pilot. The genetic test will identify the type of polyphosphate-accumulating
organisms (PAOs) and relative quantities. The genetic test results will also be used to calibrate the BioWin
process model.
Both VFA and filtered/flocculated chemical oxygen demand (ffCOD) are shown in Figure 4-10 and Figure 4-11.
VFA shows the expected upward trend over time. However, VFA data from subsequent days of baseline testing
are still pending. VFA and ffCOD do not necessarily correlate for this initial data set. However, VFA are a fraction
of ffCOD and as ffCOD increases so does VFA, in general.
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200
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5
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0

VFA [mg/L]

ffCOD [mg/L]

250
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2PM
FFCOD

10PM

0

VFA

Figure 4-10: Baseline: VFA and ffCOD (initial 24 hours)

The ffCOD is a surrogate measurement for the readily biodegradable fraction of COD. Readily biodegradable
means the organic molecules are small enough in size to pass through a cell membrane without requiring
additional breakdown. This provides an excellent carbon source; however, it is difficult to measure and
isolate as it is consumed rapidly. The value measured represents the equilibrium between substrate
generated and substrate consumed. Outside the controlled condition of a laboratory, it is difficult to
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determine if an increase in concentration is due to an increase in production or a decrease in consumption.
This will only manifest itself over time as the consumption becomes evident in the form of instant
phosphorus release or denitrification. The ffCOD plot shown in Figure 4-11 does not necessarily reflect that
no more ffCOD was generated, however, the ffCOD did not increase further in its measured concentration.
Some of the carbon may have converted to carbon dioxide and methane.
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Figure 4-11: Baseline: VFA and ffCOD (initial 72 hours)

Following the baseline testing is Phase 1 of the RAS fermentation pilot when primary sludge (PSL) is fed to
trigger EBPR. The ffCOD and TSS was monitored during the baseline testing prior to the addition to the RAS
fermenter in order to determine the necessary feed amount of PSL and to estimate the formation potential of
VFA in the primary sludge. PSL is linked to the diurnal load pattern as depicted in Figure 4-12. This is an
important aspect of carbon management as the diurnal peak load, in the absence of inflow and infiltration (I&I)
events, coincides with the diurnal peak flow. While it’s expected that most parameters measure higher
concentration during the diurnal peak, ffCOD and VFAs tend to be lower relative to total COD due to less time
spent in the collection system and primary clarifiers.
The relatively low ffCOD concentration can be expected given the season as well as the impact of primary
clarifiers operating in series. Settled primary solids from Plant 1 influent, which accounts for roughly 60 percent
of the combined influent, are pumped to the influent of Plant 2 primary clarifiers. Thus, any VFA or ffCOD
generated in the primary sludge are elutriated by Plant 2 resulting in lower concentration in the resettled
primary solids. The future BNR upgrades will eliminate resettling.
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Figure 4-12: Baseline: Primary Sludge TSS and FFCOD

The ideal indicator for successful RAS fermentation and sidestream EBPR is the net phosphorus removal across
the secondary system, for this pilot that is Aeration Basin 6. However, as Figure 4-13 (Total Phosphorus) and
Figure 4-14 (PO4-P) indicate, as of the second week of the pilot there is no apparent evidence of net removal.
Typically, it is expected that three sludge ages are required to establish any process change, in this case it may
require a longer period since only 10-percent of the RAS enters the fermenter. It is still too early in the pilot
duration to expect significant removal.
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Figure 4-13: PSL Feed: AB 6 Influent and Effluent TP
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Figure 4-14: PSL Feed: AB 6 Influent and Effluent PO4-P

Phosphate concentrations within the fermenter can be more sensitive in detecting EBPR activity. Due to the
long HRT and higher solids concentration, the phosphorus release is amplified. However, at this early pilot
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stage, evidence of an increasing phosphorus release trend has not yet been observed to suggest a growing PAO
population and increased stored phosphorus (see Figure 4-15).
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Figure 4-15: PSL Feed: RAS Fomenter ffCOD and PO4-P

4.2.6 Next Steps
Effluent data is being collected by City staff according to the Pilot Sampling Plan (Appendix D). The contract
end date for the BNR Study is July 30, 2021. For that reason, it is recommended that the City continue to collect
pilot data according to the Sampling Plan through the completion of each pilot. The data will be compiled and
evaluated by the design engineer following selection for the Plant 2 BNR Improvement Project. In the interim,
the Owner’s Representative will provide support for operational issues.
The City is planning to relocate the inDENSE pilot unit from Train 3 (the current RAS fermentation train) to Train
1 (AB 1 and 2). While there is evidence that RAS fermentation benefits from gravity selective wasting, wellsettling sludge allows operators to minimize the RAS rate, which increases the RAS TSS. This can impact the
RAS fermenter by either fermenting more solids while maintaining the same feed flow to the RAS fermenter
or increasing the HRT on the same amount of RAS solids. Either is expected to improve RAS fermentation.

4.3 Simultaneous Nitrification and Denitrification (SNDN)
4.3.1 Overview
Simultaneous or phased nitrogen removal are lower rate systems compared to conventional nitrogen removal
processes (i.e., MLE) with dedicated anoxic zones and internal recycle and/or multiple stages. When dedicated
zones are not available the dissolved oxygen (DO) can be reduced to levels where both nitrification and
denitrification can occur simultaneously as is demonstrated with simultaneous nitrification and denitrification
(SNDN). This occurs when DO in the liquid matrix is low enough that oxygen can no longer fully penetrate the
flock and anoxic conditions develop within the floc structure. This does have the disadvantage that it decreases
nitrification rates. Recent advances in genetic testing of activated sludge have shown, however, that operating
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under low DO conditions will select for different nitrifying organisms that are able to adapt to the low DO
condition while maintaining a relatively high nitrification rate. This selection process takes time and can only
be verified with genetic testing. Because these organisms are not captured in process simulators this biological
adaptation cannot be simulated using a model as of yet.
Phased nitrification and denitrification (PNDN) do not require dedicated zones. Air to part of the basin is cycled
on and off to alternate between aerobic and anoxic conditions. Because this process does not select for
different organisms its impact can be simulated with process models like BioWin. Figure 4-16 shows the process
schematic for the P/SNDN pilot utilizing the activated sludge Basins 3 and 4.
P/SNDN require the same modification to allow operating at a lower DO or with air on/off cycles. Further, both
options are limited in effectiveness due to lack of carbon. The existing Plant 2 configuration, with upstream
trickling filters, impairs downstream denitrification in two ways – (1) by consuming all readily available
biodegradable carbon and (2) by removing much of the grown biomass in the intermediate clarifiers. The
removed biomass is not available for soluble carbon generation from endogenous respiration which is a
requirement of denitrification. Preliminary simulations show minimal nitrogen removal improvements with
P/SNDN without carbon addition. This limits the potential for P/SNDN to decrease effluent N during an interim
period, prior to full-scale improvements. However, after the trickling filters are eliminated from the process,
the increased BOD to the bioreactors will provide significantly more carbon to allow P/SNDN to be an effective
strategy for the long term.
Possible options for carbon supplementation during the interim may be transfer of degritted primary sludge or
external carbon addition (e.g., acetate, glycerol, microC). Bypassing the trickling filters is not practical for the
size of this pilot.

SNDN/PNDN

Screen
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AER 3&4

SCL 3&4
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Plant 1 INF
PSL

Trickling Filter

Screen
PCL
Plant 2 INF
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Grit Cyclone
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UV

AD

Arkansas
River

AD
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P

Disposal

Figure 4-16: P/SNDN Pilot Schematic
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4.3.2 Modeling Results
The following discussion provides an overview of the BioWin modeling efforts undertaken for the pilot-scale
implementation of SNDN. The Plant 2 operational data utilized in the model was based on January 2015
through December 2019. The inDENSE technology was not included in the modeling efforts.
Phased/simultaneous nitrification and denitrification (P/SNDN) were modeled with two control approaches
(see Figure 4-17):
1. Constant low DO of 0.5 mg/L (i.e., SNDN) and
2. Cyclical aeration (i.e., PNDN)
With constant low DO, the model suggests a 2 mg/L reduction in effluent total nitrogen (TN) within the pilot
basin, whereas, with cyclical air, the model suggests a 4 mg/L reduction in TN. The actual pilot results may
achieve even greater reduction than the modeled results, as the model does not account for oxygen diffusion
into the floc, which improves the oxygen profile and further promotes P/SNDN. The simulated cyclical air is a
better representation of the potential performance as compared to the reduced DO approach. The model
results from the PNDN are shown in Figure 4-18. The simulation was initatied with a fully nitrifying system and
a DO setpoint of 2 mg/L. With the switch to air on/off, the modeled total nitrogen drops from 35 mg/L to 31.5
mg/L.

DO = 0.5 mg/L

Figure 4-17 P/SNDN Process Flow
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Figure 4-18 - Simulated effluent TN in PNDN mode

4.3.3 Plant-wide Application
The intent of the pilot is to confirm feasibility and quantify potential nutrient removal and operational benefits
associated with plant-wide application. The plant-wide implementation may be an interim solution while the
Overall Program is under design and construction. If successful, a permanent solution may be included with
the Overall Program, which has an implementation date of 2027. If selected for interim plant-wide
implementation, these interim nutrient removal capabilities will be maximized when conditions permit with
the flexibility to revert to conventional treatment during peak events or during the time when water
temperatures are lowest.
SNDN and PNDN are generally applicable for full-scale implementation. Both nitrogen removal strategies will
require provisions for mixing during low DO aeration in the aeration tanks, such as a periodic mixing air scour,
to keep the biomass in suspension. The strategies have been proven full-scale to achieve very good nitrogen
removal. Pure SNDN, where the DO set point is low (≤ 0.5 mg/L), may select for nitrifiers that thrive under low
DO conditions. This approach is advantageous from an effluent ammonia perspective, but it may lose some of
the SNDN benefits where some of the nitrogen is removed via nitrite as opposed to nitrate (i.e., nitrite shunt).
The nitrite shunt relies on the conversion of nitrite to nitrogen gas requiring less oxygen and carbon as
compared to the conversion of nitrate to nitrogen gas. It may be possible to curtail the shift by operating at
higher DOs in short spurts perhaps in concert with periodic air mixing scour.
PNDN utilizes cyclical aeration to reduce nitrogen. This can be controlled in set time increments or with ORP
probes. In this case, it is assumed that most ammonia will be converted to nitrate before denitrification because
conventional nitrifiers are utilized. The main difference between the two approaches is the nitrite shunt
requires less oxygen and, more importantly, less carbon.
For both approaches, a post-aeration zone or aerated effluent channel is needed. The ideal approach would
be operating SNDN at low DOs while maintaining the nitrite shunt. This reduces the air demand and aeration
energy, as follows:
•

Less oxygen is required for nitritation than nitrification (NO2 vs NO3)
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•

Transfer efficiency (at lower DO concentration) is much higher because the concentration gradient
between the gas and liquid phase is greater

In addition to the reduced oxygen demand from nitrite shunt and improved transfer efficiency, blower
turndown and blower efficiency at the low air flow rates will determine how much of the potential aeration
energy reduction can be realized. Further, with the combination of low DO operation and gravity selective
wasting the chances of low DO filaments can be reduced.
Some of the energy saved from the reduced oxygen demand and more efficient aeration may be needed for
mechanical mixing but the overall potential savings remains significant.

4.3.3.1

Existing System Capabilities

A site visit was conducted on February 24, 2021 to better understand the existing operational capabilities of
the Plant 2 aeration system that would be utilized to support the SNDN or PNDN pilot. The current system is
operated with six basins consisting of an aeration basin and clarifier. Each pair of basins (Nos. 1&2, 3&4, 5&6)
has a dedicated blower building. The diffused aeration grids in all aeration basins are set up with a front-end,
high-density (HD) diffuser grid (approximately 2,700 diffusers) that spans approximately 35 to 40-percent of
the tank, and a subsequent low-density (LD) diffuser grid (approximately 1,500 diffusers) that spans the
remainder of the tank. In Basins No. 1 and 2, the HD diffuser grids are served by one drop leg with an electricallyactuated valve and the LD diffuser grids are each split into two similarly sized, separate grids, each with a
dedicated electrically-actuated valve. In Basins No. 3, 4, 5, and 6, the HD diffuser grids are served by one drop
leg with an electrically-actuated valve, and the LD diffuser grids are served by one drop leg with an electricallyactuated valve. City staff indicated that the electrically actuated valves are operated manually at the valves
and are not incorporated into any automatic programming.
Basins 1 & 2
Trains No. 1 and 2 are currently served by a new dual-core Aerzen turbo blower and one constant speed
multistage centrifugal blower. The turbo blower has a design airflow of 14,832 scfm at 8.7 psig that can operate
with one (1) or two (2) of the turbo cores running. During the site visit, the blower was observed operating in
manual mode at approximately 8,600 cfm with one (1) core running at full speed serving both aeration basins.
The multistage centrifugal blower is currently used as a standby blower. The Aerzen turbo blower is operated
on a VFD and has built-in dissolved oxygen (DO) control programming used to automatically ramp the blower
up and down or to bring the second core online or offline, based on field DO measurements. City staff indicated
that this functionality is being used.
Basins 3 & 4
Basins No. 3 and 4 are served by three (3) constant-speed, multistage, centrifugal blowers in a two (2) duty,

one (1) standby configuration. Each aeration basin is served by a dedicated blower. City staff indicated that DO
is monitored approximately every two (2) hours from the in-basin instruments located near the discharge weir
of each basin, as well as from a hand probe at the short access platform located about 80-feet from the influent
distribution point. The City staff adjust the blower inlet valves to increase or decrease airflow to the basin
served by each blower to maintain a desired DO setpoint. The desired DO range is typically greater than 1.5 to
2.0 mg/L. The blowers are typically throttled to maintain a motor amp draw between 180 to 280 amps, as
indicated by local instrumentation. Basins No. 3 and 4 were both in service during the site visit.
Basins 5 & 6
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Basins No. 5 and 6 have a similar setup as Basins No. 3 and 4, but Basin No. 5 was out of service to perform

planned rehabilitation to Clarifier No. 5. The blower configuration and throttling for these basins is identical to
Basins No. 3 and 4.

4.3.3.2

Implementation Opportunity

The potential for plant-wide implementation of the SNDN are as follows:
•

Interim – If proven effective, utilizing the existing basins and newly installed DO probes and valve
actuators, the SNDN pilot can be implemented in all existing basins for improved nutrient removal
prior to implementation of the overall Program Improvements.

•

Permanent – The proposed overall Program Improvements will involve operation of treatment basins
with low DO zones. The pilot presents a specific training opportunity for the existing operations staff
to gain experience and comfort with operating basins in this fashion. This will benefit staff as the
overall Program Improvements are constructed and reduce the learning curve and familiarity for this
operating condition. Further, the reduced air demand within the low DO zones may result in lower
operating costs.

4.3.4 Two Day Observation Period Procedure (Aeration Basin 2)
It is recommended that City staff implement a 1 to 2-day low DO observation period using Aeration Basin No.
2, which is currently operated using an Aerzen turbo blower serving both Aeration Basins No. 1 and No. 2. Since
this blower is operated on a variable frequency drive (VFD) and can be automatically ramped up and down
based on a DO setpoint, it may be possible to run Aeration Basin No. 2 with operators only required to adjust
the drop leg valves at the basin.
As discussed above Aeration Basins No. 1 and No. 2 are operated off a single turbo blower. The system must
be setup to provide less air to Aeration Basin No. 2 during the SNDN pilot. The proposed approach involves
partially closing one of the isolation valves between the turbo blower and Aeration Basin No. 2 (Figure 4-20).
Based on typical Cv values for butterfly valves, an initial “Percent Open” of 75-percent is recommended. This
will allow more air to be directed to Aeration Basin No. 1 under all conditions without being overly restrictive
to Aeration Basin No. 2 during the pilot.
This approach relies on the built-in DO control capabilities of the Aerzen turbo blower to provide automatic
blower speed adjustment while operators monitor DO at the access walkway. Manual adjustment of the drop
leg valve to the HD grid and drop leg to the first LD grid will be necessary. Each of the aeration basins (No. 1
and No. 2) have three (3) drop legs and associated isolation valves. The LD diffuser grids have an upper air flow
limit of approximately 3,000 scfm. During the site visit on February 24, 2021, air flow instruments were not
available for the drop legs. It may not be possible to record flow to each grid. Without flow monitoring, there
is risk of exceeding the 3,000 scfm limit. It is recommended that the drop leg valve to the HD grid is adjusted
as needed, and adjustments to the first LD grid (LD1) be limited to have the valve open at least 70-perecent or
greater to mitigate the risk of excess airflow to the second LD grid (LD2).
For this approach, the Aerzen turbo blower must be configured to adjust speed automatically based on DO
measured at LD2 in Aeration Basin No. 2 (using a setpoint of 1.0 to 3.0 mg/L). For the 1 to 2-day low DO
observation period, operators must monitor the system every 2 hours and adjust the HD and LD1 drop leg
valves to attempt to maintain the DO goal of 0.3 to 0.5 mg/L, as read at the access walkway. The DO setpoint
for the blower can be adjusted within the 1.0 to 3.0 mg/L range to better control the front-end DO.
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Figure 4-19: Location of Valve Between Turbo Blower and Aeration Basin No. 2

The low DO observation period for this approach consists of an initial manual tuning of the air supply valves
with field measurements and valve adjustments conducted every 2 hours for a 1 to 2-day observation period.
The proposed observation procedure is as follows:
1. Aeration Basin No. 2 Isolation Valve Adjustment – Manually adjust the isolation valve shown in
Figure 4-19 to allow more air to be diverted to Aeration Basin No. 1 under all conditions. An initial
setting of approximately 75-precent open is recommended.
2. Drop Leg Valve Tuning (~1 hr) – This step includes manually adjusting the drop leg valves serving the
front-end, HD diffuser grid andLD1 grid for Aeration Basin No. 2. Adjust the valves until the DO goal
of 0.3 to 0.5 mg/L is achieved as measured at the access walkway (0.1-0.7 mg/L is acceptable).
Record settings on data collection sheet (see Appendix D).
a. Note that based on ~670 EPDM diffusers in each LD zone, the maximum allowable airflow
is approximately 3,000 cfm to each LD1 and LD2. Limit throttling of the air drop valve
serving LD1 to 70-percent open or greater to mitigate risk of exceeding maximum air flow
to the LD grids.
3. Data Collection / System Adjustments (~15 mins) – Once the initial valve adjustments are made,
begin the 1 to 2-day period to maintain the DO goals within Aeration Basin 2. The system should be
monitored, and the drop leg valves adjusted every 2 hours to maintain the DO goals. System
conditions should be recorded both before and after any valve adjustments to help track
performance. See Appendix D.
a. Before Valve Adjustment – Record the DO at the access walkway and effluent discharge
location. Note any observations, such as differences in operation between Aeration Basins 1
and No. 2.
b. Perform Valve Adjustment (if necessary) – Adjust the percent open on the HD and LD1 drop
leg valves to attempt to maintain the DO goal at the access walkway.
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After Valve Adjustment (if necessary) – Record the adjusted valve % open at HD and LD1
drop leg valves. Note any observations.
d. Repeat every 2 hours.
4. Wastewater Sampling – Consider taking a sample from the effluent trough of Aeration Basin 1 and
Aeration Basin No. 2 every 4 to 8 hours for a side-by-side comparison of effluent ammonia over the
low DO observation period. This will provide insight if the system immediately reacts to the pilot
adjustments. Sampling from Aeration Basins 1 will provide a comparison of a basin under normal
operation to the basin under low DO operation.
c.
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Figure 4-20 Schematic of Low DO Observation Period/Proposed Initial Pilot Approach
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4.3.5 Six Week Pilot Procedure (Aeration Basin 2)
Following the 1 to 2-day low DO observation period, the City must evaluate the ability to maintain the DO goals
throughout a typical day under the pilot approach described above. If the City determines that this mode of
operation is feasible, running Aeration Basin No. 2 using this approach for an extended pilot period should be
considered. The pilot should be conducted for a minimum of 6 weeks. For an extended pilot period, continue
monitoring the system and recording data as described in the steps above, and begin taking routine water
quality samples to track performance (see Table 4-4).

4.3.6 SNDN Pilot Sampling Plan
During the SNDN pilot, enhanced water quality monitoring should be conducted to understand changes in
performance and document any system upsets that may necessitate operational changes to protect the
combined effluent quality.
During the 1 to 2-day low DO observation period, the only recommended enhanced water quality monitoring
is collecting effluent mixed liquor samples for ammonia-nitrogen analysis every 4 to 8 hours for the pilot basin
(Aeration Basin 1) and the adjacent normally-operated basin (Aeration Basin 2) to see if performance degrades
immediately.
During an extended pilot, monitoring for ammonia-nitrogen, nitrate, nitrite, and total nitrogen is
recommended for the pilot basin and adjacent normally operated basin to track performance. Additionally,
enhanced monitoring of plant effluent ammonia-nitrogen is recommended to make sure overall effluent
quality does not become impacted by the piloting activities. A summary of the recommended SNDN pilot
sampling plan is provided in Table 4-4.
Table 4-5 SNDN Pilot Sampling Plan

Parameter
Ammonia-Nitrogen
Nitrate / Nitrite
Total Nitrogen

Pilot Basin
(Aeration Basin 2)
Daily
3 x per week
3 x per week

Adjacent Basin
(Aeration Basin 1)
Daily
3 x per week
3 x per week

Combined Plant
Effluent
Daily
-

4.3.7 Planned Control Improvements
The City is evaluating dissolved oxygen monitoring and automatic controls of aeration blowers with R.E.
Pedrotti Company. The improvements include providing two (2) DO probes in each aeration basin and
implementing automatic modulation of the inlet valves on the multistage centrifugal blowers to maintain
operator adjustable DO setpoints within the aeration basins. This control capability will significantly enhance
an SNDN pilot, as the blower can automatically adjust airflow throughout the day, removing the operator
attention required to ramp the blower up and down as demand fluctuates. Further, if the second DO probe
location is placed to monitor conditions in the front-end, HD diffuser grid area, the blower can be controlled
to maintain low DO in that zone. Pilot operations may then be simplified to manual adjustment of the dropleg
valve serving the LD diffuser grid only to maintain residual of 1 to 2 mg/L leaving the pilot aeration basin.
DO probe placement will be important for implementing automatic blower control and optimal monitoring.
Currently, permanent DO monitoring is provided at a corner of the basin near the effluent trough. This location
is in a zone of poor mixing and may not be ideal. DO measurements are also taken at the short access platform
located near the tail-end of the HD diffuser grid. This location is also not ideal due to its close proximity to the
edge of the basin. It is recommended that the permanent DO probe installation locations be close to the
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centerline of the aeration basin, as shown in Figure 4-21. Preliminarily, DO probe placement at the tail-end of
the HD diffuser grid area and directly upstream of the overflow trough is recommended.
If this DO control application is implemented and proves beneficial to the current treatment configuration, this
will further optimize biological processes prior to full-scale nutrient removal implementation in 2027, in
alignment with KDHE’s recommendations.

Figure 4-21: Current DO Probe/Measurement Locations and Ideal DO Probe Placement
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Appendix A – Grant Weaver (KDHE Consultant) Recommendations,
Nutrient Removal at Wichita’s Plant 2

AdamsWeber, Jessica
From:
Sent:
To:
Cc:
Subject:

Belden, Jamie <JBelden@wichita.gov>
Friday, July 10, 2020 2:58 PM
Grant Weaver
Lewis, Rebecca
RE: nutrient removal at Wichita's Plant 2

Grant,
It’s great to hear from you! We are gaining some traction and have begun discussing options with our senior
management. We will be preparing to present a more detailed summary to them in the future and try to get full buy
in. I’ll keep you updated as we proceed.
Hope that Keeper statue is looking good in the great state of Connecticut!
Thanks,
Jamie
From: Grant Weaver <g.weaver@cleanwaterops.com>
Sent: Tuesday, July 7, 2020 11:07 AM
To: Belden, Jamie <JBelden@wichita.gov>
Subject: nutrient removal at Wichita's Plant 2
Jamie,
How go things with you?
Are you getting any interest in our nutrient removal ideas for Plant 2?
As you, Becky Lewis, Natalie Wilderom, Laura Quick, and I discussed last month …
For phosphorus removal, convert one or both of Plant #2’s long-ago idled “filtrate tanks” to a sidestream fermenter by
pumping approximately 10% of the daily WAS (waste activated sludge) volume into the tank(s), allow the material to
ferment for 2-14 days and return the fermented mixed liquor (and VFA enriched PAOs therein) back into the mainstream
flow to biologically uptake soluble phosphorus during aeration.
Kansas plants not designed for P-removal that are now successfully doing this include Osawatomie and Spring Hill;
Topeka North and Lyons are experimenting with the idea.
For nitrogen removal, cycle aeration equipment on and off to produce alternating aerobic conditions for ammonianitrogen conversion to nitrate-nitrogen during air-ON and anoxic conditions for nitrate-nitrogen conversion to nitrogen
gas during air-OFF.
This is hardly novel as SBR plants in Chisholm Creek (Park City), Osawatomie, and Pratt work like this.
As do Aeromod plants in Goddard, Hiawatha, Holton, Medicine Lodge, St. Marys, and Wellsville.
As do Schreiber plants in Andover and Spring Hill.
As do conventional activated sludge wwtps in Palmer, MA and Conrad, MT do.
And, something that Topeka North has successfully tried in their 12 MGD plant.
For the optimization trials to proceed, details need to be worked out.
1

Funds need to be allocated and invested in equipment.
Staff resources need to be allocated.
A lot of work, I realize.
But.
If the optimization effort is as successful as we anticipate, the Arkansas River will benefit from years’ sooner nutrient
removal.
And, the scope of Wichita’s $355 million citywide BNR projects will be reduced by hundreds of millions of dollars making
funds available for other purposes.
Including plant automation, odor control, and energy efficiency upgrades.
With funds left over to renovate the Plant 1 buildings and grounds and other Wichita waterway enhancements.
Grant
_______________________________________________________________________________

Grant Weaver, PE & Wastewater Operator
President
www.cleanwaterops.com

358 Chestnut Hill Ave
Suite 204B
Boston, Massachusetts 02135-7782
OFFICE: 617.505.5095 x 2
FAX:
855.729.4759
CELL: 860.777.5256

2

Appendix B – KDHE Letter, Proposed Pilot Effort to Optimize Nutrient
Reduction at Plant #1&2

November 25, 2020

Alan King
Director of Public Works
City of Wichita
RE: Proposed Pilot Effort to Optimize Nutrient Reduction at Plant #1&2
Dear Mr. King: Alan:
KDHE staff has been in discussions with City wastewater utility staff and Burns and McDonnell over the prospect of
piloting an effort at WWTP #1&2 to make incremental improvements, additions and adjustments in the existing
treatment trains to further optimize biological processes to reduce nitrogen and phosphorus output in the effluent.
Wichita staff have attended KDHE seminars on treatment optimization, featuring Grant Weaver over the past two years.
Mr. Weaver has visited the Wichita facility and has been in ongoing communication with City staff over possible
adjustments that would yield lower nutrient concentrations in discharged wastewater. City staff have conceived some
ideas in utilizing the assets within the WWTP #1&2 footprint to facilitate biological nutrient removal. Subsequently, a
Draft Pilot Study Plan has been drafted by HDR in October that describes a proposed experiment utilizing certain
treatment trains that will not unduly affect routine treatment processes.
I am writing you to assure you KDHE enthusiastically endorses implementation of this pilot project. We project quite a
bit of time before the necessary large-scale capital improvements at WWTP #1&2 necessary to meet upcoming and
future wasteload allocations and permit limits for nitrogen and phosphorus loading into the Arkansas River are put in
motion. The city is heavily invested in its development of the new Northwest Water Treatment Plant and upgrades at
WWTP #1&2 will approach similar costs. In the interim, any efforts to reduce current nutrient loads to the river are
encouraged. KDHE has promoted a spirit of adaptive management for state POTWs to attempt optimization
improvements that reduce wastewater nutrients, essentially permission to experiment within existing facilities to find
improved processes. Because nutrients are not toxic by nature, there is little risk of acute impacts from experimental
failures. The exception is keeping ammonia levels below acute and chronic levels that would degrade aquatic resources.
The city’s proposal provides safeguards against those risks by enhanced monitoring and isolating the experimental
treatment trains from the main operating trains treating most of the municipal influent.
The benefits from attempting this pilot are threefold: 1) interim reduction of nutrient loadings from current levels at
marginal cost; 2) knowledge gained in operations and processes that will inform the design of the WWTP #1&2 upgrades
late in the decade; and, 3) potential cost savings to the City by utilizing existing assets and infrastructure in designing the
future upgraded WWTP. I want to assure you that KDHE recognizes the nature of these efforts sometimes leads to
upsets. Provided those incidents are recognized quickly and ameliorated, the environmental impact will remain small
and the City need not worry about compliance jeopardy. Ongoing communication with KDHE staff and sharing of data
and results will create a partnership between the City and KDHE that will place any incidents in the proper context

without repercussion to the City. Finally, I want to commend your wastewater staff on their professionalism, knowledge
of the city’s infrastructure and processes and their skill in suggesting innovations for improved performance at the
WWTP. The City is in good hands in managing its wastewater and you should have high confidence to utilize and consult
with your staff as you begin to develop plans for upgrading the WWTP, utilizing the findings from this proposed pilot
project.
I wish you and your staff good luck in implementing the pilot. KDHE awaits the results with high hopes.
Best wishes,
Tom
Thomas C. Stiles
Director, Bureau of Water
Kansas Department of Health and Environment
Cc:

Don Henry, City of Wichita
Brian Meier, Burns and McDonnell
Shelly Shores-Miller, BOW, KDHE
Ryan Eldridge, BOW, KDHE
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1

Approach and Objectives

The City of Wichita will require significant capital improvements to upgrades its treatment facilities to
nutrient removal in the future. The City’s largest wastewater facility (Plant 2) is a two stage facility
consisting of a roughing filter followed by nitrifying activated sludge (Figure 1). The roughing filter
removes all of the influent readily biodegradable carbon that is critical for both biological phosphorus
and nitrogen removal. In 2016, CH2mHill (now Jacobs) conducted a high level, model-based plant
analysis that evaluated different plant modification options to add nutrient removal capabilities within
the existing infrastructure, which centered around abandoning some or all of the existing trickling
filters.
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Figure 1: Existing Process

This pilot study will go beyond a model-based analysis by modifying existing infrastructure to evaluate
its nutrient removal potential while employing recently emerging technology such as gravity selective
wasting or RAS fermentation and sidestream enhanced biological phosphorus removal (EBPR).
The primary objectives of this pilot are:
•

Evaluate candidate technologies for effluent nutrient reduction and overall compliance cost
reduction

•

Achieve measureable reduction in effluent water quality

•

Utilize existing infrastructure, as much as possible

•

Training opportunity for staff

This pilot will validate potential water quality improvements that can be implemented prior to the
implementation of plant-wide nutrient removal improvements. These interim nutrient removal
capabilities will be maximized when conditions permit with the flexibility to revert to conventional
treatment during peak events or during the time when water temperatures are lowest.
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Preliminary technology screening selected three alternatives for further evaluation and possible fullscale piloting. The technology screening did not include wholesale plant changes, such as a green
field nutrient removal facility, and did not consider piloting technologies where the cost would exceed
the allocated budget.
The selected technology alternatives are
•

Simultaneous Nitrification and Denitrification (SNDN) or Phased Nitrification And
Denitrification (PNDN)

•

RAS fermentation

•

Gravity selective wasting

The approach to testing these technologies includes the following:
1. Preliminary model-based analysis of each alternative to determine:
a. Nutrient removal potential
b. Verify suitability of the existing infrastructure (e.g., blower capacity)
c. Identify potential challenges and opportunities for additional improvements
d. Estimate required size, flow rates, loads required for each alternative (e.g., RAS
fermentation tank)
2. Identify required infrastructure needs for full-scale testing (i.e., control valves and
transfer pumps)
3. Prepare Testing and Sampling Plan to capture the test results
4. Update the pilot model with field data to facilitate troubleshooting and extrapolating
the pilot results to full-scale operation
5. Evaluate pilot results and provide recommendation to the City
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2

Technology Options

2.1

SNDN or PNDN

Simultaneous or phased nitrogen removal are lower rate systems compared to conventional nitrogen
removal processes (i.e., MLE) with dedicated anoxic zones and internal recycle and/or multiple stages.
When dedicated zones are not available the dissolved oxygen (DO) can be reduced to levels where
both nitrification and denitrification can occur at the same time. This occurs when DO in the liquid
matrix is low enough that oxygen can no longer fully penetrate the flock and anoxic conditions develop
within the flock structure. This does have the disadvantage that is slows down nitrification rates.
Recent advances in genetic testing of activated sludge has shown, however, that operating under low
DO conditions will select for different nitrifying organisms that are better adapt to the low DO. This
selection process takes time and can only be confirmed with genetic testing. Because these organisms
are not captured in process simulators this biological adaptation cannot be simulated using a model
as of yet.
Phased nitrification and denitrification does not require dedicated zones. Air to part of the basin is
cycled on and off to alternate between aerobic and anoxic conditions. Because this process does not
select for different organisms its impact can be simulated with process models like BioWin. Figure 2
shows the process schematic for the SNDN/PNDN pilot utilizing the activated sludge Trains 3 and 4.
Both options require the same modification to allow operating at a lower DO or with air on/off cycles.
Also, both options are limited in effectiveness due to lack of carbon. The upstream trickling filters
impairs downstream denitrification in two ways – (1) by consuming all readily biodegradable carbon
and (2) by removing much of the grown biomass in the intermediate clarifiers. The removed biomass
is not available for soluble carbon generation from endogenous respiration. Preliminary simulations
show minimal nitrogen removal improvements with PNDN without some carbon addition.
Possible options for carbon supplementation may be transfer of degritted primary sludge, external
carbon (e.g., acetate, glycerol, microC). Bypassing the trickling filters is not practical for the size of this
pilot.
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Figure 2: SNDN/PNDN Pilot Schematic
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2.1.1

Potential issues and challenges

•

Blowers: Turndown may be insufficient to allow SNDN operation and might require a blow off
valve to remove excess air

•

Filaments: Low DO filaments may result in increased SVI

•

Effluent Ammonia: Low DO operation can increase the effluent ammonia concentration while
the system is adapting to the new oxygen levels

•

Slow return: Once low DO nitrifiers are established switching back to conventional
nitrification may require several weeks for transition with the potential for elevated effluent
ammonia

•

Carbon: Minimal nitrogen removal without supplemental carbon

2.1.2

Facility requirements

•

Motor actuated air flow valves

•

DO control

•

ORP probe (PNDN)

•

Effluent composite sampler

•

SCADA control modification

•

Air blow-off (TBD)

•

Primary sludge transfer

2.2

RAS Fermentation & Sidestream EBPR

This process has gained attention in recent years as a suitable carbon management alternative for a
Biological Nutrient Removal (BNR) system. The VFAs required for enhanced biological phosphorus
removal (EBPR) are generated by fermenting (i.e., acidifying) a portion of the RAS flow. This has been
tested successfully at several facilities including at the City of Denver’s Robert W Hite Treatment
Facility. The design parameters depend on many factors but are in the range of sending roughly 10%
of the RAS to a tank with an HRT of 12 to 48 hours. These design parameters will have to be refined
during the pilot, as much as possible. Similar to SNDN, this process may result in the selection of
phosphorus accumulating organisms that are not included in current models, thus simulating this
process may not provide much insight in its potential performance. With pilot test results, however, the
model can be calibrated to aid further optimization and in developing future design criteria.
Figure 3 shows the pilot process schematic and Figure 4 an image of the RAS fermentation tanks at
the Henderson WWTP (Henderson, Nebraska). It should be noted that the uncovered tanks emitted
noticeable foul odors in close proximity (< 50 ft).
The existing WAS storage tanks will be utilized for RAS fermentation and primary sludge in included
to provide additional carbon for sidestream EBPR. This alternative will use the same primary sludge
transfer as SNDN/PNDN which requires the two alternatives to be tested sequentially.
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RAS Fermentation
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Figure 3: RAS Fermentation Pilot Schematic

Figure 4: RAS Fermentation Tanks at Henderson, NE

2.2.1

Potential issues and challenges

•

Odor: Acidifying RAS generates volatile organic acids. While most are instantly consumed,
foul air load will increase.

•

HRT: At 10% RAS flow, the available tanks limit the HRT for a pair of AB trains to about 14
hours. Additional carbon, such as primary sludge or acetate, can be used to boost the
sidestream EBPR and reduce the minimum HRT. Otherwise, the RAS flow can be reduced
to increase HRT, however, this may limit the potential performance.

•

Carbon limitations: Boosting sidestream EBPR with primary sludge is suitable for proof of
concept but is not a long-term option for carbon supplement. The test may fall short in
delivering final design criteria.
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2.2.2

Facility requirements

•

Effluent composite sampler

•

RAS transfer pump and pipeline (0.7 mgd, 8” pipe) for one pair of aeration basins

•

0.35 MG RAS fermentation tank volume

•

Primary sludge transfer

•

SCADA update to include transfer pumping and associated alarms

2.3

Gravity Selective Wasting

Gravity selective wasting was first introduced at a small treatment plant in Austria with the goal of
retaining anammox granules in a main stream deammonification trial. The original application resulted
in a drop in SVI. This process has since has been replicated at several facilities and provides an
effective way to control SVI and promote establishing a more granulated activated sludge. The latter
of which, however, requires an anaerobic zone with a high F/M ratio. This is not available at Plant 2
but the pilot will focus on the SVI improvements through gravity selective wasting of convention
activated sludge. Excess filaments create light flocks structure that tend to float to the top and it is
quite plausible that these will be selectively wasted.
The process utilizes hydrocyclones sized for specific WAS flow ranges. The standard module is
equipped with 4 hydro cyclones. The gravity selection occurs by retaining the heavier particles with
the hydrocyclone (similar to grit removal with hydrocyclones). Once the desired SVI range is achieved,
the number of hydrocyclones in operation can be reduced and managed going forward.
While the hydrocyclones have shown to improve sludge settleability it may not translate into lower
clarifier effluent TSS. However, results from studies at the Hite Treatment Facility suggest that the
phosphorus content in the remaining effluent solids is lower than in the wasted solids because the
heavier flocks store the phosphorus that is captured.
Figure 5 shows the pilot process schematic and Figure 6 an example installation at the Robert W Hite
Treatment Facility. The baseline option combines the gravity selective wasting with the existing
nitrifying activated sludge system without further modification. However, gravity selective wasting can
be paired with the process as is or SNDN/PNDN and RAS fermentation.
Gravity Selective Wasting
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Figure 5: Gravity Selective Wasting Pilot Schematic

Figure 6: InDense System at Robert W
Hite Treatment Facility, Denver, CO

2.3.1

Potential issues and challenges

•

Schedule limitations: Gravity selective wasting requires time to take effect. Based on
experiences from other facilities, 1 to 3 months is needed to establish the process. This may
limit the City from conducting the potential combination of with SNDN/PNDN and RAS
fermentation sequentially depending on the total length of time available for piloting.

•

Requires parried aeration basins: The existing paired aeration basins cannot be isolated
without significant facility upgrades to separate the biological systems. If installation with a
single train is desired the parallel train would need to be taken offline.

2.3.2

Facility requirements

•

Gravity selective wasting module (InDense from WorldWaterWorks)

•

WAS piping modification to accommodate InDense

•

Composite Sampler
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3

Implementation
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Figure 7: Pilot Site Plant
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Table 1: Pilot Construction and Modification Elements
Used By/Need for
Element

InDense
Pilot Unit

Description

- Ship unit to site
- locate in or adjacent to PAS/WAS pump
station
- modify plumbing to permit connection
(WAS to InDense, InDense to WAS,
InDense to RAS or AB
- provide power to unit if needed

Aeration
Control

- replace or connect existing motorized
valves

RAS
Transfer to
WAS
storage
tank

- Pump (0.7 mgd for pair of trains or 0.35
for single train)
- 8” pipe to WAS storage tank
- 8” pipe from WAS storage tank to ABI
split box (gravity flow)

Primary
Sludge
Transfer

- temporary PSL pump with flow control
- 4” PSL line from DAFT building to
existing WAS storage tanks and from
there to AB pair

WAS
Storage
tanks

- repair existing WAS tanks as needed
and recommission as RAS fermentation
tanks

FC
Composite
Sampler

install flow paced composite sampler at
the AB train pair final effluent

Option 1

Option 2

Option 3

SNDN/PNDN

RAS
Fermentation

Gravity
Selective
Wasting

X (optional)

X (optional)

X

X

X (optional)

X (optional)

X

X

X

X

X

X

X

X
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4

Testing and Sampling Plan

Most of this pilot will be conducted full scale and centered on biological treatment. The most cost
efficient pilot plan would have the tests sequentially. Since biological systems require time to acclimate
(3 x SRT) followed by one month of performance testing and potential optimization. Each phase will
require 8 weeks.
Because the paired aeration trains cannot be separated without significant modification the pilot train
would be operated either as a pair or as a single train with the other train out of service. While that
reduces the capacity of the second stage by 1/6th it has the advantage that the RAS and PSL transfer
requirements are cut in half and changes to the aeration control only have to be done to one train.

4.1

Testing Plan

Table 2: Testing Plant
Implementation
Phase

Treatment Option

Phase 0

Baseline testing

process as is

Phase 1

Option 3

Gravity Selective
Wasting (GSW)

with system as is

8 weeks

Phase 2

Option 2

RAS Fermentation

with PSL as carbon
source
with GSW

8 weeks

Phase 3

Option 1

SNDN or PNDN

optional with GSW

8 weeks

Phase 4

Option 1

SNDN or PNDN

with PSL as carbon
source
optional with GSW

8 weeks
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4.2

Sampling Plan

Table 3: Sampling table for Phase 0 - 4
Unit
Flow

mgd/gpm

ICL

AB

FC

WAS

FCL

PSL

Composite

Grab

Grab

Grab

Composite

Grab

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

SCADA

°C

SCADA

TSS

mg/L

3/w

4/w

VSS

mg/L

3/w

1/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

3/w

TKN

mg/L

3/w

3/w

NH4-N*

mg/L

3/w

3/w

NO3-N*

mg/L

3/w

3/w

NO2-N*

mg/L

3/w

3/w

TN*

mg/L

3/w

3/w

PO4-P**

mg/L

3/w

3/w

TP**

mg/L

3/w

Blanket Depth

ft

SRT

ft

SVI

mL/g

4/w

3/w

daily

2/w

2/w

3/w

daily
SCADA
daily

* except Phase 1
** only Phase 2
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5

Effluent Safeguard Measures

The following summarizes effluent safeguard measures that will be implemented as part of this Pilot
Study.
Capacity. During the proposed piloting activities Aeration Train 5 will remain offline for maintenance
and Train 6 will be operated at reduced capacity to demonstrate the benefits of the pilot treatment
technologies. As a worst case scenario, the second treatment capacity was assumed to be reduced
by approximately one-third of its original design capacity. To evaluate the impact of operating without
Aeration Trains 5 and 6 a BioWin model was calibrated to available operating data. The results of the
modeling, suggest that at 12°C and a 12 day SRT in Aeration Trains 1 to 4 (Active Trains) the effluent
ammonia (< 1mg/L) remains well below the permit limits. In addition, Aeration Train 6 will continue to
nitrify, further supplementing the nitrogen removal realized Trains 1 to 4.
The trickling filters will also be evaluated to identify opportunities for optimizing treatment, thereby
reducing loading on the downstream Aeration Trains.
Active Train Upset/Failure. If an active train requires removal from service additional volume will be
required to maintain treatment levels. If needed, the piloting can be discontinued and flow could be
diverted to Train 5 to bring the train into full operation.
Pilot Train Upset Conditions. The intent is to operate the pilot train separately from the remaining
trains eliminating the potential for additional upset. Waste activated sludge (WAS) from the active
trains can also be used to reseed the pilot train to speed up recovery from potential upsets.
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1

Pilot Sampling Plan

The City’s Pilot Study will help to determine if sidestream enhanced biological phosphorus
removal (EBPR) and simultaneous nitrification/denitrification are viable and economical
alternatives for biological nutrient removal. The following plan provides a summary of the
schedule, location, and frequency of samples for both pilots.

1.1

Pilot Schedule

The current pilot schedule is summarized in Table 1-1. The inDENSE pilot has been operating
since October 20, 2020. The RAS fermentation pilot began filling on June 13, 2021 with the
baseline testing initiating on June 15, 2021. The expected initiation period of the SNDN pilot will
be prior to July 30, 2021. Pilot meetings are held with the City on a bi-weekly basis to discuss
active pilots, review sampling results, and prepare for SNDN implementation.
Table 1-1 Pilot Sampling Plan: Current and Anticipated Pilot Schedule
Pilot Technology

Phase

Duration

Timing

Gravity Selective Wasting
(inDENSE)

Basins 5 and 6

Ongoing

Initiated October 20,
2020

Gravity Selective Wasting
(inDENSE)

Basins 1 and 2

Anticipated

To be determined

RAS Fermentation

Baseline

3 days

June 15 to June 17, 2021

RAS Fermentation

PSL feed as carbon
source

9 weeks1

June 18 to August 20,
2021

RAS Fermentation

No PSL

4 weeks

To be determined

SNDN

Observation period

2 days

To be determined

6 weeks

To be determined

SNDN

Continue operating RAS fermentation with PSL feed until noticeable phosphorus uptake is observed. If no uptake is
observed after (4 weeks), the pilot can be discontinued. If uptake is observed within by August 20th, recommend
removing PSL feed and continuing operation of fermentation for 4 additional weeks or as necessary for observation of
phosphorus uptake.

1
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1.2

RAS Fermentation

1.2.1

Baseline Testing

Duration: 3 days
Objective: Determine RAS Fermentation potential. Document microbial composition of MLSS.
-

Collect MLSS for genetic analysis from Aeration Basin No. 5. The daily representative
MLSS sample is taken to establish the MLSS phosphorus content prior to sidestream
EBPR.

-

Determine primary sludge (PSL) solids volatile fatty acids (VFA):
o

-

VFA range, TSS, and VSS measured every 8 hours for 3 days This will help to
gauge the diurnal variation in primary sludge VFA and determine the most
representative time to collect the PSL sample.

Perform RAS fermentation batch test:
o

Fill fermenter tank with RAS then stop feed.

o

Allow RAS to ferment with minimal mixing (prevent settling but minimize oxygen
entrainment through vortexing). Field adjustments may be required.

o

At the beginning of the baseline, while the RAS fermenter is being filled, collect a
representative RAS sample to determine volatile solids content and total
phosphorus content in MLSS.

o

Once the fermenter is filled completely, monitor VFA generation normalized for
VSS (mg/L VFA per g VSS per hour). Samples should be taken every 8 hours for
3 days. This will provide the following:


Establish VFA yield normalized for VSS



Begin establishing a correlation between VFA and ffCOD, and sBOD (or
sCOD, depending on the City’s sampling preference).
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Table 1-2 Sampling Plan - Baseline
ABI

AB

FCL

WAS

Final Effl

RAS

RAS
Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Parameter

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

Temperature

°C

SCADA
1**

1**

3/d

TSS

mg/L

VSS

mg/L

1**

1**

3/d

ffCOD

mg/L

3/d*

3/d*

3/d

VFA

mg/L

3/d*

3/d*

3/d

NO3-N*

mg/L

1**

TP*

mg/L

Genetic Test

1/d

1/d

-

1*

Refer to Figure 1 RAS Fermenter Pilot – Sampling Locations
* Field pre-filtration required
** Single sample at the beginning of the test
(1)
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1.2.2

RAS Fermentation with Primary Sludge (Carbon) Feed

Duration: 9 weeks
Continue operating RAS fermentation with PSL feed until noticeable phosphorus uptake is
observed. If no uptake is observed after August 20th, the pilot can be discontinued. If uptake is
observed by August 20th, recommend removing PSL feed and continuing operation of
fermentation for 4 additional weeks or as necessary for observation of phosphorus uptake.
Objective: Monitor RAS fermentation and sidestream enhanced biological phosphorus removal
rate aided with primary sludge as a carbon source.
Feed 10% RAS (0.31 mgd) to the RAS fermenter for an approximate hydraulic retention time
(HRT) of 27 hours. To accelerate establishing EBPR, up to 60,000 gpd of primary sludge will also
be fed. The primary sludge delivers both VFA and additional carbon that can be converted to VFA
within the RAS fermenter. The PSL flow will be determined during the baseline testing based on
its VFA content. The maximum PSL feed shall be equivalent to 20% of the total primary sludge
load (Total PSL*0.2/basins online). The baseline testing of primary sludge VFA and TSS will be
used to set the required PSL flow.
EBPR performance will be monitored by measuring pilot basin influent and effluent phosphorus
as well as the MLSS phosphorus content. At the end of this test segment, one MLSS sample will
be sent out for genetic analysis to determine how the RAS fermenter impacted the microbial
composition of MLSS. It is assumed that during this phase VFA generation (yield) in the RAS
fermenter cannot be determined as any measured VFA will be the product of VFAs generated
from RAS and PSL, VFA fed with PSL, and VFA consumed. The VFA yield from the baseline test
can be used in interpreting measured VFA concentrations.
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Table 1-3 Sampling Plan – S2EBPR with PSL Feed (June 18th to July 30th)

Parameter
Flow

ABI

AB

FCL

WAS

Final Effl

RAS

RAS
Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

mgd/gpm

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

SCADA

SCADA

4/w

4/w

°C

SCADA

TSS

mg/L

4/w

4/w

VSS

mg/L

4/w

1/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

ffCOD

mg/L

4/w**

4/w

VFA

mg/L

1/w**

2/w

TKN

mg/L

4/w

4/w

NH4-N*

mg/L

4/w

4/w

NO3-N*

mg/L

4/w

4/w

NO2-N*

mg/L

4/w

4/w

TN*

mg/L

4/w

4/w

PO4-P**

mg/L

4/w

4/w

TP**

mg/L

4/w

SRT

ft

SVI

mL/g

4/w

4/w
2/w

1/w

2/w

2/w**

4/w**

4/w

SCADA
daily

ORP

4/w

Genetic Test*

1

Refer to Figure 1 RAS Fermenter Pilot – Sampling Locations
*one sample at the end of the test segment
** field pre-filtration required
Note: The TP samples were previously shown as field filtered. This note was in error and these samples for ABI, WAS, and Final Effl
should not be field filtered.
(1)
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Table 1-4 Sampling Plan – S2EBPR with PSL Feed (August 2nd to August 20th)

Parameter
Flow

ABI

AB

FCL

WAS

Final Effl

RAS

RAS
Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

mgd/gpm

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

°C

SCADA

TSS

mg/L

4/w

VSS

mg/L

4/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

ffCOD

mg/L

VFA

mg/L

TKN

mg/L

4/w

NH4-N*

mg/L

4/w

NO3-N*

mg/L

4/w

NO2-N*

mg/L

4/w

TN*

mg/L

4/w

PO4-P**

mg/L

4/w

TP

mg/L

4/w

SRT

ft

SVI

mL/g

SCADA

1/w

4/w
2/w

Genetic Test*

4/w**

4/w

1

Refer to Figure 1 RAS Fermenter Pilot – Sampling Locations
*One sample at the end of the test segment
** field pre-filtration required
Note: The TP samples were previously shown as field filtered. This note was in error and these samples for ABI, WAS, and Final Effl
should not be field filtered
(1)
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1.2.3

RAS Fermentation without Primary Sludge (Carbon) Feed

Duration: 4 weeks
If phosphorus uptake is observed with PSL feed by August 20th, recommend removing PSL
feed and continuing operation of fermentation for 4 additional weeks or as necessary for
observation of phosphorus uptake.
Objective: Monitor RAS fermentation and sidestream enhanced biological phosphorus removal
rate without primary sludge as a carbon source.
Feed 10% RAS (0.31 mgd) to the RAS fermenter for an approximate HRT of 32 hours. Estimated
HRT and RAS flow rate are subject to change based on prior pilot test results.
EBPR performance will be monitored by measuring pilot basin influent and effluent phosphorus
as well as the MLSS phosphorus content. With no primary sludge transfer, VFA generation in the
fermenter can be monitored at the discretion of the City. This may be modified based on the pilot’s
performance. VFA may not be measurable if all is consumed by PAOs during phosphorus release.
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Table 1-5 Sampling Plan – S2EBPR without PSL Feed

Parameter
Flow

ABI

AB

FCL

WAS

Final Effl

RAS

RAS
Ferm

PSL

Location(1)

1

2

3

4

5

6

7

8

Unit

Comp

Grab

Grab

Grab

Comp

Grab

Grab

Grab

mgd/gpm

SCADA

SCADA

Air Flow

scfm

SCADA

DO

mg/L

SDADA

Temperature

°C

SCADA

TSS

mg/L

4/w

VSS

mg/L

4/w

COD

mg/L

4/w

sCOD

mg/L

BOD

mg/L

ffCOD

mg/L

VFA

mg/L

TKN

mg/L

4/w

NH4-N*

mg/L

4/w

NO3-N*

mg/L

4/w

NO2-N*

mg/L

4/w

TN*

mg/L

4/w

PO4-P**

mg/L

4/w

TP**

mg/L

4/w

SRT

ft

SVI

mL/g

1/w

4/w
2/w

4/w*

4/w

SCADA

Genetic Test*

1

(1) Refer to Figure 1 RAS Fermenter Pilot – Sampling Locations
*one sample at the end of the test segment
** field pre-filtration required
Note: The TP samples were previously shown as field filtered. This note was in error and these samples for ABI, WAS, and Final Effl
should not be field filtered.
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1.2.4

Field Sample Prefiltration

Purpose: Remove 99% of the biomass to stop the reaction (i.e. P release)
Equipment needed
-

Two, 1 L plastic beakers
Large funnel
200-micron filter or coffee filter
0.5 L sample bottle

Method
-

Collect sample and pour into one beaker
Allow max 5 minutes for the solids to settle
Place funnel with filter in the second beaker
Carefully decant the settles sample into the funnel
Transfer pre-filtered sample to sample bottle
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8

Sampling Locations
1 – Aeration Basin Influent

7

2 – Aeration Basin

1

3 – Final Clarifier
4 – Waste Activate Sludge
6

5 – Final Effluent
6 – Return Activated Sludge

2

7 – RAS Fermenter
5

8 – Primary Sludge

4

3

Figure 1-1 RAS Fermenter Pilot – Sampling Locations

Page 10 of 12

City of Wichita | Process Definittion and Concept Design of Wastewater Reclamation Facilities
Pilot Sampling Plan – July 29, 2021

1.3

SNDN Pilot Sampling Plan

During the simultaneous nitrification/denitrification (SNDN) pilot, enhanced water quality
monitoring should be conducted to understand changes in performance and document any
system upsets that may necessitate operational changes to protect the combined effluent quality.
During the 1 to 2-day low DO observation period, the only recommended enhanced water quality
monitoring is collecting effluent mixed liquor samples for ammonia-nitrogen analysis every 4 to 8
hours for the pilot basin (Aeration Basin 1) and the adjacent normally-operated basin (Aeration
Basin 2) to see if performance degrades immediately.
During an extended pilot, monitoring for ammonia-nitrogen, nitrate, nitrite, and total nitrogen is
recommended for the pilot basin and adjacent normally operated basin to track performance.
Additionally, enhanced monitoring of plant effluent ammonia-nitrogen is recommended to make
sure overall effluent quality does not become impacted by the piloting activities. A summary of
the recommended SNDN pilot sampling plan is provided in Table 1-6. A low DO log is provided
in Table 1-7.
Table 1-6 SNDN Pilot Sampling Plan
Parameter

Pilot Basin

Adjacent Basin

Combined Plant Effluent

(Aeration Basin 2) (Aeration Basin 1)
Ammonia-Nitrogen

Daily

Daily

Daily

Nitrate / Nitrite

3 x per week

3 x per week

-

Total Nitrogen

3 x per week

3 x per week

-
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Table 1-7 SNDN Low DO Log
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