


Task 6: Process Modeling and Calibration — Includes the development and calibration of
a process model to evaluate existing plant performance and effluent quality. The
BioWin® process model was used based on having a complete set of data available from
the City. The objective of this task was to gain insight on potentially viable nutrient
reduction alternatives; and to identify modeling options and data requirements for more
enhanced Phase Il modeling of the selected alternatives.

Task 7: Preliminary Process Alternatives — Based upon the data collection and review,
site visit, and initial process modeling of the existing plant configuration, REI developed
a list of potential process alternatives for achieving greater nutrient reduction. The list of
alternatives is based on modifying existing plant operations and repurposing existing
tankage (i.e. no new tankage).

Task 8: Prepare Technical Memorandum and Workshop — A workshop was held on
September 14, 2018 to review and discuss the six (6) alternatives developed by REI. A
list of three (3) selected alternatives was developed, in collaboration with the City, that
will be scoped and budgeted for evaluation in Phase Il of the Nutrient Study from a
benefit-cost perspective.

DATA EVALUATION MEMORANDUM SUMMARY

Task 3: Data Collection, Influent Characterization, Historic Plant Data Review, Influent
Loading and Biological Unit Process Loads
REI reviewed historical plant operating and sampling data for the past 5 years and identified no
significant data gaps for the development of a Model and alternatives analysis. The City has
maintained excellent records of historical plant flows and loadings that were extremely helpful
for this study.

From the review of the data, it was observed that influent flow to the plant is relatively stable
throughout the 5-year review period.

Table 1 summarizes the yearly average day flow (ADF) for the data reviewed.
Table 1. Yearly ADF

Dates ADF (MGD)
March 2013 to February 2014 3.152
March 2014 to February 2015 3.470
March 2015 to February 2016 3.584
March 2016 to February 2017 3.538
March 2017 to February 2018 3.621
March 2018 to May 2018 3.271

A graph was developed to compare influent ADF over the 5-year period to analyze variations in
ADF and peaks. Based on the trendline developed from the influent flow graph, represented in
Figure 1 on the next page, annual average flow growth over the past 5 years is roughly 12%.
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Figure 1. Five-Year Influent Flow

The subtle change in influent flow allowed REI to develop average loadings, influent flow,
nutrient balances and effluent quality inputs that were used in the development and calibration of
the Model. Average influent and effluent parameters from the data analyzed are presented in

Table 2.

Table 2. Five-Year Average Wastewater Influent and Effluent Characteristics

P Influent Effluent
arameter mg/L Ibs. mg/L Ibs.
cBOD 155 4,385 3 74
TSS 137 3,887 2 64
Total N 33 967 15 410
TKN 33 941 13 -
Nitrites - Nitrates 0 - 2 63
TP 5 134 2 51
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Task 4: Plant Operations Review
REI performed a site visit and walk through with plant personnel to discuss operational
procedures, operational flexibility, challenges, and constraints. Some major discoveries from this
site visit and from other discussions with City staff include:

Adjusting the air flow rate to the aeration basins based on alkalinity to maintain an
operating range of 145 to 165 mg/L as CaCOs.

The plant has recently increased their aeration mixed liquor suspended solids (MLSS)
concentration to 4,000 mg/L. Prior to this operational adjustment, the 5-year average
MLSS concentration was about 2,500 mg/L.

On January 1, 2018, the City commissioned their new CleanB® Chlorine Dioxide WAS
treatment system. Since the start-up of this process, the plant has experienced an increase
in net solids yield by about 0.30 Ibs. per Ibs. cBOD treated.

Task 5: Existing Process Evaluation
The major evaluations performed by REI under this task included developing nitrogen and
alkalinity balances.

Nitrogen Balance

Results from the nitrogen mass balance indicated that denitrification is occurring in the
completely mixed, fine bubble aeration basins. This phenomenon is not typically seen in
completely mixed, fine bubble systems due to the wide availability of oxygen. The plant’s
operational and sampling data indicated that the complete mixed, fine bubble system nitrifies
approximately 36 percent of the influent ammonia. Even though the plant is operating at an
appropriate SRT to promote complete nitrification and experiencing higher wastewater
temperatures (24 to 30 degrees Celsius), the system is not performing as expected. Typical
nitrite/nitrate effluent concentrations range between 0.5 and 3.0 mg/L, even though there is no
denitrification treatment process (i.e. anoxic zone), internal recycle, or any other process to
promote denitrification. Table 3 below presents the results from the nitrogen balance.

Table 3. Five-Year Average Plant Nitrogen Mass Balance Results

Parameter Concentration (mg/L)
Nitrogen Removed 18
Nitrogen in WAS (Synthesis) 8
TKN Oxidized (Nitrification) 12
Nitrite/Nitrates Removed (Denitrification) 10

Alkalinity Balance

To further analyze the reasoning for the denitrification occurring in the aeration basins, REI
evaluated alkalinity and its effects on the nitrification/denitrification process. Alkalinity plays a
key role in the biological treatment process, as it provides a buffer for any sudden change in pH.
A sufficient amount of alkalinity helps maintain a stable environment for microorganisms to
grow and consume organics in the wastewater. Providing the microorganisms with a stable
environment helps improve treatment performance and expands treatment capacity.
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To nitrify, theoretical reaction values show that approximately 7.14 mg of alkalinity (as CaCOz)
is consumed for every mg of ammonia oxidized. In other words, for every mg/L of converted
ammonia, alkalinity decreases by 7.14 mg/L. However, the process of denitrification allows for
the ability to regain alkalinity through the removal of nitrates. During denitrification, 3.57 mg of
Alkalinity is regained per mg of NOs reduced. Table 4 presents the results of the alkalinity
balance, which assumed nitrification of 13 mg/L of ammonia and denitrification of 10 mg/L of
nitrates.

Table 4. Five-Year High and Low Average Alkalinity Balance Results

Parameter Low Range High Range

Influent Alkalinity 190 mg/L 232 mg/L
Nitrification Consumption (-) | 86 mg/L Alkalinity Consumed for 12 mg/L Ammonia Oxidized
Post-Nitrification Alkalinity 104 mg/L \ 146 mg/L
Denitrification Regain (+) 36 mg/L Alkalinity Regained for 10 mg/L Nitrate Reduced
Final Alkalinity After Regain 140 mg/L 182 mg/L

The alkalinity balance presented above is simplified and does not consider the complexity of the
reactions in the aeration basins or daily variation in influent and effluent nitrogen concentrations.
It is provided to demonstrate that it would be difficult for the plant to be operating within their
targeted alkalinity range of 145 to 165 mg/L on a consistent basis without alkalinity regain
through denitrification. If no denitrification was occurring in the aeration basins, the predicted
alkalinity would be within a 100 to 150 mg/L as CaCOs range.

TASK 6: INITIAL PROCESS MODELING AND CALIBRATION

REI is scoped to develop and calibrate a process model of the existing plant’s biological process
configuration to improve nutrient reduction. The process model development will identify
modeling options and data requirements for Phase 11 modeling of the alternatives selected as part
of Task 7, Preliminary Process Analysis, which is described later in this memorandum.

REI selected to develop a Biowin® model in lieu of the spreadsheet model due to the extensive
plant operating data compiled by the City. The data evaluated was used to develop and calibrate
the BiowWin® Model outputs to match existing treatment and operational parameters.

Methodology

To determine the performance of the existing biological treatment process and to gain insight on
potentially viable nutrient reduction alternatives, a model of the treatment process was employed.
A computer based mathematical model of the activated sludge process was developed using
BioWin® by EnviroSim, Inc.

Model Configuration

The model was built based on the equipment and unit process data given in the “Vero Beach
Wastewater Treatment Plant Capacity Upgrade and Future Biological Nutrient Removal Plan”
Basis of Design Report written by Hazen & Sawyer in April 2004. The model configuration is

shown in Figure 2 and component properties of the model are described in the following
sections.
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Figure 2. BioWin® Model Process Schematic

The BOD Influent Element (Influent) is used to control the wastewater flow/composition. The
BOD Influent Element differs from the COD Influent Element in that its organic strength is
specified in terms of BOD concentration, rather than COD concentration. BOD Influent Element
characteristics put into the model are shown in Table 5.

Table 5. Wastewater Influent Characteristics

Element Name Value
Flow (MGD) 3.4
Total Carbonaceous BOD (mgBOD/L) 155.0
Volatile Suspended Solids (mg/L)* 110.0*
Total Suspended Solids (mg/L) 137.0
Total Kjeldahl Nitrogen (mgN/L) 33.0
Total Phosphorus (mgP/L) 5.0
Nitrate N (mgN/L) 0.0
pH 7.30
Alkalinity (mg/L as CaCQs) 205.0

*Volatile suspended solids concentration was assumed to be 80 percent of influent total suspended solids.

The grit removal tank element was used to simulate the removal of sand and other inert solids in
the influent wastewater. For this process model, it was assumed that the grit removal system at
the Vero Beach WWTP removes 60% of inert solids. Grit removal percentage was assumed
based on the MLSS concentration in the aeration basins.

The bioreactor element simulates the activated sludge process in a continuous stirred tank reactor
(CSTR) with diffused air as its aeration method. Two (2) bioreactors, each with 0.405 MG of
volume and a depth of 15 feet were used in the Model. A critical factor in the activated sludge
process operation is the MLSS concentration. A value of 2,400 to 3,100 mg/L was targeted for
this Model which is consistent with the plant’s typical operating range. For dissolved oxygen
setpoints, a value of 1.0 mg/L was used for the aeration zone to inhibit the amount of nitrification
occurring within the basin.
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The Ideal (secondary) clarifier element was used to model settlement of particulate material in a
wastewater stream containing activated sludge mixed liquor based on an idealized solids
separation model. For this Model, one (1) clarifier was used with a surface area equal to the total
surface area of the two (2) existing clarifiers. The purpose of using one (1) clarifier was to
provide reasonable Return Activated Sludge (RAS) and Waste Activated Sludge (WAS)
conditions that could easily be modified by adjusting the clarifier’s underflow rate. This clarifier
was not intended to predict sludge settleability or actual clarifier performance, which can be very
difficult to model. A surface area of 14,176 sq. feet and a depth of 12 feet were used in the
Model element. The underflow of the clarifier was set at 1.15 MGD, which is the determining
factor in setting the RAS (1.10 MGD) and WAS (0.05 MGD) flow rates. Clarifier removal
efficiency was increased from 99.8 to 99.94 percent to accurately represent the effluent TSS
concentration leaving the plant. The increased removal percentage simulates the additional
removal of solids that would come from the sand filters downstream of the secondary clarifiers.

The RAS flow originates from the underflow of the clarifier and discharges to the beginning of
the biological process into the wet well, where the RAS is blended with the degritted influent
wastewater. The RAS flow rate was maintained at 1.10 MGD in the Model, which provided a
RAS ratio comparable to the historical rates used by the plant.

WAS is also taken from the clarifier underflow and was maintained at the average WAS flow the
plant typically operates at. Due to the variability in the plant’s historical WAS flows and the
steady-state nature of this Model, it is difficult to accurately match the plant’s typical WAS
solids concentrations with what the Model predicts. The WAS flow rate was maintained at 0.05
MGD, which provided a reasonable solids production and solids concentration of the wasted
sludge stream.

Initial Model Calibration

Before process alternatives could be evaluated, historical data was utilized to calibrate the model.
Influent wastewater fractions, kinetic parameters, and stoichiometric parameters were adjusted
until the simulation output was within an acceptable range of the actual plant performance.
Results from the Model simulation that were cross-checked with actual plant data include:
effluent quality, aeration basin characteristics, and WAS characteristics.

The influent wastewater fractions define the composition of the influent wastewater and have a
direct effect on the entire treatment process. Default and adjusted influent wastewater fractions
used in this Model are shown in Table 6. In this table, Fup is the fraction of total influent COD
which is particulate unbiodegradable, Fnus is the fraction of influent TKN which is soluble
unbiodegradable, and Fna is the fraction of influent TKN which is ammonia. Fra was the only
value that could be calculated directly from the data provided. Additional sampling would be
required to confirm that the adjusted values are within actual influent composition.

Table 6. Default and Adjusted Influent Wastewater Fractions

Parameter | Default Value | Adjusted Value Influent Fraction

Fup 0.1300 0.3000 Particulate Unbiodegradable COD
Frus 0.0200 0.0350 Soluble Unbiodegradable TKN
Fna 0.6600 0.6700 Ammonia Fraction of TKN
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The kinetic parameters include biological growth rates, half-saturation rates, and decay rates.
The major kinetic parameters adjusted in the Model included Ammonia Oxidizing Biomass
(AOB), Nitrite-Oxidizing Biomass (NOB), and Ordinary Heterotrophic Organisms (OHO).
These three types of microorganisms control the amount of cBOD, ammonia oxidized, and
nitrogen removed during the activated sludge process. Each type of microorganism is described
below.

Ammonia Oxidizing Biomass (AOB)

This autotrophic biomass grows by oxidizing ammonia to nitrite or possibly nitrous oxide and
using the energy to synthesize organic material from inorganic carbon (fixing COz). Nitrogen
source for cell synthesis is ammonia. To account for the concentration of ammonia in the plant
effluent, the maximum specific growth rate for AOBs was lowered from the default value of 0.90
days® to 0.543 days™. By lowering the growth rate of such biomass, the model inhibits the
conversion of ammonia to nitrite (nitrification). Aeration basin DO levels below 2.0 mg/L will
have an impact on AOB growth rate and nitrification rates.

Nitrite Oxidizing Biomass (NOB)

This autotrophic biomass grows by oxidizing nitrite to nitrate and using the energy to synthesize
organic material from inorganic carbon (fixing COz2). Nitrogen source of cell synthesis is
ammonia. NOB is found in most aerated systems, but their growth rate and utilization is limited
due to the presence of oxygen. To represent the ratio of nitrate to nitrite in the plant’s effluent,
the maximum specific growth rate of NOBs was decreased from its default value of 0.70 days™
to 0.67 days™. This decreased growth rate allows for less conversion of nitrite to nitrate to occur.
This adjustment was made to account for removal of total nitrogen in the aeration basin.
However, the most probable reason for the denitrification is due to incomplete mixing and/or low
DO zones in the aeration basins.

Ordinary Heterotrophic Organisms (OHO)
This heterotrophic biomass utilizes oxygen to uptake and remove organics from the wastewater
stream. OHOs primary purpose is to remove cBOD from the wastewater. To account for the high
percent removal of cBOD at the plant, the maximum specific growth rate of OHOs was increased
from its default value of 3.2 days™ to 3.5 days™. Increasing the growth rate allows for more OHO
biomass to grow in the reactor and to effectively remove more cBOD. Facultative OHO is also
responsible for denitrification and the conversion of nitrates to nitrogen gas.

Stoichiometric parameters describe the yield rates for various microorganisms. The biomass
volatile fraction is the volatile fraction of active biomass and was determined from the aeration
basin MLVSS/MLSS concentration ratio. Xs COD:VSS Ratio is the conversion factor between
particulate substrate measured as COD and its VSS content. Xi COD:VSS Ratio is the
conversion factor between particulate inert material measured as COD and its VSS content. Both
the Xs and Xi values were increased to reduce the TN in the effluent. OHO vyield is the amount of
biomass COD produced using one unit of readily biodegradable complex substrate COD, the
remaining COD is oxidized. OHO yield was increased to account for the cBOD removal
efficiency and to increase the amount of ammonia oxidized. The adjusted stoichiometric
parameters are shown in Table 7.
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Table 7. Default and Adjusted Stoichiometric Parameters

Parameter Default Value | Adjusted Value
Biomass Volatile Fraction (VSS/TSS) 0.92 0.80

Xs (mgCOD/mgVSS) 1.6 1.7

Xi (mgCOD/mgVSS) 1.6 1.7

OHO Yield (aerobic) 0.666 0.720
Model Results

Model results were evaluated during calibration to ensure that the model was closely able to
predict characteristics that the plant is currently operating at. Modeling results for effluent
quality, aeration basin, and WAS characteristics are shown in Table 8, Table 9, and Table 10,
respectively. To compare the model results with existing plant effluent quality, high and low
ranges were established for each parameter. The high range represent values that are at or below
the value 90 percent of the time (90" percentile). The low range represents values that are at or
below the value 20 percent of the time (20" percentile).

Table 8. Five-Year Average Effluent Quality and Model Results

Parameter 5-Year Averfige Effluent Quality Model Resulis
Low Range | High Range Average
Total N (mg/L) 11 22 15 15.6
TKN (mg/L) 8 20 13 13.0
Nitrite/Nitrate (mg/L) <1 5 2 2.6
Nitrite (mg/L) <1 1 0.7 0.7
Ammonia N (mg/L) 6 16 10 10.6
cBOD (mg/L) 2 4 3 34
TSS (mg/L) 1 4 2 2.4
TP (mg/L) 1 4 2 1.7

Table 9. Aeration Basin and RAS Model Results

5-Year Average Effluent Quality
Parameter Low Range | High Range Average Model Results
MLSS (mg/L) 2,000 3,100 2,400 2,900
MLVSS (mg/L) 1,600 2,300 1,900 2,500
Alkalinity (mg/L as CaCOs) 145 165 155 149
RAS Flow (MGD) 0.85 1.25 1.05 1.10

Table 10. WAS Model Results

Parameter 5-Year Avergge Effluent Quality Model Results
Low Range | High Range Average

WAS Flow (MGD) 0.04 0.08 0.05 0.05

Solids Production (Ibs.) 2,600 6,100 4,100 4,800
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The solids retention time (SRT) for the existing plant is over 4.2 days, 70 percent of the time
over the last 5 years, with an average SRT of about 5.2 days. The predicted model SRT was 5.35
days.

TASK 7: PRELIMINARY PROCESS ALTERNATIVES

On September 14, 2018 the City and REI collaborated in a workshop meeting to select the three
process alternatives that are to be further evaluated in Phase Il. Process alternatives were
developed based on using existing aeration basins and the two existing sludge storage tanks that
have become available since the City began stabilizing the waste solids using the CleanB®
Chlorine Dioxide WAS treatment system and centrifugal dewatering unit. The two existing
sludge tanks are designated as Sludge Tank No. 1 (existing aerobic digestor) and Sludge Tank
No. 2 (existing sludge storage tank). Approximate tank volumes for the existing sludge storage
tanks are as follows:

Sludge Tank No. 1 =0.50 MG
Sludge Tank No. 2 =0.65 MG

Alternatives were evaluated to provide the City options that could increase nutrient removal
without additional tankage and were based on the following criteria:

Potential reduction of total nitrogen

Potential reduction of total phosphorus

Demonstrated performance

Capability to be retrofitted under existing tankage conditions
Operational complexity

Impact on other unit processes

Potential for phased implementation

Potential capital and operating costs

REI presented 6 alternatives to the City at the workshop and the options that were identified
include:

1. Alternative One: Two-stage anoxic/aeration basin process utilizing additional volume
from Sludge Tank No. 1

2. Alternative Two: Two-stage anoxic/aeration basin process utilizing additional volume
from Sludge Tank No. 1 and No. 2.

3. Alternative Three: Four-stage nutrient treatment process utilizing additional volume from
Sludge Tank No. 1 and No. 2.

4. Alternative Four: Two-stage anoxic/aeration basin process and replacing a portion of the
DynaSand® filters with deep bed denitrification filters, utilizing Sludge Tank No. 1 for
additional treatment volume.

5. Alternative Five: Multi-stage anoxic/aeration basin process membrane bioreactor system
utilizing additional volume from Sludge Tank No. 1.

6. Alternative Six: Multi-stage anoxic/aeration basin process using a) integrated fixed film
activated sludge (IFAS), or b) Aerobic Granular Sludge biological treatment technology
utilizing Sludge Tank No. 1 for additional treatment volume.

Conceptual layouts and descriptions of each alternative were developed and can be found in
Attachment B.
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Selected Process Alternatives

The City and REI selected alternatives three, five, and six for further evaluation in Phase II.
Alternative three involves adding a first anoxic basin to the process configuration. The Phase 1l
analysis will be developed to determine the total nitrogen removal capacity of the first anoxic
process and the additional total nitrogen removal achieved by adding on a second anoxic basin.
Alternative 5 involves installation of a membrane bioreactor (MBR) process utilizing Sludge
Tank No. 1, converting the clarifiers to equalization basins and modification of the headworks to
incorporate fine screens. This alternative will provide a higher level of treatment at a
significantly higher cost, but the City desires to analyze this alternative for comparison with a
more advanced treatment process being evaluated as part of the City’s Master Plan Update.
Alternative six is to be evaluated for IFAS technology and is an independent process alternative.

Alternative Three: Four-Stage Anoxic, Aeration, Second Anoxic, Reaeration

This alternative proposes to modify and expand the existing aeration basins to a four-stage
anoxic/aeration/anoxic/reaeration basin process. The new four stage system will require
additional treatment volume and will be provided by re-purposing Sludge Tank No. 1 (existing
aerobic digester) and Sludge Tank No. 2 (existing sludge storage tank). Sludge Tank No. 1 has a
volume of approximately 0.5 MG and is directly connected to the west of the existing aeration
basins. Sludge Tank No. 1 would be converted to an aeration basin, with part of the existing
aeration basin being modified to an anoxic zone. The existing Sludge Tank No. 2 would be
modified to a second anoxic/reaeration basin. Re-pumping of the existing aeration basin contents
would be required, which will add additional pumps and operational costs. Sludge Tank No. 2
has an approximate volume of 0.65 MG.

Preliminary process modifications and tank volumes are listed below:

Anoxic Basin No. 1 =0.3 MG

Aeration Basin No. 1 = 1.3 MG

Internal Recycle Pumps = 3Q (13.5 MGD)
Anoxic Basin No. 2 =0.5 MG

Reaeration Basin = 0.15 MG

Anoxic Basin No. 2 Pump System = 5.5 MGD

Additional modifications would need to be evaluated including: changing the influent and
effluent weirs on the aeration basins to introduce flow at a single point to the head of the basins
and evaluating alternate operating scenarios such as step feed and/or sequenced aeration.

Alternative Five: Membrane Bioreactor System Utilizing Sludge Tank No. 1

Modify and expand the existing aeration basins system to a Multi-Stage Anoxic/Aeration Basin
Process, adding membranes and sequencing operations of the aeration basins to achieve nutrient
removal. The new multi-stage system will require additional treatment volume and will be
provided by re-purposing Sludge Tank No. 1, which has a volume of approximately 0.5 MG and
is directly connected to the west of the existing aeration basins. The clarifiers would be modified
to operate as equalization basins, as the membrane bioreactor system eliminates the need for
secondary clarification. The headworks screening system would need to be modified to provide
fine screening of the raw wastewater for the membrane system to operate as designed.
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Additional modifications that would need to be evaluated include changing the influent and
effluent points to introduce flow at a single point at the head of the basins and evaluating
alternate operating scenarios such as step feed and/or sequenced aeration. Some benefits of this
more costly and advanced treatment system include:

Full Nitrification of the Influent Ammonia

Elimination of Secondary Clarifiers

Potential to reduce TN to less than 5 mg/L at design capacity of 4.5 MGD
TP reduction by BioP may be an option

Alternative Six: Integrated Fixed Film Activated Sludge
IFAS systems add fixed or free-floating media to an activated sludge process basin to encourage
the growth of biomass and to enhance the treatment process. IFAS systems are currently being
implemented at an increasing number of wastewater treatment facilities to expand the capacity of
the activated sludge system while utilizing the existing tank volume. IFAS media is typically
plastic or fabric and the amount of biomass that grows on the media surface depends on a host of
factors, including: loading, dissolved oxygen concentration, temperature, mixing energy,
suspended phase biomass concentration, and solids retention time. The attached biomass
combined with the suspended biomass concentration allows for a much greater biomass
population within the same reactor volume. A major benefit of IFAS systems is the increased
MLSS without higher clarifier solids loading. Since some of the biomass grows and “lives” on
the surface area of the media within the aeration basins, it does not make its way to the clarifiers.

The IFAS process will require additional volume and will be provided by re-purposing Sludge
Tank No. 1, which has a volume of approximately 0.5 MG and is directly connected to the west
of the existing aeration basins. Sludge Tank No. 1 would be converted to a second
anoxic/reaeration basin, following the aerobic zone where the fixed film media will be stored.

Additional modifications that will need to be considered for an IFAS system include:

Adequate mixing must be provided to ensure that the free-floating media remains
uniformly distributed. The mixing energy provided is critical for sloughing of biomass
and the creation of a thin biofilm.

Increased DO concentrations, typically between 3.0 to 4.0 mg/L, are required in the
suspended phase to ensure that the biofilm is completely aerobic.

Effluent screens will have to be installed to contain the free-floating media within the
reactors.

Foam accumulation is a common issue with IFAS systems. Foam removal techniques
should be considered for this alternative.
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NEXT STEPS
This memorandum completes the scope of services authorized in Work Order No. 1 related to:

Identifying influent loading characteristics

Identifying existing operational flexibility and constraints

Development of process modeling approaches

Determination of data requirements, level of effort, and equipment needed to bridge the
data gaps

Performing a preliminary assessment of potential alternatives and operational changes
that could reduce the total nutrients in the plant’s effluent

The final work related to Work Order No. 1 is to receive comments and provide revisions to the
draft memorandum; and to provide the City with a proposal for Work Order No. 2 that will
include:

Additional sampling data collection and recommended testing for modeling the nutrient
removal alternatives selected for further analysis.

Development of a Biowin® Model and/or recommendations from process equipment
vendors for specialty IFAS and membrane bioreactor treatment systems.

Evaluation of the alternatives including preliminary capital and operating costs,
operational requirements, and process control strategies.

Development of a phased implementation of the alternatives with preliminary costs.
Workshop with the City to review the modeling work, alternatives, and implementation
requirements.

Development of the process analysis memorandum, memorandum review meeting, and
submittal of a final memorandum.
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Blowers

Total Number
Manufacturer
Capacity (each)

Sludge Transfer Pumps

Total Number
Manufacturer
Model

Type

Capacity (each)

2
Hoffman
3,550 scfm

1

Moyno
MD#1G065G1 CDQ
Progressive Cavity
192 gpm

32 0f 32



Attachment B
Conceptual Process Alternative
Descriptions and Site Layouts
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Aerobic No. 1

Membrane

IR Pump Station Z.

EQ Pump Station

Alternative Fve

Process Alternative No. 5

AnoxicNo.1Volume 0.3MG
AerobicNo. 1 Volume 1.O0MG
™ TKN cBOD TS TP
) <5 <5 <5 <3
City of Vero Beach WWTP Nutrient Management Study FIGURE 5
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City of Vero Beach WWTP Preliminary Nutrient Management Study
Workshop No. 2

Alternative No. 6 T Convert the Existing Process from Single Stage Aeration to a Multi-Stage
Anoxic/Aeration Basin Process Using Suspended Growth Membrane Bioreactor System or
Granular Sludge Bioreactor System Utilizing Sludge Tank No. 1

Description

Modify and expand the existing aeration basins system to a Multi-Stage Anoxic/Aeration Basin
Process, adding Integrated Fixed Film Activated Sludge (IFAS) or Aerobic Granular Sludge
biological treatment technologies. Operations would be sequenced to achieve nutrient removal. The
new multi-stage system will require additional treatment volume. Additional treatment volume can
be provided by re-purposing the existing aerobic digester/sludge holding tank that is directly
connected to the west of the existing aeration basin. The clarifiers would be modified to operate as
needed for the treatment system. Elimination of the clarifiers can be accomplished if aerobic
granular sludge treatment systems are employed. The headworks screening system may need to be
modified to provide fine screening of the raw wastewater. Screening of RAS may improve process
performance and operations.

Additional modifications that would need to be evaluated include changing the influent and effluent
points to introduce flow at a single point at the head of the basins and evaluating alternate operating
scenarios such as step feed and/or sequenced aeration.

Benefits

I Full Nitrification of the Influent Ammonia

Advanced Treatment

Elimination of Clarifiers for some of the processes

Potential to reduce TN to less than 5 mg/l at design capacity of 4.5 MGD

TP reduction by BioP may be an option. If not, TP by chemicals may be needed

= —a _—a _a

Required Improvements

f New Fine Screening System

New aeration system for mixing and diffused aeration

Fixed Film or Granular Treatment System Retrofits

Process Monitoring and Control Systems for Sequenced Operations
Add Anoxic Mixers

New Internal Recycle Pump Station may be required for some systems
Changes to influent and effluent piping configuration

= —a _—_a _—_a _—_a _a

Capital Costs
§ Construction of the New Headworks and Suspended Growth Systems $$ to $$$

Page 15 of 16



City of Vero Beach WWTP Preliminary Nutrient Management Study
Workshop No. 2

Operations Impacts and Cost

f  Operating and Maintenance of Membrane System

Increase Nitrification Oxygen Requirements

Increases Denitrification Oxygen Credit

Eliminates Clarifiers in some cases

Additional Pumping Costs for IR

More Stable Disinfection System Operation and Reduced Chlorine Demand

= —a _—a _—_a _a
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AgquaNereda
Aerobic Granular

EQ Pump Station

Process Alternative No. 6a

Alternative Sx
AquaNeredaVolume 1.3MG
N TKN cBOD TSS TP
<5 <5 <5 <5 <3
City of Vero Beach WWTP Nutrient Management Study FIGURE 6a
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Anoxic No. 2 &
Re-Air

J Aerobic IFAS Media

Alternative Six
Anoxic No.1 Volume 0.3MG
Aerobic IFAS Volume 1.OMG
Anoxic No. 2Volume 0.4MG
TN TKN cBOD TSS TP
<5 <5 <5 <5 <3

City of Vero Beach WWTP Nutrient Management Study FIGURE 6b
Process Alternative No. 6b
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