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Western Wake Water Reclamation Facility
PER Technical Memorandum No. 08 Process Design/Mass Balance
Pretreatment Evaluation

INTRODUCTION

This Technical Memorandum (TM) is one in a series of TMs being prepared for the Preliminary
Engineering Report for the Western Wake Regional Wastewater Management Facilities project.
The purpose of this TM is to present the preliminary engineering information and data for the
process design of the Biological Nutrient Removal (BNR) process.

PROCESS DESIGN

The process design detailed herein was performed using the activated sludge simulation software
BioWin 2.1.

EFFLUENT LIMITS AND ANTICIPATED FUTURE DESIGN LIMITS

The proposed design capacity of the BNR basins is 18.0 mgd maximum month flow with an
anticipated future expansion to 30.0 mgd. The North Carolina Department of Environment and
Natural Resources (NCDENR) has indicated the speculative NPDES permit limits for the initial and
future design capacity of 1 summer/2 winter mg/L NH3-N, and interim seasonal limits of 6 mg/L and
2 mg/L for total nitrogen (TN) and total phosphorus (TP), respectively as described in TM 6.

A Total Maximum Daily Load (TMDL) is also required to be prepared by NCDWQ because of water
quality conditions in the Cape Fear River. The results of the TMDL and/or other monitoring and
modeling may indicate that more restrictive nutrient controls than those contained in the speculative
limits letter from NCDWQ are needed to protect water quality. Accordingly, NCDWQ recommended
that all future wastewater planning include flexibility in the design to accommodate additional
nutrient removal requirements that may be necessary in the future in response to water quality
issues for the Cape Fear River. Such future limits can not be defined at this time, however, for the
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purposes of the PER, evaluations of various BNR process configurations were conducted to
determine viable treatment approaches at the limits of technology based on year round monthly
averages as shown in Table 8-1.

TABLE 8-1
BASIS OF EVALUATION OF FUTURE PROCESS CONFIGURATIONS
POTENTIAL EFFLUENT QUALITY GOALS

BODs, mg/L 5
Ammonia, mg/L

Total Nitrogen, mg/L 3.5
Total Phosphorous, mg/L 0.5

Process design recommendations will address current speculative limits and will address future
modification of the process to meet future requirements. Effluent filters are required to reliably meet
nutrient limits in the range anticipated at the Western Wake Water Reclamation Facility (WWWREF).
Effluent filters will be designed to allow future conversion for denitrification to meet a low TN limit.
See TM-14 (Effluent Filters) for discussion of the filtration facilities.

WASTEWATER CHARACTERIZATION

Influent Flows and Loads - The basis of design raw wastewater characteristics are defined in TM 6.

For evaluation of process design requirements to meet future more restrictive effluent limits for
nutrients, a higher strength influent wastewater was also assumed to assist in identifying the
process configurations best able to meet the potential future nutrient goals. Hypothetical influent
wastewater characteristics were developed assuming that significant industrial contributions to the
new facilities without pretreatment of the industrial flows. These hypothetical ‘worst case’
conditions are shown in Table 8-2.
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TABLE 8-2
HYPOTHETICAL ‘WORST CASE’ INFLUENT WASTEWATER CHARACTERISTICS
FOR MODELING PURPOSES

Annual Average Maximum Month
Parameter Conditions Conditions
Design Flow, mgd 15.3 18.0
BODs, mg/L 224 231
Total Suspended Solids, mg/L 250 259
Total Kjeldahl Nitrogen, as N, mg/L 48.9 51.5
Ammonia Nitrogen, as N, mg/L 30.3 31.0
Total Phosphorus, mg/L 8.4 8.2

Historical data from the North Cary WRF, South Cary WRF, and Middle Creek WWTP was
evaluated to gain a better understanding of potential influent characteristics for the Western Wake
WRF. Historical data indicates nitrate in the influent of all three existing facilities. It is assumed that
the nitrate in the influent is caused by the addition of Bioxide (a nitrate salt for odor control) in the
collection system for odor control, since recycles are not included in any of the three plant’s influent
sample locations. This nitrate component was included in the influent conditions for the WWWRF
for all modeling scenarios. The maximum week peaking factors for loads and flow used for
modeling for the WWWRF are based on historical North Cary data as follows:

MAXIMUM WEEK FLOW AND LOAD PEAKING FACTORS FOR MODELING

Mass or Flow Peaking Factor —

Parameter Maximum Week/Annual Average
Flow 1.6
COD and BODs 1.6
TSS 1.7
TKN 1.6
TP 15

Raw wastewater temperatures for sizing/modeling were assumed as follows:

< Minimum Week — 12.5 deg. C Winter, 16 deg. C Summer
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% Minimum Month — 14 deg. C Winter, 17.5 deg. C Summer

Both steady state and dynamic modeling was used for simulation of the proposed design. The
diurnal flow pattern shown in Figure 8-1 was used for dynamic modeling purposes. Load peaking
factors were not available, so concentrations were assumed constant with flows varying hourly
according to the diurnal flow pattern in Figure 8-1. Thus, Figure 8-1 also represents the diurnal load
pattern.

Recycle Flows and Loads — The major plant recycle streams for the WWWRF include filter
backwash water, filtrate from WAS thickening and centrate from aerobically digested sludge
dewatering. The filter backwash recycle is modeled in BioWin based on 5% (of forward flow)
continuous backwash to the head of the plant. The centrate and filtrate streams will be treated with
metal salt addition for phosphorus precipitation, settled, and returned to the head of the plant.
Additionally, the aerobic digesters will be operated with air cycled on and off to achieve nitrification,
denitrification, and alkalinity recovery in the digester (see TMs 17 and 20).

Modeling Parameters - Although the historical data from North Cary WRF, Middle Creek WWTP,
and South Cary WRF provides good information on basic influent wastewater characteristics and
loadings, supplemental sampling is typically required to better define the wastewater
characterization and to provide detailed fractionation data of the influent for accurate process
modeling. The BioWin™ simulation model relies on detailed information about the fractionation of
the influent COD, nitrogen, and phosphorus in order to make accurate predictions.

Some of the ways in which influent wastewater fractionation can influence BioWin™ model
predictions is presented below:

«  The readily biodegradable BOD/COD fraction significantly impacts denitrification and
biological phosphorus removal. It also influences the need for supplemental carbon
(acetate or methanol) required to achieve strict nitrogen standards as well as anoxic and
anaerobic zone performance.

% The unbiodegradable particulate and soluble COD fractions impact sludge production and
oxygen demand. It also determines the secondary effluent COD concentration.

«  The organic nitrogen content influences the hydrolysis requirements of the process and
the potential for ammonia breakthrough in winter.
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Historical data for the North Cary WRF indicated a higher strength wastewater with some non-
“typical” characteristics likely from industrial impacts. For example, the historical COD/CBODs ratio
is 3.0 which is significantly higher than “typical” wastewater. Also, the historical TKN and TP
influent concentrations are significantly higher than normal. Therefore, an intensive 7-day period of
supplemental sampling was conducted to better characterize the North Cary WRF influent for
BioWin modeling. Site specific wastewater fractions for the North Cary WRF influent stream were
developed based on the sampling results and historical data. The results of the supplemental
sampling are included in Appendix 8A.

Influent COD data was not available for South Cary and a limited amount of COD data was
available for Apex Middle Creek. The South Cary influent COD/BODs ratio was assumed to be 2.2
for modeling purposes. The Apex Middle Creek influent COD/BODs ratio was assumed to be 2.26
based on limited historical data. Wastewater fractions for the Apex influent stream and the South
Cary influent stream were developed based on the historical data from each facility for TSS, BODs,
TKN, NHs-N, TP and an assumed VSS/TSS ratio of 0.85 and COD/BODs ratio mentioned above.

Default kinetic and stoichiometric parameters were used in modeling with the exception of the
following:

< Autotrophic maximum specific growth rate = 0.8/day versus default of 0.9/day

<  Anoxic methanol utilizer maximum specific growth rate = 3.2/day versus default of 6.4/day

It should be noted that the anticipated Western Wake WRF influent stream has a lower than normal
BOD/TKN ratio of 4.5 (when influent nitrate is included, the BOD/TN ratio is 4.3) and relatively high
TP concentration resulting in unfavorable conditions for combined biological nitrogen and
phosphorus removal to very low levels (i.e., the wastewater is carbon limited).

To meet future TN limits as low as 3.5 mg/L, it is critical to accurately estimate the effluent organic
nitrogen (TKN - NH3-N) component correctly. Effluent organic nitrogen consists mainly of
unbiodegradable soluble nitrogen, which is not removable by conventional treatment processes,
and the remaining portion is related to the nitrogen content of the effluent solids. Historical data for
filtered effluent TKN was available for the North Cary WRF. The supplemental sampling also
identified the various components of the secondary effluent TKN. A data analysis was performed
on the historical data and the following average results for effluent organic nitrogen and soluble
organic nitrogen were obtained:

«  Average Effluent TKN — NH3-N = 1.68 mg N/L
% Average Effluent TSS = 1.18 mg N/L
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«  Average Estimated Soluble Effluent Organic Nitrogen = 1.58 mg N/L (based on N/TSS
ratio of 8.5% obtained from special sampling)

This indicates that for a future TN effluent goal of 3.5 mg N/L, on average 1.68 mg/L will be organic
nitrogen, and only 1.3 mg/L of nitrate can be remain in the effluent assuming NHs-N = 0.5 mg/L.

The special sampling at the North Cary WRF indicated slightly lower soluble organic nitrogen of 1.4
mg N/L. Therefore, the influent wastewater nitrogen fractions were modified to produce a soluble
organic nitrogen concentration of approximately 1.6 mg N/L and the filtration model was modified to
produce effluent solids at approximately 1 mg/L TSS to ensure more accurate predictions of effluent
TN.

BNR PROCESS CONFIGURATIONS

The Western Wake Partners requested that the BNR basins be configured to allow operating in the
following general process configurations:

1. 5-Stage without sidestream biological phosphorus removal (BPR)
2. 5-Stage with sidestream BPR

3. 4-Stage without sidestream BPR

4, 4-Stage with sidestream BPR

5. Johannesburg Process

6. MLE without sidestream BPR

7. MLE with sidestream BPR

8. VIP Process

9. A2/O Process

4 and 5-Stage Process - The 4 or 5-stage process or Bardenpho process, as shown below, consists
of two anoxic stages used to accomplish biological nitrogen removal by denitrification. In the 5-
stage process, an anaerobic stage is added ahead of the original 4-stage Bardenpho nitrogen
removal system to create anaerobic-aerobic contacting conditions necessary for biological
phosphorus uptake.
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A sidestream biological phosphorus removal process may be added to either the 4-stage or 5-stage
process by returning RAS only to a separate, unaerated reactor sized to promote fermentation of
the RAS stream under anaerobic conditions. VFAs produced from the RAS fermentation process
enhance phosphorus removal, allow more influent carbon to be used for denitrification reactions,
and provides complete denitrification of the RAS.

4Q

INF, Q ’y

ANOXIC

AEROBIC

ANOXIC | AEROBIC
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Johanneshburg Process — The Johannesburg process is similar to the 5-stage process with the

addition of a separate unaerated zone for RAS denitrification.
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MLE Process — The MLE process provides for nitrogen removal only, with a primary anoxic zone
followed by aerobic zones from which mixed liquor recycle is returned to the primary anoxic zone.
No post anoxic zone is included in the MLE process. Therefore total nitrogen removal is limited in
the MLE process by the nitrified recycle rate.
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A sidestream biological phosphorus removal process may be added to the MLE process by
returning RAS only to a separate, unaerated reactor sized to promote fermentation of the RAS
stream under anaerobic conditions. VFAs produced from the RAS fermentation process enhances
phosphorus removal, allows more influent carbon to be used for denitrification reactions, and
provides complete denitrification of the RAS.
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ANAEROBIC *
WAS
| |

MLE W/ SIDE STREAM BPR

VIP Process - The Virginia Initiative Process (VIP) was developed at the Hampton Roads Sanitation
District (HRSD) and has been made available for public use with no license requirement or fee.
The VIP process is a conventional BNR process very similar to the University of Cape Town
Process, (UCT) with the biological phosphorus release mechanism occurring in the main flow train
of the treatment process. In the UCT/VIP process, the reactor influent first enters the anaerobic
stage of the biological treatment process so that influent BODs and volatile fatty acids can be
utilized to fuel the anaerobic phosphorous release mechanism in the biological phosphorus release-
uptake cycle. The waste stream then flows into the anoxic stage for denitrification and BODs
removal. Nitrification, phosphorus uptake and further BODs removal occur in the aerobic stage.
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Nitrified mixed liquor is recycled from the aerobic stage to the anoxic stage to allow denitrification.
Sludge from the secondary clarifier is returned to the anoxic stage to allow denitrification of this
stream and avoid nitrate addition to the anaerobic stage. Mixed liquor is recycled from the anoxic
stage to the anaerobic stage to provide a denitrified mixed liquor to the anaerobic stage.
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A schematic of this process is shown as follows:

R1=1-2Q R2 = 2-4Q

y 1l v I

INF,Q ———P] AEROBIC ANOXIC AEROBIC EFF

VIP

A2/0 Process — The A2/0 process is similar to the MLE process with the addition of an anaerobic
zone upstream of the anoxic zone. As with the MLE process, nitrogen removal is limited by the
nitrified mixed liquor recycle rate.

INF, Q T’ ANAEROBIC| ANOXIC AEROBIC % EFF

A2/0

BNR BASIN SIZING, CONFIGURATION, AND PROCESS SIMULATION RESULTS

Sizing and Configuration - The process simulation model BioWin was used to optimize the BNR
basin sizing, cell configurations, influent feed points, and recycle feed points for the various
operating modes discussed above. The initial modeling was completed using the hypothetical
‘worst case’ influent conditions described in Table 8-2, year round limits of technology limits
described in Table 8-1, and with the goal of minimizing the need for chemical addition. The
proposed BNR basin configuration is summarized in Table 8-3. Figure 8-2 shows the proposed
BNR basin process flow schematic.
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TABLE 8-3
BNR BASIN CONFIGURATION CRITERIA

Proposed Zones in the BNR Basins
RAS Denitrification
Anaerobic

Primary Anoxic

Aerobic
Post Anoxic
Reaeration
Operating MLSS concentrations 2,000-3,800 mg/L
RAS 0.6 -1.0Q
Nitrified Recycle (NRCY) 2Q-4Q

Process Simulations - The process simulation software BioWin was used to simulate treatment
performance for various flow and load combinations for all of the proposed process operating
configurations. The simulation results were used to optimize nitrogen and phosphorus removal
without chemical addition and at the same time provide for the requested process flexibility
discussed above. An example of the BioWin model configuration is shown in Figure 8-3. Process
flow schematics for each for each of the simulated cases are shown in Figures 8-4 to 8-15.

PREDICTED PERFORMANCE WITH HYPOTHETICAL ‘WORST CASE’ INFLUENT CONDITIONS

Process simulations were conducted for the hypothetical ‘worst case’ influent conditions assuming
higher strength influent associated with significant industrial growth without pretreatment as detailed
in Table 8-2. These simulations were conducted for potential future effluent goals for nutrient
removal as described in Table 8-1 to determine the potential future requirements for the WWWRF
and to ensure that facility design makes provision for easy modification to meet future requirements.
The results shown in Table 8-4 for the hypothetical ‘worst case’ influent wastewater characteristics
assume that the facilities would operate without chemical addition (other than alkalinity addition).
The total BNR reactor volume for these hypothetical conditions is 20.7 Mgal for the initial 18 MGD
WWWREF. The simulation results shown are based 24-hour flow weighted composites from diurnal,
dynamic simulations. An example of the BioWin dynamic output for nitrogen and phosphorus is
shown in Figure 8-16.
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TABLE 8-4
PREDICTED EFFLUENT RESULTS WITHOUT CHEMICAL ADDITION
HYPOTHETICAL ‘WORST CASE’ INFLUENT CHARACTERISTICS

Maximum Month Flow and Load Annual Average Flow and Load

@ 14 deg C @ 17.5deg C

SRT SRT
Process Configuration MLSS (days) NHs-N TN TP MLSS (days) NHs-N TN TP
1. Johannesburg 3480 19 06 86 15 2280 15 04 47 16

2. Johannesburg w/
Step Influent Feed 3400 20 08 6.8 14 2170 15 05 45 13

Five Stage 3430 18 05 79 16 2280 145 04 42 18
4. Five Stage w/ Step
Influent Feed 3400 19 0.7 6.8 1.3 2370 16 04 44 15

5. Five Stage w/
Sidestream BPR 3360 19.5 0.7 69 14 2230 155 05 43 15

6. Four-Stage 3200 18 05 4.1 4.6 2400 16 04 4.0 3.8

7. Four-Stage w/
Sidestream BPR 3230 22 1.1 6.9 1.3 2130 16 0.6 45 1.9

8. MLE 3360 18 0.2 86 3.0 2160 14 01 7.4 36
9. MLEw/

Sidestream BPR 3100 19 06 90 14 2017 15 03 7.6 16
10. A2/0 3390 18 03 89 15 2330 15 02 76 16
11. VIP 3700 19 0.3 9.2 1.7 2430 15 02 7.7 14

12. VIP w/ Post Anoxic 3740 19 1.0 81 1.3 2450 15 04 6.7 1.1

For the hypothetical worst-case influent conditions none of the process configurations are able to
meet the potential future effluent goals for TN and TP of 3.5mg/L and 0.5 mg/L, respectively without
chemical addition for the two conditions shown. Several of the process configurations could be
designed to meet either the TN or TP limit biologically, but not both at the same time with the
carbon limited wastewater. Instead, the proposed design attempted to maximize both TN and TP
removal to minimize both supplemental carbon and metal salt requirements. It should also be
noted that if the wastewater characteristics for the WWWRF develop with lower influent loadings
(especially TKN) as anticipated and described in TM6, the WWWRF may meet the design effluent
limits for TN without chemical addition, on an annual average basis.
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The Johannesburg with step influent feed (2), Five-Stage with step influent feed (4), and the Five-
Stage with sidestream BPR (5) performed the best overall. The Johannesburg and Five-Stage
processes are capable of meeting the seasonal speculative limits of TN 6 mg/L and TP of 2 mg/L
without chemical addition. The Four-Stage (6) configuration produced the lowest TN year round,
but had high TP effluent concentrations.

The Four-Stage, MLE, and A20 processes did not provide significant process benefits when
compared to the better performing processes. However, the VIP process configuration provides no
process benefits and requires additional recycle pumps (anoxic recycle), which none of the other
configurations require. Therefore, it is recommended that the VIP process configurations not be
included in the proposed design. Consideration should be given to whether the Four-Stage, MLE
and A20 processes should be included in the final design.

Since chemical addition is required to meet the potential future effluent goals of 3.5 mg/l TN and 0.5
mg/l TP, additional simulation runs were performed to ensure the basin volumes and configurations
were optimized for post anoxic supplemental carbon (methanol) addition. A second option for the
WWWREF is to not add supplemental carbon to the BNR basins and to trim nitrate in the filters with
acetic acid or methanol to achieve effluent TN of 3.5 mg/l or less. Based on the simulation results
without chemical addition, the estimated methanol dosage at the filters required to achieve an
effluent TN of 3.5 mg/L with the optimum process configurations is 15 mg/L and 6 mg/L,
respectively for the winter and average annual scenarios. The denitrification filters would be
expected to be more efficient for final trimming of TN than methanol feed to the post-anoxic zone of
the BNR process. The estimated average ferric dose required to achieve an effluent TP of 0.5 mg/L
is 14 mg/L. Table 8-5 summarizes the simulation results with methanol and ferric addition to the
BNR basins for the Johannesburg with step influent feed process configuration, the optimum
process configuration that was considered.

TABLE 8-5
PREDICTED EFFLUENT RESULTS WITH CHEMICAL ADDITION
& HYPOTHETICAL ‘WORST CASE’ INFLUENT CHARACTERISTICS
JOHANNESBURG WITH STEP INFLUENT FEED PROCESS CONFIGURATION

Methanol Ferric Dose,
MLSS Dose, mg/L mg/L FeCls NH;-N TN TP

Maximum Month Flow and
Load @ 14 deg C 3700 18 17 0.3 3.5 0.5

Annual Average Flow and
Load @ 17.5deg C 2315 13 14 0.3 3.3 0.3
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Process simulations for maximum week load, maximum month flow and minimum week
temperatures and maximum month load, maximum week flow and minimum week temperatures
were also conducted to confirm the process could meet weekly permit requirements, assumed to be
1.5 times the monthly averages, at acceptable mixed liquor concentrations. These simulation
results are summarized in Table 8-6.

TABLE 8-6
PREDICTED EFFLUENT RESULTS — MAXIMUM WEEK CONDITIONS
& HYPOTHETICAL ‘WORST CASE’ INFLUENT CHARACTERISTICS
JOHANNESBURG WITH STEP INFLUENT FEED PROCESS CONFIGURATION

Methanol Ferric,

Dose, mg/L

MLSS mg/L FeCl; NHs;-N TN TP
Maximum Week Load, Maximum
Month Flow @ 12.5 deg. C 3800 0 0 1.0 106 1.3
Maximum Week Load, Maximum
Month Flow @ 12.5 deg. C w/
Carbon to Post Anoxic 3920 32 0 0.5 4.8 0.5
Maximum Month Load, Maximum
Week Flow @ 12.5 deg. C 3700 0 0 1.4 6.9 1.4
Maximum Month Load, Maximum
Week Flow @ 12.5 deg. C w/ Carbon
to Post Anoxic 3815 15 0 1.1 4.5 0.8

PREDICTED PERFORMANCE WITH ANTICIPATED INFLUENT CONDITIONS

Once the hypothetical future situation was well understood, the BioWin model was used to model
the anticipated influent conditions as presented in Table 6-6 of TM 6. The Johannesburg with step
influent feed process configuration was simulated with a goal of meeting the planned interim
effluent limits as described in TM 6. The results shown in Table 8-7 for the anticipated influent
wastewater characteristics assume that the facilities would operate without chemical addition (other
than alkalinity addition). A total treatment volume in the BNR tanks of 14.6 million gallons is
recommended for the initial 18 MGD WWWRF. The simulation results shown are based 24-hour
flow weighted composites from diurnal, dynamic simulations.
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