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1 Management summary

1.1 Introduction

The infrastructural investment “Sewerage and Wastewater Treatment Plants of City of
Pore¢”— Project Pore¢, co-funded by European Union, is one of the largest investments in
the public sector in Republic of Croatia. It involves rehabilitation and extension of the
existing sewerage system and construction of four new wastewater treatment plants
(WWTPs). The goal is to better protect the environment in and around the Pore¢ coastal
area. Complementary a project is developed titled “Integrated Modelling of Wastewater
Infrastructure System of City of Pore¢” — Modelling Project. This project is an integrated
environmental assessment to obtain a better understanding of the environmental impact of
the system performance which is evaluated under range of operational conditions. A
scenario study is developed using state-of-the-art (modelling) tools and methods which
allows a holistic assessment of the wastewater system. The results of this study are in
assistance of future operations and wastewater management in the region and used to
elevate knowledge and professional skills of local water sector professionals.

The Modelling Project consists of 4 main components, namely:

e Part 1: Modelling the sewage collecting and transport system of City of Porec,

e Part 2: Modelling of operation and performance of 4 WWTPs of City of Pore¢,

e Part 3: Model assessment impact offshore outlets on aquatic water quality,

e Part 4: Establishment of the experimental laboratory setup for monitoring and
optimization of wastewater management and operation.

Including a training is organized to extend the capacity of water professionals in the use of
wastewater modelling for future assessments.

The Modelling project has a holistic system approach covering collection, processing, and
aquatic discharge of wastewater, the interrelation between the different wastewater systems
and impact on the environment, public health, and coastal seawater quality.

Several scenarios are calculated to explore the impact of Project Pore¢ on the previous
mentioned factors and to and establish the best methods for management of the wastewater
systems from an integrated perspective.

Modelling is used to demonstrate how upgrade of the Pore¢ wastewater system improves
the environment. Further insight is developed in the overall interaction of the sub-systems
on seawater quality. Knowledge is developed on how to operate and optimize the different
wastewater systems, with the best overall results.



1.2 Project goals

The overall objective of the Pore¢ modelling project is to demonstrate how upgrading the
total wastewater system improves the sea water quality in the Pore¢ costal region.
Therefore, the total wastewater system is modelled consisting of several sub-systems. By
modelling the WWTP under different (extreme) conditions it is investigated how effluent
discharge load and quality will affect the sea water quality. For each studied scenario,
effluent concentration and flow profiles are calculated. These data are subsequently used as
input for sea water quality modelling from which the environmental impact is calculated.

This is the first report in this series. It is the inception report and static modelling of the

detailed design. Relevant data for the WWTP modelling and scenario study is collected,
organized, processes for modelling and a static model is reported. The methods used for
this research are explained and a general planning is made for the execution of the work.

1.3 Reader

This report concerns Modelling project Part 2: Modelling of operation and performance of
4 WWTPs of City of Pore¢. Each WWTP is modelled and reported separately. Modelling
project Part 2 is developed in four steps, one report per step for each individual WWTP.

e Step 1: Static WWTP modeling based on the detailed design. In the total project this is
report number 5, consisting of 4 sub-reports one for each WWTP (report number 5.1 to
5.4).

e Step 2: Dynamic WWTP modeling based on dynamic winter and summer influent
measurements. In the total project this is report number 6, consisting of 4 sub-reports
one for each WWTP (report number 6.1 to 6.4).

e Step 3: Analysis of operational WWTP scenarios. This report takes the results of the
previous studies, and a series of operational scenarios are developed and quantified on
the coastal discharge loads and concentrations (report number 7).

e Step 4: Model validation based on operational measurements. In the total project this is
report number 8, consisting of 4 sub-reports one for each WWTP (report number 8.1 to
8.4).

This sub-report presents the gathering and organization of information and static modelling
of WWTP Vrsar. The data for this study are measured in the winter and summer of 2019.
One week in each season, during 7-days 24-hours, per WWTP location 84 samples are
collected in the untreated sewage. In each sample we measured 16 wastewater parameters
including flow (chapter 4), concentrations (chapter 5) and loads (chapter 6).

1.4 General conclusions

e From this study it is concluded that all relevant information is available to execute the
study, including plant design data, process flow diagrams and influent data.

¢ In this study, data is collected and organized and made available in spreadsheets for
further processing.

¢ Influent data is measured and suitable for modelling and design calculations.



e All data required to calculate the model influent characterization is available. Influent
data is processed for modelling according to the influent specification method.

e A static model is developed using BioWin software based on the detailed design and
measured average influent data.

e The model is completely based on default BioWin parameter setting and information
from the detailed design.

e Static simulation results show that the model preforms according to the effluent and
design requirements both under winter and summer conditions.

1.5 Recommendation

e This study can be followed up by a dynamic evaluation. It is recommended to proceed
with further development of the WWTP model taking in account the above
conclusions.



2 Introduction

2.1 Introduction
The infrastructural investment “Sewerage and Wastewater Treatment Plants of City of
Pore¢”— Project Pore¢, co-funded by European Union, is one of the largest investments in
the public sector in Republic of Croatia. It involves rehabilitation and extension of the
existing sewerage system and construction of four new wastewater treatment plants
(WWTPs) to better protect the environment in and around the Pore¢ coastal area. All new
constructed WWTPs employ biological treatment with activated sludge and solid/liquid
separation using membrane bioreactor technology (MBR).
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Figure 1. Wastewater transportation, treatment, and discharge in the Larger area of the City of
Pore¢ based on GIS data.

The area surrounding Pore¢ is a popular tourist destination attracting more than half a
million of tourist each summer. As a result, in the summer the amount of wastewater is
considerably higher than the rest of the year. The peak loading falls together with the
moment the health risk for the population is the largest due to increased public bathing.
Simultaneously, the environmental pollution risk is at its highest due to warm seawater
conditions and the increased potential for algae bloom (eutrophication). With the upgraded
wastewater system, the treated wastewater needs to be safely discharged in the Adriatic
Sea under all conditions. Therefore, the new plants are designed and operated adjusted to
all seasonal variations in temperature, flow, and load. All four new treatment systems are
membrane bioreactors (MBRs) which are typically capable of high treatment performance
at a wide span of hydraulic and pollution loads. By using membranes, pathogenic bacteria
and most viruses are removed from the effluent. This provides the possibility for safe



effluent reuse. The plants are constructed as parallel lanes which, depending on the
required capacity, can be taken in or out of operation.

The upgraded wastewater system of Pore¢ uses treated effluent for irrigation of parks,
agriculture land and golf courses, street washing, firefighting, flushing sewerage,

maintenance purposes, and other societal needs. When the effluent quantity surpasses the
needs for reuse, the surplus effluent is directed to the Adriatic Sea through offshore outlets.
Therefore, improved effluent standards are adopted. Still, in exceptional cases (emergency,
high rainfall, large maintenance) bypass of partly treated sewage could be required. This
can temporarily cause effluent of lesser quality to be redirected to the sea. It is investigated
how these improvements will affect the seawater quality. The overall expected result of

Project Porec is a significant improvement of seawater quality, a reduced risk for the

public health, improved environmental safety and reduction of water consumption due to

effluent reuse. To better understand how seawater quality is affected, an integrated

modelling study is performed where the sewage system (Part 1), 4 wastewater treatment
plants (Part 2) and the combined Adriatic discharge is simulated using a seawater quality

model (Part 3).

Table 1. Variation of population and wastewater load winter and tourist season
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2.2 Goal of the Pore¢ modelling project
The overall objective of the Pore¢ modelling project is to demonstrate how upgrading the

total wastewater system improves the sea water quality in the Pore¢ costal region.

Therefore, the total wastewater system is modelled consisting of several sub-systems. By
modelling the WWTP under different (extreme) conditions it is investigated how effluent

discharge load and quality will affect the sea water quality. For each studied scenario,
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effluent concentration and flow profiles are calculated. These data are subsequently used as
input for sea water quality modelling from which the environmental impact is calculated.

2.3 Goal of the inception report

The goal of the inception report is to collect and report all relevant (raw) data for the
WWTP modelling and scenario study. The methods that are applied to conduct the study
are explained based on a previously developed protocol. In this protocol the inception
report is the first phase of development. No new information is produced in this phase. The
general outline of the scenario study is determined and thereby the boundaries of the study
are determined. This study focuses on operational aspects of the four WWTPs. The input is
raw wastewater from the different sewage system. The output is effluent of a certain
quality and quantity fed to the coastal seawater system. When de actual scenario study is
further developed (the final phase 4) variants may be added based on new insights from
developed information. In total four inception reports are produced, one for each WWTP.
Relevant information is gathered from original plant design reports. Process diagrams are
used to build the preliminary model setup in BioWin software. Influent data measured
during high and low season is organized in the appropriate modelling format for static and
dynamic calculations. Average loads and flow weighed concentrations are calculated from
measured time series. It is checked if all necessary data is available to develop the
following steps of the study.

2.4  History and context

The sewage network of Porec is divided in 5 sub-systems. The original treatment of
sewage was limited to mechanical pretreatment and chemical enhanced solids removal
before discharge to the Adriatic Sea. Besides the negative impact on the aquatic
environment, such practice has influence on public health and tourism in the region. To
address the increasing requirements for effluent discharge quality and to improve and
protect the quality of coastal waters of Porec, the Project Pore¢ was established. This was
done under the framework of IPA Program Environment 2017-2013, Priority Line 2
"Protection of Croatian Water Resources by Improving Water Supply and Integrated
Wastewater Management System". The project co-financing by EU is approved on 01-07-
2013 and was originally planned to be completed by the end of 2017. The project includes
reconstruction of 23 km of sewerage network (13 km gravity sewers and 10 km pressurized
mains) and new 26 pumping stations, construction of 13 km of main collectors to transport
sewage to new WWTPs, reconstruction of the offshore outlets, refurbishing existing 31
pumping stations and building 7 new stations equipped with automation and telemetry. In
addition, 63 km of new sewage network (56.5 km gravity and 6.5 km pressurized pipes)
are constructed to increase service coverage, and 26 new pumping stations are constructed
with automation and telemetry allowing an integrated operation and monitoring system.
Finally, the project includes construction of 4 new WWTPs based on activated sludge
technology with membrane separation of sludge and water (MBRs), effluent reuse, and
centralized solar treatment (Pore¢ North) and composting of waste sludge (KoSambra
sanitary landfill). The 4 new plants are: Lanterna (30,000 PE), Pore¢ North (37,000 PE),
Pore¢ South (48,000 PE) and Vrsar (22,500 PE), with total capacity of 137,500 PE.
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After completion of Project Pore¢ the existing sewerage system (165 km and 54 pumping
stations) will be partially rehabilitated and extended with an additional 62 km of pipes and
26 pumping stations which increases the service coverage from 63% to more than 90% by
connecting 28 new agglomerations and 6,300 inhabitants.

2.5 Methods, reporting requirements and documentation.

This report is originally written in English language. A management summery is translated
in Croatian. The document is delivered in 4 phases, each report being the basis of the
following. In each phase, 4 reports are delivered describing the individual WWTPs. The
goal of the final series of reports (phase 4) is to document four WWTP modelling studies
including the scenario calculations. The reports will include relevant aspects of
organization, planning, data-collection, design calculations, modelling, simulation, field
work and measurement campaign. The study is reported such that the results can be
reproduced from the documentation. Therefore, all applied data is attached to the annex in
the form of tables and figures. The (calculation) models, (modelling) software and plant
assessment methods which are used in this study are published in (scientific) literature.
Protocols are used for practical fieldwork and measurement campaigns. The methodology
can be used for future plant assessment in similar projects. Part of the project is
transferring the knowhow, practical methods, and training of staff and personal in the use
of modelling software. The project documentation thereby serves as teaching material.

2.6 Modelling the effects of project Porec¢

While the project Pore¢ focuses on rehabilitation of the existing and construction of new
sewage collection, transport and treatment infrastructure and waste sludge management, a
complementary project is developed entitled “Integrated Modelling of Wastewater
Infrastructure System of City of Pore¢” — Modelling Project. This integrated environmental
assessment is established to better understand the system performance and operational
conditions and under range of present and future scenarios. Therefore state-of-the-art
(modelling) tools and methods for assessment are developed which are used to elevate
knowledge and professional skills of local water sector professionals and assist in future
operations and wastewater management in the region. The Modelling Project consists of 4
main components, namely:

e Part 1: Modelling the sewage system of City of Porec,

e Part 2: Modelling of operation and performance of 4 WWTPs of City of Pore¢,

e Part 3: Model assessment impact offshore outlets on aquatic water quality,

e Part 4: Establishment of the experimental laboratory setup for monitoring and
optimization of wastewater management and operation.

With completion of Project Porec¢, the existing sewerage system (165 km and 54 pumping
stations) will partially be rehabilitated and extended by additional 62 km of network and 26
pumping stations. This increases the service coverage from existing 63% to more than 90%
by connecting 28 new agglomerations and 6,300 more inhabitants. The complementary
Modelling Project will integrate information regarding the sewerage system; non-
rehabilitated, rehabilitated and newly constructed covering the total planned extension. The

12



project has a holistic system approach covering collection, processing, and aquatic
discharge of wastewater, the interrelation between the different wastewater systems and
impact on the environment, public health, and coastal seawater quality.

Several scenarios are calculated, some provided by the Project Pore¢ and several others as
developed and summarized in Table 1, to explore the impact of Project Porec on the
previous mentioned factors and to and establish the best methods for management of the
wastewater systems from an integrated perspective.

Modelling is used in a system approach to demonstrate how upgrade of the Porec
wastewater system improves the environment. Moreover, further insight is developed in
the overall interaction of the sub-systems on seawater quality and knowledge is developed
on how to operate and optimize the different wastewater systems with the best overall
results.

13



3

3.1

3.2

General setup of the study and scenarios

Main tasks required of the Consultant.
Collecting data that are available and necessary for modelling the 4 sub-wastewater
catchment areas in the Pore¢ area.
Build a model of the sewerage network using a suitable software package including
transport models of the sewage system, WWTP models and model of the seawater
quality of the total Pore¢ coastal area.
Performance of model-based computations of all 4 sub-systems for the scenarios listed
in Table 2 and using data collected under point 1.
Calibration and validation of all model results based on two selected operational
periods (High and Low season). Calibration is to be undertaken after completion of the
sewerage system rehabilitation and extension as part of Project Pore¢ (estimated 2022).
In addition to the activities under step 1, step 4 may include a measuring and sampling
campaign.

Identification of the main scenarios

The basic framework for the scenario study is as follows:

e Four sewage catchment areas are modelled, each consisting of tree sub-systems:
Sewerage network, wastewater treatment (WWTP) and the coastal seawater quality
around Porec¢ as one overarching system.

e The coastal seawater quality is the common sub-system for all four sewage
catchment areas and modelled based on the output of the combined output of the
four wastewater treatment systems.

e Two main seasonal scenarios are considered: Summer and winter which overlaps
with touristic high season and low season.

e Two main loading scenarios are considered: High loading during the tourist season
and low loading the rest of the year,

e Regarding the newly realized WWTPs, two scenarios are considered: With the new
WWTPs in operation and without (scenarios “NOT”).

¢ Intime, there is the starting situation without any tertiary treatment of wastewater
(measured in 2019), a time where all wastewater is treated (estimated 2022) and a
time in the future when the design capacity will be reached (2040).

e Regarding WWTP operations, two scenarios are studied: With 100% reuse of
treated effluent (scenario “TER”) and with emergency discharge of treated effluent
into the sea (scenario “OED”).

14



Additionally, several worst-case scenarios are calculated affecting seawater quality. An
example is an emergency discharge when a plant is out of operation during high season.
These scenarios are modelled to study the effect on such events on the seawater quality.

Table 2. Identification of the main scenarios

Comment

w
m
o

5c. | Season TER/OED/NOT Flow/Load Sewerage WWTP

No need to model sea due to 100% reuse of the effluent

51 | Summer | Ter W

sz | OED Max = - - Low risk impact on the sea due to functioning of WWTP with UF MBR

? NOT X m! High risk on the sea due to no treatment and max flow/load (scenarios 53.1-53.5)

| sa | TER/OED Min m n % No need to model sea due to 100% reuse of the effluent / UF MBR, and 52 in place
W1 | Winter | TER ¥ No need to model sea due to 100% reuse of the effluent

w2 | OED Max - = - Low risk impact on the sea due to functioning of WWTP with UF MBR

W NOT ¥ n Medium risk impact on the sea due to less flow/load and winter — no bathing

| wa | TER/OED Min = = ¥ No need to model sea due to 100% reuse of the effluent / UF MBR, and W2 in place

TER: Treated Effluent Reuse

OED: Offshore Emergency Discharge

MOT: No Treatment (Note': Seawater modelling in this high risk case will examine 4 sub-scenarios: 53.1 — 53.4, one WWTP out of operation at the time, and one worst case
scenario: $3.5 with all 4 WWTP out of cperation simultanecusly, with opticnal dynamic simulation of day/night conditions, depending on data available).

Where there is 100% re-use of wastewater (Table 2, TER), there is no need to model
seawater quality as there will be no discharge to the Adriatic Sea. In the scenarios NOT,
there is no treatment of wastewater and no need for WWTP modelling.

3.3 Modelling sewage catchment areas

The study starts with modelling 4 sewage catchment areas. Therefore, hydraulic data is
collected, and a hydraulic model is made of the total sewage network using dedicated
sewage modeling software. There are two operational conditions calculated: Summer high
season and the rest of the year being low season including minimum and maximum loading
conditions. Calibration and validation of the calculation models can be done as soon as
operational data is available after completion of sewage system rehabilitation and
extension as part of the larger Project Porec¢. This may include a measuring and sampling
campaign. The model will be part of the knowledge transfer and local water professionals
will be trained so they can independently be used for future operational evaluation.
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Figure 2. Model of the sewage transportation system of the larger area of Pore¢

3.4 Modelling WWTP operation

At the starting point of Project Pore¢, six WWTPs with a total capacity of approximately
100,000 PE are in operation. The treatment method is mainly mechanical with addition of
some chemical treatment. The effluent is discharged through offshore outlets (500-1,000
m) at minimum water depth of 25 m. Project Pore¢ foresees realization of 4 new WWTPs
with a total capacity of 137,000 PE with tertiary level of treatment: Mechanical pre-
treatment, N and P removing activated sludge process, membrane bioreactor (MBR) and
post-treatment water reuse. Three of the four new plants are relocated land inwards, while
the new plant in Vrsar is constructed close to the existing coastal treatment location. All
plants employ a similar sewage treatment process: Activated sludge with MBR separation.
The plant details are all obtained from Project Pore¢ WWTP design documentation.

3.5 Relation to seawater quality modelling

The output of the WWTP modelling scenarios is used as starting point for surface water
pollution modelling and a health and environmental impact assessment (Project Part 3).
The sewage and WWTP modelling are developed to acquire long and short-term
predictions regarding WWTP treatment performance (daily, seasonally, yearly and design
horizon). The goal of seawater quality modelling Part 3 is to understand and predict the
influence of extreme effluent discharge events, which are expected to have the largest
impact on seawater quality, public health, and environmental safety. The 4 WWTPs will
therefore be simulated based on minimum, average and peak performance under varying
conditions (e.g., winter and summer, storm weather, seasonal loading variations, industrial
activity, etc.). The study includes an analysis of extreme discharge events and will predict



the frequency and magnitude of these occurrences based on modelling and expert

judgement. Environmental risks related to these extreme events are addressed in the
environmental impact study Project Part 3.

3.6

Scenario study on WWTP operation and effluent quality
The operational performance of each of the 4 WWTPs is modelled and simulated under
varying conditions including several worst-case scenarios. Therefore 4 separate WWTP
models are prepared based on design information from Project Pore¢. The input data on

WWTP influent quantity (flows) and quality (loads and concentrations) are obtained from
sewage system calculations performed in Part 1 of this project. These data are supported by
a measurement campaign of the four sewage systems. For each of the 4 WWTP modelling
scenarios the following variables are taken in account:

The 4 WWTP performance scenarios are simulated up to the 2040 prognosis design

Measured sewage quality and quantity,
Sewage modelling results of Project Part 1,

Prognosis loading up to 2040,

Frequency and loading rate of rain weather events (RWF),

Yearly minimum, maximum, and average influent loading (Q365),
Daily minimum, maximum, and average influent loading (Q24),
Yearly minimum, maximum, and average sewage temperature (T365),
Other seasonal conditions (e.g., tourism and industrial activity).

capacity. Modelling variations of the influent (daily and yearly), temperature (yearly) and

the increased loading prognosis up to the year 2040 is done using a static and dynamic

modelling approach. Table 3 shows the general planning of scenario calculations.

Table 3. General planning of scenario calculations

S1
S2
S3
S4
S5
S6
S7
S8
S9
S10

S11

512

1 2019
1 2019
1 2019
1 2019
2 2022
2 2022
2 2022
2 2022
3 2045
3 2045
3 2045
3 2045

Winter
Winter
Summer
Summer
Winter
Winter
Summer
Summer
Winter
Winter
Summer

Summer

Low
High
Low
High
Low
High
Low
High
Low
High
Low

High

Before upgrade
Before upgrade
Before upgrade
Before upgrade
After upgrade
After upgrade
After upgrade
After upgrade
At design limit
At design limit
At design limit

At design limit

No tertiary treatment
No tertiary treatment
No tertiary treatment
No tertiary treatment
Tertiary treatment
Tertiary treatment
Tertiary treatment
Tertiary treatment
Tertiary treatment
Tertiary treatment
Tertiary treatment

Tertiary treatment
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During the first phase the WWTPs are not yet operational. In the second phase the plants
are built and based on operational WWTP data calibrated models are constructed which are
used to simulate all planned scenarios. WWTP models developed in phase 2 are also used
in phase 3 to calculate the conditions at the design limits, projected in 2045.

3.7 Extreme effluent discharge events

Besides the 12 scenarios above a series of worst-case scenarios are investigated. These will
be calculated as variants of scenarios 1 to 12. Typical extreme operational conditions that
could lead to decreased effluent performance are simulated: e.g., combinations of high/low
temperature, high/low influent loading, seasonal peak variations, and frequency occurrence
of rain whether events. The possible effects on effluent quality outcome are calculated
including the applied design safety margins built into the 4 new Project PoreC treatment
systems thus obtaining a realistic estimation of possible events.

Based on the evaluation of worst-cases, the seawater model is calculated, and projections
are made on the environmental impact.

In general, MBR nano-filtration systems are effective in removing (pathogenic) bacteria
and most viruses from effluent. When there is an emergency discharge bacteria and viruses
contaminate the seawater, which is a risk for public health. In case of emergency discharge
of non- or partially treated sewage nutrients (nitrogen and phosphorus) can have a negative
effect on the environment. Both these effects on the seawater are modelled. It is
determined by the environmental and health impact and expert judgement which scenarios
are chosen as the most extreme conditions.

Seawater modelling in this high-risk case will examine 4 sub-scenarios, one WWTP out of
operation at the time, and one worst case scenario with all 4 WWTP out of operation
simultaneously. Depending on the available data, dynamic simulation are used to simulate
seawater based on daily peak loading.
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4 General project planning

4.1 Steps in the project execution and planning of WWTP modelling:

e Summarizing and ordering required design data for modelling the 4 WWTPs,

e Measuring and organizing actual quality and quantity wastewater data in 4
catchment areas,

e Evaluating the sewage system modelling results Part 1 and retrieving relevant data,

e Setting up and reporting 4 WWTP calculation models,

e Calibrate, validate, and test the WWTP models,

e Calculating main scenarios listed in Table 1,

e Simulating all predetermined worst-case scenarios,

e When required and possible, collection of data of the 4 WWTPs in operation,

e Evaluate effluent quality observing scenarios in Table 1 in terms of its applicability
for reuse and/or discharge into Adriatic Sea through existing offshore outlets,

e Train local water professionals on independent use of all developed models and
methods,

e Preparation of the final concluding report on all the above.

4.2 Project window and follow-up

The starting situation for the influent load and flow was measured in 2019 under summer
and winter conditions. Using this load discharge, the seawater model was calculated. This
serves as the baseline for the environmental assessment.

As soon as the WWTPs are operational WWTP modelling can commence. The results are
used to assess the impact of offshore outlets on aquatic water quality. Thus, the WWTP
modelling report is followed up with a report on modelling aquatic water quality as the
result of the new WWTPs in operation.

Based on the calibrated WWTP models a projection is made towards 2045. This also can
be calculated on seawater quality.

Separate from the actual operational evaluation several extreme situations will be
modelled. Under normal conditions treated effluent will be used for irrigation of parks,
agriculture land and gold courses, street washing, firefighting, flushing sewerage for
maintenance purposes, and other societal needs. In case that the effluent quantity surpasses
the needs for reuse, the surplus is redirected to Adriatic Sea through offshore outlets. The
four new MBR nano-filtration systems that are currently built can remove organic material
and nutrients up to required effluent standards as well as remove pathogenic bacteria and
most viruses. However, in some scenario’s emergency discharge events caused by for
example extreme rain or temporary operational shortcoming, can contaminate the seawater.
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Depending on the conditions this could increase the risk for public health and may
contribute to environmental problems like eutrophication due to discharge of macro-
nutrients (nitrogen and phosphorus). The possible effects on seawater quality are studied
using a model-based approach in Project Part 3 using the results of the WWTP modelling
Part 2.
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5 Methods and Guidelines

5.1 Introduction

In the execution of this project, modelling guidelines were applied previously developed
by Meijer and Brdjanovic (20XX). The general aim of applying a protocol is to reduce the
complexity of the modeling project dividing the project into sub-tasks. Seven general
phases in the project development are distinguished according to the scheme in Figure 3.

Figure 3. General guidelines structure according to Meijer and Brdjanovic (20XX).

Following the protocol, each of the steps in Figure 3 is broken down into smaller sub-tasks.
For each step standardized methods are proposed. This allows better planning of the
project and will help to execute the work within given time and budget. The goal of the
protocol is to simplify the project while maintaining accuracy of results. The methods have
been demonstrated in the Croatian contexts in previous projects concerning modelling of
WWTPs Varazdin, Cakovec, Vinkovci, Zagreb and Belisée.

The fundaments of the protocol originate from the STOWA protocol for activated sludge
modeling based on the work of Hulsebeek et. al. and Meijer et. al. Meijer and Brdjanovic
(20XX) further developed a protocol suitable for plant wide modelling taking in account
more all aspects of operation then only the activated sludge system. By taking this broader
approach, a new extended protocol was developed covering all relevant operational aspects
affecting plant performance which is applied in this study.
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5.2  Modeling software

For the design/scenario simulations, the BioWin (5.3) WWTP simulation software is used
(Envirosim Ltd. at www.envirosim.com). BioWin is state-of-the-art and user friendly
intuitively operated Windows based simulation software. The software and applied models
are founded on general accepted modeling principles according to international recognized
IAWQ standards. The BioWin calculation model integrates the activated sludge models
ASM1, ASM2d and ASM3 combined with an anaerobic digestion model (ADM).
Additionally, several sub-models are introduced under which including biofilm models,
membrane bioreactor models (MBR), pH calculation models and (metal) precipitation
reactions.

5.3 Stepwise design approach

A (model) design project generally consists of several successive design calculations. The
order of these calculations typically is determined by the type of information that is needed
to perform these calculations. For example, to calculate the oxygen requirement for
aeration, first influent quality and quantity need to be assessed and then the sludge loading
needs to be determined. Therefore, the protocol gives an order to the design tasks,
organizing the project in logical successive steps. The protocol starts with a more general
approach of determining traditional performance indicators like the sludge loading and
SRT. This is followed up by calculating empirical design models, typically static
spreadsheet models. Only when this is required for the project and allowed by the accuracy
of available information, more detailed models, for example ASM, ADM or plant wide
models are applied. While gradually developing towards a more accurate model
description, the protocol provides the methodology to obtain all relevant design
information with the necessary accuracy to be able to calibrate (adjust model parameters
according to measured data) and validate (check the model results according to measured
data) the results. Therefor the models themselves are developed in steps and typically first
used for static time independent calculations using long term average measurements and
only when this can be done satisfactory, more (period and/or operational) specific
conditions are studied. Therefore dynamic (time variant) simulations can be applied.
However, for most design studies a static approach will be sufficient.

The guidelines are largely generic regarding the type of models and modelling software
used. For specific operations additional data may need to be collected and processed. We
use BioWin simulation software and some aspects of the protocol, for example the influent
characterization is specific to BioWin. BioWin is a full plant simulator which gives the
possibility to model the complete wastewater treatment operation and not only the
activated sludge performance. Typically, the plant wide approach gives better modelling
results and insights for operational improvement. However, building a full plant model
requires more time and effort for analysis, data collecting and processing and therefore a
larger financial investment. Preforming analytical measurements generally can be time
consuming and costly. On the other hand, a full plant model generally provides better
information for decision making. It allows more precise and efficient design, reduced risks
for design failure which may result in costly operational failure. The protocol contains a
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planning allowing to estimate additional investments of each design step which need to be
weighed against the project goals and risks. And eve when not all steps are performed
working towards the best results, still good results can be obtained by using the simpler
however general reliable empirical design rules (e.g., ATV and STOWA design methods).
The more advanced simulations are used complementary to standard design methods to
assure the best quality results under different application.

54

Structure of the guidelines protocol

The protocol describes the project from the inception up to the final scenario study. Seven
phases are distinguished.

Inception: the first step is getting a complete overview of the project. The main goal of
the inception phase is to define the problem, define the objectives and to set realistic
goals based on a project planning which considers the given time and budget. The
project relies on the availability of reliable data. It needs to be investigated in an early
phase if these data are available from historical sources and what is the quality. Often,
additional measurements are required. This will strongly affect the planning and project
budget. The problem definition and research objectives also define the physical
boundaries of the process and which process units are included in the study. To make
this determination a process flow diagram is drawn up of the WWTP. Also, an
inventory is made of the available plant information using checklists. A plant visit is
strongly advised. Likely not (all) data can be gathered at this stage. Indicative data
samples may be available to get a first impression on what can be expected of the data
collection phase. The guidelines provide checklists for information that needs to be
gathered in the inception phase. The result of the inception phase is a documentation of
the plant inventory including general design data, a sample of available historical
(average) operational data, a general overview drawing of the process (process flow
diagram) and other specific information that may be of relevance for the project (e.g.,
contact data, photographs, guidelines, design reports, information about specific
operational units, etc.). The inception phase often is planned as a small project on its
own. The time invested is approximately 4-5 days including one day of visiting the
plant. In short summary inception phase covers the following topics:

o definition of the project objectives,

o definition of the process lay out in the process boundaries,

o collection of initial (estimated) process information,

o documentation of the project starting points.

Initial model construction: with the initial plant data available, a preliminary WWTP
model can be constructed. Based on the specific project goals a choice is made to use
the activated sludge model and/or anaerobic digestion model and which software will
be used. The model setup also is the basis for a mass balance study. From the process
diagram, a (typical simplified) model flow diagram is constructed in the simulation
platform. At this stage, no calibration is done. After filling the model with the plant
design data and preliminary pump flow data, it will be possible to pre-simulate the
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WWTP. Obviously, this will not lead to reliable results, however the goal of this step in
the protocol is to get an early indication if the assumed flow scheme is correct, and if
the initial provided operational data, at this stage mainly the flow balances, can be
fitted in the model. If this is not possible, this indicates that the preliminary data is not
correct or reliable. In that case, action should be undertaken to acquire the appropriate
information. Testing the data in an early phase of the project provides the possibility
for early feedback to the plant operators and the possibility to resolve potential critical
problem in an early stage of the project, rather than coming to these conclusions after
spending valuable resources working with flawed information. The model construction
phase is a desk study which can be performed within 1-2 days. In short summary the
model construction phase covers the following topics:

o choice of the simulation platform,

o constructing the model flow schemes,

o constructing a non-calibrated model based non verified data,

o checking information on gross error by running a pre-simulation.

Data acquisition and evaluation: In this phase all plant data is acquired necessary for
the execution of the study. Historical operational data is collected and checked using
mass balance calculations. Typically, collection of operational data focusses on flow
measurements, concentration measurements and sludge production numbers.
Additional measurements may be acquired to check (specific) operational aspects of
the process. Therefore, a measurement plan is developed describing all information on
the data to be collected, the period that is measured, the sampling frequency, methods
for sampling and preservation and methods for lab analysis. The collected data all fits
in a system of mass balances which is derived from the process flow diagram (PDF)
drawn up in the inception phase and which determines the boundaries of the study.
From the mass balance analysis, it is determined which data are required to calculate
the whole system and which data needs to be verified on accuracy. The actual plant
sampling is planned and executed in this phase. The outcome of the study is
determined by the quality of the data. Logistically, it can take 2 to 3 weeks from the
first moment of sampling to the moment the results can be presented for further
processing. Good planning of this phase is therefore critical. After all data are collected
a second mass balance calculation is performed to verify the accuracy and detect
possible errors. The data collection is concluded with a table report of all measured
data including accuracy determinations. The dataset is further evaluated by calculating
(retrofitting) key performance indicators (KPI) and design parameters like HRT, SRT,
sludge loading, oxygen consumption and design models published by STOWA, WEF
or ATV. These models are typically available in design spreadsheet calculations. Also,
commercial developed spreadsheet models are available for this purpose. When the
design calculations result in meaningful numbers within empirical boundaries this is an
additional check the dataset is reliable. At this stage in some instances, enough insight
may have been obtained to conclude the study and further modelling may not be
necessary. When more information is needed in a next phase the design retrofit study is
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used to calibrate the model. This is described further on. Depending on the data that
needs to be collected/measured, which very much depends on the objectives of the
project, the phase of data acquisition and evaluation takes 2 to 4 weeks including a
desk study, sampling, and lab analysis. In summary this phase covers the following
topics:

o flow balance analysis of the process (using raw model input),
designing a measurement campaign,
executing sampling and lab analysis,
collecting detailed historical operational plant data,
performing mass balance calculations,
gross error detection on the measured and historical plant data,
reporting a checked and balanced data set,
empirical design calculations on measured data,
initial plant assessment.

0O O O 0O O 0 O ©O

Model simulation and calibration: The steps for calibration of the activated sludge
model are included in the guidelines by Meijer and Brdjanovic and largely adopted
from the STOWA protocol. The verified dataset is used for the model input and
verification of the model results. Therefore, the initial model which was developed in
the inception phase is further developed. The STOWA protocol gives detailed
guidelines how to construct and calibrate the activated sludge model. From the results
of the calibrated model, a second design retrofit is calculated (using the previously
mentioned spreadsheet models). The time needed to invest in this phase depends on the
experience of the modeler. An experienced modeler generally will be able to produce a
calibrated model and reports the results within 5 days. If an inexperienced modeler is
working in the project 2-3 weeks extra should be reserved for the modeler to get
acquainted with the use of the software, the backgrounds of ASM models and model
calibration and likely a training on this topic. In short summary this phase covers the
following topics:

o loading the model with checked and balanced input data,

o steady-state simulation,

o calibrating the model,

o reporting the calibrated model results.

Model retrofit and validation: Calibration and validation are very much related and
performed hand in hand. As mentioned in the previous section, the results of the
calibrated model are used to calculate several design spreadsheets. This serves three
main goals; (i) the plant is operationally assessed, (ii) model results are further verified
by determining if the model simulation results are within acceptable design boundaries,
(iii) it is determined how accurate the model fits to the measured data. The model
results are validated by comparing the results using the verified dataset and modeled
data. This is done side by side in a single overview table. The accuracy of fit is
determined from the deviation of the two calculations. In some cases, the first retrofit
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design calculation gives enough insight in the operation to conclude the project. The
model study is only advised when the simpler approach is not sufficient. The additional
time to fully develop a model should be weighed against the benefits of a much more
reliable and detailed plant assessment. In some cases, modelling may be the only way
to find and correct operational problems. When for whatever reason measurement data
Is already available, modelling can be done relative fast. However, this will depend on
the experience of the designer and availability of design tools (e.g., readily available
design spreadsheet and/or modelling software). Validation of the model results using
the retrofit design method is a desk study and will take 2 to 5 days. In short summary
this phase covers the following topics:

o preliminary retrofit design calculations based historical plant data,
preliminary plant operational assessment based on historical plant data,
empirical design calculations based on the results of the calibrated model,
presenting together the historical data and model results,
validation of the model results.

o O O O

Operational assessment: At this stage, all gross errors are already detected and
corrected in the dataset. However, smaller errors still will be present resulting in
differences between the measured and verified dataset and the data from the calibrated
model. These (small or larger) differences are used to indicate the accuracy of the
design study. The larger the uncertainty, the larger safety factors need to be applied. A
safety factor is an additional margin on e.g., proposed volumes and plant capacities
securing the design for model uncertainties. In the same assessment it is indicated
precisely where the model does not fit the data. From the calibration it is determined
which model parameters need to be adjusted out of the typical range to fit the
measurements. Based on this information it often can be indicated where operational
problems are occurring. When large deviations are found this requires further on-site
investigations. Interpreting design data requires a trained eye and includes expert
judgment. Assessing the plant performance will take 1-2 days depending on the
experience of the designer. In short summary this phase covers the following topics:

o making an operational plant assessment,

o reporting the plant assessment.

Scenario study: Up till this point the operation of the wastewater treatment plant is
evaluated based on historical data. In the scenario study, the validated model is applied
to predict different conditions (e.g., Increased influent loading, additional reactor
volume, different temperature conditions, etc.). The studied scenarios are determined
by the project objectives. A general advice is to limit the total number of main
scenarios to a maximum of 6. Typically, each scenario will have minor variants.
Working with more scenarios will generate large quantities of data which makes
processing information and drawing clear conclusions more difficult. It is advised to
use a database for larger data sets. It is advised to present scenarios side by side in one
overview table. The estimated time investment for a scenario study is 5-8 days.
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6 Process Description

6.1 Location
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Figure 5. The Vrsar wastewater system.

6.2 Plant Facilities
The WWTP includes the following treatment processes:

e Fine screen with 6 mm spacing (2 parallel lines),

e Aerated grit and grease removal with sand classifiers (2 parallel lines),
e Micro-screen with 1 mm spacing drum screens (2 parallel lines),

e Influent flow measurement,

e Activated sludge treatment (2 parallel lines),

e Membrane Ultrafiltration reactors (3 parallel lines),

e Effluent flow measurement,

e Treated water storage and disinfection for water reuse,

e Excess sludge extraction and storage tank,

e Sludge dewatering centrifuges (2 parallel lines) and cake disposal,
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6.3 Flow scheme
The general process flow scheme is as below.
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Figure 6. General WWTP Vrsar Process layout.
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6.4 Influent flow and loads.

sodium hypochlorite

The influent flow and loads during high and low season are presented in the tables below.

Table 4. Typical flow values of influent wastewater

WWTP Vrsar - Typical flow values of influent wastewater

Parameter Unit

Average daily flow m3/day
Maximum dry weather flow Peak factor 16/24 m3/h
Infiltration m3/day
Infiltration Peak factor 4/24 m3/h
Peak daily flow m3/day
Peak hourly flow m3/h

Winter Summer
314 2300

20 140

227 227

57 57

540 2500

80 200

Table 5. Design daily loads of influent wastewater

WWTP Vrsar - Design daily loads of influent wastewater

Parameter Unit Winter

Capacity PE 3200 22500
BODs kg/day 192 1350
COD kg/day 384 2700
TSS kg/day 224 1575
VSS/TSS % 70 70
N-NTK kg/day 35 248
Py kg/day 6 41
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6.5 Pre-treatment

Mechanical pre-treatment is used to protect the biological process and the membranes, as
well as to ensure a minimum treatment level in case of emergency water discharge before
the biological section. The pre-treatment consists of fine screening (6 mm), grit and grease
removal and micro screening. Pre-treatment main function is to protect downstream
equipment, to avoid wear and clogging of pumps, resulting in a reduction of maintenance
interventions.

In the pre-treatment, heterogeneous particulate materials, fibers, sand, and grease are
removed from the raw wastewater. Pre-treatment does not affect the influent loading of the
biology. Measurements of soluble and small particulate materials like COD and TKN are
not affected nor is the mass balance. Therefore, operation of the pre-treatment does not
need to be modelled in the scenario study.

Fine screen section is dimensioned for the estimated hydraulic peak load for the year 2045,
including return flows from drainage system. The total amount of fine screenings
production is calculated based on a specific production of 110 L/1000 m3 corresponding to
4,1 L/PE/year during summer and 3,9 L/PE/year during winter, with an estimated volume
of 0,25 m3/d during summer and 0,03 m3/d during winter. Expected moisture is between
50% and 65%.

The automatic influent quality measurement and sampler (24 h samples, time and flow
proportional) is installed downstream the fine screens.

Wastewaters flow by gravity from fine screening unit to the grit and grease removal
section, consisting of two circular medium bubble aerated tanks in parallel with a diameter
of 2,5 m each. The effect is elimination of heavy matter (sand and grit) thanks to natural
settling and elimination of floating material (grease, oils, floating solids removal) that can
have an adverse effect on water treatment. Air bubbles prevent the settling of organic
matter and ensure the aeration of the liquid mass, promoting the separation of grease from
other agglomerated particles and allowing scum and oils to surface. Sand settles on the
bottom where it is extracted. Separated water containing organic material is conveyed back
to the treatment line. The total amount of grease production calculated based on 4,2
gCOD/PE/d and is estimated to be smaller than 0,43 m3/d during summer and 0,06 m3/d
during winter. The total amount of grit production is calculated based on a specific
production of 50 L/1000 m3 and estimated 0,12 m3/d during summer and 0,02 m3/d during
winter period.

The fine screens and grit and grease removal both have a common bypass channel for
emergency situations by which means the fine screens and grit and grease removal can be
bypassed.

Table 6. Grit and grease removal units
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Number of grease removal units units 2 2
Min. solid matter removal efficiency (solids > 0,2 mm) % 97 97
Max. grease removal efficiency (at separator outlet) mg/L 10 10
Average flow including plant internal backflow m3/h 15 100
Average hydraulic load m/h 3,1 10,2
Peak flow including plant internal backflow m3/h 115 235
Peak hydraulic load m/h 23,4 23,9
Internal diameter per unit m 2,5 2,5
Active surface per unit m?2 4,9 4,9
Capacity per unit m3 12,8 12,8
Number of grease storage tanks units 1 1
Volume grease storage tank m3 12 12

6.6 Micro-screening

The grit and grease removal are connected to a micro-screening unit with drum screens.
Rotary drum sieves with a 1 mm mesh are used to protect the membranes from clogging
and reduce maintenance by intercepting hair, fibers, and larger particulate material. Each
micro screen is designed to treat the 120% of the peak flow values (200 m3/h during
summer, 80 m3/h during winter). The screening material can or, be transported by a screw
conveyor to the waste sludge tank and mixed with biological excess sludge or is stored
separately, after compacting in dedicated skips before disposal. The total amount of micro
screening production is calculated based on a specific production of 190 L/1000 m3 and
estimated 0,44 m3/d during summer and 0,06 m3/d during winter period before
compacting.

6.7 Biological treatment

Biological treatment is based on the metabolism of a wide range of microorganisms and
bacteria which eliminate dissolved contamination by assimilating it for the needs of their
own growth and reproduction. This leads to an increase of biomass in the form of
biological sludge which then is separated from the treated water, dewatered, and
discharged. The biological process is based on a suspended growth process activated
sludge system. To maintain the culture in suspension, the tanks are mixed. The biological
section has three different zones:

e An anaerobic zone stimulating growth of phosphorus accumulating organisms,

e An anoxic zone stimulating anoxic heterotrophic growth converting nitrate and
organic matter,

e An aerated zone stimulating aerobic heterotrophic growth for carbon removal and
autotrophic growth of nitrifying bacteria converting ammonia to nitrate.

The bioreactor is divided into three parallel treatment lines, increasing plant flexibility, and
allowing to cope with flow variations and allow continued operation while taking out one
or two lines for maintenance. The design peak inflow to each treatment line, including
backflow, is 57,5 m3/h for winter and 120 m3/h for summer period. The total estimated
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hourly peak influent flow during winter is 115 m3/h and during summer 240 m3/h. The
average daily inflow is 2.388 m3/d during summer and 362 m3/d during winter.

The three parallel lines have a common inlet channel which also acts as a flow distribution
chamber which distributes the flow equally to the three biological lines. The overall
activated sludge reactor volume is 1.470 m3. Bioreactors are dimensioned considering
storage of pre-treated water up to a maximum water level 0,5 m higher than nominal
operation providing an equalization volume of 147 m3 which is 10% of the design volume.
Separation of sludge and treated water is performed by membranes. This allows for
operation using a higher activated sludge concentration then based on gravitational settling.

6.8 Anaerobic phase

Biological phosphate removal is based on the principle of accumulating phosphorus in
biomass and then removing this biomass via the sludge waste. Phosphate-accumulating
bacteria (poly-P bacteria or PAQ’s) require a cyclic growth in an alternating anaerobic and
aerobic sequence. First the biomass takes up readily biodegradable organic substrate under
anaerobic conditions. The organic matter is stored cell internal in the form of poly-B-
hydroxyalcanoates (PHA). The metabolic energy required for this process is obtained from
decomposition of intracellular polyphosphates resulting in release of phosphate to the
water phase. In a subsequent aerobic and/or anoxic phase, this process is reversed. Under
anoxic and aerobic conditions, the bacteria can oxidize PHA using oxygen as well as
nitrate. The metabolic energy from this process is utilized for cellular growth and
accumulation of polyphosphate. The bacteria thereby taking take up slightly more (excess)
phosphate from the water then originally released, due to the growth process. Phosphate is
removed from the activated sludge system by removing aerobic (or anoxic) sludge
containing stored polyphosphate from the system. The described growth cycle is obtained
by feeding wastewater in an anaerobic zone and mixing this with anoxic and/or aerobic
activated sludge using sludge recycling pumps. The anaerobic tank is continuously mixed
to prevent solids settling and to homogenize untreated water and sludge. The tank is
covered and connected to the air treatment system to avoid spreading of odors and gases.

Table 7. Dimensioning of the anaerobic tank

Anaerobic zone volume (per line) m3 200
Average retention time on inlet flow rate min 250
Minimum retention time on inlet flow rate min 120

Biological phosphorus removal can be generally achieved without the addition of physical-
chemical dephosphorization. The advantage of not dosing phosphate binding chemicals to
the activated sludge system is an improved activated sludge capacity which can instead be
used for nitrogen removal. It reduces the costs of operation and reduces the environmental
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impact. As a backup facility the process is foreseen with ferric chloride dosing downstream
the micro-screens. The anaerobic recirculation rate corresponds to 100 % of plant inlet
flowrate.

Table 8. Storing and dosage of reagents for physical/chemical dephosphorization.

Dosing pump capacity I/h 10

Total stored volume m3 2

6.9 Anoxic tank

Following the anaerobic zone there is an anoxic zone dimensioned as a square mixed tank
reactor. The anoxic zone is fed with nitrate from the end of the aerobic zone by recycling
pumps placed in a common outlet channel. In the anoxic zone nitrate is reduced to N2 gas
using organic material thereby simultaneously removing nitrogen and COD from the water.
The anoxic tank is mechanically mixed to homogenize the sludge-water suspension and
prevent settling of sludge particles. The heterotrophic bacteria capable of anoxic
conversion use readily available soluble organics from the wastewater for growth. Based
on the raw wastewater composition there is no need for additional dosage of COD for
denitrification. Biologically removal of nitrogen considerably reduces the oxygen
requirement for COD removal and therefore reduces operational costs of wastewater
treatment. The anoxic recirculation rate is 560 % relative to the average daily inflow of raw
wastewater measured at the inlet. There are three main anoxic recycle pumps and one
stand-by unit.

Table 9. Main data for anoxic tank dimensioning

Anoxic zone volume per line m3 175
Average retention time on inlet min 719
flow rate
Minimum retention time on inlet )

min 105
flow rate

Table 10. Denitrification mass balances and fluxes

Target value of total nitrogen at outlet mg N/L 15
NOs to be nitrified in N2 kgN-NO3/d 135,9
Actual flux of denitrified NOs in anoxic zone kgN-NOs/d 131,5
Denitrification kinetics in anoxic zone gN-NOs/kg VSS/h 3,43
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6.10 Aerobic tank

The anoxic zone is followed by an aerated tank. Settled sludge from the membrane
compartment is recycled back to the aerobic zone. Oxygen is supplied allowing the aerobic
nitrification process and heterotrophic growth thereby eliminating biodegradable organic
materials and converting ammonium to nitrite and nitrate. The oxygen supply can be
controlled or shut off however, denitrification in the aerated zone is not foreseen as a
standard operation. The aeration rate and its sequencing are based on dissolved oxygen
measurements by submerged online sensors. Each tank has its own sensor. The aerobic
tanks are dimensioned to accommodate the slowest growing organisms being nitrification.
Therefore, a minimum aerobic sludge residence time is maintained dependent on the water
temperature. The annual average SRT is 17 days. Mixed liquor from the three parallel
aerated tanks flows to a common outlet channel and pumped to the membrane sections by
three pumps (two for regular operation and one stand-by unit). From the common outlet
channel part of the aerobic mixed liquor is recirculated to the anoxic tanks by dedicated
pumps. In the common outlet channel pH, TSS, ammonium and nitrate are measured with
on-line sensors.

Table 11. Dimensioning of the aeration tank

Aeration basin volume per line m?3 360
Average retention time on inlet flow rate min 450
Minimum retention time on inlet flow rate min 216

6.11 Aeration

Aeration can be performed using different control strategies. The main operation is through
Suez patented Greenbass™ technology which controls aeration start-up and shut down
thereby regulating the air flow input for the entire reactor. The oxygen supply can also be
controlled based on control tables and based on an oxygen setpoint. Aeration is performed
by using fine bubble diffusers. Oxygen is supplied according to measured nitrate and/or
dissolved oxygen concentrations in defined time intervals. While the dynamics and the
energy consumption of the different oxygen control strategies can differ, the yearly
average effluent quality for all strategies will meet the projected effluent quality standards.
Air is supplied by two sound insulated roots blowers, with an additional stand-by unit per
line. Each roots blower is equipped with a frequency converter and its capacity is equal to
740 Nm3/h.

The theoretical oxygen demand for the removal of carbon and nitrogen is related to the
following processes:

e Carbon oxidation for biomass synthesis (cell growth),
e Carbon oxidation for cell maintenance (endogenous respiration),
e Oxidation of ammonium to nitrite/nitrate in the nitrification process.
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The total air supply is the amount of air (m3/h) required to blow into the water in the form
of fine bubbles allowing a gas/liquid oxygen transfer (kgO2/h) of at least the amount of the
theoretical oxygen demand. The design of the aeration and oxygen consumption is based
on the following assertions:

Table 12. Oxygen demand and calculation of the set value installed

Daily O, demand for cell growth kg O2/day 866
Daily O2 demand for endogenous respiration kg O2/day 752
Daily O2 demand for nitrogen pollution kg O2/day 708
Reclaimed quantity during denitrification kg O2/day -376
Reclaimed quantity in membrane part kg O2/day -59
Actual daily O, demand kg O2/day 1891
Theoretical peak coefficient for Cand N - 1,2
Set peak O2 value kg O2/hour 91,9
Installed peak Oz value kg O2/hour 100

Table 13. Diffusers main characteristics

Diffuser performance % 27,6
Oxygenation capacity kg/Nm?3 0,3
Transmission coefficient - 0,412
Oxygenation capacity in actual conditions kg/Nm?3 0,12
Theoretical air volume to be entered at full useful load per line Nm?3/h 1466
Installed blower capacity per biological line Nm3/h 1480
Total installed blower capacity Nm?3/h 2960
Blower differential pressure mbar 580-630
Total installed surface of diffusion m? 24,8

6.12 Membrane filtering

Separation of solids and liquid is obtained using a membrane bioreactor (MBR). This
comes instead of typical gravitational settling in a clarifier. Membranes form a partly
permeable barrier allowing passing of treated water. The permeability threshold is equal to
0,04 um. Particles greater than membrane openings (suspended solids, bacteria, and the
majority of virus) are retained in the treatment plant. The overall effluent quality of a MBR
therefore is usually better. The MBR section can be followed by a tertiary treatment, for
example nanofiltration, reverse osmosis (RO), chlorination and/or UV treatment. This
makes it possible to reuse the effluent for different purposes. The applied membrane type
is hollow fiber. Water flows from the outside to the inside caused by low pressure inside
the fibers which is continuously maintained by extraction pumps. The extracted filtrate is
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stored in an effluent storage tank. To prevent clogging of the membranes the fibers are
scrubbed with air bubbles by sequential aeration. Each MBR line has a maximum air flow
capacity of 324 Nm3/h. Further cleaning is done by time interval backwashing and
incidental chemical cleaning. Solid-liquid separation is performed by two independent
lines of membranes to provide the required operational flexibility. Each treatment line is
equipped with one cassette with 38 filtering modules. From the MBR the sludge fraction is
recycled to the aerobic tanks with a recycle rate equal to 500 % of the peak influent flow.

Table 14. Main characteristics of membranes filtration Units

Number of filter lines u 3
Number of cassettes per line u 1
Number of modules per cassette u 38
Total number of modules u 114
Area of one module m? 34,37
Total filtration area m? 3918
Filtration area per line m? 1306
Table 15. Main dimensioning data of the membrane section
TSS concentration (equalization) g/l 10
TSS concentration (equalization) yearly range g/L 10-15
TSS concentration in bioreactor aerated zones g/l 8
Iassgceoncentration in bioreactor aerated zones yearly g/l 812
Actual load in mass kg BODs/kg TSS/d 0,15
Actual volumetric load kg BODs/m3/d 1,21
Basin volume m3/line 40
Table 16. Design flow values at plant inlet for MBR dimensioning (design conditions)
4 hours/day m3/h 200
1 day/week m3/h 104
1 week/month m3/h 96
1 month/year m3/h 96
Annual average m3/h 96
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Table 17. Flow values at plant inlet in case of one working MBR line

4 hours/day m3/h 120
1 day/week m3/h 104

Table 18. Main design parameters of MBR bioreactor

Number of Ultrabox reactors Units 3
Ultrabox useful volume m3/Ultrabox 40
TOTAL Ultrabox useful volume m?3 120
TOTAL biological lines and Ultrabox m3 1590

Table 19. Main operational characteristics of MBR bioreactor for nutrients treatment

Volumetric load kg BOD5/m3/day 1,2
Load in mass kg BOD5/kg VSS/day 0,23
TSS concentration in aeration zone g TSS/I 8
TSS concentration in Ultrabox g TSS/I 10
Minimal total average sludge age (*) day 17

6.13 Storage of treated water
Effluent can be further treated for reuse. The overall volume of treated water storage tanks
is 1.400 m3.

6.14 Excess sludge

Waste activated sludge is collected from a pit in the bottom of the MBR and conveyed to a
sludge storage tank feeding 2 dewatering centrifuges. Waste activated sludge transfer is
performed by submersible pumps (2 units on duty and 1 stand-by unit).

Solids captured by the raw wastewater pretreatment micro-screens and excess sludge from
the activated sludge process are collected in the sludge storage tank. Sludge from the
pretreatment is transported with a screw conveyor. Excess sludge is pumped from the
MBR sludge pit using two pumps with one stand-by unit. The sludge tank is mixed for
homogenization and to retain the sludge in suspension. The suspended sludge is dewatered
using centrifuges. An on-line solids (TSS) measurement is placed in the sludge storage
tank used to control the sludge loading of the centrifuges.
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Table 20. Sludge dewatering dimensioning and loads.

Weekly excess sludge production
Sludge mass over 6 days

Density at exit from Ultrafor
Total volume excess sludge tank

Biological sludge production (BB)

Organic fraction VSS/TSS in biological sludge

kg DS/week
kg DS/day
g DS/

m3

kg TSS/day
%

8842
1474
10
150
1263
60

6.15 Dewatering

Dewatering of excess sludge is applied to reduce the storage volume and transportation
costs. The sludge is designed to achieve 23% dryness after dewatering. Dewatering is
performed by two centrifuges. The dewatered sludge is further dried/processed by solar
drying or composting. The applied technology for dewatering is high performance
centrifuging (< 0,8 kWh/m3 sludge including a polymer dosage). By applying a centrifugal
force, particles in suspension separate from the water phase forming a sediment (dewatered
sludge) and centrate (separated liquid). To enhance the dewatering properties of excess
sludge, upstream of the centrifuge polymers are added to stimulate flocculation. Polymer
dosing (< 8 kgAM/tDS) is proportional to the sludge flow, measured at the centrifuge
inflow. Centrifuges are operated 6 days a week, 10 hours a day. Excess sludge from the
storage tank is transported to the dewatering unit with 3 pumps (2 on duty and 1 stand-by

unit) each pump with a capacity of 10 m3/h.

Table 21. Sludge characteristics and operational parameters

Permitted flow mass per centrifuge
Permitted hydraulic flow per centrifuge
Number of centrifuges

Permitted flow mass for dewatering plant
Permitted hydraulic flow for dewatering plant
Applied hydraulic flow for dewatering plant

Expected dryness at exit from dewatering Unit 6

Average dewatered sludge quantity at exit from centrifuge for 60 hours of
operation weekly

kg DS/h
m3/h
pc

kg DS/h
m3/h
m3/h

%

m3/h

140
14

2

280

28

21,2 (@ 10 g/L)
23

0,83
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Table 22. Sludge storage dimensioning.

Dewatered sludge
Apparent sludge volume

Weekly sludge production

Total storage autonomy

kg/weekly
kg/m?3
m3/week

weeks

36522
1.000/1.100
34,8

1

6.16 Effluent quality requirement

The treated effluent is reused and/or discharged in the Adriatic Sea by a submerged
discharge pipe and effluent diffuser. Given the sensitivity of the recipient, the effluent
limits are in accordance with Annex I1A, Directive of the European Council 91/271/EEC
concerning urban wastewater purification and the amendment 98/15/EEC for WWTP’s of
a capacity ranging 10.000 to 100.000 person equivalents (PE) and Croatian regulation (OG
80/13). These laws set the requirements for discharge of treated urban wastewater into
sensitive areas which are subject to eutrophication.

Table 23. Limit values considered for water discharge.

Total Suspended Solids (TSS)
BODS (20°C)

COD (TCOD)

Total Phosphorus (TP)
Total Nitrogen (TN)
Turbidity

Coliforms

Coliforms of fecal origin
Streptococci of fecal origin
Escherichia Coli

Intestinal enterococci
pH6-9

mg/|
mg02/I
mg02/I
mgP/I
mgN/I

NTU
CFU/100 ml
CFU/100 ml
CFU/100 ml
CFU/100 ml
CFU/100 ml
pH

5
10
125
2
15
1
2000
500
200
10
200
6-9

* Limit value for the total nitrogen is applied when the wastewater temperature at the effluent of the
aeration tank is equal or greater than 12°C.

6.17 Drainage collection

An on-site drainage system and pumping station receives al used and drained technical
water from all different sources and processes of the WWTP as well as sewage from
administration building. On-site drainage is lifted to the inlet of the fine screens and treated
along with the raw wastewater coming from the sewerage system. The drainage pumping
station has a maximum capacity of 30 m3/h using two pumps (one as an auxiliary unit).
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7 Influent flow and quality measurements

7.1 Influent sampling and measurements

Raw sewage wastewater was sampled at all 4 WWTP locations. Therefore continuous 24-
hour automated samples were used for a continued period of seven days. Per wastewater
location the sampling period is 7 days equals 168 hours resulting in 84 sample vessels to be
analyzed. The sampling commenced Friday July 19, 2019 at 8:00 AM and finished one
week later. The type of sampler used is Hach AS950 Portable Sampler and WaterSam
Ports. Samples are taken every 9-30 minutes (flow proportional) in bottles of volume 550—
800 mL which are rotated automatically every 2 hours, for 24 h (total of 12 vessels
collected per 24 hours for each sampling location). Every day during 7 days of operation
the samplers are emptied, and the samples are taken to the laboratory for analysis (Zagreb
Laboratory for Water Technology at the Faculty of Food Technology and Biotechnology).
Three samplers were placed outdoors, and at the Vrsar site a sampler was placed indoors.
Samplers placed outdoors were thermally insulated and refrigerated.

Table 24. Parameters measured in wastewater.

TCOD Total Chemical Oxygen Demand 2 hour composite  Total sample 1SO 6060-1989

CODMF  Chemical Oxygen Demand in filtrate (1.2 pum) 2 hour composite  Micro filtered 1SO 6060-1989

TN Total nitrogen 2 hour composite  Total sample  EN SO 11905-1 decomposition s peroxodisulfate
PO4 Orthophosphate 2 hour composite DIN EN ISO 6878

NH4 Ammonia 2 hour composite ISO 7150-1

TSS Total suspended solids 2 hour composite  Total sample  Filtered, dried, weight

VSS Volatile suspended solids (organic) 2 hour composite Total solids minus inorganic fraction

ISS Inorganic suspended solids 2 hour composite Filtered, dried, weight, incinerated at 500 C, weight
pH pH 2 hour composite

EC Electrical conductivity 2 hour composite

BOD Biological Oxygen demand over 5 days 24 hour composite Total sample  Test run over 5 days

BODMF  Biological Oxygen demand over 5 days in filtrate (1.2 um) 24 hour composite Micro filtered Test run over 5 days

TP Total phosphorus 24 hour composite Total sample  ENISO 6878

NO3 Nitrate 24 hour composite ISO 7890-1-2-1986

NO2 Nitrite 24 hour composite ENISO 26777
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7.2 Influent flow
The average influent flow is measured for the 4 plants according to the tables below.

Table 25. Winter — Average Influent Flow per WWTP.

Lanterna 238,9
Vrsar 393,5
Porec-North 2106,4
Porec-South 582,9

Table 26. Summer — Average Influent Flow per WWTP.

Lanterna 2736,6
Vrsar 1914,6
Pore¢-North 4429,6
Porec-South 5849,4

7.3 Time average versus flow-proportional concentration

In this study model calculations are based on 24-hour dynamic influent flow and
concentration dynamics and static daily average flow and concentrations. Two different
methods are used to determine these flows and concentrations.

The hourly concentration is measured using an automatic flow-proportional sampler, with
a sampling rotor containing 12 sampling vessels. An empty vessel is rotated in to place
every 2-hours over a 24-hour period. Sample volumes are collected using a flow
proportional sampling method. Therefore, the sampling pump is controlled based on
measurement of the influent flow. The influent flow measurement gives a pulse to a
sampling pump every time a certain influent volume is measured. The sampling frequency
thereby increases proportionally with the measured influent flow. The sample volume is
determined by a preset running time of the sampling pump each time it is activated by the
flow meter. The combination of sampling pump operation frequency and running time is
set-up in a way the maximum collected volume over a 2-hour period never exceeds the
volume of the sample vessel. Thereby the sampler also should take a minimum amount of
sample every 2-hours to satisfy the volume requirements for the laboratory, even when the
influent flow is at its minimum.

With a daily flow variation, this 24-hour sampling method results in a sample rotor with
each of the 12 vessels filled at variable volume, dependent on influent flow which was
measured during the 2-hour sample interval. The content of each vessel is a mixed
composition of influent samples (pulses) in which high flow conditions are more
frequently sampled. Laboratory analysis of each mixed 2-hour sample represents the
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average flow proportional concentration for that 2-hour period. Based on 12 samples a 24-
hour dynamic concentration profile is obtained which can be used for modelling purposes.

For static modeling, the 2-hour interval concentration measurements are used to calculate a
daily average flow proportional concentration. This is done for each measured influent
parameter. By multiplying the 2-hour composite concentration with the measured influent
volume over the same 2-hour period, the 2-hour interval influent load is obtained. The
daily influent load over 24-hours is obtained by taking the sum of the 12 calculated 2-hour
loads. The daily average flow weighed concentration is obtained by dividing the daily load
by the daily influent flow. Only flow weighed concentration data are used for static design
and model calculations.

An incorrect method of applying concentration measurements in modeling is calculating
the average concentration directly from concentration measurements without weighing.
Thus, not taking in consideration the flow conditions under which concentrations are
measured. When using these data for design calculations, the plant loading will be
underestimated when more rain events are measured and overestimated when more dry
weather events are measured. At a rain event, the concentration is low as result of dilution
of influent however, the plant loading is increased due to the increased flow. During dry
weather relative concentrated influent may be measured, however the loading effect on the
plant is limited due to often lower flow conditions. The following graph shows the flow-
weighed influent concentrations for each of the treatment plants in the Porec area.

7.4 Influent concentration

From the 24-hour influent 2-hour composite measurements for each parameter an average
flow proportional influent concentration is calculated. The weighted average influent
concentration is used for further design calculations. The summer and winter results are
presented in the graphs below.

Winter - Flow-Weighed Average Influent Concentration per WWTP
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TSS Vss ISS BOD BODMF TCOD CODMF ™ NH4 NO3 NO2 TP PO4
(mgTsS/L)- = (mgVsS/L)- = (mgISS/L)- = (mgBOD/L)- (mgBOD/L)- (mgCOD/L)- (mgCOD/L)-  (mgN/L)- (mgN/L) - (mgN/L) - (mgN/L) - (mgP/L) - (mgP/L) -
Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow
Proportional | Proportional | Proportional | proportional | proportional | Proportional | Proportional = Proportional | Proportional | Proportional | Proportional | Proportional | Proportional

M lanterna 254,8 216,8 22,7 336,8 154,2 612,5 239,2 84,6 73,3 0,6 0,1 10,6 71
Vrsar 354,2 260,0 79,9 380,7 239,8 737,9 3225 55,3 41,4 0,2 0,0 7.8 56
Pore¢-North 596,0 399,7 144,7 674,9 428,3 1242,2 537,8 76,3 54,2 0,5 0,0 10,3 6,3

Pore¢-South 364,6 299,9 47,4 363,7 152,2 667,3 177,4 69,9 54,8 0,4 0,0 93 6,3

Figure 7. Winter - Flow-Weighed Average Influent Concentration per WWTP.
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Summer - Flow-Weighed Influent Concentration per WWTP
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M lanterna 445,8 416,4 29,4 489,3 168,2 935,7 244,4 95,1 69,5 0,4 0,1 13,5 6,8
Vrsar 309,8 282,2 27,6 460,1 166,5 710,0 222,2 72,4 54,9 0,5 0,0 10,3 50
Pore¢-North 475,9 423,5 52,5 496,4 181,2 1059,6 314,5 83,1 59,6 0,5 0,0 11,1 6,8
Pore¢-South 423,1 392,6 30,5 467,2 163,3 888,4 231,4 87,7 67,4 0,5 0,0 11,4 6,3

Figure 8. Summer - Flow-Weighed Average Influent Concentration per WWTP.

During the summer, the concentrations of wastewater are slightly higher, most likely due
to absence of rain and less water infiltration. TSS and VSS and other particulate fractions
seem to increase relative to the other fractions. This could be caused by the shorter sewer
residence time due to an increased flow and better mixing. Hydrolysis of particulate matter
could be less in the summer due to a decreased time in the sewer system.

7.5 Average influent loads winter and summer period

The graphs below show daily average influent loads based on 7 days 24-hour, 2-hour
interval continuous influent measurements measured under winter and summer conditions.
The scale of graphs (0-100%) represents the influent fraction each WWTP treats relative to
the total Pore¢ influent load. In the summer, all WWTP have a considerable higher
loading. The increased summer loading of WWTP Pore¢-North is approximately 200%,
WWTP Vrsar 500%, and WWTP Pore¢-South and Lanterna the wastewater increases
approximately tenfold by 1000%.

Winter - Proportional Share Influent Load per WWTP
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(m3/d) (kgTsS/d) (kgvss/d) (kglSS/d) (kgBOD/d) = (kgBOD/d) = (kgCOD/d) | (kgCOD/d) (kgN/d) (kgN/d) (kgN/d) (kgN/d) (kgP/d) (kgP/d)
Pore¢-South 582,9 244,5 212,8 33,6 212,0 88,7 447,5 119,0 47,6 36,8 0,2 0,0 5,4 4,2
Poreé-North 2106,4 1485,3 1088,1 3939 1421,7 902,3 3052,8 1321,7 204,5 135,0 1,0 0,1 21,7 15,6
Vrsar 393,5 139,4 104,8 32,2 149,8 94,4 290,4 126,9 21,7 16,3 0,1 0,0 3,1 2,2
M Lanterna 238,9 60,9 54,4 5,7 80,4 36,8 146,3 57,1 20,9 17,5 0,1 0,0 2,5 1,7

Figure 9. Winter - Proportional Share Influent Load per WWTP.
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Figure 10. Summer - Proportional Share Influent Load per WWTP.
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8 BioWin Influent characterization

8.1 Influent (BOD and COD) Wastewater Fractions

The wastewater fractions tab in BioWin shows the parameters in Table 27. By these

parameters, the fractional composition of the influent wastewater is calculated. Note that

these fractions are in terms of COD. Even though the overall wastewater strength is

entered in terms of BOD, the BioWin model calculates the strength in terms of COD and
uses these fractions to place values in the state vector. BOD is calculated from the COD
using the methodology presented further on in this chapter. In the BOD and COD influent

wastewater fractions tab the following fractional values can be specified (Table 27).

Table 27. BioWin typical influent fractions. Fractions are presented in the text.

Fbs - Readily biodegradable (including Acetate) [gCOD/g of total COD]

Fac - Acetate [gCOD/g of readily biodegradable COD]

Fxsp - Non-colloidal slowly biodegradable [gCOD/g of slowly degradable COD]
Fus - Unbiodegradable soluble [gCOD/g of total COD]

Fup - Unbiodegradable particulate [gCOD/g of total COD]

Fcel - Cellulose fraction of unbiodegradable particulate [gCOD/gCOD]

Fna - Ammonia [gNH3-N/gTKN]

Fnox - Particulate organic nitrogen [gN/g Organic N]

Fnus - Soluble unbiodegradable TKN  [gN/gTKN]

FupN - N:COD ratio for unbiodegradable part. COD [gN/gCOD]

Fpo4 - Phosphate [gPO4-P/gTP]

FupP - P:COD ratio for unbiodegradable part. COD [gP/gCOD)]

Fsr- Reduced sulfur [H2S] [gS/gS]

FZbh - Ordinary heterotrophic COD fraction [gCOD/g of total COD]

FZbm - Methylotrophic COD fraction [gCOD/g of total COD]

FZao - Ammonia oxidizing COD fraction [gCOD/g of total COD]

FZno - Nitrite oxidizing COD fraction [gCOD/g of total COD]

FZaao - Anaerobic ammonia oxidizing COD fraction [gCOD/g of total COD]
FZppa - Phosphorus accumulating COD fraction [gCOD/g of total COD]

FZpa - Propionic acetogenic COD fraction [gCOD/g of total COD]

FZam - Acetoclastic methanogenic COD fraction [gCOD/g of total COD]

FZhm - Hydrogenotrophic methanogenic COD fraction [gCOD/g of total COD]
FZso - Sulfur oxidizing COD fraction [gCOD/g of total COD]

FZsrpa - Sulfur reducing propionic acetogenic COD fraction [gCOD/g of total COD]
FZsra - Sulfur reducing acetotrophic COD fraction [gCOD/g of total COD]
FZsrh - Sulfur reducing hydrogenotrophic COD fraction [gCOD/g of total COD]
FZe - Endogenous products COD fraction [gCOD/g of total COD]
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0,020
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
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0,654
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0,105
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0,070
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0,001
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0,025
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0000

0,278
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0,865
0,035
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0,001
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0,025
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0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0001
0,0000
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Technical note on influent fractions: Setting fractions to zero may result in steady state solution
difficulties. If values for biomass fractions are entered (FZ-fractions) it should be remembered that
organisms contain nitrogen and phosphorus.

TCOD, S,

B B = E
B EE EEs

Figure 11. Division of BiowWin municipal wastewater total COD (TCOD) into constituent fractions.
Blue is soluble (S) and (olive) green particulate or colloidal particulate (X). Green lined boxes are
biodegradable and black lined boxes are inert. Yellow text indicates readily biodegradable and
green text slowly biodegradable.

Table 28. BioWin summer influent measurements for determining model fractions.

Influent measurements for BioWin Influent Characterization Summer

Flow 2737 1915 4430 5849
Total COD TCOD, ST mgCOD/L 936 710 1060 888
Total Kjeldahl Nitrogen TKN mgN/L 95 72 83 87
Total P 13,5 10,3 11,1 11,4
Nitrate N NO3-N, SNO3 0,5

pH pH - 73 7.8 7.8 7.8
Alkalinity (CaCO3 equivalent) Alk mgCaCO3/L 373 450 247 340
Calcium Ca, SCa mg/l 80 103 92 100
Magnesium Mg, SMg mg/l 15 36 41 19
Dissolved oxygen DO, (SOZ) mgOZ/I 0,0 1,2 31

Effluent filtered COD CODS_EFF mgCOD/L

Influent filtered COD (including colloidal) CODGF_INF, CODS_INF mgCOD/L 306 110 210 147
Influent FF COD (excluding colloidal) CODMF_INF mgCOD/L 244 80 186 60
Influent acetate HAc, VFA, SA mgCOD/L 48,9 0,0 1,7 0,0
Influent ammonia NH4-N, SNH4 mgN/I 69,5 16,8 19,3 26,2
Influent ortho-phosphate PO4-P, SPO4 mgP/l 6,8 2,2 2,3 3,6
Influent carbonaceous BOD5 TCBOD, TBOD, BOD5 mgO2/l 489 197 303 223
Influent filttered cBOD5 SCBOD, SBOD, BODS mgO2/l 168 66 129 85
Influent VSS VSS mgVSS/L 416 194 272 199
Influent TSS mgTSS/L 446

Fraction unbiodegradable Soluble COD 0,03 0,04 0,02 0,03
Particulate COD non-colloidal CODp, CODX mgCOD/I 630 432 666 599
Readily biodegradable COD including VFA Fbs - 0,23 0,28 0,27 0,23
Acetate fraction of readily biodegradable COD (SBS) Fac - 0,22 0,23 0,22 0,22
fraction ammonia of TKN Fna - 0,73 0,76 0,72 0,77
fraction phosphate of TP Fpo4 - 0,50 0,49 0,57 0,55
TCOD/BOD, total COD over BOD ratio TCOD/BOD5 - 1,91 1,71 2,13 1,91
CODX/VSSS, particulate (non-colloidal) COD/VSS ratio Fcv - 1,48 1,46 1,43 1,45
Inorganic suspended solids (ash fraction of TSS) ISS mg/l 29 28 58 32
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Table 29. BioWin winter influent measurements for determining model fractions.

Influent measurements for BioWin Influent Characterization - Winter

Flow Q m3/d 239 394 2106 583
Total COD TCOD, ST mgCOD/L 613 738 1242 667
Total Kjeldahl Nitrogen TKN mgN/L 84 55 76 70
Total P mgP/L 10,6 78 10,3 9,3
Nitrate N NO3-N, SNO3

pH pH - 73 73 73 73
Alkalinity (CaCO3 equivalent) Alk mgCaCO3/L 373 373 373 373
Calcium Ca, SCa mg/l 80 80 80 80
Magnesium Mg, SMg mg/l 15 15 15 15
Dissolved oxygen DO, (SOZ) mgOZ/I

Effluent filtered COD CODS_EFF mgCOD/L

Influent filtered COD (including colloidal) CODGF_INF, CODS_INF mgCOD/L 299 403 672 222
Influent FF COD (excluding colloidal) CODMF_INF mgCOD/L 239 323 538 177
Influent acetate HAc, VFA, SA mgCOD/L 47,8 64,5 107,6 35,5
Influent ammonia NH4-N, SNH4 mgN/I 73,3 41,4 54,2 54,8
Influent ortho-phosphate PO4-P, SPO4 mgP/l 71 56 6,3 6,3
Influent carbonaceous BOD5 TCBOD, TBOD, BOD5 mgO2/l 337 381 675 364
Influent filtered cBOD5 SCBOD, SBOD, BODS mgO2/l 193 264 428 137
Influent VSS VSS mgVSS/L 217 260 400 300
Influent TSS mgTSS/L 255

Fraction unbiodegradable Soluble COD 0,04 0,03 0,02 0,04
Particulate COD non-colloidal CODp, CODX mgCOoD/I 314 335 570 446
Readily biodegradable COD including VFA Fbs - 0,35 0,40 0,41 0,23
Acetate fraction of readily biodegradable COD (SBS) Fac - 0,22 0,22 0,21 0,23
fraction ammonia of TKN Fna - 0,87 0,75 0,72 0,79
fraction phosphate of TP Fpo4 - 0,67 0,72 0,61 0,68
TCOD/BOD, total COD over BOD ratio TCOD/BOD5 - 1,82 1,98 1,84 1,88
CODX/VSSS, particulate (non-colloidal) COD/VSS ratio Fcv - 1,44 1,29 1,42 1,47
Inorganic suspended solids (ash fraction of TSS) ISS mg/l 38 94 196 65

Note on the table: pH, Ca, Mg, and alkalinity are used for pH and chemical precipitation reactions.
Effluent CODs is for systems with SRT > 3 days equal to the unbiodegradable (inert) soluble COD
(Fus, SI). Glass Filtered COD (CODgr)- Glass fiber filter 1,2 microns and typically is 40% of TCOD.
Membrane Filtered COD (CODwr) - flocculated and membrane filtered 0,45 microns and thereby
CODMF<CODGF. BOD measurements are all including ATU inhibiting nitrification. Volatile fatty
acids are often inaccurate assumed acetate.

8.2 Calculating BioWin influent fractions from influent measurements

The influent is divided in its fractions and used in the BioWin model calculations.
Therefore, several influent fractions are introduced to facilitate the calculations in the
model (Table 27, BW-influent tab). An overview of the fractions is presented below
including relation to actual analytical measurements.

The influent unbiodegradable COD (Sus) for systems with a SRT > 3 days is based on the
effluent measurement of soluble (glass filtered) COD according to:

Sys = CODS,EFF =C ODGF,EFF
(Eg. 1)
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The fraction unbiodegradable COD is calculated according to:

— SUS :CODGF,EFF
TCOD  TCODyp

(Eq. 2)

FUS

Soluble COD is including the colloidal and expressed as CODs as the sum of all soluble
model fractions. It can be measured from glass filtered COD according to:

CODs = Sgsa + Spsp + Spsc + Xs¢ + Sys = CODgp nr
(Eg.3)

Particulate (non-colloidal) COD (CODp or CODx) is the sum of particulate (non-colloidal)
COD, particulate unbiodegradable COD and active biomass in the influent (XgH is often
assumed zero) given by:

CODx = Xsp + Syp + Xpy = Xsp + Sup
(Eq. 4)

CODx is calculated by subtracting the total COD and the soluble COD (CODs) which is
calculated based on the glass filtered COD according to:

CODX = TCOD - CODS = TCODINF - CODGF,INF
(Ea. 5)

Soluble COD excluding the colloidal is expressed as CODwmr and measured from
membrane filtering the COD according to:

CODyr = Sgsa + Spsp + Sgsc + Sus = CODyp np
(Eq. 6)
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The total soluble readily biodegradable COD (the total of acetate, propionate and complex
soluble COD but without slowly colloidal COD) is calculated from the measured micro
filtered fraction CODwr according to:

Sps = Spsa + Sgsp + Spsc = CODyr — Sys = CODyp ng — CODgr prp
(Eq. 7)

The fraction of soluble readily biodegradable COD is given by:

_ Sgs _ (Spsa + Spsp + Sgsc) _ CODyp nr — CODgr grr
TCOD TCOD TCODnr

(Eq. 8)

Fgs

Influent acetate (+ propionate) is direct measured as VFA:

Spsa + Spsp = VFA|np
(Eq.9)

The fraction of readily biodegradable COD which is acetate is given by:

F — SBSA — SBSA — VFAINF
A€ Sgs  (Spsa+ Sssp + Sesc)  CODypng — CODgr gpp
(Eqg. 10)

From the difference between the glass and membrane filtered COD, the colloidal fraction
can be calculated according to:

Xs¢c = CODs — CODyp = CODGF,INF - CODMF,INF
(Eq. 11)

The last soluble parameter to be calculated is the complex soluble COD Sgsc calculated
from the measurements according to:
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SBSC = CODMF - SBSA - SBSP - SUS = CODMF,INF - VFAINF - CODGF,EFF
(Eq. 12)

The total soluble (readily and slow colloidal) biodegradable COD (Ss) is the total of
acetate, propionate, complex soluble COD and colloidal COD (influent methanol is
assumed zero) given by:

Ss = Spsa + Spsp + Spsc + Xsc
(Eq. 13)

And calculated according to:

Ss = CODs — Sys = CODGF,INF - CODGF,EFF
(Eq. 14)

In Figure 12 the division of municipal wastewater Biodegradable COD (Ss) into
constituent fractions. BioWin notation of Ss should not be confused with IAWQ notation

where Ss equals BioWin Sgs.
. — |
s Jl S

Figure 12. BioWin municipal wastewater soluble biodegradable COD (Ss). The fraction is
measured by glass filtering and includes all soluble and colloidal material. Blue fractions are
soluble and (olive) green fractions (colloidal) particulate.

The last two influent fraction that need to be calculated are related to the solids; particulate
biodegradable COD and unbiodegradable COD according to (Eq. 4):

CODX = XSP + SUP +XBH =~ XSP + SUP
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These fractions are estimated from the BOD measurements in the influent as explained in
the following sections of this chapter.

The BioWin influent tab the fraction of slowly biodegradable influent COD which is
particulate is given by:

XSP

Fyps = ——0
XpS Xsc + Xsp

(Eq. 15)
VSS is often calculated from ISS (Ash) measurement according to:

VSS = TSS — ISS
(Eq. 16)

The influent ratio of particulate (non-colloidal) COD to VSS is given by:

_CODx TCOD—CODs TCOD;ygp — CODgp np
v =yss VSS - TSS — ISS

(Eq. 17)

Ammonia is given by:

NH3 = FNA X TKN
(Eq. 18)

Soluble unbiodegradable organic nitrogen is given by:

NUS = FNUS X TKN

(Eq. 19)

Nitrogen from organisms present in the influent is calculated by the sum of the products of
the various organism concentrations and their respective nitrogen fractions, i.e.:
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Organisms,N = Z Zby — fn zpx

(Eq. 20)
Unbiodegradable particulate nitrogen is given by:

XIN == FUP,N X FUP X TCOD
(Eq. 21)

The remaining organic nitrogen is broken into particulate and soluble components.
Particulate biodegradable organic nitrogen is given by:

Xony = (TKN — NH3;—Nys—X;y — Organisms,N) X Fyox
(Eq. 22)

Soluble biodegradable organic nitrogen is given by:

NOS = (TKN - NH3_NUS_XIN - OTganiSTnS, N) X (1 - FNOX)
(Eqg. 23)

Similarly, an explanation of the fractionation of influent phosphorus is as follows. Soluble
orthophosphate is given by:

P04_ = Fp04 X TP
(Eq. 24)

Phosphorus from organisms present in the influent is calculated by the sum of the products
of the various organism concentrations and their respective phosphorus fractions, i.e.:

Organisms,P = Z Zby — fp,zbx

(Eq. 25)

Unbiodegradable particulate phosphorus is given by:
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Xin = Fypp X Fyp XTCOD
(Eq. 26)
The remaining particulate biodegradable organic phosphorus is given by:
Xop =TP — PO,—X;p — Organisms, P
(Eq. 27)
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9 Model design reconstruction 2019 measured influent load.

9.1 BioWin model setup

Based on the design flow diagrams an initial modelling setup is developed for summer and
winter conditions. The model is fully based on design parameters. The applied influent
load and composition is according to actual measurements in the winter and summer of
2019. The design is based on the 2045 loading prognosis. The here performed static
simulations are indicative for the operation under current loading conditions. Some
uncertainty exists concerning estimated design values to produce grit, screening, and waste
sludge. These values need to be established in practice. Modelling was done based on all
default BioWin parameter setting except for the anoxic reduction factor for heterotrophs
which was set to 0,8, being the standard value for fully denitrifying AS systems. When
operational data is available parameter estimations may be adjusted.

EFF Siorge e
y >l

SCREENING

Figure 13. BioWin model initial summer operation setup. Parallel activated sludge lines similarly
operated are available for treatment of wastewater. Dashed lines are commonly not applied. A
larger picture is found in the appendix. The model is simulated at 20 degrees Celsius.

54



MER-A
r ——

“»—i-rv—«»-ﬁ—»—v——yqﬂ—)—) —)—U-i) .
V MERLC
I

}

SCREENING

Figure 14. BioWin model initial winter operation setup. One activated sludge line is operated for
treatment of wastewater. Dashed lines are commonly not applied. A larger picture is found in the
appendix. The model is simulated at 12 degrees Celsius.

9.2 Model considerations

The model input is raw wastewater measured during high and low season (2019). This
influent load is without internal dirty water flows originating from the WWTP pretreatment
and dewatering. To correctly estimate the internal dirty water loading, the pretreatment
units and dewatering are modelled.

It is chosen to model all parallel lanes, because the number of lanes in operation is
determined by the actual wastewater flow during high and low season. This variable can be
part of the scenario study and therefore is included in the model. The model approach is to
vary the flow distribution (splitters) to the different lanes for different operational
scenarios. This is the most realistic approach and moreover, gives the opportunity to
simulate possible effects on the effluent quality when lanes are taken in or out of operation.

Collected effluent is buffered in a storage tank for possible reuse. This tank is modelled to
to predict equalizing effects on the effluent concentration during 24-hour dynamic
simulations. This feature is important for sea water loading calculations of possible
contaminants over time.

Analytical measurements are without grease and without sand. Fine screening at 6 mm is
therefore not included in the model because it has no effect on the measured plant loading.
The same applies to grease and grit removal. The grit unit is included for explanatory
reasons.

The effects of fine screening sometimes can be neglected. However, for MBR systems it
could be the case a considerable load of organic fibers is removed lowering the loading of
nonbiodegradable particulate substance and consequently affecting the sludge age and
sludge production of the WWTP. It should be established in practice, based on
measurement data of screening materials whether this is justified and tested in the model
by a sensitivity calculation to determine the effect on the effluent calculations.
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Volumes for return activated sludge and waste sludge storage (RAS pit and WAS storage)
are included to simulate partial anaerobic degradation which could become relevant when
the temperature is high or when the sludge storage is longer than 24-hour in average.

A chemical dosage is added to the model to indicate the possibility. During normal
summer operation this is not applied. During the winter, a small chemical dose may be
necessary.

The emergency bypasses are modelled but not applied. They are included for the scenario
study. It needs to be determined from model evaluation, which operational setting are
included in the scenario calculations.

The dewatered sludge production is a combination of waste activated sludge and screening.
For SRT calculation only the waste activated sludge should be taken in consideration from
the measurement data.

9.3 Model results

A full model description is included in the appendix. Here some key performance
indicators of static simulations are presented in tables. The method of operation may be
different in practice and the measured operational data may deviate from these model
results. Not all key operational indicators are calculated correctly due to estimations made
where accurate data is missing from the design reports.

Table 30. Winter and Summer SRT calculations.

SRT Classic (d) 6,61 14,92 ANOX + AT + Collect Distribute + MBR

SRT Aerobic AS Total 10,27 10,55 AT + MBR

SRT Biology 14,26 16,88 ANA + ANOX + AT + CD + MBR

SRT Actual 4,05 20,72 ANA + ANOX + AT + CD + MBR + RAS pit + WAS storage
SRT Aerobic ex MBR 9,37 8,00 AT

Table 31. Summer influent data average flow/time weighted

Element name Summer Winter
Flow 1914,6 393,5
COD - Total mgCOD/L 710,00 737,90
N - Total Kjeldahl Nitrogen mgN/L 71,90 55,10
P - Total P mgP/L 10,30 7,80

S - Total S mgS/L 10,00 10,00
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N - Nitrate mgN/L 0,50 0,20

pH 7,30 7,30
Alkalinity mmol/L 7,46 7,46
ISS Total mgISS/L 27,60 94,20
Metal soluble - Calcium mg/L 80,00 80,00
Metal soluble - Magnesium mg/L 15,00 15,00
Gas - Dissolved oxygen mg/L 0 0

Table 32. Modelled design volumes. During winter some lanes may be closed.

Element name Volume [m3] Area [m2] Depth [m] # of diffusers
ANA-1 200,0000 38,0952 5,250 Un-aerated
ANOX-1 175,0000 33,3333 5,250 Un-aerated
AT-1A 180,0000 34,2857 5,250 Un-aerated
ANA-2 200,0000 38,0952 5,250 Un-aerated
ANOX-2 175,0000 33,3333 5,250 Un-aerated
AT-2A 180,0000 34,2857 5,250 Un-aerated
Collect Distribute 94,5000 18,0000 5,250 Un-aerated
RAS Pit 40,0000 20,0000 2,000 Un-aerated
WAS Tank 150,0000 28,5714 5,250 Un-aerated
AT-1B 180,0000 34,2857 5,250 163

AT-2B 180,0000 34,2857 5,250 163

Table 33. Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
ANA-R1 Flow paced 50,00 %
ANA-R2 Flow paced 50,00 %
MBR Distribute 1 Flow paced 33,33%
AS Emergency Bypass Bypass 5760

INF Distributer Fraction 0,50
Screen Emergency Bypass Bypass 4800
AT-R2 Flow paced 280,00 %
AT-R1 Flow paced 280,00 %
RAS Splitter Fraction 0,50
WAS Splitter Flowrate [Side] 45

MBR Distribute 2 Flow paced 33,33%
SCREENING Splitter Flowrate [Side] 0
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Table 34. Album page — Loads Summer operation

Elements INF GRIT SCREENING EFF Dewatered Sludge FeCI3 POLYMER
Flow [m3/d] 1914,60 0,10 0,15 1912,74 1,81 0 0,20

Total solids [kg /d] 619,78 2,63 67,85 0,00 397,21 0 2,44
Volatile solids [kg /d] 566,93 0,28 65,09 0,00 305,06 0 2,42

ISS Total [kg /d] 52,84 2,35 2,77 0,00 92,15 0 0,02

BOD - Total [kg /d] 739,01 0,22 20,84 1,30 137,18 0 2,08

COD - Total [kg /d] 1359,37 0,44 87,97 66,68 428,37 0 3,64

N - Total N [kg N/d] 138,62 0,01 1,82 5,13 25,70 0 0

P - Total P [kg P/d] 19,72 0,01 0,57 2,82 16,32 0 0

Total iron [kg Me/d] 0 0,00 0,00 0,00 0,00 0 0

Table 35. Album page — Loads Winter operation

Elements INF GRIT SCREENING EFF Dewatered Sludge FeCI3 POLYMER
Flow [m3/d] 393,50 0,02 0,03 391,84 1,81 0 0,20

Total solids [kg /d] 139,34 1,86 30,54 0,00 125,89 0 2,44
Volatile solids [kg /d] 102,27 0,05 28,67 0,00 84,08 0 2,42

ISS Total [kg /d] 37,07 1,81 1,87 0,00 41,82 0 0,02

BOD - Total [kg /d] 140,20 0,02 2,02 0,26 32,23 0 2,08

COD - Total [kg /d] 290,36 0,07 33,15 13,27 111,01 0 3,64

N - Total N [kg N/d] 21,76 0,00 1,90 2,68 7,07 0 0

P - Total P [kg P/d] 3,07 0,00 0,07 0,01 2,98 0 0

9.4  Conclusions on the model results

The design is used to model the influent situation measured in 2019 under winter and
summer conditions. Modelling results are according to the designed performance without
the need of changing model parameters. The one parameter changed is a default setting for
full nutrient removing WWTPs as applies to the MBR design. This data is suitable to be
used in subsequent calculations of sea water modelling. The results can be used for further
dynamic activated sludge modelling. The results are indicative for the operation at current
loading conditions with the remark that actual operation may be different from what is here
modelled.
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10 Conclusions and recommendations

10.1 General conclusions

From this study it is concluded that all relevant information is available to execute the
study, including plant design data, process flow diagrams and influent data.

In this study, data is collected and organized and made available in spreadsheets for
further processing.

Influent data is measured and suitable for modelling and design calculations.

All data required to calculate the model influent characterization is available. Influent
data is processed for modelling according to the influent specification method.

A static model is developed using BioWin software based on the detailed design and
measured average influent data.

The model is completely based on default BioWin parameter setting and information
from the detailed design.

Static simulation results show that the model preforms according to the effluent and
design requirements both under winter and summer conditions.

10.2 Recommendation

This study can be followed up by a dynamic evaluation. It is recommended to proceed
with further development of the WWTP model taking in account the above
conclusions.
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Appendix 1. Project overview and planning
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Appendix 2. Plant Design Layout
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Appendix 3. Layout Activated Sludge System
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Appendix 4. BioWin Layout (Summer/Winter)
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Appendix 5. Mass Balance

%09 S5L/55A %)
P/8 ooz'T =55
p/Ew § =4ay

% €2 ssaukip paroads

:u-uﬂﬁ

Bupsop sawhjo4

BLT P S =4
/8w 51 pray pE =NIl
/8w o1 p/BY £T =5008
/8w sTT R/ (8T =000
% 09 SSL/SSA %)

18w o's R TT =51
P/Ew 00E'T =30V

L53N|EA PRaJUBIEND
J20EM paleRsL

U/ WIN ZEGT

PRO| JNJasn |0} 38 PIAUS 29 03 3WN|ON J|y

puewiap 7o Ajleg

WD) UOJIEjnai3ay

LD A TO =d
Ww g P/ ¢'0 =NAL
TR B/ T'O =5008
1/3w §5 P34 B9 =007 12} uB|sap pasapisuo)
ajgnjos 1 SUBJ}PUOS’ unog
/B g1 K3 =4
/8w sz pify € =ML snosadsoyd dl
/3w TET P®Y LT =508 usBonju €10} Ny
/3w vz B/ £S5 =003 uaBoupu |eypialy je1o) |
aeynojuey puEwap ualhxo [eajwaydolg Q04|
% 09 SSL/55A %l puewap uaiixo |eajWway ao)|
/8w 105 /B E9 =581 SPij0s papuadsns ajje|on sy
spijes papuadsns [ei0) sS4
p/Ew 9z1 =4V Moy Aunoy yead Yy 4Hd
uljsag moy Ajep 28esone Jav|

juajeanba uoiejndad
puaiia)

IS ESEp Jd Wodj pues

| —1 , Suppedwios IBYE |EUSIEW PIUIIIS
T ] L J
] A

{ 58U|USDIIS0I) W R B v = ‘ H VEw ST P ¥ =
e i /8w got P/By 152 =ML : H /8w got /3 gbz =N3L
| /3w g95 P/ ogT =5008| ' H VBw 85 p/By 0SE'T =5008
| /3w gETT /3 090'T =a03)| ] : /8w peit P/®Y 00L'T =003
% 0L SSL/SSA %] ¥ : % 0L SSL/SSA %|
[ /3w pes P/ Tov T =551 /8w 589 P/B4 5£5°T =551
y/ew 00T =y JHd|
e P/EW 9ZY'E =4av| P/EW Q0ET =40v
EaT 551 1d 005'22 =3d|

% 005 ey || ufisag uBisag
vope|nRaY | Busopipay | s paeas g sage) ey

65



Appendix 6. Influent Concentrations Winter & Summer

Winter - Flow-Weighed Average Influent Concentration per WWTP

Porec¢-North Porec-South

TSS (mgTSS/L) - Flow Proportional 254,8 354,2 596,0 364,6
VSS (mgVSS/L) - Flow Proportional 216,8 260,0 399,7 299,9
ISS (mgISS/L) - Flow Proportional 22,7 79,9 144,7 47,4
BOD (mgBOD/L) - Flow proportional 336,8 380,7 674,9 363,7
BODMF (mgBOD/L) - Flow proportional 154,2 239,8 428,3 152,2
TCOD (mgCOD/L) - Flow Proportional 612,5 737,9 1242,2 667,3
CODMF (mgCOD/L) - Flow Proportional 239,2 322,5 537,8 177,4
TN (mgN/L) - Flow Proportional 84,6 55,3 76,3 69,9
NH4 (mgN/L) - Flow Proportional 73,3 41,4 54,2 54,8
NO3 (mgN/L) - Flow Proportional 0,6 0,2 0,5 0,4
NO2 (mgN/L) - Flow Proportional 0,1 0,0 0,0 0,0
TP (mgP/L) - Flow Proportional 10,6 7,8 10,3 9,3
PO4 (mgP/L) - Flow Proportional 7,1 5,6 6,3 6,3

Summer - Flow-Weighed Influent Concentration per WWTP

Porec¢-North Porec-South

TSS (mgTSS/L) - Flow Proportional 445,8 309,8 475,9 423,1
VSS (mgVSS/L) - Flow Proportional 416,4 282,2 423,5 392,6
ISS (mglISS/L) - Flow Proportional 29,4 27,6 52,5 30,5
BOD (mgBOD/L) - Flow proportional 489,3 460,1 496,4 467,2
BODMF (mgBOD/L) - Flow proportional 168,2 166,5 181,2 163,3
TCOD (mgCOD/L) - Flow Proportional 935,7 710,0 1059,6 888,4
CODMF (mgCOD/L) - Flow Proportional 244,4 222,2 314,5 231,4
TN (mgN/L) - Flow Proportional 95,1 72,4 83,1 87,7
NH4 (mgN/L) - Flow Proportional 69,5 54,9 59,6 67,4
NO3 (mgN/L) - Flow Proportional 0,4 0,5 0,5 0,5
NO2 (mgN/L) - Flow Proportional 0,1 0,0 0,0 0,0
TP (mgP/L) - Flow Proportional 13,5 10,3 11,1 11,4
PO4 (mgP/L) - Flow Proportional 6,8 5,0 6,8 6,3




Appendix 7. Influent Loads Winter & Summer

Winter - Average Influent Loads per WWTP

Lanterna Porec¢-North Porec-South

Flow (m3/d) 2389 3935 2106,4 582,9
TSS (kgTSS/d) 60,9 139,4 1485,3 244,5
VSS (kgVss/d) 54,4 104,8 1088,1 212,8
ISS (kglSs/d) 5,7 32,2 393,9 33,6
BOD (kgBOD/d) 80,4 149,8 1421,7 212,0
BODMF (kgBOD/d) 36,3 94,4 902,3 88,7
TCOD (kgCOD/d) 146,3 290,4 3052,8 4475
CODMF (kgCOD/d) 57,1 126,9 1321,7 119,0
TN (kgN/d) 20,9 21,7 204,5 47,6
NH4 (kgN/d) 17,5 16,3 135,0 36,8
NO3 (kgN/d) 0,1 0,1 1,0 0,2
NO2 (kgN/d) 0,0 0,0 0,1 0,0
TP (kgP/d) 2,5 31 21,7 5.4
PO4 (kgP/d) 1,7 2,2 15,6 4,2

Summer - Average Influent Loads per WWTP

Flow (m3/d) 2736,6 1914,6 44296 5849,4
TSS (kgTSS/d) 1220,0 664,4 2133,6 2598,5
VSS (kgVss/d) 1139,6 605,2 1898,7 2411,4
ISS (kglSS/d) 80,5 60,9 2354 187,0
BOD (kgBOD/d) 1339,0 880,9 2198,8 2733,0
BODMF (kgBOD/d) 460,3 318,7 802,7 955,1
TCOD (kgCOD/d) 2560,5 1522,6 4750,2 5456,6
CODMF (kgCOD/d) 668,9 476,4 1410,0 1421,3
TN (kgN/d) 260,2 155,3 372,7 538,8
NH4 (kgN/d) 190,2 117,8 267,3 413,9
NO3 (kgN/d) 1,2 0,9 2,1 2,8
NO2 (kgN/d) 0,2 0,0 0,1 0,1
TP (kgP/d) 36,9 19,7 49,0 66,4
PO4 (kgP/d) 18,7 10,6 30,4 38,8




Appendix 8. Design Loading 2045 Prognosis

Inhabitant Specific Loads in g/PE/d

Parameter Wastewater Quality Produced per PE

BODS gBOD/PE/d
TCOD gCOD/PE/d
TSS gTSS/PE/d
TKN gN/PE/d
TP gP/PE/d

60
120
70
11
1,8

WWTP Vrsar - Data for Vrsar WWTP sizing

Population (PE) Tourist Overnights Average Households Non-Households

Months 2011 2009-2011 2009-2011 (m3/month) 2009-2011 (m3/month)2

1 2370 300 5000 1700

2 2370 0 4800 1300

3 2370 300 5100 2800

4 2370 20600 6600 12200

5 2370 84900 7600 16100

6 2370 205200 9400 30300

7 2370 432600 12900 48800

8 2370 473200 15100 56300

9 2370 153800 11400 36600

10 2370 6400 7000 5500

11 2370 0 5300 1900

12 2370 400 3900 1200

Estimated growth of tourist overnights from 2011 to 2045 0,15

Permanent population 2045 2889
o 68



Appendix 9. BioWin Model Influent Specification — Summer

== Influent Specifier - WWTP Vrsar Summer MYRrev001.ets
File Setting View Stoichiometry About

¥ m = @M B A =

Input Measurements Adjust Fractions View Results

Export to BioWin
Table View
H i %
Raw (Unﬁl tere d) Sample lomogenize COD - Total [mgCOD/L] 7100
> BOD - Total [mgBOD/L] 4141
N - TKN [mgN/L] 719
P - Total P [mgP/L] 103
I S - Total S [mgS/L] 10,0
Glass-Fiber Filter Alkalinity [mgCaCO3/L] 3730
(1.2 um) S — - TSS [mgTSS/L] 3098
(NRNRRRNRRRRRRNN —>
* VSS [(mgVSS/L]) 2822
Coagulate / Flocculate
COD - Filtered [mgCOD/L] 2717
CODs - Acetate [mgCOD/L] 444
BOD - Filtered [mgBOD/L] 1665 Membrane Filter (0,45 um)
N - Ammonia [mgN/L] 549
B = Nizatemabi] 03 RNNRRNRRRNAL
P - Soluble phosphate [mgP/L] 50
S - Soluble Sulfate [mgS/L] 85
COD - FF [mgCOD/L] 2222
Other Measurements:
Flow 1914,6 Gas - DO [mg02/1] 00 Effluent COD - Filtered [mgCOD/L] 250
pH 73 Metal - Calcium [mg/L] 80,0 Metal - Magnesium [mg/L] 15,0
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= Influent Specifier - WWTP Vrsar Summer MYRrev001.ets
File Setting View Stoichiometry About

Z m®m =®m M@ B A =
Input Measurements Adjust Fractions View Results Export to BioWin
Fraction / Parameter Estimates Fraction Calculation Results

Name Default Estimate Influent Values Measured  Calculated Match Status
COD Fractions COD - Total 710,0000 710,0000 -
Fbs 0,1600 02777 COD - Particulate 432,3000 432,3000 Excellent

Fac 0,1500 0,2252 COD - Filtered 277,7000 277,7000 Excellent
Fxs 0,6388 0,5792 COD - FF 222,2000 222,2000 Excellent

Fxsp 0,7500 0,8650 BOD - Total Carbonaceous  414,1000 4147620 Excellent
Fbiomass 0,0212 0,0265 BOD - Filtered Carbonaceor  166,5000 176,0997 Excellent
Fus 0,0500 0,0352 VSsS 282,2000 296,1004 Excellent
Fup 0,1300 0,0813 1SS 309,8000 3237004 Excellent

Cellulose (Note...) 0,5000 06047

Non-Cellulose 0,5000 0,3953

Influent CODp : VSS 1,5319 1,4600 Excellent
COD:VSS Influent Total COD : cBOD 17146 17118 Excellent
Particulate Biodegradable COD : VSS 1,6327 1,500& VSS:TSS 0,9109 0,9147 Excellent
Particulate Inert COD : VSS 1,6000 1,1000
Cellulose COD : VSS 14000 [01,4000
BOD Model Parameters (Note...)
k1 for CODc - Xsc 0,5000 08372
k2 for CODp - Xsp 0,5000 0,848
)
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= Influent Specifier - WWTP Vrsar Summer MYRrev001.ets

File Setting View Stoichiometry About

Z m =®m @ B A =
Input Measurements Adjust Fractions View Results Export to BioWin
COD/BOD Calculation Results P. N and ISS Calculation Results
Name Value Name Value
COD Calculation Results P Calculation Results
B -Z [mg/L] 18,8150 P in biemass [mgP/L] 04139
CODc - Xsc [mg/L] 55,5000 P - Particulate degradable [mgP/L] 4,8562
CODp - Xsp [mg/L] 355,7620 P - Particulate undegradable [mgP/L] 0,0228
CODp - (Xu + Xuc) [mg/L] 57,7230 P - Releasable stored polyP [mgP/L] 0,0071
COD:s - Sa [mg/L] 44,4000 P - Soluble phosphate [mgP/L] 5,0000
CODs - Sc [mg/L] 152,8000 Measured Total P [mgP/L] 10,3000
COD:s - Su [mg/L] 25,0000
N Calculation Results
COD Total-check [mg/L] 710,0000 N in biomass [mgN/L] 13170
N - Ammonia [mgN/L] 54,9000
COD - Particulate [mg/L] 4323000 N - Particulate degradable organic [mgN/L] 2,1760
COD - Slowly Biodegradable [mg/L] 411,2620 N - Particulate undegradable organic [mgN/ 1,5973
COD - Readily Biodegradable [mg/L] 197,2000 N - Soluble degradable organic [mgN/L] 11,1906
N - Soluble undegradable organic [mgN/L] 0,7190
Sol. COD fraction 0,3911 Measured TKN [mgN/L] 71,9000
BOD Calculation Results ISS Calculation Results
BODrbcod [mg/L] 140,5792 ISS of Biomass [mglSS/L] 1,5655
BODxsc [mg/L] 228,1438 ISS of Influent Inorganic SS [mglSS/L] 244914
BODxsp [mg/L] 35,5205 ISS of PolyP [mgISS/L] 0,0197
BODhet [mg/] 10,5184 ISS of Xsp [mglISS/L] 15234
BODtotal [mg/L] 4147620 Measured ISS [mglSS/L] 27,6000
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“= Components of Influent

Measured

Calculated

Influent Components (COD, N, P and ISS content) - Select tabs at lower left

COD - Total

710,0000 mgCOD/L

k1 for CODc - Xsc: 0.8:

Conc = | 18,8150 i mgCOoD/L

mgCOD/L

<BODS
k2 for CODp -Xsp: 0,8488
£cBODS (GFO) o
Biomass Degradable
Fbio. = |0,0265 | l
mgCOD/L

CODp - Undegradable

Slowly degradable
Fup = 10,0812 l
mgCOD/L mgCOD/L Conc = (57,7230 mgCOD/L
CODs - Complex readily degradable CODc - Slowly degradable colloidal CODp - Slowly CODp - ellule CODp - Undegradable non-cellulose
Feel = 0,6047 | I Fnoncel =
mgCoD/L mgCoD/L Conc Conc = mgCOD/L
oD | N.| P |ISS
Close
< >v
<= Components of Influent - o X
Influent Components (COD, N, P and ISS content) - Select tabs at lower left
~
Inorganic Suspended Solids
27,6000 mgISS/L
ISS of Biomass 1SS of Influent Inorganic SS 1SS of PolyP 1SS of Xsp
Conc = |1,5655 mglISS/L Conc = mglSS/L Conc = mglSS/L mglSS/L
COD N P ISS
Close
>v
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<= Components of Influent - o X
Influent Components (COD, N, P and ISS content) - Select tabs at lower left
~
N-TKN
719000 mgN/L
Note : Consider checking other N fractions if Fnbs and Fnbp are negative.
iomass Total Organic Nitrogen N - Ammonia
Fzbh = 00265 Fab= (00700 | oL
Conc = (13170 mgN/L mgN/L
Undegradable
Conc mgN/L Conc = mgN/L
N - Soluble degradable N - Particulate degradable N - Soluble undegradable N - Particulate undegradable

Fnos = 08372 Fnox = 0,1628 1 Fnus = 0,0100 1 Fup_non-cellulose =

Conc = | 11,1905 mgN/L Conc mgN/L 1 Conc = mgN/L
@D N P IS

Close
< >v
<= Components of Influent - o X
Influent Components (COD, N, P and ISS content) - Select tabs at lower left
~
P - Total
103000 mgP/L
Note : Consider checking other P fractions if Fppb s negative.
P - Particulate P - Soluble phosphate
Fpb = |0,0220 mgP/L
mgP/L mgP/L
P - Releasable stored polyP P - Particulate degradable late undegradable
FZppa =0,0001 FupP = 00010 I
mgP/L mgP/L mgP/L
@D N P IS
Close

< >v
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Appendix 10. BioWin Model Influent Specification — Winter

== Influent Specifier - WWTP Vrsar Winter MYRrev001.ets
File Setting View Stoichiometry About

Z @m = M B A =

Input Measurements Adjust Fractions View Results

Export to BioWin
Table View
H i -
Raw (Un filtere d) Sample omogenize COD - Total [mgCOD/L] 7379
> BOD - Total [mgBOD/L] 3807
N - TKN [mgN/L] 55,1
P - Total P [mgP/L] 78
I S - Total S [mgS/L] 10,0
Glass-Fiber Filter Alkalinity [mgCaCO3/L] 3730
(1.2 um) —, - N TSS [mgTSS/L] 3542
(EEENRNNRNR NN o
* VSS [(mgVSS/L]) 260,0
Coagulate / Flocculate
COD - Filtered [mgCOD/L] 4032
CODs - Acetate [mgCOD/L] 645
BOD - Filtered [mgBOD/L] 2638 Membrane Filter (0,45 pm)
N - Ammonia [mgN/L] 414
B = Nizatemabi] 02 RNNRRNRRRNAL
P - Soluble phosphate [mgP/L] 56
S - Soluble Sulfate [mgS/L] 85
COD - FF [mgCOD/L] 3225
Other Measurements:
Flow 3935 Gas - DO [mg02/1] 00 Effluent COD - Filtered [mgCOD/L] 250
pH 73 Metal - Calcium [mg/L] 80,0 Metal - Magnesium [mg/L] 15,0
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== Influent Specifier - WWTP Vrsar Winter MYRrev001.ets
File Setting View Stoichiometry About

Z m®m =®m @ B A =
Input Measurements Adjust Fractions View Results Export to BioWin
Fraction / Parameter Estimates Fraction Calculation Results

Name Default Estimate Influent Values Measured ~ Calculated Match Status
COD Fractions COD - Total 737,9000 737,9000 -
Fbs 0,1600 04032 COD - Particulate 3347000 334,7000 Excellent

Fac 0,1500 02168 COD - Filtered 403,2000 403,2000 Excellent
Fxs 0,6388 03164 COD - FF 322,5000 322,5000 Excellent

Fxsp 0,7500 0,6544 BOD - Total Carbonaceous  380,7000 3729741 Excellent
Fbiomass 0,0212 0,0265 BOD - Filtered Carbonaceor  263,8000 263,8600 Excellent
Fus 0,0500 0,0339 VSsS 260,0000 259,9114 Excellent
Fup 0,1300 0,2200 1SS 354,2000 3541114 Excellent

Cellulose (Note...) 0,5000 C 01047

Non-Cellulose 0,5000 0,8953

Influent CODp : VSS 1,2873 1,2877 Excellent
COD:VSS Influent Total COD : cBOD 1,9383 19784 Excellent
Particulate Biodegradable COD : VSS 1,6327 1,500& VSS:TSS 0,7340 0,7340 Excellent
Particulate Inert COD : VSS 1,6000 1,1000
Cellulose COD : VSS 14000 [01,4000
BOD Model Parameters (Note...)
k1 for CODc - Xsc 0,5000 0,8605
k2 for CODp - Xsp 0,5000 0,8605
)
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== Influent Specifier - WWTP Vrsar Winter MYRrev001.ets o X
File Setting View Stoichiometry About
Z m =®m @ B A =
Input Measurements Adjust Fractions View Results Export to BioWin
COD/BOD Calculation Results P. N and ISS Calculation Results
Name Value Name Value
COD Calculation Results P Calculation Results
B -Z [mg/L] 19,5543 P in biemass [mgP/L] 0,4302
CODc - Xsc [mg/L] 80,7000 P - Particulate degradable [mgP/L] 16171
CODp - Xsp [mg/L] 152,8077 P - Particulate undegradable [mgP/L] 0,1453
CODp - (Xu + Xuc) [mg/L] 162,3380 P - Releasable stored polyP [mgP/L] 0,0074
COD:s - Sa [mg/L] 64,5000 P - Soluble phosphate [mgP/L] 5,6000
CODs - Sc [mg/L] 233,0000 Measured Total P [mgP/L] 7,8000
CODs - Su [mg/L] 25,0000
N Calculation Results
COD Total-check [mg/L] 737,000 N in biomass [mgN/L] 1,3688
N - Ammonia [mgN/L] 41,4000
COD - Particulate [mg/L] 334,7000 N - Particulate degradable organic [mgN/L] 0,2615
COD - Slowly Biodegradable [mg/L] 233,5077 N - Particulate undegradable organic [mgN/ 10,1739
COD - Readily Biodegradable [mg/L] 297,5000 N - Soluble degradable organic [mgN/L] 1,3448
N - Soluble undegradable organic [mgN/L] 0,5510
Sol. COD fraction 0,5464 Measured TKN [mgN/L] 55,1000
BOD Calculation Results ISS Calculation Results
BODrbcod [mg/L] 212,0085 ISS of Biomass [mglSS/L] 1,6270
BODxsc [mg/L] 98,1824 ISS of Influent Inorganic SS [mglSS/L] 91,8982
BODxsp [mg/L] 51,8516 ISS of PolyP [mgISS/L] 0,0205
BODhet [mg/L] 10,9318 ISS of Xsp [mglISS/L] 0,6543
BODtotal [mg/L] 3729741 Measured ISS [mglSS/L] 94,2000
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“= Components of Influent

Influent Components (COD, N, P and ISS content) - Select tabs at lower left

COD - Total

[737.9000 mgCOD/L

k1 for CODc - Xsc:

Conc = | 19,5542 mgCOD/L

Measured Calculated
<BODS {3{30’}70607 = | [1327,977517 =
fcBODS (GFQ)  [2638000 | |263,8600
Biomass Degradable

Fdeg = 07196
Conc=[509928 | cop

=
Fbs = 04032

Readily degradable

Conc = 2975213 mgCOD/L

K2 for CODp -Xsp: |0.8605
Undegradable
Fundeg = 02529
Conc= (1873528 | mgCOD/L

0.8605

Fxs =

Slowly degradable

03164
Conc = 2. 16 mgCOoD/L

Fus = |0,0339

Conc =

CODs - Undegradable

8

mgCOD/L

CODp - Undegradable
Fup = 0.2200
Conc = |162,3380

mgCOD/L

CODs - Complex readily degradable CODs - Acetate CODc - Slowly degradable colloidal CODp - Slowly CODp - ellule CODp - Undegradable non-cellulose
Fbsc = 07832 Fac= (02168 Fxsc = |0,3456 Fxsp = |0,6544 Feel = 10,1047 I Fnoncel = 0,8953
Conc = |161,6317 mgCOD/L Conc = 7436 mgCOD/L Conc = (80,6875 | mgCOD/L Conc = | 1527841 mgCOD/L | | Conc 16,9968 mgCOD/L Conc = 1453412 ‘ mgCOD/L
oD N P ISS
Close
< >v
== Components of Influent - o X
Influent Components (COD, N, P and ISS content) - Select tabs at lower left
~
Inorganic Suspended Solids
94,2000 mgISS/L
ISS of Biomass 1SS of Influent Inorganic SS 1SS of PolyP 1SS of Xsp
Conc = |1,6270 mglISS/L Conc = mglSS/L Conc = mglSS/L mglSS/L
oD N P ISS
Close
>v
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“= Components of Influent

Influent Components (COD, N, P and ISS content) - Select tabs at lower left

N - TKN

55,1000 mgN/L

Note : Consider checking other N fractions if Fabs and Frbp are negative.

iomass

Conc = 12688 | mgN/L

Total Organic Nitrogen

mgN/L

N - Ammonia

mgN/L

Conc = 41,4000

Degradable

Conc = |1,6063 | man

|

Conc = 10,7249 mgN/L

Undegradable

N - Particulate undegradable

N - Soluble degradable

N - Particulate degradable

N - Soluble undegradable

Fop = [02200

Fup non-cellulose = 02953 |

Fnos = |0,8372 Fnox = 0,1628 1 Fnus = 0,0100
Conc = |1,3442 | mgN/L Conc = 02615 mgh/L Conc = |0,5510 mgN/L FupN = 0,0700 | Conc= |10,1739 mgN/L
@D N P IS
Close
< >
== Components of Influent - o X
Influent Components (COD, N, P and ISS content) - Select tabs at lower left
P - Total
[7.8000 mgP/L
Note : Consider checking other P fractions if Fppb s negative.
P in Biomass P - Particulate P - Soluble phosphate
Fzbh = Fpb = [0,0220 | mopn Fpod= | 1
Conc = 04302 mgP/L Conc = 56000 mgP/L
P - Releasable stored polyP P - Particulate degradable late undegradable
FZppa =|0,0001 Fppb = |02 Fup = (02200 FupP = 0,0010
Conc = |0,0074 mgP/L Conc = 16171 mgP/L Conc = (01453 mgP/L
@D N P IS
Close

v
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Appendix 11: BioWin user and configuration data — Winter Load

Project name:

Steady State Design Retrofit Average Flow Weighed Influent Data Summer 2019
Project ref.: Winter Loading

Plant name: WWTP Vrsar

Username: ASM Design B.V.

Created: 9-3-2021

Saved: 8-5-2021

Steady state solution

Temperature: 12,0°C

Flowsheet

Configuration information for all Bioreactor units

Physical data

Element name Volume [m3] Area [m2] Depth [m] # of diffusers
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ANA-1

ANOX-1

AT-1A

ANA-2

ANOX-2

AT-2A

Collect Distribute

RAS Pit

WAS Tank

AT-1B

AT-2B

200,0000
175,0000
180,0000
200,0000
175,0000
180,0000
94,5000

40,0000

150,0000
180,0000

180,0000

38,0952
33,3333
34,2857
38,0952
33,3333
34,2857
18,0000
20,0000
28,5714
34,2857

34,2857

5,250
5,250
5,250
5,250
5,250
5,250
5,250
2,000
5,250
5,250

5,250

Un-aerated

Un-aerated

163

Un-aerated

Un-aerated

Un-aerated

Un-aerated

Un-aerated

Un-aerated

163

Un-aerated

Operating data Average (flow/time weighted as required)

Element name

Average DO Setpoint [mg/L]

ANA-1 0
ANOX-1 0
AT-1A 1,3
ANA-2 0
ANOX-2 0
AT-2A 0
Collect Distribute 0
RAS Pit 0
WAS Tank 0
AT-1B 2,0
AT-2B 0
Aeration equipment parameters
Element klinC= k2inC= YinKla= Area of Diffuser Min. air Max. air ‘A'in '‘B'in 'C'in
name k1(PC)"0. k1(PC)*0. CUsg”Y one mounting flow rate flow rate diffuser diffuser diffuser
25+ k2 25 + k2 -Usgin diffuser height per per pressure pressure pressure
[m3/(m2 diffuser diffuser drop = A drop = A drop = A
d)] m3/hr m3/hr + + +
(20C, 1 (20C, 1 B*(Qa/Diff  B*(Qa/Diff  B*(Qa/Diff
atm) atm) )+ )+ )+
C*(Qa/Diff  C*(Qa/Diff  C*(Qa/Diff
"2 »2 »2
ANA-1 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
ANOX-1 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
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AT-1A 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0

ANA-2 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
ANOX-2 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
AT-2A 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
Collect 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
Distribute

RAS Pit 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
WAS 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
Tank

AT-1B 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
AT-2B 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0

Configuration information for all Bioreactor - Membrane units

Physical data

Element Volume Area [m2] Depth [m] # of # of Displaced Membrane Total Membrane
name [m3] diffusers cassettes volume / area/ displaced surface
cassette cassette volume area [m2]
[m3/cassett  [m2/cassett  [m3]
e] e]
MBR-A 40,0000 7,6190 5,250 40 1,00 1,690 1306,10 1,69 1306,10
MBR-C 40,0000 7,6190 5,250 40 1,00 1,690 1306,10 1,69 1306,10
MBR-B 40,0000 7,6190 5,250 40 1,00 1,690 1306,10 1,69 1306,10

Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
MBR-A Flow paced 33,30 %

MBR-C Flow paced 33,33%

MBR-B Flow paced 33,33 %

Element name Average Air flow rate [m3/hr (20C, 1 atm)]
MBR-A 300,0

MBR-C 300,0

MBR-B 300,0
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Aeration equipment parameters

Element klinC= k2inC= YinKla= Area of Diffuser Min. air Max. air '‘A'in ‘B'in ‘C'in
name k1(PC)"0. k1(PC)"0. CUsg”Y one mounting flow rate flow rate diffuser diffuser diffuser
25+ k2 25 + k2 -Usgin diffuser height per per pressure pressure pressure
[m3/(m2 diffuser diffuser drop = A drop = A drop = A
d)] m3/hr m3/hr + + +
(20C, 1 (20C, 1 B*(Qa/Diff  B*(Qa/Diff  B*(Qa/Diff
atm) atm) )+ )+ )+
C*(Qa/Diff  C*(Qa/Diff  C*(Qa/Diff
"2 "2 "2
MBR-A 0,0500 0,3800 1,0000 0,0500 0,2500 2,0000 50,0000 1,0000 0 0
MBR-C 0,0500 0,3800 1,0000 0,0500 0,2500 2,0000 50,0000 1,0000 0 0
MBR-B 0,0500 0,3800 1,0000 0,0500 0,2500 2,0000 50,0000 1,0000 0 0
Element name Surface pressure [kPa] Fractional effective saturation depth (Fed) [-]
MBR-A 101,3250 0,3000
MBR-C 101,3250 0,3000
MBR-B 101,3250 0,3000
Element Supply gas Supply gas Off-gas Off-gas 02 Off-gas H2 Off-gas Off-gas Off-gas Surface
name COo2 02 [vol. %] CO2 [vol. [vol. %] [vol. %] NH3 [vol. CH4 [vol. N20 [vol. turbulence
content %] %] %] %] factor [-]
[vol. %]
MBR-A 0,0400 20,9500 1,2000 19,9000 0 0 0 0 2,0000
MBR-C 0,0400 20,9500 1,2000 19,9000 0 0 0 0 2,0000
MBR-B 0,0400 20,9500 1,2000 19,9000 0 0 0 0 2,0000

Configuration information for all Effluent units

Configuration information for all Separator - Grit tank units

Physical data

Element name

Volume [m3]

Area [m2]

Depth [m]

Grit removal

12,8000

4,9231

2,600
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Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
Grit removal Flow paced 0,05 %

Element name Percent removal Blanket fraction

Grit removal 5,00 0,10

Configuration information for all Influent - COD units

Operating data Average (flow/time weighted as required)

Element name INF
Flow 393,5
COD - Total mgCOD/L 737,90
N - Total Kjeldahl Nitrogen mgN/L 55,10
P - Total P mgP/L 7,80
S - Total S mgS/L 10,00
N - Nitrate mgN/L 0,20
pH 7,30
Alkalinity mmol/L 7,46
ISS Total mgISS/L 94,20
Metal soluble - Calcium mg/L 80,00
Metal soluble - Magnesium mg/L 15,00
Gas - Dissolved oxygen mg/L 0

Element name INF

Fbs - Readily biodegradable (including Acetate) [gCOD/g of total COD] 0,4032
Fac - Acetate [gCOD/g of readily biodegradable COD] 0,2168
Fxsp - Non-colloidal slowly biodegradable [gCOD/g of slowly degradable COD)] 0,6544
Fus - Unbiodegradable soluble [gCOD/g of total COD] 0,0339
Fup - Unbiodegradable particulate [gCOD/g of total COD] 0,2200
Fcel - Cellulose fraction of unbiodegradable particulate [gCOD/gCOD] 0,1047
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Fna - Ammonia [gNH3-N/gTKN] 0,7514

Fnox - Particulate organic nitrogen [gN/g Organic N] 0,1628
Fnus - Soluble unbiodegradable TKN  [gN/gTKN] 0,0100
FupN - N:COD ratio for unbiodegradable part. COD [gN/gCOD] 0,0700
Fpo4 - Phosphate  [gPO4-P/gTP] 0,7179
FupP - P:COD ratio for unbiodegradable part. COD [gP/gCOD] 1,000E-3
Fsr - Reduced sulfur [H2S] [gS/gS] 0,1500
FZbh - Ordinary heterotrophic COD fraction [gCOD/g of total COD] 0,0253
FZbm - Methylotrophic COD fraction [gCOD/g of total COD] 1,000E-4
FZao - Ammonia oxidizing COD fraction [gCOD/g of total COD] 1,000E-4
FZno - Nitrite oxidizing COD fraction [gCOD/g of total COD] 1,000E-4
FZaao - Anaerobic ammonia oxidizing COD fraction [gCOD/g of total COD] 1,000E-4
FZppa - Phosphorus accumulating COD fraction [gCOD/g of total COD] 1,000E-4
FZpa - Propionic acetogenic COD fraction [gCOD/g of total COD] 1,000E-4
FZam - Acetoclastic methanogenic COD fraction [gCOD/g of total COD] 1,000E-4
FZhm - Hydrogenotrophic methanogenic COD fraction [gCOD/g of total COD] 1,000E-4
FZso - Sulfur oxidizing COD fraction [gCOD/g of total COD] 1,000E-4
FZsrpa - Sulfur reducing propionic acetogenic COD fraction [gCOD/g of total COD] 1,000E-4
FZsra - Sulfur reducing acetotrophic COD fraction [gCOD/g of total COD] 1,000E-4
FZsrh - Sulfur reducing hydrogenotrophic COD fraction [gCOD/g of total COD] 1,000E-4
FZe - Endogenous products COD fraction [gCOD/g of total COD] 0

Configuration information for all Input - Iron (ferric) units

Operating data Average (flow/time weighted as required)

Element name FeCI3
Biomass - Ordinary heterotrophic [ngCOD/L] 0
Biomass - Methylotrophic [mgCOD/L] 0
Biomass - Ammonia oxidizing [mgCOD/L] 0
Biomass - Nitrite oxidizing [mgCOD/L] 0
Biomass - Anaerobic ammonia oxidizing [ngCOD/L] 0
Biomass - Phosphorus accumulating [mgCOD/L] 0
Biomass - Propionic acetogenic [mgCODI/L] 0
Biomass - Acetoclastic methanogenic [mgCODI/L] 0
Biomass - Hydrogenotrophic methanogenic [mgCOD/L] 0
Biomass - Endogenous products [mgCOD/L] 0

CODp - Slowly degradable particulate [mgCODI/L] 0




CODp - Slowly degradable colloidal [mgCOD/L]
CODp - Degradable external organics [mgCOD/L]
CODp - Undegradable non-cellulose [mgCOD/L]
CODp - Undegradable cellulose [mgCODI/L]

N - Particulate degradable organic [mgN/L]

P - Particulate degradable organic [mgP/L]

N - Particulate degradable external organics [mgN/L]
P - Particulate degradable external organics [mgP/L]
N - Particulate undegradable [mgN/L]

P - Particulate undegradable [mgP/L]

CODp - Stored PHA [mgCODI/L]

P - Releasable stored polyP [mgP/L]

P - Unreleasable stored polyP [mgP/L]

CODs - Complex readily degradable [mngCOD/L]
CODs - Acetate [mgCODI/L]

CODs - Propionate [mgCOD/L]

CODs - Methanol [mgCOD/L]

Gas - Dissolved hydrogen [mgCOD/L]

Gas - Dissolved methane [mg/L]

N - Ammonia [mgN/L]

N - Soluble degradable organic [mgN/L]

Gas - Dissolved nitrous oxide [mgN/L]

N - Nitrite [mgN/L]

N - Nitrate [mgN/L]

Gas - Dissolved nitrogen [mgN/L]

P - Soluble phosphate [mgP/L]

CODs - Undegradable [mgCOD/L]

N - Soluble undegradable organic [mgN/L]
Influent inorganic suspended solids [mgISS/L]
Precipitate - Struvite [mgISS/L]

Precipitate - Brushite [mgISS/L]

Precipitate - Hydroxy - apatite [mgISS/L]
Precipitate - Vivianite [mgISS/L]

HFO - High surface [mg/L]

HFO - Low surface [mg/L]

HFO - High with H2PO4- adsorbed [mg/L]

HFO - Low with H2PO4- adsorbed [mg/L]

HFO - Aged [mg/L]

HFO - Low with H+ adsorbed [mg/L]

HFO - High with H+ adsorbed [mg/L]

HAO - High surface [mg/L]




HAO - Low surface [mg/L]

HAO - High with H2PO4- adsorbed [mg/L]
HAO - Low with H2PO4- adsorbed [mg/L]
HAO - Aged [mg/L]

P - Bound on aged HMO [mgP/L]

Metal soluble - Magnesium [mg/L]

Metal soluble - Calcium [mg/L]

Metal soluble - Ferric [mg/L]

Metal soluble - Ferrous [mg/L]

Metal soluble - Aluminum [mg/L]

Other Cations (strong bases) [meaq/L]
Other Anions (strong acids) [meq/L]

Gas - Dissolved total CO2 [mmol/L]

User defined - UD1 [mg/L]

User defined - UD2 [mg/L]

User defined - UD3 [mgVSSI/L]

User defined - UD4 [mgISS/L]

Biomass - Sulfur oxidizing [mgCOD/L]

Biomass - Sulfur reducing propionic acetogenic [mngCODI/L]
Biomass - Sulfur reducing acetotrophic [ngCOD/L]

Biomass - Sulfur reducing hydrogenotrophic [mgCOD/L]

Gas - Dissolved total sulfides [mgS/L]

S - Soluble sulfate [mgS/L]

S - Particulate elemental sulfur [mgS/L]
Precipitate - Ferrous sulfide [mgISS/L]

CODp - Adsorbed hydrocarbon [mgCOD/L]
CODs - Degradable volatile ind. #1 [mgCODIL]
CODs - Degradable volatile ind. #2 [mgCODIL]
CODs - Degradable volatile ind. #3 [mgCOD/L]
CODs - Soluble hydrocarbon [mgCOD/L]

Gas - Dissolved oxygen [mg/L]

Flow

150000,00
0

0

5,00
8062,73
7,00

0

Configuration information for all Separator - Dewatering unit units

Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
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Compacterl

Compacter2

Flow paced 0,01 %

Flow paced 0,01 %

Element name

Percent removal

Compacterl 100,00
Compacter2 100,00
Configuration information for all Separator - Microscreen units

Operating data Average (flow/time weighted as required)

Element name

Split method Average Split specification

Screen (1Imm)

Flow paced 0,02 %

Element name

Percent removal

Screen (1Imm)

5,00

Configurati
units

on information for all Separator - Cyclone (dewatering)

Operating data Average (flow/time weighted as required)

Element name

Split method Average Split specification

Dewatering Centrifuge

Fraction 0,04

Element name

Percent removal

Dewatering Centrifuge

95,00
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Configuration information for all Sludge units

Configuration information for all Splitter units

Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
ANA-R1 Flow paced 50,00 %
ANA-R2 Flowrate [Side] 0

MBR Distribute 1 Flow paced 33,33%
AS Emergency Bypass Bypass 5760

INF Distributer Flowrate [Main] 0
Screening Emergency Bypass Bypass 4800
AT-R2 Flow paced 0,00 %
AT-R1 Flow paced 560,00 %
RAS Splitter Flowrate [Side] 0

WAS Splitter Flowrate [Side] 45

MBR Distribute 2 Flow paced 33,33%
SCREENING Splitter Flowrate [Side] 0

Configuration information for all Influent - State variable units

Operating data Average (flow/time weighted as required)

Element name POLYMER
Biomass - Ordinary heterotrophic [ngCOD/L] 0
Biomass - Methylotrophic [mgCODI/L] 0
Biomass - Ammonia oxidizing [mgCOD/L] 0
Biomass - Nitrite oxidizing [mgCOD/L] 0
Biomass - Anaerobic ammonia oxidizing [ngCOD/L] 0
Biomass - Phosphorus accumulating [mgCODI/L] 0
Biomass - Propionic acetogenic [mgCOD/L] 0
Biomass - Acetoclastic methanogenic [mgCODI/L] 0
Biomass - Hydrogenotrophic methanogenic [mgCOD/L] 0
Biomass - Endogenous products [mgCOD/L] 0

CODp - Slowly degradable particulate [mgCOD/L] 18180,00
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CODp - Slowly degradable colloidal [mgCOD/L]
CODp - Degradable external organics [mgCOD/L]
CODp - Undegradable non-cellulose [mgCOD/L]
CODp - Undegradable cellulose [mgCODI/L]

N - Particulate degradable organic [mgN/L]

P - Particulate degradable organic [mgP/L]

N - Particulate degradable external organics [mgN/L]
P - Particulate degradable external organics [mgP/L]
N - Particulate undegradable [mgN/L]

P - Particulate undegradable [mgP/L]

CODp - Stored PHA [mgCODI/L]

P - Releasable stored polyP [mgP/L]

P - Unreleasable stored polyP [mgP/L]

CODs - Complex readily degradable [mngCOD/L]
CODs - Acetate [mgCODI/L]

CODs - Propionate [mgCOD/L]

CODs - Methanol [mgCOD/L]

Gas - Dissolved hydrogen [mgCOD/L]

Gas - Dissolved methane [mg/L]

N - Ammonia [mgN/L]

N - Soluble degradable organic [mgN/L]

Gas - Dissolved nitrous oxide [mgN/L]

N - Nitrite [mgN/L]

N - Nitrate [mgN/L]

Gas - Dissolved nitrogen [mgN/L]

P - Soluble phosphate [mgP/L]

CODs - Undegradable [mgCOD/L]

N - Soluble undegradable organic [mgN/L]
Influent inorganic suspended solids [mgISS/L]
Precipitate - Struvite [mgISS/L]

Precipitate - Brushite [mgISS/L]

Precipitate - Hydroxy - apatite [mgISS/L]
Precipitate - Vivianite [mgISS/L]

HFO - High surface [mg/L]

HFO - Low surface [mg/L]

HFO - High with H2PO4- adsorbed [mg/L]

HFO - Low with H2PO4- adsorbed [mg/L]

HFO - Aged [mg/L]

HFO - Low with H+ adsorbed [mg/L]

HFO - High with H+ adsorbed [mg/L]

HAO - High surface [mg/L]




HAO - Low surface [mg/L] 0

HAO - High with H2PO4- adsorbed [mg/L] 0
HAO - Low with H2PO4- adsorbed [mg/L] 0
HAO - Aged [mg/L] 0
P - Bound on aged HMO [mgP/L] 0
Metal soluble - Magnesium [mg/L] 0
Metal soluble - Calcium [mg/L] 0
Metal soluble - Ferric [mg/L] 0
Metal soluble - Ferrous [mg/L] 0
Metal soluble - Aluminum [mg/L] 0
Other Cations (strong bases) [meaq/L] 0
Other Anions (strong acids) [meq/L] 0
Gas - Dissolved total CO2 [mmol/L] 0
User defined - UD1 [mg/L] 0
User defined - UD2 [mg/L] 0
User defined - UD3 [mgVSSI/L] 0
User defined - UD4 [mgISS/L] 0
Biomass - Sulfur oxidizing [mgCOD/L] 0
Biomass - Sulfur reducing propionic acetogenic [mngCODI/L] 0
Biomass - Sulfur reducing acetotrophic [ngCOD/L] 0
Biomass - Sulfur reducing hydrogenotrophic [mgCOD/L] 0
Gas - Dissolved total sulfides [mgS/L] 0
S - Soluble sulfate [mgS/L] 0
S - Particulate elemental sulfur [mgS/L] 0
Precipitate - Ferrous sulfide [mgISS/L] 0
CODp - Adsorbed hydrocarbon [mgCOD/L] 0
CODs - Degradable volatile ind. #1 [mgCODIL] 0
CODs - Degradable volatile ind. #2 [mgCODIL] 0
CODs - Degradable volatile ind. #3 [mgCOD/L] 0
CODs - Soluble hydrocarbon [mgCOD/L] 0
Gas - Dissolved oxygen [mg/L] 0
Flow 0,2

Configuration information for all Equalization Tank units

Physical data

Element name Volume[m3] Area[m2] Depth[m]




EFF Storage 1400,0000 266,6667 5,250
Drainage 27,0000 9,0000 3,000

BioWin Album

Album page - Loads Overview
Elements Flow [m3/d] Total Volatile ISS Total [kg BOD - Total COD - Total N - Total N P - Total P

suspended suspended /d] Carbonaceou  [kg /d] [kg N/d] [kg P/d]
solids [kg /d] solids [kg /d] s [kg /d]

INF 393,50 139,34 102,27 37,07 140,20 290,36 21,76 3,07
Drainage 0,22 0 0 0 0,06 0,09 0,01 0,00
GRIT 0,02 1,86 0,05 1,81 0,02 0,07 0,00 0,00
SCREENING 0,03 30,54 28,67 1,87 2,02 33,15 1,90 0,07
Dewatering 43,39 6,63 4,43 2,20 1,71 7,88 0,86 2,45
Centrifuge
Screen 436,84 113,56 77,97 35,59 139,86 265,03 20,72 5,45
(Amm)
ANA-1 633,59 394,99 274,63 120,37 207,89 497,35 37,47 15,80
ANOX-1 2837,19 3823,14 2534,17 1288,97 1078,97 3458,50 242,62 149,21
AT-1A 2988,78 4682,16 3027,54 1654,62 1249,96 4094,69 286,86 180,95
AT-1B 2988,78 4704,99 3011,57 1693,41 1231,71 4067,48 286,07 180,95
Collect 2988,78 4703,67 3007,30 1696,37 1225,31 4058,55 283,42 180,95
Distribute
MBR-A 0,13 0 0 0 0,00 0,00 0,00 0,00
EFF Storage 391,84 0 0 0 0,26 13,27 2,68 0,01
EFF 391,84 0,00 0,00 0,00 0,26 13,27 2,68 0,01
RAS Pit 393,34 1219,01 773,34 445,67 304,30 1029,34 70,70 47,53
WAS Tank 45,00 130,08 86,08 44,00 31,86 115,26 7,93 5,44
Dewatered 1,81 125,89 84,08 41,82 32,23 111,01 7,07 2,98
Sludge
FeCI3 0 0 0 0 0 0 0 0
POLYMER 0,20 2,44 2,42 0,02 2,08 3,64 0 0

Album page - Loads
Elements INF GRIT SCREENING EFF Dewatered Sludge FeClI3 POLYMER
Flow [m3/d] 393,50 0,02 0,03 391,84 1,81 0 0,20
Total suspended solids [kg /d] 139,34 1,86 30,54 0,00 125,89 0 2,44

91



Volatile suspended solids [kg /d] 102,27 0,05 28,67 0,00 84,08 0 2,42

ISS Total [kg /d] 37,07 1,81 1,87 0,00 41,82 0 0,02

BOD - Total Carbonaceous [kg /d] 140,20 0,02 2,02 0,26 32,23 0 2,08

COD - Total [kg /d] 290,36 0,07 33,15 13,27 111,01 0 3,64

N - Total N [kg N/d] 21,76 0,00 1,90 2,68 7,07 0 0

P - Total P [kg P/d] 3,07 0,00 0,07 0,01 2,98 0 0

Album page - Concentration Overview

Elements Flow [m3/d] Total Volatile ISS Total BOD - Total COD - Total N - Total N P - Total P
suspended suspended [mg/L] Carbonaceou  [mg/L] [mgN/L] [mgP/L]
solids [mg/L] solids [mg/L] s [mg/L]

INF 393,50 354,10 259,90 94,20 356,30 737,90 55,30 7,80

Drainage 0,22 0 0 0 252,71 395,78 42,82 6,59

GRIT 0,02 94518,07 2597,47 91920,60 1239,48 3748,07 161,47 27,59

SCREENING 0,03 970252,05 910753,91 59498,14 64266,93 1052933,99 60284,78 2373,05

Dewatering 43,39 152,70 101,98 50,72 39,32 181,71 19,91 56,57

Centrifuge

Screen 436,84 259,96 178,49 81,46 320,17 606,69 47,44 12,47

(Amm)

ANA-1 633,59 623,42 433,44 189,97 328,11 784,97 59,14 24,93

ANOX-1 2837,19 1347,51 893,20 454,31 380,29 1218,99 85,51 52,59

AT-1A 2988,78 1566,58 1012,97 553,61 418,22 1370,02 95,98 60,54

AT-1B 2988,78 1574,22 1007,63 566,59 412,11 1360,92 95,71 60,54

Collect 2988,78 1573,77 1006,19 567,58 409,97 1357,93 94,83 60,54

Distribute

MBR-A 0,13 0 0 0 0,67 33,88 6,90 0,03

EFF Storage 391,84 0 0 0 0,67 33,88 6,83 0,03

EFF 391,84 0,00 0,00 0,00 0,67 33,88 6,83 0,03

RAS Pit 393,34 3099,11 1966,08 1133,03 773,63 2616,90 179,73 120,82

WAS Tank 45,00 2890,70 1912,88 977,82 707,95 2561,26 176,24 120,82

Dewatered 1,81 69632,18 46503,58 23128,61 17825,39 61398,06 3908,50 1649,64

Sludge

FeCI3 0 0 0 0 0 0 0 0

POLYMER 0,20 12197,85 12120,00 77,85 10383,44 18180,00 0 0

Album page - Concentration
Elements INF ANA-1 ANOX-1 AT-1B Collect Distribute RAS Pit EFF
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Total suspended solids [mg/L] 354,10 623,42 1347,51 1574,22 1573,77 3099,11 0,00

Volatile suspended solids [mg/L] 259,90 433,44 893,20 1007,63 1006,19 1966,08 0,00
ISS Total [mg/L] 94,20 189,97 454,31 566,59 567,58 1133,03 0,00
BOD - Total Carbonaceous [mg/L] 356,30 328,11 380,29 412,11 409,97 773,63 0,67
BOD - Filtered Carbonaceous [mg/L] 258,11 123,47 4,23 1,20 0,58 0,39 0,67
COD - Total [mg/L] 737,90 784,97 1218,99 1360,92 1357,93 2616,90 33,88
COD - Patrticulate [mg/L] 334,68 580,52 1181,10 1327,31 1325,11 2582,74 0,00
COD - Filtered [mg/L] 403,22 204,45 37,89 33,61 32,81 34,15 33,88
N - Total N [mgN/L] 55,30 59,14 85,51 95,71 94,83 179,73 6,83
N - Total Kjeldahl Nitrogen [mgN/L] 55,10 59,14 85,51 93,22 93,10 176,39 1,88
N - Particulate TKN [mgN/L] 11,80 29,12 75,45 88,42 88,48 174,63 0,00
N - Ammonia [mgN/L] 41,40 29,06 8,99 3,45 3,35 0,38 0,45
N - Nitrate [mgN/L] 0,20 0,00 0,00 1,32 0,75 3,03 4,60
P - Total P [mgP/L] 7,80 24,93 52,59 60,54 60,54 120,82 0,03
P - Soluble phosphate [mgP/L] 5,60 14,02 13,58 0,40 0,06 0,09 0,03

Album page - Conversions

Elements Nit - Denit - OTR [kg/d] OUR - OUR - OUR - Sulfur ~ OUR - Total SOTR [kg/d]

Ammonia Nitrate Carbonaceou  Nitrification [ka/d] [ka/d]

removal rate removal rate s [kag/d] [ka/d]

[kg/d] [kg/d]
ANA-1 0,00 0,08 0 0,00 0,00 0,00 0,00 0
ANA-2 0 0 0 0 0 0 0 0
ANOX-1 0,00 1,64 0 0,03 0,00 0,06 0,09 0
ANOX-2 0 0 0 0 0 0 0 0
AT-1A 4,34 1,12 76,01 34,13 16,28 21,75 72,17 210,88
AT-1B 4,35 0,59 57,11 27,49 16,73 10,80 55,01 171,20
AT-2A 0 0 0 0 0 0 0 0
AT-2B 0 0 0 0 0 0 0 0
Collect 0,35 1,81 0 2,66 1,26 1,94 5,86 0
Distribute
MBR-A 0,47 0,02 6,76 3,18 2,09 0,18 5,44 190,24
MBR-B 1,87 0,11 25,19 12,55 8,29 0,76 21,59 190,24
MBR-C 0,47 0,02 6,75 3,18 2,09 0,18 5,44 190,24
RAS Pit 0,32 0,89 0 2,08 1,29 0,12 3,49 0
WAS Tank 0,00 0,14 0 0,00 0,00 0,00 0,01 0
Total 12,17 6,41 171,82 85,29 48,02 35,79 169,10 952,80
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Global Parameters

Common
Name Default Value
Hydrolysis rate [1/d] 2,1000 2,1000 1,0290
Hydrolysis half sat. [-] 0,0600 0,0600 1,0000
Anoxic hydrolysis factor [-] 0,2800 0,2800 1,0000
Anaerobic hydrolysis factor (AS) [-] 0,0400 0,0400 1,0000
Anaerobic hydrolysis factor (AD) [-] 0,5000 0,5000 1,0000
Adsorption rate of colloids [L/(mgCOD d)] 0,1500 0,1500 1,0290
Ammonification rate [L/(mgCOD d)] 0,0800 0,0800 1,0290
Assimilative nitrate/nitrite reduction rate [1/d] 0,5000 0,5000 1,0000
Endogenous products decay rate [1/d] 0 0 1,0000
Ammonia oxidizing
Name Default Value
Max. spec. growth rate [1/d] 0,9000 0,9000 1,0720
Substrate (NH4) half sat. [mgN/L] 0,7000 0,7000 1,0000
Byproduct NH4 logistic slope [-] 50,0000 50,0000 1,0000
Byproduct NH4 inflection point [mgN/L] 1,4000 1,4000 1,0000
Denite DO half sat. [mg/L] 0,1000 0,1000 1,0000
Denite HNO2 half sat. [mgN/L] 5,000E-6 5,000E-6 1,0000
Aerobic decay rate [1/d] 0,1700 0,1700 1,0290
Anoxic/anaerobic decay rate [1/d] 0,0800 0,0800 1,0290
KiHNO2 [mmol/L] 5,000E-3 5,000E-3 1,0000
Nitrite oxidizing
Name Default Value
Max. spec. growth rate [1/d] 0,7000 0,7000 1,0600
Substrate (NO2) half sat. [mgN/L] 0,1000 0,1000 1,0000
Aerobic decay rate [1/d] 0,1700 0,1700 1,0290
Anoxic/anaerobic decay rate [1/d] 0,0800 0,0800 1,0290
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KiNH3 [mmol/L] 0,0750 0,0750 1,0000

Anaerobic ammonia oxidizing

Name Default Value

Max. spec. growth rate [1/d] 0,2000 0,2000 1,1000
Substrate (NH4) half sat. [mgN/L] 2,0000 2,0000 1,0000
Substrate (NO2) half sat. [mgN/L] 1,0000 1,0000 1,0000
Aerobic decay rate [1/d] 0,0190 0,0190 1,0290
Anoxic/anaerobic decay rate [1/d] 9,500E-3 9,500E-3 1,0290
Ki Nitrite [mgN/L] 1000,0000 1000,0000 1,0000
Nitrite sensitivity constant [L / (d mgN) ] 0,0160 0,0160 1,0000
Name Default Value

Max. spec. growth rate [1/d] 3,2000 3,2000 1,0290
Substrate half sat. [mgCOD/L] 5,0000 5,0000 1,0000
Anoxic growth factor [-] 0,5000 0,8000 1,0000
Denite N2 producers (NO3 or NO2) [-] 0,5000 0,5000 1,0000
Aerobic decay rate [1/d] 0,6200 0,6200 1,0290
Anoxic decay rate [1/d] 0,2330 0,2330 1,0290
Anaerobic decay rate [1/d] 0,1310 0,1310 1,0290
Fermentation rate [1/d] 1,6000 1,6000 1,0290
Fermentation half sat. [ngCOD/L] 5,0000 5,0000 1,0000
Fermentation growth factor (AS) [-] 0,2500 0,2500 1,0000

Free nitrous acid inhibition [mol/L] 1,000E-7 1,000E-7 1,0000

Heterotrophic on industrial COD

Name Default Value
Maximum specific growth rate on Ind #1 COD [1/d] 4,3000 4,3000 1,0290
Substrate (Ind #1) half sat. [ngCODI/L] 1,0000 1,0000 1,0000

Inhibition coefficient for Ind #1 [mgCOD/L] 60,0000 60,0000 1,0000




Anaerobic growth factor for Ind #1 [mgCOD/L] 0,0500 0,0500 1,0000
Maximum specific growth rate on Ind #2 COD [1/d] 1,5000 1,5000 1,0290
Substrate (Ind #2) half sat. [ngCOD/L] 30,0000 30,0000 1,0000
Inhibition coefficient for Ind #2 [mgCOD/L] 3000,0000 3000,0000 1,0000
Anaerobic growth factor for Ind #2 [mgCOD/L] 0,0500 0,0500 1,0000
Maximum specific growth rate on Ind #3 COD [1/d] 4,3000 4,3000 1,0290
Substrate (Ind #3) half sat. [ngCOD/L] 1,0000 1,0000 1,0000
Inhibition coefficient for Ind #3 COD [mgCODI/L] 60,0000 60,0000 1,0000
Anaerobic growth factor for Ind #3 [mgCOD/L] 0,0500 0,0500 1,0000
Maximum specific growth rate on adsorbed hydrocarbon COD [1/d] 2,0000 2,0000 1,0290
Substrate (adsorbed hydrocarbon ) half sat. [-] 0,1500 0,1500 1,0000
Anaerobic growth factor for adsorbed hydrocarbons [mgCOD/L] 0,0100 0,0100 1,0000
Adsorption rate of soluble hydrocarbons [I/(mgCOD d)] 0,2000 0,2000 1,0000
Methylotrophic
Name Default Value
Max. spec. growth rate [1/d] 1,3000 1,3000 1,0720
Methanol half sat. [ngCOD/L] 0,5000 0,5000 1,0000
Denite N2 producers (NO3 or NO2) [-] 0,5000 0,5000 1,0000
Aerobic decay rate [1/d] 0,0400 0,0400 1,0290
Anoxic/anaerobic decay rate [1/d] 0,0300 0,0300 1,0290
Free nitrous acid inhibition [mmol/L] 1,000E-7 1,000E-7 1,0000
Phosphorus accumulating
Name Default Value
Max. spec. growth rate [1/d] 0,9500 0,9500 1,0000
Max. spec. growth rate, P-limited [1/d] 0,4200 0,4200 1,0000
Substrate half sat. [ngCOD(PHB)/mgCOD(Zbp)] 0,1000 0,1000 1,0000
Substrate half sat., P-limited [mgCOD(PHB)/mgCOD(Zbp)] 0,0500 0,0500 1,0000
Magnesium half sat. [mgMg/L] 0,1000 0,1000 1,0000
Cation half sat. [mmol/L] 0,1000 0,1000 1,0000
Calcium half sat. [mgCa/L] 0,1000 0,1000 1,0000
Aerobic/anoxic decay rate [1/d] 0,1000 0,1000 1,0000
Aerobic/anoxic maintenance rate [1/d] 0 0 1,0000
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Anaerobic decay rate [1/d] 0,0400 0,0400 1,0000

Anaerobic maintenance rate [1/d] 0 0 1,0000

Sequestration rate [1/d] 4,5000 4,5000 1,0000

Anoxic growth factor [-] 0,3300 0,3300 1,0000
Propionic acetogenic

Name Default Value

Max. spec. growth rate [1/d] 0,2500 0,2500 1,0290

Substrate half sat. [ngCOD/L] 10,0000 10,0000 1,0000

Acetate inhibition [ngCOD/L] 10000,0000 10000,0000 1,0000

Anaerobic decay rate [1/d] 0,0500 0,0500 1,0290

Aerobic/anoxic decay rate [1/d] 0,5200 0,5200 1,0290
Methanogenic

Name Default Value

Acetoclastic max. spec. growth rate [1/d] 0,3000 0,3000 1,0290

H2-utilizing max. spec. growth rate [1/d] 1,4000 1,4000 1,0290

Acetoclastic substrate half sat. [mngCOD/L] 100,0000 100,0000 1,0000

Acetoclastic methanol half sat. [mngCOD/L] 0,5000 0,5000 1,0000

H2-utilizing CO2 half sat. [mmol/L] 0,1000 0,1000 1,0000

H2-utilizing substrate half sat. [ngCOD/L] 1,0000 1,0000 1,0000

H2-utilizing methanol half sat. [mgCOD/L] 0,5000 0,5000 1,0000

Acetoclastic propionic inhibition [mgCODIL] 10000,0000 10000,0000 1,0000

Acetoclastic anaerobic decay rate [1/d] 0,1300 0,1300 1,0290

Acetoclastic aerobic/anoxic decay rate [1/d] 0,6000 0,6000 1,0290

H2-utilizing anaerobic decay rate [1/d] 0,1300 0,1300 1,0290

H2-utilizing aerobic/anoxic decay rate [1/d] 2,8000 2,8000 1,0290
Sulfur oxidizing

Name Default Value

Maximum specific growth rate (sulfide) [1/d] 0,7500 0,7500 1,0290
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Maximum specific growth rate (sulfur) [1/d] 0,1000 0,1000 1,0290
Substrate (H2S) half sat. [mgS/L] 1,0000 1,0000 1,0000
Substrate (sulfur) half sat. [mgS/L] 1,0000 1,0000 1,0000
Anoxic growth factor [-] 0,5000 0,5000 1,0000
Decay rate [1/d] 0,0400 0,0400 1,0290
Sulfur reducing
Name Default Value
Propionic max. spec. growth rate [1/d] 0,5830 0,5830 1,0350
Propionic acid half sat. [ngCOD/L] 295,0000 295,0000 1,0000
Hydrogen sulfide inhibition coefficient [mgS/L] 185,0000 185,0000 1,0000
Sulfate (SO4=) half sat. [mgS/L] 2,4700 2,4700 1,0000
Decay rate [1/d] 0,0185 0,0185 1,0350
Acetotrophic max. spec. growth rate [1/d] 0,6120 0,6120 1,0350
Acetic acid half sat. [ngCOD/L] 24,0000 24,0000 1,0000
Hydrogen sulfide inhibition coefficient [mgS/L] 164,0000 164,0000 1,0000
Sulfate (SO4=) half sat. [mgS/L] 6,4100 6,4100 1,0000
Decay rate [1/d] 0,0275 0,0275 1,0350
Hydrogenotrophic max. spec. growth rate with SO4= [1/d] 2,8000 2,8000 1,0350
Hydrogenotrophic max. spec. growth rate with S [1/d] 0,1000 0,1000 1,0350
Hydrogen half sat. [ngCODI/L] 0,0700 0,0700 1,0000
Hydrogen sulfide inhibition coefficient [mgS/L] 550,0000 550,0000 1,0000
Sulfate (SO4=) half sat. [mgS/L] 6,4100 6,4100 1,0000
Sulfur (S) half sat. [mgS/L] 50,0000 50,0000 1,0000
Decay rate [1/d] 0,0600 0,0600 1,0350
pH
Name Default Value
Ordinary heterotrophic low pH limit [-] 4,0000 4,0000
Ordinary heterotrophic high pH limit [-] 10,0000 10,0000
Methylotrophic low pH limit [-] 4,0000 4,0000
Methylotrophic high pH limit [-] 10,0000 10,0000
Autotrophic low pH limit [-] 5,5000 5,5000
Autotrophic high pH limit [-] 9,5000 9,5000
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Phosphorus accumulating low pH limit [-] 4,0000 4,0000
Phosphorus accumulating high pH limit [-] 10,0000 10,0000
Ordinary heterotrophic low pH limit (anaerobic) [-] 5,5000 5,5000
Ordinary heterotrophic high pH limit (anaerobic) [-] 8,5000 8,5000
Propionic acetogenic low pH limit [-] 4,0000 4,0000
Propionic acetogenic high pH limit [-] 10,0000 10,0000
Acetoclastic methanogenic low pH limit [-] 5,0000 5,0000
Acetoclastic methanogenic high pH limit [-] 9,0000 9,0000
H2-utilizing methanogenic low pH limit [-] 5,0000 5,0000
H2-utilizing methanogenic high pH limit [-] 9,0000 9,0000
Switches
Name Default Value
Ordinary heterotrophic DO half sat. [mgO2/L] 0,1500 0,1500
Phosphorus accumulating DO half sat. [ngO2/L] 0,0500 0,0500
Anoxic/anaerobic NOx half sat. [mgN/L] 0,1500 0,1500
Ammonia oxidizing DO half sat. [ngO2/L] 0,2500 0,2500
Nitrite oxidizing DO half sat. [mgO2/L] 0,5000 0,5000
Anaerobic ammonia oxidizing DO half sat. [mgO2/L] 0,0100 0,0100
Sulfur oxidizing sulfate pathway DO half sat. [ngO2/L] 0,2500 0,2500
Sulfur oxidizing sulfur pathway DO half sat. [mgO2/L] 0,0500 0,0500
Anoxic NO3(->NO2) half sat. [mgN/L] 0,1000 0,1000
Anoxic NO3(->N2) half sat. [mgN/L] 0,0500 0,0500
Anoxic NO2(->N2) half sat. (mgN/L) 0,0100 0,0100
NHS3 nutrient half sat. [mgN/L] 5,000E-3 5,000E-3
PolyP half sat. [ngP/mgCOD] 0,0100 0,0100
VFA sequestration half sat. [mgCOD/L] 5,0000 5,0000
P uptake half sat. [mgP/L] 0,1500 0,1500
P nutrient half sat. [mgP/L] 1,000E-3 1,000E-3
Autotrophic CO2 half sat. [mmol/L] 0,1000 0,1000
H2 low/high half sat. [ngCOD/L] 1,0000 1,0000
Propionic acetogenic H2 inhibition [mgCOD/L] 5,0000 5,0000
Synthesis anion/cation half sat. [meqg/L] 0,0100 0,0100

Common
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Name Default Value
Biomass/Endog Ca content (gCa/gCOD) 3,912E-3 3,912E-3
Biomass/Endog Mg content (gMg/gCOD) 3,912E-3 3,912E-3
Biomass/Endog other cations content (mol/gCOD) 5,115E-4 5,115E-4
Biomass/Endog other Anions content (mol/gCOD) 1,410E-4 1,410E-4
N in endogenous residue [mgN/mgCOD] 0,0700 0,0700
P in endogenous residue [mgP/mgCOD] 0,0220 0,0220
Ca content of slowly biodegradabe (gCa/gCOD) 3,912E-3 3,912E-3
Mg content of slowly biodegradabe (gMg/gCOD) 3,700E-4 3,700E-4
Endogenous residue COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Particulate substrate COD:VSS ratio [mgCOD/mgVSS] 1,6327 1,5000
Particulate inert COD:VSS ratio [mgCOD/mgVSS] 1,6000 1,1000
Cellulose COD:VSS ratio [mgCOD/mgVSS] 1,4000 1,4000
External organic COD:VSS ratio [ngCOD/mgVSS] 1,6000 1,6000
Molecular weight of other anions [mg/mmol] 35,5000 35,5000
Molecular weight of other cations [mg/mmol] 39,0983 39,0983
Ammonia oxidizing
Name Default Value
Yield [ngCOD/mgN] 0,1500 0,1500
Denite NO2 fraction as TEA [-] 0,5000 0,5000
Byproduct NH4 fraction to N20O [-] 2,500E-3 2,500E-3
N in biomass [mgN/mgCOD] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Nitrite oxidizing
Name Default Value
Yield [mgCOD/mgN] 0,0900 0,0900
N in biomass [mgN/mgCOD] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
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Anaerobic ammonia oxidizing

Name Default Value
Yield [mgCOD/mgN] 0,1140 0,1140
Nitrate production [mgN/mgBiomassCOD] 2,2800 2,2800
N in biomass [mgN/mgCOD)] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
Ordinary heterotrophic
Name Default Value
Yield (aerobic) [-] 0,6660 0,6660
Yield (fermentation, low H2) [-] 0,1000 0,1000
Yield (fermentation, high H2) [-] 0,1000 0,1000
H2 yield (fermentation low H2) [-] 0,3500 0,3500
H2 yield (fermentation high H2) [-] 0 0
Propionate yield (fermentation, low H2) [-] 0 0
Propionate yield (fermentation, high H2) [-] 0,7000 0,7000
CO2 yield (fermentation, low H2) [-] 0,7000 0,7000
CO2 yield (fermentation, high H2) [-] 0 0
N in biomass [mgN/mgCOD)] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Endogenous fraction - aerobic [-] 0,0800 0,0800
Endogenous fraction - anoxic [-] 0,1030 0,1030
Endogenous fraction - anaerobic [-] 0,1840 0,1840
COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Yield (anoxic) [-] 0,5400 0,5400
Yield propionic (aerobic) [-] 0,6400 0,6400
Yield propionic (anoxic) [-] 0,4600 0,4600
Yield acetic (aerobic) [-] 0,6000 0,6000
Yield acetic (anoxic) [-] 0,4300 0,4300
Yield methanol (aerobic) [-] 0,5000 0,5000
Adsorp. max. [-] 1,0000 1,0000
Max fraction to N2O at high FNA over nitrate [-] 0,0500 0,0500
Max fraction to N20 at high FNA over nitrite [-] 0,1000 0,1000
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Ordinary heterotrophic on industrial COD

Name Default Value
Yield Ind #1 COD (Aerobic) [-] 0,5000 0,5000
Yield Ind #1 COD (Anoxic) [-] 0,4000 0,4000
Yield Ind #1 COD (Anaerobic) [-] 0,0400 0,0400
COD:Mole ratio - Ind #1 COD [gCOD/Mol] 224,0000 224,0000
Yield Ind #2 COD (Aerobic ) [-] 0,5000 0,5000
Yield Ind #2 COD (Anoxic) [-] 0,4000 0,4000
Yield Ind #2 COD (Anaerobic) [-] 0,0500 0,0500
COD:Mole ratio - Ind #2 COD [gCOD/Mol] 240,0000 240,0000
Yield on Ind #3 COD (Aerobic) [-] 0,5000 0,5000
Yield on Ind #3 COD (Anoxic) [-] 0,4000 0,4000
Yield on Ind #3 COD (Anaerobic) [-] 0,0400 0,0400
COD:Mole ratio - Ind #3 COD [gCOD/Mol] 288,0000 288,0000
Yield enmeshed hydrocarbons (Aerobic) [-] 0,5000 0,5000
Yield enmeshed hydrocarbons (Anoxic) [-] 0,4000 0,4000
Yield enmeshed hydrocarbons (Anaerobic) [-] 0,0400 0,0400
COD:Mole ratio - Hydrocarbon COD [gCOD/Mol] 336,0000 336,0000
Hydrocarbon COD:VSS ratio [mgCOD/mgVSS] 3,2000 3,2000
Max. hydrocarbon adsorp. ratio [-] 1,0000 1,0000
Yield of Ind #1 on Ind #3 COD (Aerobic) [-] 0 0
Yield of Ind #1 on Ind #3 COD (Anoxic) [-] 0 0
Hydrocarbon Yield on Ind #3 COD (Aerobic) [-] 0 0
Hydrocarbon Yield on Ind #3 COD (Anoxic) [-] 0 0
Methylotrophic
Name Default Value
Yield (anoxic) [-] 0,4000 0,4000
N in biomass [mgN/mgCQOD)] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
Max fraction to N20 at high FNA over nitrate [-] 0,1000 0,1000
Max fraction to N20 at high FNA over nitrite [-] 0,1500 0,1500
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Phosphorus accumulating

Name Default Value

Yield (aerobic) [-] 0,6390 0,6390
Yield (anoxic) [-] 0,5200 0,5200
Aerobic P/PHA uptake [mgP/mgCOD] 0,9300 0,9300
Anoxic P/PHA uptake [mgP/mgCOD] 0,3500 0,3500
Yield of PHA on sequestration [-] 0,8890 0,8890
N in biomass [mgN/mgCOD] 0,0700 0,0700
N in sol. inert [mgN/mgCOD] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous part. [-] 0,2500 0,2500
Inert fraction of endogenous sol. [-] 0,2000 0,2000
P/Ac release ratio [mgP/mgCOD] 0,5100 0,5100
COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Yield of low PP [-] 0,9400 0,9400
Mg to P mole ratio in polyphosphate [mmolMg/mmolP] 0,3000 0,3000
Cation to P mole ratio in polyphosphate [meg/mmolP] 0,1500 0,1500
Cato P mole ratio in polyphosphate [mmolCa/mmolP] 0,0500 0,0500

Propionic acetogenic

Name Default Value

Yield [-] 0,1000 0,1000
H2 yield [-] 0,4000 0,4000
CO2yield [] 1,0000 1,0000
N in biomass [mgN/mgCQOD)] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200

Methanogenic
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Name Default Value
Acetoclastic yield [-] 0,1000 0,1000
Acetoclastic yield on methanol[-] 0,1000 0,1000
H2-utilizing yield [-] 0,1000 0,1000
H2-utilizing yield on methanol [-] 0,1000 0,1000
N in acetoclastic biomass [mgN/mgCOD)] 0,0700 0,0700
N in H2-utilizing biomass [mMgN/mgCOD)] 0,0700 0,0700
P in acetoclastic biomass [mgP/mgCOD] 0,0220 0,0220
P in H2-utilizing biomass [mgP/mgCOD] 0,0220 0,0220
Acetoclastic fraction to endog. residue [-] 0,0800 0,0800
H2-utilizing fraction to endog. residue [-] 0,0800 0,0800
Acetoclastic COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
H2-utilizing COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
Sulfur oxidizing
Name Default Value
Yield (aerobic) [ngCOD/mgS] 0,5000 0,5000
Yield (Anoxic) [mgCOD/mgS] 0,3500 0,3500
N in biomass [mgN/mgCOD] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Sulfur reducing
Name Default Value
Yield [ngCOD/mg H2 COD] 0,0712 0,0712
Yield [mgCOD/mg Ac COD] 0,0470 0,0470
Yield [ngCOD/mg Pr COD] 0,0384 0,0384
N in biomass [mgN/mgCOD] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
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General

Name Default Value
Tank head loss per metre of length (from flow) [m/m] 2,500E-3 2,500E-3
BOD calculation rate constant for Xsc degradation [/d] 0,5000 0,5000
BOD calculation rate constant for Xsp (and hydrocarbon) degradation [/d] 0,5000 0,5000
BOD calculation rate constant for Xeo degradation [/d] 0,5000 0,5000

Heating fuel/Chemical Costs

Name Default Value

Methanol [€/L] 0,3884 0,3884
Ferric [€/L] 0,0883 0,0883
Ferrous [€/L] 0,0883 0,0883
Aluminium [€/L] 0,0706 0,0706
Natural gas [€/GJ] 2,6480 2,6480
Heating oil [€/L] 0,4413 0,4413
Diesel [€/L] 0,6179 0,6179
Custom fuel [€/L] 0,8827 0,8827
Biogas sale price [€/GJ] 1,7653 1,7653

Anaerobic digester

Name

Default Value

Bubble rise velocity (anaerobic digester) [cm/s]

23,9000 23,9000

Bubble Sauter mean diameter (anaerobic digester) [cm] 0,3500 0,3500

Anaerobic digester gas hold-up factor [] 1,0000 1,0000
Combined Heat and Power (CHP) engine

Name Default Value

Methane heat of combustion [kJ/mole] 800,0000 800,0000

Hydrogen heat of combustion [kJ/mole] 240,0000 240,0000

CHP engine heat price [€/kWh] 0 0
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CHP engine power price [€/kWh] 0,1324 0,1324
Calorific values of heating fuels

Name Default Value

Calorific value of natural gas [kJ/kg] 48000 48000

Calorific value of heating fuel oil [kJ/kg] 42000 42000

Calorific value of diesel [kJ/kg] 46000 46000

Calorific value of custom fuel [kJ/kg] 32000 32000
Density of liquid heating fuels

Name Default Value

Density of heating fuel oil [kg/m3] 900 900

Density of diesel [kg/m3] 875 875

Density of custom fuel [kg/m3] 790 790
Mass transfer

Name Default Value

Kl for H2 [m/d] 17,0000 17,0000 1,0240

Kl for CO2 [m/d] 10,0000 10,0000 1,0240

Kl for NH3 [m/d] 1,0000 1,0000 1,0240

Kl for CH4 [m/d] 8,0000 8,0000 1,0240

Kl for N2 [m/d] 15,0000 15,0000 1,0240

Kl for N2O [m/d] 8,0000 8,0000 1,0240

Kl for H2S [m/d] 1,0000 1,0000 1,0240

Kl for Ind #1 COD [m/d] 0 0 1,0240

Kl for Ind #2 COD [m/d] 0,5000 0,5000 1,0240

Kl for Ind #3 COD [m/d] 0 0 1,0240

Kl for 02 [m/d] 13,0000 13,0000 1,0240

Henry's law constants
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Name Default Value

CO2 [M/atm] 3,4000E-2 3,4000E-2 2400,0000
02 [M/atm] 1,3000E-3 1,3000E-3 1500,0000
N2 [M/atm] 6,5000E-4 6,5000E-4 1300,0000
N20 [M/atm] 2,5000E-2 2,5000E-2 2600,0000
NH3 [M/atm] 5,8000E+1 5,8000E+1 4100,0000
CH4 [M/atm] 1,4000E-3 1,4000E-3 1600,0000
H2 [M/atm] 7,8000E-4 7,8000E-4 500,0000
H2S [M/Atm] 1,0000E-1 1,0000E-1 2200,0000
Ind 1 [M/Atm] 1,9000E+3 1,9000E+3 7300,0000
Ind 2 [M/Atm] 1,8000E-1 1,8000E-1 2200,0000
Ind 3 [M/Atm] 1,5000E-1 1,5000E-1 1900,0000

Properties constants

Name Default Value

K in Viscosity = K e A(Ea/RT) [Pa s] 6,849E-7 6,849E-7

Eain Viscosity = K e NEa/RT) [j/mol] 1,780E+4 1,780E+4

Y in ML Viscosity = H20 viscosity * (1+A*MLSS"Y) [-] 1,0000 1,0000

A'in ML Viscosity = H20 viscosity * (1+A*MLSS"Y) [m3/g] 1,000E-7 1,000E-7

A in ML Density = H20 density + A*MLSS [(kg/m3)/(g/m3)] 3,248E-4 3,248E-4

A in Antoine equn. [T in K, P in Bar {NIST}] 5,2000 5,2000

B in Antoine equn. [T in K, P in Bar {NIST}] 1734,0000 1734,0000

C in Antoine equn. [T in K, P in Bar {NIST}] -39,5000 -39,5000
Metal salt solution densities

Name Default Value

Ferric chloride solution density [kg/m3] 3820,0000 3820,0000

Ferrous chloride solution density [kg/m3] 3160,0000 3160,0000

Aluminium sulfate solution density [kg/m3] 1950,0000 1950,0000

Mineral precipitation rates
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Name Default Value
Vivianite precipitation rate [L/(mol d)] 1,000E+5 1,000E+5 1,0240
Vivianite redissolution rate [L/(mol d)] 1,000E+5 1,000E+5 1,0240
Vivianite half sat. [ngTSS/L] 0,0100 0,0100 1,0000
FeS precipitation rate [L/(mol d)] 1000,0000 1000,0000 1,0240
FeS redissolution rate [L/(mol d)] 10,0000 10,0000 1,0240
FeS half sat. [mgTSS/L] 0,1000 0,1000 1,0000
Struvite precipitation rate [L"2/(mol*2 d)] 3,000E+10 3,000E+10 1,0240
Struvite redissolution rate [L"2/(mol*2 d)] 3,000E+11 3,000E+11 1,0240
Struvite half sat. [ngTSS/L] 1,0000 1,0000 1,0000
Brushite precipitation rate [L/(mol d)] 1,000E+6 1,000E+6 1,0000
Brushite redissolution rate [L/(mol d)] 10000,0000 10000,0000 1,0000
Brushite half sat. [mgTSS/L] 1,0000 1,0000 1,0000
HAP precipitation rate [g/d] 5,000E-4 5,000E-4 1,0000
Mineral precipitation constants
Name Default Value
Vivianite solubility product [mol/L]"5 1,710E-36 1,710E-36
FeS solubility product [mol/L]*2 4,258E-4 4,258E-4
Struvite solubility product [mol/L]*3 6,918E-14 6,918E-14
Brushite solubility product [mol/L]*2 2,490E-7 2,490E-7
Fe rates
Name Default Value
A in aging rate = A * exp(-G/B) [1/d)] 16,1550 16,1550 1,0000
B in aging rate = A * exp(-G/B) [1/s)] 57,3000 57,3000 1,0000
HFO(L) aging rate factor 2,500E-4 2,500E-4 1,0000
HFO(H) with H2PO4- bound aging factor [| 1,000E-5 1,000E-5 1,0000
HFO(L) with H2PO4- bound aging factor [] 0,4000 0,4000 1,0000
H2PO4- coprecipitation rate [mol/(L d)] 1,500E-9 1,500E-9 1,0000
H2PO4- Adsorption rate [mol /(L d)] 2,000E-11 2,000E-11 1,0000
H+ competition for HFO(H) protonation sites [L/(mmol . d)] 1000,0000 1000,0000 1,0000
H+ competition for HFO(L) protonation sites [L/(mmol . d)] 100,0000 100,0000 1,0000
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Fe constants

Name Default Value
Ferric active site factor(high) [ {mol Sites}/{mol HFO(H)}] 4,0000 4,0000
Ferric active site factor(low) [ {mol Sites}/{mol HFO(L)}] 2,4000 2,4000

H+ competition level for Fe(OH)3 [mol/L] 7,000E-7 7,000E-7
Equilibrium constant for FeOH3-H2PO4- [ {mf HFO(H).H2PO4}/({mol H2PO4-Kmf HFO(H)}*2)] 2,000E-9 2,000E-9
Colloidal COD removed with Ferric [gCOD/Fe active site] 80,0000 80,0000
Minimum residual P level with iron addition [mgP/L] 0,0150 0,0150
HFO(H) with H2PO4- P release factor 10000,0000 10000,0000
HFO(L) with H2PO4- P release factor 10000,0000 10000,0000

Fe RedOx rates

Name Default Value
Iron reduction using acetic acid 1,000E-7 1,000E-7 1,0000
Half Sat. acetic acid 0,5000 0,5000 1,0000
Iron reduction using propionic acid 1,000E-7 1,000E-7 1,0000
Half Sat. propionic acid 0,5000 0,5000 1,0000
Iron reduction using dissolved hydrogen gas 1,000E-7 1,000E-7 1,0000
Half Sat. dissolved hydrogen gas 0,5000 0,5000 1,0000
Iron reduction using hydrogen sulfide 5,000E-5 5,000E-5 1,0000
Half Sat. hydrogen sulfide 0,5000 0,5000 1,0000
Iron oxidation rate (aerobic) 1,000E-3 1,000E-3 1,0000
Abiotic iron reduction using acetic acid 2,000E-5 2,000E-5 1,0000
Abiotic iron reduction using propionic acid 2,000E-5 2,000E-5 1,0000
Abiotic iron reduction using dissolved hydrogen gas 2,000E-5 2,000E-5 1,0000
Abiotic iron reduction using hydrogen sulfide 2,000E-5 2,000E-5 1,0000
Abiotic iron oxidation rate (aerobic) 1,0000 1,0000 1,0000
CEPT rates
Name Default Value
HFO colloidal adsorption rate 1,0000 1,0000 1,0000
Residual Xsc for adsorption to HFO 5,0000 5,0000 1,0000
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Slope for Xsc residual 1,0000 1,0000 1,0000

HAO colloidal adsorption rate 1,0000 1,0000 1,0000

Residual Xsc for adsorption to HAO 5,0000 5,0000 1,0000

Slope for Xsc residual 1,0000 1,0000 1,0000

Al rates

Name Default Value

A in aging rate = A * exp(-G/B) [1/d)] 16,1550 16,1550 1,0000
B in aging rate = A * exp(-G/B) [1/s)] 57,3000 57,3000 1,0000
HAO(L) aging rate factor 2,500E-4 2,500E-4 1,0000
HAO(H) with H2PO4- bound aging factor [] 1,000E-5 1,000E-5 1,0000
HAO(L) with H2PO4- bound aging factor [] 0,4000 0,4000 1,0000
H2PO4- coprecipitation rate [mol/(L d)] 1,500E-9 1,500E-9 1,0000
H2PO4- Adsorption rate [mol /(L d)] 1,000E-9 1,000E-9 1,0000

Al constants

Name Default Value

Al active site factor(high) [ {mol Sites}/{mol HAO(H)}] 3,0000 3,0000

Al active site factor(low) [{mol Sites}/{mol HAO(L)}] 1,5000 1,5000
Equilibrium constant for AIOH3-H2PO4- [ {mf HAO(H).H2PO4}/({mol H2PO4-}{mf HAO(H)}"2)] 8,000E-10 8,000E-10
Colloidal COD removed with Al [gCOD/AI active site] 30,0000 30,0000
Minimum residual P level with Al addition [mgP/L] 0,0150 0,0150
HAO(H) with H2PO4- P release factor 10000,0000 10000,0000
HAO(L) with H2PO4- P release factor 10000,0000 10000,0000

Pipe and pump parameters

Name Default Value
Static head [m] 0,2500 0,2500
Pipe length (headloss calc.s) [m] 50,0000 50,0000
Pipe inside diameter [mm] 500,000 500,000
K(fittings) - Total minor losses K 5,0000 5,0000
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Pipe roughness [mm]

0,200 0,200

‘A" in overall pump efficiency = A + B*Q + C*(Q"2)[ - ] 0,8500 0,8500
'B' in overall pump efficiency = A + B*Q + C*(Q"2)[ [ -]/(m3/d) ] 0 0
'C' in overall pump efficiency = A + B*Q + C*(Q"2)[ [ - [/(m3/d)"2] 0 0
Fittings and loss coefficients ('K' values)
Name Default Value
Pipe entrance (bellmouth) 0,0500 1,0000
90° bend 0,7500 5,0000
45° bend 0,3000 2,0000
Butterfly value (open) 0,3000 1,0000
Non-return value 1,0000 0
Outlet (bellmouth) 0,2000 1,0000
Aeration
Name Default Value
Surface pressure [kPa] 101,3250 101,3250
Fractional effective saturation depth (Fed) [-] 0,3250 0,3250
Supply gas CO2 content [vol. %] 0,0400 0,0400
Supply gas O2 [vol. %] 20,9500 20,9500
Off-gas CO2 [vol. %] 2,0000 2,0000
Off-gas O2 [vol. %] 18,8000 18,8000
Off-gas H2 [vol. %] 0 0
Off-gas NH3 [vol. %] 0 0
Off-gas CH4 [vol. %] 0 0
Off-gas N20 [vol. %)] 0 0
Surface turbulence factor [-] 2,0000 2,0000
Set point controller gain [] 1,0000 1,0000
Blower
Name Default Value
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Intake filter pressure drop [kPa]

Pressure drop through distribution system (piping/valves) [kPa]

3,5000 3,5000

3,0000 3,0000

Adiabatic/polytropic compression exponent (1.4 for adiabatic) 1,4000 1,4000
'A'in blower efficiency = A + B*Qa + C*(Qa"2)[ - ] 0,7500 0,7500
'B' in blower efficiency = A + B*Qa + C*(Qa™2)[ [-1/(m3/hr (20C, 1 atm)) ] 0 0
'C' in blower efficiency = A + B*Qa + C*(Qa”2)[ [ - }/(m3/hr (20C, 1 atm))"2 ] 0 0
Diffuser
Name Default Value
klin C = k1(PC)"0.25 + k2 1,2400 1,2400
k2 in C = k1(PC)"0.25 + k2 0,8960 0,8960
YinKla=CUsg”"Y -Usgin[m3/(m2 d)] 0,8880 0,8880
Area of one diffuser [m2] 0,0410 0,0380
Diffuser mounting height [m] 0,2500 0,2500
Min. air flow rate per diffuser m3/hr (20C, 1 atm) 0,5000 0,5000
Max. air flow rate per diffuser m3/hr (20C, 1 atm) 10,0000 10,0000
'A"in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)"2 [kPa] 3,0000 3,0000
'B' in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)*2[kPa/(m3/hr (20C, 1 atm)) ] 0 0
'C'in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)"2[kPa/(m3/hr (20C, 1 atm))"2] 0 0
Surface aerators
Name Default Value
Surface aerator Std. oxygen transfer rate [kg O /(kW hr)] 1,50000 1,50000
Modified Vesilind
Name Default Value
Maximum Vesilind settling velocity (Vo) [m/d] 170,000 170,000
Vesilind hindered zone settling parameter (K) [L/g] 0,370 0,370
Clarification switching function [mg/L] 100,000 100,000
Specified TSS conc.for height calc. [mg/L] 2500,000 2500,000
Maximum compactability constant [mg/L] 15000,000 15000,000
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Maximum compactability slope [L/mg] 0,010 0,010
Double exponential

Name Default Value

Maximum Vesilind settling velocity (Vo) [m/d] 410,000 410,000

Maximum (practical) settling velocity (Vo') [m/d] 270,000 270,000

Hindered zone settling parameter (Kh) [L/g] 0,400 0,400

Flocculent zone settling parameter (Kf) [L/g] 2,500 2,500

Maximum non-settleable TSS [mg/L] 20,0000 20,0000

Non-settleable fraction [-] 1,000E-3 1,000E-3

Specified TSS conc. for height calc. [mg/L] 2500,0000 2500,0000
Emission factors

Name Default Value

Carbon dioxide equivalence of nitrous oxide 296,0000 296,0000

Carbon dioxide equivalence of methane 23,0000 23,0000

Biofilm general

Name Default Value

Attachment rate [g/ (m2 d) ] 8,0000 8,0000 1,0000
Attachment TSS half sat. [mg/L] 100,0000 100,0000 1,0000
Detachment rate [g/(m3 d)] 8000,0000 8000,0000 1,0000
Solids movement factor [] 10,0000 10,0000 1,0000
Diffusion neta [] 0,8000 0,8000 1,0000
Thin film limit [mm] 0,5000 0,5000 1,0000
Thick film limit [mm] 3,0000 3,0000 1,0000
Assumed Film thickness for tank volume correction (temp independent) [mm] 1,2500 1,2500 1,0000
Film surface area to media area ratio - Max.[ ] 1,0000 1,0000 1,0000
Minimum biofilm conc. for streamer formation [gTSS/m2] 4,0000 4,0000 1,0000
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Maximum biofilm concentrations [mg/L]

Name Default Value

Biomass - Ordinary heterotrophic 5,000E+4 5,000E+4 1,0000
Biomass - Methylotrophic 5,000E+4 5,000E+4 1,0000
Biomass - Ammonia oxidizing 1,000E+5 1,000E+5 1,0000
Biomass - Nitrite oxidizing 1,000E+5 1,000E+5 1,0000
Biomass - Anaerobic ammonia oxidizing 5,000E+4 5,000E+4 1,0000
Biomass - Phosphorus accumulating 5,000E+4 5,000E+4 1,0000
Biomass - Propionic acetogenic 5,000E+4 5,000E+4 1,0000
Biomass - Acetoclastic methanogenic 5,000E+4 5,000E+4 1,0000
Biomass - Hydrogenotrophic methanogenic 5,000E+4 5,000E+4 1,0000
Biomass - Endogenous products 3,000E+4 3,000E+4 1,0000
CODp - Slowly degradable particulate 5000,0000 5000,0000 1,0000
CODp - Slowly degradable colloidal 4000,0000 4000,0000 1,0000
CODp - Degradable external organics 5000,0000 5000,0000 1,0000
CODp - Undegradable non-cellulose 5000,0000 5000,0000 1,0000
CODp - Undegradable cellulose 5000,0000 5000,0000 1,0000
N - Particulate degradable organic 0 0 1,0000
P - Particulate degradable organic 0 0 1,0000
N - Particulate degradable external organics 0 0 1,0000
P - Particulate degradable external organics 0 0 1,0000
N - Particulate undegradable 0 0 1,0000
P - Particulate undegradable 0 0 1,0000
CODp - Stored PHA 5000,0000 5000,0000 1,0000
P - Releasable stored polyP 1,150E+6 1,150E+6 1,0000
P - Unreleasable stored polyP 1,150E+6 1,150E+6 1,0000
CODs - Complex readily degradable 0 0 1,0000
CODs - Acetate 0 0 1,0000
CODs - Propionate 0 0 1,0000
CODs - Methanol 0 0 1,0000
Gas - Dissolved hydrogen 0 0 1,0000
Gas - Dissolved methane 0 0 1,0000
N - Ammonia 0 0 1,0000
N - Soluble degradable organic 0 0 1,0000
Gas - Dissolved nitrous oxide 0 0 1,0000
N - Nitrite 0 0 1,0000
N - Nitrate 0 0 1,0000
Gas - Dissolved nitrogen 0 0 1,0000
P - Soluble phosphate 0 0 1,0000
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CODs - Undegradable

N - Soluble undegradable organic
Influent inorganic suspended solids
Precipitate - Struvite

Precipitate - Brushite

Precipitate - Hydroxy - apatite
Precipitate - Vivianite

HFO - High surface

HFO - Low surface

HFO - High with H2PO4- adsorbed
HFO - Low with H2PO4- adsorbed
HFO - Aged

HFO - Low with H+ adsorbed

HFO - High with H+ adsorbed

HAO - High surface

HAO - Low surface

HAO - High with H2PO4- adsorbed
HAO - Low with H2PO4- adsorbed
HAO - Aged

P - Bound on aged HMO

Metal soluble - Magnesium

Metal soluble - Calcium

Metal soluble - Ferric

Metal soluble - Ferrous

Metal soluble - Aluminum

Other Cations (strong bases)
Other Anions (strong acids)

Gas - Dissolved total CO2

User defined - UD1

User defined - UD2

User defined - UD3

User defined - UD4

Biomass - Sulfur oxidizing

Biomass - Sulfur reducing propionic acetogenic
Biomass - Sulfur reducing acetotrophic
Biomass - Sulfur reducing hydrogenotrophic
Gas - Dissolved total sulfides

S - Soluble sulfate

S - Particulate elemental sulfur
Precipitate - Ferrous sulfide

CODp - Adsorbed hydrocarbon

0

0

1,300E+6
8,500E+5
1,165E+6
1,600E+6
1,340E+6
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
0

0

0
0
5,000E+4
5,000E+4
1,000E+5
5,000E+4
5,000E+4
1,000E+5
0
0
5,000E+4
5,000E+4

5,000E+4

0

0

1,300E+6
8,500E+5
1,165E+6
1,600E+6
1,340E+6
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
5,000E+4
0

0

0
0
5,000E+4
5,000E+4
1,000E+5
5,000E+4
5,000E+4
1,000E+5
0
0
5,000E+4
5,000E+4

5,000E+4

1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000

1,0000
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CODs - Degradable volatile ind. #1 0 0 1,0000
CODs - Degradable volatile ind. #2 0 0 1,0000
CODs - Degradable volatile ind. #3 0 0 1,0000
CODs - Soluble hydrocarbon 0 0 1,0000
Gas - Dissolved oxygen 0 0 1,0000
Effective diffusivities [m2/s]

Name Default Value

Biomass - Ordinary heterotrophic 5,000E-14 5,000E-14 1,0290
Biomass - Methylotrophic 5,000E-14 5,000E-14 1,0290
Biomass - Ammonia oxidizing 5,000E-14 5,000E-14 1,0290
Biomass - Nitrite oxidizing 5,000E-14 5,000E-14 1,0290
Biomass - Anaerobic ammonia oxidizing 5,000E-14 5,000E-14 1,0290
Biomass - Phosphorus accumulating 5,000E-14 5,000E-14 1,0290
Biomass - Propionic acetogenic 5,000E-14 5,000E-14 1,0290
Biomass - Acetoclastic methanogenic 5,000E-14 5,000E-14 1,0290
Biomass - Hydrogenotrophic methanogenic 5,000E-14 5,000E-14 1,0290
Biomass - Endogenous products 5,000E-14 5,000E-14 1,0290
CODp - Slowly degradable particulate 5,000E-14 5,000E-14 1,0290
CODp - Slowly degradable colloidal 5,000E-10 5,000E-10 1,0290
CODp - Degradable external organics 5,000E-14 5,000E-14 1,0290
CODp - Undegradable non-cellulose 5,000E-14 5,000E-14 1,0290
CODp - Undegradable cellulose 5,000E-14 5,000E-14 1,0290
N - Particulate degradable organic 5,000E-14 5,000E-14 1,0290
P - Particulate degradable organic 5,000E-14 5,000E-14 1,0290
N - Particulate degradable external organics 5,000E-14 5,000E-14 1,0290
P - Particulate degradable external organics 5,000E-14 5,000E-14 1,0290
N - Particulate undegradable 5,000E-14 5,000E-14 1,0290
P - Particulate undegradable 5,000E-14 5,000E-14 1,0290
CODp - Stored PHA 5,000E-14 5,000E-14 1,0290
P - Releasable stored polyP 5,000E-14 5,000E-14 1,0290
P - Unreleasable stored polyP 5,000E-14 5,000E-14 1,0290
CODs - Complex readily degradable 6,900E-10 6,900E-10 1,0290
CODs - Acetate 1,240E-9 1,240E-9 1,0290
CODs - Propionate 8,300E-10 8,300E-10 1,0290
CODs - Methanol 1,600E-9 1,600E-9 1,0290
Gas - Dissolved hydrogen 5,850E-9 5,850E-9 1,0290
Gas - Dissolved methane 1,963E-9 1,963E-9 1,0290
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N - Ammonia

N - Soluble degradable organic
Gas - Dissolved nitrous oxide

N - Nitrite

N - Nitrate

Gas - Dissolved nitrogen

P - Soluble phosphate

CODs - Undegradable

N - Soluble undegradable organic
Influent inorganic suspended solids
Precipitate - Struvite

Precipitate - Brushite

Precipitate - Hydroxy - apatite
Precipitate - Vivianite

HFO - High surface

HFO - Low surface

HFO - High with H2PO4- adsorbed
HFO - Low with H2PO4- adsorbed
HFO - Aged

HFO - Low with H+ adsorbed
HFO - High with H+ adsorbed
HAO - High surface

HAO - Low surface

HAO - High with H2PO4- adsorbed
HAO - Low with H2PO4- adsorbed
HAO - Aged

P - Bound on aged HMO

Metal soluble - Magnesium

Metal soluble - Calcium

Metal soluble - Ferric

Metal soluble - Ferrous

Metal soluble - Aluminum

Other Cations (strong bases)
Other Anions (strong acids)

Gas - Dissolved total CO2

User defined - UD1

User defined - UD2

User defined - UD3

User defined - UD4

Biomass - Sulfur oxidizing

Biomass - Sulfur reducing propionic acetogenic

2,000E-9

1,370E-9

1,607E-9

2,980E-9

2,980E-9

1,900E-9

2,000E-9

6,900E-10
6,850E-10
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
7,200E-10
7,200E-10
4,800E-10
4,800E-10
4,800E-10
1,440E-9

1,440E-9

1,960E-9

6,900E-10
6,900E-10
5,000E-14
5,000E-14
5,000E-14

5,000E-14

2,000E-9

1,370E-9

1,607E-9

2,980E-9

2,980E-9

1,900E-9

2,000E-9

6,900E-10
6,850E-10
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
5,000E-14
7,200E-10
7,200E-10
4,800E-10
4,800E-10
4,800E-10
1,440E-9

1,440E-9

1,960E-9

6,900E-10
6,900E-10
5,000E-14
5,000E-14
5,000E-14

5,000E-14

1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290
1,0290

1,0290
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Biomass - Sulfur reducing acetotrophic 5,000E-14 5,000E-14 1,0290
Biomass - Sulfur reducing hydrogenotrophic 5,000E-14 5,000E-14 1,0290
Gas - Dissolved total sulfides 1,530E-9 1,530E-9 1,0290
S - Soluble sulfate 2,130E-10 2,130E-10 1,0290
S - Particulate elemental sulfur 5,000E-14 5,000E-14 1,0290
Precipitate - Ferrous sulfide 5,000E-14 5,000E-14 1,0290
CODp - Adsorbed hydrocarbon 5,000E-14 5,000E-14 1,0290
CODs - Degradable volatile ind. #1 7,240E-10 7,240E-10 1,0290
CODs - Degradable volatile ind. #2 8,900E-10 8,900E-10 1,0290
CODs - Degradable volatile ind. #3 7,960E-10 7,960E-10 1,0290
CODs - Soluble hydrocarbon 7,120E-10 7,120E-10 1,0290
Gas - Dissolved oxygen 2,500E-9 2,500E-9 1,0290
EPS Strength coefficients [ ]

Name Default Value

Biomass - Ordinary heterotrophic 1,0000 1,0000 1,0000
Biomass - Methylotrophic 1,0000 1,0000 1,0000
Biomass - Ammonia oxidizing 5,0000 5,0000 1,0000
Biomass - Nitrite oxidizing 25,0000 25,0000 1,0000
Biomass - Anaerobic ammonia oxidizing 10,0000 10,0000 1,0000
Biomass - Phosphorus accumulating 1,0000 1,0000 1,0000
Biomass - Propionic acetogenic 1,0000 1,0000 1,0000
Biomass - Acetoclastic methanogenic 1,0000 1,0000 1,0000
Biomass - Hydrogenotrophic methanogenic 1,0000 1,0000 1,0000
Biomass - Endogenous products 1,0000 1,0000 1,0000
CODp - Slowly degradable particulate 1,0000 1,0000 1,0000
CODp - Slowly degradable colloidal 1,0000 1,0000 1,0000
CODp - Degradable external organics 1,0000 1,0000 1,0000
CODp - Undegradable non-cellulose 1,0000 1,0000 1,0000
CODp - Undegradable cellulose 1,0000 1,0000 1,0000

N - Particulate degradable organic 1,0000 1,0000 1,0000

P - Particulate degradable organic 1,0000 1,0000 1,0000

N - Particulate degradable external organics 1,0000 1,0000 1,0000

P - Particulate degradable external organics 1,0000 1,0000 1,0000

N - Particulate undegradable 1,0000 1,0000 1,0000

P - Particulate undegradable 1,0000 1,0000 1,0000
CODp - Stored PHA 1,0000 1,0000 1,0000

P - Releasable stored polyP 1,0000 1,0000 1,0000
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P - Unreleasable stored polyP
CODs - Complex readily degradable
CODs - Acetate

CODs - Propionate

CODs - Methanol

Gas - Dissolved hydrogen

Gas - Dissolved methane

N - Ammonia

N - Soluble degradable organic
Gas - Dissolved nitrous oxide

N - Nitrite

N - Nitrate

Gas - Dissolved nitrogen

P - Soluble phosphate

CODs - Undegradable

N - Soluble undegradable organic
Influent inorganic suspended solids
Precipitate - Struvite

Precipitate - Brushite

Precipitate - Hydroxy - apatite
Precipitate - Vivianite

HFO - High surface

HFO - Low surface

HFO - High with H2PO4- adsorbed
HFO - Low with H2PO4- adsorbed
HFO - Aged

HFO - Low with H+ adsorbed

HFO - High with H+ adsorbed
HAO - High surface

HAO - Low surface

HAO - High with H2PO4- adsorbed
HAO - Low with H2PO4- adsorbed
HAO - Aged

P - Bound on aged HMO

Metal soluble - Magnesium

Metal soluble - Calcium

Metal soluble - Ferric

Metal soluble - Ferrous

Metal soluble - Aluminum

Other Cations (strong bases)

Other Anions (strong acids)

1,0000

0,3300
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000

1,0000

1,0000
0

0

0,3300
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000

1,0000

1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000

1,0000
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Gas - Dissolved total CO2

User defined - UD1

User defined - UD2

User defined - UD3

User defined - UD4

Biomass - Sulfur oxidizing

Biomass - Sulfur reducing propionic acetogenic
Biomass - Sulfur reducing acetotrophic
Biomass - Sulfur reducing hydrogenotrophic
Gas - Dissolved total sulfides

S - Soluble sulfate

S - Particulate elemental sulfur

Precipitate - Ferrous sulfide

CODp - Adsorbed hydrocarbon

CODs - Degradable volatile ind. #1

CODs - Degradable volatile ind. #2

CODs - Degradable volatile ind. #3

CODs - Soluble hydrocarbon

Gas - Dissolved oxygen

1,0000
1,0000
1,0000
1,0000
1,0000

1,0000

1,0000
1,0000

1,0000

1,0000
1,0000
1,0000
1,0000
1,0000

1,0000

1,0000
1,0000

1,0000

1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000
1,0000

1,0000
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Appendix 12: BioWin user and configuration data — Summer Load

Project details

Project name:

Steady State Design Retrofit Average Flow Weighed Influent Data Summer 2019
Project ref..: Summer Loading

Plant name: WWTP Lanterna

Username: ASM Design B.V.

Created: 9-3-2021

Saved: 9-5-2021

Steady state solution

Temperature: 20,0°C

Flowsheet

Configuration information for all Bioreactor units

Physical data
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Element name Volume [m3] Area [m2] Depth [m] # of diffusers

ANA-1 200,0000 38,0952 5,250 Un-aerated
ANOX-1 175,0000 33,3333 5,250 Un-aerated
AT-1A 180,0000 34,2857 5,250 Un-aerated
ANA-2 200,0000 38,0952 5,250 Un-aerated
ANOX-2 175,0000 33,3333 5,250 Un-aerated
AT-2A 180,0000 34,2857 5,250 Un-aerated
Collect Distribute 94,5000 18,0000 5,250 Un-aerated
RAS Pit 40,0000 20,0000 2,000 Un-aerated
WAS Tank 150,0000 28,5714 5,250 Un-aerated
AT-1B 180,0000 34,2857 5,250 163

AT-2B 180,0000 34,2857 5,250 163

Operating data Average (flow/time weighted as required)

Element name Average DO Setpoint [mg/L]
ANA-1 0
ANOX-1 0
AT-1A 0
ANA-2 0
ANOX-2 0
AT-2A 0
Collect Distribute 0
RAS Pit 0
WAS Tank 0
AT-1B 2,0
AT-2B 2,0

Aeration equipment parameters
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Element klinC= k2inC= YinKla= Area of Diffuser Min. air Max. air '‘A'in ‘B'in ‘C'in
name k1(PC)"0. k1(PC)"0. CUsg”Y one mounting flow rate flow rate diffuser diffuser diffuser
25+ k2 25 + k2 -Usgin diffuser height per per pressure pressure pressure
[m3/(m2 diffuser diffuser drop = A drop = A drop = A
d)] m3/hr m3/hr + + +
(20C, 1 (20C, 1 B*(Qa/Diff  B*(Qa/Diff  B*(Qa/Diff
atm) atm) )+ )+ )+
C*(Qa/Diff ~ C*(Qa/Diff  C*(Qa/Diff
"2 "2 "2

ANA-1 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
ANOX-1 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
AT-1A 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
ANA-2 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
ANOX-2 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
AT-2A 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
Collect 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
Distribute
RAS Pit 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
WAS 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
Tank
AT-1B 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0
AT-2B 1,2400 0,8960 0,8880 0,0380 0,2500 0,5000 10,0000 3,0000 0 0

Configuration information for all Bioreactor - Membrane units

Physical data

Element Volume Area [m2] Depth [m] # of # of Displaced Membrane Total Membrane

name [m3] diffusers cassettes volume / area / displaced surface
cassette cassette volume area [m2]
[m3/cassett  [m2/cassett  [m3]
e] e]

MBR-A 40,0000 7,6190 5,250 40 1,00 1,690 1306,10 1,69 1306,10
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MBR-C 40,0000 7,6190 5,250 40 1,00 1,690 1306,10 1,69 1306,10
MBR-B 40,0000 7,6190 5,250 40 1,00 1,690 1306,10 1,69 1306,10
Operating data Average (flow/time weighted as required)
Element name Split method Average Split specification
MBR-A Flow paced 33,30 %
MBR-C Flow paced 33,33%
MBR-B Flow paced 33,33%
Element name Average Air flow rate [m3/hr (20C, 1 atm)]
MBR-A 300,0
MBR-C 300,0
MBR-B 300,0
Aeration equipment parameters
Element klinC= k2inC= Y inKla = Area of Diffuser Min. air Max. air '‘Alin '‘B'in 'C'in
name k1(PC)"0. k1(PC)*0. CUsg”Y one mounting flow rate flow rate diffuser diffuser diffuser
25+ k2 25 + k2 -Usgin diffuser height per per pressure pressure pressure
[m3/(m2 diffuser diffuser drop = A drop = A drop = A
d)] m3/hr m3/hr + + +
(20C, 1 (20C, 1 B*(Qa/Diff  B*(Qa/Diff  B*(Qa/Diff
atm) atm) )+ )+ )+
C*(Qa/Diff ~ C*(Qa/Diff  C*(Qa/Diff
"2 »2 »2
MBR-A 0,0500 0,3800 1,0000 0,0500 0,2500 2,0000 50,0000 1,0000 0 0
MBR-C 0,0500 0,3800 1,0000 0,0500 0,2500 2,0000 50,0000 1,0000 0 0
MBR-B 0,0500 0,3800 1,0000 0,0500 0,2500 2,0000 50,0000 1,0000 0 0
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Element name

Surface pressure [kPa]

Fractional effective saturation depth (Fed) [-]

MBR-A 101,3250 0,3000

MBR-C 101,3250 0,3000

MBR-B 101,3250 0,3000

Element Supply gas Supply gas Off-gas Off-gas 02 Off-gas H2 Off-gas Off-gas Off-gas Surface

name C02 02 [vol. %] CO2 [vol. [vol. %] [vol. %] NH3 [vol. CH4 [vol. N20 [vol. turbulence
content %] %] %] %] factor [-]
[vol. %]

MBR-A 0,0400 20,9500 1,2000 19,9000 0 0 0 0 2,0000

MBR-C 0,0400 20,9500 1,2000 19,9000 0 0 0 0 2,0000

MBR-B 0,0400 20,9500 1,2000 19,9000 0 0 0 0 2,0000

Configuration information for all Effluent units

Configuration information for all Separator - Grit tank units

Physical data

Element name

Volume [m3]

Area [m2] Depth [m]

Grit removal

12,8000

4,9231 2,600

Operating data Average (flow/time weighted as required)

Element name

Split method

Average Split specification

Grit removal

Flow paced

0,05 %
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Element name Percent removal

Blanket fraction

Grit removal 5,00

0,10

Configuration information for all Influent - COD units

Operating data Average (flow/time weighted as required)

Element name

INF

Flow

COD - Total mgCOD/L

N - Total Kjeldahl Nitrogen mgN/L

P - Total P mgP/L

S - Total S mgS/L

N - Nitrate mgN/L

pH

Alkalinity mmol/L

ISS Total mgISS/L

Metal soluble - Calcium mg/L

Metal soluble - Magnesium mg/L

Gas - Dissolved oxygen mg/L

1914,6

710,00

71,90

10,30

10,00

7,46

27,60

80,00

15,00

Element name INF

Fbs - Readily biodegradable (including Acetate) [gCOD/g of total COD] 0,2777
Fac - Acetate [gCOD/g of readily biodegradable COD] 0,2252
Fxsp - Non-colloidal slowly biodegradable [gCOD/g of slowly degradable COD)] 0,8650
Fus - Unbiodegradable soluble [gCOD/g of total COD] 0,0352
Fup - Unbiodegradable particulate [gCOD/g of total COD] 0,0813
Fcel - Cellulose fraction of unbiodegradable particulate [gCOD/gCOD)] 0,6047
Fna - Ammonia [gNH3-N/gTKN] 0,7636
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Fnox - Particulate organic nitrogen [gN/g Organic N]

Fnus - Soluble unbiodegradable TKN  [gN/gTKN]

FupN - N:COD ratio for unbiodegradable part. COD [gN/gCOD]

Fpo4 - Phosphate [gPO4-P/gTP]

FupP - P:COD ratio for unbiodegradable part. COD [gP/gCOD]

Fsr - Reduced sulfur [H2S] [gS/gS]

FZbh - Ordinary heterotrophic COD fraction [gCOD/g of total COD]

FZbm - Methylotrophic COD fraction [gCOD/g of total COD]

FZao - Ammonia oxidizing COD fraction [gCOD/g of total COD]

FZno - Nitrite oxidizing COD fraction [gCOD/g of total COD]

FZaao - Anaerobic ammonia oxidizing COD fraction [gCOD/g of total COD]

FZppa - Phosphorus accumulating COD fraction [gCOD/g of total COD]

FZpa - Propionic acetogenic COD fraction [gCOD/g of total COD]

FZam - Acetoclastic methanogenic COD fraction [gCOD/g of total COD]

FZhm - Hydrogenotrophic methanogenic COD fraction [gCOD/g of total COD]

FZso - Sulfur oxidizing COD fraction [gCOD/g of total COD]

FZsrpa - Sulfur reducing propionic acetogenic COD fraction [gCOD/g of total COD]

FZsra - Sulfur reducing acetotrophic COD fraction [gCOD/g of total COD]

FZsrh - Sulfur reducing hydrogenotrophic COD fraction [gCOD/g of total COD]

FZe - Endogenous products COD fraction [gCOD/g of total COD]

0,1628

0,0100

0,0700

0,4854

1,000E-3

0,1500

0,0253

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

1,000E-4

Configuration information for all Input - Iron (ferric) units

Operating data Average (flow/time weighted as required)

Element name FeCI3
Biomass - Ordinary heterotrophic [ngCOD/L] 0
Biomass - Methylotrophic [mgCOD/L] 0
Biomass - Ammonia oxidizing [mgCOD/L] 0
Biomass - Nitrite oxidizing [mgCOD/L] 0
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Biomass - Anaerobic ammonia oxidizing [ngCOD/L]

Biomass - Phosphorus accumulating [mgCOD/L]

Biomass - Propionic acetogenic [mgCOD/L]

Biomass - Acetoclastic methanogenic [mgCOD/L]

Biomass - Hydrogenotrophic methanogenic [mgCOD/L]

Biomass - Endogenous products [mgCOD/L]

CODp - Slowly degradable particulate [mgCOD/L]

CODp - Slowly degradable colloidal [ngCOD/L]

CODp - Degradable external organics [mgCODI/L]

CODp - Undegradable non-cellulose [ngCOD/L]

CODp - Undegradable cellulose [mgCODI/L]

N - Particulate degradable organic [mgN/L]

P - Particulate degradable organic [mgP/L]

N - Particulate degradable external organics [mgN/L]

P - Particulate degradable external organics [mgP/L]

N - Particulate undegradable [mgN/L]

P - Particulate undegradable [mgP/L]

CODp - Stored PHA [mgCODI/L]

P - Releasable stored polyP [mgP/L]

P - Unreleasable stored polyP [mgP/L]

CODs - Complex readily degradable [ngCOD/L]

CODs - Acetate [mgCODI/L]

CODs - Propionate [mgCOD/L]

CODs - Methanol [mgCOD/L]

Gas - Dissolved hydrogen [mgCODIL]

Gas - Dissolved methane [mg/L]

N - Ammonia [mgN/L]

N - Soluble degradable organic [mgN/L]

Gas - Dissolved nitrous oxide [mgN/L]

N - Nitrite [mgN/L]

N - Nitrate [mgN/L]
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Gas - Dissolved nitrogen [mgN/L] 0

P - Soluble phosphate [mgP/L] 0
CODs - Undegradable [mgCOD/L] 0

N - Soluble undegradable organic [mgN/L] 0
Influent inorganic suspended solids [mgISS/L] 0
Precipitate - Struvite [mgISS/L] 0
Precipitate - Brushite [mgISS/L] 0
Precipitate - Hydroxy - apatite [mgISS/L] 0
Precipitate - Vivianite [mgISS/L] 0
HFO - High surface [mg/L] 0
HFO - Low surface [mg/L] 0
HFO - High with H2PO4- adsorbed [mg/L] 0
HFO - Low with H2PO4- adsorbed [mg/L] 0
HFO - Aged [mg/L] 0
HFO - Low with H+ adsorbed [mg/L] 0
HFO - High with H+ adsorbed [mg/L] 0
HAO - High surface [mg/L] 0
HAO - Low surface [mg/L] 0
HAO - High with H2PO4- adsorbed [mg/L] 0
HAO - Low with H2PO4- adsorbed [mg/L] 0
HAO - Aged [mg/L] 0

P - Bound on aged HMO [mgP/L] 0
Metal soluble - Magnesium [mg/L] 0
Metal soluble - Calcium [mg/L] 0
Metal soluble - Ferric [mg/L] 150000,00
Metal soluble - Ferrous [mg/L] 0
Metal soluble - Aluminum [mg/L] 0
Other Cations (strong bases) [meg/L] 5,00
Other Anions (strong acids) [meq/L] 8062,73
Gas - Dissolved total CO2 [mmol/L] 7,00
User defined - UD1 [mg/L] 0

129



User defined - UD2 [mg/L]

User defined - UD3 [mgVSS/L]

User defined - UD4 [mgISS/L]

Biomass - Sulfur oxidizing [mgCOD/L]

Biomass - Sulfur reducing propionic acetogenic [mngCOD/L]

Biomass - Sulfur reducing acetotrophic [ngCOD/L]

Biomass - Sulfur reducing hydrogenotrophic [mgCOD/L]

Gas - Dissolved total sulfides [mgS/L]

S - Soluble sulfate [mgS/L]

S - Particulate elemental sulfur [mgS/L]

Precipitate - Ferrous sulfide [mgISS/L]

CODp - Adsorbed hydrocarbon [mgCOD/L]

CODs - Degradable volatile ind. #1 [mgCOD/L]

CODs - Degradable volatile ind. #2 [mgCODIL]

CODs - Degradable volatile ind. #3 [mgCODI/L]

CODs - Soluble hydrocarbon [mgCOD/L]

Gas - Dissolved oxygen [mg/L]

Flow

Configuration information for all Separator - Dewatering unit units

Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
Compacterl Flow paced 0,01 %

Compacter2 Flow paced 0,01 %

Element name Percent removal

Compacterl 100,00
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Compacter2

100,00

Configurati

on information for all Separator - Microscreen units

Operating data Average (flow/time weighted as required)

Element name

Split method Average Split specification

Screen (Imm)

Flow paced 0,02 %

Element name

Percent removal

Screen (Imm)

5,00

Configurati
units

on information for all Separator - Cyclone (dewatering)

Operating data Average (flow/time weighted as required)

Element name

Split method Average Split specification

Dewatering Centrifuge

Fraction 0,04

Element name

Percent removal

Dewatering Centrifuge

95,00

Configurati

Configurati

on information for all Sludge units

on information for all Splitter units
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Operating data Average (flow/time weighted as required)

Element name Split method Average Split specification
ANA-R1 Flow paced 50,00 %
ANA-R2 Flow paced 50,00 %
MBR Distribute 1 Flow paced 33,33%
AS Emergency Bypass Bypass 5760

INF Distributer Fraction 0,50
Screen Emergency Bypass Bypass 4800
AT-R2 Flow paced 280,00 %
AT-R1 Flow paced 280,00 %
RAS Splitter Fraction 0,50
WAS Splitter Flowrate [Side] 45

MBR Distribute 2 Flow paced 33,33%
SCREENING Splitter Flowrate [Side] 0

Configuration information for all Influent - State variable units

Operating data Average (flow/time weighted as required)

Element name POLYMER
Biomass - Ordinary heterotrophic [ngCOD/L] 0
Biomass - Methylotrophic [mgCODI/L] 0
Biomass - Ammonia oxidizing [mgCOD/L] 0
Biomass - Nitrite oxidizing [mgCOD/L] 0
Biomass - Anaerobic ammonia oxidizing [ngCOD/L] 0
Biomass - Phosphorus accumulating [mgCODI/L] 0
Biomass - Propionic acetogenic [mgCOD/L] 0
Biomass - Acetoclastic methanogenic [mgCOD/L] 0
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Biomass - Hydrogenotrophic methanogenic [mgCOD/L]

Biomass - Endogenous products [mgCOD/L]

CODp - Slowly degradable particulate [mgCODI/L]

CODp - Slowly degradable colloidal [mgCOD/L]

CODp - Degradable external organics [mgCODI/L]

CODp - Undegradable non-cellulose [mgCODI/L]

CODp - Undegradable cellulose [mgCODI/L]

N - Particulate degradable organic [mgN/L]

P - Particulate degradable organic [mgP/L]

N - Particulate degradable external organics [mgN/L]

P - Particulate degradable external organics [mgP/L]

N - Particulate undegradable [mgN/L]

P - Particulate undegradable [mgP/L]

CODp - Stored PHA [mgCODI/L]

P - Releasable stored polyP [mgP/L]

P - Unreleasable stored polyP [mgP/L]

CODs - Complex readily degradable [mngCOD/L]

CODs - Acetate [mgCODI/L]

CODs - Propionate [mgCOD/L]

CODs - Methanol [mgCOD/L]

Gas - Dissolved hydrogen [mgCOD/L]

Gas - Dissolved methane [mg/L]

N - Ammonia [mgN/L]

N - Soluble degradable organic [mgN/L]

Gas - Dissolved nitrous oxide [mgN/L]

N - Nitrite [mgN/L]

N - Nitrate [mgN/L]

Gas - Dissolved nitrogen [mgN/L]

P - Soluble phosphate [mgP/L]

CODs - Undegradable [mgCOD/L]

N - Soluble undegradable organic [mgN/L]

18180,00
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Influent inorganic suspended solids [mgISS/L]

Precipitate - Struvite [mgISS/L]

Precipitate - Brushite [mgISS/L]

Precipitate - Hydroxy - apatite [mgISS/L]

Precipitate - Vivianite [mgISS/L]

HFO - High surface [mg/L]

HFO - Low surface [mg/L]

HFO - High with H2PO4- adsorbed [mg/L]

HFO - Low with H2PO4- adsorbed [mg/L]

HFO - Aged [mg/L]

HFO - Low with H+ adsorbed [mg/L]

HFO - High with H+ adsorbed [mg/L]

HAO - High surface [mg/L]

HAO - Low surface [mg/L]

HAO - High with H2PO4- adsorbed [mg/L]

HAO - Low with H2PO4- adsorbed [mg/L]

HAO - Aged [mg/L]

P - Bound on aged HMO [mgP/L]

Metal soluble - Magnesium [mg/L]

Metal soluble - Calcium [mg/L]

Metal soluble - Ferric [mg/L]

Metal soluble - Ferrous [mg/L]

Metal soluble - Aluminum [mg/L]

Other Cations (strong bases) [meq/L]

Other Anions (strong acids) [meq/L]

Gas - Dissolved total CO2 [mmol/L]

User defined - UD1 [mg/L]

User defined - UD2 [mg/L]

User defined - UD3 [mgVSS/L]

User defined - UD4 [mgISS/L]

Biomass - Sulfur oxidizing [mgCOD/L]
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Biomass - Sulfur reducing propionic acetogenic [ngCOD/L]

Biomass - Sulfur reducing acetotrophic [ngCOD/L]

Biomass - Sulfur reducing hydrogenotrophic [mgCOD/L]

Gas - Dissolved total sulfides [mgS/L]

S - Soluble sulfate [mgS/L]

S - Particulate elemental sulfur [mgS/L]

Precipitate - Ferrous sulfide [mgISS/L]

CODp - Adsorbed hydrocarbon [mgCOD/L]

CODs - Degradable volatile ind. #1 [mgCODIL]

CODs - Degradable volatile ind. #2 [mgCOD/L]

CODs - Degradable volatile ind. #3 [mgCODIL]

CODs - Soluble hydrocarbon [mgCOD/L]

Gas - Dissolved oxygen [mg/L]

Flow

0,2

Configuration information for all Equalization Tank units

Physical data

Element name Volume[m3] Area[m2] Depth[m]

EFF Storage 1400,0000 266,6667 5,250

Drainage 27,0000 9,0000 3,000
BioWin Album

Album page - Loads Overview
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Elements Flow [m3/d] Total Volatile ISS Total [kg BOD - Total COD - Total N - Total N P - Total P
suspended suspended /d] Carbonaceou  [kg /d] [kg N/d] [kg P/d]
solids [kg /d] solids [kg /d] s [kg /d]
INF 1914,60 619,78 566,93 52,84 739,01 1359,37 138,62 19,72
Drainage 1,09 0 0 0 0,19 0,30 0,07 0,01
GRIT 0,10 2,63 0,28 2,35 0,22 0,44 0,01 0,01
SCREENING 0,15 67,85 65,09 2,77 20,84 87,97 1,82 0,57
Dewatering 43,39 20,91 16,06 4,85 7,23 27,44 3,68 14,75
Centrifuge
Screen 1957,74 570,20 517,62 52,58 725,19 1298,40 140,47 33,90
(Amm)
ANA-1 1936,17 4464,14 3418,07 1046,07 1775,09 4917,10 347,34 299,67
ANOX-1 7297,05 32431,05 23237,48 9193,57 11240,85 32795,69 2117,57 2155,08
AT-1A 7274,17 37894,50 27048,71 10845,78 13014,46 38116,82 2448,50 2517,60
AT-1B 7274,17 37998,66 26942,12 11056,54 12914,60 37962,46 2443,28 2517,60
Collect 14548,34 76010,05 53858,25 22151,80 25790,61 75869,66 4864,47 5035,21
Distribute
MBR-A 0,63 0 0 0 0,00 0,02 0,00 0,00
EFF Storage  1912,74 0 0 0 1,30 66,68 5,13 2,82
EFF 1912,74 0,00 0,00 0,00 1,30 66,68 5,13 2,82
RAS Pit 1913,83 19973,39 14065,94 5907,45 6680,50 19739,01 1250,05 1321,56
WAS Tank 45,00 415,68 318,69 96,99 142,33 452,17 29,38 31,07
FeCI3 0 0 0 0 0 0 0 0
POLYMER 0,20 2,44 2,42 0,02 2,08 3,64 0 0
Album page - Loads
Elements INF GRIT SCREENING EFF Dewatered Sludge FeCI3 POLYMER
Flow [m3/d] 1914,60 0,10 0,15 1912,74 1,81 0 0,20
Total suspended solids [kg /d] 619,78 2,63 67,85 0,00 397,21 0 2,44
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Volatile suspended solids [kg 566,93 0,28 65,09 0,00 305,06 0 2,42

/d]

ISS Total [kg /d] 52,84 2,35 2,77 0,00 92,15 0 0,02

BOD - Total Carbonaceous [kg 739,01 0,22 20,84 1,30 137,18 0 2,08

/d]

COD - Total [kg /d] 1359,37 0,44 87,97 66,68 428,37 0 3,64

N - Total N [kg N/d] 138,62 0,01 1,82 5,13 25,70 0 0

P - Total P [kg P/d] 19,72 0,01 0,57 2,82 16,32 0 0

Total iron (all forms) [kg Me/d] 0 0,00 0,00 0,00 0,00 0 0

Album page - Concentration Overview

Elements Flow [m3/d] Total Volatile ISS Total BOD - Total COD - Total N - Total N P - Total P
suspended suspended [mg/L] Carbonaceou  [mg/L] [mgN/L] [mgP/L]
solids [mg/L] solids [mg/L] s [mg/L]

INF 1914,60 323,71 296,11 27,60 385,99 710,00 72,40 10,30

Drainage 1,09 0 0 0 171,47 276,92 67,25 6,47

GRIT 0,10 27481,18 2959,42 24521,76 2308,24 4598,37 118,18 57,97

SCREENING 0,15 443004,16 424937,21 18066,95 136032,97 574320,21 11894,52 3710,84

Dewatering 43,39 481,79 370,02 111,77 166,60 632,42 84,85 339,92

Centrifuge

Screen 1957,74 291,25 264,40 26,86 370,42 663,21 71,75 17,31

(Amm)

ANA-1 1936,17 2305,65 1765,38 540,28 916,80 2539,60 179,40 154,78

ANOX-1 7297,05 444440 3184,50 1259,90 1540,46 4494,37 290,20 295,34

AT-1A 7274,17 5209,46 3718,46 1491,00 1789,13 5240,02 336,60 346,10

AT-1B 7274,17 5223,78 3703,81 1519,97 1775,41 5218,80 335,89 346,10

Collect 14548,34 5224,66 3702,02 1522,63 1772,75 5215,01 334,37 346,10

Distribute

MBR-A 0,63 0 0 0 1,15 35,62 7,83 0,17

EFF Storage 1912,74 0 0 0 0,68 34,86 2,68 1,48

EFF 1912,74 0,00 0,00 0,00 0,68 34,86 2,68 1,48
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RAS Pit 1913,83 10436,32 7349,61 3086,71 3490,64 10313,86 653,16 690,53

WAS Tank 45,00 9237,26 7082,01 2155,25 3162,88 10048,30 652,95 690,53
FeCI3 0 0 0 0 0 0 0 0
POLYMER 0,20 12197,85 12120,00 77,85 10383,44 18180,00 0 0

Album page - Concentrations

Elements INF ANA-1 ANOX-1 AT-1B Collect Distribute EFF RAS Pit
Flow [m3/d] 1914,60 1936,17 7297,05 7274,17 14548,34 1912,74 1913,83
Total suspended solids [mg/L] 323,71 2305,65 4444,40 5223,78 5224,66 0,00 10436,32
Volatile suspended solids [mg/L] 296,11 1765,38 3184,50 3703,81 3702,02 0,00 7349,61
ISS Total [mg/L] 27,60 540,28 1259,90 1519,97 1522,63 0,00 3086,71
BOD - Total Carbonaceous [mg/L] 385,99 916,80 1540,46 1775,41 1772,75 0,68 3490,64
BOD - Filtered Carbonaceous 172,27 5,62 0,65 1,52 0,74 0,68 0,27
[mg/L]

COD - Total [mg/L] 710,00 2539,60 4494,37 5218,80 5215,01 34,86 10313,86
COD - Particulate [mg/L] 432,32 2488,11 4460,84 5183,54 5180,75 0,00 10279,09
COD - Filtered [mg/L] 277,68 51,49 33,54 35,27 34,26 34,86 34,77

N - Total N [mgN/L] 72,40 179,40 290,20 335,89 334,37 2,68 653,16

N - Total Kjeldahl Nitrogen [mgN/L] 71,90 179,40 289,98 330,10 329,94 2,47 652,95

N - Particulate TKN [mgN/L] 5,09 139,41 276,14 325,33 325,44 0,00 650,92

N - Ammonia [mgN/L] 54,90 38,40 12,48 3,13 2,97 0,96 0,54

N - Nitrate [mgN/L] 0,50 0,00 0,01 1,39 0,58 0,01 0,16

N - Nitrite [mgN/L] 0 0,00 0,21 4,39 3,84 0,19 0,05

P - Total P [mgP/L] 10,30 154,78 295,34 346,10 346,10 1,48 690,53

P - Soluble PO4-P [mgP/L] 5,00 50,56 20,07 8,91 8,00 1,48 0,24

Album page - Conversions
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Elements Nit - Denit - OTR [kg/d] OUR - OUR - OUR - Sulfur OUR - Total SOTR [kg/d]
Ammonia Nitrate Carbonaceou  Nitrification [kg/d] [kg/d]
removal rate removal rate s [kag/d] [ka/d]
[kg/d] [kg/d]
ANA-1 0,00 0,48 0 0,00 0,00 0,00 0,00 0
ANA-2 0,00 0,48 0 0,00 0,00 0,00 0,00 0
ANOX-1 0,00 3,07 0 0,02 0,01 0,09 0,11 0
ANOX-2 0,00 3,07 0 0,02 0,01 0,09 0,11 0
AT-1A 0,00 0,18 0 0,00 0,00 0,00 0,01 0
AT-1B 47,75 3,22 424,87 164,48 168,87 76,97 410,32 1274,34
AT-2A 0,00 0,18 0 0,00 0,00 0,00 0,01 0
AT-2B 47,75 3,22 424,87 164,48 168,87 76,97 410,32 1274,34
Collect 2,15 12,13 0 9,90 7,33 11,57 28,79 0
Distribute
MBR-A 1,67 0,36 39,41 27,07 8,53 1,20 36,80 190,24
MBR-B 5,20 2,27 68,34 26,32 17,74 24,21 68,27 190,24
MBR-C 1,67 0,36 39,39 27,06 8,52 1,20 36,78 190,24
RAS Pit 0,32 5,67 0 1,65 1,07 2,52 5,25 0
WAS Tank 0,00 0,01 0 0,00 0,00 0,00 0,00 0
Common
Name Default Value
Hydrolysis rate [1/d] 2,1000 2,1000 1,0290
Hydrolysis half sat. [-] 0,0600 0,0600 1,0000
Anoxic hydrolysis factor [-] 0,2800 0,2800 1,0000
Anaerobic hydrolysis factor (AS) [-] 0,0400 0,0400 1,0000
Anaerobic hydrolysis factor (AD) [-] 0,5000 0,5000 1,0000
Adsorption rate of colloids [L/(mgCOD d)] 0,1500 0,1500 1,0290
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Ammonification rate [L/(mgCOD d)] 0,0800 0,0800 1,0290

Assimilative nitrate/nitrite reduction rate [1/d] 0,5000 0,5000 1,0000

Endogenous products decay rate [1/d] 0 0 1,0000
Ammonia oxidizing

Name Default Value

Max. spec. growth rate [1/d] 0,9000 0,9000 1,0720

Substrate (NH4) half sat. [mgN/L] 0,7000 0,7000 1,0000

Byproduct NH4 logistic slope [-] 50,0000 50,0000 1,0000

Byproduct NH4 inflection point [mgN/L] 1,4000 1,4000 1,0000

Denite DO half sat. [mg/L] 0,1000 0,1000 1,0000

Denite HNO2 half sat. [mgN/L] 5,000E-6 5,000E-6 1,0000

Aerobic decay rate [1/d] 0,1700 0,1700 1,0290

Anoxic/anaerobic decay rate [1/d] 0,0800 0,0800 1,0290

KiHNO2 [mmol/L] 5,000E-3 5,000E-3 1,0000
Nitrite oxidizing

Name Default Value

Max. spec. growth rate [1/d] 0,7000 0,7000 1,0600

Substrate (NO2) half sat. [mgN/L] 0,1000 0,1000 1,0000

Aerobic decay rate [1/d] 0,1700 0,1700 1,0290

Anoxic/anaerobic decay rate [1/d] 0,0800 0,0800 1,0290

KiNH3 [mmol/L] 0,0750 0,0750 1,0000

Anaerobic ammonia oxidizing
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Name Default Value

Max. spec. growth rate [1/d] 0,2000 0,2000 1,1000

Substrate (NH4) half sat. [ngN/L] 2,0000 2,0000 1,0000

Substrate (NO2) half sat. [mgN/L] 1,0000 1,0000 1,0000

Aerobic decay rate [1/d] 0,0190 0,0190 1,0290

Anoxic/anaerobic decay rate [1/d] 9,500E-3 9,500E-3 1,0290

Ki Nitrite [mgN/L] 1000,0000 1000,0000 1,0000

Nitrite sensitivity constant [L / (d mgN) ] 0,0160 0,0160 1,0000
Ordinary heterotrophic

Name Default Value

Max. spec. growth rate [1/d] 3,2000 3,2000 1,0290

Substrate half sat. [mgCOD/L] 5,0000 5,0000 1,0000

Anoxic growth factor [-] 0,5000 0,8000 1,0000

Denite N2 producers (NO3 or NO2) [-] 0,5000 0,5000 1,0000

Aerobic decay rate [1/d] 0,6200 0,6200 1,0290

Anoxic decay rate [1/d] 0,2330 0,2330 1,0290

Anaerobic decay rate [1/d] 0,1310 0,1310 1,0290

Fermentation rate [1/d] 1,6000 1,6000 1,0290

Fermentation half sat. [mngCOD/L] 5,0000 5,0000 1,0000

Fermentation growth factor (AS) [-] 0,2500 0,2500 1,0000

Free nitrous acid inhibition [mol/L] 1,000E-7 1,000E-7 1,0000
Heterotrophic on industrial COD

Name Default Value

Maximum specific growth rate on Ind #1 COD [1/d] 4,3000 4,3000 1,0290

Substrate (Ind #1) half sat. [ngCODI/L] 1,0000 1,0000 1,0000
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Inhibition coefficient for Ind #1 [mgCODI/L] 60,0000 60,0000 1,0000
Anaerobic growth factor for Ind #1 [mgCOD/L] 0,0500 0,0500 1,0000
Maximum specific growth rate on Ind #2 COD [1/d] 1,5000 1,5000 1,0290
Substrate (Ind #2) half sat. [ngCOD/L] 30,0000 30,0000 1,0000
Inhibition coefficient for Ind #2 [mgCOD/L] 3000,0000 3000,0000 1,0000
Anaerobic growth factor for Ind #2 [mgCODI/L] 0,0500 0,0500 1,0000
Maximum specific growth rate on Ind #3 COD [1/d] 4,3000 4,3000 1,0290
Substrate (Ind #3) half sat. [ngCOD/L] 1,0000 1,0000 1,0000
Inhibition coefficient for Ind #3 COD [mgCODI/L] 60,0000 60,0000 1,0000
Anaerobic growth factor for Ind #3 [mgCOD/L] 0,0500 0,0500 1,0000
Maximum specific growth rate on adsorbed hydrocarbon COD [1/d] 2,0000 2,0000 1,0290
Substrate (adsorbed hydrocarbon ) half sat. [-] 0,1500 0,1500 1,0000
Anaerobic growth factor for adsorbed hydrocarbons [mgCOD/L] 0,0100 0,0100 1,0000
Adsorption rate of soluble hydrocarbons [I/((mgCOD d)] 0,2000 0,2000 1,0000
Methylotrophic
Name Default Value
Max. spec. growth rate [1/d] 1,3000 1,3000 1,0720
Methanol half sat. [ngCOD/L] 0,5000 0,5000 1,0000
Denite N2 producers (NO3 or NO2) [-] 0,5000 0,5000 1,0000
Aerobic decay rate [1/d] 0,0400 0,0400 1,0290
Anoxic/anaerobic decay rate [1/d] 0,0300 0,0300 1,0290
Free nitrous acid inhibition [mmol/L] 1,000E-7 1,000E-7 1,0000
Phosphorus accumulating
Name Default Value
Max. spec. growth rate [1/d] 0,9500 0,9500 1,0000
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Max. spec. growth rate, P-limited [1/d] 0,4200 0,4200 1,0000

Substrate half sat. [mgCOD(PHB)/mgCOD(Zbp)] 0,1000 0,1000 1,0000

Substrate half sat., P-limited [mgCOD(PHB)/mgCOD(Zbp)] 0,0500 0,0500 1,0000

Magnesium half sat. [mgMg/L] 0,1000 0,1000 1,0000

Cation half sat. [mmol/L] 0,1000 0,1000 1,0000

Calcium half sat. [mgCa/L] 0,1000 0,1000 1,0000

Aerobic/anoxic decay rate [1/d] 0,1000 0,1000 1,0000

Aerobic/anoxic maintenance rate [1/d] 0 0 1,0000

Anaerobic decay rate [1/d] 0,0400 0,0400 1,0000

Anaerobic maintenance rate [1/d] 0 0 1,0000

Sequestration rate [1/d] 4,5000 4,5000 1,0000

Anoxic growth factor [-] 0,3300 0,3300 1,0000
Propionic acetogenic

Name Default Value

Max. spec. growth rate [1/d] 0,2500 0,2500 1,0290

Substrate half sat. [ngCOD/L] 10,0000 10,0000 1,0000

Acetate inhibition [ngCOD/L] 10000,0000 10000,0000 1,0000

Anaerobic decay rate [1/d] 0,0500 0,0500 1,0290

Aerobic/anoxic decay rate [1/d] 0,5200 0,5200 1,0290
Methanogenic

Name Default Value

Acetoclastic max. spec. growth rate [1/d] 0,3000 0,3000 1,0290

H2-utilizing max. spec. growth rate [1/d] 1,4000 1,4000 1,0290

Acetoclastic substrate half sat. [mngCOD/L] 100,0000 100,0000 1,0000

Acetoclastic methanol half sat. [ngCOD/L] 0,5000 0,5000 1,0000

143



H2-utilizing CO2 half sat. [mmol/L] 0,1000 0,1000 1,0000
H2-utilizing substrate half sat. [ngCOD/L] 1,0000 1,0000 1,0000
H2-utilizing methanol half sat. [ngCOD/L] 0,5000 0,5000 1,0000
Acetoclastic propionic inhibition [mgCOD/L] 10000,0000 10000,0000 1,0000
Acetoclastic anaerobic decay rate [1/d] 0,1300 0,1300 1,0290
Acetoclastic aerobic/anoxic decay rate [1/d] 0,6000 0,6000 1,0290
H2-utilizing anaerobic decay rate [1/d] 0,1300 0,1300 1,0290
H2-utilizing aerobic/anoxic decay rate [1/d] 2,8000 2,8000 1,0290

Sulfur oxidizing
Name Default Value
Maximum specific growth rate (sulfide) [1/d] 0,7500 0,7500 1,0290
Maximum specific growth rate (sulfur) [1/d] 0,1000 0,1000 1,0290
Substrate (H2S) half sat. [mgS/L] 1,0000 1,0000 1,0000
Substrate (sulfur) half sat. [mgS/L] 1,0000 1,0000 1,0000
Anoxic growth factor [-] 0,5000 0,5000 1,0000
Decay rate [1/d] 0,0400 0,0400 1,0290

Sulfur reducing
Name Default Value
Propionic max. spec. growth rate [1/d] 0,5830 0,5830 1,0350
Propionic acid half sat. [ngCODI/L] 295,0000 295,0000 1,0000
Hydrogen sulfide inhibition coefficient [mgS/L] 185,0000 185,0000 1,0000
Sulfate (SO4=) half sat. [mgS/L] 2,4700 2,4700 1,0000
Decay rate [1/d] 0,0185 0,0185 1,0350
Acetotrophic max. spec. growth rate [1/d] 0,6120 0,6120 1,0350
Acetic acid half sat. [ngCOD/L] 24,0000 24,0000 1,0000
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Hydrogen sulfide inhibition coefficient [mgS/L] 164,0000 164,0000 1,0000

Sulfate (SO4=) half sat. [mgS/L] 6,4100 6,4100 1,0000

Decay rate [1/d] 0,0275 0,0275 1,0350

Hydrogenotrophic max. spec. growth rate with SO4= [1/d] 2,8000 2,8000 1,0350

Hydrogenotrophic max. spec. growth rate with S [1/d] 0,1000 0,1000 1,0350

Hydrogen half sat. [ngCODI/L] 0,0700 0,0700 1,0000

Hydrogen sulfide inhibition coefficient [mgS/L] 550,0000 550,0000 1,0000

Sulfate (SO4=) half sat. [mgS/L] 6,4100 6,4100 1,0000

Sulfur (S) half sat. [mgS/L] 50,0000 50,0000 1,0000

Decay rate [1/d] 0,0600 0,0600 1,0350
pH

Name Default Value

Ordinary heterotrophic low pH limit [-] 4,0000 4,0000

Ordinary heterotrophic high pH limit [-] 10,0000 10,0000

Methylotrophic low pH limit [-] 4,0000 4,0000

Methylotrophic high pH limit [-] 10,0000 10,0000

Autotrophic low pH limit [-] 5,5000 5,5000

Autotrophic high pH limit [-] 9,5000 9,5000

Phosphorus accumulating low pH limit [-] 4,0000 4,0000

Phosphorus accumulating high pH limit [-] 10,0000 10,0000

Ordinary heterotrophic low pH limit (anaerobic) [-] 5,5000 5,5000

Ordinary heterotrophic high pH limit (anaerobic) [-] 8,5000 8,5000

Propionic acetogenic low pH limit [-] 4,0000 4,0000

Propionic acetogenic high pH limit [-] 10,0000 10,0000

Acetoclastic methanogenic low pH limit [-] 5,0000 5,0000

Acetoclastic methanogenic high pH limit [-] 9,0000 9,0000

H2-utilizing methanogenic low pH limit [-] 5,0000 5,0000

H2-utilizing methanogenic high pH limit [-] 9,0000 9,0000
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Switches

Name Default Value
Ordinary heterotrophic DO half sat. [mgO2/L] 0,1500 0,1500
Phosphorus accumulating DO half sat. [ngO2/L] 0,0500 0,0500
Anoxic/anaerobic NOx half sat. [mgN/L] 0,1500 0,1500
Ammonia oxidizing DO half sat. [ngO2/L] 0,2500 0,2500
Nitrite oxidizing DO half sat. [mgO2/L] 0,5000 0,5000
Anaerobic ammonia oxidizing DO half sat. [mgO2/L] 0,0100 0,0100
Sulfur oxidizing sulfate pathway DO half sat. [ngO2/L] 0,2500 0,2500
Sulfur oxidizing sulfur pathway DO half sat. [ngO2/L] 0,0500 0,0500
Anoxic NO3(->NO2) half sat. [mgN/L] 0,1000 0,1000
Anoxic NO3(->N2) half sat. [mgN/L] 0,0500 0,0500
Anoxic NO2(->N2) half sat. (mgN/L) 0,0100 0,0100
NH3 nutrient half sat. [mgN/L] 5,000E-3 5,000E-3
PolyP half sat. [ngP/mgCOD] 0,0100 0,0100
VFA sequestration half sat. [mgCOD/L] 5,0000 5,0000

P uptake half sat. [ngP/L] 0,1500 0,1500

P nutrient half sat. [mgP/L] 1,000E-3 1,000E-3
Autotrophic CO2 half sat. [mmol/L] 0,1000 0,1000
H2 low/high half sat. [ngCODIL] 1,0000 1,0000
Propionic acetogenic H2 inhibition [mgCOD/L] 5,0000 5,0000
Synthesis anion/cation half sat. [meq/L] 0,0100 0,0100

Common

Name Default Value
Biomass/Endog Ca content (gCa/gCOD) 3,912E-3 3,912E-3
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Biomass/Endog Mg content (gMg/gCOD) 3,912E-3 3,912E-3
Biomass/Endog other cations content (mol/gCOD) 5,115E-4 5,115E-4
Biomass/Endog other Anions content (mol/gCOD) 1,410E-4 1,410E-4
N in endogenous residue [mgN/mgCOD] 0,0700 0,0700
P in endogenous residue [mgP/mgCOD] 0,0220 0,0220
Ca content of slowly biodegradabe (gCa/gCOD) 3,912E-3 3,912E-3
Mg content of slowly biodegradabe (gMg/gCOD) 3,700E-4 3,700E-4
Endogenous residue COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Particulate substrate COD:VSS ratio [mgCOD/mgVSS] 1,6327 1,5000
Particulate inert COD:VSS ratio [mgCOD/mgVSS] 1,6000 1,1000
Cellulose COD:VSS ratio [mgCOD/mgVSS] 1,4000 1,4000
External organic COD:VSS ratio [mgCOD/mgVSS] 1,6000 1,6000
Molecular weight of other anions [mg/mmol] 35,5000 35,5000
Molecular weight of other cations [mg/mmol] 39,0983 39,0983
Ammonia oxidizing
Name Default Value
Yield [mgCOD/mgN] 0,1500 0,1500
Denite NO2 fraction as TEA [-] 0,5000 0,5000
Byproduct NH4 fraction to N20O [-] 2,500E-3 2,500E-3
N in biomass [mgN/mgCOD)] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
Nitrite oxidizing
Name Default Value
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Yield [ngCOD/mgN] 0,0900 0,0900

N in biomass [mgN/mgCOD)] 0,0700 0,0700

P in biomass [mgP/mgCOD] 0,0220 0,0220
Fraction to endogenous residue [-] 0,0800 0,0800
COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200

Anaerobic ammonia oxidizing

Name Default Value
Yield [ngCOD/mgN] 0,1140 0,1140
Nitrate production [mgN/mgBiomassCOD)] 2,2800 2,2800
N in biomass [mgN/mgCOD)] 0,0700 0,0700
P in biomass [mgP/mgCOD] 0,0220 0,0220

Fraction to endogenous residue [-]

0,0800 0,0800

COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Ordinary heterotrophic

Name Default Value
Yield (aerobic) [-] 0,6660 0,6660
Yield (fermentation, low H2) [-] 0,1000 0,1000
Yield (fermentation, high H2) [-] 0,1000 0,1000
H2 yield (fermentation low H2) [-] 0,3500 0,3500
H2 yield (fermentation high H2) [-] 0 0
Propionate yield (fermentation, low H2) [-] 0 0
Propionate yield (fermentation, high H2) [-] 0,7000 0,7000
CO2 yield (fermentation, low H2) [-] 0,7000 0,7000
CO2 yield (fermentation, high H2) [-] 0 0

N in biomass [mgN/mgCOD] 0,0700 0,0700
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P in biomass [mgP/mgCOD] 0,0220 0,0220

Endogenous fraction - aerobic [-] 0,0800 0,0800

Endogenous fraction - anoxic [-] 0,1030 0,1030

Endogenous fraction - anaerobic [-] 0,1840 0,1840

COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200

Yield (anoxic) [-] 0,5400 0,5400

Yield propionic (aerobic) [-] 0,6400 0,6400

Yield propionic (anoxic) [-] 0,4600 0,4600

Yield acetic (aerobic) [-] 0,6000 0,6000

Yield acetic (anoxic) [-] 0,4300 0,4300

Yield methanol (aerobic) [-] 0,5000 0,5000

Adsorp. max. [-] 1,0000 1,0000

Max fraction to N20 at high FNA over nitrate [-] 0,0500 0,0500

Max fraction to N20O at high FNA over nitrite [-] 0,1000 0,1000
Ordinary heterotrophic on industrial COD

Name Default Value

Yield Ind #1 COD (Aerobic) [-] 0,5000 0,5000

Yield Ind #1 COD (Anoxic) [-] 0,4000 0,4000

Yield Ind #1 COD (Anaerobic) [-] 0,0400 0,0400

COD:Mole ratio - Ind #1 COD [gCOD/Mol] 224,0000 224,0000

Yield Ind #2 COD (Aerobic ) [-] 0,5000 0,5000

Yield Ind #2 COD (Anoxic) [-] 0,4000 0,4000

Yield Ind #2 COD (Anaerobic) [-] 0,0500 0,0500

COD:Mole ratio - Ind #2 COD [gCOD/Mol] 240,0000 240,0000

Yield on Ind #3 COD (Aerobic) [-] 0,5000 0,5000

Yield on Ind #3 COD (Anoxic) [-] 0,4000 0,4000

Yield on Ind #3 COD (Anaerobic) [-] 0,0400 0,0400

COD:Mole ratio - Ind #3 COD [gCOD/Mol] 288,0000 288,0000
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Yield enmeshed hydrocarbons (Aerobic) [-]

Yield enmeshed hydrocarbons (Anoxic) [-]

Yield enmeshed hydrocarbons (Anaerobic) [-]

COD:Mole ratio - Hydrocarbon COD [gCOD/Mol]

Hydrocarbon COD:VSS ratio [mgCOD/mgVSS]

Max. hydrocarbon adsorp. ratio [-]

Yield of Ind #1 on Ind #3 COD (Aerobic) [-]

Yield of Ind #1 on Ind #3 COD (Anoxic) [-]

Hydrocarbon Yield on Ind #3 COD (Aerobic) [-]

Hydrocarbon Yield on Ind #3 COD (Anoxic) [-]

Methylotrophic

Name

Yield (anoxic) [-]

N in biomass [mgN/mgCOD)]

P in biomass [mgP/mgCOD]

Fraction to endogenous residue [-]

COD:VSS ratio [mgCOD/mgVSS]

Max fraction to N2O at high FNA over nitrate [-]

Max fraction to N20O at high FNA over nitrite [-]

Phosphorus accumulating

Name

Yield (aerobic) [-]

Yield (anoxic) [-]

Aerobic P/PHA uptake [mgP/mgCOD]

Anoxic P/PHA uptake [mgP/mgCOD]

0,5000 0,5000
0,4000 0,4000
0,0400 0,0400
336,0000 336,0000
3,2000 3,2000
1,0000 1,0000
0 0
0 0
0 0
0 0
Default Value
0,4000 0,4000
0,0700 0,0700
0,0220 0,0220
0,0800 0,0800
1,4200 1,4200
0,1000 0,1000
0,1500 0,1500
Default Value
0,6390 0,6390
0,5200 0,5200
0,9300 0,9300
0,3500 0,3500
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Yield of PHA on sequestration [-] 0,8890 0,8890

N in biomass [mgN/mgCOD)] 0,0700 0,0700

N in sol. inert [mgN/mgCOD] 0,0700 0,0700

P in biomass [mgP/mgCOD] 0,0220 0,0220

Fraction to endogenous part. [-] 0,2500 0,2500

Inert fraction of endogenous sol. [-] 0,2000 0,2000

P/Ac release ratio [ngP/mgCOD] 0,5100 0,5100

COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200

Yield of low PP [-] 0,9400 0,9400

Mg to P mole ratio in polyphosphate [mmolMg/mmolP] 0,3000 0,3000

Cation to P mole ratio in polyphosphate [meg/mmolP] 0,1500 0,1500

Cato P mole ratio in polyphosphate [mmolCa/mmolP] 0,0500 0,0500
Propionic acetogenic

Name Default Value

Yield [-] 0,1000 0,1000

H2 yield [-] 0,4000 0,4000

CO2 yield [] 1,0000 1,0000

N in biomass [mgN/mgCOD] 0,0700 0,0700

P in biomass [mgP/mgCOD] 0,0220 0,0220

Fraction to endogenous residue [-] 0,0800 0,0800

COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200
Methanogenic

Name Default Value

Acetoclastic yield [-] 0,1000 0,1000

Acetoclastic yield on methanol[-] 0,1000 0,1000
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H2-utilizing yield [-] 0,1000 0,1000
H2-utilizing yield on methanol [-] 0,1000 0,1000
N in acetoclastic biomass [mgN/mgCOD)] 0,0700 0,0700
N in H2-utilizing biomass [mgN/mgCQOD)] 0,0700 0,0700
P in acetoclastic biomass [mgP/mgCOD] 0,0220 0,0220
P in H2-utilizing biomass [mgP/mgCOD)] 0,0220 0,0220
Acetoclastic fraction to endog. residue [-] 0,0800 0,0800
H2-utilizing fraction to endog. residue [-] 0,0800 0,0800
Acetoclastic COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
H2-utilizing COD:VSS ratio [ngCOD/mgVSS] 1,4200 1,4200
Sulfur oxidizing

Name Default Value

Yield (aerobic) [ngCOD/mgS] 0,5000 0,5000

Yield (Anoxic) [ngCOD/mgS] 0,3500 0,3500

N in biomass [mgN/mgCOD] 0,0700 0,0700

P in biomass [mgP/mgCOD] 0,0220 0,0220

Fraction to endogenous residue [-] 0,0800 0,0800

COD:VSS ratio [mgCOD/mgVSS] 1,4200 1,4200

Sulfur reducing

Name Default Value

Yield [ngCOD/mg H2 COD] 0,0712 0,0712

Yield [ngCOD/mg Ac COD] 0,0470 0,0470

Yield [ngCOD/mg Pr COD] 0,0384 0,0384

N in biomass [mgN/mgCQOD)] 0,0700 0,0700

P in biomass [mgP/mgCOD] 0,0220 0,0220
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Fraction to endogenous residue [-]

COD:VSS ratio [mgCOD/mgVSS]

0,0800

1,4200

0,0800

1,4200

General
Name Value
Tank head loss per metre of length (from flow) [m/m] 2,500E-3
BOD calculation rate constant for Xsc degradation [/d] 0,5000
BOD calculation rate constant for Xsp (and hydrocarbon) degradation [/d] 0,5000
BOD calculation rate constant for Xeo degradation [/d] 0,5000

Heating fuel/Chemical Costs

Name Default Value

Methanol [€/L] 0,3884 0,3884
Ferric [€/L] 0,0883 0,0883
Ferrous [€/L] 0,0883 0,0883
Aluminium [€/L] 0,0706 0,0706
Natural gas [€/GJ] 2,6480 2,6480
Heating oil [€/L] 0,4413 0,4413
Diesel [€/L] 0,6179 0,6179
Custom fuel [€/L] 0,8827 0,8827
Biogas sale price [€/GJ] 1,7653 1,7653

Anaerobic digester

Name

Default

Value

Bubble rise velocity (anaerobic digester) [cm/s]

23,9000

23,9000
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Bubble Sauter mean diameter (anaerobic digester) [cm] 0,3500 0,3500
Anaerobic digester gas hold-up factor [] 1,0000 1,0000
Combined Heat and Power (CHP) engine
Name Default Value
Methane heat of combustion [kJ/mole] 800,0000 800,0000
Hydrogen heat of combustion [kJ/mole] 240,0000 240,0000
CHP engine heat price [€/kWh] 0 0
CHP engine power price [€/kWh] 0,1324 0,1324
Calorific values of heating fuels
Name Default Value
Calorific value of natural gas [kJ/kg] 48000 48000
Calorific value of heating fuel oil [kJ/kg] 42000 42000
Calorific value of diesel [kJ/kg] 46000 46000
Calorific value of custom fuel [kJ/kg] 32000 32000
Density of liquid heating fuels
Name Default Value
Density of heating fuel oil [kg/m3] 900 900
Density of diesel [kg/m3] 875 875
Density of custom fuel [kg/m3] 790 790

Mass transfer
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Name Default Value
Kl for H2 [m/d] 17,0000 17,0000 1,0240
Kl for CO2 [m/d] 10,0000 10,0000 1,0240
Kl for NH3 [m/d] 1,0000 1,0000 1,0240
Kl for CH4 [m/d] 8,0000 8,0000 1,0240
Kl for N2 [m/d] 15,0000 15,0000 1,0240
Kl for N20 [m/d] 8,0000 8,0000 1,0240
Kl for H2S [m/d] 1,0000 1,0000 1,0240
Kl for Ind #1 COD [m/d] 0 0 1,0240
Kl for Ind #2 COD [m/d] 0,5000 0,5000 1,0240
Kl for Ind #3 COD [m/d] 0 0 1,0240
Kl for 02 [m/d] 13,0000 13,0000 1,0240
Henry's law constants
Name Default Value
CO2 [M/atm] 3,4000E-2 3,4000E-2 2400,0000
02 [M/atm] 1,3000E-3 1,3000E-3 1500,0000
N2 [M/atm] 6,5000E-4 6,5000E-4 1300,0000
N20 [M/atm] 2,5000E-2 2,5000E-2 2600,0000
NH3 [M/atm] 5,8000E+1 5,8000E+1 4100,0000
CH4 [M/atm] 1,4000E-3 1,4000E-3 1600,0000
H2 [M/atm] 7,8000E-4 7,8000E-4 500,0000
H2S [M/Atm] 1,0000E-1 1,0000E-1 2200,0000
Ind 1 [M/Atm] 1,9000E+3 1,9000E+3 7300,0000
Ind 2 [M/Atm] 1,8000E-1 1,8000E-1 2200,0000
Ind 3 [M/Atm] 1,5000E-1 1,5000E-1 1900,0000

155



Properties constants

Name Default Value
K in Viscosity = K e A(Ea/RT) [Pa s] 6,849E-7 6,849E-7
Eain Viscosity = K e N(Ea/RT) [j/mol] 1,780E+4 1,780E+4
Y in ML Viscosity = H20 viscosity * (1+A*MLSS"Y) [-] 1,0000 1,0000
A'in ML Viscosity = H20 viscosity * (1+A*MLSS"Y) [m3/g] 1,000E-7 1,000E-7
A in ML Density = H20 density + A*MLSS [(kg/m3)/(g/m3)] 3,248E-4 3,248E-4
A in Antoine equn. [T in K, P in Bar {NIST}] 5,2000 5,2000
B in Antoine equn. [T in K, P in Bar {NIST}] 1734,0000 1734,0000
C in Antoine equn. [T in K, P in Bar {NIST}] -39,5000 -39,5000
Metal salt solution densities
Name Default Value
Ferric chloride solution density [kg/m3] 3820,0000 3820,0000
Ferrous chloride solution density [kg/m3] 3160,0000 3160,0000
Aluminium sulfate solution density [kg/m3] 1950,0000 1950,0000
Mineral precipitation rates
Name Default Value
Vivianite precipitation rate [L/(mol d)] 1,000E+5 1,000E+5 1,0240
Vivianite redissolution rate [L/(mol d)] 1,000E+5 1,000E+5 1,0240
Vivianite half sat. [ngTSS/L] 0,0100 0,0100 1,0000
FeS precipitation rate [L/(mol d)] 1000,0000 1000,0000 1,0240
FeS redissolution rate [L/(mol d)] 10,0000 10,0000 1,0240
FeS half sat. [mgTSS/L] 0,1000 0,1000 1,0000
Struvite precipitation rate [L"2/(mol*2 d)] 3,000E+10 3,000E+10 1,0240
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Struvite redissolution rate [L"2/(mol"2 d)] 3,000E+11 3,000E+11 1,0240
Struvite half sat. [ngTSS/L] 1,0000 1,0000 1,0000
Brushite precipitation rate [L/(mol d)] 1,000E+6 1,000E+6 1,0000
Brushite redissolution rate [L/(mol d)] 10000,0000 10000,0000 1,0000
Brushite half sat. [mgTSS/L] 1,0000 1,0000 1,0000
HAP precipitation rate [g/d] 5,000E-4 5,000E-4 1,0000

Mineral precipitation constants
Name Default Value
Vivianite solubility product [mol/L]"5 1,710E-36 1,710E-36
FeS solubility product [mol/L]*2 4,258E-4 4,258E-4
Struvite solubility product [mol/L]*3 6,918E-14 6,918E-14
Brushite solubility product [mol/L]*2 2,490E-7 2,490E-7

Fe rates
Name Default Value
A in aging rate = A * exp(-G/B) [1/d)] 16,1550 16,1550 1,0000
B in aging rate = A * exp(-G/B) [1/s)] 57,3000 57,3000 1,0000
HFO(L) aging rate factor 2,500E-4 2,500E-4 1,0000
HFO(H) with H2PO4- bound aging factor [| 1,000E-5 1,000E-5 1,0000
HFO(L) with H2PO4- bound aging factor [] 0,4000 0,4000 1,0000
H2PO4- coprecipitation rate [mol/(L d)] 1,500E-9 1,500E-9 1,0000
H2PO4- Adsorption rate [mol /(L d)] 2,000E-11 2,000E-11 1,0000
H+ competition for HFO(H) protonation sites [L/(mmol . d)] 1000,0000 1000,0000 1,0000
H+ competition for HFO(L) protonation sites [L/(mmol . d)] 100,0000 100,0000 1,0000
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Fe constants

Name Default Value
Ferric active site factor(high) [ {mol Sites}/{mol HFO(H)}] 4,0000 4,0000
Ferric active site factor(low) [ {mol Sites}/{mol HFO(L)}] 2,4000 2,4000

H+ competition level for Fe(OH)3 [mol/L] 7,000E-7 7,000E-7
Equilibrium constant for FeOH3-H2PO4- [ {mf HFO(H).H2PO4}/({mol H2PO4-Kmf HFO(H)}*2)] 2,000E-9 2,000E-9
Colloidal COD removed with Ferric [gCOD/Fe active site] 80,0000 80,0000
Minimum residual P level with iron addition [mgP/L] 0,0150 0,0150
HFO(H) with H2PO4- P release factor 10000,0000 10000,0000
HFO(L) with H2PO4- P release factor 10000,0000 10000,0000

Fe RedOx rates

Name Default Value

Iron reduction using acetic acid 1,000E-7 1,000E-7 1,0000
Half Sat. acetic acid 0,5000 0,5000 1,0000
Iron reduction using propionic acid 1,000E-7 1,000E-7 1,0000
Half Sat. propionic acid 0,5000 0,5000 1,0000
Iron reduction using dissolved hydrogen gas 1,000E-7 1,000E-7 1,0000
Half Sat. dissolved hydrogen gas 0,5000 0,5000 1,0000
Iron reduction using hydrogen sulfide 5,000E-5 5,000E-5 1,0000
Half Sat. hydrogen sulfide 0,5000 0,5000 1,0000
Iron oxidation rate (aerobic) 1,000E-3 1,000E-3 1,0000
Abiotic iron reduction using acetic acid 2,000E-5 2,000E-5 1,0000
Abiotic iron reduction using propionic acid 2,000E-5 2,000E-5 1,0000
Abiotic iron reduction using dissolved hydrogen gas 2,000E-5 2,000E-5 1,0000
Abiotic iron reduction using hydrogen sulfide 2,000E-5 2,000E-5 1,0000
Abiotic iron oxidation rate (aerobic) 1,0000 1,0000 1,0000
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CEPT rates

Name Default Value
HFO colloidal adsorption rate 1,0000 1,0000 1,0000
Residual Xsc for adsorption to HFO 5,0000 5,0000 1,0000
Slope for Xsc residual 1,0000 1,0000 1,0000
HAO colloidal adsorption rate 1,0000 1,0000 1,0000
Residual Xsc for adsorption to HAO 5,0000 5,0000 1,0000
Slope for Xsc residual 1,0000 1,0000 1,0000

Al rates
Name Default Value
A in aging rate = A * exp(-G/B) [1/d)] 16,1550 16,1550 1,0000
B in aging rate = A * exp(-G/B) [1/s)] 57,3000 57,3000 1,0000
HAO(L) aging rate factor 2,500E-4 2,500E-4 1,0000
HAO(H) with H2PO4- bound aging factor [] 1,000E-5 1,000E-5 1,0000
HAO(L) with H2PO4- bound aging factor [] 0,4000 0,4000 1,0000
H2PO4- coprecipitation rate [mol/(L d)] 1,500E-9 1,500E-9 1,0000
H2PO4- Adsorption rate [mol /(L d)] 1,000E-9 1,000E-9 1,0000

Al constants

Name Default Value

Al active site factor(high) [ {mol Sites}/{mol HAO(H)}] 3,0000 3,0000

Al active site factor(low) [{mol Sites}/{mol HAO(L)}] 1,5000 1,5000
Equilibrium constant for AIOH3-H2PO4- [ {mf HAO(H).H2PO4}/({mol H2PO4-}{mf HAO(H)}"2)] 8,000E-10 8,000E-10
Colloidal COD removed with Al [gCOD/AI active site] 30,0000 30,0000
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Minimum residual P level with Al addition [mgP/L]

HAO(H) with H2PO4- P release factor

HAO(L) with H2PO4- P release factor

0,0150

10000,0000

10000,0000

0,0150

10000,0000

10000,0000

Pipe and pump parameters

Name Default Value
Static head [m] 0,2500 0,2500
Pipe length (headloss calc.s) [m] 50,0000 50,0000
Pipe inside diameter [mm] 500,000 500,000
K(fittings) - Total minor losses K 5,0000 5,0000
Pipe roughness [mm] 0,200 0,200
‘A" in overall pump efficiency = A + B*Q + C*(Q"2)[ - ] 0,8500 0,8500
'B' in overall pump efficiency = A + B*Q + C*(Q"2)[ [ -]/(m3/d) ] 0 0

'C' in overall pump efficiency = A + B*Q + C*(Q"2)[ [ - [/(m3/d)"2] 0 0

Fittings and loss coefficients ('K' values)

Name Default Value
Pipe entrance (bellmouth) 0,0500 1,0000
90° bend 0,7500 5,0000
45° bend 0,3000 2,0000
Butterfly value (open) 0,3000 1,0000
Non-return value 1,0000 0
Outlet (bellmouth) 0,2000 1,0000

Aeration
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Name Default Value
Surface pressure [kPa] 101,3250 101,3250
Fractional effective saturation depth (Fed) [-] 0,3250 0,3250
Supply gas CO2 content [vol. %] 0,0400 0,0400
Supply gas O2 [vol. %] 20,9500 20,9500
Off-gas CO2 [vol. %] 2,0000 2,0000
Off-gas 02 [vol. %] 18,8000 18,8000
Off-gas H2 [vol. %] 0 0
Off-gas NH3 [vol. %] 0 0
Off-gas CH4 [vol. %] 0 0
Off-gas N20 [vol. %)] 0 0
Surface turbulence factor [-] 2,0000 2,0000
Set point controller gain [] 1,0000 1,0000
Blower
Name Default Value
Intake filter pressure drop [kPa] 3,5000 3,5000
Pressure drop through distribution system (piping/valves) [kPa] 3,0000 3,0000
Adiabatic/polytropic compression exponent (1.4 for adiabatic) 1,4000 1,4000
‘A" in blower efficiency = A + B*Qa + C*(Qa’2)[ - ] 0,7500 0,7500
'‘B' in blower efficiency = A + B*Qa + C*(Qa"2)[ [ - J/(m3/hr (20C, 1 atm)) ] 0 0
'C'in blower efficiency = A + B*Qa + C*(Qa”2)[ [ - ]J/(m3/hr (20C, 1 atm))"2 ] 0 0
Diffuser
Name Default Value
klin C = k1(PC)"0.25 + k2 1,2400 1,2400
k2 in C = k1(PC)"0.25 + k2 0,8960 0,8960
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YinKla=CUsg”"Y -Usgin[m3/(m2 d)] 0,8880
Area of one diffuser [m2] 0,0410
Diffuser mounting height [m] 0,2500
Min. air flow rate per diffuser m3/hr (20C, 1 atm) 0,5000
Max. air flow rate per diffuser m3/hr (20C, 1 atm) 10,0000
'A'in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)"2 [kPa] 3,0000
'B' in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)"2[kPa/(m3/hr (20C, 1 atm)) ] 0

'C' in diffuser pressure drop = A + B*(Qa/Diff) + C*(Qa/Diff)"2[kPa/(m3/hr (20C, 1 atm))"2] 0

0,8880

0,0380

0,2500

0,5000

10,0000

3,0000

Surface aerators

Name

Default Value

Surface aerator Std. oxygen transfer rate [kg O /(kW hr)]

1,50000 1,50000

Modified Vesilind

Name Default Value
Maximum Vesilind settling velocity (Vo) [m/d] 170,000 170,000
Vesilind hindered zone settling parameter (K) [L/g] 0,370 0,370
Clarification switching function [mg/L] 100,000 100,000
Specified TSS conc.for height calc. [mg/L] 2500,000 2500,000
Maximum compactability constant [mg/L] 15000,000 15000,000
Maximum compactability slope [L/mg] 0,010 0,010
Double exponential
Name Default Value
Maximum Vesilind settling velocity (Vo) [m/d] 410,000 410,000
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Maximum (practical) settling velocity (Vo') [m/d] 270,000 270,000

Hindered zone settling parameter (Kh) [L/g] 0,400 0,400

Flocculent zone settling parameter (Kf) [L/g] 2,500 2,500

Maximum non-settleable TSS [mg/L] 20,0000 20,0000

Non-settleable fraction [-] 1,000E-3 1,000E-3

Specified TSS conc. for height calc. [mg/L] 2500,0000 2500,0000
Emission factors

Name Default Value

Carbon dioxide equivalence of nitrous oxide 296,0000 296,0000

Carbon dioxide equivalence of methane 23,0000 23,0000

Biofilm general

Name Default Value

Attachment rate [g/ (m2 d) ] 8,0000 8,0000 1,0000
Attachment TSS half sat. [mg/L] 100,0000 100,0000 1,0000
Detachment rate [g/(m3 d)] 8000,0000 8000,0000 1,0000
Solids movement factor [] 10,0000 10,0000 1,0000
Diffusion neta [] 0,8000 0,8000 1,0000
Thin film limit [mm] 0,5000 0,5000 1,0000
Thick film limit [mm] 3,0000 3,0000 1,0000
Assumed Film thickness for tank volume correction (temp independent) [mm] 1,2500 1,2500 1,0000
Film surface area to media area ratio - Max.[ ] 1,0000 1,0000 1,0000
Minimum biofilm conc. for streamer formation [gTSS/m2] 4,0000 4,0000 1,0000

Maximum biofilm concentrations [mg/L]
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Name Default Value

Biomass - Ordinary heterotrophic 5,000E+4 5,000E+4 1,0000
Biomass - Methylotrophic 5,000E+4 5,000E+4 1,0000
Biomass - Ammonia oxidizing 1,000E+5 1,000E+5 1,0000
Biomass - Nitrite oxidizing 1,000E+5 1,000E+5 1,0000
Biomass - Anaerobic ammonia oxidizing 5,000E+4 5,000E+4 1,0000
Biomass - Phosphorus accumulating 5,000E+4 5,000E+4 1,0000
Biomass - Propionic acetogenic 5,000E+4 5,000E+4 1,0000
Biomass - Acetoclastic methanogenic 5,000E+4 5,000E+4 1,0000
Biomass - Hydrogenotrophic methanogenic 5,000E+4 5,000E+4 1,0000
Biomass - Endogenous products 3,000E+4 3,000E+4 1,0000
CODp - Slowly degradable particulate 5000,0000 5000,0000 1,0000
CODp - Slowly degradable colloidal 4000,0000 4000,0000 1,0000
CODp - Degradable external organics 5000,0000 5000,0000 1,0000
CODp - Undegradable non-cellulose 5000,0000 5000,0000 1,0000
CODp - Undegradable cellulose 5000,0000 5000,0000 1,0000
N - Particulate degradable organic 0 0 1,0000
P - Particulate degradable organic 0 0 1,0000
N - Particulate degradable external organics 0 0 1,0000
P - Particulate degradable external organics 0 0 1,0000
N - Particulate undegradable 0 0 1,0000
P - Particulate undegradable 0 0 1,0000
CODp - Stored PHA 5000,0000 5000,0000 1,0000
P - Releasable stored polyP 1,150E+6 1,150E+6 1,0000
P - Unreleasable stored polyP 1,150E+6 1,150E+6 1,0000
CODs - Complex readily degradable 0 0 1,0000
CODs - Acetate 0 0 1,0000
CODs - Propionate 0 0 1,0000
CODs - Methanol 0 0 1,0000
Gas - Dissolved hydrogen 0 0 1,0000
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Gas - Dissolved methane

N - Ammonia

N - Soluble degradable organic

Gas - Dissolved nitrous oxide

N - Nitrite

N - Nitrate

Gas - Dissolved nitrogen

P - Soluble phosphate

CODs - Undegradable

N - Soluble undegradable organic

Influent inorganic suspended solids

Precipitate - Struvite

Precipitate - Brushite

Precipitate - Hydroxy - apatite

Precipitate - Vivianite

HFO - High surface

HFO - Low surface

HFO - High with H2PO4- adsorbed

HFO - Low with H2PO4- adsorbed

HFO - Aged

HFO - Low with H+ adsorbed

HFO - High with H+ adsorbed

HAO - High surface

HAO - Low surface

HAO - High with H2PO4- adsorbed

HAO - Low with H2PO4- adsorbed

HAO - Aged

P - Bound on aged HMO

Metal soluble - Magnesium

Metal soluble - Calcium

Metal soluble - Ferric

1,300E+6

8,500E+5

1,165E+6

1,600E+6

1,340E+6

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

1,300E+6

8,500E+5

1,165E+6

1,600E+6

1,340E+6

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

5,000E+4

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000
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Metal soluble - Ferrous 0 0 1,0000
Metal soluble - Aluminum 0 0 1,0000
Other Cations (strong bases) 0 0 1,0000
Other Anions (strong acids) 0 0 1,0000
Gas - Dissolved total CO2 0 0 1,0000
User defined - UD1 0 0 1,0000
User defined - UD2 0 0 1,0000
User defined - UD3 5,000E+4 5,000E+4 1,0000
User defined - UD4 5,000E+4 5,000E+4 1,0000
Biomass - Sulfur oxidizing 1,000E+5 1,000E+5 1,0000
Biomass - Sulfur reducing propionic acetogenic 5,000E+4 5,000E+4 1,0000
Biomass - Sulfur reducing acetotrophic 5,000E+4 5,000E+4 1,0000
Biomass - Sulfur reducing hydrogenotrophic 1,000E+5 1,000E+5 1,0000
Gas - Dissolved total sulfides 0 0 1,0000
S - Soluble sulfate 0 0 1,0000
S - Particulate elemental sulfur 5,000E+4 5,000E+4 1,0000
Precipitate - Ferrous sulfide 5,000E+4 5,000E+4 1,0000
CODp - Adsorbed hydrocarbon 5,000E+4 5,000E+4 1,0000
CODs - Degradable volatile ind. #1 0 0 1,0000
CODs - Degradable volatile ind. #2 0 0 1,0000
CODs - Degradable volatile ind. #3 0 0 1,0000
CODs - Soluble hydrocarbon 0 0 1,0000
Gas - Dissolved oxygen 0 0 1,0000
Effective diffusivities [m2/s]

Name Default Value

Biomass - Ordinary heterotrophic 5,000E-14 5,000E-14 1,0290
Biomass - Methylotrophic 5,000E-14 5,000E-14 1,0290
Biomass - Ammonia oxidizing 5,000E-14 5,000E-14 1,0290
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Biomass - Nitrite oxidizing

Biomass - Anaerobic ammonia oxidizing

Biomass - Phosphorus accumulating

Biomass - Propionic acetogenic

Biomass - Acetoclastic methanogenic

Biomass - Hydrogenotrophic methanogenic

Biomass - Endogenous products

CODp - Slowly degradable particulate

CODp - Slowly degradable colloidal

CODp - Degradable external organics

CODp - Undegradable non-cellulose

CODp - Undegradable cellulose

N - Particulate degradable organic

P - Particulate degradable organic

N - Particulate degradable external organics

P - Particulate degradable external organics

N - Particulate undegradable

P - Particulate undegradable

CODp - Stored PHA

P - Releasable stored polyP

P - Unreleasable stored polyP

CODs - Complex readily degradable

CODs - Acetate

CODs - Propionate

CODs - Methanol

Gas - Dissolved hydrogen

Gas - Dissolved methane

N - Ammonia

N - Soluble degradable organic

Gas - Dissolved nitrous oxide

N - Nitrite

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-10

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

6,900E-10

1,240E-9

8,300E-10

1,600E-9

5,850E-9

1,963E-9

2,000E-9

1,370E-9

1,607E-9

2,980E-9

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-10

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

6,900E-10

1,240E-9

8,300E-10

1,600E-9

5,850E-9

1,963E-9

2,000E-9

1,370E-9

1,607E-9

2,980E-9

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290
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N - Nitrate

Gas - Dissolved nitrogen

P - Soluble phosphate

CODs - Undegradable

N - Soluble undegradable organic

Influent inorganic suspended solids

Precipitate - Struvite

Precipitate - Brushite

Precipitate - Hydroxy - apatite

Precipitate - Vivianite

HFO - High surface

HFO - Low surface

HFO - High with H2PO4- adsorbed

HFO - Low with H2PO4- adsorbed

HFO - Aged

HFO - Low with H+ adsorbed

HFO - High with H+ adsorbed

HAO - High surface

HAO - Low surface

HAO - High with H2PO4- adsorbed

HAO - Low with H2PO4- adsorbed

HAO - Aged

P - Bound on aged HMO

Metal soluble - Magnesium

Metal soluble - Calcium

Metal soluble - Ferric

Metal soluble - Ferrous

Metal soluble - Aluminum

Other Cations (strong bases)

Other Anions (strong acids)

Gas - Dissolved total CO2

2,980E-9

1,900E-9

2,000E-9

6,900E-10

6,850E-10

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

7,200E-10

7,200E-10

4,800E-10

4,800E-10

4,800E-10

1,440E-9

1,440E-9

1,960E-9

2,980E-9

1,900E-9

2,000E-9

6,900E-10

6,850E-10

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

5,000E-14

7,200E-10

7,200E-10

4,800E-10

4,800E-10

4,800E-10

1,440E-9

1,440E-9

1,960E-9

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290

1,0290
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User defined - UD1 6,900E-10 6,900E-10 1,0290
User defined - UD2 6,900E-10 6,900E-10 1,0290
User defined - UD3 5,000E-14 5,000E-14 1,0290
User defined - UD4 5,000E-14 5,000E-14 1,0290
Biomass - Sulfur oxidizing 5,000E-14 5,000E-14 1,0290
Biomass - Sulfur reducing propionic acetogenic 5,000E-14 5,000E-14 1,0290
Biomass - Sulfur reducing acetotrophic 5,000E-14 5,000E-14 1,0290
Biomass - Sulfur reducing hydrogenotrophic 5,000E-14 5,000E-14 1,0290
Gas - Dissolved total sulfides 1,530E-9 1,530E-9 1,0290
S - Soluble sulfate 2,130E-10 2,130E-10 1,0290
S - Particulate elemental sulfur 5,000E-14 5,000E-14 1,0290
Precipitate - Ferrous sulfide 5,000E-14 5,000E-14 1,0290
CODp - Adsorbed hydrocarbon 5,000E-14 5,000E-14 1,0290
CODs - Degradable volatile ind. #1 7,240E-10 7,240E-10 1,0290
CODs - Degradable volatile ind. #2 8,900E-10 8,900E-10 1,0290
CODs - Degradable volatile ind. #3 7,960E-10 7,960E-10 1,0290
CODs - Soluble hydrocarbon 7,120E-10 7,120E-10 1,0290
Gas - Dissolved oxygen 2,500E-9 2,500E-9 1,0290
EPS Strength coefficients [ ]

Name Default Value

Biomass - Ordinary heterotrophic 1,0000 1,0000 1,0000
Biomass - Methylotrophic 1,0000 1,0000 1,0000
Biomass - Ammonia oxidizing 5,0000 5,0000 1,0000
Biomass - Nitrite oxidizing 25,0000 25,0000 1,0000
Biomass - Anaerobic ammonia oxidizing 10,0000 10,0000 1,0000
Biomass - Phosphorus accumulating 1,0000 1,0000 1,0000
Biomass - Propionic acetogenic 1,0000 1,0000 1,0000
Biomass - Acetoclastic methanogenic 1,0000 1,0000 1,0000
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Biomass - Hydrogenotrophic methanogenic

Biomass - Endogenous products

CODp - Slowly degradable particulate

CODp - Slowly degradable colloidal

CODp - Degradable external organics

CODp - Undegradable non-cellulose

CODp - Undegradable cellulose

N - Particulate degradable organic

P - Particulate degradable organic

N - Particulate degradable external organics

P - Particulate degradable external organics

N - Particulate undegradable

P - Particulate undegradable

CODp - Stored PHA

P - Releasable stored polyP

P - Unreleasable stored polyP

CODs - Complex readily degradable

CODs - Acetate

CODs - Propionate

CODs - Methanol

Gas - Dissolved hydrogen

Gas - Dissolved methane

N - Ammonia

N - Soluble degradable organic

Gas - Dissolved nitrous oxide

N - Nitrite

N - Nitrate

Gas - Dissolved nitrogen

P - Soluble phosphate

CODs - Undegradable

N - Soluble undegradable organic

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000
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Influent inorganic suspended solids

Precipitate - Struvite

Precipitate - Brushite

Precipitate - Hydroxy - apatite

Precipitate - Vivianite

HFO - High surface

HFO - Low surface

HFO - High with H2PO4- adsorbed

HFO - Low with H2PO4- adsorbed

HFO - Aged

HFO - Low with H+ adsorbed

HFO - High with H+ adsorbed

HAO - High surface

HAO - Low surface

HAO - High with H2PO4- adsorbed

HAO - Low with H2PO4- adsorbed

HAO - Aged

P - Bound on aged HMO

Metal soluble - Magnesium

Metal soluble - Calcium

Metal soluble - Ferric

Metal soluble - Ferrous

Metal soluble - Aluminum

Other Cations (strong bases)

Other Anions (strong acids)

Gas - Dissolved total CO2

User defined - UD1

User defined - UD2

User defined - UD3

User defined - UD4

Biomass - Sulfur oxidizing

0,3300

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

0,3300

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000
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Biomass - Sulfur reducing propionic acetogenic

Biomass - Sulfur reducing acetotrophic

Biomass - Sulfur reducing hydrogenotrophic

Gas - Dissolved total sulfides

S - Soluble sulfate

S - Particulate elemental sulfur

Precipitate - Ferrous sulfide

CODp - Adsorbed hydrocarbon

CODs - Degradable volatile ind. #1

CODs - Degradable volatile ind. #2

CODs - Degradable volatile ind. #3

CODs - Soluble hydrocarbon

Gas - Dissolved oxygen

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

1,0000

172



	F5d
	Izvješće 5_4FINAL EN
	Izvješće 5_4FINAL EN
	2021 07 18 VRS_REPORT_5.4 ASM-20210718-RAP104 Final Concept


