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1 Preface

Welcome to AQUA DESIGNER, the new efficient tool for the design of wastewater
plants. This software offers extensive help to solve routine tasks quickly and reliably.
It will, thus, leave you time to spend on the more conceptional and creative aspects
of your work.

All calculation routines and variations have been thoroughly verified to ensure en-
dorsement of your chosen concepts. You will save unexpected meetings and un-
necessary feedback questions.

The supplemental part of the program in the ‘Extras’ allows an economic compari-
son of the choices. Furthermore, extensive information for the subsequent design
phases are supplied to you.

You will come to realise how easily and quickly effects of design changes can be
reviewed and how they affect different parameters, e.g. effect on the activated
sludge and secondary treatment through correlated changes in dry matter concen-
tration and choice of a phosphate precipitation. Within minutes you will be able to
determine the most economic choice through mass evaluation and evaluation of
operating expenses. Your contractors will be convinced by the efficient design.
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3 Introduction

Very few programs exist for dimensioning the biological step of wastewater plants.
The few that exist have mostly been created at universities and are restricted to very
basic values of dimensioning. AQUA DESIGNER was designed by engineers with
practical experience in plant design and equipment and can now look back on
20 years of continuous development. Thus, this program incorporates a variety of
functions that instantly facilitates the design of wastewater plants.

The dimensioning in AQUA DESIGNER is based on the DWA (Abwasser Tech-
nische Vereinigung) directions, in particular the DWA A226, DWA A131 and M210.
The directions for calculations are not complicated. Only calculating the sludge load-
ing rate based on the A131 directions requires an iterative calculation. However,
calculating different choices and variations manually and investigating different clari-
fying processes is a tedious task.

Also, mistakes are barely avoidable with numerous calculations.

Investigating the effect of calculations on building construction requires tremendous
effort which is both costly and time consuming.

In AQUA DESIGNER, all meaningful choices are calculated within minutes and
are immediately evaluated for effectiveness. For every choice, production
costs, masses, flotation and scaled drawings are readily available.

In addition, AQUA DESIGNER provides a detailed design layout that liberates you
from the task of writing the documentation of your chosen concepts. A detailed
documentation is automatically generated and can be exported to Word and
Excel.

Scaled graphic designs and - as a new function - a flow sheet are produced in
the shortest time for an impressive presentation. These graphics can also be
printed in colour, or copied to other applications. Additional diagrams within the di-
mensioning allow you to examine the current calculation status.

The handbook offers the most complete overview possible on the AQUA
DESIGNER program.
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3.1 AQUA DESIGNER 1.0 to 8.x

AQUA DESIGNER 1.0 offered new concepts compared to previous dimensioning
programs. Structure and tools of the program are strictly adjusted to practical work
and result in a comprehensive design package.

AQUA DESIGNER 2.0 added several variations as like multiple lines, more tank
types and specific tools requested by customers.

AQUA DESIGNER 3.x now offers all applicable methods of the activated sludge
clarification process, it offers further improvements in the design drawings and some
new tools. In particular the design of plants without sludge stabilisation and plants
on the basis of SBR, sequencing batch reactors, have been included.

The main new feature in AQUA DESIGNER 4.0 is the implementation of the new
regular ATV A131. This includes a lot of new operation steps like aerobic selector
and scrapper-dimensioning and the dimensioning based on the COD. Furtheron
there are new variants of aeration and new languages. Now you can chose german,
english, polish, tschechisch and hungary.

In the version AQUA DESIGNER 5.x you will find cascaded dentrification, enhanced
function to included turbid water reflow, load variation and of course a lot of im-
provements in several tools.

AQUA DESIGNER 6.x concludes new tools for sludge digestion and carbon dos-
age. Basic data has been adapted to the actual standard ATV-DVWK-A 198.
AQUA DESIGNER 6.3 has been extended by further processes for sludge treat-
ment and now provides the complete range of sludge treatment processes. The
separate aerobic sludge treatment processes has been added. In the operational
costs you can compare different processes by the operational costs and the energy
recuperation. By the tool vertical flown sedimentation chamber sedimentation
chambers can be exactly adapted to the water level and diameter you want. The
calculation is grafical supported.

The Carrouselbecken for bigger plants has been added because of requests of cli-
ents.

New types of aerators are available at the aeration tool.
Furthermore several improvals and hints of clients has been implemented.

AUQA DESIGNER 7.x:
Actualization of the dimensioning of smaller plants with simultaneous aerobic sludge
stabilization, from ATV A 126 to DWA A 226.

Extension of the aeration tool according to DWA M 229-1 with more load verifica-
tions and more detailed evaluation.

Some corrections especially for separate stage denitrification.
Improvals, extensions, corrections for SBR calculation according to M 210.
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Corrections concerning the ,.-Notation. Sometimes Numberns has been converted
inaccurate. So sometimes a software crash occurred.

The copy protection has been changed from hardware dongle to software key. This
is also available as network license.

AQUA DESIGNER 8.3:

Since May 2016, there is a new standard valid for design of activated sludge plants.
This standard DWA-A 131 is implemented in this version. Base of the new standard
is no longer the BOD, but the COD.

Adjustment SBR to DWA-A 131 from May 2016.
Adjustment of aeration to DWA-M 229-1 from September 2017.

The latest version contains new functions such as a machine and measuring point
list and an automatically generated flow diagram.

We have also started to integrate international design guidelines.

3.2 AQUA DESIGNER 9.x

Membrane Reactor Plants can now be dimensioned according to DWA-A 227. Im-
portant process steps as cross-flow aeration and permeate pumps are implemented.
Thus, the influence of cross-flow aeration on the overall aeration is also taken into
account and you can compare the energy consumption of a conventional aeration
plant or SBR plant with that of a membrane aeration plant. The other design ap-
proaches, such as the MSIG approach, can also be used for MBR design.

Print- and drawing tools has been changed. Now there are extended functions are
available. This applies to all prints, drawings and flow diagrams.

3.3 Conventions

Elements and functions of the program are divided in groups. Depending on their
function they are presented differently in the text. The valid conventions are listed
below:

Bold Names for user elements (Keys, Option fields, Control boxes, Menu
commands, etc.)

Names for input and output windows

names for the Main menu.

Name of forms

grey background |examples, technical information
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3.4 System Requirements

AQUA DESIGNER requires a , that is compatible with Windows 7,8 or Windows 10.

AQUA DESIGNER is a software working with a graphic user interface using win-
dows features. This is why Windows must be installed on your computer prior to
running AQUA DESIGNER.

3.5 Scope of Delivery

AQUA DESIGNER is available at our Download-Side www.bitcontrol.info > down-
load.

After installing AQUA DESIGNER a code is available. This code should be send to
software@bitcontrol.info. You will receive your license code for AQUA DESIGNER
then by mail.

Also the Manual is available for download at the above mentioned adress.

3.6 Software Installation

Is one of the above versions of Windows installed? If so, then you can begin to in-
stall AQUA DESIGNER and the supplementary data files.

A special installation program that guides you through the installation process is
included in the installation package.

If you received a demo version, the installation will be finished.

3.7 Starting AQUA DESIGNER

You can start AQUA DESIGNER in two different ways.

From the Start Menue
Click on Start > Programs > BITControl > AQUA DESIGNER.

Using Explorer

You can launch AQUA DESIGNER from the Explorer by double clicking on the file
ADG63.exe present in the application directory.

Druck_AQUADESIGNER91EN.docx
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Licensing

After installing AQUA DESIGNER, by the fist start you will see a license window.
There are two numbers displayed, a Site code and a MID.

Send these codes to software@bitcontrol.info.

You will receive the activation code. After entering this number, your version is un-
locked.

AQUA DESIGNER

Uses left:  N/A

Fig. 1: Activation Dialog (Site code und MID)
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4 Handling

The Windows-Interface offers the possibility of working with either the mouse or the
keyboard. The conventions for using the keyboard have been widely incorporated
into AQUA DESIGNER.

4.1 Menu Bar

Path name and file name of the current file are on the Title Bar.

On the Menu Bar, only the file menu is active until completion of the computation.
However, the language menu is an exception: You can switch at any time between
English and German.

In the Main Window frame the project name is displayed. For the case File > New,
no name initially appears as the project name.

The Menu Bar contains almost all the required commands for operating AQUA

DESIGNER.

Clicking on a menu, for example File, opens a menu window containing different
commands. To operate one of the displayed commands simply click on it with the

mouse.

Aqua Designer 7.0 - [Bemessung von Klaranlagen]

File | Report

Selection  Sludge Treatment

Extras Drawings Verify Options Infos 7

New
Open
Save

Save as

Data Bank

C:\Program Files (x86)\...\beisp_1.ad7
C:\Program Files (x86)\...\beisp_2.ad7
C:\Program Files (x86)\...\beisp_3.ad7
C:\Program Files (x86)\...\beisp_4.ad7

Exit

Fig. 2: Menu File

Y DNB=18.80m
2,30

The following table gives you an overview of the functions of the menu bar.

Menu

Menu Commands

Description

File

New

To start a new project

Open

To open an existing project

Save

To save a project
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Menu Menu Commands Description

Save as To save a project under a new title

Data Bank To save a project data in an access data
base

List of recently Starting the programme for the very first

opened files time you must open the data through File-
Open. After that you can open the recently
used files directly from the list.

Exit To quit the programme. Eventually you will
be asked, if you want to save the actual
project.

Report Description A description of the chosen methods and
chosen machines. The description of every
chosen vitalization method can be shown
separately.

Dimensioning Accounting verification of the performed
calculation, separate for each calculated
method.

Calculation Grit Accounting verification of the sand trap cal-

Chamber culation

Short Documentation | A summary of the most important calculated
values on one page.

Results per Step Accounting verification of single modules

Machine List A list of machines and measuring points is
available in Excel to match the calculation
process and the selected components.

Selection A 131, SBR ... A form to choose a vitalizing method

Grit and Grease A form to choose a sand and fat colleting

Chamber method.

Sludge Thikener

Treatment | Seperate aerobic

Sludge Stabilisation

Amerobic Sludge anaerobic sludge degistion wth gas produc-

Digestion tion

Sludge Tank

Extras Components A choice of additional modules, which have
an influence on the operating costs and the
expositional report.

Operating Costs Calculation of electricity, sludge disposal,
rotting means and staff costs,
separate for each method

Sludge Removal Sludge balance for clearance basin down
steam and return sludge flow suction sys-
tem.

Pipelines Several important diameters of water,
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Menu Menu Commands Description
sludge and aeration pipelines.

Oxygen Efficiency Economic efficiency of the aeration system
in kgO2/kWh.

Buffer Tank Calculation of the required volume of a buff-
er tank at SBR-constructions.

Drawings Drawings To go directly to the true scaled drawing
function

View Drawing To print or export (dxf) the drawing

Mass Calculation To open the form for the mass calculation
with the drawing of the pit

Bouancy To open the form for the bouancy

Flow Sheet Creation of a flow diagram based on the
calculation process and component selec-
tion

Verify Secondary Settling Recalculation of existing basin, determina-

Tank tion of a permitted hydraulic feed

Options Language Choice of the operating and print out lan-
guage
Settings Various settings for the calculation process,
the complexity of the calculation, the scale
and kind of prints outs.
Process Setting of the denitrification method, the
aeration technique and several other vari-
ants.
General Constants Parameters for various formulas, margin
conditions and dimensions of constructions.
Constants COD Parameters for formulas of the dimensioning
based on CSB
Constants As mentioned above, constants for the
Hochschulgruppe commitment of the university group.
Information | About AQUA Version, licence
? DESIGNER

About BITControl

? Appeal to the off-line help, as F1
4.2 Main Form

The Main Window is the central form of AQUA DESIGNER. Here, different computa-
tions and variations of processes of AQUA DESIGNER are visualised. In the Main
Window the user is conducted through the dimensioning aided by fields with differ-
ent background colouring, representing the different stages of the computations.
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r@ Aqua Designer - [Selection] lﬂi&‘
File V‘Report Selection  Sludge Treatment Extras Drawings Verify Options Infos
Title bar 1 Fieltil
Menu bar | ' o | I
A226 A131 SBR Membrane Bio Reactor
; l
| Pavaed&d?ef’a'andets ] Avend Srios ‘ Actvated Siudge
— » Pnnluan Paravlmen
’ NB aund | | NB Cones ‘ | Sifom ‘ | Shomos l | e ’ ] Acivaied ‘
x x | Chamber
| Clar Water Outfiow | | Clear Water Ot | | Cear Water Outfon | | Gear Water Outfw | l I
—
< | -
< li Activoter Shige | Bame l {Dﬂdlhebd&\g } |m"mm‘

[ |

[ = 1[ [ 1 . ’ Nitrogen Eimination ‘
AT(STrtem) || sratem || ATGTitom) | | ATSTaton) || gralon || ATSTirtem) \
1 1 J ! ]
— —T [ femton | [ Acation
Aeration Aeration
'*jr*l’;il i Main formular

Advantages of the Main Form
e Access to completed computations and dimensioning results is possible at

any time

Corrections can begin on any level of the tree diagram

Variations can be calculated in parallel and can also be compared

Variations of methods presented as flow diagrams in the Main Window

Conduction through the AQUA DESIGNER steps with coloured fields

Display of the most current computation status and options

Main form fields, in principal, are links to the different forms for input and computa-
tion.

Different background colouring represent the different stages of the design work and
computation. So the different choices in the most current computation are marked
by white backgrounds. For example, opening the Main Window with File > New
only the field Load has a white background.

The field is marked green after completion of the respective computation. Unavaila-
ble fields are marked grey.

The dimensioning of the biological treatment step is completed when one passage
of the diagram beginning from Load and ending at Return Sludge has been com-
pletely calculated and is, thus, marked green all the way through.
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A 226 A3 SBR Membrane Bio Reactor
|
| Activated Sludge Parameters | | |
T Activated Sludge Activated Sludge
Parameters Parameaters
ST Vertical | |
‘ S G:‘cular ‘ ‘ S Clcnes ‘ | Reactor Volume ‘ Activated Chamber ‘
Clear Water Outflow Clear Water Outflow S EER T
< | Data of the Building ‘ Membrane Module
[ 11 [ 1 Nitrogen Elimination
AT (ST-ntem) {STQ = AT (ST4ntem) AT (ST-ntem) AT (ST-ntem)

I I ! I : | Aeration | | Aeration

Fig. 3: Main Window with completed calculation

Remark

When an already calculated form is accessed for changes, the ensuing computa-
tions have to be conducted again. This is necessary to ensure the consistency of
the completed calculations for all possible variations.

Changes are aborted by leaving the window with Abort. The previous computation
is then saved. Thus, you can review or vary each and every step of the computation
at any time without repeating the remaining calculation.

4.3 Fields and Boxes

Input Fields
Move the mouse pointer into an input field and double click on the field to mark the
displayed value. An input entered via the keyboard overrides the displayed value.

Leave the input field using the mouse or the keyboard. The last value typed in is
then accepted.

Example

The form Basic Data includes an Input field Sludge volume index. Move
the mouse pointer into the white input field and double click. The value 100
or a value typed in before is marked in blue. Type a number of your choice
with the keyboard overwriting the marked value.

Option Fields
Among different forms, you have the choice of selecting various options. In contrast
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to the control boxes you have to decide on selecting one option only. Upon opening
a form, one option is always marked.

BEISIS |:|I: I:al':ulat"jn ................................................
{4131 £~ Hochschulgruppe

Fig. 4: Option Fields

Example

In the form A 226 Basic Data options for the organic load are shown. The
option low is selected when the form is first opened. Clicking on the option
high or high and varying, the program automatically calculates using the
latest selected choice and the resulting effects.

Control Boxes

Clarifying processes or construction groups can be selected as additive modules.
Marking the respective control box includes the selected module in the design.

Phozphate Elimination
I™ chemical ™ biolagical

Fig. 5: Control Box

Example

In Form A 226 Basic data the control boxes for Denitrification and Phos-
phate Removal are included. Upon opening it for the first time, neither of
the two boxes are checked. By clicking on them you mark and select deni-
trification and/or phosphate removal.

4.4 Keyboard Functions

The operation elements can be called through the keyboard.

A few keyboard functions are listed below. All are in accordance with Windows
standard.

Function key

F10 The first menu on the menu bar is activated

Keyboard combinations

Ctrl + Esc Switches to another active Windows application
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Alt + Tab Returns to the previously used application program
Alt + Print Screen Copies image of the active Window to the clipboard
Print Screen Copies the entire screen to the clipboard

Alt + Space bar  Opens system menu

Alt + F4 Ends program
Alt The first menu in the menu bar is activated (in this case
file)

As you can see from the list of keyboard functions, it is possible to simultaneously
open other windows applications apart from AQUA DESIGNER. Thus, you can work
in a word processing program or spreadsheet program at the same time. This can
be very useful when you want to compare and check calculations performed in other
programs with dimensioning in AQUA DESIGNER.
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5 First Steps

On our homepage www.bitcontrol.info you will find introductory films on various top-
ics. Here you will also find instructions for your first steps in AQUA DESIGNER.

5.1 Demo Mode

If a Demo Version is installed, the functions are limited. After starting AQUA
DESIGNER a Demo Form occurs.

Aqua Designer X

A'@\U a Version 8.0.0
, 16.08.2016

Copyright by BITControl
all rights reserved

- (® deutsch german = (O ungarisch hungary magyar
E‘:—E (O english - O Y8  chinesisch chinese
" (O franzoesisch french francais ; (O bulgarisch bulgarian

E (O polnisch polish polski " (O rumanisch romanian romana
E (O spanisch spanish espanol % () kroatisch croatian

: (O tschechisch czech E (O russisch russian

; () tiirkisch tuerkish

| OK | Abbrechen

Fig. 6: Start Form

Here you are requested to choose your language.
After clicking on OK the Start-Windows of AQUA DESIGNER opens.
A new project will be started by File > New.

Please note, that in the Demo Mode its only possible to test AQUA DESIGNER with
5555 or 55555 inhabitants. That’s the limitation of the Demo Version.

5.2 Introduction

Using two examples presented below, you will be able to learn about the procedures
involved in calculating the biological treatment step of a wastewater plant. Following
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this, you will assemble a plant design consisting of a detailed report, technical
wastewater plant calculations and maintenance cost estimates.

After saving the project in a file, you will calculate the masses of concrete, steel and
earth. With the chosen masses, you will evaluate the critical buoyancy factor of the
pond(s). Finally, you will save the entire project.

In the following example you will conduct a calculation in accordance with the DWA
A 131 /39/. guideline. Here possible clarifying processes and other additional func-
tions are considered.

Viewing and directly working on a completed project is possible by loading and us-

ing one of the file examples from the Aqua_dir directory of AQUA DESIGNER. With
File > Open you can load these files and continue the project with tasks like draw-

ings or mass calculation.

5.3 Calculation based on DWA-A 131

To create or develop a new project, choose File > New on the menu bar.

The Main Window - the central operations interface - for the dimensioning appears.
In this Main Window you will be guided through the calculations by coloured option
fields.

Available options for all current calculation phases are distinguished by white back-
grounds. If a calculation is actually performed, then the white background changes
to a green background.

Unavailable fields have a grey background.

The control box Load has a white background at the beginning of the dimensioning
process.
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Aqua Designer - [Selection] M
File Report Selection Sludge Treatment Extras Drawings Verify Options Infos 7
I
| Load
[
A226 A131 SBR Membrane Bio Reactor
' |
I aa Sludlge N = l Activated Sludge Activated Sludge
— Paraﬂfelers Parameters
| NB rund | l NB Cones | [ 2L | | i l ’ —_— ‘ | Activated l
i i [ Clear Water Outflow l | Clear Water Outflow I i th |
|Clea-WaterOulﬂow | |ClearWaer0mﬂow | ’
[ =
< ! il | | Data of the buiding ‘ IManbmneModdel
| [ ]I [ 1 I 1 Nitrogen Elimination
U
|| AT (ST4intem) (STgem) AT (ST-intem) AT (ST-intem) (STgem) AT (ST-intem)
I I T [ T I - | | )
'
Ll

Fig. 7: First available step “Load” in the main form

5.3.1 Process

The kind of process is defined in the form Options > Process.

Nitrogen Elimination Basis of Design A 131

(O only Carbon Degradation [] Separate Stage Anaerobic Mix Tank
O only Nitrfication [] Separate Stage Aerobic Selector
® intermittend ® cop

(O Separate Stage
Aeration
(O Simultaneous
(® Membrane Aerator

(O Surface Aerators

(O combined

OK Cancel

Fig. 8: Form Process for defining the kind of denitrification and the basis of calculaton

As standard, the intermittend denitrification is pre selected. If you start with File >
New, the intermittend denitrification is automatically chosen.

Also in this example we will design a biological stage with intermittend denitrification.
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5.3.2 Waste Water Load

Click on the field Load. Here you will input the basic data for the wastewater plant
load.

Project

Project Name [Example 50000 Pre Sedimentation
@ Spec. Quantities Absolute Quartities Supematant
Spec. Quantities
Peaple Equivalent 50000
— ial )
Divisor Daily Peak xGmax | xQmax Standard 14,27 hAd T e 000 m3Ad
Spec. Municipal Wastewster Flow 12500 W(Pd)
Infiltration water amount 5000 *
Rainwater Factor fS.QM 1.00
Spec. BOD5Charge 60.00 gAPd)
Spec. COD-Charge 12000 g/(Pd)
Spec. MLSS<Charge 7000 gAPd)
Spec. TKN - Charge 11.00 g#(Pd)
Spec. PCharge 1.80 g/Pd)
Spec. NO3-N-load 000 gAPd)
Calculate
Raw Wastewater
municipal | Supematant | Industrial Wastewater
BOD5-Load, total 3000,00 0,00 300000 kg/d
COD-Load, total 5000.,00 0.00 600000 kg/d
55-Load, total 3500.00 0.00 350000 kg/d
TKN-Load, total 550,00 0.00 550,00 kog/d
P-Load. total 90,00 0,00 90.00 ko/d
NO3-N-Load, total 0.00 0.00 0.00 kg/d
Dry Weather Flow 56819 m3h
Combined Inflow 56819 m3h
0K | | Cancel

Fig. 9: Form for input of loads and water volumes

Move the mouse pointer to the field marked Project and enter a project name.

With the mouse or tab key you can shift to the input field Population Equivalent.
Enter 50000.

After leaving the field for Population Equivalent the value 125 I/(Pxd) appears in
the field Spec. Minicipal Wastewater Flow. This is an ATV recommended value.

Also an hour index of 14,27 recommended by the ATV-DVWK A118 will be sug-
gested.

Now use the mouse and go directly to Calculate. Next to the input field a window
titted Raw Wastewater appears. In this window Daily Charges (Loads) and
Wastewater Volumes are displayed.

Clicking OK will take you out of the form Load and will take you back to the Main
Form.

In the Main Form the field for Basic Data based on the A131 guideline has a white
background.

According to the DWA one can calculate in A 226 /58/ or A 131 /39/ choosing a
population equivalent <= 5.000 inhabitants. As we had chosen 50,000 inhabitants,
the A 226 is not available for this example. With the new guideline A131 its also
permitted to design small plants. So the A 226 in practice is no longer in use.
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In the Main Window choose the field ST horizontal (horizontal flown sedimentation
tank) in the left part for A131.

This opens the form A 131 Secondary Settling Tank for horizontal flow.

A131 Secondary Settling Tank
Basic Data

Combined Inflow (Gim)
qSVmax thorizontally flowed through)

Sludge Volume Index
Retum Sludge Ratio
Thickening Time

Dy Solid(Retum Sludge)/Dry Solid(Tank
Bottom)

Max. MLSS of the Activated Sludge

Maximum Surface Flow Rate
Minimum Surface

(® Round Tank

Round Tank

Minimum Diameter
Diameter of Inflow building, minimum

Chosen Diameter

Diameter of Inflow building, chozen

Surface without Central Building
Mimimum total Heigth (243 FD)
Chosen total Height (2/3 FD)

Volume fwithout Inflow Building)

g5V calculated from Surface

[ Partly vertical Flowed Chamber
Inflow Depth / Flow Distance
max g5V (Inflow Depth / Flow Distance)

Control Picture

{qSY max) 132 mh

Calculate

Height Zones:
146615 m3/h Clear Water Zone
. Dividing Zone
500 1/(mZh) Storage Zone
1o00| mlig Thickening Zone
0,75 ) - ;
200/ b To the inflow building supplied power PE
0.70 Velocity in the inflow pipe vE
Diameter of the Inflow Pipe
Calculate
Activated sludge density
= Ambient fluid density

Aupplied power PE
110834 m2 pRisep

(O Rectangular Tank

Focculation in the inlet chamber

B0 m Top level of thickening zone
626 m Inflow Depth.chosen
m Wolume of the Central Building
m dynamic viscosity n
Calculate G-Value (40 - 80 1./5)
105.31 m2 Inlet opening
453 m Height of the inlet gap
m Perimeter of the central construction

Surface encircling inflow opening

Inflow velocity u (5 -7 cm/s)

523617 m3
densimetric Froude number FD (ca. 1)
Retum Sludge Flow
500 1/(mZ*h) Difference inlet to funnel tip
Retum sludge flow rate at RS=1
Flow rate under MB
1/{m2™h)

0K

0.50
186
0.79
139

321

324 =|m

9887
0.001 s
5268

500 -
1967

583

725

1.03

203

1.466,15
0,74

Cancel

§ 83 8 3

mim

kag/m3
kg/m3
Nm./'s

m3
Ns/m2
1/s

mm

m2

cm/s

m3/h

cm/s

Fig. 10: A 131 Secondary Settling Tank

In the left part you see the sludge properties. Here you can adapt the design to the
sludge conditions of your project. The resulting diameter is 29.86 m. In practice
tanks are built in steps of half a meter. So for practical demands its recommended to
chose 30 meters as diameter.

Also in this example we reduced the diameter of the inflow building from 4.91 to 4.00
meters. We accept the displayed water level of 4.50 meters.

The secondary sedimentation tank is hereby calculated.
Now you can press the button Control picture to get a true scaled drawing ot the
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sedimentation tank. By clicking OK you will come back to the form of the secondary
sedimentation.

Leave the form ST horizontal A131 by clicking on OK with the mouse.

5.3.4 Clarified Water Outlet

In the form Clear Water Outflow choose the option One sided overflow.

The limit for the hydraulic load of the one sided overflow weir is 10 m3/(m x h). Here
with 9.89, the value is close to the limit. Click on Two sided overflow. You will get
more distance to the limit of 6.00 m3/(m x h).

Clear Water Weir

Rectangular Tank

Crverflow

1 One-sided Cwerflow @ Two-=sided Overflow

Length of the Weir (per Weir) 7163 m

Maximum Weir Overflow Rate (per Side) 6,00 m3m™h)

Calculate

MNumber of Weirs 1

Mimimum Length of the Weir 4735 m

Tatal Length of the Weir 7163 m

Weir Overflow Rate 3597 m3dfmh)

110 1/im*s)

QK ] I Cancel

Fig. 11: Clear Water Weir with Two-sided Overflow

For smaller plants usually a one sided overflow is sufficient. For larger plants you
have to change to two sided overflow.

Druck_AQUADESIGNER91EN.docx



AQUA DESIGNER 9.1 - Manual Seite: 25 von 305

BITC ontrol ;
5 First Steps Version: 91-00

5.3.5 Basic Data

Select Activated Sludge Parameters for the calculation based on the ATV A131
guideline. Click on it with the mouse or move to it using the arrow keys on the key-
board.

The form A 131 Basic data appears.

A 131 Activated Sludge Parameters
Basis of Calculation Phesphate Elimination Denitrification process
® A1 Sludge Stabilization [ chemical [ biological
Factor XP.BM
Outflow Requirements () Separate Stage O Simuttaneous
@ intermittend O combined
Organic Load
Max. MLSS of the Activated Sludge 3,78 kg/m3
Parameter
MLSS (Aeration Tank) (= 5 kg/m?) kg/m3 -
¢ ) (<5 kgi) . nert part of particulste COD A S
Sludge Age t_tsg d . . . x
o Proportion of inorganic matter of fiterable B 0,25 =
Part of easity degradable COD fCoD 0,25 =
Yield coefficient Y 0,87 o
Acid Capacty in the Inflow mmoll Decomposition Coefficient b 0,17 =
NTK in the Inflow 5867 mal External Carbon Dosage Process factor PP
Ammenia-N in the Outflow mg/!
D External Carbon Dosage M 14 16 18 20 22 24
Nitrate-N in the Outflow ma/l E . J i k 4
Primdrschlamm SNH4,Control
5 g 5
Densiy 1200 ki 5 mgd  []150 160 []180 []220 []250 []280
COD-Concentration 95 000 ko/m® 10 m c c £
96,000 o/l 150 150 150 160 1,90 2,10
Denitrification Capacity 0,15/ kgh/kaCSB D D D D D D
Denitrification Rate 3.0 9/(kg*h)
Additional ES-Production 00 kalkgCSB Process factor PF 1,60
Calculate Interim Result = =
Max. Dentrification Relation 0,50 EirTes e ErTeeT PF 160 =
Result Phosphate Elimination Fractions COD
Required Volume VBBmin 1699849 m3 XPBM 320 mgl Particulate COD XCOD.Z8 248,00 mgi
Sludge Age, total 2500 d Biological removed 0,00 mgd Dissolved COD 5C0DZ8 182,00 mgi
Denitrification Ratio 0,420 Chemical Removed 0,00 mgi
Spec. Surplus Sludge Production 0428 kohkg P-total in the Outfiow 640 mgl LR SCOD,inert Z8 32,00 mgil
Anaerobic Volume 000 m3 Particulate inert COD XCOD,inert ZB 12,00 mgid
degradable COD 49600 mail
Result Phosphate Elimination i EERI s ' g”
Waste Sludge Production 0,00 ko/d easily degradable COD CCOD,la,ZB 124,00 mg
Part of $5-Biological 0,00 kg/m3 fiterable inorganic COD Xanorg, TS ZB 93,33 mal
Precipitant Consumption for 0,00 Ud
x = 0VC,D/SNO3D /2,36 1,00

Fig. 12: Basic data in accordance to the ATV A131

The MLSS, mixed liquor suspended solids concentration, is a result of the calculated
sedimentation chamber. So its not recommended to take a higher value for this item.

At the top of the form you see, that we are calculating for simultaneous aerobic
sludge stabilization in this example. So the biological part will be calculated based
on a chosen sludge age of 25 days. This is the recommended minimum sludge age
to get a stabilized surpluse sludge.

For phosphate elimination a simultaneous dosage of iron salt is chosen.

The denitrification process is preselected here in the frame at top right. The stand-
ard setting is “intermittend”.

Accept the suggested data in the form and click on Calculate. The result of the cal-
culation then appears.

Leave the form A 131 Basic Data by clicking OK.

In the Main Window the calculated fields have a green background, indicating that
the calculations corresponding to the input values have been carried out.

The available calculations for the next levels in the Main Window have a white
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background. Since a horizontal flown secondary sedimentation tank based on the
ATV A131 guideline has been chosen, now its possible to take a combined chamber
systems or separate chambers.

A131

= |

1

=k

IB Cones ST Ve:rtical
|— r—=s
Net o Oualiow Clear Wattler Qutflow
<
|| [ ]
[ 1 I ]
2 ; AT 2
[ (ST-4ntem) AT (ST4ntem) (ST-extem) AT (ST-intem)
—, I I I
Aeration
|
I
Retum Sludge

Fig. 13: Main window with calculated steps

5.3.6 Multiple Lines

In this example we will take two separate activated chambers. To take more than
one line, we have to activate the multiple line property. In the menu bar under Op-
tions > Settings, in the register Options, you can activate the multiline property.
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— Settings
Options T Documentation T Operation Costs T Exzport to ‘Word T message windows
— Options

[~ Considering existing plants

v Equipment [Data Banks, Aerators)

[~ Comparnisoh sedimentation tanks

Reset Store as standard Cancel 0K

Fig. 14: Activating the multiple line property with Options > Settings

5.3.7 Activated Sludge Tank

Select the field AT (ST extern).
ST extern signifies that the secondary sedimentation tank is a separate chamber.

Fig. 15: Activated sludge tank and secondary sedimentation tank as divided chamber system

Fig. 16: Activated sludge tank and secondary sedimentation tank as combined chamber system
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The form A131 Activated Sludge Tank opens.
You can test different tank proportions by inputting various water levels.

Choose a depth of 5 m and click on the field Calculate. In three steps you get the
dimensions of an oxidation ditch. Take 22 for the width and 101 for the length.

Click on Control Graph. A scaled drawing of the selected tank is then displayed.
Leave the window by clicking on OK.

5.3.8 Aeration

Choose the field Aeration. A window Oxygen Transfer appears. Due to the select-
ed calculation path, combined aeration and mixing is preselected.

Oxygen Transfer (Total)
Mirimum Volume VBB 2161379 m3 height over NN s
Chosen Volume VBBjst 2165 m3 Spec. Owygen Transfer SSOTR 190 2] gOVm¥m)
Factors Membrane Factors Surface Aeration salty factor & 0=
Water Depth hB8 5 m 5 om i er (9% ==
Aeration Depth hD 47 m TLYEEDEY Ll
Factor depth fD 123 103 relative humidty J 0.20 15
oxygen saturton  20°C 65.20 90 gl Pressure loss suction side DP 20 |2 mbar
Temperature Suction Side I 2| C
Load Variati Blower (Tota]
= Henaen losd —> 0 1 2 3 4w mawe | o0
Case T em M P G (O airvolume at design cond . Load ~ 7197.80  m3h
Size 1
Number of Blowers n
Load % 1000 [eo0 & [woofs] [e00 [ [w000fs] [1000
Wastewster Temperature T T 12 150 B (200 | (150 [ (150 B [00R \&/ 50
Suspended Solids MLSS(BB) ka/m3 378 378 B B [ 37 5] BB pEE Motor Power 00 kW
fir Volume of each Blower %2 mih
Nutient i the inflow CTKN Z8 me/l 57 527 . 527 507 [2] [567 2 Pressure Height 600 mbar  Total (2Chamber)
Nirate-N in the Inflow SNO3.2B m/l gp 00 00 00 00 |5 [oo = #ir Flow for Dimensioning the Membrane Asrator 1884 mh 3768 m3h
Effluent Concentration Ammoria SNHANES mo/l g0 60 60 60 60 = |60 1= =)
Effluent Concentration organic Sorg.ES ma/| 20 20 20 20 20 [ o0 B Size 2
StandBy
N-ncororation (Biomass) Xorghl BM ma/l 128 123 128 128 128 123 Number of Blowers PR
Nitrate-N (Outlet) SNO3.ES mg/l g0 59 59 59 59 6.0 Data Bark 50 R %
Tetal Siudge Age tTS d 250 26 23 26 256 27 S =0 A
Air Volume of each Blower 1812 mim
Peak Factors Total (2 Chamber )
o | O Pressure Height 600 mbar
Peak Factor for Carbon Respiraton fC 1.00 1.00 1.10 o~ h v Air Flow for Dimensioring the Membrane Aeraior 1812 mdh 3624  m3h
Peak factor for nuirient fN 100 1.00 150 100 ~ 100 ~ 100 - {par Chamber)
Aeration Time
Denilfication Ratio VD/VACTax 0500 050 0500 0500 0500 0500
Denitrfication Ratio VD/VAC Chosen 0] 3R] [pasE anE] pasE e
Reration Time tL. h/d 200 1625 1661 625 1625 [1603)2
Total (2 Chamber}
02Consumption for CRemoval OVAC ~ kgO2/h 373220 313793 396625 313793 383212 36531 e T T
O2Consumption for Nerfication OVAN ~ kgO2/h 152663 122131 152663 122131 15663 15266 Chamber)
02Consumption for Dentrfication OVAD  kgD2/h 86647 63465 96320 69466 86833 86653 e e G B (e o oS e merm o
Oxygen Demand OVh kgO2/h 18302 15269 23741 187.10 17987  Chamber)
Oxygen Demand OVhmin kg02/h @ 7475 Moxers total)
Operation Oxygen Concentrations cx ~ ma/! 150 2] 150 2] [150 2| [150 (2] 150 2] [1s0f2 Number of Micers gl
sy r
= = Spec. Energy Input (1-5 W/m?) 30 W/m3
@ | nterfadial factora 085 2] (085 [ pes 2] [oes [ [0ss 2] oesE T
Oxygen Transfer SOTR kgO2/h  E2153 32280 64276 15802 51725 43959 Votor Power 15w
air demand QL m3/h 584025 361477 7197.80 176955 579229 559450 Srrs Bt 17 wWma
100 095 [ [0ss
Membrane Asrator | [ cancel

Fig. 17: Oxygen transfer

Accept the preselected values and click on Calculate.
The result of the calculation is displayed.

An additional window Blowers will automatically open to allow you to select com-
pressors for providing compressed air.

A number of 4 blowers, as 2 blowers for each activated chamber is pre selected.
Click on the button Data Bank. This opens the window Blower Data Bank. The

best matching blower from the databank will be suggested. For further informations
about the selection criteria see chapter 8 Data Bank .
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Minimum Values Blowers Data Bank 527
Pressure Height (mbar) h50 Pressure Height (mbar) 600
Output {mi/h) 899.7 Output {m3/h) 542
| - " = | | 5 o5 | Mator Power (kW) 30
[ Search l .

Power Consumption (kW) 20,7

| Change |
| New | Motor Efficiency (%) 93

| Delete |
Type GM 255

Awerage Price (EURO) 1

Apply Cancel

Fig. 18: Selection of Blowers

Click on Apply return to the form Aeration.

A window for the selection of mixers appears. Enter a number of 8 mixers. Click on
Data Bank.

Slowe rotation mixers can be identified by the mixer diameter. Large diameters are
corresponding with slow rotation. After selecting the mixers in the same way, you
can design the aeration system.

Click on Membrane Aerator.

The standard suggestion for the aeration system is 8 lattices and 1 mixer per group.
In this form usually its necessary to edit some values to get a good solution.

Example:

Change the following fields:

Mixer 1 Group to 2

Number Lattices to 14

Option: AERATION ONE SIDE
Lattices Distance 1 m

Tubular Aerators Load 6 m3/(mxh)

Click the button Equipment and Change the value mixers — distance in front
of mixers to 12 m.

Click on View Drawing after you have entered the above values. The drawings are
displayed and updated. In a second window a single lattice is displayed and to its
left detailed technical data of the pictured lattice and the aeration of the according
chamber (tank) are listed.
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+1f Aqua Designer Exampie A131 585 50000 PE.ad7 - [Screen] e RS
ot Selection  Sludge Treatment  Extras  Drawings  Vesify Options Infos

Fig. 19: Form Membrane Aerator

Leave the Window Membrane Aeration with OK and select Return Sludge in the
Main Window

5.3.9 Sludge Recirculation

In the form Return Sludge Transport you have three options for the sludge
transport.

Retum Sludge Transpart
Retum Sludge Ratio 1.00
71 Air Lit Pump
@ Certrfugal Pump

) Screw Pump

QK Cancel
) l

Fig. 20: Return Sludge Transport

Choose Centrifugal Pump for the sludge conveyor.
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Centrifugal Pump
[7] Suction Remover
Output GRS 56815 mdh
MNumber of Pumps 4]
Transportation Height 15 mWL
Data Bank
Output 23700 m3mh
Transportation Height 1.5 mWL
Motor Power 55 KW

Fig. 21: Sludge transport with centrifugal pumps

Enter 4 into the input field for Number of Pumps and click on Data Bank.
Accept the recommended pump.
Leave the form Return Sludge Transport with OK.

5.3.10 Save Data

With this you have completed one calculation using the DWA A 131 /39/. This is
visible by a continuous green line leading from Load up to Sludge Tank in the
Main Window.

A 226 A1 SBR Membrane Bio Reactor
|
| Activated Sludge Parameters | | |
T Activated Sludge Activated Sludge
Parameters Parameters
ST Vertical | |
‘ Reactor Volume ‘ ‘ Activated Chamber ‘

‘ ST Circular ‘ ‘ ST Cones ‘

Clear Water Outflow

Clear Water Outflow |

1

| Clear Water Outflow

‘ Data of the Building | Membrane Module

[ 1 T [ Nitrogen Blimination
AT (STintem) ) AT (ST4ntem) AT (STintem) AT (STintem)
I I T L d | ion | | ion

Fig. 22: Main Window with completed calculation

At this stage it is prudent to save the completed calculation to avoid losing data.
In the menu File choose the command Save as. The Standard-Windows menu ap-
pears.
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All AQUA DESIGNER data files are identified by the extension .AD9. Keep this ex-
tension so that AQUA DESIGNER can automatically recognise the files.

5.3.11 Sludge Storage

You will find the sludge tank under Sludge Treatment > Sludge Tank.

In the form Sludge Tank enter the values as shown in the picture and click on Cal-
culate. The required volume of the container is displayed for the selected detention
time and thickening.

Mark the control box for Mixer. This means that a mixer is selected to optimise the
sludge thickening.

It is required to select the control box for Pump as well when there is no equipment
for sludge removal available.

Sludge Tank
Mocer
Centrifugal Pump

Sludge Storage Time 200 d
MNumber of Tanks 7
Calculate
Minimum Volume of each Tank 65360 md
Chosen Diameter 7.00 m
I Calculate ‘
Height 16.58 m
I oK ‘ I Cancel
Mocer
MNumber of Miers {otal) 7]
Spec. Energy Input 0.0 Wim3
Data Bank ‘
Matar Power kW

Fig. 23: Calculation Forms for Sludge Tank

In the window Mixer click on the button Data Bank and accept the recommended
mixer by clicking on Take.
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Click on OK to leave the form.
- Agua Designer EmmWE@H
File Report Selection  Sludge Treatment  Extras  Drawings Verify  Options Infos 7
= oK
Sludge Treatment - Sludge Tank Print
Sludge Tank [ Clipboard
Number of Sudge Tanks: 2 ea
Word
1. Construction
Shldge e o oot _
Waste Shudee Production: 326801 keid

Fig. 24: Documentation of Sludge Tank

The documentation of the sludge tank design will appear. Click OK again.

5.3.12 Design Assembly

In the menu Documentation you can now view the result of the wastewater plant
calculations. Furthermore, using different additional functions, you can assemble a
final presentation-in quality design that can be submitted to official authorities
for approval. The output may be viewed on the monitor, or routed to a printer, or
imported into a word processing program.

The extras - selection of construction components for the preliminary treatment,
evaluation of steel, concrete and earth masses, buoyancy calculations, dimension-
ing of pipelines - are handled in detail in later chapters of the handbook.

The documentation of the design is constructed in such a manner that it can be pre-
sented to any contractor, or submitted to official authorities without any additional
changes.

All required documents for proof of the selected concept are included.

Design contents:
e Description
¢ Waste water plant calculations
e Operating costs

Description

In the menu Documentation choose the command Description. The Title of the
description appears.

Click on the button >>, to view the description of the individual construction groups.

If the text exceeds the screen height, you can scroll the text vertically using the
scroll bar.
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Calculation

In the menu Documentation choose the command Dimensioning. The Title of the
waste water plant calculation appears with the project name and waste water plant
size.

In the wastewater plant calculation you will find several additional results:
e Determination of pipeline diameter
e Heat removal from the blower room.

The button Drawing will directly take you to the scaled drawing of the biological
step. This drawing follows the secondary sedimentation tank in the waste water
plant calculation. With the button << you will not return to the previous screen, but
to the calculation documentation of the secondary sedimentation tank.

Operating Costs
Choose Extras > Operation Costs.

After depressing the button >> the window Power Consumption appears. All en-
ergy consuming devices are listed here.

Anaerobic Sludge Digestion || Aerobic Sludge Stabilization ;

[] Dewatering Spec. Power Demand \M’ukgTS

i Plart Efficiency | 5| %
R

Fig. 25: Basic data for evaluation of energy costs

With OK accept the preselected values of the form.
Do the same in the forms Sludge Removal and Staff.

After depressing the button OK in the form Personnel, the output of the operating
cost result appears on the screen.
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Using the scroll bar you can view the entire calculation.

With OK return to the Main Window.
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Using AQUA DESIGNER, wastewater plant dimensions are calculated based on the
activated sludge process. The occurrence of the breakdown of organic materials,
nitrogen and phosphate compounds is investigated.

6.1 Activated Sludge System

6.1.1 Constituents

Specific loads in raw sewage (Germany):

BODs 60 g/(E*d)
Ratio COD/BODs 2:1

COD 120 g/(E*d)
filterable solids 70 g/(E*d)
P total 2,5 g/(E*d)
N total 11 g/(E*d)
undissolved components 30 %
dissolved components 70 %

Key concentrations in raw sewage:

BODs 200 - 300 mg/l
COD 400 - 600 mg/l
P total 5-20 mg/I
N total 30-80 mg/I

The total nitrogen concentration in raw sewage is predominantly present as Total
Kjeldahl Nitrogen (TKN) consisting of the unoxidised organic nitrogen and the am-
moniacal nitrogen: Norg + NH4-N.

6.1.2 History

The activated sludge process was developed in 1912 by the Chief Chemist Ardern
and his assistant Lockett, at the wastewater plant in Manchester, England.

Initial experiments for wastewater treatment with precipitation / flocculation and then
irrigation and soil filtration provided unsatisfactory results with unacceptable after
effects. Better results were achieved by wastewater treatment plants operating with

resident micro-organisms.
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Lockett was inspired to batch experiments with micro-organisms in suspension from
reports of experiments with resident organisms performed in the USA.

Initially, he filled wastewater into a cylinder and aerated the wastewater until nitrifica-
tion took place. He then allowed the developing sludge flocs to settle and only dis-
posed of the residual water. Repeating this experiment several times resulted in
sludge concentration in the cylinder with subsequently shorter time for wastewater
clarification.

Based on these experiments and the conclusions Lockett and Ardern developed the
activated sludge process in a flow-through system.

They presented the activated sludge process on April 3rd, 1914 to the British Socie-
ty of Chemists in Manchester.

As early as 1916, the first large wastewater plants using the activated sludge pro-
cess were in operation in England and the USA. /13/

6.1.3 Description of Operation

In the activated sludge process the required tank volume is minimised by integrating
the return activated sludge or returned biomass in the operational process. Thus,
the concentration of biologically active micro-organisms in the tank is not solely de-
pendent on their growth rate. Increase in the micro-organism concentration by using
the return activated sludge process, of the settled and collected sludge in the sec-
ondary sedimentation step, increases concentration of biomass (micro-organisms)
and thus increases metabolic turnover rate.

| NKB
BB

B
»
L)

RS US

Fig. 26: Activated sludge process (BB = Activated Sludge Tank, NKB = Sec Sedimatation Tank, RS =
Sludge Recirculation, US = Excess Sludge)

In the activated sludge pond (BB) mainly organic matter, nitrogen and phosphorus
compounds, are transformed and removed from the wastewater by distinct process-
es.
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The simultaneous aerobic sludge stabilisation determines a high sludge age result-
ing in a good purification rate regarding the BODs and COD (chemical oxygen de-
mand) parameters.

Wastewater plants with simultaneous aerobic sludge stabilisation are dimensioned
for large volumes because of a high sludge age. As a result they are insensitive to
the commonly occurring variations of wastewater volume and concentration.

This results in high safety and stability of the operational processes.

The produced sludge is stabilised aerobically and does not require further treatment.
A mechanical thickening and possibly lime conditioning is necessary for larger
wastewater treatment plants.

With the long detention time, nearly complete nitrogen elimination is possible in spite
of low nutrient concentration in the activated sludge pond.

6.2 Loading and Sludge Age

The composition of the biological association and therefore the type of transforming
processes in the activated sludge is dependant on the sludge load.

Die BOD:s sludge load Brs stands for the amount of organic substrate entering the
plant and is measured as BOD (biochemical oxygen demand) per kg activated
sludge and day.

Load:
_ Q*BOD, kg
® SS,*VR*1000 | kg*d
Bss BODs-sludge load kg/(kg*d)
Q Inflow Volume m3/d
BODs  Concentration in Activated Chamber (BB) mg/l
-Influent
SSr Mixed liquor suspended solids kg/m3
Vr Volume of Activated Sludge Tank m3

The micro-organism growth rate and, thus, the sludge production depend on the
amount of substrate or loading. In case of high loading rates, the amount of biomass
produced is high and is removed from the system as excess sludge. The excess
sludge production (US) relates the sludge age to the loading .

The sludge age results from the ratio of total sludge mass in the system to daily
sludge production. It determines how long an activated sludge floc remains in the
system. No species with a reproduction time longer than the sludge age can estab-
lish itself in the system.

Sludge Age:
SS; *V
tg =— [d
= ys,
WSs Excess Sludge Production [ko/d]
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6.3 Decomposition of Organic Matter

The organic wastewater components of the influent are predominantly decomposed
in the activated sludge pond.

To a large extent, initially insoluble organic substances are adsorbed to cell walls
and subsequently transformed into soluble substances by hydrolysis. This makes
them available for biodegradation.

The heterotrophic micro-organism in the activated sludge mainly transform the or-
ganic compounds into CO2, H,O and biomass by aerobic and anoxic processes.

Rheinheimer /12/ presents an equation for the aerobic and anoxic metabolism of
soluble organic substances.

Aerobic decomposition of organic substances
C:-::H-,._::-O_;:_:.\’ZA:PI:-S:_;‘:: +175,750, +157TH,0—>
C,:,H;,0--N,.P.S(2) +250CO, +351H,0 + By -products

Anoxic decomposition of organic substances
C’:-_-:Hl_::-O:-,_::.\'l;:P.‘:-S:_:::: +140.6 NO, -N+157TH,0—>
C,;H :-HO--.\':-,:-AP:-S‘:;' + 250 CO, +281.2 H,O + By - products

(1) Substrate. (2) Biomass

Fig. 27: Equatation for metabolism

The nutrient ratio in the influent is of great importance for biological degradation.
The micro-organisms require carbon as well as nitrogen and phosphorus for cell
synthesis. If any one of the components is unavailable in sufficient quantity, the me-
tabolism of the micro-organisms is impaired (LIEBIG: Law of the Minimum).

A desirable nutrient ratio is
C:N:P=30:25:1
or
BODs:N:P=100:5:1

For too low phosphorus or nitrogen concentrations in the wastewater composition
these substances need to be added. Ammonia salts or urea can be added in case of
nitrogen deficiency.

In the community, wastewater nitrogen and phosphorus are usually present in suffi-
cient quantities.
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6.4 Nitrogen Decomposition

In wastewater, nitrogen is nearly completely present in its reduced form as ammo-
nia.

Ammonification

Organically bound nitrogen - ex. in Urea - is transformed into soluble ammonium
through the process of ammonification.

Ammonification of Urea:
NH2 -CO- NH2 +HZO—|-2H+ -2 NH4+ +CO2

If it goes directly into the receiving water, ammonium oxidises to nitrate in the self-
purification process. The oxygen requirements are high for nitrification and, as a
result, the oxygen concentration in the surface waters would be considerably re-
duced. This leads to further oxygen depletion of eutrophic waters. Furthermore, in
surface waters, ammonium when twelve times lower in concentration than nitrate
has a disturbing influence on biological processes. Therefore, it is useful to go
through the nitrification process in the wastewater plant itself.

For every one ammonium molecule that is formed one H*-lon is used. Initially, this
has a positive effect on the buffer capacity of the wastewater. The equation for nitri-
fication will show that H*-lons are released and the buffer capacity of the water is
again reduced.

Nitrification
The nitrification process has various negative effects on the condition of natural (sur-

face) waters. Therefore, it is desirable to go through the nitrification process within a
controlled technical system.

The autotrophic nitrifying bacteria nitrosomonas and nitrobacter gain energy for their
metabolism and cell synthesis from oxidising ammonium.

The oxidation of ammonium takes place in two steps:

1. Nitrosomonas: Nitrite
2NH4+ +302 -2 NOZ' +2HZO+4H+

2. Nitrobacter: Nitrate
2NO, +0, > 2NO;

The carbon source for the nitrifying bacteria is inorganic carbon, ex. the dissolved
CO,. Dissolved CO: is available from the metabolism of heterotrophic microorgan-
isms and the degradation of organic compounds.
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Denitrification

The nitrogen has been transformed from the reduced form to the oxidised form by
nitrification. However, it is still present as nutrient in the wastewater. By denitrifica-
tion the soluble nitrate and nitrite nitrogen are transformed to elementary nitrogen or,
in the worst case, to a slight degree reduced to N,O (laughing gas, nitrous oxide)
and escape as gas.

A large part of the heterotrophic micro-organism is able to satisfy its oxygen demand
by reduction of nitrate and nitrite nitrogen when dissolved oxygen is not present. The
portion of these organisms in relation to the total existing heterotrophic micro-
organisms present in the system generally is between 70 and 90 %.

The basic equation for the denitrification is as follows:
2NO, +2H" > N, + H,0+2,50,

Denitrification is achieved, for example, by aerating and mixing the wastewater al-
ternately and mixing it only after meeting an upper limit for nitrate concentration. The
heterotrophic bacteria use the nitrate as energy source during the non aerated
phases. The aeration switches on again after a lower limit for the nitrate concentra-
tion is reached. This technique is called intermittent denitrification.

Almost complete denitrification is achieved by using a time switch in case of una-
vailable measuring techniques for automating the denitrification process.

6.5 Phosphorus Decomposition

Phosphorus in the wastewater is predominantly present as orthophosphate. The
soluble inorganic polyphosphates and organic phosphorus compounds are trans-
formed into orthophosphates in the course of the decomposition processes. This is
the only form for cell uptake by the micro-organisms.

Biological Phosphorus Removal

The natural P-content of the dry cell mass is around 3%. Phosphorus has an im-
portant role, for example, in the energy metabolism with the energy carriers
ADP/ATP.

Phosphorus is stored as polyphosphate in different cell compartments in the en-
hanced biological uptake of phosphorus.

An enhancement of phosphorus in the activated sludge is promoted by the alterna-
tion of aerobic and anaerobic conditions where P-storing bacteria are particularly
well adapted. For this, an anaerobic tank can precede the activated sludge tank.
This technique is not included in the current version of the program.

The anaerobic phase can be integrated in the processes of the activated sludge
tank especially with the methods of simultaneous aerobic sludge stabilisation and
intermittent aeration by prolonging the unaerated phase over the Deni-phase. True
anaerobic conditions then exist in the activated sludge tank./10/
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Anaerobic Volume

The anaerobic phase should not be included into the evaluation of the sludge age as
there is very reduced biological activity and barely any sludge growth present. Thus
an anaerobic volume should be added to the activated sludge volume.

The calculation of the anaerobic volume is based on a publication by the Technical
University Darmstadt /17/.

The following qualifying factors encourage biological phosphorus removal.
o decomposed raw sewage, for example, generated from pressure pipes with
organic acid concentrations of >= 50 mg acetic acid/I
¢ BOD1/BODS ratio >= 0.3