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Installation of Software:

The software is supplied in a dongle USB in which the installation file exists. When the executive file “ProfPro-1.0.0" is double clicked, Installer
Screen will appear. You might be asked to give privileged permissions to move on. The screenshots will guide the user for further steps.

"M ProfPro Setup = X "M ProfPro Setup = X "M ProfPro Setup = X
Destination Folder .
Welcome to the ProfPro Setup Wizard Click Nexct to install to the default folder or dick Change to choose another. Ready to install ProfPro

Install ProfPro to:

|C: Program Files\ProfPra),
Change...

Click Install to begin the installation. Click Back to review or change any of your

The Setup Wizard will install ProfPro on your computer, Click installation settings. Click Cancel to exit the wizard,

Mext to continue or Cancel to exit the Setup Wizard.

Back Cancel Back ¥y Install Cancel

A ProfPro Setup

Completed the ProfPro Setup Wizard

Now your Installation is complete.

Click the Finish button to exit the Setup Wizard.

Warning: Make sure that the dongleisplugged to the computeraslong

as the software is being used.
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From this tab, you can form a new file and open an existing one. You can also save your work or exit from the ProfPRO software.

Diffusers:

Before starting up the software, at least one diffuser SOTE graph should be introduced. In order to do this task, SOTE graph equation estimation has to be
accomplished as precise as possible.



The steps of uploading a diffuser brand are explained below;

1) SSOTE or SSTOR graph is obtained from the manufacturers. Generally, manufacturers supply the SSOTE or SSTOR data of their productsin terms of
g02/Nm3/m-%1/m (Y-axis) against Air Flow Rate perdiffuser (Nm3/h) (X-axis) . If the graph is notin that form, you should convert that curve in one of either

form.
2) The common general formula of diffusers matched the parabolic equation:
SSTOR-SSOTE (g0,/Nm3/m or %1/m) = Y-axis
Diffuser Air Flow per diffuser (Nm3/h)= X-axis
Y = A*x3+B*x2+C*X+D
For example;

The SSOTE of the following graph is;

SSOTE (%1/m)

3 4 5 6 7 8 9
Airflow (Nm*/h)

O -0.023¢+0.494%*+-4.01x+16.503
Once you get the original curves of any manufacturer, you can form the parabolic curve equation by using relevant software like Excel or etc.

You can upload as many curves as you like. This feature of the software allows the user flexibility in choosing the most economic diffusers and

comparing them with each other.

To add a new diffuser brand, select “New Diffuser” from the Diffuser tab and fill the following page;



New Diffuser

Diffuser Brand

Diffuser Formula
y =
¥ SOTR-SSOTE Unit

g02/Nm?*/m %1/m
Chart Limit Values

Y Min
¥ Max
X Min

X Max

Min Max Values

Minimum SOTR-550TE Per Unit

Maximurm Air Flow Per Unit

Diffuser Brand
Diffuser DG
Diffuser DO
Diffuser DA

Y SOTR-S50TE Unit
%1/m
gO/Nm*/m
%1/m

K+
110
100
oo
20
70
a0
50
40
20
20
10
0

0 10 20 20

Equation

-0.023% +0.494x7 +-4.01%=+16.503

20

00547+ 074127 +-3.9115x+24.342 25

000475 +0.093 8" +-0.73 78+ 8.5...

10

X+
40 50 &0
Airflow (Nm*/h)
Y Max Y Min
0
10
0

70

&0

Clear

X Max

100 10
Add
X Min
43
15.
6.2



After filling all the required fields click add and it will appear in the diffuser list.

Parameters:

The parameters section is very important for process calculation. For every “New Project”, it is advised to check these parameters before diving into
calculations. It contains the fractions of raw wastewater characterization which directly effects the sizing of volumes, oxygen requirements and sludge
productions.

Parameters
SCOD,inert |IAT/CCOD,IAT (0,05-0,10)-fs 0.05 XN,BM/XCOD,BEM 0.07 Ycod,dos Methanol 0.45 g COD/g COD
Xinorg,SS,I/Xss (0,2-0,3)-fB 03 0 XorgN,ifXCOD,i 0.03 Ycod,dos Ethanol 0.42 g CODfg COD
XCOD, inert,IAT/XCOD,IAT (0,20-0,35)-fA 0z O XP,BM/CCOD, IAT 0.005 Yeod,dos Acetic Acid 0.42 gcCOD/gCOD
CCOD,la,|AT/Cdeg,IAT-fCOD (0.15-0.25) 0.2 XP,BioP/CCOD,IAT 0.007 Ycod,deg 0.67 g COD/g COD
COD of Organic Dry Matter gCOD/VSS 1.8 XP,BioP/CCOD,IAT {*) 0.005 Nitrifying Bac. Growth Rate 0.47 1/d

(*) Pre-Denitrification W/O Anaerobic Tank

Save

Among them, the extremely important ones are;

Xinorg,SS,I/Xss (0,2-0,3)-fB 0.3 0

XCOD,inert,IAT/XCOD IAT (0,20-0,35)-fA 0.3 0
These fractions above directly affect the sludge quantity and consequently the biological reactor volume and the sizes of sludge treatment units . Both

fractions should be determined very carefully according to the real measurements in the raw wastewater or after primary sedimentation if it is a part of
design.

CCOD,la,|AT/Cdeg IAT-fCOD (0.15-0.25) 0.2 X L. . i o
This fraction is important for biological phosphorus removal and denitrification.

SCODINENIATICCORIAT (005010115 ®% " This fraction of COD is not affected by biological processes and remains the same in the influent and effluent.

The other parameters are relevant in ATV 131 E (2016)




3-How To Form a New File:

Create New Project File:

& Profpra

- le& Parameters  License

Open File
Save File
Save As
Exit

Welcome To ProfPRO

Recent Facilities

<+ New Facility

This is the welcome screen of ProfPRO, you can either select “+New Facility” or “New File” from the File tab to create a new project.

After you create or open a project, it will appear in the Recent Facilities section in the welcome screen for quick access.

Once you choose new file the following screen appears;



B New Facility s
Create a Mew Facility

Facility Name:

Mew Facility

Flow Rates | Concentrations | Parameters

Dry Weather Flow Rate (Qdw):
Maximum Dry Weather Flow Coefficient (2-Hour):

Wet Weather Hourly Flow Coefficient:

There are 3 tabsin the new project creation screento be filled by user. The facility name is the name of the project, flow rates and corresponding coefficients
are determined by user.



ATV 198 — E (Standardization and Derivation of Dimensioning Values for Wastewater Facilities) can be used for determining the “Maximum Dry Weather
Coefficient” and “Wet Weather Hourly Flow Coefficient”.

In general approach, Qpwq (mM3*/day) = Quoma + Qinag + Qinf g
Qpw,q (m3/day) = Average daily dry weather flow rate.
Quoma (M3/day) = Average daily domestic flow rate.
Qingq (M3/day) = Average daily industrial flow rate.
Qintg (M3/day) = Average daily constant infiltration flow rate.
Qow 2anave (M3/h) = 24 hour average hourly flowrate.

In order to calculate maximum 2 hourly flow rate “Qpw ", the following graph can be used according to ATV 198 -E.

QDW,max: QDW,hmax resp. QDW‘Zh.max =

24.
22 Qo @ s (1)
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ment] area fAuthors’ afternotes]



In otherword, Qpw = Qow,e/ X andit is totally dependent of the size of the treatment plant. In the past advisory documents, x values change as in the following
table;

Treatment Plant Capacity (PE) Corresponding x-factor
>200.000 20
>50.000 18
>20.000 16
>5.000 14
<5.000 12

The maximum 2 hourly flow rate “Qpw,” (m3/hour), is the design flowrates of the following units;

1- Primary Sedimentation Tank Volume (m?3)

2- Gritand Grease Chamber design check for grease loading. (gA) (m/h)
3- Anaerobic Biological Phosphorus Removal Tank Volume (m?3)

4- Internal Recirculation Pump Capacity (m3®/ h)

5- Return Sludge Pump Staging. (m3/ h)

Wet Weather Flow (Maximum Hourly Flow) Quw,, (m3/h) is totally dependent on the sewerage collection network which can be either separated or collective
system. Wastewater treatment plants cannot be designed to treat the whole stormwater flow. In many countries, Qww his equal to maximum 2 - 2.5x Qpw,24nave-

The wet weather flow rate “Quw,” (m3/h), is the design flowrates of the following units;

1- Coarse and fine screens

2- Inlet pumping stations

3- Grit and grease chamber

4- Return sludge pumping stations
5- Open channels

6- Secondary sedimentation tanks

Qpw,q (m3*/day) = Average daily dry weather flow rate is the design flowrate for calculation of pollutant loads and therefore for sizing the biological reactor
volume.



B New Facility

Create a New Facility

Facility Name:

Mew Facility

Flow Rates || Concentrations | Parameters
Chemical Oxygen Demand, Ceop,|
Suspended Solids Concentration, Xgs |

Total Kjeldahl Nitrogen Concentration, Crgn
Phosphorus Concentration, Crp

Ammanium Nitrogen Concentration, Syy
Nitrate Nitrogen Concentration, Syo gy

Alkalinity, Spx

Create Cancel

On the Concentrations Tab, you identify THE CONCENTRATIONS OF INFLUENTIN THE RAW WASTEWATERAFTER GRITAND GREASE CHAMBER AND BEFORE
PRIMARY SEDIMENTATION TANK.
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B New Facility

Create a New Facility

Facility Name:
New Facility
Flow Rates | Concentrations || Parameters
SCOD,inert,IAT/CCOD,IAT (0,05-0,10)-fs 0.05 XN BM/XCODEM
Xinorg,55,1/%ss (0,2-0,3)-B 02 KorgN,i/XCOD,i
XCOD,inert IAT/XCOD,IAT (0,20-0,35)-fA 03 XP,BM/CCOD JAT
CCOD,la,IAT/Cdeg,|AT-fCOD {0.15-0.25) 0.2 XP BioP/CCOD IAT
COD of Organic Dry Matter gCOD/VSS 16 XP,BioP/CCOD AT (*}

(*) Pre-Denitrification W/Q Anaerobic Tank

0.07

0.03

0.005

0.007

0.005

Ycod,dos Methanol

Ycod,dos Ethanol

Ycod,dos Acetic Acid

Ycod,deg

Nitr, Bac, Growth Rate

045

042

042

0.67

047

g COD/g COD
g COD/g COD
g COD/g COD
g COD/g COD

1/d

Reset To Defaults

| Create

Save

| Cancel

Before starting the WWTP design calculations, you are able to change the parameters, or you can just accept the default values.
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Here is an example of a treatment plant which has flowrates of; Qpw ¢ = 50.000 m3/day, Qow, = 2.750 m3/h, Qyw,, = 3.850 m3/h

B New Facility

Create a New Facility Flow

Facility Mame:

Example-1

Flow Rates | Concentrations | Parameters

Dry Weather Flow Rate (Qdw): 50,000

Maximurm Dry Weather Flow Coefficient (2-Hour): 1.32

Wet Weather Hourly Flow Coefficient: 14

B New Facility

Create a New Facility

Raw Influent Concentrations

Facility Name:

Example-1

Flow Rates | Concentrations || Parameters
Chemical Oxygen Demand, Ccop 500
Suspended Solids Concentration, Xgg A00
Total Kjeldahl Nitragen Cencentration, Crin 55
Phosphorus Coneentration, Crp 10
Ammaonium Nitrogen Concentration, Syu,) 35
Nitrate Mitrogen Concentration, Syg, 0
Alkalinity, Saci, 71

7 New Facility

Create a New Facility

Facility Name:

Example-1

Flow Rates | Concentrations | Parameters

SCOD,inert,IAT/CCOD,IAT (0,05-0,10)-fs
Xinorg,SS I/Xss (0,2-03)-f8

XCOD,inertIAT/XCOD,IAT (0,20-0,35)-fA
CCOD/la,|AT/Cdeg,IAT-FCOD (0.15-0.25)

COD of Organic Dry Matter gCOD/VSS

0.05

03

0.2

1.6

Parameters
XN ,BM/XCOD,BM 0.07
XorgN,ifXCOD,i 0.03
XP BM/CCOD,IAT 0.005
XP BioP/CCOD,IAT 0.007
XP BioP/CCOD,IAT (*) 0.005

(%) Pre-Denitrification W/O Anaerobic Tank

Yeod dos Methanol
Yeod dos Ethanol
Yeod dos Acetic Acid
Yeod deg

Nitr. Bac. Growth Rate

g COD/g COD
g COD/g COD
g COD/g COD
g COD/g COD

1

Reset To Defaults

Create

Save

12
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Once filled all empty fields, press “Create” button then the project file is formed for further calculations, and

“Flowrates” and “Concentrations” tabs screen appears;

Example-1 &

Flowrates & Concentrations Design

Flnwratcs| Concentrations

Dry Weather Flow Rate Q pw 4

24-Hour Average Dry Weather Flow Rate O pw

2-Hour Maximum Dry Weather Flow Coefficient
2-Hour Maximum Dry Weather Flow Qpw
Maximum Hourly Flow Coefficient

Maximum Hourly Flow {Wet Weather Flow), Qww,h

Maximum Hourly Flow (Wet Weather Flow), Qww,d

Daily and hourly flow rates, which will be the reference data for relevant units in WWTP, is shown in the “Flowrates” tab.

Process Train

50,000
2,083
1.32
2,750
1.4
3,850

82,400

m?/d

m?*/h

m*/h

m*/h

m?/d

13



“Concentrations” tab is the second section in this page.

© Profpro = a

File Diffusers Parameters License

Example-1 &
Flowrates & Concentrations Design Process Train
Flowrates | Concentration:
Raw Wastewater Concentrations Biological Reactor Inlet Concentrations Primary Sedimentation Tank | YES - Retention Time 1 h
Chemical Oxygen Demand, Ceop 600  mgiL Chemical Oxygen Demand, Ccop,iaT 420  mglL
Hydraulic retention time as a function of the
Particulate COD Concentration, X, Particulate COD Concentration, X,
e 448 mglL Crala 248 mg/L annual mean dry weather flow rate Qpy.x
Suspended Solids Concentration, Xgg Suspended Solids Concentration, Xsg jat Removal
400 | mgfl 20088 g/ in% 075h-1h 1,5h-2h >25h Parameters Percents %
Total Kjeldahl Nitrogen Concentration, Crky 55 mg/L Total Kjeldahl Nitrogen Concentration, 50.00 malL € CoD 30
CrinJAT . 9 Lo 30 35 40 NEET s
Phosphorus Concentration, Cyp 10 mglL Phosphorus Concentration, C1p jat 00 mglL N
i i ’ Xean 45 55 40 XSS 50
Ammaunium Nitrogen Concentration, Syn, 35 mg/L Ammounium Nitrogen Concentration, Sy ,iat 35.00 ma/L ™ = % 7 CKN =
s
MHy / Cry Ratio 0.64 NHy a1 Crign a7 Ratio 0.70 P 1o
C, 10 10 10
Hiztelkirpgeniconcentiationsios 0 mg/L Nitrate Nitrogen Concentration, Snogiat 0.00 mglL -
Allcalinity, Say 71 mmoliL Alkalinity, Sai AT 2 oo Ce 10 10 10
COD FRACTIONS Bioloak COD and i
Scop, AT 174 mgiL
g PERCENTAGE(%) INLET COD INLET CONCENTRATION VALUES
Xcop,AT 206 mglL (Based on Inlet COD) CONCENTRATION PARAMETERS IN TERMS OF COD
5.00 S 21.00
Scopnert/AT 2100 mglL EO0.stLIAT
XcoD,inert,JAT 73.80 mg/L 36.43 SCOD,deq JAT 153
CcoD,deg,IaT 325 mglL
Scon,deg, AT 153 mgiL
XcoD,deg AT 172 mglL 2200 Xcop.deg AT 72
17.57 XcoD, inert AT 73.80
PERCENTAGE(%) INLET INORGANIC SS INLET INORGANICS
(Based on Inlet SS) CONCENTRATION PARAMETER CONCENTRATION VALUE (mg/L)
Save Next 2

14



Here the concentrations are calculated based on the choice of primary sedimentation tank and its retention time according to ATV 131-E
(2016) Table 2. There are 3 options for primary sedimentation tank (“YES”, “NO” and “CUSTOM”). In the custom selection, removal percentages can
be determined by the user, which allow the user to choose his/her own measured percentages.
The COD fractions are calculated according to the fractions already identified in the “Parameters” section.

Click “Next” for further steps. After clicking “Next”, the user will see the following screen;

@ Profpro _ g
File - Parameters  License
Example-1 ¢

Flowrates & Concentrations » Design

WWTP Design Flowcharts & Documentation

Now, the user should press on “WWTP Design” button to design the units one by one. After clicking “WWTP Design” button following page appears;

15



& Profpro - 8 %

File Diffusers Parameters License

Example-1 #*

Flowrates & Concentrations > Design » ProcessTrain

Primary Treatment Biological Treatment Aeration System Design Auxiliary Calculations

- o

Internal Recirculation

Flowicharts & Documentation ¥

This is the main design module of all units. Designing all units in each line (Primary Treatment-Biological Treatment-Aeration System Design-Auxiliary
Calculations) is explained one by one in the sections below;

16



Primary Treatment Line:

Coarse Screen:

O Profpro - a8 x
File Diffusers Parameters License

Example-1 ¢

Flowrates & Concentrations Coarse Screen
€ Coarse Screen
Wet Weather Flow 3850 m'h
Nurmber of Units 2 amount
Flow Rate per Screen 053 mYs
Manning Coefficient 0.013
Selected Width, b 1 m
Selected Water Height, h 1 m
R 033 m
Slope Denominator 4,782.94
s (Slope) 0.00020908  1m
v 053 m/s
Q 053  mfs
Froude Number 017 =1 Laminar Flow @&
Bar Spacing 50 mm
Bar Thickness 10 mm
Inclination Angle 70 ©
Number of Bars, n 16.00  amount
Adjusted Spacing between Bars 494 mm
Total Spacing between Bars, bf 0.84 m
Head Loss Coefficient for Screen, B 2.42
Head Loss, Ahmax 001 m Kirschner Formula
Ac .00  m?
As 106 m?
Anet 089 m?
Velocity between Bars, vb 060 mis<1z &
Head Loss, Ahmax 001 m Continuity Formula
Bar Blockage Ratio 0 %
Blockage Time Total Cross-Sectional Area between Bars, Af 0.53 m?
Flow Velocity between Bars, Vf 101 mis<.z &

Save

-]

Once filled the empty fields, coarse screen design is completed. The selected water height is determined based on the hydraulic profile of
downstream weir height.

DIN EN12255-3 Preliminary treatment is the reference document.



Inlet Pumping Unit:
o Profpro = o] X
File Diffusers Parameters License

Example-1

Flowrates & Concentrations > Design > Process Train Inlet Pumping Unit

€ Inlet Pumping Unit

Inlet Pumping Unit 1 X | +

Maximum Hourly Flow, Qww,h 3,850 m/h 4 Clear
Maximum Hourly Flow, Qww,d 92,400 md
Design Flow Ceefficient 1 e w 637 m
Influent Pumping Design Flow 92,400 mé/d
Influent Pumping Design Flow 3,850 m/h
Qpm 1,069 Lfs L 9 m
MNumber of Pumps 3 amount
MNumber of Shafts, Z 6 amount
‘Wet Volume of Pump Reem, Vmin 160 m? D
Water Level Difference for Activation 0.5 m
Minimum Operating Level of Pumps 1.2 m om
Design Chamber Surface Area, S 57.29 m?
Required Active Wet Volume 286 m?
Desired Maximum Water Level 5 m e i L — .
5.00m

Design Total Water Head 5.00 m 050m

Shaft Space

Installed Power Min Water Level

Maximum Haurly Flow, Qww,h 3,850 mih 120m
Manometric Elevation, H 15 m

Liquid Density, p 1 kg/L

Hydraulic Power, Phydrolic 157 kw

Pump Efficiency, n 0.75

Shaft Power, Pshaft 210 kw

Power Margin Factor 11 0

Installed Pump Power, Pinstalled 2 kw

MNumber of Pumps 3.00 amount

Installed Power for Each Pump 76.93 kW

Total Installed Power 231 kW Save

Suction line and pressure line head losses, which might be estimated or calculated properly, can be added to the Manometric Head value to calculate
the power more precisely. ATV 134 E “Planning and Construction of Wastewater Pumping Stations” (2000) is the reference document.
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Fine Screen:

& Profpro
File Diffusers Parameters License
Example-1 &
Flowrates & Concentrations > Design > Process Train Fine Screen

€ Fine Screen
Maximum Hourly Flow (Wet Weather Flow), Qww,h 3850 m'h
Number of Units 3 amount
Flow Rate per Screen 0.36 m¥/s
Manning Coefficient 0.013
Width (W) 1 m
h (Water Height) 1 m
R 0.33 m
Slope Denominator 10,761.62
S (Slope) 0.00009292 Tm
v 0.36 m/s
Q 036 mfs
Froude Number on =1
Bar Spacing 10 mm
Bar Thickness 10 mm
Inclination Angle 70
Number of Bars, n 50.00  amount
Adjusted Spacing between Bars 9.80 mm
Total Spacing between Bars, bf 0.50 m
Head Loss Coefficient for Screen, 2.42
Head Loss, Ahmax 0.02 m
Ac 100 m?
As 106 m?
Anet 053 m?
Velocity between Bars, vb 0.68 m/s <1.2
Head Loss, Ahmax 0.03 m
Bar Blockage Ratio 40 %
Blockage Time Total Cross-Sectional Area between Bars, Af 0.32 m?
Flow Velocity between Bars, Vi 113 m/s <1.2

@

Laminar Flow (&

Kirschner Formula

o

Continuity Formula

o

4 Clear

Save

The methodology is the same as Coarse Screen Unit. The selected water height is determined based on the hydraulic profile of downstream weir

which is located generally after grit-grease chamber unit. DIN EN12255-3 Preliminary treatment is the reference document.
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Grit & Grease Chamber:
ProfPRO automatically calculates the sizing of the Grit and Grease Chamber Unit by “Auto Calculate” button.

& Profpro -
File Diffusers Parameters License

Example-1 &

Flowrates & Concentrations > Design > Process Train Grit & Grease Chamber

4 Grit And Grease Chamber

2-Hour Maximum Dry Weather Flow QDW,h 2750  mh bSF bFF ) Clear
Grit and Grease Chamber Design Flow Rate 3,850 m3fh - L "
Number of Grit and Grease Chamber Tanks 2
Design Flow Rate for Each Grit and Grease Chamber 1,926 mih
4 &
Total Air Pressure Loss 50 hPa
(-}
Auto Calculate ] 2
-] o
= 8
W=bSF+bFF m (25- 7.0m) «Q
g
bFF/bSF Ratio 0,5-1 2
Width of the Grease Chamber, bFF m
Width of the Grit Chamber, bSF m
bSF/hSF Ratio 0,8-1 & ]
= a
Total Depth, hSF m 3‘
@
Middle Wall Submerged Height, hMW m 0,2x%hs¢ + ]
=3
Wastewater Depth Above Diffuser, hBel m hge-0,3m =
Slope of the Grease Chamber, a = 35° - 45°
Length, LSF m
v
Length of Grease Collection Pit 2.00 m
Length, LFF m
Diffuser Subheight m
Hopper Angle, B °
Bottom Width of Sand Collection Chamber, hhop m 0,15 hse
Bottom Depth of Sand Collection Chamber, h,hop m h hop Modifier 0,15 - 0,25 bSF
w1 m
w2 m
w3 m
Bottom Wall Depth of Grease Chamber, hyag,bottom m
Upper Wall Depth of Grease Chamber, hyag,top m

Total Depth hSF + h,hop



© Profpro = (=] X

File Diffusers Parameters License

Example-1 &

Flowrates & Concentrations > Design » Process Train Grit & Grease Chamber

€ Grit And Grease Chamber

2-Hour Maximum Dry Weather Flow QDW,h 2,750  m*h bSF 2.93m bFF 2.93m ) Clear
Grit and Grease Chamber Design Flow Rate 3,850 m3/h “ r -
Number of Grit and Grease Chamber Tanks 2
Design Flow Rate for Each Grit and Grease Chamber 1,925 m/h £ v
Aok Iy A
Total Alr Pressure Loss 50 hPa -
o
a
Auto Calculate ] 3 EL
7] = ® E
r €N o
W=bSF+bFF 5.85 m (25- 7.0m) = © o~y
E ¥ g’ 5}
bFF/bSF Ratio 1.00 0,5-1 I’S =
o
‘Width of the Grease Chamber, bFF 2.93 m E -
=
‘Width of the Grit Chamber, bSF 2.93 m :
i o [
bSF/hSF Ratio 0.8 0,8-1 ] H
= a
Total Depth, hSF 234 m o E
ﬁ @
=1
Middle Wall Submerged Height, hMW 0.47 m 0,2xhse v E o
-4
Wastewater Depth Above Diffuser, hBel 213 m hgg-0,3m =
Slope of the Grease Chamber, a 35.00 ° 35° - 45°
Length, LSF 48.00 m
v
Length of Grease Collection Pit 2.00 m
Length, LFF 50.00 m
Diffuser Subheight 021 m
Hopper Angle, B 30.00 S 0.35m
Bottom Width of Sand Collection Chamber, h,hop 0.35 m 0,15 hgg
Bottom Depth of Sand Collection Chamber, h hop 0.864 m h hop Modifier 0.22 0,15 - 0,25 bSF
wil 0.30 m
w2 112 m
w3 297 m
Bottom Wall Depth of Grease Chamber, hyag,bottom 2.08 m
Upper Wall Depth of Grease Chamber, hyag,top 0.26 m
Total Depth hSF + h,hop 2.98 2.98 -

Total Air pressure lossis the total head loss exceptfor water height pressure loss. Once Pressed “Auto Calculate”, ProfPRO automatically calculates
the grit chamber design. Now you can adjust your own design choices by changing the values already calculated by the software.
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& Profpro
File Diffusers Parameters License
Example-1 &

Flowrates & Concentrations > Design > Process Train

4 Grit And Grease Chamber

2-Hour Maximum Dry Weather Flow GDW,h
Grit and Grease Chamber Design Flow Rate
Number of Grit and Grease Chamber Tanks
Design Flow Rate for Each Grit and Grease Chamber

Total Air Pressure Loss

2,750

3,850

1,925

50

Auto Calculate

W=bSF+bFF

bFF/bSF Ratio

Width of the Grease Chamber, bFF

Width of the Grit Chamber, bSF

bSF/hSF Ratio

Total Depth, hSF

Middle Wall Submerged Height, hMW
Wastewater Depth Above Diffuser, hBel

Slope of the Grease Chamber, a

Length, LSF

Length of Grease Collection Pit

Length, LFF

Diffuser Subheight

Hopper Angle, B

Bottom Width of Sand Collection Chamber, hhop
Bottom Depth of Sand Collection Chamber, h,hop
w1

w2

w3

Bottom Wall Depth of Grease Chamber, hyag,bottom
Upper Wall Depth of Grease Ghamber, hyag,top
Total Depth hSF + h,hop

Cross-Sectional Area, &1

Horizantal Flow Velocity

Surface Flow Velocity of Grease Chamber, oA FF
Total Volume

Ratantion Time, 1R

Specific Alr Input

Air Requirement per Sand Trap

Total Blower Capacity

Water Helght Pressure Loss

Total Pressure Loss

6.89

0.05

24.74

m3fh

m3fh

m3fh

3.00

misec
mih

m

s0G
Nm®/hfm®
N/
Nm*h
hPa

hPa

Grit & Grease Chamber

(25- 7.0m)

0,2xhgr
hge-0,3m

35° - 45°

0,15 hgr

h hop Modifier

0.22

@ Q000

hSF 2.35m

0,15 - 0,25 bSF

+

hBel 214m

bSF 294m

0.47m hMW

“

hgrease,top

hgrease,bot

0.35m

0.88m

1.47m

4 Clear
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Parameter Recommended Range of Values
Horizontal flow velocity <0.20 m/s
Width/depth ratio bse/hsr 0.8-1.0

Cross-sectional area AL (without grease trap)

1 m?-15m?

Detention time tR

>300s

Tank length Lsr

> 10 x bSF <50 m

Submergence depth hgel

hse - 0.3 m

Specific air input (related to tank volume, without grease trap chamber)

0.5-1.3 m3/(m3 x h)

Immersion depth of the middle wall (without installations) hmw

approx. 0.2 x hsf

Bottom cross slope of grease trap chamber a

35°-45°

Width of grease trap chamber ber

0.50 to 1.00 x bsr

Surface load of the grease trap chamber qar=Qt/Arr

<25 m/h (for dry weather inflow)

Grit channel: depth

approx. 0.15 x hs¢

Grit channel: top width

0.15 to 0.25 x bsr

The table above is included in the document of Grit Chambers — Requirements, Systems and Dimensioning Work Report of DWA Technical Committee
(2008) as constraints and recommendations in the grit & grease chamber design.
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Primary Sedimentation Tank:

& Profpro
File Diffusers Parameters License

Example-1 ¢

Flowrates & Concentrations > Design > Process Train Primary Sedimentation Tank

€ Primary Sedimentation Tank

4 Clear
Circular -
. X : . Primary Sludge Calculations
Design Primary Sedimentation Flow Rate 2,750 mih
Dry Weather Flow Rate Qpyy,g 50,000 m?/d
Number of Primary Sedimentation Tanks 2 amount
Primary Sludge Concentration 30 kg/m?*
Flow Rate per Primary Sedimentation Tank 1,375 m3fh
Primary Sludge Load 10,000 Dsjd
Primary Sedimentation Retention Time 1 h
Primary V'S. Organic 6313  ka/d
Volume per Primary Sedimentation Tank 1,375 m*
Primary FS. Inorganic 3,688 kgld
Retention Time at Maximum Flow Rate 42.86 min 20<t, <120 0
Xinorg,ps / %83 ps 0.37
Surface Loading Rate (2.5-4) 3 m/h
Primary Sludge Volume 333 m'd
Surface Area per Primary Sedimentation Tank 458 m2
i . . i Biological Reactor Inlet SS Calculations
Diameter per Primary Sedimentation Tank 2416 m
Xss org,IAT 7,688  kg/d
Average Primary Sedimentation Height 3.00 m XS, inorg IAT 2313 kg/d
Parameters Initial Concentrations Removal Efficiency  Concentration Load  XsginargaT / ¥ss, AT 0.23
After PST After PST
(mg/L) (%) (mg/L) (kg/d)
Chemical Oxygen Demand, Ceop 600 30 420 21,000
Particulate COD Concentration, Xeop 448 45 246 12,300
Suspended Solids Concentration, Xgg 400 50 200 10 000
Total Kjeldahl Nitrogen Concentration, Cryy 55.00 10 50.00 2 500
Phosphorus Concentration, Ctp 10.00 10 9.00 450
Save

In “Primary Sedimentation Tank” the user first chooses the shape (“Circular” or “Rectangular”). Once the user fills all the empty fields, pollutant
loads after primary sedimentation tank and the primary sludge calculations is made by ProfPRO.

ATV 131 E (2016) and DWA Topics — Design of wastewater treatment plants in hot and cold climates (May 2019) are the reference documents.
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Circular Sedimentation Tank Design Example;

& Prafpro

File Diffusers Paramsters Licenss

Example-1 #*

Flowrates & Concentrations » Design » Process Train Secondary Sedimentation Tank

4 Secondary Sedimentation Tank

Return Sludge Concentration Calculation

vl mo ke € | — Partial radius for surface area A_
1, Th 200 h hifdm =t
L
- L]
RS 078 t f Clean water and return flow zone y ht:088m
SSas 1M.45  kgim®* = i i
= i Separation and storage zone 1 ha23:z.54m
SS5gg | SSpg -
3 oo € m 1
= - T
S8as 802  kgim* 1316 m L—— Thickening and sludge removal zone  § hd 1.27m
55,47 max 3.44  ka/m* 855 060 m —— = v
* 1 U h, =230m
SSar 500 kg/m® 1L1Bm 197 m 1 1
= 1
DSV 330 Lim® h=1-15m ! ' 1
— h_for¥of flowpan  —
Shape
Circular -
Surface Area Calculations Inlet Structure R e T e 12.00 w Scraper and Bridge Preoperties
Qww,h 3,850 m?/saat Retention Time 10 sec Results aST,Dim 1.5 -
Minimum Surface Area 2541 m* 0*[1+RS) 047  ms vinlet 5147 m IS8T, Dim 1500 m
Number of Final Settling Tanks 4.00 amount Vinlet 51.47 m Diameter of Inlet Structure 419 m LEST,Dim 22.50 m
Final Settling Surface Area Per Unit 635 Diameter of Inlet Structure 41 m Power Input 203 Nmis Ar,Dim as4
Minimum Final Senting Diameter 2875 m Inlet Structure Depth, by, 374 m =} S6.58  1jsme hSR,Dim (0.4-0.6 m) 050 m
Selected Final Settling Diameter 000 m g Height of Culvert, hey, 0.60  m (0.3 -0.6) Fr LR ¥SR,Dim (72-144 mifh) M0 mih
Design Final Sewkng Surface Area Per Unit 693 m* Area Unilization Percentage 85.00 | % Weir Load Calculations nSR,Dim 147 Un
Total Design Final Settling Surface Area 2,772 w* Avsilabie Area an Duouble Weir - 1SR, Dim 1.50
gA Design 128 mh Culvert Total Width M8 m \Weir Channel Width 1.00 m Qr,Dim 1,375 mih
qsv Design 458  Lim**h Number of Culverts 400 amount Quter Weir Wall Distance 100 m Gshort, Dim 1513 m*h
Height C: Width per Culvert, Bgy, 280 m Outer Weir Length 352 m GShor,DiM | GRS,0M  (0.4-0.8) 052
n 088 m Space Between Cubvert 088  m Inner Weir Length 327 m 1SR, Dim 086 h
nz3 254 m Inlet Pipe Diameter 8OO mm Flaw Per Tank 263 m'h Gsr,Dim Min 1625 m%h
ha 127 m Inlet Pipe Surface Area o.50 m? Total Weir Langth 678 m Crer,Dim 1,850  mih
Cisr,Dim 2 Qlar,Oam Min o
Total Mininum Average Height 432 m Pipe Inlet Velocity 053 mis \Weir Load 567 mymm €9 v, Climu 2 Qi DNm ki
Selected Average Height 450 m ‘

Dumrmeter 419 m

* h,225m =
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Rectangular Sedimentation Tank Design Example;

& Profpro — =] x
File Diffusers Parameters  License
Example-1 #
Flowrates & Concentrations > Design 3 Process Train Secondary Sedimentation Tank
€ Secondary Sedimentation Tank = Ciear

Return Sludge Concentration Calculation L 0T7
in’
sV m . uka € Disturbance zone (2.0 m)
T—Ll'_ Tank length for surface area A —_—
t, Th 200 h 10.00 m 9 =7
]
T ]
RS 075 h332 A L —foossssseccessaee *
SSms .45 kaim® I hsior 0.60 m H Clean water and return flow zone YL _
! =
585 | 855 070 ] [ =
1] ' Separation and storage zone ) h23: 275m o
SSgs 802 lgim® ) [ ::E.
r Thickening and sludge removal zone T ha 1 3am e
S5AT.max 344 kgim® L
] .
S8ar 300 kgim? 17, =3.0m
L)
DSV 330 LUm* ]
]
—— K, for 25 of flow path —_—
Shape
Rectangular -
Surface Area Calculations Inlet Structure e TS 12.00 oG Scraper and Bridge Properties
Qww,h 3,850  mi/saat Retention Time 10 sec Results VSR 100 | mn €
Minimum Surface Area 2,541  m? Q@*(1+RS) 023 ms Vinlet 2573 m? v,ret 300 v €
Number of Final Settling Tanks 8  amount Vinlet 2573 m? Req. Length of Inlet Structure 077 m f,SR o8 (i)
Final Settling Surface Area Per Unit 318 m? Req. Length of Inlet Structure 077 m Power Input 80.08 Nm/s h.SR os m @@
Tank Width 0 m Inlet Structure Depth, by, 332 m G 50.30  1/sec LS. 12.00
Minimum Final Settling Length 3176 m Height of Culvert, hg;o 06 m(03-0.6) Fr 0.60 1SR 0.60 h
Selected Final Settiing Length 32.00  m & Area Utilization Percentage 85.00 % Weir Load Calculations s 017 n €@
Design Final Settling Surface Area Per Unit 320 m? Available Area 510 m? T A LRW 32.00
Total Design Final Settling Surface Area 2,560 m? Inlet Pipe Diameter 600 mm Flow Per Tank 481 mih nsR 168
gA Design 150  m/h Inlet Pipe Surface Area 028 m? Weir Load 567 miymm € nsT 8.00
asv Design 496  L/m**h Pipe Inlet Velocity 0.83 m/s Min. Weir Length Per Tank 8488 m Number of Sludge Storage 1
Average Height Calculations SEim 1287 m/h
h 057 m Q Short,Dim 1,600  mh
h23 275 m Q Short,Dim / QRS,Dim 055  (0.4-0.8)
h4 138 m QSR,min 1602 mh
Total Minimum Average Height 463 m QSR,actual 1,609  m¥h
ids Balance
Selected Average Height a7 m ‘
Save

Design calculations of the secondary sedimentation tanks is made according to equations and constraints published in the documents of ATV 131-E

(2016) and Working Report of the ATV Special Committee Sedimentation Processes.
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© Profpro

File Diffusers Parameters License

Example-1 #

Flowrates & Concentrations > Design > Process Train

4 Return Sludge Pumping Unit
Return Sludge Pumping Unit 1 | +

Maximum Hourly Flow, Qww,h
Return Sludge Ratio, RSww

Total Return Sludge Pump Capacity
Total Return Sludge Pump Capacity
Qpm

Number of Pumps

Number of Shafts, Z

‘Wet Volume of Pump Room, Vmin
Water Level Difference for Activation
Minimum Operating Level of Pumps.
Design Chamber Surface Area, §
Required Active Wet Volume
Desired Maximum Water Level
Design Total Water Head

Installed Power

Maximum Hourly Flow, Qww,h

Final Sedimentation Tank Shape
Final Sedimentation Slope

Final Sedimentation Average Height
Final Settling Length

Final Sedimentation Central Height
Return Sludge Head Difference
Manometric Elevation, H

Liquid Density, p

Hydraulic Power, Phydrolic

Pump Efficiency, n

Shaft Power, Pshaft

Power Margin Factor

Installed Pump Power, Pinstalled
Number of Pumps

Installed Power for Each Pump

Total Installed Power

o

“Planning and Construction of Wastewater Pumping Stations” (2000) is the reference document.

3,850

3,850
92,400
1,069

3.00

3,850

Rectangular

Return Sludge Pumpi

mifh

mi/h
b Area m?
mi/d

Lis

amount L 700 m

amount

m

m
m? 7m
m3
m
Max Water Level .

m

6.30m

0.50m

Shaft Space

mifh

Min Water Level
1.20m

typical 1/15 (0.
m

m

kg/L

kW

kW

kw
amount

KW Duty Point

107 kW

559 m

= Clear

Save

a

x

ATV
134

N Final Sedimentation Central Height <Desired Maximum Water Level
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© Profpro

File Diffusers Parameters License

Example-1 ¢

Flowrates & Concentrations > Design > Process Train Treatment Options

€ Treatment Options

] ] D ]
$ M dn ¢ P
——
Wastewater Temp. N N% Recharge fc 0

Lowest Temp.
Maximum Temp.
Avg. Conditions

Special Conditions

User selects treatment objectives by marking relevant process options shown above. The options are;

Carbon Only (No marking in the tick box)

C+ N (Carbon + Nitrification)

C + P (Carbon + Phosphorous Removal)

C+ N + P (Carbon + Nitrification + Phosphorus Removal)

C+ N+ dN + P (Carbon + Nitrification + Denitrification + Phosphorus Removal)

Phosphorous Removal can be biological, chemical or both.

a

Save

4 Clear

Next

28



If denitrification processis chosen, 6 types of denitrification process can be selected from the dropdown menu.
Among them, pre-anoxic, step feed 2 and step feed 3 denitrification processes have internal recirculation unit.
In this section the user must identify wastewater temperature, fN, N recharge from the backflows and fC values.

These values are determined with the procedures of ATV 198-E or default values can be taken fromthe table. (ATV 131E)

Table 7: Peak factors for oxygen demand

Required sludge retention time SRy in d

>12.000 kg/d

4 6 8 10 15 25
. 1,3 1,25 1,2 1,2 1,15 11
£ for Lacon, 24 2,0 15
<2.400 kg/d
£ for Lycos, 2,0 18 15

NoTE

‘) . .
fy as a substitute when no measurements of f are available Parameter.

Example Calculation:

Table C-4: Example for the determination of the peak factor for the nitrogen load
b=
o = = = ﬁ £ B ks ﬁ
3 £ = < = 2 £ ES 5 E
o i ! ! J = x =
8 = o i 3 q <3
=
1 2 3 4 5 6 7 8 9
102. Qowzn (Qowa) | m’h 789 957 896 623
Wed Crkn mg/l 67 58 61 54
EZh.TKN (Bd‘TKN) kg!‘h 52.9 55.5 54.7 33.6 55.5 1.65
43. Qran (Qre) m*h 870 1023 977 678
Thur Crxn mg/l 65 61 58 51
Bon, kN (Ba1rn) kgrh 56.6 62.4 56.7 34.6 62.4 1.80
Qron (Qra) m*/h
Crxn mg!l
Bohtkn (Batkn) | kg/h
Mean 59.3 1.77

gbenjtrjﬁcation Type
Pre-Anoxic

Step-Feed-2
Step-Feed-3
Simultaneous
Alternating

Intermittent

9

L]
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If “Only Carbon” Removal is selected, the screen below appears.

© Profpro - o X
File Diffusers Parameters License
Sludge Age And Biological Reactor v
Example-1 &
Flowrates & Concentrations > Design » Process Train Only Carbon o m
— Treatment Options
€ Only Carbon Only Carbon
Wastewater Temp. Min. Nitrification Sludge Age
. e = Clear
Design 15.00 3.40 Nitrification Warning 0
Lowest Temp. 12.00 4.57
Maximum Temp. 25.00 1.28 Nitrification Warning 0 Sludge Production
Avg. Conditions 18.00 2.54 Nitrification Warning 0
Special Conditions 20.00 2.09 Nitrification Warning 0
Design
Required Min. Sludge Age for C Removal 400 d Design Sludge Age d
Nitrogen Balance Phospherus Balance
Effluent Organic Nitrogen Concentration mg/L Inlet Phospherus Concentration 9.00 mg/L
N Return Load From Sludge 30.00 % Normal Phosphorus Uptake 210 mg/L
XCOD BM Deg mg/L Effluent TP Concentration, TPest 6.90 mgjL
XCOD Inert BM Deg mg/L
Crkm AT /i3
N Recharge mg/L
Effluent Organic Nitrogen Concentration mg/L
Xorg,N,8M mg/L
Xorg,N Inert mg/L
Effluent Ammenium NH, Cencentration mg/L
Previous Save Next

As seenfromthe page shown above, according to the wastewater temperatures defined in “Treatment Options”, the software warns the user for
the possible nitrification occurrences. In those circumstances, it is advised that the aeration design should be made as if nitrification takes place.
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If “Carbon Removal + Nitrification” process is selected, the screen below appears.

& Proforo - o X
File Diffusers Parameters License

Example-1 &
Flowrates & Concentrations > Design > Process Train Nitrogen Removal 0
€ Nitrogen Removal Nitrification =~ Clear Only Carbon

[[Gesion ] omest Tamp. | wax Tom. | Avg. Conations | spacial Ganaitions _

Wastewater Temperature 15.00 *C b Bl ol e Phosphorus Removal

N 170 Organic Nitrogen Concentration, N-Org,est mg/L _

Effluent Nitrification Monitoring Alternatives ‘Ammonium Nitrogen Concentration, NH4-N,est mg/L
= N Return Load From Sludge 30.00 %

Parameters for Nitrogen Removal

Current PF

Minimum Sludge Age for Nitrification d SlEF

Sludge Production from COD Sources Design Sludge Age

Ccod deg IAT mgiL

FT

b

Ycod,deg

Xcod,BM,deg mg/L

Xcod,inert,BM,deg mg/L

Nitrogen Balance Phosphorus Balance

Crin mg/L Inlet Phosphorus Concentration 9.00 mg/L

BIGESIERE Lt Normal Phosphorus Uptake 210 mgfL

HorgMinert maiL Effluent TP Concentration, TPest 6.90 mgiL

XorgN gy mg/L

Norg gst mgfL

NHs esT ma/l

Nitragen to be Nitrified, Sy -y mg/L

Inlet Nitrate Nitrogen Concentration , Sypg IaT mg/L

Nitrate NOg in the Effluent mg/fL

Previous Save Next
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If “Carbon Removal + Nitrification + Denitrification” process is selected, the screen below appears.

© Profpra - 8 x

File Diffusers Parameters License

Sludge Age And Biological Reactor v

Example-1 ¢
Flowrates & Concentrations > Design > Process Train Nitrogen Removal o m
— Treatment Options
€ Nitrogen Removal Nitrification + Denitrification ) Clear
Design Nitrogen Removal
Wastewater Temperature 15.00 °C » SET Reactor Volume
N 170 Nitrate Nitrogen Concentration, NO3-N,est mg/L
Efluent Nitrification Monitoring Alternatives Organic Nitrogen Concentration, N-Org,est malL Sludge Production
Ammanium Nitrogen Concentration, NH4-N,est mgfL
Parameters for Nitrogen Removal
N Return Load From Sludge 30.00 %

Current PF Design PF Nitrogen Balance
Vo ! Var Crin ma/L
Minimum Sludge Age for Nitrification d Design Sludge Age For Nitrification N Recharge mgfL
Minimum Sludge Age for Nitrification + Denitrification d Design Sludge Age XorgN,inert mgiL
Slque Production from COD Sources Xorg, g malL
Additional Carbon Source
= Norg pst mafL
Additional Carbon Cancentration mg/fL NHa gsT mag/L
Ycod,dos Nitrogen to be Nitrified, Sy, mg/L
Ccod,deg IAT mg/L Inlet Nitrate Nitrogen Concentration , Syo jaT mg/L
FT Effluent NOg,, o, mg/L
b Dentrification Cap Needed. Syog b mg/L
Yeod,deg Available Denitrification Capacity Syg4 mgfL
Xcod,BM,deg mg/L Effluent Nitrate Concentration o cal mg/L
Xcod,inert,BM, deg mg/fL Minimum Required Total Circulation Rate %
Xcod BM ExtC mg/L Snoj Denitrified with Additicnal Carbon mgfL
Xcod,inert ExIC mg/L Snog Denitrified by Carbon in Wastewater mg/L
Xcod BM tot mg/L Internal Circulation Calculations
Xcod inert, BM tot mg/L Minimum Total Recirculation %
Design Total Recirculation %
Minimum Denitrification Efficiency %
Design Denitrification Efficiency %
Effluent Nitrate Nitregen Concentration
NO3 pesign maiL
Previous Save Next

Whether“C”,“C+ N” or “C+ N + dN” processes are selected, the relevant pages of these processes are to be calculated in two steps. Firstly, the user
must fill the blanks and proceed to the “Sludge Production” page. Secondly, after biological tank volume is selected in the “Sludge Production” page,
further calculations are proceeded by returning to the “Only Carbon” or “Nitrogen Removal” pages.

32



The summary of the steps explained below;

1- Treatment Objective is identified in the “Treatment Options” page.

2- Design and other wastewater temperatures, fN, N-Recharge, fC values are typed.

3- Depending on the choice of treatment objective “Only Carbon” or “Nitrogen Removal” pages filled in “Design Temperature” tab.
4- If “Phosphorus Removal” option is selected and marked, the following page should be filled.

© Profpro - o X
File Diffusers Parameters License
Example-1 ¢
Flowrates & Concentrations > Design > ProcessTrain . Phosphorus Removal
€ Phosphorus Removal
Anaerobic Tank Volume Calculation
Denitrification Type Pre-Anoxic HCT (0,5 0.75) o 4 Clear
Design Wastewater Temperature 15.00  °C Qoun .
Anaerobic Tank '
= Anaerobic Tank Volume m?
Chemical Oxygen Demand, C 420 mgfl
ze EmL d Phosphorus Balance
Inlet Phesphorus Concentration, Cp, jar 9.00  mofl Inlet Phosphorus Concentration 9.00  mg/L
Total Outlet Set Concentration, TPger mg/L Normal Phosphorus Uptake maiL
Calculated Total Outlet Concentration, TPgy mg/L FEm mgiL
Chemical Dosing Requirement TPger maiL
5 . %
Chemical Phosphorus Removal Calculations RIS kg/d
Xp,prec mofL Required Fe kg/d
Pprec kgfd .
Sludge Production due to Phosphorus Removal
Required Fe kgfd XpBioP mall
Required Al kg/d Sludge Formation from Biological Phosphorus Removal, SPy giop ke/d
Select Chemical €)
Sludge Formation from Chemical Phosphorus Removal, SPy arec Keid
kgfd
Density ton/m?*
Active Ingredient Amount kgfton
Required Chemical Quantity Liday
Pump Safety Factor, SF
Number of Pumps amount
Total Dosing Pump Flow Rate L
Previous Save Next



5-

Depending on biological, chemical or both process choices, the software calculates the relevant process calculations.
6- The next step is to go into the “Sludge Production” page. Once moved to this page, the following screen appears:

& Profpro

File

Diffusers  Parameters License

Example-1 &

Flowrates & Concentrations > Design > Process Train

€ Sludge Production

‘Wastewater Temperature

PE

Sludge Age

Required Min. Sludge Age for Nitrification + Denitrification

Design Sludge Age for Nitrification + Denitrification
Sludge Production from Carbon Removal

Sludge Productien from Carbon Removal, SPy ¢

Sludge Production From Additional Carbon Sources SPy ¢ gyt
Sludge Production from Phospherus Removal

Sludge Production from Biological Phosphorus Removal SdeB‘Dp
Sludge Producticn from Chemical Phosphorus Removal SPGJPWN
Total Sludge Production

Total Sludge Production, Spd,lo(

Organic Sludge Production, Spd’mg

Inorganic Sludge Production, SPy inarg
MLVSS/MLSS Ratio

MLVSS/MLSS

Biological Reactor Volume Calculations

Total Sludge Quantity in the Reactor, Mgg a1

Design MLSS Cencentration in Wet Weather, MLSS(SS,7)
Biological Reactor Volume, Var

Denitrification Tank Volume, Vp

Nitrification Tank Volume, Vy
Design Biological Reactor Velume Calculations

Design Biological Reactor Volume
Design Sludge Age

Sludge Mass in the Tank, Mgg
Sludge Mass Formed

Design Nitrification Tank Volume

Design Denitrification Tank Volume

Previous

In this page, design temperature MLSS concentration and design Biological Tank Volume is determined and the page is saved.

15.00

5,087

0.00

0.00

0.00

5,087
2,774

2,313

54.54

0.00

Phosphorus Removal

kg/d

kg/d

kg/d

kg/d

kg/d
Kka/d

kg/d

kg

kg/m*

m®
m®

m®

m®

kg

kg

m®

Total Sludge Production

XS5 inorg

SP Xinorg

¥cod, inert, |AT
SP-XCOD,inert IAT

Xcod BM + Xcod BM,inert
SP-Xcod BM + Xcod, BM,inert
C removal

¥cod BM ExtC

SP, Xcod, Ext

SPdx,Bio

SPdx,prec

Total

Reset

Select Minimum

46.25
2,313
73.80
2,774
0.00
0.00

5,087

0.00

0.00

5,087

mg/L
kg/d
mg/L
kg/d
mg/L
kg/d
kg/d
mg/L
kg/d
kg/d
kg/d

kg/d

4 Clear

Save

34



8- After this step is completed, the user should go back to the “Only Carbon” or “Nitrogen Removal” pages.
9- Process calculations in different temperature cases and internal recirculation flow rate calculations are completed step by step.

Here is an example of a pre-anoxic denitrification + phosphorous (chemical+biological) removal enabled treatment plant is shown:

0w B

)+ )

Design

Lowest Temp.
Maximum Temp.
Avg. Conditions

Special Conditions

Wastewater Temp.

BTN BTN EETE BT T

12.00

25.00

18.00

20.00

N

170

170

170

170

N% Recharge

30.00
30.00
30.00

30.00

Only Carbon

ic @

115
115
115

115

Step1-2

35



© Profpro

File

Diffusers  Parameters License

Example-1 &

Flowrates & Concentrations > Design

€ Nitrogen Removal Nitrification + Denitrification

Design | Lowest Temp. | Max. Temp | Avg. Conditions | Special Conditions

Wastewater Temperature

N

» Process Train Nitrogen Removal

Effluent Nitrification Monitoring Alternatives
[ 10 mg NHa (2 hour) - |

15.00 °C Average Nitrogen Concentration

. 10 mg NH4(2 hour)

Effluent Nitrification Monitoring Allemahvei//_' | 5 mg NH4(2 hour) |
10 mg NH4(2 hour) R

Parameters for Nitrogen Removal

Current PF
Vo /! Var

Minimum Sludge Age for Nitrification

Minimum Sludge Age for Nitrification + Denitrification 10.21 d

Sludge Production from COD Sources
Additional Carbon Source

None >
Additional Carbon Concentration
Yeod,dos
Ccod,deg,IAT
FT
b
Ycod,deg
Kcod BM,deg
Xcod inert BM,deg
Xcod BM ExtC
Xcod inert ExtC
Xcod BM tot

Xcod inert BM,tot

Previous

1.50 Design PF
0.5
5m d 51 Design Sludge Age For Nitrification

Design Sludge Age

0.00 mg/L
0.00
325 mg/L
1.00
0.17
0.67
79.63 mgfL
27.65 mg/L
0.00 mg/L
0.00 mg/L
79.63 mg/L
27.65 mg/L
Additional Carbon Source
None -
Methanol
Ethanol
Acetic Acid

» SET Reactor Volume
Nitrate Nitrogen Concentration, NO3-N est
Organic Nitrogen Concentration, N-Org,est
Ammonium Nitrogen Concentration, NH4-N, est

N Return Load From Sludge
Nitrogen Balance

Ckn

N Recharge

XorgNingrt

XorgN, gpy

Norg.est

NH4 EsT

Nitrogen to be Nitrified, Sy,

Inlet Nitrate Nitrogen Concentration , Syg 5 At
Effluent NO3N‘“‘

Denitrification Cap Needed. SNOal‘D
Available Denitrification Capacity Syp 4
Effluent Nitrate Concentration ypg cal
Minimum Required Total Circulation Rate
Snog Denitrified with Additional Carbon
Snog Denitrified by Carbon in Wastewater
Internal Circulation Calculations
Minimum Total Recirculation

Design Total Recirculation

Minimum Denitrification Efficiency

Design Denitrification Efficiency
Effluent Nitrate Nitrogen Concentration
NO3 pesian

Maximum Denitrification Capacity

Total Internal Circulation Pump Capacity
Mumber of Internal Circulation Pump
Internal Circulation Capacity Per Pump
Biological Reactor Volume is Not Selected!
Phosphorus Balance

Inlet Phosphorus Concentration

Normal Phosphorus Uptake

Xp,BioP

Effluent TP Concentration, TPest

30.00

50.00

1.67

5.57

2.00

41.05

0.00

33.05

37.78

413
0.00

37.78

80.51
81.82

8.00
92.03

9,625

3,208

6.90

mg/L
mg/L

mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

mg/L

mg/L

mg/L

%

mg/L

%

m3/h
amount

m3/h

mg/L
mg/L
mg/L

mg/L

Step 3

= a

a These tabs will be activated after design MLSS and Biological Tank Volume is determined.

N Clear

Save Next

Press Next or Save



Step 4 -5

ATV 202E “Chemical-Physical Methods for the Removal of Phosphorous from Wastewater” (2004) and ATV 131 E (2016) standards are the reference

documents.

& Profpro

File Diffusers Parameters License
Example-1 &
Anaerobic Tank
YES

Flowrates & Concentrations > Design » Process Train Phosporus Removal

€ Phosphorus Removal YES

Anaerobic Tank Volume Calculation

NO
Denitrification Type Pre-Anoxic HCT (0,5 - 0,75) 075
Design Wastewater Temperature 15.00 °C Q 2750 mih
Anaerohic Tank '
YES - Anaerobic Tank Volume 4125 m?
Chemical Selection Table
Chemical Oxygen Demand, Coop AT 420 mg/L
b Phospherus Balance Densil = R
ensity Active Ingredient
Iniet Phosphorus Concentration; Cp |47 8.00° mg(L Inlet Phospherus Concentration 9.00  mg/L Chemical tonfm3 kgto
on/m. n
Total Outlet Set Concentration, TPger 1 mg/L Normal Phasphorus Uptake 210 mglL
FeCl2 (Fe2) 1.24-1.37 86-135
Calculated Total Outlet Concentration, TPggt 1.00 mg/L Xp BioP 294  mg/L
Chemical Dosing Requirement YES TPger 1.00 mg/L FeCl3 (Fe3) 141143 135-138
% Fe2(504)3 (Fe3) 13 118
Chemical Phosphorus Removal Calculations IR A20a: 127 ”
*p prec 296 mglL Required Fe(3) 401 kg/d :
Pprec 148 kgfd

ludge Production due to Phosphorus Removal

Required Fe Xp gioP 294 mglL
Required Al Sludge Formation from Biological Phosphorus Removal, SPy giop 441 kald
Select Chemical -

Sludge Formation from Chemical Phosphorus Removal, SPy pprac 1,003 kd/d

Fe(3) >

Select Chemical 0

Required Fe(3) kgfd
| Fel3) -]

Density 1.41 ton/m*

Fe(2)
Active Ingredient Amount 135 kgfton
Required Chemical Quantity 2,107 L/day Fe[3]
Pump Safety Factor, SF 2 Al [3]
Number of Pumps 2 amount Mo Chemical
Total Dosing Pump Flow Rate 87.78 Lih

Previous

4~ Clear

Save Next

Press Next or Save
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Step 6 -7

© Profpro

File Diffusers Parameters License

Example-1 &

Flowrates & Concentrations » Design » Process Train Sludge Production

€ Sludge Production

‘Wastewater Temperature 15.00 =C Total Sludge Production

XSS,inorg 2625  mglL 9 Clear
PF 1.69
Sludge Age 8P, Xinorg 2,313 kg/d
Reguired Min. Sludge Age for Nitrification + Denitrification 1021 d Keodinert AT 73.80  mg/L
Design Sludge Age for Nitrification + Denitrification .47 d SP-XCOD, inert,|AT 2774 kald
Sludge Production from Carbon Removal Xcod BM + Xcod BM,inert 103 mg/L
Sludge Production from Carbon Removal, SPG’C 9,016 ka/d SP-Xcod BM + Xcod,BM inert 3,929 kg/d
Sludge Production From Additional Carbon Sources SPy ¢ gyt 0.00  kg/d C removal 9,016 kg/d
Sludge Production from Phosphorus Removal

¥cod BM ExtC 0.00 mgfL
Sludge Production from Biclogical Phosphorus Removal SPy giop 441 ka/d

SP, Xcod, Ext 0.00 kgtd
Sludge Production from Chemical Phosphorus Removal SPy pprec 1,003 kgld
Total Sludge Production ShdxBia &3
Tatal Sludge Production, SPy 1o 10,459 kg/d SPdx prec 1,003 kg/d
Organic Sludge Production, Sy org 7144 kgld Total 10453 kg/id
Inorganic Sludge Production, SPy jnarg 3,315 kg/d
MLVSS/MLSS Ratio
MLVSS/MLSS 68.31 %
Biological Reactor Volume Calculations
Total Sludge Quantity in the Reactor, Mgg a1 120,000 kg
Design MLSS Cencentration in Wet Weather, MLSS(SS ) 3.00 kgfm* Reset
Biological Reactor Volume, V1 40,000 m? Select Minimum
Denitrification Tank Volume, V 20,000 m*
Nitrification Tank Volume, 20,000 m*
Design Biological Reactor Volume Calculations
Design Biological Reactor Volume 40,000 m?*
Design Sludge Age 1.47 d
Sludge Mass in the Tank, Mgg 120,000 kg
Sludge Mass Formed 120,000 kg
Design Nitrification Tank Volume 20,000 m?*
Design Denitrification Tank Volume 20,000 m* x

Previous Save
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Step8-9

O Profpro - a8 x

File Diffusers Parameters License
Example-1 &
MEDCIDCETESEED . & B2z & Ferm SRl These tabs are activated after selections made in Sludge Production page.

€ Nitrogen Removal Nitrification + Denitrification 4 Clear

Design | Lowest Temp. | Max. Temp | Avg. Conditions | Special Conditions

Wastewater Temperature 1500 °C DRlaficzs A el
N 170 Nitrate Nitrogen Concentration, NO3-N,est 8.00 mg/L
Effluent Nitrification Monitoring Alternatives Organic Nitrogen Concentration, N-Org,est 200 mg/L
10 mg NH4(2 hour) -
Ammonium Nitrogen Concentration, NH4-N,est 0.00 mg/L
Parameters for Nitrogen Removal
N Return Load From Sludge 30.00 %
Current PF 150 1.69 Design PF Nitrogen Balance
Vp I Vgt 0.50 e 50.00  mo/L
Minimum Sludge Age for Nitrification 5.1 d 5.74 Design Sludge Age For Nitrification N Recharge 1.55 mg/L
Minimum Sludge Age for Nitrification + Denitrification 10.21 d .47 Design Sludge Age XorgN,inerg 3.08 mg/L
Sludge Production from COD Sources
Additional Carbon Source XorgN,gy E TR
None - Norg,gst 2.00 mg/L
Additienal Carbon Concentration 0.00 mg/L NHg psT 0.00 mg/L
Ycod,dos 0.00 Nitragen to be Nitrified, Sy, 4130 mg/lL
Ceod, deg,IAT 325 mg/L Inlet Nitrate Nitrogen Concentration , Sygg jaT 000 mg/L
FT 1.00 Effluent NOgy (o 800 mg/L
b 0.17 Denitrification Cap Needed. Syg s p 33.30 mg/L
Ycod deg 0.87 Available Denitrification Capacity Syoq 38.54 mg/L
Xcod BM,deg 73.85  mg/L Effluent Nitrate Concentration yog ¢y 276  mg/L
Xcod, inert,BM,deg 28.81  mg/L Minimum Required Total Circulation Rate 418 %
Xcod,BM ExtC 0.00  mgfL Snog Denitrified with Additienal Carbon 000 mg/L
Xcod inert,ExtC 0.00  mgfL Snog Denitrified by Carbon in Wastewater 38.54 mg/L
Xcod BM tot 73.85  mg/L Internal Circulation Calculations
Xcod inert,BM,tot 28.81 mg/L Minimum Total Recirculation 416 %
Design Total Recirculation 450 %
Minimum Denitrification Efficiency 80.63 %
Design Denitrification Efficiency 81.82 %
El[l)\uem Nitrate Nitrogen Concentration 8.00 ma/L
3,Design
Maximum Denitrification Capacity 93.31 %
Total Internal Circulation Pump Capacity 9,625 m3/h
Number of Internal Circulation Pump 3.00 amount
Internal Circulation Capacity Per Pump 3,208 m3/h
Phosphorus Balance
Inlet Phosphorus Concentration 9.00 mg/L
Normal Phosphorus Uptake 2.10 mg/L
Xp,BioP 2.94 mg/L
TP (Effluent) 100 mg/L
XP,prec 296  kg/d
Required Metal 401 kgrd
Previous Save Next
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Step 8 - 9

© Profpro

File Diffusers Parameters License

Example-1 &
Flowrates & Concentrations > Design > Process Train Nitrogen Removal
€ Nitrogen Removal Nitrification + Denitrification 4 Clear

Design | Lowest Temp. | Max. Temp | Avg. Conditions | Special Conditions

Phospherus Balance

‘Wastewater Temperature 12.00 °C Nitrate Nitrogen Concentration, NO3-N,est 8 mg/L

Inlet Phosphorus Concentration 9.00 mag/L
N 1.70 Organic Nitrogen Concentration, N-Org est 2.00 mg/L

Normal Phosphorus Uptake 210 mg/L
Parameters for Nitrogen Removal Ammenium Nitrogen Concentration, NH4-N,est 0.00 g/l

Xp,BioP 294 mg/L
Vp/Var 0.5 N Return Load From Sludge 30.00

n TP (Effluent) 1.00 mg/L

Lowest Temperature Sludge Age 1.07 Nitrogen Balance

XP,prec 2.96 kg/d
Design MLSS Cencentration in Wet Weather 3.00 CTkN 0008 ma/L

Required Metal 401 kg/d
Lowest MLSS Concentration in Wet Weather 3 Rechiarge EE mg/L g

Sludge Production
Biological Reactor Volume, VAT 40,000 XorgN,in 9

C removal 9,394 kg/d
Sludge Mass in the Tank 120,000 kg XorgN, g

SPdc, Bio 441 kg/d
Current PF 121

SPdc,prec 1,003 kg/d

Design PF 1.69
0.00  kg/d

Design Sludge Age 11.47
10,837 kg/d

Sludge Production from COD Sources
Additional Carbon Source

None x
Additional Carbon Concentration 0.00
Ycod,dos 0.00 .
Effluent Nitrate Concentration o5 cal
Ceoddeg AT 325 mgiL T T These parameters can be changed by user. Then
T o1 Sniog Denitrified with Additional Carbon process calculations are executed accordingly.
£ e Snog Denitrified by Carbon in Wastewater
Ycod,deg 0.67
Xcod,BM,deg 86.19 mg/L .
Warning!
Xcod,inert,BM deg 26.34 mg/L
¥cod, BM,ExIC 0.00 mg/L . .
When altering Vp/Var ratio current PF must be above 1.2
¥cod, inert,ExtC 0.00 mg/L
¥cod, BM,tot 86.19 mg/L
Xcod,inert,BM tot 26.34 mg/L
Previous Save Next

PF (Process Factor) is a safety coefficient for growth of nitrification bacteria and it is used for calculation of the minimum sludge age for different
temperatures. ATV 131 — E (2016) strongly advices that this coefficient must be at least 1.2.
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Example-1 &
Flowrates & Concentrations > Design » Process Train Nitrogen Removal
€ Nitrogen Removal Nitrification + Denitrification 4~ Clear

Design | Lowest Temp. | Max. Temp | Avg. Conditions | Special Conditions

Phosphorus Balance

‘Wastewater Temperature 25.00 °C Nitrate Nitrogen Concentration, NO3-N,est 8 mg/L
Inlet Phosphorus Cencentration 9.00 mg/L
N 1.70 Organic Nitrogen Concentration, N-Org,est 2.00 mg/L
Nermal Phosphorus Uptake 210 mg/L
Parameters for Nitrogen Removal Amrmonium Nitrogen Concentration, NH4-N,est 0.00 mg/L
Xp,BioP 294 mg/L
Vp !/ Var 0.55 N Return Load From Sludge 30.00 %
p TP (Effluent) 1.00 mg/L
Max. Temperature Sludge Age 1270 d Nitrogen Balance d
XP,prec 2.96 kg/d
Design MLSS Cencentration in Wet Weather 3.00 kg/m® Crkn CHED it =
Required Metal 401 kg/d
Lowest MLSS Concentration in Wet Weather 3 kg/m* WEESETER T ma/L
Sludge Production
Biological Reactor Volume, VAT 40,000 m* XOrgN inert A28 mg/L. 9
C removal 8,007 kg/d
Sludge Mass in the Tank 120,000 kg XorgN,gm ZBE o/
SPdc,Bio 44 kg/d
Current PF 4.47 Norg,esT 200 mo/L N
SPdc,prec 1,003 kg/d
Design PF 1.69 NHg gsT 000 mafL .
Design Sludge Age 1.47 Nitrogen 1o be Nitrified, S,y 4272 mg/L ERAEORES AL G
Sludge Production from COD Sources Inlet Nitrate Nitrogen Concentration , Syg g a1 0.00 mg/L UGE] A8 kg/d
Additional Carbon Scurce Effluent NOC‘)N‘seI 8.00 mg/L
N -
one Denitrification Cap Needed. Syo 3 p 3472 mg/L
Additienal Carbon Concentration 0.00 mg/L : N .
Available Denitrification Capacity Syp 4 45.35  mg/L
Ycod,dos 0.00
Effluent Nitrate Concentralion s cal 0.00 mg/L
Ceod deq,IAT 325 mgfL
Minimum Required Total Circulation Rate 434 %
FT 2.00 . 3
SN03 Denitrified with Additional Carbon 0.00 mg/L
b 0.7
Snog Denitrified by Carbon in Wastewater 4272 mg/L
Ycod,deg 0.67
Xcod,BM,deg 40.91 mg/L
Xcod,inert,BM deg 35.40 mg/L
¥cod, BM,ExtC 0.00 mg/L
Xcod,inert,ExtC 0.00 mgfL
Xeod BM, ot 40.91 mg/L
Xeod, inert,BM tot 35.40 mg/L
Previous Save Next

User can evaluate 5 different scenarios with different temperatures, V,/V,r ratios and MLSS concentrations.
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Example-1 &

Flowrates & Concentrations > Design > Process Train Internal Recirculation

€ Internal Recirculation

4~ Clear
2-Hour Maximum Dry Weather Flow Qpy 2,750 mh
Design Total Recirculation, TR 450 %
Total Internal Circulation Pump Capacity 9,625 m*fh
Number of Internal Circulation Pumps 4 amount
Internal Circulation Pump Capacity Per Unit 2,406 m3fh
Installed Power
Number of Internal Circulation Pumps 4.00 amount
Internal Circulation Pump Capacity Per Unit 2,406 m*h
Transfer Head Loss 0.5 m
Manometric Elevation, H 0.50 m
Liguid Density, p 1 kg/L
Hydraulic Power, Phidrolik 13.11 kw
Pump Efficiency, n 075
Shaft Power, Pshaft 17.48 kW
Power Margin Factor 118 €
Installed Pump Power, Pinstalled 2011 kW
Pump Number 4.00
Pump Installed Power Per Unit, Ppump 5.03 kW

Save

This page is enabled in only “Pre-Anoxic”, “Step 2” and “Step 3” denitrification types.

The important point is that maximum 2 hourly dry weather flow is used in determining design capacities of the pumps.

TR (Total Circulation Ratio) = RS + IR
RS = 100% (Dry weather return sludge ratio)
IR = Internal circulation ratio.

ATV-131E (2016) standard is the reference document.
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Example-1 &
Flowrates & Concentrations > Design > Process Train Alkalinity
€ Alkalinity
SALK,IAT 710 mmoliL T
SaLK AT 201  mg/LCaCO3
Ccop,iaT 420  mg/L
CTRN AT 50.00 mg/L
NH4-N Concentration 3500 mgfL
NH,4-N/TN Concentration 0.70

Design Lowest Temp. Max Temp. Avg. Conditions Special Conditions

Wastewater Temperature 1500  12.00 25.00 18.00 20.00 B

Novg £ 2.00 2.00 2.00 2.00 2.00 maiL

Ny £sT 0.00 0.00 0.00 0.00 0.00 mo/L

SNOSD 33.30 36.93 34.72 33.79 34.09 mg/L

SFe(3) 8.02 8.02 8.02 8.02 8.02 mg/L

X 2.96 296 2.96 2.96 296 mail
Alkalinity Gained by Ammonification 105 1.05 1.05 1.05 1.05 mmol/L
Dr;":f"ﬁfs;::;i:gm 050  -0.56 -0.34 0.45 0.41 mmel/L
Alkalinity Decreased by Nitrification  -5.78  -6.71 -5.98 5.85 -5.89 mmol/L
Alkalinity Gained by Denitrification  2.33 258 2.43 2.37 2.39 mmol/L
Cheﬂ:‘;‘:g;ﬁ:;:z?:e':wal 038 -0.39 -0.39 -0.39 -0.39 mmel/L
Effluent Alkalinity 3.80 4.07 3.87 3.83 3.84 mmol/L

Save

SALH.EAT = SALH.IAT - [U-DT'[SNHﬁ.I.ﬁ.T = 5NHai.EE.T + SNI:I:].EST - SNDE.IAT] +0,06-Sp; + 0,04-5¢,;, + 0,11-S43 - 0,03- XP.F‘rec]

Alkalinity changes are calculated according to ATV-131E (2016) standard. Sxeai{fmmol/L) is the alkalinity value at the effluent of the aeration tank.
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Sludge Treatment Units v

Sludge Thickening
Anaerobic Digestion

Sludge Dewatering
Sludge Drying

There are four types of sludge treatment units which are most commonly found in any WWTP.
Sludge Thickening and Sludge Dewatering calculations are based on centrifugal mechanical thickeners. In these sections of the software, the user can also
design polymer pump capacities and polymer preparation tank volumes properly.

Anaerobic Digestionis anotherimportant unit for dimensioning. When primary sedimentation tankunit existsin the design, itis strongly advised that anaerobic

digestion should be a part of it.

Thermal type of drier design section is included in the software.



O Proforo
File Diffusers Parameters License
Example-1 &

Flowrates & Concentrations > Design > ProcessTrain - Sludge Thickening

dropdown menu
€ Sludge Thickening

Primary Sedimentation Tank

Primary Tank Retention Time h
Primary Thickening Unit Secondary Thickening Unit
YES - YES -
Primary Sludge Secondary Sludge
XSS Inorganic / Organic Ratio 037
e N T 3000  kgm® Secondary Sludge Concentration 8.02  kgim®
Primary Sludge Load 10,000 kgld Secondary Sludge Load 10837 ki
Primary VS. Organic Load 6313  kgfd Secondary VS. Organic Load 7403 kg/d
o . L o0 3888 kgl Secondary FS. Inorganic Load 3,434 kgid
A e T =5 o Secondary Sludge Volume 1351 m3/d
Operating Hours Per Day 6 h Operating Hours Per Day 8| h
Number of Mechanical Thickener 1 amount G233 Gl Il UL Sl 2 et
Hydraulic Capacity per Thickener 2083  m*h (il leolits B Py (2 Mo 223
Dry Matter Capacity per Thickener 625 kg DS/h (ol LA ey [ LGy 2398 E DS/
A T B 100 amount Number of Transfer Pumps 200  amount
Capacity For Each Transfer Pump 20.83  mfh Capacity For Each Transfer Pump 4223 kglm?
B AT 2 kgm? Polymer Concentration 2 kgim?
Polymer Dosage 2 kg/tonDS Polymer Dasage 2 || kg/ton D8
Polymer Tank Retention Time 1 h (Rl U G 0 W 1 iy
DT RS R 100 amount Number of Polymer Pump 200  amount
Capacity For Each Polymer Tank 625 Lih (el e et A G D L
Required Polymer Tank 625 L ReqiReclRolvie ol SZZE
Sludge Concentration After Thickener 60 | kgt Sludge Concentration After Thickener 80 kg/m?
e o o Sludge Volume After Thickener 181 md
Filtrate Flow Rate 187 md FItE A R s
Primary + Secondary Sludge
Primary + Secondary Sludge 20837 kgl
Primary + Secondary VS. Organic 13715 koid
Primary + Secondary FS. Inorganic 7122 kgfd
Primary + Secondary Sludge Concentration 60.00  kg/m*
Primary + Secondary Sludge Volume 347 myd

68.31

User can select YES or NO option in the

vs.

%

Save

4 Clear

Next
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Example-1 ¢
Flowrates & Concentrations > Design > Process Train Anaerobic Digestion Use r can se Iect YES or NO Option in the

€ Anaerobic Digestion dl’OdeWI"I menu

The WWTP has an anaerobic digester 2
YES - < Clear

Total Sludge 20,837  kg/d

VS-Primary and Secondary 13,715 kg/d

FS-Primary and Secondary 7122 kg/d

Sludge Concentration After Thickener 60.00  kg/m®

Inlet Sludge Volume 347 m¥d

Anaerobic Tank Retention Time 20 day

Total Anaerobic Tank Volume 6,946 m*

Number of Anaerobic Tanks 2 amount

Volume per Anaerobic Tank 3,473 m?

Organic Matter Degradation Rate (35-50% Typical 45%) 45 %

Organic Substance to be Degraded 6,172 kg Vs/d

Organic Matter After Degradation 7,543 kg Vs/d

Total SS After Degradation 14,665 kg SS/day

Sludge Concentration After Degradation 4223 kg SS/m*®

CH4-(Methane) - Gas Formation (Typical 0.49) 0.49 m?/kgVSS

CH4-(Methane) - Gas Formation 3,024 m¥d

CH4-(Methane)- Gas Formation (0 °C -1013 hPa) 2,917 Nm?/d

CH4-(Methane) - Ratio In Biogas 65 %

Biogas Volume 4,488 Nm?¥/d

Biogas Energy Potential (kWh/day) 28,620  kW/day

Biogas Energy 6.38  kWh/Nm® o
Previous . Save P Next

In “Anaerobic Digestion” page, basic process design calculations of anaerobic digesters can be completed. ATV-368E “Biological Stabilization of
Sewage Sludge Advisory Leaflet” (2003) is the reference document.
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Example-1 &

Flowrates & Concentrations > Design > Process Train Sludge Dewatering

€ Sludge Dewatering

Dry Matter Ratio After Dewatering 25 % o @
Total Sludge 14,665  ka/d
Total Sludge Volume 347  m/d
VS Total 7,543 kg/d
FS Total 7122 kg/d
VS Total Percentage 51.44 %
FS Total Percentage 48.56 %
Specific Gravity Of Solid 141 ton/m?®
Specific Gravity Of Sludge 1.08 ton/m?*
Sludge Volume After Dewatering 54.39 m*/d
Centrate 293 m¥d
Operating Hours per Day 16 h
Number of Mechanical Dewatering Units 1 amount
Flow per Mechanical Dewatering Units 21.71 m*/h
Dry Salids Capacity per Mechanical Dewatering 917 kgDM/hour
Poly Concentration 2 kg/m®
Poly Dosage 8 kg Poly / Tons DM
Required Poly 7.33 kgih
Number of Polymer Pumps 1.00 amount
Capacity For Each Polymer Pump 3666 L/
Polymer Tank Retention Time ﬂ.7ﬂ h
Required Polymer Tank 2,750 L
Previous Save Next



& Profpro - o X
File Diffusers Parameters License
Example-1 ¢
Flowrates & Concentrations » Design Process Train Sludge Drying
€ Sludge Drying User can select YES or NO option in the
Thermal Drying dropdown menu
Does Sludge Drying Exist? 4 Clear
YES -
Total Sludge 14,665  ka/d
Dewatered Sludge Volume 54.39  m*/d
‘Water to be Evaporated 44.00 ton/d
Heat Energy Req. to Evaporate 1 ton of Water 1000 kWhjton ( 800 - 1140 )
Daily Heat Energy Req. 43,995 kWh/d
Electrical Energy Req. to Evaporate 1ton of Water 110 kWhjton ( 70 - 110 )
Daily Electricity Energy Req. 4,839 kWh/d
Natural Gas Energy Content 10 kWh/Nm?®
Boiler Efficiency 20 %
Matural Gas Requirement 4,888 Nm*/d
Water Evaporation Capacity per Dryer 25 ton/day
Number of Dryers 2.00 amount
Power per Dryer 15 kW
Total Installed Power 229 kW =
Previous Save

ATV 379 E “Dying of Sewage Sludge” (2004) and DIN- Fachbericht CEN/TR 15473(Characterization of Sludge-Good Practice for Sludge Drying) (2007)
documents are the reference documents.
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Once all the biological treatment process design is completed, aeration system design menu can be opened.

Primary Treatment Biological Treatment Aeration System Design

B
1

Only Carbon

These signs shows that this part of
process calculation is completed.

Auxiliary Calculations

Area Requirement

Installed Power
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Diffuser List

© Profpro

File - Parameters  License

New Diffuser

® €
Difuserlist

Diffuser List

Diffuser Brand ¥ SOTR-S50TE Unit Equation ¥ Max ¥ Min X1 ¢
@  Diffuser DG %1/m 0023+ 0.494x" +-4.01x+16.503 20 0 10 *
Diffuser DO g0z/Nm’/m -0.054x%+0.7412x"+-3.9115x+24.342 25 10 6
Diffuser DA %1/m 00047 +0.0938* +-0.7378x=85.. 10 0 8
New Diffuser b 4
Diffuser Brand M
Diffuser Formula
y= -0.0230000000  + 0.4940000000  «* =+ -4.0100000000  x + 16.5030000000
Y SSOTE Unit .

gOz/Nm*/m (@ %1/fm

Chart Limit Values

¥ Min 0.00 5
¥ Max 20.00 T
=
X Min 0.00 £
i
5]
X Max 10.00 @
Min Max Values c
Minimum SSOTE Per Unit 4.35
Maximum Air Flow Per Unit 8.00
a
0 1 z 3 4 5 & T 8 ] 10 i
Airflow (Nm*/h)

O -0.023x*+ 0.494x" +-4.01x+ 16,503

Save

It can be defined as many diffusers asthat the user desire. This feature of ProfPRO allow users to select the most economical and efficient diffusers

and corresponding air flow rates.
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Oxygen Demand

Once “Fine Bubble Diffuser System Design” button is pressed, the following screen appears;

& Profpro - o X
File Diffusers Parameters License
Example-1 &
Flowrates & Concentrations > Design > Process Train Fine Bubble Diffuser System Design
€ Fine Bubble Diffuser System
Oxygen Demand | Diffuser Selection and Diffuser Quantity Calculations | Blower Capacity and Power Calculations
Carbon Respiration Peak Factor, fc €9 115
Ammonium Oxidation Peak Factor, fn 170 Design Lowest Temp, Max. Temp. Avg. Cond. Special Cond.
all 223 mg/L OUg ¢ 1,127 10,634 12,445 11,580 11,856
Sno3Dp 3330 mglL OUg 8,880 8,766 9,185 8,985 9,049
OUgp 4,762 5,280 4,865 4,832 4,874
X 116 £
0Uy 15,245 14,119 16,665 15,733 16,030
S ¥
BB EmeE SES I L QU 894 844 918 932
Daily Oxygen Demands - Design Temperature OU Design
Oxygen Uptake Requirement for Carbeon Removal, OUg ¢ 1127 kald
Oxygen Uptake Requirement for Nitrification, OU y 8880  kgid COD Balance Diagram
Oxygen Reduction due to Denitrification, OUy 4762 kgld INFLUENT COD CONCENTRATION PARAMETERS INFLUENT CONCENTRATION VALUES EFFLUENT T Dim COD Fractions
Design Hourly Oxygen Requirement, OUy 15245  kgld Scod,inert, AT 21.00 21.00 Scod,inert IAT
Hourly Oxygen Demand
Ouh-FC 675  kg/n Scod deg IAT 153
Ouh-FN 894  kg/h a8 o
Ouh,Design, Temp. 894  kg/h
Xcod deg IAT 172
40.81 xbm
35.40 xbm,inert
cod,inert AT 73.80 73.80 Xeod,inert|AT
Save

o

Userwill find automatically calculated daily and hourly oxygen demand values in a table form as shown above. In this menu there are three different
steps to complete the fine bubble aeration system design. ProfPRO calculates and choses the maximum hourly oxygen demand (OUy, gesign kg02/h) by using
fCand fN coefficients which has been already defined in the “Treatment Options” page. Another unique property of ProfPRO is to show COD Balance

Diagram based on the design Oxygen Utilization (OUh Design) scenario.
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Diffuser Selection and Diffuser Quantity Calculations

& Profpro

File Diffusers Parameters License

Example-1 ¢

Flowrates & Concentrations > Design »

€ Fine Bubble Diffuser System

Process Train

Fine Bubble Diffuser System Design

Oxygen Demand | Diffuser Selection and Diffuser Quantity Calculations | Blower Capacity and Power Calculations

Maximum Wastewater Temperature
Design Hourly Oxygen Demand, OUh
Vp ! Var

Var

Physical Conditions

Elevation Above Sea Level, Hgeo
Water Elevation Above Diffuser, HD

Oxygen Concentration at Standard Conditions, Cgt

Salinity Concentrations

Salinity Concentration in Diffuser Test Water, Sypg g
Salinity Concentration in Wastewater, Sg1ps o

B Factor Calculations

P Salinity Factor in Wastewater Cs

fs,a - Salinity Factor for kLa in Wastewater
Operating Parameters

kLa Wastewater [ kLa Clean Water, o

Aeration Tank Dissolved Oxygen Concentration, Cy

Standard Oxygen Transfer Rate, SOTR (OC)
Select Diffuser

25.00

962.25

40,000

500

6.5

0.98

1.16

0.65

1,730

°C

ka/h

m

mg/L

gl

alk

mg/L

kg02/h

Vat 45% 4 Clear
Area 2,647 m? - .
Warnings:
Diffuser Density 8.39 %
Mechanical Energy Density 5.87  W/m?®

1- This amount (6000) represents only maximum OUp

Diffuser Selection

scenario, for different Vp/Var ratios additional diffuser

qL Diff,actual 1.20 Nm3/h/diffuser
oL Aeration 040 m*N{(m should be installed.
Effective Surface Area of Diffuser 0.037 ount

2- Calculated Air Flow (Qun) excludes the fouling factor

aGes
T . and wearing of the diffusers in time. So, the user should
Total Aeration Basin Area (ABB) 2647 m take into consideration of enough spare blower units.

Diffuser Density 8.39 % (m2fm?) (5- 25)

Mechanical Energy Density 5.87  W/m? 0 (2-5)

Design SSOTE 12.38 %1/m

Diffuser DG -

Diffuser DG -
Minimum SSOTE
Maximum Airflow for Each Diffuser
Minimum Number of Diffusers
Minimum QLN
Selected Number of Diffusers

Design QL .N

-]

Nm?*/h

amount

Diffuser DG
Diffuser DO
Diffuser DA

Pre-defined diffuser
brands can be selected.

Save

All calculations is executed according to equations and constraints published in the document of DWA-M 229-1 Systeme zur Beliiftung und Durchmischung
von Belebungsanlagen. (Aeration and mixing systems for activated sludge plants) (September 2017)
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Blower Capacity and Power Calculations

& Profpro — o =
File Diffusers Parameters License

Example-1 &

Flowrates & Concentrations > Design > Process Train Fine Bubble Diffuser System Design

€ Fine Bubble Diffuser System

Oxygen Demand | Diffuser Selection and Diffuser Quantity Calculations | Blower Capacity and Power Calculations

Reset Values

4 Clear
‘Water Elevation Above Diffuser, HD 6.5 m
Elevation Above Sea Level, Hgeo 500 m
Blower Pressure Loss Calculations
Silencer and Check Valve Pressure Loss 25.00 hPa . .
Control Elements Pressure Loss 5.00 hPa Wa r n I ng‘
Tank Pressure Loss 15.00 hPa
Branch Distribution Line Pressure Loss 5.00 hPa Blower Pressure loss calculations can be
Descent to Tank and Pressure Loss at Tank Bottom 5.00 hPa
DIfUses Thioulng Eiament Prasuirs Lhes calculated or assumed. ProfPRO helps user
:‘;::;M:’ ‘::Z :: by default pressure Loss values .
Total Pressure Loss 90.00 hPa
‘Water Height Pressure Loss 638 hPa
Required Blower Pressure AP 728 hPa
Design Blower Pressure AP 750 hPa 5
Q1 - Qo Calculations Theoretical Suction Volumetric Flow Rate
Maximum Air Temperature, TL,1 40 °C
e e ~ can be provided from manufacturer.
Suction Side Pressure Loss, AP1 30 hPa
Number of Blowers 2 amount
Design QL N 7,198 Nm?/h
QL,N per Blower 3,599 Nm?/h
Air Suction Volume, Qq 79.14 m?*/min
Pressure Loss at 100 hPa, Qv100 1.08 m?/mi
Theoretical Suction Volumetric Flow Rate, Qg 82.47  m/min
Blower Power Calculations -
Air Compression Power, Pth 103 kw
Power Loss (Pv, 4% of Pk), Pv 4.30 kW
Clutch Performance, Pk 107 kw
Frequency Converter Efficiency nFU 0.95
Drive Motor Efficiency, nMot 0.95
Overall Efficiency, nges 0.0
Blower Power Per Unit 19 kw

Save

(-]

All calculations is executed according to equations and constraints published in the document of DWA-M 229-1 Systeme zur Beliiftung und Durchmischung
von Belebungsanlagen. (Aeration and mixing systems for activated sludge plants) (September 2017)
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& Profpro
File Diffusers Parameters License

Example-1 &

Flowrates & Concentrations

> Design » ProcessTrain -

Primary Treatment Biological Treatment Aeration System Design Auxiliary Calculations

Area Requirement

Installed Power

Only Carbon

Flowcharts & Documentation 3
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Area Requirement

Afterthe whole process calculations are finished, the usercan take a look at how much area (netand gross) is needed forthe WWTP. This feature of
the software gives an idea to the user depth selections, diameter selections in order to match available project area. In “Area Requirement” page ProfPRO
calculates the units areas exceptfor the areas needed for labouratories, warehouses, administritive buildings etc. The user can compesate missingareas to
estimate the final area requirement with a safety factor.

© Profpro - a x

File Diffusers Parameters License

Example-1 &

Flowrates & Concentrations > Design > Process Train Area Requirement

€ Area Requirement

Inlet Pumping Unit 57.29 m? & Clear
Grit And Grease Chamber 270 m?
Primary Sedimentation Tank 917 m2
Anzerobic Tank 825 m?  Anaerobic Tank Depth 5 m
Aeration Tank 5,882 m?
Secondary Sedimentation Tank 320 m?
Return Sludge Pumping Unit 39.13 m?
Total Process 8,310 m?
SF 14 14-18 @
Anaerobic Digesters 423 m?  Digester Height / Diameter Ratio 1 Digester Diameter 16.41 m
Total Area Requirement 12,058 m?
Save
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Installed Power

In this section, user can estimate installed electrical power of the designed WWTP. These units listed below are the ones consumingthe electricity of more
than 80 percentage of total electricial power in any WWTP .The rest of the units and spare installed power calculation can be compesated by safety factor.
For 100% percentaccuracy, the real equipment powers has be taken into consideration. “Installed Power” section is aimed to give an idea to the user about
estimated total power of the designed units. This feature of ProfPRO enables the user to make energy optimisation.For example, choosing optimum water
heights in aeration tanks, diffusernumbers, aeration tank volumes and secondary sedimentation tank heights as well as the deciding “YES” OR “NO” some

sludge treatment units.

Total Approximate Installed Power
Inlet Pumping Station Installed Pump Power
Return Sludge Installed Pump Power

Total Mixing Installed Power

Total Internal Recirculation Power

Total Installed Blower Power

Primary Sludge Thickening Installed Power
Secondary Sludge Thickening Installed Power
Sludge Dewalering Installed Power

Taotal Dryer Installed Power

Total

SF

Plant Installed Power

231

107

159

24.00

25.00

90.00

35.00

220

1,140

110

1,254

kW

kW

kW

kW

kW

kW

kW

kW

kW

kW

kW

Save

Once the “WWTP Design” section is over, ProfPRO automatically prepares the process design report. The second part of the software is “Flowcharts &

Documentation” section. In this section, flowchart of the designed WWTP and process report is included.
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To access this section, press “Flowcharts & Documentation” buttons;

© Profpro - o x
B e——
Example-1 ¢

Flowrates & Concentrations >  Design

WWTP Design Flowcharts & Documentation

O brofpro o x
File Difusers  Paramotors  Licansa

Example-1 &

Flowrates & Concentrations > Design 3 _Process Train

Primary Treatment Blological Trestment Aeration System Design uxiiary Calculations:
] o © o o i}
y Tenk
(] o © ]
et Purnping Unit Retum Shudge Pumping Unit Installed Pomer
(] o
Fine Screen ‘Siudge Age And Biolagical Reactar €
(] o e o
Grit& Groase Chamber ntsrral Recirculation
o o e o
Primary Seimentation Tank Aakainiy

Siudge Treswment units <

Flaweharts B Documentaten >
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Once, the button is pressed, the user will see the screen below.

€ Flowcharts

In this part of the flowchart, treatment
objectives are listed. v cremowi

+ Nitrification
| Denitrification
Type: Pre-Anoac
' Intemal Circulation Pumps
| Chemical P-Remaoval Secondary
Fe(3) Sedimentation Tank
' Biological P-Removal

Faw
primary Sadimentation Tank
Influent —*  |pumging Station | ———* —_— faratad — s Biop Tank > ferstion Tank | ———»
Grit & Grease
Chamber

T RAS RAS

Pumping
Station
Secondary Skudge
Thickener N
Dewatering —* Dryers N e
7 Q

—*  Effiuent

Concentrations Coarse Screen Fine Screen

Anaerobic
Digester

Primary Sludge
Thickener

Report

If Report button is pressed, the software generates a finalized design report of the selected units and processes.



This screen lists the summary of the units that has been already designed by user. ProfPRO allows the user to form a “Process Report “which can
include all the designed units or the only units that is chosen by user.

B | Report

Select All

v/ Primary Treatment

' | Coarse Screen

v | Inlet Pumping Unit

' | Fine Screen

' | Grit & Grease Chamber

¥ | Primary Sedimentation Tank

>
v/ | Biological Treatment v/| Aeration System Design v'| Auxilliary Calculations
| Secondary Sedimentation Tank || Fine Bubble Diffuser Systern Design || Area Requirement
' | Return Sludge Pumping Unit v | Installed Power
v | Treatment Options

SIS IS SIS IS IS

Mitrogen Removal
Pheosphorus Removal
Sludge Production
Internal Recirculation
Alkalinity

Sludge Thickening
Anaerobic Digestion
Sludge Dewatering

Sludge Drying

Cancel Report
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The finalized design report can be previewed on this screen, exported to PDF or sent to printer directly. Here are the sample pages of the process report;

x | ExportPDF || Prnt |

Facility Name: Example-1 Date: 01.05.2025
|| C Removal
|/ Nitrification
|| Denitrification
Type: Pre-Anoxic
\Z{ Internal Circulation Pumps

'Z\ Chemical P-Removal
Fe(3)
|| Biological P-Removal

/| Primary Treatment |V/| Biological Treatment || Aeration System Design |V Auxilliary Calculations

|| Coarse Screen [/ Secondary Sedimentation Tank i Fine Bubble Diffuser || Area Requirement
' System Design

[V/] Inlet Pumping Unit |V/| Return Sludge Pumping Unit [V/] Installed Power
|| Fine Screen || Treatment Options
|V/| Grit & Grease Chamber Only Carbon

|V/| Primary Sedimentation Tank |V/| Nitrogen Removal
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Flowrates & Concentrations

Dry Weather Flow Rate, Qow,d 50,000 m/d Scob,inert AT | Coop,IAT-fs 0.05
24-Hour Dry Weather Flow, Qpw,ave 2,083 mh inorg 55,/ Xss.to 0.30
2-Hour Maximum Dry Weather Flow, Quw 2750  mih  *coDjnert AT/ XcoD AT-1A 0.30
Maximum Hourly Flow, Gww,n 3,850 mh Ceop,ia,lAT | Ceg,IAT-fCOD 0.20
Maximum Hourly Flow, Cww.g 92,400 m'/d
Primary Sedimentation Tank YES Retention Time 1.00 h
Raw Wastewater Biclogical Reactor Inlet
Chemical Oxygen Demand, Ceap 600 420 mgsL
Particulate COD Concentration, Xeop 448 246 mgiL
Suspended Solids Concentration, Xgg 400 200 mg/L
Total Kjeldahl Nitrogen Concentration, Crn 55.00 50.00 mgil
Phosphorus Concentration, Crp 10.00 9.00 magsL
Ammounium Nitrogen Concentration, SHH, 35.00 35.00 mg/L
NHg, { Gy Ratio 0.64 0.70
Nitrate Mitrogen Concentration, Sno, 0.00 0.00 mgil
Alkalinity, Saik 7.10 710 mmal/L
COD Fractions
Scop,IAT 74 mg/L CeoD, deq,IAT 325 mg/L
Xcop,IAT 246 mg/L ScoD,deg AT 153 mg/L
ScoD, inert,IAT 21.00 ma/L XcOD,deg AT 172 mgjl
XeoD,inert IAT 73.80 mg/L
5.00 Scop nert /AT 21.00
2843 Scop,deg AT 153
41.00 Xcop,deg,IAT 172

3/29

61



Grit & Grease Chamber

bFF 2.06m

bSF 2.94m

*4

wego
dojyasealsby
“

w L
10q‘aseaiby

>

MINY w 2t

g

2.59m
0.35m

..
welz [28Y

-+

weez 4SY
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Secondary Sedimentation Tank - Inlet Structure

Retention Time

Q' 1+RS)

Vinlet

Length of Inlet Structure, L,
Inlet Structure Depth, hj,
Height of Culvert, hgjay
Area Utilization Percentage
Available Area

Inlet Pipe Diameter

Inlet Pipe Surface Area
Pipe Inlet Velocty

Wastewater Temperature
Power Input

G

Fr

Lijn 077 m

110
023
2573
077
3.32
0.60
85.00
5.10
600
0.28
0.83

12.00
80.08

50.30
0.80

74 060m

nszs
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Return Sludge Pumping Unit 1

Maxamum Hourly Flow, Qww,h
Retumn Sludge Ratio, RSww

Total Return Sludge Pump Capacity
Total Return Sludge Pump Capacity
Qpm

MNumber of Pumps

Mumber of Shafts, Z

‘Wet Volume of Pump Room, Vmin
‘Water Level Difference for Activation
Minimum Operating Level of Pumps
Design Chamber Surface Area, 5
Required Active Wet Volume
Desired Maximum Water Level
Design Total Water Head

Installed Power

Maximum Hourly Flow, Oww.h

Final Sedimentation Tank Shape
Final Sedimentation Slope

Final Sedimentation Average Height
Final Settling Diameter

Final Sedimentation Central Height
Retumn Sludge Head Difference
Manometric Elevation, H

Liquid Density, p

Hydraulic Power, Phydrolic

Pump Efficiency, n

Shaft Power, Pshaft

Power Margin Factor

Installed Pump Power, Pinstalled
Number of Pumps

Installed Power of Each Pump, Ppump

3,850
1.00
3,850
92,400
1,089
3.00
6.00
160
0.50
1.20
3813

.30
6.30

3,850
Rectangular
0.07
4.70
32.00
6.19
0.75
6.94
1.00
72.84
0.75
97.12
110
107
3.00
35.61

Return Sludge Pumping Unit 1 Diagram
m'fh

m'fh
m'fd
/s

amount

W 558 m

L7.00m

amount
]

Mx Weter Level

B.30m

3 3 3 3 83 8 3

0.50m shan spacs
1,20 m M water Level

m'h

§3§333

kw

amount

lew
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Nitrogen Removal (Nitrification + Denitrification)

Wastewater Temperature 15.00  °C
i 170

Effiuent Mitrification Monitoring Alternatives 10 mg NH4(2 hour)

Parameters for Nitrogen Removal

Current PF

Vo ! Var

Min. Sludge Age for Nitrification

Min. Sludge Age for Nitrification + Denitrification

Additional Carbon Source

Additional Carbon Concentration Sgop gx
Nitrogen Balance

Crin

N Recharge

XorgM,jnen

XoraN, gy

Norg.gst

NHy st

Nitrogen to be Mitrified, Sy -y

Inlat Nitrate Nitrogen Concentration Syq, a1
Effluent NO3N,set

Denitrification Capacity Needed Syo, o
Available Denitrification Capacity

Effluent Nitrate Concentration, NO4
Minimum Required Total Circulation Rate
Snp,Denitrified with Additional Carbon
Spp,Denitrified by Carbon in Wastewater

None
0.00

50.00
1.55
3.08
517
2.00
0.00
41.30
0.00
8.00
33.30
38.54
2.76
418
0.00
38.54

1.50
0.50

5n
10.21

Design PR

d Design Sludge Age For Nitrification
d Design Sludge Age

mgyL

gL
mgyL
mg/L
mgyL
mgyL
mgyL
mag/L
mg/L
mgyL
mgyL
magyL
mag/L

mgyL
mgyL

5.74
1.47

aema
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Phosphorus Removal

Denitrification Type

Design Wastewater Temperature
Anaerobic Tank

Ceopar

Cp laT

TPgeT

TPesT

Chemical Dosing Requirement

Anaerobic Tank Volume Calculation

HCT (0.5 - 0.75)

Qowihn
Anasarobic Tank Volume

Phasphorus Balance

Cp, AT

Nermal Phosphorus Uptake
Xp Biop

TPgeT

Xp,prec

Required Fe(3)

Chemical Phosphorus Removal Calculations

Xp,prec

Porae

Reguired Fe

Required Al

Selected Chemical

Fe{3)

Density

Active Ingredient Amount
Required Chemnical

Pump Safaty Factor, 5F
Number of Pumps
Dosing Capacity For Each Pump

Sludge Production due to Phosphorus Removal

Xp,BioP
Sludge Production from Biclogical Phosphorus Removal, 5Py giop
Sludge Production from Chemical Phosphorus Removal, SPd‘pprec

Pra-Anoxic
15.00
YES
420
9.00
1.00
1.00
YES

0.75
2,750
4125

9.00
2.10
2.94
1.00
2.96
4m

2.96
148
40
193
Fa(3)
40
1.4
135
2,107
2.00
2.00
87.78

2.94
am
1,003

mg/L
mgiL
mg/L
mgil

m'/h

mg/L
mg/L
mg/L
mag/L
ka/d
kasd

mgil
kasd
ka/d
kg/d

ka/d
ton/m*
ka/ton
Lid

amount
Lih

mag/l
kasd
ka/d

17/29
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Sludge Production

Wastewater Temperature

PF
Sludge Age

Required Min. Sludge Age for Nitrification + Denitrification

Design Sludge Age for Nitrification + Denitrification
Sludge Production from Carbon Removal

Sludge Production from Carbon Removal, Spﬂ.C

Sludge Production From Additional Carbon Sources 5Py ¢ ey
Sludge Production from Phosphorus Removal

Sludge Production from Biological Phosphorus Removal SPy gjop

Sludge Production from Chemical Phosphorus Removal 5Py pprec
Total Sludge Production

Total Sludge Production, SPy
Organic Sludge Production, SPy o
Inorganic Sludge Production, SPy jnerg

MLVSS/MLSS Ratio
MLVS5/MLSS
Biological Reactor Volume Calculations

Total Sludge in the Reactor, Mgg o1

Design MLSS Concentration in Wet Weather, MLSS(SS )
Biological Reactor Volume, Yyt

Denitrification Tank Volume, Vi

Nitrification Tank Volume, Vy

Design Biological Reactor Volume Calculations

Design Biological Reactor Volume
Design Sludge Age

Sludge Mass in the Tank, Mgg
Design Nitrification Tank Volume
Design Denitrification Tank Volume

15.00
1.69

10.21
11.47

9,016
0.00

441
1,003

10,459
7,144
3,315

68.31

120,000
3.00
40,000
20,000
20,000

40,000
1.47
120,000
20,000
20,000

kard
kgd

kard
kard

kard
kard
kgrd

18,29
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Sludge Thickening

Primary Sedimentation Tank YES
Primary Tank Retention Time 1.00 h
Primary Sludge Secondary Sludge
Primary Thickening Unit YES Secondary Thickening Unit
%55 Inorganic / Organic Ratio 0.37
Primary Sludge Concentration 30.00 kg/m® Secandary Sludge Concentration
Primary Sludge Load 10,000 kg/d Secondary Sludge Load
Primary V5. Organic Load 6,313  ko/d Secondary V5. Organic Load
Primary F5. Inorganic Load 3,688 kg/d Secondary FS. Inorganic Load
Primary Sludge Volume 333 m'/d Secondary Sludge Volume
Operating Hours Per Day 18.00 h Operating Hours Ber Day
Number of Mechanical Thickener 1.00 amount MNumber of Mechanical Thickenar
Hydraulic Capacity per Thickener 20.83 m'h Hydraulic Capacity per Thickener
Diry Matter Capacity per Thickener 625 kg D5/h Dry Matter Capacity per Thickener
MNumber of Transfer Pumps 1.00 amount Mumber of Transfer Pumps
Capacity For Each Transfer Pump 20.83 m'%h Capcity For Each Transfer Pump
Polymer Concentration 2.00 kg/m" Polymer Concentration
Polymer Dosage 2.00 kgfton DS Polymer Dosage
Polymer Tank Retention Time 1.00 h Folymer Tank Retention Time
MNumber of Polymer Pump 1.00 amount Mumber of Palymer Pump
Capacity For Each Polymer Pump 825 Lh Capacity For Each Polymer Pump
Required Polymer Tank 625 L Required Polymer Tank
Sludge Concentration After Thickener 60.00 kg/m* Sludge Concentration After Thickener
Sludge Volume After Thickener 167 m'fd Sludge Volume After Thickener
Filtrate Flow Rate 167 m'/d Filtrate Flow Rate
Primary + Secondary Sludge
Primary + Secondary Sludge 20,837 ka/d
Primary + Secondary V5. Organic 13,715  kg/d
Primary + Secondary FS. Inorganic 7izz2 kafld
Primary + Secondary Sludge Concentration 60.00  kg/m?*
Primary + Secondary Sludge Volume 347 m?fd

8.02
10,837
7,403
3,434
1,351
16.00
1.00
42.23
339
2.00
42.23
2.00
2.00
1.00
2.00
339
677
60.00
181
1,171

kgfm*
kgsd
kg/d
kg/d
m'/d

h
amount
m'/h
m'/h
amount
m¥/h
kg/m®
kg/ton DS
h
amount
L/h

L

kgfm®
m'/d
m'id

212
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Anaerobic Digestion

The WWTP has an anaerobic digester
Total Sludge

VS-Primary and Secondary
FS-Primary and Secondary

Sludge Concentration After Thickener
Inlet Sludge Volume

Anaerobic Tank Retention Time

Total Anaerobic Tank Volume
Number of Anaerobic Tanks

Volume per Anaerobic Tank

Organic Matter Degradation Rate
Organic Substance to be Degraded
Organic Matter After Degradation
Total SS After Degradation

Sludge Concentration After Degradation

CH4-(Methane) - Gas Formation (Typical 0.49)

CH4-(Methane) - Gas Formation

CH4-(Methane) - Gas Formation (0 °C-1013hPa)

CH4-(Methane) - Ratio In Biogas
Biogas Volume

Biogas Energy Potential

Biogas Energy Content

YES
20,837
13,715
7,122
60.00
347
20.00
6,946
2.00
3,473
45.00
6,172
7,543
14,665
4223
0.49
3,024
2,917
65.00
4,488
28,620
6.38

kg VS/d
kg VS/d
kg DS/d
kg/m’
m’/kgVss
m'/d
Nm'*/d

%

Nm’/d
kWh/d
kWh/Nm*

22729
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Fine Bubble Diffuser System - Oxygen Demand

Peak Factor for Carbon Lead, fC 115
Peak Factor for Mitrogen Load, fN 1.70
Qg 223 mol
SN03,0 3330 mal
X 1.16
SNO3,0-Den.cap. 3854  mgl
Daily Oxygen Demands - Design Temperature
Oxygen Uptake Requirement for Carbon Remowval, OU:I.C 1,127 kg/d
Oxygen Uptake Requirement for Mitrification, OUd.N 8,880 koM
Oxygen Reduction due 1o Denitrification, OUy 4,762 ko/d
Design Hourly Oxygen Requirement, OUy 15,245  kaid
Hourly Oxygen Demand
OUh-fC 675 kash
OUh-fN 894 kafh
OUh, Tdesign 894 ka/h
Design Lowest Temp. Mac. Temp. Avg. Cond. Special Cond.
OUg e 1,127 10,634 12,445 11,580 11,856
Oy y 8,880 8,766 9,185 B,985 9,049
Olgp 4,762 5,280 4,965 4,832 4,874
Oy 15,245 141189 16,665 15,733 16,030
Ouh 894 844 2918 2932
OUh Design
COD Balance Diagram
INFLUENT COD N
CONCENTRA INFLUENT COMCEMTRATION EFFLUENT T Dim COD Fractions
ScoD,inert, AT 21.00 21.00 SCoD,iner AT
Scon,deg, IAT 153
249 OUg
XcoD,deg,IAT 172
40.91 LY
Ty XBa, inert

2529
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Fine Bubble Diffuser System - Blower Capacity and Power Calculations

Blower Pressure Loss Calculations

Silencer and Check Valve Pressure Loss

Control Elements Pressure Loss

Tank Pressure Loss

Branch Distribution Line Pressure Loss
Dascent to Tank and Pressure Loss at Tank Bottom
Ditfuser Throttling Element Pressure Loss

IMembrane Loss

Safety Margin

Total Pressure Loss

Water Height Pressure Loss
Required Blower Pressure AP

Design Blower Pressure AP
@y - Qo Calculations

Maximum Air Temperature, TL 1
Maximum Relative Humidity, @
Suction Side Pressure Loss, AP1
Number of Blowers

Design QLN

QLM Per Blower

Air Suction Volume, Qy

Pressure Loss at 100 hPa, Gv100

Theoretical Suction Volumetnc Flow Rate, O,

Blower Power Calculations

Air Compression Power, Pth

Power Loss (Pv, 4% of Pk),Pv
Clutch Performance, Pk

Frequency Corwerter Efficiency nfU
Drive Motor Efficiency, nMot

Over Efficiency, nges

Power For Each Blower

25.00
5.00
15.00
5.00
5.00
20.00
10.00
5.00
90.00
638
728
750

40,00
60.00
30.00
2.00
7,198
3,500
79.14
1.08
82.47

103
4.30
107
0.95
0.95
0.90
19

hPa
hPa
hPa
hPa
hPa
hPa
hPa
hPa
hFa
hPa
hPa
hPa

hPFa
amount
Nin'/h
Mm'fh
m’/min
m/min

m/min

kW
lew
kW

W

27729

71



