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Version 1.00 

NitriSim 

L. Poughon. 
Laboratoire de Gknie Chimique Biologique 
63 177 AUBIERE Cedex. France. 

Introduction 

NitriSim is a FORTRAN 77 s o b a r e  fo the simulation of a nitrifiing fixed bed 
column. The program is based on models developed in TN 27.1, 27.2, 27.3 and 32.1, which 
involved,mass-balanced description of the nitrification process, biological kinetics (including 
saturation constants and inhibitory constants), physico-chemical equilibria (pH, gas-liquid, 
liquid-biofilm) and hydrodynamic description of the column. 

This note is divided into 3 parts. 
The first reviews the basis of the nitrifying column model, in order to present the 

In a second part the NitriSim program and its subroutines are described. 
The third part is dedicated to all users of the NitriSim software. It details all the options 

different compounds, and parameters involved in the NitriSim model. 

and the steps to correctly use the software. 

This note must be released with the floppy disk containing the NitriSim software 
version 2.3 and its sources. It must be underlined that at the present time, the simulations have 
not been confronted to experimental data. The kinetic parameters (pmax, saturation and 
inhibitory constants) had to be verified. It must be kept in mind that the present model is for 
an autotrpohic nitrification in a Biostyr beads fixed bed reactor. 
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This section reviews the basis of the model established for the development of the 
NitriSim program - Nitrifying fixed bed column Simulation program -. The detailed model 
can be found in TN 27.1, 27.2, 27.3 and 32.1. 

I - Basis of the nitrifvin? model 

The nitrifying model developed is based on a fixed bed column process. It is first design 
to oxidise NH, and NO; using the autotrophic ability of 2 strains Nitrosomonas europea and 
Nitrobacter winogradskyi. The model take into account the pH equilibria of every compound 
involved, as well as the gas-liquid equilibria, and in some cases the biofilm diffusion 
limitation. 

I. 1 - Column des ig .  modelling and hydrodynamic description 

The nitrifying fixed bed column is described by using a N-tanks in series model, inchding 
back-mixing between each tank. Back-mixing is a way to represent the perfect mixing 
behaviour of the column, while the number of tanks is a way to represent the plug-flow 
behaviour of the column. 

The column is sub-divided into 3 parts. Part A correspond to the bottom of the column, 
part B is the fixed bed ,packed with biostyr beads, and represented by N-tanks, and part C is 
the top of the column. 

Column: 
Diameter: 120 mm. 
Height: 716.2 m occupied by beads + liquid + gas 
(calculated from the occupied volume of 8,l 1). 

755 mm total (calculated from the total volume of 
8.53 1) 
Volume: 8.1 1 (experimental occupied volume measured at 
UAB Laboratory). 

8.53 1 (total volume calculated from the dimensions 
of the UAB column) 

Void fraction 0.52 

Liquid fraction E ~ ~ ~ ~ :  0.475 

Gas fraction ,GCo1: 0.045 

Part A 
Volume: 1.48 1 

Part B (active fixed bed area) 
Volume: 6.17 1 
E :  0.37 
EL: 0.33 

~G10.04 

B 
active a 

170 mm 
'-I 

I 
C 

lrea 

*U 

755 mm 

Part C 
Volume: 0.45 1 
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The column can be represented by the following scheme, where the hydrodynamic 
parameters (e.g., liquid and gas flow rates, liquid and gas back-mixing, inputs and outputs 
flow rates) are reported. 

f F  f F  - fF IF. 

-B- 

Fout 

The balance equations modelling the column are defined for each part of the column for 
the liquid and the gas phase. 

Part  A 

Part B (fixed bed) 

- (1 +f).F.C:rilL + f.F.CZ+'(, -(f +l).F.CZilL -f.F.C:i(L + E , . V : . ~ : ~ I ~ ~  +E, .V: .+:~(~~ 
dCiiI, 

EL.V;.- - 
dt 

Part C 

d GI I, N EL C EL - =(f +l).F.CsllL -f.F.C:llL -Fr.C:llL -F,,ut.C:llL +-Vc.$sIIGI -" E dt E 
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n being the number of the tank, l<n<N, $:ilGL the gas-liquid transfer term (mol/unit volume. 

unit time) and $gil  .the liquid-biofilm transfer term (moVunit volume. unit time) 
LB 

The parameters involved in these equations can be classified in a first approach in three 
categories: flow rates variables, column design variables and transfer rate terms 

Three categories of flow rate can be defined in the model: 
- the input flow rates: Fin (liquid) and Gin (gas) 

1 
Inlet flow rate 

Recycling flow rate 
- the recycling flow rates represented by the recycling ratio: ( 

RL (liquid) and RG (gas) 
- the back-mix flow fractions: f (liquid) and f (gas) (see the previous scheme) 

The two first kinds can be manipulated while the back-mix flow fractions depend on the 
column design and on the flow rate inside the column. A relation exists between f for N- 
stirred tank model and the axial dispersion term Ex in the plug flow model (TN 27.l), but 

even if Ex can be approximated in two phases fluidized and fixed beds (TN 27.l), there is no 
evidence that these relations can be used for the nitrifying column. 

From DTS experiments, a linear relation was determined between f (liquid back-mixing) 
and N (TN 23.7). If the NitriSim user changes the number a tanks for the model, he can use 
this relation to estimate a value for the back-mixing and to change this parameter in the model 
(cf. section III..3.1). 

1.2- Biofilm model 

The model chosen for mass transfer in a biofilm is based on the following assumptions 
(TN 27.1, TN27.3): 

1 - Steady state transfer limitation in the biofilm 
2 - No transfer resistance between the biofilm and the bulk phase 
3 - A plane geometry is supposed for the biofilm 

The model is represented, at every time t, by the following system: 

with the boundary conditions 
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at b = R , + h E  

where Ro is the bead radius, hb the biofilm thickness and b denotes for the the abscissa 
throughout the biofilm. 

The system is solved using a Runge Kutta Merson algorithm of the 4th order. The algorithm 
developed for solving the biofilm diffusion is presented in TN 27.3. 

In fact, the results obtained have shown that with the autotrophic growth conditions actually 
used for the simulations of the process, the oxygen diffusion limitation in the biofilm (the 
most important and the first limitation that can appear in the fixed bed nitrifying process) was 
far to be reached. For this reason, the biofilm diffusion model, which greatly increases the 
computation time needed to solve the model, is not included in the dynamic model of the 
process. Nevertheless, an option is available in the NitriSim program in order to calculate the 
biofilm concentration profile for a defined column concentration profile at a given time t. 
Thus, for the biofilm simulation, the liquid-biofilm transfer term previously described is 
defined as: 

and for the model without biofilm limitation (e.g. dynamic simulation in the NitriSim 
program), the liquid -biofilm term is defined as: 

Ns Nb 
+“ I = rsi + rsi si L B  

1.3 - Biolozical model 

The biological model of the nitrification is based on a structured stoichiometric 
description of the biological nitrification by Nitrosontorins and Nitrobncter (TN 23.2 and 
32.1) and on kinetic model for the growth, the substrate consumptiodproduction and for the 
maintenance. 

The growth yields used in the kinetic model reported below, are calculated from the 
stoichiometries (TN 23.2, TN 32.1 and section 1.1.5). The kinetic parameters, the maximum 
growth rate, maintenance coefficients, the half saturation constant and the inhibitory constants 
are taken from the literature and are reported in section 1.1.5. This kinetic parameters are for 
autotrophic growth and were not validate with real experiments of autotrpphic nitrification in 
the MELiSSA fixed bed column. The saturation constants for CO,’-, HP0,’- and SO,’- are set 
to IO-* mol/l. This arbitrary value was chosen enough low to avoid limitations phenomena. 
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Thus the program can not be used its current version 2.3 to simulate the biological limitation 
of carbon, phosphorus and sulfur. 

The kinetic growth model is based on the following relations (detailed in TN 27.1): 

with 

The biomass released in the liquid from the biofilm on the beads is represented by: 
Ns 

Nb 
= K,\,JX 

rx = K,, . rx 
r,NS -free 

Nb -free 

The consumptiodproduction rates of substrates are expressed by the following 
relations: 

The description and the current setting values of the parameters involved in the 
biological model are reported in tables of section 1.1.5 

1.4 - Steady state algorithm 

From the previous modelling works on the nitrifying fixed bed column, an algorithm for 
the determination of the steady-state of the column for defined process condition was 
developed. 

The algorithm is based on two successive iterative methods: 
- a Wegstein procedure for the calculation of the steady-state of the compounds in 
the gas and in the liquid phases 
- a pool of tests to determined the steady-state for the fixed biomass 
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The algorithm for steady-state calculation is represented by the following scheme: 

Steady-state process calculation 

definition o f  t he  inital condition (concentrat ions profiles inside the  column and fixed 
biomass distribution in the bed) 

- 
~ - Processing conh t ions  

I 

- 1  Dynamic model 

-> <- 
I 1 Calculation of t ime derivaties for a column configuration 
r l  ( e  g concentrat ions profile inside the  column) 

Wegstein procedure 

For all compounds in each part o f  the  column, 
excepted for t he  fixed biomass 

Convergence or  more 
than 25000 iterations 

SO 
I 

Yes I 

- V 
Dynamic model 

Calculation o f  t ime derivaties for 
t h e  last column configuration calculated 

Tes t  I for biomass 

d [  Biomnss] ~- 

~- dt < lo-4 
[ Blorllnss] 

Test  2 for biomass 

Y e s  

v 
Convergence o f  t he  
srsgstein procedure 

N O  

v 
More than 2 0  

so- ’ algorithm iteration __ 

I Yes NO- 

Yes 

V v -_ 
S te ady-state reach e d Steady-state not reached 

- ______-_ Results saved to  a file 
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The sensitivity of the 2 iterative procedures for the determination of the steady-state can 
be chosen by the user. They have the following default setting values: 

10" for the Wegstein procedure. This means in the algorithm that steady state is 
reached when for each compound i f  

d [  compound] 

dt < 2.10-' or 0.02% 
[compound] 

biomass when one of these two conditions is satisfy: 
for the tests on biomass. This mean that steady-state is assumed for the fixed 

d [  Biomass] 

. dt < 100.10-~ i.e. 10" or 0.01% 
[Biomass] 

d [  Biomass] 
nt 

< 
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Compound 
tint second third 

non ionic dissociated dissociated dissociated 
form forni form forni 

pH equilibrium 

[Adimensional] 

1.762 10-5 [TN 23.1 .I' 

KA (25°C) 

"3 ' 

'b ",+ 

Gas-liquid equilibrium 

[ Adimensional] 

1.173 [TN 23.1.1' 

ki (25°C) 

Fs HSO,' 

4.320 l O - ' [ T N  17.1.1~ 

4.557 10-11 [TN 17.1.1' 

sod2- 

1635 [TN 17.11' 

H 

6.918 10-3 [TN 27.1.1 

6.166 [TN 27.1.1 

4.780 10-13 [TN 27.1.1 

Complete dissociation 
(1 0 ' 0 )  

1.047 [TN27.l.] 

10-14 

Biomass Nitrosomonas 

4.272 10' [TN 17.11' 

Po=0.03 1 atm 

Biomass Nitrobacter 
Default (no eauilibrium) 0. 0. 

Complete dissociation 

Complete dissociation 
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List and values of the kinetic parameters 

Ns 
1' mil\ 

Nb 
P mas 

Ns 

Nb 
m 

m 

"3 

N02- 

0 2  

Inhibitory substrate Si 

N02- 

NO;- 

Others (no inhibition) 

Growth Yield of substrate [Si] 
( from Stoicluometric 
coefficients) 
" 3  

NO2- 

so;- 
0 2  

HC0;- 

H P O J ~ -  

so42- 

H+ 

OH- 
C-molar weight of Biomass 

Maintenance Yields 01 
Substrate Si 

" 3  

NO2- 

NO;- 

H 2 0  

0 2  

H+ 

-L -1  
5.7 10 h 

3.6 10 h 
-2 - I  

3.38 10-3 

7.92 10-3 

6.625 IO-' molsl 

5.05 moVl 

1 o ' O  

Y>fXl [Stoic. ~ o e f . 1  

-6.0271 [-3.5400] 
6.3772 [3.6292] 

5,3020 [-4.3652] 
23.1443 [ - I ]  

-1701.7867 [-0.0136 

-5644.9512 [-0.0041 

6.4401 [3.5938] 

23.1443 [ l ]  

23.1443 

1 

1 
-0.5 

3.6 mol/l 

1.7 10-j moll1 

IO-* mol /I 

IO-' mol /I 

IO-' mol /I - 
0. -- 

I F  
0.159 

0.158 

1o'O 

Y:'kl [Stoic. ~ o e f .  1 

109.5445 [-0.21071 
1.461 1 [-15.53951 

1.4611 [15.5398] 

3.3530 [-6.8113] 
23.1443 [-11 

1701.7567 [-0.0136 

5644.9512 [-0.0041 

65.3794 [-0.35401 

23.1443 [ l ]  

23.1443 

Nb 
YSmtiSi  

-1 

1 

-1.5 

Reference 

[TN 27.21 

[TN 27.21 

[TN 27.21 

[TN 27.21 

IN 27.3: 

IN 27.3. 

m 32.1 

m 32.1 

T?cr 32.1 

m 32.1 
TN 32.1 

TN 32.1 

TN 32.1 

TN 32.1 

TN 32.1 

TN 32.1 

Remarks 

mean values calculated 

from several 

continuous cultures 

Model parameter 

values for a fixed bed 

of carragenan beads 

no carbon limitation 
-_ -- _- _ _- _- 
.o phosphate limitation 

IO sulphur limitation 

g biomass i mol substrate Si 

Algebraic value 

giC-mc 

mol maintenance substrate 
mol SI 

Algebraic value 
(Smt for Ns) 

(Smt for Nb) 
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Column and flow rates (standard values) 

Column Height: 716.2 mm 
diameter: 120 mm 
Volume part A: 1.48 1 

. -  ~ -Volume part 3:0.45 1 
Pressure: 1 atm 
Temperature: 25°C 
Liquid void fraction: 0.33 
Gas void fraction:0.04 

- Fixed bed (active area) Particle diameter: 4.1 mm 
N: 5 (Number of tanks equivalent for the 
fixed bed- part B) 
f: 155% (liquid back-mixing) 
f': 0% (gas back-mixing) 

Input flow rates Fin: 2.8 ml/min 
Gin: 0.03 l/min 

Recycling ratio RL: 6.42 

RG: 99 

Gas composition CO2: 0.004% 
02 :  21% 
H20: 0% 

H3P04: 0.1 mrnoyl (no limiting) 

H2S03: 0.1 mmoVl (no limiting) 

Liquid composition "3: 7.14 mmoVl(100 mg N-NH3Il) 

Gas-Liquid transfer parameters K 4 . 5 1 h- 1 (0.0 14 s- I ) L 0 2 '  

KLdcoz : 51 h-1 (0.014 s-1) 

K,dHz0: 500 h-1 

K,d,,, : 0 h-1 (no gas-liquid transfer) 
[Default values: 0. (No gas-liquid transfer)] 

Kinetics parameters K,vo: 0% (Biomass releasing term) 

Biofilm No biofilm limitation (in the dynamic 
model only) 
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I1 - NitriSim 2.3 Drogram design 

11.1 - Overview and specific requirements 

The NitriSim program is written in FORTRAN 77,  and can be compiled as well under 
DOS and UNIX operating systems. The program is composed of 13 subroutines (see section 
1.2.3) contained in 8 source files for this NitriSim version 2.3: 

MAIN23 .FOR 

CALCOL23.FOR 
MAIN program 

CALCOL subroutine 
DERIV subroutine 

BIOFILM subroutine 
DERIVBIO subroutine 
RKMER2 subroutine 

EDITCONF subroutine 

CONFIGSIM subroutine 

SAVECONF subroutine 

SAVEPARA subroutine 

SAVESIM subroutine 

SKYMER subroutine 

WEG subroutine 

- FILM23.FOR 

EDC ONF2 3 .FOR 

CONFSI23.FOR 

SAVECF23.FOR 

SAVPAR23.FOR 

SAVSIM23 .FOR 

SKYMER23.FOR 

WEG23.FOR 

The NitriSim binary executable has a length of 270 KO. It requires the presence under 

the same directory of specific data files (This data files are the default files which are 
automatically modified when the user change on the command line one of the parameter 
that they contain.): 

PHYTRANS.DAT : Default physical parameters for the compounds 
PHYPH.DAT : Data file containing constants for pH calculation 
CORPS.DAT : Data file containing the compounds names 
CINET.DAT : Default kinetic parameters 
STOIC.DAT : Data file containing stoichiometric coefficients 
FLOWCOL.DAT : Default column design (flow parameters) 
CARCOL.DAT : Default column design 

The length of the files into which the results are stored depends on the number of values 
that the user has chosen to keep during a simulation. An average of 100-200 KO can be 
assumed for the storage of 60 concentrations profiles at different times for a column of 5- 
tanks equivalent for the fixed bed. 

Memorandum of Understanding 
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___ 

To install and properly use NitriSim a minimum of fi-ee disk space of 500 KO is 
required. Then the program can be run on 3.5 inch floppy disk if needed. 

( . DAT) Loading column < 
_. 

~ __,' configuration and model 
Title . parameters 

The computationnal time required for a simulation greatly depends on: 
- the number of equivalent tanks of the fixed bed for dynamic simulations 
(without biofilm diffusion) 

. -- the sensibilities chosen for the test in the steady-state simulation (see section 
1.1.4 and section 2.5.2). 

With a Pentium based CPU at a frequency of 100MHz, the dynamic simulation of a 
process of 100 hours with a column of 5-tanks equivalent for the fixed bed, takes around 50 
minutes. .The running time is roughly doubled for a 10 tanks configuration. 

11.1.1 - Architectural design of the proram 

The following diagrams resume the architectural design of the program and gives the 
hierarchical call of the different subroutines. 

Main procedure 

Data fles 

I Menu options 

--v 
Option 2 Option 1 Option 4 

Quit / 
1 Option 1 

Data rnangement I' 

i //: 
V 

I I 
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Option 1: Dynamic simulation 

Ina&amcptwns - - - - - - 

Frcm fk For St&-rwte / 

/ L 

v 
Len& of smulvwn 
Number of tme values sad 

Steady state lmul cmdnwnc 
d e f m m  

. bqud npa corcmtratwn 
- C h  ~ X U  m o b  frxtwn 

~ N m e  of k f a  stung resuhs 
~ C m f m m  of the smutawn 

-7 

V 

srnulvwn 

Y 

h!onijmg c o l m  dyunuc male1 

Sw&-swte resohnwn 
procedme 

V -  

V 

. Llqud npu corxentratwn 
- Ga mpul mobs frxrwn 
~ Llqud and gx flow rate 
. Cmfmatwn of the smulaton 

Y 
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L 

Option 3: Management 

Title 

Edition and management of the column 
and of the model parameters 

1 

,-G.,L 
/ Option 5 

Mam Menu 
Lfi I f !  

Column design Stotchiometres 

V V V v -  
I 

Specific screen dsplay for each option, Istmg the related parameters and alloo\bmg to change them 

Some submenu can be proposed In each case, an o p t m  allow to return to the previous menu 

A A 

So\e Changes made 

11.2 - Subroutines involved 

11.2.1 - Subroutines description 

The following table give an overview of the different subroutines involved in the program. 
They detail their functions, their interrelations with the other subroutines and their 
entry/output variables. It must be outlined that most part of the variables used in each 
subroutine are shared between the different subroutines via a "COMMON" statement . The 
list of the "COMMON" is reported in section 1.2.4. 
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Subroutine: CALCOL 

Function 
Simulation of the nitriming fixed bed without a biofilm diffusion limitatior 
term in the dynamic model. 
Simulation of transient and steady-state processes 

Entry variables 

Output variables 

Entry-output variables 

Called by 

Subroutines called 

None 

None 

None 

Main program 

SKYMER 
SAVEPARA 
CONFIGSIM 
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Subroutine: CONFIGSIM 
Function 

f 

Entry variables 
VIENU: determine the origin of the call 

,oading of data files 
Column design 
Kinetic parameters 
compounds and constants 

MELiSSA - Technical Sote 32.2 
NitriSim v2.3 

Version 1.00 

II Zalculations for the column (void fraction, pressure drop ...) 

Output variables II 
\Tone 

Entryoutput variables 
\Tone 

Called by 

Main program II 
ZALCOL 
EDITCONF 

Subroutines called 
None I1 
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Subroutine: EDITCONF 

Function 
Edition and management of all the model parameters and of the column design 
loaded in data files 

Entry variables 
None 

Output variables 

Entry-output variables 

Called by 

None - 

None 

Main program 

Subroutines called 
CONFIGSIM 
SAVECONF 
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Subroutine: BIOFILM 

Function 
Calculation of the concentrations in the biofilm for a fixed concentration profile 
inside the column. 

Entry variables 
None II 

Output variables 
None 

Entry-output variables 
None 

Called by 
Main Program 

Subroutines called 
DERIVBIO 
RKMER2 
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Subroutine: MAIN program 

Function 

Entry variables 
None 

Output variables 

Entry-output variables 

Called by 

None 

None 

Definition of program variables and common variables 
Main options of the program 

I 

~ 

Subroutines called 
CALCOL 
CONFIGS IM 
BIOFILM 
EDITCONF 
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Subroutine : S AVECONF 
Function 

Save changes made by the parameters management in the corresponding data 

Entry variables 
Menu: origin of the call. Determine which file must be changed 

Output variables 

Entry-output variables 

Called by 

None 

None 

EDITCONF 

Subroutines called 
None 
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I 

Subroutine: S AVESIM 

Save results of the current simulation for a time t 

Entry variables 

Function 

X: Time of simulation for which the results are stored 
Y: Vector containing concentrations in every segment of the column 
K: Number of call of the subroutine - (number of saved results during the 
simulation is fixed in dynamic simulation) 

\Tone 
Output variables 

Entry-output variables 

Called by 
C’ALCOL 
3KYMER 

Subroutines called 
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Sub r o u tin e : SKYMER 

Function 
Solve a system of N-differential equation of the first order by the Rung-Kutta- 
Merson method of the 4'h order with variable step (error estimated at each step). 
Derivatives are calculated by the call of subroutine DERIV 

Entry variables 
XO: lower integrative boundary 
XF: upper integrative boundary 
N: number of differential equations 
ITAB: Number of values to save (i.e. number of call of SAVESIM subroutine) 

Output variables 

Entry-output variables 
YO: vector of initial conditions (concentration) in XO in input; Vector of initial 
conditions to continue the simulation from XF. 

Called by 
CALCOL 

Subroutines called 
SAVESIM 
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Subroutine: WEG 

Function 
WEGSTEIN procedure: iterative method to solve simultaneously a system ol 
Y-equations f(x)=x . 

Entry variables 
Y: vector of the N function f(x) 
P R E :  sensibility for the convergence test 
Xmin: Vector of the minimum value for x 
Xmax: Vector of the maximum value for x 
YR: Number of equations 

Output variables 
NC: convergence indicator 
SCRIT: Greatest criteria calculated 
NCRIT: Index of the equation for which was calculated the greatest criteria 
[NDIC: Number of value which have reach convergence 

Entry-output variables 

X: vector of the x values 
XA: temporary working vector for x values 
YA: temporary working vector for f(x) values 

Called by 
CALCOL 

Subroutines called 
None 
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Subroutine: DENV 

Function 
Subroutine containing the integro-differential model for the dynamic simulatior 
3f the nitrifLing column (without the biofilm diffusion term). 

Entry variables 
X: time of current simulation 

Output variables 
FCT: vector of derivatives of the system 

Entry-output variables 
Y :  vector of concentrations in every segment of the column 

Called by 
SKYMER 

Subroutines called 
None 

~~ ~~ 
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Subroutine: DERIVBIO 

Function 
Subroutine containing the integro-differential model for the biofilm diffusion 
model. Integration on the biofilm depth 

Entry variables 
X: Biofilm depth for the current simulation 

Output variables 
FCT: vector of derivatives of the system 

Entry-output variables 
Y: vector of concentrations in the biofilm 

Called by 
RKMER2 

None 
Subroutines called 
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Subroutine: RKMER2 

Function 
Solve a system of N-differential equations of the first order by the Rung-Kutta- 
Merson method of the 4th order with variable step (error estimated at each step). 
Derivaties. are calculated by the call of subroutine DERIVBIO 

Entry variables 
XO: upper integrative boundary (thickness of biofilm) 
XF: lower integrative boundary (0.) 
N: number of differential equations 
ITAB: Number of values to save 
YO: vector containing the initial concentrations at XO. 

Output variables 
XTAB: vector in which are stored the ITAB results of concentrations. 
YTAB: vector in which are stored the ITAB results for derivaties. 

Entry-output variables 

Called by 
BIOFILM 

Subroutines called 
DERIVBIO I1 
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11.2.2 - Subroutines hierarchy 

I 

-I I 

I '  
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11.2.3 - Subroutines listins 

Report to appendix 1 

11.3 - Important remarks 

11.3.1 - Differences between DOS and UNIX versions. 
The only difference between the DOS and the UNIX version of the program concerns 

the screen display. The graphical characters used under the DOS operating system do not exist 
under the UNIX operating system. Then, these characters have been changed. The problems 
concern the "FOFWAT()'I descriptors which are different between in the FORTRAN 
language under DOS and UNIX: 

the continuation line descriptor, allowing to write at the end of a previouly written 
line is "\" under DOS and '5'' under UNIX system. 

the descriptor allowing to stay on the same line and to replace a message by a new 
one is "+" under DOS and doesn't exists under UNIX. When running under UNIX, 
all new message are displayed on a new line on the screen. For this reason, the 
display of the advancement of a simulation (for dynamic simulation and biofilm 
diffusion simulation) is different in the DOS and in the UNIX version (report to 
the Users manual). 

11.3.2 - Common variables 

"COMMON" statement. All these "COMMON are described in the Main routine: 
Most of the variables used in the different subroutines are shared by using a 

COMMON/REACBI02/MUMA,KS,KI,STO 
Common for the biological kinetic parameters 

COMMON/PHYINI/T,P,PHINI 
Common for physical parameters (temperature, pressure, regulated pH) 

COMMONPHYPHKA 
Common for the pH equilibrium constants 

COMMON/PHYPH2/PHA,PHC,PHB 

assumed to be regulated at PHINI) 
Common for the real pH in each segment of the column (not used, the pH is 

COMMON/PHYTRANS/D,KLBIO,KLGAZ,ASPGAZ,ASPBIO 
Common for liquid-bio film and gas-liquid transfert 

COMMONPHYTRANS2ICSAT 
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Common for the gas-liquid equilibrium constant 

COMMON/BILLE/RO,HBIO,RNBIO,B WO 
common for the beads description 

COMMON/COLON/EPSL,EPSG,EPS,F~,G~,RL,RG,VA,VB,VC,FBAK,F 
BAKPRIM 
COMMON/COLON2/REHL,REHG,LONG,DCOL, SECT,DELTAP,DH 

Commons for the hydrodynamic design of the column 

COMMON/TAB/N,CORP,TMPS,REAC 
Common for the definition of the dimension of vectors 

COMMON/TAB2/NOM$ 
Common containing the names of the compounds involved 

COMMON/CINI/CN,CING 
Common containing the inlet concentration on the column 

COMMON/RI(IMERY/XIM 1 ,YIM 1 
Common specific of the RKMER2 and SKYMER subroutines 
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I11 - NitriSim v2.3 User manual 

111.1 - Install procedure 

The NitriSim v2.3 install patch (floppy disk) is composed of the following files: 

NITRISIM.EXE : Binary executable 

In the DATA directory : 
, PHYTRANS.DAT : Default physical parameters for the compounds 

PHYPH.DAT : Data file containing constant for pH calculation 
COWS.DAT : Data file containing the compounds name 
CDET.DAT : Default kinetic parameters 
STOIC.DAT : Data file containing stoichiometric coefficients 
FLOWCOL.DAT : Default column design (flow parameters) 
CARCOL.DAT : Default column design 

In the SOURCES directory 
MPJN23.FOR 
CALCOL23 .FOR 
FILM2 3. FOR 
EDCONF23 .FOR 
C ONF S 12 3 .FOR 
SAVECF23 .FOR 
SAVPAFU3.FOR 
SAVSIM23.FOR 
SKYMER23.FOR 
WEG23.FOR 

To install the NitnSim v2.3 program, copy in the same directorv the binary NITRISIM 
and the .DAT files, or better, run the install procedure (reports to INSTALL.TXT or appendix 
3). 

Important notes: 
Read 1nstall.txt notes on the floppy disk for installation of the prob oram. 

The  column design, the biological and physical parameters are stored in the data 
files of the same directory of the binary NitriSim program. If the user modified 
some of these parameters, they are automatically stored as new default values in 
these files. To avoid the loss of the values previously stored as default for the 
NitriSim v2.3 software (reported in the different tables of this TN), it is suggested 
that in the NitriSim directory you create a Data-v23 directory containing the data 
files released with the software. This operation is not required if you use the 
automatic install procedure under DOS operating system (cf 1NSTALL.TXT 
notes) 
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To run the NitriSim program 

operating system) 
- Type “NITRISIM” on the NitriSim directory command line (DOS or UNIX 

or 

- Double click on the NITRISIM program icon (Windows95 or X-Windows) 

111.2 - Main menu 

Fixed Bed N i t r i f i c a t i o n  Simulat ion 

* * * - - * - * *  * 
* *  * * * * * * M  * * - *  
* I * *  * - * -  * *  * 
* * *  Y * * * *  e** * 
* “I.* * * * * - * *  * 

SI(YS0f t Uersion 2 . 3  PC 
Lahoi*atoii.e Genie Chinque B io loy ique  

I - Pi-ocess s imula t ion  [No b i o f i l n  l i m i t a t i o n ]  
2 - B i o f i l n  p r o f i l e  i n  s t e a d y  s t a t e  c o n d i t i o n s  
3 - Column and k i n e t i c  paiaametei-s management 
4 - Q u i t  N i tr iS im 

Option 1: Run simulations of the model developed in TN 23.1, 23.2 and 23.3 Lvithout 
the biofilm diffusion limitation term. 

Option 2: Run simulation of the biofilm profile. This is not a complete dynamic 
simulation. It gives only the concentration profile inside the biofilm for a defined liquid and 
gas concentration profile inside the column. 

Option 3: List all the parameters of the models and allow to change the default values 
stored in data files. 

Option 4: Quit NitriSim 
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111.3 - Model parameters management Menu 

Most of the model parameters are loaded in the program associated data files. 

111.3.1 - O-Dtion 1 : Design of the column 

I C Coliimn 1 
Uolume part B: .615E-02 m3 

Uolume part  A :  .150E-02 m 3  Uolume patst C: .450E-03 m3 
He i y h t  : -716  m Diam. column: . I 2 0  m 

Empty degree  o f  bed: . 370  D i a m .  Beads : .410E-02 m 
Pressure  : I .OO atm. Temperature : 2 5 . 0  C 
PH f i x e d :  8 . 0 0  Bio .  I.fash. : .000E+00 

c f l O \ J S  1 
Gas F l o w :  .180E-02 m 3 / h  

Gas Rec irc . : 9 9 . 0  
Gas back-mix: .000E+00 

Gas degree : .352E-01 
Reyn.  hyd. Gas: 12.5 

I Liquid Rec irc . : 6 .43  

C i n f o s  1 
R e p .  hyd. Liquid: -223  

Liquid  degree : .335 
P r e s s .  drop: i13. Hydro. D i a m .  : .000E+00 n 

Gas Rrea Exch.: 1.00 m 2  B i o  Area Exch. : 1.00 m 2  

I - Change parameters 
2 - Back t o  preuious menu 

Choice : 

The two first parts displayed (Column and flow) can be modified using the option 1. 

The "infos" part displays results of calculations in the CONFSIM subroutine and can not 
be modified by using the program interface. These informations are only indicative values. 
The hydraulic Reynolds number for gas and liquid where calculated using a formula for two 
phases systems, and are probably not adapted to the three phase process of the nitrifying 
column. The voidage for gas and liquid (respectively called gas and liquid void degree) are 

those determined by UAl3 experiments. Pressure drop is calculated by the ERGUN relation. 
Hydraulic diameter is not calculated. The exchange area are not calculated and set to 1. The 
%as-liquid and liquid biofilm transfer coefficients must be directly given as Kla . 

By choosing the option 1, you are asked to modify all the parameters listed in "column" 
and "flows". 
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lumber of 'tank equ iva lent  f o r  the  bed ( 5.00600> : 5 
Uolume part FI <bottom> < 0.00156 m3> : x 
Uolume part C < top>  ( 0.00045 m 3 >  : x 
Column h e i g h t  < 0.71620 m> : x 
Column Diameter < 0.12080 m> : x 
Empty degree  o f  f i x e d  bed < 0.37000> : x 
Beads mean diameter < 0.00416) : x 
Input Gas f l o w  rate < 0.00180m3/h> : x 
Input Liquid  f l o w  rate < 0.00020m3/h> : x 
Liquid r e c y c l i n g  r a t i o  < 6.42860> : x 
Gas r e c y c l i n y  r a t i o  < 99.00000> : x 
Liquid Back-mixing r a t i o  < 1.55000) : x 
Gas Back-mixing r a t i o  < 0.00000) : 0. 
Pressure  < 1.00008 atm> : x 
Temuerature C 25.00000 C >  : x 
pH Fixed < 8.00000> : x 
Biomass r a t i o  \lash out  from heads ( 0.0B0B0) : 0 

When you answer with a number, the new value is recorded and stored as a new default 

When you answer using another character than a number, the default value (displayed 
value in the data files. 

in bracket) is conserved. 

When changes are terminated, the window "Column parameters" is displayed again, and 
you can verify your modifications. 

111.3.2 - Option 2: stoichiometric equations 

Note: If you modify the Biomass composition you must change the value of PMBIO (C- 
molar mass of the biomass in g) in the subroutines DERIV and BIOFILPI. 

In this version, only 2 stoichiometric equations for each micro-organism (Ns. Europea 
and Nb. Winogradskyi) are available. One for the biosynthesis and one for the maintenance. 

Before any modifications, beware of the kinetics expressions of the biological model, 
which use the stoichiometric coefficients, especially for maintenance (TN 23.1 and 23.2). The 
substrate for maintenance is fixed in the subroutine DERIV as NH, for iVitrosontoizas and 
NO,- for Nitrobncter. If you need to change them, you must modify the model expression for 
biological kinetics in subroutine DERIV. 

As in all parameters listing, first are displayed the values of stoichiometric coefficients 
for Nitrosomonas etiropea (Ns) and Nitrobacter winograskyi (Nb). The stoichiometries used 
are reported in TN 32.1. 
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C Main S t  
Comp I N s  B ioSynt .  

NH 3 -3 -840 
0.0080E +00 
0.0000E+00 
0.0000E+00 

02 
H20 
H2S04 
H 3 PO4 
BioNS 
B i o  NB 
H +  
OH - 

-4.365 
3 .I65 

1.000 

3 -594 
1.000 

0.0000E+00 
0.0000E+00 

0.0000E+00 

x h i o .  1 
Nh BioSynt.  I t la int  N s  I t la int  Nh 

-. 2107 -1.000 0.0000E+00 
0.0000E+00 0.0000E+0O 0.0000E +00 
0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+08 0.0000E+00 
-6 - 841 -1 - 500 -. 5000 
-.4643 1.000 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 
0.8000E+00 0.0000E+00 0.0000E+00 
I .000 0.0000E+OO 0.0000E+00 
-.3540E-01 1.000 0.@000E+00 
1.000 0.0000E+00 0.0000E+00 
0.0000E+00 0.0000E+00 0.0000E+00 
15.84 0.0000E+00 1.000 
-is .a4 I -000 -1.000 

. _._ , . I ,.. - ._, .. . . ..*- ...- -. I . . _. . ..,._ *_.--̂ -I*. ~ .--.. .... . .. ... ! -  . " "  pJmm _ . . . . . _ .  
,'"s NITSIM23 

C Main S t o e c h i o .  1 
Corny I Ns BioSynt .  I Nh BioSynt.  I t laint  N s  I t la int  Nh 

HC03- -1.000 -1. 000 0.0000E+00 0.000BE+00 
C032- 0.0Q00E+00 0.000OE+OQ O.B000E+O0 0.0000E+QQ 
HS04- 0.0000E+BO 0.0000E+00 0.0000E+QQ @.0000E+00 
S042- -.4100E-02 -.4100E-02 0.0000E+00 0.0600E+00 
H2P04- 0.0800E+00 0.0000E+00 O.Q000E+00 0.0000E+OO 
HP042- -.1360E-01 -.1360E-01 0.0000E+00 0.QO00E+OB 
P043- Q.O000E+00 0.0008E+QB O.BBOBE+OO 0.0000E+00 

II 

I I - Change S to ic j ! ione tr i e s  
2 - Back t o  p r e u i o u s  menu 

Choice  : 

I f  you choose to modify a stoichiometric equation, it is asked which equation among the 

1 + Nitrosomonas biosynthesis equation 
2 3  Nitrobacter biosynthesis equation 
3 3 Nitrosomonas maintenance equation 
4 3  Nitrobacter maintenance equation 

4 you want to change. 

The previous coefficient is given in bracket. If you want to keep this value, type a letter 
instead of a number. 
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111.3.3- Option 3: Biolo_gical kinetics 

You have access to the three main classes of biological kinetic parameters: 
1 3  Maximum growth (pmaX) rate and maintenance coefficients 
2+ Saturation constants 
3+ Inhibitory constants 

All the default parameters used are taken from the literature (TN 23.1, 23.2 and 23.3). 
The parameters for each class can be displayed and modified. As in previous listing, 

when the change option is chosen, by typing a letter instead of a number, the previous default 
value (in bracket) is conserved. All changes are recorded in data files. 

For saturation constants, a value of 0 mol/l indicates there is no saturation constant. For 
inhibitory constant, a value of lo-'' mol/l indicates there is no inhibition. 

111.3.4- Option 4: ComDounds involved and their Dhysico-chemical associated constants 

This menu allows to add new compounds and to modify the constants associated to the 
compounds involved in the process. All compounds involved (ionic and non ionic) are listed. 

The number of compounds is limited to 30. You don't have the right to modify the 22 
first compounds (the order in which the compounds are used is case sensitive for the kinetic 
model, this remark is the same as for the modification of the stoichiometric equations). If by 
adding new compounds the kinetics laws are modified, you will have to change the DERIV 
subroutine. 

The constants associated to the compounds are: 

- their acid-base equilibrium constant (calculation of pH equilibrium) 

- their saturation constant (for the gases in the liquid phase) in mol/l 

- their Kla value (in h-') for gas-liquid transfer. The real Kla value must be given 
and not only the K1 which correspond to the transfer resistance. A model for the 
calculation of Kla from K1 and the exchange surface between the gas and liquid 
phases has not yet be included in the software. 

- their Kla value for liquid-biofilm transfer. Set all values to zero. The transfer 
resistance has not yet been included in the biofilm diffusion model (TN23.3). 

- their diffusion constant in the biofilm (in m'.s-'). If their is no diffusion 
limitation, the constant is set to 10". 
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C G-L Constants  I= 
Comp. I Eq. pH 1 CCI.  S a t u r .  

0.17626-04 0.1173E-01 
0.1000E+06 I 0.0000E+00 

H20 
H2S04 
H3P04 0. 
BioNS 0. 
BioNB 0. 

0. 
0. 
0. 

N03- 0. 
0 .  

39 80E-03 
43 2 0E-06 
0000E+00 
1000E-13 
1000E+06 
6918 E-02 
0000E+00 
0000E+00 
0000E +00 
0000E+00 
0000E+00 
0000E+00 
0000E+00 

0.0000E+00 

0.4272E+05 
0.3100E-01 
0.00OOE+Q0 

1635 - 

0.0000E+00 I 0.0000E+00 
0.0000E+00 I 0.0000E+00 

K1 yaz I K l  h i o f i l m  I D i f f u s i o n  

0.0000E+00 0.0000E+00 0.1000E+Il 
0.0000E+00 I 0.0000E+00 0.1000E+lI 
0 - 0000E+00 0 - 0000E+00 I 0.1000E+Il 

0.0000E +00 I 0.0000E+00 
500.0 
0.0000E+00 
0.0000E+00 
0.0000E+00 

0.0000E+00 O.0000E+00 
0.0000E+00 

0-@000E+00 0.0000E+00 I 

0.1000E+Il 

0.1000E+Il 
0.1 OOOE +I I 
0.1000E +11 
0.1000E +ll 
8 - 1000E+Il 

0.2050E-08 

0.1000E+Il I 0 - 1000E+Il 
0.0000E+00 0.1000E+11 
0.0000E+00 0.1000E+li I 0.0000E+00 0.1000E+11 

C G-L Constants  1 
Corps I Eq- pH I CCI.  Satui-. I K1 yaz I K1 b i o f i l m  I D i f f u s i o n  

HC03- 0.4557E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.1000E+11 
C032- 0.00130E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.1000E+li 
HS04- 0.1047E-01 0.0000E+00 0.0000E+00 0.0000E+00 0.1000E+11 
S042- 0.00@0E+00 0.000BE+Q0 0.0000E+B0 0.0000E+0@ 0.1000E+ll 
H2P04- 0.6166E-07 0.00NiE+00 0.0000E+00 @.0000E+00 0-1000E+11 
HP042- 0.4780E-I2 0.0000E+00 0.0000E+00 0.0000E+00 0.1000E+11 
P043- 0 0000E+00 0 0000E+00 0 0000E+00 0.0000E+00 0.1Q00E+Il 

1 - Change Compounds Ciiarninyl 
2 - pH Equi l ih t - ia  Constants  
3 - P a i * t i t i o n  G/L c o n s t a n t  
4 - G/L Exchange coefficient 
5 - L-Biof i l n  Exchange c o e f f i c i e n t  
6 - B i o f i l m  d i f f u s i o n  c o e f f i c i e n t  
7 - Back t o  previous menu 

L Choice : 

Using the options 1 to 6 you can modify the value displayed in the table. All changes 
are recorded as a new default value in the data files. The previous coefficient is given in 
bracket. If you want to keep this value, type a letter instead of a number. 

111.4 - Biofilm diffusion simulation 

This is not a complete dynamic simulation. It gives only the concentration profile inside 
the biofilm for a defined liquid and gas concentration profile inside the column. 
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It is asked to you which file contains the concentration profile inside the column (this 
file must exist). Such a file must be created. It can be made by copying from a simulation 
result file (extension ".FU3S") the concentrations recorded at a time t for the fixed bed only 
(appendix 2-A) to a new file, in the same format. The first line of the file must indicate the 
number of tanks equivalent for the fixed bed (appendix 2-B). 

B i o f  i l m  concentra t  ions ps-of i l e s  

The advancement of the simulation is displayed. In the above example, "Segment" 
indicates that the second tank equivalent for the fixed bed (from the bottom of the column) is 
simulated. The algorithm is presented in TN 23.3. It is an iterative algorithm, the objective of 
which is to reach one of the boundaries condition of the biofilm diffusion model: all 
derivatives at the surface of the beads are null. 

The results of the simulation are stored in the user specified file: TEST.BFM. It gives 
concentrations of compounds for several biofilm depth, for each section of the fixed bed. 

111.5 - Nitrifving process simulation Menu 

This last option of the Main Menu, drives to the dynamic simulation (without biofilm 

The simulation can be made to simulate a transient process, from time to to time t,, 
diffusion) of the fixed bed nitrifying process. 

(option 1 and 2) or to simulate the column in steady-state (option 3). 
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'2 NITSIM23 BrnE 

Simulation of the  f i x e d  bed n i t r i f y i n g  column 

Column I n i t i a l i s a t i o n  f o r  the  process  
I - I n i t i a l i s a t i o n  a t  t = B  - New Process  
2 - i n i t i a l i s a t i o n  from data f i l e  
3 - i n i t i a l i s a t i o n  f o r  s teady s t a t e  s imulation 

111.5.1 - Complete process (option 1 and 2) 

You have to choose between an initialisation with an unknown (option 1) and a known ( 
option 2, if it exists a file describing the concentration profile inside the column) column 
concentration profile. 

For an unknown column profile at the beginning of the simulation (e.g. New process - 
t=O), all concentrations inside the column are set to the input concentrations. The fixed 
biomass is supposed to be uniformly distributed. The biomass concentration, asked to the user 
(in gil), represents the mean concentration in each tank equivalent of the column and is 
supposed to be composed of 70% of Nitrosomonas. 

For a known column concentration profile (file initialisation), the file must give the 
concentrations for all compounds in every element of the column (bottom, each tank of the 

fixed bed, top of the column). An example of a file for the initialisation of a dynamic 
simulation is given in appendix 2-C. Such a file can be made by using a previous result file 
(extension .RES), as for the file needed for the initialisation of biofilm transfer limitation 
profile. 

The entries on the column must be defined: 
- the liquid concentrations of substrates (in mol/l) under their non-dissociated form. If 

NH,, H2S0, (sulphur source) or H,PO, (phosphate source) are set to 0, this will result in the 
absence of growth (limitation). 

- the gas fraction of water (vapour), COz and O?. Their sum does not exceed 1. 
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Liquid  i n  piit concen t rat i o n s  

Concentra t ion  o f  “3 <mol/l> : 7.14e-3 

Concenti*ation o f  “03 (mol/l> : 0 .  

Concentrat ion  o f  “02 <mol/ l> : 0. 

Concentrat ion  o f  t12S04 <mol/l> : 0.0@01 

I Gas f i - a c t i o n  in input  gas flou (Competed by H2> 

Molal. f > - a c t i o n  of C02 : 4e-3 

flolai- f r a c t i o n  o f  02 : 0.21 

Molar f r a c t i o n  o f  H20 : 0 .  

An option for the dynamic simulation is available namely the assumption of pseudo- 
steady-state for 02, CO, and water in the gas phase. The objective was to decrease the 
computational time by avoiding the low integration step imposed by the dynamic of these 
compounds. In fact, no processes simulated at the present time have been successfully 
simulated with this option. When the simulation did not fail, the computational time was not 
reduced, and sometimes was increased. It is stronglv recommended to try the pseudo-steady- 
state (answer “Y”) only if a normal simulation fails or is “time blocked“ because of a very low 
time integration step. 
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Pseudo s t e a d y  S t a t e  a s sumpt ions  
l!! WQRNING can f a i l e d  !!!? 

Oxygen-G+L pseudo s t e a d y  s t a t e  a s s u n p t i o n  <Y/N> :n 
COZ-gas p s e u d o s t e a d y  s t a t e  assumption <Y/N> :n 
HZO p s e u d o s t e a d y  s ta te  as sumpt ion  <Y/N> :n 

Before the simulation a window gives a summary of the main parameters used for the 
current simulation, including the column design, the pseudo-steady-state options and the 
entries definition. By accepting the configuration, you launch the simulation. 

I I 
I 

[ S i m u l a t i o n  c o n f i g u r a t i o n 1  
T i m e  : 1 11 of s t e p  1.B0 
O p t i o n s  - C a l c u l  of e q u i l i b r i a  KCt e t  K i  : n 

- Pseudo S t e a d y  S t a t e  02 y a s + l i q  : n 
- Pseudo S t e a d y  S t a t e  C02 gas : n 
- Pseudo Steady State H 2 0  : n 

I n p u t s  on t h e  c o l u n n l  
L i q u i d  Cmol/ll "3 0.007140 "03 0.000000 "02 0.000000 

H20 55 -555557 H2SO4 0.000100 H3P04 0.000100 
Gas [mol. f r a c  - 1 C02 0.Q0400B 02 0.210000 H20 0.00BB00 
BED Cy/ll Ns f i x e  0.700000 Nb f i x e  0.300000 

S e g n e n t s  : 5 z Uol p a r t  CC :18.518 x Uol p a r t  C : 5 . 5 5 6  
L i q u i d  I n p u t  flow < m 3 / h >  : 0.000200 Recyc l ing  r a t i o  : 6.43 

I n p u t  f l o w  < m 3 / h >  : 0.081800 Recyc l ing  r a t i o  : 9 9 . 0 0  G a s  

Go lunn D e s i g n  1 

i 
i: 

During the simulation, the advancement of the simulation is given by the percentage at 
the bottom of the screen. On a Pentium 100 based PC, the computation time can be estimated, 
for a column with 5-tanks equivalent for the fixed bed, to 40-50 minutes for a process of 100 
hours. 
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When the current simulation is ended, you can continue the same and modify the flow 
rates and the input concentration and gas fraction. This possibility was used in TN23.3 for the 
simulation of the transient behaviours. 

111.5.2 - Steady state process 

As in the previous menu, 2 options are available for steady -state simulations. The 
definition of initial value (as close as possible of the steady-state conditions) can be given by 
using a file (option2) or by using a "manually" estimation included in the program. For a file 
estimation, the file used for the initialisation of a dynamic simulation can be used. 

Simulation o f  t h e  f i x e d  bed n i t r i f y i n g  column 

Column I n i t i a l i s a t i o n  f o r  the process 
I - I n i t i a l i s a t i o n  at t=0  - Nerr Ptvocess 
2 - i n i t i a l i s a t i o n  fPom data f i l e  
3 - i n i t i a l i s a t i o n  f o i -  s teady s t a t e  s imulation 

I n  i t  i a l  isat  ion : 3 

Then, in the same form as for dynamic simulations, the entries (liquid concentrations 
and gas fractions) must be given. The simulation configuration windows is displayed for 
confirming, then the name of the result data file (8 letters maxi) and the optional comments. 

Two parameters related to the steady-state algorithm are required: 

- The Wegstein sensitivity parameter. By default it is fixed to (e.3. liquid 
and gas concentrations results at steady-state, when the convergence is reached, 
are given at 0.1 %.). 

- The biomass sensitivity (Sensi-Bio). The biomass (X) is supposed in steady 
state if 

dX/dt /X < 100 . Sensi - Bio 
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or dWdt Sensi-Bio 

It can be noted that by decreasing the sensibility for the biomass by default), the 
convergence can be reached more quickly, but the results can be slightly different. 

During the simulation, several. informations are displayed on the screen: 
A+ Number of the iterative loop for biomass reinitialisation - limited to 20- 
B+ Number of the iterative loop for the Wegstein routine - limited to 25000 - 
C-3 Value of the greatest criteria value for a compound in the Wegstein procedure 
D-3 Index of the compound related to the value given at C 
E+ Time derivative of this compound 
F+ Number of biomass assumed in steady state. The convergence is reached if in 
each equivalent tank of the fixed, both Nitrosomonas and Nitrobacter are in 
steady-state (e.g., if there is N tank, the value researched is 2.N) 
G-3 Number of compound in the Wegstein procedure which have reach steady- 
state. The convergence is reached at: [N+2 ] . 2  0 + 3 . N +2 

' 

t-[ Simulat ion  c o n f i g u r a t i o n 1  11 

Tine : 0 11 o f  s t e p  0.00 
Options - Calc i i l  o f  e q u i l i b r i a  KR e t  K i  : n 

- Pseitdo Steady S t a t e  02 g a s + l i q  : Y 
- Pseiido S teady  S t a t e  GO2 g a s  : Y 
- Pseudo Steady S t a t e  H20 : Y 

1. Inputs  on t h e  co lunnl  
Liquid Cmol/ll NH3 0.007140 "03 0.000000 "02 0.000000 

H20 55 -555557 H2S04 0.000100 H3P04 0.000100 
Gas [mol.  f r a c .  1 C02 0.004000 02 0.210000 H20 0.000000 
BED I g / 1 1  Ns f i x e  0.000000 Nh f i x e  0.000000 

Seynents  : 5 z Uol pal-t R :18.518 z Uol part  C : 5.556 
Liquid  Inpiit f l o u  <m3/h> : 0.000200 Recyc l ing  i - a t i o  : 6 . 4 3  
Gas Input f l o w  <m3/h> : 0.001800 Recyc l ing  r a t i o  : 99.00 

c Go limn Des i y n  1 

tte1.s maxi> : t e s t  

After a maximum of 20 iterations, if the convergence, both for the Wegstein procedure 
and for the biomass is not reached the program stops. The user can decide to continue if he 
thinks that the convergence can be reached with some other iterations. 
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I t e r a t i o n :  6 4520 0.1922E-01 74 -.7560E-10 8 152 
I t e r a t i o n :  7 1920 0-270lE-01 134 -.2451E-08 8 155 
I t e ~ a t i o n :  8 2916 0.1246E-02 14 -.6157E-08 8 156 
I t e m t i o n :  9 4064 0.1166E-02 14 -.5953E-08 8 153 
I t e r a t i o n :  10 3054 0.4133E-02 134 -.2299E-08 8 156 
I t e m t i o n :  I1 4468 0.8474E-02 54 -.2541E-09 8 156 
I t e r a t i o n :  12 2314 0.5515E-02 34 -.3205E-08 8 154 
I t e r a t i o n :  13 4502 0.1203E-01 108 -.9524E-08 8 152 
I t e r a t i o n :  14 4368 0.2635E-02 134 -.2092E-l0 8 154 
I t e ~ n t i o n :  15 4569 0.2032 54 -.1540E-08 8 150 
I t e r a t i o n :  16 3717 0.2623E-02 134 -.1318E-08 8 156 
I t e r a t i o n :  I? 2895 0.1000E-02 94 0.3066E-09 8 156 
I t e ~ a t i o n :  18 2222 0.3656E-01 114 0.1260E-08 8 154 
I t e m t i o n :  I9 2236 0.1020E-02 74 -.6471E-08 8 156 
[ t e m t i o n :  20 3074 0.7874E-02 114 0.4192E-08 8 154 
40 t Con,ueryen t 
Do a n o t h e r  ser ie  CY,"> : y 
I t e r a t i o n :  0 7199 0.1338E-02 94 -.6254E-08 8 1567 
[ t e r a t i o n :  I 1492 0.1387E-02 134 -.2654E-09 8 155 
[ t e i - a t i o n :  2 3809 0.2968E-02 34 0.1352E-08 8 156 
[ t e r a t i o n :  3 4789 0.1878E-02 14 -.4739E-08 8 156 

:onu e r y e n c e  I 10 4 
h e c u t  i o n  suspended : 

111.6 - Simulations and Results storage files 

111.6.1 - Names 

Files for initialisation 
You can give any name to these file. When such a file is asked, you must enter the 

complete name (including its extension): 

TOTO.TOT 

Result file of Biofilm diffusion simulation 
A name is asked for each new simulation. You have to enter a name of 8 letters. An 

extension ".BFM" is added to identify the file created for a biofilrn sirnulation. 

Result file for dynamic simulations 
A name is asked for each new simulation. You have to enter a name of 8 letters. An 

extension ".CNF" is added to identify the file created containing the characteristics of the 
process simulated (column design and flow rates). An extension ".FIN" is added to identify 
the file created containing the output concentrations and gas fractions, as well as the mean 
biomass inside the total fixed bed. An extension ".RES" is added to identify the file created 
containing the complete results of the process simulated (profile inside the column). 

111.6.2 - Examples 

Files for initialisation 
An example of a file required for the simulation of the biofilm transfer limitation is 

given in appendix 2-B. It is composed on the first line of the number of tank equivalent for the 
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fixed bed, and on the five last line of the concentration or gas fraction for each compound. 
The order in which the compounds are listed is the same as this reported in Appendix 2-A. 

An example of a file required for the dynamic simulations is given in appendix 2-C. It 
is composed of N+2 lines (N is the number of tanks equivalent for the fixed bed). The order 
of the line is from the bottom of the column to the top. The order in which the compounds are 
listed is the same as this reported in Appendix 2-A. It is then easy to use a previous result file 
to initiate a new simulation. 

Result file of dynamic simulation 
An example of a .RES file for is given in appendix 2-A 
An example of a .FIN file for is given in appendix 2-D 
An example of a .CNF file for is given in appendix 2-E 
These results were obtained for a simulation of 1500 ho rs for a prc ss defined by the 

flow rate reported in section 1 (standard configuration) and 5-tanks equivalents for the fixed 
bed. The number of time values saved was 3. 

Result file of steady state simulation 
An example of a .RES file for the steady state is given in appendix 2-F. This was 

obtained with a "manual estimation of initial conditions. This represents the steady state for a 
5-tanks equivalent representation of the fixed bed in a standard process. 
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