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Abstract

In this study global sensitivity analysis is performed to identify influential as well as non-influential
parameters in a model of a University Cape Town Membrane Bioreactor (UCT-MBR). In
particular, the Standardised Regression Coefficients (SRC) and Extended-FAST sensitivity analysis
methods are applied. The sensitivity of model variables towards parameter variation is analysed for
CODror, Snua, Snos, Spo, and MLSS along five reactor compartments. Both methods indicate that the
parameters identified as being influential differ from section to section due to the different
processes involved. Moreover, the relevant influence of the membrane filtration parameters is
detected in the first plant section due to the influence of the recycled sludge. It is found that the
computationally less expensive SRC method is applied outside its range of applicability with R* =
(0.3-0.6) < 0.7. Nevertheless, the ranking obtained with the SRC method for the influential
parameters is very similar to that of the Extended-FAST method, except for MLSS. However, to
obtain reliable quantitative information on variance decomposition and to detect and quantify (in
some cases considerable) interactions present among parameters the use of the computationally
more expensive Extended-FAST is found to be necessary in this case study.
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Introduction

Over the past 40 years, the knowledge acquired in the field of wastewater treatment has increased
considerably. The better understanding of the main processes that take place in wastewater
treatment, has allowed developing innovative technologies such as membrane bioreactors (MBR),
to improve the design approaches and to optimize the operation of wastewater treatment plants
(WWTPs). Indeed, MBR employment provides high effluent quality and compact plant
configurations (Judd and Judd, 2010). In this context, mathematical modelling has played a key
role. By means of mathematical models it has been possible, for example, to test hypotheses on
functional interactions in the system or predict future states of the system or its responses to
assumed or expected changes in driving conditions. Nowadays, WWTP models, more specifically
activated sludge models (ASMs) (Henze et al., 2000), are widely used for applications such as
design, control and optimization. However, these models are complex and generally characterized
by several parameters to be assessed in view of the frequent lack of data limiting their employment.
On account of this, WWTP modelling requires a considerable number of assumptions about the
model structure, the values of parameters and the input variables. One may ask whether and how
these model assumptions influence the outputs of the model. In this context sensitivity analysis
represents a very powerful tool as it is able to provide information about how the variation in the
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outputs of the model can be apportioned to the variation of the input factors (Saltelli, 2000). As
summarised in Saltelli (2000) one may perform a sensitivity analysis for several reasons such as: (1)
to evaluate if the model structure is able to describe the processes under study; (2) to select the most
influential or non-influential input factors for the model output; (3) to evaluate the input factors
interactions; (4) to select the region in the space of input factors on which focus attention during the
model calibration. This last reason has a fundamental role when the model is over-parameterised.
Several sensitivity analysis methods have been applied in the past. According to Saltelli (2000) they
can be grouped into three main classes: screening methods, local methods and global methods. The
first one represents an economical and qualitative method. The local sensitivity analysis (LSA)
provides a measure of the local effect on the model output by a one-factor-at-a-time variation of the
model input factors. Finally, the global sensitivity analysis (GSA) provides information on how the
model outputs are influenced by the simultaneous variation of the input factors. In this way it is also
possible to identify the factor interactions (Homma and Saltelli, 1996; Saltelli et al., 2004).

In the field of environmental sciences most previous studies using GSA have been conducted in
hydrology or water resources and only few applications exist for water and wastewater treatment
plants (Brockmann and Morgenroth, 2007, Neumann et al. 2007, Benedetti et al., 2008, Neumann
et al. 2009, Flores-Alsina et al., 2010, Sin et al., 2010; Sin et al., 2011). GSA may help the
modeller to identify influential parameters (factors prioritization) as well as non-influential
parameters (factors fixing) («factors» is a term widely used in the sensitivity analysis literature and
is a synonym for «model parameters»). By applying the «Extended Fourier Amplitude Sensitivity
Testing» (Extended-FAST) (Cukier et al., 1973; Schaibly and Shuler, 1973, Saltelli et al. 1999)
information is obtained about 1) which factors, if known, are expected to reduce output variance the
most (factors prioritization) and ii) which factors can be fixed anywhere, in their range of
uncertainty, without significantly reducing output variance (factors fixing).

This paper presents a comparison between two GSA methods, namely the Standardized Regression
Coefficients (SRC) method (Saltelli ef al., 2008) and the «Extended - Fourier Amplitude Sensitivity
Testing» (Extended-FAST) method, on an extended ASM model to detect influential and non-
influential factors. The methods have been applied to a UCT-MBR pilot plant located at Acqua dei
Corsari WWTP.

Materials and Methods

Standardized Regression Coefficients (SRC)

The SRC method consists of running a Monte Carlo simulation (with random sampling of inputs)
and performing a multivariate linear regression between the model outputs and inputs (eq. 1):

y=bo+zbi'x,-+5 (1)

i=1
where y represents the model output, x; the ith factor, n the number of factors, b; the regression
slopes, and & the random error of the regression model. The SRC’s are the standardised regression
slopes:

SRC(x,) = p, =b, Oy /O-y (2)

where 6,; and o, represent respectively the factor and the model output standard deviation.
SRCs are valid measures of sensitivity when, as suggested by Saltelli (2004), the coefficient of
determination R?, which indicates the portion of total variance explained by the regression model, is

greater than 0.7. For linear modelsZ(ﬂi)= 1, otherwise this sum which represents the model

coefficient of determination R? is lower than 1 (Saltelli et al., 2008). A high absolute value of £
indicates a relevant effect of the related i-#4 model parameter on the model output. The sign of S
indicates its positive (sign +) or negative (sign -) effect (Sin et al., 2011). The required number of
simulations found in literature is generally between 100 and 1000 (Neumann, submitted).
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Extended-FAST
The Extended-FAST method belongs to the variance decomposition methods. It is founded on the
variance decomposition theorem which states that the total variance of the model output (Var(Y))
may be decomposed into conditional variances. This method does not require any assumptions on
model structure (linearity, monotonicity etc.). In particular, for each factor i two sensitivity indices
are defined: the first order effect index (S;) and the total effect index (Sti). S; measures how the i-th
factor contributes to Var(Y) without taking into account the interactions among factors. It is
expressed as:
Var, (Ex : (Y|xi ))
= - 3)
Var(Y )
where E indicates the expectancy operator and Var the variance operator. According to the notation
used by Saltelli ef al. (2004) the subscripts indicate that the operation is either applied ‘‘over the ith
factor’” X;, or “‘over all factors except the i-th factor’” X..
On the other hand, St; allows evaluating the interactions among factors. It is expressed as:
Var, (Ev (Y X, ))
A 4)
Var(Y )
The Extended-FAST method requires an n-Nyc simulations, where n is the number of factors and
Nuyc the number of MC simulations per factor (Nyc = 500 — 1000 according to Saltelli et al.
(2005)).
It is important to underline that in the context of factors fixing the analysis of St has to be
performed. If the S; value is small it doesn’t mean that the parameter may be fixed anywhere within
its range because a high St value would indicate that the parameter is involved in interactions.

STi: -

The MBR model and case study

The two methods were applied to an integrated ASM2d-SMP-P model (Cosenza et al., 2011). The
model couples the ASM2d-SMP model (first introduced by Jiang et al. (2008)) with a physical
model derived from Di Bella et al. (2008) and Mannina et al, 2010. It is able to simulate the
biological nutrient removal (BNR) processes, the soluble microbial products (SMPs)
formation/degradation and the cake layer formation which occur in a plant characterized by a UCT-
MBR scheme. It involves 19 model state variables and 79 parameters (kinetic, stoichiometric,
physical and fractionation related). The analysis is conducted for a pilot plant, which was operated
at a feed inflow of 40 L/h of municipal wastewater during 165 days. Until day 76 it was operated
with complete sludge retention while after day 76, the sludge was regularly withdrawn, maintaining
the sludge age near to 37 days. During the entire experimental period composite influent wastewater
samples were taken (section 0), grab mixed liquor samples in each tank (sections 1-4), mixed liquor
samples in the oxygen depletion reactor (section 6) and in the permeate (section 5). This was done
three times per week and the samples were analysed for total and volatile suspended solids (TSS
and VSS), total and soluble COD, NHy-N, NO,-N, NO;-N, Nror, Pror (APHA, 1998). Further
details about the pilot plant and sampling campaign can be found in Cosenza et al. (2011) and Di
Trapani et al. (2011).

Simulations were run using continuous input time series which were obtained by employing a
truncated Fourier series calibrated on discrete measured input data (Mannina ef al., in press). Four
different sections of the UCT-MBR plant were considered. In particular, the anaerobic (section 1),
anoxic (section 2), aerobic (section 3) and permeate (section 5) tanks were considered. For the
calculation of the sensitivity according to each method, the average value of the simulated time
series was considered. The variables taken into account were: CODror, Snma, Snos, Spo, MLSS, for
each section, CODgsor. (COD soluble) for section 3, and TN (total nitrogen) for section 5.

In the following the results for CODror 1, Spo1 Sno32, Sposs and CODrors are analysed and
compared (the subscript indicates the plant section). These variables have been selected as
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representative of the main processes occurring in each reactor. Moreover, a synthesis of the results
for all model variables for each method is presented.

Comparison of the sensitivity methods
The results were analysed by comparing the values of the sensitivity coefficients. In particular, as

suggested in literature (Saltelli ez al., 2008) the £; were compared to the S; values and the rankings
of influential parameters were compared.

Results and Discussion

Standardised Regression Coefficients (SRC)

In order to apply the SRC method a parameter matrix (800%79) was generated using Latin
Hypercube Sampling (LHS) (convergence was tested and found to be satisfactory with 800
simulations). In Table 1 SRCs (f3’s), the linear model determination coefficients (R”) and the sum
of the squares of the standardized regression coefficients (£/) are reported. The results analysis
was performed as in Sin et al. (2011) where abs(P;) with values greater than 0.1 were selected as
being influential.

Table 1. Results of SRC application for each model output. The results refer to the parameters that are influential at

least for one variable. p; refer to the total sum. For the parameters’ meaning refer to Henze et al. (2000), Jiang et al.
(2008) and Di Bella et al. (2008)

VARIABLES SECTION 1 VARIABLES SECTION 2 VARIABLES SECTION 3 VARIABLES SECTION 5
CODvor Snha Snos Spo MLSS|CODror Snua Snos Spo MLSS|CODtor CODsoL Snua Snos Spo MLSS|[CODtor Snha Snos CTN  Spo
R’ 035 044 042 049 028 | 035 044 042 049 0.28 | 0.36 0.36 042 051 023 0.27 | 045 0.39 0.49 047 0.23
Parameter SRC

Ky -0.05 0.10 -0.06 0.13 -0.29| -0.04 0.08 -0.04 0.12 -0.22| -0.06 -0.06 -0.03 -0.02 0.01 -0.28 | 0.14 -0.04 -0.01 0.00 0.01
nre -0.03 0.08 -0.03 0.15 0.01 | -0.02 0.06 -0.02 0.14 0.01 | -0.03 -0.03 -0.03 -0.02 -0.08 0.02 | -0.01 -0.03 -0.01 -0.05 -0.09
Ko 0.00 0.01 0.00 0.08 -0.02| 0.00 0.01 0.00 0.08 -0.01| 0.00 0.00 -0.02 -0.19 -0.03 -0.01| 0.03 -0.02 -0.19 -0.16 -0.02
Knos 0.09 0.04 0.07 -0.05 0.10 | 0.07 0.03 0.05 -0.05 0.07 | 0.09 0.08 0.02 0.04 -0.10 0.10 [ -0.03 0.01 0.05 0.05 -0.09
Hh -0.35 0.05 -043 0.06 -0.22| -0.26 0.04 -0.32 0.06 -0.17| -0.34 -0.34 0.02 -0.25 0.17 -0.22| -0.39 0.02 -0.25 -0.36 0.17
MNO3 H 0.03 -0.04 -0.08 0.01 -0.05| 0.02 -0.03 -0.06 0.01 -0.04| 0.03 0.03 -0.05 -0.08 0.00 -0.05| -0.02 -0.04 -0.08 -0.12 0.00
by 0.15 -0.23 0.30 -0.35 0.00 | 0.11 -0.19 0.22 -0.35 0.00 [ 0.16 0.16 -0.01 0.26 -0.05 -0.01| 0.27 0.00 0.25 0.29 -0.04
Ky 1 0.07 0.03 0.03 0.04 0.04 | 0.05 0.02 0.03 0.04 0.03 | 0.07 0.07 0.04 -0.02 -0.04 0.03 | 0.18 0.05 -0.03 0.11 -0.05
Gprn -0.02 0.03 0.00 0.32 0.00| -0.01 0.02 0.00 0.31 0.00 | -0.01 0.00 0.03 -0.02 -0.01 0.00 [ 0.02 0.03 -0.02 0.03 -0.02
[ 0.03 0.00 -0.02 024 0.07 | 0.02 0.00 -0.02 0.23 0.05 | 0.04 0.04 0.01 -0.03 0.03 0.07 [ -0.05 0.02 -0.03 -0.01 0.02
Hpao 0.01 -0.06 0.02 -0.13 0.01 0.01 -0.05 0.02 -0.13 0.01 | 0.01 0.01 -0.07 0.04 -0.12 0.01 0.04 -0.07 0.04 -0.02 -0.11
beao -0.03 0.07 0.01 0.02 -0.02| -0.02 0.06 0.01 0.02 -0.01| -0.03 -0.03 0.07 -0.03 0.12 -0.02| 0.00 0.07 -0.03 0.04 0.11
Haut 0.13 -0.52 0.10 -0.06 0.07 | 0.10 -0.43 0.08 -0.06 0.06 | 0.13 0.13 -0.59 0.38 -0.07 0.07 | 0.18 -0.56 0.35 -0.19 -0.08
baur 0.03 0.03 0.02 0.00 0.01 0.03 0.03 0.02 0.00 0.01| 0.03 0.03 0.02 0.00 -0.02 0.01 0.01 0.02 0.01 0.04 -0.01
Yu -0.03 -0.12 0.22 -0.14 0.01 | -0.02 -0.10 0.16 -0.14 0.01 | -0.01 -0.02 -0.03 0.27 -0.06 0.01 | 0.11 -0.04 0.28 0.21 -0.04
fa -0.06 -0.10 0.08 -0.19 -0.12| -0.04 -0.09 0.06 -0.19 -0.09| -0.04 -0.06 0.01 0.07 -0.13 -0.12| 0.01 0.01 0.08 0.07 -0.13
Yeao 0.00 0.02 0.04 0.11 -0.01| 0.00 0.02 0.03 0.11 -0.01| 0.01 0.01 0.02 0.03 -0.03 -0.01| 0.03 0.02 0.03 0.06 -0.02
Fsa -0.02 0.00 -0.06 0.08 -0.05| -0.02 0.00 -0.04 0.08 -0.04| -0.03 -0.03 0.01 -0.11 -0.06 -0.05| 0.03 0.00 -0.10 -0.07 -0.05
B -0.05 0.00 0.00 0.01 -0.04| -0.03 0.00 0.00 0.01 -0.03| -0.04 -0.04 0.01 0.00 -0.03 -0.04| 0.10 0.01 0.00 0.04 -0.04
f -0.34 -0.02 0.10 -0.03 0.04 | -0.25 -0.02 0.08 -0.03 0.03 | -0.34 -0.34 -0.01 0.07 -0.06 0.04 | 0.24 -0.02 0.08 0.10 -0.05
it 0.00 0.06 -0.05 0.05 0.01 0.00 0.05 -0.04 0.05 0.01| 0.00 0.00 0.06 -0.12 -0.02 0.01 | -0.04 0.05 -0.12 -0.06 -0.01
inxs -0.03 0.00 0.01 -0.04 -0.01| -0.02 0.00 0.01 -0.04 0.00 | -0.03 -0.03 0.00 0.16 0.00 -0.01| -0.02 -0.01 0.17 0.12 0.01
ip,xt -0.04 0.02 -0.03 -0.05 -0.03| -0.03 0.01 -0.02 -0.05 -0.03| -0.04 -0.04 0.01 -0.01 -0.11 -0.04| 0.01 0.02 -0.02 0.00 -0.13
ipxs 0.04 -0.03 0.02 0.07 -0.01]| 0.03 -0.02 0.01 0.06 0.00 [ 0.04 0.04 -0.03 0.03 0.23 -0.01| -0.03 -0.03 0.03 -0.01 0.23
ipm -0.06 -0.05 0.03 0.00 -0.03| -0.04 -0.04 0.02 0.00 -0.03| -0.06 -0.06 -0.06 0.06 0.12 -0.03| 0.06 -0.06 0.06 0.01 0.12
=B 039 046 042 050 028 | 022 0.31 0.23 048 0.16 | 0.39 040 044 052 025 027 | 047 041 050 045 0.25

The following parameters, ranked according to decreasing importance, were found to have a
significant impact on CODror,1: {un, f, ba, paur}. The influence of the parameters py and paur
seems to be in contradiction with the anaerobic conditions in section 1. The influence of the
parameter f ( f represents the substrate fraction below the critical molecular weight able to be
retained by the membrane) on CODror, is ascribable to the recycled sludge. Its negative value (-
0.33) (see Table 1) means that with increasing f a decrease in CODror,; concentration takes place.

The parameters {by, qeua, qre, fxi, NrE, Y, Upao, K, Ypao} were found to be the most influential in
determining Spo ;. Among these parameters, qpua 1s certainly the most important from a process
point of view since it influences the storage processes of Xppa (poly-hydroxy alkanoates and
organic storage polymer) which is fundamental for the aerobic phosphate uptake; an increasing
value of gpua causes an increasing value of Spo in the anaerobic section, which is confirmed by the
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positive value of SRC (0.32) (see Table 1). The parameter sub-set {qpp, lpao, Yprao} influences the
aerobic and anoxic kinetics of PAOs which may indirectly (by means of the recycled sludge)
influence the Spp; concentration. The parameter sub-set {by, fxi, Nre} influences the lysis of PAO
and of slowly biodegradable substrate and therefore indirectly influences the Spp ; concentration.
The parameters {un, Mnosn, Yu, were found to have a significant impact on Sxoszz. These
parameters are directly connected to the anoxic growth of heterotrophic organisms (denitrification)
on S (acetate) and Sg (fermentable substrate) so they are highly correlated to the Sxos concentration
in the anoxic tank. In particular, regarding the most influential parameter (uy) the negative value of
SRC (-0.32) (see Table 1) means that an increase of its value causes a decrease of Snoz2. The
parameters {ipxs, lu, brao, ipgm} Were found to have a significant impact on Spos 3. This shows a
high affinity with the biological process of phosphorus uptake which occurs in the aerobic tank. The
parameter ipxs (phosphorus content of Xs) influences the aerobic hydrolysis as well as the Xpao
lysis, which reduce the Spos content in the aerobic tank. The parameter ip gy (phosphorus content of
biomass) influences the Spos3 concentration through the aerobic growth of heterotrophic PAO
(luxury uptake) and non-PAO organisms. Regarding the parameter py it doesn’t directly influence
the aerobic growth of PAO, however it influences the Sposs concentration through the
heterotrophic aerobic growth on Sg and Sy; also, the parameter bpao indirectly influences the /uxury
uptake process by means of Xpao lysis.

The parameters {bp, f, Kngn, Haur, kn, Yu, B} were found to have a significant impact on
CODrors. The importance of these parameters is consistent with the modeller’s experience. Indeed,
this parameter set shows the impact of the heterotrophic biomass activity and of the membrane
separation. It is important to underline that the parameter f has an important influence on the
CODror 5 concentration (SRC=0.24), justified by the physical filtration processes; the positive sign
is also in accordance with the physical meaning of the parameter.

Figure 1 summarizes the influential model parameters clustered with respect to each sub-group of
model outputs. It is important to underline, that for each sub-group of model outputs the parameters
influence changes from section to section due to the different processes involved. This demonstrates
the usefulness and advantage of performing the sensitivity analysis considering different plant
sections. For example, considering Syy, the parameter payr is the only influential parameter for
each section (Figure 1 b). While the COD relevant (Figure 1 a) parameters py, by and f were
influential for each section it was shown that the kinetic parameters have the highest influence for
CODrors. Contrary to the modeller’s expectation the parameter f was more influential for the
intermediate sections than for the permeate section. This result is most likely due to the recycled
sludge fluxes. Among the influential model parameters for the MLSS sub-group only the parameter
fxi appears to be non-influential (Figure 1 e). The P sub-group (Figure 1 d) presents the highest
number of influential model parameters showing a clear distinction, in relation to the section,
between the parameters involved in the phosphorus release process and in the phosphorus uptake
one.

Important to note is that the R* values (0.23 — 0.49) found to be < 0.7, which means that this
technique 1s being applied outside its application range.
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Figure 1. Influential model parameters for each model output according to the SRC method

Extended-FAST

In order to apply the Extended-FAST method 39,500 model runs were conducted corresponding to
500 simulations for each model parameter; factors with S; and greater than 0.01 were defined as
being influential. The results of the most influential parameters obtained by applying Extended-
FAST method for the variables of the section 1, are summarized in Table 2 (the summary of all
influential parameters is reported in Appendix 1).

The following parameters were found to have a significant impact on CODror,; on the basis of S;:
{un, f, by, Ky, Cg} A high degree of interaction occurs for influential parameters indicated by the
sum of St; for this variable (11.42). The sum of the first order indices explains 57% of the total
variance indicating that the model is non-linear and/or non-additive The following parameters were
found to have a significant impact for Spo 1: {bu, qpua, qee, Y, Ku, fxi, Nee, Wa, Lavt, Fsr, Ko, tpao,
Fx1, Fsa, inxs, Knum}(see Table 2). The sum of the first order indices explains 99% of the total
variance indicating that the model is almost linear and/or additive contrasting the SRC result
(R?=0.42) which doesn’t show a linear model.

The following parameters were found to have a significant impact on Sxos2: {tn, Yu, bu, ki, fxi,
Nnosuyp, Fsri(see Appendix 1); {um, Yu} are highly connected with the denitrification process. In
this case the sum of S; is equal to 0.83 (83% of model variance) and the sum of Sr; is equal to 3.14.
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Table 2 Results of influential model parameters for the variables of section 1 obtained by applying the Extended-FAST
method
Parameter| MLSS,1 | CODror1 | Snhas Snos, 1 Sro1 | Parameter| MLSS,1 | CODror1 [  Snhan Snos,1 Spo,1
Si STi Si STi Si STi Si STi Si STi Si STi Si STi Si STi Si STi Si STi
Ky 0.16 0.75[ 0.02 0.33| 0.05 0.37| 0.04 0.15| 0.08 0.19] Knos,rao | 0.00 0.10| 0.00 0.13| 0.01 0.36/ 0.00 0.02| 0.00 0.11
MNo3,Hvp | 0.00 0.09] 0.00 0.12( 0.02 0.43[ 0.02 0.06( 0.01 0.11] Kwnrao |0.00 0.09]0.00 0.12[ 0.00 0.38| 0.00 0.02| 0.00 0.09
Nre 0.00 0.07] 0.00 0.11| 0.05 0.36( 0.00 0.01f 0.06 0.16 HauT 0.00 0.11] 0.00 0.16f 0.36 0.75( 0.00 0.04| 0.03 0.19
Ko 0.00 0.09| 0.00 0.13] 0.02 0.48| 0.00 0.02| 0.02 0.11 Kp A 0.00 0.14| 0.00 0.15/0.01 0.31] 0.00 0.05| 0.00 0.14
Knos 0.00 0.09) 0.00 0.10{ 0.00 0.37| 0.00 0.02| 0.00 0.07] Khusar |0.00 0.11/0.00 0.13| 0.00 0.29] 0.00 0.01| 0.00 0.14
HH 0.17 0.63[0.20 0.61| 0.01 0.19] 0.36 0.74]| 0.05 0.27|] Kuuar |0.00 0.12| 0.00 0.14]| 0.00 0.32] 0.00 0.01| 0.00 0.15
by 0.17 0.68]| 0.09 0.57| 0.11 0.32| 0.09 0.36| 0.19 0.41 Yh 0.01 0.22| 0.00 0.13] 0.03 0.27| 0.18 0.33]| 0.11 0.28
Ka 0.00 0.09] 0.00 0.10{ 0.00 0.41( 0.00 0.02| 0.00 0.06 fxr 0.01 0.08| 0.00 0.11f 0.02 0.24| 0.02 0.09| 0.07 0.20
Knw,H 0.00 0.14]| 0.01 0.17| 0.01 0.35[ 0.01 0.08f 0.01 0.17 Ypao 0.00 0.07|0.00 0.11] 0.00 0.36] 0.01 0.05| 0.01 0.18
ApHa 0.00 0.07] 0.00 0.10{ 0.01 0.26( 0.00 0.02| 0.16 0.37 Ya 0.00 0.07| 0.00 0.12f{ 0.01 0.38| 0.00 0.01| 0.00 0.06
Arp 0.00 0.08]| 0.00 0.10] 0.01 0.27{ 0.00 0.04| 0.16 0.38 faap 0.00 0.06/0.00 0.11] 0.01 0.33] 0.00 0.01| 0.00 0.06
Mpao 0.00 0.07| 0.00 0.11] 0.00 0.28{ 0.00 0.03f 0.01 0.10 Fsr 0.00 0.06/0.00 0.12] 0.01 0.31] 0.01 0.04| 0.02 0.10
DpHa 0.00 0.07| 0.00 0.12]| 0.00 0.33| 0.00 0.02| 0.00 0.06 Fsa 0.00 0.07|0.00 0.12] 0.00 0.26] 0.01 0.04| 0.01 0.08
Kpha 0.00 0.12] 0.00 0.13] 0.01 0.35[ 0.00 0.04| 0.00 0.08 Fxt 0.00 0.10/0.00 0.13] 0.01 0.32] 0.00 0.02| 0.01 0.12
Koeao [0.00 0.15] 0.00 0.14] 0.01 0.45| 0.00 0.02] 0.00 0.11 iNxs 0.00 0.08] 0.00 0.12] 0.00 0.21] 0.00 0.02| 0.01 0.08

The following parameters were found to have a significant impact on Spos3: {ipxs, 1u, qep, brao,
ip.sk, 1p.x1, qpHA, X1, bH, Fsa, ku}(see Appendix 1). In this case the model sum of S; is equal to 0.63
(63% of model variance) and the sum of St is equal to 3.5.

The following parameters resulted to be influential for CODror s concentration {f, pn, by, Knum,
paurt, ki, Ce}(see Appendix 1). Again, the influence of physical filtration process is present (f, Cg).
Similarly to the SRC method the influence of the model parameters changes with respect to the
section of the pilot plant taken into account. The changing influence is more evident for the
parameter payr which appears to be the most influential parameter for Sypas. Another example is
the parameter f which has a S; for CODror which is three times higher for section 5 than in the
other sections.

To give an example, Figure 2 shows the S; and St; (St; = S; + interaction) for Snpa. Important to
note is that the parameters Ka, Knun, Kopao, Knospao and Kngpao cannot be considered non-
influential due to their high St values.

1

os M Interaction

. . o
& (o] ©
I I I

Sensitivity [S;, Stil

.
N
I

Ky MINO3HYD MFE Ko by Ka KNH,H KO,PAO KNO3,PAO KNH,PAO paur Yu fx
Parameters

Figure 2. First order effect S; and total effect St; indices for Sy, obtained wiht the Extended-FAST method
Comparison of SRC and Extended-FAST

Although the SRC method is found to be outside its range of applicability (R* is always < 0.7) the
high correlation between B;° and S; indicates that SRC and Extend-FAST detect the same
parameters a as being influential and lead to a similar ranking (Table 3). The exception of MLSS is
probably due to the interaction among parameters and variables involved in the MLSS expression.
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Table 3. Results of methods comparison: comparison between Biz and S;, values of the sum ZBiz and S; for each variable

Section 1 Section 2
Variables CODror,1 Snha Snos1 Seo1 MLSS 4 COD+or2 Snhez Swnosz Seoz MLSS,
R? (Bi2 versus S;) | 0.9 0.96 091 0.83 0.53 0.9 099 0.87 0.8 0.53
Zﬁiz 0.39 0.45 042 0.5 0.27 0.22 0.31 0.23 048 0.16
S 0.57 0.99 0.78 11 0.61 0.57 0.86 083 0.98 0.6
Sections Section 3 Section 5
Variables CODrors CODsoLs Snhss Snoss Spos MLSS; | CODrors Swnhas Snoss CTNs Seos
R® (Biz versus S;) | 0.9 0.9 099 081 0.64 0.52 0.66 0.9 0.81 0.88 0.66
ZBi2 0.39 0.4 0.44 051 0.24 0.27 0.47 041 0.5 045 0.24
S 0.56 0.57 0.66 091 0.64 0.6 0.9 0.64 0.9 0.95 0.66

Conclusions

- A comparison of two global sensitivity analysis methods (SRC and Extended-FAST) was
presented with the aim to identify influential (factors prioritization) and non-influential
model parameters (factors fixing). The methods were compared for a complex integrated
MBR model with 21 output variables and 79 parameters.

- It was found that, although the SRC method was applied outside its range of applicability
(R?<0.7), the ranking of influential model parameters (factors prioritization) was very
similar to the results obtained with Extended-FAST, except for the MLSS variables.

- To obtain reliable quantitative estimates of the variance contributions it was necessary to
compute first order effect indices S; with the computationally much more expensive method
Extended-FAST, as the SRC method was outside its range of applicability.

- For some variables significant interactions among parameters were revealed by computing
the total effect indices St; using Extended-FAST e.g. for Snpa .
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