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PREFACE 

 

During the recent decades, environmental quality has become a main issue in most 
aspects of life including in construction industries. Significant progress has been made 
to protect the quality of environment through implementation of methods and the use of 
construction materials which pro the quality of environment. Construction industries, 
however, also significantly contribute to the environmental degradation. Carbon dioxide 
emission from the manufacture process of portland cement is one of main contributors 
to the global warming. Therefore, it is important to apply a comprehensive and 
sustainable approach to reduce the impact of construction industries on environmental 
quality. Application of methods and use of materials for civil engineering infrastructure 
which are environmentally friendly would be the wise solution to minimize the 
environmental impacts due to construction activities. 

The conference has been organized to provide an opportunity to link professional and 
researchers to learn, share and exchange the latest method, approach and developed 
theories which may reduce the impact of civil engineering construction activities on 
environmental quality, with following objectives: 

1. To provide a forum for exchange of ideas, achievements and experiences and 
information addressing to environmental issues among academics, researchers, 
engineers, manufacturers and post graduate scholars in civil engineering field. 

2. To discuss and evaluate the latest methods, approaches and innovative technologies 
to improve environmental quality which are related to civil engineering field. 

3. To increase interaction between civil engineering practice, research and education to 
prevent environmental degradation.  

Participants of the conference included researchers, academic staffs, postgraduate 
students, industries and governments. The keynote speeches during the conference were 
presented by: 

Prof. Joseph Davidovits, 
President of Geopolymer Institure in French. 

Prof. Vijaya Rangan, 
Emiritus Professor from Curtin University, Australia. 

Prof. Jun Shimada, 
President of Center for Marine Environment Studies, Kumamoto University, Japan 

Prof. Ashantha Goonetilleke, 
Queensland University of Technology, Australia. 

Prof. Djwantoro Hardjito, 
Petra Christian University, Indonesia. 
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Prof. Ofyar Z. Tamin, 
Bandung Institute of Technology, Indonesia 

Prof. Tommy Ilyas, 
University of Indonesia, Indonesia 

Dr. Giovanni Luca Pesce, 
Univeristy of Bath, United Kingdom. 

 

The conference papers and oral presentations were divided into four major main topics 
as follow: 

1. Structure, Geopolymer and Other Construction Materials. 

2. Water Resources and Environmental Management. 

3. Transportation and Urban Infrastructure. 

4. Geotechnical Engineering. 

 

 Finally, the conference Organizing Committee wishes that the conference may provide 
beneficial scientific information to the participants and the conference proceeding 
readers. 

 

Organizing Committee, 

 

Dr. Isri Ronald Mangangka 
(Chairman) 
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ABSTRACT

Constructed wetlands are used to treat stormwater pollutants and reduce impacts no 

downstream environment by attenuating peak discharge and reducing runoff volume. They can also 

treat stormwater quality by removing pollutants through processes such as settling, filtration, 

adsorption, and biological uptake. The hydrologic and hydraulic characteristics such as rainfall 

depth and intensity, wetland area and bathymetry, inflow discharge, hydraulic retention time and 
outlet structure are the most important parameters influencing treatment performance. A simplified 

conceptual model to replicate hydraulic processes of a constructed wetland has been developed. The 

model is based on conceptual approaches using empirical mathematical equations to represent water 
movement through interlinked storage of wetland inlet pond and its cells via inlet/outlet structures, 

and estimation loss rates due to percolation and evapotranspiration. The model has been calibrated 

and validated using recorded data from a monitored constructed wetland. The model enables to 

evaluate the fluctuation of stormwater in the wetland during the storm event and predict the 

retention time. 

Water quality treatment process in a wetland has also been evaluated in this study. The 

evaluation involved water quality analysis to a number of water samples from a monitored 
constructed stormwater wetland, univariate, bivariate and multivariate statistical analysis including 

Principal Component Analysis (PCA) and development of Partial Least Square (PLS) model. The 

water quality parameters which have been evaluated in this study were Total Suspended Solid 
(TSS), Total Nitrogen (TN) and Total Phosphorus (TP). The analysis results show that rainfall 

intensity does not influence the treatment performance. The results also show that more rainfall 

depth and runoff volume decrease the treatment performance.  

Prior to develop the PLS models the dataset was normalized and transformed using principal 
component analysis (PCA) in order to increase the efficiency of the model. The developed PLS 

models have been calibrated and validated using cross validation procedure. The calibration plots 

show that the developed PLS models are adequate to be used for prediction. 

KEYWORDS:  Conceptual model, constructed stormwater wetland, wetland treatment, 

wetland hydraulic model 

1 INTRODUCTION 

Constructed stormwater wetland is one of the most used Water Sensitive Urban Design 

(WSUD) measure in Australian context (Lloyd 2001; Wong et al. 1999; Wong et al. 2000). 

Constructed wetland is primarily used for stormwater quality treatment however; it serves as a 
hydraulic device that reduces peak flows and runoff volumes diminishing the quantitative impacts 

of urbanisation. Stormwater quality treatment in a constructed wetland is primarily achieved by 
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processes such as settling, filtration, adsorption and biological uptake (Kadlec & Knight 1996; 

Wong et al. 1999; Melbourne Water 2005). 

Treatment processes in a constructed wetland are complex and show significant variability in 
underlying characteristics and performances with a range of hydraulic, chemical and biological 

conditions. Among all, hydraulic conditions within a constructed wetland gained specific attention 

in design scenarios as well as in performance monitoring as the most influential (Guardo 1999; 

Ronkanen & Kløve 2008). Two hydrologic parameters, retention time and hydraulic loading are 

typically considered as the most important in constructed wetland design.  However, a range of 

other parameters that have indirect influence on these two main parameters were also considered as 

significant.  For example Holland et al. (2004) considered water depth and flow rate as influential 
parameters for water quality treatment in constructed wetlands.  

However, the understanding developed on the influence of hydraulic parameters on 

contrasted wetland treatment performance is inconclusive. This is due to the use of lumped 

hydraulic and water quality parameters for treatment performance analysis. It is commonly used 

predictive models for performance evaluation of wetlands (for example: Bautista & Geiger (1993), 

Duncan (1998), Lawrence (1999) and Livingston (1988)), however, many of which evaluated long 

term performances rather than the event performances (Carleton et al. 2001; Reinelt & Horner 

1995; Ronkanen & Kløve 2009). In order to understand the influence of hydraulic parameters on 

treatment performance, it is necessary to focus on event performances evaluation. In this regard, 

generation of hydraulic parameters using a detailed hydraulic model which operate in fine time 
steps is important.  Furthermore, the focus should be given to the primary pollutants such as 

suspended solids and nutrients in constructed wetland performance assessments. Studies such as 

Tomenko et al. (2007) that evaluated the constructed wetland treatment performance for 

biochemical oxygen demand (BOD) does not provide comprehensive outcomes. 

This study aims to evaluate hydraulic and hydrologic factors which influence the treatment 

performance of a constructed stormwater wetland. For this, influential hydrologic and hydraulic 

parameters were derived by using a detailed hydraulic conceptual model.  Multivariate analytical 

techniques such as Principal Component Analysis (PCA) and Partial Least Square (PLS) were used 

for pattern recognition between water quality parameters and for the development of  relationship 

between parameters and treatment performances. 

2 METHOD 

Constructed wetland located in ‘Coomera Waters’ residential estate, Gold Coast, Australia 

was selected for investigation. This is due to the presence of in-depth monitoring system and 

availability of historical data. The wetland consisted of an inlet pond at the upstream of the system 

and two cells of macrophyte zones as the main treatment area. The sizes of the wetland are 149 m2 

of inlet pond, 465 m2 of cell 1(upstream macrophyte zone) and 653 m2 of cell 2 (downstream 

macrophyte zone). The total area is equivalent to 2.06% of the contributing catchment area of 6.15 
ha. The constructed wetland is receiving runoff from two sub-catchments. The areas of the two sub-

catchments are 5.10 ha (sub-catchment A) and 1.05 ha (sub-catchment B) respectively. 

The two wetland inlets, the wetland outlet and the bypass outlet have been monitored since 

April 2008. This is by installing automatic monitoring stations to record the rainfall and runoff data

and to capture stormwater samples for water quality testing. Monitoring systems established in each 

location consisted of a set of instrumentation as shown in Figure 1. Details of the instrumentation 

are as follows: 

• Two automatic tipping bucket rainfall gauges were installed within the vicinity of the 

wetland.  
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• Stormwater flow rates were measured using calibrated V-notch weirs with pressure 

transducer probes to measures the water depth at the weir.  

Figure 1: Station apparatus set up 

Water samples were collected using ISCO automatic sampler. Only stormwater samples from 

rainfall events with more than five antecedent dry days were considered for this study. This is to 

allow appreciable amounts of pollutants to be built-up on catchment impervious surfaces. Based on 

the build-up equations developed by Egodawatta et al. (2006), a minimum of five days can result 

more than 50% of the maximum possible build-up on road surfaces. Collected water samples were 

stored under 4
o
C during and transport and storage. Samples were analysed for a set of selected 

water quality parameters as shown in Table 1. The test methods used for the analysis are also 

presented in Table 1. 

Table 1: Title of the table 

Parameter Test Method Comments

TSS APHA No. 2540D Filtered using o.45�m glass fiber filter 
paper 

TN as TKN + NO2 + NO3 TKN:  US EPA No. 351.2
NO2 : US EPA No. 353.2 
NO3 : US EPA No. 354.1 

Smartchem 140 was used. 
For TKN, samples were digested using 
AIM600 block digester 

TP US EPA No. 365.1 and
US EPA No. 365.4 

Smartchem 140 was used. Samples 
digested using AIM600 block digester 

2.1 Analytical Methods 

A number of statistical analysis methods were used for the evaluation of water quality 

treatment performance of the wetland. The method included univariate and bivariate statistical 

techniques, Principal Component Analysis (PCA) and Partial Least Square (PLS) regression.  
Univariate analysis was used to explore the variance of each variable in the dataset separately and to

understand their attributes, while bivariate analysis was performed to analyse two variables 

simultaneously. These two techniques were used prior to multivariate techniques, so that the 

variability and distribution of each variable is understood.  
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PCA was used for pattern recognition and correlation analysis. PCA is a multivariate 

statistical technique that reduces a large raw dataset into a few numbers of principal components 

based on associated variances. PCA is the most popular method that has been used in water quality 
research (Bengraïne & Marhaba 2003; Wunderlin et al. 2001; Mendiguchía et al. 2004; 

Goonetilleke & Thomas 2004). Details of PCS can be found elsewhere.  

PLS is a popular analytical technique which has been used for multivariate predictions. PLS 

model bears some relation to principal components regression (PCR). However, instead of finding 

maximum variance between the response and independent variables in PCR, it finds a linear model 

by predicting  the dependent variables and the observed variables to a new space (Adams 2004; 
Kramer 1998). PLS has been widely used in water quality research such as by Goonetilleke & 

Thomas (2004), Einax (1998). 

3 DEVELOPMENT OF WETLAND’S HYDRAULIC CONCEPTUAL MODEL

A conceptual model was developed to replicate the hydraulic scenarios and hence develop 
hydraulic parameters essential for constructed wetland performance evaluation. In this approach, 

the hydraulic response of the wetland system from inflow to sedimentation tank, conveyance 

through to cell 1 and cell 2 and outflow from the outlet device was modelled using conceptual 

approaches and empirical mathematical equations. Model was developed such a way that the 

essential hydraulic parameters such as flow velocity, flow path, hydraulic loading and retention 

time can be derived from simulations. The basic concept used in modelling is the water balance. 

This considered the wetland components that are inlet pond and its cells as interlink storages. The 

change in storage volume in the form of Equation 1 was used.  

�� � ����� � �� � ��� � 	�� (1) 

Where: �S is the change in storage volume, St and St+�t are the storage volume at the 

beginning and end of a time interval �t respectively, and I�t and O�t denote the inflow and outflow 

volumes of the reservoir during the period of time interval �t.  

The inflow components to the wetland were considered as the inflow from inlet structure and 

the direct precipitation to the wetland area. The outflow components considered were outflow 
through the outlet structure, bypass flow, percolation and evapotranspiration. Direct precipitation 

was calculated from rainfall depth and wetland area. Simplified equations which available else ware 

were used to predict wetland percolation and evapotranspiration. 
Flow between wetland components from inlet to outlet is illustrated using Figure 2. Based on 

the nature of the hydraulic structures used to convey water through wetland system, surface 

elevation becomes the primary parameter influencing conveyance between wetland elements.   

Water elevation was obtained using volume-depth curve developed for each element. 

Figure 2: The diagram of water flow 
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The characteristics of the model are explained as follow: 

1)  The excessive amount of water entering the inlet pond is bypassed when the water level rises 

above the bypass weir. Flow through bypass weir was modelled using broad-crested weir 
formula  

2) Flow from Inlet pond to wetland cell1 is through a 350 mm diameter concrete pipe. Water 

entering to this pipe was control by a rectangular control pit (1.90m x 1.00m). Flow through 

pipe utilised submerged flow formula, while flow through pit was assumed as flow through a 

broad-crested weir. Both flows were calculated and the lesser value was considered as the flow 

into cell 2. The discharge coefficient Cd was obtained from calibration process. 

3) Flow from cell 1 to cell 2 was considered as the flow through a broad-crested weir. Width of the 
weir was obtained from field measurements.   

4) A PVC riser with a number of 20 mm diameter holes is used to control the outlet discharge. 

When a hole is completely submerged, the flow was assumed as flow through a small orifice. 
When the hole is only partially submerged, flow was assumed to be equals to flow through a 

circular sharp-crested weir. Weir formula was obtained from Greve (1932) and Stevens (1957).  

Recorded flow data at the wetland outlet for 11 storm events were used for model calibration.  

The calibration was performed by adjusting discharge coefficients of all the flow control devices 

used. Calibration was done in trial and error approach and an example calibration is shown in 

Figure 3. 

Figure 3: Typical calibration hydrograph of wetland conceptual model 

4 RESULTS AND DISCUSSION 

Dataset for the analysis was obtained from the measurement from automatic stations and 

outcomes from laboratory testing. A total of 11 events occurred from 5 May 2008 to 19 July 2010 

was used for the analysis. Hydraulic parameters correspond to each event was obtained by 

simulating conceptual model. In the final dataset, the storm events were arranged as objects and 
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water quality and hydraulic parameters were arranged as variables. The water quality parameters 

considered were measured pollutant loads of TSS, TN and TP at the inlet of the monitored 

constructed wetland represented by TSS-I, TN-I and TP-I variables respectively. For evaluation of 
the water quality treatment performances, percentage reductions of the pollutant loads were 

calculated and added to the data set as additional variables, represented by TSS-R, TN-R and TP-R 

respectively. 

Rainfall data were obtained from the rainfall records. Two rainfall variables; rainfall depth 

(RD) and rainfall effective intensity (REI) were used for data analysis. Rainfall effective intensity 

was calculated as the intensity of the rainfall bursts when an event is occurred as a combination of 

bursts.   
The hydrologic and hydraulic variables used in the dataset were inflow peak discharge 

(InPD), volume of stormwater treated (VTt), and the average retention time (RT). Volume of 

stormwater treated and inflow peak discharge were obtained from the recorded flow data, while the 

average retention time was resulted from the wetland hydraulic conceptual model. The objects and 

variables of the dataset are presented in Table 2. 

4.1 Univariate and Bivariate Statistical Analysis 

The univariate statistical analysis was first performed by calculating mean, standard error, 

standard deviation and variance are shown in Table 2 

Table 2: Monitored constructed stormwater wetland data matrix 

The statistical analysis result in Table 2 shows that the data are not distributed as normal 

distribution but with a variety of skewness and kurtosis. The analysis result also shows that the data

set contains high variability of the available data. Particularly, water quality data indicate scattering 

by the high variance and standard deviation, for example the ratio of the standard deviations to 
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means of TSS-R and TP-R reach 64% and 95% respectively, and the variance of these two variables 

reach more than 20 times their mean. This underlies the complexity of wetland treatment due to 

variability with a range of influential parameters. This could also be due to less number of data sets. 
All these suggest the necessity of PCA pattern recognition. 

4.2 Principal Component Analysis (PCA) 

The PCA was undertaken to the dataset (Table 2) which is consisted of all 9 objects and all 
11 variables. The variables of the percentage reduction of pollutant (TSS-R, TN-R and TP-R) were 

become the dependent variables to represent the water quality treatment performance, while the 

other variables; the pollutant load in (TSS-I, TN-I and TP-I), rainfall depth (RD) and effective 

Intensity (REI), inflow peak discharge (InPD), volume treated (VTt) and retention time (RT) were 

become the independent variables. PCA biplot resulted from the analysis is shown in Figure 4. 

From the Biplot as shown in Figure 4, it was found that the variance accounted by the first 

two PCs was 79.6% of the overall variance. This suggests that the first two PCs represent majority 
of the variance associated to original data set. In interpretation of outcomes from biplot, the eigen 

vectors make an acute angle were considered as correlated, perpendicular vectors were considered 

have no correlation, whilst vectors making obtuse angle were considered negatively correlating. As 
seen in Figure 4, TSS-R, TN-R and TP-R are very closely correlated to each other. This suggests 

similar treatment performances for all three major pollutants types. It is also found that the retention 

time is an important variable which can increase the performance of constructed stormwater 

wetland in treating water quality. This is based on the strong correlation between TSS-R, TN-R, TP-

R and RT. This agrees with other research findings that residence time increases the treatment 

performance (Wong et al. 1999; Carleton et al. 2001). 

Figure 4: Biplot 



304                                                                                                                             Proceedings EFCECM 2014 

Figure 4 also shows that the increase of rainfall depth and stormwater volume decreases the 

performance, indicating by the negative correlation of the wetland performance variables with RD 

and Vtt. High correlation between RD and VTt means more rainfall depth results in more runoff 
volume entering the wetland. This increases the velocity and reduces retention time, thereby 

reduces the treatment performance. This agrees with the finding of Holland et al. (2004) who 

claimed that high water depth decreases the retention time and reduces the treatment performance. 

However, the high inflow peak discharge reduces the treatment performance, shown by the negative 

correlation of TSS-R, TN-R and TP-R, with InPD in Figure 4. This differs with their finding that 

flow rates did not have a significant effect of retention time. 

The Biplot shows that the pollutant reduction variables are not correlated with the rainfall 
intensity. Moreover, since no correlation between REI and three important parameters; RD, VTt and 

RT which have significant influence to the treatment performance, the REI does not affect the 

performance. All these suggest that for further analysis, rainfall effective intensity (REI) variable 

should be excluded from the dataset. 

4.3 Partial Least Square (PLS) Regression Model 

As all measured hydrology, hydraulic and water quality data and recorded rainfalls were not 
from a complete range of possible rainfalls, it was necessary to develop a PLS model. The model 

was created to be used for prediction of pollutant load reductions (TSS-R, TN -R and TP-R) as the 

dependant variables from rainfall, hydrologic and hydraulic parameters (RD, InPD, VTt and RT) as 

the independent variables. Therefore, pollutant load reduction of three major pollutants (solid, 

nitrogen and phosphorus) from any form of rainfall might be predicted. In order to increase the 

efficiency of the modelling, the dataset was normalized and transformed using PCA. The dataset 

was extracted first into five components and then analysed how many components should be used 
in the model. A component is not significant when (i) the Standard Error of Cross Validation 

(SECV) plot no longer shows a significant decreases, (ii) explained variance does not increase 

significantly, and (iii) cross validation (CsvSD) ratio exceeds 1.0. Based on these criteria, the PLS 
model for TSS used 3 principal components, PLS model for TN used 4 principal components while 

PLS model for TP utilized only two principal components.   

Having 3 principal components for TSS, 4 principal components for TN, and 2 principal 

components for TP, three PLS models were developed. The PLS model for TSS was used to predict 

TSS-R as the dependent variable while PLS models for TN and TP were used to predict TN-R and 

TP-R respectively. Resulted PLS models are shown in Figure 5.  

Due to the limited number of objects, all of nine objects were used for calibration and cross 
validation procedure was used for validation. The accuracy of the developed model can be 

evaluated from the calibration plot which presents the predicted vs. measured values of the 

dependant variable (Figure 5). The calibration plot shows that the developed PLS models are well 
calibrated regression models which are adequate to be used for prediction of wetland treatment 

performance. 
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Figure 5: Calibration plot of the developed PLS model 

5 CONCLUSION 

A simplified wetland hydraulic conceptual model based on conceptual approaches using 

empirical mathematical equation has been developed. The model simulates the water movement 

through interlinked storage of wetland inlet pond and its cells based on rainfall, hydrologic and 

hydraulic parameters. The model has been well calibrated using monitored stormwater wetland 

data. Therefore, it enables to determine the influential rainfall, hydrologic and hydraulic parameters

to the treatment performance of wetlands. 

The analytical results using univariate statistical analysis show that the dataset contains high 

variability of the available data with high in variance and standard deviation. Therefore, prior to 

developed the PLS model, PCA is necessary to increase the efficiency of the model. The analysis 
results show that retention time is an important parameter which increases the treatment 

performance of the wetland. On the other hand, rainfall intensity does not influence the treatment 

performance.  The results also show that rainfall depth, inflow peak discharge and runoff volume 

affect the treatment performance. The developed PLS models were well calibrated and therefore are 

adequate to be used for prediction. 
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