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ABSTRACT 

This is the first study looking at the wastewater treatment system created at Basrah University, 

Iraq. This study aims to investigate the effectiveness of horizontal subsurface flow (HSSF) 

constructed wetland (CW) system for treating municipal wastewater, and to understand the 

inner processes presented in the wetland to distinguish and define the function of each 

component of the treatment and to create wastewater treatment built using MATLAB 

programming language to represent the biochemical phenomena systems similar to the 

treatment system and implement them throughout Iraq. To do this, a mathematical model based 

on one dimensional constructed wetland model number 1 (CWM1) matrix and the optimum 

CWs operational parameters was occurring in the CWs. The CWM1 was used to simulate 

processes in horizontal subsurface flow (HSSF) constructed wetlands. Results of the simulation 

had a very good fit to measured NH4-N as well as a good fit to measured chemical oxygen 

demand (COD) concentration after changing the values of the concentration autotrophic 

nitrifying bacteria (XA) and acetotrophic methanogenic bacteria (XAMB).  

KEYWORDS: Constructed Wetland, Wetland treatment, Numerical modeling, Horizontal 

Subsurface Flow 
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1. INTRODUCTION  

Constructed wetlands (CWs) are wastewater treatment techniques that take advantage of the 

physical, chemical, and biological operations occurring in soils to achieve better water quality. 

Treatment wetlands are engineered systems that use the same natural processes as CWs 

however under more controlled conditions (Hanna et al., 2015).   CWs are very effective in 

removing organic and suspended solids though are not so effective at removing nitrogen.  

The components that make up a wetland include water, substrate (media), plants, litter, worms, 

insect larvae, and microorganisms (Norio, and Wun, 2011). In comparison, CWs usually 

involve three main components; plants, microorganisms, and media (Cooper and Findlater, 

1990). It is the interaction between these components that leads to the treatment and degradation 

of pollutants.   

The function of plants in CWs is to remove pollutants from wastewater by accumulating them 

in the plant biomass and filtering the suspended solids that are present in wastewater. 

Furthermore, plants help to increase the dissolved oxygen through their rhizomes. Likewise, 

the roots of the plants play a vital role in transferring oxygen to the bulk volume of a CW, hence 

supporting microbial growth and aid in biological treatment (Brix, 1997). However, the 

effectiveness of plant uptake is determined by various factors including environmental factors, 

design considerations as well as the nature and number of pollutants present in wastewater. As 

for microorganisms, they play a role in the degradation and transformation of minerals, the 

activity of microorganisms is the main driving factor in wastewater treatment for CWs through 

their ability to break down organic matter under aerobic and anaerobic conditions (Chen et al. 

2014). The main types of microorganisms present in wetland treatments include bacteria and 

fungi; they work by digesting, converting, and recycling chemical pollutants found in various 

wastewaters (Mueller et al., 2003). Finally, the media in CWs includes sand, gravel, rocks, slag 

from steelmaking and blast furnaces, and organic materials found below the root areas in CW 

subsurface flow systems. The media acts as a support for microorganisms, vegetation, the roots, 

and rhizomes, hence is a vital component in CWs. In addition, the media acts as a storage 

facility for certain pollutants and provides a large surface area for the bacteria to attach to the 

plant biomass. Furthermore, it also can act as a filter and adsorption media for the pollutants 

(Mueller et al., 2003). However, it should be noted that the media used in CWs could affect the 

wastewater interaction with the plants and microorganisms present. The main aim of this study 

to simulate the HSSF behavior using one dimensional model CWM1, and modification the 

CWM1 by considering the effect of flow in porous media and influence of the plants. 
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1.1. Types of Constructed Wetland Systems 

According to the direction of water flow through the wetland basins, CWs can be classified into 

either subsurface flow wetlands or surface flow wetlands. In the former, the water flows 

underground through the porosity of the granular medium, whilst in the latter, water flows over 

the granular medium under atmospheric pressure (free surface flow) (Kadlec, and Wallace, 

2008). 

Subsurface flow CWs can further be subdivided into horizontal flow or vertical flow systems. 

In horizontal subsurface flow systems (HSSF), wastewater is maintained at a constant depth 

and flows horizontally below the surface of the granular medium. In comparison, in vertical 

subsurface flow systems (VSSF), wastewater is distributed over the surface of the wetland and 

trickles down through the granular medium (Brix, and Arias, 2005). CWs can include a 

combination of VSSF and HSSF to achieve a more effective treatment system. However, our 

study will focus on HSSF as shown in Figure 1.  

1.2. Study of Constructed Wetland Behavior 

CWs are sometimes referred to as ‘black box’ systems; this is due to the complex relationships 

between physical, chemical, and biological treatment processes. As a result of these complex 

interactions, previous designs have used empirical rules of hand or simple models of first-order 

decay to understand CWs (Vymazal, 2005). However, we believe that numerical models give 

the best understanding of the chemical and biological processes in CWs and the transformation 

and degradation that occurs. Numerical models must include a number of sub-models to 

describe all pertinent processes.  

 

 Fig. 1 Schematic Representation of an HSSF. (Roger, 2014). 

Different models in subsurface flow CWs have been developed to describe different 

formulations for the reactions and bio-kinetic models; these include CWM1-RETRASO, 
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PHWHAT, HYDRUS CWMI, CW2D, and 5-FITOVERT. The main disadvantage of these 

models is that they are very expensive. In this study, we used CWM, which is based on a 

mathematical formulation introduced by the International Water Association (IWA) Activated 

Sludge Models (ASM), which include nitrogen and a fraction of organic substrate (Roger, 

2014).  

2. MODEL DEVELOPMENT  

HSSF CWs are influenced by both external and internal factors. External factors include flow 

rate, wastewater composition, and temperature. On the other hand, internal factors include 

bacterial growth and development. Furthermore, the diversity and synchronicity of the physical, 

chemical, and biological processed involved of which some are yet to be understood, 

complicate the CWs even further. Hence, mechanistic models are being preferred over simple 

black box or first-order decay models (Kadlec, and Wallace, 2008). 

2.1. Constructed Wetland Model No.1 (CWM1) 

The CWM1 is a bio-kinetic model based on the ASM series and the anaerobic digestion model 

(ADM) for anaerobic processes, to describe the biochemical transformation and degradation of 

organic matter, nitrogen, and sulfur in subsurface flow CWs (Henze, 2000). The main aim of 

CWM1 is to predict effluent concentrations from either VSSF or HSSF CWs without predicting 

gaseous emissions. This model considers 17 processes, and 16 components (8 soluble and 8 

particulate). CWM1 describes the effect of transformation due to microorganisms only. In this 

study, we modified the flow in porous media and the effect of plant and added to the CWM1 

model, due to this modification the number of processes are become 18. In terms of notation 

and structure, CWM1 is described in a way similar to the ASMs, for example the ASMs 

concentration of dissolved components is referred to as Si, while the particulate components is 

referred to as Xi. It is significant to note that in addition to the biokinetic model, a number of 

other processes have to be thought about for the formulation of a full model for CWs, such as 

water flow in the porous media, the influence of vegetation, and the transport of particles like 

suspended matter to describe sorption and adsorption and the physical processes.  The 

components of CWM1 and the effect of vegetation as well as the process kinetics and 

stoichiometry matrix of CWM1 are presented in Table 1 (Langergraber et al 2009, Rousseau, 

2004).  The definitions and units in each component of the CWM1 matrix are given in Table 2, 

and the process rates in CWM1 are shown in Table 3. 
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Table 1.  Kinetic and schoichiometry matrix of CWM1. 
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2.2. Processes in CWM1 

The processes in CWM1 can be described using Monod kinetics. The basic principle for Monod 

kinetics can be shown using equation 1 (Monod, 1994).  

𝜇 = 𝜇𝑚𝑎𝑥
𝑆

𝐾𝑆+𝑆
                                                                                                     (1) 

Where μ is a specific rate of growth, S is the concentration of substrate and Ks is half saturated 

coefficient. 
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Table 2. Definitions of 1D-CWM1 model component (Langergraber et al 2009, Rousseau, 

2004). 

Component 

Number 

Component 

Symbol 
 

Definition 

1 SO Dissolved oxygen, mg/l as O2 

2 SF Fermentable, readily biodegradable soluble, mg/l as COD 

3 SA Fermentation products as acetate, mg/l as COD 

4 SI Inert soluble, mg/l as COD 

5 SNH Ammonium and ammonia nitrogen, mg/l as N 

6 SNO Nitrate and nitrite nitrogen, mg/l as N 

7 SSO4 Sulphate Sulphur, mg/l as S 

8 SH2S Dihydrogen sulphide Sulphur, mg/l as S 

9 XS Slowly biodegradable particulate, mg/l as COD 

10 XI Inert particulate, mg/l as COD 

11 XH Heterotrophic bacteria, mg/l as COD 

12 XA Autotrophic nitrifying bacteria, mg/l as COD 

13 XFB Fermenting bacteria, mg/l as COD 

14 XAMB Acetotrophic methanogenic bacteria, mg/l as COD 

15 XASRB Acetotrophic sulphate reducing bacteria, mg/l as COD 

16 XSOB Sulphide oxidising bacteria, mg/l as COD 

17 XC Plant uptake, mg/l as COD 
 

Table 3. Processes rates in CWM1 matrix (Langergraber et al 2009, Rousseau, 2004). 

 
Process Process rate ⍴𝒋 

1 Hydrolysis 
𝑘ℎ [

𝑋𝑠/(𝑋ℎ + 𝑋𝐹𝐵)

𝑋𝑠 + (𝑋𝑠/(𝑋ℎ + 𝑋𝐹𝐵))
] ∗ (𝑋𝐻 + 𝜂ℎ ∗ 𝑋𝐹𝐵) 

2 Aerobic growth of 

XH on SF 
𝜇ℎ ∗ [

𝑋𝐹

𝐾𝑆𝐹 + 𝑆𝐹
] ∗ [

𝑋𝐹

𝐾𝐹 + 𝑆𝐴
] ∗ [

𝑋𝑜

𝐾𝑂𝐻 + 𝑆𝑜
] ∗ [

𝑋𝑁𝐻

𝐾𝑁𝐻𝐻 + 𝑆𝑁𝐻
]

∗ [
𝑋𝐻2𝑆𝐻

𝐾𝐻2𝑆𝐻 + 𝑆𝐻2𝑠∗
] ∗ 𝑋𝐻 

3 Anoxic growth of 

XH on SF 
𝜂𝑔 ∗ 𝜇ℎ ∗ [

𝑆𝐹

𝐾𝑆𝐹 + 𝑆𝐹
] ∗ [

𝑆𝐹

𝑆𝐹 + 𝑆𝐴
] ∗ [

𝐾𝑂𝐻

𝐾𝑂𝐻 + 𝑆𝑂
] ∗ [

𝑆𝑁𝑂

𝐾𝑁𝑂𝐻 + 𝑆𝑁𝑂
]

∗ [
𝑆𝑁𝐻

𝐾𝑁𝐻𝑁 + 𝑆𝑁𝐻
] ∗ [

𝑆𝐻2𝑆𝐻

𝐾𝐻2𝑆𝐻 + 𝑆𝐻2𝑠∗
] ∗ 𝑋𝐻 

4 Aerobic growth of 

XH on SA 
𝜇ℎ ∗ [

𝑆𝐴

𝐾𝑆𝐴 + 𝑆𝐴
] ∗ [

𝑆𝐴

𝑆𝐹 + 𝑆𝐴
] ∗ [

𝑆𝑜

𝐾𝑂𝐻 + 𝑆𝑜
] ∗ [

𝑆𝑁𝐻

𝐾𝑁𝐻𝐻 + 𝑆𝑁𝐻
]

∗ [
𝑆𝐻2𝑆𝐻

𝐾𝐻2𝑆𝐻 + 𝑆𝐻2𝑠∗
] ∗ 𝑋𝐻 

5 Anoxic growth of 

XH on SA 
𝜂𝑔 ∗ 𝜇ℎ ∗ [

𝑆𝐴

𝐾𝑆𝐴 + 𝑆𝐴
] ∗ [

𝑆𝐴

𝑆𝐹 + 𝑆𝐴
] ∗ [

𝐾𝑂𝐻

𝐾𝑂𝐻 + 𝑆𝑂
] ∗ [

𝑆𝑁𝑂

𝐾𝑁𝑂𝐻 + 𝑆𝑁𝑂
]

∗ [
𝑆𝑁𝐻

𝐾𝑁𝐻𝑁 + 𝑆𝑁𝐻
] ∗ [

𝑘𝐻2𝑆𝐻

𝐾𝐻2𝑆𝐻 + 𝑆𝐻2𝑠∗
] ∗ 𝑋𝐻 
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6 Lysis of XH bH * XH 

7 Aerobic growth of 

XA on SNH 
𝜇ℎ ∗ [

𝑆𝑁𝐻

𝐾𝑁𝐻𝐻 + 𝑆𝑁𝐻
] ∗ [

𝑆𝑜

𝐾𝑂𝐴 + 𝑆𝑜
] ∗ [

𝑘𝐻2𝑆𝐻

𝐾𝐻2𝑆𝐻 + 𝑆𝐻2𝑠∗
] ∗ 𝑋𝐴 

8 Lysis of XA bA * X A 

9 Growth of XFB 
𝜇𝐹𝐵 ∗ [

𝑆𝐹

𝐾𝑆𝐹𝐵 + 𝑆𝐴
] ∗ [

𝐾𝐻2𝑆𝐹𝐵

𝐾𝐻2𝑆𝐻 + 𝑆𝐻2𝑠∗
] ∗ [

𝐾𝑂𝐹𝐵

𝐾𝑂𝐹𝐵 + 𝑆𝑜
] ∗ [

𝐾𝑁𝑂𝐹𝐵

𝐾𝑁𝑂𝐹𝐵 + 𝑆𝑁𝑜
]

∗ [
𝑆𝑁𝐻

𝐾𝑁𝐻 + 𝑆𝑁𝐻
] ∗ 𝑋𝐹𝐵 

10 Lysis of XFB bFB * XFB 

11 Growth of XAMB 

 

𝜇𝐴𝑀𝐵 ∗ [
𝐴

𝐾𝑆𝐴𝑀𝐵 + 𝑆𝐴
] ∗ [

𝐾𝐻2𝑆𝐴𝑀𝐵

𝐾𝐻2𝑆𝐴𝑀𝐵 + 𝑆𝐻2𝑠∗
] ∗ [

𝐾𝑂𝐴𝑀𝐵

𝐾𝑂𝐴𝑀𝐵 + 𝑆𝑜
]

∗ [
𝐾𝑁𝑂𝐴𝑀𝐵

𝐾𝑁𝑂𝐴𝑀𝐵 + 𝑆𝑁𝑜
] ∗ [

𝑆𝑁𝐻

𝐾𝑁𝐻𝐴𝑀𝐵 + 𝑆𝑁𝐻
] ∗ 𝑋𝐴𝑀𝐵 

12 Lysis of XAMB bAMB * XAMB 

13 Growth of XASRB 
𝜇𝐴𝑆𝑅𝐵 ∗ [

𝑆𝐴

𝐾𝐴𝑆𝑅𝐵 + 𝑆𝐴
] ∗ [

𝑆𝑆𝑂4

𝑆𝑆𝑂𝐴𝑆𝑅𝐵 + 𝑆𝑆𝑂4
] ∗ [

𝐾𝐻2𝑆𝐴𝑆𝑅𝐵

𝐾𝐻2𝑆𝐴𝑆𝑅𝐵 + 𝑆𝐻2𝑠∗
]

∗ [
𝐾𝑂𝐴𝑆𝑅𝐵

𝐾𝑂𝐴𝑆𝑅𝐵 + 𝑆𝑂
] ∗ [

𝐾𝑁𝑂𝐴𝑆𝑅𝐵

𝐾𝑁𝑂𝐴𝑆𝑅𝐵 + 𝑆𝑁𝑂
] ∗ [

𝑆𝑁𝐻

𝐾𝑁𝐻𝐴𝑆𝑅𝐵 + 𝑆𝑁𝐻
]

∗ 𝑋𝐻 

14 Lysis of XASRB bASRB * XASRB 

15 Aerobic growth of 

XSOB on SH2S 
𝜇𝑆𝑂𝐵 ∗ [

𝑆𝐻2𝑆

𝐾𝑆𝑆𝑂𝐵 + 𝑆𝐻2𝑆
] ∗ [

𝑆𝑂

𝐾𝑂𝑆𝑂𝐵 + 𝑆𝑂
] ∗ [

𝑆𝑁𝐻

𝐾𝑁𝐻𝑆𝑂𝐵 + 𝑆𝑁𝐻
] ∗ 𝑋𝑆𝑂𝐵 

16 Anoxic growth of 

XSOB on SH2S 
𝜇𝑆𝑂𝐵 ∗ 𝜂𝑆𝑂𝐵 ∗ [

𝑆𝐻2𝑆

𝐾𝑆𝑆𝑂𝐵 + 𝑆𝐻2𝑆
] ∗ [

𝑆𝑁𝑂

𝐾𝑁𝑂𝑆𝑂𝐵 + 𝑆𝑁𝑂
] ∗ [

𝐾𝑂𝑆𝑂𝐵

𝐾𝑂𝑆𝑂𝐵 + 𝑆𝑂
]

∗ [
𝑆𝑁𝐻

𝐾𝑁𝐻𝑆𝑂𝐵 + 𝑆𝑁𝐻
] ∗ 𝑋𝑆𝑂𝐵 

17 Lysis of XSOB bSOB * XSOB 

18 Decomposition Kdecomp.* XC 

2.3. Mathematical formulation  

In CWM1, a one dimensional, advection-dispersion-reaction equation with a source/sink term, 

describes the transport of each of the considered wastewater constituent. This equation is based 

on the conversation of mass principle and has the general form of equation 2 (Kadlec, & 

Wallace, 2008, Mariângela et al. 2003). 
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𝜕𝐶𝑖

𝜕𝑡
=

𝜕

𝜕𝑥
(𝐷𝑥 ×

𝜕𝐶𝑖

𝜕𝑥
) − 𝑢

𝜕𝐶𝑖

𝜕𝑥
+ ∑ 𝑅𝑐𝑖               

𝑛𝑝
𝑖=1                                                  (2) 

Where Ci  is the concentration of components (No. I, and i=1… 17, ML-3), t is the time (T), x 

is the longitudinal direction (L), Dx is the longitudinal dispersion coefficient (L2T-1) and u is 

the average flow velocity in x-direction (LT-1). 

This can be calculated from Darcy Law, as shown in equation 3. 

𝑢 = 𝑘 × 𝑖 = 𝑘 ×
𝑑ℎ

𝑑𝑥
                                                                                       (3) 

Where k is permeability (LT-1), i is slope, np is the number of components, Rci is the source/sink 

term which represents the rate of increase or decrease in pollutant and No. i concentration due 

to reaction, ML3T-1. 

The items of inflow and outflow masses are found by the physical characteristics of the process. 

The formative mass by the reaction is determined by the expression shown below (equation 4). 

𝑟𝑖 = ∑ 𝑉𝑗,𝑖 ∗ ⍴𝑗               𝑅
𝑗=1                                                                              (4) 

Where ri is the formative mass by reaction, vij is stoichiometric coefficient and 𝜌𝑗 is the rate of 

process for component 𝑖. 

In equation 2, the first term on the right side represents the pollutants diffusion process, while 

the second term represents the pollutants advection, and the third term is all the phenomena 

responsible for the pollutants concentration variation along with time and space. For horizontal 

subsurface flow, the mass balance equation takes the following expression. 

Equation 2 can be written for any soluble pollutants, as: 

𝜕𝑆𝑖

𝜕𝑡
=

𝜕

𝜕𝑥
(𝐷𝑥 ×

𝜕𝑆𝑖

𝜕𝑥
) − 𝑢

𝜕𝑆𝑖

𝜕𝑥
+ ∑ 𝑅𝑠𝑖                

𝑛𝑝
𝑖=1                                          (5)  

For any particulate pollutants, equation 2 can be written as: 

𝜕𝑋𝑖

𝜕𝑡
=

𝜕

𝜕𝑥
(𝐷𝑥 ×

𝜕𝑋𝑖

𝜕𝑥
) − 𝑢

𝜕𝑋𝑖

𝜕𝑥
+ ∑ 𝑅𝑥𝑖               

𝑛𝑝
𝑖=1

                                                                   (6) 

The reaction terms RSi, and Rxi in equations 5 and 6 respectively, were specified based on the 

CWM1 matrix given in Table 1.  

 

3. AUXILIARY EQUATION  

Auxiliary equations are those required to determine the longitudinal dispersion coefficient (DX), 

computed from in equation 2 (Kadlec, & Wallace, 2008). 
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𝐷𝑥 =
𝑢 ×𝐿

𝑃𝑒
                                                                                              (7) 

Where u is velocity (LT-1), L is distance from inlet to outlet (L) and Pe is the Peclet number, 

dimension-less. 

Burno et al. (2013) specified the range of Peclet numbers to be 5-500. For HSSF wetland a Pe 

of 500 indicates low dispersion of constituent. While, Pe ranges between 40 to 500 indicate 

intermediate dispersion of constituent and Pe ranges between 5 to 40 indicate large dispersion 

of constituent. The dispersion coefficient (DX) for HSSF is assumed to range between 100-150 

m2/day (Joel, 1999).  

4. SOLUTION OF 1D-CWM1 BASIC EQUATIONS  

This model implements fluid flow and transport equations together with the biokinetic model 

CWM1 into MATLAB 9.0.0 software, which solves the problem equations using the finite 

elements method (FEM). The basic equations of 1D-CWM1 are seventeen nonlinear partial 

differential equations. Explicit finite difference method was needed for solving the seventeen 

simultaneous nonlinear equations.  

5. RESULTS AND DISCUSSION 

The main objective of this study was to develop a mathematical model in simulating the 

distribution of pollutants removal in HSSF CWs. 

The performance model was studied by comparing their results with the field measurements 

performed in the University of Basra Sewage Treatment Plant. Below are the results of 

comparison after presenting some aspects relating to the development of 1D-CWM1 such as 

the effect of space step on model results and calibration of model parameters. 

5.1. Fractioning of Influent Wastewater 

The fraction of the influent wastewater was based on the standard ratio in the ASM model; it 

contains the fraction of COD. The state variables of the 1D-CWM1 model (SI, SF, SA, XC, 

XS, XI) are obtained as fractions of COD. The values of this fraction were derived based on 

those of municipal wastewater and they are listed as in Table 4.  

 

Table. 4 The fractions of COD on municipal wastewater (Rousseau, 2006). 

Component SI SF SA XC XS XI 

Fraction (%) 3 35 10 3 44 5 
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5.2. Model Simulation 

COD fractions and nitrogen compounds effluent concentrations during the observation time 

were simulated using the 1D-CWM1 model according to the calibration loop presented in figure 

2. Simulations were carried out in the CWM1 model, based on the comparison between 

measured and simulated effluent concentration. 

In this study, the most important results are those of chemical oxygen demand (COD) and 

ammonium (NH4). Thus the calibration process has been implemented to get the best approval 

between the model results and the field measurements. Figures 3 and 4 show the verification 

between predicted and observed for COD and ammonium concentration in the effluent.  

 

    

 

      

     

 

   
 

      

 

 
 

 

         

     

 

 

 

 

  

 

      

         

         

Fig. 2. Different stages in calibrating CWM1. 

 

 

Fig. 3. Comparison between observed and predicted COD. 

 

Fig. 4. Comparison between observed and predicted NH4. 
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The average difference between predicted and observed concentrations, the standard error (SE, 

equation 8) and coefficient of variation (Cv, equation 9) (Ambrose, and Roesch, 1982), (Mary 

L., 2008). 

𝑆𝐸 = [
1

𝑁
∑ (𝑃𝑖 − 𝑂𝑖)2𝑁

𝑖=1 ]
1/2

                                                                           (8) 

𝑐𝑣 =
𝑆𝐸

�̅�
                                                                                                      (9) 

Where SE is the standard error, N is the number of effluent concentration, Pi is the predicted 

concentration (mg/l), Oi is the observed concentration (mg/l), Cv is the coefficient of variation 

and �̅�  is the mean observed concentration (mg/l). 

From equations 8 and 9 the values for SE for COD, and NH4 are 14.6 and 2.71 respectively. 

The Cv was 0.22 and 5.19 for COD and ammonium, respectively. Hence, the CWM1 was 

considered as suitable for further simulations (Kwanchai, and Gomez, 1984). 

5.3. Sensitivity Analysis 

The sensitivity analysis performed with the calibrated model showed that the changes in the 

values of microorganisms (XA) and XAMB result in a change in COD and NH4 as shown in 

figures 5 and 6. As XA and XAMB increase and reach 40 mg/l, the model behaves in a similar 

way to the real system, hence the sensitivity analysis showed that the calibrated model is 

sensitive to change in XA and XAMB. 

5.4. Calibration Analysis 

In this study, the most important results are those of COD and NH4. Thus the calibration process 

has been implemented to get the best approval between the model results and the field 

measurements for 3 days.  

 

Fig. 5. Comparison between observed and predicted COD after calibration. 
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Fig. 6. Comparison between observed and predicted NH4 after calibration. 

5.5. Validation Analysis 

The validation results show that the CWs-model prediction matches fairly well with the 

observed data for 3 days. Figures 7 and 8 show the verification between predicted and observed 

for COD and NH4 concentration in the effluent.  

6. CONCLUSIONS 

Based on the results of the numerical modeling we can make the following conclusions:  

1. The CWM1 model showed that the values for COD and NH4 concentrations were similar to 

the corresponding field data along the HSSF wetlands. 

2. The distinction of the results from this study showed that CWM1 is a superior numerical 

solution for the study of the biochemical transformation in HSSF CWs receiving varying 

concentrations 

3. A perfect fit for progressive and border flow of the simulated and measured data was carried 

out 

4. Results of simulation showed that by changing the two parameters XA and XAMB, results 

in a similar change in COD and NH4 concentrations.  

7. REFERENCES 

Ambrose, R. B. and Roesch, S.E. (1982)’ Dynamic Estuary Model Performance’ J. Env. Eng. 

Div., Vol. 108, No. EE1, PP.51-70. 

Brix, H. (1997) ‘Do macrophytes play a role in constructed treatment wetlands?’ Water Science 

and Technology 35(5): 11-17. 

y = 0.9952x + 0.0239
R² = 0.9681

0

2

4

6

8

10

12

14

0 2 4 6 8 10 12

M
e

as
u

re
d

 N
H

4
(m

g/
l)

Predicted NH4(mg/l)



26                 Hamza et al.,  

Brix, H., Arias, C.A., (2005) ‘The use of vertical flow constructed wetlands for on-site 

Treatment of domestic wastewater: New Danish guidelines’, Ecological Engineering, Vol.25, 

pp.491-500. 

Burno R.D., Alberto, A., Barreto, A. M. F., Pinto and Rubens M. Moreiro (2013)’ 

Determination of the hydraulic residence time of two subsurface flow constructed wetlands 

using radiotracers’ International Nuclear Atlantic Conference, ISBN:978-85-99141-05-2. 

Chen, Y., Wen, Y., Zhou, J., Tang, Z., Li, L., Zhou, Q. &Vymazal, J.(2014) ‘Effects of cattail 

biomass on sulfate removal and carbon sources competition in subsurface-flow constructed 

wetlands treating secondary effluent’. Water research 59: 1-10. 

Cooper, P. F., and B. C. Findlater (1990) ‘A Handbook of constructed wetlands, a guide to 

creating wetlands for: agricultural wastewater domestic wastewater coal mine drainage storm 

water in the Mid-Atlantic Region’, volume 1, general consideration, EPA. 

Hanna Obarska-Pempkowiak, Magdalena Gajewska • Ewa, Wojciechowska, Janusz 

Pempkowiak. (2015) ‘Treatment Wetlands for Environmental Pollution Control’ Springer 

Cham Heidelberg New York Dordrecht London, © Springer International Publishing 

Switzerland. 

Henze, M., (2000) ‘On Mathematical Modelling for Design’, I.W.A.T.G., of Biological 

Wastewater Treatment, O., Activated Sludge Models ASM1, ASM2, ASM2d and ASM3. 

Eighteenth century collections online, IWA Publishing. 

Joel Aaron Biederman(1999) ‘A temperature and plant effects on secondary wastewater 

treatment in model constructed wetlands’, Ph.D. Thesis, Environmental Engineering, Montana 

State University-Bozeman. 

Kadlec, R.H., Wallace, S., (2008)’ Treatment Wetlands, Second Edition’, Taylor & Francis. 

Kwanchai A. Gomez, (1984)’ Statistical Procedures for Agricultural Research’ Second Edition, 

John Wiley & Sons, Inc. 

Langergraber, G., Rousseau, D. P. L., Garca, J., Mena, J. (2009) ‘CWM1: a general model to 

describe biokinetic processes in subsurface flow constructed wetlands. Water science and 

technology’: a journal of the International Association on Water Pollution Research 59, 

1687{1697. doi: 10.2166/wst. 2009.131. 



Kufa Journal of Engineering, Vol. 12, No. 2, April 2021               27 

 
 

Mariângela Amendola, Anderson L. de Souza & Denis M. Roston(2003) ‘ Numerical 

simulation of fecal coliform reduction at a constructed wetland’, R. Bras. Eng. Agríc. 

Ambiental, Campina Grande, Vol.7, N.3, p.533-538. 

Mary L. Mchugh. (2008)’Standard Error: Meaning and Interpretation’ Biochemica Medica; 18 

(1): 7-13.  

Monod, J. (1994) ‘The growth of bacterial cultures’, Annual Review of Microbiology. 

Mueller, B., Payer, F., Goswami, D., Kastury, S., Kornuc, J., Harman, C., Eger, P., Patel, M., 

Cates, D. &Talkington, D. (2003)’Technical and regulatory guidance document for constructed 

treatment wetlands’. Technology and Regulatory Council.  

Norio, T, Wun, J. N. (2011) ‘Wetland for tropical application wastewater treatment by 

constructed wetland’. 

Roger Samsό Campὰ, (2014) ‘Numerical modelling of Constructed Wetlands for wastewater 

treatment’, Ph.D. Thesis, Environmental Engineering. 

Rousseau, D. (2006) ‘performance of constructed treatment wetlands: model-based evaluation 

and impact of operation and maintainer’, Ph.D. thesis, Ghent University. 

Vymazal, J. (2005) ‘Horizontal sub-surface flow and hybrid constructed wetlands for 

wastewater Treatment’, Ecol. Eng., Vol.25, pp.478-490. 


