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Abstract:  The hydrodynamic characteristics of a stabilization ponds system, such as the flow velocity and the hydraulic 
retention time (HRT), as well as the temperature in the water column and the geometry, are important factors 
controlling the wastewater treatment system efficiency, and the sludge accumulation and distribution at the bottom of 
the ponds. The aim of the present work is the investigation of the hydrodynamic characteristics of a stabilization 
ponds system situated in a settlement in Northern Greece, through simulation, using a 3D hydrodynamic model 
(ELCOM). The calibration of the model was very satisfactory. The determination coefficient r2, concerning the 
temperature profile, was 0.9887, proving that the model reproduces the values of the field measurements 
satisfactorily. The conclusions resulting from the simulation show that the temperature of the wastewater mass 
entering the waste stabilization pond is lower than the temperature of the water mass staying longer into the pond. 
Further, the temperature variation between seasons in the water column showed that the higher water column 
temperatures of the ponds were recorded during day hours. The effect of solar radiation on the water column 
temperature in the facultative pond and in the maturation ponds was estimated. The risk of stratification caused by 
temperature variations at different depths was also examined. The hydraulic retention times calculated by the model 
were in accordance with the real wastewater hydraulic retention times into the ponds. The velocity measured between 
surface and bottom layer and the velocities among the ponds were recorded and ranges were identified. The route and 
the dynamics of a conservative pathetic pollutant entering the system and then shed or diffused in the interior of the 
ponds, until getting its maximum value at the surface layer and generally at the entire water column of the system’s 
ponds, were estimated. 

Key words: stabilization pond, hydrodynamic model, hydraulic retention time, temperature, water circulation, Mediterranean 
climate. 

1. INTRODUCTION 

The hydrodynamic characteristics of a wastewater stabilization ponds (WSPs) system, such as 
the flow velocity, the hydraulic retention time (HRT), as well as the temperature in the water 
column and the geometry, are important factors affecting the efficiency of the wastewater treatment 
system in removing pollutants and in sludge accumulation and distribution at the bottom of the 
ponds (Uhlmann, 1979; Abbas et al., 2006; Kehl et al., 2009; Keffala et al., 2013). Prior researches 
have shown that the WSP treatment efficiency is often hydraulically compromised (Shilton and 
Mara, 2005; Shilton and Harrison, 2003a; Olukanni and Ducoste, 2011). Persson and Wittgren 
(2003) gave an overview of the present knowledge regarding pond hydraulics in terms of effective 
volume ratio and dispersion. The majority of the hydraulic studies on WSPs have been performed 
on full-scale field ponds, which have transient flows and large surface areas exposed to wind and 
temperature variations (Marecos do Monte and Mara, 1987; Moreno, 1990; Agunwamba, 1992; 
Frederick and Lloyd, 1996; Alvarado et al., 2012). A number of researches have been also reported 
using numerical models to help quantify and elucidate the WSP performance. Shilton and Harrison 
(2003b) used a computational fluid dynamic (CFD) model to integrate coliform decay in a WSP 
system. Abbas et al. (2006) performed a two-dimensional CFD model of WSPs with various 
rectangular shape configurations to simulate the impact of hydrodynamics on BOD removal and 
dissolved oxygen profile. Banda (2007) used the effluent fecal coliform concentration to validate 
the CFD model in three pilot-scale ponds. Short et al. (2010) showed that WSP treatment 
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performance is significantly influenced by fluid dynamics and the outcomes from research have 
emphasized the significance of undertaking thorough characterizations of the hydrodynamic 
operation of experimental pond systems. Their research highlights the importance of validating the 
hydraulic design of the stabilization pond either through pilot-scale experimental tracer tests or 
numerical modeling. Olukanni and Ducoste (2011) utilized a CFD model in combination with an 
optimization program to optimize WSP design, based on cost and treatment efficiency. Velez et al. 
(2012) presented an approach that combines the traditional empirical design with the use of 
modeling tools to predict the performance of ponds in Colombia. The impact of pond hydraulics on 
WSP treatment efficiency has been poorly researched in Greece given the small number of these 
wastewater treatment systems operating in the country. Only a few WSP systems exist in Greece, 
representing just 8% of all urban wastewater treatment plants operating in the country (Chalatsi and 
Gratziou, 2014).  

The aim of the present work is the investigation of the hydrodynamic characteristics of a WSPs 
system situated in Vamvakofito, a settlement in the Northern part of Greece, by simulating them 
with a 3D hydrodynamic model (ELCOM, Estuary and Lake Computer Model). ELCOM was 
designed for practical numerical simulation of hydrodynamics and thermodynamics of lakes and 
reservoirs. It is mainly used to predict the variation of water temperature and salinity in space and 
time (Hodges and Dallimore, 2011). The hydrodynamic characteristics that were examined by the 
3D hydrodynamic model ELCOM were temperature, HRT and flow velocity. Heat exchange 
through the water surface is governed by standard bulk transfer models found in the literature 
(Amorocho and Devries, 1980; Imberger and Patterson, 1981a; Jacquet, 1983). The energy transfer 
across the free surface is separated into non-penetrative components of long-wave radiation, 
sensible heat transfer, and evaporative heat loss, complemented by penetrative shortwave radiation. 
Non-penetrative effects are introduced as sources of temperature in the surface-mixed layer, 
whereas penetrative effects are introduced as source terms in one or more grid layers on the basis of 
an exponential decay and extinction coefficient (Beer's law) (Imberger and Patterson, 1981a). 

2. MATERIALS AND METHODS 

2.1 Data 

The WSPs system is situated in a lowland area in the mainland of northern Greece at latitude 41ο 
10 ΄04.79΄΄N, longitude 23ο23΄03.08΄΄E and altitude of 30 m, in a Mediterranean climate (Figure 1).  

The system treats only domestic wastewater of 1061 equivalent population and 121 m3 per day. 
The WSPs system consists of one facultative pond with dimensions 62 x 39.5 m and two maturation 
ponds with dimensions 61.5 x 29 [m] each. The total hydraulic retention time (HRT) is 68.7 d. The 
ponds are oriented so that their length is aligned on an east - west axis (Chalatsi, 2014). The system 
was monitored during the years 2005-2007 and 2012. Instantaneous measurements of WSPs water 
temperature and inflow and outflow rates were taken from the inflow of the 1st pond and the 
outflow of the last pond, approximately twice a month, at the same time in the morning (Chalatsi 
and Gratziou, 2014). Table 1 presents the wastewater characteristics. 

 
Table 1. Wastewater characteristics of the Vamvakofito WSPs. Mean concentration (mg/L) 

Characteristic Mean concentration (mg/L) STDEV Characteristic Mean concentration STDEV 
Inflow Outflow Inflow Outflow Inflow Outflow Inflow Outflow 

TSS  62.61 23.04 24.06 8.60 TP (mg/L) 6.50 3.51 2.42 1.38 
BOD5  212.51 68.08 88.37 12.84 FC 103 

cfu/100mL 55.22 2.60 45.87 1.31 COD 299.57 78.57 139.32 12.02 
TN 24.65 2.95 6.20 1.02 TC 103 

cfu/100mL 
106.22 29.02 72.98 19.87 

N-NH4
+ 19.45 1.96 4.96 0.74 

N-NO3
- 0.47 0.40 0.22 0.20 pH 7.47 7.63 0.32 0.30 
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Figure 1. Map with the location of the Vamvakofito WSPs as black dot, the green triangle presents the location of the 
settlements  

The meteorological data were obtained from the Hellenic Meteorological Service, Bureau of 
Serres, at a frequency of 10 min. 

 

Figure 2. Meteorological data of the study area (March to September of 2005). 
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In Figure 2 meteorological data, i.e., air temperature (oC), atmospheric pressure (Pa), percent 
humidity, rainfall (m/day), solar radiation (W/m2), wind direction (deg) and wind speed, recorded 
during the simulation period (1/3/2005 to 30/9/2005) are presented.  

2.2 Model description 

ELCOM uses hydrodynamic and thermodynamic theory to simulate the temporal behavior of 
stratified water bodies with environmental forcing. The hydrodynamic simulation method solves the 
unsteady, viscous Navier-Stokes equations for incompressible flow using the hydrostatic assum-
ption for pressure. Modeled and simulated processes include baroclinic and barotropic responses, 
rotational effects, tidal forcing, wind stress, surface thermal forcing, inflows, outflows, and tran-
sport of salt, heat and passive scalars. Sensible and evaporative heat losses are variable across the 
water surface and are described by the standard bulk transfer equations that are corrected to account 
for the effects of atmospheric stability (Imberger and Patterson, 1981b). The computation of the 
model time step is made in a staged approach, and surface heating and cooling in the surface layer 
are introduced. The computational grid may consist of rectangular cells with both uniform and 
non-uniform grid spacing in the vertical and horizontal directions. The solution is based on the 
Arakawa C-grid stencil, where velocities are defined on cell faces with the free surface height and 
scalar values on cell centers. The free surface height in each column of grid cells moves vertically 
at the surface grid layer, as required by the free surface evolution equation (Hodges and Dallimore, 
2011). 

ELCOM is implemented in Fortran 90, so that three-dimensional space can be mapped into a 
single vector for fast operation using array-processing techniques. Only the computational cells that 
contain water are represented in the single vector, so that memory usage can be minimized. This 
allows Fortran 90 compiler parallelization and vectorization without platform-specific modification 
of the code (Imberger and Patterson, 1981a). 

The governing equations and fundamental models used for three-dimensional transport and 
surface thermodynamics in ELCOM are (Hodges and Dallimore, 2011):                              
The mass conservation (Continuity):  
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Conservation scalar variable C:  
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Constitutive equation:  

ρ = ρ s,T   (6)  
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where t is time; x, y, z the Cartesian coordinates; u, v, w are speed components in the x, y, z 
direction, respectively; ρ is the water density; g is acceleration of gravity; s is the salinity; Τ is the 
water temperature; C is the listed scalar variable, like s and Τ; u′, v′,w′,C′ are the turbulent 
fluctuations of u, v, w and C, respectively; p is the atmospheric pressure; f = 2Ω sin (φ) is the 
Coriolis coefficient; φ is the latitude of the region; Ω the angular rotation of the earth; 
u′u′, v′v′ and w′w′ are the typical turbulent stresses; u′v′, u′w′ and v′w′ are Reynolds turbulent 
stresses. The system of the above equations is not solved until the turbulent stresses are determined 
and appropriate initial and boundary conditions are provided. The wind effects are simulated in 
ELCOM in three ways: (1) evaporative cooling in the surface thermodynamics module; (2) 
application of a wind stress to the free surface; and (3) application of a wind induced momentum 
source to the wind mixed layer.  
Free-Surface wind shear: 
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Momentum input by wind: 
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where 𝑢∗ is the friction velocity, C10 is the resistance coefficient, ρair and ρwater are the air and water 
density, W is the wind velocity, h is the layer thickness. 

To simulate a natural phenomenon, assumption making is needed. ELCOM takes into account 
the following three assumptions to carry out hydrodynamic simulations:  

(i) Assumption of incompressible fluid; where the depth of the water column is relatively small 
(as in the case of the studied systems), the liquid medium is considered incompressible and 
Equation (1) can be formulated as:  
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(ii) Assumption of ignoring the hydrostatic conditions; the characteristic length in the vertical 

direction is second or third order of magnitude smaller than the characteristic horizontal 
dimension. Therefore, the vertical pressure gradient can be balanced by the acceleration of 
gravity at the -z direction, so that:  

0 = − !!
!!
− 𝜌𝑔 (10) 

By integrating the above equation from the depth z to the water surface (z = ζ), where ζ is 
the depth of the water column below the free surface, the horizontal pressure gradient can be 
separated in the terms concerning the atmospheric gradient, the barotropic term (water 
surface gradient) and the baroclinic term (density gradient): 
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where ρs is the water density at the free surface. 
Changes in atmospheric pressure (pa), compared to wind stress, are relatively insignificant 
and are usually ignored. 

(iii) Boussinesq approximation: Changes in density of the order 10-3 leading to a negligible 
effect of barotropic conditions. In contrast, the effect of buoyancy, derived from differences 
in fluid density along the free surface is not negligible. As a result, the impact of density 
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variations is maintained only for barotropic conditions. This approach is known as 
Boussinesq approximation. Thus, Equations (2) and (3), transform to: 

!"
!"
+ !""

!"
+ !"#

!"
+ !"#

!"
= 𝑓𝑣 − 𝑔 !"

!!
− !

!!

!"
!!
𝑑𝑧!

! − !!′!′
!"

+ !!′!′
!"

+ !!′!′
!"

 (12) 

!!
!!
+ !!"

!!
+ !!!

!!
+ !!"

!!
= 𝑓𝑢 − 𝑔 !!

!!
− !

!!

!!
!!
𝑑𝑧!

! − !!′!′
!!

+ !!′!′
!!

+ !!′!′
!!

  (13) 

ELCOM, for purely barotropic flows, produces stable numerical results for any size of time step. 
However, for stratified flows, both methods use explicit discretization of the baroclinic terms in the 
momentum equation leading to a time step constraint based on the internal wave Courant-
Friedrichs-Lewy condition (CFL), such that the following equation should be satisfied: 

𝑔′𝐷 !/! !!
!!
< 2  (14)  

The left-hand side is defined as the baroclinic CFL number (CFLb), where g’ is the reduced 
gravity due to stratification, D is the effective depth, and 𝑔′𝐷 !/! is an approximation of the wave 
speed of an internal wave. This baroclinic stability condition is generally the most restrictive 
condition in a density stratified flow. The importance of the internal wave speed can be seen in a 
simple scaling analysis: Typical lake stratifications provide a modified gravity of g΄≈ 0.01 m/s. 
Internal waves propagate at  𝐶 = 𝑔′𝐷 !/!, giving wave speeds of 1(m/s). Maximum horizontal 
water velocities in a lake are typically 0.1 m/s. The maximum allowable time step for a limiting 
CFL condition is: 

𝛥𝑡 < !"#!!
!

  (15)  

If U is taken as the horizontal water velocity, the maximum allowable time step for a limiting 
CFL of one is 103 s. If U is taken as the internal wave speed, the maximum allowable time step for a 
limiting CFL of one is 102 s. Thus, in the horizontal direction, the internal wave speed rather than 
the flow velocity controls the maximum allowable time step and high CFL capability in the 
horizontal direction is generally unnecessary. However, in the vertical direction, there is a definite 
advantage to a numerical scheme that is stable for CFL > 1. Practical vertical grid resolutions are 
typically 0.1m to 10m depending on the lake morphology and available computational power. 
Internal wave motions can produce vertical velocities of 10-2 m/s, so fine grid resolutions with a 
CFL limit of one can result in an unacceptable time step limitations of 10 s. Scalar transport in 
ELCOM uses an explicit approach that has an adjective Courant-Friedrichs-Lewy condition (CFLa), 
such that 𝑢 !"

!!
< 1 is required. This condition does not affect the time step of the momentum 

solution Δt, but instead is used to compute sub-time step (Δt) for the scalar transport solution.  

2.3 ELCOM set up 

For the development of ELCOM hydrodynamic model in Vamvakofito WSP system, the 
following steps were followed: (i) grid computing generation; for digitizing the bathymetry of the 
Vamvakofito system, the level of pond bottom at various locations was measured. In the exported 
file, which was created using AutoCad, processing was performed with the help of a Geographical 
Information System program and the digitized background bathymetry of the ponds in the desired 
grid was made, by the method of linear interpolation. Starting from the northwest corner of the 
computational grid, depth levels were developed in steps, corresponding to spatial steps in x and y 
directions. Then, a table was created; with each cell of the table containing two numbers 
corresponding to a depth and to an area, e.g., 1m x 1m2. In the case of this research, the 
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discretization was conducted by homogeneous number of computational cells in the horizontal 
direction, area size 1m x 1m (Figure 3) with depth of 0.2 m. (ii) The input files of ELCOM were 
generated: bathymetry file, boundary condition file, meteorological data file, data input file, data 
output file. The bathymetry file uses the computational grid of 1m x1m for the horizontal direction, 
and for the vertical, 15 layers with depth of 0.2 m each, were chosen. Thus, the maximum depth of 
simulation was 2.4 m. The vector of the North is defined according to the coordinate system that 
ELCOM has and the latitude, longitude and altitude of location of the study area were also defined. 
A boundary condition file was created by the user to provide information on environmental loads 
and their changes over time. The boundary conditions include the conditions in the solid boundaries 
that are defined in the bathymetry file, inflow and outflow. The average inflow and outflow of the 
system were 0.0014 m3/s. 

The meteorological data file was created by the collected meteorological data, as previously 
described. In the present research, it was assumed that the wind exerts the same tension at any 
direction across the surface of the model. This approach is satisfactory, given the relatively small 
size of the study area, compared to the radius of the earth (geostrophic wind). In the data input file, 
desired export parameters, calculated by the code of ELCOM, are defined. The ELCOM allows the 
export of a particular parameter set. These parameters are calculated through cross sections 
(CURTAIN_2D), layers (SHEET_2D), vertical distributions (PROFILE_1D) or the whole of 
computational domain (ALL_3D). The vertical distribution (PROFILE_1D) is characterized by the 
coordinates (x, y) position and contains data for each layer of the water column. The cross sections 
and the layers are two-dimensional sections of the data of the grid. A sheet may be considered to 
contain elements of a layer of the computational grid, or any (x, y) points to a specific depth. The 
output parameters used for ELCOM simulation are given in Table 2. They are calculated for any 
time step of the simulation, which was chosen to be 6 s, while the recording frequency was selected 
to be 3 min. 

 

Figure 3. Plan view of the discretized stabilization ponds system in Vamvakofito. 
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Table 2. Output parameters used for ELCOM simulation. 

Parameter Description Unit 
TEMPERATURE Wastewater temperature ºC 

DENSITY Density kg/m3 
TRACER_1 Tracer 1 for inflow point (from the simulation beginning)  Dimensionless 

TRACER_10 Tracer 10 for outflow point (open boundary )  Dimensionless 
Retention_Time Retention time of entrant tracer 1 (from the beginning up to end of simulation) d 
U_VELOCITY Flow velocity –x direction m/s 
V_VELOCITY Flow velocity –y direction m/s 
W_VELOCITY Flow velocity –z direction m/s 

2.4 Credibility control of numerical model 

The credibility control of the numerical model was done with both the model calibration and the 
correlation of the numerical results with field measurements related to wastewater temperature. The 
ELCOM calibration was performed comparing the produced pond water temperature via simulation 
to the observed field values during the period March to September 2005. For the quantitative model 
performance assessment versus field measurements, the ability of the model was found by 
calculating the determination coefficient R2 via linear regression. The determination coefficient is 
calculated with the formula (Zaar, 1999): 

𝑅! = (!!!!)!

(!!!!)!
  (16) 

where st is the produced by the model value in time t; ot is the measured field value in time t; 𝑜 is 
the mean value of measured field values. A value of R2 = 1 indicates that the model can simulate 
the field measurement values perfectly. 

2.5 Tracers to track wastewater entering in the WSP system 

Tracer 1 was used in the simulation to investigate the path of the water volume (from the 
beginning of the simulation), which enters the 1st pond from the inflow point located in the southern 
part. In this way, the path and the dynamics of a conservative passive pollutant which enters the 
system and then is eliminated or dissipated within the ponds can be studied. 

3. RESULTS AND DISCUSSION 

The calibration of the model was very satisfactory according to the results presented in Figures 4 
and 5. The determination coefficient r2, concerning the temperature profile, was 0.9887, proving 
that the model reproduces the values of the field measurements satisfactorily. 

The temperature of the water column of the first pond is affected by the colder water masses 
entering the inflow point. The temperature of incoming water masses are lower than those kept in 
the ponds for a long time, as presented in Figure 6. During the summer months, the WSP water 
column appears warmer due to the increased solar radiation and the impact of southern winds 
blowing in the area. More specifically, the temperature in the first facultative pond of the system, 
which is in contact with the inflow point, is affected by the cold-water volumes that enter the pond. 
In combination with its greater depth, the effect of solar radiation on the water column temperature 
is lower than in the second and the third maturation pond by approximately 1 to 2 oC (Figure 7b). 
The effect of solar radiation was successfully captured by the model, as shown in Figure 7, since 
during the night the temperature drops, while in the afternoon the temperature of the water column 
in all the three ponds reaches the highest values. 
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Figure 4. Produced pond surface water temperature via simulation compared with observed in field values (outlet point). 

 

Figure 5. Observed water temperature in the pond vs modeled pond water temperature - Determination coefficient R2 

 

Figure 6. Pond water temperatures at the inflow point and the mean value of Vamvakofito system’s WSP. 
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(a) (b) 

Figure 7. Pond water temperature distribution in the surface layer of the ponds on 07-07-2005 (a) at 12 midnight and 
(b) at 6 p.m. 

Figure 8 presents the effect of strong sunlight coupled with the warm winds on the temperature 
of pond water column, during the days 17 to 19 of May 2005. It is obvious that the facultative pond 
(1st pond) has lower temperature by approximately 2oC, compared to the temperatures of the 
maturation ponds (2nd and 3rd pond). All three ponds exhibited homogeneous temperature variability 
with depth because of the small depth. 

Figure 9 presents the evolution of Tracer 1 from 1st March to 1st September 2005 at the surface 
layer of Vamvakofito WSP. It is observed that Tracer 1 requires about six months to reach its 
maximum value at the surface level and throughout the water column of the ponds.  

Figure 10 presents the retention time of wastewater in the WSPs of Vamvakofito system. Figure 
10(a) corresponds to the scenario of clean WSPs, as they were originally constructed, while Figure 
10(b) corresponds to the scenario of the current situation of WSPs, with sediment and sludge 
accumulation.  

According to the simulation in the case of clean WSPs (scenario a), in the first pond (facultative 
pond) the wastewater retention time is about 63 days. This number increases as wastewater enters 
the second and third ponds (maturation ponds), and becomes 75 and 85 days, respectively. It has 
been observed that the transfer of wastewater volume through second ponds requires about 12 days, 
and about 10 days to be moved through the third pond.  

The total wastewater retention time in the WSPs system, 85 days, coincides with the actual 
calculated HRT, according to the data of the construction study. In the case of scenario (b), which 
corresponds to the current state of the WSPs, the retention time, according to ELCOM simulation, 
is about 50 days in the first facultative pond, while the time is increased up to 60 days for the first 
maturation pond and up to 69 days for the second one. The total residence time of 69 days coincides 
with the real calculated HRT, according to the data of the current situation. It is observed that in this 
case the transfer of the volume of wastewater entering the facultative pond requires about 10 days 
moving through the first maturation pond and about 9 days to move through to the second one. This 
coincidence of retention times is a further element proving the good calibration of the simulation 
model. 
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(c) (d) 

 

 
 

 

(e) (f) 
Figure 8. Profile of the water temperature variation in May 2005: (a) Location of points where water temperature 

profiles are shown; (b) Point K1; (c) Point K2; (d) Point K3; (e) Point K4; (f) Point K5. 
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(a) March      (b) April 

 

 
 

(c) May       (d) June 
 

 
(e) July       (f) August 

 
 

Figure 9. Evolution of Tracer 1 from 1st March to 1st September 2005 in the surface layer of Vamvakofito WSPS 
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                                   (c)September 

 

 

Figure 9. (continued) Evolution of Tracer 1 from 1st March to 1st September 2005 in the surface layer of Vamvakofito 
WSPS 

 
 

 
 

Figure 10. Water Retention time in the Vamvakofito’s WSPs (a) scenario of clean ponds, (b) scenario of current 
situation, i.e., ponds with accumulated sludge. 

 
 

The magnitude (velocities and direction) of the flow fields in WSP system were also 
determined. No significant differences in velocities between the surface and the bottom layers or 
between the ponds were detected. In April, slightly larger velocities at the bottom than at the surface 
layer were recorded. This fact was more intense at the walls of the maturation pond. The velocities 
ranged from 0.01 to 0.125 m/s. In June, the velocities were found at lower levels, ranging from 0.01 
to 0.03 m/s, both at the surface and at the bottom of the ponds. In August, the flow velocity ranged 
from 0.01 to 0.06 m/s, without significant differences between the surface and the bottom layer. In 
Figure 11 the magnitude of WSP instantaneous flow velocities are presented (a) at surface layer and 
(b) at the bottom layer in April, June and August 2005. 
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April 2005 : (a) Surface layer April 2005: (b) Bottom layer 

  

June 2005: (a) Surface layer June 2005: (b) Bottom layer 

  

August 2005: (a) Surface layer August 2005: (b) Bottom layer 

Figure 11. The speed and direction of WSPs instantaneous flow field 

4. CONCLUSIONS 

The calibration of the model was very satisfactory. The determination coefficient r2, concerning 
the temperature profile, was 0.9887, proving that the model reproduces the values of field 
measurements satisfactorily. The conclusions resulting from the simulation show that the 
temperature of the water mass entering the waste stabilization pond is lower than the temperature of 
the water mass staying longer into the pond. The temperature variation comes up to 7 ºC, during the 
warm summer period. The water column temperature at the system’s facultative pond is affected by 
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the colder water volumes that enter the pond. The effect of solar radiation to the water column tempe-
rature at the facultative pond is smaller by 1 to 2 ºC than that at the maturation ponds. The higher 
water column temperatures of the ponds were recorded during afternoon hours at all system’s 
ponds. Due to their small depth, all ponds had the same temperature at their water column, avoiding 
this way the danger of stratification caused by temperature variations at different depths. The hy-
draulic retention times that were calculated by the model are in accordance with the real wastewater 
hydraulic retention times into the ponds. The route and the dynamics of a conservative pollutant, 
which enters the system and then is shed or diffused to the interior of the ponds, require 6 months 
approximately, until the pollutant gets its maximum value at the surface layer and generally at the 
water column of the ponds. This can be a factor that partly explains the instability that was noticed 
for heavy metals and some trace element removal. Regarding the velocity values between surface 
and bottom layer, significant differences were not recorded in general, neither to the velocities 
among the ponds. The flow velocities ranged from 0.01 to 0.125 m/s. 
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