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5.3 CFD Modeling – ORL Wet Pond Results 
The flow field, consisting of pressure and velocity data, is solved for selected hydrographs and 

the DPM model is applied for the influent silt gradation. The behavior of the pathlines within the 

system is shown at flow rates of 3.53 cfs (100 L/s) (1.5 % of Qp), 26.48 cfs (750 L/s) (11% of 

Qp), 106 cfs (3000 L/s) (50% of Qp) and 238 cfs (6750 L/s) (100% of Qp) in Figure 34. As it is 

possible to note from the pathlines as the flow rate increases the short-circuiting toward to the 

outlet of the Pond increases. This is due to the fact that up to a flow rate of 3.53 cfs (100 L/s) the 

presence of baffles has a strong influence on the flow path and constrains it to follow the longest 

trajectories, since the water level in the ST Pond is lower or at most equal to the maximum 

elevation of the earthed baffles. When flow rate values are above 3.53 cfs (100 L/s), the water 

level in the Pond, increases and becomes higher than the height of the baffles of 3 feet (0.9 m). 

This means while some of the pathlines still follow the path delimited by the baffles, others 

overpass the baffle structures and reach the outlet section faster. The effect of the baffles 

therefore is reduced for flow rates higher than 3.53 cfs (100 L/s), without playing any further 

their role in the treatment unit. The plot reported below (Figure 35) explicates this concept. 

Figure 36, Figure 37 and Figure 38 show also that for flow rates higher than 3.53 cfs, a portion of 

flow path lines, in the inlet zone, impinge against the horizontal baffle and turn in a vortex on the 

left side. The other portion of the flow does not encounter the baffle and turns toward to the right 

side following the pressure gradients toward to the outlet and partially the path delimited by the 

baffles. Selected PM sizes utilized to discretize the influent PSD and to evaluate the performance 

of the system are below included for visualization purposes as standard sizes. The following 

figures (Figure 39-42) show the particle trajectories obtained from CFD simulations at a peak 

flow rate of 238 cfs (6750 L/s) and represent a qualitative visualization of the particle dispersion 

behavior within the treatment system. As expected, 5 μm particles at the peak flow rate are 

uniformly dispersed within the system and are partially eluted from the system. Greater particle 

sizes are able to settle and the percentage of retained particles increases with the weight of the 

specific PM particle. 
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Figure 34 25 yr-24 hr Design Storm for ORL Wet Pond. The Qp is 238 cfs (6750 L/s). The red 
arrows indicate the flow rates at which the pathline visualization is performed in the following 
figures. Five flow rates are highlighted: 3.53 cfs (100 L/s) which represents 1.5 % of Qp, 26.48 
cfs (750 L/s) which represents 10% of Qp, 106 cfs (3000 L/s) which represents 50% of Qp and 
238 cfs (6750 L/s) equal to the peak flow rate. Based on the hydraulic condition established in 
the ORL Wet Pond, the water level at 1.5 % of Qp reaches the height of the earthed baffles. In 
this case the baffles influence the flow path, avoiding short-circuiting. At higher flow rates than 
1.5% of Qp the water level increases and a portion of the flow overpasses the baffles. In this case, 
baffles partially exert their function and their effect on the flow path is significantly reduced. 

Q = 3.53 cfs 

Q = 106 cfs 

Q = 24.68 cfs  

Q = 238 cfs 
No Baffle Effects 

Baffle Effects 

Ttot = 1800 min  
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Figure 35 Fluid pathlines respectively at Q = 3.53 cfs (100 L/s) from ST ORL Pond model 
developed in Fluent 12.  The pathlines are colored by Velocity Magnitude expressed as m/s 
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Figure 36 Fluid pathlines respectively at Q = 26.48 cfs (750 L/s) from ST ORL Pond model 
developed in Fluent 12.  The pathlines are colored by Velocity Magnitude expressed as m/s 
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Figure 37 Fluid pathlines respectively at Q = 106 cfs (3000 L/s) for ORL Pond model developed 
in Fluent 12.  The pathlines are colored by Velocity Magnitude expressed as m/s. 
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Figure 38 Fluid pathlines respectively at Q = 238 cfs (6750 L/s) for ORL Pond model developed 
in Fluent 12.  The pathlines are colored by Velocity Magnitude expressed as m/s. 
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Figure 39 Discrete particle tracks for 5 μm PM (ρs=2.650 g/cm3) for Q= 238 cfs (6750 L/s).  
Particle tracks are colored by particle residence time. In the figures, dark blue and red correspond 
to the shortest and longest residence times, respectively. However, the color gradation refers to 
different value range for each picture; therefore, the figure provides only a qualitative 
representation of the particle tracks as function of residence time expressed in seconds  
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Figure 40 Discrete particle tracks for 35 µm PM (ρs=2.650 g/cm3) for Q= 238 cfs (6750 L/s).  
Particle tracks are colored by particle residence time. In the figures, dark blue and red correspond 
to the shortest and longest residence times, respectively. However, the color gradation refers to 
different value range for each picture; therefore, the figure provides only a qualitative 
representation of the particle tracks as function of residence time expressed in seconds. 
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Figure 41 Discrete particle tracks for 55 µm PM (ρs=2.650 g/cm3) for Q= 238 cfs (6750 L/s).  
Particle tracks are colored by particle residence time. In the figures, dark blue and red correspond 
to the shortest and longest residence times, respectively. However, the color gradation refers to 
different value range for each picture; therefore, the figure provides only a qualitative 
representation of the particle tracks as function of residence time expressed in seconds. 
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Figure 42 Discrete particle tracks for 85 µm PM (ρs=2.650 g/cm3) for Q= 238 cfs (6750 L/s).  
Particle tracks are colored by particle residence time. In the figures, dark blue and red correspond 
to the shortest and longest residence times, respectively. However, the color gradation refers to 
different value range for each picture; therefore, the figure provides only a qualitative 
representation of the particle tracks as function of residence time expressed in seconds. 
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Finally, the CFD modeled results under unsteady condition are shown for the ST ORL Pond. In 

particular, the PM separation and the temporal variation of effluent PM eluted from the system 

are depicted in Figure 43. 

Figure 43 shows the results obtained for the 25 year-24 hour Design Storm generated from the 

SWMM model previously described in Section 3.4 at a constant influent silt concentration of 100 

mg/L.  The overall PM separation for the Design Storm is approximately 53 %. In Figure 44 

CFD modeled results in terms of temporal variation of effluent PSDs are shown. Note the PSD 

with a d50 of 25 μm that delineates the lower limit of the shaded area is coarser than the influent 

PSD. This is due to the fact the coarser fraction of influent PM accumulates in the first part of the 

event and at the peak flow rate it is rapidly stirred up and flushed from the system.   
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Figure 43 CFD Modeled Effluent PM for 25 year-24 hour Design Storm for ST ORL Pond. 
(EMC)inf represents the Influent Event Mean Concentration; Qp is the peak flow rate, equal to 
6750 L/s (238 cfs), Ttot is the total duration of the hydrograph; βmax is the modeled PM separation  
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Figure 44 CFD Modeled Effluent PSD. The shaded area indicates the range of variation of 
effluent PSDs throughout the 25 year-24 hour Design Storm. (EMC)inf represents the Influent 
Event Mean Concentration; Qp is the peak flow, equal to 6750 L/s (238 cfs), Ttot is the total 
duration of the hydrograph 

5.4 CFD Modeling - Triangular and Rectangular Quarry Ponds Results 
In this section the CFD modeled results are reported for the Triangular and Rectangular Quarry 

Ponds. In particular, the flow pathlines and particle tracks for 25 μm particle diameter are shown 

in Figure 45 and Figure 46. The modeled results demonstrate the hydraulic volume available is 

partially utilized, showing the presence of short-circuiting. The fluid pathlines coming out from 

the inlet #2 follow the slope along the right side wall and successively, reach the outlet along the 

south vertical wall.  
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The use of such an extended surface area is pointless since a large amount of space is occupied 

without providing any additional treatment performance advantage.  

 

 

Figure 45  Fluid pathlines respectively at Q = 821 cfs for generic Rectangular Pond model 
developed in Fluent 12.  The pathlines are colored by Velocity Magnitude. 
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Figure 46 Pathlines for particles with diameter of 25 µm in generic Rectangular Pond 
Simulation. 

 The effluent PM PSD at Q = 821 cfs is depicted in the plot below, showing a fraction of the 

coarse material is removed. The overall PM separation is 51%.  
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Figure 47 Particle size distribution (PSD) for influent and effluent particles in generic 
Rectangular Pond Simulation. Overall Separation (β) is 51 %. 

In Figure 48 and Figure 49 the flow pathlines and particle tracks for 25 μm particle diameter are 

respectively shown for the Triangular Quarry Pond. The pathlines show the actual path followed 

by the flow to escape the system is relatively short, in comparison to the extended dimension of 

the unit. At the peak flow rate the finer fraction of the PM PSD is completely eluted from the 

system.  The effluent PM PSD at Q = 236 cfs is depicted in the plot below. The overall PM 

separation is 21% for the Triangular Quarry Pond at the peak flow rate. 

 

 

β = 51% 
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Figure 48 Fluid pathlines at maximum hydraulic capacity of 236 cfs (6682.6 L/s) for generic 
triangular Pond model developed in CFD, respectively.  The pathlines are colored by Velocity 
Magnitude. 
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Figure 49 Discrete particle tracks for 25 µm PM (ρs=2.650 g/cm3) for 236 cfs (6682.6 L/s) for 
generic triangular Pond model.  Particle tracks are colored by particle residence time. In the 
figures, dark blue and red correspond to the shortest and longest residence times, respectively. 
However, the color gradation refers to different value range for each picture; therefore, the figure 
provides only a qualitative representation of the particle tracks as function of residence time. 
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Figure 50  Particle size distribution (PSD) for influent and effluent particles for generic 
triangular quarry Pond. Overall Separation (β) is 21 %. 
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6 Conclusions and Recommendations 
1. This analysis demonstrates the ability of CFD to model effluent mass and PSDs of 

PM as well as the overall PM separation of the Ponds investigated through achieving a 

high level of agreement between measured and modeled results. This level of agreement 

is accomplished by combining a validated CFD model and representative measurements 

of flow and granulometric quantities coupled with mass balance checks. Post-processing 

results provided insight into the mechanistic Pond behavior by means of three 

dimensional hydraulic profiles and particle trajectories.  

 

2. The very large triangular and rectangular pond models demonstrate that the generic 

application of volume and depth (permanent pools having a mean residence time) without 

hydrodynamic isolation between inflow and outflow and also hydrodynamic control 

within the pond results in highly inefficient utilization of a pond volume. This is 

aggravated during extreme events. While such ponds have very low volumetric utilization 

and treatment effectiveness (for example, PM separation), they may represent a good 

repository for non-hazardous and non-reactive constituents that do not impact the overall 

water chemistry. 

 

3. Modeled results for the FAA Linear Pond in companion with experimental data 

indicate that PM separation is fairly low varying from 48 to 20 % when the system is 

loaded with a silt PSD.  However, this performance range is for relatively intense storms 

whose intensity will be exceeded less than 20% of the time on an annual basis for the 

least intense storm or only once every 25 years for the more intense storms modeled. 

Average annual performance should be expected to be better. Based on prior modeling 

(FDOT 2007) the expected average annual performance would exceed traditional 

presumptive ponds currently incorporated in Florida rules.  Since treatment effectiveness 

(for example, PM separation or solute reduction) is based on average annual performance 

and not extreme events, this does not eliminate an FAA linear pond as a viable water 

management option, but suggests a modified form of the pond is likely a better option.  

For the FAA Linear Pond, the silt PSD used in this report, as representative of the fine 
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yet non-colloidal fraction of a PSD is recommended for use with Newton's Law (Stoke's 

law in the laminar settling regime) to establish the appropriate effluent discharge rate. 

 

4. The treatment effectiveness (as PM separation) of a FAA Linear Pond is significantly 

improved using a Crenellated Pond with a series of internal baffles for the same surface 

area and volume.  This has been identified as the best treatment performance within a 

given footprint that can be built with features that minimize wildlife attraction. The 

Crenellated Pond is characterized by the same surface area of the FAA Linear Pond. By 

comparing the modeled flow patterns with those for the case without baffles, it is evident 

that flow conditions are significantly improved. In particular, short-circuiting is 

considerably mitigated and velocity distribution within the Pond are more evenly 

distributed and drastically reduced in magnitude. Additionally, the volume is fully 

utilized avoiding the presence of dead zones. These factors significantly favor PM 

clarification, increasing the overall PM separation by a factor of 2.  For the FAA Linear 

Pond, the silt PSD used in this report, as representative of the fine yet non-colloidal 

fraction of a PSD is recommended for use with Newton's Law (Stoke's law in the laminar 

settling regime) to establish the appropriate SOR.  The baffle number and spacing could 

be based on the study results, but improved guidance will be developed following full 

scale pond testing recognizing that design guidance will be also be guided by individual 

site conditions.  Major advantages for airport use include minimizing pond surface area to 

reduce the attractiveness to hazardous wildlife, minimizing the land required for water 

management, designing more maintainable pond systems and still maintaining a high PM 

separation per unit volume utilized. Furthermore, the effect of different layouts and 

numbers of baffles for given airport constraints can be investigated in CFD to verify 

which design best satisfies pre-set requirements in terms of cost, maintenance and overall 

performance.  

 

5. The CFD models for the existing ORL pond indicate even baffled Ponds require 

spacing and top elevations consistent with a defined performance level during extreme 

events.  The recommendation is to design the height elevation of the baffles based on the 

water level established at the peak flow rate (or at least 75% of Qp) in the 25 year-24 hour 
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storm.  The baffles placed in the Pond should be appropriately armored to avoid erosion 

of the baffles.  The location of the baffles may be also improved in order to avoid the 

generation of dead zones and to dissipate completely the impinging jet coming from the 

inlet pipe.  CFD model can be used to investigate different layouts.  Potentially, fine PM 

and chemicals have a high potential to re-suspend and re-partition during intense events.  

 

6. Periodic preventative maintenance is recommended to lower this potential adverse 

effect.  The selection of the maintenance frequency should be based on a combination of 

rainfall frequency analysis, sediment buildup, and CFD predicted performance of the 

pond system.  The crenellated pond will likely have the most infrequent maintenance 

needs to maintain a satisfactory level of water treatment performance based on the 

modeling results reported. 
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8 Abbreviations and Symbols 
 

 AC: Advisory Circular 

 CDi : Drag coefficient  

 Cinf : influent concentration [mg/L] 

 C1, C2 : Empirical constants in the standard k-ε model 

 CFD : Computational fluid dynamics 

 dp : particle diameter (μm) 

 DN : Discretization number 

 DHL : Dynamic Head Level (ft) 

 DPM : Discrete particle model 

 (EMC)inf : Influent Event Mean Concentration [mg/L] 

 FAA : Federal Aviation Administration 

 FDEP : Florida Department of Environmental Protection 

 FDi : Buoyancy/gravitational force per unit particle mass  

 gi : sum of body sources in the ith direction (m s-2) 

 GF : Gamma Function 

 GNV : Gainesville Regional Airport 

 GPM : Gallons per minute 

 HDPE : High-density polyethylene 

 HP : Horse Power 

 I : Inflow 

 k : turbulent kinetic energy per unit mass (m2 s-2) 
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 K1, K2, K3 : empirical constants as function of particle Rei 

 LPM : Liter per minute 

 Mξ,τ : PM mass associated with the particle size range ξ  as function of injection  

time τ 

 MB : Mixing Pond 

 MBE : Mass Balance Error 

 N : Number of particles injected at the inlet section 

 NB : North Pond 

 NRCS : National Resource Conservation Service 

 N-S : Navier-Stokes 

 NWL : Normal Water Level (ft) 

 O : Outflow 

 ORL : Orlando Executive Airport 

 Pξ,τ,ν : Mass per particle (Kg) 

 PFR : Plug Flow Reactor 

 PM : Particulate matter (Kg) 

 PSD : Particle size distribution 

 Qp : Peak flow rate (L s-1, cfs, gpm) 

 Q : Flow rate (L s-1, cfs, gpm) 

 pj : Reynolds averaged pressure (Kg m-2) 

 P25year, 24 hour : Rainfall precipitation with return period of 25 year and duration of 24 

hour 

 PBM : Population Balance Model 
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 PLC : Programmable Logic Control System 

 QA : Quality Assurance 

 QC : Quality Control 

 RANS : Reynolds Averaged Navier Stokes 

 Rei : Reynold number for a particle 

 RMSE : Root Mean Squared Error 

 S : Storage 

 SCS : Soil Conservation Service 

 SIMPLE : Semi-Implicit Method for Pressure-Linked Equations  

 SOR : Surface Overflow Rate 

 SOR50 : Surface Overflow Rate at median flow rate 

 SSC : Suspended sediment concentration (mg L-1) 

 STB : South Treatment Pond 

 SWMM : Storm Water Management Model 

 ta: Time to peak rainfall (min) 

 Td : Total rainfall duration (min) 

 tp : Time of peak flow rate (min) 

 Ttot : Duration of runoff event 

 ui : Reynolds averaged velocity in the ith direction (m s-1) 

 uj : Reynolds averaged velocity in the jth direction (m s-1) 

 UO : Unit operation  

 USDA : United Stated Department of Agriculture 

 vi : fluid velocity (m s-1) 
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 vpi : Particle velocity (m s-1) 

 V : Event Total Volume (L, gal) 

 VF : Volume fraction 

 VFD : Variable Frequency Driver 

 xm : modeled variable 

 xi : ith direction vector (m) 

 α : Gamma distribution scale factor 

 βmeasured : Measured PM Separation  

 βmodeled : Modeled PM Separation  

 γ : Gamma distribution shape factor 

 Δβ : Absolute percentage difference between measured and modeled PM separation     

 ε : Turbulent energy dissipation viscosity (m2 s-2) 

 μ : dynamic viscosity (Kg m-1s-1) 

 ν : Fluid viscosity (m2 s-1) 

 νΤ : Eddy viscositym2 s-1  

 ξ : Particle size range (μm)  

 ρ: fluid density (Kg m-3) 

 ρp : particle density (Kg m-3) 

 

Computational and fluid constants are available in Dickenson and Sansalone (2009). 

 

 


