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SimulaVng buoyant water discharge on the ocean floor

Coastal hydrodynamic models are not designed to manage buoyant plume and Non-Hydrostatic models are to 

heavy for environmental studies. Then, practically, a “near field model ” is coupled with a “far field model”.

Quasi-non-hydrostaVc modelling compared to 

hydrostaVc and Non-hydrostaVc ones

Tate, P.M., Holden, C.J., Tate, D.J., 2019. Influence of plume advecVon and parVcle sefling on wastewater dispersion and distribuVon. Marine PolluVon 

BulleVn 145, 678–690. hfps://doi.org/10.1016/j.marpolbul.2019.05.059

Building a quasi-non-hydrostaVc modelling
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HydrostaVc (H)

Quasi-Hydrostatic  (Marshall et al., 1997 ) (QH)

Quasi-Non-HydrostaVc  (QNH) 

Non-Hydrostatic  (NH) 
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With an an explicit évalua0on of the pressure,  
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and a LES (Smagorinsky formulaHon) of the turbulent diffusions 
coefficients.
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-> It is possible to modify the pressure term in a

coastal model introducing a pressure perturbaVon

keeping from the verVcal momentum balance

Vme rate, horizontal diffusion and advecVon

terms (Klingbeil et Burchard,2013).

-> As long as the Vme rate
NO

NP
is not considered an

explicit scheme remains efficient, without

significant addiVonal calculaVon costs.

-> The most important term is the horizontal

diffusion of w, allowing to consider the

detrainment of the plume.

-> The Smagorinsky formulaVon consider also the

horizontal shear of the verVcal velocity to

evaluate the turbulent diffusion coefficients.

QNH

Klingbeil, K., Burchard, H., 2013. Implementation of a direct nonhydrostatic pressure gradient discretisation into a layered ocean model. 

Ocean Modelling 65, 64–77. https://doi.org/10.1016/j.ocemod.2013.02.002

Near field models are abacus ,analyVcal or semi analyVcal calculaVons 

providing the characterisVcs of the  plume unVl it is stabilized in the 

coastal flow and straVficaVon:

- he the plume width or diameter

- C the plume concentraVon profile (generally gaussian)

- S the diluVon rate (s=C0/C)

- Zm alVtude of the maximum concentraVon

- Ze alVtude maximum of the plume.

Then the coastal far field model considers the  advecVon- diffusion of 

the contaminants as a passive tracer   

Quasi-non-hydrostatic modelling applied to 

realistic case : IPANEMA BEACH outfall (Brazil).

Dye experiments have been conducted around the

sewage ouuall of Ipanema Beach during straVfied and

unstraVfied condiVon to evaluate three commonly used

near field models (UM3, RSB and CORMIX) (Carvalho et

al. , 2002)

A Quasi Non HydrostaVc Coastal Hydrodynamic model

(MARS3D, ∆Q = 3S, ∆U = 0.45S) simulated the

dynamics observed during the fields experiments

(effluent flow rates and densiVes , far field current

strength and direcVon, straVficaVon… ) .

Carvalho, J.L.B., Roberts, P.J.W., Roldão, J., 2002. Field Observations of Ipanema Beach Outfall. Journal of Hydraulic Engineering 128, 151–160. https://doi.org/10.1061/(ASCE)0733-

9429(2002)128:2(151)
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Idealized case configuraHon
A release of 10 m3/s distributed on an ouuall of 30 meters width and 900 m length at a depth of 60 meters was

simulated by the HydrostaVc, Quasi-Non-HydrostaVc and Non-HydrostaVc models. The discharge temperature is

set at 26.9°C and the salinity at 0 PSU. The density of the straVfied environment verifies the following equaVon:

ρ(z) = 1.16 ∗ 10−2 ∗ z + 1024.8 with z varying from 0 to −60 m, corresponding to a temperature (resp. salinity)

varying linearly from 11.5°C (resp. 35.55 PSU) near the bofom to 14.5°C (resp. 33.35 PSU) at the surface. A tracer

with an arbitrary concentraVon of 1 was associated to the release. A channel of 1024 by 512 by 64 grid with 3 m

horizontal and less than 1 m verVcal resoluVon with flat bofom bathymetry is used to model all experiments.

HydrostaVc (H) Quasi-Non-HydrostaVc  (QNH) 

Figure 2 During winter experiment

when the water column was

unstratified. The plume reaches the

surface and is advected by a mean

current.

Figure 3 : During summer experiment

when the water column was strongly

straVfied. The plume updra~ is limited

by the ambient buoyancy gradient. The

plume remain confined under the

thermocline and is less diluted than in

winter.

The minimum dilution (Sm=C0/Cmax) in the plume,

the altitude of the minimum dilution Zm and the

width of the plume he at the near field boundary

observed or computed by near field and QNH

models are in agreement (table a,b)

Figure  1 : ConfiguraVon of the ouuall 
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HydrostaVc modelling leads to

unrealisVc verVcal velociVes and a

strong overesVmaVon of effluent

mixing.

Coupling with a near-field approach is
necessary.

Non-Hydrostatic and Quasi Non Hydrostatic modelling

provide very similar plume behaviour. The plume

overshoots slightly before oscillating and stabilizing

around 30m deep.

QNH is designed to manage both the near and far
field in a single code without any significant
additional calculation costs.

Coastal modelling :
ROMS,

CROCO,

MARS3D,

DELFT_3D,

FVCOM,

TELERMAC,

etc.

Engineering tools :
CORMIX,

VISJET,

U3M,

RSM,

etc.

Near field Far field

Table b

Table a
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