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According to According to Wang et al. (2004)Wang et al. (2004)
Short residence time (Short residence time (≈≈1~1~3 days)3 days)
Significant fraction of anthropogenic pollutants may exert Significant fraction of anthropogenic pollutants may exert 

their effects in the coastal waters outside the estuarytheir effects in the coastal waters outside the estuary



ObjectiveObjective

To evaluate the impacts of wastewater To evaluate the impacts of wastewater 
discharges on the aquatic environments in the discharges on the aquatic environments in the 
coastal waters as well as in the estuarycoastal waters as well as in the estuary

A A water quality modelwater quality model is being developed is being developed 
utilizing the hydrodynamic information computed utilizing the hydrodynamic information computed 
by the ELCIRC 3by the ELCIRC 3--D hydrodynamic modelD hydrodynamic model

The water quality model is The water quality model is internally coupledinternally coupled with the with the 
ELCIRC, using the same grid for spatial resolutionELCIRC, using the same grid for spatial resolution

22 state variables22 state variables are considered in the water quality are considered in the water quality 
modelmodel
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MassMass--balance balance eqneqn..

General formGeneral form

DecoupledDecoupled
Physical transport Physical transport eqneqn..

Kinetic Kinetic eqneqn.
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Decoupled massDecoupled mass--balance balance eqneqn..
MultiMulti--step computation scheme for step computation scheme for intraintra--tidaltidal
models (Park et al., 1998)models (Park et al., 1998)
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Physical TransportPhysical Transport

Finite volume/finite differenceFinite volume/finite difference scheme is used, scheme is used, 
similar to similar to CECE--QUALQUAL--ICMICM ModelModel

Transport fluxes in physical transport Transport fluxes in physical transport eqneqn.. are are 
formulated to be consistent with the formulated to be consistent with the continuity continuity 
eqneqn. in ELCIRC. in ELCIRC



The verticalThe vertical--integrated integrated continuity continuity eqneqn..

Computation of Computation of physical transportphysical transport for cell for cell kk is is 
completed in 2 stepscompleted in 2 steps

1. 1. ExplicitExplicit (horizontal fluxes and explicit part of vertical fluxes, use (horizontal fluxes and explicit part of vertical fluxes, use 
backward difference for horizontal fluxes)backward difference for horizontal fluxes)

2. 2. ImplicitImplicit (implicit part of vertical fluxes and vertical diffusive fluxes)(implicit part of vertical fluxes and vertical diffusive fluxes)
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Computation sequenceComputation sequence
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kint∆

Horizontal transport uses explicit scheme, thus Horizontal transport uses explicit scheme, thus 
may be subject to time step constraintmay be subject to time step constraint

If use                               If use                               for horizontal transportfor horizontal transport

but                                for vertical transportbut                                for vertical transport
m

tt ELCIRC
hphy

∆=∆ −

ELCIRCvphy tt ∆=∆ −Mass NOT conserved !!
Mass NOT conserved !!

ELCIRC ELCIRC 
hydro.hydro.

Physical Physical 
transporttransport

Kinetic Kinetic 
processprocess

Time step of kinetic processes is userTime step of kinetic processes is user--specified, specified, 
usually multiple of usually multiple of ∆∆ttELCIRCELCIRC



Computation sequenceComputation sequence
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Test case #1 Test case #1  uniform conc.uniform conc.
Quarter annulusQuarter annulus
Has been compared with analytical solutions for Has been compared with analytical solutions for 
tidal propagationtidal propagation
Initial Initial conservativeconservative
tracertracer C=100 mg/lC=100 mg/l
everywhereeverywhere
At open boundaryAt open boundary
C=100 mg/lC=100 mg/l at allat all
timetime

Land Land 
BoundaryBoundary

Open  BoundaryOpen  Boundary

with Mwith M22 tidetide



Tracer concentrationTracer concentration

Overall concentrations range from Overall concentrations range from 
99.99881 to 100.00508 mg/l99.99881 to 100.00508 mg/l

(i.e., (i.e., --0.00119 ~ +0.00508 % error0.00119 ~ +0.00508 % error))
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Test case #2 Test case #2  tracer releasetracer release

Rectangular channelRectangular channel
L= 170 kmL= 170 km
B= 5 kmB= 5 km
D= 10 mD= 10 m

Initial C= 0Initial C= 0
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From From t= 5~10 dayt= 5~10 day, river discharge , river discharge 
carries one carries one conservativeconservative tracer and tracer and 
one one nonnon--conservativeconservative tracer (N1)tracer (N1)

Note: NonNote: Non--conservative tracerconservative tracer

N1 N1 →→ N2 N2 →→ N3N3

Open boundaryOpen boundary
with Mwith M22 tide  tide  
C=0 at all timeC=0 at all time

River boundaryRiver boundary
with Q=300 mwith Q=300 m33/s/s



Error between Error between inputinput total mass and the total mass and the actualactual total mass total mass 
of of conservative tracerconservative tracer at t=10 day is at t=10 day is 0.000375 %0.000375 %
Total mass of Total mass of N1+N2+N3N1+N2+N3 is the same as that of is the same as that of 
conservative tracerconservative tracer
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ConclusionsConclusions

The The finitefinite--volume/finitevolume/finite--difference form of difference form of 
physical transport physical transport eqneqn.. in water quality model in water quality model 
must be carefully formulated to be must be carefully formulated to be consistent consistent 
with thewith the continuity continuity eqneqn.. in hydrodynamic model, in hydrodynamic model, 
otherwise, mass will not conserve.otherwise, mass will not conserve.

Results of the test cases are reasonable and Results of the test cases are reasonable and 
massmass--conservativeconservative, which assures us to , which assures us to 
continue developing the water quality model.continue developing the water quality model.



ELCIRC transport vs. Upwind transportELCIRC transport vs. Upwind transport

ELCIRC transportELCIRC transport

Salinity intrusion Salinity intrusion ≈≈ 42 km42 km
Max. upstream residual     Max. upstream residual     
≈≈ 0.106 0.106 m/sm/s

Upwind transportUpwind transport

Salinity intrusion Salinity intrusion ≈≈ 66 km66 km
Max. upstream residual     Max. upstream residual     
≈≈ 0.066 0.066 m/sm/s
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Ocean outfallOcean outfall

Water Water 
Treatment Treatment 

PlantPlant

Could OHSU modify the continuity Could OHSU modify the continuity eqneqn..
in ELCIRC to simulate the volumein ELCIRC to simulate the volume

discharge from ocean outfall ? discharge from ocean outfall ? 
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