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Averaging Up From Pore-Scale

� Navier-Stokes

� Length Scales
�Ld=pore diameter
�Lavg=averaging length
�La=aquifer depth
�Ld< <Lavg<< La
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Macro-Scale Equations

� Stream equations

� Interfacial equations

� Aquifer equations
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Mass and Momentum Transfer Across 
the Stream-Aquifer Interface

� solve SVE for z>zsb

� solve DL for z< zsb

� Boundary conditions follow from 
requiring the variables to satisfy the 
interfacial equations for mass and 
momentum transfer in a weak sense 
(on average) near the interface
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Separation of Length Scales

� Lavg macroscopic average 
length scale

� Ls characteristic depth of 
stream

� La characteristic depth of 
aquifer

� Lb depth of viscous 
�Brinkman layer�

� L    large scale average
� Lavg << Lb < L    < La
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Derivation of BC�s

Let solve                  .
Then, 
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Since for z<zsb, and            for 
z>zsb, then 
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Derivation of BC�s
Let solvesa VV

rr
)1( ϕϕ −+

0))(( 12 =Ω∂+•∇−∇−∇+∇•+
∂
∂ −

Ω
∫

∞

VgKDVPgVV
t
V rrrrr
r

ρ
µ

Then, we obtain:
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Boundary Conditions
At the stream-aquifer interface, (x,y,z)=(x,y,zsb):
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Generalized Boundary Conditions
At the stream-aquifer interface, (x,y,z)=(x,y,zsb(x,y)):
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Where the momentum flux term at the interface is


