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Governing Equations

In soil physics literature, it is often common to conceptualize soils as aggregated porous
media consisting of slowly and rapidly conducting pore sequences. The aggregates might
have many micro pores in which displacement is dependent only upon diffusion, because
convection in these smaller pores is usually negligible (van Genuchten and Wierenga,
1976). Solute transport in such aggregated media could lead to dow and incomplete
mixing. Dual domain models are useful for modeing solute transport in such aggregated
porous media systems. In addition, dual domain models may also be used for modeling
transport in fractured porous formation if the continuum approximation is assumed to
valid (Berkowitz, 1988; Dykhuizen, 1990). The dual domain transport model can also be
extended to account for biodegradation in different domains. For example, Sun et al.
(1998) formulated a kinetic modd to predict microbial transport and biodegradation in a
dual-porosity system. The kinetic model was coded as a reaction package and was solved
by the RT3D code. Zheng and Wang (1998) describe a three-dimensional formulation
for modeling transport and first order decay in a dual-porosity system.

The mathematical equations used for describing dual porosity systems are very similar to
those used for describing the rate-limited sorption systems [see Clement (1997)
discussions for reaction module #4], but with a few subtle differences. Based on the
formulation described by Zheng and Wang (1998), the governing equations for modeling
contaminant transport in a dual-porosity domain can be written as:
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where C is the concentration in the mobile-phase [ML™®], Cimis the concentration in the
immobile phase [ML ], R is the retardation factor of the mobile domain (note that the
retardation term is not included in mt3dms) , x is the mass transfer rate coefficient [LT™],
Om is the mobile-phase porosity (should be defined in the BTN file), and gim is the
immobile phase porosity (will be defined as a reaction constant). Equations (1) and (2)
can be modified to describe biodegradation reactions occurring in the mobile and/or
immobile phases, however, the biodegradation terms are ignored in this discussions.
Also note that the mass transfer kinetics assumed in al three RT3D reaction packages,
including the rate-limited sorption package, NAPL-dissolution package, and the dual-
porosity package employ a similar type of first-order description.
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Details of Dual-Domain Reaction Module

After operator splitting, the reaction package for the dual-porosity modd can be written
as.
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A new user-defined reaction package was developed to setup these reaction equations.
The details of the reaction package, dual.f, are given below:

Dual Domai n Modul e
Shoul d be used as a user-defined nodule with two species, and
two constant reaction paraneters
The species are: npobile_conc, inmmobile_conc
The constant rxn paranmeters are: eta, teta_im
Not e : The nobile porosity should be entered as the
regul ar effective porosity in the BTN file

O0OO0O0O0O000O0O0

SUBROUTI NE Rxns(nconp, nvrxndata,j,i,k,y,dydt,

& poros, rhob, reta, rc, nl ay, nrow, ncol , vrc)
OkBI OCk 1: R R R R R S R R R R S
Li st of calling argunments
nconp - Total nunber of components
nvrxndata - Total nunber of variable reaction paraneters to be input via RCT file
J, |, K- node location (used if reaction paraneters are spatially variable)
y - Concentration value of all conponent at the node [array variable y(nconp)]
dydt - Conputed RHS of your differential equation [array variable dydt(nconp)]
poros - porosity of the node
reta - Retardation factor [ignore dumy reta val ues of i mmmobile species]
rhob - bulk density of the node
rc - Stores spatially constant reaction paranmeters (can di mensi on upto 100 val ues)
nlay, nrow, ncol - Gid size (used only for dinensioning purposes)

vrc - Array variable that stores spatially variable reaction paraneters
OkEnd Of BI OCk l*~k*~k******~k~k***~k~k~k***~k~k***~k*~k**~k************************

O0O0OO0O00O00O000O0O0

UBI ock 2 EE R R R T R R R R R

c* *Pl ease do not nodify this standard interface bl ock*
I MS$ATTRI BUTES DLLEXPORT :: rxns
I MPLI CI' T NONE
I NTEGER ncol , nrow, nl ay
I NTEGER nconp, nvrxndata,j,i,k
I NTEGER, SAVE :: First_time=1
DOUBLE PRECI SI ON vy, dydt, poros, rhob, reta
DOUBLE PRECI SION rc, vrc
DI MENSI ON y(nconp), dydt (nconp), rc(100)

DI MENSI ON vrc(ncol , nrow, nl ay, nvrxndat a), ret a(nconp)
OkEnd Of bl OCk 2*~k*~k******~k~k***~k~k~k***~k~k***~k*~k**~k************************

UBI ock 3 R R R S R R O

c *Decl are your problem specific new variabl es here*
c | NTEGER
DOUBLE PRECI SION eta,teta_im

OkEnd Of bI OCk 3*~k****~k****~k*****_****~k****~k****~k************************

UBI ock 4 EE R R R S R R R R R S R

c *Initilize reaction paraneters here, if required*
c rc(l) First order mass transfer coefficient "eta" [1/T]
c rc(2) I nmobi |l e porosity (teta_im
IF (First_time .EQ 1) THEN
eta = rc(1)
teta_im=rc(2)
First _time = 0 !reset First_time to skip this block |later
END I F
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OkEnd Of bI OCk 4***********~k****~k****~k**********************************

UBI Ock 5 R R R R R R R R S R

c *Assign or conpute values for new variables, if required*

c None required
OkEnd Of bl OCk 5*~k~k~k*~k~k*~k**~k*~k**~k*~k*~k~k**********************************

UBI Ock 6 R R R R S R R S R

c *Di fferential Reaction Equations*
c y(1l) = Mobile-phase concentration [ M L3]
c y(2) = Immpbil e-phase concentration

dydt (1) = eta*(y(2)-y(1))/(poros*reta(l))
dydt (2) = -eta*(y(2)-y(1))/teta_im

OkEnd Of bI OCk 6***********~k****~k****~k**********************************

RETURN
END
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