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Abstract

This paper presents the results from a well-defined, circular-shaped, multicomponent dense nonaqueous phase liquid (DNAPL) pool disso-
lution experiment conducted in a three-dimensional, bench scale model aquifer. The multicomponent pool is a mixture of tetrachloroethylene
(PCE) and 1,1,2-trichloroethane (1,1,2-TCA); PCE was the major component and 1,1,2-TCA was the minor component. Downgradient plume
concentrations were measured at five specific locations over time until the majority of the 1,1,2-TCA was depleted from the DNAPL pool
s APL com-
p al solution
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ource. The experimental results suggest distinct spatial-temporal plume patterns for minor DNAPL components versus major DN
onents. The downgradient concentration varied over time for 1,1,2-TCA while a stable plume developed for PCE. A semi-analytic

or contaminant transport resulting from dissolution of multicomponent nonaqueous phase liquid pools successfully simulated
tructure and dynamics for both the major and minor DNAPL components.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Subsurface formations are often polluted with nonaque-
us phase liquid (NAPL) mixtures composed of more than
ne compound[1,2]. If the multicomponent NAPL mixture

ntroduced to the subsurface is of sufficient quantity, the
APL mixture will migrate downward to the groundwater

able. Once the NAPL reaches the groundwater table, mix-
ures with specific gravity <1 (light nonaqueous phase liquids,
r LNAPLs) form pools on top of the water table, whereas
ixtures with specific gravity >1 (dense nonaqueous phase

iquids, or DNAPLs) may keep migrating downward through
he saturated zone and form pools on top of impermeable
ormations. Over time, components from the NAPL pool mix-
ure slowly dissolve into the flowing interstitial water and
reate long-term groundwater contamination.
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C.V. Chrysikopoulos).

There are numerous studies on contaminant tran
resulting from the dissolution of NAPL pools. Examples
recent published single-component pool dissolution stu
include references[3–18] and examples of multicompone
NAPL pool dissolution studies include references[7,19–26].

For a dissolving multicomponent NAPL pool, the equi
rium solubility of each component varies with time beca
the mole fraction and the nonaqueous phase activity
ficient of each component changes as the pool compo
changes[27,28]. Therefore, accounting for temporal chan
in equilibrium solubility is essential for accurate analy
and prediction on the dissolution behavior of a multic
ponent NAPL pool. However, due to factors such as s
dissolution rate and low aqueous solubility of typical NA
compounds, it is difficult to observe changes in pool c
position due to dissolution within a reasonable amoun
experimental time. Without this type of experimental d
it would be difficult to validate multicomponent NAPL po
dissolution and solute transport mathematical models fo
and transport predictions. Hence, the objective of this stu
304-3894/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.jhazmat.2005.08.005
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Nomenclature

A pool surface area (cm2)
C aqueous phase solute concentration (mg/L)
Cb background aqueous phase solute concentra-

tion (mg/L)
Cs aqueous saturation concentration (mg/L)
Cw equilibrium aqueous solubility concentration

(mg/L)
d pool thickness (cm)
D molecular diffusion coefficient (cm2/h)
De effective molecular diffusion coefficient, equal

to D/τ* (cm2/h)
Dx longitudinal hydrodynamic dispersion coeffi-

cient (cm2/h)
Dy lateral hydrodynamic dispersion coefficient

(cm2/h)
Dz hydrodynamic dispersion coefficient in the

vertical direction (cm2/h)
foc organic carbon fraction of the porous medium
k time and space dependent local mass transfer

coefficient (cm/h)
k* time-invariant average mass transfer coeffi-

cient (cm/h)
k̄ average mass transfer coefficient (cm/h)
Kd distribution coefficient (L/kg)
Koc organic carbon partition coefficient (L/kg)
lx pool length along the longitudinal direction

(cm)
lx◦ , ly◦ x andy Cartesian coordinates of the pool origin

(cm)
mf total number of pulses
M number of moles remaining in the pool (mol)
M• initial number of moles in the pool (mol)
p component number indicator
P total number of components in the nonaqueous

phase
r radius of circular pool (cm)
R dimensionless retardation factor
t time (h)
Ux average interstitial velocity (cm/h)
x,y,z spatial coordinates (cm)
X dimensionless nonaqueous phase mole frac-

tion.

Greek letters
αL,αT longitudinal and transverse dispersivity,

respectively (cm)
γ dimensionless nonaqueous phase activity

coefficient
θ aquifer porosity (liquid volume/aquifer vol-

ume)
λ decay coefficient (1/h)
µ dummy integration variable

ρb sand bulk density (kg/L)
τ dummy integration variable
τ* tortuosity factor (≥1).

to observe and describe comprehensively contaminant plume
evolution of one component in a multicomponent DNAPL
pool dissolution experiment. To achieve this objective, a two-
component mixture, namely tetrachloroethylene (PCE) and
1,1,2-trichloroethane (1,1,2-TCA), is selected as the DNAPL
pool source. A small initial mole fraction of 0.36% for 1,1,2-
TCA is selected such that the contaminant plume evolution
can be comprehensively observed within a reasonable amount
of experimental time. The multicomponent DNAPL pool dis-
solution experiment is performed in a three-dimensional,
bench scale, homogeneous model aquifer. Downgradient
aqueous phase samples are collected and analyzed at various
times from five predetermined sampling locations within the
experimental aquifer. The dissolution experiment continued
until majority of the 1,1,2-TCA was depleted from the pool
source.

2. Experimental setup and aquifer characteristics

A schematic diagram of the experimental aquifer is shown
in Fig. 1. The experimental aquifer is a rectangular glass tank
with internal dimensions of 150.0 cm in length, 40.0 cm in
height, and 21.6 cm in width. The glass thickness is 0.95 cm.
A circular flat pool with exact DNAPL–water interfacial area
i
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s bot-
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T m-
p d into
t um
p

llow
p ree-
d ling
p ular
D
s 8 cm
d .
A uifer
u ilton,
s formed by removing a circular disk of radiusr = 3.8 cm
nd pool cavity thickness ofd = 0.5 cm from an aluminum
heet that was placed at the bottom of the aquifer (see
om of Fig. 1). The aluminum plate was hard anodized
void corrosion, and the pool bottom was covered wi
hin Teflon sheet. Holes (0.2 cm diameter) were drilled
he Teflon sheet 1.0 cm apart in the form of a square m
nd a glass bead (0.5 cm diameter) was placed on t
ach hole. A circular #60 stainless steel mesh was p
n top of the glass beads to prevent sand settling int
ool cavity. The pool void volume is approximately 12 m
he delivery of the DNAPL mixture into the pool was acco
lished through a stainless steel tube that was inserte

he pool through a horizontal hole drilled into the alumin
late.

A Plexiglas sampling plate was constructed to a
recise positioning of sampling needles within the th
imensional aquifer. A schematic diagram of the samp
late and its placement location with respect to the circ
NAPL pool is shown in the upper portion ofFig. 1. The
ampling nodes consist of 16 columns by 7 rows of 0.0
iameter holes positioned on a regular 5 cm× 2.5 cm grid
queous samples are collected from the experimental aq
sing 20 gauge, stainless steel luer-hub needles (Ham
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Fig. 1. Schematic diagram of the experimental aquifer. Filled circles on the sampling plate represent actual needle placement locations. For each filled circle,
the lower right number indicates the sampling port number and the upper left bold numbers indicate the needle placement depth measured in cm from the
bottom of the aquifer.

Reno, Nevada). Sampling needles were vertically inserted
into the aquifer and their locations are indicated on the sam-
pling plate (Fig. 1) as filled circles. For each filled circle
shown on the sampling plate, the lower right number indicates
the node number and the upper left bold number represents
the needle placement depth measured in cm from the bottom
of the aquifer.

The experimental aquifer was packed with kiln dried
Monterey sand (RMC Lonestar, Monterey, CA) that passed
the #40 sieve (0.425 mm) and retained on the #60 sieve
(0.250 mm). The sand was packed in 1–2 cm lifts to a total
depth of about 15 cm. Each lift of sand was packed under
a 5 cm water head and a mechanical vibrating device was
employed to obtain uniform packing. The horizontal flow
was accomplished by pumping degassed, deionized water
into the influent clear well while maintaining constant head at
the effluent clear well. The experimental aquifer was placed
inside a constant temperature chamber (Forma Scientific,
Marietta, OH) maintained at 20◦C. The works of[10,17]

provide an in-depth discussion on the design and construc-
tion of the model aquifer and details of a conservative tracer
study to determine aquifer characteristics.

3. Dissolution experiment

The average interstitial velocity within the experimental
aquifer was maintained atUx = 1.5 cm/h. An aqueous solu-
tion containing approximately 200 mg/L of sodium azide
was delivered into the influent clear well. The addition of
sodium azide inhibited biological degradation of PCE and
1,1,2-TCA.

A 50 mL graduated cylinder was used to prepare the multi-
component DNAPL mixture. Prior to adding any chemicals,
10 mL of deionized water was poured into the graduated
cylinder. Next, approximately 12 mL of PCE and 0.04 mL
of 1,1,2-TCA was injected below the water level into the
graduated cylinder. The water behaved as a cap to prevent
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volatilization of the DNAPL. Gas chromatograph (GC) anal-
ysis of the DNAPL mixture confirmed a PCE mole fraction
of 99.64% and a 1,1,2-TCA mole fraction of 0.36%. The pool
dissolution experiment was initiated by pumping the multi-
component DNAPL mixture through the stainless steel tube
into the pool at a rate of 3 mL/min. The pump was on for
4 min until all of the DNAPL mixture was delivered into the
pool cavity.

A total of nine sampling sessions were conducted at pro-
gressive times after the initiation of the dissolution process.
For each sampling session, interstitial liquid samples are col-
lected from sampling needles at nodes 4, 34, 63, 95, and 144
(seeFig. 1). Each sample was collected using a 1 mL dis-
posable tuberculin syringe (Becton Dickinson & Co., NJ).
Approximately 0.1 mL of the interstitial fluid was purged and
discarded from the sampling needle just before a 0.3 mL liq-
uid sample collection. Each water sample was analyzed using
a GC according to the analytical method described by[10].

4. Mathematical modeling

The transient transport of each dissolving component orig-
inating from a NAPL pool in a three-dimensional homo-
geneous porous medium under steady-state uniform flow
c
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Cp(t, x, ±∞, z) = Cbp
, (4)

−Dep

∂Cp(t, x, y, 0)

∂z

=
{

k̄p(t)[Cw
p (t) − Cbp

] (x − lx◦ )2 + (y − ly◦ )2 ≤ r2,

0 otherwise,
(5)

Cp(t, x, y, ∞) = Cbp
, (6)

whereCb = 0 is the background aqueous phase concentra-
tion of the dissolved component;Cw the equilibrium aque-
ous solubility concentration that is time-dependent because
the mole fraction of each component in the pool is chang-
ing as the NAPL dissolves into the aqueous phase;Dep =
Dp/τ∗ is the effective molecular diffusion coefficient for
componentp (where D is the molecular diffusion coeffi-
cient; andτ* ≥ 1 is the tortuosity coefficient);̄k(t) = k(t, x, y)
is the average mass transfer coefficient applicable for the
entire NAPL–water interface (wherek(t,x,y) is the local mass
transfer coefficient dependent on time and location on the
NAPL–water interface)[7]; andlx◦ andly◦ indicate thex and
y Cartesian coordinates of the center of circular pool, respec-
tively. It should be noted that boundary condition(5) indicates
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onditions is governed by[29]:

Rp

∂Cp(t, x, y, z)

∂t

= Dxp

∂2Cp(t, x, y, z)

∂x2 + Dyp

∂2Cp(t, x, y, z)

∂y2

+ Dzp

∂2Cp(t, x, y, z)

∂z2 − Ux

∂Cp(t, x, y, z)

∂x

− λpRpCp(t, x, y, z), (1)

hereC is the aqueous phase solute concentration;R the
imensionless retardation factor;Dx, Dy, Dz the longitudinal

ateral, and vertical hydrodynamic dispersion coefficie
espectively;Ux the average interstitial fluid velocity;λ a
rst-order decay constant;x,y,z the spatial coordinates in t
ongitudinal, lateral, and vertical directions, respectivet
he time; and subscriptp is the component number indic
or. It is assumed that each dissolved component is so
nder local equilibrium conditions. The decay termλRC in

he governing Eq.(1) indicates that the total concentration
component (aqueous plus sorbed solute mass) may dim
ue to possible biological/chemical degradation.

For a circular-shaped, multicomponent NAPL pool w
onstant vertical thickness and homogeneous compos
he appropriate initial and boundary conditions for each
olving component are:

p(0, x, y, z) = Cbp
, (2)

p(t, ±∞, y, z) = Cbp
, (3)
hat the diffusive flux into the concentration boundary la
t the NAPL–water interface is governed by Fick’s law

s equal to the convective mass transfer flux.
For a dissolving multicomponent mixture, the equilibri

queous solubility is defined for each component as[27]:

w
p (t) = CspXp(t)γp(Xp), (7)

hereCs is the pure component saturation concentration
bility); X the nonaqueous phase mole fraction; andγ is the
onaqueous phase activity coefficient that depends o
ole fraction of componentp in the nonaqueous phase

hould be noted that for an ideal solutionγp = 1 and Eq.(7)
educes to Raoults law:

w
p (t) = CspXp(t). (8)

he number of moles of each component present in the
queous phase as a function of time is given by:

p(t) = Mp(t)∑P
p=1Mp(t)

(p = 1, 2, ..., P), (9)

hereP is the total number of components in the nonaque
hase;Mp(t) the number of moles of componentp present in

he nonaqueous phase at timet given by[7,30]:

p(t) = M
•
p −

mf∑
m=1

k̄p(t)Cw
p (tm)Aθ�tm

(mol wt)p
(t ≥ �tm), (10)

hereM
•
p is the initial number of moles of componentp in the

onaqueous phase;A the NAPL–water interfacial area;θ the
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aquifer porosity;m a summation index;mf an integer indicat-
ing the total number of time steps (or pulses);tm the sampling
time (e.g.t1 = 27 h,t2 = 120 h,. . .); and�tm = tm − tm−1 is the
time interval of themth pulse.

A closed-form analytical solution to the physical prob-
lem described by the governing partial differential Eq.(1)
subject to initial and boundary conditions(2)–(6)cannot be
derived, becauseCw(t) and k̄(t), which both appear in the
source boundary condition(5), are time dependent parame-
ters. An analytical solution to this problem has been derived
for the case of a single-component NAPL pool, representing
the limiting case whereCw(t) = Cs and k̄(t) = k∗, wherek*

is a time-invariant average mass transfer coefficient[29]. For
the multicomponent pool described in this study, the semi-
analytical solution presented by[7] is modified as follows:

Cp(t, x, y, z)

=
mf∑

m=1

k̄p(tm)[Cw
p (tm) − Cbp

][Φp(t − tm−1, x, y, z)

− Φp(t − tm, x, y, z)] + [Cw
p (tmf

) − Cbp
]

× Φp(t − tmf
, x, y, z) (t > tmf

), (11)

where

Φ (t, x, y, z)

µ

µ

n

n

υ

whereµ and τ are dummy integration variables. It should
be noted that in(11) the superposition principle is employed
over the time interval�t. Superposition is possible because
the governing Eq.(1) is linear with respect to the liquid phase
solute concentration. The semi-analytical solution assumes
that the source input can be represented as a summation
of consecutive pulse-type boundary conditions, with NAPL
pool composition, and consequentlyCw andk̄, of each com-
ponent to remain constant over a “small” time interval,�tm. It
should be noted that the accuracy of the semi-analytical solu-
tion presented increases with decreasing pulse time interval
[7].

5. Estimation of model parameters

The retardation factor,R, is determined for each NAPL
component based on the following equation for linear,
reversible sorption[31]:

Rp = 1 + ρb

θ
Kdp

, (18)

whereρb is the aquifer bulk density andKd is the distribu-
tion coefficient. It should be noted that in this study PCE and
1,1,2-TCA are indicated as the first (p = 1) and second (p = 2)
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[
−λpτ − Rpz2

4Dzpτ

]

× exp[−µ2](erf[n2] − erf[n1])dµdτ, (12)

1 = (y − ly◦ + r)

(
Rp

4Dypτ

)1/2

, (13)

2 = (y − ly◦ − r)

(
Rp

4Dypτ

)1/2

, (14)

1 =
{

x − Uxτ

Rp

− lx◦ + [r2 − (υ − ly◦ )2]
1/2
}

×
(

Rp

4Dxpτ

)1/2

, (15)

2 =
{

x − Uxτ

Rp

− lx◦ − [r2 − (υ − ly◦ )2]
1/2
}

×
(

Rp

4Dxpτ

)1/2

, (16)

= y − µ

(
4Dypτ

Rp

)1/2

, (17)
omponent, respectively. It should also be noted that Eq(18)
ssumes that the sorption behavior of one component is

ected by the sorption behavior of another component.
istribution coefficient can be estimated for each compo

rom the correlation[32]:

dp
= focKocp, (19)

herefoc is the organic carbon fraction of the porous med
ndKoc is the organic carbon partition coefficient.

The organic carbon fraction of the porous medium
oc = 6.35× 10−4, the aquifer bulk density isρb = 1.61 kg/L,
nd the aquifer porosity isθ = 0.415[10]. The organic car
on partition coefficients for PCE and 1,1,2-TCA used

his study areKoc1 = 363.08 L/kg andKoc2 = 69.98 L/kg,
espectively[33]. Consequently, in view of Eqs.(18) and
19), the retardation factors for PCE and 1,1,2-TCA are
ulated to beR1 = 1.89 andR2 = 1.17, respectively.

The hydrodynamic dispersion coefficients are determ
sing the following relationships:

xp = αLUx + Dep, (20)

yp = Dzp = αTUx + Dep, (21)

hereαL andαT are the longitudinal and transverse aqu
ispersivities. The dispersivity values associated with
tudy areαL = 0.259 cm andαT = 0.019 cm[10] and a tor
uosity coefficient for sand ofτ* = 1.43 is considered[34].
he molecular diffusion coefficients used in this st
re D1 = 0.0313 cm2/h andD2 = 0.0333 cm2/h [21]. There-

ore, the calculated hydrodynamic dispersion coeffici
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Fig. 2. UNIFAC derived nonaqueous phase activity coefficients as a function
of nonaqueous phase mole fraction for a mixture of PCE and 1,1,2-TCA
(adopted from[21]).

are Dx1 = 0.410 cm2/h, Dy1 = Dz1 = 0.050 cm2/h, Dx2 =
0.412 cm2/h, andDy2 = Dz2 = 0.052 cm2/h.

The nonaqueous phase activity coefficients can be
obtained using the UNIFAC method[35]. Fig. 2 shows the
UNIFAC derived nonaqueous phase activity coefficients as
a function of nonaqueous phase mole fraction for a mix-
ture of PCE and 1,1,2-TCA. For this study, the nonaqueous
phase mole fraction of PCE ranges from an initial mole
fraction of X1(0) = 99.64% to near 100% toward the end
of the dissolution experiment, and for 1,1,2-TCA the non-
aqueous phase mole fraction ranges fromX2(0) = 0.36%
to near 0% toward the end of the dissolution experiment.
Because of the small range in mole fraction variation, the
UNIFAC derived nonaqueous phase activity coefficients
for PCE and 1,1,2-TCA can be assumed to be a constant
for the entire duration of the experiment equal toγ1 = 1.0
andγ2 = 3.3. The pure component saturation concentrations
for the two components areCs1 = 150 mg/L andCs2 =
4400 mg/L[33]. Therefore, the calculated initial equilibrium
aqueous solubilities areCw

1 (0) = 149.5 mg/L andCw
2 (0) =

53.6 mg/L.

6. Results and discussion

ations
f
T sam-
p the
D en-
e thest
a hase
c pling
t g
t l
d gram
P the
t
a ur-
i The

Fig. 3. Observed aqueous phase DNAPL concentrations as a function of
time for: (a) PCE and (b) 1,1,2-TCA.

fitted mass transfer coefficients are time invariant because
for the experimental design of this study the DNAPL–water
interfacial area is maintained constant. However, for a shrink-
ing DNAPL pool the mass transfer coefficient is expected
to be time-dependent[7,29]. For the special case of a
non-shrinking single-component pool in a two-dimensional,
homogeneous aquifer, where the aqueous phase contami-
nant concentration is non-decaying, the following analytical
expression for the mass transfer coefficient has been derived
[15]:

k∗ = 2De

(
Ux

πDzlx

)1/2

, (22)

wherelx is the pool length along the longitudinal direction.
Note that all the variables in Eq.(22) associated with this
study are constants. The calculated time-invariant average
mass transfer coefficients using Eq.(22)arek∗

1 = 0.049 cm/h
andk∗

2 = 0.050 cm/h. The mass transfer coefficients approx-
imated by the relatively simple expression(22) are very
similar to the corresponding coefficients determined from the
experimental multicomponent pool dissolution data collected
in this study. It should be noted that, according to Eq.(22),
the mass transfer coefficient varies for each component as the
values ofDe andDz are component dependent. It should also
The observed aqueous phase contaminant concentr
rom all sampling sessions are graphically shown inFig. 3.
he highest DNAPL concentrations were observed at
ling node 4, which is the closest sampling location to
NAPL pool. Conversely, the lowest concentrations, in g
ral, were observed at sampling node 144, which is far
way from the pool source. For each set of aqueous p
ontaminant concentrations collected (at a specific sam
ime), the corresponding value of̄kp is estimated by fittin
he semi-analytical solution (Eq.(11)) to the experimenta
ata using the non-linear least squares regression pro
EST[36]. The average mass transfer coefficients for

wo components were estimated to bek̄1 = 0.0453 cm/h
nd k̄2 = 0.0454 cm/h, for all nine data sets collected d

ng the entire duration of the dissolution experiment.
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be noted that PCE and 1,1,2-TCA have similar properties.
Therefore, it is expected that these two compounds would
generate similar mass transfer coefficients.

As the DNAPL mixture dissolves into the interstitial water
of the experimental aquifer, the mole fraction of 1,1,2-TCA
decreases over time, which results in a considerably lower
equilibrium aqueous solubility concentration. The equilib-
rium aqueous phase concentrations as a function of time for
PCE and 1,1,2-TCA are plotted inFig. 4a and the nonaque-
ous phase mole fraction as a function of time for 1,1,2-TCA
(X2) is plotted inFig. 4b. Note that the PCE nonaqueous
phase mole fraction at any time is simplyX1 = 1 − X2.
Figs. 5 and 6present the observed dissolved concentrations
as well as the simulated concentration profiles for PCE and
1,1,2-TCA, respectively, along the centerline of the aquifer
in the x–z plane at progressing sampling times. The solid
circles represent sampling locations and the bold numbers
indicate observed concentrations. The pool center is located
at x =−3.8 cm. It should be noted that the PCE concentra-
tion contours inFig. 5 appear to reach a steady-state after
t > 120 h and subsequent simulated concentration contours
are all identical. The concentration profiles for 1,1,2-TCA
presented inFig. 6 show very interesting plume evolution.
Note that 1,1,2-TCA concentration increases at early times
but the plume size decrease as the multicomponent pool dis-
solves into the experimental aquifer and the 1,1,2-TCA com-
p e
t i-

Fig. 4. (a) Estimated equilibrium aqueous-phase concentration as a function
of time for PCE and 1,1,2-TCA and (b) the nonaqueous phase mole fraction
as a function of time for 1,1,2-TCA.

nant transport from a dissolving multicomponent NAPL pool
in a three-dimensional, homogeneous porous medium under
steady-state uniform flow, simulated the experimental data
for both PCE and 1,1,2-TCA components of the pool.

F centerline of the aquifer in thex–z plane for (a)t = 27 h, (b)t = 120 h, and (c)t = 413 h
s
c

onent is depleted from the pool.Figs. 5 and 6demonstrat
hat the semi-analytical solution(11) describing contam

ig. 5. Simulated PCE concentration contour plots (mg/L), along the

ince the initiation of the dissolution process. The solid circles represent sam
enter is located atx =−3.8 cm and the contour intervals are 25 mg/L.
pling locations and the bold numbers indicate observed concentrations. The pool
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Fig. 6. Simulated 1,1,2-TCA concentration contour plots (mg/L), along the centerline of the aquifer in thex–z plane for (a)t = 27 h, (b)t = 120 h, (c)t = 816 h, and
(d) t = 1584 h since the initiation of the dissolution process. The solid circles represent sampling locations and the bold numbers indicate observed concentrations.
The pool center is located atx =−3.8 cm. The contour intervals are 7.5 mg/L for (a and b), and 5 mg/L for (c and d).

7. Summary

A three-dimensional multicomponent DNAPL pool disso-
lution experiment was conducted in a bench-scale, homoge-
neous model aquifer. A flat circular-shaped pool with exact
DNAPL–water interfacial area was formed through a spe-
cially designed bottom plate. The multicomponent mixture
consists of PCE and 1,1,2-TCA with initial mole fractions of
99.64 and 0.36%, respectively. Aqueous phase samples are
collected from five different downgradient locations at nine
progressively increasing dissolution times.

For this study, we observed that a decrease in aqueous
phase concentration for the minor component (1,1,2-TCA)
while the aqueous phase concentrations for the major com-
ponent (PCE) remained relatively constant over time. The
fitted average mass transfer coefficients for both of the
DNAPL pool components were approximately equal (k̄1(t) =
0.0453 cm/h,̄k2(t) = 0.0454 cm/h) and time invariant due to
the experimental design of a non-shrinking multicomponent
DNAPL pool used in the present study. The semi-analytical
solution for multicomponent pool dissolution presented in

this work was found to describe both PCE and 1,1,2-TCA
plumes well.
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