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Abstrace—An exact solufion to a free-boundary, potential, 2-
It flow of a Darcian fluid (mathematically equivalent to flow of
a heavy irrotational ideal fluid) past a barrier is obtained by
the theory of holomorphic functions. A volume of liquid
contaminant contrasting in density with the ambient flowing
groundwater males a lens attached to the stoss or lee zide of
the barrier. The shape of the interface morphs in response to a
pressure-velocity field in the dynamic and static liquid phazes.
The flow net and interface are plotted from explicit expressions
found for the complex potenfial and complex velocity. As a
particular case, we obtain a famon: Zhulowsky's gas-bubble
contour belonging to the class of trochoids. Seriou: caveats for
remediation projects and arfificial recharge of groundwater
are inferred: more intensive deicending :eepage of ponded
surface water through a heterogeneou: aquifer may worsen
the groundwater quality, comfrary to what would occur in
homogeneon: porous media

Imdex Terms— environmental engineering, Darcian flow,

eroundwater contamination and clean-up, free surface,
holomerphic function:, conformal mapping:, hodograph
transform.

I INTRODUCTION

ight and dense nonagueous phase ligumds (so-called

LINAPLs-DINAFL 5, ez crude oil, diesel,
trichloroethylene, [1] contammate
sroundwater/ aquifers'vadose zone =oil and require costly
and protracted emvirommental engineering techniques n
remediation, monitoring and controls (egz.. [2]). Often,
MAPL: m a porous/fractored subsurface make
macrovolumes (lenses, hydrocarbon traps, zangha, blobs,
streaks, ete. [3]-[6]) separated from groundwater by sharmp
mterfaces. The locus and shape of the interface batween two
liquid-saturated domazins of contrasiing density depends on
the ambient sroundwater flow and the geclogical boundarias
{e.z., bed-capaock wnconformitiss, trouwghs, bulges,
anficlme  flanks, etc). Detection of “alien entities”
obstructing flow m such aguifers due to their confrast i

bitumen,
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texture with the main porous medimm is preblematic due to
imprecision of geophysical tools and hmited core samples 1n
study areas. Simulztion bazed on amalyvtical and numerical
models of multiphase flow and transport in the subswiface
[7] 15 a wital step in many swrveys, containment projects and
enginssring measures aimed at decontamination by pump-
and-meat, air-sparging, permeable reactive bamers, LINAPL
skimming, DNAPL seraping, ate.

In some MNAPL-treatment approache: an imtensive
grommdwater gradient 15 artificially generatad by mjection of
frash water through wells or mfltration ponds. In these
hyvdrodynamically agitated clean-up schemes, WAPL can be
flushed away or the mterface can tzke a non-mivial (even
counter-intuitrve) shape. In this paper we study analytically
the case of a WAPL attached as a static macrovelume to a
solid barmer (an impermeables “alien™ melasion, ez, a salt
dome, constructed silo or tunmel) with a strong influsnce of
the comugated dynamic groumdwater. We uiihze the theory
of holomorphie fumetions, in particular, conformal mappings
and the hodograph methed to analytically find the shape of
NAPL interfaces, whose very existence 13 puzzling.

IO, MATHEMATICAL MODEL

We consider a homogeneous porous matrix of hydraunlic
conductrviey k with an mmpermesabls barrier baffling a
descending fully saturated Darcian ssepagze with velocity WV
far away from the obstacle (Fiz.la presants a vertical cross-
saction).

£

]
A IHAFL | A%

5

¢ -
{ H[ Eamier T
by Ay A,
Fig.1l Vertical cross-section of a 2-D barmer with a cap of Liquid
Contamimant

A curve-shaped cap BOC of LWNAPL (Fig. 1a} sits on the
flat honzontal roof BC of the baffle 2s a static lens,
maorphed by the ambient zsepage flow. The flowmg water
pushes the LWAPL volume to the stoss side of the bamer, If
no ambient flow m Fig la, then LNAPL would rise to the



