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ABSTRACT 

This paper reports the results from a series of 
two-dimensional, time-dependent simulations of heat 
and mass transfer through a partially saturated 
mesa-top landfill in northern New Mexico. Simula
tions use the finite element approach to solve the 
governing equations for a problem, wherein air mass, 
water mass, and energy are conserved. We use a 
computational grid that maintains complex topo
graphic and stratigraphic boundaries. The 30 m of 
topographic relief at the site allows atmospheric 
communication with the subsurface air and water 
vapor within the mesa. Time-dependent heat and 
gas generated in the landfill through the decompo
sition of organic waste provide the main driving 
forces for vapor phase migration. We show that the 
magnitude of vapor phase migration is primarily 
controlled by gas generation source strength. In
creased temperature has a secondary effect on va
por phase flux. Flow paths change considerably from 
pre-landfill to post-landfill conditions. Pre-landfill 
upflow of air through the mesa with maximum flux 
of 2 cm/yr is driven by ambient density gradients. 
Post-landfill gas input reverses the direction of flow 
beneath the landfill, forcing gas into dry, permeable 
pathways that lead into the mesa. Vapor advection 
along high permeability zones beneath the landfill 
may explain observations of landfill gas found at 
depth. Post-landfill vapor flux most likely peaked 
with a maximum flux on the order of 30 mlyr, within 
the first 20 years since closure. Advective transport 
of gas below the landfill is shown to dominate dur
ing the high productivity phase of gas generation. 
Transport of landfill gas is shown to be dominated 
by diffusion when the vapor phase flux falls below 
1 to 3 mlyr. Model results suggest that capping tbe 
landfill with a low permeability layer could cause 
the vapor flux to be diverted into the surrounding 
mesa via dry pathways. 

INTRODUCTION 

Transport of landfill gas has been the subject of a 
number of studies in the last few years (e.g., Hackley 
et al., 1996). Landfill gases include methane (CH4), carbon 
dioxide (C02) and volatile trace contaminants (e.g., toluene, 
benzene, trichloroethylene). These gases are transported 
within landfills by advective-diffusive processes. An im
portant driving force for transport of vapor within landfills 
is the decomposition of organic waste which produces 
heat, carbon dioxide, and methane (Senior, 1990). 

Transport of landfill gases in the subsurface is im
portant for several reasons. First, gas phase contaminants 
may migrate in the subsurface into buildings and affect 
the health and safety of inhabitants (Mauldin, 1992; 
Kjeldsen and Fischer, 1995). Subsurface migration of 
landfill gas also may affect agricultural activities adjacent 
to landfills through crop damage (Jones and Elgy, 1994). 
Second, vapor phase migration can be significant with 
respect to ground-water contamination because contami
nants such as trichloroethylene are able to transfer readily 
from the liquid phase to the vapor phase. Vapor phase 
migration in unsaturated porous material is generally faster 
than liquid phase migration due to higher gas diffusivity 
and high vapor phase permeability (Ward et at., 1996). 
Highly volatile contaminants can migrate in the vapor 
phase, then later equilibrate with, and therefore contami
nate ground water along the vapor flow path. As a result 
of vapor equilibration, ground water may become con
taminated with volatiles even if there is no direct liquid 
flow path involved. Because velocities are higher in the 
vapor phase than the liquid phase, vapor contamination 
happens on time scales that are much shorter than typical 
for ground-water systems. Third, development of landfill 
methane as a source of power generation has spurred 
research to optimize the extraction process (Bogner et 
al., 1995). 

In this paper, we use a numerical model to examine 
multi phase transport at a landfill site situated on a mesa
top which stands about 30 m above the canyons that 
border it. The topographic relief at the site results in a 
hydrogeologic system that is well connected to the at
mosphere (e.g., Kipp, 1987; Weeks, 1987). The simulated 
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