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rests were conducted to determine the variation in volumetric ,vater content
and pore \\ater suction for a variety of compacted clay soils used in the construction of
landfill liners. The fit of the experimental data to an existing parametric model was
imestigated for two different fitting techniques. The first technique involvcs the use of
the rl.?tention curve computer program (RETC) developed for the U.S. EPA. The
second technique employs the Solver subroutine included in Microsoft Excel. The
parametric models resulting from either technique correlated well to the experimental
data, HO\\evcr. the individual curve fit parameters varied significantly. The effect of
these variations on the unsaturated behavior of compacted clay liners \\as e\aluatl.?d
using the Hydrologic Evaluation of Landfill Performance (HELP) model. The curve fit
parameters resulting from both the RETC and the Solver techniques were used as input
to the HELP routine for simulation of variably saturated now through a covcr liner.
There were no significant differences in the volume of leakage or rate of leakage
predicted using the input from the t\,;o curve-fitting techniques. However. there was
significant soil-dependent variation in the HELP output. Examination of the HELP
output provides information regarding variation in the volumetric water content of the
cover liner soil. This information can be used to predict pore water suction variations
and susceptibility to desiccation cracking.
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Thc materials used in this study consist or six clay soils used as landfill cover
liners at live municipal solid waste Iandlills in the mctropolitan Detroit vicinity. One
of the sites had two active excavation regions, yiclding two distinct clay soils. Samples
of the liner materials were retrieved from the excavation areas used as horrow soUt"Ces
for liner construction at each site. Tahle I provides a summary or the geotechnical
characterization ofcach soil. In suhsequent discussions. the six soils will he referred to
using the numerical designation provided in column one of this tahlc. i.e. the clay liner
from Auhurn 1fills \vill he designated Soil 1.
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Note: Soil designations 1-6 refer to soil from the following locations Auburn Ililis. Woodland
Meadows (brown clay). Woodland Meadows (gra: clay), Lvergreen. Canton. and Smith's Creek (vvith
bv weight benton ill' added l. respect ivel:
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Although mineralogical analysis was not includcd in the scope or thi.s research.
previous investigations (Salim et al.. 199h) suggest that the mineralogical make·up of
clay soils in southern \:1ichigan arc Llirly similar and that site-specific mineralogical
analysis may hl' unwarranted. A typical mineralogical composition shows the cia)
li'action to he dominated h) three minerals \vith ()()(y;) illite. 12°/i) Kaolinite. and ()Oo
chlorite.
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The other curve tit parameters: a. n. and m represent the shape and
nt variation
the SWCC. These parameters. especially the latter tvvo. show significa
the curve shapes
between soil types and hetween optimi/.ation approaches. However.
in Figure 1. The
that result from the two approaches appear \ery similar. as shown
ies observed
parameter set defining the shape of the SWCC is not unique. fhe similarit
eflrlrt in using the
in the SWCCs from the two techniques suggests that the added
ge in DOS
RETe program is unwarranted. Operation of the RI:TC reljuires knowled
ne does not
and Fortran formatting of input tiles. On the other hand. the Solver subrouti
require formatted input and has a Windows interj~lCe.

usually
Modeling of now in the unsaturated lone requires input of the SWCc.
parameters (0,. l\.
in a form similar to that in Eq. 2. along with the associated curve tit
data sets for these
a. n. and m. in this case). Therefore. it is expected that alternative
is tested using the
parameters will result in variable model output. This hypothesis
HELP model for prediction of landfill cover liner per!rmnance.
Leakage !>redic!iol7s

the variably
The 1IELP model (Schroeder et al.. 1994) was used to simulate
acre sur!~lCe area.
saturated conditions in a hypothetical landfill cover liner of one
Waterways
HU.p is a computer program developed by the U.S. Army Engineer
model includes
Experiment Station for the analysis of a landfill water budget. The
calculation of the
precipitation. surface runoff evapotranspiration. and snow melt in
storage in the
Sik water hudget. Excess moisture acts as additions to soil moisture
cover soil. lhe
Cover soil whik moisture deficits reduce soil moisture storage in the
on their functions:
model simulates four di Iferent types of soil laycrs. subdivided based
and combination
Vertical percolation layers. lateral drainage layers, harrier soil liners.
The transport process lr)r each layer is one
geomemhrane/harrier soil liners.
o-dimensional flow
dimensional. The model simulates quasi-steady state and quasi-tw
(Khanbi Ivardi l't a!" 1(95).

It is typical to designate a compacted clay liner as a harri£'!' soil lay£'!' for IIELP
!l1odeling. Ilowever. the harrier soil layer module assumes the cover liner to he
saturated for the entire simulation. Therefore, for all runs performed, the 90 cm thick
clay layer was simulated as a vertical percolation layer which allows for variably
saturated conditions. Ihis approach allowed the use of the SWCC parameters fur the
Cover liner and flennitted the simulation or variahly saturated conditions \vithin the
Cover liner.
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Figure 2. Leakage from each Soil Liner Using the Solver Parameters
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hgure 3. Leakage from each Soil Liner Using the RF rc Parameters
Variation due to soil type

the monthly
Although the cumulative leakage varies between soils (Table -+),
was greatest during
patterns arc similar (Figures 2 and 3). For all soils, the leakage
ns during the 60
months 17, 19, and 28. The leakage did not reach steady state conditio
through the cover
months simulated. I'or the entire period of the simulation, leakage
other cover liners.
liner constructed with Soil 6 was significantly less than that of the
approximately 60 1y<)
At the end of the simulation period. the leakage through Soil 6 was
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spiration and run-off also arc soil-dependent. The
he water balance was greatest for Soil 6. Soil 6 was
oisture movement through the cover liner. which
for evapotranspiration. Surface runoff was almost
ected due to the identical runoff curve numbers and
in simulating all six conditions.

nique

d leakage due to the optimization technique adopted
not significant. The maximum variation in the
tViO techniques occurred for Soil 1 and was
ranspiration and runoff components of the water
timi/.ation technique.
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The volumetric water content spans signilicantly difkrent ranges for the two soils.
The volumetric water content for the co\er liner using Soil I varies hetween 0.15 amI
0.24 while this range for Soil 6 is hetween 0.50 and 0.55. Soil 6 was much more
efTective at prevcnting leakage, and thus a signiticantly larger fraction of the available
moisture was stored above the liner to meet the evapotranspiration demands.
Therefore, the liner constructed with Soil 6 maintained comparatively higher values of
volumetric water content than SoilS. which allowed greater leakage.
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Figure 4. Volumetric Water Content Fluctuations in the Soil Cover Liner

llsing the S~('C. the volumetric water contents of Fig. 4 can he converted to
values of pore water suction. Previous research hy the authors (Miller et al.. 1998) has
shown that the onset of desiccation cracking may he related to a soil-specilic critical
suction value. If that value is known for the cover soil under investigation. it vmuld he
possihle to usc the IIELP output to determine the likelihood that the covcr liner will
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cover liners constructed with Soil I and Soil 6 are
g IRJ<Y<) and IO.O<Yo of the 5 year simulation duration,
ests that analyses of clay cover liners that rely on the
ns may be inappropriate. Such assumptions likely
ount of leakage through the cmer liner. while under
tion cracking.

ormance of six compacted cia) soils as cover liners
model. The relationship between the unsaturated
water suction was determined in the laboratory for
apparatus. The data was fit to the \an (Jenuchten
stic curve (SWCC) using two different optimization
resulting SWCCs \vere very similar for each of the
e individual curve-fit parameters \aried significantly
The variation in the shape of thl' resulting SWCCs
han the \'ariation due to optimization technique.

eled as a I'ertical jJercolatio!7 larer rather than the
I) option I'llI' a harrier soil la)'er. This was done to
uous saturated conditions inherent in the harrier soil
f each cover lincr simulated \vas identical. the only
sed for specificCltion of the sClturated and unsaturated
ons were completed for each of the co\cr liner soils

Evapotranspiration and runoff were much less variable than the leakage
component. There was essentially no variation attributed to the different optimization
approaches, with only minor variations due to cover liner soil specification.

Changes in soil moisture storage were calculated on a monthly basis for Soils 1
and 6.
The range in volumetric water contents predicted for each soil was very
different. The volumetric water contents were converted to pore water suctions using
the swec and compared to an assumed critical value of 200 kPa. Critical conditions
were exceeded 1.7 % and 11.7% of the time for Soil 1 and Soil 6, respectively. Both
soils were predicted to be unsaturated during a significant portion of the five year
simulation period (82% and 90% of the time for Soils 1 and 6, respectively).
Simulation of the variably saturated nature of the flow through the cover liner is
important to realistically predict leakage behavior.
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