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Simulated evapotranspiration from a landfill
irrigated with landfill leachate
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Abstract

Evapotranspiration from a landfill area, irrigated with leachate water, was simulated with
the SOIL model. Three different types of vegetation (bare soil, grass ley and willow) were
used both with and without irrigation. The highest simulated evapotranspiration (604 mm)
during the growing season was found from an irrigated willow stand with a high
interception capacity. The lowest evapotranspiration (164 mm) was found from the bare
soil. The relatively high evapotranspiration from the willow was probably caused by the
high LAI and the low aerodynamic resistance within the willow stand. The results indicate
that it is possible to reduce most of the leakage water from a landfill by irrigation of willow
stands.
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Introduction

Background

Ordinary landfills produce substantial amounts of leakage water which is a result of the
precipitation surplus, mainly during the winter period, that infiltrate the landfill. The
chemical composition of the leakage water varies considerably depending on type of waste
deposited and the age of the landfill (Statens Naturvardverk 1993). The leakage water is
usually polluted with different organic compounds, nitrogen and, sometimes, heavy metals.
Typical values of N-tot (mainly N H / ) and P-tot concentrations are around 100 and 0.5 mg
1 , respectively. Often also the chloride concentration is high in the leachate with reported
values of up to 2000 mg I'1.

New methods for treatment of the leakage water are under development. A
promising one is to recirculate the leachate within the landfill area in order to reduce its
volume by evapotranspiration (Hasselgren 1994). By reducing the leachate volume, the
impact of the landfill leachate constituents on the environment is reduced. The
evapotranspiration from a landfill can be increased by planting willow stands on the
abandoned parts of the landfill and keeping the willows well supplied with water using
sprinkler irrigation with leakage water during the growing season. This method is adopted
at several Swedish deposits. For example, at Ronneholm landfill in Southern Sweden,
measurements indicate an extremely high evapotranspiration from the willow stand planted
for treatment of landfill leachate.

Objectives

The objective of the simulation study was to calculate the achievable evapotranspiration
from a landfill area at Iggesund (middle-east Sweden) applying different types of
vegetation (bare soil, grass ley and willow ) and irrigation during one growing season.
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Methods

The field site

The landfill is situated at the Swedish east coast near Iggesund (lat. 61.8 °N, Ion. 17.1 °E,
alt. ca 30 m). It is relatively flat on the top with steep sides. The deposited waste origins
from the pulp and paper production at Iggesund Paperboard AB, a few kilometers from the
landfill. The soil properties of the deposited waste is not known. The landfill is planned to
expand from an area of ca 14 ha today to approximately 50 ha in the next 40 years. A part
of the landfill (3 ha) has been covered with soil and planted with coniferous trees in order
to establish a green cover. It is on this part of the landfill that evapotranspiration is
simulated.

The average annual temperature at Hudiksvall (close to Iggesund) is 4.7 °C and the
mean annual precipitation is 645 mm. During the simulation period. May - October, the
mean precipitation is 352 mm (SMHI). The calculated length of the growing season
accrding to Perttu (1995 pers. comm.) is 165 days (from the end of April till the middle of
October).

Simulation prerequisites

Model description

The simulations were performed using the SOIL model, which mainly describes the
contents and flows of water and heat in the soil. It can also be used to calculate the water
balances (Jansson 1991, Jansson.1994). The model is based on differential equations which
are solved numerically. The evaporation and transpiration is calculated using the "Penman
equation modified by Monteith 1965":

Rn + paCp{es ~ea)l ra

A (l rs/ ra)

where rs denotes the surface resistance and ra the aerodynamic resistance. The total
evaporation is divided into three main components: i) soil evaporation, ii) transpiration,
and iii) evaporation of water intercepted by the canopy. Precipitation and irrigation is
assumed to occur once a day with a part (which can be varied) captured as inteception. The
model can handle the irrigation as either being applyed directly to the soil surface or as
sprinkler irrigation above the canopy (with interception losses included) or anywhere in this
range.

Drivine variables and parameterisation

The evapotranspiration from the landfill was simulated for the period 1 May to 31 October,
1985. Daily values of the meteorological variables, measured at Ostersund-Froson (lat. 63,1
°N, Ion. 14.3 °E, alt. 376 m, mean annual temperature 2.5 °C, mean annual precipitation
484 mm) were used. The period chosen for the simulation was without extreme weather
situations at Ostersund-Frbson.

An irrigation regime was applied with daily irrigation starting on 1 May with a
stepwise increased intensity until 30 July and, thereafter, a reduced intensity until the end
of the irrigation period, 31 October (Fig. 1).
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The willow cultivation was assumed to be a well established stand in its second
year after harvest, and it was parameterised according to Persson (Persson pers. comm.,
Persson unpublished) with slight modifications (Fig. 2.). The displacement height and
roughness length were assumed to be 70 % and 10 % of the mean stand height,
respectively. The maximum root depth was set to 1.3 m and the root density assumed to be
constant.

M a y

Fig. 1. Daily precipitation recorded at Ostersund-Froson 1985 and irrigation regime applied
for the simulations
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Fig. 2. Displacement height and roughness length of the grass ley.

The grass vegetation was parameterised according to Fig. 2. The root depth of the
grass was set to 0.3 m. The leaf area index development of the grass and the willows,
respectively, are illustarted in Fig. 3. The canopy resistances of both the willow stand and
the grass ley were set as a function of time.

The soil was assumed to be similar to the forest soil at Skogaby, i.e. relatively fine
textured and with a thin humus layer. The landfill is not drained but it was assumed that a
shallow groundwater outflow occurs when the groundwater table reaches certain levels in
the soil profile.

The amount of water intercepted by the vegetation was varied by changing the
model parameter controlling the amount of precipitation and irrigation intercepted per LAI.
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Irrigation with leakage water was assumed to be conducted using sprinklers uniformly
distributing the leachate over the vegetation.
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Fig. 3. Leaf area index development of the willow stand and the grass ley.

Results

The simulated total evapotranspiration varied between the different types of vegetation and
with different parameter settings (Tab. 1). The total evapotranspiration was highest in the
irrigated willow stand with the highest interception capacity of 0.6 mm LAI"1. The lowest
evapotranspiration was found from the bare soil. The grass ley had also a considerably
lower evapotranspiration than the willow stand. What willow concerns, the amount of
water intercepted by the canopy had a substantial influence on the evaporation. However,
in the case of the lowest interception capacity, 0.2 mm LAI"1, the evapotranspiration was
highest in the non-irrigated stand.

Table 1. Simulated water balance (mm) at Iggesund during the period 1 May to 31 October
1985, using different values for the interception capacity per LAI

Variable/Parameter

Interception capacity in
mm LAI"1

Precipitation + irrigation
Soil evaporation
Interception evaporation
Transpiration
Total evapotranspiration

Bare
soil

-

992
164

0
0

164

Grass ley

0.4

425
60
66

196
322

0.4

992
59

224
81

364

Willow

0.2

425
76
61

330
467

0.2

992
100
132
213
445

0.4

425
75

107
315
497

0.4

992
101
240
192
533

0.6

425
74

142
303
519

0.6

992
100
325
179
604

In the beginning of the simulation period (growing season), the evapotranspiration
was highest from the grass ley, but from the beginning of July until the end of the growing
season, the willow stand evapotranspiration was highest (Fig. 4).
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Fig. 4. Simulated accumulated evapotranspiration (mm) until the end of July from the
willow stand and the grass ley (both with interception capacities of 0.4 mm LAI'1)
and from the bare soil.

Discussion

The simulations indicate that it might be possible to evaporate and transpire most of the
leakage water if a system with willow stands irrigated with leachate could be applied at the
Iggesund landfill. The results also indicate that a mixture of grass and willow could be
favourable because the grass starts to develop its leaf area earlier than the willow does. The
relatively low evapotranspiration from the willow early in the season might make it
favourable also to include coniferous trees like spruce in the vegetation available for
irrigation with leachate water. Coniferous trees have a high LAI all year round which might
make them more suitable than willows for evaporating irrigated water in the beginning and
end of the growth season and, thus, prolonging the irrigation period. Coniferous stands also
have other properties concerning aerodynamic and canopy resistances which could affect
the evapotranspiration.

The evapotranspiration from a willow stand is to a high degree dependent on the
interception capacity of the canopy. The interception factor 0.6 mm LAI"1 is probably
unrealistic high for normal conditions (no sprinkler irrigation). Persson and Lindroth
(1994) suggested an interception capacity of 0.2 mm LAI"1. This value was used in the
simulation of the water balance of a drip irrigated willow stand, interception capacity of
which was governed by the normal precipitation pattern. However, if the irrigation can be
performed using sprinklers at low intensity it should be possible to minimize the amount of
water direct falling to the ground, i.e. increasing the interception capacity. A major part of
the leaf area of the canopy would, thus, be constantly wet. Such conditions could probably
be simulated using the SOIL model if a higher time resolution was adopted. In the
simulations presented here, the precipitation and irrigation were assumed to be applied at a
single occasion each day. According to Lindroth (1995 pers. comm.) the actual
evapotranspiration could be assumed to be much higher than simulated here if the canopy
could be kept wet to a higher degree. The high evaporation rate of intercepted water is due
to the absence of stomata resistance (rs) when free water evaporates from the leaf surfaces.

A very important factor for correct calculations is the relative humidity/water
vapour pressure deficit. If large areas with willow are sprinkler irrigated, the air humidity
would probably increase substantially, which would reduce the driving forces for
evaporation. The recordings of relativ humidity used in the simulations do not include such
a "feed back response", and, as a consequence, the evapotranspiration is probably
overestimated. In order to enable better predictions of the maximum evapotranspiration
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achievable at Iggesund (or any other location) more adequat climatological measurements
are needed. Of course, the parameterisation is also of major importance. A thorough
overhaul of the resistance parameterisation might give other results than those achieved. In
southern Sweden, landfill leachate treatment using willow irrigation has been practiced at
Rb'nneholm landfill near Eslov (Hasselgren 1994). The willows were planted on terraces on
the abandoned parts of the landfill. Despite only a minor part of the landfill was planted, a
few years after establishment no net leachate was recorded from the landfill. The much
longer growing season in southern Sweden compared with Iggesund can only partly explain
the higher evapotranspiration assumed from the Ronneholm landfill. This indicates that
even the highest evapotranspiration simulated at Iggesund perhaps is not unrealistic high.

The "landfill soil" used in the simulations has probably different caracteristics than
the forest soil. It is even uncertain wether the waste itself is toxic to plants. If so, the plant
roots could only grow in the topsoil (approximately a 30 cm thick layer) brought to the
landfill for establishing a green cover. In the present simulations the soil properties and the
root distribution probably have a limited impact on the evapotranspiration in the case of
irrigation. A difficult factor to take into concideration is the possibility of increased soil
salinity. This could be the result of application of chloride rich leachate.

The simulations show that a high interception rate reduces the transpiration, which
could lead to reduced growth (Table 1). It is difficult to estimate this reduction. The
assumed increased humidity (reduced vapour pressure deficit) in the stand as a result of the
sprinkler irrigation should increase the water use efficiency. Besides, in practice a part of
the leaf area would not be constantly wet, .thus allowing for transpiration and CO2
exchange.
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