
  

Various strategies and geometries of sampling devices 
are used to collect leachate. The typically applied water 
sampling technique is the suction-cup lysimeter, which is 
used since more than one century. One of the disadvant-
ages of suction-cup lysimeters is their limited size, which 
leads to the phenomenon that in heterogeneous or 
structured soils most of the suction cups are bypassed by 
preferential flow paths.

An alternative strategy is to collect soil solutes passively 
by zero-tension devices, such as tile systems or zero-ten-
sion monolith or plate lysimeters. 

Zero-tension plate lysimeters have no or small walls and 
collect soil water only from preferential flow paths or if 
the soil water above the pan has a positive pressure, i.e., 
a positive matric potential. In all other cases water will 
diverge from the pan toward the dryer surrounding soil. 
This is resulting in a low collection efficiency. However, 
the collection efficiency of zero-tension plate lysimeters 
can be improved with larger pan sizes.

In this study we investigate the performance of a new 
modular large zero-tension plate lysimeter that can be 
installed manually under undisturbed soils. We focus 
specifically on its collection efficiency and its ability to 
collect water from preferential flow paths. A numerical  
study was carried out to investigate the collection effi-
ciency, which is known to depend on a variety of factors:

(i) characteristics of the soil hydraulic functions,

(ii) existence of a secondary pore system,

(iii) infiltration intensity, 

(iv) lysimeter size, 

(v) local heterogeneities that result into preferential 
flow paths.

Design and Performance of a Large Modular Zero-Tension Lysimeter Design and Performance of a Large Modular Zero-Tension Lysimeter 
for in-situ Water Collection from Preferential Flow Paths in Undisturbed Soilsfor in-situ Water Collection from Preferential Flow Paths in Undisturbed Soils

Andre Peters(1)* and Wolfgang Durner(1)

(1) Institut für Geoökologie, Technische Universität Braunschweig (w.durner@tu-bs.de)    *Now: Institute of Ecology, Department of Soil Protection, Technische Universität Berlin

 IntroductionIntroduction Lysimeter designLysimeter design   ResultsResults ConclusionsConclusions

With this modular technique, which resembles a 
horizontal sheet pile wall, it is possible to install 
lysimeters of almost arbitrary width. In our field 
study, we installed lysimeter plates with an area of 
125 by 125 cm. The plates had a decline of 
approximately 5% towards the pit, which was then 
re-filled. From there they drained into a stainless 
steel trench, also filled with the quartz gravel, that 
lead into a collection vessel (Fig. 2). 

● We present a modular system that allows large zero-
tension lysimeter plates to be installed under undis-
turbed soils. Such large sampling devices are neces-
sary if preferential flow paths are present in soils.

● We conducted a numerical 2-D simulation study us-
ing homogeneous and heterogeneous soils to in-
vestigate the influence of the lysimeter on the water 
flow field in the soil, and thus the representative-
ness of the measurements. The results show that 
the collection efficiency is highly dependent on the 
soil hydraulic functions, infiltration rate, and lysi-
meter size. 

● If the soil is homogeneous, zero tension plate lysi-
meters can collect soil water only in soils with relat-
ively small saturated hydraulic conductivity. In ho-
mogeneous soils with high saturated conductivities, 
even very large lysimeters (width 250 cm) are by-
passed completely. 

● The collection efficiency increases with increasing 
infiltration intensities and lysimeter sizes. 

● Heterogeneity of soil hydraulic properties results in 
a network of flow channels that may either hit or 
bypass small sampling devices. 

● Tracer transport simulations with an inert solute in a 
heterogeneous medium show that the solute break-
through into the lysimeter occurs slightly retarded 
as compared to the free soil. 

● Due to their size the large plate lysimeters average 
the breakthrough over a large area, and thus give 
more representative information about the solute 
flow on the plot scale as compared to single point 
measurements.
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Fig. 3: Steady-state pressure head distribution; arrows show flow direction and 
velocity. Top: Unimodal hydraulic functions with α = 0.05 cm-1 and Ks = 10 cm d-1. 
Bottom: Bimodal hydraulic functions with α

1
 = 0.4 cm-1 and Ks = 640 cm d-1. The 

infiltration intensity was 4.0 cm d-1.

Fig. 4: Top: Spatial distribution of log10 of scaling factor, log10χ.  Λx=Λz=10 
cm; σ(log10χ)=0.5. A Miller-Miller similarity of the soil hydraulic properties 
was adopted. Center: Corresponding steady state pressure head 
distribution and flow field in heterogeneous soil. Soil hydraulic properties 
function as described by the unimodal standard case; Infiltration intensity 
was 4.0 cm d-1. Bottom: Water content distribution and flow field.

Fig. 5: Distributions of collection efficiencies from Monte Carlo simulations 
for different lysimeter sizes and σ(log10χ). First row: Lysimeter width was 
75 cm; second row: Lysimeter width was 125 cm; third row: Lysimeter 
width was 250 cm. Left column: σ(log10χ)=0.5; right column; 
σ(log10χ)=0.75. Black lines show arithmetic mean of all simulations. 
Reference hydraulic functions and infiltration intensity as in Fig. 4.

Fig. 2: Foto of a readily installed lysimeter system, before re-filling 
     of the pit.

We developed a modular system (Fig. 1) that allows 
the installation of large lysimeter plates under 
undisturbed soils.

Fig. 1: Illustration of modular plate system. Single champfers are 7~cm 
wide, 4.5~cm high, and 125~cm long. Champfers are teethed together as 
in typical sheet pile walls.

Fig. 6: Breakthrough curves of an inert tracer that was applied as a short 
pulse on top of the heterogeneous soil as shown in  Fig. 4.

Tab. 1: Parameter combinations for the numerical study. vG: van Genuchten/ 
Mualem hydraulic functions; uni: unimodal hydraulic functions; bi: bimodal 
hydraulic functions; hom: homogeneous distribution of hydraulic functions; 
het: heterogeneous distribution of hydraulic functions; Inf: Infiltration intensity. 

In order to investigate the performance of the lysimeter 
type we carried out several 2D steady state water flow 
simulations with the Richards equation. The hydraulic 
functions, parameter combinations and Infiltration 
intensities are listed in Tab. 1.

Additionally, the transport of a non-reactive solute was 
simulated for the heterogeneous standard case.
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