
Modelling process

2D mesh creation

?Created by mean of Triangle (Schewchuk, 1996):
   Delaunay triangulations mesh generator.

?23 163 triangular elements / 11 762 nodes.

?Elements size from 1 to 20 m on the side.

?Refinement along boundaries and drains.

UTM zone 32N coordinates

Hydrological modelling

?HydroGeoSphere (Therrien et al., 2012): fully integrated 3D surface / subsurface flow and 
transport model.

?Generated 3D domain from the 2D mesh, based on the Danish geological model at 
national scale (DEMs): 324 282 prism elements, 176 430 nodes, 2390 elements with 
drain nodes.

Conceptual model

?Fully coupled 2D surface water and 3D variably-saturated groundwater flow model.

?Surface water flow: runoff, no stream.

?Reference time: 17/02/2000 (results given at steady-state).

?Tile drains at 1m deep, 0.1 m diameter.

Influence of tile drainage on grounwater flow and nitrate transport 
in heterogeneous geological materials
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NiCA research project

?Focus: nitrate reduction within geologically 
heterogeneous catchments in Denmark.

?Aim: develop tools for estimating nitrate reduction 
rates in the saturated and unsaturated zones 
under agricultural conditions.

?Assumption: a good prediction of nitrate 
reduction in the soil relies on an appropriate 
characterisation of geological heterogeneity.

?Methodology:
- Airborne geophysical mapping.
- Geological modelling.
- Hydrological modelling.
- Representative Elementary Scale definition.

Subsurface drainage is a common agricultural practice in poorly 
drained production fields to guarantee the productivity of crops 
and to reduce flooding risks. The impact of shallow tile drainage 
networks on groundwater flow patterns and associated nitrate 
transport from the surface needs to be quantified for adequate 
agricultural management.

A challenge is to represent tile drain networks in numerical 
models, at the field scale, while accounting for the influence of 
subsurface heterogeneities on water flow and transport.

Objectives

?Hydrological modelling of water flow and nitrate transport at field scale.

?Assess the contribution and impact of tile drains on water and nitrate budgets.

?Test 1D linear implementation of drains in a model vs. equivalent-medium 
representation of drains.

Study area

?Lillebæk catchment: 4.7 km² monitored 
catchment on Funen Island, Denmark.

   

?Land use: agriculture (88 %), forests and other 
nature (7 %), roads and buildings (5 %).

   

?Important contribution of drainage water flow on 
stream discharge.

   

?Quaternary deposits (30 to 60 m thick), 
overlaying limestones and marls:
- Upper glacial clayey till (Weichsel).
- Interglacial confined sandy aquifer.
- Lower glacial clayey till (Saale).

* Average values from 2000 to 2004

?Model area: one of the 5 monitored tile drained 
areas (field scale, 5 ha).

   

?Daily water flow measurements at drainage 
network station.

Lillebæk catchment

Model area

Conclusions

Observations
 

?Overall groundwater flow seems to be 
correctly represented.

?Tile drainage impact:
   drains water flow = main water flow output.

?Saturation < residual saturation:
   need to define more precisely the physical
   effect of tile drainage in the model.

Further development
 

?Calibration against tile drainage water 
flow, by mean of PEST (Doherty, 2012).

?Tile drains: test equivalent-medium.
- No need to know the location of drains.
- No boundary conditions applied.
- Less elements = faster computing time.

?Nitrate transport yet to be added.

Data type Value

Precipitation 798 mm/yr *

Potential
Evapotranspiration

616 mm/yr *

Stream water flow 1.57 x 10-2 m³/s *

Drain water flow 5.99 x 10-5 m³/s *

UTM zone 32N coordinates

(m asl)

Layer 1 Upper glacial clayey till -56.7 x 10 -66.7 x 10

Layer 2 Upper glacial clayey till -56.7 x 10 -66.7 x 10

Layer 3 Upper glacial clayey till -63.8 x 10 -81.9 x 10

Layer 4 Interglacial sand -64.6 x 10 -74.6 x 10

Layer 5 Lower glacial clayey till -81.5 x 10 -81.5 x 10

Layer 6 Sand lens -53.6 x 10 -53.6 x 10

Layer 7 Lower glacial clayey till -81.5 x 10 -81.5 x 10

Hydrofacies K  (m/s)XY KZ (m/s)

Surface water domain

Groundwater domain

UTM zone 32N coordinates

Simulated groundwater heads

Simulated groundwater heads and forward particle tracking

Saturation

?Subsurface body almost fully saturated.
?Saturation < 1 in the very first meter below ground surface.
?Overestimated contribution of downstream part of tile drainage network:
   some simulated saturation values  <  residual saturation.
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Pressure and relative permeability vs. Saturation
van Genuchten model for the unsaturated zone

Residual saturation = 0.15
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Preliminary results

?Snapshot of high precipitation event (17/02/2000), showing the role of tile drainage.
?Precipitation rate: 27 mm/day).

-4 3
?Drains waterflow at outlet: 4.7 x 10  m /s.

-73.18 x 10  m/s (
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