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What controls the drain flow dynamics?
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Background

 Nitrate pollution in surface water sor~(
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« Nitrate pollution — links to ’
agricultural surplus in Denmark i
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Subsurface drains in Denmark

B: Artificially
drained areas

50% of Denmark’s agricultural
area has subsurface drains
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Why subsurface drains are important ?
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Agricultural
surplus leaching
into groundwater

Subsurface drains
— direct flow to

surface water
A Petersen et al., 2021

Nitrate reduction

AU ALY * Subsurface drains increase

contribution to nitrate pollution

* Need to study subsurface drain

flow dynamics
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Drain fraction (DF)

Recharge

drain

2m

/I v
Drain flow
volume of drain flow
Drain fraction(DF) = f f
volume of recharge
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Objective

What drives drain flow generation?
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Study area: Fensholt-D3

Digital elevation model (m)
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Hydrogeological models: translation of Qm to K

[ Site specific resistivity ]
and K correlation

[ Heterogeneous K Homogeneous K J
models models
Model50 ( Model70 . Modelmin Modelmax
(resistivity 50 Qm resistivity 70 Qm _
for delineation) for delineation) (Mean low K) (Mean high K)

[ Groundwater flow models J
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Correlation of Topographical position index and

drain fraction
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Conclusion

 Topographical position index identifies regions of high drain flow and low
drain flow

 Geology (Clay or sand) identifies the magnitude of drain flow in region with
relative differences in topography
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Subsurface drains in Denmark

B: Artificially
drained areas
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50% of Denmark’s agricultural
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Objective

What drives drain flow generation?

Establish a groundwater flow model that can
simulate drain flow dynamics for several drain
catchments in Denmark

Investigate the physical control on generated
drain fraction

HydroGeophysics Group

AARHUS UNIVERSITY

O



13

Objective

2.

What drives drain flow generation?

Investigate the physical control on generated
drain fraction
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Data collection and selection of drain sites

Total 26 field scale (<1km?) drain catchment
rJQl’nd

Collected observed drain flows data

)
s
‘k““
Mid Jylland
13 sites i —>

g

[\

Drain site

E)!
Fyn
.5 sites

- b J :
.‘% “'f Y'

uoneAs|3

4 sites

Lollanc ‘ 1 E
0 p ; ) P
14 ey



15

Groundwater flow model (MIKE-SHE)

Pre-existing DK-HIP model
(100*100m)

-
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Modified DK hydrological model
(10*10m)

Drain conductance
Hydraulic conductivity (0-2m)
Geological layers depth

Drain depth
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Generation of hydraulic conductivity map

.
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100 m resolution
National model K
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Calibration parameters

Slope & Intercept Drain
of clay fraction and K conductance - /s

linear equation

Drain depth - m Root depth - mm

15t Clay layer Kx - m/s
15t Sand layer Kx - m/s

Joint calibration — spatial distribution of parameters
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Calibration performance
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Mean PBIAS
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Calibration performance

Mean performance of all
26 drain catchment
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Contact: hm@geo.au.dk

Model produced
drain fraction
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KGE and PBIAS across drain catchments
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Objective

What drives drain flow generation?

1. Establish a groundwater flow model that can
simulate drain flow dynamics for several drain
catchments in Denmark
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ldentified physical variables

Topographical wetness index Clay fract|on Aspect

North-facing slope >

The aun's rays strike south facing slopos more directly
!!!!!!!!! Aacing slopeos in the nornherm hemisphere,

Curvature
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Covariance of identified physical variables

Clay thickness (m)-
Topographical position index_20-
Topographical position index_10-

Topographical position index_1-
Topographical position index_2 -
Slope (degrees) -

Topographical ruggedness index_30-
Roughness-

Aspect-

Topograhical wetness index -
Curvature-

Plan curvature-

Profile curvature-

Sand thickness (m)-

Average clay fraction (%)-

Clay fraction a (%) -

Clay fraction b (%) -

Clay fraction c (%) -

Clay fraction d (%) -

23

Clay thickness (m) -

Topographical position index_20 -

Topographical position index_10 -
Topographical position index_1 -
Topographical position index_2 -

Slope (degrees) -

Topographical ruggedness index_30 -

Roughness -

Aspect -

Topograhical wetness index -

Curvature -

Plan curvature -
Profile curvature -
Sand thickness (m) -
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Removal of redundant variables
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Scale based correlations
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Variability covered across Denmark
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Variables variability covered across Denmark

0.200 1 0.16 1
0.175 1 0.14 1
0.150 1 0.12 1
201257 2010 1
E 0.100 1 E 0.08 -
0.075 - 0.06 -
0.050 1 0.04 1
0.025 1 0.02 1
0.000 - . . . 0.00 -
0 5 10 15 20 25 30 35 40 0 10 20 30 40 50

Average clay fraction (%) Clay thickness (m)

B Variability in 26 drain sites
0 Variability accross DK Tile-drained areas

« Clay fraction below 10% not represented in our study
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Conclusion

« Areliable calibrated model that can predict drain flow dynamics accurately

« Topographical wetness index and relative topography has control over drain
flow dynamics
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Thank you
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