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BACKGROUND

Adricultural subsurface drainage sytems (aka tile drains):

« Artificial drainage systems installed to transform poorly drained
soils into productive cropland and mitigate soll salinization.

 Provides many agronomic, economic and environmental
benefits.
* At present, more than 50% of the agricultural areas in Denmark

and Midwest USA are artificially drained (Meller et al., 2018;
Song et al,, 2021).

Undrained Condition | Drained Condition

Why do we map them?

* Important to understand the hydrology and solute dynamics .

and plan effective edge-of-field mitigation strateqies. control structur
 To install new drain lines, it is essential to know the location of

the existing drainage system. collector

(Source: transformingdrainage.org: Blann et al., 2009)
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https://transformingdrainage.org/practices/controlled-drainage/

PROBLEM DEFINITION

Traditional methods:

* Tile probing
* Trenching equipment

Limitations:

 Labour intensive and tiresome
* Localized and discrete
 Damage risk

éqgn IN gy,

/ AARHUS EGU 2022 TRIVEN KOGANTI ; @
V UNIVERSITY 23-27 MAY 2022

POSTDOCTORAL FELLOW R
DEPARTMENT OF AGROECOLOGY

“\N\ SOLyp,
&
Ysis. s



GROUND PENETRATING RADAR (GPR)

GPR:
*  Works on frequency bandwidth of 10 MHz - 3 GHz.

*  Waves get reflected at the interface of media with
different relative dielectric permittivity (RDP).

« Electrical conductivity (EC) controls the degree of
attenuation and hence the penetration depth.

Time-domain Frequency-domain
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TIME-DOMAIN VS FREQUENCY-DOMAIN GPR

Frequency bandwidth:
* Limited bandwidth (E.g., 250 MHz)
« Wide band coverage (E.g., 60 MHz - 3 GHz)
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(Modified from: 3d-radar.com)
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http://www.3d-radar.com/

RESULTS - 3D-GPR

Denmark

DUALEM
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COMPARISON

EC<20mS m]

Summary of mean ECa 1T m HCP, EC (0 - 1.5 m), success rate, estimated drainage depth, and average 3D-GPR global PD at different sites.

Estimated drainage depth

3D-GPR global PD

Studly site ECa EC Success rate
(0-1.6m) (0-1.5m) (%) (ns) (m) (ns) (m)

Fensholt upland 17.7 22.3 10 10-18 0.4-0.8 13-24 05-10
Fensholtlowland | 223 | | 322 | | 75 | 5 i ;2 ?:g i ?;2 22-33 10-15
Silstrup 18.2 22.7 0 15-22 07-10 22-33 1.0-15
Estrup 28.6 33.0 5 17 -29 07-1.2 24-36 1.0-15
Faardrup 14.8 21.3 99 14-20 0.6-0.9 23-35 1.0-15
Holtum ‘ 5.9 ‘ ‘ 9.0 ‘ ‘ High ‘ 10-39 05-23 34-42 20-25
Lillebcek-1 21.1 26.4 25 9-16 04-07 14-27 0.6-1.2
Lillebcek-2 20.0 24.8 15 10-17 04-07 14-27 0.6-1.2
Lillebcek-3 20.8 24.9 25 9-16 04-07 14-27 0.6-1.2
Juelsgaard 6.7 9.3 90 20-29 08-1.2 48 - 59 20-25
Kalundborg ‘ 11.3 ‘ ‘ 13.2 ‘ ‘ /0 ‘ 10-25 04-10 24-36 1.0-15
Lund 16.0 23.0 0 15 0.6 15-29 0.6-1.2
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GLOBAL PENETRATION DEPTHS
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GPR average trace magnitude plot
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LOCALIZED PENETRATION DEPTHS
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TYPICAL DRAINAGE PIPE SIGNATURE

Vertical Profile

Perpendicular to drain line orientation:

* Hyperbolic pattern in the vertical profile
* Linear pattern in the depth slice
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RESULTS - COMPLEMENTARY USE

Midwest USA

UAV Imagery
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COMPLEMENTARY USE

Optimal survey configuration?

 UAV imagery - 100 ha in 30 to 45 minutes
« GPR-100m?inthe same time

* Use both?

Y Orientation
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COMPLEMENTARY USE

Summary:

1. At Site-1, both the UAV imagery and GPR were Site-1
equally successful.

2. At Site-2, while the UAV imagery was successful in
one section of the field GPR proved to be useful in
the other section.

, 0 75 150 300 Meters N o 75 150 S
3. At Site-3, less to no success was observed in @ _—
finding the drain lines using UAV imagery '
captured on bare ground conditions, whereas
good success was achieved using GPR.

4. At Site-4, the UAV imagery was successful and
GPR failed to capture the drainage pipes’

location. Site-4
s Thus, GPR was useful as both a mapping and
validation technique and provided information on : :
the drainage pipes’ depth. e o e
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GUIDELINES

Optimal timing for site conditions in Denmark:

* When the water table is at/below the drain lines
depth:

v In spring (March - April)

v In summer after the harvest until
autumn (August - October)

late

 Surveys during late autumn to winter (November -
February) should preferably be avoided.

AARHUS
UNIVERSITY

DEPARTMENT OF AGROECOLOGY

/v

23-27 MAY 2022

Check: A priori knowledge on
the drainage pipes' location
and soil EC

GPR

Y

UAV Imagery

Y

Preferably two to three days after a rainfall event
when the water table is at/below the drainage
pipes' depth on bare ground conditions or with an
early stage crop establishment.

Preferably within two to five days after a rainfall
event on bare ground conditions or with an early
stage crop establishment. The flights can be
flexibly performed within the growing season.

Y

Estimate soil EC, RDP based on a
priori knowledge, an EMI sensor and
handheld probe measurements.

r

if EC > 20 mS.‘m——L——else

—

Y

Setup five to eight ground control points
and flight plan based on the wind
direction, long axis of the field and

obstructions while landing and take-off.

{—else

—-—l——if RH > 60 %

¥

Less likely to find drain lines.
Worth a try as the drain lines
could be at a shallow depth.

Moare likely to find drain lines.

More likely to generate
high-quality orthomosaics and
find the drain lines.

The image guality can
sometimes be severely
compromised hampering the
stitching process.

v—J

%

Enough to perform the GPR survey across a limited spatial
extent preferably in the direction perpendicular to the expected
drain line orientation (when a priori knowledge on their location
and orientation is available) or using a few orthogonal transects

(when this a priori knowledge is unavailable).

Perform the UAV flights with all the three cameras covering the
entire field area. If no success is obtained on the bare ground or
early stage crop development conditions, revisit the field in the
growing season with an established crop cover.
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KEY FINDINGS AND FUTURE WORK

Key findings:

Drainage pipe diameter and depth of installation are important
considerations.

¢ Europe: 50 mm in diameter
% USA: 100 mm in diameter

To develop a more robust framework:

* Forward modelling of proximal sensors

Controlled experiment using remote sensing
* Field experiments with all the sensors

1.5m Soil EC, RDP and temperature probes
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