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Nutrient removal modelling: from a single
filter to an entire catchment

Andreas Bauwe, Stefan Koch, Bernd Lennartz — University of Rostock
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« Within NuReDrain filter systems for nutrient reduction (N, P) from
agricultural waters will be develop.
« University of Rostock estimates the effect of filter systems at

catchment scale for two watersheds.
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Focus on Phosphorus in the German catchment
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Size: ca. 3000 km?

Land use: Arable land (57%),
Forest (21%), Pasture (15%)

Soils: Cambisols, Luvisols

Rostock

Warnow basin

Berlin

Germany Tile-drained areas: 19%

Point sources: 82 waste
water treatment plants
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P concentirations
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Warnow
Tributaries
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Good ecological status:
0.07 mg DRP/L and 0.1
mg TP/L (OGewV)

Strong concentration
decrease since the early
1990s

Good ecological status
regarding P is achieved
for Warnow and most of
its tributaries

Is it perfect now?
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Reduction Requirements for a clean sea
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* The Warnow river basin must reduce 13 tons of Phosphorus annually.

* No decrease compared to the reference period so far.
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P-Modeling using the Soil and
Water Assessment Tool

1. Constructing the model (weather
data, land use, DEM, soills,
streamflow and P data etc.)

2. Calibration and validation of
streamflow

3. Calibration and validation of P-
loads

4. Deriving scenarios

* 8 gauging stations

* Daily streamflow data

 Monthly P-loads
1992 - 2011

Soil & Water
Assessment Tool

50 Kil
| | | ilometers ( b )
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Digital Elevation model, Land use, Streamflow (daily)
Weather data Soil data P (bi-weekly to monthly)
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Vegetation: Leaf area index, Rooting depth, Base temperature etc.
Management: Seeding and harvesting dates, crop rotation, fertilization etc.
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1. Calibration (1992-2001) und validation (2002-2011)
of stream flow for each subbasin on a daily basis.

2. Calibration and validation of P loadings for each
subbasin on a monthly basis.

3. Implementation of scenarios (P reduction strategies)




Results — Hydrology
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Observed (black) and modeled (red) daily streamflow in the River Warnow (Rostock)
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Jan-01 Jan-03 Jan-05 Jan-07 Jan-09 Jan-11

At least satisfactory model
performances

Good or very good model performance
for 4 out of 8 subbasins

Only minor differences between
calibration and validation

Valid and robust model for streamflow




Annual discharge (mm)
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200
— = B surface runoff B Tile-drained areas N
R [l l Tile drainage flow ; > A
_— T (S — \ | Groundwater flow .
100 N
50 —
0 T T T T T | —
E § % %’ % E § c[) 1 121.5 . 215 o SIOKiIometers
5§ T 22§ 8
g = = * 18% of basin is tile-
= drained
: : : * Large variation between
« Discharge is dominated by groundwater bgb )
suppasins

and tile-drainage water depending on the
subbasin.

 Surface runoff plays only a minor role.
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Observed (black) and modeled monthly DRP loads in the River Warnow
(Rostock) using SWAT (red) and SWAT-P (blue)
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* Good fit for measured and simulated values

« P transported via subsurface flow (groundwater, drainage water)
dominates

« Contribution of point sources (WWTP) ca. 10%
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Ecohydrology & Hydrobiology 19 (2019) 198-209

Contents lists available at ScienceDirect

ECOHYDROLOGY
HYDROBIOLOGY

Ecohydrology & Hydrobiology

journal homepage: www.elsevier.com/locate/ecohyd

Original Research Article

Predicting dissolved reactive phosphorus in tile-drained )

. : Check for
catchments using a modified SWAT model s
Andreas Bauwe *, Kai-Uwe Eckhardt, Bernd Lennartz
Faculty of Agricultural and Environmental Sciences, Rostock University, Justus-von-Liebig-Weg 6, 18059 Rostock, Germany
ARTICLE INFO ABSTRACT
Article history: Phosphorus (P) is mainly leached by subsurface transport pathways in tile-drained
Received 5 February 2018 landscapes. In this study, we modified the SWAT model (SWAT-P) by incorporating
Received in revised form 27 February 2019 dissolved reactive phosphorus (DRP) losses from drainage water and the deep aquifer.

Accepted 6 March 2019

Available online 21 March 2015 SWAT-P was tested in a tile-drained lowland catchment using a multi-site calibration and

validation approach. SWAT reached a good statistical performance regarding discharge for
all sub-catchments and a daily time step. As discharge was dominated by subsurface flow,

f{iﬂ:;r:;cal modeling we optimized DRP concentrations fgr the drainage water (SWAT-P), the shallow aquifer
Watershed (SWAT, SWAT-P), and the deep aquifer (SWAT-P) and left other P-related parameters at
Subsurface fow their default settings, since they did not influence the model output. DRP losses were
DRP simulated at a monthly time step using SWAT and SWAT-P. The predictive power was
SWAT weaker compared to discharge for both SWAT and SWAT-P. Nevertheless, SWAT-P

Tile drainage performed considerably better than SWAT. Additionally, calibrated DRP concentrations
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P filter at a drainage outlet
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Outlet Filter Box

Efficiency of the P Filter Box (P-concentrations)
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No effect for DRP, concentrations of inflow and outflow are nearly identical
Clear effect for TP, concentrations at the outlet are lower compared to the inlet
Efficiency of the Filter Box increases with rising TP-concentrations

27% of TP load could be retained
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P-Austrage aus dranierten
landwirtschaftlich genutzten Boden
und Moglichkeiten zur Minderung

Petra Kahle, Andreas Bauwe und Bernd Lennartz (Rostock)

Zusammenfassung

Im vorliegenden Beitrag werden die Konzentrationen und Frach-
ten an geldstem reaktiven Phosphor und Gesamtphosphor im
Drénwasser einer landwirtschaftlichen Nutzfldche sowie erste
Erfahrungen beim Einsatz einer kontrollierten Dranung und ei-
ner Filterbox mit eisenhaltigem Sand als praktische Losungsan-
sdtze zur Reduzierung der Phosphoraustrdge vorgestellt. Die
Phosphorkonzentrationen und -frachten zeigten eine deutliche
Abhdnsgigkeit vom Niederschlags- und Abflusseeschehen bei ins-

Abstract

P loss from drained agricultural land and
potential mitigation options

This article details the levels and loads of dissolved reactive
phosphorous and total phesphorous in drainage water from a
piece of agricultural land, together with the first lessons learned
from the use of controlled drainage and a filter box using fer-
rous sand as practical solutions to reduce vhosphorous loss.
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Evaluation of P filters in tile-drained fields at different spatial scales

D Warnow river basin N A}
0 150 300 450 600
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L 30 e _ L 30 & . Surface runoff
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Observed
Simulated
Scenario 1
Scenario 2

T

Scenario 3

Scenario 1
Scenario

Scenario 1 - 30% reduction efficiency

Scenario 2 - 40% reduction efficiency

Scenario 3 - 50% reduction efficiency

5.7 t reduction P/a

Warnow river basin.
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The P concentrations in the Warnow river basin have drastically
decreased after the political change and remain at a low level for
several years.

Further reductions are required for a clean sea.

With the help of an eco-hydrological model, streamflow and P-loads
could be reproduced satisfactory.

P is mainly transported via subsurface flow (groundwater, drainage
water).

Through the installation of P filters, the P loads can be further reduced.

However, enormous efforts will be required to achieve environmental
targets.
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