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Set up for sprinkling experiments
in Alptal, CH iHf
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Site description .

* Two steep hillslopes of 17° and 25°

e Grassland and Forest

* Located in the pre-alpine Swiss research basin
Vogelbach, Alptal

 Two extreme rainfall events of 60 and 100 mm/h
were artificially simulated at each of the two sites
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Hillslope experiment — Measurements
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Uranin concentration (ppb)
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Tracer Experiments

Tracer experiments with

fluorescein (Uranin) at the forest

site (steady state, near surface
point source)
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Analysis of the tracer experiments H

e Fit to the tracer breakthrough curves obtained from surface and
subsurface runoff components, sampling tubes and single
macropores in the pit.

* Transport models:
— Convection-Dispersion-Model (CDM)
— Transfer-Function-Model (TFM)
— Single-Fissure-Dispersion-Model (SFDM)
— Mobile-Immobile-Water-Model (MIM)
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Examples of measured and fitted

breakthrough curves iHf
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Tracer experiment H.J.Andrews : E
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Experimental set-up
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Interpretation Through Modeling:

A Forward Approach
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Measurements o”
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Animations

Concentration

Saturation depth

soildepth

prohability
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Subsurface runoff simulation °H
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Mass flux and recovery ‘M
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Seen (Murtensee, Leibundgut) °H
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Stomungsbild_Murtensee ‘M
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Zuflussbedingte
Stromung

aus Laborversuchen
(Rotationstisch)

Stromungsbild des Murtensees in Einschichtungstiefe

der Broye. Aus: NYDEGGER 1967. | forvmrthy
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Versuchsbeispiel ,,Abwassereinleitung

Murtensee” iHf
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Ziele: « Rekonstruktion der Schichtungsprozesse im Gebiet
der Abwassereinleitung
« Verfolgung der subaquatischen Wege des markierten
Abwassers (verursacht durch Wassertemperatur, Stromung
wind und ZuflUsse)
« Erweiterung der methodischen Erfahrungen

Methoden: « Uranin, Einspeisemenge 6kg
« 6 Messfahrten an 2 Tagen mit Unterwasserfluorimeter

Resultate: « Abwassereinleitungstiefe: 9 m
* Verdunnungsfaktor: 1 : 200 bis 4000
« Abwasser erreicht ausreichend verdunnt Seeoberflache,
bedingt durch windinduzierte Stromung
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Tracermessung in einem See o
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The principle of measurements of a "tracer cloud" within
the body of lake water.

Prinzip der Ausmessung einer "Tracerwolke" in einem See-
wasserkorper.

TC tracer cloud / Tracerwolke

P profile line (boat) / Profillinie

M measurement profile (Variosens) / Messprofil

B,/B, marker buoys / Markierbojen

C concentration of the tracer / Tracerkonzentration
D depth of measurement / Messtiefe

P

A registration paper / Schreiberstreifen
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Steuerbarer Schlepptrager °H
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Manoeuvrable towing device for stabilisation of the un-
derwater fluorometer (V) in the desired depth.
Steuerbarer Schlepptrdger zur Stabilisation des Unter-
wasserfluorometers (V) in der gewlinschten Tiefe.

ST guide rope / Steuerseil

SCH towing lines / Schleppseile

@ Institut fir Hydrologie, Albert-Ludwigs-Universitét Freiburg
N ALBERT-LUDWIGS
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Markierversuch See

‘ersitit Freiburg
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Vertikalprofile

Seeoberfljiche

10
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Vertikalprofile durch die Tracerwolke
10.7. 1980 (nachmittags).
a fresh water concentration bis 1 mg/m3

b tracer concentration: 1-10 mg/m°
¢ lake bottom / Seearnnd
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Vertikalprofile ;
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Properties of a glacial drainage system
revealed by repeated tracer tests iH{

e Thomas Schuler, ETH Zurich

* Unteraargletscher CH
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Alpine Gletscher

snow

moulins

firn watertable

glacier portal

subglacial channels
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Fragestellung M
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v small

non-pressurized

% pressurized
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Q Q
requires: repeated tracer tests at different discharge stages
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Methode

e hydraulic
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Tracer experiments at Unteraargletscher ‘H g
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repeated tracer tests over one diurnal discharge cycle
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August Experiment ‘H
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September Experiment ‘H
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Ergebnisse
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Geschwindigkeit und Abfluss
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Erklarungsmodell ‘H
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Erklarungsmodell
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t Inflow modulation
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Zusammenfassung °H

Hvonocoweum
Tracer tests repeated at short intervals over one diurnal discharge
cycle reveal a pronounced diurnal variability of transit velocity.
(™ single tests have only limited significance for investigating the
seasonal evolution of a subglacial flowpath).
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Hyporheic Zone
YP iHf
LY e

e Zone of subsurface flow adjacent to a stream through which stream water
exchanges

A FPool and riffle B

T Slreeny —— ;
. - / — Mearrclerireg
Flow in / 7 ——— strean
hyporheic N§ T ATt ey 2l

USGS Circular 1139, 1998

¢ HZis important because it increases stream water residence time
and represents a biogeochemically active region underpinning
stream ecosystems.
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Hydrologic Characterization f

e Three methods

| Rio Calaveras, NM
— Solute release experiment and transport modeling

— Groundwater flow modeling
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Solute Release Experiment and

Transport Modeling 1 f
nvonomaosum

e Stream tracer technique at reach scale
— Release tracer upstream, collect downstream

— Analyze change in tracer concentrations

SS9 Tracer
il
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Solute transport modelling ‘M

HYDROLOG!EW
Conceptual Model:
Main Channel and Storage Zone
Main Channel
/ : Downstream transport
| 1
Chemical (advection and dispersion)
reaction
Lateral ljj ﬁ |—| % Lateral
inflow Exchange due to outflow
transient storage
Chemical
reaction
Storage Zone
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Some breakthrough examples ‘H
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Lookout Reach 411

1000 E | | | | T TT] | | | | T T T I [ | | T T T IE
E o  observations E
L OTIS simulation _
100 - power-law simulation .
o) L _
=
c 10 ¢ .
o = -
== - —
N ~ -
- - i
c
8 1 & ;
c e -
o C -
o = i
|_ L _
E 01 + E
001 | | [ I | 11
Te+3 1e+6

itut f 1469, ¢ i i
& Insttu fur Hydrol g3, AoA{oem Gy erg e fifiburg
N7 ALBERT-LUDWIGS Fahnenbergplatz hydrolegy@hydrology.uni-freiburg.de
UNIVERSITAT FREIBURG D-79098 Freiburg www.hydro.uni-freiburg.de



Some breakthrough examples ‘H
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B —— OTIS simulation 4
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Which model is better?

Why does it matter?

iH

HVDROLOGIEW
2.0e-3
. &
\ A A
\ =
< 15631
b \
Yy \
o \ — — — power-law RTD, pre 7,
~.1.0e-3 - \ — power-law RTD, post 7 ,
E \ —— exponential RTD
| N\ —a—— denitrification time scale
S 5 0e-4 - \ —&—— nitrification tu_ne s_cale
50 N - —a—— O, consumption time scale
o~ .
0.0 . \\ .
1e+0  1e+1 1e+2 1e+3 1e+4 1e+d5 1e+6  1e+7
Time (s)

\i‘{:\l BERT-LUDWIGS

UNIVERSITAT FREIBURG

Institut fiir Hydrol@. M{@i@t@@ﬂ@fnﬁibum

hydrology@hydrology.uni-freiburg.de
www.hydro.uni-freiburg.de

Fahnenbergplatz
D-79098 Freiburg




Literature o
iH

FREIBURG
HYDROLOGIE ‘ F

* Gooseff, MN, DM McKnight, RL Runkel and BH Vaughn. 2003. Determining long
time-scale hydrologic flow paths in Antarctic streams. Hydrological Processes, 17

(9):1691-1710.

* Gooseff, MN, SM Wondzell, R Haggerty, and J Anderson. 2003. Comparing
transient storage modeling and residence time distribution (RTD) analysis in
geomorphically varied reaches in the Lookout Creek basin, Oregon, USA. Advances
in Water Resources, 26(9): 925-937.

;’{gg\ Institut flir Hydrologie, Albert-Ludwigs-Universitit Freiburg
FALBERT-LUDWIGS

N Fahnenbergplatz hydrology@hydrology.uni-freiburg.de
UNIVERSITAT FREIBURG D-79098 Freiburg www.hydro.uni-freiburg.de



Tracer experiments '
the effect ofdar




Objectives
@
' H FREIBURG
HYDROLOG!E\ P

The objectives of the study are to investigate

e the effects of different land use, land cover and
management practices on the formation of soil
structure and the significance of preferential flow

* the effects of different rainfall application amounts

* and to test whether the INfiltration—INitiation—
INteraction Model (IN*M) is capable to predict water
flow in macroporous soil under different land use
and land cover.
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Sprinkling and dye tracing experiments : E
Hvonowaoeum

(1) Set-up of experimental plot (2) Rainfall Simulation

(land-use: meadow)

2.7 m

and 12mmh?*

Different initial

Tensiometer and TDR-Probes soil moisture conditions Dye tracer (Brilliant Blue FCF)
continuously added to the

‘dry” and "wet’ sprinkling water

@3 Preparing 4-5 vertical sections a> Preparing 4-5 horizontal sections

Area (100 cm * 100 cm), Horizontal distance 10 cm Area (100 cm * 50 cm), Vertical distance 10-20 cm
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Traceraufbringung

www.hydro.uni-freiburg.de

hydrolegy@hydrology.uni-freiburg.de

Institut fir Hydrologie, Albert-Ludwigs-Universitét Freiburg

Fahnenbergplatz
D-79098 Freiburg

UNIVERSITAT FREIBURG

\i{.«l BERT-LUDWIGS




Experimental set-up
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*

A
.
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e
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[[_] sprinkled area (Tracer: Brilliant Blue FCF, 4g/l) ©  TDR probe
% irrigation intensity 15mm h-1 for all plots
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Results — Macropore structure
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Amount of macropores
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AGE Institut fiir Hydrologie, Albert-Ludwigs-Universitit Freiburg
@ '-\I BERT-LUDWIGS Fahnenbergplatz hydrology@hydrology.uni-freiburg.de
UNIVERSITAT FREIBURG D-79098 Freiburg www.hydro.uni-freiburg.de



, E
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40mm
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Results — Grassland 1
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Results — Deciduous forest
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Results — Grassland 2
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@ Institut fir Hydrologie, Albert-Ludwigs-Universitét Freiburg
% ALBERT-LUDWIGS

Fahnenbergplatz hydrology@hydrology.uni-freiburg.de
UNIVERSITAT FREIBURG D-79098 Freiburg www.hydro.uni-freiburg.de



HYDROLOGIE

NT-60 T-60 G1-60 F-60 G2-60

Depth (cm)
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[ ]
0 1
Volume density (-)

Mean
+ —Standard deviation
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Results — Surface density 60mm plots
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Results — Maximum infiltration depth
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00 Analysis of Variance
: Between application amounts
Test-value  P-value
_ NT 10.831 0.004
§ T 15.904  3.52E-04
£ G1 12.824 0.002
g F 5.234 0.073
G2 1.264 0.532
Between sites
0 Test-value  P-value
NT T G F G2 60mm 22.225 1.81E-04
40mm 27.295 1.81E-04
= 20mm B 40mm B 60mm

20mm  29.717 1.81E-04
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Introduction
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¢ Pesticides as non-point-source pollution in agricultural headwater

documented

- Still measureable concentrations in large rivers e.g. River Rhine
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¢ Measures to retent and to mitigate pesticides in surface waters:

9350 Bacillus subtilis Stamm QST 713
9310 Bacillus thuringiensis

- Constructed wetlands (CW)
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Introduction .
iHf
Problem & Approach

* Numerous active substances with different physico-chmical characteristics

e Expensive laboratory analysis

e Mitigation measures (CW’s) which need to be characterized,

regarding functioning and efficiency

— Hydrological tracers to investigate hydraulics and transport behaviour of CW

(e.g.: SR WT: Stern et Al.,2001;R WT and Li: Dierberg and De Busk, 2005; Li: Kadlec,1994; Br: Maloszewski et Al., 2006;....... )

— Simulation and prediction of CW sytems using hydrological transport models
(e.g.: Werner and Kadlec, 2000a/b,1996; Crohn et Al., 2005; Vanclooster et Al., 2000; Somes et Al.,1999;Koskiaho,2003; Walker,1998,2001;...)
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Methods & Materials

Multi tracer data set

- Conservative tracers: NaCl (VD, ), Bromide (SFW,, RDP)

iH
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- Reactive tracers: Uranin (UR) photosensitive, all CW's; Sulphorhodamine B (SRB) sorptive, all CW's

- Pulse injection at CW inlets, measurements at CW outlets

Hydraulic Residence Time Distributions
calculated from conservative tracer data

1.0E-02
— SFW1 (Br)

1.0E-03 £ ™ —SFW2 (SRB) |
— VD1 (NaCl)

1.0E-04 / ——VD2(NaCl) |
—RDP (Br)

1.0E-05 [ j \\\ —FBZ(SRB) |

Fia

1.0E-06

N

1.0E-07

1.0E-08

1.0E-09

vm l{lﬂv%

probability density function

0.01

01 1 time (h) 10 100 1000

Lange et al., submitted: Multi-tracer experiments to characterize contaminant mitigation capacities for different types of artificial Wetlands. Int. J. of Env. An. Ch..
Passeport et. al., 2010: Artificial Wetland and Forest Buffer Zone: Hydraulic and Tracer Characterization. V. Z.J..
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Methods & Materials
iH

Concept of water and solute transport in typical constructed wetland system =~

FREIBURG

Presumed flow system of a surface flow wetland Wetland concept model

Model requirements:

- Hydraulic description of preferential flow and exchange with shallow storage zones in a CW

- Solute transport with different physico-chemical properties
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Methods & Materials .
, EFREIGURG
OTIS ONE-DIMENSIONAL TRANSPORT WITH INFLOW AND STORAGE \—/

(Runkel, 1998.)

Wetland concept model OTIS concept model

Main Channel

(advection and
dispersion)

<+

Exchange due to

/ iorage zone 1
o -

Storage zone

Lateral outflow

Changed after Runkel, 2000.

- Plug-flow with dispersion in the main channel (MC)
- First-order-exchange with transient CSTR-zones (SZ)
- Sorption and first-order-degradation can be included (MC& SZ)

- OTIS-P includes automated parameter estimation

Fahnenbergplatz hydrology@hydrology.uni-freiburg.de
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Methods & Materials

]
Solute transport in CW’s - modelling approach 'H o
HYDROLOGIE‘ F
OTIS calibration parameters: Calibration with:
Conservative transport Conservative tracer data
D  dispersion coefficient
Ay cross-sectional area of MC } comparison with measured cross
A, cross-sectional area of SZ sections
o  exchange coefficient
Sorption Reactive tracer data (SRB)
Nsorp.SOrption rate coefficient > MC, SZ — Sz
KD distribution coefficient — —> determined in batch experiments
Rho available sediment concentration 2> MC —
First-order-decay Reactive tracer data (UR)
Ngecay 15t order rate coefficient > MC, SZ —> MC
Parameter estimation - Nonlinear-Least-Squares

Convergence criteria —> Residual sum of squares and relative change of parameters

'ig Institut flr Hydrologie, Albert-Ludwigs-Universitit Freiburg
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Study site

Emerging vegetation
March 2010 August 2010

- Wasserkresse

Phragmitis austr.

Typha spec.
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Methods ‘H

4 multi-tracer experiments using 4 tracers (Bromide (Br), Sulphorhodamine B (SRB), =~
Uranine (UR) and Eosine (EOS))with different physico-chemical properties and 2
different injection methods

Season Mé?ﬁod Q Tliw{e Injected  Mass Injected  Concentration

Br SRB UR  EOS Br SRB UR EOS

I/s h mg Mg Mg Mg mg/l Mg/l Mg/l Mg/l
3 1A 10 001 271 1 0.2 0.8 754.9 2777.8 555.6 2222.2

3 CRA 84 05 278 2.23 043  1.76 18.4 147.4 27.4 119.2
8 A 32 001 388 1.6 0.2 0.8 11.2 13888.9 1736.1 6944.4

8 CRA 69 278 776 2.5 2 2 3370.2 36.2 28.9 28.9

Instantaneous tracer addition (lA) Constant rate tracer addition (CRA)

B

£
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Methods ‘H

Turbidity = SSC (Gassmann et al., submitted.) -
Tracer tailing auto sampling

Water level

Light decay

Global radiation

@ Institut fir Hydrologie, Albert-Ludwigs-Universitét Freiburg
% ALBERT-LUDWIGS

Fahnenbergplatz hydrolegy@hydrology.uni-freiburg.de
UNIVERSITAT FREIBURG D-79098 Freiburg www.hydro.uni-freiburg.de



Results ;

Non-vegetated Vegetated e
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Results H
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Experiment Br (NaBr) SRB UR EOS

cq M(@) R(G) M@ R() M@ R() M(g R()

on-vegetated — |IA 271 0.58 1 0.34 0.2 0.39 0.8 0.44 >
tated - CRA 278 0.75 223 065 043 0.21 1.76

Vegetated — 1A 388 099 16 0.71 0.2 0.38 0.8 0.28

Vegetated — CRA 776 0.98 25 0.66 2 039 2 0.32

Next step: Simulation of tracer data

- to evaluate wetland hydraulics

- to estimate retention parameters
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Modelling Br
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Modelling SRB
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concentration (pg/l)

concentration (pg/l)

Modelling Uranin
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Zusammenfassung .
iHf
* Verbindung von konservativen und nicht

konservativen Tracern

* Tracer werden verwendet um Umweltverhalten
von Spurenstoffen zu verstehen
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Infrarot Thermographie ‘H

HYDROLOGIEW
technical aspects:
measuring system: uncooled microbolometer focal plane array (FPA)
material: vanadium oxide / amorphic silicium / germanium
observed spectra: 7-14um wavelength
uncooled microbolometer, focal plane array (FPA):
50 ym
Thermal insulation leg
. . . g \ T — 0.1 ym
- adsorption of near infrared radiation Metal stud | _— Tz
- change of electrical resistance is measured \cf AP
- dimension of a microbolometer: 50*50*0.1um _— ¢#
S —— ~ Reflect
- thermal conductance: <5*108 W/K ROIC metaipad 7~ e
_ I’eaC‘L'ion ﬁme: zoms Read-out circuit
Schematic of microbolometer pixel
At Institut flir Hydrologie, Albert-Ludwigs-Universitit Freiburg
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Infrarot Thermographie ‘H

FREIBURG
HYDROLOGIE ‘ F

Stefan—Boltzmann law:

The total energy P, radiated per unit surface area A of a black body in
unit time, is directly proportional to the fourth power of the black
body's thermodynamic temperature T

P=c*A*T : o
material emissivity €
A grey body, is characterized by its emissivity g | W00d 0.94
paper 0.92
—_ k £ 3 t 3 4
P=eg*c™A™T sand 0.76
glas 0.91
water 0.96
AL Institut flir Hydrologie, Albert-Ludwigs-Universitat Freiburg
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Concentration (%)

ground-based infrared thermography o

iHf

HYDROLOGIE ‘ P

artifical tracing

approach:

Is it possible to detect flow path distribution in a constructed wetland?

100 + 100 4
Input Output
' mput [~ | outpat — Wetland | —
=01 vekton | g I 80 Advektion
. . = B —
Dispersion S |
- S -
60 © &80 4 | W
< I o )
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advektive and dispersive transport of warm water can be observed with infrared
thermography!

1/ i\-,
1) ~¥
% 5
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ground-based infrared thermography

iH

. . . HYDROLOGIET
Camera systems appllcated In tracer experiments:
e Trotec IC80 thermography camera %
(160*120 Pixel,38° wide angel objective) Qﬁg

e FLIR Thermacam E320
(320*240 Pixel,45° wide angel objective)

e|nfratec VarioCam_hr inspect
(640*480 Pixel,65° wide angel objective)
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paper-project in progress
@
iHf
"YDROLOGIET
Tracer experiment with FLIR Thermacam E320 (320*240 Pixel,45° wide angel objective)

50! water 57°C

@ Institut fiir Hydrologie, Albert-Ludwigs-Universitit Freiburg
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Ergebnisse p
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Ergebnisse o
'H FREIBURG
Tracer experiment with Trotec ICO80 (160*120 Pixel,38° wide angel objective) St

40l water 85°C100g NaCl
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Ergebnisse o
Hf ...
Tracer experiment with Trotec ICO80 (160*1

40l water 85°C150g NaCl
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Bemerkungen °H

FREIBURG
HYDROLOGIE‘ F
artifical tracing
conclusions:
in general obsrvation of flow path distribution is possible
difficulties:
e determination of water volume for injection in relation to
observed water body
* air temperature and solar radiation
e work intensive analysis (->spatial distortion of thermogram)
e temperature distribution of the water coloumn has to be
considered and investigated -> temporal resolution of
temperature measurement devices
.,-’;g;.,; Institut flir Hydrologie, Albert-Ludwigs-Universitit Freiburg
Y ALBERT-LUDWIGS Fahnenbergplatz hydrology@hydrology.uni-freiburg.de
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IRT unter natirlichen Bedingungen °H

FREIBURG
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thermal signature of a forested slope
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IRT unter natirlichen Bedingungen °H
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thermal signature of soil water entry into a small creek
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IRT unter natlirlichen Bedingungen ;
mmomeui"%

thermal signature of ground water entry into a small creek
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thermal signature of ground water entry

into a small detention pond
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IRT unter natirlichen Bedingungen ; E
Hvonowaosum

thermal signature of ground water entry into a small creek
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