Flow and heat transport modelling in the hyporheic zone
based on high resolution temperature and geophysics datasets
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Introduction Modelling process

The study ohyporheicprocesses using point measurements can overlook the . . . .
important spatial variability ofiyporheicexchangesQuantifyingthe spatialpatterns 1. Flow Transport models definitiofFREEWATOpen source MODFLOMGUI)with FloPy) 6. Heat transport model definitio(FREEWAWith MT3DS through FloPy))

of flow within the hyporheiczone remaingarticularly challenging. btellingcan 2a. Multi-layeredhyporheicmodel (steady state) | | 2b. Distributed model (steady state) 7a. Multi-layeredhyporheicmodel (steady state)|| 7b. Distributed model (steady state)
help to evaluate the spatial distribution of exchang&s integration of distributed (12 layers in the first meter depth, Krom sediment cores)| | (K 3D fieldsfrom EC K petrophysicalrelation) (Same conceptual model as in flow model 2a.) (same conceptual model as in flow model 2b.

andpoint datais required toachievethe multi-scaleapproachof modelling. We al 3. Vertical hydraulic gradients (VHG) from muléivel piezometers as observations data 8. Distributed temperature maps from FOTS and temperaturerofiles as observations

(1) To evaluate the usefulness of high resolution distributed data to improve the
accuracy ohyporheicmodels to reproduce the spatial variability of exchanges.
(2) To modelflow and heattransportto upscalepoint estimatesof hyporheicflow. 5. Validation:evaluation of heads and vertical flow estimates with data of other time periods 10. Validation (same as flow transportX LISy RA y 3

4. Flow calibration(FREEWAWith UCODE) with multipiezometerld + 1 D | . | @ | |9. Heat transport calibratior(PESJ)) X LISY RA y 3

Studysite & field data Preliminary(uncalibrated)resultsHeat transport

Studysite at RiverSchlaube: Multi-layer model Distributed model Multi -layered model VS. Distributed model

90 km E of BerlifGermany (Fig. 1). Small BN ws ) Cells 0.2x 0.2 m = . - Samecell size 0.2 x 0.2 m a,) Layer 1, z8.05 m, SWI a,) Layer 1, z8.05 m, SWI TR4
g ) ' : ydraulic

' I N e Layer no. 1, | . conductivity ' % Layers no. 1 tao

st_ream with constant flovdue t_omtense GW .= — Caverane. 3t 12 sk it O, | (same thickness of layerd SWi @74 Swi @4
discharge and natural regulation by_ upstream V777 o oo o (Thickness according |« - 3 of layered model to be
locatedlakes The funnelype valley is excavatec i " depth of sediment £, ap e o compare models,
: : : | imi | t triput

in permeable sediments. The heterogeneity of | cores of similar e e e

properties: K the EGK,(R2=0.4) EMI The multilayered model correctly
thermal and hydraulic properties allows studyin

] 13 10 20 ' | o _ A petro-physical relation reproduces the warmed areas The distributed model displays the

. ; n ayersno. 0 - 4 : y ] S (positive anomalies) at TR1 and TRZ cold area (negative anomaly) at TR

drivers and controls in a 45 m Iong study sectide==" Lmthickin z=1 58 5m Ty Y Same top water mirror BG as well as the cold area at TR4, but better than the multilayered model,
fails to reproduce the cold zone at TR but still struggles to reproduce the

and the warm between TRBR4 warm area between TR3 and TR4.
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Point data Fig. 1: (a}iudy site location in Germangh)
Topography and bathymetry of the study site

A Sediment properties from the SWI and core#lentifying transects and the FDTS layout. Res u ItS I: I OW trans po rt D(;)erl;naii: 1,28.05m, SWI TR\ ?)?ﬁ:‘jﬁrofl , 28.05m, SWI TR4\

A Vertical hydraulic gradients (VHG) with myliezometers in 8 depth Multi -layered model VS, Distributed model Temperatire. Temperature

anomalyA;

A o i A of the model (°C) between
Temperature profiles series at same depths. PPV, a,) Layer 1, z8.05 m, SWI a,) Layer 12, z4m with A FODTS \ models \

Temperature

Distributed data N an(gga'y Temperature anomalies are best
TR T captured by the distributed model,

FODTS ‘ A of both themultilayered(c) and since this difference map shows th

distributed (not shown) models are tendency of the multilayered mode

Based on theemperature-dependent back Areas of strong permaner — qualitatively accurate in sign and — to underrepresent the cold anomal
scatteringof alaser pulse in &ber opticcable. ° O temperature anomalies TRL | |ocation of the Abut not in value. TRL | at TR3, here shown in red.
%
\@ TR1

Areas of temperature
- anomalies of daily cycle Pendingsteps: (1) calibrating heat model dispersion and diffusion based on the point values of thermal properties dobamned
A Measgresiemperatu res at t_hesedlment sedimentcores at multipledepths (3 calibrating and validating Ks against tamperature profiles and FOT3istributed observations.
water mterface(SWDat mutlple scales. Y . t ied, at SWI. Fig. 6:(a;-a,) Temperature maps at th8WI from uncalibrated muitayered and distributed models. Tla@omaly areas identified in Fig.
A Allows analvsis of temperature anomalies ~'9: < Viap orlemperatire anomalies,a —— A - 2 from FGDTS are displayed overlaying for comparison, alagin6(cpf difference in temperature anomalof the multilayered
Y P Cold contours identify areas of GW discharge b,) Layer 1 b,) Layer 13 ¢) Calibrationand validation statisticsof both models model with the observations derived from FRITS(d) Differencein estimatesof A, between the multilayered and distributed models.

for the identification of GW discharge (Fig.2)
A Enablegemporalanalysisof temperature

anomalies at the SWI to recognize / i | COHCl USiOnS

Interflow discharge / locadlownwelling Sl o Ponr Flow and heat transport modelling is a powerful tool to reproduce the complgsporheicprocesse
N | , e oo o Modelling carbe used to assess tlkepth ofhyporheicexchange and to estimate head, flows a
Electromagnetianduction EMI) = magnetic field [\nou) temperature spatial distributions at areas without observation of these indicators of exchang

EMlenablesa noninvasive exploration S AE Ty Mueneidted /- Integrating point and distributed data improves the accuracy of flamd heat transportmodels

i ithe sedlment
of the sediment texture based on the ? o Distributeddefinition of the subsurfac@ydraulic conductivity with EMI geophysics improves th

different response of sedimentto the S, Sh e T 2 d)Layerl, z:0.05m, SW e)Layerl, z:0.05m, SW N accuracy of flow and heat modelling compared to layered models based on sediment cores
primary and secondary magnetic fields (Fig. &% |

Fig.3: EMI survey with the induced magnetic figllg Vertical flow References
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Fig. 5 (al) Potentiometric surface & flow direction of t UItIIayeredmOdel at Layer L1 ( 'OSm) andal) atL12 (Z_im) of the Wondzel] S. M.LaNier J., & Haggerty, R. (2009). Evaluation of alternative groundwater flow models for simhigiorgeicexchange in a small mountain streadournal of

Profile GC % e distributed model. Due to the influence bédforms the flow direction variability observed in L1 decreases with deptis| a). Hydrology364(12), 142151
Profile DD | | g 74 o5 (b) Correlation map between the face direction of the bathymetric surface and flow direction of the distributed (hagleil_1). Zheng, C., & Wang, P. P. (1998T.3DMS: a modular thredimensional multispecies transport model for simulation of advection, dispersion, and chemical reattions
(c) Calibration and validatiostatistics of the observed head values at multiple depths (8 depths) of the-piediometers contaminants in groundwater systems; documentation and user's guide. Alabaméaniversity.
+ located in transects TR1 to TR4 (99 point head observations) at the calibration date of July 2 of 2017, with Januaharth a
o o o ~ 2 0f 2017 as validation dategd) Vertical flowof the multilayeredmodel, indicating areas of upwelling prevaliling in transects ACknOWIedgmentS and contact
Fig. 4 : (aProfiles of EMEC data downstream the study sie)t N2 T At Sa t 20l 0A2y 20S U KnQ TR4 a8 dhéeaved Qvith IDESFDIferdhdddon the lfldwdof thmultilayered and distributed models at Layer L1. The This research is funded by tSMART Joint Doctoral Programme (Science for MAnagement of Rivers and their Tidal sysrasjnus Mundus

The EC values from EMI display the meter scale variability, but not the small scale heterogeneities of the suiSlrfa : : : : : : _ Programme of the European Union. We thank Christine Sturm, Matgtens WiebkeSehey JasorGalloway, KariMeinikmann for their help with
Py 4 J taultlayeredmodel tends to underestimate upwelling, a difference that increases with depth fieldwork, AmaiaMarruedoand Silvid-olegotfor their FGDTSraining, aswell as the Nature Par®chlaubetafor allowing access tthe RiverSchlaube
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