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Introduction 3 Results 4 Conclusions

between Streams and Riparian Aquifers

ITN Enigma

Stream-groundwater	mixing	zones	are	well	known	for	their	role	in	
facilitating	 ecosystem	metabolism	 which	 also	 results	 in	 enhanced	
water	quality	 (e.g.	by	denitri�ication).	However,	due	 to	 their	highly	
dynamic	 biogeophysical	 characteristics	 (i.e.	 temperature,	 �low	
directions,	residence	times),	a	simple	and	general	quanti�ication	of	
the	reactivity	potential	is	not	readily	possible.
Here,	we	combined	conservative	and	reactive	tracer-tests	with	high	
frequency	 measurements	 of	 electrical	 conductivity	 (EC)	 and	
dissolved	oxygen	(DO)	to	enhance	the	understanding	of	the	hydraulic	
variations	on	aquifer’s	reactivity	potential.	We	analysed	the	reactivity	
in	terms	of	Damköhler	numbers	(DA)	and	assess	its	patterns	over	time	
and	space,	while	comparing	its	dependency	on	short	and	long	term	
temperature	and	river	discharge	�luctuations.

2 Field site and measurements

	This	project	has	received	funding	from	the	European	Union's	Horizon	2020	research	and	innovation	
programme	under	the	Marie	Sklodowska-Curie	grant	agreement	Nº	722028	(ENIGMA	ITN)

Selke	River	-	tracer	tests	
were	 conducted	 in	 the	
riparian	 aquifer	 under	
d i ff e r e n t 	 a m b i e n t	
conditions	 by	 using	 salt	
added	to	river	water.

LTC	 and	 DO	 loggers	
placed	 in	different	wells	
and	 depths	 to	 capture	
tracer	 breakthrough	
c u r v e s 	 w i t h 	 h i g h	
horizontal	 and	 vertical	
resolutions.
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Travel	 times	 and	k 	 derived	 from	 tracer	 tests	 and	different	methods	 are	DO

within	the	same	order	of	magnitude,	and	well	represent	the	system	dynamics;

Warm	periods,	resulting	in	high	DA	numbers,	may	lead	to	extremely	anoxic	
conditions	and	higher	denitri�ication	potential.

	

Extend	the	analyses	to	longer	periods	and	different	climatic	context;

Calibration	 of	 transient	 numerical	 model	 to	 assess	 impacts	 of	 reactivity	
variations	on	redox	sensitive	species	turnover.

Model’s	performances	increase	when	an	effective	temperature	(between	
groundwater	and	river	water)	is	�itted.

Temperature	variations	have	the	greatest	
effect	 on	 respiration	 rates	 (85%	 of	 k 	DO

variance,	data	not	shown);

-1Respiration	rates	(between	0.5	and	4	[d ])	
are	 negatively	 correlated	 (-0.52)	 with	
travel	times	(τ);

Higher	river	water	fraction	(RWF)	in	the	
aquifer	 does	 not	 necessarily	 leads	 to	
greater	DO	consumption	rates.

{

{

anoxic conditions

Sy s t em 	 c h ang e s 	 f r om	
transport	 limited	 (DA>>1)	
to	reaction	limited	(DA<<1)	
with	increasing	Q	(lowering	
of	temperatures;
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Balanced	conditions	(DA~1)	
when	RWF	is	between	70%	
and	90%,	and		temperatures	
are	moderate.

Travel	times	were	derived	as	a	power	law	from	river	discharge;	respiration	rates		
exponentially	related		to	water	temperature.

100	realizations	were	made	for	τ	deconvolution;
for	cross	correlation	anaylses,	a	�ixed	window	size	was	chosen.
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Damköhler	numbers	over	time.	Circles	sizes	increase	with	increasing	water	temperature.
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