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Motivation Results «Current State» Climate Change Adaptation & Mitigation Measures
Adaptation strategies, as e.g. decreased river and increased ground- We could illustrate that high-resolution 3D numerical groundwater @ Figure 5 sketches examples of Managed Aquifer Recharge (MAR)
water abstraction or artificial recharge of river water to replenish flow and heat-transport modeling, allows quantifying and differen- and Managed Surface Water Recharge (MSWR) for alluvial
groundwater resources, could have effects on groundwater resour- ' tiating between natural and articifial groundwater recharge and aquifers as solution approaches based on artificial groundwater
ces that are greater than the effects of climate change. thermal impacts (Fig. 2 & 3). recharge with surface water.

The sensitivity of future natural and artificial groundwater recharge

and temperature development was investigated for three alluvial F19. 5 oncepts of MAR & MSWR and
aquifers in the urban agglomeration of Basel, Switzerland (Fig. 1). potential (Ep,,) of "heated" sur-

face water (summer months)
with subsequent infiltration (Q,.)
into heated aquifers or surface
waters; directly or via stimulated
exfiltration of “cooled down”
groundwater (Qg,;), including
legal thresholds for surface
water and groundwater temper-
atures.

MAR (Thermal use of Recharge Water)

According to the high recharge amounts in the Lange Erlen and
Hardwald study areas, a comparatively high heat extraction of 14
and 20 MW on average would theoretically be possible (Fig. 6).
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Fig. 3: Boxplots of the water and heat balances across selected model boundary conditions in the
Lange Erlen (above), the Hardwald (middle) and the Lower Birsvalley (below) study areas. Note
the different resolutions of the y-axis. Upper right: Boxes represent the first and third quartiles of
the data, whiskers extend to points up to 1.5 time the box range (i.e. up to 1.5 time the first to
third quartiles distance), and extra outliers are represented as circles. Fig. 5: Derivation of the theoretical thermal potential from the recharge and extraction water of the
drinking water wells in the Lange Erlen (left; shown for the year 2018) the Hardwald (middle;
shown for the year 2014) and the Lower Birsvalley (right; shown for the year 2018) study areas.

Resu ItS «CI Imate Ch ange PrOJ ections» Top: Recharge quantities and temperature measurements of the rivers. Bottom: Extraction of

‘ For aquifers where the infiltration of river water is an important thermal energy from the recharge and extraction water, shown together with the temperature

SR s - . : : spread of the recharge and extraction water (mean value of all wells; outer left) at 10 °C (outer
L A - TR B component in the groundwater balance, the effects of climate right).
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change on the groundwater resource will also be influenced by this
Fig. 1: Upper left: Study areas in the agglomeration of the city of Basel, including river monitoring

stations (blue dots) as well as MeteoSwiss station (BAS) and location of soil temperature Component and also by artificial groundwater recharge of surface
measurements T, (orange dots). Study area A: Along the river Wiese in the Lange Erlen; Study = water (Fig 4)_

Decrease in groundwater temperatures / withdrawals
This would supply the aquifer with water at temperatures that

area B: Along the river Rhine in the Hardwald; and Study area C: Along the river Birs in the potentially correspond to “natural state” groundwater temperatures
Lower Birsvalley, with the Aesch recharge plant in the south. Shown are surface waters, wells (~ 10 © C)
and groundwater observation wells (OW), as well as boundary conditions for the rivers (fluid s o
transfer and temperature), the regional groundwater in- and outflow (hydraulic-head and In addition, the temperatures of the extracted drinking water could
temperature) and hillslope inflow (fluid-flux and temperature) as well as the artificial groundwater
recharge (fluid flux and temperature) and groundwater extraction wells (fluid flux; Landeskarte© be cooled by an averag_e Of.0.9 to 45 K (Lange Erlen) and 0.6 to
Bundesamt fiir Landestopografie). 2.8 K (Hardwald), espeC|aIIy In the summer months (Tab. 3) :
Research Approach Tab. 3: Change in the extraction
e temperatures of the drinking
The sensitivity of future groundwater recharge and temperature water wells in the Lange Erlen
development was investigated for three unconsolidated aquifers Iin (A), Hardwald (B) and Lower
: : : Birsvalley (C) study areas
the Basel-Stadt region (Fig. 1). For this purpose, groundwater compared to the current state
recharge and the associated temperature imprinting of aquifers, as a result of the in-filtration of
: ! : e - recharge water which is always
which are mainly determined by artificial groundwater recharge and <10 °C.

infiltrating surface water (Tab. 1), were investigated for selected

climate projections.
MSWR (Thermal use of Surface Water)

Tab. 1: Natural and anthropogenic groundwater recharge components of unconsolidated aquifers and With the goal of keeping surface temperatures below the Iegal
parameterization of groundwater flow and heat transport modeling (modified after Epting et al. threshold of 25 °C during heat-waves. the required heat extraction

(2021)). - : _ _
Starting position Hypotheses investigation approach was quantified. For this purpose, depending on the climate scena-

< Waler hatance calcuialion; fubr develop- rio considered, on average between 3’631 and 6’228 kW (river

'% . Quantitatively negligible compared to other ment (.)f preCIpltatl’on and temperatures I ’ ) I ' ! !

s Srr;);;g:{?gﬁrinr?rcllgasrtgl;Jer:rrgaEercolatlng pompo_nents, also concerning temperature fsr?nTulcsiltrigﬁtsecsocnes?c?ggﬁg evapotranspiration W|ese), 1 289 and 3 090 MW (”Ver RhlnE) and 2 092 and 10 901

g mpining processes and soil water balance (not per- KW (river Birs), respectively, of heat would have to be extracted.

formed in scope of this study)

Fig. 4: Summary plots of seasonal heat exchange across selected model boundary conditions for the - Correspondingly, water quantities that would have to be added to

£ 3 Determined b dwater hydrauli Rech dt ture imprinti - , : f 2000, 2055 and 2085 f Il | tigated climat oS in the L Erl -
S ond nlerecton wih syslom boundarie,  tinously and partulary durng charecr. o8 groundate modeingand v (o). the Harchuald (middie) and the Lower Birsvalles (fight) study areas. Heat exchange witn | Surface waters at 10 °C in order to keep them below 25 °C amount
5 83 Z;ﬂ'ggtﬂzglon With up- and down-grad- '(isr:[t(;n;rtscépgﬁig?os)nd high runoff events ¢y rivers (top); by artificial groundwater recharge (middle); and by groundwater extraction (bottom). = t0 on average 4'555 and 7'226 m3 d1 (river Wiese) and 2'837 and
g . . . . . 13'736 m® d?l (Birs), respectively; the river Rhine was not
S «» Linear inflow from hill-slope catchments; Increase in net heat |npUt from infiltration of river water :
2’:, Eé—é distipction_ between_sll_bsur.fgce/s_grface lr:gitmc; ggri [?r::?ar:d\;vg:; t:;zziir:ltll\]:r?ﬁ Watt_er b_alance_ c_glc_ylation;_fu?ure devglop- L an g e E rl en + 42% (205 5) & + 62% (2 08 5) COﬂSIdel’ed.
Hardwald +2%(2055) &  +38% (2085) Fig. 5: Profeced development o tre
Lower Birsvalley +55% (2055) & +74% (2085) on which the surface water
temperatures exceed the
Tab. 2: Change in extraction temperatures of the drinking water wells (W) in the Lange Erlen, the thermal threshold (> 25 °C)
Hardwald and the Lower Birsvalley study areas in 2055 and 2085 compared to the reference at the river monitoring
year 2000 and for the investigated climate scenarios (S1; DMI-HIRHAM_ECEARTH_EUR11 stations 2106 (Birs), 2289
RCP2.6; S6: SMHI-RCA_ECEARTH_EUR44 RCP8.5). (Rhein), 2091 (Rheinfelden)
and 2199 (Wiese) for climate
scenario RCP8.5. Top: mean
threshold values from all
climate models combined -
black  line; exceedance
threshold from measure-
ments - red crosses. Bottom:
simulation results from indivi-
dual climate models.
Conclusions
e Quantitative assessment of climate change Impacts on
groundwater resources requires a distinction between natural and
artificial groundwater recharge components
o Differential thermal exposure of drinking water wells to
groundwater recharge components
« Assessment of energetic potential of anthropogenic heat —
renewable environmental heat
« Mitigation of climate change and anthropogenic impacts to
Increase in groundwater temperatures / withdrawals (Tab. 2) support w_ater-related environmental services (quantity & quality)
Lange Erlen +0.4-1.3 K (2055) & +0.7-3.1 K (2085)  Remediation measures to recover over-heated surface waters
Fig. 2: Hydraulic and thermal groundwater regime for the different seasons 2018 in the Lange Erlen _ ) and aauifers
study area, in spring (1st of April), summer (14th of July), autumn (4th of October) and winter Hardwal_d +0.2-1.0K (2055) & +0.6-4.0 K (2085) e Link bqt f ter hvdrol d d t
(3rd of January). Landeskarte© Bundesamt fiir Landestopografie. Lower Birsvalley +0.9-3.2 K (2055) & +0.3-5.4 K (2085) INK Detween surface water nydrology anad grounawater resources
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