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This research introduces a methodology for evaluating the protection zone of g B PR A A | 5 5
vulnerable mountain springs using an hydrogeochemical approach. These : 5 L_Wt M I ” F ' M The peaks discharge of 8- .
resources frequently serve as the primary freshwater supply in numerous | .7 2. .. KL_ i L e | 5 both Laron. and Ej £
mountainous regions. In this study, we assess the vulnerability of two small | = ° %WWE g Canchero s.prlngs are §Z %2 2.
mountain springs named Laron and Canchero, situated in Northern lItaly. ~ -3 [;f Pronounced in response | &7 | .- )
These two springs are situated in the Cansiglio-Cavallo Massif, a vast karst O g to significant s [z
area situated in Veneto region (Fig. 1). ; WW o MW precipitation events 2 | o =
The main goal is to assess the geochemical and hydrological processes that O LLiiiiiiiiiiiiiiiiRiififRRRENLRREREEG (Figure 2 and 3 ). RSN
control the springs water quality and use them for formulating effective R However, the s _ -3 Lo
springs protection measures. Figure 2 A Hydrographs of Laron spring. hydrographs show some Ts. gi i
The two springs were monitored for about three years (2019-2021). | - GEESfesfissfisififfiisiiiifgifassgises differences  in  the =g 8.
Continuous hydrological data (CTD) and water samples for chemical, physical, | £ 1% s mms mamen ameew recession curves. Laron | 287 §.-
and isotopic analyses (80 and 0%H) were collected. In addition, monthly : ‘; i exhibits a less steep - o7 A A
average isotopic composition of precipitation of the area was monitored | ¢:' o o o= e slope compared to Fhe SIS FfS§ssfsfsgsfgsgisssyss

. Canchero’s recession

through the installation of two rain gauges: Vittorio Veneto (VIT, 147 m) and the
other at Pian Cansiglio (CLR, 1065 m). Additionally, hourly meteorological data
were acquired from two ARPAYV stations.

080 and &%H of the samples were determined by IRMS (CO,-H,/water
equilibration method) and about 5% of samples were analyzed by CRDS.

To assess the vulnerability of the springs we used the Vespa index [1], which is

based on the joint use of flow, temperature, and specific electrical SPRING RECHARGE ELEVATIONS and VULNERABILITY
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phases, suggesting a
deeper aquifer circuit
feeding Laron compared Figure 6 A Temporal variation of 6’80, 6°H, and d-excess measured in Laron and Canchero
springs together with the monthly amount and isotopic composition of the precipitation
sampled in the rain gauges in CLR and VIT.
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conductivity measurements obtained from monitoring the spring for at least oo Fo 8%

one hydrological year and with hourly or bi-hourly frequency. Additionally, the : v " Their different behavior is particularly clear Table 1A  VESPA B v 0 \/
VESPA index was calculated to define the protection zones of the two springs. @ % e g5 by examining a specific period more in Index’s results.

The index is defined as V = ¢(p) - B - y . The VESPA index was computed based AR detail (Fig. 4). Laron 051 331 0.33 056
on hourly data gathered by CID probes throughout the entire monitoring Canchero 9.11 6.51 -0.59 35.2

Canchero

period for both springs. The values of V =210, 1=V<10, 0.1=V<1 and 0=V<0, are
assigned for a very-high, high, medium and low vulnerability, respectively.
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Figure 4 A Comparison of the hydrological
parameters of the two springs for January 1 to
: February 15, 2021.
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: W Y, E g ot .sprlngs ave.a |car. onate S thologies Laron spring had a V value of 0.56,
E 5 E Calc:|um.geochem|calfac:les. The a0 rauscebis[ ]| [ndicating a medium vulnerability.
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Conglomerate-marl-clay- CanCherO Sprlng had a V Value Of
oy o 35.2, indicating a high vulnerability
' level.

two springs are detected in the
average concentrations of Mg?*
and K* that in Laron are slightly
higher compared to Canchero P Figure 7 A Map of the areas for Laron
(Figure 5), whereas the average » o | spring delineated using VESPA index and

: 2+ + evaluating the drainage basin.
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DEM (m) Figure 5 A Major ions composition of Laron and cations is lower.
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Figure 1 A Map of the study area.
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