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Figure 1. Distribution of observed hydraulic heads over time.
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Figure 2. Box plot of hydraulic heads observed in 50 piezometers over the period 2010-2011.



Group 4 Group 3 Group 2 Group 1

Group 5

276
"NA
. i
m-\;i’f L\_,::_“‘J’;:_"‘-J\»__, \F,_/wﬂ‘U )’\x__d___,« _H_,-mﬁ_q_wr\ e
— A w
273 — T
= \_/"M______J.__,.J ——-—P_HJ“‘"M—H_MM
272
279
ﬂs-'“\k//\_ rf\ WA
=1 _W’_‘_‘-ﬂ'_""”/ ) _\\\\ T —— —

4 ped T e e -'_'_"__ _',__ T -—ﬁf
. L e e
275

s T F § § § 5 T § s T § T T T T T T T T T & T T

§ 3 F 5T FFT ST FEEIT T ESFE S

Time {month)

Figure 3. Hydraulic head patterns of all five groups observed over the period 2010-2011.
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Figure 4. Travel time, backwards streamlines seeds (y), hydraulic head (m), and bedrock elevations (m).



| J| ~ i |

N I L r | S A JoJU T
o BT TR ﬂ\l '”\ ‘IJ [l W
gms h ll} | I |
'“; 600
bl L

u‘\whn\‘ " Y Y \_M’Lw‘k’k\}kﬂk_u Jw*\
7 e L
§

S Y S FoL &
$@-§?§§?3§r3¢0§+@09

Figure 5. The upper two plots show outflows/inflows (m? s™!) for random Sava River cross-sections simulated in MIKE 11 with ifmMIKE11 plug-in in FEFLOW Observed
(full lines) and simulated (dash lines) discharges and water levels in the Sava River over the validated period 1 January 2010-31 December 2011.
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Figure 6. Groundwater flow under different conditions in the Sava River: (a) high discharge (left: upper legend) for 6 May 2010, (b) low discharge (right: lower legend) for
1 July 2010.



Table 1. Lithological composition of the suggested model layers (ML) [Error! Reference source not found.].

ML Lithology
1 Gravel, sand, gravel with sand and silt
2 Conglomerate, clay, conglomerate with lens and clay
3 Gravel with clay, sand with clay, gravel with narrow lines of conglomerate, gravel with sand
and silt
4 Conglomerate is predominate
5 Gravel with sand and silt

Table 2. Linear correlations (R?) between observed and calculated real evapotranspiration and trend of the hydraulic head after the calibration (period: January 2010-
December 2014).

Elevation of the Hydraulic Head
P-084 P-013 P-086 P-032 P-035 P-036 P-096 P-102

Correlation ETres

ETreal 0.87 - - - - - - - -
S > - 083 070 067 056 057 063 070 0.66
é 2010 - 082 061 062 046 047 050 068 0.54
= 2011 - 079 072 069 068 069 074 0.63 0.76
g 2012 - 071 057 014 038 038 038 025 043
T, 2013 - 074 071 086 078 081 087 074 0.90
= 2014 - 066 064 080 069 072 081 070 0.84

Table 3. Correlations (R?) between observed and calculated real evapotranspiration and trend of the hydraulic head after the validation (period: January 2009-December
2009).

Elevation of the Hydraulic Heads
P-084 P-013 P-086 P-032 P-035 P-036 P-096 P-102
ET:el 0.47 - - - - - - - -
Hyd. head 2009 - 0.53 0.53 0.84 0.69 0.72 083 0.78 0.87

Validation ETret




Table 4. Estimated components of a groundwater budget in the Ljubljansko polje (m?® s™) [Error! Reference source not found.].

Recharge Components (m? s)

The Sava River v Percolation Underflow Comments
Medno-Brod Brod-Roje Roje-Jezica Medno-Sentjakob Trnovo Dravlje
0.06-0.13 0.20-2.36 1.35 1.62 - - - Zlebnik (1968)
- - - 1.34-1.74 - - - Zibrik (1969)
- - - 1.47-1.74 - - - Pleskovic (1969)
- - - 2.5 - - - Brilly (1989)
- - - 0.7-4.3 - - - Brilly et al. (2002)
- - - - 3.2 0.2 0.05 Andjelov et al. (2005)
2.3-8.1 3.2 0.25 Total
5.76-11.59 Sum
Discharge Components (m3 s)
Sava - downstream of Sentjakob Pumping Direct outflow Underflow ET Comments
3.26 - - - Brilly (1989)
1.3-2 - - (unreliable data) - Brilly (2002)
- 0.92 0.3 1.5 Andjelov et al. (2005)
4.02-5.98 Total

Table 5. Water balance after calibration and validation of the steady-state GW flow model for data observed over the period 2010-2011 and 2013-2014, respectively, Water
balance after calibration for 2010-2011 data and included simulation of MRT (after step 2).

Recharge Components (m? s™)

The Sava River Underflow
Medno-Brod Brod-Roje vMe(_inO_ DO‘ansj,cream Percolation Trmovo | Dravlje | Roje Crnué Stanezice | Outflow Comments
Sentjakob of Sentjakob e
0.096 0.183 1.102 1.772 0.500 0.316 0.117 1.141 | 0.035 0.240 2.791 Calibration
3.153 4.640 Sum
0.098 0.001 1.116 | 1.608 0.609 0.179 0.052 ‘ 1.302 ‘ 0.041 0.163 2.868 Validation




2.823 4.605 Sum
0.191 0.275 1.178 1.2433 0,500 0168 | 0131 [ 0509 | 0015 - 0.552 *H/*He
2421 1.375 Sum
4.296-8.037 Total
Discharge Components (m? s-)
The Sava River . Underflow
Pumpin
U? stream of Doxv/vnstream of g Dravlje Roje Crnuce Stanezice Outflow Comments
Sentjakob Sentjakob
0.001 0 1.376 0.043 0.055 0.026 - 9.315 Calibration
0.001 9.439 Sum
0.002 \ 0 1293 0109 | 0012 [ 0026 | - | 9.131 Validation
0.002 ' 9.278 (0.147 without the Outflow) Sum
1.004 x 1010 | 3507 x107 376 0107 | o003 | 0003 | 0.101 | 5.079 °H/*He
1.004E-10 ’ 5.326 Sum
6.702 (1.501 without the Outflow) —10.573 (1.442 without the Outflow) Total
Imbalance

—2.406 — +0.076

Table 6. Water balance for a validated transient state model (after the step five) for two days 2 November 2010 (high water level in the Sava River) and 1 July 2010 (low

water level in the Sava River).

Recharge Components (m3 s7)

The Sava River Underflow
Medno-Brod Brod-Roje Medno-Sentjakob Dogvns"tream Percolation Trnovo | Dravlje | Roje | Stanezice Outflo Comments
of Sentjakob w
0.168 0.801 1.858 0.001 0.00025 0.457 0.186 0.561 0.020 1.149 |2 November 2010

2.828 2.373 Sum

0.165 1215 1.760 \ 0.074 4819 0271 | 0061 | 0.130 - 0.683 1 July 2010
4.416 ' 1.145 Sum
5.201-9.178 Total

Discharge Components (m?3 s™)




i The Sava River v Pumping Underflow Comments
Upstream of Sentjakob | Downstream of Sentjakob Dravlje Trnovo Roje Stanezice Outflow
0.287 0.117 1217 0.234 - 0.219 0.010 3.809 2 November 2010

0.404 4.272 Sum
0.956 ‘ 0.388 1.476 0.818 - 1.060 0.314 6.015 1 July 2010

1.344 8.207 Sum

5.893-11.260 Total
0.692-2.082 Imbalance




