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Overview of the study area and distribution of sampling sites (modified from the map of the

karst river basin in Ljubljana of Slovenia)
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FIRE 3R 20 SERHIH BT B K RITYE 3~5 Uk, BURe
Je R HE A, 47 B, RIS RAFAE 4 °C IR
HOF R B A . R R A A HURE R L
K HH 30 mL (945 (0 5 0 ORI, BURE 3 R 1] /K 1k
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Ponsel 8330) Al [E Merck 23 &) = F) B8 5 1 FllE5
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TS o AL AR S ARAETE 4 C RIRAE, Tl [l
P9 ER A AR TR R AR AR PR AT IR fp [ SR 2
B Vs b ST A 5 T 2 () 5

3 ZR5i1ie

3.1 MKHEE

TG DX 1 7K RN 2 R0 2 2 B AR 2= 48 5 43 5l
T 1, il RS o n] DARECT ff T K
HA 2R LA Y 4R L AR,

Hy 1 a] 0, AR X 2K K e AR £k 11 R 2
4 7.3~10.0 °C, VIR BN 8.7 C; B FH 8.6~20.8
C, FHIRE N 116 C. H R BEETNZE N
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541 ps-em ', SEXIME N 426 pscem™'. pH 2RI B RN
ZH 7.20~7.92, F-HIE K 7.58; 522 H 7.47~8.24, F
BIE A 7.89, 4K I 2 55881 .
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Table 1 Hydrochemical data of groundwater in Postojna karst basin, Slovenia
=S I I . R SR Ca¥ Me® HCO: NO:; So* (I
P e ReemE keow e ST e
=l C ps-cm mg-L
w1 SR 85 437 742 752 134 2989 269 231 1.1
W2 Losko ¥ 7 4% SRS 8.7 475 720 732 185 3233 2.07 1.93 1.8
w3 SR 73 348 742 924 13.0 2318 278 1.03 0.7
W4 SRAL 94 507 756 872 101  353.8 298 193 1.0
W5 , N SR 8.0 398 763 680 50 2684 264 218 1.1
Cerknisko 3% 37,
w6 SRAL 9.4 451 7.60 724 262 3111 216 321 2.1
w7 SR 95 509 747 724 89 3721 368 527 07
W3 H A 83 395 792 604 242 2684 215 270 12
W9 20194111 H [ SR 83 392 792 668 290 2684 221 257 12
W10 (%) 1A 8.4 382 778 692 108 2745 230 218 1.0
Wil SR 92 421 738 700 9.6 3050 3.14 244 32
w12 Pivkain] it dak SRS 10.0 426 728 712 7.0 2867 251 231 29
w13 Wik 83 366 752 688 10.1  250.1 288 167 1.0
W14 . MWW 86 389 776 836 3.1 2562 222 206 12
Planinaili] )
W15 Ho A O 8.8 388 780 888 12 2623 — — —
AVE 87 419 758 734 112  289.0 260 241 14
SD 0.69 487 022 7.67 854 3847 046 096  0.79
cv 0.08 0.12 0.03 0.10 0.76 0.13 0.18 040 055
w1 Losko #3574 SR 8.6 439 8.14 859 191  250.1 3.60 725 3.8
W4 SRAL 95 461 759 758 314  311.1 320 484 14
W5 , N SR 11.5 450 8.05 899 185 2867 323 597 58
Cerknisko 3% 37,
w6 SRAL 108 506 824 839 324 3355 431 323 65
w7 SR 103 541 776 850 379 3294 474 3020 3.9
w8 . , WAL 160 499 8.00 753 35.1 3172 318 925 103
Hi A SL N
W10  20234E6H WHHMAE 208 363 747 787 13.1 2318 153 268 32
wiz  (FF) o SR 117 377 798 843 756 2501 432 624 95
Pivkain] i, )
w13 Wik 8.6 345 7.65 849 562 2105 475 259 1.6
W14 . WM 95 373 822 924  6.63 2440 425 318 3.4
Planinailil )
W15 WFAHE 100 336 7.67 780 688 2379 425 374 47
AVE 11.6 426 789 842 195 2731 3.67 720 49
SD 3.68 7125 027 568 12.62 4405 095 792 29
cv 0.32 0.17 0.03 0.07 0.65 0.16 025 1.1 0.59
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S ROE AR TE ¢ 1 2% Bl R I5E R B i A 45 8L, 1k
JRASE H 5 gz it , mT LA T 48 75 3R K A9 #b 25
KU, 2 ) W K P e A e I s A 1 i 22

SR AR 2 WA, WRSE X R K b 8D i 8O
AL BB/, s A e b o Hor, 8D A3 A A
~8.29%0 ~—7%o, V- Y5 {H 1 —~7.97%0, 8O 4341 35 Bl Ky
—53.54%0 ~—41.95%o, “F-FI{E K 50.48%o.
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IR 2R, T A BR KRB UK 2k (Global
Meteoric Water Line, GMWL) : 8D=85"°0+10"",
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Table 2 Groundwater isotope data of Postojna karst basin, Slovenia

Y - §"0-H,0 SD-H,0 ABA 5"°N-NO, 5"°0-NO,
Wi -8.29 —53.54 12.78 —4.72 7.06
w2 —8.18 —53.52 13.33 -1.90 6.35
W3 =791 =50.08 12.92 -3.97 5.10
w4 —7.80 —49.83 11.92 -3.91 6.02
W5 —8.08 —51.34 13.30 —4.16 8.08
W6 —8.60 —55.47 13.02 -3.06 7.75
w7 —8.50 —55.08 13.40 —5.26 7.01
W8 -8.07 —51.54 13.37 =5.07 8.40
w9 -8.07 =51.16 13.63 —4.37 9.19
w10 -8.06 =51.11 13.20 —0.95 4.78
Wil =7.56 —47.01 12.57 0.34 3.86
Wwi2 =7.00 —41.95 13.78 1.06 4.33
W13 —=7.69 —46.91 14.61 -1.65 4.19
w14 —8.02 —50.53 13.47 -1.49 4.64
W15 =7.74 —48.14 14.05 -1.15 4.86
AVE =797 —50.48 13.29 —2.68 6.11
SD 0.39 3.49 0.63 2.01 1.72
Ccv 0.05 0.07 0.05 0.75 0.28

T SRR B0, R R 0 A7 7 I 01

95 S TR — HBE R P 4 K MK LR TR, | UKHEIAK SDR80H99,

Polona 5 | FHI 24 3th S 4 Wil i 6 4 1 [ /K [A) 3 6 4] — MRS _Si)éég“‘OHO

S W IR, ST TR OB AR R Mk 46 { ’

(Local Meteoric Water Line, LMWL) : 8D=7.65"0+ 2 481 -

6.6 U P AT ZEMAL Y 15 4 KK 670 A g & .

LMWL J5#%, i+545 3 8D, 5 5B T L, R 5y ] 8D=7.60"°0+6.6

ULXTR 22 2.05%0~4.93%0, VLI LMWL fE A BT EIX 54 ] o

04 K 28 T BRI, GMWL i ol

LMWL #5225 B K, R BT R SRR &

AR 2 30 153 B AE /N

58 XML ZKAE 07 A T GMWL Fil LMWL ff
VT, [ B R R, HLSR LRk ar A (16 2), IR
R AR IE XA T T 7K B AN AR TR . K AT
BTN 8D = 8.88'°0+19.9, R*=0.98 £ HIHf
FEIX K 8D 1 80 HA W AR . BIE 4
HIAER A IE M KT GMWL Fl LMWL, B Hb R /K
%3 D F&5E W 2 3h F143 8 Ve /0N, 330 8D Wi
1E, TE WA T 7K 32 28 R AR I R e /N2 ge b, i
BAZH d(d=8D-85"0) il LIFE/RANA 2 HL T 7k
KA 32 78 RAE RN, d BB/, 78 & A s
FUPO B X T K R R R d (EI O IR, A

8.8 -8.6-84-82-80-78-7.6-74-72-7.0-68
510/%o

B2 MIRERMTKEEFAMCEXLR
Fig.2 8D-8"0 relationship in groundwater of the

study area

T 11.92%0~14.61%0 Z 8], SF-341E A 13.29%0, K24
i AT (10.20%0 ) , 33 37E— A5 15 B -7 1
FOKAEAR A R P A2 B 2% R AR RN

3.4 WRXHERERTT FFHERSRIRENT

AF5% X H R 7K Hh NO; 5 e B 5 FET R 2o 2.07~
3.68 mg-L ', FHMH N 2.60 mg-L'; 25N 1.53~4.75
mg- L, EHE N 3.76 mg- L™, SEAF T AEHLH
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TE AR R KK T % 4 PR (10 mg L), #F 5% X M
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Fis, KA A5 BRI NS Bl 17 BR, b b 1) FH D B R
R 7K SZ B 5 G b, DRI R R R R A
A 32 A7 R8T RN R ), T 2 A R 2 RS R AR
W B, I HO AR AR, 205 Bl A B, T R R R
W/ SR, AR R0 s %, Seks! i
HAR M, RAE %2 R /K §°N- NO; J& 75 K
F+5%oth AT LA R A 22 M T K2 B Z BINOL 15 % .
ZE R, WF5E X R 7K 8°N- NOS /N T+5%o, L
AU BT ZE X L T 7K NO; 75 QL PR b T8k
K CLHk B FINO; /CIEE IR HUAE Y 56 2 R 1 22
IKIENO; BAIEDY . CURITL 2 R ST, N5 %
FNY B Ab2E A A o R RS R, LR A i R
Gt . — R, CIYR A X 85 5, NOS/CI
JEE IR EU AR G A, DU 58 B A 3 V5 7K % B 8 3 T
B NO; B B . ClUHe B M X 44K, NO; /C1PE
IR PUAR AR A, U)0d B A6 I AT fiE 2 NOS Y 32 285k
P8 o CLHe R A XA, NOS/CLHe At A X A A, )
Ui W 4 e AR NO; e A ol RE ISR IEDY . A gE CI
W 5 NO; /ClEE/R FL I I & WL 3, 25 X3k C1
WRIE R, NO; /ClEEIR U AE IR, B3 X 8 NO; /C10
P AR, CUVR WA . SRAE 5550 A0 1 52 X 3,
FUINO; KR F 2 H A RS E X
B, RWINO, K R A TE K & B, FRX
Hi R 7K FINOL R IR DL B AR B E i IR &,
FLB e R AR AL R KA TS K B S
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Fig. 3 Relationship between C1 molar concentration and

NO; /CI molar ratio
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Bl

(2) 38 33 4347 Hb R 7K e & SRS 38 ARRAE A 7
K FE BRI A KA
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4.75 mg-L" 22 [8], FE AR T A T AR 41 U A9k
KK % A BRI (10 mg-L ™), SR CLHREE FINO; /Cl
FEIR IWAE I G R T MR ER IR LA H AR 1 BB 1
) AR, R A A SRR S A R KA
AT K KB B
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Hydrogeochemical characteristics of classical karst regions in Slovenia

MIAO Ying"?, ZHANG Cheng'’, Mitja Prelovsek’, XIAO Qiong'’
( 1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR&GZAR/ International Research Centre on Karst under the Auspices of
UNESCO/National Center for International Research on Karst Dynamic System and Global Change, Guilin, Guangxi 541004, China;
2. Pingguo Guangxi, Karst Ecosystem, National Observation and Research Station, Pingguo,Guangxi 531406, China;

3. Karst Research Institute, Research Centre of the Slovenian Academy of Sciences and Arts, Slovenia )

Abstract Groundwater plays an important role in supplying drinking water, as well as supporting industrial and
agricultural activities worldwide, especially in karst regions. Due to the unique spatial distribution of soil and water
resources in these areas—where soil lies above and water below—groundwater is particularly vulnerable to water
quality degradation and flood-related environmental issues. Slovenia is an important country along the Belt and Road
route and is also recognized as the birthplace of karst research. Karst groundwater serves as a vital resource for both
the livelihoods and agricultural production in the karst regions of Slovenia. Covering more than half of the country’s
territory, these karst regions are characterized by vast land and sparse population, making karst groundwater one of the
most critical natural resources for its national economic development. The main environmental problems in Slovenia
include water security, imbalanced spatial and temporal distribution of water resources, and flooding. Hence, it is of
great significance to investigate the situation of karst groundwater in Slovenia.

Under the exemplary role of the Belt and Road Initiative, this study is supported by the China-Slovenia Belt and
Road Joint Laboratory Project on Karst Geology (currently in preparation) within BRI framework. It involves field
investigations and sampling conducted in collaboration with the Karst Institute of Slovenia. The objectives are to
elucidate the processes and patterns of the Dinaric karstification and its cycles of carbon, water and calcium, analyze
the formation and distribution background of this karst system, and compare it with the subtropical karst system in
China. The findings are expected to be applicable to other karst regions along the Belt and Road route, enhancing
China’s understanding to key resource and environmental challenges in these areas. This study will provide
background information on geology, geomorphology, resources, and environment to national authorities for
formulating subsequent development strategies, thereby contributing to national diplomacy concerning the
environment and resources.

In this study, karst geological investigations and sampling were carried out in the Postojna karst basin in Slovenia,

obtaining hydrochemical and isotopic data of karst groundwater in this country. Preliminarily analysis and research are
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currently underway. The results show as follows.

(1) The quality of karst groundwater in Slovenia is excellent, with groundwater remaining in its natural state.
Parameters such as water temperature, pH, conductivity, and concentrations of anion and cation remain stable within
fixed ranges throughout the year. Fluctuations, when they occur, are mostly affected by natural environment variations
rather than human activities.

(2) Comparative analysis with hydrochemical data from the Lijiang Basin in the karst areas of southwest China
reveals that the hydrochemical types in karst areas are predominately controlled by water-rock interactions, with
negligible influence from other factors.

(3) Analysis of hydrogen and oxygen isotopic characteristics of groundwater shows that atmospheric precipitation
serves as the primary recharge source for karst groundwater in the study area. Influenced by weathering and leaching
processes in carbonate aquifers and other types of rock, groundwater exhibits typical HCO, -Ca’" type.

(4) The concentrations of common pollutants, such as nitrate, are far below the safety limit for drinking water
quality set by the World Health Organization. The primary sources of these contaminants are soil nitrogen derived
from natural processes. During the dry season, groundwater at some sampling sites exhibits contamination from

domestic sewage and livestock manure.

Key words Slovenia, karst, groundwater, hydrochemistry, isotope
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underground river discharge, dominated by carbonate rock dissolution, reflecting a mixture of karst water and
sandstone water. Karst water vertically infiltrating from the Huanglong Formation and the Chuanshan Formation
limestone accounts for 70% to 79% of tunnel water inrush, with 21% to 30% contributed by lateral sandstone water.

(3) During the runoff process, the recharge of groundwater from atmospheric precipitation amounts to 19,324.89
m’-d "', of which 48.29% is discharged through the tunnel.Under non-extreme rainfall conditions, the predicted water
influx into the Huxitai Tunnel is 10,684.89 m’-d '; however, during extreme rainfall events, the maximum predicted
water influx can reach up to 79,364.13 m’-d"".

To sum up, these results provide a quantitative decision-making basis for the prevention and control of water

inrush in the Huxitai Tunnel, and also serve as valuable references for similar studies on water inrush of karst tunnel.

Key words the Huxitai Tunnel, groundwater hydrochemistry, hydrogen and oxygen isotopes, karst groundwater

system, source of water gushing
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