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Abstract: Although the southwest karst valley region of China has an abundance of groundwater resources, little is
known about the variations in the karst trough valley’s groundwater types and their cycle features. Using the
Chongqing Youyang Longtan trough valley as a case study, this research systematically analyzed the flow

attenuation process, water source composition, recharge characteristics, and storage role of karst springs on the
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downstream and reverse slopes of the valley by the methods of hydrological impulse function simulation, water
balance principle, and flow attenuation. The results show that the attenuation process of single spring flow in the
study area can be divided into two stages, with the attenuation coefficient of the first stage being at least one order
of magnitude higher than that of the second stage. The characteristics of different water-bearing media are clearly
distinct, with the primary source of karst water being the fissure water stored within the aquifer. The theoretical
recharge area of the downslope karst spring is 66.15 km*, while that of the inverse-slope seasonal karst spring is
only 0.99 km’. The recharge coefficients of the two springs in the seasonal changes are large in winter and spring
and small in summer. There are significant fluctuations in the flow rate of downslope normal-flow springs
throughout the year, but these springs have a strong capacity to store water, and the inverse-slope seasonal spring
can also store water. From May to September, the system of downslope and inverse karst springs is mainly
dominated by groundwater storage, while groundwater release occurs predominantly in the other months. During
the summer drought, the downslope seasonal springs ma experience broken flow. This study offers a scientific
foundation for the development and utilization of groundwater resources in the area by highlighting the variations
in the features of the water cycle processes of recharge, storage, and discharge of karst springs with various
properties on the downslope and reverse slope of the trough area.

Keywords: karst spring; underground river; attenuation; recharge; regulation and storage; karst trough valley
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Fig. 1 Hydrogeological condition of Longtan Trough Valley (modified from reference [14])
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120, , —120:
a; = % 2
A O —— W IR)E ¢t F 2/ (Ls™);s
Q4 — WM P AR T/ (L-s™);
O —4F WM AP AR T/ (L-s™);
S — T I A O R A
5 R I R R A
55— U 45 TR ] /s
b5 Z Yl 45 T ] /s
O i+1 WM LA I Z3 &/ (L-s )5
S5 1 DY R R A

a;

a,

a;



2025 4F = JE, S MRUA RS DX T KOG BRRRAE —— LU DY B SR A A 4 - 57 -

t—3F i I S5 AR ] /b
A KB T AR A VEAS [F R & KA TR IK
I R B B 0, A e R Y 2 S, R
W AR RN Ay A A I . & N KA R
B fit 7K R ] R A
v, = L" (0,6 — 0,e") d1

Vo= [ (0= Qe

Vo= [ = Qe e (3)
e V2 n 0N F KA B K B /L
TRV F5 7K A TR K o S K B 9 4
(KRN
K=V,/(Vi+V,+---+V,) 4

222 HURRFEKENG BB

BAL YR [ TR )RR 45 AR BRORT 38 ) 2R S B A SR K

a2 FIRD 45 TR FRR R
Vo

T APy
K o——FLRFE T AN R B

Vo5 /KA Btk /L, A AL R L (3) 5

A R K R GE R A A km’

P— LR BT 77 A= 1A RCRD 465 [ TR £ /mm
223 HERESMERIITE

X TN 58 R B A K R G, HE— A7 40 N

TAKB AN RS R 2 S T A ROK RGN &
a-P=R,+AS (6)
o, P——F/K i /mm;
R— b F AR &, DR IR 1T /mm;
AS P4 % & /mm,

AS AR 156 B 78 1 35 45 109 9 /K A s, 3R
R K BEAAAE R, AS R S i B i BH AR 3t & P Aok
B H R KB AR 72, SR MR K BRSO -

H R AR AR O AR T AR IR S AR R K
FUAE, S BEReE 7K 2 Ak o MR 72 3 19 B A1

W E K RGAET E RBCH S H H T KR & &
266 TR 1 SR 5 A T 2K AR i R B 1 LU AL

3 &R

3.0 EIEKT T R
R4 2021 4 [ W I i o R (1] 2), 49 0l 7 2 SR
e BRI T 4 LT R e . A iR

5

[0

P R, AT A K A R b . e, TR
B 4 vk it 04 A A el AR 1) 8t 0 R BT [R] 4 A1) R
TH8H.7H29H 10 H 23 HAI 11 A 22 H; &R
FA) 4 Yt 04 VA o e g ok AR Y O 0 B RS ] 43 Ry
SH16H. 6 H3H . 8H25HAM 11 H21H., A&
TR 3 el 3t A7 FLK R B8 N AR 2 S5 40 I 5 T, 0
AR E TR E . PR, RS 2R
Ik 19 2 SR RTI 2 B 1% e 31 8 3 e e v ok R R A
2 AN S AR — B 2 S R K R R B
BT R EE R, 5 R E BN SR B A R
BK o DUBR — >3 U B 55 A Sl 0, S0l R 0K
WIs/NE 3), B b B 2R

XoF 9 Ach Ml 7K 4 YRt 0 I o s et AR P B — R U
01 0% % 090 3R BOBOT- A, W] Rl ) 3 5 — e s 1
B3 Ul R B0 0.01, 134 52 J I ] 2y 74.38 hy 5%
V3 A4 SF- 2 25 8 AR B0 0.000 4, R ] 45 25 3 HE i i
PRSI . 2 50 — Il 0 19 - 2 0 R B0 0.14, F-
WIS YN 18] Ry 5.73 hy 5 5 D80T Y 1 34 S 0 AR H
0.03, Hif [F] 47 252 B H itk i 2 45
3.2 AWK BYKIEA 5>

LA R I 1% 5 R e 0 R v R 1 R
A EL, 15 A IR K BT AL A, SR RN S X
R 1R B KA BB RIS 7 e (58 1) o 25—
P, e T 3 GE S O 9.029% ~ 24.86%, V- {H N
13.87%; & RAEE 5 N 17.15% ~ 69.27%, ¥ ¥ {E
H 44.62% 55 TRV, B — 5 DRI PN S4B I TE PR A b
K 2 A — e B, v, R 3 SR B R
mi R 17.86% ~ 46.18%, & SR 2B o5 LR 11.88% ~
41.48%., 3 g W, R T U5 AE SR 0 2B o5
FE 4351 K 28.96% ~ 73.13% i1 8.96% ~ 70.95% ., 45457
E, oA YRR 5 2k 87.31%, &R AP LA N
56.10%.
3.3 HEKBIRNAFEE

Je A8 R A SR AL T R — IR 5E X, ELAREE B 2
3.4 km, Jt DL A BIF 5 05000 28 10K S 0 AR R] . AR A
Hu I 43 7K U T K A5 19 2 SR I K T AL 0.9 km? ™Y, g
T8 T 1, s S K JZ KT 500 m fA) AR JRRIG
TR, B4l R FH 7K S Hb T B A 1) 5 1 AR R LM
DL 0 ] ARG B 2 48 DL B8 1B, R A AreSWAT
ALY T e I8 I 24T U TR AR A AR . ArcSWAT #5274
A DABSEHUUAS [F] A 7K SR R, o 52 24 I 3 ) 43 24+
pire s N S R VY )i =N X RPN e o N €
PEAEOL R0 DU iR IE Ry i s th 7K 2R B ArcSWAT



58 - 7K SC b o T e I H2m
R — HEEIE R —— RIS
1000 750 1200 1250
= 800 =600 = 1000 - \
‘an o o % 1000
= 600 = 450 | 2 800 =
1 e = i 750
:E 400 éﬂ 300 4@ 600 4,42
200 : : ) 150 ) 00 ) 500 .
0 100 200 300 0 100 200 300 0 100 200 300 0 150 300 450
IR H]/h IR H]/h Il /h I Hl/h
(a) JRiRE
120 60 105
» 80 T 40 70 §
— — —
G 40 E 20 35 HE
= S B
0 50 100 150 0 60 120 180 0 70 140 210 0 130 260 390
Hif ] /h A ] /h A /h i) /b
(b) &%
3 REENERREFELREHZE
Fig. 3 Flow decay process curves of Longdongtang and Laoquan
F1 RiEENERAKEEK
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Fig. 4 Sub-rainfall recharge coefficient vs. rainfall amount and precipitation duration
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