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Fig. 1 Geology of the study area
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Table 3 Main fold characteristics of the study area

FEAREAE

Bl = R PG BU(T,0") I s UK IR 1o A, 3Lt =
B (Tob") I 1 2 BORE IR, PSR 25°~40°, ST A FR BRI RE 4%, AR 3EZF,

TS R, S 24920 km, #%750 AUETH— B (T0 ) IR R K a S i a2, 3
bR B (T,0°) R =B (LW ) IR A s B A 4L, LI 20°~40°,
H— AR B E5 A3 A TR R — BT — IS i — 2k

Kl At i 2l — B (L0 B BRI s A s U, PRSI =B (T.07) By K
L HABRK A . Aaa e (Te) KA TRRK A4, W3 fi220~32°0, h—
S FRREA, PELIE M 50°~60°; 4345 T 245 A —TH B K E—4R .

3 TS B, Bl A — B (T, ) R K A e b e A 2, iR b fie — B
(T,0°) =B (T,b) WK . RS . A AU, PR 20°~30°, H— X FriE

IR T B —is, SEHIE S 2L, B 2497 km, —EeRaE i, %382 b
ZB(TL) RE BB R, PR R — B (00 A = K A KA. B sk
— B (T,b" ) PR F IR 2 Je Wb e 2 4R, W FL{ A7 200~40°, Jg— XS FRAE 4

DA T ILFHEALE, 5K 299 km, FiHb)2 bl =B (TL0°) A . Ao R A, PR
JAb A B (TL0 ) B = B A IR o a H)2, MR A 200~35°, Jy— % ik

I3 T ILT il — R 2, BRI AR Oy P 2 (To2) BKCA | PETRA, TERS BT

S Al FEAK JE /km
As NNW 6
LTELN 7N
A NI\_IW 20
(EAEITRD
A41 NNE 13
(FREAEED
A42 NNE 10
(5 B6EED 4%, #44 SEFLSZ W 34F,, R
S2 NI\_IW 7
(FHRERRD
S NNW 9
KR
Sz NNE 14
CLFiEmED

AL =B (T B . s B, P32 AU — B (Tub) L S BRI

A A G B BUTb VB S IE LA, PISRAIA 20°~35°, Jh— X FRAE 4

2 ABRMTKEZ

21 FBiBRKXHBREE

TIF 5 DX AR S 3 o Dy e b g L o b b A, IXC
WHBKE, Frin 58 S5 B R PR T % il 7
o (WS 45) | B ikl 7 (08) e S L A Rk R
BeEs . Hoh i R Eh—— LI 2 o A b b
S, R v 2 E K18 YE /K, i i TR
KRR It K18 Bz A ML T /K R B
Kb R o

AIF I DX PN 45 HiLJ2 B9 37 ol 5 32 Pl R B /IMR TR R
SERAEA T BT T =RMITAS
ZBUED) R AIEAH —B(TS) =& F 5
H(T2)H)Z . GEBRSNE B R )2 N AT R K)Z
TN T 43 M 50 DU R A 2T, MR T B R R R
SR JZ, JERETR 1200 420K, VERA 1 )2 S FLBR 7 K
2, Bk, TS K S

[ITRANEES:R: L W € R R o i ] AN
DX 5§ o AR HE S v T Ry VDV BEE XL PE I R &
T L, AR B A A VDT X R DL R R SR K

R Mo T K EE AT X g U S LU I IR
D7 FCHEHE, Qb2 B R AR R AR | AR R i
SRS | PR T OR A L T P O R R A AN R
SR RN H O R VLA M L X A B L2 AR
JIEER AU B BB, R SR 2 ) T B A 4
At L 5 K= B BE A R, HH BRI A 3 i 3
IR, BB B O R RR iR A (18] 2)

22 HBRMTKREXS

LR WIS IXEEAR MR R K SO AF
K BRI A = R
R I B IR KL, FT5E X7 R R LA i
NOKFEN R G S35 LR T3 T K
WA RG] ) LK —HIR AL A 3 R K sl &
Gi(), ARG Z IR KR . U iE—mi T3
AWK ARG TERE BRI 43R 1 -1 RO IR s
WK T RS, 12 W BB KRS T R 58
FIT -3 ZRERSEAE S BOVER T AR B RS —AA R
KT T R G AN —HEZR AT F R — I, A Z ]
K ITER ZR S, LTI AR K X5 1 8 R S N AR T AR
TEZIBIAFAER IR



B4zt o OGN BT AR JEELR B TR KR I (E S A5 5 0 307

Fa] wokctiust cestm)

T | SEKAIER (LA

|Z| RSk

Wk e i )
HuF AT

B2 TR KSCHEREE
Fig.2 Hydrogeology of the study area

3 KIXHMMHKEEZELZERBREMBKME

3.1 KT FH 5%

B Yy R A HE M A 22, T I X R, H R
A B A — R K HEUEAT T RDK R i R AR
25 N, 2 0 0 2 H AT 2R e A b K R Y 5

PR, RIS 3 2R fe TR AL e A UL R,
Bt g 7 YT SRR, S S RO RS R e, M
DA deb 2 52 B R AR A 2 e R ) 2 A o o, L >
T SRR WU N, B G 1 T o SR U e R A
AR R o TR S A 25E— 7K SOULIN A 7K 32 i
A B BOULIIAEL, U RE LI IZK SOOI 5 38 Je T
SRAEAL TR — A i R K ZR 48, HLOULIN 7K A7 £ 3



308

AR

2024 4F-

55 PROR VR IR R I A 0% D A S, T AT i
ISR - 8 7 ASE A A A AR A 5 52 300 55 B s o
Pl AN KL AR

IR SCOW I A7 1 V1T P 2 e VA [l i 24
400 m &b, FFLATE RN 64 m 2 [R5 = R M4
VU Bt (B ') SR 40 (0 R SR b 2, By 0 Ok 0 Jo U
L RN FECT R 64~167.5m S = RN T4
SIUBL(E ) B4R DA Miba . 0. T
TR BE R K R kA2 R 0.2~8.0 mm AU AR AT, LJE N
55— KJZE, AE 70~110 m [A] i B T R 3B 4 .

167.5~239 m N = Z VLA = B (E,L) 416 |

TR 055 U TR AR R, 239 m DL R O =& R AL
H(Tob) KT H oz B G SE, ARG M i, 24 B
RE, B2, B e SKIRNZE, 2E T
g (K 3).

W AR, RS K EREEE, AR
FEPE, R AR R K, B WI LAk, 78 TE 1% 4
T, KA i AR AR AR, R AR R A .
H 1992 4FE 3 H 1 HIFGRIEAT Sk A0, 534 i 25

AR B WL 45 51, 12K B DL RRAE R,
12 AN 52 M R K N8 i 5 o B 7K TR
DA A e

I s A2tk FHABAT AR T4

e EHEOT, BEIC % 2035 b A4 B AR H 282
A, A KN, BRI, H H 22K (70 mm
KT ) ;

IV: 2Bk RR I S5 2175 Wb /KRR Ik, 17 7% RE ) 58k 5

Ve IK A7 AEAR I BE AR, 2013 4F e R B I, 424F
AR IR EE X 17.4058 m, 2017 4E /K ih 1 A 1 H
—1.78 m, F A AKA: R 7 H 21 H-11.50 m, 4= 4E25 1k
TR IR 9.72 m,

HRAE L ST R 3 1 R R TR SR BT 7E 4 T b T 7K
RGO, S5 BT 19 K SO Fiz s iw
IKFR e BN, W20 1) H 5 2R e VR R B AT 1)
K I Bk 2R, P2 — 2 3 Ao UL 580 o 0 b HL K
A5 BRI TR SR B AR OGO &R
3.2 MHXMESH

3 28 43 BT 7K SOURIN I - B 25 40 1 2 e R SR e

———f

TR O
|/2430.849 10 5
s

o ALITERmM
AL ST K i
[20] HALCEIIE) Tom HKAz/m

e

LA MR R S

(0] Wbt I3 A
1,} O S MR S A 4 ik AHS)

u EWIE R4 HRHA)

J— -5 Fniiae o e

i BY/m

e 4 0 ?ﬁi ts ] ?ﬁi!ijf‘ié&iﬁm o e
L Al e s B e ) T
AT \ \ 77 O e P L S e | YR

B3 AIXRMAMEREE

Fig. 3 Schematic diagram of the location of hydrological observation well



B4zt o OGN BT AR JEELR B TR KR I (E S A5 5 0 309

TEAL B M BT 45 4, T8 S K SOULIN I 5 &K IR J2
B BOp IR B TR — 5 K2, K SO 3K
fLAEEL IS R e WA K RGN T K AL 4 A
WL , 7K SOV H: 7 A7 5 38 e T SR A I e 2 b
A OC 2R 250K 0.881 3, K SCULINH: 7K 07 5 FR e i 2R
TR L AT B B O AR, U W 3 A A 4 K SO
KB REAS S B e UK ALY H A

4 FhAKIEHIH K AGAEE

4.1 HIRREE

FRRE AR P2 . IR BRI AT
F7SF SR A F B IR AR 2, 45 SR R e R AT 250,
A SRR RER S U A B 2 R R T el o 2K
R 4l P VR SRR I o T ), 4 A SRR A R O
i, SRR TR R A AR O 1.00 ms ', BB R TR IR A
BEB HFREE N 1.00m' s, [HF A R R SCbr
i AR AL G Sy PR G LA T 5 A

. B RRBER KT 1.00m™ s, (AL 7E 3
% W R ARCIR A, T AN KGR IE R K AR T
1.00 m*s '

M: B R EER =T 1.00m™s”, 7=

1.00 m*s™ HAEFFZ .

4.2 #hkEFHLIIRIBIE

421 K& AREAZBE

FESCIRE T, B R B & KT 1.00m™s ',
{E A7 37 2 0 T AT S, T A K BRI SR 7K 3t R
6T 1.00 m*s ', MIFTFEHE K ERKE ., HFILTF
AN K X 7K E B 31 2 e TR SR T 22 29— AN H i),
TE I TN K X AN A B 7K 32 5% 32 2y TR 22 /T
REARIE SR K AR T 1.00 m™s ™, 305t B4R A it
TTEMK

MR KN 1.00 m’-s ' B, XF 7 A 7K SOOI
F K A7 R 2 408.70 m, 38 i 7% 8 A0 AR DL B
W — KA — 90 B 3k i 2 43 AT s B S L T 96 DX
KB R ) B R X AT A IR 2 30 4 Seitas
K SC 301 P iR 7K ASE S 7K A 5 i s B K A7 23T
2 408.70 m [ B[] A5, FF 90 5% 9% B[R] S5 AT 56 30 d Y
IKAE o A RUAT BEARUE R K B B s, R AR 4 7 5
TR, 6 BUK 7 2 72 2 408.70 m & A= Rif 30 d iz K

KAk S, KRR B IR SE . PRSeit
B4, o ek R A D B R BE R 1992 4F 6 H 12
H—19924FE 7 A 12 H, /K fif ) 2 409.41 m [& 3|
2 408.70 m, F [ K 0.71 m, 7K £/ 55 & 2 409.41 m
XER AT 1.27 m’s o R, RTOA R 78 45 7K 3¢
S J 8 7K A7 i 3 i B B, > 7K SOOI 7K Ao vy AR
TR 2 409.41 m s R K R IE AN 1.27 m’s ™ B,
UG X R PEA T MK, #hK i 2.08~2.35 m™s ™,
MK B B 2R — S Rk, B 5 R
BT, OIS U K 2R N R B K, LA T IR
K o

422 K& AMKEFZ#IE

IRAE T, BREE R E/NT 1.00m* s, %
HE 1.00 m’ s FEAERFIZ T . KRR B
B B, 230 SR K i T2 1.00 m's ™ By BEATLIR 7K
P55 1.00 m'*s ™ S ERRLE R A B B .

FEAN KIS, T 7K HEHE F F b T 9 O A
SRR B W 4, b KT R 0K T I s R K
HE i, A BB K R B W T R, HOCR IR

O, > 0, + 0

K 0, MANMKIF & (m*s™) 5 O, Wb T W i &=
1.08 m’-s ' ( FHAF M W5 HETIE 5 3 400 J57 m® #5301
K5 O MBI E R BT R R (m’s ) . AR
TR R BT B S K SO K A7 56 2R (] 4), L8 #hk
AL S, £ 4. BIRKFE<1.00m™s ' B, JLF
T A K DX DA S KO (R T K dpe /N it i) 64T
K, SR K R Pk B 1.00 mTs T i S L
2.08 m*s ' [ EPEATRMK, ff R K RN HECR R,
SRR RAF 1.00 m*-s ™, ARk B[] 1 2 R — 7R3
S, B RN -5 HE T B E T, DU LR K 2
FHEK, DA T UMK,

- ﬁ y=0378x-909.49 s -
E S R=08813 , .7

v
t 7 ‘e '.Q,-:-:t.z".-
= : ] v\..'. ) Dhted

2404 2406 2408 2410 2412 2414 2416
KA /m
4 BRERFERE—AKIRMAKLELRE
Fig. 4 Relationship between the flow rate of Heilongtan spring

group and water level of hydrological observation well



310 Hh A 2024 4F:
2.2
2.08
1.9652 2'?;08@
2.0 1.8896 @
1814 _©
s 1.8 17384 @
“ 16628 @
g 15872 _@
E@ 1.6 L5116 @
1= 1436 _©
ﬁ 14 3.36\04 @
~ 12848 _©
12092 _©
1.2 11336 ©
108 g
1.0+« T T T T T T T T T T T T T 1
29, 2q, 2 2g, 29, 29n 2 e 29,29, 2q, 2
0= %0~ 0= 0= 20~ 0>~ 40>= 40>~ 20>~ %0>< 400 = Y00= 00~ Y00 < %
U6, 06,5706, 706, 5 %06,5 7027055705 ;02,5702 5708, , 708 5 708,708 - 03,
i s I K A3 /m
B 5 #hrkidiREFlE
Fig. 5 Diagram of controlling water replenishment process
F4 AkEREHE KA
Table 4 Table of controlling water replenishment process (2) 18 1o S B H AR AR S 593 E —0F W #p 7k Fas 1)

okt ms " KSR R/m FK N

0 2 406.06 1.0800
0.0536 2 406.20 1.1336
0.1292 2 406.40 1.2092
0.2048 2 406.60 1.2848
0.2804 2 406.80 1.3604
0.3560 2 407.00 1.4360
0.4316 2407.20 1.5116
0.5072 2 407.40 1.5872
0.5828 2 407.60 1.6628
0.6584 2 407.80 1.7384
0.7340 2 408.00 1.8140
0.8096 2 408.20 1.8896
0.8852 2 408.40 1.9652
0.9608 2 408.60 2.0408
1 2 408.70 2.0800

T IESCEE3 L SBATET N, AH IR Bt O R IR T = o 4 ol VL Tl b
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Note: In the third and fourth sections, the relevant water level and flow data
are taken from the database of Seismological Bureau of Lijiang in Yunnan
Province and from the database of Lijiang Branch of Hydrological and Water

Resources Bureau in Yunnan Province.
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Research and application of groundwater level as a water replenishment control
signal in the restoration of Lijiang Heilongtan spring group

HAN Xiao, WANG Senlin, HE Rui, ZHENG Kexun
( PowerChina Guiyang Engineering Corporation Limited, Guiyang, Guizhou 550081, China )

Abstract  The paper takes Heilongtan in Lijiang as an example to study the recharge control process of spring water
restoration in the karst area. Despite much work on Heilongtan in the previous period, there still exist problems in
terms of the spring water restoration of Heilongtan, such as difficulties of detecting recharge sources and of controlling
the recharge time, and the high cost of constructing recharge channels. On the basis of the groundwater system theory,
and the spatial geographic information and geologic information of Heilongtan spring system, this paper aims to study
the restoration of Heilongtan spring group, which may provide a scientific basis for the restoration of karst springs and
environmental protection.

The Lijiang area, where the study area is located, belongs to the low-latitude plateau monsoon climate zone, with
unique mountain monsoon climate characteristics, distinct dry and wet seasons, and significant vertical climate
changes, but slight seasonal variations in temperature. Because the Lijiang area is surrounded by the Jinsha River in the
west, north and east, deep-cut canyons and a peninsula-like mountainous area protruding northward have been
developed. With an elevation of about 2,400 m, a width of 4-5 km from east to west and a length of 32 km from north
to south, the Lijiang Basin—a long and narrow mountainous basin—is located in the southern part of the Lijiang
Peninsula.The study area is located in the northeast side of the mountainous area of Lijiang Basin, and the Heilongtan
spring group is located in the southwest corner of the study area at the foot of Xiangshan hill in the north of the Lijiang
ancient city at the east of Lijiang Basin. The study area generally belongs to the alpine mountainous terrain in the
dissolution fault block, and the karst in this area is developed. Based on three-dimensional data on basic geological
conditions, karst hydrogeological conditions, and characteristics of water balance, seepage field, temperature field,
chemical field, etc., connection tests have been conducted to verify that there are two karst groundwater flow systems
in the north and south of the study area: Jiuzihai-Lijiangba karst groundwater flow system ( I ) and Hongshuitang-
Bailanghua karst groundwater flow system (II). There is no hydraulic connection between these two systems. The
Jiuzhihai-Lijiangba karst water flow system ( I) can be laterally divided into the karst water flow subsystem of
Heilongtan spring basin ( I -1), the karst water flow subsystem of Qingxi spring basin (I -2) , and the decentralized
groundwater flow system of eastern spring group ( I -3). These three karst water flow subsystems are self-contained in
terms of recharge-runoff-discharge conditions, with weak hydraulic connection, and there is no hydraulic connection
between the Jiuzihai recharge area and the Qingxi spring basin and the eastern spring group.

Many discharge points in the Heilongtan spring group result to the difficulty in flow observation. At present, only
monthly average flow values with low accuracy have been obtained but not in real time; consequently, it is difficult for
us to realize the real-time and accurate control of the spring recharge process. Moreover, when the Heilongtan spring
group dry up, it is even impossible for us to control the recharge process through the flow data. The observation values
of water level per minute in a hydrological observation well near the Heilongtan spring group and the qualitative

analysis of geological structure indicate that the hydrological observation well and the spring group are located in the
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same karst groundwater system. In addition, the high correlation coefficient of 0.8813 between the water level of the
hydrological observation well and the flow of the Heilongtan spring group , indicating that it is possible to control the
water level of the Heilongtan spring group through the regulation of water level of the hydrological observation well.

The Heilongtan spring group consists of four main springs, namely, Lieshimu spring, Wufenglou spring, Zhenzhu
spring and Wanshousi spring, and the elevation of each spring is slightly different. The landscape of Heilongtan Park
can meet the requirement only if the flow of these four springs is maintained. According to the monitoring data of the
Heilongtan spring group, when all of these four springs flow, the overall flow of the Heilongtan spring group is 1.00
m’-s ', which is also the target flow rate for spring restoration. Based on the actual flow and its change trend of springs,
two conditions can be determined: water maintenance and recharge when water is in shortage. Under the condition of
water maintenance, the signal of replenishing water should be firstly determined, during which predictors needs to be
set given the time of water replenishment. Then, an inversion can be conducted to obtain the water level of
hydrological observation well and the flow of the Heilongtan spring group, based on the time when groundwater flows
from Jiuzihai to the Heilongtan spring group. When the water level of hydrological observation well drops to 2,409.41
m or the spring flow reduces to 1.27 m’'s ', the spring water in Jiuzhihai recharge area should be recharged, with water
flow of 2.08-2.35 m>s ', and the recharge can be lasted to the next flood season in which the rainfall and water
discharge achieve an equilibrium again and Jiuzihai is restored. Under the state condition of replenishment when water
is in shortage, the spring water in Jiuzhihai recharge area needs to be recharged with the maximum flow rate (greater
than the minimum flow rate of recharge), so that the spring flow rate can reach 1.00 m*s ™' as soon as possible. Then,
the spring water can be recharged with a flow rate of 2.08 m’-s™', so that the groundwater recharge and discharge keep
balanced and the spring flow rate maintains 1.00 m’-s . The replenishment can be lasted to the next flood season, in
which the rainfall and discharge achieve an equilibrium again and the Jiuzhihai is restored for the next recharge.

In summary, in order to determine the signal of control well given the time of water recharge and finally carry out
the accurate and real-time water recharge based on the water level of observation well as the control signal, the
following steps should be completed: formulating the target state of the spring group, corresponding to the water level
of replenishment control well, considering the time predictor in the recharge process, and correcting the water level of

control well.

Key words large karst spring, water replenishment, groundwater system, groundwater level, signal, control process
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