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Abstract

This article investigated the hydrogeology of Quanlin by collecting data of Quanlin springs more than 30
years and analyzing the origin of springs. According to the historical evolution process of springs flow,
we divide the different stages of springs flow and analyze the main factors influencing the springs dis-
charge. Rainfall is the mainly natural factors and the mining of deep groundwater is the main human
factors. By analyzing the correlation between historical water level and spring flow, a mathematical
model is established to calculate the spring landscape flow in different warning conditions by the eleva-
tion as the lowest water level that is 133.45 m for protecting the main four springs, while the landscape
flow is 81,200 m3/d. If the landscape flow is 108,900 m3/d when the water level is 134.13 m, then all the
springs are flowing in Quanlin. The work is very important to protect the springs flowing, the ecological
environment health and the safety of water supply in Sihe river basin, which provides the basic date
support for the management, protection and warning of springs.
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ASCE X SRR BRSO R R R TAE, WE T IRRREBB0ZENRBETR, 2 T RAKMRE; HiE
RAEREEEEE, 2T RAKBEATERE, Hom T AR BRENRKREERNEERR, BN
RRKERHEBRFR, IREZGTREHR T KHTRRRREZRNEENARR; EXHTAMARAE
PIEBARMREA T ER E, B TH TS RRENEFER, DURBNHBERENERAKN, HEH
T AR 44T RABENENRE, FAEID A 35 IRBEH T /KA 133.45 m, BT SRAREBER SRR
B48.127im3/d, fRERWKRESITREBEM T KARZ134.13 m, HERARBEHERREN10.897
m3/d. ZREN TRERARRKFESE. REASHIBRE. IAFELKEREKZEAFEERNRNL, A
REHTKERKREER. R0, FESRAEREIERF.

XK ia
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1. 5|

P 1 L BORHINK B R K 2 2R, DA 300 24N, HETA B MA SRR K 1 Bk 176 A&, 73 JeRAR
SREE FEERBE. AURGREE. RWSFRBE. HIERBE SON SRR BMRWREE. CPREE. MEEREAS TR
SRAE[L]o SRMORIBLL K EACE X B AR, SRR BLZR ROR BT R X B R MR, SRR I A7 SR AMOR
BE ASERTE. OIRORBE =R SRMORBEAL TR B AR R IL T, MR TR Rl S, AR AT
MR, PO BT, AR, RIEAE, AR AL, OURICE, R, DARER, RE
WAkIMi#F44[2] [3], FEBFFLAR . HEER. MR, AR, BRR. WRER. BRRREZTRIREK, £
NG ZIR L TR 2014 E T T RER D, DLCE T KSR EIT R, B 7001 R /K T8 2 2 Wi,
R IR 20 24k ASCM A 1981~2012 SRR MURITE BTN S 21 S H R BEREEAT 04T, SR MOREE
KA 55 3 KA Z T AR NE R 2, HES SR MR A PSRt R KAz, 317 20 Mt R KA AR MR AR 2 [)
RIBCE R, MRAE SR B b, THE T & ORI SRR A “ AR RIRARAL” FITE, IR T (R
SRMORIKFRBEBEE . SRS WA Sk R PR it K 22 4= BoA BB

2. RHREARXERESRKBE

SIS TR RARGEAE T R/ AV S B /KL I [4] . SRR B 5 = TR B R g B AR )T i
PEE, T IRAMIRIRI AT, H ARSI TR, 6T B A T TG A YT S L X 1:25 5
R, BB Fras B B 15 J3 K SO ], ARYE K SCHE T BOR T SRARIR IR — AR A AT,
R KSR /KBS, XKW E A AHEYIR], SRR T 2 ARG AT 1) 7K SCHE BT 6 [5]

SRR IR I AR R LA 3 b Ui S SR B 7Y, a3 LA /N RIS R K 43 /KIS BLHE B DO 20T, 5
Kiliy Skl g, AL S LA R K 2 K AT, 5210 B K K D i, I A SE IR R
B R R R S I Rl i . BN X AR DR L AR U 5 A B s D R, SRR
279.66 km?®, ELEAMA X AN 182.35 km? [6] (K 1).
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Figure 1. Distribution map of the Quanlin Springs
1. RRRBESHE
SRMIRIERAR . V8. FRHARBRER B AR AR B RAKE R, 2K NS MR 78 704,
R KIAACTEIZ B B R AR, TESRAREE PRI BT 52 2150 = R LR A AV R — & R TUA IFERE, LUK R
Wi SAKER T, tFKEFEFEMmE, EIUR. AR EBEHBEESKESESKERM, wiE 2
51& 3 B R IREEEKAE S R b 2 BIAE KBS 1, KAz E, I RN OIER, 2R
Hy R KAE AR AL FE BR,  SRARIR 2 DR - 2 SR AR -1 SR O 32, 209 EFHR[7].
3. RUKRERERIEIRE
3.1 RRENETENR
ARSCWEE 7K B KRR 1981 AFLLK, SHRAMCRIHR B E TR, 2087 1 20 tE4D 80 AEARLISK IR & 1
AR T2 (N 1] 4 SRR RIS T 2R &), ARIRARIR L4 R I 58, /] 20 953K EARBER . SRR
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L SRIMEARE =BG, N 30 IR ETRERE, KRR SAME R R ERIRS . R ELE
20 40 80 AEAR T BN 1.05 m¥s, R E N 1.36 m¥ls, f/MAiE 0.89 m¥ls CGRIEE WL % 1); 90 AL
WEHN 051 mYs, W ARIE R 0.73m’s, H/NiE 0.1 m¥s; 2000 4E~2014 4E-FIi & Jy 0.60 m¥s, K& N
1.2m¥s, f/NRE 0.02 mfs. 2003 4F 4~6 A R EET R SmE, (SmE A KA LK. 2014 SR NAEKAE, 4
FA SRR EE P 80% SRR T, U BITIR . BITR . BEREE I R AR R R /N 1B .

(1) SRIKI E SR Y B (1981~1990 4F)

SRARIR B IAT PR R G T 1981 4F, 1Z I X SR UL & MU i AN RN, R B A KT I, 1981
55 HRMGSE HF RS 11.71 77 m/d (1.36 m¥/s), HRAB4E BRI R ARk R TG , 80~90 44X, SREE Ak {X v 0.89 m’/s,
PR 1.05 mfs, MRAESHT, %I LR AR EBEGE 055 BV K T AR 0 B KA LA SR O IE SR, N K ALAE
133.45~134.5 m Z[a], Hu R /KFIHR CAAE VS R ARIEE F K o 3, SRIFE BBl P R /K i SR/ T 300 75
m¥a. % TR SRR B B AN AR, DR BRSO SR K SRR B

+ 2ot B R

Figure 2. Origin of Quanlin Spring
2. RIRRAEE

R 2 — F

Figure 3. Origin of Quanlinheihu Spring
3. REERRRE

Table 1. Springs flow statistics in different period

# 1 TRNHRRESR TR

M B i [ (4) KR E(mYs) /N E(mYs) B (ms) P15 B 7K B (mm)
SRIK B AR B 1981~1990 1.36 0.89 1.05 618.88
SR IR B 1991~2000 0.73 0.1 0.51 712.18
SR EARE R B 2001~%E 4 1.2 0.02 0.60 741.65
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Figure 4. Flow dynamic change of Quanlin Springs
B4 RHRERREDSTH
(2) JRUE IR BL(1991~2000 4F)
1991~2000 4, SRR TR H 20 22 80 4EARH 1.05 m¥s FF % 0.51 m*fs, SREFRAKFE N 0.51 m¥s,
X — I B SR B R R o I ARR T ARV R K B A A HE K R I R K AR, 7E 20 4D 80 AEARK, SR
MBFIE PG IR KN, Ky k@B RITE A, JFUCEEI N KFRE N E, TR KFREZFER LR, i
A 90 FARTRIA A KNV RUBDE AT K, FRAE SRR R i AT Bt SRS, FREEMOEMET I TR
J&, FFHEmAIn) 3 BRI 8RR AR ET R R T DT RIRZH N KON F TR . BRI 80 ALK, B &
SID, BERBIFRAEEURERL TR, X —m MR EmAG, FHERNEN 642.24 mm, Kithix
— I BAFRATTRR A SR I B S e 8]
(3) RIEATLEN B
2003 FELA G, REGHIL T B LkRE K, 2003~2011 4, FHYMERE 828.36 mm, fEF/KWIRIMESR
FIRE R, AR AGK T, SRR E, XK, SRR PR R AN T KT R R S AR, — T T
TKIFREK, H—HHETEMH T KMERR, FULHI T RREARE NS, KA RR FFR
BUNRES ], SRR R, SRR .

3.2. FUMRKILEAE R

Sm K EAR MORBEBHR AR R 2, RN MR KFR. FRIEANERER, BT RX £
SRS R FH 2R BARAEAN K, DRI AR Y B 50 A o R T 7K SR BRL 7 S5 SR S A 52l 8]

(1) PRy DN 2= g2

SR FE R K AR s il 2 SR 1981~1989 4R [E/K B Hr Lk, T KEI1 A 593.79 mm,
1993~1998 4 [H] Ay K & /2 AW T Bod B h i N = E I, P4 FEK &y 750.43 mm, 2002~2014 4F, SR
J3 T Bk BRI I B B, 2014 SRR E S I T WA IS . 0 LRI B SRR R AL S i 2 AR 1,
SRS I A R B — B, (AR A SRR, (0 0.048. FERVETE 1981~2013 R4
AL I FE A BT = AN R B, A L SR I =N e, (R A MRS, LR TE 1994~1998
SRR, BEMEIKGHEERL, RmERMRLE, WK 5 RiRESEWNRERERE.

T B SRR IR R AR DM S T (WLAE 2), e irah L. 1981~1989 4, X — i A B Y AN SR A A DR
U, BEREANS TR RE R AHDCPE )y 0.335, FIRT—EFE S AIAH G A 0.782, REM/KFESHN 0.022, RIE
] P 244 R BT — 4 (R B R SR IR A K B2, H DART—SE IR Y 9 3 s {HU&AE 1990~2003 A AH P 2 5 FA1IK,
FHME RBORET 0.15, X —I WA M4 & 718.48 mm, BEREIUN 0.47 m¥s, X 5IRAEEH 1987 FEIT 14774
WL, R RHL R K, SEMIR KA ; 2003 4 LAK, SR A RN 1A SR aT — I B BT ok, AR
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ZRHAE 0.3~0.4 28], XN EmE A 741.65 mm, R EFHH 083 m’s, B E—MrBa k.

(2) HRAKIITFR

ARG G 7RI Tl BB IR (flh FRFE) S R KPR &, il F KT R SRR KR
K, k6.

I EE 1981~2014 R MR & 55 N KRR BERIEB LT AN, ZHWRWE —ERE L
BILx” B, AR K RARAE N B SRR I A, A RAE T KT R e, X R SR R,
BB A IR E RGN, SRRE RGN A TR B, A R OK IR
AU E BRI I ARG SRR E S A KT RE AR REOEF) 0572, 153 a = 0.02 /K. b4,
KT R AR T SR I I 3 B L R R B B (3 3): 1989~1997 4, SR 45k 715 [l PN 4E P ¥l R /K PR & 1.06
Jimid, X IR E N 0.8 m¥s (6.91 5 m¥d), SR EAM T K IT R E A £ % 0.466; 2002~2014
&, REGEENETHM N KRR 8.13 75 mid, XK R RN 0.57 m¥s (4.92 J7 m¥s), IR EA
R KR EAH I R ECH 0563,

gr LATR, B RS SR K BRI B AR 2R, BUIRAE LT H N /K R GR A AR HH 2R = 1 R oK) 2 B

Table 2. Correlation analysis of springs flow and the precipitation in different periods

=2 PR TRRESHEKEEXXAGITE

X HEEE B — PR Hi A B R
MR ST BEMKTFSH LEESE S BEMKTFSH LEES S ¢ BEMKFSH
1981~1990 0.335 0.378 0.782 0.022 0.226 0.625
1991~2000 0.128 0.542 —0.026 0.903 0.088 0.774
2001~2013 0.357 0.216 —0.286 0.322 0.302 0.467
1981~2013 0.048 0.708 —0.049 0.708 0.069 0.607

Table 3. Correlation analysis of springs flow and amount of groundwater mining in different periods

F 3. AENHIRRESHAKIFREBRMR

i3 B34
1989~1997 0.466
1997~2002 0.641
2002~2014 0.563
2
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Figure 5. Variation trend of Quanlin Springs flow and precipitation
from 1981-2014
[ 5.1981~2014 FRRES K SRR LIS BT EE
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Figure 6. Trend curve of Quanlin Springs flow and mined GD
El6 RERAESHTKFRELLIEE

PR SR E I AN R 2 .
4, REBCHESWREMNTE
41 BREVNRESHBE

SRR RMOREE . AAEREE. AIRREE. PR AL 279.66 km? (TEHE Y . SREFREFEASL
. BRE. BERMEEREI KT R G TR SRR S WHR AR KR, R KNS AN B R R K
FEREHEVIMIG. BKEER, TFRKNBINMAEER. AT REEAD, WREES T, RIE, RE
DU 2 s 2 T AT o SRRV B B A — AN FR RS A b R KA A 75 BT SR W R AR R . IX LB
JEAR T~ HL bR e S T b i Z (RN DG R, ARG A, X SROMRSR B 1) 32 B0 1 A kAT T bR, SRR
T DA S5 1) H b i B, O 134.13 m, DYK 3 SR 207 5% tH iRt bR o 133.45 m, 24 0% SR (1 HH At AR =l 130.82 m,
BERRI AR RN 130.78 m, HIZE R A H RSN 130.757 m, SR A HRARE . DR AR MRORAE DUBIRH SR
bR 134.13 m i, PRI SRARSR /KA A 2 7 81 BH SR AR AL, SROMR SRR Y At SRS R R i R v 2K
AL, AEZ AR J7 AE W0 T2k, 5 FH SR SR AR B 5 R O, H R (8] — R 2~3 AN H, BRI FRATTHE 133.60 m (f&
UELL AT SR B A AR BV ) 78 9 SRR SR A 4 0 AR R IR AK L, RO SR MRIRBER) “ ORIRAKAL”

42. FEERURESENHE

FIF 1981~2012 FRMIRIME T RS 21 S HIKALBERFHEAT 7087 (FH TSR AR IX P i TG R 7K B, Rk
HUEJEANA X 21 5 W A SSEAR AT 0 07), 21 ‘SO TR AR BLHT S IEAT P, PR B SR ARR 4.1 km, 0 30
m, e 151.19 m.

1981 4ESRAMSRBEMITE RN 1.36 m*fs, A WA ¥R} LUK A3 K 2 (s K M 5 1.84 ms), [K] 80 4EAR
IR F RN, R AR 8 1981 4 SR AR SR 51X P SR HR A3y , BV IA 3 1 A /KA IR BE 5% HE b v 134.13
m, UEIFRARAKAA 134.13 m, ARUCHIKEE, L RMIRFEKAL S I I KA Z R IR PE R &, HER IR AR
SR DA MR KA, 3T A A b R KRR SR AR SR B R (R B R R o ARIKIE ) 21 5 /KA BB LA I
IR B B ARAKAE g, B 43 T SRR SR I B RN M KA A O R ECH 0.906, AR SR I FE A b R KA %
REL T 2 MNHUER, W 6, DO BRI G RO, wERUDN, K et A 7.

B SR MR B R A R R KA BB AR A OC R AN

H =2.287InQ +133.6 )

Fett -
Q — eH—133.6/2.287 (2)
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Figure 7. Fit curve of springs flow and GD level

B 7. RERESHTKULEE

Table 4. Calculation of Quanlin springs flowing level and landscape flow

4 RMREBUBHKLERWURENH

SRR 5% 7 PR 7K A7 (m) WS B A UL A (ms) W AR SR R (5 m¥d) HIE
FARH R 134.13 1.26 10.89 SRR SR A FEE

AR L] 133.45 0.94 8.12 PRATE DY R SR
TR 130.69 0.28 2.42 T BEARAL, SRR L

A H AT AKAL, m: Q NREMERE, ms.

AR A R 2 SRR SR B BV 0 R AR, AT AT SR BT I SO, 4 A B (K K A & AR SR
130.69 m. PYIK 3= SR I S K AL L0 A SR 133.45 my JRH R B bR i 134.13 m (RS2 . HE S R %
4,

ARAE V5, G SRR SR A Y b R /KA T S MK IR v 5 A6 SR 1) 130.69 m B, BEB SRARSRBE LT,
S SRR SRR ) S A K 2.42 77 m/d, AR BERAIE SRR R A S T /K s W SR ARIE SRR S X L0 SR I SEAR
MR RIS R R UK SRR, R KA T 133.45 m, LR AR R B SR E N 8.12 5 m¥d; 1Y
MR KAEAG T 130.69 m BF, SRAKSR LT, ShFRATIE 133.60 m (24 SRAKAL LA E 15 em) i Ay SR AR T 1R
BRAKABL, FRONRMIREER) “ORIEAKAL” o BARBHIR AT H bR = 134.13 m a2 AR BE s s MR 11, Rk, HEERae
35 B RARE X AFIBERORAS, B AECRIE R AR SRR A0 R K B, B, SRR S & T % 2 10.89 77 m¥d,
LG BB 8% CRUE SRR SRAE IR R A (AR 25 RGN SO A0 3

5 G EEW

1) MRAEIRAAMRIRE LT, 90 FARLLAT, SRME FEZREW AR, 90 FARLUG, RV
VIR RAIR T K, RO T SR 22Uk 1) B B (0 SRR, DR L A 4 R 2 25 VA T R /K N T &R

2) AYCEIE R XA R BT AL AR R RS S, B CRIEDY K R A N KA A 133.45 m, G
B SRR SR A A SRR B A 8.12 75 mMd, FERAAE T SRMR ST IS RS R KA 133.60 m, RN SRR SR SRR K AT

3) BEIERMREER RIS RGM B RLET, D JURIEH T K AL i T80 BH AR A H bR = 134.13 m,
B S5 bR SR TR A SO0 B AT LAIA 3 10.89 75 m¥d.

4) HT KA 2 ) SR 7K A 5 I DA S SR R /N B S R bR, AR ML T KRR A L R bR, (H
S H AT SRARSR S X P v JE R KA, S, DR R R A B KIS I R G, S X ek R K R SR I R
TSR LRI SRR
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