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Abstract

In the past two decades, the urbanization of the Bai Spring area in Jinan City has led to a decrease
in the amount of precipitation infiltration recharge of groundwater, and the amount of ground-
water withdrawal in the water source areas of the Bai Spring area has decreased due to the spring
protection work in the adjacent Baotu Spring area, both resulting in great changes of the ground-
water balance. In order to study the status of groundwater resources in Bai Spring area of Jinan
City and ensure the sustainable utilization of local groundwater resources, this paper adopts the
water balance method to evaluate the amount of groundwater resources in the karst groundwater
system of Bai Spring in Jinan City, and evaluates the water quality of three water source areas
based on the test results of groundwater samples. The groundwater recharge under the conditions
of different precipitation guarantee rates is calculated, and the withdrawal coefficient method is
used to analyze the withdrawal potentiality of groundwater in the study area. Research shows that
the groundwater recharge rate in the Bai Spring area is 10496.40 * 104 m3/a, the discharge rate is
7912.51 * 10* m3/a, and the balance difference is 2583.89 * 104 m3/a, which is positive. The key
leakage zones should be protected, and the withdrawal of groundwater should be strictly con-
trolled. The groundwater quality in the source areas is Class III, and the main indexes exceeding
the standard are nitrate, sulfate, TDS, and total hardness. The concentration of each indicator has
increased significantly compared to the background value. The average withdrawal potential in-
dex is 1.35, indicating that the regional groundwater has a certain withdrawal potential. Due to
the huge storage capacity of aquifers and superior recharge conditions, part of the storage capaci-
ty used in extremely dry years can be compensated in wet years. Even in extremely dry years, the
current withdrawal rate can be maintained, but it should be cautious about expanding the with-
drawal rate. Finally, the calculation and evaluation of the allowable withdrawal of the typical wa-
ter source areas groundwater are carried out, and it is believed that under the current conditions
of the Peijiaying Bai Sping Water Plant, it is safe to provide a reserve withdrawal of 1.5 * 104 m3/d.
The water plant is able to be used as a regional backup water source.
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MR — BEANSGEE 13 TOKBIERGNARE ST, FHbxt it TKAEE s, SE T K
MIBRE SR KPS Bk, R K BRI IZHET A [ A AR R R REE U AT T R 2

H 20 {8 50 FEAGE, AR KB TIRZ AT, A REERIT U AV
LR, HRE T KERNAMBOR1] [2] [3]. HAT, FEEM N KEREMN AR K RIS EIL.
TR BOEGEHE . KOO ELIE . BUERINESE[4]. Hrh, KEIHTE LR B R, WAk
PESR . BORPRIA R SR, BONBR 2 A B R OK BRI A2 — (5] AKINBE I B A S5 2
R BEIXFAE— DR, Ko B A R K A7 B AR AL B A T 1 R /KA B AR 2 72 6] THERSE:
[71R K BB R 2R S 3 R /K B I8 AT iEAT 1 V-AR, KB FE DX RIS DU AT AR R X
K ERPRAE [BIR M AN B0 AR E T K BRIRBLIREAT 19RO, R 7K BRI ORI 5. M348 [9]
RFIBIMRE S FEATIEAN BB B8 2 T G5 K 2 3 /K BT 73R, DO /K s
BRI KT RE R A PRIER . Md [101R /KR ERE ML I8, b do s = A1 rh A R i
FAKBVEREAT TN Qu SR [LL]XS Ll ZR 48 M T (0 3 7K B2 SR Jidk AT 7P, ARBFALIX A B
PR B0 i R UK AN 5 R UK B BRIITT R T -

WARERNCRE, Mo mfE AR EE S, TWRE, NOESE. H 20 S 50 F£A06E, 4
b 7K SR A 3 OS5 R 7 B EL R A X R S AT 7 KOs R AR, RAS TR TR IR, R
TEERIBICTURE . B RIFORIES FURRIANRE, PURISWIRONIC RIS, A74E € K T & [12] [13].
i 20 SR, FEAE B R GORBOK TAERIIT RS, BIRIRORIE S FURRI AR 2 KRR IS 3R AT R &
WA ULRRED . Behh, ST BUE R KB TR IR, BT R KRN B [14]. BLE
AR ER, B — R U 1 ORI N K ARG PRI, A E O R SR A R K B A
AT K AR AT REE VY, RK IR R A AT S E AR AEC E,  AOREE K BT R
A AT FFEE A R [15] 0 AR K SR AT R A 50%, 5T R 1T ORI R K BRI AT 117
Wrs oot 7R KRR 7o SEEERAEINR, PR ORISR K BRI . RISt BRI ST VF
TEREBAT T E . WHFCEE RN X N 7K 1 & B RORR 3R SRR S

2. RXEER
21. HREXSEES BRMIEEH

FEa T A SRR T B 9 R BRI AR, RN 797.58 km?. LU LAAISHWIZON AL, U A IR AT L
A LA 23 /KU S F s RGUARFS AR /K 1 SCHE TR F s M AE AR i X R 7K iG, LR DAFER
RIS AR MA FA B R 2 K0 s AL BRIR 3 5 A K B R R b2 B s DA S THURR M R
400~600 m A F[12] [13] [16] BFFCIX Mok BEHIIX, J@BRAR AT HIRIHE ZE SR X . 2 4E(1971~2015 4F)
PHSEN 12.8°C, ZETHMEKEAN 675.2mm, ZETIZEKEN 1804 mm. KA. 1A KIEKRK
H, BENRE, FEREAERA. PHEJREE . A =K.

2.2, IKICHBR &R

W FE DR R LB A, B TR X R I, JEE O IL AT IR B B Ao 2 28
WFAR VA . ERAKE . B RICE . 0T DCE TR T /K £ A T HEaC R A B R h (L 1),
TR CEVE KRG R KRR NBAME AT AN, IR, BB SRS TR b
o WMWREICAREE, REAEKH, FRTAMNBERAR, JEEEN, FITKER. WERTH
KIS, K KEBRANG R K. WAh, Rt DO KBRS LS KER T isshgs, EERA
FE L RT-P B S DY AR AL . XN R AL T REON A H, V9l 7R R A A MBI LA, 15
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053 7 B A A Hb T 7K R I B 3R ) G SRAR R SR 40 5 T K

LRI N KNSR X 52 K R A G I, B E FB IR AR, DR MR AR s AR )
S, bR K 32 BN B 7 AR TR L ATBRAR X . 7R A N BEE (SR X 52 P RS W R AE . R
iRV AT AR - S A ZBHEA A, A KR r A b2 - FE, @it B R IA 60~80 m ) EE Y
R EESR, #LER, TEECE KIX[15]. BRUGRBEH RS, A AKIETIFEAME BN oK)=, BRTX
PRI T KR S 2L DK TR B SO, IR R RO TR

SRIRN BB IRGE ARK) L R EKIER . 1 ZOKIE L, S IR X KR AR 4 ANHL TR AKOK PR
FIREKEFENRE R \BEH WHEAKE . AaE, SRS —BAE 80~100 m /4. /KFH:
BLFL 3K PR TE 0.445~6.272 m 2 [H], HHH/K & 5248.8~7769.78 m*/d.
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Figure 1. Hydrogeological diagram of karst water system in Bai spring area

1. BRREEAKRG K B EE

3. fARGE
3.1 WTKEFREFTESZE

BIEIX NI EKIE RS, EARE BB (A MFMA EAEFE R 2 2% T8 KE RS KAREK
AR . AR TR K E I & K SCHB R R SR E AT U, 2 R B E AR T
1) KIS ITRE[5] [17]:
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HF AR/At=Q, -Qy @
A uF Ah/At—— LB [E] Y B K2 KR AR B Q v —— B TAMA R, m¥a: Q »—— & Iifk
e, mYa.
2) PIEIIR FES R A X[17]:

Qu =axFxP (2
K Q w——FKNBHEAEE, mYa; a——KABKNBHA RE: F—IFHXHM, km* P—%
KE, mm.

Quer = BxQuye 3)
i QLB ANA R, mila; p——EBRIBRE: Q wi——RMEE, m%/a.

Quy = KIML Q)

A Quw——HI FEFAMSE, mYd; K——E/KEBERE, mid; I—KIHE: M—FKER
§7 m; Li*%i\é/ﬁ\%ﬁg’ m.

3.2. TKKERFMNAZE

N T A SR KK AR TS ARRE, AR KRG, AR T AE K SCHR T Y
Bl LAY R TR AR . R FEAE RIS RSB BRK ) BRI R LLKUE
HUHEAT 7RIS, b, FE5CE ASRKTT L SRR AT TR R I A KR X, R LK
AT R I B A KNS X o ARIFA T 2017~2018 £EAERE KA. KM BIREE, JREH T K
IKITRE it 6 1 o AT AR HG — M 48 hx 16 I0, JoHLER B R AR 15 T, # A R P45 R VA ML bR 49 T,

RRWFFERI (MR KR EFRE) (GB/T 14848-2017)hHEFEMT “ BAPK FiPANE” , XF X L R /K3
AT BAEAR K BT . LT KK R 258 3R

3.3. MTKARENFNZE

H R K FE R IR0 R R S de B, B AR W R[5] [17]:

P= Qic/QTF ©)

R P—IFRIE RS Q v AWIFRE, *10° m¥a; Q ——LhpJFRE, *10° m¥a. 4P >1
i, ULRHHL I K B — RS 4P =18, WU N/AKLEHRE S L P<1i, UK
TKIEHFE T R KB E R, B NFRE.
4, ER51E
4.1, WTKEBEEHEHE
411 HESENHE

W X ARy 797.58 km?. ZiH5, BEIREAMAIX AN 302.90 km?, EPZERL =174 M B G5
VA LHAR FE X K S T A 302.90 km?. 7K B KA/ AR AR 41.49 km?. AR¥E SR I8 N 7K 23k 1963~2015 4FE £ 4E 4

KR, B EKE 675.2 mm, B P HL 0.6752 m. BFFEIX /KNS RERE (5 (R BRI 5 )
THEEUE, 2RO =10 T4 A R DA R R X X 0.45, FERRA 7K B ZHHY 0.33. A FHEEE (5175 22 50K 0.3,

412, HTFABEHE
IRAE 5, BRI KRS BRAKNIBHNA R Qi = 10127.77 * 10° m¥fa (32 1), AMHEBE A5 & Q «i = 81.81
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* 10 m¥a, VIEBIRANA B L E AT EIRITEHR, YONEER . #AERE, BIRAAAE Q wy =231.83
+32.70 + 22.29 = 286.82 * 10" m*/a. WF 7T X &V T /KA S AMNA B Q » = 10496.40 * 10* m*/a.

Table 1. Calculation of the precipitation infiltration recharge rate
F 1 AREKRSEKIMGETE

Pk B (mm) X1 TR (km?) PR NIBANA R AL B 7K kM2 B (%10 mPfa)
FERAZ T A RICHE 5341 X 302.90 0.45 9203.31
oo K ALK AKX 41.49 0.33 924.46
&t 10,127.77

HIFFE XAV R /K I 2 BRI AR N TP R X P 2 4R E i K T e K K I TR & 1825.0 x
10 m¥fa; Tk F 3R 2934.6 * 10° m*fa; ALK 918.69 * 10* m/a; A= 3% F/KIF K& N 230.0 x
10 mfa; HEAHEA /KR 1545.78 * 10° m¥a, TR HIK 7454.07 * 10* m¥a. AR ET AN A K SEFR
DR, FEA KB BT A K TRATANA FLBR A T T R 3 K, HSTRIvA [ bt SR SR SR HE /N AT, e
N 166.44 * 10* m¥a. PHERIL S RIS R R L DALTSIE KB, BERESIH ARGV T AR~ RS OKE
K K SCHI T BRI 7 BUE AT B2 R, 1 SR SR 3 T 2R 3 W 2 557 7K B ) W {000 ) 4] RS SR R
HMHEN 292.0 * 10* m¥a. BFAUIX A R /K S HE R Q » = 7912.51 * 10* m/a.

FR4E LA Bk S48 55, BF 92 X s k25 B0 10,496.40 * 10* m¥/a, HE-&: A 7912.51 * 10* m¥fa (L4 2).
At 2N TAbG R, IR i EdE TR, BRI ORI S K E A B DRk e o, Tk
M LA N K IR A E . MAh, WIEBRER S KK EAEREVI LR KL, e IFRE iR
(B N 3 KRB K B A KRR & . U TR A 5, S 00 20 X R R B 8 7098055
EZ TR, AR X EAR KB, MIME> TR SR T R KRR, T
H AR AT RS, TR KR TR, DL BT g R DU P R R K T AR
HE, BT EARBKGRIER TRANMAR, LB RS KRS K R K IR )

Table 2. Calculation results of water balance

2. BRFEERKRGKEHTEER

RE| . HEEE(*10* mYa) A1t (*10* m¥/a)
KRABEAKN SR 10,127.77
*hR I A B AN B 81.81 10,496.40
EBTERE RN h s 286.82
NTHR= 7454.07
He it THFEHE 166.44 7912.51
bR 7 e 292.0
Byt 72 2583.89

4.2. MTKKBEIEMN

HRYERAF MBI EE R, IR I =K G ZCE FURKT S 2R HKIE . LK) st~
IR N ZOK, EbRiabr EEONRIREL . BRERER. TDS. SAERE. BEAGHEFRRbR A &L 3.
HIRAT A, BT R B RKIIREACAS K, 0T Bl e doKish, KB At T
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(R 58 1 53K ANZR 58 B KR . AR 20 {Hh4D 50~60 SEACH R AT 4S5, SR N /KK B FE bRt 15 SHE
N: BREREE N 19.05 mg/L, fHEREE AN 15.46 mg/L, EEEA 184.2 mg/L, TDS A 209.3 mg/L. 5 5{4
X LA R, SRk AR BRI LAk R AR T IR AR, MR KRAE T e RRE TG . AT Rk
H R IR BT RFEETEAL, 5 BRI € I N AR ORI, oo N K R S5 MEEAT TR L X XA R K
e AR5 Gl AT I A A

Table 3. Evaluation results of water quality index
3. BRRIWERKKEIEFTENER

KI5 44 F KL TE] IR PPN &5 SR F B RS & (mg/L)
k7K # 12 THEREE . EHE 41.89/391.81
FFEARK )
FKM TS SRR, REEREL . VAR B E A 404/44.1/526
7K 11ES TRl MR 214.4/415.33
25 5% 7K
FKH 2% RAERE . RERREL . VA MR B A 409/56.5/563
K 4 eSS THRREE . BAERE 53.14/351.78
F R K
FKH 12 S E 332
FREARKT kK HA 12 THEREE . EHE 41.89/391.81

4.3. KA FFRE T

ZRIRTE, BFAX ST RIS T MANA ZHE RN 10,406.4 * 10° mfa, M 4237 Hit & A1
TRl 458.44 * 10* m¥a. HHILATAD, HUR/KALVFFRE Q » = 10037.96 * 10 m¥a, ZAEHURIF K=
Q » =7454.07 * 10° m%a, JFR# 4EH P = 1.35.

MHFF 5 DX B R AL R KK I 2 AR Ge i kR, R KA BT MZEFE RS, MKk
BN, HATUEH—S o, EFEK, S AMEFEETT Y FEEME. FrrthX Eiked )\ 4
R ARkl RFNFE, RiHl2& 1986 45, 1988 4-F1 1989 4, FE/KEMR/D, 1986 F-FE/KEIN 424 mm, iR
[X 1987 FFiAK/KAI A 24 m A7 4 21 m, 1987 4E[F/KE A 767 mm B (5T 2 - P I K &), HiK
SRS BRME, KA T 25 m, R E s 1988 - [E K& 547.4 mm, 1989 fEFF/K &Y 397.8 mm, 7E 1990
FERIRG KA, R X IS SR K AL, HOKALRE ] 16.5 me 1T 1990 EF /KRR EROR, AiFK
AR T ANG, KA SOTF IR T, Bk 25 m, A F] 1985 FELART BN FERIRA, R AE 1990 4 8 H
16 H E¥i; #EA 2000 EJ5, FiRBIRES I, 2002 FE-FHIBEKE 461.5 mm, FHREHNR, % 2003 4E 7
HBEANWZESG, BEK7EH, SEEKEIS 900 mm b, M R/KERIFESE, KA BT, RAKHR,
X TR I W R I A A R K 2 4R R B ThRE .

DAL, 42 HE LR MR B SR PPAN BRI, 23 v 55 T AN R B /K CRUE 26 264 S AR B . FR7KORIESE 20%
1N 11769.8 * 10* m¥a, BEKARIEZR 95%%% 14 A 6799.95 * 10° m¥a. 1EJF K= 7454.07 * 10* m*/a
M, FERVEMAMA BRI R AR AR R E, HENAM A E. RIETE, SXEET
IKAEAE RN 132578.31 * 10* m®, FFREAL S G721 5.6%, A XEESKEHERIEL, XHT
FRIIANA SR, RERS AR B R o A7 EE /KA SE AT DR B . BRIk, RO IERAAE S, ] fR
FROURIE R & B0 T4 KR &+ HE.

4.4, IKiEM R IFFFREITEN
B X LA 2= 58 FE /KR b L Tg FROKIRHWEE 9 N R /KK IR M, 7K IR M 22 Ab T SR sl () &1 M SRR A
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AR E (UK, XKIFHIEAT SV ER RS A

R R BT RS ERL, 3T 1961 4. AKBUIEE 14 IREOKIE, LR D
VAL B \BE BRI R 8K R, TERIFRIEAE 139~187 m. @R iHSLPHA RVFIFREN
7770, TR KT, KU E 2016 4ELUR SR, H RN & R K.

1 X N RV E K BLAE 30 m 247, B TR, (1R X Sa N T W i 1l 5K
KATIRRRKS S BrRasek) OIS Al T A A KT, BRI, BIFRENL 1% 10°
mid, BlLAER, TR 265 m fidr. BUAHER, AR REFFLEMNE 21-26 77 m¥/d,
IROLRFET W, BARFEE] 18 m i,

VKV A A PSR, ph 1 K T A A SRR TR T, N IR R, R
PETE VAR MRS Y Y HOKIR . TR S IR W O E A, %X R R R T
HR K

P ORORBK TR, ARk FURK ) AR IR, H IR K R 88— E R . H K
ZAEFA MR (4 2) A, 2015~2016 SF[AKIEHT R AL 1.08~15 * 10 mYd [, AKRLKFETE
225~255m Jidi. KB EEZIFRERMBRKR AT, HEA R 1R, ROKIKR TR
BEAE K WIS B RO ST . E TR (R TSR AR 51 R W12 M R BE W, DRI BR % 4 F SRk
B4 1.5 * 10" m¥d (34 PR A RIS 20K AT AR X d K IR

350 — 26
[
R &
S
300 IKAL
~ 25
250
200 £
£ i
= - 2415
il =
X150 >
& 2
100
~ 23
R ‘ | ‘ |
oll | ! I-‘ ! l| . Il"III !l ! I " 22
21(/)2)15 3/2015 5/2015 7/2015 9/2015 11/2015 1/2016 3/2016 5/2016 7/2016 9/2016 11/2016 1/2017 3/2017 5/2017 7/2017 9/2017 11/2017 1/2018 3/2018 5/2018
a FF 1]
40-
g0 JERIFim A)

Figure 2. 2015~2018 water level dynamic curve of Peijiaying Water Plant
2. ERERRK 2015~2018 FK N FI7SHILZE

5. &

MR A SRR A, Bl IS H LR P45
1) WFFT X AN B 10496.40 * 10* mPfa, fHitEJy 7912.51 * 10* m¥a. HEMtE/NTHMAE, NIEY

DOI: 10.12677/ag.2021.119121 1257 HuERR} =1V


https://doi.org/10.12677/ag.2021.119121

BrRoe i, X

7. WEALDCETE S /KR A B LUK ANA 3, T HE S U DA R KO RO E . 8 7 R4 R K
IR, FN H BN HEAT DR, IR RS R R KRR

2) WX =AM ST KPEH A KO8 120K, EbRTE bR £ ZON IR & BilREL . TDS. SAEE,
BRI S 20 40 50 AR A LA I BT, R TKCE 2| —ERERE R, AT
B L3R ACOK R RFEBAL, 7 EEORE—RE B K ORI, xR K A SS PEREAT VPO . 0 X 3
KR ARG YR AT T A

3) ZEETEIFKEMT, WIRCAE SKZMIERE 1RO 1.35, H& @ MIRET . Fehliss
fahas AR S AR 2, HESAI MR EARKCAE S KEHERIER, Whakit
DU, Rl 7 0 3B 20 A7 AR TR EE R DA BIAMaE o DRIBE, BUAERAFREAE, AT DLORSFILIRIT R &
{ES T4 RIF R 5 T

4) FEFE SRR KA T BT R A K SIS, PR AF TR AL 1.5 * 10° m¥/d (194 F A%
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