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Abstract: This paper is the result of hydrogeological survey engineering.

[Object] Changzhou is a typical industrialized city in the Yangtze River Delta. The regional groundwater there had experienced a periodic
historical process of overdrafts and prohibitions of mining, resulting in a greatly change in the groundwater dynamic field. Thus, it is
necessary to conduct a further study on the renewable capacity of the groundwater of Changzhou. [Methods] Based on the analysis of the
existing hydrogeology conditions, the recharge, runoff and discharge conditions of groundwater and the characteristics of groundwater ages
are systematically analyzed to evaluate the renewable capacity of groundwater using isotope technology. [Results] The results showed that,
80 and D of the shallow groundwater are more abundant than the deep groundwater due to the evaporation to a certain extent. The recharge
time of the deep groundwater with relatively closed storage environment is earlier than that in the shallow groundwater. The shallow
groundwater, basically affected by infiltration recharge of modern water, has an active circulation zone of modern water reached to a depth of
40m. As for the ages of the deep groundwater, it varies from less than 2000 to 25000 years, indicating that it is mainly composed of ancient
water. [Conclusion] The renewal rate of the shallow groundwater is generally higher than 0.1%/a, and controlled by the storage conditions,
surface water recharge and human activities, etc. Weakly, the renewal rate of the deep groundwater is generally less than 0.05%/a, and
controlled by the distribution of river ancient channel, exploitation and utilization of human beings, etc. These results can provide scientific
basis for protection and utilization the groundwater in Changzhou and other areas in the Yangtze River Delta.

Keywords: Groundwater; Isotope; Groundwater age; Renewability; Over-mining; no-mining; Hydrogeological survey engineering;
Changzhou City, Jiangsu Province
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Highlights: The characteristics of stable isotopes and radioisotopes of the shallow and deep groundwater in the typical plain area of the
Yangtze River Delta are systematically summarized, the current characteristics of the renewable capacity of the regional groundwater under
the influence of human overdraft and prohibition of mining are analyzed.
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MR AKAE AR SR BB B Ay, X TSP A B BE/EM . HUF /KA BB RE TR T H R /K AR
IKPEI L FE A WAS B SE FE AR FH I8 7, SR e — e i 25 ]S B R /K RGERAR 7 FKIERMA B Hox K o A%
e ISR E R, R A T AR F R K SR B B AR GRIZAESE, 2013). FAR TR IEE - BT A £ R
2020 “ERAGH) (A EH K EHEIEMERZRY GRITRD b, 3B THURK “FIsEEg A E” M “An] 5 5 g
R S, B R KA R IR PR BT S8, AR T R K AT 5 P 6 1 1 R 7K B R A P4 A 2
PEo ESBE 2021 AEAUAG ) CH R AR ELZLBY h, 4 “HELLEDBIIHL R K 2 SO S5 RABE KRR KR
BEVIKIBER, TEAMGEEANMAAERE B K, TR, BRI IR, 25 1EFFRAME LA Bt~
Ko LIRS R AK I T AR A R KR IEEAY . A R — R E AR AR, bR K AT SE AR A A B ]
—HE.

F) 5 A AN SRR K B ) R T B RS B B (E AT, 1989), [EAh2 RAr Eikag 4
AR [FAE T T 3 R /K E Jr 5t (IAEA,1996;1999;2001a;2001b;20022;2002b), WA MFEFTHIX . &t
JKH X R K IR AR A SR SRR KR R GV S T 4F. 2001 4F, La Galle Salle 2532 H 7 A °H A1
Y gL RN RHCE Y BRI T R T K E R R I, RIE S H IR -, IR TR (FR/NY
&, 2003). FERZHiE (7 EERS, 20100, 0P GRIZAESE, 2012). =VLFE (5kE4SF, 2014; 75
&, 2019). BRI (Brzlgds, 2015). 4R)1Z0H (Zhong et al., 2019) Z& M7 [X (Kb T /K BE T R J1 3 T
1B, (H R TAEFRESE P FREITH R AIFERFIH X . iR (20060, 2 H4E (2008) % AKX 75 -8 -5
P X HE T 7K [F 7 3 4 RSO T KPR AL & RG W I8, a7 1 Xt R K AMEHE S A AR RS REAE , H AR X H
TKFEHPEMIRN T -

T, FRIL = AINIEH, HALTT IR R R, dbmKIT, BB, &K = AR A Tl . X4
P35 BRI R R K, I TR AR VR R S (T-F4%, 2006); 2005 4, HiXRZHE FKSCHLATHIAER, H
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TR 5T, AL s B R /K2 N RIS shsgma s 2 i = g S0P IR X — 5 N AT A R IX, SREAF E
Frd NKFE, FFRFES = Fabn i, 2 FoK KRR EAAMEHE SR 1, tH B /KR0S, PR v SE 3R
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B 50 XA T KT = AR RV b2, HAATTIR A R Er, dbimKIT, mERw, AR N R E
119°39'54.3"~120°11'43.4", 4t 31°20'06.3"~32°03'41.7", [HiFH 1862 km?.

W7 X Ab TAC TR IR I SR X, WARERE . DU . 24750 16.3°C, — A AR 2.4°C,
LA PRI 28.2°C. 24K ERN 1135.9mm, FKE B0 mARE], FEREK. FBRKEFENZIE
R R, T 6~9 H (M4 A2 4T oK 616.4mm, 2054 ERKER) 54.2%. BFFCIXTTERES X,
KB Kk, A X HisoK £ n] 23 i XK R AT THK &R KR A N i 18 N 21 16km, Y10 56 B 2~4km,
JKIE 30~40m. XA T-HE )R, KX AR 5~10m, 3R B0 1 BN AR A KT M R, AEK
=X BA R AR
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Fig.1 Location of hydrogeological profile and the distribution of the groundwater sampling points in the study area
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WU E AL, HAERER B2 RS E, mRE T, MAEKERE QEKME [ ALK MEE GBI,
MK HR7K.

RIZEIKZRBIEIR 40m LA, JERE 0~35m, TRAFREH oK, &K S ST AT gt pp i AR .
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X A AR BN RAE,  [FII 32 Ot S A N SIE shEem, 7EX NWIEE N REAR R4 Rk R . NLIFRM
M) AR ) 77 R . b R KA RE-2.0~6.0m ANGE, W KVLHE X KA S KT 3m: TDS (Total dissolved
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WIS KE R 250m DA, JERE 20~100m A%, TRAFRZH TR, S/KERZ G st DOt
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B, R R EE R E IR L VAV BRSBTS KA IR BT AR 35 P, 0 e A 2 b e
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Fig.2 Hydrogeological profile of the study area
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Tablel The isotope test results of the sampling points
gy 80 8D °H e et gy 80 3D °H ke PR
L ¥ %o %o TU pmC E:<K ) %o %o TU pmC
01 -7.0 -42 / / WEHTK | 39 75 -56 / / HREH K
02 6.2 -37 / / WEHTK | 40 7.7 -52 / / HREH K
03 -6.5 -44 / / WEHTK | 41 6.3 -43 2.6 / HREH K
04 -6.6 -41 / / WEHT K | 42 8.4 -58 36 / HREH K
05 5.7 -38 / / HEHTK | 43 -8.4 -56 2.7 / HEH K
06 5.7 -40 / / EWEHTK | 44 7.2 -50 2.9 / HEH K
07 5.5 -41 / / WIEHTK | 45 71 -48 26 / HEH K
08 5.9 -42 / / WEHTK | 46 5.2 -36 0.9 / HEH K
09 6.1 -42 / / WEHT K | 47 5.3 -38 2.4 / HEH K
10 -7.0 -46 / / WIEHTK | 48 -6.0 -44 15 / HEH K
11 6.8 -47 / / WEHTK | 49 -6.8 -44 3.4 / HEH K
12 6.8 -47 / / WIEHTK | 50 6.7 -41 0.9 / HEH K
13 -7.0 -46 / / WEHTK | 51 6.6 -44 1.3 / HEH K
14 -8.4 -56 / / WEHTK | 52 7.7 51 3.2 / HEH K
15 -7.0 51 / / WEHTK | 53 / / 3.0 / HEH K
16 -4.9 37 / / WIEHTK | 54 7.4 -52 / / RIEH TR K
17 -6.0 -43 0.8 / WK | 55 -6.6 -46 / / REH K
18 -6.8 -44 1.3 / WIZHTK | 56 -75 -52 / / REH K
19 5.2 -38 3.2 / WEHTK | 57 -6.2 -40 / / REH K
20 -4.1 -33 3.0 / WIEH K | 58 -7.6 -53 / / REH K
21 5.8 -40 3.2 / EIEHTK | 59 -6.8 -47 / / REH K
22 -6.2 -41 36 / HIEHTK | 60 7.4 -49 / / RIEHTR K
23 7.7 -53 33 / EEHTK | 61 7.2 -50 / 19.1 RIEHTR K
24 -7.8 -53 4.0 / EEHTK | 62 -6.6 -48 / 6.7 RIEHTR K
25 7.5 -49 3.0 / EIEHTK | 63 -8.1 -56 / 50.0 RIEHTR K




gy 80 5D °H ke it FErigns 80 8D *H ke FERRTY
A7 %o %o TU pmC L:EK 12 %o %o TU pmC

26 -6.3 -43 2.3 / REHTK | 64 7.4 -51 / 4.4 ENES VN
27 75 -48 31 / HEHTK | 65 -7.8 -53 / 18.9 HEH K
28 75 -47 1.1 / HEHTK | 66 -8.0 -54 ND 2.9 HEH K
29 7.1 -46 / / HREHTK | 67 6.2 -42 ND 54.9 HEH K
30 -85 -56 / / WEHTK | 68 -8.0 -56 / 41.4 HEH K
31 5.8 -43 / / ERIEHTFK | 69 -6.8 -50 / 5.3 REH K
32 5.7 -40 / / WEHTK | 70 71 -48 / 63.0 HEH K
33 5.2 -35 / / HEHTRAK | 71 -8.3 -55 / 31.2 2R 7K
34 -4.7 -33 / / ERIEHTK | 72 / / / 14.8 RIEH K
35 -6.7 -47 / / WEHTK | 73 76 -53 / 37 HEH K
36 5.9 -40 / / REHTK | 74 9.8 -70 / / Hh K

37 -7.0 -47 / / WEHTK | 75 9.8 -70 / / Hh K

38 5.7 -39 / / EREHEK | 76 -5.0 -26 / / KAFEK

*3D A MR 5 75 H9+0.5%0, 820 MR 1% 75 H+0.1%0;: °H MR ZE R 0.0TU: C Mk 1% 75 540.001~0.004F raction Modern; ND F A& T4 H R

3 WFFHITIE
3.1 FrEAbRAE 5

AIRIEFET 2018 4F 12 HHRAR 76 4KFE, HA SR RN Z=KFE 74 4 (FiREHIK 52 4, BRJEHL K
19 4. MK 2 41, KRR 14D, °H FIRIEKEE 27 4 (SREHT K 25 41, REHTFK 2 4. C Ffis
FOKFE 13 H (RZH T, FEMARX IS A A AL X . AKEERARRT, HEAT T 0.5~2h B3k EEHt TAE,
WARHEE A 3 5 DL EARR T /K. SREERTIET 0.45um TALJEE N K REHEAT 08, 2 RE b By . Hhik
JEHIKEERE N 100mL B RS 2, 4 EHUR K% GRIOD 347 D %0 R ZEMIR. 5 R FFEH T K
Sy R ET 1L A1 250mL RE LKA, BT OH A1 e FA I, PH % E AR R IR = IR TR, e
FEhi% % 55 [F Beta S256 =400
3.2 Rt 5

ASIZH SPSS 21.0 A AT # 7T X b T /K [FI A7 ZR R bR R S v 404, iz H CorelDRAW. Origin 2018
WA FE R B B B LB, BH FLOWPC 3.2 84T R /K E IS 4 i1 5, 151 Mapgis 6.7
B b 5 2 A 0 i T T AT PR
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4.1 EEFE R RAFE

SEFERAMREARCT Z N TR MR KRR M K- SR AR w7 (e
REE, 2022). AVGEFEMLAR X 2B BoK A R TN (AEA-GNIP) Fa 53k (KRS PR K A A Fa e R L
FUEIEE, 2o XKt KA KL (LMWL):

8D=8.49 5'°0+17.71%0 VSMOW

SRR KL (GMWL) KRR N:

8D=8.17(=40.06) 5'®0+10.56(+£0.65)%0 VSMOW

K 3 Eow, HFEKM TR 8D 5 6'°0 IS LMWL 4 77, RUIHLIZ R R SHRKINS (EE
2 2021) . VR ZH T K 880 {H-8.5%0~-4.2%0, 8D fE-58%0~-33%0, & 1AL TE FE K, 820 8D HIME 43 5 H-6.6%0
H-44%0, K ARLHIZHN 587 (R*=0.88, n=52), /NF GMWL FI LMWL, FKIHEZH K227 KEHI
SO (BRRESE, 2022). FEALIBIGITHAIX, #EAM & MR MAT, §6°0 {H/hT-8%0. D ft/NT-50%, HiairT
KATAK IR R AE o

HEHLT K 8'%0 18-8.3%0~-6.2%0, OD 1E-56%0~-40%0, & 1B AT FEIH R ZH T /K /N, 28 VR 2 1 R /K ATt
AN . 80, 8D BB 91 N-7.3%0M-50%0, #_E7 S/KEMEMIG, ERARTH, FHREEHT
IK BN I ) B R, HAMAR BT B RREH T K. D~800 kR4 /%A 6.31 (R*=0.89, n=19), KTk
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Fig.3 8'%0-8D relationship of the surface water and the groundwater
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HEH T K SH WKE 0.9~4.0TU, $MEA 2.5TU, SRAESHVEMAGFEHL T 5~40m, BEGEERIN, HFK °H K
JE BB AAIG . ZEHRVR 40m AL, I3HII T 3H WREE Y 1.5TU (93 R 7K, ARk B Z M4 (Tritium-Null-Line) (Seiler
etal., 1995), FBX I KFIRABIRA (IR FEL B T 40m, V&2 TKIEAZ R 7 IR K NIBHME IR . 45
R A BT, CH IR KT 3.0TU HORE SEEAR TR X Ak ds, HBGIImIT, Rk °H
s, B fiik 4.0TU;s PHIRE/NT 2.0TU R SR 2 FIE A X R EE, WA 1.0TU. P4LEEIT
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the *H concentration of groundwater
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Fig.5 Relationship between *H concentration and the depth of groundwater
4.2.2MC [Afr &

HUF 7K *C IR — O AR T /K MUEMTCHLER (DIC) 1 MC &8, EHMM TR RS, s
T
A,, = Age M

oI HCE e, RIS 3 N K ER T ERIE

1 Ao Ag
£ = ilnfmf = 82671nAnd

Krf: Ag—H FRBIA C IREE CIRINIREE): An— SRR K 1C IR CRIHIIKREE s t—FRa “C 4El

()5 A—YC MR F S, o Bnimt o AN R M2 LR, E24 0.00012.

B4, DIC () MC 3 R 52 BURKER ShH WA MRS . RO 2058 S5k SC B 27 3o R ) S i v % 2 A RO 1
ARG R A, 15 MCIRERE, SERIMARTEARINER GUER) 8 AT H T KR ESER .
I, AR Vogel K41t (STAT) %! (Vogel, 1970). Tamers (B8 (ALK) #i% (Tarmers, 1975).
Pearson [F[AIf KR4 (8°C) HiAL (Pearson, 1965) XHAZH T /KIS C I MATRIE, IFHHERIEE M
TR . A RIESE R, K1 Tamers B (ALK) Fi%FI Pearson [f[RIf IR A (87°C) BLALTHEIER Y
B, 1ENZR AL T KRS .

WFFEIX R 21 R /K MC W1 2.9~63.0pmC, MK 24.3pmC, Hb R /KAE#S <<2000~25000 fEANEE, 4EHE /N
T+ 2000 1) sUALECE: &7 EE 23%, 2000~10000 4 s A7 S (i HE 31%, KT 10000 4 1) sUAr £ & L 46%. T AS
RRW, W XIRZEH KA KON, 50t XAMEHESR A B, SZIARUKAME UK, R KAE I 5 .

R2 REBTKERITELER
Table2 The calculation results of the deep groundwater ages

THEE R (aB.P)
FE i - T /KA (aB.P)

PLAEWS Vogel(STKT) Tamers(ALK) Pearson(5:°C)
61 13686 12342 7956 5773 6865
62 22346 21003 16616 19495 18056
63 5550 4207 <2000 <2000 <2000
64 25823 24479 20092 20353 20222
65 13773 12429 8043 10591 9317
66 29269 27925 23539 22631 23085
67 4957 3614 <2000 4545 <2000
68 7291 5947 <2000 4912 3236
69 24284 22940 18554 19372 18963
70 3820 2476 <2000 <2000 <2000

71 9629 8285 3899 2613 3256



72 15794 14451 10064 12528 11296
73 22346 21003 16616 18275 17445

5 g
5.1 N /KEE B %
R KEHTRZE (R) R /KT BB Re JI M E B4R bR, WI2RG RHL /K MEHERE 77, W 8 B o7 i
() P HL R OK RGN KRR S S AR AR 2 R ERR (R 258, 2006).
V, A,-A,
V. Ai-A4

A A—H RKFES IR, BIdE AL KRG R R R IR
A—FME JE H R K FR R A R
A—ANERTHE R K P[RS 2
Vi—H R KN &

Ve N KR .

A TR S L R AOKFEIRTS, A TR BE AR B Bk (ERRIAL R T SE RV 3R15, A, il ~
IKRGURFE, RAHGIE W RO R AR . (R RE, 2007).

AR AR AR S R /K B TR, HoAT I it R /K R G b &k A 1) #1785 2 (Leduc et al., 2000; Le Gal
La Salle etal., 2001) . ZARME E A [FFAD NG L R AKAE R G S8 IR G, B R .
Agi=(1-R)Ay 1€ L+ RiAoi

e Ag—3 i LR /K R RO IKE

Ag1— 55 i-1 4R R /K eP R T P

Aoi— 5 T AFEHN [ [R5 B 5

A— U R AL 2R 1) T AR 4

i—i 84, ST C, i=113~0 T 1905—2018 4F); 4T °H, i=65~0 (%R 1953—2018 4F);

&—%i%ﬂ?%%%ﬁﬁ,ﬁﬁﬁ%ﬁ%ﬁ%%ﬁ%(R)ﬁﬁ%ﬁ%Mﬂ%ﬂ,wm=R%,H%$%m
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Table3 Calculation results of groundwater renewal rates



FESgmS  BKENM R % FEsgms  SKEM  FERE %/ FEgwms  SKEN  FHNER/%/Aa
17 wE 0.2322 41 wE 1.0755 61 Rz 0.0027
18 wE 0.4307 42 wE 2.0572 62 Rz 0.0008
19 w2 1.5752 43 wE 1.1608 63 WE 0.0122
20 w2 1.3653 44 wE 1.2413 64 WE 0.0005
21 w2 1.5752 45 wE 1.0755 65 WE 0.0025
22 w2 2.0572 46 wE 0.2781 66 WE 0.0002
23 w2 1.6522 47 wE 0.9323 67 WE 0.0139
24 w2 2.9913 48 wE 0.5064 68 WE 0.0082
25 w2 1.4048 49 wE 1.7167 69 WE 0.0006
26 wE 0.8887 50 wE 0.2322 70 WE 0.0200
27 Z 1.3186 51 wE 0.4307 71 Rz 0.0054
28 w2 0.3527 52 wE 1.5752 72 WE 0.0018
53 wE 1.3653 73 WE 0.0004
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