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

[Objective] 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] '®0 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 40 m. 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. [Conclusions] The renewal rate of the shallow groundwater of every
year is generally higher than 0.1%, and controlled by the storage conditions, surface water recharge and human activities, etc.
Weakly, the renewal rate of the deep groundwater of every year is generally less than 0.05%, 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.

Key words: groundwater; isotope; groundwater age; renewability; over-mining; no-mining; hydrogeological survey engineering;
Changzhou; Jiangsu Province

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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Fig.1 Location of hydrogeological profile and the distribution of the groundwater sampling points in the study area
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Table 1 Isotope test results of sampling points

FESgmS  6°0/% 6D/% °H/TU "“ClpmC  FESH FESgmS  6"0/% 6D/% “H/TU  “ClpmC  FffS KRR
01 -7.0 —42 / / wWEHL T K 39 -7.5 -56 / / HE R K
02 -6.2 -37 / / HE R K 40 -7.7 -52 / / WEH T K
03 -6.5 —44 / / HIZH TR K 41 -6.3 -43 2.6 / R Tk
04 -6.6 —41 / / WEH T K 42 -84 -58 3.6 / 2 H Tk
05 -5.7 -38 / / WEH T K 43 -84 -56 2.7 / WEH T K
06 -5.7 —40 / / wEH T K 44 7.2 -50 29 / E R K
07 -5.5 —41 / / wEH T K 45 7.1 —48 2.6 / HE R K
08 -5.9 —42 / / HE R K 46 -5.2 -36 0.9 / WEH T K
09 -6.1 —42 / / HIZEH TR K 47 -53 -38 2.4 / R Tk
10 -7.0 —46 / / WEH T K 48 -6.0 —44 1.5 / wEH Tk
11 6.8 —47 / / WEH T K 49 6.8 —44 3.4 / WEH T K
12 -6.8 —47 / / wEH T K 50 -6.7 —41 0.9 / HE R K
13 -7.0 —46 / / wEH T K 51 -6.6 —44 13 / HE R K
14 -84 -56 / / HE R K 52 -7.7 -51 32 / WEH T K
15 -7.0 -51 / / HIZEH TR K 53 / / 3.0 / W2 Tk
16 -4.9 -37 / / WEH T K 54 7.4 -52 / / REHL T K
17 -6.0 —43 0.8 / WEHL T K 55 6.6 —46 / / REHT K
18 -6.8 —44 1.3 / HEH T K 56 -7.5 —52 / / HEHRIK
19 -5.2 -38 3.2 / wEH T K 57 -6.2 —40 / / RIZH TR K
20 4.1 -33 3.0 / HE R K 58 -7.6 -53 / / HIZH TR K
21 -5.8 —40 3.2 / HIEH TR K 59 -6.8 —47 / / RIEH T K
22 -6.2 —41 3.6 / WEH T K 60 7.4 —-49 / / REHL T K
23 -7.7 —53 33 / WEHL T K 61 -7.2 —-50 / 19.1 REHT K
24 -7.8 —-53 4.0 / wEH T K 62 -6.6 —48 / 6.7 REHRIK
25 -75 —-49 3.0 / wEH T K 63 -8.1 -56 / 50.0 WIZH TR K
26 -6.3 —43 23 / HE R K 64 7.4 -51 / 44 HIZH TR K
27 -75 —48 3.1 / HIZH TR K 65 -7.8 -53 / 18.9 RIEH T K
28 -75 —47 1.1 / WEH T K 66 -8.0 —54 ND 2.9 REHL T K
29 -7.1 —46 / / WEHL T K 67 —6.2 —42 ND 54.9 REHT K
30 -8.5 -56 / / HEH T K 68 -8.0 -56 / 41.4 REHRIK
31 -5.8 —43 / / wEH T K 69 -6.8 -50 / 5.3 RIZH TR K
32 -5.7 —40 / / HE R K 70 -7.1 —48 / 63.0 REHTRIK
33 -5.2 -35 / / s L 71 -8.3 -55 / 31.2 RIEH T K
34 -4.7 -33 / / WEH T K 72 / / / 14.8 REHL T K
35 -6.7 —47 / / WEHL T K 73 1.6 —53 / 3.7 REHT K
36 -5.9 —40 / / wEH T K 74 -9.8 -70 / / =K
37 -7.0 —47 / / wEH T K 75 -9.8 -70 / / iR K
38 -5.7 -39 / / REHTK 76 -5.0 -26 / / KAPEK

VE: *SDAEMARIR 2 N+0.5%0, 6" OfHMNRIRZE N£0.1%0; “HIMRIRZE N0.1TU;  “CIIRIR 2 H+0.001~0.004Fraction Modern; NDZFER
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Fig.3 6'80—6D relationship of surface water and groundwater
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HIRE s R A0 T RIS X R, WREE(ELEAS R 1.0 TU,
PHALTRJZ T 7K H VR BEAE IR T4 HH R .
422 1C R &

H R 7K C e B — e L R K B R TCHL
ik (DIC) y'*C & i, ZEE P B FAK R G, #e5
PSRRI

Az AR R AR S R A ARk, 145 14C IR BE AL,
A AT EAS B ARIE (AR % KT
K ESAERY . R, ARRAFFE R Vogel BI4E 1T
(STAT) B A (Vogel, 1970) . Tamers [ 5 J& (ALK)
FEAY (Tarmers, 1975) . Pearson B [E i RIR G (62C)
17 (Pearson, 1965) X IR 2 11 T K F 07 45 1C e &
P REIE, I AR IE 5 B3 R KRG . 2 REIE
258 SR Tamers MO8 (ALK) 7Y A1 Pearson 1)
[l Z IR A (6VC) BB AF I S50, A i s
BEAL LR 7K BIAE I

22 Won, W X IR Z HL T K 9 C Wk B
2.9~63.0 pmC, ¥J{H N 24.3 pmC, i F/KAE R /N T
2000~25000 a, 4E#% /N T 2000 a (1) s 7 K0 b7 ke
23%, 2000~10000 a &t L 31%, KT 10000 a
)RR B LE 46%. THREZE R, B9 X 2
H R IR BA 7K Sk 3, F8 00 b XAME HE SRR, 2
BARIKAMA TR, # R KR A AR AR
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Table 2 Calculation results of deep groundwater ages

o THHAE % /a BP W REERS
o PRAFRE Vogel(STKT) Tamers(ALK) Pearson(6"°C) /a BP
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 e
5.1 i TKEFEE
MR K BB R (R) S AR T /K ] SR R
F)HEEFE bR, TZEA i T K AMEHERE 71,
ok B BB P b T 7K R G A A KRR 5 S A
RRZ LR FRIR (R 5248, 2006) o
o Vi_A-A

Ve A-A,

s A—H R K R B AR, BDE AL
KRG TRl R MR 5 A—AMA I R 7K R [l &
W B A—AMATTHL T /K R Rl 2k B 5 V—Hb R 7K
i VK S A

A, RT3 S0 R KK FESRAS, 4, ATARSE RS
R e e et (e [R5 28 10 5 AWK SR ) kA5, 4, 1]
HRAE L T 7K RGERHE, SR A 3E 1 [l R A B
BORSK (AT & B, 2007) .

ARYCK F IR AT T K BB R, L
A] SR K R G0 A A LR AR (Leduc et al.,
2000; Le Galla Salle et al., 2001) . iZH I E A A
AR AR R HL R K AE R G S8 IR A, IF5 TR
P AR,

(3)

Ay = (1-R;) Agi—le_/l +RiA (4)

b 4,58 i AEH K R R VR

Ay — 55 =1 AR OK R R R B

A~ i AR R R

A—TCE P R 28 A T A 4

i—iH AR, X T1C, i=113~0( % ¥ T 1905—

2018 4F); X F°H, i=65~0(Xf N F 1953—2018 4F);
R—55 i 4F b B /K BB 3, AT AR YIS 245118

R R 3 3o A K R AR ], B R,~=R}%,

PRAFEREIK R, P, WA YRR &

—IA R, 1905 4FELAFT RS C MeBE AN 1953 4F
DA AR ZKCH e BE AR IEA R R, C MR
2974 100 pmC, *H ¥ 2R 10 TU; 1fii 1905 4E L5
NG SR AU T NS 31D Nivae o o A=t 2975 -4
M), RAC MR BERAR AR R, 1953 LSRR
FACH W AR fb A K. L, XFF 1905 4R LUK
AYC A1 1953 4R LUK PH T 42 B8 E 35 ikt
1905 AELARTC A1 1953 4 A H, M4 % 70 Fic R &L
(Zuber, 1986; EfH 21, 1991 ) Fl[RI{ 2% 4 A i
HAFE, R R A

Ay

2T AR A RIS 25 9 B8 i AR, 1905
AELLRTAYC B ANHRBE Y 4,=100 pmC, 1953 4E LR}
[9°H B AR N 4,=10 TU; %1 E 235 1905 48
PLRTHL T 7K A9MC e BEAT 1953 43 R /K H9°H ¥R .
52 XSBEKRKRERE

BB KAREACH W BE RS D vk A ¢
TR (LT, 1986) . WS i 2k (FR/h W,
2002) . =MATEHMEE (FE R, 1998) %, (HIH —
ERIBT2S RIFRY: . Doney et al.(1992) #2 HPKE R 743
Brk i T 2Bk KBRS Y H W IR . 1
LR |, BHE2145(2011) %) Doney A HEAT T 2

Ay = (5)
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o, HESL T 1960—2005 4 i K K 4R - H1°H
WAL

RIRAT— 0l KU AR R ¢ (n (R 23 A
HEALAEED) YO RPN AL T ¢ (2, 1) M e (2, 2) (1
LA A, Bl

(1) = b+ fiey(t, 1) + focy(1,2) + & (6)

s o—H 8 £, f— DI F (1),
c(£,2) B T I3 ZR 850, L 38 7 SCnT % B DA 3 fir
e—BEMLIRZ2E . %R0 R B T A s )
SRR AR AR R ok B E AR, =
LR F e (1,1) Fl ¢, (1,2) BIHUE AT AR AR I, S4B,
Sin fo MR /N — T BRI A TR A

K BRI AR 1960—2005 4F B 5Lk 1)
KAFEKH W, FEbEERE I, X+ T 1953—1959
AEF 2006—2018 4F (1 KA BEACH We B, SR ARG
KR BEVATIRGIKE . CAVFIEUESL, A4 H 5
We I 2R 5 5 R Ol S A B IR K AR KRR
AKCH MR EEAHSC R B MAR KT 0.9(F il €A%, 2017),
BRI A b — 2533 R A9 X 1960—2005 4F
KAREIKCH Mk BE R 50 5008 R R AR 3 1960 —
2005 4F R AR AKCH W BE 2R 51 B 1 7 AH G T 2,
FERFIZ A 5 7 R A R ARl KA R K H W B
W& (1953—2018 4F) , 11515 25T X 1953 —
1959 4F- 1 2006—2018 4F- KA [ 7K *H e & 2 51 %k
P, e ZARBUEI ST X 1953—2018 4E il R K
H W EEAE (K 6) .

TR CO, 78 4Bk Bl 43 A L ¥4
(‘Stuiver et al., 1991), K 11, b2 Bk 75 59 KX
UC MR B ARL TR T DL FARIXAFSY . £E 1905 4
ZH, KRAMCHRE A AR, — B2 100 pmC
(Seuss et al., 1971), 1905—1950 4F[a], fb A7 AR
BRPE BT C WRERATI, 7 97.5~99.5 pmC
(Tarmers, 1975); 1953—1963 4£, 52 KX K
S, KAREKC MR BE W3 TR, i85 2 200 pmC.
TEM R |, 27 8 AR (Fontes, 1984; F #4001,
2020), i FH 1959—1996 4F-1& [¥| Schauinsland ¥ F1
B A] Vermunt 3 KA K C W BEAE, JF TR =
AR BT 19972018 4EMC R E(E . 276 FIH
IR KA REAKC R TFIE, iz 1R G
THE A5 3 2018 4F Hb 7K B 87 3 R A b | /K 4C

WeRE X RN (K] 7)), R BC ARO[ C e i
X IE (A Ml 7K BT R (K 3) o
5.3 i /K AT EFAE

HRAE AT A B FE SR A5 X SEBR G 0L, 4%
H R K EHAE EHE R (R) =10%. 1%~10%. 0.1%~
1%. 0.01%~0.1% H1<0.01%, ¥ #F 5% IX # F 7K %
A3 N AT EETRE 10, R L S 5 AN
(F4), IR )2 RUR 2 1T /K ) 58 R 4y
XA

Kl 8 R, ¥R )z N /K BRI B M4 0.2322%~
2.9913%, Ab T A FNASR G0 . HIZE T 7K 5 Ab
FOK B R EY], Z MK KRR KR
N sl I 2, B R ] BB RE 1850y, (H A
Aty R, A5 5 I T A R AR S R R TERT
XAV X, KITOI R Z T K& K)Z, BA
/N TR G Bt T T A, bR K A2 B TR
] 1) 4% 7 4D 5 5 B0, MR KCH R A s K T
3TU, B3R 1%~5%, 12 X3~ 7K 7] 53T BE
g, H AR R AR, MR TR KT
AN ) TR A Ok AR A, 5535 0K )2
PR LR ) W 8 RN G A P, MR K AN A%
TRANE AR AN, (A5 S X Sl 1l 7K B ik
N T 1%, TER ORI B TR, O
B/ 0.5%, Hu T /KB B e Ak i 900 .

TRJZ b 7K B AF B3 R 0.0002%~0.0200%,
F b R, S0 TR R AR 1 1 4 (] 40 A R
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Fig.6 Recovery curve of *H historical concentration in
precipitation (1953—2018) in the study area
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Fig.7 Correlation curves between *H and “C concentrations and the corresponding renewal rates of groundwater

K3 MTKSEENERRHHEER

Table 3 Calculation results of groundwater renewal rates of every year

BEfmS  SARZENL EHREEY% || Fsgms SRR EREE% || HAmE SKEN EREE %
17 ®E 0.2322 41 ®ZE 1.0755 61 RE 0.0027
18 wE 0.4307 42 HE 2.0572 62 wRE 0.0008
19 Kz 1.5752 43 ez 1.1608 63 RZ 0.0122
20 wE 1.3653 44 WE 1.2413 64 RZ 0.0005
21 kE 1.5752 45 W= 1.0755 65 RE 0.0025
22 ®E 2.0572 46 RZE 0.2781 66 RE 0.0002
23 ®E 1.6522 47 ®ZE 0.9323 67 RE 0.0139
24 wE 2.9913 48 HE 0.5064 68 wRE 0.0082
25 W 1.4048 49 ez 1.7167 69 wRE 0.0006
26 Kz 0.8887 50 WE 0.2322 70 Rz 0.0200
27 kE 1.3186 51 W= 0.4307 71 w2 0.0054
28 wE 0.3527 52 RZE 1.5752 72 RE 0.0018

53 A 1.3653 73 RE 0.0004

R4 MTKERMERSAERENNEK R
Table 4 Correlation between the groundwater renewal
rates and the renewable capacity

25000 a, HiL T 7K BT R /N T 0.05%. FRH) & RSB
ALFa . W BHAR AN ZS 38 WA, h T B b A&
BRI [ A2 0 1, IRAR K B KD 282 R S 2= 3 <)

R KEETHIER (R b 7K AT 5 RE
r mﬁfo_mi, * L H; #e O X, HUR KAESAE 20000 a 22457, 15 Rt 2K ERAE
0.01% ~0.1% BT
0.1% ~1% th 6 %4t it
1% ~10% B
>10% 9% (1) &ZH T K 80 18 —8.5%0~—4.2%0, D {H

o FEHACXVR T IX, 32 o th DXl P vy yeT
SR, MR KM ) kb 25 B BR, MR K AR R /N F
2000 4E, T R 0.01%~0.05%, Hb T /K B HT i /
AbFREE R o 10 EHPREE e IR, )
RN AR K, BURKIR A L BIREAIC, H R
JKAFIRTE 3000 a 2247, AT HR/NT 0.01%, 7EH?
BB L T B RN At DX, MR K AR 3% il 7E 5000~

~58%0~—33%o, & (HARMLIL IR, fE— e 57
PN ZE KA 2T K8 60 {5 —8.3 %o~
—6.2%o, 6D {H—56%0~—40%o, & TS0 A% 2 Hb
TAKIIN, BT KA B[R] B A AR A X 3 A

(2)7RZH T /KB H ¥ 0.9~4.6 TU, BLARIK
FUREIH FERE R R T 40 m, 2T KA Z
T IARIK ABRNA (0520 5 TR 2 1 /K 19 14C ik
BE{E 2.9~63.0 pmC, M1 F /K484 /NF 2000~25000 a,
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