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Abstract: This paper is the result of groundwater geological survey engineering.

[Objective] In order to find out the characteristics of groundwater and its reason for evolution in Ningbo plain, and help to optimize
the groundwater environment of Ningbo area. [Methods| Groundwater in Ningbo plain was analyzed comprehensively and
systemically based on field survey and samples analysis, making full use of the previous data, then multiple methods including the
mathematical statistics, the correlation matrices, Piper diagram, the ratio coefficient of main ions and environmental isotope were
used for this study. [Results] The main of surface water and phreatic water were fresh water, however, confined water were mainly
brackish water or salt water. HCO,™ of phreatic water was the predominant anion and Cl-, Ca™, Na" were all secondary. Contrastly,
the dominant ions of surface water and confined water were CI” and Na", HCO,™ was the second. The four water were divided into
twenty— three hydrochemical types, and surfer water and phreatic water were both influenced by precipitation evidently, whereas
confined water deeply was closed in the aquifer during previous transgression, so there was little relationship with shallow
water. [Conclusions] Compared with that in the 1970s, the distribution of fresh water body in confined aquifer I of Ningbo urban
area had no significant change, but that in confined aquifer Il was changing obviously by the influence of both human activities and
natural water recycle. Salt water appeared in the scope of fresh water by hydrochemical evolution, and the scope of fresh water body
expanded outside, overall, the distribution area increased by twelve square kilometer approximately, and the environmental effect

was being towards positive tendency.

Key words: hydrochemical characteristic; reason of evolution; isotope; eco—environmental effect; groundwater geological survey
engineering; Ningbo; Zhejiang Province

Highlights: Characteristics and evolution reasons of groundwater were systematically summarized in Ningbo Plain; Eco—
environmental effect of groundwater in Ningbo Plain was discussed by considering comprehensively the change of
paleoenvironment and water variation of modern social development.
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Table 1 Statistics of hydrochemical parameters in Ningbo Plain
DS HCO; SO cr Ca* Mg* Na* K

B/ME 32.00 12.00 5.83 4.05 2.65 0.69 2.96 0.77

b I ON] 317.13 109.61 68.14 61.99 41.16 9.66 44.80 11.23
* FHE 143.06 52.19 26.62 21.02 18.13 4.67 17.25 5.22
K bR 22 84.22 24.12 20.24 17.79 10.40 2.81 12.87 3.26
5 R % 58.87 46.22 76.02 84.62 57.37 60.16 74.62 62.53
R/ME 55.27 18.00 2.57 4.52 6.13 1.42 5.00 1.44

. IS IN] 1050.00  721.00 154.00 287.00 141.00 55.20 226.00 48.10
i “FIME 300.55 163.13 24.32 44.68 33.26 11.21 39.59 13.70
K it 22 241.68 152.60 24.98 61.40 22.59 13.29 46.29 13.30
25 2 HU% 80.41 93.55 102.73 137.41 67.94 118.51 116.93 97.12
R/ME 620.00 36.49 9.99 156.80 2.88 28.51 110.99 420

! RRME 13540.0  731.48 299.05 8453.13  468.17 841.79  4149.90 74.11
7; T 4289.76 341.99 35.18 2472.49 184.34 197.28 1235.95 18.90
K it i 72 3649.24 172.00 60.92 2270.09 105.77 172.90 1280.71 17.11
A 5 R % 85.07 50.29 173.14 91.81 57.38 87.64 103.62 90.51
R/ME 410.00 58.95 9.72 44.80 12.66 29.00 15.80 1.25

,H PN | 4620.00  596.00 34321 2557.51 407.00 245.00 1042.38 12.10
é “PHIE 1462.00 351.48 39.57 705.92 173.64 103.26 260.96 527
X PRt 72 1135.72 122.94 70.61 698.87 108.47 62.28 236.87 3.36
A5 ZEU% 77.68 34.98 178.43 99.00 62.47 60.31 90.77 63.89

R e/ MBS S mg/L

G Hah B VK RN b 3 7K 7 A T AR
(TDS)FEHIE/NT 1000 mg/L, LAIR/K K3, KA 1
MUK, 7K H 7K TDS SF-ME I K T 1000 mg/L,
PR N =

FEB & 7 1, KA B 1 R vk R
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Fig.4 Contrast diagram of ions content between salinity and fresh water

PR FE KB IMRUCGR R K WK T R
FRAN L AR K, 33X 5 Fi SO [RIZERK g 20 43 7%
SRR EIAFEAR -, Hrh ROk L 18-A
4—-AFI11-A 57K K+, B HCO; - SO, - C1-Na- Ca
%1 'HCO,—Na- Ca %I f1 HCO, - SO,—Na - Ca %!, 435
7 H 40.00% . 31.43% . 14.29% ; K L) 4—A [ 25—-A |
11-A 57K} %, EPHCO;—Na-Ca ! \HCO,-Cl-Na-
Ca%! HCO,-SO,~Na-Ca%!, 5 435 K 40.35% .
26.32% .14.04%; 1 A /K F 2k 49-B 44-B 47—
B 57K, Hl C1-Na %! Cl-Ca-Mg#! Cl-Na-Ca-Mg

T 23500 1 33.33% . 19.05% . 14.29%; 11 7&K /K
TR 26—A . 47-B.44—A 5K, Bl HCO, - Cl —Na-
Ca Mg .Cl —Na-Ca-Mg#! Cl-Ca-Mg#!, 435I
Hi 1 33.33%.19.05%.9.52%.

R T WML 45 B R AR X B, S A
G X AR AR 27 AN AR R, A SCH H AquaChem
A2 AN [ 2B K R 1 Piper — £k 11, i1l S 1]
s (1) Hh R K FNE K, BT+ LA HCOs FCL 2y
FLHE T LINa“h T, Ca¥ IR Z ()W 7 1], &
PR — 2 W AR FUAEE LD AT AR 2 X AR I A5 1R 4T, /K B R

®2 TRTPRKUZSHBXERMER

Table 2 Correlation matrices of hydrochemical parameters in Ningbo Plain

oK K

TDS HCO; SO/ CI- Ca™ Mg Na' K TDS HCO, SO/ CI Ca® Mg" Na K
TDS 1 0.855%* 0.958%* 0.960** 0.969** 0.950** 0.967** 0.948** 1 0.946" 0.442" 0.923" 0.774" 0.903" 0.965" 0.719"
HCO;s 1 0.759%* 0.718** 0.910** 0.854%* (.747** 0.856** 1 0.304° 0.790" 0.759” 0.899 0.888" 0.655"
SO, 1 0.965** 0.918** 0.941** (0.960** 0.919%* 1 0.383" 0.713" 0.162 0.3517 0.381"
ClI’ 1 0.900** 0.905%* 0.979** 0.898** 1 0.573" 0.869" 0.959" 0.626"
Ca™ 1 0.943%% 0.899%* (0.904** 1 0.535" 0.617" 0.598"
Mg 1 0.900** 0.915%* 1 0.905" 0.515"
Na' 1 0.939%** 1 0.635"

K 1 1

T AR K 17 K

TDS HCO:; SO/ Cl Ca™* Mg* Na’ K* TDS HCO; SO; Cl Ca™ Mg~ Na K
TDS 1 —0.440" 0344 09967 0.336 0.652" 09757 0.6707 1 —0.269 —0.227 0.995 0.903" 0.887" 0.955" 0.775"
HCOs™ 1 —0.347 -0.471* —0.288 —0.450* —-0.374 -0.240 1 -0.178 -0.317 —-0.300 —0.192 -0.217 —-0.226
SO, 1 0376  0.103 0.126 0336  0.160 1 -0.256 —0.173 -0.224 —-0.194 0.177
Cl 1 0.363  0.683" 0.965" 0.684" 1 0.914™ 0.903™ 0.944" 0.780"
Ca™ 1 0.824" 0.130 0.444° 1 0.856" 0.793" 0.742"
Mg 1 0.488"  0.793" 1 0.823" 0.790"
Na' 1 0.587" 1 0.7517

K 1 1

B 3FIRTE 0.01 U3 (BUR) , FHOCHE I35 s *FORTE 0.01 I OWUR) A 35
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Table 3 Shukalev classification of hydrochemistry types in Shukalev in Ningbo Plain

WkE HETAN EETAT /\\/i‘@%@k : K ”I FREK }I/?(JE/K
M W AN el AN W AN el

1-A Ca 1 175%

2-A CaMg 1 175%

4-A HCO, NaCa 11 3143% 23 40.35%

5-A NaCaMg 1 286% 1  1.75% 1 476%

7-A Na 1 476%

11-A NaCa 5 1429% 8 14.04%

A HOOSO NaCaMg 1 4.76%

18-A NaCa 14 4000% 2 3.51%

s cosod NaCaMg 1 175%

25-A NaCa 1 286% 15 2632% 2 952% 1 476%

26-A NaCaMg 1 476% 7 3333%

27-A ficoa NaMg 3 5.26% 1 476%

28-A Na 2 3511%

42-A so.Cl Na 1 2.86%

44-A CaMg 1 476% 2 9.52%

47-A NaCaMg 1 476%

44-B CaMg 4 19.05%

46-B NaCa 1 476%

47-B cl NaCaMg 30 1429% 4 19.05%

48-B NaMg 1 476%

49-B Na 1 2.86% 703333% 1 4.76%

44-C CaMg 1 4.76%

49-C Na 1 2.86% 1 4.76%

ARV i A (] HCOs MICI & I L) YER B2 MR R,

Na' R 3, Ca® i o s ; V- JRAR It DX M S FAIR , 7K i 2
2%, LAHCO; SO fINa™ ,Ca* Jy &, & T Il i1
JRHEE X, LA CU RN R = 10 ARV et 1) 2 1 His
F/K 15 TDS &3k 11797.66 mg/L #120974.4 mg/L , i
IR LB 1 e 7K Y B3 e s T K WK
F B2 URAE AN 28 A AR B2 o (3) 7K ek 28
FECR BE AR K, AR A IR 92, A B 4%, AN B R
Sa I i — T U A B AR AR AL, 7R R K AR T
A EIK CU 34 5 4 X34, TR K &2 B HCOs— Ca
e faF T TR T K S 3 Cl-Na 28 #4341 5b).,
4.4 BFLLBIRE S

FER A B v, 48RP o 22 ) 1 5 i LL 49
FRECE DA 5T S LLoK SCHbIR b 27 ) (R 455,
2014), AR BAS [ 2544 8 B R K, e
+ L R A0 B Y 25 5 (BB AE, 2006) , 38 3+ 55
T He B R BT AT i R AR AR 2E R AR AR

Na' 5 CI 2 [i] 2 5 Y it LU (B T 7K 1 R R 3R
B, RAEAK NS 15 SRR, 2 yNa'/yCl < 1 B,
FORTERREL A N 32, M yNa'/yCl > 1B, TR LA
hwsfroh 3. mIE 6a T, MK MV K RE S HE
PEF 11462 B UL yCl <yNa'™, i R /K FEf2 i
R IR KA R BB A & 4R . AR KR
RUCEA T 1122 T FoReERER i, 55T IX
R 7K )2 2 R R R RE R AR ™ P 21 AT
Ko MHIEE 7K EA R DI AT & T Hb Rk R K 1)
NaCl, [ 7&K JE/K ¢ yNa'/yCl 280 3% 4 0.45~0.76,
1L AR 7K Y yNa/yCl R AL F B0 0.42~0.93 , U B 7K
R 7K 52 728 Tt B A7 1 K 52 e (PB4 | 19905 F 4
85,2014), 1 7&K /K520 58 R B I, 3 5 1T AR 1%
M2 e IRV AR A FLAL G A SE AW Ao DURRR
HUFK ) yNa'/yClFifi TDS 34 n i 28 sl /N (] 6b ) o

Y(SOS+CI) 5 yHCO; 1Y LA 2 e 7K v 4k
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Fig.5 Hydrochemical Piper three—line map

“E A BRI, 24 (SO +CT)/ yHCO, > 1 i,
R K AR gy ROk [ 2R A R R, S
P(SOS+CI)yHCO; < 1 i, Hu F 7K Hfb 24 pl o 32 22
JE R FIRIRER OV A o PR BT 6c W] T, Hb 3K R /K
BT 10V T, Kb iy £ 2k IR T h iR
VAR, TR B K M Z2 00 T 1: 146 17, SRk O
JKIH AR

MR K H ) Ca il Mg 2 Bk [ B R £6 sl
MR L 78 & A R, e nT DL (Ca*+ Mg ) 5
(HCO; + SO ) Z [a] (1) 2 5 4 £ LU AE e 21 By Ca™ il
Mg i B, I 6d ml T, b F K R PE AKRE A5
P AL 101, R FBAMG TR KA, K
Ca I Mg™ R IR TRk B2 Eh F78 K A s i 4
2 A SRR AR R I, AR R KA T
1142 [, b Ca¥ I Mg E 82 5K [ BRIREL AU
fift . 24 TDS > 800 mg/L i, /K 5 5E B & i P 4R
TR R KBS B B - & R BT 4G T TDS >
4000 mg/L, Ui I 2K IR 2 K AL 2FRFAIE 22 5 0
(K 6e.f),
4.5 SEEMEFIE

WIS K T K IR R K 22 8] 56 &, R T
A3 HT R AR A AR AE B SR, SRR A s
T R 2R M T2 ] & 7K AR °H F 60 C R B
(Kl 7a) , KIAHERZHRZE, BRI R 2R
P(F4), T XBZ KRR R R K

WG, AR S35k B B A 5T IX e 3l 4 Rl 47 22 083
W (TAEA—GNIP ) ¥ 552 3l 553 9 s AL AR 2 A0 5 X 1)
KAREK D ERE R ZRHE, Y R AR
TR °H=8.496"0+17.71 (4 J5B%% ,2015) .

AR SUTE AR Y MK A7 T O, AR I
i A Az B R ZE R AR FHRZ IR VAR T )
A2 7K M 2R T K, S VR U 1) 20 T e AR
PO BRARTLRR T 78 & B4 il B il
[ R BT, NUEMHE A S E R R BN &
(K 70) . MILIE TR, e ERE % B
i FROK S AR A FE 5, 1 [ 3R BH A R KA
i R E A

Hi ) DI O 1= N | W a5 B N S U
W E R SRR FAL R R A TR .
TEIK I 6D (6"0 H AV T2 Hu R /K £k 3, #RTTIA
DK EFA R N2, R KR & 5,
BATIHA XA T8 Z (K 7), AT K 2 h
KARFEKNBING BT X R KGR R AR
PEIA R WK F i R K2 KRR Z A,
FUHANEHEHER P ZE K /N RIS X KA
IR NG W KA 52 KA R MR AN 22
J& , e A TR FE Rl R 2 B ARk I f

I 7 KA AR KA s °H SO {E 346 T
SRR KT (8] 7d), 26 B3 HIE st 3 K
SRR o AR DB AR AR Ay s 437, 7 K
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Table 4 Statistics of 0’H and 6O characteristic of water in Ningbo Plain

, K TBK T AR K T A& JEK
%F%{E{E IRO D IRO D IXO D IXO D
SN} -3.999 -24.262 -5.455 -28.918 -4.657 -30.767 -5.474 -37.724
e/ ME -6.318 -38.270 -6.728 -39.68 -7.282 -49.260 -7.296 -49.645
FHME -5.480 -34.399 -6.01317 -34.3991 -6.23305 -41.2372 -6.95174 -46.7539

T s R e/ MEL SR SRS %0 .
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Table 5 Statistics of total dissolved solid of confined water in Ningbo Plain
DS <lgL 1~3 g/L 3~10 g/L >10g/L
R faa R ik FE 3L fg=a R kb
[ &K 2 9.52% 9 42.86% 8 38.10% 2 9.52%
I A& K 9 42.86% 10 47.62% 2 9.52% 0 0.00%

KA T T A T & R P AN (LI 1l K S22
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2018) o AR IKAE A 7K 0 IR Y B B R 4, A
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