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Abstract: The hydrogeological settings of bedrock islands in northern China are unique. Climate change and
human activities can affect the interaction between groundwater and seawater around the islands to varying
degrees, but there is a lack of quantitative understanding of such hydrological processes, including seawater

intrusion (SWI) and submarine groundwater discharge (SGD). In this study, we analyzed the precipitation,
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groundwater levels, and water quality data (2012-2016) for identifying the characteristics and controlling factors
of the interaction between groundwater and seawater in bedrock islands by using mathematical statistics, spatial
interpolation, and hydraulics methods. The results show that precipitation and groundwater pumping are the main
factors affecting the groundwater-seawater interaction. The variations of groundwater levels lag behind the rainfall
events by about 10 days. There occurred no SWI in most areas on the northeastern and southern coasts of the
South Island, with relative stable marine groundwater discharge. The average SGD velocity was 0.2 m/d, and the
average NO;-N flux to the sea was 81.8 mmol/(m’-d). The southeast area of the North Island has been seriously
threatened by SWI, and the groundwater levels have been below sea level for a long time and falling year by year.
The average SWI rate is 0.3 m/d, and the average NO,-N flux towards the land is 69.6 mmol/(m*-d). The SGD
rates of the South and Northlslands were estimated for dry season (April 2014) and wet season (September 2013),
respectively. It was 3.5x10*4.5x10* m’/d for the North Island, and 0.4x10*-1.1x10* m*/d for the South Island.
The results can provide important reference for coastal groundwater resource management and ecological
environment protection in bedrock islands.

Keywords: bedrock island; seawater Intrusion (SWI); Submarine Groundwater Discharge (SGD); interaction

between groundwater and seawater
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Fig.1 Location map of groundwater observation wells

in study area
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Table 1 The distance of the observation wells from the nearest shore and the informations of the observation wells
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Fig. 2 Hydrogeologic cross-section of the North Island (A-A’) and South Island (B-B’)
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Table 3 SWI and SGD calculation results of groundwater observation wells
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Fig. 5 Distribution of groundwater CI" and NO,-N concentrations in study area
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Z ], SEH M N 1093.5 mg/L, #% B8 TDS #4743 2519,
KFRAY T K IR K (<1 g/L) FIfiK (1~ 3 g/L), B
AACSH W4, W8 iy R AR E K (3~ 10 g/L) . A%

I —2F B R AR I S A KT 1000 CFU/mL,
J& V28T KM, B VR S R e B AR M R K A
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A, R K SH A 5 R A T 0.15, &
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Table 4 Statistics on hydrochemical characteristics of groundwater samples

R A/ (mg- L")

oH TDS SR E (LCaCoyit) LISV
/(mgL™) /(mgL™) /(CFU'mL™) iz e NO,-N Fe Mn
R 8.5 6979.0 901.0 210000.0 2730.0 291.0 40.0 0.31 0.09
f/ME 7.0 255 15.0 ND 9.0 7.1 12 0.04 0.01
e 7.4 1093.5 411.0 10724.0 420.6 76.4 15.2 0.10 0.00
brifi2z 0.4 1325.0 210.0 38769.5 628.5 59.2 12.9 0.10 0.00
5 REL 0.1 1.2 0.5 3.6 1.5 0.8 0.8 0.60 1.00
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/NF 1 g/L, KAE2E2KAI L] CI-HCO,—Ca-Na, CI-HCO;—
Na-Ca il HCO;-Cl—Na-Ca 5 1 Jfy ¥ sk fb 4 SR 1E
) 48 11 45 5 W, 5T X B R KK B 4 A AN B
5), G5 A DV R BIF 9T 45 5, A vk B A v 1 MR K
W 555V AR AAR L KRR Y 43 A7 3 LA B U R

LA By 1 R-IR K ST 3 AT 32 b BT A i A, B
A AR B o TR MR 92 i I AR
B IX I AR A KU 35 e, N FRF S TF R R 7K 23 ik
AR T AR, T2 Rk - AR AR R
F o AR 5 TR R G s L DXOR] LA R BE A T K
A2, #DFE R BT LA b T K, X — R TE T S AR
1R E T,

4.2 bR K- ZKRE B AR B 5 P 2

Ref 7K Xt b T 7K - KA B AR FH A6 52 ) 3 8 2 X K
JIRBEE R AR P A S, BEOK TR 7. 8 Ay, R
KK S T, HEoK AL b F, 30 A 1) it HE Y 7K 0
B, BA MK AR AT REME /N, R K E S K E T S
55— RN 50K A B AR R R A: Y bR Ak =4
HE itk 1) 06 7K 6T 3 i R K B 7 AR S W T A LT
WA KA ES, NGNS 5504 8K
I KRB By A5 AL . 1970— 1981 4E Ja], AL % i+ A 12 1R
Hem#] 54 M, B oK B R T A B KR
J3, bR K K S % AR 7 g5, AR B B 1) A 7K B
BE, FEUGKAR

N R V5 G 2 foff b K ) 96 HE T ) 3 5% R ok
1R, DB SECRTAESASh IR i A5 0 A 5 v 4 21 A A 1R R
15 QR R ARG (1) A JE R B P S b 1 it NE K%
BYU WA A T AR R (2) 8 5 7K 77 &0 Talk AH
XL 2, £ IK = o TAS b 3 A - #4A B #&K I,
HFRY BT | UG b DS A 3 A TG R, R R K
HAE R 15 Y ok IR 22— AN RS 5 T AKOUL I
W3 ) NO;-N it & ¥ B i 1.15 mg/L 3 K & 21 mg/L,
Ak T 5T AR 4 2 (WHO) Bk H 7K 7K S5 v D i) g

15 44K (11.3 mg/L) ™, 2 i 17 3 AR I RO K
FR#E 20 mg/L, 33 9 NO,-N i i b T o 72 1o 6 HE
T, 575 30 Vi b, DX Ay B R A B SIS T B Y
TETE XU X
43 NO,-N fif A8k

B T4 R K SRR Eh v BE TR, S B NO,-N i@ Ay
FrTbE . BN, B s I W3 H R K 1 A HER A9 NO.-
N i & B E K, 2016 47 10 A1 17.37 mmol/(m’-d)
K F] 2018 4F 5 H 19 317.19 mmol/(m?>d), 34 K K
Hh 18 45, 2016 4F 10 H —2018 4F 5 A, 7 & WL H:
W10 Hi 7K NO,-N i# 5A4 s, Bir-h 5k 1.8 £ .

&0 W2 5 W4 1 He, W2 52 A 2835 3l 52 i 5
K, NO,-N JFi 7 ¥ BE7E 35 ~ 40 mg/L, M & [ 2E 1% 75 H
K B A BRI B, H T K 7K I BR B, NOS-N T &
W B 3 20 mg/L WASIE S A A AT IR K . WA Y
IK ST H 5T 5% 14 B ) T i K 1) T HEE, SGD B R R

5 Zig

(1)t 5 i K AR AR B2 & T Rg 5, HAL S
AR A T E I RKAR, JR T K CUB R E KT
2000 mg/L. B 5 (178 K AR IR B0 AR X 3052, B i F
FE ORI S KRR, WK AR 23U 6 e 1 %
R, IR V8 R AR B R X K AR, A
ARV R R R

(2) b 5% 7R B W T M DX 3z B v Ll B B M BH B
T 8RB 1 B 7K BB, 7 IR0 e B b DX A7 1) b T 7K
TR R BERNG i X b T K R BAKEE R AR, B
PR B R0, MR KPRG9 15 KK Az . db
5 7R P Ml DX T KA AR ™ DX, Ml KR Ak B
b, MR 7KK A AR T T LB AE TR, 2012—2016
AEHE K AR R YIE R 0.3 m/d, 1] NO,-N i H ¥ {8
4 69.6 mmol/(m*d) . TM7ER & ARAbA . w7 I K5
Hi DX, A e B L B R B LA R J2 [ 2l S it
BT —E MK, GRS OR R T K e+ — 2 1K
Sk BN Z 2K AR . Hbes & AR AR B
Jit B R 43 b XA K A K AR, T 7K ) Ve HE
I PR , 2012—2016 4F Hb T 7K [ ¥ HE it 8 R 3 (E
0.2 mv/d, 1] NO,-N il 1t ¥ {H >4 81.8 mmol/(m*-d) .

(3) 5% X 3% fili H1 9K 31 7 1) SGD /K 2 H K, b &
SGD /K A 3.5%x10* ~ 4.5x10* m¥/d, F§ & SGD /K # K
0.4x10* ~ 1.1x10* m*/d. #& T 2012—2016 4 W5 I H 1)
A4 SGD # %K, b5 SGD /K &5F-H{E 2k 2.7x10* m/d,
i &% SGD 7K & V- #{EH HK 0.8x10* m’/d.,
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