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Abstract: Guangdong—Hong Kong—Macao Greater Bay Area (GBA) is one of the areas with the highest degree of openness and the
strongest economic vitality in China. It has an important strategic position in the overall situation of national development. The
future development of the bay area is inseparable from the support of water resources and a good water ecological environment. In
recent years, with the rapid economic development of GBA, the population is increasing rapidly, the water demand is increasing. As
a result, the water environment is deteriorating obviously, and many cities have a single water source, the local water resources
storage capacity is limited, and the degree of water security is insufficient. Groundwater is an important part of water resources, with
the characteristics of stable water quantity and good water quality, which can be used as an important emergency standby water
source. Starting from the groundwater resources, based on the systematic summary of groundwater resources status, characteristics,
development and utilization potential, some suggestions in water source of GBA were put forward. It is concluded that groundwater
can be divided into three categories: pore water of loose rock, karst water of carbonate rock and fissure water of bedrock, among
which pore water of loose rock and fissure water of bedrock are the most widely distributed. The hydro chemical types of
groundwater in the bay area are relatively complex, with HCO;—Na,HCO;—Ca and HCO;—Na+Ca as the main types in the hilly
area, HCO;+Cl—Na and HCO; +Cl—Na+Ca as the main types in the alluvial plain and intermountain basin, and Cl—Na brackish
water as the main type in the delta area. The main streams of Xijiang, Beijiang and Dongjiang constitute the main drainage channels
of groundwater in the bay area. The tributaries are the local discharge datum of groundwater. The groundwater changes dynamically
with the seasons. The overall quality of groundwater is good, class I — III water of which accounts for 66.25%. From hilly areas to
delta plain, the water quality shows a trend of deterioration, especially in Guangzhou, Jiangmen, Zhongshan, Dongguan and other
cities. The main factors exceeding the standard are ammonia nitrogen, chloride, fluoride, sulfate, etc. The degree of groundwater
development and utilization is very low. Groundwater has basically not been developed and utilized in Dongguan and Zhongshan.
Of all kinds of groundwater, carbonate karst fissure water has the potential of large—scale exploitation and utilization. Based on the
comprehensive analysis of relevant data, 10 water—rich blocks such as Guanghua basin are proposed as emergency water sources,
which can provide 418 million m® of emergency water supply guarantee for GBA every year. In order to deal with the sudden water
pollution and extreme arid climate and other large—scale water supply crisis, ensure the water safety of GBA, and promote the high—
quality development of GBA, it is suggested to strengthen the basic hydrogeological survey of GBA, master the dynamic change of
groundwater level, water quality and water quantity, and accurately calculate the groundwater storage that can be used for

emergency exploitation.

Key words: Guangdong— Hong Kong— Macao Greater Bay Area; water environment; groundwater resources; emergency water
source; hydrogeological engineering
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Fig.4 Five level zoning map of water resources evaluation in the study area
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Tablel Evaluation division and result of groundwater resources in the study area
AR X FLRARHY HR/km  FACAEHBE BRABRI BFWE/(mm/a  ZHE/(10°'m/a)

BUTHB —IX GH-1-4-2-4 176.07 EMIRLEE 0.39 1637.5 1.12
BOTHE X GH-1-4-2-4 1583.07 JEIREE 0.19 1637.5 493
PUTHE =X GH-1-4-2-4 687.38 bep o 0.14 1637.5 1.58
VOYLFw) REE—X GH-1-4-2-5 168.96 IR A JE 0.39 1641.7 1.08
FLTFRS AB X GH-1-4-2-5 214.12 JERRER LA 2 0.24 1641.7 0.86
WL TR;T RBE =X GH-1-4-2-5 3699.00 JEIREE 0.10 1641.7 6.07
POVLF REEALIX GH-1-4-2-5 231.78 FAHCA 0.10 1641.7 0.38
BB —X GH-1-4-2-9 480.86 IR A JE 0.28 1625 2.19
BB — X GH-1-4-2-9 222.67 FAHCA 0.16 1625 0.58
ST —X GH-2-1-2-2 4004.64 JEIREE 0.39 1730 27.02
T —IX GH-2-1-2-2 2613.76 A 0.21 1730 9.50
LR —X GH-2-1-2-4 651.09 IR A JE 0.31 1775 3.58
TEVLHE—IX GH-2-1-2-6 407.49 JEIRAEEE 0.24 1800 1.76
B — X GH-2-2-1-1 520.41 JEIREEE 0.19 1750 1.73
=1 WA B — X GH-2-2-1-1 414.81 "R A 0.14 1750 1.02
e T EL B = X GH-2-2-1-1 275.74 FAHIUCA 25 0.10 1750 0.48
PEALIT = A — X GH-2-2-1-2 174.44 EWIRILEE 0.20 1725 0.60
PHABTE = M X GH-2-2-1-2 2461.24 JEIREEE 0.15 1725 6.37
AL = A =X GH-2-2-1-2 2232.57 Fer & 0.13 1725 5.01
PEALYL =AY X GH-2-2-1-2 1284.66 FAHICA 2 0.11 1725 244
BRIL B — X GH-2-2-1-3 1270.51 BEIRAEEA 0.15 1800 3.46
BRIL R X GH-2-2-1-3 1410.66 ERE 0.14 1800 3.55
BRIL B =X GH-2-2-1-3 4739.94 FAHCA 2 0.10 1800 8.53
MR —X GH-2-2-1-4 758.26 JEIREEE 0.22 1800 2.94
IR HLE X GH-2-2-1-4 2627.55 by & 0.16 1800 7.57
TR H B =X GH-2-2-1-4 179.95 FAHUCA 25 0.11 1800 0.36
VT HB — X GH-2-2-2-1 286.14 ERIR AR 0.26 1800 1.34
WL H B X GH-2-2-2-1 2215.56 JEIREEE 0.14 1800 5.58
VT HR = X GH-2-2-2-1 1401.68 bk % e 0.10 1800 2.52
AV B PO [X GH-2-2-2-1 265.18 FAHICA 2 0.10 1800 0.48
T He B — X GH-2-2-2-2 538.51 JEIREA 0.21 1825 2.03
T H B X GH-2-2-2-2 262.79 HIRA 0.15 1825 0.72
T He B — X GH-2-2-2-2 245.72 FAHCA 2% 0.10 1825 0.45
KRR —X GH-2-2-2-3 870.42 JFEIREEE 0.17 1850 2.74
RMTL M =X GH-2-2-2-3 744.90 B 0.13 1850 1.79
KRR =X GH-2-2-2-3 1457.44 FAHICA 2 0.10 1850 2.70
RILVL B RB—IX GH-2-3-1-2 815.11 ERIR A E 0.22 1700 3.05
RILMA BT R X GH-2-3-1-2 156.38 SRR AR 0.22 1700 0.58
RILCL B REBAX GH-2-3-1-2 769.18 NS 0.22 1700 2.88
A Hyj— X GH-2-3-2-1 905.82 JEIREEE 0.18 1825 2.98
£ X GH-2-3-2-1 228.66 beb 4 0.18 1825 0.75
i = X GH-2-3-2-1 259.39 FABICA 2 0.18 1825 0.85
P —X GH-2-3-2-2 1145.32 ERIR A E 0.22 1725 437
Py X GH-2-3-2-2 3537.72 FEIREEE 0.22 1725 13.49
PEsEL =X GH-2-3-2-2 1255.69 bk 4 0.22 1725 479
PESZYL I X GH-2-3-2-2 550.72 /N EE S 0.22 1725 2.10
TR — X GH-2-4-2-1 1215.96 JEIREE 0.17 1625 3.36
TR B — X GH-3-1-2-3 398.28 ERIR AR 0.54 1600 3.44
TRPHYTHL B — X GH-3-1-2-3 289.31 JERRIR +h 2 )2 0.40 1600 1.86
TP B =X GH-3-1-2-3 1848.74 FAHICA 2 0.30 1600 8.87

Gt 55156.27 178.41
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Fig.5 Distribution of groundwater chemical types in the study area
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Fig.7 Results of groundwater quality assessment in the study area
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R2 EREXEXT FREIHAKEHIRE (1999 £.2009 F 7 2019 F)
Table 2 Water supply data of nine cities in Guangdong Province (1999, 2009 and 2019)

20194 2009 4 1999 4
gl R K MK E/ R K K E/ R K KR/
gk O ok oz DO gk gw O

I 0.39 62.3 0.63 0.62 75 0.83 0 85 0.00
sl 0.03 21 0.14 0.11 17.95 0.61 1 12 8.33
it 0.01 5.8 0.17 0.01 4.59 0.22 0 7 0.00
il 0.01 30.9 0.03 0.08 39.19 0.20 0 33 0.00
=N 0.32 19.7 1.62 0.55 21.81 2.52 1 20 5.00
AR5t 0 19.8 0.00 0.07 20.8 0.34 0 15 0.00
Hil 0 14.8 0.00 0.01 18.39 0.05 0 8 0.00
LI 0.31 26.7 1.16 0.54 29.45 1.83 0 30 0.00
£ 0.14 18.7 0.75 0.44 20.29 2.17 1 23 435
Gt 1.21 219.7 0.55 2.43 247.47 0.98 3 233 129

80 Kbk £L 1y KA W 43 BT, 4% CHb T 7K BT 5t A 1)
(GB/T 14848—2017) JF e /K TN TAE , #e € X dak
KGR AT B R EER ), M K 2 A
T 7K BT M 2OK AR AR Ry R 5 A LTS e A8 bn
DIV AS: H BR st , 8 AR RD A i

ANFIZESFE PRI AR I A 22 50k, MR
VS DX R A AR DL 22 B = /A8 br>— ik 2248
Fr>TCHLEE BRVETE bR I 4 B e bR . = AdE
PR AR R i B R O A A b, HH AR R
ML T 10%, BREARIEbRAN IR ER (AR K R
W EFEAR I BAR LS, (H I FR R, AUTE 5%
Ao

VN EE I A T 28K 5 B 1.25%, 2%
K R 16.25% ; T 2K 5 BT 48.75%; V&
K5 BEAY 23.75% 5 V 287K B 10.00% AT
Ml TR E , SRRV XK s, T~M2%
K5 HE R A 66.25% , AR K A5 LB 33.75% ., 1~
T 27K 7 B RIS X N 34 A, B AR S A RS
BOAIE] s VIORTES M ALl S B v A, 7E R
LB AR SE A M R ROSCIR A AR R R
A A A 55 VIR FE TR
Wl RS AR T BB IRER (A

4 R OKBEIRIT K A T T 5 R
Je K IR e

41 WTKFEFEZFBE DS
BT X R4S 9 T 2019 4F Hb R /K & I

A 1784 m’, 5 b /K BER S 1Y) 26% 25 47 (H &
TR R HFEBEARMG . 20 BT 1999 4F 2009 4F [ 2019
AP MR KK R A B (e 2) « (1) R KA
KT R, 1999 45k 342 m?, 2009 4 [ &
24342 m*, 2019 4F XA 1.242 m?; (2) 3t T /K At
AR KR TP Y &7 U R A3, 1999 4F K
1.29% , 2009 4F % % 0.98% , 2019 4E Y 5 0.55% ;
(3) BRI RIS XA H, VL] B B b R K I &
I AR B A v, i /KK B AR S K T iy b T
3R 1.62% 52 1.16% , 756 K il BEAR AR T &
IR K(FR2),

RV X R KA 2 H A3 A A3, KAk 2
BN 2278, JE 5 1L Ml X Ml T 7K A B4 T 17 K 5 5%
U, = AN BT TR R B2 R /K AR I G2 12
AR 2%, VY AT U R D BRVT = A P D X
B2 LB K ik R B A, O 2 A A B UK
Mo MK Z MR A &, U HJE A X
Mo R K AR AR LR BERIZY  FE K AR K 2=
FEEIR . 2R | E KA AL KA R R S
Ry, AR X H R KT KRR AR R
25

ANELIF 2R T 7K A DI« BRVT = A Y 3 F e
HBHLIX AN LR KR 5w HZ A EK , H.
SR W bR, T R R 5 L2 2B K 5 A X
R K BRI — e LA = AN EE AT R
IKIFR

TE LR T /K A9 DO = f a2 J a4y
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()M DL S L RERT % ML B, IATRCE IR K 8401 T
I (H K Z R A, R KA s A R, K
S5, IHER SR B AR, 54 /NI R 5 K
Frb Ll X FE A UK T2 oA, Sk K By (0 s
IKPE— s, B BEAR D S5 A AT M T 2% B b
XA TH R KT Re s T MIALER) A e i 2
PR A —7 el 1Pl i LT DIk R
Fa b, PRER Z b B =TI MR R, R
FRBUK KBS K AE—E T 3, AL
KA — R 100~2000 m¥/d, i K AT 35 15594 m¥/d()
AEAHTIAT), FF AR IV T30

4.2 MK 2UKIRE S E

4.2.1 A B IR N

I T I AU M A 2 AR T v R TR e
— T A SO A N S oK IR MR AR 2L T R )
R KA 4 5 R AR O A AR LI IR 7KK
P, AR 27" T COKBERR R RS L
(B2 IEV45,2008).

T 1R K R 2K TR b A B, AR SR 44
JEU) (1) R K BEI8 AT FF R 10 2 0 T2 5 (2) b
T AKIK BT A A AH IR FH K AR 5 (3) 7K 5 b b B
EF, B A BT R TR S 5 (4) J B J0 A v i B 1)
R IKFFERA G 5 AR A b BT R

422 RER S 2 )5 & KB H ik F

LS SN N E IR Y/ s A S SP § 3
TR B, B K IR =2 M K, KR — , Z 1
Xof 55 AN K AR R v, bR K B JRIT & ) A
B 2B T K SR RBUKOK 3/, KR
YEAr R /NS AR /K K R b 5 25 DU 2R L UK 3 K23
A, ANUK A R, T ELAR S T R A
B A = N X SR —J8K 32 404 AT 1
AT 53 B AR KR, XEF 3T A AR X
IKIEAEAVE A B s IR L A i KoK B &, B
AATEE R E TSR A1 v] DI A A ik
KL (B4 38,2012) ol TR X AR R 64 7
AT FUE BR , 761 T /K R 20K I b 5 b, e K
TS DX PN B L) 10 DI PR 2 A T K S rh X B 4t
B G PR N S ORI R R RE 11 . ZE AU
FrAH TR, B2 B LR 10 &b 5 7k HeBedE hy vy 2k
T HbAS i (3 3, 1 8) , WA A T g AR v] Dy K
X213t 4.18 42 m® B 7K PR

I =1 fbdH, )N —AEHR b (RFR) 4

SR v L VA5 S Iy =< B [ I S QT T 264
1092.0 km?, —> ) AL AT | [ g VG O 9 42 X
R, AL DL RIR iR — B R IR AN
FESRZLAEAE T B BT — 2R 501 A8 R 40 R 7

F3 KEXKENMX R 2KEM&iE S

Table 3 Emergency water source sites in GBA and surrounding areas

ks EAKME KooK&/ AR
SK foE e Ak P B LI K = ‘7J<f HRKE Lwd‘%ﬁa
(m’/d) PP (10°m*/d) T
-1 JAEH 1092.0 FRFR— B RIKE 17.28~15594 Epi_ 33.0 M
T T IR R IR e
12 HRAD—HRAAAH 2160 Eﬁ‘?ﬁ}fjﬁ*g BREFER o000 T " 26 PR
K RTUWETRE Et
Xy 1-3 &E—is—aRRRat 1788 AW TERCERBAT “BL4KE  70~785 g 8.1 HEER
(1) T1-4 KE—ZF7EZAEX 72.0 RIS H KA 656~3155 rpi 5.9 R
I-5 475 B et 2 35.0 FE B 122~1318 F& 3.7 N
1-6 T 55— af 8y 17 34 75 42.0 PR B A M e R IR 500 /24 ERE 45 YN
1-7 Ak )RR 53.0 R RGHOR KA K 6900 *E 113 BT &l
-1 T 18 ] A 95.0 KT I 300 75 44 A 25 J7M
VRGBS A RN K AR 74
K -2 VR 1394 | RREIECERLLEGES 0 12 e
A ghiRR
(an -3 = hr— Rl R A X 307.0 W RR TS 65~272 ERE 6.7 T
M4 BRI 1935 BT SRTIARE  100~2600 E'jif 35.0 il
it 2423.7 114.5
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Fig.8 Distribution of recommended groundwater emergency source sites in GBA
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B AR = W R AR K 5729 4.5%10° m'/d.,

I -7 AsEk gt (7 F & IT v A, i
53.0 ke, FER A G I VAT, B
IR G K — DR A, EOK R A A g Bk
Wt RN RE R ZEE 0.5~20 m, K B 24k L7+
R Ui 1.6~9.0 Lis, TEARHR K 7% A 3 h K 7K
A F] 6900 m'/d, & KPR, W1 TR ] ROK &2
11.3x10*'m*/d.,

-1 W mgte A T 2 — py AT 4
Ji, AR 29 95.0 km?®, AR QR L ) YA e I
T8 S W CIR BT, KT I 4K A AR N 88, K
HATBR T B2 Z T, B H AR A &
Wo ARIKE KEAL—  EFLIM /K Z7E 300 m*/
d, 5 K4 3000 m¥/d, #4315 ] R K w4 2.5%10°
m’/d,

-2 =777, =7 I AR - P
KA, 8 TS i—RIC AR & , HZ AL vy
BRI, RO AR 139.4 knt?, N BIREEGAS
A eI A N S K2 N N ARG
KB B R B A G A A K o PR H Sy
PR A K, SR — B 1~10 L/s, HFLIH K =
37~1023 m'/d, BEKHF Z 24, /il FEE ;i
T R AR OR A 55 — R A K KRR —, DA

Tl 3, BALIA K A 5~959 m¥/d, ¥ 5T AT 2Rk
H21.2x10°'mYd,

-3 =hi—mNRAE S X, T T v
1, T2 307.0 ko, F K2 EZ R R R TI8
WK, BEE RS+ RO ERA )2, R SR
R EGER T . KA 0.4~10.5 m, — 58T
AT HAHT IR . BfLIA/K B 2 7E 65~272 m¥/d, e K
858 m*/d, SMAE KM AR W1 SROK 2
6.7x10*m"/d,

11 —4 B £ Y —Jefla it . 7 Toefli —Re A
P 0y o, TR 193.5 km?, S0 AR 20°
J7 1) ZE A 2 1 G ] kg e — i L, Sk R
T MY B A AR, F I G TR R A R A R
F R R 5 DU AR B A JR R 4~30 m, JBYE A b AE
Mm&R, A TERKAE SR TR KANE
BLEIKIE AN AT IO M TR BRALIR
7K & 100~2600 m*/d, & KV S5 2= L5, 911 HE
AR K2 3510 m/d.

5zt i

(1) B H5 WA XOK BE R i =F &, (R HR 43
RHP R ABEK G, T X AR K HEAT R, 9 BAERYI
R5E AU N HAR P, A XK SR R ik T
T 5 R 4 -2 KT 5 2T KR B — | AR K 5 U
P& RS A B, B MR AR AR BE 5, oK e 4
B XU K 5 K IR [l 2 i, 7K B Pk kK el 8 H 25
Y, K B TR AL B K AR RN G T
SR BT 2% FEBR VT = A N B T B, Y] I 7K A4S
e, n] AR IR K BEIR B 25080

(2) R IXH T 7KARSE 55 7K A B2 n] 4l 4324 «
IAHCE ALK BRIREL A a i /K FEA R BUK =K
J8 B AR AR LT Z SR 2RI 2K
PR EL S 24K . PATCA LB RIS 2Bk
ST N KA IEX N 2 KR Z 2
S5 BRIRER e T AL BRKAE XN 22 IR BSR4
A, BRI N, 2 — Sl ) R A, e 5%
153 IR A K T S5 M E K MR T AT K
TR, w22 S A K N KA 38
&, Z R EK, KSR,

(3) AT X R 7K FHES LA Ca> I Na™ R 3, A
LU DX = A PP S AT A DX kb KR 43 4 A2t
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. MHCOs—Na %! &z HCO,—Na+Ca %! ; @ HCO, +
Cl-Na %I}z HCOs+Cl—Na+Ca i ; @HCO;—Ca %I ; @
Cl-Na#l, B FERIL=MIMEAMEFH TR,
i = AU FABUZ FLBR K 8k 88 R 85 1 i i
BLTREk a2 = NS D S R = ) Y - <
Y I DX K BT P K [r R Ay ™ dd

(4) AT A DX P T 7K B de 2 B4R U
I AP IR A T A ) A B b 2 B B A [ &b
oy BELE KA EERNE KB AN N E B %
FNEERNMATE 2 H T 7K FEZE A6 X e R T
JRAR TR, AR i B 1 AL ) e RN 5 PE YL A6V A
IRUTR DX PR 1l 7K 1) 2 B 3, SR K 5B i
SRy LA HE 7

(5) S IX b T 7K A2 REAE 32 It 28 X ) P o
AT FE ], 1052 oK K AR R 3
A EWRE L Tl T3 Ye 4 2 R 22 B2 (Li et al.,
2011;Wang et al.,2012a,2012b) , i F /KI5 4L 152 &
T XSS TEAE TR o s ARV DX AR T e i, 1
287K & e s ik 66.25% , #RAR 7K s FL R 33.75%
Mg L X3 = A P 5, K i AR 22 e, IV 26
IKAET™ I A Ll A5 M8 vh o A1, B A N E 2R
R WA, VIOK FEAAELET] R
W ARSEEH AR T R 2 B IRER A

(6) EYPE WAL X A48 9 T 2019 4FHb T 7K 5%
TR 17840 m, (7 24K BRI B R ) 26% 2247, 15
S TT R FEEEARAIG , 2019 45 H R /K IR AR K 7
MK TP Y & AU 0.55% . BRVL = F U b #5 R pg
B 1 XA A S AL B KK B & (3 22 0 oK s A
BUAZEIRK B0 A0 T = AN E 2 Sl R4 (F0) b
R 1 78 i 2 b B {EL 15 723 Ao, 7K v 4
FEE BRI A TR = AN A ) K
KB, B K i 5 2% 5 BRTR AR e T LB
K KBTS K B T B — i AT R 1Y
FERFIHETT

(7) HH TR X N R 3 5 40 A T AR B, 7E
H T 7K N S A K U5 B v, ORI X N
L X SRR R 5 H s K SR P X 3 5 7% 8 48
AR IR PR RERE 7, 42 K fE A 55 10 405 /K
HUBEAE N 25 A /K IR b A 18 , w125 T o R
T X P 114.5% 10 m*/d B 2K 5B .

AN 6T B TF A0 T3 0 5 8 7K 5

TR LRI K SCHE FRE A TAE, T B R R &K
LA AR AR K B9 K A7 K BT K R Y Bh A AR
FEARAE 6 AT SEPE AT ISR, S A B i mT LU T
N g TR B b N /KA AE &L, LR IELE S SeAt 7K
SRR R R SR R AE T IS . Bk
A, A FE K AR (27K B BE ) B i M sl R BUR 8501
AT PSR EAAT AT BN R K, B 2% KR
M e F G, 743 Hr 7K 5 ] B b bR KK A7 T R
TE B R T4 T 1 R R 34 B T Bl 55, B 1k b
TEITUIRA: v 4 B S L T T T e A
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