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Analysis on features of well water response in
Hainan Province to tropical cyclones

Gu Shenyi® Zhang Hui Xie Xiaojing Liu Yang Ye Xiangding

(Earthquake Administration of Hainan Province , Haikou 570203, China)

Abstract: Well water vibration phenomena caused by tropical cyclones were
recorded by Hainan underground fluid observatory from 2001 to 2010. Taking
strong tropical cyclone “Swan” on July 21, 2003, and typhoon “Damrey” on
September 27, 2005, as examples, this paper systematically studies the features
of water vibration caused by the above two tropical cyclones. The results show
that water vibration variation image is more obvious through high-pass filtering,
the water vibration period caused by tropical cyclones is 1-—10 min according to
spectrum analysis, the starting time and amplitude peak time of well water
vibration are consistent with the time of tropical cyclone passing Hainan Island,
and are associated with the structural features, progress and movement process
of tropical cyclones, as well as the response capability of well aquifer system to
micro-dynamic message. Analysis shows that atmospheric pressure fluctuation

and friction enable tropical cyclones to cause water level fluctuation.
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518

R LI Rk B S G B SR S . MR KOG M5 N 7 - AR R T A R AR T . i) SR E b
AU R ER A (10—20 s, WIW BB (1/3—1/2 &), SEWK S OL/EZ L+ KD % (3R
FEAE, 2005). FESCERA, B OULEGHE SUIE 5| S H AR A A AR B D, A AHSORT = A B Bk sl
FL” S5 5 TR T BOAR (4 A 253, 2007) , (HH KX KA. 52 o . #ai e
MmN R WLARE. RS R A B RGE R ZFR . 3R E 2 G SIE R e i b X —.
SEFWFIE T H K AL A A SIE R R 1) 8, A 281 QAT SR S AR A ) 3R SE R B R 2 4%
BT 3 3550 I0E 1) Fe A AR I B L5 g R 28 5. 330 0 5 Ak O Btk Ak B L K A Bl A R R
ML IR E, A TR E L.

A SR B O R R XU B R /ING3 D JAG I HS OXUiE 10, 8—17.1 m/s, X367
g, PO RER RGHE 17, 2—24. 4 m/s. K7 8—9 Z), 3 B K (XU 24, 5—32.6 m/s,
KA 10—11 %), GRORGHE 32, 741. 4 m/s, W F7 1213 2%, & RO 41,550, 9 m/s,
A3 14—15 GO s & K OAHE =510 m/s, X JJ=16 )6 NAFHK. A SCR I E <
G2 Jey $ A 0 S5 B AR A X 3K A XL 5 ) F ORS00 5 A i B AT 5
1 KA S SHER R
1.1 7Kz 3 F

TR A BE N A KA 6 1, 25 I A I B0 8 F 3% 1. K00 A LIN-3 AU 4Y
f, HEFN 0—10 m, 3 ¥ % 1 mm, 8B EMERE 0. 2%, MEELZELT0.1%,
AR A R e 0. 200, ShAM N HE >1 m/s, i HEE 0—40C.

R KA H: T A A B

Table 1 Basic information of the water level observation wells

H ) (i E F- K 2 FRAE

F5  ABWHAK HILARKR AR 4 - - 2 WL Rk BRI
SEN PIERE R e 't

1 O HE G ZK26 3 110.35 20.03 L % — i i Dy 24 706.3 Qi XA 7K JE K LN-3
2 kWikE  BEORH 110035 20.00 I S%AERTKIZY 276.1 N b LBk LN-3
3 O AT 110.26  20.00  DhR—EHETHTZL  320.0 e LB K LN-3

A &
4 FORmMEE Mg 110.45 19.24 BB — 525.9 K, W8k RBUKHE/K  LN-3
=L
5 ZWHES S 109.17  18.38 I 2 104.8 WK EEbE BBKEK  LN-3
T — o W T 4
6  XBAWE4H WA 110,78 19.72 EH—SCEHMWH  150.7 HERMLKAE O HEK LN-3

1.2 RESKE
i A AR RBERGETT . 20012010 45 52 Wi ¥ 1 1 Bli i) $iis O A7 70 i,
RO d o R HOER R OB B B — KO 2003 4F 7 3 1922 HURREY, 5 0GR
2005 4F 9 H 2127 H“IR4E”. WU “URE i AR S B 3K A R Bl A (AN B L s .
O 7 G XU R AR SRS Bl A TR 2.
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Fig. 1 Tropical cyclone routes and station distribution
(a) Tropical cyclone “Swan”; (b) Tropical cyclone “Damrey”
2 PRGBS IERRGI A H AR o)
Table 2 Information of tropical cyclones “Swan” and “Damrey (quoted from
Japan Regional Meteorological Center)
Pl A Ry P e ik e
N e g % N e g %
il g gy 0 THA B B g g L TRK B
S — FE N R EER O dE | JE /N W R HE
F-H-H R /mes ! /km  /mes ] FH-H R /mes ! /km  /mes !
2003-07-15T14 9.7 133.7 0.00 0.0 21.09] 2005-09-19T20 13.8 126.1 0.00 0.0 20.01
2003-07-18T14  12.3 119.1 17.99 111.0 22,28 2005-09-21T08 18.0 122.8 17.99 351.9 17.45
2003-07-21T14 18.5 110.9 28.27 166.7 9.25| 2005-09-25T14 19.1 112.4 41.12 444.5 14.09
2003-07-22T08 19.6 107.8 23.13 166.7 25.16| 2005-09-26T02 19.1 110.7 41.12 426.0 20.43
2003-07-23T02  20.0 103.0  0.00 0.0 37.18] 2005-09-28T14  21.0 99.7 0. 00 0.0 31.61
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Fig. 2 Intensity of tropical cyclone “Swan” on July 19—22, 2003, variation of well water and its

high-pass filtered variation in ZK26 (a), Jiaji (b), Xiangrong (c¢) and Maireng (d) wells

W10 ZK26 H g i FH A7 B sl g B B R BB Rl 4351 4 21 H 18 B A1 16 B, BEEs
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Table 3 Statistics of the tropical cyclones and well water level fluctuations
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C AH N X /
G-H it P o THRAE e "
RE kAR
/mes ! /km
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jizARI B Y 6 1 G ik
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BE AR 2003-07-21T11  0.00218
=R IE ASC 2k
W ZK26  2005-09-25T08  0.0074
WL 2005-09-25T09  0.0091
ARG TS B e i
k4E 2005-09-19T20 2005-09-26T02 41.12 426.0 2005-09-26T17.30 N I"rT]%ﬂ' N i
3 4R 2005-09-25T08 0. 0214
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H 1] 2 38 BT UL o 3 10T 1] SR A A LAY A S TG A A R B G . M R T D D £ B
I AE AL AR SR AN B S, Jst IR T 13018

2.2

K L 4 3 B 57 1 $FAE

2003 4E 7 A 21 H“KR L u I a] . 6 0 ZK26 , W 1) 2E AL L 0 AT R B i AR
4 H BT 3 M R R B (S W R AR . SC B R AR S A BRI . &g R X 4
P IE B K Al 26 T8 285 K 43 B 4 100 8 3% 4 A (L 3) 2 B . D IE % KA. 43K

L 5f WEZK 267}
¥
o “ ’
100 102 104
J& 1/ min
1.0 —
2 RSP
E0.5f
= .
100 102 10*
JE1391/min
2.0 N
L AR
251,00
=
3
] ) i .
10° 102 10*
JE1 391/ min
1.0 —
i By A
S£0.5¢
S .
100 102 10*
J&3Y]/min
(a)

ThEE/1075

S /100

FIES AT

N

ThEi /107

51 i 11ZK 267
G0 102 10°
JEIY /min
5 EESE
G0 102 10°
JE1 91/ min
0
LA I
OJMMW\L
G0 102 10
JE31/min
5 Bl IRUF
G 102 10"
Ji31/min
(b)

B3 2003 4G K7 TR K28 5 SR i £k () IEWIBE; (b)) GRIES

Fig. 3 Frequency content of water vibration in the 4 wells caused by tropical cyclone

“Swan” in 2003. (a) Normal state; (b) State under typhoon
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A7 VS E AE 1010 min, FEALEHLE 3050 ming @ G KGHE K H K AL 3l W 2 1 2
IERIBA . RUIPE8h 1 208 @ B . S5 E [ M 7E 10°—10" min, H Z AT
0.8 min, A MH-FLAS L E W46 5, WnifE 11 ZK26 5 O MRER (DR B 1 A & K A7
i 2 B RO A BE AT 3 5 KGR . 25 S D) ARG A i B R, SRR WOE A T
AE R ]2 4 5.

Ty A A . W RFAE R« 1) SRR 5 TSR ol R A0 5 1k 24 3l 1 At R A
AT 3355 1 11 S e e 908 9 IG5 1) IR B G AR O o (TR 2D S LD, — 2
TR A G HIR AR MERT . ZANRTIEOR, BB AR R K" 6 K5
FIRE TR R AE IS B 17 IR A AR L s = BRI 6 Xb O 53X Y BB 5O (B D).

3 2005 FEHESIECELEVH 8 K LR BB EFE

3.1 kfzEHmMs

PO AR IR 47 F 2005 4F 9 H 21 H /7 8 B AR B KUER . 25 H s o 3 4 IR
.26 HEE ama M. 9 H 26 H¥R 02 i, “IKAE"FE M A T T AL g X &6 . &
R B Ee R KT R 41,12 m/s, B4 14 BB T E B A TEN, KR IH
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BN SCE S B il 1 ZK26 3.
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FE o BRI 0 KA B Bl i BE Gk B e K, 4 A& 0.0074, 0.0091, 0.0214, 0.0110 m
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BIERIEA, HASL A W 40 50, B0k & B ah S e, 32250 @ Wi i, ) 09 3 [ 24 A
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BB B R, R IE IR 100 —10° %, U] fE R ] g 0E.
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Fig. 4 Intensity of tropical cyclone “Damrey” on Sept. 21—27, 2005, water level variation and
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“Damrey” in 2005. (a) Normal state; (b) State under typhoon
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Fig. 6 Variation curves of underground water level, high-pass filtered water level,

high-pass filtered air pressure, air pressure, Earth tide and sea tide in ZK26 well
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