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Abstract

Groundwater level monitoring wells are densely distributed in the plains and
basins of Taiwan. The groundwater level is usually recorded every hour at these wells;
only a few wells recorded every minute or every second. After analyzing groundwater
level data, we found some abnormal groundwater level changes inconsistent with
those induced by natural factors or human activities. These erroneous records may
mislead the results of hydrologic analysis or research. This study intends to develope
a remote high resolution and high frequency groundwater level monitoring system. It
is essential to identify the source of error in the component of the system. It was found
that inappropriate setting and installation would cause incorrect groundwater level
record, such as exceeding the full scale pressure of the submersible pressure
transducer or improper for data processing. The stability of the monitoring
environment is also important, such as the consistency of voltage or variation of
temperature. After factors might interfere data recording were reduced as possible, the
groundwater level monitoring system was installed in Shelia. The recorded
groundwater level data indicated that the auqifer is mostly unconfined. And it was
found that groundwater level changed in a fluctuation pattern as rainfall occured,
which indicated the loading to aquifer changed due to precipitation and resulted in the
compaction and dilation of the aquifer. As promoting the resolution and accuracy of
groundwater level monitoring system, the sensitivity to response earthquake rose as
well, and a foundamental requirment to a high resolution and high frequency

groundwater level monitoring system was also enhanced.

Key words: groundwater level, monitoring, rainfall, loading
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& 4 7% 7 (ocean tide)#? F 48 7 (earth tide) IT % o j3 @ (T% iT/a 0 B2 A d 2
KEBERGET 2 TREHER AL PR AR P8
ol R T R R R Rk 2 ¥k T fig(hydraulic conductivity) & v RE K %
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Wakita(1991) % B3 313 £ T 500 = 2 ehX B 7Kk » X' & 2 {5 0 o
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Bl d X2 ¥ o RFERE TOKPIER  BRIFERE T E 300 2 & 12+ (Everett,

SRR ER R R AT S kA SRR § ok

\
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AERG - g Tk ko
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%tk VR 4 f 4% R (submersible pressure transducer) 0 £ p 1960 & % B 4 ié #
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e v B F FRETE S o FpopmE okl r B 0 H T
AECER R AR S iR RS RO Y s SUESL E R S R
AR 2 RAE R A RFER BRI A EL A 2 HE
BRAOAWEI 20 B2 RERFIF FHAZ LEFHTH 0§ E
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PR BRRE A F e EK R hip g B 7 ¢ K e B(Isaac, 1970)
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Alr temperature
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C
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as indicated by
pressure transducer

Depth to water {(m)

226 227 228 229
1982 Julian day
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BRAOMBEIEITRS e BT EEER 28 Pk 1Kk
E2FH AT AL TR TR SE Y 2B R

T AR ERE 2 R RE TR o fE R TR T R
Mo A BRRBEPMEEFARE T fE 0 WATIEH L REAMEL > 1Y

P18 R K R0k B L LA & A IR B L A AR

3.1 oKk NR A R
3.1 R EE

JR A i e R A T % Yi(micro.electrical. mechanical System)(4k+ T o
2004) Hp G T sl mE A A (umE S AART I TS

AU ASARE ORI TRAE N TR AL o g R

<

AR R ST AL T RRARE KR R A R 2

il

P &% 1R 7% (strain. gage pressure transducer) 5 ¥ L2 g 0 T HF AT AFT YV
i@ * enyie-k R 4 dE 3 iR (submersible pressure transducer) e

MUK GRS R R RILS R R A2 R RIERIEEFE PR
BRIEHFIBAE S %) RIREE2 R T A2 LI 2w hTRA

(Bridgman, 1925) > éij&ém@?]%k?ﬁ] % a\ﬁﬂ R BROBARHRER I RIEE



R ET LR E B E R S A
RIESBR @RGP r~dhgffrr v ARe SRR £

R A ez X E A = 5 4] (Lawrence ef. al, 1984) > B ¢ o L i ko f

-

FiE2IT BT > BERFE (0.2 #k 2T (Clark and Wise, 1979) o

TrMA fe 2 B GRARm A ER R DS PR RS e S P
SHRTE P RFEREY NFAHTLERATGSGENL 0 S HRETR
Slle AR i o £BE P APREBE S a2 N WE R R B PAhz
WA R > TS - R R A o L EMA e AR LRy
WA Rp G2 {2 a0 B £ 5 104472 (diffusion)#-43 F (doping) i +
5o L ALY (Tufte er. al, 1962) W5 B gl e BRT L 1 & Fad i
B BRGSO RS R A - RIS BRI R RIE T

-~ RAIGE S FAPR AP AL T2 MR TS RIS DR ALRT A

i%%@’§%%5$?&&%’%%**@ﬁfw B &R IR BT
FpEpC SR RL o MBS LR BRI PR A
P S BRIEME ATURS BRRORAA > T &P T ORKPURS

LR (full scale)) % #F & ~ AT R F RFeL X g 4 o

MORRRA RS R R AR R IR ke T Rk
2R A Gk s G R RI TR ARk B ARGk BRI KR S
2T K ARG R AR R o * R R E R pE 0§ R B T UF
B AESFRBRAREE RN RA ER B EREAEZE O RRRS B
FORA 2 e(F 3.1) ¢
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F 3.1 kBT L

b ToRE A GRS R R o MR A hERIT A S fEh o 2
FORRIRIZLE G Ao SRR ORS i ROE R L LA RO
FRATZEPRELE FHRMBLLARZCE > UT AR&E » AW 8 HE
P gkERA A RRA S U HPRS o

1.2 41/ 4 (absolute pressure) : M G E 7 5 A BT ERIZ RS > N4

e EEELEET RS E AR R

(w,

’ ;‘,"‘iﬁ@’; E%Pabsﬁig o B
*opsia N VR A HAEFRE P S FBAPF o Pa € Bor & 14.7 psia(2 HEiT E) o
GEVRA EHRAORTEY - RZET V- RIPIEL A FARRATR -9

X

R4 L0 B ¥ L0t psia % 7 (B 3.2) -
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¥iE o Flpta Lo 0 gk RS B R f B F RS ?:F‘@" EE AR R

2.8 & 4 (gage pressure) * "L F DA G 2 A F RS

ES

¥ 9 end o psig BRI pSiA A o - AT BT E LS FRY @S

latm=14.7psia=Opsig » FIR B2 & IR+ 4p % > H @R+ TR G 5

Pabs = PgagetPatm ©

P s
L abs
P LR
gage
TS B
(0 psig=14.7 psia)
Yooq ot
— PabS LR
Pgage = pE

R S

(P,, =0 psia)

Bl 3.2 GHBR+ g R4 2 B4
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£ B B 4 (differential pressure): ™ — F TR Kih i %3 AR gie iz §p)

Bldck Fl< 5 B4 PR AET L REp o FLFREREL S Bib RS
Kihz £ 5 Hldeid F N (vented)tok R A R R HERIEZER R SR
RZBBA B FRAZL A FIFRAT 0 ARERAFERERDRES 5 ET
MAFFBR S FIHGERR AL 2 ZREELC B X TR PRI

4.3 & 4 (sealed.reference pressure) @ % i8R (18 B 5 )RR RE 2
EHHF LN E- FEHBA B F Lpsis &7 o F R K F RS FHIHPS
R B A F ERERARTOpsio St FIFE S F R ELF AR ER -
FlR BE - PEF FTMALFH EAR P HEHHAPFIARI Bk £ 8
B

PRGBS R ER C RIGRERA AR FE- e N
o L F AR AR R N FHRRE ) T S F A
FTRAEATHEMGEZ > L FrRE ST ﬁﬁﬂﬁl}ﬂ‘#fﬁ/ﬁ"f’ﬁ Tt F ok e
MR R R RN R R G A BR B Rl f RS BV - Rt f
A R R oo AP T TR WEBIF L TR 2 RALE 2R F SRR
HPERA ZERRZ P T B REAE S FREEREL S 2K

BB e -
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PR GVR A R RN E R e BIW R0 R 4 -k Ef (pressure head) % T (5]
33 BRARARRIZE 2 kB3 L B 0FRF ARG S EFAAE
RI#E-k g (hydraulic head) » — #51 T 3274 TG 5 AWM ¥ - fikor 2 IER £
T A A LT R H kG 2 BEH G PF LK 2 (static water level)itih 2 0 &

TR EFHBELLE > FRADE S Sk BRI
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BERREL L 0 FF RIE G EIoARS

EFEE - RFIBHRE AT2A

FALTEUEPPEHFLATE B BHRA G AT

&
¥
DI
T

BHEL I E=X-X
IREFEA Er=}><100%

Ho X 2 BplT00E > X &7 F 5 t 2 & 5 & (precision)
25X BRIAFE SER RS - RARR 0 T 044 24| ¥ R E £ (standard
variation) ~ % £ (variance) ~ ™ % % ® xfic(variance of coefficient)® 7 f =& %32+
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FEIRNRA B RE T os TREER R gRRE |

“l'

Hiesr B & f iR fRTR 12 BRI £ P SRR R i
Fh S HRAB AT R onEfF R R B S T e

REAPERIRS S TR EZ B ARUNE R B LR S F D

‘mk-

SPGB S B sl > R AR B F L RRIT AT AL
oA B bAoA R TR RS B R R MF R AT S E
EReATHF A pilekE ) B2 Ao MR Rinficints TR EEN o T
kel P s K A HASE TG R > AN AS T - HH
T E2 RILE N o
FHREGEELIDZRENE 2HRE > VAL RERSF LIRS L

KEZV L Lo 88 T30 — S 75t fioi i $5 (Analog to.digital
converter, ADC) ~ >k T_iz %k %o (GPS) » 11 2 fepiid 4 6o @%J RSP A ES
EITEAT 5 KR P Pl s ML R S B > IR kAR
MR R SR D R P R AR AR AL > S 4y R
&@ﬁiﬁﬁﬁ%%°?ﬁ%%%ﬁ%ﬁ“ﬁ&@ﬁ%é&iﬁ%@ﬁ%&ﬂ

M5 2 A% (Walden, 1999) » 3 4o 3445 5 « f249 B ~ 2UELASLE K % 2% %

o

oo FER PR i gk o

Kb o g i B OG0 i M P (continuous time) s5E L BUEE > i S
d 027 1 & & ac e I (discrete time) e#ic =30 85 (David and Wiley, 1994) > % ¥
BBA SBASHPELIEEERSCE  SERPAZRTHI TS TENE
RR) BEOERH DTN AT TRATINEL T B - 2%
FEISeBic gL > AR IR T F Rt L v bk (S22 B B34
B BT LR (B ) R R AT ER S L BB B
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B4 7 (BL) 0 A7 AT U AR & E AT IER BRI o

S

000 \ /
Bl 3.4 vtk 1 H

AREEY RRFR oA RS ERLI AT R
(interval) » H & B & 2 R Jpfi & B FAF S (sampling frequency) & % & ¥
(sampling rate) » # 7 B LR F p VM B2 R EAE o Pl vk ik
PIUELE R IRARR o AR PIAER R R ORI SR o

AT SU B Lo 4R 0 P A 455 4100 ADC A B2 fm A fiek o > B LEL
§ iR i ik BB 2 chdp R 7 4 2] 0 @ dpdlicehs ) Bl Ao Flet ADC
AR K 0 S R M Lo B AR R ARP B o A RIS 2 B
) H Tk F AL sr B A PP f247 & (sampling resolution) s 11 = g4 &
Fod 1E0ex s Exirro

ABLEEEI T - BEREDOLEF AR LT ] BRHETE

(least significant bit, LSB)» i* & f g fic =58 =1 & - BIFEATE ﬁi%] » e

BRI MY LSBZ TR EEfPE R & e R ELY > -

P F & LSB it ADC fi2iT & o

M LET > ADC #hak figy » 224 DS EL A ] AR B T SR AT

<

FREFLRIREL G S NGO RS R T B S R
AR o —-Ha g o BEADC 2 Hahk hF|F 7 1A 5 a4 (Staller,
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R R B ﬁgq]”' S EEEET]T - B

2005) > § #3 ~ TR A < ho]
A RT BB A [ € 224 £ 1 P4 (quantization error) 5 ik B 7
WEZeex2 FFeni

(6 AABI ML Ben P B0 K PR B L I
B VEER A PO S M2 L B D RS T A SRR o DR
LR B BLIR B PF > T € i3 2 A5 354 (offSet error) 5 @ F S AE i B
BEErRBBFLGAR FREPELIERE TAIE S A LRI E2L
S B A e o PIFLS %] R A (full scale error) > (R £ KREF LS4 TR
(reference voltage) | A R34 > ¥ 5 d FIERE " ML o
Pt FIBLE R R - KRR > BBk T R
;kﬁ,,] D enfcE A OE TR EIEL 0 RIAL 5 e 2ha i sE £ (Differential

Nonlinearity, DNL)> ¥ ¥ 3 §# &4 254435 % (Intergral Nonlinearity, INL) * ** 45
FHROER RO ERI IR LIB DR b R - AFLA kP T
B eope S tgee o L5 RA(glitch) ¥ a0 P Fl e fEdR R b B DT R EH

o

MELA & T & (Wu et al, 1995) » $RER 1L G
- TR ENRERY ORI R XU E P MR R K
SRR T

o B PR

e R~ R T IEE R ol s [ S = o
Fgﬁ’» v Bl & "'K»éu\jﬁi:z“ ‘

AEAR A FUELSS
A hT R E %

A FH A ES AR

IERTNSY SF L P!

g2 > BP Y @ * dhene 35 In Situ o 7 " ig 20 Troll 5 5|k =3+ 2
2K R R R

B Bk

T AD R E @S

Schiumberger =7 Diver x 7| K =3+ o @ (& * 3§
BETRIRELGERY AR

T e fr“ﬁiﬁ v B R R R S
fi*g eEEV B2 RILE o FRMAR T M TR R o
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PR RAGUELBE RO VR ERG S A ML 2IBHER L
(Global System for Mobile Communications, GSM) ~ & & 4} & & 4 PR 7%(General
Packet Radio Service , GPRS)~ 12 2 4 5 % & i& 4% (Code Division Multiple Access,
CDMA) -
AT EEE R 2B TR R SR R R SGUELE@ R 50 TR ¥ GPRS

2B P GSM T = 5% GSM snlfedy B~ 50 5 e * TR T

FL 2 $ | (circuit switch)™ 3% » GPRS :z 12 4p e en ) BLiE (7 @iﬁ,ﬁ] AL A 3
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F2EOTHREJRFTHEHEFOTRA ARFLFRTEELRNUE 47
M%%%ﬁ’ﬂwmiiﬁm“ Fhot LER AR § i E P SER ) T

3 - Hpo g R e

Mﬂ

AT EREFRBER AN IRE ERE%K 0 E s HEOHT
PRI REER R THREREFFRI-FH- L DT EIFE LA
SRR AER R R R RS el FERRF iRTRERE

B L ER (S E (83 % Pressure Systems Inc. i 0 A5 5 KPSI 735 2 ic-k

W

PR ERER HAEINAD A AAH TS B e iTERIESOR
=Hd s # F (open face nose cap) iz o N SRR 4 F R Rt LB RS
R BT AR R e TR S R P 05 RE(E A R)NT R

gl o H @R F ORI B P Aok 4.1 AT o

#. 4.1 KPSI735 v ks8R 4 ik &k chde a2 20 § Pl

8 198¢g
TENBH & "%fq (Polyurethane)
S S AN
30psig
(full scale)
R R
1.5x FS
(Proof Pressure)
B R A
20xFS
(Burst Pressure)
&34 R
+0.0001% FS
(Resolution)
+0.05% FSO
(Accuracy)
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EF A7 ERDEARPRS R I AF L5 515530100~ 300500

S

psi> @ 25 & U R F 30~ 100 ~ 300 ~ 500 psi & v fEE® o p* AT P o
PR SR R R H B e RVUR G 300 psig (4 210 mH0) 0 A R Bl
KRR R R DB < ORPUR S ARG o AR B R R S PR B AR
BORERPIY AR RS e B EF A0 D PR A EE T R
RS2 REFEFTT BN ARRT o S EE R L BE R AR D
R s B R FUR A R RIS T G Ik KR FE RIS &
A ALY ke S RPRS L 30psigr dEHE 2L 21 2% HE
EEEEEAE L0208 HERGL 1A o

Mol R T 2 R R BT g B A KPVR 4 S 30psi sk 5Y R 4
ik - LARPFARE! Y g AR DEREEL 0 RS B
PRADIS B AV R EROP N FAAE2 B R
APE AR HRATE 5 0 0 Rk p TR GRS R R BT
AR ES R FP 3 W FSvk g SRR B FiTERY DR
BN AR Y oA SRR R ek T F o 2 TRk S 2 anfady o

G R hF s E 0 d SkyBees Technology = & #id » A5 %
GG200 » j 2= GPS £ GPRS » 382k % 32 BHEsf » 7 P PFe? 32 BiFh i 42 >
FAlE RS RRFE MR T A SRR RIT A N 25 @@?]
TR TG S RER s TR DT REI > WA
wRPTEed YRR VR (Bl R AP HOEF ARG ER D)

TR s E L AR A M T AL A 42
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£E 530 g
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1.3600 #/=x
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BRSO 2N SR e o MRA B E BICRVR A @ik RSP R D

) F2 i3

P BT AR A R R 4

CER E R AR A AR T2

SRR R YRR L a R R A R

Level = 6.1807 x (VDC— 0.1787)
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27k R R T B R A RI(
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pook R A R R D R 0 5o 7 - kSIRGEM RS R R b
4o 5 BERIGE ~ fE3n0 (signal to noise ratio) ~ & AT (sensitivity) ~ B BRE B & R
AR A (full scale) 42 X R E > LHPIFRFFEF LI - g RIFE
B R e SRR T o R LR TREHRRE R F T R R
S REEPETRY > LT R RS ST R e s B e P ensE
EERSFGERET -

AR kERd S 0 RIRREPRFOL R 2 o L REZIUR SR A R R
CredrenfE et 0 FEE P R SORRR G ARk e R R A R
R o BRI B EFE R BT RSB REBRAES N B
O RFEFARERMEF R M EREFTHEEEREUG FFHR FEFER
RiEWEFHRFETREZSE K FiEhE TR Sk Bl42 T LA BREER
FeFE RMILREEF LR m#w o gL et o PR BRI Bk 2R PR EE T Lk
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2R o
17
k
e 15
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% 43 AR 2 SoRGVRR A R SR 5N m@?l ~ E*f]‘f@;ﬁ%] A0 -8

P> 5 R :
(excitation mode) ﬁiﬁ HER
0-5 VDC
9-28 V 0-2.5VDC
TR 0-4 VDC
(constant voltage) 9-28V 4-20 mA
15-28 V 0-10 V
10-28 V 1.5-7.5 VDC
TR 20 mA(Max) mA
(constant current) 3-5 mA(Max) vVDC
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%51 2011 & 77 %2012 # 5% A3 -Rizetkiar &

- MY lER | RAEE| RRGE (RTE
A | (km) | (km) (km) (cm) A x
2011/7/1 647 4.6 50 110.0 120.9 0.21
2011/7/2 4:49 3.9 223 | 98.8 101.3 0.38
2011/7/3 20:30 4.8 68 | 152.9 167.3 0.8
2011/7/6 13222 4.5 15.6 | 117.7 118.7 0.56
2011/7/6 19:58 4.9 17.6 | 118.2 119.5 1.39
2011/7/7 142 4 17.3 | 118.1 119.4 0.31
2011/7/7 1:55 4.2 18.9 | 117.2 118.8 0.39
2011/7/12 19:17 5.3 31.2 | 87.9 93.3 4.65
2011/7/18 245 4.6 259 | 885 92.2 1.95
2011/7/18 22:48 5.1 29.8 | 169.8 172.4 0.43
2011/8/11 325 4.5 27 | 104.7 108.1 0.39
2011/8/12 6:07 4.8 324 | 915 97.1 0.56
2011/8/24 21:15 4.8 33.7| 116.0 120.8 0.7
2011/8/25 12:00 4.9 252 | 1429 145.1 0.74
2011/9/9 1126 4.8 10.4 | 168.4 168.7 0.7
2011/9/12 13:15 5.3 43.8 | 216.3 220.7 0.43
2011/9/22 6:18 5.2 17.2 1 101.3 102.8 1.92
2011/9/22 8:55 4.2 17 | 101.0 102.4 0.4
2011/10/20 1:22 4 5.8 96.9 97.1 0.52
2011/10/30 1123 6.5 |215.8] 297.7 367.7 2.08
2011/11/6 17:36 4 9.9 75.7 76.4 0.48
2011/11/8 10:59 6.9 1209.5| 645.6 678.8 2.83 B S N
2011/11/12 9:38 5.1 21.1 | 222.8 223.8 0.44
2011/11/21 3:14 4.4 31 87.8 93.2 0.52
2011/12/2 8:55 4.8 21.1 | 108.3 110.3 0.86
2011/12/4 13:00 4.8 61.1 | 168.0 178.8 0.26
2011/12/5 20:30 4.4 20 82.0 84.4 1.3
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2011/12/8 06:07 44 651 1169 | 133.8 | 0.26
2011/12/14 19:12 48 [385 | 121.1 | 127.0 | 0.61
2011/12/15 835 46 [249] 1081 | 111.0 | 1.91
2011/12/17 03:45 4.1 10 | 886 89.2 1.8
2011/12/23 339 52 | 921865 | 186.7 | 0.48
2012/1/4 14:59 47 92 916 921 | 048
2012/1/18 14:57 41 | 6.6 | 341 34.7 0.3
2012/1/21 8:50 49 1189 159.7 | 1609 | 031
2012/2/4 10:54 5.6 |114.1] 2205 | 2483 | 0.52
2012/2/23 1130 38 | 3.8 | 951 95.1 | 0.39
2012/2/23 13:01 42 [482] 1002 | 1112 | 0.26
2012/2/26 10:35 6.4 |263] 1175 | 1204 | 3.04
2012/3/1 1045 43 181 722 744 | 074
2012/3/22 0744 5 425] 1082 | 1163 | 0.96
2012/4/3 04:41 43 289 1049 | 108.8 | 0.34
2012/4/8 03:59 47 1302 1041 | 1084 | 1.82
2012/4/9 05:43 57 2921687 | 1712 | 187
2012/4/11 16:38 8.6 |[229(3975.1| 39752 | 0.87 | Ak EH
2012/4/11 18:43 82 | 164 |4154.1 | 4154.1 | 026 | & &
2012/4/12 1839 46 |128] 620 633 | 0.26
2012/4/19 09:58 55 [29.1] 1028 | 106.8 | 9.21
2012/5/1 2035 41 612 772 98.6 | 0.29
2012/5/20 12:50 34 | 83| 282 294 | 034
2012/5/30 1525 47 66 | 727 73.0 | 0.87
2012/5/31 14:58 41 | 521011 | 1012 | 026
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