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ABSTRACT

It has been recognized that long-term monitoring of gas/fluid composition
and groundwater-level at appropriate sites at or near fault zones is very helpful
to understand the mechanism and process of fault/earthquake activity.
Furthermore, it may help us to find out potential earthquake precursors in a
specific area.

In this project, we continuously monitor the variations of soil gas
composition of the existing stations. We found that many radon anomalies
have been observed in soil gas prior to the earthquakes occurred in northern
Taiwan, especially in llan area, for Tapingti station. Gukeng station and
Chunglung station are more sensitive for earthquakes occurred in
southwestern Taiwan, nevertheless, Pingtung station is sensitive for those
occurred in southern Taiwan. The earthquakes occurred in Taitung and
southern Hualien areas are usually associated with the soil radon anomalies of
Chihshang station. The data from Meilun station was affected significantly by
rainfall and show unclear relation to seismic events. Besides, the local rainfall
seems to affect the degassing-system of soil gas.

The groundwater pressure in 9 monitoring wells from December 2010 to
June 2011 was analyzed. The followings are the major results: (1) The
monitoring stations in Taipei are sensitive to the earthquakes which occur in
north-east Taiwan. Several anomalous pre-seismic events have been
recorded in the groundwater pressure data from the monitoring wells,
especially Mingde station and Jinhe station, although groundwater pressure
are obviously affected by precipitation. (2) In Hsinchu area, groundwater data
from Shin-Le monitoring well show clear anomalous pre-seismic variations.
We observed several pre-seismic groundwater anomalies which are related to
the earthquakes occured in Hsinchu area and northeastern Taiwan. (3)
Pre-seismic events recorded by monitoring wells in Chiayi area correlated with
the earthquakes in central and southern Taiwan and offshore (western margin
of Philippine Sea Plate). Yunshui monitoring well showed more possible
precursors and was rarely affected by precipitation. These character are
conductive to observing earthquake precursors.

Radon anomalous declines were recorded at Antung station prior to

February 17, 2008 My 5.4 Antung earthquake; at Sheding station prior to
111



March 4, 2010 M_ 6.4 Chiahsien earthquake, November 12, 2010 M_ 5.3
Fangliao earthquake, and August 31, 2011 M_ 4.8 Oluanpi earthquake. Both
Antung andesite and Kenting limestone are situated in suitable geological
conditions (a brittle fractured aquifer surrounded by ductile formation) to catch
radon precursory declines. Continuous monitoring systems were set up at
both stations in 2011. Both Antung and Sheding station are capable to catch
radon anomalous declines precursory to local disastrous earthquakes (My >
6.0) in the southern segment of longitudinal valley of eastern Taiwan and in the
Hengchun peninsula of southern Taiwan, respectively.

The monitoring results show that some pre-seimic anomalies related to
moderate to large seismic events can be observed in several monitoring
stations. For example, radon anomalies were recorded at Tapingti, Chunglung
and Chihshang staions about 10 days before Haulien Earthquake (2010/12/6,
M_=5.2), groundwater data from Mingde, Jinhe and Yunshui also show show
pre-seismic variations related to this earthquake. In addition, pre-seismic
radon anomalies were observed at Chunglung, Pingtung and Chihshang
stations and anomalous groundwater variations at Yuishui and Dabang
monitoring wells before Taitung Earthquake (2011/3/20, M_ = 5.8). Thus,
comparing the pre-seismic events at different monitoring stations, we can
further identify the sensitivity zone of each monitoring system and then may be
able to predict the epicenter of upcoming earthquake.

Soil gas data of selected monitoring stations were also dealed with
different time-series techniques, such as lerative Gaussian Smoothing and
Empirical Mode Decomposition. After extracting the daily atmospheric
temperature effect, we can clearly recognize the anomalous variations of
radon concentrations. The results seem to be helpful to quantatively identify
the anomalies related to seismic activities. We will analysze the monitoring
data to define the characteristics for each station, furthermore, to clarify the
possible relationship between geochemical parameters with tectonic and

seismic activities in one area.
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MY AR R oW RFA N REBE M 2 R BRIKARA
Aa EREMDL G FR oA P REGR %TkﬂakEmPJUymmdd

1995; Teng, 1980 ) »
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451x10° Y

Po-234

1.177 M

U-234

Th-234

24.1 D

Y

B 2.47x10° Y

a

Th-230

78,000 Y

a

A

Ra-226

1602 Y

Rn-222

3.824 D

a (5.49 MeV)

Po-218

3.05M

a (6.003 MeV)

Pb-214

26.8 M

At-218

28

\ 4
Bi-214

19.8 M

T1-210

1.3 M

Rn-218
M 0.035s
(04
A 4
Po-214
0.000164 S
Bi-210
o |(7.687 MeV)
d 5.01 D
Pb-210
s P
~ 22Y
T1-206
o Y
. B~ 421 M
Hg-206
8.2 M

Bl 2-5 Rn-222 p U-238 7% %48 (§ g Rn-222 % % 1 Pb-210 A &2 f5 ) -
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FERGRF R ol RE b MBS > 1970 £ 3 1980 & & > £ &~ W
BRSPS Bﬂ‘izl\%iﬂ?\’bf’uﬁ\rﬁﬂ?\ﬂl ] i TR 2
G w%*ﬁxﬂr 2 ¢ Ly i An k% (Livetal, 1984) ¢ L2 3 1
519803 1984 EH A A X T WK AT RO FIRT ERT BF RS
O I T RS R R (T AR A MR F Epl% (Liuetal, 1985) ¢ 2006 &
B = =5 X BgRp 44 % A 2 3 (Kuo et al., 2006a; 2006b; 2009 ; 2010a ; 2010b ;
2010c : 2011) # 458y > ¥ d 3o 7 7J<7J<i ;};}iﬂzifg%ft kX e AT G RV E
WAL T RRIERER - BRI o

Jf“%-ﬂ By § 577 Bor (Haukssonl981 Toutain and Baubron, 1999 ) »
b BRTES 0 A3 80% STy BRI PG TORORE B R m v S
Ao AN TRk kR R Y R AT IRT RS o b 4e Wakita
etal. (1980) % 1978 # p & # & # & (Izu-Oshima-kinkai earthquake ) #L#- M 7.0
S5 BN 0 BLBI TP BE ek TRk R Aﬂﬁl#'ﬂéiﬁ,@ ¥ ohpend o 1978 # ¢
BURIFI s TRk FORR R E TR 0 450 IR k2

Kuo et al. (2006a) #= 7% :}F] 21302003 E 127 10p 3 2 & 5 3L 24F ”Rﬁ.—ﬂ
My 6.8 4 Z kifpm » EI Zws TRKFT ERREF T o 1 ¥
ZRIFIL 52003 Al B v 2 oV d K AR B THIRE R TR
K E A FARRAP AR (T 5 B R R RRIR A X WIR A R T A it L
BEFy RS hIe FiE RN LR L £ o 11 Braceetal. (1966) s
SEBELPIEFRIRIR G 5 AHOE ZWE AR FATLARD KPR T 5 B kA
Bk T s R BMASTRE R AHA S BUSAAR T A AL
ATIVIE g RPN L i R0 A 4§ #8 40 {o & (gas saturation )
kipeng F 2% i 49 (Kuoetal,2006a) § A feF| fF 407 2 7 % k28 &
2003# s BoRFRm o ToRY FERR RN TSR G HFY 5 A F S ER
FEEEFTFF RS #Mﬁa%.ﬁé}’%&%&ﬁﬁﬁiw T oRE B 60°C BF Tk B

LT 0 M EAE A ERIE A KRR Ao A et sk (B12-6)

LR % k& d 780 pCi/L 7] 330 pCi/L e 8 % T "5 3% » §_F
# W ok (gassaturation) £ 10%0fn™ 4 5 ¥ € # 2 o & {of 8 10%:5
tefod BEMA R TAL AR EF AP DM F T AR FAERE
Rlsk g 313 TRk FER Y T80 pCl/L 330 pCilL eh8 ¥ T I g A H
tv 10%H M2 WA BT S o P TR DB AR Y F AR F LRk
BT e fog 2 L0 MEBEG D 0 EA R BB BRI DA

4 .
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B 2-6 & 60CHF7 [rit g Merfok 2 X3 A FA2 TR R ERE B
(Kuo et al., 2006a) -
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24 I REFHBEPIEILIER T RE
24.1 = &35 H 3 ik

A~ ik ® » Standford Research System (SRS)= & ) & chw &% 5 3¥
(QMS-100) &5 pLipl=b~ 47§ #82. R % - SRS QMS-100 £ 7 %84/
AT AT BB 0 X Gk 2 AR (10°~10" torr) ~ 1B F 2 A%
BR824 (<05 amu) - sl fFpt» (<10 §5) BT 245 5
BAME (s TEF "% R FF FF EF - F CRE)
FHRE-ATEFEF N LDAFRRFHS R B L HI R G S
oo e ST E R R IR ER A Y (M 2% 200002001
2002) -

242 3 5 WRIR

AETHEY 25 F BRR K SARAD = 2 @i - 15L 5 RTM
2100 > 2 &7 A 454 § 15 B =% > A % 3 “?Rn (Radon)* ?Rn
(Thoron)e o % A ggLip| =k At & PF R a4 4 470 7] 2 £ & Radon (fast)
WA PR F 150t LB GT FHF R 28wt
BRI EM ARG B By ¢ g ik Rn-222 & Rn-220 m“%x—&/ﬂ@r
FPRAECBRRADRIZE? AR AT R FERECHEP G A
T g FaRa A8 a3Ah &”3—1nwa/w\%‘rThoronmrsxﬁ%Iﬁaa

s 45 0.5 2 247 Radon ml“&ﬁﬁp" HERIMY G AR RETEF § DT
HEELs »uaFday B-BR (£1C) 23R (£2%)° #4247
K RIS ’é]réfﬁ']é‘.i BEFZRCEDLFTT (R
% > 2003)-

(“J

243 » B iR

AR E 5 % K kinemetrics = P 974 A2 b i 4eiE B DR R R &7 18-bits
% R R T T f 2G R ehe B feskehE 5L L = g (channel 1~3
ABLEEe smite i Ld e ) B S L+ 4§ 200 8 (200Hz) - # A 479
T RIL I RS AT A b2 3 Ik 1 8 R 2 R (1/4) (15 % & % 2005) -

16



25 ¥ R fikihidn

AT Y o d N F BRI R K F RS R R e R eh
B B TRl sk e g F 4 o Dobrovolsky et al. (1978) i A+ ¥ g4 (%
T TRFAR BDRRTE - PRV EERUBAAF o BRSO RAF L
- B R AP sl # %L T (strainradius, D) £2# BRHC (ML) B4,

Behf %
D (strain radius) = 10%43*M

s %—43_* EREETR(F)RERLS §Lrm B d gl F5
gefFl o T T oA IR YR e
Mo T R L R (D) B R s e (R) 4R % s DR & k44
B =k B3 iy % L [T (strain radius) e g e ¥ ¢h Bella et al. (1998) i :x 1
Dobrovolsky et al. (1978) ek 3¢ » H% 47 - B Sdice ¥ % RV &% 97X
7] e 4

1.}': L. oiFE

E= e

1395 Dobrovolsky et al. (1978)c L% » w v & g e =1 x 108 e % 2 @t;j-f;z
g RAFE ok k PRA E=1x1070

FUL o BT AR S g4 HE B R (M) 2 B4 T RhiES
(R)#E DN DRZ e BiE o 103 it pLp| FEFHW -

-t
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£ : BT oo ABBERG 13202 ) A RTEHL 24 2%
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AP F 2 B TORBBLUBEEA F N S SRR R AR R 2 AT 4cE 2-3
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PR BAZ AR ALY FRRIY 03 & G RATR 2 SHEMHA TS LY AT
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4%? 100 2007)c BHRE A S B A NBE A SR A > WAL B
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BOEETR LGRS ETR P BOSEE G- 204 1 TR B 4t 1951 = WA A 4 p
ERHM6] 2 M7.35 =5 7% 2 (Hsu,1962)« 2 % &4 « 1| £ 2 GPS £
Rl- FA 0 B 1 ETE ERITIERE R EETE B R 020 & AT E
2-3 cm/yr (kT4 t £-% ) (Angelier et al., 2000; Yu et al., 1990, Yu and Kuo,

2001; Lee et al., 2003 ) > @ 2003 # 12 * 10 p & B w 2= - ~ 0 & 5 L Bhat #
FRAAF RERE My 6.8 7] B 0 5 p 1951 &k H B 7]

PR

22



23°30']

23158

2300

o

RYUKYU ARC

, \‘\A__A_A———‘
T~

v
o<
=
)
22°45' 2
4. PHILIPPINE SEA PLATE
o
120. 122 1;4 :
121°00' 121°15' 121°30' 121°45
Bl 3-2 Zi# TR-KE 2 ARG WEREEE

B (z~ 5% 052003 #31 37

23



332

IR FEFER

1951 & 11 % 25 P P B 22T H A B AR R ANEFRES By L
ibﬁﬁwwliﬁ%ziﬁ%ﬁMl&%@wmﬁiﬁﬁﬁﬁﬁ@%ﬁﬁ’
TR EAGT o FREARe LS AR B REL AR A3 (23100 N
121225E) : AR 3 BT L A R4 =03 2 %if (23.275N5 121.350E) -

bR ETR
2 1

2 (M

1,016 /& %

2
li—r' a\ﬂ’»
B

At d kAR FHA D gy L% > JLE AL R LY e g
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2 5 HEm | kR T N E
: .;fﬁf%; ;’ ,:; _:(’;,k :; ;; \| 500 63 284243 | 2575601
Z1 100 63 284229 2575601
%2 40 63 284203 2575629
%3 275 55 284055 2575804
%4 245 42 284055 2575874
TR A 187 61 284030 2575813
+# B 234 55 284024 2575761
v R 310 40 284322 2575915
358 A 300 57 284016 2575625
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%033 T FAF 4 RE A EAEE A 2 KT A (GER ppm)

2 FHpp |2®| BFE kR | Rn222| | | ; ,
_ K™ | Na" |Ca™ | Mg HCO3 COs~ CI S04~
(m) | (m) C | (pCilL)
FHFEARER
2009/3/25 | 500 | p #f # 63 101 |3.35|493 |65.7| <0.2 28.6 ND 699 360
(¢ FR)
%1 2008/1/5 | 100 | p ¥ # 63 157 |4.84| 559 |93.4|0.041 6.1 70.8 904 483
%2 2008/1/5 | 40 prg 2 63 52 4.48 | 561 | 77.2|0.028 7.3 62.4 910 493
% 3 2008/1/5 | 275 150 55 634 |2.72| 364 |31.8| 0.84 305 ND 389 362
% 4 2008/1/5 | 245 150 42 320 [1.69| 312 |1.78| 0.02 945 144 118 360
TARA 2008/1/5 | 187 144 61 899 |3.88| 346 | 26.6 | 0.363 259 ND 343 356
THB 2008/1/5 | 234 156 55 845 |3.24] 401 |31.2|0.198 178 14.4 530 323
LRE 2008/1/5 | 310 180 40 57 4.66 | 554 | 63.3|0.112 122 16.8 870 392
3R A 2008/1/5 | 300 | 120-150 | 57 295 |2.99| 487 28.8| 1.67 805 26.4 491 515
IC IC IC IC NIEA NIEA NIEA NIEA
B i
3 pE3 3 2 | W449.00B | W449.00B | W415.52B | W415.52B

ND @ 3= ;2 i Bl4& "2

IC 3% @ RpRELI&T K47 R(C) R BIZ -

NIEA W449.00B : # rchtk 5 B #r > -k? sk RHRPIS 2 —F 252 - ¥ £AR 92 & 11 7 24 p o
NIEA WA15.52B : 7 sckath B i o7 » k¥ 1R85 oS 2 — 45 174 - £/ 94 £ 57 107 -
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sample date. | no X67 Y67 longitude | latitude | He (Ev) | He (oppm) | CO2 flux |Rn(Bg/m3)| N2 (%) | O2+Ar (%) | CO2 (%) | CH4 (%) | Total (%)
0510-1 1 | 199348 | 2608982 | 120.51 23.58 1.716 5.20 5.06 37048 77.36 16.90 5.74 0 100
0510-2 2 | 199596 | 2608831 120.51 23.58 1.717 5.21 13.84 6587 79.11 20.18 0.71 0 100
0510-3 3 | 199796 | 2608693 | 120.52 | 23.58 1.718 522 5.16 20510 78.72 20.31 0.97 0 100
0510-4 4 | 199839 | 2608364 | 12052 | 23.58 1.717 5.21 8.80 20522 78.95 18.46 2.59 0 100
0510-5 5 | 199912 | 2607910 | 120.52 | 23.57 1.718 522 4.26 15285 78.33 18.66 3.01 0 100
0510-6 6 | 199233 | 2607791 120.51 23.57 1.716 5.20 12.11 16694 78.63 19.43 1.94 0 100
0510-7 7 | 198725 | 2608272 | 120.51 23.58 1.720 5.25 12.27 4106 79.04 20.57 0.39 0 100
0510-8 8 | 198685 | 2608392 | 120.51 23.58 1.714 5.18 9.89 9165 78.68 18.89 243 0 100
0510-9 9 | 197816 | 2609084 | 120.50 | 23.58 1.718 522 11.58 11943 7791 17.86 423 0 100
0511-10 10 | 197508 | 2607114 | 12049 | 23.56 1.719 5.24 3.20 6891 79.10 20.66 0.24 0 100
0511-11 11 | 197093 | 2607419 | 12049 | 23.57 1.719 5.24 14.02 3253 79.00 20.56 0.44 0 100
0511-12 12 | 196773 | 2607508 | 12049 | 23.57 1.720 5.25 7.46 8739 78.02 21.15 0.83 0 100
0511-13 13 | 196590 | 2607704 | 12049 | 23.57 1.718 5.22 5.19 4394 78.03 19.54 243 0 100
0511-14 14 | 196337 | 2607821 12048 | 23.57 1.719 5.24 9.49 8999 71.79 20.48 1.73 0 100
0511-15 15 | 196113 | 2607712 | 12048 | 23.57 1.716 5.20 12.47 6177 78.46 19.91 1.63 0 100
0511-16 16 | 196107 | 2607862 | 12048 | 23.57 1.720 5.25 2.12 5656 78.56 21.07 0.36 0 100
0511-17 17 | 196037 | 2608377 | 12048 | 23.58 1.720 5.25 5.12 17992 77.46 18.33 421 0 100
0511-18 18 | 196591 | 2607999 | 12049 | 23.57 1.720 5.25 10.05 9222 78.37 20.41 1.22 0 100
0511-19 19 | 196902 | 2607913 | 12049 | 23.57 1.718 522 19.61 13383 78.58 19.11 2.31 0 100
0511-20 20 | 197095 | 2607777 | 12049 | 23.57 1.719 5.24 2.10 16195 78.03 16.80 5.17 0 100
0511-21 21 | 197830 | 2607567 | 12050 | 23.57 1.713 5.16 14.32 12030 76.38 15.93 7.69 0 100
0511-22 22 | 197685 | 2607723 | 12050 | 23.57 1.713 5.16 6.06 8034 78.57 20.93 0.50 0 100
0511-23 23 | 197343 | 2607828 | 12049 | 23.57 1.717 5.21 2.15 9384 78.45 19.99 1.56 0 100
0511-24 24 | 196928 | 2607608 | 12049 | 23.57 1.716 5.20 8.31 20185 76.78 14.18 9.03 0 100
0609-25 25 | 194498 | 2606777 | 12046 | 23.56 1.719 5.24 8.46 34213 79.65 17.33 3.02 0 100
0609-26 26 | 194816 | 2606584 | 12047 | 23.56 1.720 5.25 12.76 19914 79.46 19.98 0.56 0 100
0609-27 27 | 195105 | 2606418 | 12047 | 23.56 1.721 5.26 29.16 27171 80.90 16.15 2.95 0 100
0609-28 28 | 195355 | 2606333 | 12047 | 23.56 1.719 5.24 11.53 12826 79.70 16.40 3.90 0 100
0609-29 29 | 195494 | 2606291 12047 | 23.56 1.720 5.25 52.07 11572 76.67 17.06 6.27 0 100
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O2+Ar

no |sample date. | He (ppm) Rn(Bg/m3)| N2 (%) @) CO2 (%) |CH4 (%) |Total (%)
2011/5/30 5.37 50724 84.54 6.56 8.90 0 100
: 2011/6/9 5.24 542176 79.73 19.01 1.26 0 100
2011/5/30 5.24 13183 78.07 15.06 6.87 0 100
? 2011/6/9 5.24 16481 71.36 15.02 7.62 0 100
17 2011/6/9 5.25 29068 69.16 16.77 14.07 0 100
2011/5/30 5.25 31416 79.94 13.26 6.80 0 100

P 2011/6/9 5.24 28088 - - - - -

o 2011/5/30 5.28 56265 84.92 5.01 10.06 0 100
2011/6/9 5.24 57337 7591 9.31 14.78 0 100
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samplign O2+Ar
He (ppm) | Rn(Ba/m3) | N2 (%) CO2 (%)|CH4 (%)| Total (%)
date. (%)
(0929-30 5.27 12816 81.66 16.71 1.64 0 100
0929-31 5.24 25399 81.08 14.45 4.46 0 100
0929-34 5.24 35617 80.30 14.65 5.05 0 100
0929-35 5.24 26009 81.38 16.07 2.55 0 100
0929-36 5.24 20656 81.63 17.19 1.18 0 100
0929-37 5.24 30259 82.31 16.92 0.77 0 100
0929-38 5.24 6984 82.45 1743 0.13 0 100
1006-30 5.24 18522 81.94 16.02 2.05 0 100
1006-30-1 5.24 29091 81.91 14.63 3.46 0 100
1006-31 5.24 17538 81.57 15.18 325 0 100
1006-34 5.24 15076 81.94 15.83 223 0 100
1006-35 5.24 21052 82.52 17.27 0.21 0 100
1006-36 5.24 23133 80.72 16.66 2.62 0 100
1020-30 5.24 12069 82.37 17.19 0.44 0 100
1020-30-1 5.24 18261 82.26 17.15 0.60 0 100
1020-39 5.24 31677 80.26 15.36 4.38 0 100
1020-40 5.24 18373 79.50 12.05 8.45 0 100
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12057 23.38 B IS (FIE YR Mi=5F Int.=2 F% D/R=2 - Bi#Ec200km

No FIRE§R | 48 D=10M043*M)| AZE | #EE (BR km AR YR PR R | gl | BEEEGm) | DR
10-581 | 2010/12/6 10:14 | 5.2 172.19 1215 [23.67| 253 (BRI R 165 2 E! v 4 | 2528 100.11 1.7
10-583 | 2010/12/7 10:46 | 5.1 155.96 12146 | 2292 | 30.1 PR TBE R 213 2 E v 3 | 821 104.26 15
10-587 | 2010/12/913:20 | 4 52.48 12071 | 2349 | 9.4 B EN PIBHR Y 105 R v 3 | 1567 18.76 2.8
10-614 | 2010/12/27 17:01 | 3.7 38.99 12058 [23.19 | 17.1 FIFTPER I EE 461 2 E 3 | 1227 21.04 1.9
11-10 2011/1/7 16:42 | 34 28.97 12046 | 232 | 179 FIFERRT Y 367 2 E v 2 | 543 22.86 1.3
11-30 2011/1/25 20:44 | 3.7 38.99 120.83 | 23.53 | 204 PRI R 438 2 E 2 | 506 31.29 1.2
11-32 2011/1/28 10:52 | 4.2 63.97 12063 | 229 | 5 R P ™ 454 2 E 2 | 19 53.43 1.2
*11-43 2011/2/116:16 | 5.5 231.74 121.8 | 24.24 | 17.6 =B/ NI 33.0 2EI9hE 2 | 7192 157.20 1.5
*11-90 | 2011/2/1515:18 | 5.5 231.74 1213 [21.18| 354 FIRRIH Y 1750 2EI9hE 1| 181 25458 | 09
11-96 2011/2/26 18:23 | 3.7 38.99 120.73 | 23.58 | 202 BAREH A 466 S~ E v 2 | 675 27.49 1.4
11-130 | 2011/3/1222:20 | 3.7 38.99 120.73 | 23.59 | 20.2 BBARHWHEEA™Y 466 E v 2 | 62 28.39 1.4
11-137 | 2011/3/16 21:12 | 4.7 104.95 120.71 | 22.53 | 379 HNRBHNE Y 283 1E v 2 | 523 95.08 1.1
11-146 | 2011/3/20 16:00 | 5.8 311.89 1214 | 2242 163 (IR 453 2EI9hE v 4 | 54.05 136.01 23
11-169 2011/4/1 06:48 | 3.9 4753 12097 | 237 | 163 IR N 362 B v 2 3 54.00 0.9
11-190 | 2011/4/11 04:44 | 3.7 38.99 1207 | 23.6 | 148 SRR 213 2 E 2 | 491 27.71 1.4
¥11-219 | 2011/4/2921:12 | 5.9 344.35 122.07 2135 | 178.1 FINSEE Y 1825 EITHE 3 | 1456 | 27235 1.3
¥11-220 | 2011/4/3016:35 | 5.8 311.89 121.81 | 2465 | 75 IRHH Y 101 2 E 3 | 1512 188.68 1.7
11222 2011/5/2 00:54 | 3.3 26.24 1206 [2331| 17 BuBRIH R Y 356 2E 3 | 1101 8.33 32
11-224 2011/5/323:52 | 5.2 172.19 1218 | 239 | 342 (BB (R 203 2 EISHE 2 | 625 137.88 1.2
11-233 2011/5/7 05:31 | 4.7 104.95 12146 | 23.18 | 22.8 FINAETRRA™ Y 572 2B 2 | 589 93.57 1.1
11-237 2011/5/8 07:32 | 3.3 26.24 1205 (2339 | 8 BB Y 227 2E 2 | 494 7.23 3.6
11251 | 2011/5/21 08:34 | 3.5 31.99 12071 [23.59 | 19 B EEHMEH™Y 285 2R 2 | 51 27.26 1.2
11254 | 2011/5/2209:34 | 5 141.25 121.72 | 2415 | 8 (BRI 208 ZEE 2 | 352 144.76 1.0

249 57 BRI GEHFESOPME B2 2T 5 R4 3 F e 54
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120.57 23.38 PaFirl I (F UE | BIRBY) Mi=5 F Int. =2 B DIR=2 » i#E<200km
No P |38 D=10N043*M)| A% | 8% | %R km REF YR MREER | RE | gl | EEHGm) | DR
*11-257 | 2011/5/23 05:07 | 4.7 10495 | 121.08 (23.89| 168 PSRRI Y 397 RE 2 | 66 76.69 14
*11-264 | 2011/5/2502:32 | 4.7 10495 | 12166 | 234 | 324 Tb%mrfrﬁﬁm 652 *EIgHE 2 | 545 111.29 0.9
11279 | 2011/6/3 02:08 | 4.1 5794 12071 | 236 | 212 SRR N R D 219 2B 3 |19.05 28.21 2.1
11-290 | 2011/6/10 09:25 | 5.1 15596 | 121.68 [23.57| 28 T&ﬁ%‘eﬁrfﬁm 468 *E'9HE 31493 11517 1.4
11317 | 2011/6/2621:19 | 5 14125 | 121.02 (23.84| 94 FIEEREOR Y 343 JE (IR C E) 312007 68.49 2.1
*11-333 | 2011/7/320:30 | 438 11588 | 121.93 (2472 70 IPRHEY 168 2R (R W) 2 | 289 202.59 0.6
*11-346 | 2011/7/6 19:58 | 49 12794 | 12175 |2424| 162 TSBEEHI R Y 30.5 R (SR TSBRNE) 2 |3.03 153.18 0.8
11373 | 2011/7/8 16:19 | 3.3 2624 | 12062 |2347| 163 BB PR 173 2E (RHERASES 4 (3373 11.18 2.3
*11-381 | 2011/7/1219:17 | 5.3 190.11 | 121.53|23.53| 207 TREPSHFE Y 523 NE (BRTSRRITAE) 3 |13.69 99.34 19
*11382 | 2011/7/1315:19 | 54 | 20989 | 12397 [24.48| 99.4 IRIFHR Y 2254 R (BRI i) 1 | 107 366.42 0.6
*11399 | 2011/7/18 22:48 | 5.1 15596 [ 12229 2352 27.1 TSBBEHE ™ 86.1 FEN (R W AN 2 | 779 176.18 0.9
*11-413 | 2011/7/23 16:53 | 3.5 3199 12093 (2337 7.1 BAT PN R 502 2BV (R AR 2 | 384 36.77 0.9
11433 | 2011/8/709:08 | 34 2897 12058236 | 139 | EHEERPMHEN 123 B (SRR ) 3 |14.28 24.35 12
*11-436 | 2011/8/1103:25 | 4.5 86.10 | 12173 |2339| 202 (BB 67.8 SEN (WA W) 2 |5.19 118.42 0.7
*11-439 | 2011/8/12 06:07 | 4.8 11588 | 121.67|2378| 269 | (-BEIEHEERY 242 2B (BR{IMHNER) 31903 120.54 L0
11-467 | 2011/9/209:17 | 3.3 2624 | 12049 |23.44| 108 BAT MR 58 JE (BRBBAKH I 4 2646 10.52 2.5
*11-476 | 2011/9/911:26 | 5 14125 [12099 [2233| 94 PSR S0.1 2B (R MRS 3 |885 123.83 1.1
*11-484 | 2011/9/1213:15 | 5.1 15596 | 122.79 [23.63| 41 [SBRRPTHF#  1253 2B (WL I ) 2 |326 228.10 0.7
*11-489 | 2011/9/13 18:44 | 3.4 2897 | 120.66 |2345| 153 BAFNEY 212 2B (BRRAFAEH 3 |1428 12,01 24
11-502 | 2011/9/2206:18 | 5.1 15596 | 121.69 [24.09| 20.1 TSBEPHER Y 132 2B (SR TSBRNE) 2 | 402 138.45 1.1
*¥11-524 | 2011/10/923:54 | 4.6 95.06  [121.03|225| 214 PSR R 307 RED (R RSRT) 2 |595 108.11 0.9
11552 |2011/10/27 03:11| 3.6 3532 12032 |2329| 144 BEBIFHE T 190 JE (R T ATERE) 2 | 345 27.40 13
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11-557  |2011/10/28 15:58| 3.6 35.32 12032 [23.25| 21.2 FARIFHE Y 233 DB (RGP B 4.11 29.30 12
*¥11-562  |2011/10/30 11:23| 6.3 51168 |123.14 |2529| 2214 FEET MY 1414 2 (00 W00 2.83 335.34 1.5
T X PR B BERIHE SR (Z150km) ~ Bk S E (=50km) e B 2 A Pl F BB K s A e R
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251 v F 59 B RIBEBFHIGLAITESE o

Micro GC

No. | X67 Y67  |Rn (Bg/m®) | He (ppm)

N2 (%) |Oz+Ar (%)| CO; (%) | CH4 (%)
S1 |219374| 2689261 | 27479 5.24 81.55 13.51 4.94 0.00
S2 219739 | 2688791 12766 5.24 82.30 17.13 0.57 0.00
S3 220189 | 2688325 14404 5.24 81.71 16.77 1.52 0.00
S4 |220746 | 2687960 | 61989 5.24 82.38 16.72 0.90 0.00
S5 [221204 | 2688252 | 19387 5.24 81.77 15.91 2.31 0.00
S6 | 222038 | 2688265 17570 5.24 82.68 16.87 0.45 0.00
S7 |222485| 2688570 | 36588 5.24 82.10 16.93 0.97 0.00
S8 | 222827 | 2688374 | 14285 5.24 82.26 16.71 1.03 0.00
SO |223234| 2688230 | 36996 5.28 81.74 17.48 0.77 0.00
S10 | 223654 | 2688030 | 16814 5.24 81.53 16.10 2.37 0.00
S11 |224061 | 2687637 | 13852 5.24 82.31 15.87 1.82 0.00
S12 | 224617 | 2690161 16651 5.24 81.92 16.40 1.68 0.00
S13 | 224092 | 2689868 | 20533 5.24 81.99 15.77 2.24 0.00
S14 | 223632 | 2689783 16096 5.24 82.36 16.29 1.35 0.00
S15 | 223092 | 2689978 | 13390 5.24 81.99 17.74 0.28 0.00
S16 | 222506 | 2689996 5025 5.24 82.06 17.38 0.56 0.00
S17 | 222592 | 2690373 14160 5.24 81.67 17.18 1.15 0.00
S18 | 220535 | 2690722 | 27158 5.28 81.81 16.41 1.78 0.00
S19 | 219583 | 2690343 9682 5.24 81.31 17.21 1.48 0.00
S20 | 218842 | 2690550 | 33488 5.24 81.39 15.64 2.97 0.00
S21 | 219108 | 2690251 | 76883 5.24 81.30 15.87 2.83 0.00
S22 219320 | 2693325 | 23801 5.24 81.67 16.73 1.60 0.00
S23 219777 | 2692750 | 29795 5.24 82.02 17.53 0.45 0.00
S24 | 220282 | 2692135 | 33707 5.24 81.82 17.07 1.11 0.00
S25 | 220812 | 2692183 4323 5.24 83.10 16.44 0.46 0.00
S26 | 221560 | 2692100 | 21716 5.24 82.44 15.70 1.86 0.00
S27 | 222317 | 2691902 | 14108 5.24 82.04 15.79 2.18 0.00
S28 | 222975 | 2691763 10902 5.24 83.04 16.29 0.67 0.00
S29 | 223531 | 2691483 | 21815 5.24 83.18 15.13 1.68 0.00
S30 | 223765 | 2691202 | 36200 5.24 82.15 14.22 3.63 0.00
S31 | 224181 | 2691246 | 14992 5.38 86.33 12.55 1.11 0.00
S32 | 223584 | 2691029 8374 5.24 83.25 16.01 0.74 0.00
S33 | 223894 | 2691023 8418 5.24 82.63 16.67 0.70 0.00
S34 | 218449 | 2696159 | 20932 5.24 82.60 14.97 2.43 0.00
S35 | 219074 | 2695584 6279 5.24 83.89 15.59 0.52 0.00
S36 | 219569 | 2695262 | 19724 5.24 84.29 14.95 0.75 0.00
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251 R P B RABEFHIGATREEGED -
3 Micro GC

No. | X67 Y67 Rn (Bg/m?)| He (ppm)

N2 (%) |O2tAr (%)| CO, (%) | CH, (%)
S37 12696146| 218435 4365 5.24 84.64 15.33 0.03 0.00
S38 [2695571| 219059 3091 5.24 84.50 15.29 0.21 0.00
S39 12695249| 219555 17764 5.24 83.76 13.33 291 0.00
S40 12695196 220204 10448 5.24 83.99 15.69 0.32 0.00
S41 |2694186| 222954 14359 5.24 82.89 15.62 1.49 0.00
S42 12694206| 223520 25876 5.24 84.45 12.09 3.45 0.00
S43 12694134 224125 26199 5.24 82.81 13.96 3.22 0.00
S44 12693367| 225014 7666 5.24 83.26 14.90 1.84 0.00
S45 12692429| 226746 713 5.24 83.59 16.34 0.07 0.00
S46 12692605| 226271 9279 5.24 83.09 15.46 1.44 0.00
S47 12693057| 225430 15979 5.24 84.11 15.43 0.45 0.00
S48 |2701383| 219267 25916 5.24 86.85 10.21 2.94 0.00
S49 12700939 220292 17806 5.24 87.26 10.17 2.57 0.00
S50 |2700599| 221059 38955 5.24 86.57 12.05 1.38 0.00
S51 |2700273| 222351 35457 5.24 87.00 8.72 4.29 0.00
S52 12699957 223776 48338 5.24 85.94 5.19 8.87 0.00
S53 |2699883| 224886 1099 5.24 86.84 11.57 1.59 0.00
S54 12700017| 225601 44115 5.24 86.87 8.83 4.30 0.00
S55 12699044| 225778 32011 5.24 78.81 14.65 6.54 0.00
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ekr Fl-g U B2 EFHIL LIRS

PR (a2 A% A (E/N)|Art0, (%) N2 (%) | CHs (%) | CO2 (%) |He (ppm) (35/213)
2006/2/9 | m1 [201918 [ 2610016 | 21.95 | 78.05 0 0 525 | 14,460
2006/2/9 | m2 |201868 | 2609877 | 21.49 | 78.39 0 0.12 529 | 14,267
2006/2/9 | m3 | 201808 | 2609753 | 21.92 | 78.08 0 0 5.24 -
2006/2/9 | m4 |[202148 | 2608575 | 20.96 | 78.09 0 0.94 5.24 -
2006/2/9 | m5 |[202507 | 2608868 | 21.26 | 78.18 0 0.56 5.29 -
2006/2/9 | m6 | 202229 | 2609377 | 20.71 | 78.32 0 0.97 5.32 | 10,030
2006/2/9 | m7 | 202258 | 2609734 | 21.90 | 78.10 0 0 524 | 4,899
2006/2/9 | m8 |[202253 | 2609968 | 21.85 | 78.15 0 0 526 | 10,208
2006/2/9 | m9 |[202651 | 2609804 | 20.49 | 77.87 0 1.64 5.30 -
2006/2/9 | m10 | 202730 | 2609570 | 21.65 | 78.35 0 0 5.24 -
2006/2/9 | m11 | 202992 | 2609969 | 19.10 | 78.40 0 25 5.29 -
2006/2/9 | m12 |202793 | 2610206 | 21.76 | 78.24 0 0 5.24 -
2006/2/9 | m13 |202504 | 2610634 | 22.06 | 77.94 0 0 5.24 -
2006/2/9 | m14 |202377 | 2611089 | 21.80 | 78.20 0 0 5.25 -
2006/2/9 | m15 |202397 | 2611711 | 22.10 | 77.90 0 0 5.24 -
2006/2/9 | m16 |[202808 | 2611408 | 21.96 | 78.04 0 0 5.24 -
2006/2/9 | m17 |203187 | 2611233 | 21.79 | 78.21 0 0 5.25 -
2006/2/9 | m18 | 203560 | 2611188 | 21.48 | 78.33 0 0.19 5.24 -
2006/2/9 | m19 | 204208 | 2610920 | 20.97 | 78.17 0 0.85 5.24 -
2006/2/9 | m20 |[204815 | 2610706 | 21.71 | 78.29 0 0 5.24 -
2006/2/9 | m21 |[205298 | 2610400 | 21.67 | 78.33 0 0 5.24 -
2006/2/9 | m22 | 205494 | 2610083 | 20.82 | 78.39 0 0.79 5.25 -
2006/2/9 | m23 | 205261 | 2609713 | 21.77 | 78.23 0 0 5.24 -
2006/2/10| m24 | 204898 | 2609281 | 20.44 | 77.84 0 1.72 5.24 -
2006/2/10| m25 | 204546 | 2609323 | 21.05 | 77.64 0 1.3 5.24 -
2006/2/10| m26 | 204437 | 2609931 | 21.39 | 78.33 0 0.29 5.29 -
2006/2/10| m27 | 204132 | 2610265 | 20.74 | 78.19 0 1.07 5.24 -
2006/2/10| m28 |203887 | 2610734 | 22.05 | 77.95 0 0 5.29 -
2006/2/10| m29 | 204205 | 2609717 | 21.63 | 78.25 0 0.12 5.24 -
2006/2/10| m30 | 204017 | 2609509 | 21.17 | 78.23 0 0.6 5.25 -
2006/2/10| m31 | 203464 | 2609694 | 21.23 | 78.26 0 0.52 5.26 -
2006/2/10| m32 |203381 | 2610073 | 21.87 | 78.13 0 0 5.30 -
2006/2/10| m33 | 202342 | 2610390 | 21.06 | 78.23 0 0.71 526 | 8493
2006/2/10| m34 | 201878 | 2610864 | 15.73 | 79.96 0 4.3 533 | 7,816
2006/2/10| m35 | 202997 | 2610631 | 21.71 | 78.19 0 0.1 5.31 -
2006/2/10| m36 | 203492 | 2610391 | 21.74 | 78.26 0 0 5.32 -
2006/2/10| m37 | 204731 | 2610158 | 19.64 | 78.39 0 1.97 5.24 -
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B R w2 AT R (E/N)|ArOz ()| N2 (%) | CHa(%) | GO (%) | He (ppm)| gors)
2006/2/10| m38 | 205172 | 2608635 | 21.81 | 78.19 0 5.30 -
2006/2/10| m39 | 205231 | 2609134 | 20.75 | 78.05 1.2 5.25 -
2006/2/10| m40 | 205695 | 2609523 | 21.32 | 78.25 0.43 5.24 -
2006/2/10| m41 | 206325 | 2609740 | 4.09 | 87.55 8.36 5.48 | 24,540
2006/2/10| m42 | 206046 | 2610116 | 19.37 | 77.67 2.96 5.24 -
2006/2/10| m43 | 206240 | 2610536 | 20.81 | 78.01 1.18 5.24 -
2006/2/10| m44 | 206800 | 2610705 | 21.52 | 78.12 0.36 5.24 -
2006/2/10| m45 | 207266 | 2610521 | 21.57 | 78.17 0.25 5.22 -
2006/2/16| m46 | 207799 | 2610679 | 21.65 | 78.35 0 5.25 -

2006/2/16| m47 | 204238 | 2609074 | 20.89 78.21
2006/2/16| m48 [ 204430 [ 2608439 | 21.40 78.37
2006/2/16| m49 | 204794 | 2608342 | 21.19 78.24
2006/2/16| m50 | 204476 | 2608038 | 15.98 79.87
2006/2/16| mb51 [ 204039 | 2608052 | 21.63 78.34
2006/2/16| mb2 |[203472 | 2607839 | 21.88 78.12
2006/2/16| m53 | 203271 | 2608430 | 20.96 78.28
2006/2/16| mb54 | 203519 | 2608886 | 18.82 78.39
2006/2/16| mb55 [ 203656 | 2609221 [ 21.39 78.12
2006/2/16| mb56 [ 205146 [ 2608540 [ 20.31 78.40
2006/2/16| m57 | 205581 | 2608660 | 21.59 78.39
2006/2/16| m58 | 205530 | 2608051 | 20.84 78.12
2006/2/16| mb59 [ 205696 | 2607565 [ 21.01 78.69
2006/2/16| m60 |[201822 2610441 [ 21.45 78.40
2006/2/16| m61 | 202715 | 2609281 | 21.99 78.01
2006/2/16| m62 | 202951 | 2609021 | 20.85 78.02
2006/2/16| m63 [ 201692 [ 2610099 [ 21.40 77.84
2006/2/16| m64 [ 201575 | 2609823 | 18.56 81.44
2006/2/16| m65 | 201766 | 2609530 | 18.64 77.98
2006/2/17| m66 | 201422 | 2609514 | 21.07 78.12

0.9 5.24 14,127
0.23 5.24 8,049
0.57 5.24 9,151
4.15 5.24 12,990
0.03 5.25 10,382
0 5.25 11,492
0.76 5.24 11,285
2.79 5.24 17,686
0.49 5.24 12,359
1.29 5.26 15,204
0.02 5.24 9,202
1.04 5.24 *
0.3 5.24 30,259
0.15 5.24 6,949
0 5.25 9,449
1.13 5.24 20,494
0.76 5.24 16,500
0 5.26 32,775
3.38 5.24 24,697
0.81 5.32 15,129

O O O O O O O O O OO OO O O O O O O O 0O O O O O O o o oo o oo oo o o o o

2006/2/17| m67 | 201657 | 2609301 [ 21.81 78.19 0 5.24 17,367
2006/2/17| m68 [ 201653 [ 2609056 | 21.94 78.06 0 5.24 14,689
2006/2/17| m69 | 201110 | 2609442 | 21.64 78.29 0.07 5.24 8,843
2006/2/17| m70 [ 201403 | 2610224 | 21.77 78.23 0 5.29 13,866
2006/2/17| m71 | 201241 [ 2609974 | 20.46 78.06 1.47 5.24 9,902
2006/2/17| m72 |202747 | 2613194 [ 21.70 78.30 0 5.24 6,639
2006/2/17| m73 | 202370 | 2612689 | 21.90 78.10 0 5.24 32,889
2006/2/17| m74 | 202625 | 2612481 | 22.00 78.00 0 5.24 -

2006/2/17| m75 |[202954 | 2612056 | 21.69 78.31 0 5.25 28,771
2006/2/17| m76 |[203345 (2611674 | 21.57 78.34 0.1 5.24 23,240
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FEER [#rmn| - 243 A8 (E/N) A0z (%) N2 (%) | CHs (%) | CO2 (%) |He (ppm) (B(F:/’r‘ns)
2006/2/17| m77 | 203772 | 2611363 | 21.49 | 78.50 0 0.02 524 | 31,665
2006/2/17| m78 | 204699 | 2610859 | 17.39 | 79.22 0 3.39 532 | 13,904
2006/2/17| m79 | 203257 | 2613578 | 21.97 | 78.03 0 0 524 | 6,858
2006/2/17| m80 | 203407 | 2613244 | 21.86 | 78.14 0 0 524 | 2,559
2006/2/17| m81 | 203233 | 2612734 | 21.95 | 78.05 0 0 525 | 6,695
2006/2/17| m82 | 203611 | 2612369 | 21.91 | 78.09 0 0 5.24 -

2006/3/8 | m83 |[203888 | 2612068 | 22.11 | 77.89 0 0 525 | 7,521
2006/3/8 | m84 | 204343 | 2611681 | 22.10 | 77.90 0 0 525 | 5,275
2006/3/8 | m85 | 204835 | 2611448 | 22.03 | 77.97 0 0 524 | 9,208
2006/3/8 | m86 |[203896 | 2612692 | 21.01 | 78.69 0 0.3 525 | 17,459
2006/3/8 | m87 | 204276 | 2612258 | 21.73 | 78.27 0 0 524 | 15,183
2006/3/8 | m88 | 204179 | 2613168 | 18.96 | 78.76 0 2.28 524 | 16,656
2006/3/8 | m89 | 204660 | 2612630 | 20.38 | 78.44 0 1.18 524 | 12,630
2006/3/8 | m90 |[205030 | 2612261 | 21.91 | 78.09 0 0 525 | 32,888
2006/3/8 | m91 |[205303 | 2612081 | 20.98 | 78.31 0 0.71 532 | 24,119
2006/3/8 | m92 | 205648 | 2611523 | 21.55 | 78.45 0 0 524 | 5,149
2006/3/8 | m93 | 205987 | 2611400 | 21.98 | 78.02 0 0 525 | 8,787
2006/3/8 | m94 |[206083 | 2612050 | 19.92 | 79.67 0 0.41 527 | 20,635
2006/3/8 | m95 |206859 | 2612437 | 21.74 | 78.26 0 0 522 | 11,585
2006/3/8 | m96 | 205742 | 2612259 | 20.81 | 78.88 0 0.31 524 | 14,747
2006/3/9 | m97 | 206437 | 2612709 | 22.10 | 77.90 0 0 524 | 4,439
2006/3/9 | m98 |[205581 | 2612779 | 21.76 | 78.24 0 0 525 | 9,463
2006/3/9 | m99 |[205340 | 2612575 | 21.62 | 78.38 0 0 525 | 14,753
2006/3/9 | m100 | 204888 | 2613063 | 21.98 | 78.02 0 0 524 | 18,689
2006/3/9 | m101 | 203710 | 2613965 | 21.64 | 78.36 0 0 524 | 10,078
2006/3/9 | m102 | 203591 | 2614494 | 21.81 | 78.19 0 0 524 | 8,342
2006/3/9 | m103 | 204124 | 2615089 | 21.13 | 78.04 0 0.83 525 | 14,292
2006/3/9 | m104 | 204746 | 2615533 | 22.09 | 77.91 0 0 524 | 4,411
2006/3/9 | m105 | 205000 | 2614962 | 22.01 | 77.99 0 0 524 | 5512
2006/3/9 | m106 | 205264 | 2614186 | 22.12 | 77.88 0 0 525 | 3,055
2006/3/9 | m107 | 205447 | 2613581 | 22.08 | 77.92 0 0 526 | 3,534
2006/3/9 | m108 | 204459 | 2609503 | 21.75 | 78.25 0 0 524 | 9,636
2006/3/9 | m110 | 202954 | 2615808 | 19.21 | 79.31 0 1.48 531 | 14,563
2006/3/9 | m111 | 203500 | 2615537 | 21.18 | 78.39 0 0.43 5.25 -

2006/3/9 | m112 | 204110 | 2615794 | 21.92 | 78.08 0 0 525 | 6,930
2006/3/9 | m113 | 203032 | 2615140 | 20.99 | 78.32 0 0.69 524 | 32,422
2006/3/10| m114 | 202961 | 2616376 | 22.00 | 78.00 0 0 524 | 7,114
2006/3/10| m115 | 203533 | 2616295 | 21.86 | 78.14 0 0 525 | 5,629
2006/3/10| m116 | 204233 | 2616393 | 22.07 | 77.93 0 0 524 | 6,240
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FEER [#rmn| - 243 A8 (E/N) A0z (%) N2 (%) | CHs (%) | CO2 (%) |He (ppm) (B(F:/’r‘ns)
2006/3/10| m117 | 204937 | 2616069 | 21.92 | 78.08 0 0 525 | 6,238
2006/3/10| m118 | 205538 | 2616117 | 21.95 | 78.05 0 0 524 | 4,379
2006/3/10| m119 | 205986 | 2616140 | 22.01 | 77.99 0 0 525 | 4,778
2006/3/10| m120 | 206601 | 2616193 | 22.07 | 77.93 0 0 525 | 6,554
2006/3/10| m121 | 207200 | 2616183 | 22.01 | 77.99 0 0 524 | 6,328
2006/3/10| m122 | 207395 | 2615746 | 20.80 | 78.61 0 0.59 524 | 15,739
2006/3/10| m123 | 208008 | 2615228 | 21.88 | 78.12 0 0 524 | 6,912
2006/3/10| m124 | 206698 | 2615385 | 22.02 | 77.98 0 0 524 | 12,856
2006/3/10| m125 | 206783 | 2614415 | 21.89 | 78.11 0 0 524 | 6,544
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Rn-222 (5.490 MeV)

Po-218 (6.003 MeV)
Po-214 (7.687 MeV)
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B2 ¥TkBEFM (PR2§F)AHAE
FI% FWT o dpengrit > 3R dp Y chi M @ % § AP 7 RE B 3R E(gas
chromatography thermal conductivity detector - GC/TCD)~ 47tk & # = & » 7 3
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B-3 ¥TOKBMAFM (TREEF) A
(1) #ipk4rk - #BELPE ( GC-TCD )
(A) &REKHK -
(@) # # A& 47 % : Shimadzu GC-14B
(b) iRl E - ¢ KA +7China Chromatography thermal conductivity detector ,
TCD -
(c) ~ &g+ ( column ) :packing column, molecular sieve 5A trap, 50um
Film, 30 m Length , 0.53 mm ID -

(d) ## ~ & ( integrator ) : Scientific Information Service Corporation Inc.3.1
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(e) §t;§:’§;§(He),99.99 o
(B) #lz4 4 : CHs~Noo
(C) 3k irigit :
(@ 5 ‘ He, 40 mL/min for column -
(b) ‘m#:E & ( oventemperature ) : 313K (40 C ) =& >
() z&tv g R 313K (40 C )~
(d) np =8 R ( detectortemperature ) :40(40 C )~
(e) #pEsigimiE @ 60 mA -
() &L E 1250l -
(D) 4 it % 2
(@) #TCD 2z Current ~ Oven B i %k T_foff -
(b) # % 4& % carrier gas <4k FT F *H /&R 5 60 psi °
(c) r¢@lAE (liquid leak detector) # #columns 2% 5 iAf ©
(d) +#BOven: kT8 A :Inj.313K(40 C ),Oven313K (40 C ), Det.
313K (40 C )-
(e) HEREEXIER AN 4carrier gasin £ #2540 mL/min -
Bisis
(@) +#HTCD zCurrent B i > 7 /3% 260 mA -
(b) #A#®m ( baseline ) FEAE T (S TvF Lok & o
# 12 (conditioning )
(c) BTCD zCurrent R » { 3% % ( septum ) (ARF&AH T ) »
(d) =g & 'In.313K (40 C ),Oven 313K (40 C ), Det. 313K (40

integrator -

OC )o

(2) #APR 7k viags fplE (GC-FID)

(A)

RERA

(@) # 8% 47 % : Shimadzu GC-14B -

(b) @ E - flame ionization detector , FID -

(c) 4 3¢+ : packing column, DBS ,25um Film, 30 m Length , 0.53 mm
ID -

(d) ## 4 & : Scientific Information Service Corporation Inc.3.1 integrator -

(€) &% f 4 :

F7 (N2) 3 #AEF #9999 -
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(B)
(C)

B-4
(1)

(2)

3)

4§ (Hp) :99.9 -
T4 (air) P RHEZF -
Pl %448 © CHa
e fTiEiE
) 4§ :Nz2,25mbl/min -
) #er 5 4 (make-up gas) : Nz, 25 mbL/min -
(c) “B%ER 373K (100 C ) =i -
) AT iER 493K (220 C )-
) R EER 523K (250 C )
(f) H&5iist# 0500 pL -

(@) AEXH AP F mATF R 560 psic 2§ PdmFLE MR 5 2.5kg/em?
& F ey ot R % 1.5kg/ cm?® -

(b) 12ipliEi%Hk Acolumn £ FREF o

() F=iE R :Inj.493K (220 C ) > Oven F 2373K (100 C ) Det. 523
K(250 C )-

(d) #EFLEATF nE 525 mL/min > # 24§ 8o £ 5 25mL/min -

(e) BRBEZTF ~ 3§ o> Bl o

(f) FRslEd- RLRELE TP LRS-

# 12 (conditioning) :

(@) ®AMLF ~ 34 ToFHEHIRM -

(h)y L#HT (RFE»ZT ) o

(i) =8 R :Inj.493K (220 C )>Oven 373K (100 C )-Det. 523 K (250
C Y

PRSI (7R FF) RERL YT

F ARk

(A) §# Np:t§ 465 -

(B) "% CHs:35

MF A IR 27 R OF RS 2 (7GC AT 0 T - L M
Ao 2 bR o I Bop T T REIE A S R L LR A

}’\:o
g%iﬁﬁiéﬁ%—:iﬁﬁﬁﬁ\f(uL)ii&r»GC BTSN AR R E F R
ZfFA B o B FEF > PR ESRY > T REWH2Z IHEV (L) -

369



PRI SRR EC 70T A g C=(V/V')xCs

B-5 &i%& &% (QA/QC)
(1) wiI=
BERIG BARERETE: > LFR L2 RERPH GB(RT 2 )5
B A300.995 b o AP EE A EEeRIB-12 BIB-2977 4 B 5Ny 2 CHy 9
FiLepREM -

2 ze &2
FOAFANG FERT L F o RRIFELSFHFREERR > T T2
BRAE -PXAEFI10 BHREEFA- K0 P 28 BRI E PRI =

o

P
120000
100000 yR; 408223 —*
80000 | B
= 60000
40000 |
20000
0
0.0 5000.0 100000 150000 200000 250000
W CH4
WMB-1:9% (CHy) ®EM-
250000
200000 | y =3.2155x
R’=1
150000 |
<t
100000 |
50000 |
0
00 100000 200000 300000 400000 500000 60000.0 70000.0 80000.0
W2

WMB-2:% (N) thES o
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() E£HAH

EAF AT HP R RS PR ST BE T R LR BB
2R kB2 A AP HRE L AE - P AE10 BREEEAT- 0 2 4R
A 220 P > FHREFF AL E R

4) #&
A FF# F-efRFeF=Efgiir “EZEFRBRTHTFINEEL > &

PAR R X B0 3020 2 i o
& _ ‘E"}_’{ 15—1_’_ - 'é-ﬂ'ﬁ/’?\’ﬁ ) MTI” - -é‘z,ﬁﬁ'{%lij—r IF'T\I *ﬂ_gg:_ ’ IE‘_

PR L ] 3012 2 B o
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C ¥ TokRizER> 2
C-1 # T.RixERair

® % Level Troll p #-kiiekik » A B A FRR ek TROKEELTR B
Rt A h‘W&—awﬁkié;nﬁﬁkwﬁéﬁ#%mu‘Mwbﬁ
BEAPTRORBRE RIS F O FAE R ERE R 2 TRk KA Sl (Hk ik
IRk thdc) 2 APM o T B TR ERMBFMERE L pnd > A ENF
PR EE R Pl E R F AR R R TR

\t\\

C-2 #vb KA T R

FrABRRFELEAFRE T RELHETZ2 S0 2 kA @ ¥ REH LBEHRA
17 ¥ 3 % Theist&# & 4 4% (Theis, 1935)% Jacob & # ;% (Cooper and Jacob,
1946 ; Jacob, 1963 ) - *#7 7 ¥ & #cdp /e ~ > f 2t ¥ 4% Jacob ® 42 > Jacob ® &
FedR G i A e
ok AT > E gk 2 kA kRTd T C1 &7 (Theis, 1935):

2
0s, 10s_S0s C-1

or’ r or T Ot
Ao

S ToRok T 5 E(m)
r: o k2 3 g gkz jedt(m)
T @ #-k % fig(m?/min)

S: kK ik
t: 3o -k 2t pF(min)

ETIRN

Theis % 1935 & 3 E 41 A f& 2k ik 2 2

- Q W (u) c-2
47T

He o

S B T oROK T 5 E (m)

Q : # -k & (m%min)

T : -k % fc(m?/min)

C-3

rodeok 2 3 piplgh2 jedr(m)
S ¢k ik

t: 39 -k 2 pF(min)
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St

u

v
W(u)zro e-yydy » fL % # 3 #i(Well Function) e

§ C-2 2 C-3 4mif > W(UVE /U fo BESHATA B i B 577 0 402 25k % 787 s
2ot dple <o) 2 BRECEERTE Y W2 AR o d o 0 R £ DR
wogmdidp g gk (Wu),s) 2 (Mu,t)ed fp e 8- W(U)2 senig - 5 G258 f 0 T
o Ed EBIUE t2 i TS C-3R RN S

Theis =35 3 5 BK » A 40T ¢
(1) #-kk %3% (Homogenous) % % # {+ (Isotropic) e
(2) 7°k% 54T (Confined) * 3 kA %5 -
(3) 7z kEauid i AfE<n (Unsteady State) o

(4) GokR kg™ o BIE G2 ks T kR REE R

(5) -k 2 #mic] » 7 gk # # P AR 2 KRV L

(6) ¥ FoRRTimdkE o

(7) 7z-kAE 5-kT (Horizontal) * % & &% % (Infinite Areal Extent) -

&#dwuén%%v‘ » #2'8 (Confined) 7 kA FFLim-k > &fez KEERZ % -

A4 7 -k & (Unconfined Aquifer) & @Lip| § -k =7 *% £ (s)-] > & k& {5 & (m)
225w g kT
et NS :s—% (Jacob, 1963 ) > #81s & * Theis & & o
RiERFEETZ-REOT 2 SiEet L Thies R4 # 41t 442 -Cooper {- Jacob
FIRE KPR (1) 2L & T e sk 2 g (r) &> Au &> 0.01 pF >
Theis fz C-2 ;4 7 12 4v™ ;¢ C-4 4p v (Cooper and Jacob, 1946 ) :
s= % (-0.5772 -1Inu) C-4

C-4 58 7 1l &
230Q log 2.225 Tt C.5
47[T r’S

I“i "’

St ToRAK T R E(m)
-k 2 3 gLl ek jEgE(m)
T @ #-k 4 #c(m?/min)
Stk ik

t @ F -k 2 pF(min)
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Q : # -k & (m*min)

d C48virs 2ig* logter s il  RIviED- 52
s=0> aFFMT FH- BREEted to& B R2Z A FT LRI Sk R 2 pEk fhik
S z % k8 T. ¢t 5 Jacob 2 %% (Cooper and Jacob, 1946 ) - 4p I &1 Jacob
EOAGE ik AR “f u g 3 0.01 ¢b » > H 4157 Thies &8 & & $42 2 &%
KRR o

MR EAB E & % 2 Level Troll 500 4] p # -k > % £ & & &7 423 i7 Jacob
ERAST A "ﬁ\ CHvmd Xih#t/ Y #hz T o BB > Xihi logt, 27t
RAp T A RRERE (#4) YL FHLB 2 KixgER gt 8% s (F m) iF
oo Tlogter s iRl ¥ - B &
=a*(logt)+b C-6

HY af e Mmasx b

Bk s=0-d >N CH67F

log t = - (b/a) C-7
iAol
t=10 ®@ C-8

Ll‘Fﬁ”"l’lﬂt‘]’ t AL 5 fo e

FpEd >N NCHEERATad » 2 N CHFF
_230Q

47T .
d e dra ki QF RIFEKGET -

C-9

A s=0p > >N CHP v HF

log 2225th0 C-10

r°S

T = =

22 e C-11
r

Fore e jEr 2 A RE ook Gl T 7 REREK BB S o

Cooper {- Jacob 7 J§ 3 R PFRF (1) & & Zgip| 2 & -k 2 jEdr (r) %
&> feu e 3t 0.01 FF> Theis f# C-2 54 ¥ 12 4- C-4 4p iu( Cooper and Jacob, 1946 ) >

pod C-3 7 R - AR RER TR R 2 265 C12
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S

t,= C-12
4T u

4% AR C12 7 RiTH kLR b Tt B RR D GBI T T A T B
B A te Al T Ad Jacob A 55 RTGE E 2 Wok Al T % ok A S £
F oo dboREPE GRG0 d PR 2% T Jacob # AR i 2 AEAT R F A 47 Bcdh
g
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D ¥ T-RERERDZ

POORERRM R PTI00Q 5 RRENER > REZY £ £ FEMOT R
BRODF AR ERERZEMA RS R B, EBEW TR TR RRELE
HER - CR800 £ g ir4] 7 4 &% % % (Measurement and control
datalogger) » i PT100Q ¥ £ #2048 & % i ¥ 24 & CRB00 = fafl® - £4r=z
SR RGERETHT LA F T GSM B Fe 5 R B

D-1 #T-kERARE
FIr R IR R R A
ST R QB R R TR v
Ao {1 e R RAETTREDHBER - FLERATHBRIERANF 104

Sk 18 AL 1044 (£ 60%) 2 88 FEBT 51 ekk o

*? l'mf’
=
W
)
@
;Z:
Py
i
|t
> %
=3
=
Rd
W
R0\
\_.
s
v
It
=

D-2 » FTRERAYT 2
RAFAZA A 72 BRIR SRR TR

(1) #HPFkF T FARE 2| g A8 -

(2) #FRBTE FBFREEL .

(3) MpLERF > BHEp THEDEBERL -

D-3 # T RERERREFTR

(1) ¢ 2T rg > ERl#F 0-100C » i 334 5 01T «
(2) FHAIZE CR-800 F#% £ 4MB - i » T & 12V -
(3) RimERE REE 4~ 110VAC - 4 12VAC -

3) mﬁﬁ#%ﬁTRﬁ’ﬁﬂ?ﬁAQOmA

(4) Fegecak® i S-306 7 Sdwivid o o

(5) “PREABRIFIL A P o

D-4 R R #E QAQC
FI* IR RE S ATIEEREFFLFAT FHRE AT IMREEAAR
T2 0 ETIERY AT ERE G FE4T
(1) #BEETPEIFRIEFRETIERER;E >ERRIRN > TR ERK
= 60C -

(2) <3 4 ) TRTiIREFTER -
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(B) #HHh O B R -
(4) =E- % IHAEERFRL o RAKEFIIZE -
(5) BMEEAE"E -

(6) Hi =& T bk
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E #7-kipfpf (ZF ) A3

E-1 # 7T RBfAFH (2§ MR HFiE 32
AR RTBRRZ RS T AT AR B TR A S ¥ T F AR

HRT A el o § VR B % F iR4F T (Sawyer et al,, 1994)’ =& 9N
®RpE ;E\ﬁ%’kPE ﬁii*wﬁé%@iﬁﬁ» M ZRFFMRRELE 2T A E D

FR AL FE o AU MBETELEFD -

LRl .—Tﬂ:‘lﬁrr"’ e gé'r_’» d

R AT EY - PP R

ARF B 6 PR AT PRBELRSER ~HH 2 235

E-2 ¥ T-RiAfRFH (ZF “RR) F 2

ZaRAVES zjt 7 Standard Methods For The Examination Of Water And Wastewater
2310B. Titration Method #7 = # 2_-k? = § T gF €287 A F 2k 0 o4 2 2 2 & 7 3k
(S AR TR

(1) F=HEH
(A) ek R L@;(pH meter) : & * BT ETHE L 0.05pH H =2 pH meter

HEARE E c FUARIBAEMEE TR AE o ok AHER p BAT
F o RlF R /‘E#;";?F'Jli 25+5 C -

(B) TrRMEE

(C) =z&zajm g 1250mL -

(D) #-k@dis e

(E) = #¥g:200mL% 1000 mL -

(F) 4adlsg: /] 2 AN Birfpirit * T2 h&EE L ) FFHREU L g

RA g4 REZERLFFIFEE THRERIAST 230UE - A%
2 sAEE R 2250 mL -

(G) #Hirg -

(H) #mpipet:25mL -

H ##HxT #7#H#3201mg-

() Hegsam:-1Lle

(2) F kA
(A) ZBHEKk: 3z F PRI BT FaK(EEA 15 A4 e Lirs 3R) 2

BH2 pH ERA*AE 6.0 P EHT RRAE 2uymhos/cm 11T o # 12
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(B)
(C)
(D)

(E)

(3)

B Z GRS R AR R T Lk

potassium hydrogen phthalate solution (#8 % = @ & & 49;37% ) > 0.05 N# 3%
kS Y I
standard sodium hydroxide titrant (&% & ¥ i*4037%) : 0.1 N
standard sodium hydroxide titrant (1% z % i~ 43 7%) : 0.02 N
pH 8.3 4p7m &% ik & pefs
P AL

Btz pHmeter T ERGFF kG225 oy LRAREL § o3 0R
AR Fehpidk & @) 3t 1000 mg CaCOs /L > 4% - # 4 -] ** 50 mg CaCOs i £ #
B2 0.02N 385 B AF 2R o

(A)
(B)

(C)

(D)

(3)

AF T2 pHmeter® p &4 18R » &2 ZTRESTETI T E o
sk g s 250 mLe kR B~ 2560 mL2 = &4 AP (R F X B RaT
AL P NERS) -
iF AR A~ 0.2 mLefs i dp o Al 2 250 mLsnsa AlFg o * g pipetex B
0.02Nz & § 1“4 3 7% F THFLPN -k 2 F)pH meterdg =7 3 & 5 8.3 #5304/
PRI L KB e AR E § M E 2 B(A)
B - =X I A 2 B EF EeWER B R 2R E 0 BFALBA o

o Ny

ZF CRERE —

CO, (mg/L)=Ax N x 44000
Vv

Atipair 2 a5 i e (mL)
N: L 5 4y 2RAR(N)
Vo sRE A (mL)
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