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SUMMARY

1. Title:

Quantitative Evaluation of KNSN Earthquake Location Quality and Ground Truth
Earthquake Catalog II

II. Necessity and Objectives of the Study

II.

Korea Meteorological Administration (KMA) 1is maintaining a nation-wide
earthquake monitoring system. The system has been mordernized mostly due to the
moderate earthquakes at Yeongwol in 1996 and Gyeongju in 1997. The network is
composed of a very-broadband seismic station, 32 broadband seismic stations, 32
short-period seismic stations, and 125 strong-motion stations. As of January 2013, there
are 127 seismic stations in the Korea National Seismic Network (KNSN) including those

co-sited.

Determination of precise earthquake locations and their uncertainty evaluation are
critical to monitor natural earthquakes, nuclear tests, and other explosions. The study
provide useful information to discriminate the natural earthquakes from man-made ones.
Source parameters of natural earthquakes are not well known since they occur at depth.
Determination of an earthquake source is solely dependent on the observed data at
surface, which may include some errors. Consequently, the results are also expected to
have errors. Due to the uncertainties in the data used for earthquake location, it is
challenging to evaluate the reliability of parameters in earthquake bulletin published not
only by KMA but also by any other earthquake monitoring agencies in the world.
Although they are quite subjective by nature, we are tying our best to improve the
locations and to evaluate their quality. This study take advantage of precisely known
earthquake source parameters to evaluate the capability of KNSN and precision of their
earthquake bulletin. It is also the purpose of the study to provide a quantitative criteria

to measure their reliability.

General Scope of the Study

The detection capability of KNSN and the reliability of its earthquake reports are
assessed using GT-based (Ground Truth-based) criteria. Final results of the project
provide a quality index for an earthquake location announcement available to the network

operators in KMA.

The study has used large amount of GTO data readily available. Some of them are

_6_



IV.

collected in the previous study. GTO and GT1 events collected in the first year of the
project included data recorded by KNSN when large explosions were made by the Korea
Crust Research Team (KCRT) in 2002, 2004, and 2008. They generated man-made
earthquakes using large explosives to study the crusal structure beneath the Korea

peninsula. The study also use GTO0 and GT1 data available from the previous study.

Results of the Study

GT data collected during the first year of the project have been analyzed. We tried
two 1-D velocity models for global earth and five 1-D velocity models tailored and

proposed for Korea. We chose one of them for the further analysis.

We report a list of earthquakes occurring between 2004 and 2006 that satisfy KGT5
criteria. Errors in the earthquake locations reported by KNSN are also examined using

the method proposed by Peter and Crosson (1972).

More than 300 first arrival time readings from KCRT-2008 explosions are used to
develop KGTD5 criteria for KNSN. Results indicates earthquake locations with first arrival
time readings from more than 8 seismic stations, prescribed conditions of primary and
secondary azimuthal gaps, and at least one station at epicentral distance less than 30 km
are expected to have less than 5 km error. They are also expected to lie within 95%

confidence interval.

Precise earthquake source parameters are determined by Octa-tree technique (a grid
search method). Results are compared with those announced by National Institute of
Meteorological Research to reveal there are less than 5 km difference in their locations.
It is also noticed those located outside the seismic network including those in north

Korea and oceans are subject to large errors.

The study also established a criteria for GT2 using records during the KCRT-2008.
First arrival times are fine-tuned to provide improved estimation of travel time from
sources to receivers. We also select data with high arrival time reading weight. In order
to develop GT?2 criteria, we introduce Network Metric. Careful examination indicates that
primary azimuthal gap with less than 221, secondary azimuthal gap with less than 270,
more than 5 arrival time readings, and network metric less than 0.60 are required to

determine the source parameters with less than 2 km error.



V. Suggestions for Applications

The GT?2 criteria in the study are suggested for use during the routine earthquake
monitoring and announcement. We also propose to use the criteria, to improve the
seismic network. Under the current configuration of KNSN, most earthquakes occur
inland of southern Korea peninsula are expected to satisfy GT2 criteria. In the mean
time, many moderate size earthquake are happen in the surround oceans, which are
subject to large errors. In order to improve the monitoring capability for earthquakes in
the ocean, we suggest to install 10 additional seismic stations mostly located at the
pheriphery of current seismic network. According to the simulation with addition
stations, significant improvements are expected in the precision of earthquake location in
the West and South Sea. Thus, the criteria also provide information to choose future

seismograph sites.
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& A A E At A 4A ARHSEe] LA Aol g A EE $A s R e
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AT 7 5-olti(Table 2.1).
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Table 2.1 Global GT5 criteria (Bondar et al., 2004)

Number of Stations within
Specified Distance

Distance Primary Secondary Between 250
Network Range Azimuthal Azimuthal km and 1000 <250 <30 GT
km km level
(degree) Gap Gap km
Local 0° - 2.5° 110° 160° - 10 1 GTbHes%
Near o _ 1m0 o _
Regional 2.5 10 120 10 GT2000%
Teleseismic 28° - 91° 120° - - GT25909%

Boomer et al. (2010)= Wolxg7tel <A SASE (Southern African Seismic
Experiment) A1 #54-S o]&3ate] GT AXESRS dATatden, ol w8l =L 7|9 2
4o 4E4s Al EBGI3,,, (Empirically Based Ground Truth)E& whstith. EBGT3,y,
of 7]ell m=H 1) HA 8 7 oo #EATt 1A 215 km oJuiel $1AskH, 2) primary
azimuthal gap©| 202° o]s}gtar st &k 9 7 oo #=47F AT 79 km oWl <
S 735, X199 Zol= 4 km o] M wellA 95%¢] A3 AT, 8 /o] A HSF47) 9,1
A, Aezlo] 6 km ZolHel WelA 95%9] AEAdS 7HItkal stgith(Table 2.2).
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Table 2.2 EBGT3 Criteria (Boomer et al., 2010)

One-Sided 95% Confidence
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stiﬁ)ﬁls)e;iz}flin Eg::g::l Depth Change Al:;liqirrﬁla;lqual Maxir;ll‘ll;el:a]l?;::ance
215 km Gap Maximum Station(km)
GT 3959 11 [0, 2.2) [0, 0.4) 202° 79
GT3g5% 10 [0, 1.9) [0, 1.8)
GT 3959 9 [0, 2.0) [0, 3.8)
GT 395 8 [0, 2.2) [0, 5.7)
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o] ApolE HAs} ste® 2K AR o BAAIE 2ATFOEZAN T ghs FakAl Aok xh1At
g T3] A e ek BgolA e 4 x19e] A9 Ate] 27|AE 7HAENAL o] &4 A
3k EZAE Axtete] #5E AN EZA L] AolE ettt Xl AHE o] &ate] %
NAE AL, FAE 27AE B ARG AIRE FAS AT 27]%kel ARE ke whEA
W (iterative way)= AH&gTE o] WHE-S wE] A 20E FEAE W FAHM, dykA
o2 #=H 9} o]ZX] 2] RMS(root-mean-squares) S 43} Al7]= ghol &2 @ wj7}#] HkE

HHLee and Stewatrt, 1981).

Axkel Ab&E A x5t Hup £ Bdo] AA| A|stx9f fAbekaL, #EH
7F vk, RMS+= 00l 7F7k oF gt 18y duba o' ARE5 = 1-
shrxo HA WstE FE9] REgskA %dkth Model errorghal &3 A
o Ab&® uwg apole ARNAXE 25 AASHA e 7P 2 9ol H7%E gtk Model
errorgs #4:3}3}17] -HOH A, HA }O}L 3 Hegrxo] Aol i sth(Kim et al., 2006;
Chen et al., 2006). &= S x]9} o]Zx] Ato]e] RMSE HAsA|7|= #HAH o2, 2> RMS7t
AAZ AR o] A4S < ]*}X]‘C 2=tH(Pujol, 2004; Kim et al., 2007).

313 GT As+3

= drelM = 287 GTO A& s 9
FER Wl A4 SolM FdE L Sle EaARE RSN GTO ARE ARE57] f18)A
= AR AR AR E a9 =
A 7E B stefof gtk oleldt GTO 23 & WHohs 7|1& ARRs FxAZ7T2AdTHAAN -
@3 KCRT wapdd el glom, 7| GT Ax T vlas] 4&3 Akt 918 ¢
2o D ARl e AlFg dupa et 5 AN, s Aol A o] miubatgde] 9

3.1.3.1. KCRT

a2 b2 A" (Korea Crust Research Team, KCRT)oIA &= dhite A|7b&e 13
S 93k Al dsto@ 20029 A9 E-AF, 2004 AH-ZH-d %14, 2008 %

=] 1_. O [¢]
ﬂ*oénx—f%‘%}f"é‘:#ﬂ ol2= SAdelA iyt %‘J}—a ol-&3to] ¢ lx—iﬁi R = P T e
5 ] o]

m T-Hl A ol F A A A 195 EHE Bt 1.5 km 7t o2 #57tel] A3 5 A2kt
ol 4zt Feok 1 =3 05 =2 wushs AR 24y d¥s F3skltk(Table

_25_



3LD(CIARE 5, 2002). 2004 10¥ 39 KCRT20049] 3¢ Ax-TH-Fo-1A49 A4

%op 1 B, 39 05 & 9F 07 Bo] ZoF Abgstol waishis Al 23 A5t 4ot 28-S
T35t Table 3.1.2)(c] AR &, 2006). 20081l 43€ KCRT20089] 74-%-, 3s-F5-
F-jee] ZHF7 5 8 ) AN WHAYS FASNAT. o] F W3 1 A Fs} )
4 A9 el KCRT2008 4% F 718 @& 1 £o] Foke AHgstel wabi9 e 493
A tH(Table 3.1.3, Figure 3.1.3, 3.1.4)(¢] 4 X &, 2009).

Explosion |
A KMA station

KCRT2008
KCRT2004

KCRT2002

125°

*
L
>

Figure 3.1.2 KCRT2008 explosion sites and Location of the KMA seismic stations.
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Table 3.1.1. Information of KCRT2002 explosion sites (Lee et al., 2003)
Sr?OOt Date Time(UTC) | Lat.(°"N) Lon.(CE) | Depth(m) | Load(ton)
1 2002/12/15 03:59:00 36.6290 126.3927 100 1.00
2 2002/12/15 04:14:30 36.2270 1277870 100 0.50
Table 3.1.2. Information of KCRT2004 explosion sites (Lee et al., 2006)
Sr?ooJE Date Time(UTC) | Lat.'N) | Lon.(’E) | Depth(m) | Load(ton)
1 2004/10/05 00:59:00 37.9864 127.1239 - 1.00
2 2004/10/05 01:14:30 36.8243 127.5430 - 0.50
3 2004/10/05 01:29:30 36.2239 127.7950 - 0.70
4 2004/10/05 01:44:30 35.0818 128.2325 - 1.00
Table 3.1.3. Information of KCRT2008 explosion sites (Park et al., 2009)
Depth(m | Load(ton
Shot Date Time(UTC) | Lat.CN) | Lon.(E) p) )
1 2008/11/02 04:59:59.968 37.6786 126.4531 90 1.50
2 2008/11/02 05:15:01.269 37.2114 127.6078 90 1.00
3 2008/11/02 05:30:26.207 36.8613 128.3618 85 1.00
4 2008/11/02 06:52:01.304 36.3188 129.3557 85 1.50
5 2008/11/02 06:00:00.806 37.0654 127.8951 49 0.25
6 2008/11/02 06:14:49.968 36.9508 128.1589 48 0.25
7 2008/11/02 06:30:01.541 36.7240 128.5894 48 0.25
8 2008/11/02 06:45:01.378 36.5776 128.8914 48 0.25
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Table 3.1.5 Information of Wanju quarry site

Time
Code Date (UTC) Lat.(’N) Lon.CE) Elev.(m) | Load(ton)
&4
A4 2009/05/06 03:12 35.8990 127.2015 130 1.02
1 O

Figure 3.1.7 Blasting site in Wanju quarry.

_31_



Figure 3.1.8 (a) Satellite image of the Wanju quarry and (b)  quarry blasting
waveforms recorded at KMA seismic stations (% : quarry, A : recorded at KMA

seismic stations, A @ KMA seismic stations)(http://local.daum.net).
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Figure 3.1.9 Wanju quarry blasting waveforms recorded at KMA seismic stations.

3.1.3.3.2 a4

= astel 9AF AN A AR WAL Q)

km), ©15-(108 km), A5(114 km) AW #AS20lA 2 A5 7t 742 =0 o (Figure 3.1.10), o]



1 ABSAE T AEd 2w A FEE 1.36€ 7158tk (Table 3.1.6,

Table 3.1.6 Information of Haenam quarry site

Cod Dat. Time Lat.(N) | Lon.(E) | Elev.(m) M,

ode ate (UTC) at. Oon. ev.im I
k=)

] 2010/11/15 09:37 34504 126,590 9 1.36
A4

Figure 3.1.10 (a) Satellite image of the Haenam quarry and (b) waveforms recorded at
KMA seismic stations (% : quarry, A : recorded at KMA seismic stations, & : KMA
seismic stations)(http://local.daum.net).
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Figure 3.1.11 Haenam quarry blasting waveforms recorded at KMA seismic stations.
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Table 3.1.7 Blasts in Pocheon quarry site

e |
2011. 4. 800
4. 4. 500
4, 5 800
4, 8 800
4. 11. 800
4. 14. 800
4. 19. 800
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I AR RS AT A el A w71 s Wel AREetH(Table 3.1.8,
Figure 3.1.12.a, b 4 = a
T3 (DDC) AR #AF27F 91218 dow, A= 22 26 km
3.1.12.c, d).

Table 3.1.8 Blasts Pocheon temporary seismic station

CODE A7) *F A AA 71279
A= A= Trillium 240
2011. 5. 3
PCY _ 3-component Q330
37.9701 127.2142 6. 14 .
seismometer

ZHIM R
7
“
<

Figure 3.1.12 (a, b) Pocheon temporary seismic station, (c) satellite image of the quarry
and (d) quarry blasting waveforms recorded at KMA seismic stations (% : quarry, A :

recorded at KMA seismic stations, A : KMA seismic stations)(http://local.daum.net).
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AAEE GFA AeA AEdE 4 19 AAge] Bol AHEAE o] FaL gl 4 79
7P 2 e wutd by @aka ke Table 31103 2o x|k 05 |
WA AT Ak HakE Skal vk AR RFAE P TP A GO R T
= | 1214 Qlow, dAl HuE NxEdt ofdo| oA AMEEA] e FIE ?
wol 20119 5¢ 2U5-E 649 23U714] <F 2 7ol A ARt tHTable 3.1.9). YA

2l z B A £deks JF(YO)), 9 (YCH), ¥-3HCHY),
ZZ(CH)), =4MGY) =271 923 9od, AgE= 22 10 km, 19 km, 38 km, 50 km,
44 km Eo A HFigure 3.1.13).

:N£
%
X

ofy

Table 3.1.9 Blasts Yeongju temporary seismic station

CODE A TG AA Al A 71 &7
9= A= Trillium 240
2011. 5. 2
Y]JS _ 3-component Q330
36.7807 1285311 6. 23 .
seismometer

Table 3.1.10. Blasts in Yeongju quarry

Date <1T;;nce> Viilggil t Date <1T;;n£> Viilgg? t
WIL 413 | 0205 247 3 % 03:00 300

4.13 03:05 248 3. % 03:05 200

4 6 02:54 400 3 12 02:50 580

4 6 03:10 320 3 12 03:00 285

41 02:53 280 2 12 03:00 636

41 02:56 285 2010. 11.13 oggg(; 1100

330 00:10 29 000, 1114 | 0250 1160

330 02:55 275 000111 | 0250 990

3. 30 02:59 75

329 02:54 260

3. 28 00:00 277

3 28 00:30 300

3 28 01:10 83

3. 28 03:00 300
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A=A

Figure 3.1.13 (a) Yeongju temporary seismic station, (b, c) satellite image of the
Yeongju quarry and quarry blasting waveforms recorded at KMA seismic stations (¥ :
quarry, A : recorded at KMA seismic stations, & : KMA seismic
stations) (http://local.daum.net).
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Table 3.1.11. Blasts in Ulsan quarry

Time Weight
Date (UTC) (kg)
2011. 4.18 06:31
418 06:03
4.20 02:53 150-200
4.26 05:54
4.28 05:28
AR FSAE 24PN S g2H &5 YA 5719 Fuz T29) vl
ol lom srtol Al oF 300 m ol 3o Aol A3 JrHTable 3.1.12). I A
ABd=4r2E 71340 98 22HUSN), FAHBUS), DHMIY) #4271 g3 9o,
A= 217 25 km, 28 km, 42 km B4 JtHFigure 3.1.14).

Table 3.1.12 Blasts Ulsan temporary seismic station.

CODE 1A TG YAl A A 71 &7
9= e Trillium 240
2011. 5. 13
ULS _ 3-component Q330
35.4863 129.2086 6. 22 .
seismometer
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(c) satellite image of the Ulsan

Figure 3.1.14 (a, b)Ulsan temporary seismic station,

quarry and (d) quarry blasting waveforms recorded at KMA seismic stations (% :

seismic

KMA

stations, A

selsmic

KMA

at

recorded

A

stations) (http://local.daum.net).
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(8 km)E H| &8t (13 km), ZL(19 km), F74(24 km), =430 km), == (38 km) A
ABZ0o A watutgo] I=5 At Figure 3.1.15.d).

Table 3.1.13 Blasts Yeoncheon temporary seismic station

CODE 915 DEER A 27
A= AE 2011. 6.15 ~ Trillium 240

YOC 6.24, 3-component Q330
37.9546 127.0202 712 7 7.30 seismometer

Figure 3.1.15 (a) Yeoncheon temporary seismic station, (b, c¢) satellite image of the
Yeoncheon quarry and (d) quarry blasting waveforms recorded at KMA seismic stations
(k : quarry, A : recorded at KMA seismic stations, A : KMA seismic
stations) (http://local.daum.net).
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Figure 3.1.16 Yeoncheon quarry blasting waveforms recorded at KMA seismic stations.
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Table 3.1.14 KMA temporary seismic station

CODE A =G AA Al A 71 =2 A
A= A= Trillium 240
2011. 6.28
MRI5 5 3-component Q330
37.5074 127.9394 712 .
selsmometer

127 128" 129°

Figure 3.1.17 Hoengseong quarry and quarry blasting waveforms recorded KMA seismic
stations (% : quarry, A : recorded at KMA seismic stations, A : KMA seismic
stations, <> : temporary seismic stations).
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Figure 3.1.18 Blasting site in Hoengseong quarry.
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Figure 3.1.19 Hoengseong quarry blasting waveforms recorded at KMA seismic stations.
313371 dAAAFSA 98

FFAFATLN $GF YAADRZLE PHANES FHOE 7149 ANBS
= -

¢} A % BExF3stS mglsle] AYx ALY A
2|

Table 3.1.15 Blasts SCH temporary seismic station

CODE R g QA AA EX|
A= HAE Trillium 240
2011. 6. 28
SCH _ 3-component Q330
375951 128.0018 7. 11 .
seismometer
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Table 3.1.16 Blasts HYS temporary seismic station

A ALgEA g Aol dAANBEAE

ornl
ok A= oF 11 km 24 dth(Figure 3.1.20.b, Table 3.1.16).

CODE 214 TG LA Al A 7154
A= AE Trillium 240
2011. 6. 28
HYS _ 3-component Q330
37.5960 127.8190 7. 11 .
seismometer

Table 3.1.17 Blasts of JJM temporary seismic station

T AFA A AH] $A]3F AAdFee] xEpe AAA K B=
$1x)e Ak Figure 3.1.20.c, Table 3.1.17).

= AAsslen, 24

CODE £ =G dA Al A 71 A
A= AL Trillium 240
2011. 6. 28
JIM _ 3-component Q330
37.3572 127.8626 7. 11 .
selsmometer
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=4 9717 F =28 QA dupztd o 79 259 124174 A9 wAkgle] 9lom,
71743 9] 99 AAFSA(22 km)E HE5F A (2] km), G522 km), 538 km), <171(44
km) 749 km), 9550 km) A7 #HZ20)4 Ba}tdo] =59 tHFigure 3.1.22).

Table 3.1.18 List of Danyang underground blasts

underground blasts
Time i
Date (UTC) V\Zf;gg)ht
2011. 8. 5 08:00 235
3. 8 08.:20 205
8. 10 03:20 245
3. 12 03:50 295
8. 13 08:00 265
3. 19 07:30 220
8. 24 02:20 215
8. 25 03:40 330
8. 26 03:00 235
3. 30 03:10 280
8. 31 08:40 310

Table 3.1.19 Blasts Danyang temporary seismic station

CODE 1A TG YAl A A 71 EA
A= A= Trillium 240
2011. 7. 12
DAY B 3-component Q330
37.0247 128.3584 9.5 .
selsmometer
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AU

Figure 3.1.21 (a, b) Danyang temporary seismic station, (c) satellite image of the
Danyang quarry and (d) blasting waveforms recorded at KMA seismic stations (% :
quarry, A : recorded at KMA seismic stations, A : KMA seismic
stations) (http://local.daum.net).
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Figure 3.1.22 Danyang quarry blasting waveforms recorded at KIMA seismic

stations.

3.1.3.39 o4t A A ASZA
AT oJabA] Ak gakelel] 4 719 AN gl ol ANBAZ o] Fa Uk YA
BEAE o Gakg] vhgo A8 nl2-3] ol A 2519 tH(Table 3.1.20, Figure 3.1.23.a).
AAXN TS0 20119 79 1295 99 6Yd] 24 95190y, JAAAASA &
HEE Ao r 7Y 229 12417 | wuprdo] Stk 71dA e b A
km)E W]5Eske], AF(27 km), H-91(27 km), A (47 km), H(62 km) A #4200 A
o] A= AcHFigure 3.1.24).
Table 3.1.20 Blasts Iksan temporary seismic station
CODE 214 + A Al A 71 E A
A= AE Trillium 240
2011. 7. 12
IKS N 3-component Q330
36.0431 127.0406 9.6 .
selsmometer
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Figure 3.1.23 (a) Iksan temporary seismic station, (b, c) satellite image of the Iksan
quarry and (d) blasting waveforms recorded at KMA seismic stations (% : quarry, A :

recorded at KMA seismic stations, & : KMA seismic stations)(http://local.daum.net).
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Figure 3.1.24 Iksan quarry blasting waveforms recorded at KMA seismic stations.
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Figure 3.1.25 Jangsung quarry site.
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Figure 3.1.26 Explosion at Jansung quarry site.
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Figure 3.1.27 Waveforms recorded at KMA seismic station after the Jangsu quarry blast.
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Table 3.1.22 Temporary seismic station at Gochang quarry site

CODE $1A TGN Al A 71 5 A
9= AE Nanometrics
GTGC 2013. 11. 02 Trillium Taurus
35.5339 126.6402 C
ompact

Figure 3.1.28 Gochang quarry site
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Figure 3.1.29 Explosion at Gochang quarry site.
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Figure 3.1.30 Waveforms recorded at KMA seismic station after the Jangsu

quarry blast.
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Table 3.1.23 KGT5 earthquake catalogue for 2004-2006 (Pri. Azi :

primary azimuthal gap,

Sec. Azi. : secondary azimuthal gap, No. of Sta. : number of station)

Date US| My LateB) | LonN) |, s R
2004-01-05 6:11 2.9 36.20 127.00 61 87 40
2004-01-23 5:27 2.0 35.40 128.00 44 51 27
2004-01-29 20:22 2.4 35.90 128.50 48 72 23
2004-02-26 551 2.1 37.20 128.90 158 191 11
2004-04-26 13:29 39 35.80 128.20 57 65 43
2004-04-30 23:43 2.8 35.80 129.40 198 208 24
2004-05-30 21:45 2.2 37.00 129.30 202 230 9
2004-06-11 16:25 2.1 37.30 128.70 133 186 9
2004-07-14 20:37 2.1 36.40 127.30 89 103 21
2004-08-06 5:32 3.3 35.90 127.40 29 30 46
2004-08-13 22:42 2.7 37.60 126.50 120 198 22
2004-09-15 747 2.5 37.50 126.90 128 168 13
2004-09-24 1:40 2.5 33.40 127.10 232 242 10
2004-09-27 18:47 25 35.50 128.30 44 48 26
2004-10-04 6:24 2.0 35.50 128.30 88 91 14
2005-02-05 11:27 25 33.49 126.36 97 134 9
2005-05-15 722 2.6 38.13 125.60 190 197 11
2005-06-10 21:14 2.5 36.78 128.48 65 74 22
2005-06-10 12:49 2.4 36.73 128.48 69 76 27
2005-08-25 19:33 2.2 36.75 126.30 211 229 11
2005-09-07 17:11 2.1 37.09 127.86 76 87 15
2005-10-03 19:18 2.1 35.62 129.40 218 233 8
2005-10-23 1:02 2.5 34.97 127.07 7 85 30
2005-11-06 12:52 2.2 35.98 128.13 130 143 9
2005-11-15 9:10 3.0 37.20 128.79 128 141 28
2005-12-07 18:02 2.2 36.63 127.77 57 66 18
2005-12-25 3:58 24 34.74 127.22 82 100 18
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Date g;;ng) My | LatCE) Lon(N) | ot O8N
2006-01-19 22:53 2.0 37.19 128.77 90 92 31
2006-01-19 12:35 3.2 37.21 128.8 95 122 31
2006-01-21 11:29 2.1 36.33 127.26 59 98 17
2006-02-14 3:32 3.0 38.67 126.03 215 291 19
2006-02-28 18:52 2.3 36.22 127.66 64 95 22
2006-02-28 0:11 2.3 35.81 127.89 75 143 15
2006-03-11 4:52 2.1 37.13 126 212 253 15
2006-03-15 4:36 2.4 38.19 125.94 192 294 18
2006-03-19 14:03 2.0 36.33 127.34 91 133 29
2006-03-19 13:59 2.9 36.34 127.36 51 67 29
2006-03-23 742 2.5 38.32 127.3 220 241 15
2006-04-02 0:04 2.0 35.38 127.22 55 105 20
2006-05-08 6:59 2.4 36.22 129.54 214 277 12
2006-07-18 14:49 2.0 36.13 126.65 162 175 16
2006-07-25 23:29 2.5 35.79 127.89 44 61 36
2006-07-26 2:50 2.0 35.8 127.88 46 61 32
2006-08-01 12:57 2.0 35.74 127.82 60 76 13
2006-08-26 7:44 2.2 37.21 128.81 75 84 15
2006-10-04 5:29 2.2 36.67 127.67 25 43 33
2006-11-11 1:16 2.4 35.97 127.45 32 56 48
2006-12-04 0:51 2.7 36.46 127.92 22 30 39
2006-12-28 9:44 2.2 36.11 128.11 52 60 23
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AdE D are] IS HASH7|98t] AHEE = Wl SEH (the horizontal 68%
confidence limit in the least-well constrained direction), SEZ (the 68% confidence limit
for depth) & QA% (Error estimation), RMS (Root-means-squared of residuals
between observed and calculated arrival times), Azimuthal Gap, Dmin (J%3} 7} 717k
H54 Y] AR T8 1 Ao RE ARSI o] Ve AR g 48 5 9lo
St S22 1 ol WS HYA R AR E gt o] Ve T Wol AMREHE Ve 4NE

Fo ANt tHTable 3.1.24, 3.1.25, 3.1.26).

Table 31.24 Quality based on error estimates defined in
Hypoellipse (Lahr, 1999)

Solution Quality Larger of SEH and SEZ
A <134
B <2.67
C <535
D >5.35

Table 3.1.25 Quality based on many parameters used in SQD-HYPO71
quality (USGS, 1975)

Solution Quality RMS SEH SEZ
A <0.15 <1.0 <20
B <0.30 <25 <5.0
C <0.50 <50
D Others
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Table 3.1.26 Station distribution quality as defined in HYPO71. Dmin is the distance
to the nearest station (USGS, 1975)

D No. Gap Dmin

A >6 <90 <Depth or 5 km
B >6 <135 <2+#Depth or 10 km
C >6 <180 <50 km

D Others
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Velocity model
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Figure 3.1.31 1-D P-wave velocity model.
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AEpi
D | Time(UTO) | Lat(N) | Lon(E) | LPM | Ry | Az | [2nd | Obs.
(km) (k Azi.(°) | station.
m)
D
. 07:30:50.75 38.0 127.1 0.00 0.036 3 224 232 5
test site

Figure 3.1.32 Map view of the result for the D test site using Hypoellipse with the
velocity model proposed by Kim and Jeong (1985). Red star is a located man-made
earthquake epicenter and yellow stars indicate locations of recorded KIMA seismic

stations.
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35.89

124° 126° 128° 130°

D | Time(UTC) | Lat(N) | Lon(E) | PP | pag | AEPL | pj5 ) | 2nd 0 Obs.
(km) (m) Azi.(°) station.
Wanju
03121765 | 358025 | 1271990 | 006 | 00970 | 800 81 188 7
quarry

Figure 3.1.33 Map view of the result for the Wanju quarry using Hypoellipse with the velocity model proposed
by Kim and Jeong (1985). Red star is a located man-made earthquake epicenter and yellow stars indicate

locations of recorded KMA seismic stations.
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124°

126°

AEpi
D | Time(UTO) | Lat(N) | Lon(E) | 2P | Rus | Az | [2md | Obs
(km) Azi.(°) | station.
(km)
Haenam
09:37:40.65 34.4809 126.5811 4.47 0.0109 3 138 226 7
quarry

Figure 3.1.34 Map view of the result for the Haenam quarry using Hypoellipse with the

velocity model proposed by Kim and Jeong (1985). Red star is a located man-made

earthquake epicenter and yellow stars indicate locations of recorded KMA seismic

stations.
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124° 126° 128° 130°

AEpi
D Time(UTC) | Lat(N) | Lon.CE) | PP | gyvs | Adey | 2nd | Obs.
(km) (m) Azi.(°) | station.
Yeoncheon
03:24:44.82 37.9470 127.0222 0.02 0.1012 500 110 177 6
quarry

Figure 3.1.35 Map view of the result for the Yeoncheon quarry using Hypoellipse with the velocity
model proposed by Kim and Jeong (1935). Red star is a located man—made earthquake epicenter and

vellow stars indicate locations of recorded KMA seismic stations.
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127.92
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D Time(UTC) | Lat(N) | Lon(E) | PP | rms | . | Az | 204 | Obs
(km) (m) Azi.(°) | station.

Heongseong
08:46:53.80 37.5087 127.9388 0.01 0.0340 200 103 116 5

quarry

Figure 3.1.36 Map view of the result for the Heongseong quarry using Hypoellipse with

the velocity model proposed by Kim and Jeong (1985). Red star is a located man-made

earthquake epicenter and yellow stars indicate locations of recorded KMA seismic

stations.
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37.00 [§
128.33

AEpi
. o o Depth S 2nd Obs.
D Time(UTC) | Lat.("N) Lon.(’E) (km) RMS . Azi.(°) AZL(®) | station.
(km)
D
AVANS | 00:50:0047 | 370173 | 1283442 | 120 | 01176 | 1 108 139 7
quarry

Figure 3.1.37 Map view of the result for the Danyang quarry using Hypoellipse with the velocity model
proposed by Kim and Jeong (1985). Red star is a located man-made earthquake epicenter and yellow stars

indicate locations of recorded KMA seismic stations.
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124° 126° 128° 130°

AEpi
D | Time(UTC) | Lat(N) | Lon(E) | PPN | jyg O | Az | 2nd | Obs.
(km) (m) Azi.(°) | station.
Iksan
02:5657.10 | 360474 | 127.0406 | 469 | 00553 | 500 | 78 155 6
quarry

Figure 3.1.38 Map view of the result for the Iksan quarry using Hypoellipse with the velocity model proposed
by Kim and Jeong (1985). Red star is a located man-made earthquake epicenter and yellow stars indicate

locations of recorded KMA seismic stations.
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Table 3127 Summary of the results
HYPOELLIPSE

for the

KCRT2008 GTO events using

Velocity Model

A : Kim and Jeong (1985), B : Kim (1995), C : Chang and Baag
(2005), D : Kim and Kim (1983), E : Lee (1979), F : IASP91, G :

AKI35
ID Date Time Lat(°N) | Lon(°E) ?ﬁﬁg‘ ‘%Z)‘ Aiﬁ?o) Cs)?:.'
WA ZE | 2008/11/02 | O1:59:59.968 | 37.6789 | 1264531 | 0.090
A 02:00:00.00 | 37.6703 | 1264541 | 0.040
B 02:00:00.02 | 37.6698 | 1264542 | 0.050
C 01:59:50.88 | 37.6737 | 1264530 | 1.110
B 126 | 1% 2%
DE | D 02:00:0020 | 37.6698 | 1264543 | 5.290
E 01:59:50.47 | 37.6670 | 1264528 | 15.990
F 01:59:50.88 | 37.6670 | 1264603 | 8950
G 01:59:50.92 | 37.6693 | 1264557 | 7.510
WFSlAZE | 2008/11/02 | 02:15:01.269 | 372114 | 1276078 | 0.090
A 02:15:01.32 | 37.2172 | 1276115 | 0.040
B 02:15:01.35 | 37.2217 | 1276145 | 0.020
C 02:15:01.16 | 372165 | 1276152 | 0.050
~ 32 45 32
k52 D 02:15:01.56 | 37.2153 | 127.6108 | 0.050
E 02:15:00.89 | 37.2143 | 127.6092 | 13.480
F 02:15:01.13 | 37.2123 | 1276150 | 6.960
G 02:15:01.21 | 37.2157 | 1276148 | 5620
WSl A ZE | 2008/11/02 | 02:30:26207 | 36.8613 | 1283618 | 0.085
A 02:30:2623 | 368605 | 1283553 | 0.020
B 02:30:26.19 | 368600 | 1283552 | 0.010
C 02:30:26.15 | 368615 | 1283557 | 1.820
- 62 89 15
k33 D 02:30:2648 | 368623 | 1283592 | 0.030
E 02:30:26.15 | 368638 | 1283605 | 5.280
F 02:30:26.15 | 368638 | 1283605 | 5.200
G 02:30:26.16 | 368633 | 1283603 | 5240
WSl AZE | 2008/11/02 | 03:52:01.304 | 363188 | 1293557 | 0.085
A 03:52:01.42 | 363185 | 129.3410 | 1.000
B 03:52:01.39 | 363197 | 1293523 | 0.010
C 03:52:01.45 | 363183 | 129.3492 | 4.120
s o 155 | 179 | 36
2} 54 D 03:52:0152 | 363162 | 1293462 | 2.840
E 03:52:00.72 | 363123 | 1293488 | 15.130
F 03:52:01.13 | 363160 | 129.3387 | 7.850
G 03:52:01.25 | 363150 | 129.3510 | 6.990
WS A ZE | 2008/11/02 | 03:00:00.806 | 37.0654 | 127.8951 | 0.043
A 03:00:00.84 | 37.0643 | 127.8930 | 0.020
B 03:00:00.96 | 37.0713 | 127.8938 | 0.040
C 03:00:00.69 | 37.0658 | 127.8928 | 0.090
- 54 94 20
315 D 03:00:01.02 | 37.0632 | 127.8925 | 0.030
E 03:00:00.38 | 37.0603 | 127.8945 | 13.390
F 03:00:0056 | 37.0632 | 127.8922 | 11.160
G 03:00:00.78 | 37.0655 | 127.8957 | 4810
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2ok a] k| 2008/11/02 | 03:14:49.968 | 36.9508 128.1580 0.048
A 03:14:49.90 36.9525 128.1472 0.040
B 03:14:49.89 36.9517 128.1492 0.050
C 03:14:49.81 36.9522 128.1480 1.190
w36 D 03:14:50.16 36.9523 128.1472 0.230 o8 % 21
E 03:14:49.69 36.9538 128.1467 9.140
F 03:14:49.71 36.9542 128.1468 8.400
G 03:14:49.80 36.9513 128.1457 7.430
wul A ZE | 2008/11/02 | 03:30:01.541 | 36.7240 128.5894 0.048
A 03:30:01.46 36.7285 128.5950 0.010
B 03:30:01.50 36.7218 128.5963 0.040
C 03:30:01.35 36.7278 128.5972 0.010
42 69 28
k517 D 03:30:01.66 36.7318 128.5935 1.970
E 03:30:00.88 36.7323 128.5897 15.780
F 03:30:01.27 36.7340 128.5963 6.760
G 03:30:01.38 36.7285 128.5965 3.690
2k A] 7k | 2008/11/02 | 03:45:01.379 | 365776 128.8914 0.048
A 03:45:01.49 36.5758 128.8977 0.000
B 03:45:01.57 36.5777 128.9075 0.010
C 03:45:01.39 36.5725 128.8835 0.030
9 51}8 D 03:45:01.64 36.5732 128.8878 0.040 o8 1 )
E 03:45:01.01 36.5742 128.8822 | 11.580
F 03:45:01.22 36.5748 128.8768 0.720
G 03:45:01.31 36.5750 128.8818 0.030
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Figure 3.1.39 Hypocenters of man-made earthquake from this study.
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Figure 3.140 Map showing the epicentral errors (in km) calculated for the KNSN.
Epicentral errors for earthquakes at 10 km depths are calculated and contoured every 5
km from 5 km to 20 km. It is assumed 10 nearby stations recorded only P-wave
arrivals. A 1-D velocity model proposed by Kim and Chung (1985) has been used to

calculate travel times. Red triangles indicate locations of KNSN stations.
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Figure 3.141 Map showing the epicentral errors (in km) calculated for the KNSN.
Epicentral errors for earthquakes at 10 km depths are calculated and contoured every 5
km from 5 km to 20 km. It is assumed 10 nearby stations recorded both P- and S-wave
arrivals. Significant improvement in the earthquake location is expected by including
S-wave arrival time information. A 1-D velocity model proposed by Kim and Chung

(1985) has been used to calculate travel times. Red triangles indicate locations of KNSN

stations.

_81_




Figure 3.142 Map showing the epicentral errors (in km) calculated for the KNSN.
Epicentral errors for earthquakes at 30 km depths are calculated and contoured every 5
km from 5 km to 20 km. It is assumed 10 nearby stations recorded only P-wave
arrivals. A 1-D velocity model proposed by Kim and Chung (1985) has been used to

calculate travel times. Red triangles indicate locations of KNSN stations.
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Figure 3.143 Map showing the epicentral errors (in km) calculated for the KNSN.
Epicentral errors for earthquakes at 30 km depths are calculated and contoured every 5
km from 5 km to 20 km. It is assumed 10 nearby stations recorded both P- and S-wave
arrivals. Significant improvement in the earthquake location is expected by including
S-wave arrival time information. A 1-D velocity model proposed by Kim and Chung

(1985) has been used to calculate travel times. Red triangles indicate locations of KNSN

stations.
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Figure 3.1.44 Index map showing that the location in Figure 3.1.45 and Figure 3.1.46 is
marked by a solid rectangle. Triangles denote the location of KNSN stations operated by
KMA. Small dots are earthquake location recorded and reported by KNSN between 2007
and 2010 including micro—earthquakes (M<2.0).
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Figure 3.1.45 Distribution of epicentral errors in the center of KNSN seismic network. In
this simulation test, earthquakes are assumed to occur at 10 km depth and P-waves are
recorded by 6 nearby stations. Both stations and earthquakes in 36°N to 37°N and 127.3°E
to 1283E are considered. Note locations are less constrained for depth. Ax, Ay, Az
and A represent errors in North-South direction, East-West direction, depth, and
hypocentral distances.
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Figure 3.1.46 Distribution of epicentral errors in the center of KNSN seismic network. In
this simulation test, earthquakes are assumed to occur at 10 km depth and P- and
S-waves are recorded by 6 nearby stations. Both stations and earthquakes in 36'N to 37°
N and 127.3°E to 128.3°E are considered. Note the depth of earthquake locations are well
constrained using S-wave arrival times. Ax, Ay, Az, and A represent errors in

North-South direction, East-West direction, depth, and hypocentral distances.
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Table 3.2.1 Global GT5 criteria (Bondar et al., 2004)

Primary [Secondary| Number of stations within specified

Distance distance GT level
Network Range |Azimuthal|Azimuthal
(degrees) Between 250km
Gap Gap and 1000km | ~2°0km | <30km
[ Local"! 0°-2.5° 110° 160° 10 | GTS0s,
Nl !
) 2.5%10° 120° 10 G206,
Regional™
Teleseismic™ | 28°.91° 120° GT250,

Table 3218 B =4 A2 (ALAE 7 25°(~278 km, 1°~=111.19 km) ©]&}31 ZH-$)e]
74§, primary azimuthal gap©] 110° ©]&}9] 7§ secondary azimuthal gap©] 160° ©]3&}, %I
372 250 kmo|Wel B=% AR B=47} 10 7 o] 3L A9 1A 30 kmo|sto o] B
g ARBZA7 D 1) ol EAT A 95%9) AHEE AW GTS5 o[ MER Aoatar 9
tHTable 32194 & w2z FAH o] 99,
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Experiment) A|Z#Fwo] st GT AXEES AFstdnt o] EBGT (Empirically
Based Ground Truth)2h= © H GT3 71%& vt t) Table
322% W GT3 AL FoA YA} 215 km olske] #3549 7157t 11, 10, 9, 282
8 70 -9} primary azimuthal®] 202° ©]&}, 18]3l secondary azimuthal gap©] 79° ©]3}<l
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Table 3.2.2 EBGT Criteria for the Kaapvaal Craton(Boomer et al. 2010)

One-Sided 95% Confidence Interval (km)

Number of Stations Primary Azimuthal Maximum Distance

GT Level within 215 km Epicentral Change Depth Change Gap Maximum to Nearest Station (km)
GT3gs¢, 11 [0, 2.2) [0, 0.4) 202° 79

GT3gs4 10 [0, 1.9) [0, 1.8)

GT3gs4 9 [0, 2.0) [0, 3.8)

GT3gsq, 8 [0, 2.2) [0, 5.7)
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Figure 3.2.1. Location of the KMA seismic stations and KCRT-2008 explosion sites (see Table 3.2.3

for detail information of explosions).
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Table 3.2.3 Detailed information of KCRT-2008 explosion sites

shot no. date time Lon.(°E) | Lat.(°N) | depth (m) | Load(ton)
1 2008/11/02 | 13:59:59.968 | 126.4531 | 37.6786 90 1.50
2 2008/11/02 | 14:15:01.269 | 127.6078 | 37.2114 90 1.00
3 2008/11/02 | 14:30:26.207 | 128.3618 | 36.8613 85 1.00
4 2008/11/02 | 15:52:01.304 | 129.3557 | 36.3188 85 1.50
5 2008/11/02 | 15:00:00.806 | 127.8951 | 37.0654 49 0.25
6 2008/11/02 | 15:14:49.968 | 128.1589 | 36.9508 48 0.25
7 2008/11/02 | 15:30:01.541 | 128.5894 | 36.7240 48 0.25
8 2008/11/02 | 15:45:01.378 | 128.8914 | 36.5776 48 0.25

KCRT-20082 ¢F 50-100 m®] AlF&olA watEs et Fap¢ EAlo] ostH 5-15
Hz 4ol A 7}%} =2 A5 o F-H|(signal-to—noise ratio, SNR)E Ht}h 2 Ao A A}
+H Az -15 Hz¢| Butterworth ZHE #&3F Flo|t}. 1YS ZAAs =
HYPOELLIPSE (Lahr 1980) Zzadlo] A&, 1349 &% Rde AxT AT £5 ¥
dlo] TASPI1 (Kennett and Engdahl, 1991)3} 4182 o] 83+ Shul: o +f =
%l Chang and Baag (2006) =2-& A& th(Figure 3.2.2). AX#ASF A5+
SIS S I e %fi 7HE w32 a1 KCRT-2008 7]3t

A AT YNARBEAE 3 R(Figure 32.19) e A4S TFF ARES o gtk
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Chang and Baag (2006)

=

-t
o

Depth(km)
3

5 6 7 8 ]

Vp(km/sec)

Figure 3.2.2 P-wave 1-D velocity used for locating GTO events.

3.2.2.3 HYPOELLIPSE

HYPOELLIPSE:= =AA%  (local earthquake)® 33 39X A(near regional
earthquakes)2] X9 Ao tigt dAiks Y&A] v=re] Zallx WEe] A4 (the Lawrence
Berkeley Laboratory)olA 71@st9ict. 3 71 o] HYPOELLIPSEE #l= A& ZAR: (UL
S. Geological Survey: USGS)9} ~®I¥= dfste] A8 7}4% A+ AlH (Stanford Linear
Accelerator Center)ol|A] o]2] F37E] Al2=dlo) @] = Aa, A= USGSoA A2159
A 5= wjxzstal itk HYPOELLIPSE+« P3ké} S3ke] FaA7hS o] &alo] 7} #54e] &
93k A 8ke] Alzbe] gk a7k HAaE He Al 9A9F A ARRE GAkgth

Aol WA n JHe] #FAoA #HFo] HIAS AF, ANEA
(x; yp 2)00A H5E A9 22AIZe ref 7Sk, o, v, ;E 52
E5 vepdth A A Aldsfell A GakE Az AIRES ¢, 28 A Y] AAE «, y, 29
7P, Algsel o3t 2 xMtime residual: R)&



R =1 —1t (1)

9 4g Hge AN el

ofo
ol

bt

ot

or

)

at, o,
R =dt + —dx+—dy+—dz+te, (2)
oy 0z )

Aske] FYNZG FPN ] 0 AYE A% S5 BIS ol g3l AN 5 91y W,
H
=]

A A ol-g&3to] 24 2 AH(adjustment vector: dt, dx, dy, dz)®] FHAE Aikeith

tjo

Ze? = minimum  (3)

B RE BEge) GG = 1,2, 30 gtk 4 ()9 242 4 Q9] Aol

ndt + Zaidx + Ebidy + Ecidz = ERZ

Nladt + Y dde + Yabdy + Yacdz = Y 4R,

sz'dt + Zazbzdx + Zb?dy + Ebicidz = Ebsz

Ecidt + Zaicjdx + Zbicidy + Ec?dz = EciRi (4)

714,
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A (4E ol&ste] AAME A

Mo
2
o
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o
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ﬁ
rir
e
dlo
1)
.
o
4
:Oll_ﬂ
>
K

t+dt, (r+dr,y+dy, 2+dz) (6)

el ohE Al el (2nd trial solution)= 2] (6)0] W, $19] #4& wHEste] 227} F
= AR AXere] (ALY X9 AYAE AA s

3224 71473 AN BSHS o] &3 KCRT-2008 Zaats 319 274

Figure 3.2.1% Table 3.2.39] vtel KCRT-2008¢] W} xtg &= whu}l FH o] 7|44 %%
A=k S AYAG7 oF 150 km ©]8kel A oAM= 2% PiHPg phase)’} 2 #2599t}
SNB7} & X712 80 km o]kl #ZF40lA 25 Pobe= AWstA #5o] Hl o 1147187}
100 km o]/l #5Lol= AF3 Fgo] Bobd dEHS T #549 da ARl A
%% P 5-15 Hz dl9eA] =2 A%8 HSa, o]d 333l Butterworth ¥ 283}
%% PuE At Figure 3.2.3°14 Figure 3.2.107F41&= HYPOELLIPSES ©]-£3}¢]

415 Chang and Baag (2006) 223} TASPI1 R 49 (Kennett and Engdahl, 1991)
& A9 91A gat ARE T TPk A #5498 1 9Es 3 BoFa 9l

oA o] AXAZ3YL 71 7Pk dSa40lA #5H ¥ S 2de Aol d54
I gAY E A YErlSlth Bl S3o] AL Ak YR (HS H)¢ 1 A=
50 km 74 <] A(=g )& =5 Pt #5H #54 F Chang and Baag (2006)
H5E Pt EA EEd #5405 o nfER JH, 1ea =g
e do® FAPAL A A7) wEt vE 2ALR HolF i ok S

E gig o r FHo] 22 AmoA el o] HF2 e IYAE HEh
Aolli 1 km A9 AgE yYehl Slvk stek M Chang and Baag
(2006) 2de] A¢ 1g)a 748 ME [ASPI1 2 ¥ (Kennett and Engdahl, 1991)& AF&-31S
4ol wE HYPOELLIPSE®S d9jxl 3t ZAxs HojFu gtk §5ed
HYPOELLIPSE®] 94t A3E A2 Zojth. HF&4 A= G109 A, A2 TA=
IASPI91 X2 (Kennett and Engdahl, 1991), 3}e+4) #2}+= Chang and Baag (2006) 2ol 2]
& 9A4 A3E vepdoh

o 2,
1o
o,
)
rl
f
41

[ g 2 T oo -

L e N
rr
2
o J
flo 1o

Rl
o
rlo
r__‘\g

T ndo et 9x1Aa4e] oA+ Wyl 404 Chang and Baag (2006)%2o] 3.33 km,
IASPI1 Edo] 354 km=ZA] 2% 9129 o7t 714 Z ok (Figure 3.2.4), A7 #59] A3
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o} FafjollA FHE wu 13} 45 A 9)e & @huo] t3te] Chang and Baag (2006) =9&
0.5 km "]9ke] 2R @25 HAHFigure 3.24, 3.2.5, 3.2.7, 3.2.8, 3.29 1¥]a 3.2.10). ¥
A Zlol= TASPIl REo A= Hit 7 kmE ZA #2522y Chang and Baag (2006) Rl

2
A B 1 km gols v e AnE welFa gk
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YD:A=222km Shot#|:Kangwha

|
|
|
|
|

oe00 ()

0.7

0.3 -0.1 +40.140.3 +0.7
39" 1
38"
37° 1
™ 37" T
126°18’ 126'24' 126°30" 126°36"
36" I Evt.Info.: GTO, IASP91, Chang&Baag
Date Time Lon Lat Depth Load/AEpi

124° 125° 126" 127" 128" 129’ 130" 11/02/08 01:59:59.968 126.4531 37.6786 0.09  1.50t
) . 01:59:59.900 126.4593 37.6602 8.67 2.12km
2nd Azi.: 194 01:59:59.870 126.4529 37.6666 0.01 1.33km

Total obs. sta: 29
Figure 3.2.3 Inversion results for the shot #1 using HYPOELLIPSE with Chang and Baag (2006)
and IASP91 model.
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A=l Shot#2:Yeoju

37°18'

o0

-0.7 0.3 -0.1 +0.1+0.3 +0.7
39°
38" |
37"
127°48"

36" |

Evt. Info.: GTO, IASP91, Chang&Baag

Date Time Lon Lat Depth Load/AEpi
35 - - 11/02/08 02:15:01.269 127.6078 37.2114 0.090 1.0t

02:15:01.120 127.6129 37.2128 7.480 0.48km
02:15:01.230 127.6109 37.2178 1.950 0.76km

2nd Azi.: 42°
Total obs. sta: 34

Figure 3.2.4 Inversion results for the shot #2 using HYPOELLIPSE with Chang and Baag
and TASP91 model.
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YOJ: A=14.3km Shot#3:Danyang

O 0000

-0.7 -0.3 -0.1 +0.1+0.3 +0.7

39° 1

38"

37"

128°18' 128'24" 128°30' 128°36"

36°
Evt. Info.: GTO, IASP91, Chang&Baag
Date Time Lon Lat Depth Load/AEpi

35°

B 11/02/08 02:30:26.207 128.3618 36.8613  0.085 1.0t
124 125° 126 127

02:30:26.150 128.3618 36.8634 5.400 0.24km
s

2nd Azi.: 110 02:30:26.150 128.3577 36.8611 1.670 0.37km
Total obs.sta: 17

129° 130°

Figure 3.25 Inversion results for the shot #3 using HYPOELLIPSE with Chang and Baag (2006)
and TASP91 model.
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PHA:A=145km  Shot#4:Youngduk

<><>OOQ© e

-0.7 -0.3 -0.1 40.140.3 +0.7

129'12' 129'18' 129724' 129°30

Evt. Info.: GTO, IASP91, Chang&Baag
- R | Date Time Lon Lat Depth Load/AEpi
126° - . . . 11/02/08 03:52:01.304 129.3557 36.3188 0.085 1.0t

03:52:01.260 129.3163 36.3168 7.890 3.54km
03:52:01.430 129.3186 36.3163 0.030 3.33km

2nd Azi.: 170°
Total obs. sta: 36

Figure 3.2.6 Inversion results for the shot #4 using HYPOELLIPSE with Chang and Baag
and TASP91 model.
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4

CH:A=225km  Shot#5: Chungju

6" . i gl G s g i 128'00"
_ : Evt. Info.: GTO, IASP91, Chang&Baag
o ML g AR . Date  Time lon  Lat  Depth Load/AEpi
e 25 e 2 120 130" |]/02/08 03:00:00.806 127.8951 37.0654 0.05 0.25¢
2nd Azi.: 78° 03:00:00.560 127.8945 37.0628 112 0.25km

03:00:00.720 127.8956 37.0657 0.380 0.06km
Total obs. sta: 22

Figure 3.2.7 Inversion results for the shot #5 using HYPOELLIPSE with Chang and Baag
and TASP91 model.
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CHJ:A=I7.7km Shot#6jeachun

Qo)

07 0.3 -0.140.140.3 +0.7
39" q

38"

37"

36"
128'12'

Evt. Info.: GTO, IASP9 1, Chang&Baag
Depth Load/AEpi

35" - - 3
124" o 126" Date Time Lon Lat

129° 130°

R W 11/02/08 03:14:49.968 128.1580 36.9508 005 0.25¢
2nd Azi.: 64 03:14:49.720 1281482 36,9517 9.19 0.87km
Total obs. sta: 27 03:14:49.840 128.1479 36.9503 1.83 0.89km

Figure 3.2.8 Inversion results for the shot #6 using HYPOELLIPSE with Chang and Baag (2006)
and TASP91 model.
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YOJ: A=16.8km
YCH: A=18.3km _

Shot#/7:Younju

36°36'
128°24'

128°30' 128°36" 128°42"

35

Evt. Info.: GTO, IASP91, Chang&Baag
= 125‘. = '127.' e Date Time Lon Lat Depth Load/AEpi
) N 11/02/08 03:30:01.541 128.5894 36.7240 0.05 0.25t
2nd Azi.: 86 03:30:01.230 128.5907 36.733 96.60 1.11km
Total obs. sta: 33 03:30:01.300 128.5909 36.7280 0.020 0.46km

Figure 3.2.9 Inversion results for the shot #7 using HYPOELLIPSE with Chang and Baag (2006)
and TASP91 model.
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HOO:Lc05n Shot#8:Andong

OGeeO

0.7 =0.3 0.1 +0.1+0.3 +0.7

128°54' 129°00'

Evt. Info.: GTO, IASP91, Chang&Baag

Date Time Lon Lat Depth Load/AEpi
2nd Azi.: 128° 11/02/08 03:45:01.379 128.8914 365776 0.05  0.25¢
Total obs. sta: 47 03:45:01.220 128.8764 36.5735 1.06 1.41km

03:45:01.420 128.8840 36.5708 0.03 1.00km

Figure 3.2.10 Inversion results for the shot #8 using HYPOELLIPSE with Chang and Baag (2006)
and TASP91 model.
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KCRT-2008< o]&3% zx1999x 274 A= Table 3.2.49
Figure 3.2.3°14 Figure 3.2.107}A ¢} m}z7kA] 2 GT02] A X 5‘1—
Chang and Baag (2006) 5.2 o]&3lo] ity Ays Zh
ATk ak 18 7143 71T Al A A A7 A X]X%éi PN
el BZAo|A BZ=o] HAaL secondary azimuth gap(Z #ZAoA 7V4 7phE #A24E
AU 2HA #AS4h9 F=A47Ee] 74 4 %)S 194°E B At Figure 3.2.3% Table 3.2.4).
ofFol A e Wyl 2= 34 7 #SAolA #F=o] H AL secondary azimuthal gap< 42° =
HAZ547F 7HE 24 FEE o QI th(Figure 3.2.49F Table 3.2.4). %3} 33} 4% 72 17
70 36 7He] #EA, T HA WS 247 110° 9F 170° 9] & H A tH(Figure 3.2.5, 3.2.6, L&
3 Table 3.24). %3} 29} 31 Afo] 1g]al wa} 37} 4 AloJol A 2h7} 7 abd] S8 i} 5~
89 shofke 250 kg Hlw A A L-ko] AREH UTH(Figure 3.2.1). SFAIRE 3}efe] ¢Fo] 22 Wk}

i Ml Ry
afaL ghikizof] 2 o] 9l

Pl & 71874 ARB/ZE el A pao] =] Wil 3
¥ A5A] A= 4 79 e} B 20 A o delglon], oA et B 130° ofule]
w& HOATh KCRT-2008004 =39t &op ol @} 19} 4= Asties} gy, 93] A5% 3
A FE St FaE Sloinh V1 AXASEE 2T R SAAAE Al st
EE A5 WSE 52 Aol Ao Q7] el et 13} @ah 4= A Aol A AFERlxol
A% Bondar et al. (2004)9] AA74 GTS Melel= =4 @At

O Aol A= KCRT-2008 GTO A5 &8st AE ¥E o83 d=d GT59] 7]

28 oS A7l i 248 welZ Aol
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Table 3.24 Summary of the inversion results for the KCRT-2008 GTO events using HYPOELLIPSE

Evt information: GT0, determined with IASP91, and Chang & Baag,

Id Date Time Lon Lat Depth | Load/Aepi.
01:59:59.968 | 1264531 | 37.6786 | 0.090 1.50 o

1| N2 [01:59:5990 | 1264593 | 37.6602 | 8.670 | 212 andAz I
01:59:59.870 | 126.4529 | 37.6666 | 0.010 1.33 st
02:15:01.269 | 127.6078 | 37.2114 | 0.090 1.00 =

2 Nz%vdg' 02:15:01.120 | 127.6129 | 37.2128 | 7.480 0.48 %gif:gﬁm. 5
02:15:01.230 | 127.6109 | 37.2178 | 1.950 0.76 R
02:30:26.207 | 1283618 | 36.8613 | 0.085 1.00 e

3 NZ‘B"(;;' 02:30:26.150 | 1283618 | 36.8634 | 5400 | 024 %“Sa':\z‘g”g. 7
02:30:26.150 | 128.3577 | 36.8611 | 1.670 0.37 SESL QS
03:52:01.304 | 129.3557 | 36.3188 | 0.085 1.50 e

4 | NowZ [03:52:01260 | 1293163 | 363168 | 7890 | 354 | AdAZ 1700
03:52:01.430 | 1293186 | 36.3163 | 0.030 3.33 9, QOSSR

3 2

03:00:00.806 | 127.8951 | 37.0654 | 0.049 0.25 .

5 Nz(:)‘sg' 03:00:00.560 | 127.8945 | 37.0628 | 11.20 029 %",faffsf?m. 55
03:00:00.720 | 127.8956 | 37.0657 | 0.380 0.06 s
03:14:49.968 | 1281580 | 36.9508 | 0.048 0.25 e

6 Nz%vd:' 03:14:49.720 | 128.1482 | 36.9517 | 9.19 0.87 %l‘)faf‘z;:’:m_ -
03:14:49.840 | 128.1479 | 36.9503 | 1.830 0.89 st
03:30:01.541 | 128.5894 | 36.7240 | 0.048 025 N

7 | %2 03:30:01.230 | 1285907 | 367339 | 6600 | 111 |AN9AZEE
03:30:01.300 | 128.5909 | 36.7280 | 0.020 0.46 s
03:45:01.379 | 128.8914 | 36,5776 | 0.048 0.25 e

8 NZ%‘&?' 03:45:01.220 | 128.8764 | 36.5735 | 1.060 141 %2?:‘:5'5'32_ &

k 03:45:01.420 | 128.8840 | 36.5708 | 0.030 1.00 i J
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Figure 3.2.11 (a) Locating errors related with a number of stations, (b) primary azimuthal gaps, (c)
secondary azimuthal gaps, (d) a number of stations within epicentral distances less than 30 km, (e)
a number of stations within epicentral distances less than 50 km, and (f) a number of stations

within epicentral distances less than 100 km.
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%2 Aok FL HolFT Ak HEAY AN AGANN AHESE Prrel SrTre B
A4 wel WS oAb Folsm, A6l glolA] ol ABE vl ¥ AT g}
A BZ27F AGARE 30 km, 50 km, 100 kmolle] EA1ek= 715 e A9 24 24
% EAGQE(Figure 3211d-D, 30 kmolllel #3271 5 7] ol Edes A9E

azimuthal gap W¥9= A F#ASA I 237} 5 kmolldS RoFal dthFigure
3.2.11.d).

20 S 20,
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10+ % g i
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(6,]

300 0 100
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Figure 3.2.12 (a) Locating errors sorted with at least a station existing within epicentral distances

less than 30 km and primary azimuthal gaps, and (b) secondary azimuthal gaps .

Figure 3.2.12¢ #=4 AX#ASA F AT 1 7| o] AX#AESA7F FdAE 30 kmeo]
el EA8HH primary azimuthal gap(a)®] 3 secondary azimuthal gap®] #tell w2 2%
A A2 eAHb)E HoFL Qv Figure 3.2.12014 7 o] 42L& #5549 47t
8 7H-E 12 7H77V] el e eaks etk HAgk 1 A o] #547F 1194718 30 km

ol A5t F #=49 4T 44 8 9, 10, 11, 12 /Y Ao W3t primary azimuthal
gap ¥} secondary azimuthal gap #3¥9| ¢3te] 9= 2A 27} 5 kmolst2 AA T =
B8 dEEY Uk g2 AMS s th(Figure 3.2.13% Figure 3.2.14).
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Figure 3.2.13 The relationship between primary azimuths and accumulated density function for the

number of station is &, 9, 10, 11, and 12 respectively.
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Figure 3.2.14 The relationship between secondary azimuths and accumulated density function for the

number of station is 8, 9, 10, 11, and 12 respectively.
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Table 325 KGT5 earthquake catalogue for 2007-2008 (time is in UTC, hr=hour, mn=minute, the

units of primary and secondary azimuthal gaps are in degrees, and rms is in second).

20070120 1156 53.21 37.699 128.5786 2:72 20 84 100 0.1223
20070310 918 41.07 37.2082 128.8597 0.04 32 153 172 0.255
20070314 2030 12.53 36.1507 127.9745 6.03 98 22 30 0.658
20070424 2336 35.65 36.9806 126.4464 0 46 183 197 0.1857
20070503 324 8.51 36.1513 127.8201 5.1 51 38 37 0.2541
20070503 924 2.17 36.5866 127.8119 16.03 43 28 42 0.1764
20070513 722 47.48 35,9168  127.9905 0.03 34 28 50 0.2773
20070515 1956 8.63 35.7164 129.2186 0.86 39 138 176 0.6767
20070518 2253 26.82 36.5573 129.0124 8.98 41 76 97 0.3622
20070527 1551 58.57 35.2179 128.5887 0.04 55 110 113 0.2217
20070719 121 11.63  37.1231 129.1358 34.32 28 175 175 1.9228
20070722 449 27.57 36.8901 126.6253 5.18 49 71 132 0.2453
20070807 939 50.54 37.205 128.793 5.07 33 134 146 0.4966
20070811 1952 32.26  36.0633 127.728 5.15 55 26 39 0.2875
20070911 2150 57.72 36.47 129.6486 9.48 40 229 223 0.2506
20070916 1616 32.15 36.4366 129.6479 0.68 61 223 229 0.9244
20070923 1524 B.8 36.4384 129.6367 4.69 52 218 222 0.3796
20070930 16 2 43.18 36.4482 129.6556 6.11 39 229 244 0.299
20071004 1456 6.88 36.4388 129.6176 4.91 81 216 216 0.5172
20071012 1913 35.57 36.4478  129.6572 4.65 41 229 222 0.3041
20071016 559 4.17 37.426 128.8482 0.04 37 104 165 0.6898
20071017 116 24.52 36.4468  129.6898 0.13 23 225 238 0.6729
20071028 1732 1.44 36.5988 128.3963 11.95 78 32 62 0.2489
20071118 2051 22.74 34.7639 126.5092 16.02 14 108 193 0.1796
20080114 93 14.44  36.2139 127.5069 8.48 34 51 91 0.1392
20080226 1422 48.92  35.9867 126.5376 3.55 51 128 140 0.3619
20080228 2037 53 33.5331 126.6005 16.71 17 165 170 0.1124
20080309 95 0.05 35,6433 128.7493 8.11 44 99 99 0.2363
20080328 729 20.95 37.8041 126.3534 14.08 45 155 155 0.276
20080622 1430 12.77  35.5527 128.5568 0.4 27 88 103 0.3124
20080702 732 51.02 35.5321 128.815 4.37 34 83 102 0.2888
20080914 35 8.25 35.617 127.0199 1.15 58 76 94 0.2926
20081009 24 34.18  38.1198 127.0977 0.02 11 212 240 0.4008
20081030 26 14.57  36.3428 127.2463 0.07 52 34 75 0.3392
20081106 912 30.83 37.0739 129.1469 1.33 45 153 150 0.3568
20081207 1728 6.48 36.4637 129.6448 2.87 34 239 238 0.3159
20081219 1438 14.32 36,4767 129.6113 3.04 29 232 215 0.2987
20081220 853 41.19 36.4731 129.6021 3.26 37 237 237 0.2908
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Figure 3.3.1 Locations of the KNSN stations (from the KMA

"http://web.kma.go.kr/aboutkma/biz/earthquake01.jsp”).
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2 AFgE ARY AXE AAst7] A “Non-linear, earthquake location
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Table 3.3.1 One-dimensional velocity model used for computing travel time (Kim and
Jung, 1983)

Number of
Depth ranges Vp (km/sec) Vs (km/sec)
layer
1 0 - 2 km 5.5 3.3
2 2 — 15 km 6.0 3.5
3 15 - 29 km 6.6 3.7
4 29 - km 7.7 4.3
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Figure 3.3.3 (a) One dimensional velocity model used in this study from Kim and Jung,

1983, (b) computed travel times, and (c) computed propagating ray angles.
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Figure 3.3.4 Schematic view of the Oct-tree method
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Figure 3.3.5 Systematic vies for finding PDF using oct-tree method.
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Figure 3.36 A example of 2D projection from the oct-tree structure and compact
representation of the PDF.
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Figure 3.3.7 The status of cells for the initial grid search.
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Figure 3.3.8 Relocating results using the "NLLoc” for earthquakes occuring in 2000
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Figure 3.3.9 Relocating results using the "NLLoc” for earthquakes occurring in 2001.
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Figure 3.3.10 Relocating results using the "NLLoc” for earthquakes occurring in 2002.
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Figure 3.3.11 Relocating results using the "NLLoc” for earthquakes occurring in 2003.

- 131 -



EQ 2004 Cata

124" 125" 126" 127° 128" 129° 130" 1317 132
! | 1 | | 1 |

40° et 40
- 38
1 - 36
- - 34
e ;
0 . 0 10 20 30
£ 1 Depth(km)
=
-g} 20 B
D 30 1 ! 1 T !
124 126 128 130 132
Lon(deg)

Figure 3.3.12 Relocating results using the "NLLoc” for earthquakes occurring in 2004.
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Figure 3.3.13 Relocating results using the "NLLoc” for earthquakes occurring in 2005.
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Figure 3.3.14 Relocating results using the "NLLoc” for earthquakes occurring in 2006.
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Figure 3.3.15 Relocating results using the "NLLoc” for earthquakes occurring in 2007.
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Figure 3.3.16 Relocating results using the "NLLoc” for earthquakes occurring in 2008.
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Figure 3.3.17 Relocating results using the "NLLoc” for earthquakes occurring in 2009.
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Figure 3.3.18 Relocating results using the "NLLoc” for earthquakes occurring in 2010.
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Figure 33.19 A 3D view for the earthquakes occurring in 2009.Red dots indicate
probability density, sky blue ellipsoieds represent confidential boudary, and green bars

show P wave residuals for each station.
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N2 X740 AMEE #AF42 F, esazivt iMA oNE-#F27Me] W9 ZH(azimuth),

unifi=360i/N, L2]il b=avg(esazi)-avg(unifi)e]t}. o|HIE-#=4 7he] WY& F7)ste= &
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U525 & PFORT A glow 19 @S zheth
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(Figure 3.4.1), primary azimuthal gap (Figure 3.4.2), secondary aximuthal gap (Figure
3.4.3), 718]3l network metric (Figure 3.4.4)°] we} QA Fxs=AE HolFh 7 199
H S0 AHO R, 95% Al e jhe Ao FASHAT 95% 4l H7ke] ofn|
= T3 A5 95%7F 95%A1E -3t 7k obeoll e evlgtth Zb LRl EAIEO] Q=
2718 OAEY d3S #EElY] primary azimuthal gape] 221°°]3}, secondary azimuthal
255 #=3 #=49] 71 570 o], network metric 0.60 ¢3S 7 =AW
3 | 47HA 215 BF wEehe 2959 9AF #3+= Figure 3.4.5%

Ao BE 24s e 4 2.0 km olgte] eakE B g0l oF 97.8%°|t

2
o
O

7187 A BSEe] UG A54 FEE FE6] D& Aste] V& 8 AT ARE
O ARtk 9992 A JrlEs AxEATh = AARS A9 GT30, GT25, GT5
%52 GT3 (Bondar et al., 2004; Bondar and McLaghlin, 2009; Boomer et al., 2010) 7]= A
H A77F At Aok £ AelM s o ABSG Aol vlste #54 B2UF 2E9
A =7 ASTE vt A A 58 55 Ajbete] GT2 oMES] HF7t 7les AA
5t} (Kim and Park, 2010; Kim and Kim 2014).
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2 A3 ANEASIAE A4 5 A2 Figure 3469 9% BAST WS
YR Aol A Axle] WAT A GT2 AIAL 7H AQ9IA Aol e & 5 ek
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Table 3.4.1 The numbers of available first arrival picks and tried realizations for KCRT-2008
explosion data. Note extremly large errors with epicentral error with greater than 100 km are

excluded for study.

o} AHE7E s 25 AR F %9 F
1 15 32111
2 17 130190
3 11 3737
4 11 3750
5 14 15905
6 12 7808
7 12 3794
8 14 15910
Number of Readings
10 ‘ . 100 ‘ T
4‘—"'

i

8 80} :

!

€ < I

< 6} & 60f [

S = :

% 4t © 407 !

= a |

|

201 !

l

% 1 2 3 4 5
Number of Readings Mislocation (km)

Figure 3.4.1 (Left) Location error with the number of available phase
readings. Gray dots represent the location errors from some 170,000
realizations. Dotted and solid lines show median and 95% quantile
curves, respectively. For instance, 95% of the crosses are below the
95% quantile curve. Mislocation of 2 km and 3 km are shwon by
broken land solid lines for reference. (Right) Cumulative distribution
of mislocations for all realizations. Errors with 3 km and 2 km are

shown by solid and dotted lines, respectively.
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Figure 3.4.2 (Left) Location error with primary azimuthal gap.
(Right) Cumulative distribution of mislocations for all realizations.

Errors with 3 km and 2 km are shown by solid and dotted lines,

respectively.
Secondary Gap
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Figure 3.4.3 (Left) Location error with the number of secondary
azimuthal gap. (Right) Cumulative distribution of mislocations for
all realizations. Errors with 3 km and 2 km are shown by solid and

dotted lines, respectively.
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Figure 3.4.4 (Left) Location error with the network metric. (Right)
Cumulative distribution of mislocations for all realizations. Errors

with 3 km and 2 km are shown by solid and dotted lines,

Percentile (%)

respectively.
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Figure 345 Cumulative distribution of
mislocations for all realizations satisfying

GT?2 criteria established in this study.
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Figure 3.4.6 (Left) GT2 coverage under current KNSN and (Right)
GT2 coverage with 10 additional stations (marked by blue

rectangles) at the periphery of seismic network.
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Table Al. Relocating results using the “NLLoc” and differences from the locations

determined by the NIMR.
DAT —
E oT LAT LON NIMR NIMR NIMR Hori Dep  To

no hrne DEP NO GAP RMS
Year . sec (°N) (°E) LAT  LON  DEP  Diff Diff Diff

1

md
1999 144 38.031 37778 128.141

1 1627 128.1988 1637 000 2879 1637 3312 4 228 02
0305 2 3 7 8
1999 112 37.440 37452 129.572

2 12.85 129.4895  4.89 734 928 245 960 4 243 0.17
0314 1 7 2 2
1999 37.693 37.547  130.306 -17.5

3 711 12.84 130.5637  0.10 17.65  32.87 3726 5 303 097
0315 8 5 8 5
1999 37.693 37591 129.978

4 336 3832 130.1087  0.10 623 1842 613 1942 5 295 04
0328 8 7 2
1999 35.781 35784 126.169

5 23 236 1262727 223 635 1154 412 1225 4 248  0.17
0404 3 8 0
1999 144 37243 128.921

6 1829  37.286  129.0377 29.43 1549 1382 1394 1962 5 151 02
0407 3 3 0
1999 154 37243 128.909

7 2287 37286 129.0095 26.96 1550 1211 1146 1667 6 147 031
0407 0 3 3
1999 16 37.328 37243 128912

8 28.84 129.027 2659 1575 1590 1084 1924 4 198 029
0407 9 2 0 2
1999 114 37397 128.889

9 1113 37525 129.128 2751 1247 3013 1504 3368 4 197 065
0409 8 3 0
1999 36.568 36.657  126.964

10 24 913 126754 2122 2078 2538 044 2538 4 274 0.12
0421 8 0 5
1999 162 36.006 35.994  127.867

11 6.72 127.8397  10.95 003 330 1092 1140 5 106  1.06
0421 7 3 7 0
1999 37.328 37278 128.931

12 341 37.69 129.027 1826 1139 1202 687 1384 5 154 025
0423 2 2 2
1999 162 35.823 35824 129.179

13 14.56 129.1465  28.12 2658 367 154 398 7 177 021
0423 5 5 2 5
1999 35.696 35714 126.795

14 935 56.08 126.9065  7.70 1512 1247 742 1451 4 208 005
0425 8 8 8
1999 231 37.721 37.642  130.421

15 43.94 1304242 25.82 3196 882 614 1075 5 207 0.6
0508 1 8 5 8
1999 231 35.781 35.824 126311 255

16 45.19 126.6055  6.68 3225 33.07 4180 4 248 022
0508 7 3 3 2 7
1999 35.443 35519 126.820

17 541 54.13 126.5903  22.57 432 2692 1825 3253 6 241 052
0515 8 8 2
1999 35.851 35853 129.288

18 912 2222 1292875 443 158 020 28 28 6 191 025
0602 5 2 0
1999 171 37.862 37.902  125.668

19 1227 125.622 2926 1000 679 1926 2042 4 313 0.09
0608 5 5 7 0
1999 132 34.037 34014 127.060

20 22.66 1270185  2.13 1000 526 787 947 4 296 021
0617 3 5 7 0
1999 115 36383 127.741

21 2158 3638  127.7653  3.12 712 272 -400 484 6 89 036
0619 8 0 0
1999 36.203 36.204  126.988

22 622 3.4 1269873  9.45 1090 016 -146 146 6 195  0.09
0717 2 0 5
1999 181 36.062 36.097 124319

23 5249 1244473 29.26 1000 1475 1926 2426 12 265 04
0910 7 5 0 2
1999 20% 35.865 35.848  129.254

24 51.16 129247 1274 1243 214 031 216 9 152 031
0911 6 7 0 5

25 1999 165 4867 38256 1289027 823 38187 128818 1135 1209 -3.12 1248 6 271 033
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0923 9 3 3 7
1999 36.617  127.393

26, S ST59 36639 1273883 2933 5 . 3355 248 422 490 7 90  0.19
1999 35.696 35.692  128.766

27 42§ 4298 128.7905  13.90 1523 273  -133 304 9 141 033
1220 8 5 3
1999 36.709 36703 128.242

28 326 20.25 128.2483  3.34 0.03 094 331 344 11 95 039
1227 3 3 3
2000 38.368 38369  127.802

29 60 51.98 127.8787  4.17 464 853 047 854 7 268  0.16
0118 7 0 0
2000 16( 35.795 35792 128.256

30 30.95 1282567  0.02 001 029 001 029 & 88 044
0220 6 3 7 3
2000 161 36.315 36292 125.853

31 52.64 125.8203  29.01 1240 450 1661 1721 7 220 0.4
0314 0 7 2 3
2000 36.568 36.572  125.889

32 443 53.89 125.8575  17.15 1565 352 150 383 4 240  0.09
0321 8 0 0
2000 194 36.821 36.883  125.308

33 344 125.3892  15.74 607 1130 9.67 1487 10 242 023
0411 4 8 5 5
2000 23( 36.568 36.573  128.323

34 19.46 128.3228  9.78 1096 049 -1.18 127 10 65 0.2
0414 5 8 2 3
2000  23% 35.781 35802 125.808

35 27.48 125829  5.72 481 328 091 340 15 193 025
0428 3 3 0 0
2000 21% 35.232 35215 128.140

36 36.46 128.1373  10.78 1170 196 -092 216 8 104 0.8
0508 5 8 5 5
2000 33.390 33223 125.779 215

37 151 15.82 125.8295  8.09 29.68  19.46 2906 6 241 046
0511 7 0 5 9
2000 38.396 38424 127.769

38 601 4.41 127.8518  3.34 000 970 334 1026 7 276 0.8
0511 8 2 0
2000 38.396 38417  127.784

39 700 31.81 127.8518  3.25 176 788 149 801 7 276 0.5
0511 8 3 0
2000 164 36.294 36297  128.502

40 23.85 128.4925  19.00 1597 116 3.03 324 15 64 022
0518 4 5 5 5
2000 124 36.173  127.174

41 4127 36168  127.1737 2.82 597 059 315 320 16 52 027
0526 1 3 3
2000 22( 38.298 38407 127.791

4 4.95 127.8882  6.42 122 1616 520 1698 16 242 027
0723 0 5 2 7
2000 12( 35.106 35116 125.040

43 1.2 1251452 0.10 000 1175 010 1175 8 244 023
0805 3 3 2 0
2000 107 36.308 36.308  128.492

44 9.57 128.4935  10.35 1391 014 356 356 12 90 034
0806 5 7 5 3
20000 162 35.246 35264 125.942

45 3141 125.948  18.65 2028 203 163 261 6 160  0.08
814 6 8 3 7
2000 104 37.918 37.926  126.722

46 1.89 126.8218  30.90 1295  11.07 17.95 21.09 7 261  0.17
0821 4 8 2 5
2000 117 35.668 35673 127.104

47 23.17 127.1543  3.58 593 556 235 603 5 182 0.5
0913 8 8 0 5
2000 35.542 35.543  128.329

48 107 4521 128323 1552 1464 067 08 111 8 95 039
0923 2 0 0
20001 15¢ 36.568 36.624  127.130

49 39.61 127.0902  20.25 1520 7.63 505 915 5 162 0.2
002 1 8 2 7
2000 224 37.257 37254 128714

50 36.12 128.7245  0.02 005 1.8 -0.03 1.8 8 104 036
1007 6 8 8 3
2000 36.962 36.884  126.509

51 235 41.32 1264917 0.19 000 890 019 891 6 292 047
1023 5 5 8
2000 221 37.046 37.089  126.660

52 12.56 126.693  6.83 605 593 078 598 6 194  0.17
1027 0 8 2 7

532000 127 4198 36231 127.0725 6.68 36236 127.112 1174 446 506 674 5 132 028
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1105 9 3 8 2
2000 37.693 37.677 127.251

54 842 9.69 127.2652  8.43 400 233 443 500 5 189 042
1114 8 8 7
2000 34612 126.996

55 751 3803 34593 127.011  23.26 1255 272 1071 1105 14 107 044
1202 5 3
2000 36.484 36438 130.001

56 951  1.06 129.9682  10.80 11.78 626 -098 634 19 172 022
1209 3 5 0
2000 231 36.294 36293 127.296

57 38.09 127.2922  5.68 806 050 238 243 16 69 034
1221 9 5 3 5
2001 35.703 35707 126.559

58 244 7.79 126.5812  10.86 651 244 435 499 15 131 036
0129 8 0 5
2001 38.340 38349  127.835

59 75 52.53 127.848 547 715 173 -1.68 241 4 241 0.6
0208 7 7 3
2001 36.906 36.886  126.915

60 847 40.89 126.8832  21.99 1546 420 653 777 5 214 039
0210 3 2 2
2001 16( 36.020 36.037  128.221

61 8.18 128216 1335 16.61  2.00 -327 38 11 78 027
0213 2 3 3 8
2001 23: 37.384 37346 128.369

62 834 128.4085  0.05 002 602 003 602 8 211 045
0218 7 3 7 5
2001 35.331 35328  127.856

63 34¢ 3443 127.9092  14.05 271 592 1134 1279 8 92 082
0228 2 5 0
2001 152 35.303 35319 125.664

64 431 1256743 111 264 215 -1.53 264 12 186 022
0305 3 2 8 3
2001 23: 35.106 35076 127.833

65 20.28 127.8955  0.10 6.66  7.60 -6.56 1004 6 266  0.07
0306 7 3 8 8
2001 131 36.737 37.167  125.022 113

66 58.45 125.3585  2.91 1428 60.65 6170 5 270 028
0319 6 5 3 7 7
2001 132 35.865 35833 129.725

67 32.52 129.6912  2.08 187 525 021 525 6 231  0.19
0416 0 7 3 5
2001 174 35.373 35381 126.100

68 50.78 1261043 10.92 1263 1.00 -1.71 198 12 153 021
0416 2 5 8 8
2001 172 35.978 35985  125.256

69 47.45 1252522 29.31 004 091 2927 2928 8 238 04l
0420 0 2 2 5
2001 36.906 36.985  125.019

70 221 28.87 125.0822  29.16 1015 1129 1901 2211 4 257 017
0505 3 8 0
20010 102 34.403 34396 127.399

71 46 127.3905  16.42 1628 118 014 119 6 241  0.09
505 3 2 8 0
2001 16( 35.971 35973 126.731

72 4.11 1267185  12.12 1258 148 -046 155 16 120  0.19
0515 9 2 0 7
2001 15C 33.531 33.565  126.882

73 25.53 126.8328  24.90 1146 675 1344 1504 8 186  0.39
0524 6 3 8 7
2001 34.093 34102 127.556

74 625 37.48 127.5102  9.40 1017 518 -0.77 523 5 275 0.2
0527 7 0 0
2001 11z 35.865 35833 129.732

75 3.01 129.6912 1032 1035 585 -003 58 9 231 02
0527 4 7 3 7
2001 222 36407 127.760

76 582 36407 1277597 20.16 1729 0.0 287 287 12 70 037
0527 5 8 0
2001 157 36.744 36.744  128.847

77 12.28 128.8615  14.16 1353 153 063 166 12 8 026
0608 6 5 7 7
2001 34.909 34.886  127.292 123

78 451 3577 127.3077 199 1433 3.03 1271 5 131 0.2
0613 3 8 3 4
2001 12z 35950  127.924

79 283 35964 127.9065 9.32 413 252 519 577 13 8 044
0616 6 0 3
2001 16( 35722 126.382

80 oo 4 2084 3571 1264022 1499 5 ) 1442 459 057 462 14 143 028
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2001 35.781 35.785  126.635

81 221 851 126.6055  10.56 12.83 334 227 4.04 16 162 0.17
0629 3 8 2
2001 11¢ 36.765 36.764  127.023

82 46.8 127.0163  14.77 14.93 0.78 -0.16  0.79 6 172 0.14
0715 1 7 7 2
2001 36.463 36.466  127.994

83 826 14.69 128.0008  13.96 13.56 0.81 0.40 0.91 35 35 0.34
0723 3 0 0
2001 105 36.181  127.346

84 13.42 36.189 1273352 0.02 2.89 145 287 321 10 92 0.28
0726 5 7 0
2001 36.484 36.481  128.009

85 104 39.13 128.0092  8.48 11.28 032 280 2.82 6 168 0.45
0727 3 5 7
2001 144 36.702 36.713  128.286

86 43.84 128.297 2.00 451 1.68  -2.51 3.02 14 73 0.25
0806 6 3 5 8
2001 12¢ 34.037 34.119 125548

87 22.55 125.498 8.72 15.67 10.74  -6.95 12.80 4 285 0.12
820 4 5 7 8
2001 35.872 35.875  128.148

88 212 341 128.1298  0.01 2.48 209 247 324 26 37 0.3
0824 7 0 5
2001 234 34.797  127.398

89 32.88 34.811 127.3983  16.30 16.23 1.56 0.07 1.56 6 128 0.18
0906 2 0 5
2001 21C 36.385  127.014

90 14.87 36.386  127.0107 18.62 13.00 0.42 5.62 5.64 16 59 0.55
0912 7 0 3
2001 172 35.598 35.611 125778

91 42.09 125.8087  19.25 14.00 3.61 5.25 6.38 14 186 0.26
0914 2 5 0 7
20010 234 36.614 36.615 126912

92 57.7 126.9068  9.12 9.52 0.61 -040  0.72 20 73 0.15
918 7 5 2 2
2001 33.362 35460 127.551 236.5 236.9

93 33 33 127.2025  30.81 16.50 1431 9 322 1.33
0924 5 8 0 1 4
2001 182 36.052 127.716

94 52.5 36.052  127.7137 17.06 14.00 0.28 3.06 3.07 36 31 0.43
0930 5 2 2
2001 132 37.117 37.113  129.023

95 436 129.0525  0.75 3.02 322 227 394 12 190 0.19
1028 7 2 2 8
2001 34.740 34.726  126.869

96 454 46.52 126.8607  18.65 14.95 1.80 3.70 4.11 4 98 0.21
1109 7 8 0
2001 211 36.498 36.517  127.960

97 20.19 127.9682  14.41 16.09 225 -168 281 20 59 0.28
1112 5 5 3 8
2001 36.702 36.713  128.304

98 146 11.78 128.297 2.00 9.94 1.51 -7.94  8.09 33 35 0.39
1121 3 8 3
2001 36.807 36.769  130.010

99 71C 31.17 129.9553  9.62 9.90 750  -029 751 26 152 0.3
1124 8 0 5
2001 35.858 35.858  127.523

100 21¢ 31.96 127.5322  0.01 4.05 095 -404 415 19 42 0.43
1130 7 3 7
2002 152 34.846 34.847  127.232

101 23.32 127.2288  0.01 0.02 043  -0.01 043 16 64 0.34
0103 3 2 8 3
2002 35.359 35328  128.855

102 81C 0.78 128.8213  0.05 0.00 5.08 0.05 5.08 9 191 0.25
0107 3 8 3
2002 231 35.851 35.839  128.232

103 31.37 128.2048  4.63 7.76 333 -3.13 457 10 135 0.22
0107 8 5 0 0
2002 21z 36.200  126.427

104 27.94 36.175  126.3448 1201 14.69 9.66  -2.68 10.03 4 189 0.24
0116 8 7 8
2002 111 35.106 35.116  125.079

105 24.6 125.1452  0.10 0.00 7.37 0.10 7.37 14 243 0.41
0117 6 3 3 7
2002 134 35.021 35.029 125.104

106 8.58 125.0607  1.89 0.00 4.96 1.89 5.31 12 256 0.39
0203 4 8 2 7
2002 36.034 36.063  129.276

107 31 16.57 129.2603  15.06 14.99 3.75 0.07 3.75 6 16l 0.37
0207 3 8 7
2002 132 36.653 36.649  128.074

108 49.41 128.0763  4.60 1.51 0.47 3.09 3.13 17 68 0.2
0228 6 2 7 0
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109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131
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133

134

135

136
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2002

0307
2002
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2002
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2002

0322
2002

0324
2002

0325
2002
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2002
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2002

0416
2002
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2002
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2002

0708
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2002
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2002
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2002
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2002
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2002

0915
2002

0915
2002

0918
2002

1003
2002

1016
2002

1019
2002
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142

17¢

11C

26

22¢

202

91C

224

33(C

707

74C

222

181

17¢

104

123

192

54.8

34.25

38.64

54.08

5.47

26.33

2.55

4.05

7.69

18.12

55.44

7.49

50.87

37.23

30.58

39.77

58.13

37.32

16.81

1.05

7.17

17.32

31.78

59.68

55

8.36

36.435

35.514

34.923

37.890

37.918

37.391

37.145

37.307

34.881

38.593

34.642

38.537

34.543

35.767

35.907

35.893

37.693

34.691

35.654

35.162

35.106

35.893

36.062

35.584

38.017

36.554

36.161

35.225

126.5308

126.1927

127.4318

124.6252

124.426

129.2515

127.1917

128.1413

125.249

128.1242

127.827

125.6463

126.4418

127.9775

129.7365

129.8325

124.9905

127.3988

127.6105

123.5505

125.1452

129.7213

128.2327

125.573

126.3558

127.5797

127.6122

127.6618

23.27

3.42

4.80

8.04

0.01

0.02

0.98

17.34

11.21

30.81

30.90

2.01

17.66

1.84

30.90

15.51

12.28

30.81

20.05

13.37

30.95

14.99

22.02

2.56

36.438

35.529

34.923

37.927

37.928

37.373

37.142

37.322

34.804

38.384

34.606

38.615

34.657

35.747

35.861

35.878

37.813

34.672

35.663

35.170

35.109

35.868

36.081

35.623

38.018

36.559

36.166

35.219

126.536

3
126.135

7
127.436
2
124.563

3
124.557

3
129.210

5
127.194
2
128.148
0
124.428
5
128.026
0
127.876

3
125.637

0
126.622
2
127.962

5
129.762

0
129.744
8
124.739
3
127.402
8
127.609

0
123.403

3
125.096

2
129.765
0
128.263
2
125.550

0
126.340

0
127.591

2
127.605

3
127.668

5
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9.71

12.14

6.06

7.01

7.30

1.40

0.63

221

11.26

12.47

10.54

13.11

13.61

8.27

15.50

0.00

10.00

16.44

14.64

10.00

0.64

14.98

12.01

14.82

6.26

14.82

17.08

5.75

0.71

6.56

0.49

7.98

14.64

4.98

0.46

1.90

91.63

25.68

6.78

23.71

2.74
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30.93

2.17

0.99

16.39

5.46

5.60

0.98

1.02
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-2.65

-2.22

0.74

-1.39
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-1.23
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1.84
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-0.13

0.17
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14.66
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6.81
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29.35
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2.36
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26.49

5.49

7.55

4.21

16.91
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3.35
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18
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279

297

195
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246
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86

287

267

236

189
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0.21

0.38

0.36

0.33
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0.3
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2002 34.895 34.862  128.448

137 13C 53.87 1284178 0.02 002 503 000 503 21 193 032
1023 3 3 8
2002 19C 33.894  127.086

138 4909 33911 127.0532 1276 1272 408 004 408 15 181 022
1024 6 5 0
2002 35.066  126.574

139 25( 5334 35057 1265802 16.19 1681 122 062 137 12 122 0.1
1028 3 3
2002 124 36.435 36434 127.693

140 7.64 1277053 13.96 1236 135 160 209 26 34 037
1106 8 2 8 2
2002 124 35.809 35795 127.934

141 273 127.9663  8.19 1118 390 -299 492 6 147 0.6
1113 6 3 2 2
2002 36.709 36758 126.297

142 105 46.52 126.2837  0.05 591 570 586 817 5 234 025
1205 3 7 3
2002 36.709 36739 126.291

143 201 16.14 126.2837  9.45 1232 349 288 452 6 246  0.07
1205 3 8 2
2002 37.454 37406 129.430

144 741 3743 129.5048  0.02 244 989 242 1018 12 252 035
1207 7 5 0
2002 224 38.565 38733 127.248

145 57.16 127.3452  30.95 2043 2156 1052 2399 16 277 0.52
1209 2 7 7 3
2002 124 37.087  126.381

146 2151 37.075 1263842  8.14 702 138 112 178 14 191 0.8
1212 2 2 8
2002 36.737 36.708  130.100

147 921 38.75 130.0753  19.18 1403 432 515 672 7 273 038
1216 5 2 8
2002 234 36.962 37.010  126.476

148 57.47 126.4917  12.98 1133 557 165 581 6 223 041
1216 4 5 2 3
2002 144 36.498 36489 126,976

149 50.14 126.9605  12.67 969 198 298 357 7 115 025
1226 1 5 8 0
2003 37.440 37478 124.467

150 831 19.44 124502 237 673 568 436 7.15 13 207 058
0109 7 5 7
2003 22% 35.858 35850  129.273

151 4.56 1292812 7.16 400 130 316 341 20 149 037
0109 6 7 2 2
20030  13( 35.767 35741 129.418

152 24.61 129.4472  0.02 1.75 427 -1.73 460 14 227 038
113 3 2 5 7
2003 33.657 33.631  127.167

153 502 59.8 127.1493  6.81 1400 357 720 803 9 196 023
0116 8 0 0
2003 144 35.264 35272 126.608

154 33.73 126.6133  5.96 828 101 232 253 26 115 022
0208 6 5 3 7
2003 13: 35991  127.870

155 4588 35964 127.8787 17.07 429 318 1278 1317 12 57 052
0209 8 3 2
2003 37.665 37767 124.587 -19.7

156 747 4329 124.677 441 2414 15.03 2481 6 185 028
0214 7 2 7 3
2003 12( 37.693 37.880  124.883

157 20.61 124763  3.58 10.66 24.63 -7.08 2563 5 204 044
0301 7 8 0 0
2003 147 35.802 35783 129.378

158 28.55 129.3877  5.53 454 232 099 253 34 192 047
0301 3 3 7 2
2003 38.326 38301 128.503

159 344 2571 128.5785  2.01 280 884 -0.79 887 12 212 025
0304 5 0 2
2003 18: 36.146 36.131  128.347

160 4.03 1283777  14.00 500 373 891 966 47 45 065
0309 8 8 8 7
2003 19( 36.203 36.199  128.758

161 11.96 128.7718  22.52 1510 150 742 757 27 87  0.54
0313 6 2 5 8
2003 14( 36.540 36.514  129.625

162 19.22 129.5812  12.35 1205 574 030 575 18 228 025
0319 5 7 5 7
2003 207 34.993 35.036  124.517

163 44.6 124.593  30.90 1771 9.65 1319 1634 47 223 034
0322 8 7 8 7

164 2003 111 56.85 37496 124.0493 034 37.671 123.865 1328 2821 -129 31.04 25 247  0.5I

- 162 -



0330 0 8 7 5 4
2003 13: 36.442 36452 127.842

165 38.22 127.8247  3.42 835 233 494 546 12 72 036
0401 6 2 7 8
2003 152 36.173 36.174  127.339

166 8.68 127.336 720 841 043 -121 129 39 40 034
0404 5 2 2 7
2003 157 36.176 36.172  127.340

167 32.92 127.3362  5.82 636 067 -054 086 43 33 033
0404 1 8 8 7
2003 15% 36.171 36.171  127.350

168 10.07 127.3447  0.01 010 059 -0.09 060 28 8 039
0404 6 5 8 0
2003 17% 36440  126.111

169 2602 36386 1262002  22.50 755 1156 1495 1890 42 170  0.64
0415 5 8 8
2003 187 35.134 35179  124.771

170 621 1247333 13.90 766 658 624 907 15 230 025
0603 4 3 7 3
2003 17C 36.371 36376 124.991

171 5721 124.984  30.95 991 097 21.04 2106 11 183 036
0607 7 8 5 3
2003 35.921 35946 123.585

172 114 339 123.639  30.95 1500 654 1595 17.24 20 245 0.5
0609 8 2 5
2003 35.584 35.606  124.897

173 251 54.18 124.7983  30.76 780 1128 2296 2558 5 259 032
0629 3 8 2
2003 37.440 37464  125.343

174 318 29.31 1252953 0.05 002 600 003 600 11 138 05
0705 7 5 7
2003 34.888 34.866  128.201

175 620 10.73 1282048 478 763 243 285 374 16 145 02
0709 3 7 5
2003 34.937 34913 124.244

176 805 26.35 1244272 14.92 545 2052 947 2260 7 294 02
0718 5 7 2
2003 211 34712 34784 124.951

177 245 125.0802  20.34 20,54 1638 -020 1638 5 298  0.21
0727 3 5 5 7
2003 36.820  129.521

178 204 19.09 36864  129.623  8.60 1351 1231 -491 1326 12 231 02
0807 2 3
2003 162 34.993 34929 130.259

179 57.99 130.1958  17.73 1038 10.09 735 1248 8 298 041
0811 5 7 3 7
2003 114 37.609 37.624  124.700

180 30.35 124.6757 11.38 11.98 328 -0.60 333 10 187  0.52
0919 8 3 8 8
2003 182 35.802 35.803  128.434

181 56.3 128.4305  10.86 759 049 327 331 39 43 032
0923 6 3 2 8
2003 36.006 35988 129.639

182 624 17.52 129.6197  4.17 152 290 265 392 17 223 034
0925 3 8 0
2003 19% 33.194  126.855

183 2288 33236 1268333 797 982 525 -1.85 557 12 250 023
1003 9 3 5
2003 20( 36.329 36334 127.258

184 53.24 127.2592  13.20 382 055 938 940 30 39 056
1004 3 7 5 0
2003 36.974  126.421

185 o 912 542 36952 1264455 1076 s ; 11.03  3.64 -027 365 48 107 029
2003 164 34.206 34124 127.452

186 39.48 127.4073 2432 1508 1044 924 1394 7 262 0.3
1013 4 2 0 7
2003 35734 129.397

187 o 250 ST12 35739 104172 618 ; ) 741 221 -123 253 7 205 023
2004 211 36.143 36.153  127.022

188 51.67 127.0227  6.90 884 113 -194 225 42 63 021
0104 1 3 5 8
2004 164 38.396 38.544  124.910

189 475 125.0383  30.76 3031 2175 045 2175 15 237 0.7
0105 9 8 7 3
2004 33.629 33.677  125.834

190 47 4025 1257968  13.97 003 680 1394 1551 9 207 025
0117 7 8 5
2004 20z 35.387 35394 127.970

191 9.67 127.9678  11.43 1240 078 -0.97 125 27 55 027
0122 7 5 2 0

192 2004 11z 25.1 35858 128.5455 13.96 35859 128.521  9.07  2.67 489 557 29 41 045
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193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218
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220

0129
2004

0205
2004

0225
2004

0307
2004

0402
2004

0415
2004

0426
2004

0429
2004

0430
2004

0504
2004

0504
2004

0505
2004

0506
2004

0517
2004

0525
2004

0529
2004

0529
2004

0530
2004

0601
2004

0611
20040

713
2004

0714
2004

0714
2004

0805
2004

0810
2004

0813
2004

0914
2004

0923
2004

223

20¢

11¢

304

142

426

831

144

16C

171

322

141

60°

90¢
101

194

124

112

723

12¢

444

e

202

192

134

224

164

94’

36.19

15.76

7.22

14.96

50.24

25.71

20.22

56.51

57.71

36.82

3435

42.82

27.03

26.43

38.04

54.27

18.86

40.71

15.13

55.95

53.66

49.32

3.45

21.61

34.7

38.425

37.201

35.893

38.537

34.796

35.844

37.609

35.795

33.446

33.446

32.856

37.412

36.414

38.143

36.765

36.793

36.994

37.145

37.264

38.509

33.461

36.435

35.851

33.334

37.503

37.447

33.362

35.494

126.4465

128.8615

125.3885

126.1067

125.2193

128.2392

124.1645

129.4217

127.1797

127.2337

125.8392

1299118

125.9217

125.4603

130.0498

130.249

129.3632

130.1273

128.7322

126.0192

127.086

127.2998

127.3165

126.2587

126.3963

126.7905

126.987

128.2663

22.86

29.16

30.81

3.15

11.83

30.37

5.79

14.87

29.16

30.81

10.87

30.90

19.04

0.01

19.21

4.08

0.05

16.15

10.74

6.06

11.52

9.00

1531

3
38.662
8
37.195
3
35.898
3
38.666

7
34.853

5
35.839
0
37.687
5
35.763
8
33.371
8
33.451

2
33.027
2
37.447
3
36.424
3
38.331

2
36.691
8
36.694
0
36.965

5
37.090

8
37.263

3
38.507

3
33.410

7
36.443

2
35.851

0
33.340

8
37.516

0
37.451

0
33.385

0
35.485

5
126.164
0
128.847
0
125.375
5
126.066

0
125.135

5
128.242
5
124.013
5
129.405
3
127.234
0
127.232

0
125.956

7
129.885
7
125.870
5
125.390

8
130.117
8
130.220
5
129.324

5
130.163

5
128.721

0
125.993

2
127.162
7
127.293
7
127.325

0
126.254

5
126.389

3
126.805

8
127.081

0
128.281
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8.97

5.05

9.54

7.25

0.00

10.37

31.48

11.05

19.00

0.02

29.99

18.71

8.99

26.34

18.16
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0.02

0.02

16.59

9.51

6.61

6.98

11.64

11.12
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38

132

107

154

233

35

0.17

0.3

0.33
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0.25

0.44
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0.16

0.3

0.16

0.45

0.09

0.26

0.27

0.17

0.28

0.19

0.4
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0927 7 2 8
2004 21z 35469  128.268

221 22.33 35.486 128.264  10.83 13.23 1.86  -2.40  3.04 21 57 0.35
1003 4 8 3
2004 101 38.003 37.991 125382

222 32.61 125.37 6.44 0.00 1.94 6.44 6.73 9 181 0.23
1011 9 2 3 8
2004 18C 33.687  127.475

223 2.67 33.686 127.367  23.27 0.03 12.03 2324 26.17 19 192 0.54
1013 2 7 2
2004 34.403 34390  125.489

224 512 35.44 125.4815  0.05 0.05 1.71 0.00 1.71 7 263 0.2
1020 2 3 8
2004 162 37.083  126.011

225 46.15 37.061 126.0028  8.40 8.04 2.66 0.36 2.69 24 206 0.23
1104 5 3 5
2004 37.721 37.673  129.581

226 415 4.46 129.6278  0.05 0.00 7.46 0.05 7.46 12 181 0.74
1128 8 5 2
2004 32986 125.387

227 1130 451 16.7 33.025 1253615  0.39 3 0 6.68 515  -629 8.13 7 285 0.29
2004 104 32.828 32.840 125955

228 6.77 1259187  18.26 21.47 428  -3.21 5.35 8 292 0.18
1210 1 2 3 2
2004 18C 33.622  127.786

229 10.87 33.686  127.7185 1.57 0.01 1031  1.56  10.43 18 212 0.31
1211 0 7 3
2005 224 38.931 38.770  130.132

230 30.59 130.6938  0.10 10.00 6496 -9.90 65.71 8 302 0.94
0202 8 2 8 0
2005 33.478 33.463  126.404

231 227 28.29 126.382 3.87 10.47 3.05 -6.60 7.27 13 102 0.3
0205 5 2 8
2005 111 36.573  130.067

232 3.47 36.639  130.0802 14.22 16.77 739 255 7.82 12290 0.22
0207 6 7 8
2005 131 35.352 35350  126.246

233 39.62 126.2483  9.29 18.52 028 -923 924 18 170 0.2
0220 8 3 3 8
2005 38.846 38.868  127.219

234 25¢  48.1 127.2468  4.99 597 3.87  -0.98  4.00 8 279 0.26
0312 8 2 3
2005 142 32.406 32,635 125.639

235 49.34 125.6117  7.85 10.00  25.64 -2.15 25.73 7 315 0.17
0317 9 3 2 5
2005 102 36.554 36.573  125.468

236 39.52 125.4228  2.01 5.20 546  -3.19 632 9 205 0.69
0331 2 7 8 0
2005 151 33.496 33517  126.935

237 20.05 126.9325  24.81 23.17 2.34 1.64 2.86 14 188 0.25
0331 5 2 0 7
2005 101 37.103 37.111  125.340

238 0.57 125.3415  23.01 13.90 0.97 9.11 9.16 6 186 0.26
0409 4 2 8 3
2005 14C 35.668  130.045

239 51.09 35.711 130.0523  20.17 16.83 4.79 3.34 5.84 10 273 0.1
0409 4 5 3
2005 34.895 34902 125.366

240 337 3296 125.3728  10.34 12.31 1.07 -1.97 224 9 263 0.15
0421 3 3 2
2005 34.937 34.705  123.325 221.6 221.8

241 727 35.65 125.3055  19.57 10.00 9.57 6 266 0.17
0501 5 3 5 6 7
2005 22z 38.509 38.447  125.613

242 29.48 125.6167  8.96 10.22 6.85 -1.26 6.96 8§ 234 0.58
0514 2 3 8 2
2005 15C 37.468 37.635  124.893

243 27.07 124.4175  26.25 10.00  56.02 16.25 58.33 8 265 0.34
0607 7 7 2 0
2005 36.762 36.771  128.489

244 346 55.56 128.4872  16.17 17.38 1.04 -1.21 1.59 17 58 0.2
0610 2 2 7
2005 121 36.765 36.773  128.483

245 36.94 128.4768  14.77 14.82 1.09  -0.05 1.09 20 S8 0.27
0610 4 7 0 3
2005  22( 33.095 33.079  126.103

246 1.86 126.102 1.57 3.50 1.73 -193 2.59 12 276 0.38
0614 7 3 8 3
2005 222 33.102 33.099 126.183

247 49.45 126.1762  3.28 4.52 088 -1.24 152 16 278 0.37
0614 7 3 3 5
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2005 38.987 38.601  125.930

248 631 46.39 125.6632 291 10.00 5224 -7.09 52.72 14 319 1.31
0620 5 3 7
2005 141 34.459 34.443  129.227

249 4.74 129.1945  8.96 13.28 406 432 593 9 291 0.15
0629 8 3 3 3
2005 152 36.702 36.673  129.727

250 3.14 129.7563  8.10 12.72 459 462 651 18 251 0.19
0629 5 3 0 2
2005 18C 34.199 34192 127.455

251 38.84 127.4275 11.01 18.07 3.19 -7.06 7.5 14 191 0.11
0729 1 2 8 5
2005  20C 34.188 34.180  127.029

252 25.02 127.0087  8.50 12.18 245  -3.69 443 24 156 0.28
0823 6 7 5 2
2005 102 36.716 36.728  126.259

253 48.33 126.277 7.30 7.27 2.36 0.03 2.36 14 239 0.16
0825 3 3 8 8
2005 37.103 37.083  129.755

254 35¢ 11.84 129.7425  13.81 15.07 266 -127 295 14 251 0.42
0831 2 2 7
2005 37.053 37.075  127.845

255 811 11.74 127.8422  18.61 12.37 2.47 6.24 6.71 18 74 0.41
0907 8 7 7
2005 101 35.830 35.818  129.565

256 34.86 129.5703  13.74 15.73 148 -199 247 10 222 0.11
1003 8 5 2 3
2005 23¢ 37.834 37.852  124.927

257 9.29 124.7948  27.95 14.92 14.86 13.03 19.76 9 207 0.23
1009 1 3 5 2
2005 36.969 36.938  129.486

258 22z 30.71 129.5265  7.64 11.94 564  -430  7.09 13 230 0.29
1013 5 0 7
2005 37.848 37.883  124.882

259 30C 3251 124.8378  23.86 22.30 6.28 1.56 6.47 10 177 0.41
1021 5 7 0
2005 16( 34954  127.066

260 473 34955  127.0663  7.85 10.77 0.09 292 292 23 87 0.19
1022 2 3 7
2005 36.653 36.005  128.145

261 352 38.73 128.581  27.66 5.27 86.82 2239 89.66 9 152 0.26
1106 2 0 7
2005 37.212 37.211  128.794

262 10 50.55 128.8023  10.25 8.57 0.90 1.68 1.90 14 103 0.17
1115 2 3 3
2005 38.284 38272 124.279

263 247  8.13 124.2898  10.80 9.62 1.77 1.18 2.13 7 315 0.25
1127 3 2 5
2005 36.645  127.764

264 90z 12.58 36.639  127.7528  2.01 7.31 1.50  -530 551 7 118 0.2
1207 2 8
2005 15C 34.691 34.679 127.611

265 3.74 127.6042  20.16 18.29 1.58 1.87 2.45 18 176 0.14
1217 0 3 2 7
2005 18¢ 34.727  127.206

266 50.32 34.73 127.2058  24.03 22.84 0.31 1.19 1.23 21 83 0.18
1224 8 2 0
2006 37.212 37.200  128.801

267 335 3535 128.8023  10.00 8.15 1.36 1.85 2.29 17 103 0.3
0119 2 0 7
2006 13 37.188  128.792

268 3091 37.184 128.793 9.50 7.27 0.45 2.23 2.28 16 89 0.21
0119 3 0 2
2006 36.350 36.344  127.243

269 226 50.71 127.2113  20.16 12.77 3.62 7.39 8.23 10 112 0.29
0121 8 7 3
2006 182 38.720 38.704 125983

270 50.99 126.0425  0.02 9.95 6.76  -9.93 12.01 20 243 0.79
0213 1 3 8 7
2006 151 35.795 35.790  127.897

271 23.52 127.896  13.20 7.04 0.61 6.16 6.19 14 84 0.41
0227 1 3 0 3
2006 36.329 36332 127.682

272 952 3898 127.706  14.99 14.15 2.69 0.84 2.82 8 100 0.24
0228 7 5 0
2006 20: 33.348 33332 127.074

273 18.47 127.0807  15.23 15.99 192 -0.76  2.06 11 238 0.13
0309 7 5 5 2
2006 195 37.103 37.118  126.006

274 24.12 126.0187  8.96 11.05 212 209 298 8§ 241 0.19
0310 2 2 0 7
2006 1192 38.115 38.157  125.956

275 57.65 126.0028  14.19 16.76 690 -2.57 736 6 314 0.16
0314 6 7 3 8
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47.57

47.74

51.55

51.37

38.58

47.52

34.84

55.95

8.76

34.8

32.75

11.39

55.44

57.75

0.9

13.51

2.7

4.11

54.08

17.94

19.66

39.67

37.87

23.47

36.301

36.308

38.776

35.633

35.640

35.394

38.875

34.684

37.103

37.145

37.018

37.117

37.131

37.103

37.131

37.117

37.117

37.117

37.117

37.117

36.245

34.677

36.111

37.138

35.798

35.795

35.732

35.668

127.3413

127.3208

127.4013

126.3567

126.35

127.1608

126.0057

124.8333

1299118

129.8733

130.1577

129.899

129.9425

1299118

129.9425

129.9272

129.9272

129.9272

129.8707

129.899

129.5422

128.1095

126.6137

126.3798

127.8858

127.896

127.8437

124.0525

1591

16.55

0.02

14.98

18.65

24.04

0.39

9.93

5.67

0.02

29.16

2.01

6.49

7.99

1.84

6.95

7.29

7.87

4.67

0.02

11.99

10.50

8.66

4.64

6.21

9.71

19.39

3.97

36.286

36.305

38.906

35.648

35.649

35.392

38.465

34.707

37.087

37.104

37.005

37.073

37.051

37.023

37.078

37.089

37.080

37.082

37.075

37.076

36.241

34.659

36.120

37.149

35.800

35.792

35.731

35.683

127.371

3
127.331
7
127.298
8
126.330
2
126.338

7
127.180
3
126.101
5
124.838
7
129.933
5
129.857
5
130.027

3
129.948
2
129.915
8
129.956

0
129.933

8
129.949
0
129.950

8
129.901
5
129.919
8
129.935

8
129.510

8
128.115
7
126.628

3
126.377

3
127.884

2
127.888

5
127.839

2
124.342

0
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17.66

10.00

16.85

17.32

16.41

10.00

11.32

16.86

0.00
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17

15

13
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140

105

263

145

141

71

250

294
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0.3
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0.3
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0.86

0.3

0.47

0.33
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0.28
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0.2

0.31

0.32

0.54
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2006 231 35.781 34.683  125.451 178.8 179.1

304 20.23 1242758  0.10 10.00 -9.90 8 282 1.4
0808 6 3 8 8 6 3
2006 224 37.194 37.204  128.792

305 17.59 128.7973  4.66 593 122 -1.27 1.76 17 87 0.28
0825 4 5 5 7
2006 15C 35.879 35.851  129.700

306 11.67 129.7063  13.25 14.87 317  -1.62  3.56 21 235 0.27
0919 3 7 8 5
2006 34.698 34.714  128.750

307 515 35.68 128.7333  4.24 5.83 265 -1.59  3.09 13 261 0.21
0920 5 7 8
2006 14C 34.121 34.137  124.980

308 54.3 124.984 3.54 7.72 1.83 418 457 14 264 0.36
0929 7 8 8 3
2006 20z 36.670 36.666  127.651

309 23.85 127.6392  10.00 12.40 143 -240 280 20 94 0.23
1003 9 7 0 2
2006 37.496 37.542 124.993

310 51z 59.07 1249568  6.83 9.80 650 297 7.14 7 160 0.29
1016 8 5 2
2006 37.121  126.012

311 506 17.88 37.089 126.004 9.71 10.98 369 -1.27 390 13 242 0.23
1022 2 0
2006 33.376 33376  125.877

312 914 2931 125.8695  14.94 17.16 092 222 240 12| 235 0.18
1025 5 3 8
2006 161 35980 127.458 )

313 1.85 35.964 127.434 2734 12.50 324 1484 1519 26 55 0.55
1110 6 0 3
2006 231 38.987 38.426  125.062

314 29.46 124.7368  16.47 10.00  72.13 647 7242 10 293 2.09
1111 9 5 2 0
2006 18C 34.185 34.165 127.450

315 3533 127.4403  14.01 16.95 250 294 386 20 188 0.14
1125 5 2 3 7
2006 15¢ 36.466 36.462  127.893

316 43.95 127.8927 1648 17.69 045  -1.22 1.29 25 63 0.24
1203 1 8 8 0
2006 162 33.095 33.105  126.166

317 52.64 126.1557  7.44 8.76 1.69 -133 215 10 278 0.22
1209 9 3 7 8
2006 161 37.117 37.063  129.946

318 20.57 129.9272 797 16.84 633  -8.87 10.90 15 138 0.33
1219 8 2 5 2
2006 36.111 36.109  128.126

319 44 50.96 128.1315  9.70 10.26 0.65 -0.56 0.86 17 74 0.27
1228 7 3 2
2007 204 39.015 39.566  128.135

320 19.26 128.1257  20.01 10.00  61.25 10.01 62.06 12| 282 0.46
0105 7 7 5 3
2007 37.711 37.699  128.578

321 6 2422 128.5852  7.97 7.72 1.56 0.25 1.58 12 91 0.23
0119 3 0 5
2007 38.593 37.633  125.802 112.8  -104. 153.7

322 731 58.46 125.4757  22.18 126.61 4 343 0.25
0124 7 2 5 1 43 2
2007 152 34.958 34.898  129.735

323 59.47 129.582 0.01 5.00 1832 -499 1899 29 265 0.81
0205 4 7 3 3
2007 37.229 37.208  128.859

324 91¢ 41.12 128.892 6.22 0.04 431 6.18 7.54 20 158 0.34
0310 7 2 7
2007 202 36.163  127.972

325 12.76 36.161 127.9745  10.25 10.62 037 -038 0.53 62 21 0.32
0314 0 5 3
2007 174 38.340 38.708  125.581

326 23.33 126.1842  0.05 0.02 7851  0.03 7851 16 199 0.59
0327 7 7 3 3
2007 131 38.453 38.461  125.607

327 5.87 125.6145  7.02 10.00 .18 -298  3.20 6 224 0.39
0401 6 2 2 5
2007 232 36.969 36.980 126.446

328 39.98 126.4428  2.63 0.00 1.29 2.63 2.93 28 183 0.23
0424 6 5 5 5
2007 36.148 36.151  127.820

329 324 8.54 127.8222  2.17 5.10 038 294 296 34 37 0.25
0503 7 3 0
2007 36.586 36.586  127.812

330 924 2.19 127.8092  13.70 16.03 0.31 -233 235 26 26 0.28
0503 3 7 0

331 2007 205 51.75 35598 1299593  12.57 35.581  129.998 12.87 472  -030 473 8 268 0.22
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0510 1 5 8 3
2007 35914 35916 127.990

332 725 47.6 127.9937  0.01 0.03 042 -0.02 042 24 27 034
0513 8 8 5
2007 195 35.728 35716 129.218

333 8.57 129.2467 621 0.86 342 535 634 29 150 045
0515 6 5 3 5
2007 22% 36.565 36.557  129.012

334 26.88 129.0265  12.39 898 179 341 385 28 76 028
0518 3 2 3 5
2007 10% 35.978 36.027  125.065

335 26.65 125.1965  29.01 10.00 1554 19.01 2456 9 241 028
0526 9 2 7 8
2007 15% 35.225 35217  128.588

336 59.01 1285707  0.01 004 219 -003 219 41 88 0.3
0527 1 8 8 7
2007 15( 35.696 35615 130.224

337 24.67 130.1203  23.01 2400 1470 -0.99 1473 18 270 047
0625 1 8 5 5
2007 10z 37.496 37397 129.801

338 30.25 1297778 6.15 1000 1132 385 1196 12 164  0.64
0708 8 8 8 7
2007 212 39.943 39.380  127.102

339 44.78 127.1673  0.10 0.00  63.02 010 63.02 13 319 194
1231 3 8 8 0
2008 13% 34.965 34999 124.950

340 54.83 124.8945  9.06 875 725 031 726 11 284 039
o110 1 7 5 3
2008 38.453 38511 125.837

341 106 15.48 125.8443  29.01 1446 656 1455 1596 8 212 0.2
0205 2 7 0
2008 35.809 35797 129.377

342 916 39.51 129.3535  10.51 1042 299 009 300 16 196  0.19
0223 3 7 8
2008 38.143 38.008  124.704

343 10 5895 124.4305  29.16 10.00  33.98 19.16 39.01 19 303  2.06
0226 7 3 5
2008 14z 35.971 35992 126.510

344 48.61 126.496  0.35 835 288 800 850 15 141 029
0226 2 2 5 7
2008 207 33.545 33.536  126.512

345 52.93 126.469  14.70 17.68 495 298 578 11 149 023
0228 7 3 8 7
2008 38.593 38.891  126.373

346 651 821 1267423 30.90 10.00 5276 2090 56.75 13 284 042
0301 7 7 0
2008 38.903 38923 126.273

347 651 0.11 126325 693 1486 610 -7.93 1001 12 257 06
0301 2 0 8
2008 34.628 35.638  128.765 112.4 113.7

348 904 47.62 128.8242  29.11 11.99 17.12 11 277 062
0309 2 2 5 9 9
2008 167 38.108 38.112  127.102

349 0.92 127.1105 137 513 098 376 389 13 210 027
0315 8 7 5 5
2008 145 34.965 34912 124.712

350 35.84 124.9493  21.46 10.00 27.04 1146 2936 6 231 02
0322 7 7 7 0
2008 37785 37.804  126.353

351 726 21.17 126.3808  17.67 1408 372 359 517 29 152 023
0328 2 2 3
2008 35.978 35921 129.926

352 201 8.61 129.8675  2.66 004 907 262 945 7 271 0.1
0527 2 3 0
2008 12¢ 33.446 33.521  125.706

353 312 125.6697  20.49 1206 930 843 1255 7 240  0.12
0601 9 8 8 8
2008 147 35.570 35575 128.619

354 12.43 128.6015  0.02 256 202 254 324 15 69 026
0622 0 3 2 0
2008 147 35.577 35.570  128.621

355 12.67 128.6088  3.19 480 157 -1.62 225 13 97 021
0622 0 3 8 3
2008 187 34.853 34910  124.545

356 7.11 124.508  5.09 591 760 -0.82 764 5 336  0.09
0630 4 2 2 7
20080 35.443 35536 128.859 190.1 190.1

357 732 313 130.5673  11.92 15.64 3.72 17 304  1.69
702 8 8 7 5 9
20080 114 38.987 39.146  127.174 -10.6

358 49.73 127.2842  0.19 10.86  21.46 2397 7 287  0.51
705 8 5 2 3 7

359 20080 141 27.18 35317 129.6317 16.64 35294 129.513 3468 1336 -180 2245 7 273 031
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723 1 2 7 7 4
20080 10z 34.529 34.535  128.061

360 58.03 128.039 1228 1.69 261 059 268 11 235 0.3
724 9 7 3 8
20080 38.256 39222 126.136 188.3 188.5

361 812 45.49 127.5272 0.10 10.00 -9.90 5291 007
728 3 5 3 1 7
20080 124 34.508 34472 128.079

362 50.56 128.0445  14.96 1571 566 -0.76 571 15 222 0.2
728 8 7 0 8
20080 35.696 35719 125.639

363 545 26.82 125632 141 651 259 511 572 9 201 0.1
821 8 0 0
2008 154 35.078 35.065  125.039

364 30.51 125062  0.05 284 289 279 402 7 300 022
0904 4 2 5 3
2008 34.621 34573 128.263

365 635 5.76 12827 1551 790 532 761 928 18 216 05
0909 2 8 7
2008 38.101 38.131  127.084

366 14¢ 10.54 127.1317 467 465 627 002 627 14 207 023
0912 5 5 0
2008 35616 127.011

367 305 845 35609 127.0163  7.20 812 097 -092 134 25 118  0.19
0914 3 5
2008 34.206 34155 125.077

368 224 46 125.122 688 319 751 369 837 6 266 039
0921 2 2 7
2008 38.101 38.126  127.085

369 204 34.32 127.103  0.02 995 341 993 1050 9 210 033
1009 5 5 2
2008 36.336 36341  127.253

370 26 14.83 127.2525 522 685 057 -1.63 173 24 41 017
1030 7 7 8
2008 37.077  129.142

371 912 30.77  37.089  129.163  8.16 932 267 -1.16 291 21 158 026
1106 0 2
2008 12z 38.453 38432 125.644

372 5475 125672 0.63 984 379 921 996 10 240 025
12 0 2 8 7
2008 127 38.537 38422 125.545 -15.6

373 2.61 125.6463  0.19 15.79  17.00 23.07 11 248 022
1z 0 5 5 5 0
2008 142 38.481 38.517  125.563

374 56.84 125.5868  13.85 1434 473 049 475 5 259  0.15
112 7 3 0 7
20081 172 36.498 36461 129.691

375 6.36 129.6755  10.58 934 443 124 460 14 233 0.5
207 8 5 8 0
2008 38.143 38.069  124.925

376 90z 13.06 1247738 25.48 1500 1871 1048 2145 3 265  0.11
1208 7 8 0
2008 234 34.993 35015 125.251

377 50.52 1251423 5.52 519 1234 033 1235 5 262 0.67
1208 9 7 3 2
2008 107 40481  126.410

378 2371 39.98 1263917  0.02 0.00 5513 002 5513 8 324 124
1212 1 5 0
2008 147 36.498 36470 129.638

379 13.95 129.6475  10.87 11.08 323 021 324 14 229 0.8
1219 8 5 8 7
2008 36.498 36470 129.675

380 851 40.58 129.6755  9.81 10.66  3.08 -0.85 320 12 252 02
1220 5 8 5
2008 12¢ 37.384 37334 129.835

381 49.61 129.881  11.96 1734 752 -538 924 10 262  0.08
1220 3 3 3 5
2008 20% 35.654 35.683  126.337

382 16.34 1263367  2.01 591 318 -390 503 11 234 0.4
1229 1 7 3 5
2009 36.487 36491 129.093

383 65¢ 10.94 129.0903  9.31 817 052 114 125 34 5 021
0101 8 5 2
2009 231 34.009 33939 127.599

384 56.2 127.5328  11.00 700 1072 400 1144 12 194 026
0101 5 3 2 0
2009 18( 33468 127.203

385 1.86 33475 127.1002 20.54 609 1151 1445 1847 11 224 035
0104 0 7 5
2009 112 39.043 39.147  125.839

86 e 3 1995 125.955  30.90 . . 10.00  17.20 2090 27.07 17 256  0.67

- 170 -



387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

2009

0113
2009

0212
2009

0215
2009

0215
2009

0218
2009

0223
2009

0226
2009

0226
2009

0302
2009

0325
2009

0326
2009

0329
2009

0402
2009

0413
2009

0418
2009

0421
2009

0429
2009

0501
2009

0502
2009

0514
2009

0515
2009

0525
2009

0526
2009

0530
2009

0531
2009

0603
2009

0603
2009

0605

10C

84¢

357

134

15C

124

52(

172

132

20¢

112

195

111

844

31¢

95¢

151

624

65¢

11C

154

0.76

16.97

591

57.41

46.33

15.88

55.69

491

27.4

15.86

25.17

59.73

34.7

2.75

57.73

44.85

28.16

29.46

12.78

31.56

31.06

233

58.84

10.53

1.67

39.12

43.34

36.484

35.259

35.848

35.739

39.156

37.096

35.078

36.948

37.046

33.390

38.108

36.206

37.595

38.481

33.390

35.422

33.461

36.563

36.556

36.224

36.561

36.941

36.582

33.531

38.481

33.193

38.565

38.607

129.6883

127.4312

127.7223

125.7582

126.7722

125.9267

129.626

129.3487

124.6632

127.0153

127.1105

128.0645

125.8823

125.5868

126.9075

128.2392

127.1398

128.7163

128.7193

127.1208

126.3965

129.3552

129.2345

125.8612

126.6215

126.2803

126.5395

127.5062

17.05

12.37

22.55

6.67

11.48

10.54

2.77

18.09

29.16

30.95

13.72

19.45

10.08

12.40

5.05

9.09

6.29

13.15

15.98

3.78

4.36

12.64

6.71

36.457

35.256

35.851

35.753

39.136

37.112

34.993

36.940

36.968

33.338

38.109

36.202

37.621

38.577

33.408

35411

33.452

36.556

36.554

36.230

36.574

36.948

36.563

33.525

38.558

33.235

38.639

38.687

129.694

8
127.431
2
127.712
3
125.731

8
126.743

7
125.948
2
129.707
8
129.367

5
124.457
5
127.082
3
127.098

7
128.057
7
125.888
3
125.639

3
127.050

2
128.232
5
127.117

8
128.712
0
128.712
8
127.123

0
126.397

3
129.353
8
129.217

8
125.834

5
126.507

8
126.292

3
126.456

0
127.419

7
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6.83

19.28

13.01

24.10

6.76

9.42

8.07

13.01

29.00

13.57

6.89

10.26

5.04

17.86

19.17

20.41

8.68

10.22

436

10.64

8.43

12.44

14.24

0.00

0.00

0.01

0.02

3.07

0.33

3.34

3.86

3.00

13.07

2.29

24.48

9.48

0.89

2.99

12.14

15.98

1.47

2.61

0.96

0.77

0.72

1.43

0.85

2.85

3.03

15.27

4.79

12.37

13.10

-0.68

-2.23

-0.64

-1.55

-6.66

-2.75

3.41

-2.48

-23.7

0.43

-1.29

-4.12

7.83

24.12

13.09

-5.45

-0.96

1.40

0.69

-1.55

-2.15

0.71

1.74

3.78

4.36

12.63

6.69

2.26

1.34

3.68

7.70

4.07

13.51

3.37

34.09

9.49

1.84

4.22

8.38

27.00

20.66

5.64

2.79

1.70

231

1.00

2.10

2.31

2.94

15.73

6.48

17.68

14.71

27

36

25

17

25

13

21

22

10

26

42

31

26

11

52

36

27

30

22

14

12

21

27

224

51

45

177

260

158

266

117

241

239

209

23

135

243

232

49

228

31

31

50

85

126

132

226

290

244

213

250

0.29

0.21

0.26

0.24

0.56

0.25

0.23

0.3

0.23

0.24

0.26

0.37

0.31

0.24

0.23

0.25

0.26

0.22

0.31

0.33

0.25

0.28

0.15

0.37

0.31

0.6

0.3



2009 165 35.078 35.109  124.857

415 35.62 1247872 1.11 0.00 8.58 1.11 8.65 12 259 0.34
0605 6 2 3 8
2009 19¢ 37.018 37.070  124.677

416 50.51 124.5217  30.90 12.09 18.26 18.81 26.21 11 236 0.36
0619 5 7 5 5
2009 121 38.017 38.071  126.585

417 52.76 126.6413  5.60 2.48 8.63 3.12 9.18 22 237 0.26
0620 4 2 0 3
2009 38.818 39.009  126.043

418 40¢  8.82 126.0612  30.90 11.03 2124 19.87 29.09 5 251 0.52
0625 8 0 5
2009 13C 35.751 35.748  128.258

419 48.11 128.259  17.05 18.21 033 -1.16  1.20 49 29 0.27
0628 7 3 5 0
2009 37.110 37.115  125.953

420 252 53.18 125.9553  8.34 9.11 0.58 -0.77  0.96 23 99 0.3
0629 2 2 8
2009  23% 37.637 37.674  124.753

421 1.89 124.7048  0.19 3.27 6.75 -3.08 742 5 215 0.26
0630 5 5 2 2
2009 19¢ 35.106 35121  124.942

422 48.11 1249252  2.62 0.03 2.59 2.59 3.66 30 215 0.37
0714 4 3 7 7
2009 38.481 38.492  126.150

423 414 493 126.1617  2.03 0.00 1.81 2.03 2.72 17 219 0.48
0717 3 8 2
2009 35957  126.296

424 27 37.38 35943 1262725 13.26 15.43 316 217 3.84 21 112 0.31
0730 8 8
2009 181 36.561 36.544  129.624

425 12.2 129.632  14.96 16.10 2.11 -1.1S 240 32 220 0.23
0814 8 7 5 0
2009 36.582 36.541  129.608

426 624 21.95 129.6548  12.18 15.28 698  -3.10 7.63 22 231 0.25
0817 8 0 0
2009 14C 38.762 38.843  125.793

427 25.01 125.8855  30.81 13.38 13.64 17.43 22.13 24 242 0.6
0821 2 5 3 2
2009 14C 37.693 37.844  124.697 -14.9

428 29.44 124.6492 11.14 26.04 17.60 23.06 4 247 0.13
0825 8 8 5 7 0
2009 122 38.101 38.146  126.016

429 6.08 126.0165  21.87 17.19 4.95 4.68 6.81 29 181 0.41
1001 0 5 0 3
2009 39.268 39307  126.142

430 30C 731 126.1968  30.90 10.00 7.42 2090 22.18 14 257 0.49
1004 7 5 5
2009 33.418 33373 127.181

431 41z 26.64 127.0435  26.83 21.35 1620 548 17.10 5 237 0.16
1016 8 0 8
2009 192 38.481 38.783  124.009

432 25.09 124.782 2.03 4.24 9220 -2.21 92.23 8 274 0.28
1104 1 3 2 7
2009 20z 35.654 35.660 126.920

433 43.11 1269182 1591 15.80 0.66 0.11 0.67 46 62 0.24
1113 8 7 2 5
2009 122 34.803 34777 127.925

434 56.94 1279118 1232 13.06 329 -0.75 337 27 163 0.33
1114 7 8 5 3
2009 202 36.071  126.942

435 49.29 36.073 1269355  6.21 6.41 0.77  -0.20  0.80 37 59 0.27
1116 8 5 3
2009 37.778 37.762  129.622

436 134 39.97 129.6328  18.75 21.90 2.10  -3.16 3.79 11 262 0.2
1127 2 7 0
2009 201 36.709 36.710  128.589

437 52.95 128.5852  19.42 4.87 050 1455 1456 43 24 0.54
1203 4 3 5 5
2009 33.671 33.732  125.640

438 412 323 125.5683  30.95 10.22 10.43  20.73 2321 5 236 0.21
1211 8 3 0
2009 221 38.686  125.988

439 55.07 38.875 126.0057  30.61 7.21 21.02 2340 31.46 4 248 0.18
1214 9 8 0
2009 36.751 36.760  127.086

440 2 1359 127.0858  10.15 10.22 098  -0.07 098 16 91 0.27
1215 5 3 5
2009 37.693 37.907  124.737 -10.8

441 155 4831 124.6492  9.78 20.66  25.69 27.90 4 280 0.34
1226 8 2 8 8
2010 111 36.948 36.961  126.498

442 il P 10.97 126.477  14.99 5 ; 12.41 2.77 2.58 3.79 39 112 0.28
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443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

2010

0110
2010

0123
2010

0131
2010

0131
2010

0203
2010

0209
2010

0216
2010

0221
2010

0222
2010

0301
2010

0309
2010

0404
2010

0411
2010

0412
2010

0416
2010

0427
2010

0428
2010

0515
2010

0526

2010
0611

2010

0622
2010

0625
2010

0628
2010

0705
2010

0727
2010

0823
2010

0827
2010

25¢

854

20(

214

115

90¢

952

121

142

54z

544

622

932

18¢

223

102

17.76

14.12

20.3

8.46

14.15

33.37

2.06

32.61

4.14

14.98

50.79

26.75

20.75

12.2

16.67

0.4

59.99

14.52

11.95

3.4

19.55

0.92

13.85

42.06

45.29

48.96

4322

38.368

36.579

33.376

33.390

33.334

37.428

35.739

36.734

33.376

38.396

36.414

38.481

34.051

34.009

38.734

36.800

36.572

35.999

37.707

38.706

38.481

32.968

38.818

36.466

36.336

38.621

32.743

36.575

126.5012

128.187

127.0282

127.0153

127.0665

126.8162

129.9438

127.0673

127.055

125.5552

125.754

126.0467

125.6477

125.4157

126.0287

128.7533

128.7118

127.8462

129.8398

126.1717

125.5868

125.95

126.0612

127.1233

127.2525

125.9087

126.1567

129.0168

26.06

14.37

14.99

14.77

19.13

4.65

2337

11.50

15.23

5.40

0.05

0.05

0.01

12.41

0.02

29.16

30.90

10.56

30.90

11.39

4.49

0.05

16.95

14.06

38.330

36.582

33.343

33.345

33.328

37.450

35.635

36.742

33.325

38.405

36.449

38.551

34.071

34.029

38.692

36.789

36.567

35.998

37.699

38.787

38.447

32.934

38.776

36.474

36.339

38.657

32.935
7

36.570

126.468

8
128.187
3
127.070
3
127.067

0
127.109

5
126.805
7
130.000
0
127.066
0
127.108
0
125.593

7
125.756

5
126.047

2
125.648

0
125.441

3
125.999

8
128.754

3
128.704

3
127.833

2
129.867

3

126.113
7

125.613

3
125.980

0
126.046

2
127.132

3
127.261

5
125.873

3
126.236

5
129.017
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23.09

14.72

14.36

16.09

15.69

10.53

18.54

12.70

15.65

0.00

25.31

0.00

10.11

0.04

0.00

4.06

6.59

4.56

0.27

0.00

11.88

12.85

11.09

11.99

7.97

0.02

21.69

15.95

5.59

0.34

7.67

4.82

2.68

13.08

0.99

11.12

4.76

5.08

4.99

1.33

1.03

23.12

0.58

2.97

-0.35

0.63

-1.32

3.44

-5.88

4.83

-1.20

-0.42

-2.04

0.10

-4.71

0.01

0.05

5.25

-6.58

7.85

-0.25

29.16

19.02

-2.29

19.81

-0.60

-3.48

0.03

474

-1.89

6.33

0.49

6.00

7.78

5.92

6.46

13.94

8.17

8.36

4.40

7.78

3.65

5.70

5.41

6.66

7.98

3.21

31.21

19.61

20.43

1.46

3.63

23.60

1.98

12

61

53

46

29

50

15

13

24

25

28

16

11

72

24

17

12

38

276

28

218

239

226

40

255

55

214

224

136

225

207

232

239

38

61

47

268

243

230

288

234

34

64

224

312

42

0.26

0.25

0.36

0.35

0.23

0.38

0.42

0.26

0.32

0.15

0.36

0.34

0.21

0.32

0.58

0.29

0.27

0.41

0.42

0.38

0.32

0.14

0.85

0.25

0.18

0.72

0.31

0.22



471

472

473

474

475

476

477

478

479

480

481

482

483

0906
2010

0929
20101

004
2010

1006
2010

1014
2010

1022
2010

1023
2010

1025
2010

1107
2010

1119
2010

1126
2010

1128
2010

1219
2010

1219

17¢

14z

33¢

111

15C

225

11¢

2118

39.63

15.75

42.08

22.26

11.42

47.96

58.75

49.59

17.73

35.87

28.32

26.21

6.57

33.390

37.672

35.921

37.215

35.858

39.493

34.304

39.381

36.825

36.006

35.173

37.321

36.892

127.123

129.602

129.696

129.8655

128.1845

126.907

127.3717

128.298

126.749

129.8422

127.0153

129.4437

125.4898

30.95

0.01

12.16

10.86

30.90

18.62

30.90

4.66

14.05

17.50

0.01

0.02

33.438

37.630

35.885

37.142

35.851

39.738

34.268

38.974

36.839

35.956

35.172

37.292

36.907

7
127.164

8
129.547

5
129.715
2
129.780

2
128.184
5
126.895
2
127.424
3
128.166
7
126.755
0
129.813

2
127.009

3
129.422

3
125.511

2

18.15

2.87

13.95

10.49

4.49

10.00

0.04

36.90

225

13.51

18.39

7.34

0.00

7.02

4.54

12.53

0.78

27.23

7.09

47.58

1.66

6.39

0.67

2.94

12.80

-2.86

-1.79

-5.11

6.37

20.90

18.58

-6.00

2.41

0.54

-0.89

-7.33

0.02

14.60

8.21

4.88

13.54

6.42

3433

19.89

47.96

2.92

6.41

8.33

2.94

11

24

30

12

45

18

11

45

15

25

23

18

240

239

227

259

26

289

159

321

44

249

75

217

163

0.31

0.28

0.26

0.24

0.3

0.46

0.57

0.6

0.3

0.3

0.17

0.31

0.57
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