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1. Introduction 

The optical-electromagnetic seismographs at Syowa Station 

were replaced by the digital seismic data acquisition systems 

with event detection algorithm in February 1980. The outline 

of the introduced system is schematically illustrated in Fig. 

1. There are two types of seismometers, called SP (short

period) with the natural period of 1 second and LP (long

period) with the natural period of 12 seconds. The seismic 

observation system was maintained by K. Abe through the 

wintering of JARE-23 (February 1982 - January 1983). 

The coordinates of seismographic vault are 69 ° 00'31.7"S in 

latitude and 39 ° 35'31.6"E in longitude. The elevation is 20 m 

above the mean sea level. 

2. Data 

The over-all frequency response and the magnification of 

the short-period and long�period seismographs (Z, N-S and E-W 

components) are shown in Fig. 2. The system clock was not 

connected to the recovered UTC from NNSS satellites (see Fig. 

1) and the calibration was made by the short-wave receiver. 

The accuracy of the read-out data can be estimated as ±0.2 
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seconds. Considering the delay time of 1-2 years between the 

publication of this report and the observing wintering period, 

which is inevitable from the restriction of transport between 

Tokyo and Syowa Station, the PDE reports by NEIS were referred 

and the graphic display outputs of the local events around 

Syowa Station were excluded from this report. 

2.1. Read-out data. 

The onset of the events was picked from the pen-monitor 

records. Figure 3 shows examples of pen-monitor records of the 

z component seismograph (4-mm/s pen-speed for SP and 2-mm/s 

pen-speed for LP). The onset times of tele-seismic P-arrivals 

were read by R. Sakai and they are listed in Table 1. Symbols 

E and I in the phase column denote weak and sharp onsets, 

respectively. The direction of ground motion is denoted by + 

for the upward direction and - for the downward direction. 

Arrival time is in UTC. 

2.2. Digital data in a 9-track computer compatible tape 

One of the main reason for the installation of the new 

seismic observation system to Syowa Station is the digital data 

acquisition of tele-seismic wave forms in a large computer 

compatible 9-track tape. Amplified seismic signals are 

analog-to-digital converted with the sampling rate of 10 points 

per second for the short-period and 1 point per second for the 

long-period components. The relation between the input voltage 

to the computer and the hexadecimal number is given in Table 2. 

The data acquisition system is controlled by the event

triggering method of STA/LTA ratio (Peterson et al., 1976) 
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which is programmed in a micro-computer. The obtained original 

data consisted of 16 volumes of 1200 ft (1600 bpi) magnetic 

tape and the tele-typewriter message of the triggered events 

(see an example in Fig. 4). There may be a lack of data 

acquisition during October 21 - November 20 because of 

malfunctioning of the micro-computer. There is also a lack of 

data acquisition of short-period NS component during July 31 -

October 7 because of malfunctioning of the sensor. The 

original tapes were compiled by con.sidering the PDE reports and 

edited into one volume of Non Label tape for the user. The 

edited tape contains tele-seismic wave forms of 79 events 

detected at Syowa Station. The 79 events are listed in Table 3 

and their locations are mapped in Fig. 5. 

The data on an edited tape has a block structure. The tape 

format is specified as follows: 

(1) Volume constitution of the edited tape is specified in 

Fig. 6-1. 

(2) The data structure in Fig. 6-1 is specified in Fig. 6-2. 

(3) Header of the event in Fig. 6-2 is specified in Fig. 6-3. 

Numerals in content column are written usually by binary 

number. 

(4) One block of A/D data in Fig. 6-2 is specified in Fig. 

6-4. It consists of 768 bytes and contains 10 seconds' 

wave data for short-period and 2 minutes' wave data for 

long-period (rec. 2 - rec. 11). 

(5) One data in Fig. 6-4 consists of 3 channels (N-S, E-W and 

Z components). Data format of each channel is specified 
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in Fig. 6-5. 

(6) Time data in Fig. 6-3 (record number 6) and in Fig. 6-4 

are specified in Fig. 6-6. 

In the appendix, examples of waveform output of each event 

(10 blocks) to the graphic display are shown. Explanation of 

the output is given in the No. 1 sheet. 
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* CHANGE E�f D * 

�\L-4 
* C-ANGE END * 

DL-b 
* CHANGE END* 

NL-3DD 
* CHANGE END* 

* bHUHi �tHlUU * TRTGGFR ON AT CHANNEL= 3 
TIME= 2BD: Ul: 27. 23: ��JOTSF 1 ��.if=i = 811 Dl-ii-Ci ; l-\h-L = 8A1 

* LONG PERIOD* TRIGGER ON AT CHANNEL= 3 
TIME= 280. 07. 27. L4. NOlR� i FVR = 830 DETECT LEVEL= 916 

* bHUHI �tHlUU * Ut•tCltU Al llMt = 280. 07. 27, 23. 
bt�AHAit tVtNi NO. = 00001 TOTAL EVENT NO. = 00001 
NOTSF i FVFI = 811 UtltLI LtVtL = 8A1 
SAMPLE NO: = 10 LOGGING TIME= 1800SEC 

WARNING 1 NOISE LEVEL.LT.804 

* bHUHI �tHlUU * TRIGGER ON AT CHANNEL= 3 
;1Mt = LbU. u,. �6. 30. \OlRF ! FVFI = 812 DETECT LtVtL = 85A 

* LONG PERIOD* UtitCl�U A: :!Mt= 280. 07. 27. 24. 
bt�AHAlt tVtNI NO. = 00001 TOTAL EVENT NO. = 00002 
NQTSF i FVFI = bJU Ut1tC1 L�VtL = 916 
SAMPLE NO= = U1 LOGGING TIME= 9600SEC 

* bHU�1 �tH1UU * TRIGGER ON AT CHANNEL= J 
TIME= 280. lU. UL. 19. NOISE LEVEL= 811 DETECT 1 �V� 1 = 856 

* SYSTEM CHECK* 
CHC.Cf\ l ..Lf'it = 
CHE C�: LE\lEL �JES 

D7a 
99D 

HE�; �'9E 
�I 

;_ : : 992: 
PIO-'l PI0-2 Ol-i� 

* CHEU, Er-�D * 

* bYb:�M CHtCK * 
CHECK TIME= 282. 08. lb, 14. 
CH� C}{ LEVEL 

Pl0-1 Ot\ 
* CHEC\ END* 

WES 
HES 

* SYSTEM CHECK* 
CHECK TIME= 283. 
CHECK LEVEL WES 

HES 

99D NOISE LE\lEL 
99E 

1-,o _, ! • 

99D 
99E 
992, 

16. 14-. 

PI0-1 , OK PI0-2 OK * CHErn END * 

LIES 811 811 810 
L.f 808 BOA 829 

HOST 

i:·i"'1.' 
C•Li.a.;-
B"J.0 

L.P 808 BOA 828 
HOST OK 

804 804 804 
8"1D 81-1 81D 
808 BOA ,329 

H(>ST OK 

Fig. 4. Message outputs from the tele-typewriter. 
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DATA 

DATA 

T M 

EOF 1 

EOF 2 

T M 

T M 

� 80 byte 

� 80 byte 

Fig. 6-1. Volume constitution. 

�=�=�<"l.'.,1 block:768 byte 

�����·Jblock 

A/0 data 
A/0 data 

A/0 data 
······evest•••·�·· 

No 0 
CAL. 

l No 1 
event 

1 No 2 

. 

event 

Fig. 6-2. Data constitution. 
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record number name position length content 
1 BDW 0-1 2 byte number 

2-3 2 (00)16 
2 RDW 4-5 2 byte.number 

1 6-7 2 (00)16 
3 code 8-9 2 I B' 
4 RDW 10-11 2 2 12-13 2 see no. 

5 event code 14-15 2 'HE' 
6 event no. 16-17 2 see Table 3 
7 total no. 18-19 2 dummy 
8 triggered 20-25 6 see Fig. 6-6 

time 

9 noise level 26-31 6 LTA 
10 K-value 32-33 2 threshold value 
11 triggered 34-35 2 STA 

level 

12 channel no. 36-37 2 3 
13 data acqui- 38-39 2 1800 or 1200 

sition time or 440 s 
14 sample rate 40-41 2 10 samples/s 
15 block no. 42-43 2 181 or 121 or 45 
16 total block 44-45 2 dummy 

number 

17 RDW 46-47 2 see no. 2 
48-49 2 

18 origin time 50-67 18 PDE report 
19 latitude 68-75 8 PDE report 
20 longitude 76-85 10 PDE report 

3 21 region name 86-109 24 PDE report 
22 depth 110-117 8 PDE report 
23 dummy 118-119 2 I I 

24 magnitude 120-123 4 MB in PDE report 

25 magnitude 124-125 4 MS in PDE report 

26 dummy 126-127 2 I I 

27 comment 128-143 16 see Table 3 

4 28 open 144-767 622 ( 40 ) 16 

1block length=768byte. 

Fig. 6-3. Header of the event. 
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-----1 block= 768 byte 

rec.1 rec. 2 

330J30J ro 
0 D 'c5 D .E 1o 
��U0:::-+---

-c:, 

record nu.,.ber name 

l BOW 

2 ROW 
1 

3 code 

4 ROW 

2 5 time 

6 data 

15 data 

112 ROl·l 

11 113 time 

114 data 

123 data 

124 ROW 

12 125 drum 

126 open 

1 

10 

1 

10 

check 

position 

0-1 
2-3 

4-5 
6-7 

8-9 

10-11 
12-13 

14-19 

20-25 

74-79 

640-641 
642-643 

644-649 

650-655 

704-709 

710-711 
712-713 

714-715 

716-767 

rec.11 

length 

2 
2 

2 
2 

2 

2 
2 

6 

6 

6 

2 
2 

6 

6 

6 

2 
2 

2 

52 

rec.12 

content 

Cl. 
0 

byte nuITlber 
( 00) 16 

byte number 
(00) 16 
'HE' 

see no. 2 

see Fig. 6-6 

see Fig. 6-5 

see Fig. 6-5 

see no. 2 

see Fig. 6-6 

see Fig. 6-5 

see Fiq. 6-5 

see no. 2 

(FF) 16: 
NG 

( 00) 16: 
OK 

( 40) 16 

Fig. 6-4. Constitution of A/D converted data in one block. 

-13-



No 

1 

2 -
3 

4 

5 

6 

MSD 

15 14 1 

1. data sequence 

2. 

12 

� 1 data � 

--6 .... -5 ,., -5 
l/) 

I 
LL.I 

data format 

1 channel data 

LSD MSO 

i1 i0 
2

9 i i i' i 
11 10 9 8 7 6 s 

tii 
4 3 2 

direction of tape advance 

3. track number 2nd bit 

bit 22 '/J i' p t i i i i3 

track No 1 2 3 4 s 6 7 8 9 
data nam1 s 7 3 p 2 1 0 6 4 

LSD 

i 2° 

1 0 

Fig. 6-5. Data format of the sampled waveform. 

item 

dummy 

day 

hour 

minute 

secon d  

1 byte i 6 st i 2 ,  o 
I 2 I 2 I I 1 2 I 2 I 2 

higher lower 

( 40 ),5 

( 0 ), 6 

100-th digit 
8 t 4 t 2 1 

10-'.h digit 1-st digit 

8 I 4 • 2 t 1 8,4,2,1 

� 
10-1h cigit 1-st digit 

2 I 1 8 I 4 t 2 1 

i\ 10-th digit 

4.2.1 
1-st digit 

8 4.2.1 

i\ 10-th digit 
4 t 2 1 8 :-r d2

t 

I 1 

comment 

max 399day 

max 23 hour 

max 59mirute 

max 59second 

Time data - BCD number 

Fig. 6-6. Format of the clock data. 
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DATE PHASE 

JAN 01 EPZ 
EPZ 

-IPZ 
EPZ 
EPZ 
EPZ 
EPZ. 
EPZ 
EPZ 

-IPZ 
LP+IPZ 

02 EPZ 
EPZ 

-IPZ 
03 EPZ 

E0Z 
EPZ 
EPZ ..... LP-JPZ CJ1 

I +IPZ 
EPZ 

LP+IPZ 
04 EPZ 

EPZ 
EPZ 
EPZ 

LP EPZ 
LP I SZ 

-IPZ 
LP-IPZ 

-IXZ 
-IPZ 

LP-IPZ 
+IXZ 

05 EPZ 
EPZ 
EPZ 
EPZ 
EPZ 

06 EPZ 

ARRIVAL TIME 
H M _s __ 

02 54 06.0 
06 46 06.?. 
11 05 00.2 
11 52 10.4 
12 22 28.3 
12 58 47.2 
14 59 5().0 
15 23 01.9 
15 50 os.o 
19 09 49.2 
19 09 51.0 
06 46 01.8 
11 49 01.6 
12 20 55.9 
Cl 36 27.0 
04 23 09.l 
06 41 57.2 
14 21 58.R 
14 22 04.fi 
17 54 01.0 
22 17 39.7 
17 54 03e l+ 
00 41 06.? 
01 59 04.4 
05 08 08.2 
05 11 29.4 
05 11 37.6 
05 12 39.2 
06 22 30.5 
06 22 32.4 
06 33 21.7 
22 33 04.7 
22 33 06.0 
22 43 07.8 
04 35 54.2 
05 38 45.5 
06 02 59.l 
08 07 57.2 
13 56 54.3 
00 21 47.6 

JAN 

Table 1. Read-out data. 

DATE PHASE ARR I VAL TI Mf; DATE PHASE ARRIVAL TIME 
H M s 'H M s 

06 EPZ 06 24 11.5 JAN 12 EPZ 09 14 41.4 
EPZ 07 39 36.7 EPZ 09 32 15.4 
EPZ 08 37 15.6 EPZ 10 38 44.5 
IPZ 09 14 35.2 EPZ 11 03 21.9 

07 EPZ 04 01 45.o 13 EPZ 0 0 18 5·5 • 5 
IPZ 08 16 31.0 LP EPZ 00 18 57.8 

LP+IPZ 08 16 32,4 LP EXZ 00 19 27.8 
EPZ 08 39 00.4 EXZ 00 19 26.5 

+IPZ 09 35 11.4 EPZ 03 17 47.5 
LP+IPZ 09 35 12.8 LP-IPZ 03 17 50.0 

EPZ 10 48 14.7 EPZ 07 40 13.6 
EPZ 13 15 27.0 EPZ 09 29 57.8 

08 EPZ 04 35 49.3 EPZ 11 32 02.6 
EPZ 07 50 32.0 EPZ 12 16 14.2 
EPZ 09 44 33o5 -IPZ 13 56 10.2 
EPZ 15 13 08.5 EPZ 14 13 03.0 

09 EPZ 06 23 25.8 14 LP EPZ 02 14 34.2 
LP+IPZ 08 44 48.2 EPZ 02 14 34.7 

EPZ 12 28 47.6 EPZ 04 30 59.6 
EPZ 12 58 06.8 EPZ 10 06 37.3 
EPZ 15 46 48.2 LP EPZ 10 06 39.0 

.. I PZ 16 09 o5.o LP EXZ 10 38 27.8 
LP-IPZ 16 09 06.4 15 EPZ 10 39 13.6 

EPZ 21 58 35.0 -IPZ 14 01 14.6 
EPZ 23 29 33.8 LP-IPZ 14 01 14.2 

10 EPZ 01 56 23.0 LP-IXZ 14 33 43.4 
EPZ 07 43 18.3 16 EPZ 01 00 35.8 
EPZ 08 43 56.3 18 +IPZ 04 36 17.0 
EPZ 08 50 27.5 EPZ 19 45 30.6 
EPZ 10 21 34.5 LP EPZ 19 46 20.2 
EPZ 15 12 05.6 LP EPZ 20 24 22.6 

11 EPZ 06 23 46.4 -IPZ 22 57 36.4 
LP+IPZ 06 23 50.2 LP-IPZ 22 57 36.6 

EPZ 11 48 41.9 19 EPZ 06 12 56.l 
12 EPZ 01 09 56.5 20 EPZ 04 37 46.2 

EPZ 01 21 04.3 LP-IPZ 04 37 47.4 
+IPZ 01 48 50.3 LP-EXZ 05 05 08.6 

LP+IPZ 01 48 50.6 EPZ 05 26 03.0 
EPZ 02 58 39.4 -IPZ 07 21 52.0 
EPZ 07 51 29.5 LP-IPZ 07 21 52.2 



DATE PHASE ARR I VAL TI ME DATE PHASE ARRIVAL TIME DATE PHASE ARRIVAL TIME 
H M s H M s M s 

JAN 20 LP+EXZ 07 49 52.6 JAN 27 LP-EPZ 21 57 20.1 FEB 10 LP-IPZ 20 49 18.6 
•IPZ 09 50 13.2 28 -IPZ 04 17 58.1 -IXZ 21 12 30.0 
-IPZ 12 54 06.4 +ISZ 04 20 13.4 12 -IPZ 15 14 39.1 

21 EPZ 12 14 59.5 EPZ 06 04 59.7 -IPZ 15 44 39.3 
EPZ 13 56 09.3 EPZ 08 06 21.4 13 -IPZ 18 14 34.6 
EPZ 22 48 25.8 EPZ 09 17 42.5 LP-IPZ 18 14 35.4 

22 EPZ 02 31 20.5 EPZ 10 19 02.4 EPZ 18 34 55.8 
EPZ 03 38 20.3 EPZ 13 08 10.0 +EPZ 20 08 35.2 
EPZ 05 43 40.5 +IPZ 16 19 38.3 +IPZ 23 36 06.4 
EPZ 08 24 27.7 LP+IPZ 16 19 39.2 -IPZ 23 57 45.1 

+IPZ 08 44 48.6 29 EPZ 00 41 56.0 14 +IPZ 05 23 45.6 
EPZ 10 45 55.5 EPZ 03 08 16.7 15 EPZ 15 02 44.8 
EPZ 16 17 56.9 30 EPZ 02 52 29.0 16 EPZ 20 14 3a.e 
EPZ 20 08 20.6 EPZ 18 53 06.4 LP EPZ 20 15 oo., 

23 EPZ 00 00 07.3 31 EPZ 08 49 11.3 20 -EPZ 13 39 58.f 
EPZ 00 12 05.7 LP EPZ 08 51 11.a LP-EPZ 13 39 59., 
EPZ 08 31 51.1 FEB 01 -EPZ 14 24 39.8 -IPZ 19 37 19., 
EPZ 10 05 54.3 -IPZ 19 41 13.3 LP+IPZ 19 37 18. 

..... EPZ 16 oo 33.o 02 -IPZ 01 o4 17.o 21 EPZ 05 16 25. 
-0'> EPZ 16 19 31.6 LP-JPZ 01 04 16.4 LP EPZ 05 16 39. 

I EPZ 16 23 45.8 05 +IPZ 18 02 19.3 -EPZ 16 16 04. 
LP EPZ 18 30 oe.2 06 EPZ 01 39 33.0 EPZ 19 25 02. 

24 EPZ 02 13 21.9 +IPZ 12 22 57.6 22 EPZ 13 00 22. 
EPZ 06 26 48.o +IPZ 15 51 28.7 LP EPZ 13 01 49. 

LP EXZ 06 36 55.4 LP EPZ 15 53 29.2 23 -IPZ 16 18 59. 
LP I XZ 06 56 45.o 07 +EPZ 02 02 2 408 LP-IPZ 16 18 59 •• 

+IPZ 10 39 24o3 08 -IPZ 00 06 02.7 24 +IPZ 04 35 04.; 
EPZ 19 42 52.5 -IPZ 12 16 23.5 LP+IPZ o4 35 o3.c 
EPZ 19 52 25.7 LP+IPZ 12 16 23.4 26 -EPZ 11 30 09.2 

25 EPZ 02 37 18.4 09 +IPZ 03 26 20.i -IPZ 21 30 37.o 
EPZ 04 46 52.6 +IPZ 21 38 31.2 -IPZ 22 40 42.3 

-IPZ 05 49 23.8 LP-IPZ 21 38 31.0 27 -EPZ 16 38 44.8 
LP+IPZ 05 49 23.4 10 ·IPZ 01 33 19.6 28 +IPZ 12 37 29.9 

26 EPZ 00 25 38.6 LP+IPZ 01 33 20.s -IPZ 17 13 o3.o 
EPZ 08 41 32.4 EPZ 05 09 54.8 +IPZ 18 04 01.2 

+IPZ 13 35 47.2 LP EPZ 05 10 09.8 MAR 01 EPZ 01 48 25.0 
EPZ 17 23 48.o +IPZ 10 19 32.7 02 +EPZ 06 50 39.7 

27 EPZ 01 16 41.2 LP+IPZ 10 19 33.8 +EPZ 12 19 25.2 
EPZ 07 29 05o5 -EPZ 16 29 33e0 03 -EPZ 11 11 57.5 

-IPZ 21 57 20.2 -IPZ 20 49 18.1 -IPZ 19 53 21.9 



DATE PHASE ARRIVAL TIME DATE PHASE ARRIVAL TIME DATE PHASE ARR I VAL .if I ME 
H M s H M s H M s 

MAR 03 -EPZ 22 45 34.8 MAR 24 EPZ 01 42 24.6 APR 16 LP EPZ 16 19 53.4 
04 -IPZ 09 24 09.6 EPZ 02 03 59.2 EPZ 16 26 55.0 

LP EPZ 09 23 57.4 25 -EPZ 05 13 21.6 LP EPZ 16 27 27.8 
05 -IPZ 21 55 16.8 LP-IPZ o5 13 23.o 17 -EPZ 12 56 01.6 
07 +IPZ 09 01 37.8 EPZ 12 00 01.5 18 +IPZ 11 43 11.0 

LP-EPZ 09 01 38.0 26 EPZ 02 09 3608 EPZ 16 57 48.6 
-IPZ 12 23 23.3 +IPZ 05 08 41.8 19 -IPZ 08 06 24.2 

LP+IPZ 12 23 24.0 -EPZ 06 35 26.4 21 -EPZ 09 40 44.0 
-EPZ 13 31 06.0 EPZ 09 30 52.3 -EPZ 12 17 44.4 
-IPZ 15 54 18.3 -IPZ 22 46 12.5 22 -IPZ 03 11 20.0 

LP+IPZ 15 54 18.6 28 -IPZ o4 04 13.o EPZ 19 30 02.2 
08 -IPZ 15 36 11.0 LP+IPZ 04 04 11.s 23 EPZ 16 55 37.8 

+IPZ 23 36 00.9 +IPZ 08 10 58.2 24 -EPZ 22 35 23.2 
09 -EPZ 11 36 50.2 EPZ 16 20 33.2 LP EPZ 22 35 37.4 

LP-EPZ 11 36 57.4 -IPZ 23 37 25.6 25 -IPZ 03 42 01.9 
11 +EPZ 09 53 20.8 29 EPZ 08 06 28.6 LP+IPZ 03 42 00.6 

LD EPZ 09 53 35.0 EPZ 12 34 30.7 EPZ 07 10 18.7 
+IPZ 10 44 18.l +IPZ 21 46 25.2 LP EPZ 07 14 03.0 

....... LP+EPZ 10 44 14.6 LP+IPZ 21 46 25.0 +IPZ 10 17 01.2 
-.::i 12 +IPZ 02 51 llo6 30 EPZ 22 41 01.3 +IPZ 18 24 39.5 I -IPZ 22 56 31.5 31 -IPZ 10 49 05.3 LP+IPZ 18 24 38.4 

LP+EPZ 22 56 32.4 APR 03 -EPZ 12 15 57.7 26 +EPZ 21 44 12.1 
13 -IPZ 09 10 56.3 07 EPZ 14 53 53-3 27 +EPZ 08 04 40.2 
14 -EPZ 00 50 30.0 08 EPZ 00 53 19.0 28 -IPZ 10 34 01.1 

EPZ 04 54 29.6 EPZ 01 32 11.2 EPZ 22 38 16.5 
EPZ 07 46 29.3 09 -IPZ 13 49 34.5 30 +IPZ 07 52 59.t 

16 EPZ 11 05 01.2 10 +IPZ 06 55 00.0 +ISZ 07 59 20.0 
17 EPZ 13 53 12.1 -IPZ 07 07 17.3 +EPZ 10 18 06.2 

+!PZ 1� 00 16.4 +EPZ 20 39 49.3 MAY 01 +EPZ 10 39 49.2 
21 -IPZ 02 51 19.0 -IPZ 21 37 02.0 02 -EPZ 11 30 57.6 

LP+lPZ 02 51 19.0 12 -IPZ 00 46 39.1 LP-EPZ 12 01 28.4 
E"PZ 03 03 38.0 14 EPZ 14 23 52.4 -EPZ 13 37 36.6 

LP EPZ 03 03 38o2 15 LP EPZ 21 25 16.6 EPZ 18 56 59.5 
E::PZ 06 59 34.5 16 -IPZ 08 26 39.0 03 -IPZ 03 39 52.6 

+IPZ 13 47 36.4 LP+IPZ 08 26 39.4 LP+EPZ 03 39 52.4 
EPZ 16 02 5608 -IPZ 14 17 59.8 +IPZ 07 37 29.0 

22 EPZ 18 52 15.6 LP+IPZ 14 17 58.6 +EXZ 07 37 57.2 
EPZ 20 55 54.3 EPZ 16 07 52.4 LP-EPZ 07 37 28.8 

23 +IPZ 15 53 36,0 LP EPZ 16 08 10.2 +IPZ 16 33 32.8 
F..PZ 21 05 45.6 EPZ 16 18 46.3 LP+EPZ 16 33 32.0 



DATE PHASE ARRIVAL TIME DATE PHASE 
H M s 

MAY 04 +EPZ 08 09 58.5 MAY 20 LP-IPZ 
LP EPZ 08 09 52.4 +EPZ 

+IPZ 13 13 22.0 LP+EPZ 
05 EPZ 20 20 05 .4 22 +EPZ 

LP EPZ 20 19 45.6 LP-IPZ 
07 +IPZ 05 44 04.8 23 +IPZ 

LP+IPZ 05 44 04.4 24 +EPZ 
-lPZ 18 36 35.8 LP+EPZ 

LP+IPZ 18 36 36.4 -IPZ 
08 EPZ 10 59 oo.6 LP+IPZ 

EPZ 20 34 40.3 26 EPZ 
EPZ 21 50 47.3 LP EPZ 

10 +IPZ 14 15 34.9 27 EPZ 
LP EPZ 14 15 34.0 -IPZ 

11 -EPZ 08 15 25.4 LP EPZ 
+EPZ 12 20 36.4 28 +IPZ 

EPZ 20 52 05.4 LP+IPZ 
-IPZ 20 59 19.0 31 -IPZ 

...... LP-IPZ 20 59 17.6 LP-IPZ 
12 -EPZ 10 09 24.o •IPZ 

I -IPZ 10 14 54.4 JUN 01 EPZ 
LP EPZ 10 14 53.6 +IPZ 

ESZ 10 24 20.0 LP I PZ 
LP. EPZ 10 24 19.2 EPZ 

•EPZ 12 53 37.o 02 -IPZ 
LP+EPZ 12 53 34.0 -EPZ 

13 EPZ 21 28 49.4 +IPZ 
14 +EPZ 19 40 39.6 +EPZ 

+EPZ 23 58 33.0 03 +IPZ 
15 EPZ 00 54 09.0 +EPZ 

-EPZ 02 29 27.8 04 +IPZ 
LP .. EPZ 12 29 26.8 -EPZ 

·EPZ 02 45 27.2 LP+EPZ 
LP-EPZ 02 45 28.2 -IPZ 

16 -I)PZ 01 13 01.5 LP-IPZ 
LP EPZ 01 13 01.6 06 -EPZ 

+EPZ 22 30 01.1 LP-EPZ 
19 +IPZ 18 29 35.8 07 EPZ 

LP-EPZ 18 29 34.8 LP EPZ 
20 +IPZ 21 41 39.8 LP EXZ 

ARRIVAL TIME 
H M s 

21 41 38.8 
23 07 48.4 
23 07 47.2 
09 05 32.9 
09 05 32.4 
06 52 25.1 
03 07 34.4 
03 08 50.8 
07 44 59.0 
07 44 57.6 
04 46 44.4 
04 46 51.9 
00 19 37.1 
21 59 44.8 
22 33 06.3 
06 47 22.0 
06 47 21.6 
10 41 07.0 
10 41 07.6 
15 32 35.3 
02 45 58.2 
04-24 17.0 
04 24 16.0 
04 53 16.9 
09 55 27.4 
10 21 05.2 
12 50 30.0 
17 45 26.0 
06 55 31.1 
07 18 31.4 
02 08 19.7 
03 20 55.4 
03 20 56.0 
15 34 04.9 
15 34 05.2 
04 47 35.2 
04 47 34.4 
00 25 54.6 
00 40 37.2 
07 13 00.4 

DATE 

JUN 07 

09 

10 

11 

12 

14 

15 
16 

18 

19 

PHASE ARR I VAL TI ME 
H M s 

EXZ 11 18 27.6 
LP EPZ 11 18 34.2 

EPZ 21 05 24.5 
+EPZ 23 53 10.3 

LP EPZ 23 53 08.8 
.. 1 PZ 03 21 36.2 

LP+lPZ 03 21 36.0 
EPZ 07 50 12.4 

+EPZ 14 29 39.8 
LP EPZ 14 29 03.2 

EPZ 14 37 41.4 
LP EPZ 14 42 52.0 

EPZ 15 58 41.2 
+EPZ 11 54 34.3 

LP EPZ 11 54 33.6 
-EPZ 13 16 50.0 

EPZ 16 50 01.3 
+IPZ 00 50 55.9 

LP IPZ 00 50 54.8 
+EPZ 11 10 34.3 

EPZ 10 27 16.9 
EPZ 14 00 36.3 

-EPZ 16 52 47.7 
LP-EPZ 16 52 46.4 

EPZ 11 11 42.2 
+IPZ 08 31 29.7 

LP-IPZ 00 31 2e.o 
-IPZ 03 11 12.7 

LP+IPZ 03 11 11.6 
EPZ 07 22 30.3 

LP EPZ 07 22 12.0 
EPZ 13 38 18.5 

LP EPZ 13 38 20.8 
-IPZ 18 30 12.1 

LP+EPZ 1e 30 10.a 
EPZ 04 30 32.4 

+EPZ 06 40 04.5 
LP EPZ 06 40 30.a 

-IPZ 11 25 11.a 
EPZ 22 15 51.7 



DATE PHASE ARRIVAL TI"1E DATE PHASE ARRIVAL TIME DATE PHASE ARRIVAL TIME 
H M s H M s H M s 

JUN 19 LP EPZ 22 15 50.8 JUL 05 LP EPZ 21 33 25.4 JUL 26 EPZ 03 47 05.7 
EPZ 23 01 39.4 07 EPZ 10 51 22.3 LP EPZ 03 47 05.2 

LP EPZ 23 01 49.6 LP EPZ 10 51 19.0 28 EPZ 13 34 39.6 
22 +IPZ 04 30 11.6 -IXZ 10 52 15.1 30 EPZ 03 53 44.4 

LP-IPZ 04 30 10.8 LP EXZ 10 52 14.6 LP-IPZ 03 53 44.8 
+ESZ 04 59 22.0 -IPZ 12 26 08.8 31 EPZ 06 49 oo.o 
EXZ 05 16 40.5 LP+IPZ 12 26 01.0 LP+IPZ 06 49 oo.o 

23 EPZ 00 35 39.2 10 -IPZ 13 19 05.2 -IPZ 11 19 03.5 
EPZ 03 34 52.6 11 -IPZ 02 25 57.2 LP+IPZ 11 19 02.e 

LP EPZ 03 35 58.4 LP+EPZ 02 25 55.0 AUG 01 EPZ 10 55 41.1 
+IPZ 23 36 04.8 13 EPZ 17 18 18.7 LP EPZ 10 55 49.6 

LP-IPZ 23 36 03.6 14 +EPZ 08 14 35.5 02 +IPZ 20 46 21.2 
24 EPZ 09 23 58.3 +IPZ 12 36 48.0 03 EPZ 16 54 42.3 

LP EPZ 09 23 58.0 15 +EPZ 03 10 03.8 LP EPZ 16 54 50.0 
EXZ 09 25 42.5 LP EPZ 03 10 03.4 04 -[PZ 05 23 12.5 

-IPZ 14 34 38.4 17 EPZ 22 14 31.7 05 +IPZ Of+ 15 37.7 
LP+IPZ 14 34 37.2 LP+IPZ 22 14 34.2 LF-IPZ 04 15 38.0 

25 -EPZ 07 53 01.2 18 EPZ 10 10 35.3 EPZ 07 40 59.0 .... +EXZ 07 53 01.2 19 -IPZ 15 03 25-1 +IPZ 09 28 02.3 
LP-IPZ 01 53 10.a LP+IPZ 15 03 24.2 LP-IPZ 09 28 02.4 I +JXZ 07 56 11.0 EPZ 16 50 39.3 -IPZ 14 19 37.7 
LP+IXZ 07 56 01.2 20 +IPZ 00 04 05.4 LP+IPZ 14 19 36.8 

27 -IPZ 16 25 56.6 LP+IPZ 00 04 04.2 +EPZ 20 44 32.6 
LP+IPZ 16 25 56.0 -IPZ 15 31 34.6 LP EPZ 20 44 26.8 

28 EPZ 14 59 35.9 LP+IPZ 15 31 33.0 -ISZ 20 55 05ol 
29 EPZ 17 10 57.2 -IPZ 16 08 47.e 06 EPZ 05 13 42.5 

LP E.PZ 17 11 14.0 LP+IPZ 16 08 '+6.6 EPZ 20 52 46.3 
30 EPZ 02 16 14.6 22 -EPZ 17 54 20.4 LP-IPZ 20 52 54.4 

LP EPZ 02 16 25.5 LP EPZ 17 54 19.6 07 +IPZ 15 52 11.2 
01 +IPZ 08 01 38.0 23 +EPZ 11 53 oo.o LP-IPZ 15 52 15.2 

LP+IPZ 08 01 36.6 +EPZ 14 03 12.2 -IPZ 21 07 57.3 
02 EPZ 17 51 30.7 LP EPZ 14 03 10.0 LP-IPZ 21 07 57.6 
03 EPZ 23 30 16.6 EPZ 14 42 54.2 08 -IPZ 06 33 30.6 
04 +EPZ 01 34 19.1 LP EPZ 14 42 45.6 LP+IPZ 06 33 30.4 

LP EPZ 01 34 17.4 EPZ 18 13 04. 1 09 +IPZ 10 59 13.0 
LP+IPZ 01 36 08.6 LP EPZ 18 12 ss.o LP-IPZ 10 59 13.2 

-Ixz 01 37 53.0 24 EPZ 06 00 41.2 10 +EPZ 00 00 14.4 
LP+IXZ 01 37 52.6 LP EPZ 06 02 18.4 LP-EPZ 00 00 14.8 

+EXZ 02 52 40.4 EPZ 09 21 40.0 +EPZ 07 32 21.0 
05 +EPZ 21 33 36.7 LP EPZ 09 21 38.4 LP-EPZ 01 32 20.a 



D A T E  PHASE ARRIVAL TIME DATE  PHASE  A f< R I VAL T I ;� E DATE PHASE ARRIVAL TIME 
H M s H M s H M s 

AUG 10 +EPZ 20 42 44.4 SEP 01 LP+IP Z 1 5  25 25.8 SEP 1 1  +IPZ 14 38 4 5 . 5 
11 -IPZ 10 55 24.2 EP Z 22 11  54 . 7  LP-IPZ 1 4  38 4 5 . 2  

-IPZ 20 43 18.2 02 +IP Z 1 6  09 44.6 12 E PZ 00 02 30 .6  
LP -IPZ 20 43 i s.a LP-IPZ 16 09 44.6 -IPZ 07 34 25 .8  

12 EPZ 02 26 14.5  EPZ 20 26 38 .4  + EPZ  08 58 1 5 .6 
LP EPZ 02 26 1 4.8 LP-EPZ 20 26 38.6 LP-IPZ 00 58 1 5 . 2 

13 +IPZ 00 37 15.9  EPZ 22 51 16.4 +EPZ 09 42 01 . 4  
LP-IPZ 00 37 15.2 EPZ 23 54 19. 1 LP EPZ 09 42 O l . 6 

+EPZ 02 34 45.4 03 EPZ 01 50 19.6 1 3  E PZ 01 37 42 .7  
14  EPZ 01 19 22.s +IPZ 20 25 43 . 5  14 E PZ 04 05 36.3 

-IPZ 14 40 29.9 LP -IPZ 20 25 43.4 E PZ 05 23 29 e 3  
LP-IPZ 14 40 30.0 ESZ 20 34 27.8 EPZ 10 1 1  oo.5 

15 +IPZ 06 24 01.a -IPZ 23 52 48o0 LP EXZ 19 02 30.0 
16 -IPZ 07 33 1 1.5 LP+IPZ 23 52 47.9 15 -IPZ 01 11  39 .3 

LP+IPZ 07 33 1 1.2 04 +IPZ 02 21 18.2 +IPZ 20 35 09-. 7 
E PZ 15 31  57.3 LP+ ! PZ 02 21  17.2 LP -IPZ 20 35 09 .0  

-IPZ 22 55 09.6 -IPZ 13 43 32.6 16 E PZ 08 36 02 . 4  
17 EPZ 22 31  02.8 LP+IP Z 13 43 32.0 EPZ 12 29 1 1.a 

N) LP -IPZ 22 36 20.0 +EP Z  22 39 07.4 EPZ 20 02 31 . 9  
LP EXZ 23 15 50.8 05 EPZ 10 17 23.2 E PZ 21 34 30 .3 I 18 E PZ 21 55 51.4 EPZ 18 40 03.0 17 -IPZ 13 39 5 5 . o  

19 +IPZ  04 53 20.6 LP EPZ 1 8  40 20.0 LP+IPZ 13 39 54 . 4  
LP -IPZ 04 53 20.0 -IPZ 21 22 10.0 +ISZ 13 49 21 . 0  

20 +IPZ 14 09 18.1 LP -IPZ 21 22 08.8 LP+ J SZ 13 49 21.6 
LP - l PZ 14 09 17 ._6 06 +IPZ 02 05 33.4 18  -E PZ 00 24 21.5 

22 -IPZ  03 55 01.0 LP-IPZ 02 05 32.B EPZ 12 51  49 . 0  
LP+IPZ 03 55  o o . a  EP Z 10 14 56 . 4  E PZ 15 12 40 .6 

23 -IPZ 20 46 57.3 07 • I PZ 01 59 59.0 LP E PZ 1 5  12 43 . 2  
24 EPZ 05 18 03.8 -IPZ 1 4  54 19.4 E PZ 18 42 02 .6 

LP -IPZ 05 18 03.6 +EPZ 18 49 02.9 +IPZ 21 32 13 .7 
26 EPZ 01 35 04.6 08 +EPZ 00 19 54 . 9  LP-IPZ 21  32 20 .0 

EPZ 05 36 21.2 -IPZ 21  19 30. 8  19 +EPZ 07 34 33. 4  
27 EPZ 09 07 18.4 LP +IPZ 21 19 30.4 EPZ 17 48 1 5 . 4 
28 -EPZ  04 40 48.7 09 +IPZ 06 51 4 1 . 0 LP EPZ 17 48 37 . 5  
2 9  -IPZ 01 1 1  21.8 +IPZ 16 52 31 . 0  20 EPZ 13 09 54 . 4  

LP+EPZ 01 1 1  21. 6  LP-IPZ 16 52 30. 8  LP EPZ 13 09 44 . 4  
-IPZ 13 29 1 4.5 10 +EPZ 10 40 25.7 +EPZ 14  00 4 1 .3 

LP+IPZ 13 29 14.0 11 +IPZ 14  23 30o 5  LP E PZ 1 4  o o  25 . 2  
31 -EPZ 18 27 09.8 LP •IPZ 14 23 30.0 E PZ 1 4 04 1 9 . 0  

SEP 01 ·IPZ 1 5  25 26 . 3  E PZ 1 4 ' 32 46 . 5  -IPZ 17 17 12 . 0  



DATE PHASE  A RRIVAL T I ME DATE PHASE ARR I VAL T I ME DATE PHASE ARR I VAL T I ME 
H M s H M s H M s 

SEP 20 LP-IPZ 17 17 12.0 OCT 05 + I PZ 04 58 46.1 OCT 17 - I PZ 18 31 36.9 
21 -EPZ  00 59 21.0 + I PZ 09 27 20.8 LP+ I PZ 18 31 37.2 

LP-EP Z 00 58 1 1 .2 L P+ I PZ 09 27 21.6 EPZ 23 04 06.5 
- I PZ 01 41 10.6 - I PZ 10 26 52.3 19 EPZ 03 47 26.8 

LP+ I PZ 01 41 11.2 L P-EPZ 10 26 50.4 LP EPZ 03 47 21.2 
-EP Z 02 15 21 .7 +EPZ 19 50 54.7 + I PZ 16 32 04.3 

LP EXZ 02 14 05.3 EXZ 19 53 22.7 LP- I P Z  16 32 04.8 
23 - I PZ 1 6  19 37.7 + I PZ 20 38 10.5 - I PZ 17 40 24.4 

LP+ I PZ 16 1 9  .3 8.2 LP- I PZ 20 38 10.a 20 +IPZ 18 20 03.5 
+ I PZ 17 19 37.5 + I PZ 21 54 37.4 LP- I PZ 18 20 03.6 

24 + I P Z 00 20 29.8 06 EPZ 09 04 oo.o EXZ 18 20 03.5 
EPZ oe oo 02.6 +EPZ 21 25 27.9 -I P l. 19 01 36.3 

- I PZ 19 59 48.7 07 + I PZ 07 27 21.7 LP- I PZ 19 01 14.8 
LP+ IPZ  1 9  59 49.2 LP- I PZ 07 27 22.0 - I PZ 20 10 28.0 

EPZ 22 05 07.2 EXZ 01 36 47.o  21 EPZ 13 31 46.2 
25 EPZ 16 17 03.2 EXZ 07 53 42.8 22 + I PZ 15 29 44.7 

-JPZ 1 8  20 24.5 +E X Z  07 56 14.2 LP+EPZ 15 29 44.0 
L P + I PZ 1 8  20 24.6 L P+EPZ 07 56 18.4 23 EPZ 00 ?.O 29.3 

1:...:) 26 +IP ?. 01 29 01.2 EXZ 08 52 51.0 LP EPZ 00 20 30.0 ..... LP- I PZ 01 29 02.0 09 EPZ 22 21 52.5 24 -EPZ oa 3 3  21.0 I EPZ  04 12 1 4.5 10 EPZ 11 39 22.9 LP EPZ 08 32 42.4 
EPZ 08 45 32.5 +EPZ 17 54 56.5 - I PZ 09 01 49.0 

27 F Y Z  09 07 08.4 11 - I PZ 07 34 27.2 LP+ I PZ 09 01 49.6 
2 t3 +IPZ 15 26 5 8.7 LP+ I PZ 07 34 27.2 - I P Z 10 55 25.7 

LP-IPZ 15 26 59.2 EPZ 10 33 38.6 LP-EPZ 10 55 25.2 
EPZ 20 1 5  27.5' L P+ I PZ 10 33 38.8 - I PZ 15 48 09.9 

29 EPZ 1 7 52 52 .3 - I PZ 16 46 54.0 L P+ I PZ 15 48 09.6 
- I PZ 2? 10  24.9 LP+ tPZ 16 46 54.8 - I PZ 16 21 49.3 

LP+ I P Z 22 10  25.2 12 EPZ 21 44 22,5 25 EPZ 13 55 20.6 
30 EPZ 09 55 10.4 13 EPZ 17 03 l7o2 L P- I PZ 13 55 20.0 

OCT 01 +EPZ 14 48 42.0 1 4 +EPZ 09 05 26.7 EPZ 17 20 07,0 
02 -IP Z 08 39 00.6 15 + I PZ 01 07 15.3 + I PZ 19 35 17-1 

LP+ I PZ oe 39 oo . a  +EPZ 03 08 34.1 LP- I PZ 19 35 16.8 
03 EP Z 02 31 50.!  LP  EPZ 03 08 32.0 + I PZ 22 45 40.8 

+E PZ 08 06 52.0 16 +EPZ 00 25 09.3 L P+ I PZ 22 45 40.8 
LP+EPZ 08 06 02.4 - I PZ 02 06 25.8 26 + I PZ 03 35 31.8 

+IXZ 08 07 0 5.3 L P+ I PZ 02 06 26.0 LP- I PZ 03 35 32.8 
EPZ 15 35 41.0 EPZ 08 36 39.5 EPZ 04 03 54.7 

LP EPZ 15 3 5  20.0 LP+EPZ 08 36 13 . 2  - I PZ 12 55 50.5 
- I P Z 15 52 46.2 - I PZ 11 24 360 6  LP- I PZ 12 55 50 . 8  



DATE PHASE ARRIVAL TIME DATE PHASE ARRIV AL TIME DATE PHASE ARRIVAL TIME 
H M s H l'1 s H M s 

OCT 27 +IPZ 21 27 38.2 NOV 1 1  EPZ 21 33 58o5 NOV 18 -IXZ 20 51 01.4 
28 -IPZ 20 25 40.8 LP EPZ 21 33 28.4 EPZ 22 52 27.6 

LP EPZ 20 25 41.2 12 +IPZ 00 15 17.0 LP EPZ 22 52 14.0 
29 -IPZ 03 59 39.0 LP-IPZ 00 15 17.6 19 -IPZ 04 40 04.6 

LP+IPZ 03 59 39.6 -IPZ 12 29 04.4 LP-IPZ o4 40 05.2 
3 0  +IPZ 01 18 15.1 -EPZ 21 01 17.0 EPZ 11 05 32.0 

LP-EPZ 07 18 15.6 LP EPZ 21 01 10.0 LP EPZ 11 05 08.8 
31 +IPZ 03 00 23.6 13 +IPZ 04 51 33.5 EPZ 11 30 06.8 

LP-IPZ 03 00 24.0 LP+ ! PZ 04 51 32 .8  26 EPZ 15 59 53.9 
EPZ 05 49 48.4 EPZ 14 03 47.0 LP EPZ 15 59 40.4 

LP EPZ 05 49 3 7.6 Lr EPZ 14 03 46.0 EPZ 17 55 06.6 
E PZ 06 21 36.7 EPZ 15 18 29.9 LP+EPZ 17 55 06.4 

NOV  01 +IPZ 00 50 14.0 LP EPZ 15 18 26.0 27 -IPZ 02 30 45.5 
LP-IPZ 00 50 28.8 14 + J PZ os 48 so.a LP+IPZ 02 30 46.0 

0 2  +IPZ 16 27 17.1 LP+IPZ 08 48 51.2 -IXZ 02 36 04.3 
LP-IPZ 16 27 17.6 EPZ 15 29 09.2 EXZ 03 00 21.0 

-IPZ 18 47 34.5 LP EPZ 15 29 42.0 EXZ 03 40 16.3 
LP-IPZ 18 47 3 7.2 + I PZ 16 35 53.6 +IPZ 10 13 55.5 

tsj 03 +IPZ 18 19 13.3 LP-IPZ 16 35 53.4 LP+IPZ 10 13 55.6 
tsj 

I LP-IPZ 18 19 12.8 +EXZ 17 41 41.0 EXZ 10 25 06.0 
04 EPZ 00 17 12.,. EPZ 23 06 29.5 +IPZ 11 26 51.3 

LP EPZ 00 16 56.4 15 +EPZ 07 19 02.6 EPZ 19 01 41.8 
EPZ 04 43 o4.o EP Z 14 18 20.3 LP EPZ 19 01 06.8 
EPZ 14 52 2 1 . 0  LP EPZ 14 18 41.6 -IPZ 22 27 47.2 

-IPZ 19 01 54.3 16 -IPZ 01 56 54.3 LP EPZ 22 27 47.6 
LP+IPZ 19 01 55.2 LP EPZ 01 56 53.2 29 -IPZ 00 39 09.8 

05 -IPZ 05 04 31.2 EPZ 05 15 19.3 LP+IPZ 00 39 10.0 
LP+EPZ 05 04 31.6 EPZ 15 31 22 ,4  -IPZ 05 17 21.0 

08 +IPZ 09 50 27.3 -IPZ 17 3e.  44.9 30 +IPZ 02 28 29.0 
LP-IPZ 09 50 27.6 LP+ l P Z  1 7  3 8  44.2 LP•lPZ 02 28 29.6 

09 EPZ 01 34 2s.o 17 EPZ 10 09 57.6 EPZ 10 57 oo. o  
LP EPZ 07 34 14.8 18 +IP Z 00 35 47.1 -IPZ 14 14 38.3 

EPZ 22 01 31.0 LP-IPZ 00 35 47.6 LP+ l PZ 14 14 38.8 
10 EPZ 15 41 37.3 +IPZ 15 11 02.7 EXZ 16 36 01.4 

EPZ 21 32 50.1 LP-IP Z 15 11 04.8 -EPZ 20 50 05.0 
LP EPZ 21 32  32.0 EXZ 15 45 3 2.2 LP+IPZ 20 50 05.6 

11 +IPZ 00 55 17.7 LP EPZ 15 45 41.2 EPZ 22 06 01.0 
LP-IPZ 00 55 18.0 EPZ 20 49 01.3 LP EPZ 22 05 52.2 

EPZ 12 08 04.3 +IXZ 20 50 23.1 31 EPZ 06 21 36.7 
EPZ 15 18 51.7 LP-IXZ 20 50 23.6 DEC 01 EPZ 23 49 32.1 



DA TE PHASE A. R RIVAL TIME DA TE PHASE ARRIVAL TIME .. DATE PHASE ARRIVAL TIME 
H M s H M s H M s 

DE C 02 EPZ 08 34  49.6 D E C  18 +IPZ 2 3  28 54.7 DEC 29 -IPZ 00 23 05.8 
+ I PZ 14 20  04.0 LP+IPZ 23  28  56.4 31 +IPZ 01 47 09.0 
EPZ 1 8  00 07.6 19 -IPZ oo 17 58.o LP-IPZ 01 47 09.2 
EPZ 19 49 48.0 LP+IPZ 00 17 58.4 +IPZ 03 59 06.3 

LP EPZ 19 49 32.0 +IPZ 00 45 27.1 LP-IPZ 03 59 06.8 
03 - I PZ 2? 42 30.0 LP+IPZ 00 45 27.2 EPZ 20 21 06.5 

LP+IPZ 22 42 30.4 +EPZ 03 17 53.7 EPZ 21 42 08.4 
E X Z  2 2  4 3  27.2 EP Z 13 12 41.4 

04 -IPZ 03 37 31.4 +IPZ 17 56 19.7 
05 - I PZ 03 5 6  09.0 LP-IPZ 17 56 2 2.8 

LP+ I PZ 03 5 6  OB.4 + I X Z 18 03 39.1 
+ ! PZ 04 06 05.5 LRZ 18 29 41.1 
-IPZ 06 0 1  20.0  EPZ 23 53 25.7 

E P Z  1 6  0 3  50.0 LP-EPZ 23 5 3  29.2 
06 EPZ l fl  1 1  49.9 20 EPZ 00 39 06.9 

LP EPZ 18 11 49.2 LP-IPZ 00 3 9  07.6 
09 EPZ 01 5 3  47. 3 -IPZ 03 10 37.1 

LP- I PZ 01 5 3  48.4 LP+IPZ 03 10 37.6 
ts:) EPZ 1 0  52 0 1 .2 -IPZ 06 07 00.5 
w LP EPZ 10 5 2  01.2 LP+IPZ 06 07 00.2 I 10 EPZ 17 3 3  1 2.0 EXZ  08  09 04.9 

EPZ 2 2  26 3R.5 -IPZ 14 48 08.0 
1 1  EPZ 10 06 49.7 LP+EPZ 14 48 08.8 
1 3  +IPZ 09 2 5  19.3 EPZ 17 57 45.6 

LP-IPZ 09 25 19.2 LP EPZ 17 56 54.0 
14  EPZ 09 38 1 8.2 21 EPZ 02 31 51.2 

LP EPZ 09 3 8  07.2 EPZ 1 6  24 4 0 . 3  

EPZ 12 14 33.8 LP-EPZ 16 2 .4 36.8 
LP EPZ 12 14 1 4 ;.0  EPZ 18 12 55.0 

EPZ 1 8  48 46.0 23 -IPZ 00 2 2  54.0 
15 EP Z 10  29 08.4 +EPZ 02 26 39.7 

-IPZ 19 58 57.0 EPZ 13 17 44.9 
LP-IPZ 19 58 58.0 24 EPZ 10 26 34.1 

16 + I PZ 09 09 2 3 , 8  25 +IPZ 12 40 08.6 
LP+EPZ 09 09 23.6 LP-IPZ 12 40 Q7.8 

17 EPZ 03 01 25.2 EPZ 21 20 oo.o 
EPZ 13 44 04.4 26 EPZ 02 32  34.7 
EPZ 14 13 06.2 -IPZ 03 54 10.i 

1 8  -IPZ 00 54 14.4 EPZ 11 32  13 .6 
LP+EPZ oo 54 15.2 27 EPZ 12 52 38.6 



Table 2. A/D conversion of input 
voltage. 

Input volt  
Hexadecimal 

number 

+1 0 FFF 

+ 9 F 3 3  

+ 8 E 6 6  

+ 7 D9 9 

+ 6 CCC 

+ 5 c o o  

+ 4 B 3 3  

+ 3 A6 6 

+ 2 9 9 9  

+ 1 sec 

0 8 0 0  

- 1 7 3 3  

- 2 6 6 6  

- 3 5 9 9  

- 4 4CC 

- 5 4 0 0 

- 6 3 3 3  

- 7 2 6 6  

- 8 1 9 9  

- 9 occ 

-1 0 0 0 0  

- 24-



Table 3.  List of the 79 earthquakes. 

ORIGIN TIME GEOGRAPHIC DEPTH MAGNITUDE EPICENTRAL AZ IMUTH 
DATA UTC COORDINATES REGION DISTANCE COMMENT 

NO . DATE HR MN SEC LATITUDE LONGITUDE (km) (Mb) (deg) ( deg ) 

1 01 /01 1 8  5 1  01 26 . 8 23  N 142 . 5 57  E BONIN ISLANDS ?  2 2  6 . 4 1 1 9 . 4 7 1  8 8  

2 01 /03 14 09 50 0 .  9 7 2  S 2 1 .  8 70 W CENTRAL MID-ATLANTIC 10 5 . 8  7 9 . 14 3  24 3 
RIDGE 

3 01 /04 06 05 01  1 8 . 014 N 145 . 6 2 6  E MARIANA ISLANDS ?  5 90 6 . 1  1 2 2 . 4 8 2  8 2  

4 01 /04 2 2  20 5 3  23 . 1 6 5  S 1 7 7 . 3 1 2  W SOUTH OF FIJI IS . 1 9 5 6 . 0 84 . 2 5 9  34 

5 01 /07 08 03 44 1 2 . 070 S 1 6 6 . 707 E SANTA CRUZ ISLANDS 1 5 6  5 . 8  9 1 . 09 1 5 1  

6 01 /07 09 2 9  00 5 6 . 440 S 2 6 . 5 3 1  W SOUTH SANDWICH IS . 80 5 . 7  30 . 937  2 80 

7 01 /10 08 32  00 29 . 8 22  S 1 7 7 . 3 10 W KERMADEC ISLANDS 3 3  5 . 4 7 7 . 7 8 5  3 2  

8 01 / 1 2  01 44 4 7  5 2 . 4 7 8  S 2 7 . 9 8 8  E SOUTH OF AFRICA 10 5 . 8  1 7 . 4 2 1  204 LP only 

9 01 / 1 8  04 23  3 7  1 7 . 2 8 8  S 1 6 7 . 8 14 E VANUATU ISLANDS 44 5 . 4 8 6 . 4 1 9  4 9  

10 01 / 1 8  22 44 3 9  4 . 04 6 S 1 5 � . 4 7 5  E NEW I RELAND REGION 2 1 8  5 . 5  94 . 6 2 9  6 6  

1 1  01 /20 04 25  1 1  6 . 94 6  N 94 . 002 E NICOBAR ISLANDS 1 9  5 . 6  84 . 5 6 6  1 2 6  



1 2  0 1 / 26 1 3  2 3  0 9  7 . 1 8 2  S 146 . 0 3 6 E EAST PAPUA NEW 1 68 5 . 7  8 9 . 1 9 9  7 2  
GUINEA 

1 3  0 1 / 2 7  21  4 6  24  6 . 0 96 S 1 1 1 . 673  E JAVA 62 7 5 . 6 7 8 . 0 2 5  1 0 5  

14 0 1 / 2 8  16 0 0  0 0  3 7 . 0 9 1  N 1 16 . 0 5 1  W SOUTHERN NEVADA 0 5 . 9  145 . 3 0 1  3 24 N 

15  0 2 / 1 0  2 0  3 8  0 1  2 2 . 64 8  S 66 . 4 66 W JUJUY PROVINCE, 1 96 5 . 9  74 . 54 5  2 9 3  S ,  LP 
ARGENTINA 

16 0 2 / 1 3  23 4 5  55  30 . 1 7 9  S 1 7 7 . 8 9 7  W KERMADEC ISLANDS 5 1  5 . 6 7 7 . 3 2 8  3 3  

1 7  0 2 / 24 04 2 2  4 0  4 . 3 74 N 9 7 . 7 5 5  E NORTHERN SUMATERA 5 2  5 . 4 8 3 . 2 5 3  1 2 1  

1 8  0 3 / 0 7  1 5  4 1  5 7  2 0 . 0 96 S 1 7 5 . 569 W SOUTH OF TONGA IS . 3 7  5 . 9  8 7 . 5 9 1  3 3  

1:-.:> 1 9  0 3 / 1 0  2 1  5 8  44 56 . 0 3 7  S 2 7 . 2 9 1  W SOUTH SANDWICH IS . 1 0 2  6 . 0  3 1 . 5 1 9  2 8 0  

2 0  0 3 / 1 1  1 0  3 2  2 7  9 . 265 S 1 1 8 . 4 7 9  E SUMBAWA ISLANDS 3 3  6 . 1 77 . 4 84 9 7  

2 1  0 3 / 2 1  1 3  35  0 3  1 8 . 5 86 S 1 7 5 . 1 8 8  W TONGA ISLANDS 2 0 3  5 . 9  8 9 . 1 3 5  3 3  

2 2  0 3 / 2 5 0 5  0 5  4 0  5 2 . 7 33  S 46 . 7 8 2  W SOUTH ATLANTIC 1 0  6 . 0 4 0 . 9 2 2  2 9 3  
OCEAN 

2 3  0 3 / 2 8  03  5 2  35  3 1 . 4 8 5  S 1 7 8 . 660 W KERMADEC ISLANDS 7 9  6 . 0  7 5 . 9 1 1  3 3  

24 0 3 / 2 9  2 1  3 3  55  0 . 0 8 8  N 1 2 3 . 3 3 2  E MINAHASSA PENI NSULA 1 8 7  6 . 0 8 7 . 8 9 5  96 s 

25  04 / 1 0  06 4 7 5 2  3 3 . 9 1 0  S 5 8 . 0 2 7  E SOUTH INDIAN OCEAN 1 0  5 . 6 36 . 69 7  154 

26 04 / 1 2  00  34 44 30 . 1 8 5 S 1 7 7 . 8 9 0  W KERMADEC ISLANDS 3 5  5 . 7  7 7 . 3 24 3 3  



27 04 / 1 6  14 04 5 1  1 5 . 7 92  S 1 7 2 . 9 8 5  W SAMOA ISLANDS 3 3  6 . 0 9 2 . 2 7 7  3 1  

28  04 / 1 8  1 1  30  55  28 . 1 8 5  S 1 14 .06 9  W EASTER ISLAND 10 5 . 9  8 1 . 105 3 3 7  

2 9  04 /30 0 7  4 6  4 8  5 6 . 24 5  S 2 7 . 4 5 7  W SOUTH SANDWICH IS . 106 5 . 7  3 1 . 4 1 6  2 8 1  

30 05 /02 1 1  1 9  3 8  2 9 . 3 1 8  S 1 7 7 . 1 5 1  W KERMADEC ISLANDS 25  6 . 0 78 . 309 32  

3 1  05 /07 0 5  3 6  20 0 . 6 24 S 1 2 3 . 2 9 1  E MINAHASSA PENINSULA 9 2  5 . 9  8 2 . 2 1 9  9 6  LP 

32 05 / 10 14 04 1 9  7 . 3 29  S 1 2 3 . 74 9  E BANDA SEA 5 7 1  5 . 3  8 2 . 1 6 6  9 3  

3 3  05 / 1 1  20  4 6  5 9  7 . 706 S 1 2 8 . 4 5 2  E BANDA SEA 33  5 . 7  8 2 . 507 88 

34 05 / 1 2  10 03 3 1  24 . 6 36  S 1 7 9 . 2 2 3  E SOUTH OF FIJI IS . 5 3 2  5 . 6  8 2 . 1 20 3 6  

I:'-.:> 35  05 /20 21  2 9  1 5  20 . 2 8 3  S 1 6 8 . 2 20 E LOYALTY ISLANDS 3 8  5 . 9  8 3 . 6 7 1  4 8  

36 05 / 3 1  10 21 1 5  55 . 1 3 8  N 1 6 5 . 401  E KOMANDORSKY ISLANDS 33  6 . 0 1 5 2 . 3 30 8 8  

37  06 /01 04 14  15  4 1 . 54 8  S 7 5 . 106 W OFF COAST OF CHILE 3 3  6 . 0 5 9 . 6 8 1  308 

38 06 /02 1 2  37 35  1 8 . 08 3  S 1 7 2 . 4 9 2  W TONGA ISLANDS 3 3  6 . 4 90 . 1 3 1  30 LP 

3 9  06 /04 0 3  0 1  04 5 1 . 5 97  N 1 7 7 . 3 3 3  W ANDREANOF ISLANDS 5 9  5 . 8  1 5 5 . 4 2 2  64 

40 06 /04 1 5  2 1  33  4 . 09 3 N 1 24 . 5 2 3  E CELEBES SEA 3 2 8  5 . 7  9 2 . 037  96  

4 1  06 /07 0 6  5 2  3 7  1 6 . 607 N 9 8 . 14 9  W OFF COAST OF GUE- 4 1  6 . 0 1 2 1 . 307 3 1 1  LP only 
RRERO , MEXICO 

4 2  06 /07 1 0  59  40 1 6 . 5 58  N 9 8 . 3 58  W OFF COAST OF GUE- 34 6 . 3  1 2 1 . 3 1 7  3 1 1  LP only 
RRERO , MEXICO 



4 3  06 /09 03 08 3 5  5 . 708 S 1 50 . 9 6 2  E NEW BRITAIN 84 5 . 9  9 2 . 24 1  6 8  

44 06 / 1 1  00 38 10  1 7 . 6 1 6  S 1 74 . 4 14 W TONGA ISLANDS 1 2 3  6 . 3  90 . 2 2 9  3 2  S ,  LP 

4 5  06 / 1 8  03 04 06 34 . 02 3  S 5 8 . 3 70 E SOUTH INDIAN OCEAN 10 5 . 5  3 6 . 64 2  1 5 3  

4 6  06 / 1 9  06 2 1  5 8  1 3 . 3 1 3  N 8 9 . 3 3 9  W EL SALVADOR 8 2  6 . 2  1 1 5 . 64 1  303 LP 

4 7  06 / 2 2  04 1 8  4 1  7 . 3 3 9  S 1 2 6 . 04 3  E BANDA SEA 4 50 6 . 3  8 1 . 9 8 1  9 1  LP 

4 8  06 / 2 3  2 3  23  34 4 . 06 7 N 1 24 . 5 3 2  E CELEBES SEA 344 5 . 6  9 2 . 01 6  96  

49  06 / 24 14 1 5  00 3 7 . 2 3 6  N 1 1 6 . 3 70 W SOUTHERN NEVADA 0 5 . 6  145 . 509 325  N 

50 06 / 2 7  16 1 7  1 3  55 . 4 8 6  S 1 60 . 1 6 1  E MACQUARIE ISLANDS 10 5 . 9  4 8 . 4 70 4 1  

5 1  07 /05 2 1  2 2  2 7  20 . 8 2 8  S 1 7 8 . 801 W FIJI ISLANDS 6 1 5  5 . 5  8 6 . 2 2 8  3 6  I 
52 07 / 3 1  06 2 9  16 5 1 . 755 N 1 7 6 . 1 3 7  E RAT ISLANDS 3 8  6 . 2  1 5 3 . 3 8 1  72 

53 08 /05 09 16 4 1  26 . 6 7 8  S 70 . 6 5 7  W NORTHERN CHILE 40 5 . 4 72 . 1 5 5  2 9 8  

54 08 /05 20 32  53  1 2 . 5 9 7  S 1 6 5 . 9 3 1  E SANTA CRUZ ISLANDS 3 1  6 . 2  90 . 3 7 3  5 2  s 

55 08 / 1 1  10 42  38  3 . 064 S 1 30 . 302 E CERAM 2 1  5 . 6  8 7 . 4 74 8 8  

56 08 / 14 14 27 40 5 . 055 S 14 3 . 964 E PAPUA NEW GUINEA 106 5 . 9  90 . 4 70 75  

5 7  08 / 2 2  03  4 2  3 6  20 . 5 5'3 S 1 6 9 . 4 5 1  E VANUATU ISLANDS 34 5 . 6  8 3 . 7 35  4 6  

58 08 / 2 9  1 3  18 14 6 . 018  S 1 1 2 . 7 6 9  E JAVA 5 9 7  5 . 8  7 8 . 4 80 104 



5 9  09 /03 2 0  1 4  30 23 . 8 5 9  S 6 6 . 605 W JUJUY PROVINCE, 1 8 3  5 . 5  7 3 . 4 6 5  2 9 4  
ARGENTINA 

60 09 /03 23  39 3 9  1 5 . 2 9 6  S 1 7 3 . 08 9  W TONGA ISLANDS 3 3  5 . 9  9 2 . 7 4 2  3 1  LP 

6 1  09 /05 2 1  09 4 7  15 . 8 2 8  S 1 6 7 . 9 7 9  E VANUATU ISLANDS 2 3 2  5 . 4  8 7 . 8 5 9  4 9  

6 2  09 /06 01 4 7  03 2 9 . 3 2 5  N 1 40 . 360 E SOUTH OF HONSHU, 1 7 6  6 . 5  1 20 . 9 6 1  9 2  
JAPAN 

63  09 /08 2 1  1 2  26  3 4 . 2 8 7  S 5 8 . 08 2  E SOUTH INDIAN OCEAN 10 5 . 4  3 6 . 3 3 7  1 5 4  

6 4  09/ 1 1  1 4  1 2  1 5  24 . 1 7 3  S 6 6 . 9 9 6  W SALTA PROVINCE , 1 50 5 . 1  7 3 . 302 2 9 4  
ARGENTINA 

65  09 / 1 5  20  2 2  55  1 4 . 4 9 3  S 70 . 7 8 5  W PERU 1 2 8  6 . 0 8 3 . 5 7 7  2 94  

6 6  09 / 2 8  1 5  1 4  3 7  2 4 . 2 7 1  S 1 7 6 . 6 7 4  W SOUTH OF FIJI I S . 40 6 . 0 8 3 . 3 1 2  3 3  LP I 
6 7  10/02 0 8  2 6  25  1 4 . 7 40 S 1 6 7 . 2 7 3  E VANUATU I SLANDS 1 4 9  5 . 6  8 8 . 705 50 

6 8  10/05 0 9  1 4  3 3  1 5 . 5 9 1  S 1 6 8 . 004 E VANUATU ISLANDS 1 8  5 . 8  8 8 . 09 2  4 9  

6 9  10/05 2 1  3 9  1 3  53 . 4 5 1  S 3 . 4 6 7  W SOUTH ATLANTIC RIDGE 10 5 . 8  25 . 07 4  2 5 4  

70 10/07 07 15 5 7  7 . 1 5 6  S 1 2 5 . 8 7 6  E BANDA SEA 5 1 5  6 . 2  8 2 . 09 1  91  LP 

7 1  10/ 20 1 8  1 5  1 8  54 . 03 1  S 6 . 9 4 2  E BOUVET "I SLAND 10 5 . 4  2 1 . 1 3 1  2 4 2  LP 

7 2  1 1 / 2 1  2 3  2 7  1 2  55 . 400 N 1 6 3 . 1 7 6  E OFF COAST OF 3 5  5 . 6  1 5 1 . 7 34  90 
KAMCHATKA 

7 3  1 1 / 2 2  0 5  32  4 5  2 3 . 9 1 3  S 1 7 5 . 8 2 1  W TONGA ISLANDS 3 3  5 . 5  8 3 . 8 2 5  3 2  



74 1 1/ 2 2  2 3  08  0 0  3 2 . 44 6  S 1 7 8 . 3 94 W SOUTH OF KERMADEC 3 3  5 . 2  7 5 . 0 3 0  3 3  
ISLANDS 

75  1 1 / 2 7  0 9  55  3 9  5 0 . 2 0 5  N 147 . 7 2 7  E SEA OF OKHOTSK 6 2 2  5 . 6  14 1 . 9 8 9  9 9  

7 6  1 2 / 0 3  2 2  3 0  0 0  1 3 . 3 2 3  S 1 6 7 . 2 05  E VANUATU ISLANDS 2 5 7  5 . 7  9 0 . 0 3 7  5 0  LP 

7 7  1 2 / 1 9  1 7  43  5 5  24 . 1 3 3  S 1 7 5 . 8 64 W SOUTH OF TONGA IS . 3 3  5 . 9  8 3 . 6 0 2  3 2  S ,  LP 

78  1 2 / 3 1  01  3 5  3 5  2 1 . 3 8 6  S 6 8 . 04 6  W CHILE-BOLIVIA 1 3 0  5 . 3  7 6 . 24 1  2 94 
BORDER 

7 9  1 2 / 3 1  0 3  4 7  2 9  2 0 . 9 93  S 6 8 . 4 64 W CHILE-BOLIVIA 1 1 8  5 . 7  7 6 . 744 294 
BORDER 

( i )  The events and the epicentral data are picked from the PDE reports . 

( ii )  N in the comment column means nuc lear explos ion . 

( i ii ) LP in the comment column means that long-period sei smograms we re obtained . 

( iV)  S in the comment column means that clear S-pha se wa s obtained . 

(V)  Az imuth indi cate s the anti-c lockwi sely measured angle from South Pole to Syowa Sta tion to 
Epicenter . 
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