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1t you geta blank window click on “Connect As”

and log N using the clialog box that comes up.
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Returnin gto SAC




So Far WE have some ﬁICS In memorg.

I we simply read in another ﬁle(s) — the new data
will clobber what we have.

I we need to read in more data (say we have
Processecl the data we’ve read in and now want a
spectral ratio of the Processecl data with the
original data) we have to use the “more” oPtion to
read in additional data (to not clobber what is
there).

read more filename



In general SAC does commands to all the files in
memory.

i the command is s’tarting from scratch dike a
reacb it clobbers what is alreadg there.

Some commands require certain Pairs of files

(N and E for example for rotating seismograms) )



We have now seen 4 SAC commands

(but onlg used ?).

read filename

write still to be determined
plot

gdp on or off




l:ortunatelg (in the newer versions of UNIX-SAC)

the OS handles the command entry and you can
still move around through the command line or
“historg” with the cursor kegs and use regular
exl:)ressions to build names (Wildcards, etc.).



L et’s trg a Few more things.

Here | have to be a little more careful when |
speci{g the file name. I want to read in all b,
Components o1c the seismogram.

(Pm also clemonstratinga feature of SAC, if SAC does not understand a command
[something you tgpecl], it passes it to the OS for further Processing.
.Basedcmﬂthecmkputogthe“ls”cxnnmand)ldonﬁnwantS%«Ztoreadinthe“.ai”,“.ps”,
or “.tif” format files — althouglﬁ if 1 try to read them SAC will generate an error message
thatﬁcannotundeﬁﬁandthemznmUustddP/%gmwethem).

ls *sumatra*bh*
ccm_sumatra .bhe ccm_sumatra .bhn ccm_sumatra .bhz
ccm _sumatra bhz.ai ccm_sumatra bhz.ps ccm sumatra bhz.tif

r *sumatra*bh?
ccm sumatra .bhe ccm sumatra .bhn ccm sumatra .bhz




T:y the command “Plot”.

plot
Waiting

SAC Plots the traces one at a time, In the order
theﬂ arc StorCC:l iﬂ memorg (these happen to be in alphabetical

order — BHE, BHN and BHZ — due to the wildcard expansion) (Ancl that we dor’t have to
keep resetting qdp to off, it remembers it.) . EBC]’T tlmC 9OU enter a

<CR> it plots the next trace.
(and says Waiting if there ate more traces to clisplag) or the prompt if not).

T T T ]
CCM  BHE
DEC 26 (361), 2004 |
01:09:52.684

10—
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Of
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origin

o 7§ % 8§ 1 1w ® 1 1® 0
X 1043



New command — plotl (“pl”).

plotl

This command Plots all the data in memory on one
lot.

Also notice that the Prompt rel:u)rns sO we can enter more commancls.

Graphics Window: 1

T T T /]
CCM BHE ]
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OT-09°57.654 ]
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01:09:48.485
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X 1043




hC you have too many traces it Plots a mess




589 | want to process these th ree traces
togetlﬁer.

UGLY little detall.

Notice that the th ree traces do not start at the
same time (and we will see that theg are not the
same |eng‘chs, either).

Graphics Window: 1




We can fix the time alignment using

synchronize (“synch”): which modifies (he headers
oP tl’lé ﬁles N memory so tlﬁat tlﬁeg a” have the
same reference time.

(Does not otherwise modi{g the data. If I need to combine two traces rotate them for
instance, and theg are not the same length, SAC will coml:)|ain and not do it.)

synch
plotl

Graphics Window: 1
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How clo we find out What cJo wWe have N memorg’?

What metadata is available about the seismic
cJata’?

(metadata is data about data — examples are the name of the seismic station and
component, the sampling rate, etc. This information is stored in the SAC header.)

listhdr (1lh): lists the headers of the files in
memory.



SAC> listhdr

FILE: ccm_sumatra_ .bhe - 1

IFTYPE
LEVEN

DELTA =

IDEP
DEPMIN
DEPMAX
DEPMEN

OMARKER =

KZDATE
KZTIME
IZTYPE
KSTNM
CMPAZ
CMPINC
STLO
DIST

AZ =

BAZ
LOVROK
NVHDR
LPSPOL

LCALDA =

KCMPNM
KNETWK

389396
0.000000e+00
1.946975e+04

TIME SERIES FILE

TRUE
5.000000e-02
UNKNOWN
-1.073057e+06
1.091875e+06
8.429739%9e+02

7.315 (origin )

DEC 26 (361),
01:09:52.684
BEGIN TIME
CCM
9.000000e+01
9.000000e+01
~9.124470e+01
8.818225e+03
1.854116e+02
2.013326e+02
TRUE

6

TRUE

TRUE

BHE

Us

All sorts of goocﬂ stutt.

| ook in SAC
documentation for full

details.

Obvious/ imPortant -

File name - FILE

Number points — NPTS
Beginning time offset - B
Sampling rate — DELTA
Start date — KZDATE

Start time —KZTIME
Station — KSTN
Orientation — CMPAZ

Mag have info about stn
location, event |ocn) _—



SaysWaiting when Paage is full (mag not be
coml:)lete header Iisting).

<CR> to continue tll run out of stutt to clisplag.

(thcre IS NO way to “break” out of the commands
(e.g.:plot, listhdr,...) that do something
for each file. You have to <cr> till it finishes, or
~C out and start over.)



Lining fles up N time

Before sgnch After sgnch
FILE: ccm sumatra .bhe — 1
NPTS = 389396
B = 0.000000e+00 B = 0.000000e+00
KZDATE = DEC 26 (361), 2004 | KZDATE = DEC 26 (361l), 2004
KZTIME = 01:09: %g 684 KZTIME = 01:09:5%.§§4
FILE: ccm sumatra_. hn — 2
NPTS = 3893 8
B = 0 O 000e+00 < >B = -4.199000e+00
KZDATE = 6 (361), 2004 | KZDATE = DEC 26 (361), 2004
KZTIME = 01 09:48.485 KZTIME = 01:09:52.684
FILE: ccm sumatra .bhz — 3
NPTS = 3896
B =0.00 000e+00<< >B = -9.000000e+00
KZDATE = DEC 26 (361), 2004 KZDATE = DEC 26 (361), .

ZTIME = 01:09:43.684 KZTIME =_0Jls(iG



To make them all start at the same time and be the
same |engt|’1

= RCaCl t]’]Cm iﬂJ th@ﬂ S ﬂCl’T (aligns them to the same relative time —
the time of the file that starts last [all Hhe bs are negative], but still different lengths.)

= Writé tlﬁCm out (this clobbers the original file on the disk unless you

rename them) .

= SCt up acut (reads from a start time [ which wejust alignecl above] to an

end time with respect to the reference time, not the start time or number of samples)



To make them all start at the same time and be the
same |engt|’1

~ Th@ﬂ réaCl agaiﬂ (under control of the cut, e\/ergthingin memory will be

the same size, [unless one was shorter) but that will not happen here]) S

- Write out agaiﬂ (i you want to save them, clobbering what was there) .

(I dor’t know how to do this “in~|:>|ace”, ou need the write and re-read since the SAC
commands do not mocli{y, except by writing, files on disk, datain memorg.)



SAC> w over

SAC> cut 0 8000

SAC> r

ccm _sumatra .bhe ccm sumatra .bhn ccm sumatra .bhz
SAC> pl

000

0_

5 OOM BHE E

of ‘ N A st o G 20 5 e 2004
e L gl 0709527684 i
] ‘ B
i—mf”g'” | | | ]

T oM BHN

o R I T —— DG 2004
o T I ‘ " GRS
= _5__origin _
= r I I T T =

125 ‘ COM BHZ E

o it et AL | ‘ e e onhE Gl 361, 2004
- B ey ey (it ‘\ ‘ | po S By A -
s 3
= _1qlerigin E
>< = 1 | 1 | Il | 1 | 1 | 1 | 1 | 1 |

0 1 2 3 4 5 6 7 8

X 10+3

And thc—:g all have the Fo”owing in their Beacler

NPTS = 160001
B =0.000000e+00
8.000000e+03

=
Il

= DEC 26 (361), 2004
I 684




cut : defines how much of a data file is to be
read.

You need to re-read the data after sPeCthi nga
cut. (spechcging the cut does not effect data in memory, or the files on disk)

You can also sPccth the cut with resl:)ect to times
stored in the header (p wave arrival time for
example) 5 s beforeto 30 s aftertl Pic|<

SAC> cut tl1 -5 30
SAC> r



Commands to see/ change header values

listhdr (1h):listthe header contents.

readhdr (rh) and writehdr (wh): read and
write headers without the data.

chnhdr (ch): c]ﬁange heacler values.

copyvhdr : copy header values from one file to
the others in memory.




E:xample: Say the header does not have the
lOCBtiOﬂ OF tlﬁé event (hcgou do an “1h” and there is no EVLA — Event
Latitude, or EVLO, - Event Longitucle, rePortecl) . We can aClCJ tl"lls

information to the headers of all files using
chnhdr.

4.079930e+01 # event latitude
3.100330e+01 # event longitude

SAC> chnhdr EVLA
SAC> chnhdr EVLO
SAC> 1h

4.079930e+01
3.100330e+01

EVLA
EVLO

SAC>
SAC> wh

We overwrite onlg the heacler because Nno
changes were macle to thé seismic clata (time series).



When you download Preprocessed seismic data
from the IRIS-DMC associated with an
ear’chquake, it will now have the earthquake
location, origin time, delta, azimuth, etc. in the

header.

It you download data in some arbitrarg time
Wi nc?ow (even it has a bigearthquake in i 1t Will not come with
information about angthing In Par‘cicular within
that time Window tmay be multiple events or none.

You will have to put in the event information Gfithasa

event location) SAC now computes the delta and az/ baz and stores it in the header for

9ou) :



Gralalnics Action Module
REVIEW

plot (p): Plots each signal In memory on a
seParate Plot.

plotl (pl): Plots a set of signals on a 5ing|e
P[ot with a common x axis and seParate Yy axes.

NEW

plot2 (p2): Plots set of signals on a single |:>|ot
with common x and Y AXES (e. an overlay plob.



Can plot each file relative to its begin time.
(default is absolute, so the traces are shifted bﬂ actual time)

SAC> pl

I T
WMo Q
DEC 79 (364), 2004
18:50:21.001

2]

T T T T T T T T ArTTT

Q

. Q
54), 204/
18:50:21.0 i

OFFSET: 4.3489+0E
—

BT 0 -
£C 29 (364), 2004
502099

OFFSET:  4.436e+02.7]

30 35



Caﬂ COIO I traCCS (this is an addition since the TEK401X days — when it was
Y
green or nothing).

SAC> color on increment on

T T T I T T T I T T T I T T T

WMQ.BHZ 10.0.2004:18:52:27 ]

SAC> p2 AKBHZ 0002004185253 |

X 10+4

I | | |
440 450 460 470 430

WNQBHZ 10.0.2004:18:52:27
ANKBHZ 00.0.2004:18:5253

RELATIVE MODE




Gral:)lﬁics

There are three graphics devices currentlg

suPPortecl.

SGF (SAC Gral:)hics F‘ile) is a file witlﬁgraplﬁics
information that can get converte into
Postscril:)t, etc.

X-WINDOWS is 3 general winclowing sgstem
running on most high~resolution, bit—-mapped
raphics workstations

(81’1 Wl'ICFC our PlOtS have bCCﬂ ShOWiﬂg UP)

(SUNWINDOW, is a winclowing system that was available on the Sun in SunOS 4 X.
Listed for completeness)



X-windows or X

X is Widelg used on UNIX gral:)hics workstations
and offers one of the best frameworks opinion, X
Folows the (X phiosophy so it s powerful and dificul For developing

Portable window-based applications.

It should be the default gral:)hics device when you
start SAC.

Can be turned on usingbegin device: (bd).

sac>bd x



SGF demonstrates the POWET (or kuginess) of SAC and
CINIX.

Rather than burden the SAC program with
Producing graphics fora |arge number of Possible

devices
(Postscript did not even exist when SAC was written)

have SAC write out a file hatis probably just the TEK+0IX
commands) that some other Drograms read and
translate into the aPProPriate%ormat for clisplag
on any Particu ar device.




SAC Gral:)hics Files contain all the information
needed to generate a single Plo’t,

Fach Plot is stored in a sel:)arate file.

The file names are of the form “fnnn. sgf” where
nnn is the Plot number, beginning with 00 1,
resetting each time you start SAC

(soif you have some Preexisting files that you have not renamed, theg will get clobbered
— you have been forewarned).



SGI outl:)ut is turned on with the command
begindevice: (bd)

sac> bd sgf

Gral:)hics output will now go to the sgf file.

You will not see it on the screen (X display).



There is no “save my ﬁgure” from the X-display

(this is UNIX and without an inordinate amount of work to bring out its power, X is very
basic).

So hcyou want to make a figure for Printing or
sencling angwl’were but the Xx-display

(hc itis a complicated ﬁgure you may have to first
make it and look at it on the X-display - then).

Turn on the sgf device and (RE)make the with
the output now going to the file.



Or iFgou are on a Mac or a PC you could use the
screen CaPture function and then Paste it into
another me.

(there is no screen capture on the Sun, it is "pure’
UNIX.)



Jo create a Postscript ﬁle, you would turn on the
sgf cJevice, create your Plot, and then run a
conversion program called sgf2ps orsgftops.

qgdp off
read ccm* .bhz

ccm _india .bhz ccm solomon .bhz ccm sumatra .bhz
bd sgf

pl
sgftops f001l.sgf sac example.ps
bd x

Umcortunately trying to clisplag the ﬁgure using
the gs command from within SAC falls over since
gs also is a SAC command (J:)lot gregscale image

of data in mcmorg). Need final “bd x” to sen§

graphics back to screen.



Data Format and Header

Fach signal or scismol;gram is stored in a separate
binarg or aIP anumeric data fle.

SAC canread dataina varictg of formats:
- SAC Binary Format (most common)
- SAC ASClII Format (big)
- CSS format
- SDD format
- ASCIl formats

EBCI’T Clata ‘Hl@ COﬂtaiﬂS a header (we have alreaclg seen a bit
Sbout the headen that describes the contents of that file.



Some header fields
Time

The SAC header contains a reference or zero
timéj SJEOFCCI as SiX integers (NZYEAR, NZJDAY, NZHOUR,
NZNIN, NZSEC, NZMSEC), DUE norma”g Printecl N an
equivalent alphanumeric format «zoars and KZTIME) the
ochset in seconds between the reference and the
data start time ® and the number of seconds to
the data end time ®.

0.000000e+00
3.600990e+03
APR 06 (097), 2008
DR 9:59.320

B
E
KZDATE
KZTIME



Event and Station Info

SAC header can store station and event info

KSTNM = WMOQ
STLA = 4.382110e+01
STLO = 8.769500e+01
STEL = 8.970000e+02
EVLA = 3.086000e+00
EVLO = 9.584800e+01
EVDP = 3.040000e+01
OMARKER = 0

Plus metadata info about the time (gmt for
example).



If the event and station information are in the
Ineacler, SAC automatica”g calculates and stores

distance nkm
azimuth @ degees
backazimuth @ degrees)
and great circle arc |eng‘c|’1 (in degrees)

in the header

(SAC2000 and later, earlier versions did not do this).

DIST = 4.583862e+03

AZ 3.510350e+02
BAZ 1.675856e+02
GCARC 4.120298e+01



Phase Info

SAC can be used to Pic|< and store PI’!BSC

information in header variables A & T0-T9
(althouglﬂ this is another Place where it shows its age and is quite Clumsg).

omarker is reserved to for the origjn time.

Al Pick and origin times are stored in seconds
From tl’]é remcerence time O]C the ﬁle.




omarker rigntime is oftentimes set ncorectly tO zero.
If amarker and tOmarker are not set, theg will
not show in a 1h.

OMARKER = 0

AMARKER
TOMARKER

T1MARKER = 462.7 (P)
T2MARKER = 834.76 (S)
T4MARKER = 472.5 (pP)
T6MARKER = 478 (SP)

You can also store what you think the time is.



SAC data format (gory little detail)

The standard data format for SAC is binary.
A binarg SAC file contains a ﬁxecl—-length heac?er
comPosecl of a combination of ascii, integer and
floatin Poin’t data, which describe a variable
leng’clﬁ O subsequent data in ﬂoating Point binarg
(or ascl, longer so not so Popular, but it does
exist).
For the seismic data this means a single data
comPonent recorded at a sin%e seismic station.

SAC does not currentlg WOrk on multiplexecl
clata.



There is an issue with the SAC (actua”g all
numerical, except 8 bit) binarg data.

SAC data is stored accorc:ling to the "big~
endian’ ($#*&B*) bgte order (high-——orcler byte of

’che num]:)er IS storecl 18 memory at the lowest

address).

In many processors, lﬁowever, it is stored
accorcling to the "little-endian' bgte order.

Newest version of SAC is bi-endian and handles it
automaticallu.



When %ivcn a choice between two equivalent ways
todot ings (store stuft in memory in this case) it
will get done both Wagsl

How to store character data in a machine that

addresses bgtes (8 bits of data)



store the number 6811 as 4 ASCII characters in
mCmOrH (this would be as theg come from the kegboard before converting into a

base two number)

It would get stored as the hexadecimal string
(speciﬁed bg the x)

0x36383131
value 36 3831 31
address 1 2 3 4 ...

address ... 4 3 2 1



store the number 6811 as 4 ASCII characters in
memory

Can also do it with memory visualized Verticany
(anol get two ways to number/ aclclress elements).

address contents

0x0050 | Ox36
0x0051 [ 0x38
0x0052 [ Ox31
0x0053 | Ox31

Big and Little Endian

(one can go from top or bottom — here go from
toP) [vertical is less obvious since in memory the
bits are Iinearlg connected and there is ambiguitg

in how the bits connect to words in the vertical

view]



It gets more interesting when we store 16 (4 hex

digits) or 32 (8 hex digits) bit numbers

1311,.= 4881,, 11d116 = 4561,

131111d1,, = 319885777,

M L

S S

B B
Little Endian

Byte Order

coo0o10011

co010001

co0c10001

11010001

1003
M

1002

1001

1000
L

S S

B B
Big Endian 0001001 1|0001 0001|0001 O0O0CTI(1T10V1 00O
Byte Order

1000

1001

1002

1003



1311, = 4881,, 11d116 = 4561,

131111d1,, = 319885777,
M L
S S
B B
Litte Endian (00 e 7 oo 1Joaorooarfoeorocotfivoroeos
1003 1002 1001 1000
M L
S S
B B
B ENdian (oo oo iifocoreearfoeorocorfivoroeos

1000 1001 1002 1003

With both we SPCC@ the number bﬂ the lowest of
the addresses (1000) and get the data at 1000
and 1001 for 16 bit, or 1000, 1001, 1002 and 1003 in
that order for 52 bit numbers.

You have to know which one you are getting.



Names come from Jonathan Switt’s “Gulliver’s
Travels” and the 100 year war between Lilliput and
the rival king&om of Blefuscu over which end of a

soft-boiled egg to crack.

ordered the pecple



Trivial ditference, but need to make one a
standard. Like Li”iPut and Blefuscu the Computer
People did it both ways ~ and it became religious.

An error will occur when data is stored in B?
Fndian bg one ComPuter and read in Little Endian
Format on another.

Moving unformatted data files between big endian
and little endian comPuters requirc—:s that the data
be converted — called “bgte swa :)Ping”.




Tutorial

See

ht‘cp: // geophgsics.eas. gateclﬂ edu/classes/SAC/

http://www.iris.eclu/soﬁ:ware/sac/manual/’cutorial.html

http: // mooc”e.glg.muohio.eclu/ mikeb/content/users/brudzimr/SAC/

Start SAC

s interactive and command cJ_riven

-A-.'L.,:‘__: .




funcgen: generate various functions in memory.

STEP

BOXCAR

TRIANGLE

SINE {vl v2}

LINE {vl v2}

IMPULSE

QUADRATIC {v1l v2 v3}
CUBIC {vl v2 v3 v4}
SEISMOGRAM

PDATPRAGEN

RANDOM {vl1 v2}
IMPSTRIN {nl n2 ... nN}

It is VERY useful for testing the other commands
on known functions.

(seismogramksobaﬂe&;repbcedl¥jdatagen,butdatagenrepoﬁﬁitBrMSangthe
clirectorg with the sample files. Tgpicall)



Start with some simJ:)le commands to generate
seismic data

Roberts-MacBook-Pro:-bash:matlab:164 $ sac

SEISMIC ANALYSIS CODE [06/07/2010 (Version 101.4)]
Copyright 1995 Regents of the University of California
SAC> funcgen

SAC> p

100_ | | I I I | I I I I I I I | I I I |_
FUNCGEN:IMPULSE

0.8 —
0.6 —
0.4 —

0.2 —

0.0 4 | | |




sac> funcgen impulse delta 0.01 npts 100
sac> p

10_ I I I I I I I I I I I I | I I I _]

FUNCGEN: IMPULSE _
0.8 —

0.4— —

0.2— —

0 O 1 1 1 i 1 1 | i 1 | | i 1 | | i 1 1 1

0.00 0.02 0.04 0.06 0.08




Unarg Ol:)crations Module

The commands in this module Pemcorm some
arithmetic oPeration on each data Point of the
s@@akhﬂmemoq}

add abs
sub log,1logl0
mul exp,expl0
div int
sqr dif

sgrt



Start With some simJD‘c Commands to generatc
seismic data

SAC> transfer to DWWSSN
Station (-12345 ), Channel (-12345 )
Waveform multiplied by 1.000000 after deconvolution.

SAC> p

| I I I I I | I I | I I I |

FUNCGEN:IMPULSE

_20_

A0




Read in some data — do some Processing

SAC> read ./ccm_solomon*bh?

SAC> pl
2_ [ [ I I [ [ | | [ [ | [ | | [ [ I I [ [ | I _—
B CCM  BHE i
O o 1991 —
z _2__ 20, ]
== _4— [ [ [ [ [ [ [ [ [ | [ [ I [ [ | [ ——
D_ oM BAN b
_ol- OCT) 14 (287), 1991 _|
T F 159:48:16.265 i
o 4= —
- 4_ [ [ [ [ [ [ [ [ | [ [ | [ [ | I [ [ | [ __
9 CCM  BHZ T
e frrereein .| Ii 1991
i _2:_ Q0. /0.0 _:
= -4 —]
= —6 | | | | | | | | | | | | | | | | | | | | | I | | | | —_
0 I 2 3 4 5 6 7

X 1043



Low pass filter it

SAC> 1lp co .025 npoles 4 passes 2
SAC> pl

§]

0

/i

/i

= CCM  BHN

O P A LR UALTY]
o A 15:48:16%76 .
; —

5 I I I | I I I | I I I | I I I I I I I I I ]

o CCM BHZ -

\ ORT J4 (28704991
g 15:48:28.815 _




High pass filter it

SAC> r
SAC> hp co 1 npoles 4
SAC> pl
2_ [ [ [ | [ [ [ I [ [ [ I | [ [ | | [ | | [ | | [ ]
- . M BHE -
0r + OCT T4 (2877, TR
o L 15:48:25.615 N
+
= L i
< —A =
I I I I I I I I I I I I I I I I I | I I I l I
N CON - BHN -
0 0CT| 14 (287), 1991
< 15:48:16.265 _
+
S -2 -
T _
5__ I T T | T I T T T I T T T I T T I T T l T T T I l__
i ] - . .. CCM BHZ
— ; OCT T2 (287], " TT
& b 15:4328815 -
= 101 .
}<_15_ | | | | | | | | | | | | | | | | | | | | | | | I | | | | | —]
0 1 7 3 5 5 5 7

X 1043




read cm solomon *z S | | i wr
4— 0CT 14 (287), 1991 —
L 15:48:28.815
pPSp T |
Waiting 0= o N’WWMMMWWWWMWW )
,2 —
i
§,6,| [ IR R | L L \ i
0 1 2 b 6
X 1043
lll T T T TTTT I I lllllll T T lllllll Illllll T T T T TTT
107 = CCM  BH/ _|
OCT 14 (287), 1991
15:48:28.815

AMPLITUDE

cctral BHHIHSIS — FOUFICT’ trans{:orm

M B
4 6

Frequency (Hz)

|
8
1




Rotate selsmograms

SAC> read *TUL1#¥sac ' | | | |
2010.058.06.42.30.9750.TA.TUL1. .BHN.R.SAC ..
SAC> pl O S
SAC> synch =©-1-
SAC> w TULl.ﬁﬁwaULl.BHE TUL1.BHZ

SAC> cut 0 1800 ' '

TULT  BHE

TULT  BHN 7

SAC> r TUL1.BHN|TUL1.BHE gy w&luu[
SAC> rotate 0 06-44-19/90¢
SAC> 1h i ’
FILE: TUL1.BHE - 1, = | | |
______________ 7 I ; 8 0 7 12 6 8
X 1042
o o o C T I T | T I T | T | T [ T [ T [ ]
STLA = 3.591040e+01 TULT 341 ] —
STLO = £9.579190e+01 e o Lot
STEL = 2.560000e+02 /
STDP &-10-.000000e+00

EVLA = r3-612200e+0i— -
EVLO = +7.289800e+01
EVDP = 2.290000e+04
DIST = 8.319518e+03
AZ £ 3.408942e+02

n/llanln'{) |

BAZ J..ouyzl-.t076'r\44
GCARC = J&76556e+01

r\o

[0 o Ry




Distance (km)

X 1043

T I I I I I I I I I
et Loettro s\ AL AR AAM“A‘\ ﬂnﬁ“ﬂﬁmﬁ
Y v

A
il = VEJY\"‘W&” wvwmw

o

()

Time {sec)  [VM OFF]




