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APPENDIX A 

 

PLAYBACK PROGRAM 

 

1. EXTRACTP 

 

EXTRACTP retrieve time series data from the ring buffer files is 

capable of creating a single file per component. The output file is in compressed X1 

file format. The EXTRACTP file operates in one of five modes listed below. 

 Command: 

  extractp –m Arg [ -ii ] [ -dd] [ -f] 

  -m Manual mode 

  Arg Start time that require argument ( YYYYMMDD.hhmmss) 

  -i Input option switch 

   I Ringbuffer path name that require switch argument (steger) 

  -d Duration option switch (steger) 

  -f Full name option switch 

 Example: 

  extractp -m 2005-03-20-04-02-00 -d 300 -i f:\stn01\*.*n –f 

 Result: 

  X-----S_YYYYMMDD.hhmmss (X-file) 

 

2. RESPONSE 

 

Response refers to system response file, content of which corresponds 

with the station response header information in the SEED (Standard Exchange of 

Earthquake Data) data volume. The response file generated is a text file with a default 

name seed.rsd. A number of stages describe the parameter of the sensor, analog-

digital converter and the digital filter are contained in seed file. The output of the 

program (seed.rsp) is used by MAKESEED to generate the system response 

information in a SEED data. 

 Command: 
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  response 

 Result: 

  seed.rsp (text file) 

  seed.rsp is in: \NMX\BIN\XDATA\ 

 

3. MAKESEED 

 

Makeseed is a data conversion utility that create SEED. The program 

reads in time series file and the response file of system and write the SEED volume 

containing  SEED header and data in Steim compressed data format. The signal 

required to command line argument of MAKESEED is a direct name. The 

MAKESEED searches for X files and the system response file in a given directory 

path and write SEED data volume in the same directory.   

 Command: 

  Makeseed 

 Result: 

  sYYYYMMDD.hhmmss (seed file, stored in: \NMX\BIN\XDATA\) 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1 Step of Playback Program.  

 

 

 

 

 

 

 

 

X-file X-file + seed.rsp 

RESPONSE 

Seed file 
EXTRACP

T 
MAKESEED 
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APPENDIX B 

 

RDSEED PROGRAM 

 

RDSEED program has been developed by IRIS, it reads a SEED 

format input file or tape and allows the user to retrieve instrument response 

information or convert SED data into other formats. The user must run RDSEED in 

User Prompt Mode.   

 

 
 

Figure B.1 Step of RDSEED program. 

 

Input Options: 

 

Input File (seed.bin) : sYYYYMMDD.hhmmss 

Output File (stdout) : enter Volume# [(1)-N] : enter 

Options[acsSrRtde] : d 

Summary File  : enter 

Station List (ALL) : enter 
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Channel List (All) : enter 

Network List (Ignore) : enter 

Output Format [(1=SAC), 2=AH, 3=CSS, 4=miniseed, 5= seed, 6=SAC ascii, 

7=SEGY]  : 1 enter (1=SAC file) or 6 enter (6=SAC ascii) 

Check Reversal [(0=No), 1=Dip.Azimuth, 2=Gain, 3=Both] : enter 

Start Time(s) (First) : enter 

End Buffer Length [2000000]  : enter 

Extract Responses [Y/(N)]  : Y 
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APPENDIX C 

 

TRAVELTIME TABLE 

 

Table C.1: Travel times tables, here for body wave phases. The distance is expressed 

in degree, depth in km, the travel time in second (Jeffreys and 

Bullen, 1967). 
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Table C.1: (continued) 
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Table C.1: (continued) 
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APPENDIX D 

 

MARK PRODUCT L4-3D SEISMOMETER 

 

The specification of Mark Product L4-3D 

 

Channel Order 

(Positive voltage on DAS channel mean ground moved in given direction) 

1 Up 

2 North 

3 East 

Sensitivity 

171 volts / meter / second 

Typical DAS parameters: 

Gain   32 

Cal Amplitude  1.0 Volt 

Cal Interval  5 seconds 

Cal Step Size  6 seconds 

Physical Characteristics: 

Size    cylinder 30 cm diameter, 30 cm high 

Weight   12 kg 

Shipping  Weight 40 lbs, Size 12x12x24 inches (wooden Gbox) 

Power consumption None, passive sensor 

Frequency Response: 

Natural Freq.  1.0 Hz 

Damping  0.707 critical 

Zeros   two at zero 

Poles   -4.44 + 4.44i, -4.44 – 4.44i  

Response file: Mark Product L4-3D seismometer at Station 1 

 (PSUHY), Station 2 (PNG02), Station 3 (PSUNM), 

 Station 4 (TBK) 
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<< IRIS SEED Reader, Release 4.15 >> 

======== CHANNEL RESPONSE DATA ======== 

B050F03     Station:     PNG02 

B050F16     Network:     PN 

B052F04     Channel:     BHZ 

B052F22     Start date:  2000,032,07:53:40.0000 

B052F23     End date:    2006,082,04:20:04.0000 

======================================= 

---------------------------------------------------- 

Response (Poles & Zeros), PNG02 ch BHZ 

---------------------------------------------------- 

B053F03     Transfer function type:                  A [Laplace Transform (Rad/sec)] 

B053F04     Stage sequence number:                1 

B053F05     Response in units lookup:             M/S - Velocity in Meter Per Second 

B053F06     Response out units lookup:           V - Volts 

B053F07     A0 normalization factor:               1 

B053F08     Normalization frequency:             1 

B053F09     Number of zeroes:                         2 

B053F14     Number of poles:                           2 

           Complex zeroes: 

             i  real          imag          real_error    imag_error 

B053F10-13    0  0.000000E+000  0.000000E+000  0.000000E+000  0.000000E+000 

B053F10-13    1  0.000000E+000  0.000000E+000  0.000000E+000  0.000000E+000 

           Complex poles: 

             i  real          imag          real_error    imag_error 

B053F15-18    0 -4.442210E+000  4.442210E+000  0.000000E+000  0.000000E+000 

B053F15-18    1 -4.442210E+000 -4.442210E+000  0.000000E+000  0.000000E+000 

---------------------------------- 

Decimation, PNG02 ch BHZ 

---------------------------------- 

B057F03     Stage sequence number:                1 

B057F04     Input sample rate:                          0.000000E+000 

B057F05     Decimation factor:                         1 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 
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--------------------------------------- 

B058F03     Stage sequence number:                1 

B058F04     Gain:                                              1.705000E+002 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

--------------------------------------------------- 

Response (Poles & Zeros), PNG02 ch BHZ 

--------------------------------------------------- 

B053F03     Transfer function type:                  A [Laplace Transform (Rad/sec)] 

B053F04     Stage sequence number:                2 

B053F05     Response in units lookup:             V - Volts 

B053F06     Response out units lookup:           V - Volts 

B053F07     A0 normalization factor:               1.40568E+012 

B053F08     Normalization frequency:              1 

B053F09     Number of zeroes:                         0 

B053F14     Number of poles:                           3 

           Complex zeroes: 

             i  real          imag          real_error    imag_error 

           Complex poles: 

             i  real          imag          real_error    imag_error 

B053F15-18    0 -9.904800E+003  3.786000E+003  0.000000E+000  0.000000E+000 

B053F15-18    1 -9.904800E+003 -3.786000E+003  0.000000E+000  0.000000E+000 

B053F15-18    2 -1.250700E+004  0.000000E+000  0.000000E+000  0.000000E+000 

---------------------------------- 

Decimation, PNG02 ch BHZ 

---------------------------------- 

B057F03     Stage sequence number:                2 

B057F04     Input sample rate:                          3.000000E+004 

B057F05     Decimation factor:                         1 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                2 

B058F04     Gain:                                              7.533000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 
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B058F06     Number of calibrations:                 0 

--------------------------------------------------- 

Response (Poles & Zeros), PNG02 ch BHZ 

--------------------------------------------------- 

B053F03     Transfer function type:                  A [Laplace Transform (Rad/sec)] 

B053F04     Stage sequence number:                3 

B053F05     Response in units lookup:             V - Volts 

B053F06     Response out units lookup:           COUNTS - Digital Counts 

B053F07     A0 normalization factor:               1 

B053F08     Normalization frequency:    1 

B053F09     Number of zeroes:                         0 

B053F14     Number of poles:                           0 

            Complex zeroes: 

             i  real          imag          real_error    imag_error 

           Complex poles:      

 i  real          imag          real_error    imag_error 

-------------------------------- 

Decimation, PNG02 ch BHZ 

-------------------------------- 

B057F03     Stage sequence number:                3 

B057F04     Input sample rate:                          3.000000E+004 

B057F05     Decimation factor:                         1 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                3 

B058F04     Gain:                                              7.880330E+005 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

------------------------------------------------ 

Response (Coefficients), PNG02 ch BHZ 

------------------------------------------------ 

B054F03     Transfer function type:                  D 

B054F04     Stage sequence number:                4 

B054F05     Response in units lookup:             COUNTS - Digital Counts 
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B054F06     Response out units lookup:           COUNTS - Digital Counts 

B054F07     Number of numerators:                 34 

B054F10     Number of denominators:              0 

            Numerator coefficients:           

      i, coefficient,  error 

B054F08-09    0  3.788770E-005  0.000000E+000 

B054F08-09    1  1.997270E-004  0.000000E+000 

B054F08-09    2  5.912770E-004  0.000000E+000 

B054F08-09    3  1.198340E-003  0.000000E+000 

B054F08-09    4  1.677200E-003  0.000000E+000 

B054F08-09    5  1.234440E-003  0.000000E+000 

B054F08-09    6 -1.158770E-003  0.000000E+000 

B054F08-09    7 -6.071730E-003  0.000000E+000 

B054F08-09    8 -1.261020E-002  0.000000E+000 

B054F08-09    9 -1.766690E-002  0.000000E+000 

B054F08-09   10 -1.615370E-002  0.000000E+000 

B054F08-09   11 -2.631810E-003  0.000000E+000 

B054F08-09   12  2.601660E-002  0.000000E+000 

B054F08-09   13  6.805390E-002  0.000000E+000 

B054F08-09   14  1.159860E-001  0.000000E+000 

B054F08-09   15  1.582340E-001  0.000000E+000 

B054F08-09   16  1.830500E-001  0.000000E+000 

B054F08-09   17  1.830500E-001  0.000000E+000 

B054F08-09   18  1.582340E-001  0.000000E+000 

B054F08-09   19  1.159860E-001  0.000000E+000 

B054F08-09   20  6.805390E-002  0.000000E+000 

B054F08-09   21  2.601660E-002  0.000000E+000 

B054F08-09   22 -2.631810E-003  0.000000E+000 

B054F08-09   23 -1.615370E-002  0.000000E+000 

B054F08-09   24 -1.766690E-002  0.000000E+000 

B054F08-09   25 -1.261020E-002  0.000000E+000 

B054F08-09   26 -6.071730E-003  0.000000E+000 

B054F08-09   27 -1.158770E-003  0.000000E+000 

B054F08-09   28  1.234440E-003  0.000000E+000 

B054F08-09   29  1.677200E-003  0.000000E+000 

B054F08-09   30  1.198340E-003  0.000000E+000 

B054F08-09   31  5.912770E-004  0.000000E+000 

B054F08-09   32  1.997270E-004  0.000000E+000 
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B054F08-09   33  3.788770E-005  0.000000E+000 

--------------------------------- 

Decimation, PNG02 ch BHZ 

--------------------------------- 

B057F03     Stage sequence number:                4 

B057F04     Input sample rate:                          3.000000E+004 

B057F05     Decimation factor:                         5 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                4 

B058F04     Gain:                                              1.000000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

------------------------------------------------- 

Response (Coefficients), PNG02 ch BHZ 

------------------------------------------------- 

B054F03     Transfer function type:                  D 

B054F04     Stage sequence number:                5 

B054F05     Response in units lookup:             COUNTS - Digital Counts 

B054F06     Response out units lookup:           COUNTS - Digital Counts 

B054F07     Number of numerators:                 30 

B054F10     Number of denominators:             0 

           Numerator coefficients: 

             i, coefficient,  error 

B054F08-09    0  6.587910E-005  0.000000E+000 

B054F08-09    1  1.899970E-004  0.000000E+000 

B054F08-09    2 -4.827190E-005  0.000000E+000 

B054F08-09    3 -1.216780E-003  0.000000E+000 

B054F08-09    4 -2.457610E-003  0.000000E+000 

B054F08-09    5 -5.687040E-004  0.000000E+000 

B054F08-09    6  6.495280E-003  0.000000E+000 

B054F08-09    7  1.294970E-002  0.000000E+000 

B054F08-09    8  5.449010E-003  0.000000E+000 

B054F08-09    9 -2.159300E-002  0.000000E+000 
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B054F08-09   10 -4.696460E-002  0.000000E+000 

B054F08-09   11 -2.711070E-002  0.000000E+000 

B054F08-09   12  6.566510E-002  0.000000E+000 

B054F08-09   13  2.029430E-001  0.000000E+000 

B054F08-09   14  3.061830E-001  0.000000E+000 

B054F08-09   15  3.061830E-001  0.000000E+000 

B054F08-09   16  2.029430E-001  0.000000E+000 

B054F08-09   17  6.566510E-002  0.000000E+000 

B054F08-09   18 -2.711070E-002  0.000000E+000 

B054F08-09   19 -4.696460E-002  0.000000E+000 

B054F08-09   20 -2.159300E-002  0.000000E+000 

B054F08-09   21  5.449010E-003  0.000000E+000 

B054F08-09   22  1.294970E-002  0.000000E+000 

B054F08-09   23  6.495280E-003  0.000000E+000 

B054F08-09   24 -5.687040E-004  0.000000E+000 

B054F08-09   25 -2.457610E-003  0.000000E+000 

B054F08-09   26 -1.216780E-003  0.000000E+000 

B054F08-09   27 -4.827190E-005  0.000000E+000 

B054F08-09   28  1.899970E-004  0.000000E+000 

B054F08-09   29  6.587910E-005  0.000000E+000 

---------------------------------- 

Decimation, PNG02 ch BHZ 

---------------------------------- 

B057F03     Stage sequence number:                5 

B057F04     Input sample rate:                          6.000000E+003 

B057F05     Decimation factor:                         3 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                5 

B058F04     Gain:                                              1.000000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

-------------------------------------------------- 

Response (Coefficients), PNG02 ch BHZ 
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-------------------------------------------------- 

B054F03     Transfer function type:                  D 

B054F04     Stage sequence number:                6 

B054F05     Response in units lookup:             COUNTS - Digital Counts 

B054F06     Response out units lookup:           COUNTS - Digital Counts 

B054F07     Number of numerators:                 118 

B054F10     Number of denominators:              0 

           Numerator coefficients: 

             i, coefficient,  error 

B054F08-09    0 -1.046900E-005  0.000000E+000 

B054F08-09    1 -2.377590E-005  0.000000E+000 

B054F08-09    2 -5.718980E-006  0.000000E+000 

B054F08-09    3  3.423590E-005  0.000000E+000 

B054F08-09    4  3.051090E-005  0.000000E+000 

B054F08-09    5 -4.393140E-005  0.000000E+000 

B054F08-09    6 -7.445010E-005  0.000000E+000 

B054F08-09    7  3.356970E-005  0.000000E+000 

B054F08-09    8  1.362690E-004  0.000000E+000 

B054F08-09    9  1.277560E-005  0.000000E+000 

B054F08-09   10 -2.025090E-004  0.000000E+000 

B054F08-09   11 -1.122150E-004  0.000000E+000 

B054F08-09   12  2.488130E-004  0.000000E+000 

B054F08-09   13  2.730090E-004  0.000000E+000 

B054F08-09   14 -2.378790E-004  0.000000E+000 

B054F08-09   15 -4.882990E-004  0.000000E+000 

B054F08-09   16  1.257250E-004  0.000000E+000 

B054F08-09   17  7.273430E-004  0.000000E+000 

B054F08-09   18  1.293680E-004  0.000000E+000 

B054F08-09   19 -9.317630E-004  0.000000E+000 

B054F08-09   20 -5.524020E-004  0.000000E+000 

B054F08-09   21  1.016530E-003  0.000000E+000 

B054F08-09   22  1.135690E-003  0.000000E+000 

B054F08-09   23 -8.796330E-004  0.000000E+000 

B054F08-09   24 -1.823780E-003  0.000000E+000 

B054F08-09   25  4.200990E-004  0.000000E+000 

B054F08-09   26  2.504270E-003  0.000000E+000 

B054F08-09   27  4.363560E-004  0.000000E+000 

B054F08-09   28 -3.008320E-003  0.000000E+000 
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B054F08-09   29 -1.707710E-003  0.000000E+000 

B054F08-09   30  3.124310E-003  0.000000E+000 

B054F08-09   31  3.327180E-003  0.000000E+000 

B054F08-09   32 -2.625740E-003  0.000000E+000 

B054F08-09   33 -5.122460E-003  0.000000E+000 

B054F08-09   34  1.311450E-003  0.000000E+000 

B054F08-09   35  6.808530E-003  0.000000E+000 

B054F08-09   36  9.463450E-004  0.000000E+000 

B054F08-09   37 -7.998370E-003  0.000000E+000 

B054F08-09   38 -4.153490E-003  0.000000E+000 

B054F08-09   39  8.232390E-003  0.000000E+000 

B054F08-09   40  8.152580E-003  0.000000E+000 

B054F08-09   41 -7.023110E-003  0.000000E+000 

B054F08-09   42 -1.259590E-002  0.000000E+000 

B054F08-09   43  3.906000E-003  0.000000E+000 

B054F08-09   44  1.693530E-002  0.000000E+000 

B054F08-09   45  1.518940E-003  0.000000E+000 

B054F08-09   46 -2.042210E-002  0.000000E+000 

B054F08-09   47 -9.579910E-003  0.000000E+000 

B054F08-09   48  2.209430E-002  0.000000E+000 

B054F08-09   49  2.060820E-002  0.000000E+000 

B054F08-09   50 -2.067740E-002  0.000000E+000 

B054F08-09   51 -3.521950E-002  0.000000E+000 

B054F08-09   52  1.417050E-002  0.000000E+000 

B054F08-09   53  5.525580E-002  0.000000E+000 

B054F08-09   54  1.904590E-003  0.000000E+000 

B054F08-09   55 -8.790200E-002  0.000000E+000 

B054F08-09   56 -4.504150E-002  0.000000E+000 

B054F08-09   57  1.822970E-001  0.000000E+000 

B054F08-09   58  4.105860E-001  0.000000E+000 

B054F08-09   59  4.105860E-001  0.000000E+000 

B054F08-09   60  1.822970E-001  0.000000E+000 

B054F08-09   61 -4.504150E-002  0.000000E+000 

B054F08-09   62 -8.790200E-002  0.000000E+000 

B054F08-09   63  1.904590E-003  0.000000E+000 

B054F08-09   64  5.525580E-002  0.000000E+000 

B054F08-09   65  1.417050E-002  0.000000E+000 

B054F08-09   66 -3.521950E-002  0.000000E+000 
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B054F08-09   67 -2.067740E-002  0.000000E+000 

B054F08-09   68  2.060820E-002  0.000000E+000 

B054F08-09   69  2.209430E-002  0.000000E+000 

B054F08-09   70 -9.579910E-003  0.000000E+000 

B054F08-09   71 -2.042210E-002  0.000000E+000 

B054F08-09   72  1.518940E-003  0.000000E+000 

B054F08-09   73  1.693530E-002  0.000000E+000 

B054F08-09   74  3.906000E-003  0.000000E+000 

B054F08-09   75 -1.259590E-002  0.000000E+000 

B054F08-09   76 -7.023110E-003  0.000000E+000 

B054F08-09   77  8.152580E-003  0.000000E+000 

B054F08-09   78  8.232390E-003  0.000000E+000 

B054F08-09   79 -4.153490E-003  0.000000E+000 

B054F08-09   80 -7.998370E-003  0.000000E+000 

B054F08-09   81  9.463450E-004  0.000000E+000 

B054F08-09   82  6.808530E-003  0.000000E+000 

B054F08-09   83  1.311450E-003  0.000000E+000 

B054F08-09   84 -5.122460E-003  0.000000E+000 

B054F08-09   85 -2.625740E-003  0.000000E+000 

B054F08-09   86  3.327180E-003  0.000000E+000 

B054F08-09   87  3.124310E-003  0.000000E+000 

B054F08-09   88 -1.707710E-003  0.000000E+000 

B054F08-09   89 -3.008320E-003  0.000000E+000 

B054F08-09   90  4.363560E-004  0.000000E+000 

B054F08-09   91  2.504270E-003  0.000000E+000 

B054F08-09   92  4.200990E-004  0.000000E+000 

B054F08-09   93 -1.823780E-003  0.000000E+000 

B054F08-09   94 -8.796330E-004  0.000000E+000 

B054F08-09   95  1.135690E-003  0.000000E+000 

B054F08-09   96  1.016530E-003  0.000000E+000 

B054F08-09   97 -5.524020E-004  0.000000E+000 

B054F08-09   98 -9.317630E-004  0.000000E+000 

B054F08-09   99  1.293680E-004  0.000000E+000 

B054F08-09  100  7.273430E-004  0.000000E+000 

B054F08-09  101  1.257250E-004  0.000000E+000 

B054F08-09  102 -4.882990E-004  0.000000E+000 

B054F08-09  103 -2.378790E-004  0.000000E+000 

B054F08-09  104  2.730090E-004  0.000000E+000 
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B054F08-09  105  2.488130E-004  0.000000E+000 

B054F08-09  106 -1.122150E-004  0.000000E+000 

B054F08-09  107 -2.025090E-004  0.000000E+000 

B054F08-09  108  1.277560E-005  0.000000E+000 

B054F08-09  109  1.362690E-004  0.000000E+000 

B054F08-09  110  3.356970E-005  0.000000E+000 

B054F08-09  111 -7.445010E-005  0.000000E+000 

B054F08-09  112 -4.393140E-005  0.000000E+000 

B054F08-09  113  3.051090E-005  0.000000E+000 

B054F08-09  114  3.423590E-005  0.000000E+000 

B054F08-09  115 -5.718980E-006  0.000000E+000 

B054F08-09  116 -2.377590E-005  0.000000E+000 

B054F08-09  117 -1.046900E-005  0.000000E+000 

--------------------------------- 

Decimation, PNG02 ch BHZ 

--------------------------------- 

B057F03     Stage sequence number:                6 

B057F04     Input sample rate:                          2.000000E+003 

B057F05     Decimation factor:                         2 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                6 

B058F04     Gain:                                              1.000000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

-------------------------------------------------- 

Response (Coefficients), PNG02 ch BHZ 

-------------------------------------------------- 

B054F03     Transfer function type:                  D 

B054F04     Stage sequence number:                7 

B054F05     Response in units lookup:             COUNTS - Digital Counts 

B054F06     Response out units lookup:           COUNTS - Digital Counts 

B054F07     Number of numerators:                 56 

B054F10     Number of denominators:              0 
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           Numerator coefficients: 

             i, coefficient,  error 

B054F08-09    0  1.278290E-005  0.000000E+000 

B054F08-09    1  4.864360E-005  0.000000E+000 

B054F08-09    2  1.144120E-004  0.000000E+000 

B054F08-09    3  1.910120E-004  0.000000E+000 

B054F08-09    4  2.191870E-004  0.000000E+000 

B054F08-09    5  1.043080E-004  0.000000E+000 

B054F08-09    6 -2.426290E-004  0.000000E+000 

B054F08-09    7 -8.288110E-004  0.000000E+000 

B054F08-09    8 -1.497340E-003  0.000000E+000 

B054F08-09    9 -1.894280E-003  0.000000E+000 

B054F08-09   10 -1.544020E-003  0.000000E+000 

B054F08-09   11 -5.733420E-005  0.000000E+000 

B054F08-09   12  2.574220E-003  0.000000E+000 

B054F08-09   13  5.724080E-003  0.000000E+000 

B054F08-09   14  8.086910E-003  0.000000E+000 

B054F08-09   15  7.981330E-003  0.000000E+000 

B054F08-09   16  4.009120E-003  0.000000E+000 

B054F08-09   17 -4.101320E-003  0.000000E+000 

B054F08-09   18 -1.480030E-002  0.000000E+000 

B054F08-09   19 -2.455140E-002  0.000000E+000 

B054F08-09   20 -2.845130E-002  0.000000E+000 

B054F08-09   21 -2.161210E-002  0.000000E+000 

B054F08-09   22 -9.396190E-004  0.000000E+000 

B054F08-09   23  3.330760E-002  0.000000E+000 

B054F08-09   24  7.683240E-002  0.000000E+000 

B054F08-09   25  1.218950E-001  0.000000E+000 

B054F08-09   26  1.591560E-001  0.000000E+000 

B054F08-09   27  1.802510E-001  0.000000E+000 

B054F08-09   28  1.802510E-001  0.000000E+000 

B054F08-09   29  1.591560E-001  0.000000E+000 

B054F08-09   30  1.218950E-001  0.000000E+000 

B054F08-09   31  7.683240E-002  0.000000E+000 

B054F08-09   32  3.330760E-002  0.000000E+000 

B054F08-09   33 -9.396190E-004  0.000000E+000 

B054F08-09   34 -2.161210E-002  0.000000E+000 

B054F08-09   35 -2.845130E-002  0.000000E+000 
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B054F08-09   36 -2.455140E-002  0.000000E+000 

B054F08-09   37 -1.480030E-002  0.000000E+000 

B054F08-09   38 -4.101320E-003  0.000000E+000 

B054F08-09   39  4.009120E-003  0.000000E+000 

B054F08-09   40  7.981330E-003  0.000000E+000 

B054F08-09   41  8.086910E-003  0.000000E+000 

B054F08-09   42  5.724080E-003  0.000000E+000 

B054F08-09   43  2.574220E-003  0.000000E+000 

B054F08-09   44 -5.733420E-005  0.000000E+000 

B054F08-09   45 -1.544020E-003  0.000000E+000 

B054F08-09   46 -1.894280E-003  0.000000E+000 

B054F08-09   47 -1.497340E-003  0.000000E+000 

B054F08-09   48 -8.288110E-004  0.000000E+000 

B054F08-09   49 -2.426290E-004  0.000000E+000 

B054F08-09   50  1.043080E-004  0.000000E+000 

B054F08-09   51  2.191870E-004  0.000000E+000 

B054F08-09   52  1.910120E-004  0.000000E+000 

B054F08-09   53  1.144120E-004  0.000000E+000 

B054F08-09   54  4.864360E-005  0.000000E+000 

B054F08-09   55  1.278290E-005  0.000000E+000 

----------------------------------- 

Decimation, PNG02 ch BHZ 

----------------------------------- 

B057F03     Stage sequence number:                7 

B057F04     Input sample rate:                          1.000000E+003 

B057F05     Decimation factor:                         5 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

          

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                7 

B058F04     Gain:                                              1.000000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

------------------------------------------------- 
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Response (Coefficients), PNG02 ch BHZ 

------------------------------------------------- 

B054F03     Transfer function type:                  D 

B054F04     Stage sequence number:                8 

B054F05     Response in units lookup:             COUNTS - Digital Counts 

B054F06     Response out units lookup:           COUNTS - Digital Counts 

B054F07     Number of numerators:                 118 

B054F10     Number of denominators:              0 

           Numerator coefficients: 

             i, coefficient,  error 

B054F08-09    0 -1.046900E-005  0.000000E+000 

B054F08-09    1 -2.377590E-005  0.000000E+000 

B054F08-09    2 -5.718980E-006  0.000000E+000 

B054F08-09    3  3.423590E-005  0.000000E+000 

B054F08-09    4  3.051090E-005  0.000000E+000 

B054F08-09    5 -4.393140E-005  0.000000E+000 

B054F08-09    6 -7.445010E-005  0.000000E+000 

B054F08-09    7  3.356970E-005  0.000000E+000 

B054F08-09    8  1.362690E-004  0.000000E+000 

B054F08-09    9  1.277560E-005  0.000000E+000 

B054F08-09   10 -2.025090E-004  0.000000E+000 

B054F08-09   11 -1.122150E-004  0.000000E+000 

B054F08-09   12  2.488130E-004  0.000000E+000 

B054F08-09   13  2.730090E-004  0.000000E+000 

B054F08-09   14 -2.378790E-004  0.000000E+000 

B054F08-09   15 -4.882990E-004  0.000000E+000 

B054F08-09   16  1.257250E-004  0.000000E+000 

B054F08-09   17  7.273430E-004  0.000000E+000 

B054F08-09   18  1.293680E-004  0.000000E+000 

B054F08-09   19 -9.317630E-004  0.000000E+000 

B054F08-09   20 -5.524020E-004  0.000000E+000 

B054F08-09   21  1.016530E-003  0.000000E+000 

B054F08-09   22  1.135690E-003  0.000000E+000 

B054F08-09   23 -8.796330E-004  0.000000E+000 

B054F08-09   24 -1.823780E-003  0.000000E+000 

B054F08-09   25  4.200990E-004  0.000000E+000 

B054F08-09   26  2.504270E-003  0.000000E+000 

B054F08-09   27  4.363560E-004  0.000000E+000 
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B054F08-09   28 -3.008320E-003  0.000000E+000 

B054F08-09   29 -1.707710E-003  0.000000E+000 

B054F08-09   30  3.124310E-003  0.000000E+000 

B054F08-09   31  3.327180E-003  0.000000E+000 

B054F08-09   32 -2.625740E-003  0.000000E+000 

B054F08-09   33 -5.122460E-003  0.000000E+000 

B054F08-09   34  1.311450E-003  0.000000E+000 

B054F08-09   35  6.808530E-003  0.000000E+000 

B054F08-09   36  9.463450E-004  0.000000E+000 

B054F08-09   37 -7.998370E-003  0.000000E+000 

B054F08-09   38 -4.153490E-003  0.000000E+000 

B054F08-09   39  8.232390E-003  0.000000E+000 

B054F08-09   40  8.152580E-003  0.000000E+000 

B054F08-09   41 -7.023110E-003  0.000000E+000 

B054F08-09   42 -1.259590E-002  0.000000E+000 

B054F08-09   43  3.906000E-003  0.000000E+000 

B054F08-09   44  1.693530E-002  0.000000E+000 

B054F08-09   45  1.518940E-003  0.000000E+000 

B054F08-09   46 -2.042210E-002  0.000000E+000 

B054F08-09   47 -9.579910E-003  0.000000E+000 

B054F08-09   48  2.209430E-002  0.000000E+000 

B054F08-09   49  2.060820E-002  0.000000E+000 

B054F08-09   50 -2.067740E-002  0.000000E+000 

B054F08-09   51 -3.521950E-002  0.000000E+000 

B054F08-09   52  1.417050E-002  0.000000E+000 

B054F08-09   53  5.525580E-002  0.000000E+000 

B054F08-09   54  1.904590E-003  0.000000E+000 

B054F08-09   55 -8.790200E-002  0.000000E+000 

B054F08-09   56 -4.504150E-002  0.000000E+000 

B054F08-09   57  1.822970E-001  0.000000E+000 

B054F08-09   58  4.105860E-001  0.000000E+000 

B054F08-09   59  4.105860E-001  0.000000E+000 

B054F08-09   60  1.822970E-001  0.000000E+000 

B054F08-09   61 -4.504150E-002  0.000000E+000 

B054F08-09   62 -8.790200E-002  0.000000E+000 

B054F08-09   63  1.904590E-003  0.000000E+000 

B054F08-09   64  5.525580E-002  0.000000E+000 

B054F08-09   65  1.417050E-002  0.000000E+000 
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B054F08-09   66 -3.521950E-002  0.000000E+000 

B054F08-09   67 -2.067740E-002  0.000000E+000 

B054F08-09   68  2.060820E-002  0.000000E+000 

B054F08-09   69  2.209430E-002  0.000000E+000 

B054F08-09   70 -9.579910E-003  0.000000E+000 

B054F08-09   71 -2.042210E-002  0.000000E+000 

B054F08-09   72  1.518940E-003  0.000000E+000 

B054F08-09   73  1.693530E-002  0.000000E+000 

B054F08-09   74  3.906000E-003  0.000000E+000 

B054F08-09   75 -1.259590E-002  0.000000E+000 

B054F08-09   76 -7.023110E-003  0.000000E+000 

B054F08-09   77  8.152580E-003  0.000000E+000 

B054F08-09   78  8.232390E-003  0.000000E+000 

B054F08-09   79 -4.153490E-003  0.000000E+000 

B054F08-09   80 -7.998370E-003  0.000000E+000 

B054F08-09   81  9.463450E-004  0.000000E+000 

B054F08-09   82  6.808530E-003  0.000000E+000 

B054F08-09   83  1.311450E-003  0.000000E+000 

B054F08-09   84 -5.122460E-003  0.000000E+000 

B054F08-09   85 -2.625740E-003  0.000000E+000 

B054F08-09   86  3.327180E-003  0.000000E+000 

B054F08-09   87  3.124310E-003  0.000000E+000 

B054F08-09   88 -1.707710E-003  0.000000E+000 

B054F08-09   89 -3.008320E-003  0.000000E+000 

B054F08-09   90  4.363560E-004  0.000000E+000 

B054F08-09   91  2.504270E-003  0.000000E+000 

B054F08-09   92  4.200990E-004  0.000000E+000 

B054F08-09   93 -1.823780E-003  0.000000E+000 

B054F08-09   94 -8.796330E-004  0.000000E+000 

B054F08-09   95  1.135690E-003  0.000000E+000 

B054F08-09   96  1.016530E-003  0.000000E+000 

B054F08-09   97 -5.524020E-004  0.000000E+000 

B054F08-09   98 -9.317630E-004  0.000000E+000 

B054F08-09   99  1.293680E-004  0.000000E+000 

B054F08-09  100  7.273430E-004  0.000000E+000 

B054F08-09  101  1.257250E-004  0.000000E+000 

B054F08-09  102 -4.882990E-004  0.000000E+000 

B054F08-09  103 -2.378790E-004  0.000000E+000 
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B054F08-09  104  2.730090E-004  0.000000E+000 

B054F08-09  105  2.488130E-004  0.000000E+000 

B054F08-09  106 -1.122150E-004  0.000000E+000 

B054F08-09  107 -2.025090E-004  0.000000E+000 

B054F08-09  108  1.277560E-005  0.000000E+000 

B054F08-09  109  1.362690E-004  0.000000E+000 

B054F08-09  110  3.356970E-005  0.000000E+000 

B054F08-09  111 -7.445010E-005  0.000000E+000 

B054F08-09  112 -4.393140E-005  0.000000E+000 

B054F08-09  113  3.051090E-005  0.000000E+000 

B054F08-09  114  3.423590E-005  0.000000E+000 

B054F08-09  115 -5.718980E-006  0.000000E+000 

B054F08-09  116 -2.377590E-005  0.000000E+000 

B054F08-09  117 -1.046900E-005  0.000000E+000 

---------------------------------- 

Decimation, PNG02 ch BHZ 

---------------------------------- 

B057F03     Stage sequence number:                8 

B057F04     Input sample rate:                          2.000000E+002 

B057F05     Decimation factor:                         2 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                8 

B058F04     Gain:                                              1.000000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

----------------------------------------------------- 

Response (Poles & Zeros), PNG02 ch BHZ 

----------------------------------------------------- 

B053F03     Transfer function type:                  D [Digital (Z-transform)] 

B053F04     Stage sequence number:                9 

B053F05     Response in units lookup:             COUNTS - Digital Counts 

B053F06     Response out units lookup:           COUNTS - Digital Counts 

B053F07     A0 normalization factor:               0.999969 
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B053F08     Normalization frequency:              1 

B053F09     Number of zeroes:                         2 

B053F14     Number of poles:                           2 

           Complex zeroes: 

             i  real          imag          real_error    imag_error 

B053F10-13    0  1.000000E+000  0.000000E+000  0.000000E+000  0.000000E+000 

B053F10-13    1 -1.000000E+000  0.000000E+000  0.000000E+000  0.000000E+000 

           Complex poles: 

             i  real          imag          real_error    imag_error 

B053F15-18    0  1.000000E+000  0.000000E+000  0.000000E+000  0.000000E+000 

B053F15-18    1 -9.999370E-001  0.000000E+000  0.000000E+000  0.000000E+000 

---------------------------------- 

Decimation, PNG02 ch BHZ 

---------------------------------- 

B057F03     Stage sequence number:                9 

B057F04     Input sample rate:                          1.000000E+002 

B057F05     Decimation factor:                         1 

B057F06     Decimation offset:                         0 

B057F07     Estimated delay (seconds):            0.000000E+000 

B057F08     Correction applied (seconds):        0.000000E+000 

--------------------------------------- 

Channel Gain, PNG02 ch BHZ 

--------------------------------------- 

B058F03     Stage sequence number:                9 

B058F04     Gain:                                              1.000000E+000 

B058F05     Frequency of gain:                         1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 

------------------------------------------- 

Channel Sensitivity, PNG02 ch BHZ 

------------------------------------------- 

B058F03     Stage sequence number:                0 

B058F04     Sensitivity:                                     1.012130E+009 

B058F05     Frequency of sensitivity:               1.000000E+001 HZ 

B058F06     Number of calibrations:                 0 
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ORION PORTABLE SEISMOGRAPH 

 

Input Channels  

Sensor channel 3 standard, 6 optional 

Type   Differential 

Sensitivity  2.55uV/bit, default 

Gain   Resistor programmable 

Input level  40 Vpp Differential 

Damping  Provisions for internal resistor 

Impedance  Typically 1 Mohm with no damping 

Noise level  Typically 1.25 counts rms at 1.9 microVolt/bit & 100  

sps (shorted input) 

Dynamic Range 132 db rms-rms 

Digitizer 

Type   24-bit delta-sigma 

Analog filter  3
rd

 order Bessel -3db 3.7 KHz 

Digital filter  -140db at output Nyquist 

Hardware Sample Rate 256 KHz 

Phase   Linear in passbnd 

Cross talk  > -80 dB typical 

Sample Instant  Simultaneous 

Sample rates  10, 20, 40, 50, 80, 100, 125, 200, 250, 500, 1000  

Consult factory for other sample rate  

Output format  Compressed, non-approximating first difference  

    Absolute UTC time reference 

Preview channel 2 Channels at 1 sps to 600 seconds 

    Bandpassed filtered min & max over interval 

Auxiliary Data Channels 

First Channels  3 channel +/- 10V at 1 to 1/600 sps 

Slow Channels 3 channels +/- 10V at 1/8 to 1/600 sps 

Resolution  10-bit 

Sensitivity  49 mV/bit 
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State-of-Health 

Internal  Temperature, disk temperature, supply voltage 

Self-test  Performs a complete self test at power up 

Timing System 

Timing System UTC timed with DCXO disciplined to GPS 

System accuracy 1 ms (typically 20 microseconds GPS 100%) 

Internal oscillator DCXO, typically 0.4 ppm over temperature range 

    Fine channel GPS receiver 

GPS Duty cycle 1 to 99 % operator set 

Antenna  Active, typically 25 dB gain 

Cable length  2m standard 

    Optional 10m cable 

Time to first fix Typically 30 seconds 

Power Consumption 1.3 watt continuous mode, one fix per second 

Acquisition Modes 

Continuous mode Operator set start / stop time  

    Continuous with trigger fags 

Event mode  As determined by event trigger 

Window mode  Ten programmable windows with repeats 

    Continuous or event recording in each window 

Recording method Ring buffer or no overwrite 

Event Detector  

Trigger pre-filter Band pass, high pass or low pass, to 5
th

 order 

Triggering  STA / LTA or absolute level (%g) trigger 

    Up to 6 independent triggers 

Trigger threshold Ratio 1 to 99.9 

Pre-event memory 1 to 99 seconds 

Post-event memory 1 to 200 seconds 

 

Data Cartridge 

Data Compression Non-approximating, typically 1.3 bytes / sample 

Shock   Drives float in form within the disk drive package for  
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added shock protection 

Temperature range -20 to +40 C (with heating) 

Drive heating  All cartridges include a 15 W heating element 

    Heating is operator-set, and can be enabled or disabled 

Size   Length 22 cm, height 6 cm, width 14 cm 

Weight   0.5 kg (1.1 lbs.) varies with drive capacity 

User Interface 

Liquid crystal display 240x64 graphic display 

Contrast & backlight Set via menu 

Input keys  Four push buttons 

     LED’s indicators: 

Disk   Disk activity 

GPS   GPS locked or unlocked 

Battery   Battery voltage & low voltage shutdown 

Event   An event is being processed 

ACQ-CPU  Acquisition processor status 

USRE-CPU  User interface processor status 

Power 

Typical: 5.2 watts (100 sps, 3 channels and GPS 10 % duty 

cycled) 

Voltage 11V to 17V DC 

Battery: 12 Ahrs (two 6 volt 12 Amp Hr) internally mounted 

Overvoltage protection No damage at +/-30 V 

Main power supply / charger 

Input Voltage   58 VAC to 264 VAC 

Input Frequency Range 47 Hz to 440 Hz 

Output Voltage  13.5 VDC 

Connectors 

     External 

Sensor 19 pin for Three channel sensor 

GPS antenna:  Coaxial 

Communications: 19 pin I/O, series port, SOH 
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Power:   4 pin 12V battery, charger input and earth 

Data Cartridge  50 pin SCSI connector for data cartridge 

    24 pin ‘D’ connector for cartridge power / control 

Environmental 

Operating Temperature 20 to +40 C 

Humidity 100% 

Packaging  ABS alloy case 

Dimensions  Length 47 cm, Width 37 cm, Depth 19 cm 

Weight   10.9 kg (24 lbs) including batteries 
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APPENDIX E 

 

RAW DATA TABLE 

 

Table E.1: Raw data table of 173 earthquake events employs the following acronyms: 

Event: order of earthquake events, Date represents the date/month/year of 

event., Stn.: Station name (pkt symbolizes Station 4), Station 3 in the first 

month with time shift and hence the origin time from this station is not 

applicable, P-arrival T. and S-arrival T.: P-wave and S-wave arrival time 

in hour:minute:second, Origin T. and Origin T. (average.): Origin time and 

average origin time in hour:minute:second. (Origin T (average.) refers to 

origin time from (Stn.1+Stn.2)/2 or (Stn. 2 + pkt)/2). Dist: Distance in km, 

long: Longitude, lat: Latitude, Amp. (E), Amp. (N) and Amp. (ave): 

Amplitude in east, north, and vector sum of both in nanometer, 

respectively, Ml and Ml (highest): Local magnitude and the highest local 

magnitude from each station.  

 

Table E.2: Earthquake data from one station with 3 components: Event: Order of 

earthquake events, Date Date/month/year, Time: Origin time, Stn.: Station 

name, Dist: Distance in km, Amp. in counts: Amplitude in counts, 

Azimuth (AZI): Azimuth angle, Location: Earthquake location. 

 

Table E.3: Man-made seismic events: Event: Order of man-made events, Day: Mo = 

Monday, Tue = Tuesday, Wed = Wednesday, Thur = Thursday, Fr = 

Friday, Sat = Saturday, Sun = Sunday, Date: date/month/year, Time: 

Origin time, Ml and Ml (highest): Local magnitude and highest local 

magnitude from each station, Ml calculation based on data from Station 2. 
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Table E.1 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.1: (continued) 
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Table E.2 
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Table E.3  
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Table E.3: (continued) 
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Table E.3: (continued) 
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Table E.3: (continued) 
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Table E.3: (continued) 
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APPENDIX F 

 

SINKHOLES 

 

Table F.1: Sinkholes that occurred in Southern Thailand from June 1995 to 22 June 

2005 (DMR, 2005). 

Number Date Location 

1 _/6/95 Muang District, Satun Province 

2 _/10/96 La Ngu District, Satun Province 

3 _/7/98 HuiYord District, Trang Province 

4 _/5/02 Muang District, Krabi Province 

5 _/10/04 Aowluk District, Krabi Province 

6 26/12/04 Aowluk District, Krabi Province 

7 26/12/04 Muang District, Trang Province 

8 27/12/04 Manag Subdistrict, Satun Province 

9 29/12/04 Kao Panom District, Krabi Province 

10 29/12/04 Muang District, Trang Province 

11 30/12/04 HuiYord District, Trang Province 

12 31/12/04 La Ngu District, Satun Province 

13 3/01/05 Aowluk District, Krabi Province 

14 3/01/05 Tong YaiDistrict, Nakornsritammarat Province 

15 6/01/05 Kanchanadit District, Surathanee Province 

16 6/01/05 Tapput District, Phang Nga Province 

17 9/01/05 Kuandon District, Satun Province 

18 9/01/05 Srinakkarin District, Pattalung Province 

19 11/01/05 Cha Aoud District, Nakornsritammarat Province 

20 21/01/05 Kanchanadit District, Surathanee Province 

21 21/01/05 Kanchanadit District, Surathanee Province 

22 21/01/05 Keancha District, Surathanee Province 

23 26/01/05 Nayong District, Trang Province 

24 31/01/05 Palean District, Trang Province 

25 9/02/05 Tam Panna District, Nakornsritammarat Province 

26 11/02/05 Muang District, Chumporn Province 

27 9/03/05 Praipraya District, Krabi Province 

28 6/04/05 Donsak District, Surathanee Province 

29 6/04/05 Donsak District, Surathanee Province 

30 6/04/05 Prasang District, Surathanee Province 

31 9/05/05 La Ngu District, Satun Province 

32 13/05/05 Panom District, Surathanee Province 

33 15/05/05 Kuandon District, Satun Province 

34 30/05/05 Vang vised District, Trang Province 

35 6/06/05 Aowluk District, Krabi Province 

36 7/06/05 Praipraya District, Krabi Province 

37 8/06/05 Kraburi District, Ranong Province 
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