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INTRODUCTION 

One of the very important research and development 

efforts of the United States Governement in recent years 

has been concerned with the detection, location, and iden¬ 

tification of underground nuclear explosions . Such a 

capability is important to the security of the United 

States both in terms of accurately documenting the nuclear 

weapons testing programs of foreign powers and in monitoring 

any test ban treaty which would prohibit the detonation of 

underground nuclear devices- The responsibility for this 

effort is vested in the Advanced Research Projects Agency 

of the United States Government which has sponsored a 

vigorous technical program (project VELA-Uniform) directed 

toward developing the desired detection and identification 

capability. 

One of the major experiments in this program was Project 

LONG SHOT in which an underground nuclear explosion was set 

off on Amchitka Island in the Aleutians. The overall pur¬ 

pose of LONG SHOT was to test and improve our ability to 

locate and identify seismic events from observations at large 

distances. This was an important experiment because most 

of our previous experience had been with explosions at the 

Nevada Test Site recorded primarily at regional distances 

(<3000 km) within the United States and Canada, As a result 

we needed a quantitative test of our ability to locate and 

identify distant events occurring in a geological and tectonic 

setting different from that at the Nevada Test Site 

Some of the reasons for selecting the Aleutian Island 

Arc as the test area for LONG SHOT were 

(1) it provided a favorable distribution of recording 

stations in both azimuth and distance especially from the 
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higher-quality station* in the U.1* 

(2) it is a tectonically active region that provides 

earthquakes for direct comparison wi th LONG SHOT 

(3) it resembles the Kuril Arc and Kamchatka where 

more than 60% of all earthquakes in the Soviet Union occur. 

(4) it is in a continental margin area where many oí 

the earthquakes occur under the ocean. Calibration furnished 

by LONG SHOT would assist in developing reliable means of 

determining whether or not an event occ-rred on land (The 

events occurring on land are cl most interest since com¬ 

pletely contained underwater explosion* in the open ocean 

can be detected and identilied as explosion* from the 

characteristic hydroacoustic signals they produce) 

(5) it is in an area with different geological struc¬ 

ture than NTS so that location and identiticaticn procedures 

previously developed could be rigorously tested 

(6) the area is remote and yet accessible so that the 

necessary geophysical and geological surveys of the area 

surrounding the test site and the detonation itself could 

be carried out without disrupting any local domestic activities 

The LONG SHOT explosion took place on Amchitka Island in 

the Aleutians on 29 October 196$. The event was sufficiently 

large (80 kilotons equivalent TNT with a F wave magnitud« of 

5.85) to be recorded clearly at a large number receiving 

stations around the world. The excellent data provided by 

this experiment have been analyzed intensively and numero** 

publications relevant to various aspects of the problem ut 

distinguishing explosions from earthquakes have resulted. 

However, to date there has not been an integrated stujy 

2 
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It is hoped that thir comprehensive report will serve 

as a point of departure for future work both on LONG SHOT 

and the Aleutian Arc source region and that it will aid in 

evaluating any future experiments in other localities. 



BASIC OBSERVATIONS AND MEASUREMENTS 

1. Tabulated Data 

epicenter data for the nuclear event LONG SHOT are 

given in Table 1. This event was recorded in all quadrants 

at epicentral distances from 2° to 161°. Data for 371 sta¬ 

tions are presented in Tables 2 and 3. These include travel 

times for observed short-period phases; travel-time residuals 

for P, PKP, and PcP phases with respect to Jeffreys-Bullen 

(JB) and the new Herrin (H68) surface-focus times; periods 

and maximum zero-to-peak amplitudes (A/T) of short-period 

and long-period phases; and unified body-wave (mb) magnitudes 

and surface-wave (M ) magnitudes at those stations for which 
s 

they could be computed. 

The stations listed include the Long Range Seismic 

Measurements (LRSM) stations; the VELA observatories, the 

World-Wide Standard Seismograph Station (WWSSS) network of 

the United States Coast and Geodetic Survey (USCSGS); the 

British Atomic Weapons Research Establishment CAWRE) arrays; 

the Berkeley, Pasadena, Hawaiian, Canadian, and Alpens net¬ 

works; many independent stations throughout the world; and 

several temporary stations which were set up specifically to 

record LONG SHOT, The stations are listed alphabetically 

according to the three-letter station identification code 

as used by the USC8GS or the five-letter code as used by 

the LRSM program. The geographic coordinates and elevations 

of the 371 stations are given in Appendix I together with a 

map showing their locations in Appendix II. 

Table 2 comprises those stations (265) for which records 

were obtained for analysis by the Seismic Data Laboratory. 

Arrival times, periods, and amplitudes were measured visually 

by analysts for all identifiable phases on all records. 
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Tabulated measurements for the LRSM and VELA stations have 

previously been given by Clark ("Long Range Seismic Measure¬ 

ments - LONG SHOT", Earth Sciences Division, Teledyne Indus¬ 

tries, Inc., Seismic Data Laboratory Report No. 133, 1966) 

and data from his report were used as a guide in reviewing 

records from these stations. The majority of the remaining 

stations had been previously read by personnel of the USCSGS, 

and their analysis sheets were used as references by the SDL 

personnel in making the final readings. Therefore, the 

measurements Jisted in Table 2 for the most part represent 

the concurrence of two or more observers. Table 2 includes 

several stations which were not previously read by the 

USCSGS and also data for many later phases (e.g., PKKP and 

PKPPKP) which had not been reported by the USCSGS. Table 3 

comprises those stations (106) for which records were unob¬ 

tainable for analysis. Data for these stations were received 

by the USCSGS via telephone, telegram, and letter, or it was 

copied from published reports. In most cases only the arrival 

time and amplitude of the first arrival were communicated. 

Although the data from Table 3 are considered somewhat dubious, 

they have been plotted in the subsequent figures along with 

data from Table 2. 

The absence of shear arrivals in the tabulated data is 

not by design., There were only three shear phases observed 

on the records obtained for LONG SHOT by the SDL - ScP at 

stations HL2ID (Hailey, Idaho) and YR-CL (Yreka, California) 

and S at station SHL (Shillong, India). (The ScP phase may 

in fact be PcS and therefore not attributable to shear 

energy released at the source.) P-phase signal-to-noise 

ratios at these three stations exceeded 250, The direct 

shear (S) phase was unobservable at many other stations which 

had P-phase signal-to-noise ratios of at least 100; e.g., GOL 

(Golden, Colorado), JCT (Junction City, Texas), OXF (Oxford, 
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Mississippi), KN-UT (Kanab, Utah). Love waves were not pos¬ 

itively identified at any station. However, the closest 

long-period instruments to LONG SHOT excluding AD-IS (Adak 

Island, Alaska, A = 2.6°), were those at COL (College, Alaska, 

A = 21.7°). 

All of the data tabulated in Tables 2 and 3 regarding 

the major phases (Pn and P, PcP, PKP, and LR) are preserved 

on digital magnetic tapes at the SDL for future study. 

2. Instrumentation 

The LRSM and VELA observatories, with some exceptions, 

consist of three-component short-period and long-period 

systems. Pertinent recording information for these stations 

is given in Appendix III. The WWSSS network consists of sta¬ 

tions identically equipped with a three-component Benioff 

short-period system and a three-component Sprengnether long- 

period system. The British AWRE arrays consist of vertical 

short-period Wilmore Mark II seismometers. Relative magnifi¬ 

cation curves for all these stations are given in Appendix 

IV. Curves are not shown for the remaining networks and 

stations because the system response varies from station to 

station. However, the varying instrument responses were 

taken into account for these stations in the data analysis. 

3. T .»el Time Residuals 

Figure la is a plot of the Pn and P travel-time resi¬ 

dual for LONG SHOT with respect to the Jeffreys-Bullen (JB) 

surface-focus times. Figures 2a and 3a are similar plots 

of the PKP and PcP travel-time residuals. Figure lb shows 

Pn and P travel-time residuals with respect to the recently 

published tables (H68) of the committee headed by E. Herrin 
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(Bulletin of the SeismoloRicei Society of America. Vol. « 
No. 4, 1968). Figures 2b and 3b are sinil¡^s of H68 > 

residuals for the PKP phase and the P=P phase respectively. 

to In1llty’ bUt "0t eleVation- érections have been applied 
to all these residuals. 

4. Amplitudes 

Figures 4 through 7 are plots of maximum amplitude (zero- 

o-peaK A/T) of P (including Pn>. PKP. PcP. and LR phases. 

For the short-period phases, the maximum peak-to-peak excur¬ 

sion within the first few cycles of motion of the phase was 

measured, halved, and divided by the period of the measured 

amp itude cycle to obtain zero-to-peak A/T. For the long- 

period LR phase, the maximum peak-to-peak excursion on the 

IndT "h Tt PerÍOd range 16"2“ Se00ndS ”as measured, halved, 
and divided by the period to again obtain a zero-to-peak 
A/T value. F 

5. Magnitudes 

Unified body-wave magnitude for stations in the distance 

range 2 -100° was computed by the formula: 

mb = log10(A/T) + B 

where 

A 
maximum zero-to-peak ground motion (millimicrons) 

of the Pn or P phase within the first three or four 
cycles, 
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T = period of maximum ground motion (seconds), 

B = distance correction factor. 

The distance correction factors from 16» to 100» „ere taker 

from Gutenberg and Richter (1956)* thru 
back to ?» h„ . • they were extrapolated 
ack to by assuming an inverse-cube relation for the 

amplitude decay of the Pn „ave. These factors are listed 

Appencilx V- The unified body-„ave magnitudes for 281 

stations are plotted in Figure 8. The mean body-wave mag¬ 

nitude, computed by averaging the indiviudal station magni¬ 

tudes, is 5.85 for LONG SHOT, The standard deviation of th. 
individual magnitudes is 0.45. 

Surface-wave magnitude was computed by the formula: 

M 

where 

logig(A/T) + 1.66 (log A) - 0.18 

T 

A 

= maximum peak-to-peak ground motion (millimicrons) 

Of the Rayleigh „ave in the period range 16 to 24 
seconds , 

period of maximum ground motion (seconds), 

= epicentral distance in degrees. 

The Rayleigh-wave magnitudes are plotted in Figure 9. The 

mean Rayleigh-wave magnitude (the average of the individual 

tion magnitudes) is 4.06 for LONG SHOT. The standard 

eviation of the s rtace-wave magnitudes is 0.22. 

6. Reproduced Recordings 

Appendix VI contains the reproductions of all the re- 

VELA6*/^365 USted ^ Table 2 eXCePt th°Se fr°m LRSM and 
stations, which are contained in Appendix VII. The 

quality of the pictures in Appendix VI varies according to 

type of record available for reproduction: these ranged 
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from original film and paper recordings to photocopies of 

seismograms. Some of the measurements made on the original 

records may be difficult or even impossible to make on the 

reproductions included here,. No standard horizontal time 

scale could be adopted; however, the scale in each case can 

be determined by noting the time mark on the picture and 

referring back to travel times in Table 2, The trace mag¬ 

nifications given are those of the actual pictures shown 

here, Unless otherwise stated, short-period static mag¬ 

nifications are for 1.0 cps and long-period static magni¬ 

fications for 0,05 cps. The pictures are arranged alpha¬ 

betically according to the station code except for the 

stations of the Berkeley telemeter network and the USC&GS 

Quadripartite Array in Hawaii which are shown last since 

each group is recorded on a single Develocorder film. 

For the LRSM and VELA stations, reproductions were 

made from magnetic tape playouts and are displayed in 

Appendix VII However, some pictures of film are also 

contained in this appendix either because the magnetic tape 

was unavailable or because it was unusable- Trace mag¬ 

nifications given are at 1,0 cps for short-period instru¬ 

ments and 0,04 cps for long-period instruments. 

DISCUSSION OF BIBLIOGRAPHY 

The bibliography contained in this volume includes 

papers directly relating to the study of the LONG SHOT 

experiment and papers which have employed LONG SHOT data 

to make a significant seismological contribution. Papers 

only casually referring to LONG SHOT, its data and results, 

are not included. 
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SUMMARY 

Basic recorded data for 371 stations have been pre¬ 

sented for LONG SHOT. Of these stations, 265 have been 

re-evaluated at the Seismic Data Laboratory. The primary 

compressional (P) wave was observed at 339 stations, and 

the core reflection (PcP) was observed at 154 stations. 

Other compressional phases were observed less frequently, 

and it is noteworthy that shear phases were observed at 

only 3 stations. Surface waves of the fundamental Rayleigh 

mode were recorded at 55 stations. No Love waves were 

distinguishable on the long-period records. 

Both body-wave and surface-wave magnitudes have been 

computed by averaging the individual station magnitudes 

(281 body-wave and 55 surface-wave measurements). The 

mean body-wave magnitude for LONG SHOT is 5.85 (standard 

deviation = +_ 0.45), and the mean surface-wave magnitude 

is 4,06 (standard deviation = +_ 0.22). 

Reproductions of recorded phases at 265 stations have 

been made and are included in an appendix. 

The data for LONG SHOT tabulated in this report is 

the most extensive listing of basic data for a seismological 

event to date, A noticeable deficiency is the absence of 

data from the U.S.S.R. and the Chinese mainland. These data 

were not available at the time of writing of this report. 

Additional observations from Japan will be forthcoming in 

a paper by Hiroo Kanamori (see Bibliography). 

The bibliography includes only those papers pertinent 

to LONG SHOT, its data and results. 
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APPENDIX I 

Station Location and Elevation 

Station Geographic Latitude 
Code Deg. Min. Sec. 

AA 6 

AAE 

AAM 

ABC 

ABU 

AD-IS 

ADE 

API 

A IA 

AKU 

ALE 

ALQ 

AMU 

AN 6 

ANK 

ANP 

AT 6 

ATL 

AV 6 

AVO 

42 18 

09 01 

42 17 

13 49 

34 51 

51 52 

34 58 

13 54 

44 01 

65 41 

82 29 

34 56 

61 11 

68 08 

39 55 

25 11 

52 51 

33 26 

68 07 

34 22 

04 N 

45 N 

59 N 

38 N 

25 N 

30 N 

01 S 

34 S 

00 N 

12 N 

00 N 

30 N 

30 N 

20 N 

00 N 

00 N 

15 N 

00 N 

41 N 

35 S 

BA6 39 

BAG 16 

BAH 21 

BAR 32 

BC6 58 

BCN 35 

BE-FL 28 

BEC 32 

07 45 N 

24 39 N 

20 23 N 

40 48 N 

32 54 N 

58 51 N 

54 19 N 

22 46 N 

Geographic Longitude Elevation 
Deg. Min. Sec. Km 

83 39 24 W 

38 45 56 E 

83 39 22 W 

20 50 40 E 

135 34 22 E 

176 40 45 W 

138 42 32 E 

171 48 38 W 

144 17 00 E 

18 06 24 W 

62 24 00 W 

106 27 30 W 

149 48 18 W 

151 44 01 W 

32 49 00 E 

121 31 00 E 

173 10 28 E 

84 20 15 W 

145 32 11 W 

150 36 54 E 

. 254 

2.442 

.254 

.550 

. 200 

. 061 

.655 

. 706 

.039 

. 024 

.065 

1.853 

.053 
* 

* 

. 836 
* 

. 272 
* 

.532 

121 19 30 W 

120 34 47 E 

158 04 38 N 

116 40 18 W 

155 47 24 W 

114 50 02 W 

82 03 52 W 

64 40 52 W 

* 

1.507 
* 

. 520 

.020 

. 776 

.021 

.041 

- *—• 
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APPENDIX I (Contd.) 

Station Geographic Latitude 
Code Deg. Min. Sec. 

BET 60 

BH-YK 61 

BHA 14 

BMP 08 

BKS 37 

BLA 37 

BLC 64 

BLO 39 

BMO 44 

BNG 04 

BNH 44 

BNS 50 

BOZ 45 

BR6 63 

BRK 37 

BRS 27 

BRW 71 

BUL 20 

BUT 46 

CAB 35 

CAN 35 

CAR 10 

CBA 55 

CBM 46 

CDF 48 

CED 34 

CGM 37 

CH-MT 58 

48 

22 

26 

57 

52 

12 

19 

11 

50 

22 

35 

57 

36 

30 

52 

23 

18 

OR 

00 

55 

19 

30 

10 

55 

23 

16 

19 

36 

28 N 

14 N 

48 S 

39 N 

36 N 

40 N 

00 N 

20 N 

56 N 

00 N 

26 N 

50 N 

00 N 

06 N 

24 N 

30 S 

12 N 

36 S 

48 N 

36 S 

15 S 

24 N 

30 N 

57 N 

39 N 

38 N 

00 N 

25 N 

Geographic 
Deg. Min 

161 46 

139 08 

28 28 

79 33 

122 14 

80 25 

96 01 

86 30 

117 18 

18 34 

71 15 

07 10 

111 38 

145 50 

122 15 

152 46 

156 44 

28 36 

112 33 

148 25 

148 59 

66 55 

162 44 

68 07 

07 16 

117 20 

89 32 

93 49 

Longitude 
Sec. 

18 W 

29 W 

06 E 

29 W 

06 W 

14 W 

00 W 

15 W 

20 W 

00 E 

23 W 

32 E 

00 W 

30 W 

36 W 

30 E 

54 W 

48 E 

48 W 

59 E 

55 E 

39 W 

00 W 

15 W 

15 E 

03 W 

00 W 

00 W 

Elevation 
Km. 

* 

. 861 

1.206 

. 036 

. 276 

.634 

. 016 

. 229 

1.189 
* 

.472 

. 200 

1.575 

. 793 

.081 

. 525 
* 

1.341 

1.758 
* 

.650 

1.035 
* 

. 250 

1.098 

1.067 

.134 

. 038 



APPENDIX I (Contd.) 

Station 
Code 

Geographic Latitude 
Deg. Min. Sec. 

CH 6 

CLC 

CLE 

CLL 

CLV 

CMC 

CM F 

CNF 

CNZ 

COL 

COC 

COR 

:p-cl 

CP6 

CPO 

CPR 

CR-NB 

CSC 

CIA 

CWC 

DAL 

DAR 

DAV 

DBQ 

DES 

DH-NY 

DOU 

DR-CO 

DRV 

35 49 

35 49 

41 29 

51 18 

33 41 

67 50 

43 21 

47 34 

39 12 

64 54 

64 53 

44 35 

32 43 

36 55 

35 35 

61 47 

40 39 

34 00 

20 05 

36 26 

32 50 

12 23 

07 05 

42 30 

19 20 

42 14 

50 05 

37 27 

66 39 

45 N 

00 N 

28 N 

36 N 

28 S 

00 N 

26 N 

58 N 

06 S 

00 N 

08 N 

09 N 

44 N 

55 N 

41 N 

24 N 

52 N 

00 N 

18 S 

21 N 

46 N 

00 S 

16 N 

24 N 

12 N 

39 N 

45 N 

53 N 

54 S 

Geographie Longitude 
Deg. Min. Sec. 

120 21 

117 35 

81 31 

13 00 

136 29 

115 05 

06 23 

06 19 

175 32 

147 47 

147 48 

125 18 

116 22 

116 03 

85 34 

165 57 

92 51 

81 02 

146 15 

118 04 

96 47 

130 50 

125 34 

90 41 

155 23 

74 S3 

04 35 

107 47 

140 00 

07 W 

48 W 

52 W 

12 E 

44 E 

00 W 

22 E 

4 E 

42 E 

30 W 

04 W 

12 W 

16 W 

19 W 

14 W 

18 W 

15 W 

00 W 

16 E 

41 W 

02 W 

00 E 

29 E 

00 W 

18 W 

18 W 

39 E 

00 W 

31 E 

Elevation 
Km. 

* 

. 766 

.326 

. 230 

. 238 

.031 

.152 

. 305 

. 500 

.320 
* 

. 123 

1.189 

1.285 

. 574 
* 

.442 

. 094 

. 357 

1.620 

. 187 

. 006 

. 085 

. 200 

. 815 

. 652 

. 224 

2.225 

. 040 



APPENDIX I (Contd.) 

Station Geographie Latitude 
Code Deg. Min. Sec. 

DUG 

EDM 

EKA 

EMM 

EN-MO 

EPT 

ESK 

EUR 

FAY 

F BC 

FEL 

FFC 

FGU 

FL-BC 

FLN 

F LO 

FN-WV 

FOR 

FQ6 

FSJ 

FTC 

G BA 

GBF 

G CA 

GCC 

GDH 

GEE 

GEO 

GOL 

40 11 

53 13 

55 19 

44 44 

36 52 

31 46 

55 19 

39 29 

36 05 

63 44 

47 52 

54 43 

40 55 

58 51 

48 45 

38 48 

38 32 

40 51 

46 12 

54 26 

34 52 

13 36 

47 51 

36 58 

37 01 

69 15 

36 25 

38 54 

39 42 

42 N 

18 N 

59 N 

21 N 

58 N 

18 N 

00 N 

00 N 

28 N 

00 N 

12 N 

30 N 

35 N 

38 N 

45 N 

06 N 

58 N 

47 N 

25 N 

00 N 

24 N 

15 N 

09 N 

25 N 

48 N 

00 N 

11 S 

00 N 

01 N 

Géographie Longitude 
Deg. Min. Sec. 

112 48 

113 21 

03 09 

67 29 

90 35 

106 30 

03 12 

115 58 

94 H 

68 28 

08 01 

101 56 

109 23 

122 50 

00 28 

90 22 

79 30 

73 53 

85 10 

124 15 

118 53 

77 26 

07 05 

111 35 

121 59 

53 32 

148 10 

77 04 

105 22 

48 W 

48 W 

33 W 

22 W 

44 W 

21 W 

18 W 

12 W 

28 W 

00 W 

00 E 

00 W 

10 W 

11 W 

55 W 

12 W 

47 W 

08 W 

35 W 

00 W 

36 W 

10 E 

56 E 

35 W 

48 W 

00 W 

57 E 

00 W 

16 W 

Elevation 
Km. 

1.477 

. 730 

.982 

.020 

.152 

1.186 

. 242 

2.178 

.404 

.045 

1.485 

.338 

1.982 

.655 

. 500 

. 160 

.910 

.024 
* 

. 772 

.990 
* 

1.372 

1.339 

. 122 

.023 

.200 

. 043 

2.359 



APPENDIX I (Contd.) 

Station Geographic Latitude 
Code Deg. Min. Sec. 

GRF 

GRR 

GSC 

GUA 

GV-TX 

GWC 

UAL 

HAU 

HAY 

HHM 

HIL 

HKC 

HL2ID 

HLE 

HLK 

HN-ME 

HNR 

HON 

HS6 

HTT 

HU 6 

HV-MA 

IFR 

IM6 

IRF 

IRK 

IRI 

ISA 

ISO 

49 

48 

35 

13 

32 

55 

44 

48 

33 

48 

19 

22 

43 

51 

20 

46 

09 

21 

65 

33 

66 

48 

33 

45 

37 

38 

36 

35 

44 

41 

23 

18 

32 

53 

17 

38 

00 

42 

20 

43 

18 

38 

30 

46 

09 

25 

19 

28 

25 

02 

25 

31 

55 

14 

04 

16 

38 

11 

32 N 

18 N 

06 N 

18 N 

09 N 

30 N 

00 N 

19 N 

24 N 

58 N 

12 N 

13 N 

50 N 

00 N 

00 N 

43 N 

54 S 

18 N 

48 N 

50 S 

49 N 

20 N 

00 N 

30 N 

34 N 

40 N 

36 N 

36 N 

00 N 

Geographie Longitude 
Deg. Min. Sec. 

11 12 

00 51 

116 48 

144 54 

96 59 

77 45 

63 36 

06 21 

115 38 

114 01 

155 05 

114 10 

114 15 

11 57 

156 15 

67 59 

159 56 

158 00 

144 38 

138 55 

154 15 

109 49 

05 07 

87 51 

113 22 

117 13 

117 37 

118 28 

07 03 

55 E 

30 W 

17 N 

42 E 

54 N 

12 * 

00 W 

00 E 

12 N 

39 * 

18 W 

19 E 

02 W 

00 E 

00 N 

09 * 

48 E 

30 W 

18 N 

18 E 

20 W 

20 W 

38 W 

00 W 

36 W 

21 * 

37 W 

36 W 

00 E 

Elevation 
Kai. 

.525 

.500 

.990 

.230 

.152 

.008 

.056 

. 4 57 

.440 

1.100 

.020 

.027 

1.890 

.092 

2.090 

.213 

.085 

.200 

.314 

.200 
• 

. 884 

1.630 
• 

.400 

.400 

.400 

. 760 

. 870 



T ▼ T 
'l 

*rmtn* i itmté.) 

»(•ti»» 
lo4* 

Iff 

J4f 

J CT 

JI« 

JIM 

m 

»01 

jr *? 

Uf 

u m 

KK 

m 

UC 

iir 

ti* 

UK 

UC 

»II 

LX ITT 

tx> 
IM 

â»fl 

irn 

ia» 

tat 

m 

ne 

u u 

IAH 

C*»«r«^kic 
0«g. Ml*. 

U«Um4» 
f#%. 

<1 

1* 

»0 

II 

I* 

II 

»1 

i; 

«ï 

ï* 

u 

a# 

«a 
il 
u 

ai 

10 

I* 

I* 

I« 

va 

I« 

Jl 

la 
11 

•• 

?• 

la 

il 

•î 

la 

«a 

la 
«a 

ï* 

il 
11 

il 
M 

II 

*î 

II 

la 

01 

• T 

II 

01 

M 

1* 

H 

11 

II 
10 

II 

If 

11 

»0 K 

I« M 

la K 

la K 

Il f 

il * 

«a » 
1* K 

I« K 

il a 

IJ * 

I» a 

la a 

Il a 

Il B 

01 a 

al l 

il a 

ii a 

a# a 

IT a 

• I a 

U a 

ia a 

I« a 

if a 

00 a 

it a 

00 a 

C*«gr*0Btc i,0*giti*4a 
L*f 

10 

110 

10 

11 

lia 

110 

10 

lit 

11 

ai 

ni 

«ta. f#«. 

11 

lia 
10 

iî 

m 

Ui 

ul 
n 

lai 

lit 

la 

lia 

0« 

11 
l|f 

H 

10 

10 

10 

II 

11 

01 

• I 

01 

ia 
• 0 

1# 

00 

II 

0# 

11 

U 

1* 

II 

10 

10 

lî 

la 
H 
ï? 

• ï 

il 

10 

10 

10 

00 t 

Il a 

01 a 

10 I 

ü f 

10 I 

U I 

11 a 

00 I 
I? a 

10 a 

1« I 

11 1 

U • 

00 I 

Il I 

10 S 

11 a 

Il a 

OC I 

11 t 

1) I 

11 a 

U I 

ai a 

li I 

00 a 

la a 

00 I 

11«* tien 
as ■ 

. oal 

017 

. 101 

.77© 

.000 

• 10 

000 

I. Ill 

.100 

.171 

000 

.010 

. TOO 

.070 

. 100 

.110 

.100 

.101 

1. M7 

2. »OS 
.200 

.017 

.101 

.aio 

. Il* 

.ooa 

. SOI 

.110 



APPENDIX I (Contd.) 

Station Geographic Latitude 
Code Deg. Min. Sec. 

Geographic Longitude 
Deg. Min. Sec. 

LAO 

LAR 

LAW 

LB F 

LC - NM 

LDb 

LLM 

LHN 

LIC 

LLA 

I,MR 

L.ND 

LNM 

LNS 

LON 

LOR 

LRA 

LRG 

LUB 

LUG 

LWI 

LZ-BV 

MAL 

MAN 

MAT 

MBC 

MDS 

MHC 

MHT 

46 41 

41 18 

38 57 

46 sy 

32 24 

53 13 

06 50 

61 02 

06 13 

36 3 7 

4 3 2 1 

4' 02 

21 07 

45 r 

46 45 

4 7 16 

34 47 

4 3 2 7 

33 35 

15 31 

02 14 

16 15 

36 4 3 

14 4 0 

36 32 

76 14 

4 3 2 2 

37 20 

39 11 

19 N 

52 N 

34 N 

13 N 

08 N 

18 N 

00 S 

5 7 N 

2 8 N 

00 N 

48 N 

24 N 

00 N 

20 N 

00 N 

00 N 

00 N 

15 N 

00 N 

04 S 

18 S 

31 S 

39 M 

00 N 

30 N 

00 N 

20 N 

30 N 

59 N 

106 13 

105 34 

95 15 

03 58 

106 35 

113 21 

107 37 

10 52 

05 01 

1 20 56 

06 30 

81 11 

101 40 

06 54 

121 48 

03 51 

92 21 

06 21 

101 52 

167 07 

28 48 

68 28 

04 24 

121 05 

138 12 

119 20 

89 45 

121 38 

96 34 

20 W 

59 W 

00 W 

38 E 

58 W 

48 W 

00 E 

48 E 

40 W 

36 W 

25 E 

00 w 

03 W 

53 E 

36 W 

05 E 

00 W 

38 E 

00 W 

48 E 

00 E 

47 W 

40 W 

00 E 

32 E 

00 W 

36 W 

30 W 

50 V 

Elevation 
Km. 

. 744 

. 200 

. 200 

.305 

1. 585 

A 

. 500 

. 505 

. 100 

. 475 

A 

. 246 

1. 800 

1.480 

. 854 

. 530 

. 135 

A 

. 200 

. 150 

1.748 

3.993 

. 060 

. 070 

. 440 

. 015 

. 278 

1.282 

. 200 
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Station 
Code 

MIM 

MJ Z 

MKA 

MLF 

MLH 

MM6 

MN-NV 

MNT 

MO K 

MOX 

MRG 

MSH 

MSS 

MTJ 

MWC 

NAA 

NAI 

NAT 

NDI 

NHA 

NIK 

NOM 

NOR 

NOU 

NP-NT 

NPH 

NRR 

NUR 

OGD 

— - - 

APPENDIX I (Contd.) 

Geographic 
Deg. Min. 

45 

43 

19 

39 

19 

63 

38 

45 

21 

50 

39 

36 

48 

36 

34 

19 

01 

05 

28 

12 

52 

64 

81 

22 

76 

19 

39 

60 

41 

14 

59 

22 

08 

29 

44 

26 

30 

27 

38 

37 

18 

10 

12 

13 

03 

16 

07 

41 

12 

58 

30 

36 

18 

15 

24 

34 

30 

04 

Latitude Geographie Longitude 
Sec. Deg. Min. Sec. 

37 N 69 02 25 W 

14 S 170 27 58 E 

00 N 155 11 00 W 

15 N 84 16 39 W 

48 N 155 23 18 W 

00 N 148 58 57 W 

10 N 118 08 53 W 

09 N 73 37 23 W 

23 N 157 44 12 W 

46 N 11 36 58 E 

59 N 79 57 16 W 

40 N 59 35 16 E 

45 N 08 57 58 E 

39 N 140 06 36 E 

24 N 118 03 30 W 

48 N 155 35 12 W 

26 S 36 48 13 E 

00 S 35 02 00 W 

00 N 77 13 00 E 

36 N 109 12 42 E 

24 N 168 51 00 W 

00 N 166 25 00 W 

00 N 16 41 00 W 

36 S 166 27 02 E 

08 N 119 22 18 W 

54 N 155 17 00 W 

19 N 119 50 56 W 

32 N 24 39 05 E 

00 N 74 37 00 W 

Elevation 
Km. 

. 500 

1.000 

.200 

. 238 

2.010 

.610 

1. 524 

. 112 
* 

. 450 

.282 

. 830 

. 915 

. 286 

1.730 

. 205 

1.692 

. 010 

. 230 

. 005 

.152 
A 

. 036 

. 105 

. 059 

1.115 

. 200 

. 102 

.373 



APPENDIX I (Contd.) 

Station Geographie Latitude 
Code Deg. Min. Sec. 

Geographic Longitude 
Deg. Min. Sec. 

00-NW 

ORV 

OTT 

OXF 

PAb 

PAH 

PAL 

PAS 

PBJ 

PCC 

PDA 

PEL 

PG-BC 

PHA 

PHC 

PI 6 

PL6 

PLM 

PMG 

PNS 

PNT 

P00 

PPA 

PPT 

PRE 

PRI 

PRK 

PRS 

PRU 

61 02 

39 33 

45 23 

34 30 

39 50 

19 29 

41 00 

34 08 

16 26 

37 30 

37 44 

33 08 

53 59 

56 59 

50 42 

42 18 

69 44 

33 21 

09 24 

16 16 

49 19 

18 32 

31 30 

17 34 

25 45 

36 08 

39 14 

36 19 

49 59 

53 N 

20 N 

38 N 

43 N 

04 N 

42 N 

25 N 

54 N 

12 N 

00 N 

36 N 

37 S 

50 N 

18 N 

00 N 

00 N 

16 N 

12 N 

33 S 

03 S 

00 N 

00 N 

56 S 

08 S 

00 S 

30 N 

46 N 

54 N 

18 N 

10 53 

121 30 

75 42 

89 24 

105 19 

154 56 

73 54 

118 10 

95 24 

122 22 

25 39 

70 41 

122 31 

158 40 

127 26 

111 30 

163 00 

116 51 

147 09 

68 28 

119 37 

73 51 

68 16 

149 34 

28 15 

120 39 

26 16 

121 22 

14 32 

42 E 

00 W 

57 W 

33 W 

44 W 

48 W 

31 W 

18 W 

24 W 

55 W 

42 W 

07 W 

23 W 

30 W 

00 W 

00 W 

48 W 

42 W 

14 E 

0C W 

00 W 

00 E 

07 W 

32 W 

00 E 

54 W 

18 E 

12 W 

30 E 

Elevation 
Km. 

.555 

.362 

.083 

.101 
* 

.205 

.103 

.295 

.213 

. 091 

.035 

.690 

*14 
* 

.033 
* 

* 

1.690 

.076 

3.990 

. 550 

. 560 

.550 

.300 

1.382 

1.187 

.100 

.363 

.302 



T T 7 

APPENDIX I (Contd.) 

Station Geographic Latitude 
Code Deg. Min. Sec. 

Geographic Longitude Elevation 
Deg. Min. Sec. Km. 

PSM 

PTO 

PUP 

PX6 

QUE 

RAB 

RAM 

RAR 

RAV 

RCD 

RES 

REY 

RG-SD 

RIV 

RK-ON 

RM 6 

ROL 

ROU 

RSL 

kVR 

SA6 

SBA 

SBC 

SCH 

SCP 

SDB 

SE6 

SEO 

SFA 

36 

41 

21 

62 

30 

04 

37 

21 

47 

44 

74 

64 

4 5 

33 

50 

52 

37 

43 

45 

33 

39 

77 

34 

54 

40 

43 

36 

37 

47 

08 

08 

38 

57 

11 

11 

45 

13 

47 

04 

41 

08 

12 

49 

50 

24 

55 

24 

41 

59 

46 

51 

26 

49 

47 

44 

09 

34 

07 

31 N 

19 N 

50 N 

18 N 

18 N 

33 S 

57 N 

00 S 

00 N 

30 N 

12 N 

20 N 

59 N 

45 S 

20 N 

00 N 

04 N 

05 N 

18 N 

36 N 

23 N 

03 S 

30 N 

00 N 

42 N 

00 N 

53 N 

00 N 

24 N 

120 39 

08 36 

158 01 

145 28 

66 57 

152 10 

41 17 

159 46 

09 33 

103 12 

94 54 

21 54 

103 32 

151 09 

93 40 

114 57 

91 52 

05 50 

06 37 

117 22 

105 16 

166 45 

119 42 

66 47 

77 51 

15 54 

115 08 

126 58 

70 49 

54 W 

08 W 

40 W 

28 W 

00 E 

16 E 

33 E 

24 W 

50 E 

30 W 

00 W 

22 W 

05 W 

30 E 

20 W 

00 W 

08 W 

44 E 

32 E 

30 W 

58 W 

45 E 

48 W 

00 W 

54 W 

00 E 

24 W 

00 E 

36 W 

.400 

. 088 
* 

1.133 

1.713 

. 184 

1.185 
* 

. 460 

.995 

. 015 

.044 

. 945 

. 025 

. 366 

* 

. 200 

. 500 

1.583 

. 260 
* 

1.015 

.090 

. 540 

. 352 

. 200 

.610 

.086 

. 232 



APPENDIX I (Contd.) 

Station Geographic Latitude 
Code Deg. Min. Sec. 

Geographie Longitude 
Deg. Min. Sec. 

SFO 

SH6 

SHF 

SMI 

SHK 

SHL 

SI-BC 

SIC 

SJ-TX 

SJG 

SLC 

SM Y 

SNA 

SOÜ 

SPA 

SPF 

SPI 

SPO 

SSC 

SSF 

STJ 

STR 

STU 

SV3QB 

SW-MA 

TA6 

TAB 
TAM 

TAU 

TCF 

41 12 

38 57 

46 33 

29 48 

34 32 

25 34 

54 47 

50 10 

27 36 

18 06 

40 45 

52 43 

70 18 

67 22 

90 00 

4 3 33 

57 09 

47 43 

48 35 

47 07 

4 7 34 

48 35 

48 46 

54 48 

48 58 

39 48 

38 04 
22 47 

42 54 

46 17 

30 N 

20 N 

06 N 

39 N 

00 N 

00 N 

18 N 

30 N 

43 N 

42 N 

55 N 

18 N 

32 S 

16 N 

00 S 

50 N 

36 N 

48 N 

03 N 

00 N 

18 N 

05 N 

15 N 

39 N 

08 N 

19 N 

03 N 
30 N 

36 S 

17 N 

74 15 

118 48 

72 45 

52 51 

132 41 

91 53 

127 04 

66 44 

98 18 

6b 09 

111 50 

1 74 07 

02 21 

26 37 

00 00 

06 41 

170 13 

117 20 

00 06 

03 30 

52 44 

07 45 

09 11 

66 45 

111 57 

105 17 

46 19 
05 31 

147 19 

02 12 

00 W 

49 W 

48 W 

34 E 

00 E 

00 E 

17 Y! 

30 W 

46 W 

00 W 

54 W 

12 E 

30 N 

45 E 

00 E 

46 E 

30 W 

32 W 

27 W 

or r 
00 w 

57 E 

36 E 

00 W 

46 W 

58 W 

36 E 
24 E 

13 E 

50 E 

Elevation 
Km. 

. 200 
* 

. 060 

1.595 

. 285 

1.600 

.579 

. 283 

.114 

.457 

1.425 

. 046 

.052 

. 181 

2.927 
* 

* 

. 713 

. 500 
* 

. 062 

. 135 

.375 

.579 

1. 113 
* 

1.430 
1.395 

. 132 

. 500 



APPENDIX I (Contd.) 

Station 
Code 

Geographic Latitude 
Deg. Min. Sec. 

Tc-GL 

TEH 

TF-CL 

TFO 

TIN 

TN6 

TNP 

TOL 

TOO 

TR6 

TRI 

TRN 

TRO 

TTL 

TUB 

TUC 

TUM 

UBO 

UDD 

UKI 

UM 6 

UME 

UN6 

UPP 

UVN 

UWE 

VAL 

VAM 

VMM 

76 29 

35 44 

35 09 

34 17 

37 03 

65 15 

38 04 

39 52 

37 34 

37 13 

45 42 

10 39 

69 37 

62 53 

48 31 

32 18 

47 00 

40 19 

60 05 

39 08 

69 22 

63 48 

S3 51 

59 51 

40 26 

19 25 

51 56 

35 24 

17 10 

SO N 

16 N 

49 N 

12 N 

18 N 

24 N 

55 N 

53 N 

17 S 

02 N 

32 N 

00 N 

57 N 

55 N 

37 N 

35 N 

54 N 

18 N 

24 N 

14 N 

38 N 

54 N 

14 N 

29 N 

32 N 

00 N 

00 N 

26 N 

36 N 

Geographie Longitude 
Deg. Min. Sec. 

68 36 

51 23 

119 58 

Hl 16 

118 13 

151 54 

117 13 

04 02 

145 29 

104 41 

13 45 

61 24 

18 55 

155 58 

09 03 

110 46 

122 54 

109 34 

13 36 

123 12 

152 06 

20 14 

166 30 

17 37 

118 09 

155 18 

10 15 

24 H 

96 44 

20 W 

09 E 

03 W 

03 W 

42 W 

42 W 

05 W 

55 W 

26 E 

47 W 

51 E 

06 W 

41 E 

34 W 

40 E 

56 W 

30 W 

07 W 

24 W 

38 W 

49 W 

12 E 

00 E 

37 E 

30 W 

00 W 

00 W 

59 E 

43 W 

Elevation 
Km. 

.213 

1.360 

. 793 

1.609 

1.195 

. 503 

1.932 

. 480 

.604 
* 

.126 

. 024 

.015 
* 

. 330 

. 980 

. 200 

1.596 

. 240 

. 199 

.250 

. 015 
* 

. 014 

1.926 

. 200 

.014 

. 225 

1.829 



APPENDIX I (Contd.) 

Station Geographic Latitude 
Code Deg Min. Sec. 

Geographic Longitude 
Deg. Min. Sec. 

VIC 48 

VLS 38 

VUN 18 

WAM 36 

WDY 35 

WER 33 

WES 42 

WH-YK 60 

WIL 66 

WIN 22 

WL-YK 60 

WMO 34 

WN-SD 43 

WPII 19 

WRA 19 

WRM 49 

WS-AT 56 

WU 6 4 0 

WW 6 4 8 

YKA 62 

Y KG 62 

YR-CL 41 

ZON 31 

ZXX 10 

31 ION 

10 36 N 

02 33 S 

11 34 S 

42 00 N 

5 7 01 S 

23 05 N 

44 03 N 

15 33 S 

34 00 S 

07 00 N 

43 05 N 

15 08 N 

24 47 N 

56 52 S 

50 10 N 

39 34 N 

37 00 N 

17 13 N 

29 34 N 

28 42 N 

38 07 N 

32 45 S 

30 24 N 

123 24 55 W 

20 35 24 E 

I 78 27 49 W 

148 53 00 L 

118 50 48 W 

150 34 49 E 

71 19 19 W 

135 08 57 W 

HO 31 38 E 

17 06 00 E 

128 45 52 W 

98 35 21 W 

100 11 46 W 

155 17 30 W 

134 21 03 E 

05 22 50 E 

111 16 07 W 

114 06 00 W 

85 01 33 W 

114 36 17 W 

114 28 24 W 

122 45 14 W 

68 40 43 W 

06 55 39 W 

Elevation 
Km. 

. 197 

. 405 

. 160 

. 200 

. 490 

. 226 

. 060 

. 762 

.010 

1.728 

. 716 

. 505 

. 792 

1.115 

.000 

.242 

. 366 
* 

A 

. 250 

. 198 

. 914 

. 730 

1.035 

‘Elevation unknown 



APPENDIX I (Contd.; 

Station Geographic Latitude 
Code Deg. Min. Sec. 

Geographic Longitude 
Deg. Min. Sec. 

VIC 48 

VLS 38 

VUN 18 

WAM 36 

WDY 35 

WER 33 

WES 4 2 

WII-YK 60 

WIL 66 

WIN 22 

WL-YK 60 

WMO 34 

WN-SD 43 

WPII 19 

WRA 19 

WRM 4 9 

WS-AT 56 

WU6 40 

WW6 48 

YKA 62 

YKC 62 

YR-CL 41 

ZON 31 

ZXX 

31 10 N 

10 36 N 

02 33 S 

11 34 S 

42 00 N 

57 01 S 

23 05 N 

44 03 N 

15 33 S 

34 00 S 

07 00 N 

45 05 N 

15 08 N 

24 47 N 

56 52 S 

50 00 N 

39 34 N 

37 00 N 

17 13 N 

29 34 N 

28 42 N 

38 07 N 

32 45 S 

123 24 

20 35 

1 78 27 

1 48 53 

118 50 

1 50 34 

71 19 

1 35 08 

110 31 

17 06 

128 45 

98 35 

100 11 

155 17 

134 21 

05 22 

111 16 

114 06 

85 01 

114 36 

114 28 

1 22 45 

68 40 

55 W 

24 E 

49 W 

00 E 

4 8 W 

45 E 

19 W 

57 W 

38 E 

00 E 

52 W 

21 W 

46 W 

30 W 

03 E 

50 E 

0 7 W 

00 W 

33 W 

17 W 

2 4 W 

14 W 

43 W 

Elevation 
Km. 

. 197 

. 405 

. 160 

. 200 

. 490 

. 226 

. 060 

. 762 

. 010 

1. 728 

. 716 

. 505 

. 792 

1.115 

. 000 

. 242 

. 366 

* 

* 

. 250 

. 198 

. 914 

. 730 
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Appendix IV A. System Response Curves - WWSSS Network 
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Appendix IV D. System Response Curves - AWRE Arrays 
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Appendix IV E. System Response Curves - VELA Johnson-Matheson 
Short Period 
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DISTANCE 
(DEGREES) B 

1 

2 2.2 

3 2.7 

4 3.1 

5 3.4 

6 3.6 

7 3.8 

8 4.0 

9 4.2 

10 4.3 

11 4.2 

12 4.1 

13 4.0 

14 3.6 

15 3.3 

16 2.9 

17 2.9 

18 2.9 

19 3.0 

20 3.0 

21 3.1 

22 3. 2 

23 3.3 

24 3.3 

25 3.5 

APPENDIX V 

DISTANCE FACTORS (B) FOR SURFACE FOCUS 

DISTANCE 
(DEGREES) B 

DISTANCE 
(DEGREES) B 
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29 

30 
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3. 5 
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46 
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3.8 

96 

97 

98 

99 

100 
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APPENDIX VI 

REPRODUCED SIGNALS FROM LONG SHOT 

NON - LRSiM AND NON-VELA 
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JP-AT 

Jasper, Alberta, Canada 

29 October 1965 
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