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SUMMARY 

A t  their underground nuclear test s i t e  near Semipalatinsk in eas tern  
Kazakhstan the  Soviet Union detonates explosions in t h ree  distinct a r eas  called 
Shagan River, Degelen Mountain and Konystan. A least  squares joint e s t ima te  of 
origin t ime,  epicentre and magnitude i s  presented for  explosions in each  of these 
areas. These a r e  based on da t a  taken from t h e  bulletins of t h e  International 
Seismological Centre. Further, explosions in t he  northeast and southwest portions 
of t h e  Shagan River  s i t e  wri te  distinctly different  waveforms, suggesting tha t  
this  site can be sub-divided into two test areas  characterised by different  
geophysical properties. 

1. INTRODUCTION 

Basic source information (location, origin time, depth, yield, e t c )  
about  underground nuclear explosions i s  important  t o  seismologists interested in 
fundamental properties of t h e  s tructure of t he  earth,  as well as those interested 
in discrimination between earthquake and explosion generated seismic signals. 
Numerous scient is ts  have appealed for  t h e  release of epicentral  detai ls  of 
explosions t o  aid research programmes (Bullen, 1958, Criggs and Press, 1961, 
Teller,  1963) (1-3). In response, Springer and Kinnaman (1971, 1975) (4,5) 
published the  basic epicentre details for  a l l  underground nuclear explosions, US 
and British, detonated in t he  USA from 1961 t o  1973. Numerous yield es t imates  
were  also included. The  origin t imes and precise epicentres of French 
underground nuclear explosions in t he  Sahara between 1961 and 1966 have been 
published by Duclaux and Michaud (1970) (6). However, no comparable da t a  a r e  
available for  underground explosions in t h e  USSR. 

Several  international da t a  cent res  col lect  seismic wave arr ival  t imes  
from a l l  over  t he  world and compute es t imates  of t he  origin t ime,  epicentre, 
depth and s ize  for  seismic distrubances. Bulletins containing these da t a  a r e  
published by t h e  US National Earthquake Information Service (NEIS) in Colorado, 
USA, and the  International Seismological Cen t r e  (ISC) in Newbury, UK. A similar 
service i s  provided by' t h e  Inst i tute  of Physics of t h e  Ear th  in Moscow, but t h e  
Soviet bulletin does not  report  da t a  on Soviet nuclear explosions. 

T o  provide the  seismological community with improved es t imates  for  
some of t he  basic source information about USSR presumed underground nuclear 
explosions, seismic wave arrival t ime  and amplitude da t a  collected by t h e  ISC 
have been analysed using a joint epicentre technique (JED) t o  relocate t h e  
epicentres, and a least squares analysis (LSMF) of amplitude da t a  to provide 
consistent es t imates  of t h e  seismic magnitude. The  results a r e  for  explosions 
provisionally located by t h e  ISC at t h e  principal Soviet test s i t e  in Kazakhstan. 
Within this  test a rea  th ree  distinct groups of epicentres emerge  and a r e  
associated with regions called Shagan River, Degelen Mountain and Konystan. In 
our analysis each  region is t rea ted  as separa te  and distinct. - 



The  seismic waveforms from the  UK type ar rays  EKA (Eskdalemuir, 
Scotland), GBA (Cauribidanur, India) and WRA (Warramunga, Australia) a r e  
presented in appendix A for  most Shagan River and Degelen Mountain events. A 
remarkable f ea tu re  of t h e  Shagan River waveforms is tha t  they divide in to  two  
distinctly different  classes which turn out  t o  be almost perfect ly correlated with 
location in the northeast and southwest portions of t h e  site. Analysis of t h e  
spec t ra  of events  in t h e  two  regions indicates t h a t  northeast Shagan events  have 
systematically lower corner frequency, which appears  t o  be due almost  entirely 
t o  source material  property differences. Thus, t h e  Shagan River  s i t e  can  be  
subdivided into two  regions which seem t o  be characterised by different  
geophysical properties. 

I t  is planned t o  extend this  study at a l a t e r  d a t e  t o  include o ther  
Soviet test sites, eg, Novaya Zemlya and North Caspian Sea. A similar report  i s  
also planned t o  provide es t imates  of t he  basic epicentral  d a t a  for  French 
underground nuclear explosions at Mururoa in t h e  South Pacific. 

JOINT EPICENTRE RELOCATIONS 

The Jo in t  Epicentre Determination (JED) method described by 
Douglas (1967) (7) was used t o  relocate t he  events. The  P wave arrival t i m e  d a t a  
were  taken from International Seismological Cen t r e  (ISC) bulletin tapes which 
contain arr ival  times, distance, azimuth, etc, fo r  each  explosion at t h e  
Semipalatinsk test site. JED is  most effect ive when a l l  t h e  events  a r e  from a 
limited spat ial  region, since deviations from t h e  assumed t rave l  t i m e  curve can  
then be corrected by a single t e rm for  each  station. The  explosions for  t he  
Shagan, Degelen and Konystan si tes  were therefore located as th ree  separa te  
groups. T o  obtain s table solutions, t he  epicentre and origin t i m e  of one explosion 
from each  group was restrained t o  a predetermined value. F o r  Shagan t h e  
crater ing shot  of 15  January 1965, was used since t h e  absolute location of t h e  
c r a t e r  i s  known from published satel l i te  da t a  (Shore, 1982) (8). Unfortunately, 
t h e  number of stations recording this  and other  Shagan explosions is relatively 
small  (70 out of a to t a l  of 599 used), and is even less for  t h e  Degelen and 
Konystan sites. Relocations for  t he  l a t t e r  s i tes  were  therefore t ied t o  those for  
Shagan in the  following way. F i rs t  t he  Degelen explosions were  located by 
including the  best  recorded Shagan explosion (22 April 1981), contrained t o  i t s  
relocated position. Similarly t h e  explosions at Konystan were  relocated with 
respect t o  t he  well recorded Degelen explosion of 26 March 1978. Rela t ive  
locations within each  group a r e  thus optimised by keeping the  groups spatially 
small. The  absolute locations t ied directly (Shagan) o r  indirectly t o  t h e  only 
known location at t h e  Semipalatinsk site. Clearly, this  procedure cannot  allow 
for  la te ra l  variations in seismic velocities across t he  th ree  sites, and absolute 
locations for  explosions at Degelen and Konystan will have larger  errors. 

A system of weighting arrival t i m e  reading was used t o  remove gross 
e r rors  and allow for  variations in t h e  quality of arr ival  t i m e  measurements 
between stations. Cross errors  were removed by t h e  method of uniform reduction 
(Jeffreys 1961) (9). Fo r  a l l  t h ree  s i tes  t h e  arrival t ime  residuals were small  
(standard deviation = 0.2 S), indicating tha t ,  in general, t he  P wave onsets  were  
well identified and accurately timed. 



With such high quality data, arr ival  t imes  with residuals in excess of 0.6 s a r e  
effect ively given ze ro  weight. F o r  t he  Shagan and Degelen da t a  t he  large number 
of readings contributed by many of t he  s tat ions enabled es t imates  of t h e  
s tandard deviation of t h e  residuals for  each stat ion t o  be  made, and the  readings 
were  also weighted to account  fo r  variations in this. F o r  t h e  Konystan da t a  a l l  
s ta t ion  weights were set t o  unity. 

Tables 1, 4 and 7 give t h e  locations together  with their 95% 
confidence limits. All  depths were constrained t o  0.0 km. T h e  confidence limits 
indicate t ha t  with few exceptions locations a r e  accura te  to 3 km or bet ter .  For  
t h e  Degelen and Konystan sites, however, t he  confidence l imits  fo r  t h e  absolute 
locations will be underestimated, as they do  not  include uncertainties in t h e  
location of t he  restrained event  ( 1  k1.5 km) o r  uncertainties due t o  la te ra l  
variations in velocity s t ruc ture  when moving away from the  Shagan site. 

3. DETERMINATION OF MAGNITUDE 

The s i ze  of a seismic source is  measured by i t s  magnitude. Fo r  short  
period (SP) seismic P wave d a t a  t he  Cutenberg and Richter  definition is  used:- 

where A is  t he  amplitude of t he  P wave in nm, T i t s  predominant period in 
seconds, B ( 4  a distance normaIising t e r m  and S a stat ion correction. 

Consider n explosions recorded at some or  a l l  of q stations. Then if m 
i s  t h e  magnitude of t he  i th explosion recorded at stat ion j, we can  wr i te  

where bi depends on t h e  seismic size of t h e  explosion, S. is a stat ion correct ion 
J 

and E.. is  an  error  term. Leas t  squares can be  used to e s t ima te  bi and S. if i t  is  
'I J 

assumed tha t  

By making the  further  assumption t h a t  t h e  e r rors  eii a r e  normally distributed, 

confidence l imits  can  be determined for  bi and si.   his is  t h e  procedure used t o  

obtain the  least squares e s t ima te  of thk magnitude of explosions 
(Douglas, 1966) (10). 

The  basic input d a t a  a r e  taken from t h e  ISC bulletins, ei ther  as mb or  

in t h e  form of log,, A/T from which mb is calculated. The  stat ions used a r e  

located in t h e  distance range 9 to loo0. The mean magnitude, which i s  a least 
squares est imate,  is  given for  most  explosions in tables 1, 4 and 7. Stat ion 
corrections a r e  given in tables 2, 5 and 8 and the  s ta t i s t ica l  results of t h e  least 
squares analysis in tables 3 , 6  and 9, together  with t h e  95% confidence l imits  and 
the  number of observations. A t  present t he  leas t  squares e s t ima te  of mb is not  

available fo r  a l l  of t he  presumed explosions for  which epicentres have been 
recalculated. 



4. BISECTION O F  THE SHAGAN RIVER TEST SITE 

A remarkable f ea tu re  of t h e  Shagan River recordings f rom t h e  UK 
seismological a r ray  s tat ions ( table 10) i s  t ha t  t h e  cha rac t e r  of t h e  waveforms 
gives a consistent indication of whether t h e  explosion is in t h e  northeast  o r  
southwest  half of t h e  test site. Summed array recordings fo r  most  Shagan River  
and Degelen explosions a r e  given in appendix A. Here  we show a few examples t o  
indicate  t h e  basis f o r  t h e  waveform classification. We also discuss t h e  spec t ra l  
charac te r i s t ics  of events  in t h e  two  areas which suggest t h a t  t h e  near source 
geology is d i f fe ren t  in t h e  northeast  and southwest portions of t h e  Shagan River  
site. 

T h e  waveforms from explosions at Shagan River consistently fa l l  into 
t w o  classes. F o r  example, at Eskdalemuir, Scotland (EKA) t h e  waveforms fo r  
many explosions a r e  qui te  simple, while others  exhibit a consistent t ype  of 
complexity. I t  i s  easy t o  recognise t h e  two  types and sepa ra t e  t h e  explosions i n to  
Class  1, character ised by simple waveforms, and Class  2. Typical waveforms 
from each  class a r e  shown in f igure Al.  The  Class  1 and Class  2 explosions also 
wr i te  distinctly different  seismograms at Gauribidanur, India (GBA) and 
Warramunga, Australia (WRA) as shown in figure A2. A t  GBA t h e  Class  l 
explosions write very s imple seismograms while t h e  Class  2 explosions show a 
strong interference shortly a f t e r  t h e  second peak. A t  WRA Class  1 explosions 
wr i te  seismograms with l i t t l e  energy a f t e r  t h e  second peak, while Class  2 
explosions a r e  character ised by complex signals t ha t  continue fo r  several  cycles. 
A t  t h e  Yellowknife, Canada (YKA) ar ray  da t a  a r e  too sparse t o  t e l l  whether  a 
similar separation occurs. However, t h e  YKA single channel velocity broad-band 
da t a  do not seem t o  separa te  into two  classes. This may indicate  t h a t  t h e  
waveform dichotomy does not occur at a l l  azimuths, o r  (less likely) t ha t  a r ray  
beaming t o  remove near  receiver e f f ec t s  is necessary to bring ou t  t h e  
differences. 

F o r  t h e  t h r ee  s tat ions where t h e  separation into t w o  classes i s  clear ,  
t h e  waveform classification for  57 Shagan River explosions i s  summarised in 
t ab l e  Al .  F i f teen  of these  a r e  observed at only one  station, while 29 a r e  observed 
at two  and 13  at a l l  t h r ee  stations. Of t h e  l a t t e r  42 explosions, t h e  classification 
is ambiguous fo r  only three. Thus, t h e  waveform complexity fo r  Class  2 
explosions must be  due t o  something about t h e  source andlor  i t s  vicinity. 

We note  from t h e  summary at t h e  end of t ab l e  A I  t h a t  while t h e  
Class  2 explosions have generally small  mb, t h e r e  is too  much overlap t o  
a t t r i bu t e  t h e  waveform differences t o  source size. T h e  examples in figures A1 
and A 2  also demonst ra te  th i s  point. T h e  explanation almost  cer tainly must  b e  in 
systematical ly different  source coupling andlor  near  source geology. 

In figure A 3  t h e  explosions of tab le  A I  a r e  plot ted at t h e  locations 
listed in tab le  1. The  w a v e f o ~ m  differences cor re la te  almost  perfect ly with 
location on e i ther  side of a N45 W line bisecting t h e  test site. Note  t h a t  t h e r e  i s  
only one exception (explosion 18) and t h a t  two  of t h e  t h r ee  ambiguous explosions 
l ie  close t o  t h e  dividing line. Clearly, t h e r e  is  some important  difference 
between t h e  northeast  and southwest portions of t h e  site.  



The  probable explanation for  t he  waveform difference is tha t  
explosions in t h e  northeast a r e  in different  source media than those in t he  
southwest. The  o ther  possibility is tha t  t h e  waveform differences a r e  due t o  
sys temat ic  path differences, but t h e  similar e f f ec t s  seen at th ree  well separated 
azimuths argue against this. More important,  t he re  seems to be  sys temat ic  
differences in t h e  source corner  frequency between explosions in t h e  t w o  areas, 
and these can  only be  caused by differences in source coupling. 

Bache et a1 (1984) computed spec t ra  for  most  of t h e  Shagan River and 
Degelen explosions f o r  which waveforms appear in appendix A. Fo r  each  ar ray  
t h e  explosion P wave spec t ra  were computed by summing individual e lement  
energy density spec t ra  (corrected by subtracting a n  es t imate  of t h e  noise power 
spectrum) over a l l  e lements  of t h e  array. A station-source "path spectrum" was 
then  computed by stacking spec t ra  from groups of similar explosions. These 
spec t ra  a r e  plotted in figure A4. Except  for  YKA, where the  Shagan River, 
southwest Shagan River and Degelen. All spec t ra  have been multiplied by f 2  t o  
cor rec t  for  t h e  source spectrum (Bache et a1 (1984)). (12). 

The  th ree  populations of explosion spec t ra  in Figure A4 a r e  
characterised by differences tha t  a r e  consistent from station-to-station and 
appear  t o  be due t o  sys temat ic  corner frequency differences. The  SALMON* 
spectrum is  included t o  show t h e  kind of spectrum we expect  fo r  a source with a 
corner  frequency well above 1 Hz, which i t  must be  for  this small  explosion. The  
P wave spec t ra  fo r  t he  Degelen explosions also show a c lear  indication t h a t  t h e  
corner  frequency for  most  of these explosions must b e  over I Hz. In fac t ,  i t  
appears  t h a t  t h e  corner  is  grea ter  than 2 Hz. Finally, t h e  differences between 
t h e  northeast and southwest Shagan spec t ra  a r e  just as we would expect  if t h e  
corner  frequency were lower for  t he  l a t t e r  population. 

What i s  t he  cause  of t h e  corner  frequency differences? We know t h a t  
t h e  corner  frequency is controlled by t h e  yield, and the  properties of t he  near 
source geology. These two  e f f ec t s  can be  separated t o  a large degree. When a l l  
else is equal, t he  corner  frequency is inversely proportional t o  t h e  cube-root of 
t h e  yield, though in most cases the  depth of burial increases with yield, which 
tends t o  make t h e  corner frequency shift  somewhat less than th is  (eg, Murphy, 
1977) (13). The  m gives a rough indication of relat ive yields, and the  difference 
in mean m fo r  Re southwest Shagan and Degelen populations i s  0.64 at GBA, 
0.54 a t  W@A and 0.43 at EKA. In t h e  simplest interpretation, assuming yield 
proportional t o  mb and corner  frequency t o  cube-root of yield, this t ranslates  t o  
a corner frequency shift  of 40 t o  60%, which i s  enough less than t h e  difference (a  
f ac to r  of two  o r  more) needed t o  explain t h e  spec t ra  in f igure A4 t o  conclude 
t h a t  t he re  must be  some source material  property contribution t o  the  corner 
frequency shift  between Degelen and southwest Shagan. This conclusion is  
supported by t h e  YKA data, since the re  i s  a perceptible difference even though 
t h e  Degelen population fo r  th is  s tat ion has a higher average mb than t h e  Shagan 
River  population. 

* A 5 k t  explosion detonated in sa l t  in Mississippi, Eastern USA. 
- 



When the  yield and depth of burial a r e  t h e  same, t h e  corner  frequency 
should generally be higher fo r  more competent  or  higher strength materials. Fo r  
example, an explosion in granite would be expected to have a higher corner 
frequency than one in a porous sedimentary rock. Thus, t h e  source material  
property contribution t o  the  shift  between Degelen and southwest Shagan i s  
consistent with t h e  expectation tha t  t he  former events  a r e  in granite, while t h e  
l a t t e r  a r e  in a weaker o r  more porous material. 

Nearly a l l  t h e  differences in corner frequency between t h e  northeast 
and southwest Shagan populations must be  at t r ibuted t o  differences in t h e  source 
mater ia l  since t h e  mean m for  t h e  two populations i s  not very different. In 
fac t ,  we show in f igure A5 teat t h e  spectral  differences persist a lmost  unchanged 
when t h e  populations a r e  carefully selected t o  have t h e  same  mean mb. Thus i t  
seems likely tha t  t he  northeast events  a r e  in a stronger material  (more like 
Degelen) than the  southwest events. This argument i s  further  strengthened by 
observing (appendix A) tha t  t h e  northeast Shagan waveforms at GBA and EKA 
a r e  more like t h e  waveforms from explosions at Degelen than t o  those for  
southwest Shagan River. This picture i s  not perfect,  since at WRA t h e  Degelen 
explosions write waveforms tha t  distinctly belong to a third class, but this  
exception could easily be caused by path effects ,  since Shagan and Degelen are 
more than 50 km apart.  

In summary, t he  major conclusions drawn from an  analysis of t h e  
spec t ra  in figure A4 a r e  as follows:- 

(a) The  spectral  differences at low frequencies are due t o  
variations in t h e  average corner frequency characterising Degelen, 
south west  Shagan and northeast Shagan explosions. 

(b) Rough es t imates  for  t he  characteris t ic  corner frequencies 
a r e  < 1 H z  for  southwest S h a g a n , > 2 H z  for  Degelen and 
intermediate between t h e  two for  northeast Shagan. 

(c) Some of t he  differences between Degelen and Shagan a r e  due t o  
t h e  Degelen events  having generally lower yield. This may be enough 
t o  explain a l l  t h e  difference between Degelen and northeast  Shagan, 
but t he re  must be some source material  property contribution t o  the  
difference between Degelen and southwest Shagan. 

(d) The  difference between northeast and southwest Shagan appears  
t o  be due almost  entirely t o  source material  differences. 

(e) From these da ta  i t  appears  t ha t  t h e  Degelen explosions a r e  in a 
higher strength source medium than those in southwest Shagan; for  
example, in granite  compared t o  sof te r  sedimentary rocks. The  source 
material  properties for northeast Shagan explosions appear t o  be 
more like those for  Degelen than for  t he  explosions in t h e  southwest 
Shagan River area. 
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APPENDIX A 

WAVEFORMS FOR SEMIPALATINSK EXPLOSIONS 

In section 4 and table AI,  t h e  large Shagan River explosions a r e  listed 
with an  indication of t h e  UK array stat ions fo r  which good d a t a  a r e  available. In 
this appendix a r e  shown the  waveforms corresponding t o  these  tables; also 
included a r e  some Degelen waveforms. These a r e  beam sum seismograms 
resulting from delay-anbsum processing of t he  individual channels, using t h e  
slowness derived from the  ISC locations and t h e  Jeffreys-Bullen t rave l  t ime  
tables. During t h e  processing, channels which have a maximum amplitude larger 
than 90% of t he  clipping level a r e  discarded. All d a t a  were  examined and 
channels with obvious faul t s  (spikes, dropouts and excessive system noise) were  
discarded. 

The  beam sum displayed here was computed from essentially t h e  
same  channels used t o  compute the  spec t ra  discussed in section 4. Occasionally 
the re  a r e  faul ts  (small spikes) t h a t  only become apparent  when t h e  high 
frequency spec t ra  a r e  examined, but fewer than 5% of t h e  data were  discarded 
f o r  this  reason. However, t h e  small  spike problem is much more severe  at WRA 
and 30 t o  50% of t h e  channels used t o  compute t h e  WRA beam sum seismograms 
displayed here were discarded in computing t h e  final spectra. 

The  seismograms a r e  divided into th ree  classes: southwest Shagan 
River, northeast  Shagan River and Degelen. The  reasons fo r  t h e  bisection of t h e  
Shagan River s i t e  a r e  given in section 4. 



TABLE A1 

WAVEFORM CLASSIFICATION FOR SHAGAN RIVER EXPLOSIONS 

No. - 
1 
2 
3 
4 
5 
7 
9 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
2 2 
23 
2 4 
2 5 
2 6 
2 8 
29 
30 
3 1 
3 2 
3 3 
34 
35 
36 
3 7 
38 
39 
40 
41 
4 2 
4 3 
44 
45 
4 6 
47 
48 
4 9 
50 
51 
5 2 
53 
54 

Date - 
15.01.65 
19.06.68 
30.11.69 
30.06.71 
10.02.72 
10.12.72 
14.12.73 
31.05.74 
16.10.74 
27.12.74 
27 -04.75 
30.06.75 
29.10.75 
25.12.75 
21.04.76 
09.06.76 
04.07.76 
28.08.76 
23.11.76 
07.12.76 
29 .05 .77 
29.06.77 
05.09.77 
30.11.77 
11.06.78 
05 -07.78 
29.08.78 
25.09.78 
04.11.78 
29.11.78 
01.02.79 
23.06.79 
07 -07.79 
04-08-79 
18.08.79 
28.10.79 
02.12.79 
23.12.79 
25.04.80 
12.06.80 
29.06.80 
14.09.80 
12.10.80 
14.12.80 
27.12.80 
29.03.81 
22.04.81 
27.05.81 
13.09.81 
18.10.81 

Class* GBA - 
X 
X 
X 
2 
X 
X 
X 
X 
2 
2 
2 
2 
2 
2 
X 
2 
X 
2 
2 
X 
X 
2 
2 
X 
X 
X 
2 
X 
2 
X 
2 
X 
X 
1 
X 
X 
X 
X 
1 
2 
X 
l 
2 
1 
2 
2 
1 
2 - 
l 
l 

*'l' and '2' indicate classification by only one waveform 



Table A1 (cont 'd) 

No. - Date 

Tot a1 

Class* 

SUMMARY 

Class 1 

EKA - GBA - WRA - 

Class 2 

5 

6 

7 

8 

4 

0 

* '1' and '2' indicate classification by only one waveform 



TABLE A2 

EXPLOSIONS INCLUDED I N  STACKED SPECTRA I N  FIGURE A5 

(I From NEIS/PDE uervice 

SW SHAGAN 

Date 

04-08-79 

13-09-81 

18-10-81 

22-04-81 

29-11-81 

29-10-75 

25-04-80 

31-08-82 

Mean 

Standard 
Deviation 

NE SHAGAN 

'4, 

6.16 

6.18 

6.11 

6.05 

5.74 

5.74 

5. 50 

5 . 4  

5.86 

0.31 

Date 

14-12-80 

12-10-80 

23-11-76 

28-08-76 

27-12-80 

26-12-82 

04-11-78 

27-12-74 

'% 

5.95 

5.90 

5.87 

5.82 

5.88 

5.7q 

5 . 56 

5.50 

5.77 

0.17 
i 



FIGURE A1 The YKA P-Wave eeismograms (beamed array sum) are plotted for two 
Class 1 and three Class 2 Shagan River events. The m,, are indicated 
for each event. 



FIGURE A2 Two Class 1 and three Class 2 eeismograms are plotted for WRA. - 



FIGURE A2 (=ont1d) WO Class 1 and three Class 2 seismogramr are plotted for GBA. 1 





- S.W. SHAGAN G% -- 
. . . . . . . DEGELEN 

-- -- 

2.0 4.0 6.0 a0 . 

FREQUENCY, Hz 

FIGURE A4 The stacked spectra are  shown for  E Kazakh explosions recorded 
a t  the UK arrays. The t o t a l  number of spectra included a re  36 
a t  GBA, 38 a t  EKA, 16 a t  YKA and 28 a t  WRA. The events are  divided 
in to  three populations, except a t  YKA where unclipped data  were 
avai lable  fo r  only f ive  Shagan River events. A t  each s t a t i o n  
the  stacked spectra are  superimposed so t h a t  the  l e a s t  squares 
l inear  f i t  i n  the 2.5 t o  8.0 Hz band passes through the same 
value a t  5 Ez. Also shown i a  the spectrum for  SALMON a t  YKA 
and a l.ine with slope corresponding t o  t* = 0.14. 



G B A  
SHAGAN RIVER 

2.0 1.0 6.0 8.0 
FREQUENCY, Hz 

FIGURE A5 Stacked spectra are compared for e ight  event populations o f  
NE and SW Shagan events chosen so the mean mb is  nearly the 
same. The explosions are l i s t e d  i n  Table A2. 
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TABLE 1 

JED Epicentre and Least Square Estimates of a, for Explo8ions at Shagan River 
-9 

Mean Epicentre: 47.988°~ 78.893O~ Paw 1 

No. 

1 

2 

4 

6 

7 

8 

g 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

h t ~  

15.01.65* 

.19.06.68 

30.11.69 

30-06.71 

10.02.72 

02.11.72 

10.12.72 

23007.73 

14.12.73 

16004.74 

31.05.74 

16.10.74 

27.12.74 

27.04.75 

9-06-75 

29.10.75 

75.17.75 

l 

09-M.76 

*Reatrained 

Longitude, 
OE 

79.010 

79.003 

78.961 

78.986 

78.878 

78.815 

78,973 

78-81? 

78.987 

78.943 

78.1357 

78.898 

79.011 

78.926; 

78.957 

78.878 

78.815 

78.827 

79.022 

T h !  

05 59 58-40 

05 05 57.31 

03 72 57.07 

03 _sf; 57.37 

050257.5~ 

01 X 57.62 

04 2'7 07.31 

01 32 57.64 

07 46 57.15 

05 52 57-40 

03 H 57.47 

063257.58 

05 46 56-87 

0536'5'7.25 

03 t6 57-58 

04 46 57.37 

051657.16 

05 Ot 57.19 

03 02 57-23 

hypocentre and 

Latitude, 
% 

'19.940 

49.982 

49.913 

49.949 

Y.014 

49.923 

50.001 

49.96;2 

50.044 

50-041 

49-99 

49.979 

49,943 

49.949 

50.004 

49.946, 

50.044 

49.830 

49.989 

time 

6 e C  

0.0 

0.10 

0.10 

0.10 

0.10 

0.09 

0.11 

0-09 

0.09 

l 

0.10 

0.10 

0.10 

0.10 

0.70 

0.10 

0.10 

0.11 

0.10 

origin 

+ km - 
0-011 

1.877 

1.797 

1.909 

1.831 

1.708 

2.155 

1.718 

1 

2.620 

1.722 

1.797 

1.806 

1.806 

2.533 

1.814 

1,735 

1.884 

1.854 

- + k m  
0.007 

1 322 

1.154 

1.188 

1.166 

1.118 

1.209 

1.111 

1.124 

1.737 

1.14 

1.155 

1.146 

L19 

2.73 

1.144 

1.116 

1.211 

1.169 

Area of Confidence 
Region, 

lull 

0.00 

1lO2O 

10.15 

11.11 

10.47 

9-34 

12.75 

' 9.35 

9-54 

22-33 

9049 

10.17 

l0.13 

10.0: 

27-80 

10.14 

9-47 

11.19 

10.61 

a 

78 

119 

201 

113 

143 

258 

133 

258 

m9 

23 

2% 

167 

175 

201 

38 

zo7 

231 

125 

143 

m,, 

5.85 

5-35 

6.00 

5:s 

5-37 

6.14 

6*00 

6.18 

5-82 

4*44 

5.83 

7-47 

5.50 

5-56 

4-63 

5.fl 

5.70 

5.28 

5-12 

295g CL 

0.156 

0.068 

' 0 . 0 6 8  

0.097 

0.077 

0 - 0 5 5 .  

0.085 

0~064 

0.062 

0.138 

0,0055 

0.060 

0.064 

0.059 

0.121 

0.061 

0.059 

0.042 

0.071 

n 

8 

25 

44 

22 

35 

38 

1 4  

60 

54 

l0  

70 

57 

50 

60 

13 

55 

59 

52 

355, 
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1 Shagan River 

Latitude, 
ON 

49.943 

47.973 

49.891 

49.916 

149.973 

49 980 

49.939 

49.921 

49.361 

49. 899 

50 057 

50.007 

49.885 

49.985 

49.910 

47 923 

49.887 

49.5'73 

49.907, 

- + k m  

1.668 

1.691 

1 ~ x 1  
1.696 

1.729 

1.738 

1.749 

1.675 

1.684 

1.688 

1,711 

1.717 

1.684 

1.786 

1.677 

1.703 

t.7c8 

1.698 

1.730 

No. 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

48 

50 

51 

52 

53 

54 

55 

56 

57 

Longitude, 
OE 

78.338 

78.997 

78.796; 

78.755 

78.755 

73.001 

78.815 

7 8 A 2  

79.028 

78.938 

78.981 

78-98? 

78,810 

78,980 

78.915 

78.859 

78.860 

78.795 

78.913 

- + krr 

1.091 

1.~4 

1.105 

, 1,099 

1.131 

1.112 

1.126 

1.035 

1.W 

1.100 

3 -114 

1.104 

l -094 

1.140 

1.093 

1.101 

1.122 

1.093 

1.108 

@rigin Time 

o? 51 57.13 

031656.94 

04 57.45 

04 56 57.44 

03 56 57.53 

033657.62 

02 32 57-69 

02 42 39-13 

03 54 14.10 

03 47 06.40 

04 09 08.08 

040350.03 

01 17 11.34 

03 58 12.74 

02 17 18.35 

03 57 02-64 

07 j5 08.60 

03 47 14.1? 

03 33 07.77 

- 

Date 

18.08.79 

38.10.79 

03.12-79 

73.12079 

75.04.80 

12.0C.80 

29.06.80 

14.09.80 

12.10.80 

14.12.80 

37.13.80 

27.03.81 

23.04.81 

27.05.81 

13.09.81 

0 8  

I 1 

27.12.81 

25.0'1.87 

2 sec 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.09 

0.10 

0.09 

0.W 

0.09 

0.09 

0.09 

Aree of Confidence 
Region, 
sq 

P. 89 

g.or+ 

9-27 

9-09 

9.47 

9.43 

g.Go 

8-95 

9.02 

9-06 

9-32 

9.36 

9-00 

9-32 

8.95 

9.17 

9-64 

9.10 

9. ?5 

n 

338 

9 5  

277 

280 

220 

325 

214 

3 

1 

291 

245 

258 

339 

184 

-350 

2 2  

255 

340 

277 

m, 

l 

5.96 

6-01 

6.18 

5.50 

5.59 

5.74 

6-21 

5.90 

5-95 

5.88 

5.61 

6.05 

5.46 

6.18 

6.11 

5.73 

6.y 

i 

-2 +OY* I- CL 

0.045 

0.047 

0.048 

0.049 

o.oy~ 

0.054 

0.055 

0.052 

0.09 

0.049 

0.055 

0.052 

0.049 

0.054 

0.048 

0.054 

0.052 

0.050 

n 

115 

103 

98 

94 

89 

74 

69 

83 

91 

94 

72 

83 

96 

75 

100 

77 

83 

91 

9 0 
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TABLE 2 

Station Corrections for Shagan River Exploeione 
l 

Station Computed i Number 95 Percent 
Va lue Variance 

in  Row Confidence L i m i t  e 
l A A C  -0.418 1 +/- 0.44645 0.051884 
2 ASP 0.277 . 30 +/- 0 .0~181  Um001742 
3 ALE -0.416 ' 32 +/- 0.07925 0.001635 

. 4 ,  AVF -0.284 22 */- 0.09531 V 00002364. 
5 B A G  0.251 A5 + / W  O e l l S Z l  0.003455 
6 BUT 0,036 ZZ +/- 0009332 0 0002365 
7 BDW -0.780 .. 14 +/- 0.11925 000037UZ 

33 +/W 0.07802 6 BKS 0.017 0~001584  
V BLA -00188 3 */- 0.25700 O o O l f  194 

10 BMN -0.267 16 */- 0.11164 0.003244 
11 BM0 -0.620 7 +/- 001695t) 0.007485 

14 e ~ t ~  0.131 10 +/- o.1+105 omoos179 
15 BNS - 0 0 0 Y 3  10 , +/- 0014153 0~00521$ 
A6 BRG -0m533 40 +f- OoO7lOl 0.001313 

B S F  --Owl59 29 +/- OoO83LL 00001802 
18 BUD, -0,634 , , - 26 +/m 0006776 Oo002OOS 
19 BUL 0 0 0 6 O  44 +/- OoO6762 OmOOA197 
20 CAF -0.175 6 +/- 0018197 0 m00&620 
LL CBM --O.LLJ 10 +/- 0.14100 o.oo!ji r5 . . 
22 CDF 31 +/- 0008050 
13 LH 

00001U7 - 
ds LO 09993 0.002a06 

24 CLL -00061 42 +/g 0.06932 0.001251 
C1 -0oALB / +/- Omlb841 0.007383 

26 COL . 0.315 2 2  + /W 0.09550 0 0002374 .. s6 - -0mm9 0.0 t 4 8 D  0 0 0 0 1 4 S  '- 
28 CPO -0.254 7 I +/g 0016940 , 0.007470 
ZY C I A  -0 0141 7 + /W 0.16853 0.007393 
30 CVF - O o l S Y  26 +/- 0.00700 0 0002007 - 

LVY OmZ88 6 181 (6 0 . 0 ~  
32 CWF 0.043 10 + / D  0.14096 Om00517" 
s3 OACI -O.LBV 3 l  110 0 .00 1 4 6  - 
34 , DChJ 0.279 18 + / D  0.10529 .*' 0.002886 
3 DUK 001 [U U +/- 0015tb7 O m O O C 4 f  l 
36 DKM 00200 15 +/ -  0.11522 0.003456 
9 D L L  U * r 1 Y .  A0 14109 . 000051€!~ 
38 DMU 0.167 19 +/- - 0.10250 0 0002733 
3 Y  UUb 0 0 1 2 4  B +/ -  ~ .15b00  0.004499 
40 E A R  -0.136 29 +/- 0.06324 0m001b03 

----- - - -. - 
4 1  EAU - 0.265- +/- b0'0@b22 27--- - " U eDOAYS:, 

42 EBH 0.132 33 +/g OmC7L119 0~001591  
43 EBL 0.139 . 31 +/g 0.08064 C o C O A b Y 3  
44 E 0 1  , .  4 0024 29 + / W  OoO03L5 0.001603 
45 EDM 0.371 30 +/- 0.08185 0 m o o  1744 
46 EDU 0 m544 25 + / D  0.06976 OmG0;097 
47 E%L 0.242 32 + / -  0.0794Z 0.oc1la4z 
48 t K A  001 53 J Y  +/D 0007186 0m001345 
49 EL0  0.297 24 +/- 0.09143 U m0021 16 

50 € M M  -0.120 13 +/- 0.12378 OoOG398J 
51 EPF 0.067 16 +/- 0.11162 0,003243 

52 ESK . 00285 24\ + /g  0.09127 OmOO, 168 
53 EUK 0.216 28 + / W  0,08470 UoOC1866 
54 FBA 0.262 7 + /g  0.16850 0.007390 
5 FCC 00388 19 +/g 0o10Zb5 0 o00~743 
56 FFC 0,347 33 */- 0.07627 0.601595 

V4 FLN 00343 21 - . +/- - 0.09754 - - - -  0 oOOd477 
0 0 - 0  

- - -  - -  
-a m*- 



3tb *MC) , U. 3SY 26 + / W  Oo0C)TL)G OOOUI GUY 
T- FSJ - 0.098 12 +/- 0.12924 0.004346 
' 60 .FUR -0 m091 34 ; +/- 0.07699 0 000 1543 

61 GBA -0.263 30 +/- O e O B l R l  0e001742 
62 GCA -0.344 3 +/- OeLsbbf  0.01 7176 

.' 63 GDH 0.031 31 +/- 0.06047 0 0 ~ 0 l b b 6  ' 

64 COL -0 0234 2 2 '  . +I- 0109542 0 =00i'370 
65 61L 0.200 ' 13 + / W  O.11570 . 0~003*8I, 

, 66 CRF - -0.112 , - 33 - +/W 0.07809 Oa00158C 
67 GRFO 4 . 3 1 6  2 +/- C.314'70 O~O257LIO 
68 GRH -0.380 l */m 0.44645 b .@!l h 3  
69 GRR -0.097 25 +/- 0.0b951 0.00CObf. 

, 70 HAU 0.037 32 */- 0.07927 1 0.001a36 

71 HDH -0 l 552 A1 +/- 0.13461 O.UO4717 
72 HFS 0 0937 43 +/W 0.06867 0.001228 
3 HNME 93 4 +/- O o Z Z Z t Y  0 0 0 l i ' ~ ; ' l  
74 HNH 0.476 2 +/- 0.31496 0oGZ51iZ3 
I 3  Hut -0.106 ' 14 +/W 0.1194ir c.00J7 l6 
76 HYB 0.125 a 37 +/- 0.07373 O.OCi i+ lc ,  

INK 0.393 2 6  +/D 0.08793 0000201r 
78 IPH 0.422 I7  + / m  0.10833 0~003055,  

J A Y  --O .+64 5 +/- 0.19913 lJ.0AQLi2 
80 JOS -0,147 . 33 +/- 0e07807 G~0015P7 - 

' 8-I m. 3.m - - 7 -" -+i; 0;06957 u.001253 
82 KGM 

84 KKM o. io i  17 +/g 0.10830 o 000 3053 -_ - 
KRU o.cile 6 I +/- o . l ~ i z ~ r ,  0.008a73 

66 KNA -0eOt35 8 +/- 0.15762 0 .OO646? 
KUU 0.220 23 +/- 0.09334 0.00'2268 --- 

88 U R A  0.122 40 +/- 0.07101 0.001312 -- ,- 
c K J F  0.471 ! 43 . +/W 0.06870 Oo001229 

90 KTG -0 0010 P7 ' +/- 0.00628 00001936 - .- -- 
1 K S 4  -0.1 66 9 +/- 0.14865 OmOO>752 

, 92 L A 0  0,310 9 +/- 0.15058 0=005902 ..---.- 
93 LHF ,-0.293 26 +/- 0.087bl 0000200f 
94 LD3 -0.064 1 l +/W 0.13445 0~004706  . . .- 
93 L E M  -0 402 10 +/- 0.14090 ,. 0~005174  
96'.  L f  F -0.101 . 26 +/- 0.087U2 . O.OOLO08 
97 LGP 00530 I1 +/- 0.13440 0.004702 ' 

9@ Lh.C 0.249 23 , +/W 0.09324 Oe0022b3 _-A,- 

V 9  LHK -0.6t1 27 */- 0.08618 0.001933 
100 LOW -0.242 . 2 6  +/- 0.06786 0.002010 - ----- 
l LilR -0.0 (1 34 +/- Oo07698 0.001343 

104 LRG , r0.029 30 +/- 0006181 0 . 0 0 1 7 4 2 ,  - ,  

95 L3F -0.501 26 +/W 000877Y O~OOC006 
106 MAN - 0.719 2 ' , + / W  0.31461 0.025765 -,--- 

m+IA l 6L l6 +/- O ~ l l l b b  0~003245 

I10 M t K  O .ObO 7 +/- 0.16696 Gm007372 
i R A M  - u . ~ t l 9  14 +/- 0.11932 0.003706 

2 MFF 0.014 24 +/- 0.09133 OoOO2171 
113 MNT -0eAZO It) +/- 0.10528 OeOO?CI@5 
114 HDX -0.072 41 +/- 0.07018 0~001Zt12 

116 M S 0  -0.208 19 , +/- 00102bl 0,002741 
- 0  * . 3 54 

118 NAl -0 043 A4 +/- O.IlY23 0~003701 -- 
9 NA-.~ J d ,  +/- 0.10923 0.00310a 

l20 ' NB2 , 0.346 14 ' +/m 0.11927 0.003703 --- 
I 

4 ' 66 



Table 2 (cont'd) 

. . -  . 

1 2 1  NEW +L481 14 +I- 0.11922 0.003700 
122 'NOR -0.629 2 +/- 0.31940 0.0: 6553 

00111 9 +/W 0.14653 Orno05743 
!C NUR 0.691 . 44 +/- 0006791 OoUOli'OO 

-0.161 10 . +/- 0.14099 00005174 
!6 OGA -0.142 10  +/- 0014105 0~00>17Y 
V U l L  -0.357 14 +/- 0011944 OmC103714 - . - . - . - . 
!B OTT o 167 30 ' +i- oloiirtrb 0.001744 
!V $LT .19.304 I b  +/- Oat1160 0.003242 
10 . P I P  00333 7 +/- '0.16839 000073CIl 
h QLP -0 0362 7 .. */- 0.16837 00007379 
l2 PHG 0 0 2 8 7 "  - 22 +/m 0.09527 00002363 
m-IWR 0.264 SV +/D 0.07200 0 .00134~  
14 PNT -0.211 32 +/- 0.07930 00001637 
1-5 PO0 -0.020 1 2  +/- O.1Z&ti 0.004;iLO 
16 P P 1  0.186 16 +/- 0o11138 0m003i41 m PR -9 140 10 +/- 00 14093 S 0e005170 
l8 PRE -00247 24 +/W 0009134 0o00217Z 
F ~ - P I u  -0 m553 40  +/-0.07101 0mO01312 
1 0  P S 1  -0 m096 13 +l- 0.12373 OaOO3Y85 
l PSZ 9 I 4 +/P 0.22315 0mOl;FtZ 
12 QUA , -0 159 - 3 ,  +/- 0.25703 0.017197 
13 R t S  66 26 +/- 000b779 OoOOiOO6 
14 RJF -0.331 27 +I- O.OBb18 0.001933 
15 3bH OolS5 16 +/- O o l l l W  0 mOG3L44 
16 SES 0.312 27 +/- 0.08627 0.001937 
1 SPA 18 1 +/- 0.44645 00051bb4 
18 SHK 4 . 4 7 4  2 +/- 0.31476 0mOL379A 

-0840 3 +/- 0.25724 O O @ ~ ~  

150 SMF d 0354 L5 +/- 0.08948 00002Lb4 
S[]P -9.208 26 +/- OmOB7C)S G . O O i ( i ( i 9  
152 SPF 0.313 17 ; +/g 0.10a47 0 . 0 0 3 0 ~ 3  

9.103 20 +/- 0.08466 0.0010a6 
154 SSF -0.274 29 +/W Oo08321 - OoUClbO3 
1 3 d  S T U  W 6 L 32 +/- 0.019LZ 0 ~ 0 0 l b 3 $  
156 STJ 0.056 7 +/- 001683G 0 00 7574 
157 SUV 0.596 7 +/- 0.16043 00007384 
.l58 TCF -0.339 28 +I- 0006464 a. 0 0 0 0 1 8 t . ~  
139 T K l  t U A +/- 0.44643 0 005 i b 6 4  
L60 TRT 0.458 m -17 +/- OmlOR20 . , O.OO,?(~(,Z 
161  TSK 0 0049 8 +/- O.157bb OoCO6407 
162 TUL -~.04' i  4 1  +/g 0.07025 O.CjOlZU5 
163 URU 00346 il +/- 0.31940 0.02e555 
164 UCT 0,196 10  + / W  OmL410Y o m ~ ~ 5 1 8 1  
165 Uf'P 0.e90 l 28 +/- 000b466 0.001bb5 
166 V I C  -0 .350  1 +/-- 0.44645 OoG5Ad64 
Z b r  WLT -0.165 5 +/- 0.19923 0 m01033j 
168 U E S  0,347 3 : +/- 0.25736 Oo017241 

WAN .I 0 0 3 5 3  14 +/- 0011536 Om00370Y 

-. l 7 2  URA 0 , 2 8 2  22 +I- 0.09534 ' O.OOi366 
W H +/- 00hb84Y 0,007390 

l7* YKC 0.523 L7 */D 0.06a37 . O00O194Z 



TABLE 3 

Leest Squares Ana l y s i s  S t a t i s t i c s  (Shagan River Exploe ions) 

\ . . NUMBER OF READINGS = 3379 

SUM OF ShUARtS JF RtSlDUkLS A620851200 

Rt.AN SOUARE OF HESIDbALS S 0.0515 . . 35 

NUMBtR OF -S UP t - U k t m  
- 

31 40 

STUDENTS T , A m 9 6  

SUM Ot- SQUARtb DUt I U  S T ~ ~ I J N S  c 341024330L 

W A N  -E UUt T b  STATIONS C 1097250!, 



l TABLE 4 

JED Epicentres and Least Square8 Estimates of mk for Explomionn a t  Degelen Mountain 

6 
9 

l 

l 

l 
l 

I 

4 Degelen Mountain 

+ - 
A476 

2.105 

2.890 

1.572 

1.607 

7.798 

1.888 

1-58: 

1.447 

1.584 

1.912 

1.474 

1.637 

1 . ~ 8  

1.452 

1.467 

1.402 

1.855 

1.512 

Longitude, 
OE 

78.061 

78.176 

78.135 

78.158 

78.135 

78.149 

78.101 

78.140 

78.125 

78.148 

78.139 

78.175 

78.170 

78.185 

, 78.046 

78.142 

78.075 

78.197 

78.132 

So, 

- 
1 

2 

3 

4 

5 

6 

7 

8 

g 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

+ 

1.541 

1.721. 

1.274 

0.864 

0.984 

1.624 

0 . w  

0,968 

0.c~gg 

0.980 

0 ~ 9 9  

0.809 

0.805 

0.793 

0.792 

0.718 

0.711 

0.981 

0.838 

Oate 

17.06.65 

17.09.65 

24,1?.65 

13.02.66 

21.04.66 

7.05.66 

3.06.66 

?1.07.66 

S.02.67 

20.04.67 

12.07.68 

29.09.68 

23-07-69 

79.01.70 

6.03.70 

32.03.71 

?5.04,71 

?5.05.71 

39.11.71 

Ares of Cpnfidence 
Regron, 

18.24 

17.'42 

18.04 

6.64 

7-75 

18.86 

8.98 

7-52 

5.66 

7.59 

8-76 

5-84 

6-46 

5.32 

5-62 - 

5-14 

4.87 

8.93 

6.16 

Origin Time 

03 44 57.61 

03 59 57.52 

045958.22 

04 57 57.50 

07 57 57-57 

03 57 58.07 

ob 57 57.65 

03 57 57.5;O 

035757.37 

04 07 57.66 

12 07 57-55 

03 42 57.44 

02 46 57.66 

07 02 57.56 

04 02 57-56 

04 33 57.M 

03 :2 57.54 

04 o? 58-07 

06 0;) 57.55 

56 

9 

47 

178 

99 

32 

g6 

99 

196 

1- 

85 

160 

129 

138 

l 

196 

718 

74 

113 

2 Bec 

0.14 

0.13 

0.15 

0.08 

0.08 

0.12 

0.09 

0.08 

0.07 

0.08 

0.09 

0-07 

0.08 

0.W 

0.07 

0.07 

0.07 

0.10 

0.07 

Latitude, 
ON 

49.821 

49.804 

49.871 

49.804 

49.809 

49.774 

49.847 

49-79 

49.750 

49.731 

49.766 

49.8l3 

49-81? 

49.813 

49.7?0 

49.791 

49.774 

49.815 

49.758 

mb 29% CL n 

10 

9 

13 

5 1 

33 

16 

34 

31 

53 

3 7 

25 

54 

46 

50 

49 

9 

60 

m 

40 

5.2(i) 

5.2 

5.0 

6.1 

5.3 

4.8 

5.6 

5.3 

6.0 

5.5 

5.3 

5.8 

5-4 

5.5 

5.4 

5-70 

5.94 

5.02 

5.44 

0-060 

0.058 

0.086 

0.065 
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TABLE 5 

Station Correction8 for Degelen Mountain Explosions 

S ta t ion 
Computed 

Va lue 
4r(U . 1.234 
4L E . -0.392 
r s p  ' -C. 180 
A Jf -0.266 
BD f -3.451 
80 W -0.292 * 

BER . -0.232 
6d4 . -3.482 
B6 S 0.194 
8L C 0.285 
8MN -3.126 
BcJID -0.5 79 
B,Y G 0.421 

.6Y  H -0.105 
S Y S  -0.209 
08 G -0.447 
8Sf -C.180 
dUL -0.302 
CA F -0. 5 12 
CON , -0.oa6 
CDF . -0.5 70 
CHG -0.125 
C I S  -0.542 
CL K -0.5 30 
CL L ' -0.051 A 

0.076 ' - COL ..- . 
COP , -0.019 

.. CP3. .  -3.297 , 

CI4 -0.129 
. .CVF -0.237 

CWF 0.34 1 
04G . .. -0.166 , . 
O A R  ~ 0 .  L69 
OCN.. . 0.399 , 

DOK 0.222 
o*f4' .....: 0.251 ,. 
D I  K -9. 140 
OLE . 0.251 1 
DYU . 0.236 
DUG, : 0.322 
€ 4 6  0.0 A4 
EAU 0. C43 
EBH 0. 3 59 
E51 0.371 
€0 I 0.175 
E3M 0.386 
E 3 U  0.524 
€G1 0.445 
EKA 0.196 
E L D  0.4 l 2  
€P F 0.053 
f S K  0.478 
EUR 0.305 
F84 0.052 
FBC 3.338 
FCC 0.185 
W C  0.241 
FLN 0.469 . 
FRB 0.527 

Number 
in  Row 

13  
Z t  

' 6  
. 19 

95 Percent 
Confidence Limit8 
+/ -  r).lO627 
'+/- 3.07555 

. +/- 0.15623 
+/- 0.06848 

, +/- 0.26939 
+/- Oml7044 
+l- 0.19108 
+/- 3. l lO71 
+ / D  0.21953 
*/- 0.11149 
+ / -  3s11595 
+/- 0.09184 
+/ -  0.06428 
+/g 0.26080 
+/-  0.12780 
+ / -  C.97056 

,+/g 0.37225 
+/-  0.36632 

. +/- 0.21014 
+I -  0.26a10 
+ / m  0.08829 

. +/ -  0.10294 
+/- B ~ l O 2 S 6  
+/- Om093CS - .  
+/- 3.95807 
+/- 0.06736 
+/ -  0.10237 
+/- 0.12127 
+/- 0.37989 
+ l - 0 . 1 1 3 5 9  . 
+/- 3.12112 
+/- 0.06856 
+/-  do26986 
+/- 0.15580 
+/- 0.19068 
+/- 0.14447 
+/W 0.08081 
+/- 0.22015 
+ / W  0.15588 

+ + / -  3.10659 
+/-  Oml2727 
+I- 0.08604 
+/- 3.38432 
+/D 0.08828 
+/-  0.09602 
*/- 3.3t1021 
+/- 0.09922 
+/- 0.08608 
+/- 3.36560 
+/-  0.10261 
*/- 3.07189 
+/- 0.17064 
+ / g  0.06555 
+l- 0.19132 
+l- 3.19111 
+/- 0.17064 
+ l g  0.06733 
+l- 0.08110 
+ / W  0.19046 

Variance 



Table 5 (cont'd) ~ 
60 EUR - 
61 f S J ,  
62 ..GBA 
63 GOH 
6 4  . G I L  
6 5  GOC . 
.66 GRF 
6 7  GRR 

l 6 8  GlrC . 
69 HAU 
7 0  HFS 
71 dV8 
72 . I Y K  
73 'IPM 
7 JCT , 

75 J O S  
76 KBS .. 
77 UEV 
T B .  KHC 
7 9  K I R  

. 80 KJF 
61 KLG 

. 82-. U N .  
8 3  KWU 

.B4 .- &OR 
85 NON 
0 6 .  KRA 
87 K l G  
88.. KRR 
89 LA0 

-99 ,LBF . 
91 L03 

. 92 ,LF_F .. 
93 LHC 
9 LJU 
95 LMR 
96 - .COR . 
97 LON 
98.. LPF . 
99 L P 0  
130.LRG . .  
101 LSF 
102 M 4 1 0  
103 Mar 
m*, YBC 
105 H8C 
104 ClFF 
107 M I M  
u e  . n w .  
a09 MOX 
110.- H U N  . 
111 MS0 
112, H L F  
113 N91 
114- M O  _ 
A15 WB2; 
116 Y D I  . 
117 YEW 
A V I E  . . -  
A19 NOR 

1 U 0  NUR. 



Table 5 (cont'd) 

121 O I C  -0m554 
.l=.. .01 S .. . ;0. 204 
L23 OTT . . -0.161 
124 ... .PC T . .. .. -3.757 
125 QHG 0.219 , 1 2 6 . -  PHR. .. . . -0,089 . 

121 PNf  -0.039 
128 .. . ..?.Cl0 . . . . -0. 026 
129 PRE -9.464 
130 ... PR U ..-. -0.520 
131 RES -0. 392 
A32 - .RJF . -0.372 
133 SCH -0.223 

... U 4  .. SE S .. . . , .' 0.317 
3 5  StiL -0.173 

, ,134.. -3NF.- . ..... -30 195 
. 137 SOP -0.326 

138 . SPF. .. 0.370 
139 SSC 0.248 

I 1 4  SSF . -0.136 
141 S f U  0.096 

' 142 .. Suv . Om357 
143 TCF -0; 363 
14l),.,.TOL . -0.2 l 2  
8 4 5 .  TRO -0.059 

' 146 .. TSK *. . Oe425 
4 7  TUC 0.027 

. A&&. --.UP 6' , .. 0.418 
149 U00 0.337 
AfiJ-. .W.T . -9,136 
151 . VAL.  0.183 

-152. UEf -0.408 
153 # I N  -0.299 
,154- .wF)L i 0.682 
155 WRA -3. 1 15 
.l%. -. W f  S .  -0.011 
157 VKC 0.283 
.U8  . .-2.U L. . . ... . 0.295 



TABLE 6 

Leae t Squares Ana ly  eie (Degelen ~ x ~ l o e  ions) 

NUMBER OF RE4DINGS - 2486 
-* 

NUMBER OF UNRNOWhS .a. 213 
1 

SW OF SQUARES OF RESfDUALS 85.42?,8571 
.. 

M E I N  SQUARE OF RES1DUAI.S . r 0.037586 

NUMBER OF DEGREES OF FREEDOM - 2273 

STUDENT S f 1.96 . - 
SUMOF RESIDUALS m O O 3 2 E - l 1  

SUM OF SQUARES OUE T O  STATIONS = 229.167277 
I - 

MEAN SQUARE DUE TO STATIONS 1.459664 

NUHSER OF EFFECTIVE STATIONS l57 

SUM OF SQUARES OUE 70 EVENTS 175.169888 

MEAN SQUARE DUE TO EVENTS = .  3.184907 

NUMBER OF E F F E C t l b E  EVEtdTS 55  

R E I N  STATION-EVENT EFFECT .5.105 / 0.01518 
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TABLE 8 

Station Corrections for Konyatan Explosions 

Computed 
Station Number 95 Percent Value Variance - I- - -  - i n  Row Confidence L i m i t  a -- .--- 
1 AKlr 10331 1 +/- 0m3665F - 0.034C83- 

2 , A C S  m33.0 5 +/- Om16467 -- Om?07050-- 
3 P S P  -0mOC4 7 +/- 0m1336F OmOc)5080 

-4- 43  F - O-d-+4*/-- - --- 0 -6- 008914 - -.-- 
S BER -0.135 3 #/- 0.21373 Om011891 

, L W  A - 0 m 3 Y I -  0016623 ootA9.E- 
7 B K S  0.162 4 +/- OeIB*07 0e008819 

-6-tll C A Y 9  6 5 +/- 0.16712 3-*30_7)2!3- 
9 BHN -0.G76 l + / W  Om37313 0.036242 

3 $ + / - 4  ot~o323!- .- 
11 BNG Om36Z ' 6 +/- Oe15115 0e005947 

,U,Bi!LLF 0.361 1 + / - D 4 6 5 _ S  -- 0.034963- 
L3 B N S  -0. 645 l +/-  00370C2 0.035641 

-L.!k-dNG 92 4 +/- 3018415 0 8022- 
15  B S F  -0.298 4 +/D O m l e S O t  00008914 

JLBU! - 4 8 '  +/- 0.13089 0*4_04460.- 
Lt CDF -0.7 80 4 +/- Om18SCC Oe308914 

-l=HG . -0.097 3 */- 0.213tO 0.91 1876 
19 CIR -0.267 4 +/- 0 . 1 8 ~ ~ 3  o.ooeUa I- 

-- - 20 CLK -0 .239 6 +/- 0.1503C 0.305685 
2 1  C C L  -0.193 9 +/- 0.12325 0 ~ 0 0 ~ ' 3 ~  

- 2 . L L Q L  OmOZO 2 +/- QmZCZZl OeO17697- 
23 CPO -0.482 2 +/- O e L 6 l l f  0.017748 - CdF -0.175 3 +/- 0.2124E 0 m-0 11 L%- 
25 D A G  -0.243 4 +/-  0e18506 Om008914 - 
27 DUG C m  2 50 2 + /W 0026094 00017724 

L f O M  0.205 6 +/W 0.15115 Q.*..W.S_94 ?-. 
29 EMH -0.328 2 +/- 0.25971 Om017965 

3 U P F  - 0 . m  3 +/- 0e2124E - -  0.0111~2- .--... 
3 1  EUR 0.186 6 +/- OmlS190 0.006006 
32 Fdb 
--p O.l-42 2 +I- 0 . 2 5 9 1 1  O.i)1756S . . -  
33 FBC 0.  5 4 0  2 +/- 0.26319 0 0 0 1 7 7 5 0 ' ~  - 

. . _ L F c C  - 0.442 4 +/- Om18400 ca--ija;4;4ij7.- 0.908813 
35 F F C  0.225 8 -+/- 0.13056 
36 FLh 

.--W- .- 0.5 75 3 +/- Om2124G OaOA1744 ---- .--- --- 
31 f ~ e  0. 576 A +/- 0.3&904 0 . 0 3 5 4 5 ~  
3 8  FUR - -0.182 6 +/- 0.15121 Om005952 
39 FSJ 0.089 5 +/- 0.16617 0~-66?188 -- 
40 Gt3A - -0.023 4 +/-  0.18506 O*,gO-B?! 4 
4 1  GDH 0.324 t +/- 3.15127 0. 005953 

..13 G I L C-cO4 0 3 +/-  Om213C4 Oml?>..1!314 .. 
. 43 GOL -0.2 32 5 +/g Om16610 Om307182 

$4 GRF -0.367 9 +/- 0.123L7 3. 0 0 ~ ~ j e 9  - 
65 GRR 0. 1 18 3 +/- 0,21.'i;'~ 0.311752 
+b GJC 0.860 4 +/- 001d535 0.0013952 . - . . . - - - - . - . - . -- - . 
67 HAU -9. LOS 4 +/- Omld506 0.908914 
$8 HFS 0.244 6 + t- 0 1 % > L - .  . 0.00621 -..-. 1 .  
69 MY8 0.117 9 +/g OoA2325 Orno03454 

C 
SO INK Oaf=  5 +/-  Om16521 ---- Om0071.05 . 
5 1  I P M  0.283 1 +/- 0.36732 Oe035121 

- S 2  JOS -0m32b 4 + / W  Oe18_4_1_0 V.,Wg80 1 -. 
53 KEV -0.09 5 7 + / -  0.13969 r)m(lO50113 

T 
4 KHC .. 56 8 + / -Gml3Ot8  0.004445.. - - . - .  
S5 K i R  00 836 2 +/- 0.25986 Oe01727d 
56 KJF 0. 060 l 0  + l -  OmlL753 0 LO&~.Y _6 - .- 
57 KJN 0.073 3 +/g 0.21359 0m01187t 
38 KClU 00 105 '1 +/- 00370CZ 0.035641 

I ,  
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Table 8 (cont"d) 

- 
r l  K u u  -0. U59 L + i -  tJ.L.29 .L O.UA l ,"V 

$0 K 3 Y  -0.517 6 +/- 0 ~ 1 5 1 2 1  
5L KR b 0. 083 7 +/- 0 ~ 1 3 b 7 3  ",:d!%:::.- 

KTG O a  033 7 +/- 0.13969 OoO0507Y 
.S3 KRR -0.019 . 4 +/- 0 . f i s 7  0 ~ 0 0 a 9 6 i  - 
34 LA0 -0.003 2 .  +/- 0.26&30 0. 318739 

. i s  L ~ F  -0. I 55 3 +I- 0 . 2 ~  o.3irisz . . 
) 3 6  CFF -0.102 3 +/- 0.2124E 

i 7  CJU -0.008 S +/- 0.16612 0.0$7183 
02_01!,V - 

58 LMR -0.005 3 +/- 0.21366 O.Oll884 - 
59 COR C0180 7 +I- 6.23246 Oi30 5-203 
10 CON . -0.034 6 +/- 0.15155 Oo006010 
t1 LPF 00 168 3 +/- 0.2124& 6j * - 
I2 L P 0  0.088 3 +/- 0.21246 0.01 1752 
I3 LSF -0.384 3 +lC 3.21351 J O O A  1912-' 

--p--- - 
14 MOT -0aZb9 I +/g 0.36655 0.034983 
15 MBC 0. 576 6 +/- 0.15552 o, -o-6 2'g . - 
V6 YFF 0.215 ' 3  +/- 0*2124€ 3.ClLl752 
I7 W I N  -0. 179 1 +/- 0 s x 6 - 5  S O';d54!&3 - 
I8 MOX -Coo70 9 +/g 0032325 Oo003954 
I9 M Z F  0.007 4 + / m 8 5 0 6  0 3  b 89iT - 
30 NAO -0.247 --- 4 +/- 0119CC3 OoOOC800 
8 1  r ~ 8 2  -0.401 3 +/- 0021360 '0.01 1074- 

' ,@2-!YkLI 024YY 5 +/- 0.12393 -- o.ool?y!3. .. - 
8 3  NI€ 0.122 8 +I- ocl-3135 3.304431 

,e.k4,!3!R -.-- - - 0 a 5  4 +/ -  0.18345 0~-_0RB954 --- 
95 NUR OoZ&S 9 +/- 0.12335 Oa003961 
86 OIC- --.- --.-. -. - 0 . Z f l  3 */- 0.21379 3.011 f !9d  - 
8 7  O T T  0.011 1 +/- Oo3bb55 00 034983 
88  Q M G  -- -- 0.41a 6 +/g Oa15195 Oa036013 
89 PMW 30 114 9 +/g 0.12325 0 mO~B34- 

9 0 p N T  -p +/g 0.13089 0.004460 
' 9 1  900  -00029 3 +/D 0.21362  OX^% 7-9- 

92 P R €  --.-- -0.364 3 + / D  0.21301 3m011811- ---. --p 

'93 PRU -00 502 4 +/- 0.185q3 11.008951 
94 SE> -0.295 2 +/ -  O o 2 5 9 C b  0.017592 
95 R J F  -0.342 3 +/- o .z l z4 t  o, 03 i-W 
96 SCH -- 0. l d 7  1 + / W  0.36845 Orno35339 670- -l. $-.- 
97 SES 00 156 3 +/-  3.21374 
98  SYF -0.126 4 +/ -  OoL~SCb + ~ . u e s l ~  
99 SOP -0.278 2 +/- 0.25977 OoOA7565 

100 SPF 0.225; 4 +/-  0.18506 oTb- 0.038914 ,. i-.7-5 2- 
L01 SSC 0023U 3 +/-  002124E 
L02 SS: -0.008 4 +I- 0018506 Oe008914 a.6 , .7.-5 2 .  .. - 
A03 T C F  -0.419 3 + / -  3.2l24E 
104 T O L  01lOll 2 + / g  OoZCl12 0.017748 - 
105 T R O  0. 093 ' 1 +/- 0 . 3 x 8 ~ 5  0,03 5262 
106 TSK - 0.383 5 + / W  0.16623 9.007193 

+ / = 3 3 3 - 2  L 
*oii."3 5;'5-2- 

101 T U L  -00 3 2 2  6 
A08 U60 ---- - -- 0 116 - 5 + / -  0.16612 0.001183 -6-1 , 2- 
109 HOL 0.096 3 + /- 3:~-127 € 
110 dWA -0.1 10 1 ' + / -  0036774 - ,--.-- .-.--.----- - 3e035202 . -o-o. 6b .7. k--j- . 

111 Y K C  0.393 S + / D  0 - I t412  
112 t U L  0.165 4 +/- 0.1tl50a 0.00091s -- 



TABLE 9 

Least Squares Analysis S t a t i s t i c s  (Konystan ~ x p l o s i o n s )  

- ---- 
NUMBER OF UNKNOuhS = 12 3 

MEAh SCUARE OF RESIOUALS 0.034987 

-- 
STUDENTS T m 1.96 

SUM OF RESIOUALS 0037E-A2 

MEAN SGUARE OUE TC STbT10NS - 0.411446 

NUNdER OF EFFECTIVE STATlONS - A A 1  

SUM OF S Q U I R E S  CUE TO EVENTS - 8.328130 

J MEAN SCUARE OUE TO EVENTS 0 .757103 ~ 
huHBER O f  EFFECT l V E  EVENTS r 1 A 

i 

MEAN STATION-EVENT EFFECT 5.219 / 0.32844 *~ 



Station 

00 
W 

Eekdalemuir 
Scotland 

Yellowknife 
Canada 

auribidanur 
India 

Yarraaunga 
Australia 

Code - laca t ion 

GBA 13'36 * 1 5 " ~  
n026 10"E 

TABLE 10 

United Kingdom Sponsored Array8 

Element Claxiuln Rate Date of Element Operational Digital 
(km) Spacing (km) Recordinu 

2.5 22.5 26 Nov 1962 - 
2.5 Y . 0  1 Feb 1966 4 Uar 1979 

3.5 8 . 3  1 b r  1966 7 Jun 1977 



FIGURE 1 The Locations of Shagan River Explosions 



L k m s  , 

FIGURE 2. Locations of Explosions at  the Degelen Test Site 
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