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FOREWORD 

During the  course of a speech t o  t h e  United Nations on 5 th  
December 1968, Ambassador W i l l i a m  C. Foster ,  United S ta tes  representa t ive  
i n  Committee I on disarmament, made t h e  following statement. 

"AS demonstrated by a c t i v i t i e s  such as these, t h e  United S t a t e s  
is continuing t o  devote considerable resources t o  seismic research s o  as 
t o  improve t h e  capab i l i ty  t o  de tec t  and i d e n t i f y  underground seismic 
events. However, i t  is  a f a c t  t h a t ,  with the  e x i s t i n g  technology, we 
are unable t o  gather  a l l  avai lable  seismic data a t  long distances.  We 
a r e  unable a t  such distances t o  de tec t  o r  loca te  accura te ly  a l l  seismic 
events o r  t o  i d e n t i f y  p o s i t i v e l y  whether c e r t a i n  seismic s igna l s  come 
from earthquakes o r  man-made explosions. 

Fortunately, t h e r e  is c l e a r l y  a widespread d e s i r e  - f u l l y  shared 
by t h e  United S t a t e s  - f o r  f u r t h e r  advancement i n  seismic technology and 
f o r  increased in te rna t iona l  exchange of information i n  t h i s  f i e l d .  

It i s  i n  keeping with t h i s  d e s i r e  t h a t  I should l i k e  t o  present  
today a proposal which t h e  United S t a t e s  considers could do much t o  
advance objec t ives  i n  these  areas. The United S ta tes  proposes t h a t  sane 
underground nuclear  explosions be conducted with t h e  c o l l a t e r a l  ob jec t ive  
t h a t  these  serve as explosions f o r  worldwide seismic inves t iga t ion .  
This inves t iga t ion  is  one i n  which a l l  S ta te s  with the  appropriate 
seismic instrumentation could pa r t i c ipa te .  Indeed, the  success of t h i s  
proposal would depend i n  l a rge  measure on the  extent  of worldwide 
p a r t i c i p a t i o n  i n  t h e  co l l ec t ion  and evaluat ion of t h e  seismic data." 

One form of t h e  United Kingdom contr ibution of t h e  inves t iga t ions  
w i l l  be Shot Reports which present  the  p r inc ipa l  da ta  recorded by t h e  
4 seismological array s t a t i o n  sponsored by t h e  UK Atanic Energy Authority 
and operated with t h e  co-operation of the  Dominion Observatory, Canada, 
the  Bhabba I n s t i t u t e  f o r  Atomic Research, Trmbay, and t h e  Aust ra l ian  
National University, Canberra. 

As t h e  opportunity occurs, t h e  Shot Reports w i l l  be  used t o  
s u m a r i s e  da ta  recorded from any i n t e r e s t i n g  explosions on which f u l l  
d e t a i l s  of locat ion,  depth, and y i e l d  a r e  accessible. 

The Longshot report  (AWRE Report 067166, HMSO, October 1966) 
now cons t i tu tes  Shot Report No. 1. The MEDEO chemical explosions i n  t h e  
Alma Ata region are reported here as Shot Report No. 2. Gasbuggy and 
Rdieon,  two of the  USA Plowshare trials, a re  i n  preparat ion f o r  Shot 
Report No. 3. 

K.D. Barnford, 
Chief of Applied Physics 



On t h e  21st OctoLer 1966 two 1,drge TNT explosions known as 
tile FELIE0 explosions were detonated underground i n  t h e  Alma Ata reg ion  
of  t he  USSG. Both explosions were recorded by t h e  four  UKAEA sponsored 
se i smic  a r r ay  s t a t i o n s .  The ana lys i s  of t he se  da t a  and t h e  shot  d e t a i l s  
are reported.  

1. SHOT DETAILS 

The shot  d e t a i l s  a r e  taken  from a t r a n s l a t i o n  of a Russian 
repor t  on t h e s e  two explosions [ l ] .  

Code name: FIEDEO 

The shot  coord ina tes  and f i r i n g  time: 

21s t  October 1966 045959.1 GMT 

(1) Auxi l ia ry  charge 1,689 kton.  

(2) )lain charge 3.604 kton. 

2. RUSSIAN SEISHIC OBSERVATIONS 

An abbrev ia ted  t r a n s l a t i o n  of t h e  o r i g i n a l  r epo r t  on  t h e s e  two 
explosions [ l ]  dea l ing  wi th  t h e  Russian ins t rumenta l  s e i smic  observa t ions  
is  given i n  a Geosciences and Technology B u l l e t i n  [2]  and f o r  convenience 
i s  reproduced here .  

"The c i t y  of Alnla Ata i s  loca t ed  on t h e  a l l u v i a l  fan  of t h e  
Malaya Almaatinka r i v e r .  Once every 50 - 100 yea r s  i t  is f looded by 
c a t a s t r o p h i c  mud flows. I n  o r d e r  t o  e l imina te  t h e  danger of f u t u r e  mud 
flows, i t  was decided t o  cons t ruc t  a dam ac ros s  t h e  v a l l e y  of t h e  
Malaya Almaatinka r i v e r  by means of d i r e c t e d  explosions.  

WO rows of charges were emplaced i n  s h a f t s  dug out i n  
g r a n i t e  forming t h e  r i g h t  bank of t h e  Almaatinka r i v e r .  The arrangement 
of charges is shown i n  f i g u r e  1. Detonation of t h e  f i r s t  row of  f o c r  
a u x i l i a r y  charges (Nos. 7 t o  10 i n  f i g u r e  1) would e l imina t e  t h e  
convexity of t h e  bank and form a c a v i t y  needed f o r  p roper  rock e j e c t i o n  
by t h e  d i r e c t e d  explosion of  t h e  main charge (No. 6 ) .  The exac t  
coord ina tes  of  t h e  explos ion  s i t e  a r e  77'03'39"~ longif  ude and 4 3 O  09'14~1: 
l a t i t u d e .  The explos ives  cons is ted  mainly of TNT. The 3604 t o n  main 
charge requi red  excavat ion of  an  explosion chamber wi th  a volume of 
4680 m3. A 150 m long g a l l e r y  l ed  t o  t h e  chamber of t h e  main charge. 



The charges of t h e  f i r s t  s e r i e s  of explosions were s e t  of f  on 
21st October 1966. Auxiliary charges Nos. 7 t o  9 were detonated a t  
045959.1 GMT. I n  view of the  unfavourable locat ion of aux i l i a ry  charge 
No. 10, i t s  locat ion being such as  t o  r e s u l t  i n  possible e jec t ion  
toward the  gorge, it was exploded with a 50 m s  delay. It was expected 
t h a t  the delay would r e s u l t  i n  rock e jec t ion  toward t h e  common cen t re  
of the  dam. The t o t a l  weight of aux i l i a ry  charges (Nos. 6 t o  10) was 
1689 tons. The main charge (No. 61, with a weight of 3604 tons, was set o f f  
3.56 s ( the  t r a n s l a t i o n  gives 3.56 ms, t h i s  is obviously an e r ro r )  a f t e r  
t h e  detonation of the  aux i l i a ry  charges a t  050002.7 GMT . "The magnitude 
m was determined only f o r  t h e  second explosion. Using records from l 0  
( ~ u s s i a n )  s t a t i o n s  a t  distances between 600 and 4000 km from t h e  t e s t  
site, it was determined t h a t  mb = 5.1 + 0.2. For t h e  same explosion i t  
was determined t h a t  MS = 3.7 i 0.2." (Magnitudes a r e  quoted f o r  the  
second l a rge r  explosion.) 

3. UKAEA SPONSORED ARRAY RESULTS 

Four l i n e a r  ar rays  of AWRE design [3]  were opera t ing a t  t h e  
t i m e  of these  explosions. 

Eskdalemuir, Scotland EKA 55°19'59.0tt~ 03. 09' 33.01W 
Yellowknife, Canada YKA 62"29'34.3"~ 114°36'16r5"W 
Gaur i b  idanur , India  GB A 13°36'15.0"N 77.26 '10 .O"E 
Warramunga, Aust ra l ia  WRA 19°56'32.8"~ 134O 21115.8"E 

The shor t  period P wave s ignals  were recorded a t  a l l  four 
arrays. Long period surface  waves were not recorded a t  Eskdalemuir o r  
Yellowknife, t h e  o the r  two arrays  were not operat ing long period 
recorders. 

The processed [3] a r ray  records from each ar ray  a r e  shown i n  
f igure  2. The P wave onset pulses from the  two exp$osions a re  c l e a r l y  
seen, on a l l  four seismograms, separated by 34 S. The a r r i v a l  times of 
the  f i r s t  P wave onset and t h e  amplitudes of the  P waves from t h e  two 
explosions ate given i n  t a b l e  1. 

TABLE L 

Summary o f  P Wave Observations from MEDEO a t  UKAEA 

Sponsored Array Stat ions 

Stat ion 

EKA 

YKA 

GBA 

WRA 

Shot 2 
USSR Stat ion,  

Mean m,, 

5 .1  

Distance,  
A * 

50.9 

74.3 

29.4 

81.9 

Arrival Time, 
GMT 

05 0901.6 

05 1136.9 

05 0603.7 

05 1219.4 

I 

Mean 

Shot 1 
(1.689 kton 
Chemical) 

"'b 

4.97 

4.89 

4.38 

4.47 

Shot 2 
(3.604 kton 
Chemical) 

"b 

5.22 

5.18 

4.58 

4.81 

4.68 
! 

4.95 



4.  EPICENTRC LOCATION 

It is  intended t h a t  t hese  r epo r t s  should summarise t h e  se i smic  
d a t a  recorded only a t  t h e  fou r  a r r ay  s t a t i o n s .  The a r r i v a l  t imes of P 
waves a t  a l a r g e r  number of s t a t i o n s  would normally be  used t o  l o c a t e  
t h e  ep i cen t r e  of an event.  The accuracy of t h e  loca t ion  would depend on 
a number of f a c t o r s  such as t h e  d i s t r i b u t i o n  of s t a t i o n s  as a func t ion  
of azimuth around t h e  ep i cen t r e  and t h e  number of s t a t i o n s  f o r  which P 
wave a r r i v a l  time da t a  a r e  ava i lab le .  Of these ,  t h e  former is t h e  more 
important. 

The P wave a r r i v a l  t ime da ta  a t  t h e  four  a r r a y  s t a t i o n s  can 
be used t o  l o c a t e  ep i cen t r e s ,  but  t h e  azimuthal coverage may not always 
be s a t i s f a c t o r y  f o r  accura te  loca t ion .  Nevertheless,  f o r  the sake of 
completeness i n  theee r epo r t s ,  when 3 o r  4 of t h e  a r r ays  have recorded 
t h e  P onse t ,  an  ep icen t r e  w i l l  be est imated wi th  t h e  depth r e s t r a i n e d  
t o  zero. 

I n  t h e  case  of t h e  MEDEO explosion'EKA and YKA a r e  t o  t h e  
north and W B A  and GBA a r e  t o  t h e  south of t h e  event giving poor E-W 
coverage. The ep icen t r e  determined i s  given i n  t a b l e  2. The e r r o r  i n  
l o c a t i o n  is  7.6 km i n  a d i r e c t i o n  301' E of N. 

TABLE 2 

Epicent re  Location from 4 Array P Wave Ar r iva l  

Time Data 

The recordings at t h e  overseas s t a t i o n s  were made p o s s i b l e  by 
the cooperat ion of t h e  Dominion Observatory, Ottawa, Canada; t h e  
Ijhabha I n s t i t u t e  f o r  Atomic Research, Trombay, Ind ia ;  and t h e  Aus t r a l i an  
National Universi ty ,  Canberra, Aus t ra l ia .  

l 

Orig in  Time 

I 

Estimated Epicent re  

43.11' N k 0.16' 

77.14' E 2 0.16' 

045956.8 

True Epicent re  

43.15' N 

77.06" E 

045959.1 GMT 
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FIGURE 1. ARRANGEMENT OF CHARGES AND THEIR WEIGHTS 





GBA 29.4. 

EKA 50.9. 

,FIGURE 2, PROCESSED SUM-ALL RECORD, UNFILTERED FROM THE FOUR 
UKAEA SPONSORED ARRAYS 




