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FOREWORD 

During t h e  course  of a speech t o  t h e  United Nations on 
5 th  December 1968, Ambassador William C Fos te r  , United S t a t e s  represen- 
t a t i v e  i n  Committee I on disarmament, made t h e  fol lowing statement:-  

"As  demonstrated by a c t i v i t i e s  such a s  these ,  t h e  United S t a t e s  
i s  cont inuing  t o  devote cons iderable  resources  t o  se i smic  r e sea rch  s o  a s  
t o  improve t h e  c a p a b i l i t y  t o  d e t e c t  and i d e n t i f y  underground se ismic  
events .  However, i t  is a f a c t  t h a t ,  w i t h  t h e  e x i s t i n g  technology, we a r e  
unable t o  ga the r  a l l  a v a i l a b l e  se i smic  da t a  a t  long d i s t ances .  We a r e  
unable a t  such d i s t a n c e s  t o  d e t e c t  o r  l o c a t e  accu ra t e ly  a l l  s e i smic  even t s  
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  se i smic  s i g n a l s  come from 
earthquakes o r  man-made explosions.  

For tuna te ly ,  t h e r e  i s  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  se i smic  technology and 
f o r  increased  i n t e r n a t i o n a l  exchange of in format ion  i n  t h i s  f i e l d ,  

It i s  i n  keeping wi th  t h i s  d e s i r e  t h a t  I should l i k e  t o  p re sen t  
today a proposa l  which t h e  United S t a t e s  cons iders  could do much t o  advance 
o b j e c t i v e s  i n  t hese  a r eas .  The United S t a t e s  proposes t h a t  some underground 
nuc lea r  explos ions  be conducted wi th  t h e  c o l l a t e r a l  o b j e c t i v e  t h a t  t hese  
s e r v e  as explos ions  f o r  worldwide se i smic  i n v e s t i g a t i o n .  This i n v e s t i g a t i o n  
is one i n  which a l l  S t a t e s  with t h e  app ropr i a t e  se i smic  ins t rumenta t ion  
could p a r t i c i p a t e .  Indeed, t h e  success  of t h i s  proposal  would depend i n  
l a r g e  measure on t h e  e x t e n t  of worldwide p a r t i c i p a t i o n  i n  t h e  c o l l e c t i o n  
and eva lua t ion  of t h e  se i smic  data." 

One form of t h e  United Kingdom con t r ibu t ion  t o  t h e  i n v e s t i g a t i o n s  
w i l l  be Shot Reports which p re sen t  t h e  p r i n c i p a l  d a t a  recorded by t h e  4 
se i smologica l  a r r a y  s t a t i o n s  sponsored by t h e  UK Atomic Energy Authori ty  
and opera ted  wi th  t h e  co-operation of t h e  Department of Energy, Mines and 
Resources, Canada, t h e  Bhabha I n s t i t u t e  f o r  Atomic Research, Trombay , and 
t h e  Aus t r a l i an  Nat iona l  Universi ty  , Canberra. 

As t h e  oppor tuni ty  occurs ,  t h e  Shot Reports w i l l  be  used t o  
s~ lnmar i se  da t a  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 l o c a t i o n ,  depth and y i e l d  a r e  acces s ib l e .  

S D Abercrombie 
Senior  Superintendent  

Detect ion Systems 

Shot Report No. 1: P D Marshall ,  E W Carpenter ,  A Douglas and J B Young: 
"~ome Seismic Resul t s  of t h e  LONCSIIOT Explosion1'. AWRE Report No, 067166, 
HMS 0 

Shot Report No. 2: P D Marshall:  "Some Seismic Resul t s  of t h e  MEDEO 
Explosion i n  t h e  A l m a  Ata Region of t h e  USSR". AWRE Report No. 033170, 
HMS 0 

Shot Report No. 3: D J Corbishley: "Some Seismic Resul t s  of t h e  US GASBUGGY 
and RULISON Underground Nuclear Explosions". AWRE Report No. 046170, HMSO 



SUMMARY 

This r e p o r t  provides t h e  seismic data ,  from 4 UKAEA sponsored 
ar rays ,  of 12 nuclear  explosions, detonated underground a t  the  Nevada 
Test S i t e ,  f o r  which locat ions ,  depths, source media and y i e l d s  have been 
published by the  United S t a t e s  Atomic Energy Commission. 

1 . INTRODUCTION 

The Nevada Test S i t e  cons i s t s  of a number of f i r i n g  a r e a s  
which a r e  shown i n  f igure  13. The 12 sho t s  r e fe r red  t o  i n  t h i s  r epor t  
were a l l  f i r e d  i n  the  Northern Areas. Table 13  lists 8 i n  t h e  Pahute Mesa 
region, 3 i n  the  Yucca F l a t  and one, P i l ed r ive r ,  j u s t  o f f  the  Northern 
Gxtremity of t h e  Yucca F la t .  Figure 14 shows the  f i r i n g  sites and 
f igure  15 i s  an equ id i s t an t  azimuthal projec t ion ,  centred on NTS, showing 
its re la t ionsh ip  t o  t h e  four a r ray  s i t e s .  The geometry of t h e  a r rays  i s  
i l l u s t r a t e d  by f i g u r e  16. 

The parameters of d is tance ,  azimuth and back bearing between 
NTS and each of t h e  a r ray  s t a t i o n s  vary l i t t l e  between each of the  12 
f i r i n g  pos i t ions .  Table 14 [l] lists these  parameters r e f e r r e d  t o  t h e  
4 ar rays .  Shot d e t a i l s  a r e  given i n  t ab les  l ( a )  - 12(a); [2,3] along with 
t h e  seismic observations ( t a b l e s  l ( b )  - 12(b)) .  

TABLE 1 3  

Chronological L i s t  of Shots with Code Names and Locations 

1 3  September 1963 
6 May 1966 

27 May 1966 
2 June 1966 

30 June 1966 
20 December 1966 
23 May 1967 
26 May 1967 
26 Apr i l  1968 
8 December 1968 

19 December 1968 
8 July  1971 

Rilby 
Chartreuse 
Discus Thrower 
P i l ed r ive r  
Halfbeak 
Greeley 
S CO tch 
Knickerbocker 
Boxcar 
Schooner 
Benham 
Mini a t  a 

Yucca F l a t  
Pahute Mesa 
Yucca F l a t  
Granite-N of Yucca F l a t  
Pahute Mesa 
Pahute Mesa 
Pahute Mesa 
Pahute Mesa 
Pahute Mesa 
Pahute Mesa 
Pahute Mesa 
Yucca F l a t  

TABLE 14 

Distances and Azimuths Relat ive t o  NTS 

A l l  values l i e  wi th in  t h e  given tolerances which a r e  t h e  o v e r a l l  
s c a t t e r  of the group. 

3 

Array 
S t a t i o n  

YKA 
EKA 

WRA 
CBA 

Back Bearing 

182.9' + 0.3' 
309.2' + 0.2' 

57.8' + 0.1' 
13.8' + 0.2' 

Distance, 
A' 

25.42' f 0.09' 
71.67' + 0.08' 

117.05' + 0.10' 
127.96' + 0.10' 

Azimuth 

1.7" ?: 0.2' 
33.7' + 0*0° - 0.1' 

264.7' + 0.1" 
343.1' + 0.2' 



The f o u r  l i n e a r  a r r ays  [4] ( f i g u r e  16) from which d a t a  a r e  
inc luded are:- 

Eskdalemuir, Scotland (EKA) 55" 19' 59.0" N 3" 9 '  33.0" W 
Yellowknife, Canada (YKA) 62" 29' 34.3" N 114" 36' 16.5" W 
Tennant Creek, Aus t r a l i a  (WRA) 19" 56' 52.0'1 S 134' 21' O,3.O1l E 
Gauribidanur, I n d i a  (GBA) 13" 36' 15.0" N '77" 26' 10.0" E 

2. RESULTS 

These a r r a y s  a r e  s i t e d  p r i n c i p a l l y  t o  record s i g n a l s  from 
Europe and Asia wi th in  d i s t ances  of 90". The Indian  and Aust ra l ian  a r r a y s  
a r e  more than 117" d i s t a n t  from NTS s o  t h e  f i r s t  a r r i v a l s  f o r  t hese  a r r a y s  
a r e  branches of  t h e  P s i g n a l  which have t raversed  the  core  (PKP). The 
t i m e  d i f f e rences  0 - C ( see  t a b l e s  l{b) t o  12(b))  given f o r  these  s i g n a l s  
r e f e r  t o  t h e  main (D) branch of  PKP. J-B t r a v e l  t i m e s  were used. 

The delayed and summed records f o r  each explosion a r e  shown 
i n  f i g u r e s  1 - 12 and corresponding magnitude assessments i n  t a b l e s  l ( b )  - 
12(b) .  Some events  overloaded a l l  channels a t  YKA ( A  = 254"). One event 
'(SCHOONER - 8 December 1968) was no t  de tec ted  a t  EKA, and t h e  recordings  
f o r  some of the  events  a t  GBA and W R A  a r e  not  ava i l ab le .  
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I n  t h e  fol lowing f i g u r e s  1 t o  12, guide l i n e s  ( a s  shown above) 
have been added t o  i n d i c a t e  t h e  4 cyc le  measured f o r  ampli tude determinat ion.  

T P Per iod  of cyc l e  used. 

A = Deflec t ion  from which amplitude was ca l cu la t ed .  



TABLE l(a) 

FIGURE 1 

TABLE l (b)  

Code Name 

Date 

Origin time 

S i t e  Latitude 
Longitude 

Depth, relative to ground zero 

Geological medium 

Yietd 

BILBY 
(See refefence [2]) 

13th September 1963 

17 00 00.13 GMT 

37. 03' 37.5" N 
116' 01' '18.0" W 

2344 ft (714 m1 

Tuf f 

235 'kton 

0 - observed oneat time C = computed onset time 

* 
Array 

Station 

EK A 

Oneet, 
h Idt s 

17 11 22.6 

0 - C ,  
S 

- 2.5 

Amplitude, 
mC1 

28 

Period 
T, 8 

0.8 

Magnitude, 
"0 

5.45 



TABLE 2(a) 

EKA 

Code Name 

Date 

Origin time 

S i t e  Latitude 
Longitude 

Depth, re la t ive  t o  ground zero 

Geological medium 

Yield 

FIGURE 2 

TULE 2(b) 

CHARTREUSE 
(see  reference [2])  

6th May 1966 

15 00 00.08 GMT 

37' 20' 52.8" N 
116' 19' 19.0" W 

2183 f t  (665 m) 

Rhyolite 

70 kton 

0 - C 1 l t u d ,  
8 1 

0 = observed onset time C = computed onset time 



TABLE 3(a) 

FIGURE 3 

Code Name 

Date 

Origin time 

S i t e  Lat i tude 
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological medium 

Yield 

TABLE 3(b) 

DISCUS THROWER 
(see reference [2]) 

27th May 1966 

20 00 00.04 GMT 

37' 10' 42.2" N 
116' 05' 51.9" W 

1106 f t  (337 m) 

Tuf f 

21 kton 

0 = observed onset  time C - computed onset t i m e  

L 

Array 
S t a t i o n  

YKA 
EKA 

met, 
h min s 

20 05 28.0 
20 11 22.2 

Magnitude, 

4.54 
4.66 

0 - C, 
S 

- 2.5 - 2.6 

Amplitude, 
mlc 

11 
5 

Period 
T, 8 

0.9 
0.8 



TABLE 4(a) 

EKA 

Code Name 

Date 

Origin time 

S i t e  Latitude 
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological medium 

Yield 

FIGURE 4 

PILEDRIVER 
(see reference [2]) 

2nd June 1966 

15 30 00.09 GMT 

37O 13' 37.4" N 
116' 03' 19.9" W 

1518 it (462 m) 

Granite 

56 kton 

TABLE 4(b) 

0 = observed onset t i m e  C = computed onset  t i m e  

Array 
S t a t i o n  

YKA 
EKA 

Onset, 
h min s 

15 35 28.9 
15 41 21.7 

Amplitude, 
W 

Overloaded 
14 

o - C, 
S 

- 1 . 4  - 3.0 

Period 
T, S 

0.6 
0.65 

Magnitude, 
"'b 

5.23 



TABLE S(a) 

Low gain seismometer (gain n o t  known) 

Code Name 

Date 

Origin tiae 

S i t e  Latitude 
Long1 tude 

Depth, r e l a t i v e  t o  ground zero 

Geological medim 

Yield 

YKA 

HALFBEAK 
(See reference [2]) 

30th June 1966 

22 U 00.07 GMT 

37O 18" 56.9" N 
116' 17' 56.3" W 

2688 f t  (819 m) 

Rhyoli t e  

300 kton 

FIGURE 5 

TABLE 5(b) 

Onset, 
S t a t ion  h min s I *lTay I 

0 = observed onset time C = cmputed onset  time 

mu 
EKA 

22 20 27.0 
22 26 21.9 

- 2.8 - 2.8 
Overloaded 

96 
0.85 
1.15 5.82 



FIGURE 6 

TABLE 6(b) 

Code Name 

Date 

Origin time 

S i t e  Latitude 
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological medium 

Yield 
, 

GREELEY 
(See dref erence [2 1 ) 

20th December 1966 

15 30 00.08 GMT 

37' 18' 07.4" N 
116' 24' 29.9" W 

3985 f t (1215 m) 

Tuf f 

825 kton 

0 = observed onset time C - computed onset time 

Period 
T, S 

0.9 
1.3 

Array 
S ta t ion  

YKA 
X A  

0 -  C, 
S 

- 3.1 - 3.0 

Onse t , 
h min s 

15 35 26.7 
15 4 1  21.8 

Amplitude, 

Overloaded 
178 

Magnitude, 
5 
- 

6.03 

L 



YKA 

EKA v 

GBA 

FIGURE 7 



TABLE 7(a) 

TABLE 7(b) 

Code Name 

Date 

Origin time 

S i t e  Latitude 
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological medium 

Yield 

- 

SCOTCH 
(See reference [2]) 

23rd May 1967 

14 00 00.04 GMT 

37' 16' 30.3" N 
116' 22' 11.9" W 

3207 f t  (977 m) 

Tuf f 

150 kton 

0 = observed onset  time C = computed onset time 

Magnitude, 
mb 

5.28 
5.35 - 

Period 
T, S 

0.90 
1.10 
1.00 

Array 
S ta t ion  

YKA 
EKA 
GBA 

Onset, 
h min S 

1 14 05 27.1 
14 11 22.3 
14 19 07.3 

0 - C ,  
S 

- 2.9 
- 2 . 6  - 0.7 

Amplitude, 
W 

60 
31 
10 



YKA 

GBA 

FIGURE 8 



TABLE 8 ( a )  

TABLE 8(b) 

Code Name 

Date 

Or ig in  time 

S i t e  La t i tude  
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological  medium 

Yield 

KNICKERBOCKER 
(See r e fe rence  [2 ] )  

26th May 1967 

15  00 01.50 GMT 

37' 14' 52.6" N 
116' 28' 48.6" W 

2069 f t  (631  m) 

Rhyoli te 

71  k ton  

0 = observed onsa t  t i m e  C = computed onse t  time 

Array 
S t a t i o n  

YKA 
EKA 
GB A 

Onset, 
h min S 

15 05 28.9 
1 5  11 24.0 
15  19 08.4 

Per iod  
T, S 

0.8 
1.1 
1.1 

0 - C, 
S 

- 1.8 - 2.7 
-1.1 

Magnitude, 
mb 

4.74 
4.84 

Amplitude, 
mv 

15 
10 
6 



YKA 

GBA 

FIGURE 9 



TABLE 9 ( a )  

TABLE 9(b)  

Code Name 

Date 

Or ig in  time 

S i t e  La t i tude  
Longitude 

Depth, r e l a t i v e  t o  ground zero  

Geological  medium 

Yield 

BOX CAR 
(See re ference  [2 ] )  

26th A p r i l  1968 

15 00 0 O . O O W  

37O 17' 43.5" N 
116O 27' 20.5" W 

3800 f t  (1158 m) 

Rhyoli t e  

1.2 Mton 

0 = observed onse t  time C = computed onse t  t ime 

Array 
S t a t i o n  

YKA 
E M  
GBA 

Onset, 
h min s 

1 5  05  27.2 
1 5  11 22.1 
15  19 07.6 

o - C, 
S 

- 2.6 
- 2.7 
- 0.2 

Amplitude, 
mu 

7 9 
120 

57 

Per iod  
T, S 

0.90 
1.15 
1.10 

Magnitude, 

"'b 

5.40 
5.92 



YKA 

WRA 

GBA 

FIGURE 10 



TABLE 10(a)  

TABLE 10(b)  

Code Name 

Date 

Or ig in  time 

S i t e  La t i tude  
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological  medium 

Yield 

SCHOONER 
(See r e fe rence  [2 ] )  

8 t h  December 1968 

16 00 00.14 GMT 

37' 20' 36.3" N 
116' 33' 57.1'' W 

350 f t (107 m) 

Tuf f 

35 k ton  

0 = observed o n s e t  t ime C = computed onse t  t i m e  

Array 
S t a t i o n  

YKA 
EK A 
WRA 
GBA 

Onset, 
h +min S 

16 05 27.4 
Not seen  

16  18 46.8 
16 19 08.1 

0 - C, 
S 

- 3.3 - 
- 0 . 2  - 0.5 

Amplitude, 
W 

1 3  

3 
3 

Per iod  
T, S 

0.70 - 
0.80 
1.00 

Magnitude, 

n'b 

4.72 

.. - 



WRA 

GBA 

FIGURE 11 



TABLE l l ( a )  

TABLE l l ( b )  

Code N a m e  

Date 

Origin time 

Site Lat i tude  
Longitude 

Depth, r e l a t i v e  t o  ground zero 

Geological medium 

Yield 

BENHAM 
(See reference  [2] )  

19th December 1968 

16 30 00.04 GMT 

37O 17' 53.3" N .  
116' '28' 24.9" W 

4600 i t  (1402 m) 

Tuf f 

1.1 Mton 

0 = observed onse t  time C = computed onset  t i m e  

Period 
T, S 

0.95 
1.10 
0.90 
0.95 

Array 
Station 

YKA 
EKA 
WRA 
GB A 

Magnitude, 
"b 

- 
6.17 

- 

0 - C, 
S 

- 1.9 
- 2 . 8  
- 0 . 8  - 1.2 

Onset, 
h minl IS 

16 35 28.4 
16 41  22.4 
16 48 46.0 
16 49 06.8 

Amplitude, 
mu 

Overloaded 
205 
66 
7 2 



EKA v 

- 
WRA 

GBA 

FIGURE 12 

2 2 



TABLE 12(a)  

TABLE 12(b)  

Code Name 

Date 

Or ig in  t i m e  

S i t e  La t i t ude  
Longitude 

Depth, relative t o  ground zero  

Geological  medium 

Yie ld  

MINIATA 
(See r e fe rence  [3] )  

8 t h  J u l y  1971 

14  00 00.1 GMT 

37' 06' 36.4" N 
116' 03' 05.1" W 

1735 f t  (529 m) 

% 80 k ton  

0 = observed o n s e t  t i m e  C = computed onse t  t i m e .  

Array 
S t a t i o n  

YKA 
EKA 
WRA 
GB A 

Onset, 
h min S 

14 05  28.6 
14 11 22.5 
14 18  46.7 
14 19 07.3 

0 - C,  
S, 

- 2.0 - 2.3 - 0.5 
- 1.0 

Amplitude, 
mP 

3 7 
11 

6 
5 

Period 
T, S 

0.85 
0.90 
0.80 
1.00 

Magnitude, 
mb 

5.09 
4.97 - - 



FIGURE 13, M U  OP TliE N.WA]ea lSST SITE StSCdWWIG mE TE$T AREAW 

(Raproduaed from reference (21, figure 1) 



FIGURE 14. LOCATION OF THE 12 EVENTS l 



FIGURE 15. EQUIDISTANT AZIMUTHAL PROJECTION CENTRED ON NTS 

SHOWING THE P O S I T I O N S  OF THE 4 ARRAYS, 






