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INTRODUCTION 

A t o t a l  o f  15  s t r o n g  m o t i o n  i n s t r u m e n t s  h a v e  b e e n  

i n s t a l l e d  i n  two s u b d u c t i o n  z o n e  seismic g a p s  w h i c h  a r e  

e s t i m a t e d  t o  h a v e  h i g h  p r o b a b i l i t i e s  t o  r u p t u r e  i n  g r e a t  

e a r t h q u a k e s  i n  t h e  n o t  t o o  d i s t a n t  f u t u r e .  T h e  t w o  gaps  a r e  

i n  t h e  S h u m a g i n  I s l a n d s  s e g m e n t  o f  t h e  e a s t e r n  A l e u t i a n  a r c ,  

A l a s k a ,  and t h e  N o r t h e r n  L e s s e r  A n t i l l e s ,  C a r i b b e a n .  W h e r e  

p o s s i b l e  t h e  s t r o n g  m o t i o n  s i t e s  a r e  l o c a t e d  a t  r emote ,  

t e l e m e t e r e d  seismic n e t w o r k  s i t e s .  I n  m a n y  i n s t a n c e s  a 

t r i g g e r  s i g n a l  f r o m  t h e  s t r o n g  m o t i o n  a c c e l e r o m e t e r s  i s  

t e l e m e t e r e d  t h r o u g h  t h e  s e i smic  n e t w o r k  c o m m u n i c a t i o n  l i n e s  

t o  t h e  c e n t r a l  r e c o r d i n g  s i t e  f o r  a c c u r a t e  t i m i n g  o f  t h e  

r e c o r d i n g  o f  a n y  s t r o n g  m o t i o n  e v e n t s .  As t h e  C a r i b b e a n  

n e t w o r k  o n l y  h a s  d i g i t a l  r e c o r d i n g  f a c i l i t i e s  a n d  t h e  

S h u m a g i n  I s l a n d s  n e t w o r k  i s  p r e s e n t l y  b e i n g  c h a n g e d  f r o m  

c o n t i n u o u s  a n a l o g  t o  d i g i t a l  e v e n t  r e c o r d i n g ,  t e c h n i c a l  

m o d i f i c a t i o n s  o f  t h e  a n a l o g  v e r s i o n  o f  t h e  t r i g g e r  r e c o r d i n g  

s y s t e m  i s  r e q u i r e d  t o  g u a r a n t e e  d e p e n d a b l e  i d e n t i f i c a t i o n  o f  

i n s t r u m e n t  a n d  a c c u r a t e  t r i g g e r  m o m e n t  r e s o l u t i o n  a t  t h e  

c e n t r a l  r e c o r d i n g  s i t e .  I n  a d d i t i o n  t h e  n e w  s y s t e m  w i l l  

p r o v i d e  t h a t  a n  a p p r o x i m a t e  time o f  e v e n t  w i l l  b e  r e c o r d e d  

i n  c o n v e n t i o n a l  f o r m  o n  e a c h  SMA r e c o r d  t o  p r e v e n t  

n o n - i d e n t i f i c a t i o n  o f  r e c o r d s  i n  c a s e  o f  n o n - o p e r a t i v e  

t e l e m e t r y  l i n k s  o r  m a l f u n c t i o n  a t  t h e  c e n t r a l  r e c o r d i n g  

s i t e s .  



T h e  S h u m a q i n  Gap S t r o n g  M o t i o n  P r o q r a m  

S y k e s  e t  a l .  ( 1 9 8 0 )  d o c u m e n t e d  t h e  h i s t o r i c  r e c o r d  o f  

l a r g e  a n d  g r e a t  e a r t h q u a k e s  i n  t h e  A l a s k a - A l e u t i a n  a r c .  

T h e y  f i n d  t h a t  r e c u r r e n c e  t imes f o r  g r e a t  e a r t h q u a k e s  i n  

t h i s  a r c  a r e  o f  t h e  o rder  o f  100 y e a r s  o r  less .  D a v i e s  e t  

a l .  ( 1 9 8 1 )  m a d e  a s p e c i a l  s t u d y  o f  t h e  S h u m a g i n  seismic g a p  

a n d  e s t i m a t e  t h a t  t h e  r e c u r r e n c e  t imes o f  g r e a t  e a r t h q u a k e s  

f o r  t h i s  a r c  s e g m e n t  v a r y  b e t w e e n  5 0  a n d  9 0  y e a r s .  A t  l e a s t  

77  y e a r s  h a v e  e l a p s e d  s i n c e  t h e  l a s t  g r e a t  e a r t h q u a k e  

r u p t u r e d  t h e  S h u a m g i n  s e i smic  g a p .  H e n c e ,  t h e r e  i s  a h i g h  

p r o b a b i l i t y  f o r  a  g r e a t  e a r t h q u a k e  t o  o c c u r  i n  t h i s  g a p  

w i t h i n  t h e  n e x t  1 o r  2 d e c a d e s .  T h e  i n f e r r e d  l o n g - t e r m  

i m m i n e n c e  o f  a  g r e a t  e a r t h q u a k e  i n  t h e  S h u m a g i n  s e i smic  g a p ,  

t h e  f a c t  t h a t  s t r o n g  g r o u n d  m o t i o n s  a s s o c i a t e d  w i t h  a t r u l y  

g r e a t  e a r t h q u a k e  n e v e r  h a v e  b e e n  m o n i t o r e d  i n s t r u m e n t a l l y  

a n y w h e r e  o n  e a r t h ,  a n d  t h e  n e e d  f o r  e v a l u a t i n g  s e i smic  

h a z a r d s  i n  t h e  A l a s k a  c o n t i n e n t a l  s h e l f  f o r  o i l  e x p l o r a t i o n  

p u r p o s e s  p r o v i d e  t h e  r a t i o n a l e  f o r  o u r  a t t e m p t  t o  i m p r o v e  

t h e  s t r o n g  m o t i o n  m o n i t o r i n g  c a p a b i l i t y  i n  t h i s  r e g i o n .  

F i g u r e  1 s h o w s  t h e  n e w l y  a t t a i n e d  s t a t e  o f  t h e  L-DGO 

o p e r a t e d  s t r o n g - m o t i o n  a c c e l e r o g r a p h  s i t e s  i n  t h e  S h u m a g i n  

I s l a n d s ,  A l a s k a .  A t o t a l  o f  t e n  s i t e s  a r e  now 

o p e r a t i v e ( T a b 1 e  11, o f  w h i c h  s i x  were n e w l y  i n s t a l l e d  i n  

1980 ( s e e  A p p e n d i x  I ) .  D u r i n g  1981 t h e  t o t a l  n u m b e r  may 

i n c r e a s e  t o  1 3  s i t e s .  A l l  s i t e s  a r e  e q u i p p e d  w i t h  

K i n e m e t r i c s  S M A - 1  i n s t r u m e n t s .  O f  t h e s e  t h e  t r i g g e r  s i g n a l s  

a t  SNK, DLG, N G I ,  CNB, a n d  8KJ are 



Table  1. L-DGO S4W-Sltes ,  Alaska; Status  1980 

(Short L i s t )  
I .  

STATION REMOVED INSTALLED OR SERVICED TRICCER SIGNAL 

Date Ser. No. Type Date S e r . N o .  Type (y@s/no) 

7/28 /80 202 1s 7 /29 180 2% I SAN, Sand Point  -5 g No 

B K J ,  Big Konfuji 

N G I ,  Nagai 

SIM, Sirneonof 

SGB, San Diego Bay 
r - 

CNB, Chernabura 

SNK, Sanak 

8 /OR /SO 202 Ig Yes 

7/26/80 327 1 g Yes 

6/13/80 2038 It! No 

8/08/80 2677(*)  l g  No 

7/26/80 - l g  Yes 

7/20/90 4155 - l a  Yes 

DLG, Dolgoi 7/20/80 4153 If5 Yes 

DUT, Dutch Harbor 3/07/80 2677 1g ?/07/80 l g  No 

CDB, Cold Bay (USCS installation, L-DGO-serviced) 10/8/80 1930 lg 
U 

Note: Underlined serial number i n d i c a t e s  refurbisl led unit, double underlined indicates newly acquired 
trnit.  All others  are pre-exist ing u n i t s .  

* )  T r i g g e r  assembly replaced wlth new u n i t .  





i n t e r f a c e d  w i t h  t h e  r a d i o  t e l e m e t r y  l i n k s  o f  t h e  S h u m a g i n  

se ismic  n e t w o r k .  T h i s  i n t e r f a c i n g  was  d e s i g n e d  f o r  a n a l o g  

c e n t r a l  r e c o r d i n g  o f  a 409.6  Hz t o n e  d u r i n g  SMA o p e r a t i o n ,  

a n d  a l l o w s  t h e  t r a n s m i s s i o n  o f  t h e  e x a c t  S M A - t r i g g e r  moment 

at: t h e  s i t e s  t o  t h e  c e n t r a l  r e c o r d i n g  s i t e  a t  S a n d  P o i n t  

( S A N ) .  The a n a l o g  r e c o r d i n g  o f  t h e  F M - t r i g g e r  t o n e  h a s  

certain d i s a d v a n t a g e s ,  h o w e v e r ,  a n d  i s  n o t  s u i t a b l e  f o r  a  

d i g i t a l ,  c e n t r a l  e v e n t  r e c o r d i n g  mode.  T h e r e f o r e  a  r e d e s i g n  

o f  t h i s  s y s t e m  h a s  b e e n  u n d e r t a k e n  w h i c h  i s  b r i e f l y  o u t l i n e d  

i n  A p p e n d i x  111. A p p e n d i x  I p r o v i d e s  a c o m p l e t e  l i s t i n g  o f  

s t a t i o n  c h a r a c t e r i s t i c s  o f  a l l  s t r o n g - m o t i o n  s i t e s  i n  t h e  

e a s t e r n  A l e u t i a n / S h u m a g i n  I s l a n d s  r e g i o n  a s  p r e s e n t l y  

o p e r a t e d  a n d  m a i n t a i n e d  by L a m o n t - D o h e r t y  G e o l o g i c a l  

O b s e r v a t o r y .  

S h o r t l y  a f t e r  i n s t a l l a t i o n  o f  t h e  new SMA s i t e s  i n  

A u g u s t  1 9 8 0 ,  a m a g n i t u d e  5 . 8  e a r t h q u a k e  o c c u r r e d  i n  t h e  

p r o x i m i t y  o f  N a g a i  I s l a n d  (NGI). R e c o r d i n g s  f r o m  t h e  

t r i g g e r  m o n i t o r  a t  t h e  c e n t r a l  r e c o r d i n g  s i t e  (SAN) i n d i c a t e  

t h a t :  t h i s  e v e n t  t r i g g e r e d  a c c e l e r o g r a p h s  a t  f o u r  s i t e s :  

N G I ,  C N B ,  D L G ,  a n d  B K 3 .  I t  may h a v e  a l s o  t r i g g e r e d  SIM 

w h i c h  i s  n o t  i n t e r f a c e d  w i t h  t h e  se ismic  n e t w o r k .  

V e r i f i c a t i o n  o f  t h e  t r i g g e r s  a n d  r e t r i e v a l  o f  s t r o n g  m o t i o n  

r e c o r d s  m u s t  w a i t  u n t i l  t h e  summer f i e l d - s e a s o n  o f  1 9 8 1  when 

a l l  r e m o t e  s t a t i o n s  w i l l  b e  r o u t i n e l y  s e r v i c e d  w i t h  

h e l i c o p t e r  s u p p o r t  f r o m  N O A A .  



S t r o n q  M o t i o n  P r o q r a m  f o r  C a r i b b e a n  S e i s m i c  G a p s  

R e c e n t  s t u d i e s  o f  t h e  n o r t h e a s t  C a r i b b e a n  h a v e  

c l a r i f i e d  o u r  u n d e r s t a n d i n g  o f  t h e  t e t o n i c s  a n d  se ismic  

p o t e n t i a l  o f  t h i s  s e i smic  z o n e  ( M c C a n n  a n d  S y k e s ,  1 9 8 1 ) .  

T h e  e s t i m a t e s  o f  s e i smic  p o t e n t i a l  were d e r i v e d  f r o m  1 )  

h i s t o r i c  e a r t h q u a k e s  w i t h  m a g n i t u d e s  l a r g e r  t h a n  7 . 5 ;  2 )  

m o d e r a t e  s i z e d  s h o c k s  o f  t h e  l a s t  30 y e a r s ;  3 )  

m i c r o e a r t h q u a k e s  r e c o r d e d  s i n c e  1 9 7 6 ;  a n d  4 )  t e c t o n i c  

s t r . u c t u r e s  i n f e r r e d  f r o m  m a r i n e  g e o p h y s i c a l  d a t a .  T h e  m a p  

o f  s e i smic  p o t e n t i a l  ( F i g u r e  2 )  d e s c r i b e s  t h e  e x t e n t  o f  

a c t i v e  seismic r e g i o n s  a n d  t h e  e x p e c t e d  m a g n i t u d e s  o f  s h o c k s  

i n  t h a t  r e g i o n  a n d  p r o v i d e s  t h e  r a t i o n a l e  f o r  t h e  s i t i n g  o f  

s t r o n g  m o t i o n  i n s t r u m e n t s .  

T h e  seismic g a p s  i n  t h e  n o r t h e a s t e r n  C a r i b b e a n  ( M c C a n n  

e t  a l . ,  1979)  a r e  n o w  i n s t r u m e n t e d  w i t h  a t o t a l  o f  5 

a c c e l e r o g r a p h s  i n s t a l l e d  b y  L a m o n t - D o h e r t y .  T h e  l o c a t i o n s  

o f  t h e  e x i s t i n g  S M A - s t a t i o n s  a r e  s h o w n  i n  F i g u r e  3. F o r  

d e t a i l e d  s t a t i o n  i n f o r m a t i o n  s e e  A p p e n d i x  11. A s h o r t  

l i s t i n g  i s  g i v e n  i n  T a b l e  2 .  A l l  SMA s i t e s  a r e  s c h e d u l e d  

f o r  i n t e r f a c i n g  w i t h  t h e  L - D G O  C a r i b b e a n  s e i s m i c  n e t w o r k  f o r  

t r a n s m i s s i o n  o f  t r i g g e r  t imes .  F o r  l a y o u t  o f  t h i s  

i n t e r f a c i n g  see  A p p e n d i x  111. 
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LONG-TERM SEISMIC POTENTIAL 

Figure 2. Estimate of long-term seismic potential for the seismic zone in the northeast Caribbean. Patterns de- 
limit regions likely to experience earthquakes of a given magnitude. Those enclosed by barbs and covered by line 
and dot patterns (e.g. northwest of Puerto Rico - P.R.) are likely to be active for shocks with magnitude 6.0 and 
larger, whereas region with only stipple pattern ( e . g .  north of eastern Puerto Rico) will tend to be quiescent 
except for occasional great earthquakes. 
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F i g u r e  3 .  P r e s e n t  cor r f igura t ion  of t h e  N o r t h e a s t e r n  Car ibbean seismic network i n c l u d i n g  s i tes of s t rong-  
motion i n s t r u m e n t s .  SlIA's were installed'in 1980 a t  AWI and BWI; proposed s i tes  a r e  SKI3 and STM. I n s t a l -  
l a t i o n  i s  planned for l a t e  i n  1981. S i g n a l s  are t e l e m e t e r e d  t o  S t .  Thomas (VST) where t h e y  are recorded 
on a d i g i t a l  r e c o r d i n g  system; SMA t r i g g e r  t i m e s  w i l l  a l s o  b e  r e c o r d e d  on t h i s  system when t h e  i n t e r f a c e  
system d e s c r i b e d  i n  Appendix III is i n s t a l l e d .  Symbols a r e  a s  f o l l o w s :  c i r c l e s  - s i n g l e  component s t a t i o n s ;  
t r i a n g l e s  - th ree .component  s t a t i o n s ;  c r o s s -  i n a c t i v e  s t a t i o n s ;  s o l i d  symbols - SElA s i te .  



Table 2. L-DGO SMA-Sites, Caribbean; Status 1981 

(Short List) 

STATION REMOVED INSTALLED OR SERVICED TRIGGER SICHAL 

, Dare S e r . N o .  Type Date Ser.  No. Type (yes  /no) 

VST, S t .  Thomas 

SJV, S t .  John 

A B V ,  Anegada 

AWI, Antigua 

BWI, Barbuda 

STM, Sain Maarten 

SKB, Saint Christopher 

Note: D a t e s  i n  parentheses are proposed insta l lat ion  dates.  Underlined s e r i a l  number indicates refur- 
bished u n i t .  



CONCLUSIONS 

A p r o g r a m  t o  e s t a b l i s h  a s t r o n g - m o t i o n  r e c o r d i n g  

c a p a b i l i t y  i n  t w o  s e i smic  g a p s  h a s  b e e n  i m p l e m e n t e d .  

I n s t a l l a t i o n  o f  a t o t a l  o f  10 s t a t i o n s  i n  t h e  S h u m a g i n  

se ismic  g a p ,  e a s t e r n  A l e u t i a n  a r c  o f  A l a s k a ,  h a s  b e e n  

c o m p l e t e d  i n  1980 .  I n  t h e  se ismic  g a p  i n  t h e  n o r t h e a s t e r n  

C a r i b b e a n  a t o t a l  o f  5 SMA s i t e s  a r e  o p e r a t e d  s i n c e  e a r l y  

1981 .  T h e  r e m o t e  s t r o n g  m o t i o n  s i t e s  c o i n c i d e  i n  m o s t  c a s e s  

w i t h  t e l e m e t e r e d  s e i s m i c  n e t w o r k  s t a t i o n s .  Where p o s s i b l e  

s t r o n g  m o t i o n  i n s t u m e n t s  a r e  i n t e r f a c e d  w i t h  t h e  n e t w o r k  t o  

t r a n s m i t  e x a c t  S M A - t r i g g e r  t imes t o  t h e  c e n t r a l  r e c o r d i n g  

s i t e .  M o d i f i c a t i o n  o f  t h e  t r i g g e r  moment d a t a  t r a n s m i s s i o n  

s y s t e m  f o r  c e n t r a l  d i g i t a l  e v e n t  r e c o r d i n g  i s  i n  t h e  

p l a n n i n g  s t a g e .  A m a g n i t u d e  5 . 8  e v e n t  p r o v i d e d  a t e s t  f o r  

t h e  new S h u m a g i n  I s l a n d  s t r o n g  m o t i o n  n e t w o r k  a n d  c e n t r a l  

m o n i t o r i n g  o f  SMA o p e r a t i o n  i n d i c a t e d  a t  l e a s t  4 t r i g g e r e d  

i n s t r u m e n t s .  D a t a  a n a l y s i s  o f  f u t u r e  SMA r e c o r d s  i s  c a r r i e d  

o u t  u n d e r  s e p a r a t e  f u n d i n g ,  
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APPENDIX I 

Lamont-Doherty Geological  Observatory St rong Motion Sites 

in Alaska 

This file eontalns informatton about strong motion instruments 
operated by Lament-Doherty Geological Observatory 

Shumagin Islands and Unalaska areas in Alaska 

stat ions: 
Big Konluji 
Cold Bay 
Chernabura 
OolgoI 
Dutch Harbor 
Naqa i 
Sand Point 
San Dlcgo Bay 
S i meonof 
Sanak 

B KJ 
C DB 
CNB 
0 C G 
D UT 
NG I 
SAN 
S G B  
SIM 
SNK . 

BKS 
station: Big Konuiji 
coordinates: 55 09.64'N 159 3 3 . 9 t ' V  
elevation: 773 ft 
site: cemented to bedrock at remote sp station 
ty p e  of  instrument: Kinemstrics SMA-I lg unit 
date installed: 8/8/80 
serial no.: 2 0 2 ( 8 / 8 / 8 0 )  
orientation: S7BW 
sensitivity: S70W 1 .75cm/g  UP 1,95cm/g S2BE 1.75cm/g 
natural freq.: 26.4 hz 26.3 hz 21.5 hz 
darnpi ng: 
records: none 
comments: runs off 12v  power supply a t  sp  station 

has trigger relay 
trigger may be too sensitivs 

updated: 1 2 / 3 8 / 8 8  jm 

COB 
station: Cold Bay 
coordinatss: 55 1 2 . 6 ' N  I62 4 2 . 6 ' W  
rlcvatlon: 
site: bolted to ground floor of FAA building 

building on gtaelal outwash 
type of instrument: Klnemetrfcs SMA-1 lg unit 
date installed: 4 / 2 8 / 7 6  
serial no.: 1 9 3 8  ( 4 / 2 8 / 7 6 )  
orientation: N 3 1 E  
sensitlvlty: N 9 8 E  1.71cm/g UP 1.77cm/g N 3 6 8  1.79cm/g 
natural frcq.: 26.8 h z  2 6 . 2  hz  26.2 hz 
damping : 



Appendix I (con't.) 

records: 12/29/65 
7/25/75 
recurds at USGS Menlo Park 

comments: USGS instrument 
runs off external battery 
no measure of absolute time 
need keys for padlocks to service Instrument 

f t l o  updated: 1 8 / 2 6 / 8 8  j m  

CNB 
stat Ion : Chernabura 
coordinates: 54 49.2Z'N 159 3 5 . 3 8 ' W  
elevation: 290 ft 
s i t e :  cemented to bedrock at remote sp statlon 
type of instrument: Kinemetries SMA-1 lg unit 
date installed: 7/26/85 
serial no,: 4156 (7/26/88) 
orientalon: S7BW 
sensitivity: S70W 1.67cm/g UP  Z.BBcm/g S20E 1-82cm/g 
natural freq.: 26 - 4  hz 24.3 hz 26.4 hz 
d a m p  I ng : 0 .  fig 8.68 8.60 
records: none 
comments: runs off 12v power supply at s p  statlon 

has trlgger relay 
no f u s e  in SMA 

flle updated: 1 8 / 2 6 / 8 8  j m  

DLG 
station: Dolgol 
coordinates: 55 0 8 . 4 6 ' N  161 55.14'W 
elevatlon: 1182 ft 
site: cemented to jointed bedrock at remote s p  slte 
type of instrument: Klnsmetr-ics SMA-I lg u n i t  
date installed: 7/28/80 
serlal no.:  4153 ( 7 / 2 8 / 8 0 )  
orientalon: N S 3 E  . . 
sensitivity: N53E 1.79cm/g UP 1.9Bcm/g N37W 1.76cm/g 
natural freq.: 25.2 hz 25.7 h r  26.4 hz  
dampi ng : 0.60 0.60 5.60 
records: none 
comments: runs off I Z v  power supply at sp station 

has trlgger relay 
but cannot tell trigger from S N K  trigger 
no fuse In SMA 

file updated: 11/25/88 jm  

OUT 
station: Dutch Harbor 
coordinates: 53 53.9'N 166 3 2 . 2 ' W  
elevation: 197 ft 
site: bolted to cement  plrr 
type of instrument: Kinemetrlcs SMA-2 lg unit 
date Installed: 7/7?/80 
serial no.: 4154 (7/37/80) 
orientation: N050 
sansitlvlty: N000 1.85crn/g UP 1 - 9 9  cm/g N598V 1.78cm/g 
natural freq.: 25 -4 hz 2 5 . 3  hz 26.6 hz 
damp l ng : 5.60 0.60 0.60 
records: none 
comments: runs off trickle charger 

no measure of absolute time 
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?? to 3/71/80 s327 was located at old Dutch Harbor statton DUT 
3 / 7 7 / 8 8  to 7/77/88 92677 w a s  located at old Dutch Harbor 
station OUT 

f i la updated: 18/26/88 jrn 

NG I 
station: Nagal 
coordlnates: 55 02.36'N 160 B4.15'W 
elevatlen: 773 ft 
s i t e :  cemented to bedrock at remote sp station 
type of instrument: Klnernetrics SMA-1 lg unft 
data installed: 7/26/80 
serial no.: 327 (7/26/80) 
ortentation: S 2 8 E  
sensltfvity: S2aE 1.80crn/g UP 1.85cm/g N7BE 1.75cm/g 
natural freq.: 
damp t ng: 
records: none 
comments: runs off 1 2 v  power supply at sp statton 

has trigger relay 
one time trace needs adjusting 

file updated: 12/31/85 jm 

SAN 
station: Sand Point 
coordiantes: 55 20.48'N 160 29.83'W 
elevation: 7 5  f t  
stte: bolted to cement pier 
type of instrument: Ktnemetrics SMA-1 1/2g unit 
date installed: 
serial no.: 959 ( 7 / ' Z 8 / 8 0 )  
orientation: S70W 
sensittvlty: S 7 0 W  2.07cm/8.5q UP 1,96cm/l.Sg SZBE 1.88cm/H-Sg 
natural f raq.: 17.2 hr  17.8 hz 17.3 hz 
damp l ng : 0,6B 0.68 5.60 
records: 4/6/74 81 :53 

4/6/74 83 :56  
4/7/74 
7/7/75 
1/27/79 
2/13/79 

comments: runs o f f  trlckle charger 
no measure of absolute time 
77 to 7 7  a282 located a t  school oriented at N68W 
77 to 7/28/88 +202  was here at an orientation of Nl7E 

file updated: 12/31/81 

SGB 
statlon: San Diego Bay 
coordinates: 55 32.75'N 160 27.23'W 
elevatfon: 886 f t  
site: cement pad In dtrt and rubble 
type of instrument: Kinametrfcs SMA-I lg unlt 
date installed: 8/8/80 
sertal no.: 2677 ( 8 / 8 / 8 0 )  
orlentation: H78E 
sensittvity: N 7 8 E  l.EScm/g U P  1.87cm/g N2EW 1.87cm/g 
natural freq.: 25.9 hz 25.7 hz 26.1 hz 
damplng: 8 - 6 8  8.68 8.65 
records: none 
cornmentg: no measure o f  absolute time 
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runs off only internal batteries 
one time trace out of line 
calibration indicates something may be wrong 

file updated: 12/31/80 j m  

SIH 
station: Sirneonof 
coordinates: 54 5 5 . 2 ' N  159 1 5 . 5 ' V  
elevation: 
site: bolted to cement pad set on ground 
type of instrument: Ktnemstrics SMA-1 lg unit 
date installed: 
serial no.: 2838 (6/13/88) 
orientation: N23.5W 
sensitivity: N 2 3 . 5 U  1.7Zcm/g U P  1.86cm/g S66.5W 1.66 cm/g 
natural freq.: 25 - 8  hz 25.7 hz 27.4 hz 
damping : 0.60 5.65 0 . 6 0  
records: none 
comments: runs o f f  external battery 

there are no internal batteries for back-up 
this instrument runs for 60 sec when triggered 
there is no measure of absolute time 
there is no 3p statlon here 

file updated: 11/26/80 j m  

S N K  
station: Sanak 
coordinates: 54 2 8 . 4 4 ' N  162 46.52' 
elevation: 522 ft 
site: cemented to bed rock at remote sp station 
type of instrument: Kinemetries SMA-1 lg unit 
date installed: 7/28/88 
serial no.: 4155 (7/20/80) 
orientation: N 9 0 E  
sensitivity: N 9 8 E  1.87crn/g U P  1.98cm/g - NBBB 1 .94em/g  
natural freq.: 25.6 h z  25.5 -hx 24.5 ht 
dampi ng: 0 . 5 0  0.60 5,60 
records: nona 
comments: runs o f f  12v power supply a t  s p  station 

has trigger relay 
but cannot tell trlgger from DLG trigger 

file updated: 12/31/88 j m ,  



APPENDIX 11 

Lamonr-Dohercy Geological  Observatory Strong Motion S i t e s  

in the  Caribbean 

Car ibbaan a r e a  

stat ions: 
Anegada e ABV 
Ant igua A W I  
Barbuda BWI 
St. John SJV 
St. Thomas V ST 

ABV 
station: Anegadr 
coordinates: 18 43.9Z'N 864 2 0 . 2 2 ' V  
elevation: 9 ft 
site: installed in 5 5  gal drum on concrete foundation of  abandoned building 
type of instrument: Kinemctrtcs SMA-I 1/29 unit 
date installed: 3/28/78 
serial no.: 3176 (3/28/78) 
or I neta t i on : N898E 
sensitivity: N9BE 1.81cm/0.5g U P  2 .~34cmfB.Sg  NBBB 1.84cm/B.Sq 
natural freq.: 1 8 . 5  hr 17.9 hr 18.3 hz 
damp i ng : 0 . 6 0  0 . 6 ~ 3  0.60 
recards: none 
comments: solar cell powered 
file updated: 1/18/81 jm 

AWI 
station: Antigua 
coord ina tes :  17 2-70'N 561 5 1 . 6 0 ' W  
elevation: 1113 ft 
site: Installed in cement cable vault 
type of instrument: Kinemetrlcs SMA-I 1/Zg unit 
date Installed: 2/28/61 
serial no.: 961 ( 2 / 2 0 / 8 1 )  
orientation: B00N 
sensitivfty: 00BN 1.90cm/l.Sg UP 2 .03cm/0 .59  N 2 7 0 w  1.90cm/0.5g 
natural freq.: 17.9 hz 17.6 hz 17.8 hz 
damp i ng : 0.60 8.68 0.60 
records: nona 
comments: runs off internal batteries 
file updated: 4/7/81 jm  

B W I  
station: Barbuda 
coordinates: 17 3 9 . 9 0 ' N  B6l 47.40'W 
elevation: 108 f t  
s l t e :  Installed In 55 gal. drum cemented in ground 
type of instrument: Kinemstrics SMA-I 1/Zg unit 
date installed: 2/18/81 
serial no.: 966 (2/18/81) 
orientation: NB00 
sensitivity: N500 1.91cm/8.59 UP l.74cm/B.5g N278W.Z.B8cm/0.~g 
natural f req. : 17.4 h t  18.6 hz . 17.1 h r  
damp i ng : 0.60 0.60 0.60 
records: none 
comments: runs off internal batteries 
file updated: 4/7/81 j m  
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SJV 
s t a t l o n :  St. John 
coordinates: 18 20.70'H 8 6 4  4 5 . 7 Z 1 W  
elevation: 840 ft 
site: installed on concrete basement of park ranger'g house 
type o f  Instrument: Kinemetrics SMA-I 1/2g unit 
date Installed: 3/22/78 
serial no.: 3178 ( 3 / 2 2 / 7 8 )  
orientation: N278W 
sensitivity: N270W 1.72cm/B.Sg UP 1.8Zcm/0.5g NIB0 1.67cm/0.5g 
natural freq.: 1 8 , s  hz 18.1 hr 19.18 hz  
damp i ng : 8.60 0.68 0.60 
records: none 
comments: runs o f f  trickle charger 
file updated: 1/18/81 j m  

VST 

station: St. Thomas 
coordinates: 18 21.24'H 864 5 7 . 4 2 ' V  
elcvatton: 1116 ft 
site: installed on concrete pier in vault 
type of Instrument: Kinemctrics SMA-1 1/2g unit 
date installed: 9/7/79 
serial no.: 962 (3/5/81) 
or  lentat ion: NBBM 
sensitivity: NBBB 1.97cm/B.Sg U P  1.9Scm/B.Sg N278W 1.89crn/0.5g 
natural freq.: 17.2 hz 17.4 hz 1 9 . 9  hz 
damp i ng : 0.60 5.68 8.68 
records: 2/14/88 
comments: runs o f f  trickle charger 

prior to 9/7/79 there was another SMA hers 
from 9/7/79 to 3/5/81 a1864 was here at same orientation 

file updated: 4/7/81 jm 



A P P E N D I X  111 

Brief D e s i g n  D e s c r i p t i o n  o f  S M A  I n t e r f a c e  w i t h  L-DGO S e i s m i c  

N e t w o r k s  i n  A l e u t i a n s  a n d  C a r i b b e a n  f o r  T r a n s m i s s i o n  o f  

E x a c t  S M A  O p e r a t i o n  (ON-OFF) T i m e s  

1 .  T h e  p u r p o s e  o f  t h i s  A p p e n d i x  i s  t o  d o c u m e n t  t h e  c h a n g e s  

o n  t h e  S M A / n e t w o r k  i n t e r f a c e  f o r  t r a n s m i s s i o n  o f  S M A  

ONIOFF s i g n a l s  t h r o u g h  n e t w o r k  t e l e m e t r y .  I n  a d d i t i o n ,  

t h e  s a m e  s y s t e m  p r o v i d e s  a n  a u t o m a t i c  c a l i b r a t i o n  o f  

t h e  n e t w o r k  s e i s m o m e t e r  a t  t h e  SMA s i t e .  

2 .  T h e  p r e s e n t  m e t h o d  o f  s i g n a l l i n g  S M A  a c t i v i t y ,  a 

4 0 9 . 6  Hz t o n e  v i a  t h e  RF t e l e m e t r y  l i n k s ,  h a s  a n u m b e r  

o f  p r o b l e m s  a s  d e m o n s t r a t e d  b y  r e c e n t  e x p e r i e n c e :  

a )  T h e  t e l e m e t r y  l i n k  m u s t  b e  o p e r a t i o n a l  a t  t h e  

t ime o f  t h e  e v e n t .  

, b )  T h e  i n c r e a s e d  n o i s e  l e v e l  d u e  t o  

o v e r m o d u l a t i o n  o f  t h e  s h o r t - p e r i o d  c o m p o n e n t  

V C O ' s  d u r i n g  a n  e v e n t  t e n d s  t o  m a s k  t h e  

400 Hz s i g n a l .  

c )  I d e n t i f i c a t i o n  o f  t h e  s i g n a l l i n g  SMA b y  

a m p l i t u d e  l e v e l  c o d i n g  i s  d i f f i c u l t  w i t h  t w o  

c o m p o n e n t s ,  a n d  v i r t u a l l y  i m p o s s i b l e  w i t h  

t h r e e  c o m p o n e n t s  o n  t h e  s a m e  t e l e m e t r y  l i n k .  

3.  A f t e r  c o n s i d e r i n g  a n u m b e r  o f  a l t e r n a t i v e s ,  we h a v e  

d e c i d e d  u p o n  t h e  f o l l o w i n g  d e s i g n  a s  o f f e r i n g  t h e  b e s t  

c o m b i n a t i o n  o f  c o s t ,  a v a i l a b i l i t y ,  d e v e l o p m e n t  r i s k ,  



r o b u s t n e s s  ( d e f i n e d  h e r e  a s  m i n i m i z a t i o n  o f  f a u l i u r e  

e f f e c t s )  a n d  p e r f o r m a n c e  ( s e e  a t t c h e d  F i g u r e  4 ) .  

4 .  S t a n d a r d  t ime c o d e  g e n e r a t o r s  ( K i n e m e t r i c s  TCG-1A) w i l l  

b e  i n s t a l l e d  i n  m o s t  o f  t h e  S M A - l ' s ,  i . e .  a l l  o f  t h e  

t e l e m e t e r - l i n k e d  u n i t s  i n  t h e  S h u m a g i n s ,  a n d  a l l  o f  t h e  

t e l e m e t e r - l i n k e d  u n i t s  i n  t h e  e a s t e r n  e n d  o f  t h e  

C a r i b b e a n  n e t w o r k .  T h e  2 4  h o u r  m a r k  g e n e r a t e d  b y  t h e  

TCG-1A w i l l  b e  u s e d  t o  i n i t i a t e  a s h o r t  p e r i o d  

s e i s m o m e t e r  c a l i b r a t e  c y c l e  a t  e a c h  s e i s m i c  n e t w o r k  

s t a t i o n .  T h e  t ime o f  o c c u r r e n c e  o f  t h e  c a l i b r a t e  

s i g n a l  w i l l  b e  r e c o r d e d  a t  t h e  c e n t r a l  s t a t i o n  o n l y  b y  

p r i n t - o u t  o n  t h e  s y s t e m  p r i n t e r .  A c t u a l  r e c o r d i n g  o f  

t h e  c a l i b r a t i o n  s i g n a l  r e s p o n s e  i s  o p t i o n a l  a n d  

i n d e p e n d e n t  f r o m  t h e  SMA s i g n a l l i n g .  S i n c e  t h e  TCG-1A 

g e n e r a t o r s  a r e  f a i r l y  s t a b l e  ( d a i l y  d r i f t  < . I  s e c )  we 

c a n  u n i q u e l y  i d e n t i f y  t h e  s o u r c e  ( s t a t i o n )  b y  s p a c i n g  

t h e  o c c u r r e n c e  o f  t h e  2 4  h o u r  m a r k s  f o r  t h e  SMA's o n  

t h e  p a r t i c u l a r  t e l e m e t r y  l i n k .  I f  t h e r e  i s  a n y  d o u b t  

f r o m  w h i c h  s i t e  t h e  c a l i b r a t e  p u l s e  came, o c c a s i o n a l  

o b s e r v a t i o n  ( i . e .  d i g i t a l  r e c o r d i n g )  o f  t h e  

seismometer c a l i b r a t i o n  s i g n a l  a n d  d e d u c t i o n  o f  t h e  

d r i f t  o f  e a c h  TCG-1A w i l l  i n d i c a t e  w h i c h  s t a t i o n  t h e  

s i g n a l  i s  from. I n  e s s e n c e  we a r e  c a l i b r a t i n g  t h e  

remote TCG, u s i n g  t h e  c e n t r a l  s t a t i o n  c l o c k .  

When we h a v e  r e c o v e r e d  t h e  SMA r e c o r d ,  i t  i s  o n l y  

n e c e s s a r y  t o  r e a d  t h e  r e c o r d e d  t ime f r o m  t h e  t ime c o d e  

o n  t h e  a c c e l e r o g r a m  a n d  o b t a i n  t h e  n e c e s s a r y  c o r r e c t i o n  



f r o m  t h e  c e n t r a l  s t a t i o n  r e c o r d e d  d a t a .  

N o t e  t h a t  a s  f a r  a s  time o f  SMA t r i g g e r i n g  i s  c o n c e r n e d  

i t  i s  u n n e c e s s a r y  t o  s i g n a l  o r  r e c o r d ;  t h e  p r i n t - o u t  o f  

t h e  s y s t e m  p r i n t e r  i s  s u f f i c i e n t  t o  d e t e r m i n e  e x a c t  SMA 

ONIOFF t i m e s .  




