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menta l ly  and a n a l y v i c a l l y  der ived  pre-even?. e s t i m a t e s .  Seismo- 
grams, '  pealc a c c e l e r a t i o n s ,  and response s p e c t r a  a r e  given a long  ' 

w i t h  a d e s c r i p t i o n  o f  t h e  associated geolog ic  environment. 

Techniques used f o r  t h e  pre-event  e s t i m a t e s  a r e  i d e n t i f i e d  
w i t h  emphasis o n  suppor t ive  d a t a  and on Rulison r e s u l t s .  O f  p a r -  

- 
i s  expected t o  con ta in  s t r o n g e r  high f requency components. T h i s  
h ighe r  f requency c o n t f n t  t rans1.a tes  i n t o  s ' tronger a c c e i e r a t i o n s  
r r i t h in  t h e  f i r s t  t e n s  o f  k n ~ ,  which i n  t u r n  a f f e c t  s a f e t y  p repa ra -  
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I n  t h e  range from a few t o  a few hundred kn~,  s e i smic  measure- \?. .. 
. .. 

'ments from t h e  ~ u l i s o i  event a r e  shorvn and compared e i t h  c spe r i - '  i 

titular- i n t e r e s t  is t h e  c l o s e - i n  s e i smic  f reauencv  cowtent 1~11ich 

Addi t ionalLy,  t h e  l o c a l  geo log ic  s t r u c t u r e  a t  neaiby popula- 
t i o n  c e n t e r s  must be cons idered .  Pre-event  r e v e r s e  p r o f i l e  r e -  
f r a c t i o n  surveys  a r e  used t o  d e l i a e a t c  t h e  geology a t  Rif le ,  
Rul i son ,  Grand Val ley ,  and o t h e r  s i t e s .    he geo log icpa ra .me te r s  
a r e  t hen  used tits i npu t  t o  s e i s m i c  an ip l i f i ca t ion  models which 
d e l i v e r  e s t i m a t e s  o f  l o c a l  r e s o n a n t f r e q u e n c i e s .  P r e d i c t i o n  o f  I 

I 
' s u c h  resonances  allolvs. imp.r.oved s a f e t y  assurance aga ins t  s e i s m i c  ..! 

e f f e c t s  hazards .  

, . 

. - 
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accounts f o r  a l l  these  f a c t o r s  except the  l a s t  one--the t rans-  
mission path geology, Although s tud ies  t o  de l inea te  the e f f ec t  
of  the  parameter a re  i n  progress,  the  problem remains t h a t  even 
i f  t h i s s t r u c t u r e  i s  known, s a t i s f ac to ry  models a re  not always 
ava i lab le  t o  descr ibe  the  de ta i l ed  e f f e c t  017 the  seismic motion. 

Accurate predic t ion of the  ground motion is'impel:ative, be- 
'cause associated 'seisnlic hazards nray well  1 i n l i . t  f u tu r e  Plowshare 

After  a  b r i e f  geographical, geological,  and seismic i n s t ru -  
ment  o r i en t a t i on ,  I propose t o  complete t h i s  presentat ion by 
sho~ving you Rulison seismic da t a  compared with pre-event 
est imates.  Then v:e can explore methodology used f o r  making 
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The device  'was f i r e d  a t  a  depth <of 'some 8400 f t .  i n  t h e  

. . ~ u l i s o n  gas f i e l d  of t he  Piccanbe Creelc Basin.  With t he  s e i s n ~ i c  
motions i n  mind, I cvould l i k e  t o  h i g h l i g h t  t h e  f a c t  t h a t  t h i s  
Bas in  i s  g e o l o g i c a l l y  comparable $0 t h e  San Juan Basin  of Xetv 

. Mexico rvhere a s i m i l a r  exper iment ,  c a l l e d  lfGasbuggyl tvas 
I performed. D s s e n t i a l l y  f l a t - l y i n g  beds of s h a l e s ,  s i l t s t o n e s ,  : and sands tones  predominate  i n  t he  geo log ic  columns a t  bo th  si tes.  

A s  we s h a l l  s ee  i n  a mcment , t h i s  s i m i l a r i t y  i n  source  medium 
. and geology was one f a c t o r  u t i l i z e d  f o r  tile Rul ison ground 

motion p r e d i a t i o n s  . 
. . - D a t a  and P1:edictions . . 

L e t ' s  no:v loolc a t  some of t he  Rulison se i smio  d a t a .  The nexi: 
s l i d e  (F igure  2) d e p i c t s  t h e  se i smic ,mot ion  measured i n  t h e  town 
of Rul ison.  Shown a r e  t he  r a d i a l ,  t r a n s v e r s e ,  and v e r t i c a l  corn-- 
ponents  of s u r f a c e  motion, a s  a  funo t ion  of time. A t  t he  bottom 
of t h e  f i g u r e  we s e e  t h e  aniplitude a s  a  func t jon  of t i m e  of t he  
i n s t an t aneous  vec tor  ampli tude.  From this curve y o u ~ v i l l  no t e  ' 
t h a t  t h e  peak moticn i s  7/1.0 g;  i n  t he  t h r e e  follwvving slides w e  
w i l l .  be d i s c u s s i n g  peak motion de f ined  i n  t h i s  manner. 

A conspicuc.ts f e a t u r e  a t  t he  Rulison s t a t i o n  i s  t h e  s t r o n g 0 . 0 7  
second v e r t i c a l  motion ( w i t h  a wave v e l o c i t y  o f  about 5.5 kmtsec) 
a t  t h e  beginning of  t h e  t r a c e ,  as comparr;?d wi th  t h e  hor izonta ' l - '  
r a d i a l  component. Other i d e n t i f i a b l e  tvaves a r e  seen  a t  t h e  r i g n t  
s i d e  of t h e  f i g u r e .  Appearing on t h e  r a d i a l  and v e r t i c a l  t r a c e s  
5.s a 0.15 t o  0 .2  second  Rayleigh ( s u r f a c e )  wave whose v e l o c i t y  is 
i n  t h e  o rae r  of 2 lcm/sec. Kt t he  same t ime,  on t h e  t r a n s v e r s e  
t r a c e ,  i s  e i t h e r  a  love  o r  a  - h o r i z o n t a l  (Stl) s h e a r  wave. W e '  n o t e  

. t h a t  t h i s  SU wave appears  t o  be r a t h e r  l a r g e ,  r e c a l l i n g  our  . . 
e x p e c t a t i o n  t h a t  t he  nuc lear  source  ought  p r i m a r i l y  t o  genern te  

: compressional  waves. Co inc iden ta l ly ,  t h i s  same phenomenon, has 
r e c e n t l y  coma unrler s tudy  a t  , t h e  Nevada Test  S i t e ,  where w e  a r e  . '  

. . 
i n v b s t i g a t i n g  phys i ca l  mechanisms t h a t  might be gene ra t ing  the  . ' 

s h e a r  motion. . . 

I We w i l l  a l s o  be concerned wi th  t h e  s e i smic  ?requency c o n t e n t ,  
. ' ?  

bec'ause of i t s  po9en t i a l  e f f e c t  on s t r u c t u r e s  i u c h  a s  houses ,  and 
o t h e r  b u i l d i n g s ,  i n d u s t r i a l  p l a n t s ,  dams, e t c .  When we l a t e r  
view t h e  r e sponsespec t rum f o r  each of these  seismograms, we w i l l  
be p a r t i c u l a r l y  i n t e r e s t e d  i n  s p e c t r a l  peaks tha t .  may occur a t  
reasonant  f requencfes of nearby'  s t r u c t u r e s .  

Reca l l i ng  t h a t  t h e  peak motion w i l l  be de f ined  as the  peak 
of t h e  vec to r  t r a c e ,  l e t ' s  loolc a t , R u l i s o n  peak motions a s  a  
f u n c t i o n  of d i s t a n c e  f  roln t he  de tona t ion .  .lay I have t h e  nex t  . 
s l i d e ,  p l e a s e .  (Fi.gure' 3.) Ignor ing the  s o l i d  l i n e s  f o r  a . 
moment, t ve  have t h e v e c t o r  displacement pealcs ( c i r c l e d  p o i n t s )  
p l o t t e d  a s  a  funct26t1 of t he  s t r a i g h t  l i n e ,  o r  s l a n t ,  d i s t a n c e  
from t h e  s h o t  p o i n t .  The f 5 r s t  observa t ion  i s  t h e  r a t h e r  well 
behaved dec rease  i n  ampli tude,  t h a t  i s  a t t e n u a t i o n ,  w i t h  d i s t ance .  
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Figu re  2. Rul ison S t a t i o n  ~ e i s i o g r a m  





Those f n n ~ i l i n r .  w i t h  s e i smic '  motions know, t h a t  t h i s  is-  o f t e n  n o t  7 : .  . .  . 
f. - . t h e  . case ,  s o  t h a t  f o r  Plo~vshare  act!ivity i n  p a r t i c u l a r  ,' one has .,., 

i -. t o  be concerned ivFth a c c u r a t e  p r e d i c t i o n  of ampli tudes  t h a t  
d e p a r t  on t h e  h igh  s i d e  of t h e  average  behavior..^.. T h i s  average  
behavio? is shn.vn 1qr t he  solicl  l i n e  labe1.led "observed dnia. l t  .::~ 

For comparison we sho:v t h e  1i11e 1abel.lecl l '40 k t  NTS e ~ p e r i e n c e , ~ l .  
ivhich r e p r e s e n t s  t h e  average a t t e n u a t i o n  obsercecl from over  95 
e x p e r i m n t s  >%t ehe Nevada Tes t  ~ i t e . 5  Com]>al.cd w i t h  bo th  t h o  
observed Rulison d a t a  and our NTS exper ience  is the  th i rc l  l i n e ,  , 

c a l l e d  t h e  Hpred ic t ion . l l  You w i l l  j.mmediately s e e  t h a t  t h e  p r e -  . 
d i c t i o n  is appa ren t ly  n o t  based on t h e  average NTS expe r i ence .  
A s  a  mattGr of f a c t  i t  i s  based on  the  se$.sn~ic d a t a  from t h e  
Gasbuggy Event .  , B r i e f l y ,  t he  r a t i o n a l e  f o r  t h i s  is t h e  unusual  
behavior  of t h e  Gasbuggy se i smic  d a t a  compared lvith 'our NTS , , . 
expe r i ence ,  and a l s o  t h e ' s i m i l a r i t y  of t h e  Gasbuggy and Rul ison 
geo log ic  environment.  We shall.  s e e  i n  a  moment t h a t  unusual  
behavior  appears  i n  the  v e l o c i t y  and a c c e l e r a t i o n  d a t a ,  and t h a ?  
D r .  blueller 1s depth ,  of b u ~ i a l  and medium s c a l i n g  a n a l y s i s  o f f e r s  

. a good explana t ion . '  

The n e s t  s l i d e  (F igure  4) shoivs t h e  same type of i n fo rma t ion  
f o r  t he  v e l o c i t y  peak ampli tudes  a s  a f u n c t i o n  of d i s t a n c e .  
Again, t h e  p r e d i c t i o n  agrees  q u i t e  \roll. wi th  the  observed d a t a ,  
b u t  f o r  t h e  ve loc i t5 ,es ,  ive now see  a s i g m i f i c a n t  depa r tu re  from 
N1S exper ience  w i t h  s e r i o u s  j .np l ica t ions  i f  NTS exper ience a l o n e  
were used f o r  t h e  predic t i .ons  . Assuming roughly t h a t  t he  energy 
i n  t he  seismogram i s  p ropor t iona l  t o  t h e  peak v e l o c i t y  squared  
( n o t  n e c e s s a r i l y  t r u e )  therb  would have been 25 t imes a s  much 
enexgy i n c i d e n t  on s t r u c t u r e s  a t  10 lcm than tvou1.d be p r e d i c t e d  
from NTS exper ience  (from F i ~ r i z e  4., a t  10 km the  measured pealc 
vel .ncity i s  5 t imes t h e  WlS exper ience)  . t\ misca l cu l a t i on  i n  
t h e  damage assessment,  such as t h i s  wbuld cause ,  could have a 
permanently damaging influence on Flo!vshare a c t i v i t y .  

On t h e  nex t  s l i d e  axe shov~n t h e  Rul.i.son a c c e l e r a t i o n s  a s  a 
func t io i l  o:~? d i s t a n c e ;  .again., scot1 agr'e.;?;ncnt hcttv-c.? nhe : r~ t?pd  

, . 

. d a t a  and t h e  p r e d i c t i o n  is obta ined .  The d e p a r t u r e  of t he  
observed , d a t a  from NTS exper ience  i s  even more pronounced h e r e  
than  f o r  t h e  veLoc$t ies .  For example, a t  10 lcm t he  measured 
a c c e l e r a t i o n  i s  about 8 t i m e s ' h i g h e r  than  would have been e s t i -  

- '  mated from N S  exper ience .  Another ivay of exp res s ing  t h i s  i s  t o  
n o t e  t h a t  t h e  NTS y i e l d  t h a t  nould have produced t h i s  a c c e l e r a -  
t i o n  (0.4 g)  a t  10 km, is not  4 O K t  b.ut r a t h e r  more than  1000 k t !  

A s  i n d i c a t e d  by D r .  blueller i n  t h e  preced ing  t a l k , '  t h e  p re -  
dominant f a c t o r s  caus ing  t h i s  d a p a r t u r e  f  ro111 I\'TS c?:\;;~cvj.enc~, a r e  
t h e  l a r g e  d e p t h  of b u r i a l  f o r  Rul i son ,  and t h e  s h a l e ,  s i l t s t o n e  
beo log ic  source  environment. T!le c f f o c t  of tha  l.nrcJc dep th  of 
b u r i a l  is  t o  e n r i c h  t h e  h igh  frequency seisni ic  motion, a  s i t u a -  
t i o n  ivhich f i n d s  exprossior,  i n  h igher  \~n loc j . t i en  and s t i l l  
h i g h e r  acce l cea t ion9 .  Sponso::s of underground eng inee r ing  a p p l i -  
c a t i o n s  (deep  b u r i a l )  \ v i l l .  hava t o  b,:: concc?~:rt.:!;l :v:i.tl., h i g h  accc1.- 
e x a t i o n ,  especi;tll .y a t  l o c a t i o n s  tvlt.hin t h e  f i r s t  5 or 10 m i l e s  
from t h e  s o u r c e ,  because of p o t e n t i a l  hazards  t o  people and 
p r o p e r t y .  Fox c r a t e r i n g  a p p l i c a t i o n s ,  no specia l .  problems a r i s e ,  
i n  3 h a t  Nun l l e r f , s  ... theoxy p r e d i c t s  lower s e i smic  atnplitucles 
i a t t e n d e d b v  a shi .f t  toward 1.orver f r e q u e n c i e s )  that] a r e  e w e r -  .~~ ~ 

f enced  fxon; f G l l y  t b n t j i n e d  s h o t s .  

3 .  -7- 
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promised e a r l i e r ,  here  a r e  
t a t i o n  r a d i a l ,  t r a n s v e r s e ,  

... .. ~. and ver ' t ica l  seismog~:ams shcxvn, i n  an e a r l i e r  s l i d e  (Fj.gui:e 2 )  . . - 
; Each spectrum r e p r e s e n t s  t h e  approximate v e l o c i t y  response 03 a 

s imp le ,  damped o s c i l l a t o r  t o  the  . se ismogr;~n,  a s  a func1:ion of tl.!c, 
r e sonan t  p e r i o d  of t he  o sc i l l . a to r .  Sn t h i s  c a s e ,  t he  o s c i l l n t o l :  

. i s  dnmpe'd a t  556. For t hose  f a m i l i a r  w i t h  frequency domaj.:~ repre-  
- s e n t a t i o n s  of time h i s t o f i e s  ( such '  a s  se i smogran~s) ,  tlte response ' 

spectrunl  t u r n s  o u t  t o  be siii15lar t o t h ' e  Four i e r  i:~i~plj.tucle spectrum 
of t h e  seismogram. The u t i l i t y  of t h e  response spectrum lies i n  
i t s  analogy \v i th  t h e  response .of . r e a l  s t r u c t u r e s  t o  t h e  ground 
motion.  I ' m  s u r e  t h a t  j n  a f o l l a v i n g  paper ,  D r .  Elume r : . i l l  
e x p l o r e  t h i s  p o i n t  i n  more d e t a i l .  

On the  v e r t i c a l  component spectrum we s e e  a s p e c t r a l  pealc a t  
about  0.07 seconds,, caused by t he  s t r o n g  primary wave on t h e v e r -  

' t i c a l  seismogram viewed - e a r l i e r  . The remaining preclcotinant eilergy 
i n  t h e  seismograms is containdd i n  t h e  s u r f a c e  save taotion 
(Rayleigh and SH) and t h i s  i s  evidenced by the  s p e c t r a l  pealcs i n  
t h e  neighborhood of 0 .17 seconds.  

1 would noiv like t o  t u r n  pour a t t e n t i o n  t o  t he  p r e d i c t i o n  of 
t h e  response spectrum f o r  a ferv of t h e  iml )o r t a~ l t .  l o c z t i o n s  i n  t h e  
v i c i n i t y  of t he  17ulison e s p e r i w n t .  The next  s l i d e  (1:igure 7)  
compares observed and p r e d i c t e d  s p e c t r a ,  m5.t.h tile p r e d i c t e d  spec-  
trum based on the  Gasbuggy J3vent s p e c t r a ,  dep th  of b u r i a l  c o r r e c -  
t i o n  and a l s o  on e s t i m a t e s  of se i smic  ampl . i f icat ion caused by 
impedance c o n t r a s t s  i n  t h e  near -sur face  geo log ic  l aye r ing .  The 
ampli f  i c a t i o n  i s  ' computed frorlt a n a l y t i c a l  models d e s c r i b i n g  
s e i s m i c  rcravc? propaga t ion  through the  la:.~e~:ecl sys  tern, unde1:lying 
t h e  s t a t i o n .  :Cnpu'c parameters f o r  t h e  model, namely l aye r  t h i c k -  
n e s s e s  and s e i s m i c  ve loc i i : i eq  were determined frotn s t anda rd  . 
r e v e r s e  p r o f i l e  r e f  r a c t i o n  surveys .  

Also shavn i n  t h i s  f i g u r e  i s  t h e  spectrum t h a t  tvould be 
expec ted  on t h e  basj.s of averago Xe\~ada Test  S i t e  (N:CS) e x p e r i -  
e n c e , 3  n o t i c e a b l y  <li . fferent  from t h e  Gasbuggy anit Rulison d a t a .  

, I n  subsequent  s l i d e s  you w i l l  s ee  t h a t  t he  p red lc - ion  accuracy 
f o r  t h e  Rulison TSvent improved nit11 d i s t a n c e  : A f  t o r  t he  f a c t ,  tve 
a r e  norv i n  n p o s i t i o n  t o  improve t h e  c l o s e - i n  s p e c t r a l  p r cd i c -  
t i o n s ,  i n  g e n e r a l ,  and i n  p a r t i c u l a r  f o r  t h i s  17ulison a r e a .  We 
can expec t  t o  be a b l e  t o  p r e d i c t  t h i s  s h i f t  i n  s p e c t r a l  pe r iod  
(5.n t h i s  c a s e  from 0.25 s e c o ~ x l  t O  l e s s  than  0.2 seconcls) a s  rvell 
a s  t h e  h igher  ampli.tude (40  cm/sec. versus  20 cm/sec). of t he  
rcsponse spectrum penlc; Xndced, fut:tl?er s c r u t i n y  of t he  Gasbuggp, 
Rul i son ,  and o t h e r  d a t a  shoul.tl l ead  t o  cxplal?atj.on of t h i s  c l o s e -  
i n  s e i s m i c  behavior  rvhich, u t l t i l  nwv, has  n o t  requi red  c a r e f u l  

' s t udy  f o r  s a f e t y  purposes .  

The nc:ci: s l i d e  (F igu re  8) g ives  t h e  comparison f o r  t h e  toivn 
' 

of Grand \ l i ~ l l e y ,  about 7.1 lcln from t h e  s o u r c e .  Again the  ppredf.c.- 
, t i o n  of t h e  s p e c t r a l  l~ : i I :  i s  rvithin a f a c t o r  o,f ttvo f o r  bo th  t h e  I 

p e r i o d  anti t h e  ampli tude of tl?e.perilc. 

I t ,  i h e  nex t  s l . ide  (F5.gurc 9) t he  sanE typc? of info~:mi\t ion is 
sho:vn f o r  a s t a t i ~ n  ... a t  1<if1.ej - t h i s  t i n 1 2  w i t h  very sa t : l s f ac to~ :y  

! 
agrocnlent bettveen' tho  observetl 'and p r e d i c t e d  spectrum. WG men- 
t iol . le~1 c a r ' l i e r  t h a t  s ' c i s ~ n i c  amplif ic: \ t iol> caused by nea r - su r f ace  



Figure 6. Station Rulison, Distance 9 krn 



Figure 7 .  Respollse Slxctra, Station Rulison, Distanco 9 k111 



Figure 8 .  Response Spectra, Grand Vnl . l cy ,  D:i.s;l:ancc ?.:I. km 





l ayc r ing 'was  talien i n t o  account i n  t h e  prc>dict ion of t!ie response 
s p c c t r ~ ~ ~ ~ ~ .  3.'0 g ive  you a feel f o r  t h e  amount of spectruro c!l;in~e 
caused by t h e  s t a t i o n  am~,l;i.:fic;~tion we can lool< ;it tlrs? aalnpl.if i c a -  
tj.on c o r r e c t i o n  ourvc: f o r  i:ifl.c?. Nest s l i d e  pl .e~ise .(lTj.su~:ct 10)  . 

The 7.ayer ~t:t~i.clcnc?sses anci e l a s t i c  c o n s t a n t s  determinild by a 
r e f r a c t i o n  survey a r e  shovn 5.n the  uppel: p a r t  of t he  f i g u r e .  
Using t h i s  i n fo r i~ l a t i on ,  the  amrr~.ificrxtioli  co~aputel: modc?ls f o r  
comprossiona.l ( P )  and shea r  v e r t i c a l  (S \ r )  ruaves d e l i v e r  s p e c t r a l  
alnp3,:i.fications t h a t  peak a t  about 0.1.4 second per iod  ( 7  Hz) . That 
t h i s  seisniic amplj.fj.cation a c t u a l l y  occul:red i s  ev iden t  i n  t he  
s u c c e s s f u l  predic . t ion of tile r e s p m s e  spect~:uin a t  t h i s  s i t e .  

I n  t he  nex t  s l i d e  (F igure  11) we have t h e  computed s t a t i o n  
resonance f o r  t h e  base of Harvey Gap Dam. '.Chis resonance enhances 
t h e  response spectrum i n  tlie 0 . 1  t o  0.10 p s r i o d  range (1.0~ :-I2 t o  
6 I-Iz), and we. can see  t h a t  t h i s  i s  t h e  c a s e  i n  thc  nest: s l i d e  
(F igu re  1 2 ) .  Our p r e d i c t i o n  Ls sl5.gl1tl.y hig!>er than t h e  observed 
d a t a  i n  t h i s  p e r i o d  range ( 0 . 1  t o  0.1.6 s c c ) ,  bu t  i t  rrould have 
been s ign? - f i can t ly  lower than the  observed d a t a  without t he  
s t a t i o n  a m p l i f i c a t i o n  c o r r e c t i o i ~ .  

Pre t i i c ted  s e i s i n i . ~  peak amp1.itudes and response s p e c t r a  from 
t h e  Rulison esper imcnt  a r c  t~el.1 v e r i f  icid by the  obr;er\!ed d a t a .  
Fu tu re  s e i smic  p r e d i c t i o n s  f u r  'chis a s e a  can be expected t o  be 
very accuratct f o r  sing1.e d&to~~;\ t : i .uns of l?.rgc?r y5.o 1.tl ncc l c a r  
dev?.ces, w i th  t h ?  prov is ion  tl1a.i: nuc1.ea.r y i e l d ,  -shot  c!c.fp~h of 
12urj.al and geo log ic  niediurd, s i t e  a n : ~ L i f i c a l : i o ~  e f f e c t 5  ;ind t h e  
oLose-in bel,avio~: of the  (C;asbumjjl ;inA) 2ul.ison drita .?.re nl.1 
t aken  i n t o  account .  A c ~ u r a t e  e s t i ~ r ~ a t e s  of se i smic  haznrds a r e  
then possibl.e,. 

,ncfo adclitiona'l. po in t s  ~ni(;ht be mr+ntionecl i n  coi:nection rvith 
. t h e  ground mo;ionr.. :from f u t u r c  cle'conn.tions i.n t h i s  a r e a .  The 

f i r s t  i s  t h e  ques t ion  of the: rel.ii1b3.lity of tile seislni.c p r e d i c t i o n  

~,, 
ospecia1'i.y a:; it cn'iers e s t i m a t e s  of damage? t o  s t ruc tu ;css .  ;\:uch 
of t he  a s s o c i a t e d  nnalys3.s t h a t  1, n n d D r .  >:ueLlcr i l l  more de t a i l . ,  
1.1avc ,touched upon, is 1:e):f orn~'.A on u s t e t i s t : i . cn l  L>:isis t h a t  
i n c l u d e s  a measuse of t l i c !  sr:..:isln.ic da.i:a :;cat.::er. For R l:o~lg!1 i d e a  
of tIlc+ behavior of the  d a t a  t o  bc an;tj.cipatc:l a t  J<uli:;un s i t e s ,  
\t]i.th t h e  coY]c1j.tic:n t l la t  tho iiicto;:~: I:'(.: h&\:c: ci?.scussed a r e  tcikca 
i n t o  accoun t ,  one can e s p e c t  se i smic  p r e d i c t i o n  accusncy t o  
remain conif o r  t a b l y  v?ithi.n a i a c  t o r  of t:vo. 

Anothc r p o i n t  is .  t h e  qucs t ion  of mu l t i p l e  detonal.ionc; t i t  r!'~e . . ]Zul.isol~ sj.l:c. '~3le bcl~r,\ric>n o:i S ~ ~ $ I ; I : L C  :i.:;:.iot,s :from ro'? c!:;\r!:ci; 
i s  o:pcc.t:cd 1:" c1if:Ecr f ron~  s.5.nfll.c blil:sts, :ind f u t u r e  studies :till 
]lave t o  i~ddl:css t1i:ik s i t u n t i ~ n .  I?I>.L.<.L t!~Ls l>ctIi;~v5.0~ :i.s IWII:C 

coropl.etcly undarstood,  1.css co~?f ic lc t .~c~? i l l  s e i smic  preilic.l-i.ons 
from ~ou%tipl .c  charger; w5.l . l  hnvc: t o  b e  tolcr,~tc:d . 
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