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EXECUTIVE SUMMARY 

La te  i n  the  f a l l  of 1982 Alaskan se i smolog i s t s  became aware t h a t  l a r g e  

exp los ions  were being de tona ted  near  Bird Creek on Turnagin Arm. These 

e x p l o s i o n s  were f o r  the  purpose of widening the  Seward Highway s o u t h  of 

Anchorage, The l a r g e s t  of t hese  exp los ions ,  about 33,000 l b s  of TNT, could be 

s e e n  on records  made by t h e  seismograph a t  McKinley S t a t i o n ,  some 300 km 

d i s t a n t  from the b l a s t  s i t e .  Also v i s i b l e  on the  r eco rds  of t he  many 

seismographs around t h e  S u s i t n a  and Matanuska Valleys and t h e  Kenai Peninsula  

were some d i s t i n c t  secondary a r r i v a l s .  A c a r e f u l  a n a l y s i s  of t h e s e  a r r i v a l  

t imes has given a good c a l i b r a t i o n  of t h e  v e l o c i t i e s  of t h e  c r u s t a l  l a y e r s  

beneath the  Matanuska Val ley  and the  Kenai Peninsula.  These v e l o c i t i e s  a r e  

fundamental d a t a  requi red  t o  more p r e c i s e l y  l o c a t e  ear thquakes  i n  the  region,  

By the  time we learned  of t he  b l a s t s  only two l a r g e  ones remained; they 

were scheduled f o r  October 19 and 26, 1982. A j o i n t  p r o j e c t  was agreed upon 

by the  fol lowing agencies:  

I. U.S. Geological  Survey, Menlo Park, CA 

2. Geophysical I n s t i t u t e ,  Un ive r s i t y  of Alaska, Fa i rbanks  

3 .  Division of Geologica l  and Geophysical Surveys, Fa i rbanks  

4 .  Alaska Tsunami Warning Center ,  Palmer 

5. Research Sec t ion ,  Div is ion  of Planning and Programs, DOT/PF, 

Fairbanks 

The USGS deployed s t a t i o n s  a long  t h e  Seward Highway south  of t h e  b l a s t  s i t e .  

The DGGS and the C ~ o p h y s i c a l  I n s t i t u t e  deployed ins t ruments  t o  t he  n o r t h  of 

t h e  b l a s t  s i t e .  The Tsunami Warning Center provided l o g i s t i c  suppor t ,  

f a c i l i t i e s  and s p e c i a l  record ing  of t h e  s t a t i o n s  deployed by UAGI and DGGS. 

The Research Sec t ion  provided f i n a n c i a l  support  t o  UAGI and l i a i s o n  between 

t h e  s c i e n t i s t s  i n  the f i e l d  and the  c o n t r a c t o r  a t  t h e  b l a s t  s i t e .  



About 16 temporary s t a t i o n s  were e s t a b l i s h e d ,  e i g h t  t o  t he  s o u t h  and 

e i g h t  t o  t h e  n o r t h  of the b l a s t  s i t e .  Sharp and c l e a r  a r r i v a l s  were recorded 

a t  abou t  10 of t h e s e  s t a t i o n s  a s  we l l  as a t  s e v e r a l  of t he  permanent 

s t a t i o n s .  Pre l iminary  r e s u l t s  show t h a t  adjustments  should be made t o  t h e  

v e l o c i t y  model f o r  the  Kenai Peninsula  and Matanuska Valley. 

The  v e l o c i t y  model der ived  he re  shows an upper l a y e r  about 2 km t h i c k  

w i t h  a P-wave v e l o c i t y  of 5.55 km/sec i n  comparison t o  the  va lue  c u r r e n t l y  i n  

use of 2.75 kmlsec; the second l a y e r  has a v e l o c i t y  of 6.22 km/sec beginning 

a t  2 km dep th  and extending t o  15-20 km depth. P-wave v e l o c i t i e s  used i n  

o t h e r  models f o r  the  a r e a  don ' t  reach  6.2 km/sec a t  depths  sha l lower  than  

10 km. 

ABBREVIATIONS 

The fo l lowing  abbrev ia t ions  a r e  used throughout the  r epo r t :  

ATWC Alaska Tsunami Warning Center ,  NOAA 

DOT/PF Dept. of Transpor ta t ion  and P u b l i c  F a c i l i t i e s ,  S t a t e  of Alaska 

UAGI Unive r s i ty  of Alaska, Geophysical I n s t i t u t e  

USGS United S t a t e s  Geological  Survey 

DGGS Div i s ion  of Geological  and Geophysical Surveys, S t a t e  of Alaska. 

BACKGROUND 

During t h e  l a t e  summer of 1982 personnel  of t he  seismology groups a t  t h e  

USGS i n  Menlo Park and a t  the  Geophysical I n s t i t u t e  i n  Fairbanks became aware 

t h a t  some r a t h e r  l a r g e  b l a s t s  were being set of f  i n  connect ion w i t h  a DOTIPF 

p r o j e c t  t o  improve the  Seward Highway i n  t h e  v i c i n i t y  of Bird Creek, on 

Turnagin Arm ( s e e  Figure 1) .  Some of t h e s e  b l a s t s  were l a r g e  enough t o  be 



recorded by r e g i o n a l  seismograph s t a t i o n s  a t  d i s t a n c e s  up t o  300 km from Bird 

Creek. It was agreed  t h a t  some use fu l  i n fo rma t ion  about the  s t r u c t u r e  of t he  

c r u s t  could be obta ined  by deploying some temporary seismograph s t a t i o n s  a long  

a  g e n e r a l l y  north-south alignment from Hatcher Pass  (HTP, Figure 1 )  t o  

Seward. F u r t h e r ,  a gene ra l  d i v i s i o n  of r e s p o n s i b i l i t y  was ass igned  whereby 

the USGS would i n s t a l l  s t a t i o n s  from Bird  Creek s o u t h  t o  Seward and would 

record sho t  times, and a UAGI/DGGS group would i n s t a l l  s t a t i o n s  from Bird 

Creek n o r t h  t o  Hatcher  Pass. Below, we r e p o r t  on ly  on the  no r the rn  p a r t  of 

the p r o j e c t  c a r r i e d  o u t  by UAGI and DCGS personnel  w i th  f i n a n c i a l  supor t  from 

DOT/PF and a s s i s t a n c e  from personnel a t  t he  ATWC. 

INSTALLATION OF TEMPORARY STATIONS 

E igh t  temporary s t a t i o n s  were i n s t a l l e d  n o r t h  of Bird Creek. The 

l o c a t i o n s  of t h e s e  s t a t i o n s  a r e  shown by the  open t r i a n g l e s  i n  Figure 1 and 

t h e i r  c o o r d i n a t e s  and o t h e r  information r e l a t e d  t o  t h e i r  l o c a t i o n s  a r e  g iven  

i n  Table 1. These were a l l  s tandard  UAGI shor t -per iod ,  vertical-component 

te lemetered  se i smic  s t a t i o n s .  They cons i s t ed  of Geotech S-13, 1 Hz 

seismometers,  Monitron amplifier-VCOs, and Monitron VHF t r a n s m i t t e r s .  

S i g n a l s  were recorded a t  the  ATWC Observatory a t  Palmer. An unused USGS 

Develocorder (16 mm f i l m  recorder )  was pressed  i n t o  s e r v i c e  along wi th  some of 

t h e i r  spa re  Develco d i sc r imina to r s .  The r a d i o  frequency s i g n a l s  were picked 

up a t  Palmer us ing  UAGI Monitron r ece ive r s .  Film and record-changing were 

provided by ATWC. 

The se i smic  s i g n a l s  from the e i g h t  temporary s t a t i o n s  were recorded a long  

wi th  s i g n a l s  from n ine  permanent, r e g i o n a l  s t a t i o n s  opera ted  r e s p e c t i v e l y  by 

the USGS, ATWC and UAGI. The l o c a t i o n s  of t he  r e g i o n a l  s t a t i o n s  a r e  shown by 

the  s o l i d  t r i a n g l e s  i n  Figure 1 and t h e i r  c o o r d i n a t e s  and o t h e r  i n fo rma t ion  



a r e  given i n  Table 1. This  combination of temporary and permanent s t a t i o n s  

was operated f o r  14 days  from October 15, 1982 through October 28. 

DATA ANALYSIS AND INTERPRETATION 

Three b l a s t s  were recorded,  one on October 19 and two on October 26. The 

o r i g i n  t imes,  l o c a t i o n s  and s i z e s  of t hese  t h r e e  e v e n t s  (nos. 5,  6 and 7 )  and 

fou r  o the r  b l a s t s  a r e  g iven  i n  Table 2. The l o c a t i o n  of the b l a s t s  r e l a t i v e  

t o  the seismi'c s t a t i o n s  i s  shown i n  Figrue 1 ( n o t e  t h a t  on the  s c a l e  of t h i s  

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

The f i l u  r eco rds  of t he  b l a s t s  were sca led  on a  GeoTech f i l m  viewer j u s t  a s  i f  

they  had been ear thquakes .  The a r r i v a l  t imes of d i s t i n c t i v e  phases were read 

t o  t h e  n e a r e s t  t w e n t i e t h  of a second. The a r r i v a l  t i m e s  were then  co r rec t ed  

f o r  the  e l e v a t i o n  of t h e  s t a t i o n  (above sea  l e v e l )  and converted t o  t r a v e l  

t imes from Bird Creek t o  the  ind iv idua l  s t a t i o n s  by s u b t r a c t i n g  t h e  o r i g i n  

time : 

TT AT - C(E) - OT (1) 

where TT i s  the  c o r r e c t e d  t r a v e l  time, AT i s  the  raw a r r i v a l  t ime,  C(E)  is  the  

e l e v a t i o n  c o r r e c t i o n  (E + 5 km/sec) and OT i s  the  o r i g i n  time of the  b l a s t .  

The C(E) a r e  given i n  Table 1 f o r  each s t a t i o n ;  t h e  OT a r e  g iven  i n  Table 2  

f o r  each b l a s t .  The 'JT are summarized i n  Table 3 and a r e  p l o t t e d  a g a i n s t  

d i s t a n c e  t o  t h e  r e s p e c t i v e  se i smic  s t a t i o n  i n  F igure  2. 

The s imp les t  way t o  i n t e r p r e t  t hese  d a t a  i s  t o  f i t  them t o  a  model of t h e  

c r u s t a l  s t r u c t u r e  which c o n s i s t s  of N h o r i z o n t a l  l a y e r s .  The t r a v e l  time a s  a 

func t ion  of d i s t a n c e ,  D, f o r  such a model is: 



where TTi i s  the t r a v e l  time f o r  t h e  wave r e f r a c t e d  a long  t h e  bottom of the  

ith l a y e r ,  D is  the  d i s t a n c e  from shot  t o  s t a t i o n ,  Vi is  t h e  P-wave v e l o c i t y  

i n  the ith l a y e r ,  H i s  t h e  th i ckness  (km) of t he  j th l a y e r  and ei i s  the  
j j 

ang le  t h e  ray pa th  makes w i t h  the  v e r t i c a l  i n  t he  ith l a y e r  f o r  t h e  r a y  

bottoming j u s t  below the  jth l aye r .  Therefore,  t he  s lope  of a s t r a i g h t  l i n e  

i n  F igure  2 i s  - , so  t h e  i n v e r s e  of the  s lope  of the ith branch of t he  
vi+l 

t r a v e l  time curve is  the v e l o c i t y  of the ( i + l ) s t  l aye r .  And t h e  corresponding 

i n t e r c e p t  of the  ith branch is: 

which can be r e w r i t t e n  

H .  cos  8 
i 

H = 'i [Ii - -  i ~ '  J 

j c o s e  i 2 j=1 
1 

vi 
I 

which can be solved i t e r a t i v e l y  f o r  the l a y e r  t h i cknesses  g i v e n  t h e  Vi and Xi 

from the  va r ious  branches of the t ravel- t ime vs. d i s t a n c e  p l o t  such a s  i s  

shown i n  Figure 2. 

I n  t h e  present  case we assume only one l a y e r  over  a h a l f  space s o  we have 

f i t  two branches t o  the  d a t a :  one f o r  t he  d i r e c t  a r r i v a l  which t r a v e l s  on ly  

i n  t h e  top  l a y e r  and a second one f o r  t he  r e f r a c t e d  ray  p a t h  which fo l lows  t h e  

top  of t h e  ha l f  space. 

I n  Figure 2 the  l i n e  which goes through the  o r i g i n  and t h e  open symbols 

cor responds  t o  the  d i r e c t  a r r i v a l .  The goodness-of-fit  measure, r2, for  t h i s  

l i n e  is  0.998. The inve r se  of t h e  s l o p e  of t h i s  l i n e  g i v e s  a v e l o c i t y  of 

5.55 km/sec f o r  t he  f i r s t  l aye r .  The l i n e  through the  s o l i d  symbols 

cor responds  t o  the r e f r a c t e d  a r r i v a l s  and has a goodness-of-f i t  measure of r 2 



, =  0.998. Th i s  l i n e  has an i n v e r s e  s lope  of 6.22 kmlsec and an  i n t e r c e p t  time 

of 0.30 sec.  Using t h i s  i n t e r c e p t  t i m e  and these  two v e l o c i t i e s  (5.55 and 

6.22) e q u a t i o n  ( 4 )  g ives  1.84 km f o r  t he  th i ckness  of the l a y e r .  Summarizing, 

we have a l a y e r  1.84 km t h i c k  wi th  a  v e l o c i t y  of 5.55 km/sec which o v e r l i e s  a 

ha l f  space w i t h  a  v e l o c i t y  of 6.22 h / s e c .  

To check t h i s  model we can use equa t ion  ( 2 )  t o  c a l c u l a t e  the  expected 

t r a v e l  times f o r  the r e f r a c t e d  ray t o  each  of the  se i smic  s t a t i o n s  i n  our  

experiment .  Simplifying (3) we have : 

D H cos  8 
TT1 = - +  2  

1  1 

v2 1 
( 5 )  

where D is  t h e  d i s t ance  t o  the  s t a t i o n ,  V1 = 5.55 b l s e c ,  V2 = 6.22 h / s e c ,  HI 

= 1.84 krn and €ll - 63.16 degrees  (from S n e l l ' s  Law). 
1 

Using (5)  t he  expected t r a v e l  t imes,  <TT>, have been c a l c u l a t e d  and 
- 

compared t o  the mean t r a v e l  time, TT f o r  each  s t a t i o n .  This  comparison i s  

shown i n  Table 4. The s tandard  d e v i a t i o n  of t h e  d i f f e r e n c e  between t h e  

expec ted  and observed t r a v e l  t imes i s  0.29 seconds, and the  wors t  case  i s  0.61 

seconds. Considering the  s i m p l i c i t y  of the  model and t h e  v a r i e t y  of geo log ic  

s e t t i n g s  f o r  the var ious  se i smic  s t a t i o n s  t h i s  is  q u i t e  a  good f i t  between 

model and da ta .  

DISCUSSION 

While t h i s  is  a reasonably good f i t  t o  t h e  ma jo r i t y  of t h e  b e t t e r  q u a l i t y  

d a t a  ( i . e . ,  t hose  where a p a r t i c u l a r  t r a v e l  t i m e  is  seen a t  a s t a t i o n  f o r  two 

o r  t h r e e  of t h e  b l a s t s ) ,  t he re  a r e  many a r r i v a l s  which are n o t  exp la ined  by 

this model, some of which are q u i t e  s t rong .  I n  p a r t i c u l a r ,  no t e  t h e  8.3  

second t r a v e l  t i m e  a t  27.5 km (PMS). Th i s  w a s  q u i t e  s t r o n g  and seen  a t  PMS 

f o r  two of t h e  b l a s t s .  If t h i s  a r r i v a l  is i n t e r p r e t e d  as a r e f l e c t i o n  from 

the  bottom of the 6.22 km/sec l a y e r  i t  would sugges t  t h a t  t h i s  l a y e r  i s  about  

20 km t h i ck .  

6 



During t h e  p a s t  summer the USGS s h o t  a d e t a i l e d  r e f r a c t i o n  l i n e  from n e a r  

Valdez t o  Paxson. One of the more i n t e r e s t i n g  f e a t u r e s  of t h i s  l i n e  i s  a 

s e r i e s  of "en echelon" s e t s  of a r r i v a l  t imes which sugges t s  t h a t  t h e  c r u s t  i s  

composed of a l t e r n a t i n g  l a y e r s  of high and low v e l o c i t y .  A l i n e  f i t  t o  t h e  

more d i s t a n t  end of each  of these  sets has  a s l o p e  which corresponds t o  a 

"ve loc i ty"  of about  6.2 km/sec. These s e t s  of a r r i v a l s  a r e  l i m i t e d  t o  

s t a t i o n s  grouped i n  10-15 km i n t e r v a l s  ( t h e  s t a i o n  spacing f o r  t he  USGS l i n e  

was about  1-2 km). This  sugges ts  t h a t  as a r e s u l t  of the  sparce  s t a t i o n  

spac ing  of t h e  p re sen t  experiment (about  10-20 km) the  r e s u l t s  may be 

s p a t i a l l y  a l i a s e d  so t h a t  t he re  i s  i n  f a c t  no t h i c k  l a y e r  wi th  a v e l o c i t y  of 

6.22 k.m/sec. 

However, t h e  c r u s t a l  model ob ta ined  here  is  s t i l l  q u i t e  u s e f u l  f o r  

l o c a t i n g  ear thquakes  us ing  sparce networks of seismograph s t a t i o n s .  F u r t h e r ,  

i f  the  secondary a r r i v a l s  which don ' t  f a l l  on t h e  two main branches i n  

F igure  2 ( t h e  simple e r r o r  bars )  do correspond t o  a r r i v a l s  from a s t a c k  of 

h igh  and low v e l o c i t y  l a y e r s ,  t he re  i s  no obvious,  unique, en  eche lon  p a t t e r n  

t o  them. Therefore ,  t he  very simple model used he re  is  probably the  most 

a p p r o p r i a t e  one,  g iven  t h e  na tu re  of t he  d a t a  from t h e  p re sen t  experiment.  

FUTURE WORK 

With r e s p e c t  t o  t h e  d a t a  c o l l e c t e d  du r ing  t h i s  experiment ,  t h e r e  are f o u r  

remaining t a s k s  which would be use fu l  t o  complete: 

(1) Inco rpora t e  the  d a t a  from the USGS s t a t i o n s  t o  t he  south  of Bird Creek. 

It may be worthwhile t o  d i g i t i z e  t h e  UAGI d a t a  s i n c e  the  USGS d a t a  were 

d i g i t a l l y  recorded. This  would make p o s s i b l e  a mote uniform approach t o  

process ing  t h e  da t a .  



( 2 )  Refine and extend the  v e l o c i t y  model. This  would i n c l u d e  an  i t e r a t i v e  

eva lua t ion  of t he  a r r i v a l  time p icks  i n  l i g h t  of t h e  p red ic t ed  a r r i v a l  

t imes from the model, i n  terms of both t h e  t imes and t h e  r e l a t i v e  

ampli tudes of t he  v a r i o u s  phases. It should be p o s s i b l e  t o  read more 

r e f l e c t e d  phases t o  c o n s t r a i n  the  depth  of t h e  base of t he  6.22 km/sec 

l aye r .  Cons idera t ion  might be given t o  any ev idence  f o r  dipping l aye r s .  

( 3 )  Read a r r i v a l  t imes from o the r  b l a s t s  a t  t h e  r e g i o n a l  s t a t i o n s  of UAGI, 

ATWC and USGS. "Relocat ion" of the  b l a s t s  a s  i f  t hey  were ear thquakes 

using the  c r u s t a l  model der ived  i n  s t e p  ( 2 )  might shed l i g h t  on s t a t i o n  

c o r r e c t i o n s  f o r  r o u t i n e  use i n  the l o c a t i o n  of ear thquakes  i n  the  g r e a t e r  

Anchorage a rea .  

( 4 )  Read a r r i v a l  t imes from earthquakes i n  t he  Matanuska Val ley  dur ing  the  

period October 14-28 when the  UAGI temporary s t a t i o n s  were ope ra t iona l .  

Conbining t h e s e  s t a t i o n s  wi th  the  permanent s t a t i o n s  g i v e s  a  r e l a t i v e l y  

dense s t a t i o n  coverage dur ing  this period.  Earthquakes "caught" by t h i s  

n e t  might be q u i t e  a c c u r a t e l y  loca t ed  and then  used t o  c a l i b r a t e  s r a t i o n  

c o r r e c t i o n s  f o r  more d i s t a n t  s t a t i o n s  as sugges ted  f o r  t h e  b l a s t  d a t a  i n  

(3) above. 

CONCLUSIONS 

A pre l iminary  i n t e r p r e t a t i o n  of a r r i v a l  t i m e  d a t a  at s t a t i o n s  t o  the  

no r th  of the  Bird Creek b l a s t s  sugges ts  t h a t  the  c r u s t a l  v e l o c i t i e s  i n  t he  

upper 15-20 km can be desc r ibed  by a  simple two-layer model: 

Layer 

1 

Depth Range (km) Veloc i ty  (km/sec) 

0-1 .a4 5 055 



Thi s  model "p red ic t s "  t he  f i r s t  a r r i v a l  a t  16 s t a t i o n s  ranging  i n  d i s t a n c e  

from the  b l a s t  from 11.94 km t o  154.63 km with  s tandard  d e v i a t i o n  of 0.29 

seconds f o r  the d i f f e r e n c e s  between observed and p r e d i c t e d  a r r i v a l  times. 
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TABLE 1 

CODE NAME LAT(N) LONG(W) ELEV(m) ~1ST(km) CORR(S) OP'R MAP 

FTP F l a t  Top 61.1082 149.2083 427 11.94 -0.09 UA-T A-8 

PMS A r c t i c  Valley 61.2447 149.5606 716 27.38 -0.14 ATGIC 

PRC P e t e r s  Creek 61.3902 149.4503 198 44.47 -0.04 UA-T B-7 

EKR Eklutna Res. 61.4305 149.2583 427 53.36 -0.09 UA-T B-6 

SBY S e t t l e r s  Bay 61.5155 149.6238 7 6 56.91 -0.02 UA-T C-7 

RPZ Rapunzel 61.4860 149.1102 76 61.26 -0.02 UA-T B-6 

PMR PalmerObs. 61.5922 149.1309 100 71.33 -0.02 ATWC 

PWA Houston 61 06508 149 -8787 137 72.78 -0.03 ATWC 

SSN Sus i tna  61 04638 150.7433 1297 77.00 -0.26 USGS 

PME Palmer East  61.6283 149.0211 232 77.06 -0.05 ATWC 

KNK Knik 61 04125 148 04557 595 79.07 -0.12 USGS 

R I Z  Kisley 61 07090 149 02233 290 81 081 -0.06 UA-T C-6 

MUR blurdock 61.7710 149.8035 335 85.55 -0.07 UA-T D-8 

HTP Hatcher Pass 61.7777 149.2767 917 88.43 -0.18 UA-T D-7 

SAM Sawmill 61.8082 148 .3330 740 114.02 -0.15 USGS 

SKN Skwenta 61.9803 151.5297 564 146.69 -0.11 USGS 

SCM Sheep Mtn. 61 08333 147.3277 1020 154.63 -0.20 U A 

Distance = vector  d i f f e rence  i n  p o s i t i o n  between s t a t i o n  and sho t  point .  

Correc t ion  = t r a v e l  from zero-elevation datum t o  s t a t i o n  a t  5 kmls 

Operator: ATWC = Alaska Tsunami Warning Center 
UA = Universi ty of Alaska 
UA-T = Universi ty of Alaska, temporary s t a t i o n  
USGS = United S t a t e s  Geological  Survey 

Map: f o r  UA-T s t a t i o n s  gives Anchorage 1:63,000 quadrangle des igna t ion  



TABLE 2 

1982 Bird Creek Blasts: Origin Time, Locat ion and Size  

Time* (GMT) Loca t ion  Size 
i Date - - HR MN SEC N. Long. W. Lat. KLB - 
1 SEP 21 0417 23.54 

(SEP 20 1917) f .04 

3 OCT 05 1902 30.37 - - 19.7 
(OCT 05 1002) f .02 

5 OCT 19 2233 03.13 61' 00.20' 149' 39.95' 22.7 
(OCT 19 1333) + . O l  

6 OCT 26 1846 10 -85 61" 00.20' 149' 40.10' 6.95 
(OCT 26 0946) + -02 

7 OCT 26 1912 23.53 61" 00.20' 149" 39.65' - 
( O C T  26 1012) 2 . O l  

*Local time i s  g iven  i n  parentheses .  



TABLE 3 

Distance Corrected Travel Times 
Explosion I S t a t i o n  (km) 1 2 3 4 5 6 7 

6 PRC 44.47 
7 

5 8 -88 
6 EKR 53.36 8.91 9.21 
7 9 -88 10.58 

5 9.55 10.25 
6 SBY 56.91 10.30 
7 

5 10.15 10.55 11.55 
6 RPZ 61.26 11.63 11.98 12.98 

5 12.91 
6 

23.34(S) 
PWA 72.78 

5 12.51 134 
6 SSN 77.00 
7 

5 12.65 13.92 
6 PME 77.06 24.62(S) 

5 13.41 
6 KNK 79.07 
7 .  12.45 14.23 

5 13.79 14.51 
6 RIZ 81.81 

26.01(S) 
15.07 15.69 

5 14.54 15.66 
6 HTP 88.43 

27.39(S) 
15.67 

5 19.12 
6 SAW 114.02 
7 18.02 19.62 

5 25.17 25.77 
6 SCH 154.63 
7 



TABLE 4 

- 
STA D TT <TT> RE S 

1 FTP 11 094 2 18 2 022 - .04 

2 PMS 27 038 4.69 4.70 -.01 

3 PRC 44 -47 7 043 7 045 - 002 

4 EXR 53 -36  8 089 8 088 f 001 

5 SBY 56 091 9 055 9 045 +. 10 

6 RPZ 61.26 10.15 10 15 0 000 

7 PMR 71 433 12 025 11 077 +.48 

8 PWA 72 078 (12.88)* 12.00 (+.88)* 

9 S SN 77 000 12.51 12 068 -.17 

10 PME 77.06 12.65 12.69 -.04 

11 'KNK 79 007 12 045 13.01 -a56 

12 R I  Z 81.81 13.73 13.45 + . 28 

13 MUR 85 055 13.70 14 005 -035 

14 HTP 88.43 14.52 14.52 0.00 

15 SAW 114.02 18 002 18 063 -061 

16 SKN 146.69 24 026 23 088 +.38 

17 SCM 154.63 25.17 25 016 +.01 

*read as a d i r e c t  (secondary)  a r r i v a l  and omit ted from statistics 

Mean = -0.03 
SDEV = 0.29 
+EXT = 0.48 
-EXT = 0.61 

where Dl = H1 t a n  e l  

1 and sin 0 = - 
- v2 

RES 2 TT - <TT> 

- 
TT G mean of the  co r rec t ed  t r a v e l  times f o r  f i r s t  a r r i v a l .  



Figure  1. Location map f o r  s e i smic  s t a t i o n s  used t o  record t h e  Bi rd  Creek 
b l a s t s .  The s o l i d  t r i a n g l e s  mark the l o c a t i o n s  of permanent 
s t a t i o n s ,  while  t h e  open t r i a n g l e s  mark the  l o c a t i o n s  of temporary 
s t a t i o n s  e s t a b l i s h e d  f o r  t h e  p re sen t  study. Not shown on the  map 
are the l o c a t i o n s  of o t h e r  permanent s t a t i o n s  ( g e n e r a l l y  t o  t he  
south  of t he  b l a s t  s i t e )  nor those of the  temporary s t a t i o n s  
e s t a b l i s h e d  by the USGS a long  t h e  roads south  from t h e  b l a s t  s i t e  t o  
Seward . 

Figure  2. Time-distance p l o t  f o r  t h e  t r a v e l  t imes of s e i smic  waves from the 
Bird Creek b l a s t s  t o  the  v a r i o u s  recording s t a t i o n s .  The co r rec t ed  
t r a v e l  time i s  p l o t t e d  a g a i n s t  d i s t a n c e  t o  the  r e s p e c t i v e  se i smic  
s t a t i o n .  The c o r r e c t e d  t r a v e l  time is  the a r r i v a l  t i m e  minus the  
o r i g i n  time (of t he  b l a s t )  minus t h e  e l e v a t i o n  c o r r e c t i o n .  The 
symbols a r e  a s  fol lows:  v e r t i c a l  bar  = s i n g l e  a r r i v a l ,  t r i a n g l e  = 
double a r r i v a l  o r  s i n g l e  f i r s t  a r r i v a l ,  c i r c l e  = t r i p l e  a r r i v a l  o r  
double f i r s t  a r r i v a l ,  square = t r i p l e  f i r s t  a r r i v a l .  The d a t a  
represented  by s o l i d  symbols were used t o  c a l c u l a t e  t h e  s l o p e  and 
i n t e r c e p t  of the  l i n e  of t he  r e f r a c t e d  a r r i v a l s .  The d a t a  
represented  by open symbols were used t o  c a l c u l a t e  t h e  s l o p e  of the  
l i n e  of the d i r e c t  a r r i v a l s ;  t h i s  l i n e ,  by d e f i n i t i o n ,  i s  
cons t ra ined  t o  go through the  o r i g i n .  
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