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SUMMAKY -- 
This  r e p o r t  d e s c r i b e s  a  s e t  of computer programs - c a l l e d  GLULSS - 

which produce c h r o n o l o g i c a l  l i s t i n g s  of  s e i s m i c  e v e n t s  w i t h  e s t i m a t e s  of  
t h e  a r r i v a l  t ime of t h e  l? and L waves, phase v e l o c i t y  o f  t h e  P wave, 
d i s t a n c e  and b e a r i n g s ,  a t  s e l e c t e d  r e c o r d i n g  s t a t i o n s .  The formulae  and 
e q u a t i o n s  i n v o l v e d  i n  t h e  computat ions  a r e  d e s c r i b e d  and t h e  i n p u t ,  o u t p u t  
and d a t a  s t o r a g e  arrangements  a r e  exp la ined .  

1 INTROUUCTION 

A number o f  c e n t r e s ,  throughout  t h e  world ,  c o l l e c t  d a t a  from 
s e i s m i c  s t a t i o n s  and u s e  them t o  compute t h e  o r i g i n  t ime,  p o s i t i o ~ ~  ( e p i c c n t r e j  
dep th  e t c  o f  a l l  e v e n t s  f o r  which they r e c e i v e  s u f f i c i e n t  d a t a .  The Uni ted  
S t a t e s  Coast  and Geode t i c  Survey (USCGS) [ l ] ,  and Bureau C e n t r a l  I n t e r u a t i o u a i  
d e  Se i smolog ie  ( X I S )  f o r  example, p u b l i s h  e p i c e n t r a l  d a t a  of some bOUU 
e v e n t s  p e r  year .  GEDESS was des igned  t o  s t o r e  t h e s e  d a t a  montti by month 
and t o  l i n k  w i t h  a  companion program c a l l e d  SORTER, which e n a b l e s  e v e n t s  
t o  b e  s o r t e d  and l i s t e d  i n  accordance  wi th  c r i t e r i a  r e q u i r e d  f o r  s p e c i f i c  
r e s e a r c h  programmes. GEDESS i s  a l s o  used t o  produce a r o u t i n e  monthly l i s t  
o f  e a r t h q u a k e s  f o r  d i s t r i b u t i o n  t o  t h e  f o l l o w i n g  c e n t r e s :  - 

Blacknes t - AWKE 

EKA Array S t a t i o n  - Eskdalemuir ,  S c o t l a n d  

YKA Array S t a t i o n  - Dominion Observa to ry ,  Ottawa, 
C anad a  

GBA Array S t a t i o n  - lihabha Atomic Kesearch C e n t r e ,  
( ~ a u r i b i d a n u r )  Bombay, I n d i a  

WRA Array S t a t i o n  - A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  
Canberra ,  A u s t r a l i a  

I n t e r n a t i o n a l  Seismic  - Edinburgh,  S c o t l a n d  
C e n t r e  (ISC) 

Durham U n i v e r s i t y  

Aberdeen U n i v e r s i t y  

Kew Observatory  

Brasilia Array S t a t i o n  - ISC, B r a z i l  

School  of Cosmic Phys ics  - Dubl in ,  I r e l a n d  

Uureau C e n t r a l  I n t e r -  - S t r a s b o u r g ,  France  
n a t i o n a l  d e  Se i smolog ie  
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Since  J u l y  1964 one of two s i m i l a r  formats  has  been used. T h e s e  
match t h e  punched c a r d s  provided by USCGS. Format 2 is used f o r  t i le montlily 
p r i n t o u t s ,  b u t  Format 3 is n e c e s s a r y  i f  g r e a t e r  accuracy of co-ord ina tes  
is a v a i l a b l e  and requ i red .  These fo rmats  a r e  as fo l lows  :- 

FORMAT 2 F O W W  3 

Columns 4 - 10 O r i g i n  Time (Hours, Columns 4 - 10 
Minutes, Seconds) 

11 - 15 L a t i t u c e  11 - 1 6  

18 - 22 Longi tude 1 8  - 2 3  

25 - 29 Depth (km) 2 5  - 29 

31 - 35 Magnitude 31 - 35 

37 - 41 No. o f  Values Used i n  37 - 41  
Computing t h e  Elagni rude 

42 - 43  Seismic  Region Number 42 - 43 

44 - 46 PDE Card Number 44 - 46 

OUTPUT 

Geographic Region Number 47 - 49 

S tandard  E r r o r  50 - 55 

Number of  S t a t i o n s  Used 56 - 59 
i n  Computing t h e  E p i c e n t r e  

Date  (Month, Day) 60 - 64 

I d e n t i f i c a t i o n  Number 68 - 74 

Date (Day, Month, Year) 75 - $U 

The ou tpu t  from GEDESS can  be  ob ta ined  i n  t h e  form of t a p e ,  
p r i n t o u t  o r  SC4020 o u t p u t  (both  mic rof i lm and hardcopy).  The s t a n d a r d  
form of o u t p u t  is  p r i n t o u t  on 14 i n .  wide un l ined  paper.  

The program e s t i m a t e s  t h e  parameters  a t  t h e  r e c o r d i n g  s t a t i o n  
of s e i s m i c  e v e n t s .  A l l  v e r s i o n s  of  t h e  program compute:- 

Phase  V e l o c i t y  ( v e l o c i t y  a c r o s s  t h e  e a r t h ' s  s u r f a c e  a t  t h e  
s i t e )  

Est imated Time of A r r i v a l  (ETA) o f  t h e  P phase  ( o r  PKP) l 

Back Bearing ) D e f i n i t i o n s  i n  appendix A. J 

) 
1 Azimuth 



The programs were developed by one of t h e  a u t h o r s  (J.U. Young) 
from a n  o r i g i n a l  program w r i t t e n  by T.L. van Kaal te .  They a r e  w r i t t e n  i n  
FORTRAN I V  f o r  t h e  IBM7030-(STRETCH) computer. From any g iven  e p i c e n t r e  
and s t a t i o n  co-ord ina tes  GEDESS computes t h e  azimuth,  back-bearing and 
a n g u l a r  d i s t a n c e  between e p i c e n t r e  and r e c o r d i n g  s i t e .  The t r a v e l  times 
a r e  found from t h e  computed d i s t a n c e  by i n t e r p o l a t i o n  i n  t h e  t r a v e l  
t i m e  t a b l e s ;  adding t h i s  t r a v e l  t ime t o  t h e  pub l i shed  o r i g i n  t ime g i v e s  
t h e  e s t i m a t e d  t ime of a r r i v a l  a t  t h e  cor responding  s t a t i o n s .  Phase  
. v e l o c i t y ,  p r e d i c t e d  ground v e l o c i t y  a t  p e r i o d  T = 1 S and p r e d i c t e d  

A 
l o g  - ( f o r  P waves) a r e  a l s o  computed f o r  each s t a t i o n  i n c l u d e d  i n  GEdESS. T 
The f o l l o w i n g  s e c t i o n s  d e s c r i b e  t h e  p h y s i c a l  c o n s t a n t s ,  t a b l e s ,  c o r r e c t i o n s  
e t c  n e c e s s a r y ,  as i n p u t ,  f o r  t h e s e  computat ions .  

2.1 D a t a  

Two k i n d s  o f  i n p u t  are r e q u i r e d  f o r  GEDESS:- 

( a )  Standard i n f o r m a t i o n  r e q u i r e d  by a l l  v e r s i o n s ,  a s  f o l l o w s  :- 

C o n s t a n t s  o f  t h e  e a r t h ' s  dimensions 
Tab le  of ampl i tude  as a f u n c t i o n  of  dep th  and d i s t a n c e  
Tab les  o f  t r a v e l  t imes  f o r  body waves - P and PKP 
C o r r e c t i o n  f a c t o r s  f o r  e l l i p t i c i t y  
L i s t  of s e i s m i c  and geographic  r e g i o n s  
L i s t  of r ecord ing  s i t e s .  

(b) Hypocentre d a t a :  Any a v a i l a b l e  hypocen t re  d a t a  can  be  used. 
The r o u t i n e  monthly o u t p u t  o f  worldwide e p i c e n t r e s  is prepared  
from t h e  USCGS summary of  p r e l i m i n a r y  e p i c e n t r e s  (PUE) o b t a i n e d  
i n  punched c a r d  form; t h e  monthly o u t p u t  f o r  e p i c e n t r e s  i n  and 
around Europe is t a k e n  from "l le terminat ions  P r e l i m i n a i r e s "  
pub l i shed  by Bureau C e n t r a l  I n t e r n a t i o n a l  d e  Se i smolog ie  (bCIS). 

There  are 3 i n p u t  f o r m a t s  i n  use .  Format 1 i s  used on ly  w i t h  
c a r d s  punched f o r  t h e  o r i g i n a l  form of t h e  program, when t h e s e  a r e  used 
i n  c o n j u n c t i o n  w i t h  t h e  SORTER. 

Columns 2 - 4 
6 - 11 

1 3  - 20 
22 - 26 
27 - 32 
34 - 36 
37 - 39 
4 1  - 43 
45 - 72 

PDE Card Number 
Date (Day, Month, Year) 
O r i g i n  Time (Hours, Minutes,  Seconds) 
L a t i t u d e  
Longi tude 
Depth 
Number of  S t a t i o n s  k e p o r t i n g  
Magnitude 
Name of  t h e  Area 



IdUMUEK OF STATIONS USED TU COMPUTE NAGNITULIE 

STANDAW ERROR 

NUMBER OF VALUES USED I N  COMPUTATION OF EPICEKTRE 

SEISMIC REGION NUMBEK 

GEOGRAPHIC REGION NUMBER 

PDE o r  BCIS CAR11 NUMUEK and Y M R  

MONTH (or  MONTH and DAY) and YEAR 

EVENT NUMBER and YEAR 

14. ESTLllATED TIME OF ARRIVAL 

15. DISTANCE 

16. TKAVEL TIME - P, PKP o r  LR 

1 7 .  PHASL VELOCITY 

18. AZIMUTH and BACKBUKII4G 

4.1 Long term 

. T h i s  type  of s t o r a g e  is p r i m a r i l y  punched c a r d s  and c o n t a i n s  
t h e  i n p u t  i n f o r m a t i o n  f o r  GEOESS. There  a r e  f o u r  s e p a r a t e  groups  con ta in ing : -  

( a )  I n p u t  t a b l e s  - a s  l i s t e d  i n  s e c t i o n  2 . l ( a )  - s t o r e d  on 
t a p e  f o r  some v e r s i o n s  and punched c a r d s  f o r  o t h e r s .  

(b )  L i s t  of s e i s m i c  s t a t i o n s  - t h i s  is a c a t a l o g u e  of s t a t i o n s  
wi th  t h e i r  co-ordinates  and c o n t a i n s  bo th  USCGS and Long Kange 
Se i smic  Measurement (LKSM) s e a t i o n s  . This  c a t a l o g u e ,  which is 
r e g u l a r l y  updated,  i s  a l s o  s t o r e d  on t a p e .  Both punched c a r d s  
and t a p e  a r e  r e q u i r e d  f o r  a l l  v e r s i o n s  o f  GEDESS, excep t  one 
which u s e s  punched c a r d s  only .  

(c)  Source  d a t a  - USCGS Pre l iminary  Determinat ion Data  are k e p t  
i n  2 forms: 

Format 1 f o r  1953, 1964 and 1965. 
Format 2 from J u l y  1964 t o  d a t e .  

SCIS Uete rmina t ion  Q r e l i m i n a i r e  Data a r e  kep t  i n  Format 2 fro111 
November 1965. 

Hypocentre d a t a  a r e  a l s o  k e p t  on t a p e  i n  two ways:- 

( i )  Tapes c o n t a i n i n g  d a t a  f o r  1 y e a r  on ly .  

( i i )  Tapes c o n t a i n i n g  a s  many y e a r s  a s  p o s s i b l e .  



I n  a d d i t i o n  t o  t h i s  in format ion ,  some ve r s ions  of GUESS g ive  
t h e  expected peak/peak ground v e l o c i t y ,  and t h e ,  expect,ed l og  A / T ,  where 
A = ampli tude i n  microns, T = per iod  i n  seconds.  

U .  Other ve r s ions  omit t h e  p r ed i c t ed  ampli tude d a t a ,  and g ive  
t h e  es t imated  t i m e  of a r r i v a l  f o r  s u r f a c e  waves (LR) a t  per iod  T = 40 S. 

The ou tpu t  inc ludes  s i t e  in format ion  f o r  each event ,  p r i n t e d  
ad j acen t  t o  t h e  corresponding hypocentre  informat ion,  The page width 
a v a i l a b l e  is 128 c h a r a c t e r s  of which columns 2 t o  62 c o n t a i n  t h e  hypocentre 
informat iou,  and columns 63 t o  127 t h e  s i t e  d a t a  ( d e t a i l s  of t h e  va r ious  
forms of p r i n t o u t  a r e  given i n  appendix A). The pages and even t s  a r e  
numbered i n  sequence a f r e s h  a t  t h e  beginning of each year .  The program 
is s o  arranged that. both page numbers and even t  numbers a r e  s t o r e d  on 
t a p e  a t  t h e  end of each month's ou tpu t ,  and t h e  sequerlce of numbering 
is cont inuous from month t o  month, The s e t s  of i npu t  t a b l e s ,  r e f e r r e d  t o  
i n  s e c t i o n  2, a r e  p r i r ~ t e d  annua l ly  i n  pages 1 t o  36. Event d a t a  fol low 
commencing on page 37, and t h e  system is arranged t o  s tar t  each day on 
a  new page. 

The events  a r e  l i s t e d  i n  chronolog ica l  o r d e r  o f  o r i g i n  t imes ,  
consequent ly  a r r i v a l  t imes can be ou t  of chronolog ica l  o rde r .  These a r e  
i nd i ca t ed  by an "equals" s i g n  t o  t h e  r i g h t  of t h e  ETA. This ,  and o t i i e r  
symbols used t o  warn u s e r s  of p o s s i b l e  confus ion ,  is  expla ined  i n  appenuix 
A. 

A p l o t  of each month's e p i c e n t r e s  is  produced on a  Mercator 
p r o j e c t i o n  of t h e  world; cen t red  on t h e  P a c i f i c  Ocean, Event p l o t s . o n  a 
Azimuthal Great C i r c l e  P ro j ec t i on  a r e  a l s o  a v a i l a b l e  f o r  each of t h e  4 
UK a r r a y s .  Both maps a r e  produced on t h e  SC4020 and a l l  e p i c e n t r e s  a r e  
i nd i ca t ed  by t h e  l e t t e r  E. These p l o t t i n g  r o u t i n e s  a r e  descr ibed  
elsewhere [2]. 

Two companion programs a r e  used i n  conjunc t ion  wi th  GUESS. One 
is t h e  Tape Manipulat ive Program (TMP), t o  produce GUIESS i n  con junc t i on  
with  t h e  USCGS data .  This  program i s  run monthly; it produces 2 ve r s ions  
of ou tpu t  with  a  s i n g l e  computer run,  and updates  t h e  s t o r a g e  t apes  a t  
the  same time. The o t h e r  companion program is SOKTEK which is  used i n  
con junc t i on  wi th  a  s p e c i a l  ve r s ion  of GELIESS ( s ee  appendix A) .  Any d a t a  
a v a i l a b l e  can  be used with  t h e  SORTER, s o  long  a s  i t  conforms t o  one of 
t h e  formats  de sc r ibed  i n  s e c t i o n  2.2. The most convenient  d a t a  a r e  
descr ibed  i n  s e c t i o n  4.1, 

Events can be  s o r t e d  accord ing  t o  the fo l lowing  c r i t e r i a : -  

1. YEAR - By choice  oE t apes  

2. TINE - Time of  day (Origin)  

3. LAT and LONG - Region search  

4. DEPTH 

5. MAGNITUDE 





4.2 Short term 

Tapes containing t h e  GEDESS output  information are re ta ined  
'fof a maximum of 6 months. 

5 .  CONSTANTS, FORMULAE AND CORRECTIONS 

5.1 Constants 

The following cons tants  a r e  used i n  the  GEDESS programs:- 

A = e q u a t o r i a l  radius of t h e  ea r th  = 6378.160 km 

B = po la r  radius  of  t h e  ea r th  = 6356.775 km 

K radius of t h e  sphere of equal  volume, to  6371.024 km 
: t h e  ea r th  ( t h e  mean sphere)  
! 

E p t h e  f l a t t e n i n g  f a c t o r  ( e l l i p t i c i t y )  S a (0.003353) 298.25 

G P t h e  geocentr ic  f a c t o r  = 0.993305 

H = depth i n t e r v a l  (used i n  Je f  f r eys t  and 63.3802 km 
Bu l l en r s  t a b l e s  [3])  

l 

A and E a r e  both obtained from Wilkins [ 4 ] .  The remainder of 
t h e  cons tants  axe derived by the  following formulae:- 

4 
4 13 = A I 1  - E) 8 - 3m~ 

5.2 Formulae 

(a)  The formulae f o r  d i s t a n c e  ( A ) ,  azimuth (AZ) and back 
bear ing  (BB), a r e  ca lcu la t ed  with reference  t o  the  geocent r ic  
l a t i t u d e s  of  t h e  ep icen t re  and recording s t a t ion .  For t h i s  
purpose Modified Direct ion-  Cosines a r e  used, as f 0110~s:- 

B = COS + s i n  X 
1 

C = s i n  e l ,  
where A, B and C a r e  t h e  modified d i r e c t i o n  cos ines ,  
A is the  e a s t  longitude from Greenwich, 
4 ,  is  t h e  geocentr ic  l a t i t u d e ,  
$ i s  t h e  geographic l a t i t u d e ,  
and t a n  0, = G.Tan 4, where G - 0.993305. 



A s i m i l a r  s e t  of modif ied d i r e c t i o n  c o s i n e s :  a ,  b  iuld c  
r e f e r  t o  t h e  r e c o r d i n g  s t a t i o n .  , 

The formulae used i n  t h e  program are: -  

c o s  DIST = aA + bS + C C  

s i n  A2 = - {aD + bE) c o s e c  DIST 

cos  AZ = - {aG + bH + cK) c o s e c  DIST 

s i n  BB = - {Ad + Be) c o s e c  DIST 

cos  BU = - {Ag + Bh f Ck) cosec  UIST, 

where D = s i n  h 

E = - cos  X 

G = s i n  c o s  X 

H = s i n  s i n  h 

K = - cos  

(b)  Formula f o r  p r e d i c t e d  peak t o  peak a m p l i t u d e  

P r e d i c t e d  ampl i tude  is d e r i v e d  from t h e  average  (USCGS) 
magnitude,  u s i n g  t h e  e q u a t i o n  from Gutenberg and K i c h t e r  [ 5 ] : -  

where A = ampl i tude  i n  microns ,  
T - p e r i o d  i n  seconds ,  
Q = d e p t h l d i s  t a n c e  f u n c t i o n .  

( c )  Formula f o r  phase  , v e l q c i t y  

Phase  v e l o c i t y  is ob ta ined  by e v a l u a t i n g  t h e  r e c i p r o c a l  of 
t h e  d i f f e r e n t i a l  c o e f f i c i e n t  o f  t h e  t r a v e l  time c u r v e  a t  t a b u l a r  
p o i n t s ,  and t h e n  i n t e r p o l a t i n g  t o  o b t a i n  p r e c i s e  va lue .  

F i g u r e  1 shows t h r e e  a d j a c e n t  t a b u l a r  p o i n t s :  f  f o  and 
f l .  The g r a d i e n t  t o  t h e  curve  a t  f  is £1 

-1 ' 
0 0 ' 

f ,  - f  - 1 where f: = t4gn 0 = 
2h slkm. 



FIGURE I 

This is s u f f i c i e ~ t l y  a c c u r a t e  over s h o r t  ranges of  t h e  
curve,  and corresponds with t h e  f i r s t  term f o r  g rad ien t  g iven  
i n  I n t e r p o l a t i o n  and Al l i ed  Tables (61. Tabular va lues  from 
J e f f r e y s '  and Bullen 's  t a b l e s  [ 3 ]  a r e  used i n  t h e  formula 

where F is t h e  phase v e l o c i t y ,  
T is t h e  t r a v e l  t i m e ,  
H is t h e  number of ki lometres  i n  a degree  of l a t i t u d e ,  
t h e  range of i is from 0 t o  3, 
t h e  range of j is from 1 t o  2. 

By this means a smal l  t a b l e  of va lues  f o r  Fij, is computed, 
i n  which 8 t r a v e l  times a r e  used ( s e e  f i g u r e  2 )  t o  produce f o u r  
va lues  FIl, F12, and PZ2. I n t e r p o l a t i o n  is then performed 
u s i n g  equat ion  descr ibed  below). 



(d) I n t e r p o l a t i o n  f o r ' t r a v e l  times and phase v e l o c i t y  

Values of t r a v e l  times a r e  given i n  t h e  ~ e f f r e y s '  and Bul len ' s  
t a b l e s  [ 3 ]  a t  degree i n t e r v a l s  of d i s t a n c e  and depth i n t e r v a l s  
of one hundredth of t h e  e a r t h ' s  r ad ius ,  from t h e  Mohorovicic 
D i scon t inu i ty  (0.0) down t o  a  depth of 0.12K, a s  w e l l  as t r a v e l  
t imes f o r  events  on t h e  sur face ,  Epicent res  a r e  quoted by USCGS 
t o  0.1' of l a t i t u d e  and long i tude  and t o  1 o r  2 km depth.  It is 
t h e r e f o r e  necessary t o  i n t e r p o l a t e  between t a b u l a r  va lues ,  

I DEPTH t 
FIGURE 3 



Figure 3 r e p r e s e n t s  p a r t  of a large ma t r i x  of t a b u l a r  
va lue s  i n  which TO1, T l l  e t c  a r e  ad j acen t  t abu l a t ed  va lues .  

Tl is a va lue  between T l l  and T12, 

T2 is a va lue  between Tel and 

and T  is a  value between T1 and T2. 

To o b t a i n  t h e  requi red  i n t e r p o l a t e d  va lue  T ,  3 i n t e r p o l a t i o n s  
are necessary:  f o r  T1, T2 and f i n a l l y  f o r  T. 

I n t e r p o l a t i o n  and A l l i e d  Tables [ 6 ]  g ives  ~ e s s e l ' s  
i n t e r p o i a t i o n  formula ( f i r s t  2 terms)  as 

YP = Yo + pSl12* 

where y = T, 
P 

a b  i 

B .... t h e  f r a c t i o n  of i n t e r v a l  r equ i r ed ,  p = A o r -  
i 

6112 is t h e  d i f f e r e n c e  betweell a d j a c e n t  t a b l e  v a l u e s ,  

v i z ,  (T12 - T  11 ) e t c .  

From f i g u r e  3 it can be  s een  t h a t  l 

b 
T  = T1 + z ( T 2  - T1). ..a... (3 )  

By s u b s t i t u t i o n  from (1) and (2) i n  equa t ion  ( 3 ) ,  and u s ing  

- = UDIST, 
l3 

t h e  equa t ion  s i m p l i f i e s  t o  

T  T l l  + DDEPTH (TIZ - Tl l )  + DDIST (Tgl - T l l )  

Hence t h e  i n t e r p o l a t e d  t r a v e l  t i m e  T i s  obtained.  S i m i l a r l y  
by using t he  F va lues  r e f e r r e d  t o  i n  s e c t i o n  5.2 i n  equa t i on  ( 4 ) ,  
t h e  phase v e l o c i t y  is obtained,  



5.3 CORRECT IONS 

5.301 E l l i p t i c i t y  

Trave l  t imes from ~ e f f  reys '  and Bu l l en ' s  t a b l e s  131 a r e  f o r  t h e  mean 
sphere .  GEDESS makes an e l l i p t i c i t y  c o r r e c t i o n  t o  o b t a i n  c o n d i t i o n s  n e a r e r  
t o  those  f o r  t h e  t r u e  e a r t h ,  Bul len [ 7 ]  g ive s  

where 6T is t h e  r equ i r ed  e l l i p t i c i t y  c o r r e c t i o n ,  
f (A)  is a func t i on  of d i s t a n c e  - t a b u l a t e d  by Bul len  i n  " ~ n c ~ c l o ~ a e d i a  

o f  Physics"  [7], 
h is t h e  he igh t  of t h e  e p i c e n t r e  above. i h e  mean sphe re ,  
h: is t h e  he igh t  of t h e  s t a t i o n  above t h e  mean sphe re ,  
h and hl a r e  ob ta ined  from t h e  equa t i on  
0 

wliere E is t he  e l l i p t i c i t y ,  
R is t h e  r a d i u s  of t h e  mean sphere ,  

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

E l l i p t i c i t y  c o r r e c t i o n  is  made f o r  t h e  P  phase f o r  d i s t a n c e s  from 
0' t o  110'. No c o r r e c t i o n  is  made f o r  PKP (110' t o  180'). 

5.3.2 S t a t i o n  

GEDESS has  an op t i on  f o r  app ly ing  s t a t i o n  c o r r e c t i o n s  f o r  bo th  
ampli tude and time. Methods f o r  de te rmin ing  t ime c o r r e c t i o n s  have been 
de sc r i bed  by Cleary  and IIales [8] and by Douglas [ g ] .  A method f o r  
o b t a i n i n g  ampl i tude  c o r r e c t i o n s  is  de sc r i bed  by Ca rpen t e r ,  Marshal1  and 
Oouglas [ l 0 1  us ing  exp los ion  d a t a ,  

6. SUKFACE WAVES 

The ETA of Rayleigh waves"of l jer iod T  = 40 S is provided i n  t h e  
r o u t i n e  v e r s i o n s  of GEDESS. This pe r i od  was chosen because i t s  group 
v e l o c i t y  i s  l e s s  l i k e l y  t o  be a f f e c t e d  by l o c a l  c r u s t a l  s t r u c t u r e ;  t h e  
quoted ETA w i l l  be a lmost  t h e  saqe whether t h e  phase t r a v e l s  by ocean i c  
o r  c o n t i n e n ~ a l  t ransmiss ion  path .  To compute t h e  ETA, GEDESS use:; t h e  
va lue  

d t  ob ta ined  from S i r  H. J e f f r e y s ' ,  "The Earth", Any o t h e r  va lue  of - can  be 
used t o  s a t i s f y  s p e c i f i c  r e s ea r ch  programmes. d A 
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A l .  

APPEKDIX A 

GEDESS 

GUESS VERSIONS - 
G 1  Produces a r r i v a l  d a t a  of  P o r  PKP phases  a t  up t o  1 0  s t a t i o n s .  

It a l s o  provides  p r e d i c t e d  ampl i tude  d a t a ,  based on t h e  
USCGS average  v a l u e s  o f  mb. T h i s  program is used t o  p rov ide  
in format ion  f o r  t h e  f o u r  UKAEA a r r a y  s t a t i o n s  W, GBA, WU 
and YKA, 

G2 Produces a r r i v a l  d a t a  o f  P o r  PKP phases  and t h e  s u r f a c e  
wave LR ( f o r  p e r i o d  T = 40 S ) .  It can b e  used f o r  a maximum 
of 1000 s t a t i o n s .  

G3 Is t h e  g e n e r a l  form of GEDESS and has  g r e a t  f l e x i b i l i t y .  
It produces e i t h e r  of  t h e  G 1  o r  G 2  forms, a s  r e q u i r e d ,  and 
c a n  be used w i t h  any of t h e  fo rmats  desc r ibed .  This is useu 
f o r  s p e c i a l  purposes ,  such a s  t h e  e x p r e s s i o n  of d i s t a n c e s  
i n  k i l o m e t e r s  and is  a v a i l a b l e  f o r  up t o  3000 s t a t i o n s .  

G4 Is t h e  program used t o  p r i n t o u t  t h e  p r o d u c t i o n  of SOKTEH 
and can be worked i n  any form p r e v i o u s l y  d e s c r i b e d ,  

G5 Is a s p e c i a l  v e r s i o n  of t h e  g e n e r a l  program, a l s o  w r i t t e n  
i n  t h e  FORTRAN I V  d i a l e c t ,  i n  a  form s u i t a b l e  f o r  u s e  on 
computers o t h e r  than  STRETCH. 

A2. . GUIDE TO PRINTOUT 

There a r e  two p a r t s  t o  t h e  r o u t i n e  p r i n t o u t :  p a r t  1 (pages 1 t o  
36) which is  produced annua l ly  and p a r t  2 (from page 37 onwards) which 
begins  on  t h e  1st January  each y e a r  and is produced monthly. The c o n t e n t s  
a r e  as follows:-  

PART 1 

Page 1 T i t  le. 
List of  c o n s t a n t s .  
L i s t  of c o n t e n t s  of  GEDESS. 

Pages 2 - 5 Table  of ampl i tude ,  a s  a  f u n c t i o n  of 
dep th  and d i s t a n c e ,  f o r  PZ. The t a b l e  
was o b t a i n e d  from "Elementary ~ e i s m o l o ~ ~ "  
by R i c h t e r  ( f i g u r e  V 1 1 1  - 6 on page 6 6 8 ) ,  
and is a r ranged  t o  match t h e  t r a v e l  
time t a b l e  f o r  P [3] .  

Pages 6 - 9 Table  2A c o n t g i n s  t r a v e l  t imes  o f  P  - f o r  
d i s t a n c e s  fro111 0' t o  110° ,  This  t a b l e  is 
o b t a i n e d  from J e f f r e y s '  and B u l l e n ' s  
l1 Se i smolog ica l  Tables"  [ 31. 



Pages 10 - 1 2  

Page 13 

Pages 14 - 35 

Page 36 

Table 28 con ta in s  t r a v e l  t imes of 
PKP, f o r  d i s t a n c e s  from 110' t o  180' 
[ 31 

Table 3 c o n t a i n s  t h e  dLs tance  f u n c t i o n  
f o r  e l l i p t i c i t y  c o r r e c t i o n .  See 
" ~ n c ~ c 1 o p a e d i . a  f o r  ~ t i y s i c s "  ( t a b l e  3 
on p.96) [71.  

Table 4 Seismic and geographica l  r eg ions ,  
from "A Proposed Bas i s  f o r  Geographical  
and Seismic Regiona l i sa t ion"  by A. E. F l i n u  
and E.R. Engdahl [ l l ] .  Each s e i smic  r eg ion  
con t a in s  a number of geographic  reg ions .  l 

For convenience of t h e  Blacknest  programme l 
l 

some geographic reg ions  are under l ined  I - l 

i n  var ious  ways. The s i g n i f i c a n c e  of  t h e  I 

under l i n i n g  i s  a s  follows:- 

*** P a r t  o f  t h e  USSR, Eas t e rn  Europe and China 
TTT Region i nc lud ing  a known Tes t  S i t e .  ! 
Table 5 is  a l i s t  of t h e  s e i smic  r eco rd ing  
s t a t i o n s  used i n  GEDESS, t o g e t h e r  w i th  
t h e i r  co-ordinates ,  and c o r r e c t i o n s  w11 e r e  
a v a i l a b l e  . 

PART 2 I 

L i s t s  of ear thquakes,  hypocentre  and s i t e  da t a .  Each day beg ins  1 
on a f r e s h  page with  a set of column headings,  which are i n  two p a r t s  as l 
f o l l w s  :- l 

(a) HYPOCENTRE DATA - from EVENT NO t o  NO OF STNS USED. 

(b) SITE DATA - from STN t o  right-hand margin. 

The r o u t i n e  e p i c e n t r e  d a t a  i s  suppl ied  as i n p u t  t o  t h e  program 
from USCGS summary of e p i c e n t r e s  (PDE) and from BCIS "Determinations 
Pre l imina i res" .  . , 

The s i t e  d a t a  a r e  ou tpu t  from t h e  program. Headings are p r i n t e d  
a t  t he  s t a r t  of each day,  w h i l s t  t h e  code numbers, d a t e  and page numbers 
a r e  p r in t ed  a t  t h e  t o p  of each page. 

(a) HYPOCENTRE DATA - is p r i n t e d  i n  two l i n e s ,  one above t h e  
o the r .  

Top Line:- 

EVENT NO - a count  o f  even t s  from t h e  beg inn ing .  
of the year.  



O R I G I f j  TIME - i n  Universa l  Time (GMT) is used 
f o r  o b t a i n i n g  a ch rono log i ca l  

H sequence of even t s .  

LAT LONG - t h e  cuord i r la tes  of t h e  e p i c e n t r e ,  

- a s  quoted on t h e  PDE ca rd s .  
KMS I 

MAG l - magnitude - USCGS average  a s  quoted 
on t h e  PDE ca rds .  

CGS 

- t h e  number p r i n t e d  beneath  t h e  
magnitude is t h e  number o f  s t a t i o n s  
used t o  produce t h e  average va lue  
quoted. The USCGS c o n s t r a i n t  is  t i i a t  
a l l  s t a t i o n s  magnitudes should l i e  
w i t h i n  0.7 o f  t h e  average  magnitude. 

- is t h e  s t anda rd  e r r o r  of t h e  t ime  
r e s i d u a l  ( i n  seconds)  f o r  t i le d a t a  
used. 

NO OF STNS - is t h e  number of s t a t i o n s  used by 
USCGS t o  compute t h e  e p i c e n t r e .  

USED 

Lower L ine  

CARD NO - t h e  number of t h e  PDE c a r d  on which 
t h e  even t  has  been l i s t e d  by USCGS 
(o r  BCIS c a r d  number). 

R E G I O N  - each s e i s m i c  r eg ion  c o n t a i n s  a number 
o f  geographic  r eg ions ,  bo th  o f  which a r e  
p r i n t e d  under t h e  heading REGIOS.  The 
geographic  r eg ion  number is p r i n t e d  
i n  l i n e  w i t h  and t o  t h e  l e f t  of t h e  
r eg ion  name. The s e i smic  r eg ion  
number is p r i n t e d  below t h e  geographic  
r eg ion  number. Note: Some r eg ions  . 

. are under l ined  as p r ev ious ly  de sc r i bed .  

(b )  SITE LIATA - i n  t h i s  h a l f  of t h e  p r i n t o u t ,  one l i n e  is used f o r  
, each s e i smic  r eco rd ing  s t a t i o n  inc luded  i n  t a b l e  5 ( P a r t  1 - p.36). 

- code l e t t e r s  of r e co rd ing  s t a t i o n s  
(USCGS) . 

PHASE VEL - is t h e  v e l o c i t y  of t h e  P wave a c r o s s  
t h e  e a r t h ' s  s u r f a c e  at t h e  s t a t i o n  arid 

KliS /SEC is quoted a s  fo l lows  :- 



0' - 110' - v e l o c i t y  o f  P t o  
0 .1  km/s . 110" - 180 - v e l o c i t y  
o f  PKP t o  2 f i g u r e s .  Note: Values 
i n  excess  of 100 km/s a r e  p r i n t e d  
as 100 km/s. 

T I M E S  - t h e  es t imated  t ime of a r r i v a l  (ETA) 
c a l c u l a t e d  by adding t h e  J and B 

ETA t r a v e l  time t o  t h e  USCGS o r i g i n  
t ime and c o r r e c t i n g  f o r  e l l i p t i c i t y .  

GMT A s t a r  (*) a f t e r  t h e  ETA s i g n i f i e s  
t h a t  t h e  time quoted is on t h e  day 
fo l lowing  t h e  d a t e  p r i n t e d  a t  t h e  
top of  t h e  page. An equa l s  (=) s i g n  
a f t e r  t h e  ETA s i g n i f i e s  t h a t  it is 
not  i n  ch rono log i ca l  o rde r .  This  
may occur  because t h e  l ist  is 
ch rono log i ca l  wi th  r e spec t  t o  o r i g i n  
times. 

Brackets  ( ) e n c l o s e  ETA'S where 
t h e  d i s t a n c e  l i e s  between 100' and 
115' t o  warn t h e  u se r  t h a t  t h e  t ime 
quoted may n o t  correspond wi th  t h e  
f i r s t  a r r i v a l  a t  t h e  s t a t i o n  concerned. 

( DIST - 
( 
( 

A N G L E ( B l 3  - 
( 
( 
( 
( M  - 
( 
( 

is t h e  g r e a t  c i r c l e  d i s t a n c e  between 
e p i c e n t r e  and record ing  s t a t i o n .  

is t h e  back bea r ing  - s t a r i o r ~  t o  
e p i c e n t r e  i n  degrees  - measured i n  
degrees  Eas t  of North. 

azimuth is a s i m i l a r  a n g l e  - e p i c e n t r e  
t o  s t a t i o n  measured i n  degrees  E a s t  
of North. 

PK/PK VEL - ' is t h e  va lue  q which when m u l t i p l i e d  
by 10"~ expresses  t h e  peak t o  peakground 

X I O - ~  CM/SEC v e l o c i t y  i n  c m  s'l - where q = 4 0 l r ( ~ / T )  - 
and i s  p red i c t ed  from t h e  USCGS magnitude. 
It is g iven  t o  an accuracy of  two 
s i g n i f i c a n t  f i g u r e s .  

I 

LOG A/T - i s  der ived  from t h e  magnitude where 
A P aPK/PK ampli tude i n  mp, 
T = pe r iod  of o s c i l l a t i o n  i n  seconds.  

I The foregoing  desc r ibe s  t h e  G 1  and G5 p r i n t o u t s .  I n  t h e  G2 and 
l G2E ve r s ions  t h e  columns PK/FK VEL and LOG A/T , a r e  omi t ted ,  and 

t h e  ETA f o r  Rayleigh waves LR(3.97)* a r e  p r in te t l  a d j a c e n t  t o  the 
ETA f o r  P o r  PKP. Consequently t h e  ang l e s  - DIST, BB and AZ a r e  
moved over  t o  t h e  extreme r i g h t  of t h e  p r i n t o u t .  G3 and G 4  p r i n t o u t s  
can be i n  e i t h e r  form. 

*Note LK(3.97) ... 3.97 km/s is  t h e  v e l o c i t y  of Rayleigh waves of pe r iod  
T = 40 S. 



I 
8 A3. PROGRAM DETAILS 

i 
Each ve r s i on  .of t h e  program inco rpo ra t e s  t h e  f o l l w i n g  

i n t r o d u c t o r y  ca rd s  :- 

Job Card 

TYPE GO FORTRAN 1 
'OE ) i n  p a i r s  accord ing  t c  conput ing  requ i rements  
REEL CARD ) 

( FIOD CARDS 
BINARY CARDS ( SETS of Program Cards,  accord ing  t o  v e r s i o n  i n  u s e  ( s e e  

( fo l lowing  l i s t s )  

I l 

Branch Card I 

l 
TO 

S t a t i o n  Cards ... To c a l l  s t a t i o n s  r equ i r ed  

Data Cards 

Note: GEDESS i s  in tended  as a f l e x i b l e  system of  computer programs. The 
program l i s t i n g s  pub l i shed  i n  t h i s  s e c t i o n  w i l l  t h e r e f o r e  vary  t o  a c c o m o d a t e  
new requirements  and can  only be t aken  as a  gu ide  t o  t h e  system. 

G 1  L i s t  of Subprogranis 

INTRODUCTORY CARDS 

MG1 Calls M A I N  program 

1 G i l l  . MAIN S e t s  up t a p e s ,  coun t s  e t c  

GS 1 SET UP Tables  set up f o r  u s e  

1 G D 1  GEDESS Produces p r i n t o u t  

GP 1 PICKING LIST AND MAPS Produces l i s t  of  P,  PKP on  G 1  ( a l s o  
c a l l s  map program) 

GG l GEO RGE 

G C 1  CONSTANTS 

I GTl TIME 

i GL 1 LINEAR 

Geocent r ic  va lue s  - DIST, U ,  BB 

Modified cos ine s  e t c  f o r  GEORGE 

ETA'S f o r  P ,  LR. Also phase v e l o c i t y  

I n t e r p o l a t i o n  f o r  TIME 



GM1 MAGNITUDE 

G R 1  REGION 

APbfAP ) 
APCOD ) W 
APPOL ) PROGRAM 
SPACE ) 

P r e d i c t s  ground v e l o c i t y  and l o g  A/T 

Look up where necessa ry  

Computer runn ing  t i m e  

Uses SC 4020 t o  produce 
e p i c e n t r e s  on az imutha l  map 

Branch Card e t c .  

A t  p r e sen t  o t h e r  v e r s i o n s  a r e  s i m i l a r  t o  G1. The d i f f e r e n c e s  
a r c  a s  fo l lows  :- 

G 3 - G 5 

MG omi t ted  MG omit ted 

GP omit ted GP omi t ted  

GR omi t ted  

G11 omi t ted  - W 

- - GK omi t ted  

No maps No maps 

Note 1: The S e c t i o n s  GP2, GQ2 are used t o  produce p l o t s  of e p i c e n t r e s  
on  Mercator p r o j e c t i o n s  of t h e  world i n  G2, and s i m i l a r l y  GP2E8GQ2E f o r  
t h e  G2E vers ion .  

Note 2:  The G3 v e r s i o n  u se s  a s e t  of  t a b l e s  i n  punched c a r d  form. This  
is  a t  t h e  back of  t h e  deck, immediately a f t e r  t h e  branch card.  

! 
Note 3: G 5  is  t h e  s i m p l e s t  v e r s i o n  of  t h e  program and does n o t  i n c o r p o r a t e  

1 the u n d e r l i n i n g  of  r eg ions ,  and only  works w i t h  punched cards .  

C4 i s  a s p e c i a l  purpose program o f  wide f l e x i b i l i t y ,  

* INTRODUCTORY CARDS 

SORTER . . . .'. d e t a i l s  i n  appendix B,  s e c t i a u  
B1 

MAPPING . . . . d e t a i l s  i n  appendix B ,  s e c t i o n  
B2 



Branch c a r d  e t c .  

Note 4: G4 a l s o  i n c l u d e s  a s e t  of c a r d s  c o n t a i n i n g  t h e  i n p u t  tables. 
These come immediately a f t e r  t h e  branch card.  



APPENDIX B 

ASSOCIATED PROGRAMS 

B1 SORTER 

This program works i n  conjunc t ion  wi th  GEDESS and a c t s  as a 
sub-program t o  t h e  G 4  vers ion.  It con t a in s  t h e  fo l lowing  6 sub-programs:- 

UDS Main s o r t e r .  

SUDS - S o r t s  on d a t a  of a s e l e c t e d  s i t e ,  

COMPAR - Fixes l i m i t s  of s o r t e d  parameters.  

CONCOD - Converts l a t i t u d e s  t o  0 t o  180' from North Pole .  

l ong i tudes  t o  0 t o  360' from Greenwich. 

INPUT - Reads i n  d a t a  t o  Format 1 o r  Format 2. 

REGION - Seismic and geographic  reg ions ,  

A program by Young and Douglas [2 ] .  is  used t o  provide maps which 
show t h e  l o c a t i o n  of ep i cen t r e s .  This ope ra t e s  wi th  most ve r s ions  of GEDESS 
and t h e  SORTER. 

B3.  TAPE MANIPULATIVE PROGRAM (TMP) 

The program is  w r i t t e n  wi th  s p e c i a l  emphasis on t h e  ca rd  image 
(80 c h a r a c t e r s )  GEDESS tapes .  The G 1  and G2 ve r s ions  of  GEDESS a r e  
published r e g u l a r l y  and r e q u i r e  the same inpu t  data.  I'MP w i l l  produce 
bo th  a t  a s i n g l e  computer m. The u s e  of G4 wi th  t h e  SORTER r e q u i r e s  i n p u t  
d a t a  i n  ch rono log i ca l  o r d e r  and  TMP i s  arranged t o  update  t h e  tape s t o r e s  
r e f e r r e d  t o  i n  s e c t i o n  4 , l (c ) .  

The program is c o n t r o l l e d  by i n s t r u c t i o n  c a r d s  which a r e  read 
a s  d a t a ,  and a s e r i e s  of code words i s  used i n  conjunc t ion  wi th  them. , 



0 3 - L n  
c * . .  

C t'J 

i i w  
l I 
I I -J  UJ 
I I ~ W  
1 4 1 0 m  cr 
1 I 0 

> - 'C, P- . . . .  
S e M m  
m a t -  
rg M 

i t i z  G 
I I 0 
1 a 1 a  

, > O N C  . . . .  
I - L n t O  
-9c.a 
P-CC 

I1 ll' 
- C J r I -  L A I - I ~ M  

e . . .  * . . *  
~ n l n l n ~  r :  G-f -  
N -  t t CJ 

1 1 1 1  I I I I  
Nln.QIn l n l n m -  
m N W, m m m m r r )  

1 1 1 1  I I I I  
* a j - t  t d t t  

CI 
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0.0-- 
lnNC\Irr) 
I I I I  
( V c r f  cO 

-0.lAl.n 
. . U .  

t M c O W  
t C C J r  
I I I I  
MCJA- 
N N - N  
I I I I  * n tn3a 

C C  C 

I I I I  
99-09 

NNN-  
I I I I  
9990 

a u a a  
SYcDtZ 
* W O 3  

I I C  I 
I lln I 
I I I 
I I I 

I I' I 
I 

I I O U - ~ Q I  
I l 7 O ; T W l  
I I CV) l 
I I I  m 2 1  
I I I ', I 

I 
I I l 
I 1  I 
I U I  I 
I I 0  m 0 1  
I C I Q  , 3 7 1  
I I L ,  U I 
l d l  I 
l I I 
I C I  I 
I I S  I 
I I t  Y) l 
1 1 0  C I. 
I L J I ~ U  r I 
I I Q  I 
1 1 1  I 
I I I 
I " l  I 



o o m ~ o c a o o o o  .......... 
0 0 m m O Q P c 0 0 0  
m o P * I - - C O \ i 1 0 0 0  

C C C  C C C  

C-' 
3 h- 

l 9.- 
L 
f 



I r - g e u t  U-6- ~ P - P - W  w u c w  O O O -  
1 .  . . .. . . e .  . a * .  .... .... 
I O . 0 - W  6 9 6 -  m a C F o  ~ J P W ~  * *o f -  
l WmCPU a-aCF ;I- a V a-001 awl-0  
I a# at M W -  at m  F m m -  m m -  
l 
I 
1 W 1  I- UP .U W U P P  O N P W  Q N W W  W C F W W  . . . .  l ..... .... b . . .  . . b .  

I W I P V -  , ~ U L P N G  r - e ~ r b )  i - u c u u  S W N U  
I S t a - c Y  N U C W  N W C W  N W - W  N W - W  
I C C)  *l  - a1 m  F W )  at m  at r at a )  

a i  i - -  v1 
UJ l 1 %  U1 

L I 
W l I -  a 

Z I  I Z  LU 
I I Q 

W l  1 4  
W I  I 21  l " 

YI 
I ! "  

l 
l 0 * Y  

U I Q - W  W W . Q P I I  a~ 3 W a1 N W S C I  . - - - W  i - ( v C *  - m  a )  CV U I  m  .a'* - N a m 1  
l l 1 1 1  1 1 1 1  I l l 1  

I ~ ~ c ~  m m m m  l 1 1 1  
I S N m -  N o 0 0  I I I (ctntnm 
( u m  m r ~ m  (U - 3  f (VM - m  M 

- O C P W  r t - u a ~  
. b . .  . b . .  

w r g w -  cu W U? W 
f N N N  N N W N  

l t t l  ' m r u m m  C D O O W  
C C C 

C C C C 

C C C C  C C C C  

- 
1VUl U IW . . . .  
* U U W  
W I  a U I  n )  
I 1 1 1  

6 M O Q  
mmur 
1. l * Y  
e r - f - W  
C C C C  

U 

CI 

U 1  3 IIIU 
. . b .  

V U W W  
N N a l N  
I l l 1  

C W W W  
( V r - ( V  
1, 1, l' 1. 
(DwalCD 
C C C C  

v 

z i 
l Q 

W I Z  
10 

0 4. 



G 3 ' 26 S E P  66 P A G E  NCPBER 711 __---------------------------------------------------------------------------------------------------------------------------- 
F Y P O C E N T R E  D A T A  S I T E  C B T A  ------------------------------------------------------------------------------------------------------------------------------ 

EVENT O R I G I N  T I M E  CAT LONG CEPTH HAG S E  - N O  STN PHASE T I Y E S  A N G L E  
N 0 0 F VEL (P) E l A  C I 5.1 E! B A Z 

CARD H Q E G I O Y  CG S S T N S  P O R  pKP L R  (3.971 
N 0 K P S  N C U S E D  K H S / S E C  G P 1  CEGREES 

4G.45 174.8E 3 3 - 0  1 9  9 AAA 
0 AA0 

163 COOK S T R A I T *  hEM ZEALAhC 4 AC 
\ l A A E  

AbH 
ABA 
ABC 
ABE 
ABJ 
ABK 
ABS 
ABU 
AD- 
ADA 
AD E 
A OH 
ADK 
AF 1 
AGE 
AGR 
AHA 
AHU 
A l i A  
A I D  
ASK 
AJI 
AKH 
AK I 
A K U  
AKU l 
ACB 
ALE 
ALG 
AL I 
ALH 



PAGE NUMBER 1 ---------------------------------------------------------------------------------------------------------------------- ! 
H Y P O C E N T R E  C A T A  S I T E  D A T A  --------------------------------------------------------------------------------------------------------------------------- 

l 

EVENT O R I G l Y  T I M E  LAT LOYG DEPTH HAG SE - NO STN PHASE T I M E S  A N G L E  
N 0 OF VEL ( P )  E T  A C I S T  88 h2 

CBRD H K E G I O Y  ' CG S STNS P OR PKP LR (3.991 
. NO KOS N 0 USED KHS/SEC . GMT DEGREE S -------------------------------------------------------------------------------------------------------------------------- 
3658 4-17- 2.1 37.4fiJ 114.2W 3 3 .C 09- 5 YKA 11.7 4-22-25.1s C-29-4b 25.1 179.2 358.6 

C EK A 18-k 4-28-15.2s 4-50-58 70.6 308.0 3b.b 
7 0 4 1  SOUTHERN NEVAGA GBA 57. 0 4-36- 5.1s 5- 17-52 128.1 11.8 3C5m6 

3 T T T T T T T T T T T T T T T  WR A S T .  0 4-35-46. 7s 5- 1 3-26 110.6 57.6 265.9 

3660 5-1 3-58.1 27.5N 92.6E 3 3 5.6 1 .0 -35  YKA 23.1 5-23-4b. 1 5-52-55 07.7 336.0 12.3 
8 EKA 10. 5 5 2 2 - 1 3 0 9  5-45- 6 71.0 69.2 323.5 

67 313 I Q D I A - C H I N A  BORDER REGION GBA 13.2. 5-15-28.5 5-2 1- 10 19.0 13.3 228.7 
26 *+re** e a e * + r r r r r * r * * * *  WRA 16.6 5-21-18.5 5-40-58 62.1 318.0 13C.P 

6- 3-48.4 2 7 , b r ~  92.7E 33 4.2 1.4- 6 YKA 23. 1 
1 EK A 18.5 

31 3 IND IA-CH I N A  BCRDER 3EG I C N  GBA 1'3. 3 
26 ~tosoo~**r+*e*rte*aee*oes WR A 16- 6 

7-13-1 1.3 37.3N 11402H 3 3 00 1.2- 7 v# 4 11.7 
C €K A 18.4 

41 SOUTHERN NEVADA GB A 57. 0 
3 T T T T l T T T T T T  T T T T  WRA - 57.0 





APPENDIX C, 

PROGRAM L I S T I N G  

G E D F S Z  C 5  
R T Y P F , C O M P l L F , F 4  
T  S I I O T Y P E  ,Flan 
R l n 1 0 n , E R E A D F R  
R Z D l  n D , E P H I N T E R  
I( i n ,  TPIINCH 

F Y U  
T  S I I R T Y P F . F F R T R A N  
C 6 F O F S S  M A I N  PRnGRAM ( G X I  
C ------ ---- ------- ---- 
c 
C  GE!)ESS -- A F R A M E H n R K  FOR P R F D I C T I N G  A P R I V A L  O A T A  AT S E I S M I C  S T A T I O N S  
C ------ 
c 
c. 
C  TLIE M A I N  P R O C A 4 M  S F T S  IJP -- 
C  
C  
C  l I T H F  CYMROLS RFOIJTRF'I R Y  T t l F  PROGRAM F Q 0 M  THE C A R P  - 
cJ INF I -RM&RbPRMAYJ l lNJULAUG5EPOCTNOVDEC * = 1  * ) = l  1 ? I l l ( ?  CNSEW T n  F R f l M  
C  
C 
C  ? l  THE C O N S T A h ' T q  - 
C  
C G I V F N  A T Y F  F Q I J A T O R I A I .  9 A n I l l S  
C ELLIP THF ELLI  P r l r  ITV F A C T O R  
C  
C  T H F  PROGRAM C F M P I I T F S  T H F  O T H F Q  C O N S T A N T S  H F O I I I R E r )  F a O M  T H C S E  TWr3 - 
c P T H F  P n L A R  R A D I U S  
C  U THE R A D I O S  n F  T H E  M E A N  S P H F R E  
C G F A C T  T H F  G F O C F N T R I C  F A C T O R  
C  E R  COWSTANT FOR C O M P U T I N G  H E I G H T  P R O V E  Y E A N  S P H F R F  
C  O H  J B  T A B L E S  I N T F R V A L  
C  P C D N S T  D I S T A N C F  I N  TWO O F G R E F S  1 N  K l L f l M F T R E S  
C  
C ~ v n  A L S O  P I 
C. n T O R  D F G R E E S  T O  R A D I A N S  
C  R T O D  R A n I A N S  T O  D F G R F E S  ' 
C C F X  C O N V E R S I O N  F A C T D R  F O R  C D H H U N  T O  H Y P E R R O L I C  L O G S  

C  S E C D A Y  S E C O N D S  I N  A  D A Y  
C T H I K D t P C ' U N l l  
C  
c 
c 3 )  T H E  C f l U Y T  CARD W H I C H  l S AS F D L L n W S  - 
C CRLS. 1-5  F V E N T  C O U N T  
C C.OI S. C - l r  P A G F  COIJNT ( S F F  4 1  
C  * C D L S . 1 1 - 1 7  N U M F R I C  C(JOF F O R  MONTH end R L A N K l  
C  Cfll.. 1 4  S T A R  l * )  O P T I O N A L  
C  C O L S . 1 5 - 1 7  4 L  PHANIJMFR I C  C O D F  FOR MONTH 
c c 0 ~ s . 1 ~ - 2 0  NUMERIC CODE FPR Y E A R  ( L A S T  T W O  n l G I T s 1  
C 
C  * I F  C O L S . 1 1 - 1 7  UAVG d NIIMERIC.  C O n E  F n R  MONTH I O T Y F R  T H A N  Z F R n l  
C T H E  E V E N T  CA' iDS P R F  f t l F C K F D  T H A T  T H E Y  ARE F n 4  THAT M n N T H  
c A N D  A R F  I N  CL(QPNf lCICA1.  ORDER 
C  I F  C O L S . l l - l ?  7 F R U  OQ R L A N K  T H F  E V E N T  CAR'IS ARF NOT C H F C K F n  
C F ~ ) R  ~ P O F R  
C  
C F X A M P L E S  - 
c 4 1 7 7  1.356 I i w n v  6 7  
C 165 J U L  67  
C  
C  
C 4 l T A R L F S  ! R Y  GS - G E D E S S  S F T I J P  P R n G R A M I  
C  1' T H E  PAC.F COUNT I S  ? F R O  T H F  T A R L F S  ARF P H I N T F O  n l J T  
c 
C 
C  5 1  C A L I  S G F O F S S  f G n l  
C  
c 
C 6 )  P R I N T S  AND P I J N C H E S  COUNT C A R n S  F O R  F I I T I I R F  l l S E  
C 
c 

~ T A P F I N T A P F ~ A ~ R ~ R ~ E L L I P ~ G F A C T ~ E R ~ D H ~ P C O N S T ~  
P l r n T O R t R T ~ O t C F X ~ S E C ~ A Y ~ T H I R D v R f l U N D  
0 ( 1 4 , 1 1 1 1 1  P l 1 4 r 1 1 7 1  t * K P ( 1 4 , 7 3 1 ,  F D ( 1 P O l  
N ~ V F N T , N P A G F I I M O N T H ~ A M Q N T H ~  1 Y E 4 Q 1  I D A Y ,  
~ V E A Q , ~ I ~ Y T H ~ Y ' ~ A Y , M H C I ~ I R I H ~ N ~ S ~ : C ~  
H M P N T U , N ~ A Y , M ~ l O l l R P , Y l ~ P , F ~ C P t n I A ~ ,  
F L A T . n Q C I  AT , F L O N C t O R C L V G ~  t i O t  N D E P T H ,  
[ ) F P T I ~ ~ ~ I C T I A ~ ~ Y A , ~ ~ ~ , N R ~ T T ~ Y T . , P Y A S F V ~ V L L ~ P R Y T ~  
IJhlhC1Y!7, l G Q F C 1  I S R F C , C . A R ~ I C ~ F ~ ~ ~ S T N ~ Y C ~ N F P , K N F P ~  
T l M F I T l M C ~ , 4 T l Y F  v C T I M F ( Z ~ ~  
WnSThlC, S T N ! 7 ) I  S L A T ! ? " ) ,  S l  ! l W G ( Z 7  1, 





l 4 P X 1 7 1 H  PI]\ AR Q 4 q 1 1 1 S  l l F  T H F  F A R  I Y  = , F o . l , 5 H  K u S  , 4 0 X /  
? 4 n Y  , 3 3 t 4  MEAN R A O l U 5  nF T H E  E A R T H  = t F 9 . ' 3 1 5 Y  K Y t  1 4 9 X I  
3 1 ? 7 ~ / 4 ? ~ , ~ 7 ~  E L L I P T I C I T Y  = .FR.h ,GhX/  
I 4 Q Y r 3 3 ' 4  GFPf P N T R I C  F A C T O R  = , F P . h p  '46x1 
5 4 0 X e  3 9 H  0.fllR ( J R  T A R L F S )  = , F R . 4 p h H  K M S  1 4 0 X /  
6 1 2 7 X / 1 ? 7 X )  

1 1 7  F O R Y A T ( 4 " X 1 3 7 t l C O N T F N T S  1 5 0 X /  
I 4r1~,371i*e*****+ r 5 O X / 1 2 7 X /  
.? 4 0 X I ? 7 b i T A R L F  1 P A G E  7 0 F O R  P 7  l 9 5 5  1 5 n X l  
7  4 P X , 3 7 H T A B I E  ? A  P A G F  h P  J B  1 9 5 9  r 5 0 Y I  
4  4 0 X 1 7 7 t 4 T A R L F  7 R  P A G E  ! O  P K P  J R  1 9 5 9  1 5 0 X I  

1 1 8  F 7 a Y A T ! 4 ? X p f 1 7 H T A R L F  7  P h G F  1 3  F l O )  E L C l P T l C I  T V  C I R R E C T I O N  
! F  / 
7  4 0 X , 8 7 H T A B l  F  4 P A G F  1 4  S E I S M I C  A N D  G E O G R A P H I C A L  P E G I O N  
35 / 
4  4 n X 1 R 7 H T A B L F  5  P A G E  3 6  S T A T I O N S  
5 / 1 2 7 X /  
h 4 Q Y 1 R 7 H  P A G F  '37 E A R T H Q I I A K E  L . I S T l N G  
7  / 
P 4 0 X v R 7 Y  n N W 4 R O S  
9 l 

119 FORYAT(l27X/l?~XII27X/127K/l27X/ 
11 2 7 H  * * e t * * + *  FOP k l l R T H F R  D E T A I L S  A N 0  F U L L  
? F X P L A N A T l n N  S F E  G E D E S S  R F P D R T  *****h** 1 

1 7 ? C A L L  t S ( K T 1 , G l  
I o n  r w Y = o  

C  
C C A L L  G E n E S S  

2 0 5  cncc  r.n 
C S F T  C f l U Y T  C A R n S  F n R  F U T l J P F  U F E  

N F W E N T = N E V E N T  
I M n Y T Y = I M f l N T H + l  . . 
1F(I~ONTH-l2lf20r720~210 

21': Y F W F U T = O  
Y P h G E = 9  
I Y q N T H = l  
I Y F A Q = I Y F A R + l  

2 2 e  A Y O N T H = U Y I l N T H ( T M O N T H )  
t n  T ~ I  ( ? ~ ~ , ~ O O ) , I N U  

? 3 "  W R I T F  ( N T A P E v l )  
W R I T E  ( N T A P F v J )  
W R I T E  ( N T A P F t 1 ' 7 2 )  N F H E N T t N P A G E r I M f l N T H t A M O N T t i r I Y E A R  
W R I T E  ( 3 1  1°71 N F H E N T I N P A G E I I H ~ ~ N T H ~ A * ~ O N T H ~  I Y E A R  
W R T T F  ( ? , l r 4 )  N F W F N T t  N P A t F t  A M n N T H ,  I V F A R ,  AMONTH, I V F A R  

1 0 4  F n P M h T ( t 5 ~ 1 5 , 4 X , A 7 r l 3 ~ 5 4 X ~ b 3 q  1 3 )  

Q E T U Q Y  ------ 
F NI) 

S I J R T Y P E . F O R T R A N  
G F O F S S  S E T l l P  R O I I T I N F  ( 6 5 )  ------ ..---- ------- ---- 

R F A O S  I N  A N D  S F T S  U P  T A B C F  1 M A t N I T l l r l F  0 4  F O R  P 2  . - F O R Y A T l l X + 1 4 F 5 . 1 ) -  
T A B L F  ? A  D T R A V F L  T I M F F  

- F O R M A T (  l X 1 1 4 T 5 . 1 )  A N D  F O R M A T I Z X ~ 7 F 1 0 . 2 ) -  
T A R L F  ? R  P K P  T R A V E L  T I M E S  

- F O R M A T (  1 X 9 1 4 F 5 . 1 )  A N D  i O R H A T O X . 7 F l n . 2 ) -  
T A B I E  7 F L l l P T l C l T Y  C n R R F C T I O N S  

- F O R M A T (  2 X e l O F 7 . 4 1 -  
T A R L E  4  R E G I O N S  

- F O R M A T (  7 (  1 x 1  2 1 3 , 1 X p 4 A R l  1- 
T A B L E  6 S T A T I O N S  

- F O R M A T (  l X ~ A 5 1 3 3 H  
1 H C A T t F 1 0 . 6 p 5 H  L O W t , F 1 1 . 6 1 5 H  F L E V p F b . 3 1 -  

l l f E S  K E Y  - K T A R  . P R I N T S  O U T  T A B L E S  I F  K E Y  I S  ? - S E E  GX F O R  S E T T I N G .  



C . . 
C  RFAO O TAHLF 

1 0 0 0  P F 4 0  I I T A P F , 9 1 1  l HNAMF 
RFAO I I T A P E , " 1 2 )  I ( O ( l 0 E P T H ~ I O I S T l ~ l O E P T H * 1 ~ 1 4 ) r C A R E L ( l n l S T ) ~  

1  I ' I I S T * l , l ! l )  
Ilfl t o n 5  I O I S T = I , 1 1 1  . 
l F ! I . 4 R F t . ! I D I S T ) - 1 0 1 S T + 1 1 1 ~ ~ 1 P ~ l ~ ~ 5 ~ l ~ l ~  

1"P5  C O N T I N U F  
f;O T l l  l 2 0 O 0 , 1 0 1 5 )  1KTAB 

1 ? l n  U P l T C  I N T A P E 9 9 P l )  
% T n P  

c ---- 
C P P l N T  O TABLF 

1,715 C P A G t = l  
t  I Y F = O  
VPACE =NPAGF+ l  
W R I T €  ( N T A P F . 9 1 3 1  HN~HFINPACIF 
WRITF l N T 4 P E 1 9 1 4 )  

1 0 6 0  I O I S T = l r l l l  
J O l % T = l D l S T - 1  
L I N k = t I N F + l  

1°C U R l T F  !NTAPE,9151  J0lST~!Q!l0EPTH~IDIST)~Ir)FPTH=1~14l,JOIST 
I F 1  J n l S T - 3 C * L P A G E  ) l C * 3 C : t l n 5 9 t 1 0 5 0  

10'0 1 F ~ L l N F - 5 1 1 0 6 0 ~ 1 O 4 0 ~ 1  0 4 0  
1 ? 4 n  WRITE !NTAPF,914)  

L  1NF.G 
G n  T n  1 0 6 0  

1 1 5 C  1  P A C F = L P A G E t l  
NPAGE=NPAGF+ l  
* R I T E  l N T A P F q 9 1 3 )  HNAMEqNPAGE 
WRITE !NThPE,914)  
6 0  T I l  l r  2 1  

1 0 6 0  C O N T l N l f E  
c 
c 
C TRAVEI T l M F S  ARE READ I N  AS DEPTH ALLnWAVCES AND T l M F S  FOR SURFACE FOCUS 
C REAO P T b R l F  

?nrn I Nn=.) 
PEhO l I T A P E , 9 1 1 )  HNAYE 
R E 4 0  ! I T A P E , 9 1 2 )  ! ! ~ ! I 0 F P T H ~ I 0 1 S T J ~ I D E P T H f 1 ~ 1 4 I ~ L A R E L ! 1 D I S T l ~  

'. I O I S T - 1 , 1 1 2 )  
REAO ( I T A P E , 9 1 1 )  HNAME 
READ f I T A P E t 9 7 2 )  l P ! l . l D T S T )  , I D I S T = l t 1 1 2 1  
nn ? n t o  ~ o r s ~ = l , ~ i z  
0 0  2 0 1 0  1 0 E P T H = 2 . 1 4  

D( IDFPTH,  I D I S T  ) = P I l ,  1 D I S T ) - P 1  I O E P l H , l D I S T )  
2 0 1 0  CONTINI IF  

I F l L A R E L ( l O ! S T I - I O I S T + 1 ~ 7 P 5 5 ~ 2 ~ 2 G ~ 2 ~ 5 5  
CDNT I NUF 
K O l S T = ) ?  
I . D I S T = l  
r r l r c T = l i t  
G 0  T f l  l t P 3 0 , 2 O h r ) ) . K T 4 B  

C RFAD PKP TABLE 
2 3 ~  INI)=I 

READ ( I T A P E 1 9 1 1 \  HNAME 
RFAO ( I T A P F p Q 1 2 )  ( I P K P ~ I ~ F P T H ~ I D I S T ) , I D E ~ T H = L ~ l C ) ~ L 4 B E L l ~ D I S T ) ~  

1 1 0 1  ST-1 .77 )  
READ ( I T A P E ~ 9 1 1 1  H Y ~ M E  . 
REAQ I I T A P F v 9 2 2 I  (PKPI!., I D I S T )  , I D I S T = l v 7 3 P  
I)fl 3r.51 I I ) I S T = 1 , 7 %  
D 0  ? 0 4 "  l DEPTH=2,14 
D K P I  IOEPTH.IDTST)=Pao(l,lDIST)-PKP(IDEPTH,lDISTl 

2 0 4 n  SONT I N U S  
I F ( L A ~ E L ( T D I S T ) - I D I S T - ~ ~ ~ ~ ~ C ~ ~ V ~ O ~ O * ~ O ~ ~  

? Q 5 0  C  0NT I NIIE 
K O I S T = 1 1 0  
L O I S T = l l 4  
Y r ) l S T = l F 4  
Gfl TO ( t 5 " n , 2 0 6 0 ) , K T A B  

2 n 5 5  * R I T E  l N T A P E e 9 0 2 1  
S  TOP 

c ---- 
C P R I N T  TRAVEL T I M E  T A B L F S  , 

7 0 6 0  1 PAGF=I. 
L TNF=O 
N P A G E = N P A G E t l  
WRI TF l N T A P F , Q 1 3 )  HNAMF,NPAGE 
WRITE (NTAPE, 9 2 3 1  
no 7 1 2 q  I D I S T = L n l S T . Y O I S T  
nfl 2 0 7 0  I n F P T H = 1 , 1 4  
S E T P I  I D E P T H ) = P l T l ) F P T H ~ I D l S T )  
M  t N P (  I D F P T H l = S C C P (  I n E p T t i I * P . ? l  h 6 6 6 6 6 7  
'iFCP( l ~ F P T H ) = A R S ~ S E t P l 1 ~ F P T ~ 4 ~ - ~ L O A T l M I ~ P l  I D E D T H I  ) *hO.O)  

? - l 0  c O N T I N V F  
J Q I S T = I l > T S T - L l 7 T S T + K r ) l  TT 
I I Y F = L l N F + l  

?OR0 d Q 1 T F  I N T A P F , 9 ? 4 I  J n l  ST, I M I Y P !  I I ) F D T H l  VSFCP!  I O E P T H ) ,  I D E P T H = 1 , 1 4 ) ,  
1 J n l  ZT 

l F I I J Q I S T - K n l S T ) - 3 0 * L P A C , ~ ) ' O 9 0 , 2 1 1 0 , 2 1 1 0  



2 f i W  l F ! l  I N F - 5 l ? 1 2 ~ r 2 1 ' " r ? l ~ ~ '  
21Pc Y K I T C  ( V T 4 P F 1 0 1 4 )  

I I Y F = n  
r,n rn >12r, 

2 1 1 ,  1  ) ' A f , F = L D h G F C l  
N n h r , F  = N P A C F 4 1  
L ' D l T F  ! N T A P F , 9 1 1 \  HN4MF,NPAC,F 
d R I  TL I N T A P E I ~ ? ' )  
r-n T n  Z O R O  

212' '  r n P I T I N U E  
I NI)= I N o t 1  
CD t r i  ( 2 0 ~ n , 7 5 n o ) ,   IN^ 

C 
C R E A D  AhlD P R I N T  F L L I P T I C I T Y  C 0 R R F r T l n N F  

7 5 0 0  P F h O  l I T A P ~ , Q l l I  I i N A M F  
K F B D  i l T A P F 1 q 7 h l  ( F n l  J D I T T I v J f ) I S T = l  1 1 R 0 l  
Gn T l l  ( 3 P " P , ? ' i l C 1  I K T A B  

? 5 1 1  N P h S r = N P A G F t l  
W R I T E  ( N T d P F 1 1 7 7 1  H N ~ Y E I N D A G F  
W R I T 1  I Y T A P E . 9 ' R I  (JnrST.Fn(.JDI~Tl,JnIST=l,lROl 

r. 
C 
C R F A i l  R E G l O h l  N l l Y R E R S  AND N A Y F S  

3 " O C  U F 4 n  l I T A P F , q ! l l  WYAMF 
3 n 7 n  R E A O    IT APE,^?^) IYCREGII I ,NSPEGIII, (GREG( J, I l , J = l , ~ l , l = 1 , 7 3 n !  

R F A D  l I T A P E ~ O 3 7 l  ( ( S R E G ( J v I I  1 J = l , S ) r l ~ l t 5 7 1  
nr) 3 - . W  1 = ) , 7 1 0  

, I ~ ( M ~ , Q E G (  I ~ - I ) ~ ~ L o , ~ o ~ o , * o ~ ~  
c n r u  IVIIF 
r . f l  T n  ( 4 0 0 0 , 9 D 5 0 )  q K T 4 R  

3 0 4 0  J = l - l  
W D I T C  ( Y T P P E . 1 0 7 )  N G Q E G ( 1  I v J  
S T O P  

C --?.- 

C P Q f Y T  RE(;l(lhl N l l M R F Q S  AND N B Y F S  
?"*C I C f l l l V  T=O 

I t Y F = 4 3  
00 3110  1=1,7*1 !  
l F ( L ! Y F - 4 3 1 3 0 7 0 , ~ 0 h O ~  7 0 6 0  

3 n r n  I IVF.0  
Y P A G E - Y P h G E t 1  
U Q I T F  ( N T A P F 1 9 3 3 1  HPlbCE,NPAGE 

7 0 7 0  I F (  I C O U Y T - N S R E G I  1 )  1 3 0 R O ~ 3 1 n 0 ~ y " 1 0  
37P5 I F ! L I V F - ~ 9 1 7 0 9 ~ , 3 O 6 ~ ~ 7 0 b ~  
l . l q ?  I ( l O l l Y T = I C n U N T + l  

3100 J D l T E  t N T A P ~ , 9 ~ 5 l  I . ( G P ~ G ( J , I ) 1 J = l r 4 )  
I. I ~ I F = L I Y F t l  

3 1  1;' C U V T  I Y l I F  
c 
C 
C S T A T l n Y  9 c A f l  AND D Q l N T  

4 ? r r c  Q F A n  '711, HN4WF 
A Q l n  N=D 

L 1h1"=43 
Y = ~ I + !  
"EAU ( I T A P E v 4 4 1 l  A N 4 Y F , B N A U F ~ S L b T I Y ) ~ 5 L 0 Y G ( N ) 1 E L E V ( N l  
I F ' A N 4 M E - T P ) 4 1 4 5 r I ~ ' t ) t 4 r ' 4 <  
l F (  A N b Y F - F K L l M l 4 ~ 5 " ~ 4 I n (  , 4 0 5 0  

4 0 5 0  S T Y (  V l =ANAME 
c.11 111  ! L Q ~ $ , L - W I  , K T B B  

4)C:: I F ( L t W c - 4 f ' 1 4 3 R C ~ 4 n 7 r  1 4 0 7 ~  
4 0 7 0  L I v c = n  

V P A G t = N P b G F + l  
W P l T F  t h T b P F , o 4 2 )  H N A Y F , N P A G F  

a n n n  GO T O  I ~ ~ ~ C I , ~ O ~ ~ ) , K T A R  
4 * 9 r  W Q l T F  ! N T b P C , Q 4 3 l  A N A M F ~ S N ~ Y E I S L A T I N I ~ S L O N G ( N ) ~ F L F V ( N )  

L I N C - L I N E + l  
r.n T n  4 0 4 0  

4 7 0 n  N~STNS=N-I 
4 2 1 "  I F ( Y l l S T N 5 - ' I 4 2 3 r r 4 2 7 " . 4 2 2 '  
4 2 2 0  IF (14 ' lSTNS-?nI4240,4?4O,4230 
42:r~ WR!TF ! N T A P E 1 0 P 5 )  

s T n P  
c - --- 

4 ? 4 P  Ofl 4 7 5 0  l = l . N n t T N S  
C $ F T  I I P  S T A T I O N  C O N S T A N T S  

CALL  GC ~ S L A T l 1 l ~ ~ L r ~ N G I I ) ~ S A l I l ~ T B ~ l ) t S C t ~ l  , S D l l l , S F l  I ) ,  
1. S C ! I I ~ S H ( I I . S K ~ ~ I ~ W ~ ( ~ ~ ~  

4 7 5 "  C n l y r  t  VIE 
C 
51"': 9 ~ 1 1 1 C N  

C 
c 
C F n P u A T S  
C 

9 0 )  F O U ' 4 A T 1 4 4 I ~ I  V *  . I f l P  1141 T':') - 5FOIJENCL FRl ( r 'R  I N  0 T A R [  E l 
0 : 7  F O P U h T ! 4 P H ! * *  J1!9 H A L T C n  - n F P T H  A L I  I I W A Y f , F S  "I IT nF O P O F R I  
9 1 3  r n ~ > r c ~ ~ ( ? 5 1 ~ ! * *  I r n l  T r q  - U ~ C T I I W , I ~ . ~ + ? ~  OIIT n~ SFOIICNSF - L ~ S T  



1CflRRFf.T R F G I D N  W A $ r l $ I  . . 
9 ' 5  r n ? v A T ( S n l r l s +  J f l R  HA1 TL'Q - I Y C n M P A T l R L E  NllMBFR @F S T A T I O N 9 1  
9 1 1  F f l R Y A T ~ I l r 5 A R 1 4 7 v 1 2 1 h 1 5 1  
9 1 2  F ~ R V h T ! l X , 1 4 F S . l r 5 X ~ 1 3 1  
0 1 7  C O R Y A T ( 1 H l  . f , A Q , I 2 X 1 O Y n F P T H  14-.41X,! lHPAGE V U M R F R , 1 3 / 1 7 7 X I  

11 7711 S I I R F A C ~  '0 .00 0.01 0.02 n .n?  0.04 0.0 
> 5  c.r,c. 7  o . r r ~ -  r . 0 9  r,.17 9 . 1 1  0.17 . I 
1 1  7 7 H  O I S T  3 1  KM 9 6  K Y  1 6 5  KM 2 2 3  K M  287 KM 3 5 5  
4 K Y  4 1 3  KM 4 7 7  KM 5 4 0  KM h 0 7  KM 6 6 7  KM 7 3 0  KM 7 9 4  KY D I S T I  
5 5 H  0EG. r l l R X ~ 4 H U E G . I  

9 1 4  F n R M A T l 1 2 7 Y l  
9 1 5  F f l R M A T ( l X r l 4 . 1 Y v 1 4 F 4 - 1 t I ~ )  
Q Z t  F n R Y A T I Z Y , 7 F l O . i ? )  
9 2 3  FORMAT1 

11 2714 M S Y S M T M S M S M S M  
7 T Y S M S Y S Y S 4 S P S M 5  ) 

Q 2 4  F n ? M A T ! l X v  14 ,  3 X 1 1 4 ( I l v F 5 5 1  1,171 
926 F n R M 4 T I ? Y l 1 0 F 7 . 4 1  
9 2 7  " n Q M A T (  1 H 1  r h A R v 6 3 Y , l l H P A G F  NUMRFQ, 1 4 / 1 2 7 Y 1 1 2 7 X l  
9 2 R  t f l Q M A T t l l !  1 5 , 1 t l * , F h h 4 1  , 7 X / I 2 7 X I  
9 3 1  F O ? Y 4 T ( 1 X ~ 2 1 3 ~ l X ~ 4 4 P ~ 1 X ~ 2 I 3 v 1 Y ~ 4 A B 1  
9 7 2  FORMAT( hX,  S A R I  
9 1 7  FnR4bT!lHlt6APtb3X,11HPAGF hl l lYRER114) 
9 1 4  F f l R * A T ( 1 2 7 K / 1 7 7 ~ / 4 1 Y , I 4 ~ Z X v 5 h ~ 1 4 O X I 1 ? 7 X 1  
9 1 5  F C l R Y d T l 5 5 X ,  1 5 r Z X q 4 A C e 3 7 X I  
941 F n R Y A T ! l X v  A 5 1 3 A P t A h , 3 t 4 L 4 T v F 1 7 . h ,  5 H  L O N G , F I l  . 6 t 5 H  E L E V t F 6 . 3 1  
9 4 2  F O R M h T ( l P 1  , 6 A R t h 3 X t l l H P A G E  NUMRFR , 1 4 / 1 2 7 Y 1  

1 1  2 7 H  CflDE S T A T I O N  R E G I O N  L A  
2 T  IT! lQE LONGITU[ IF  F L F V A T I f l N  / 
3 1  27Y l 

0 4 -  F f l R M A T l 2 7 X v A R ~ ~ 4 8 r A h t 3 H L A T ~ F 1 O . 6 1 5 H  LONG,F l l . 6 .5H  E L E V , F A . 3 t 2 2 X I  
E N n  

T  TIJRTYPE. FOR TR AY 
C  GFDESS I G D I  
C ------ ---- 
C  
C G E D E T S  R F A O S  IN EVENT D A T A *  C n M P u T E s  SITE D A T A ,  AND PRINTS. 
r. 
C  
C  
C EVENT OATA -- 
C  
C  THE t P P T H Q l l A K E  DATA CARD I S  AS Ff l l . I . f lUS -- 
C  COLS. 4 - 1 0  MHCUR,YlN,SEC O R I G I N  T I M E  H  
C c 0 ~ s . 1 2 - 1 5  E L A T V D P C L A T  E P ~ C E N T R A L  LATI  in^ 

T  l ME 
T l M E P  
T T l M E  
& T I M E  
C T I M E  
NEP 
KNEP 
L I N E  * NC 

ELONGvnRCLNG E P I C E N T R A L  LONGITUDE 
NOFPTH DFPTH flF F V F N T  ( K M 1  
IlMAG MASNIT \ lDF  CGS (WAG) 
N  Cl MAGNI TLIDE NUMRER ! h101 
I S P F G  S E I S M I C  R F G I O N  NUYBER 
C A R ?  P D E C A R ~ Y U M R E R  
l C R F G  GEOGRAPHIC R E G I O N  YUMBFR 
S  SE STANDARD FYROR I S E I  
NSTN NlJYRFR OF S T A T I O N S  USED I N  COMPUTING E P I C E N T R E  ( Y )  
t iMnNTH,YDAY M(3NTI-I ,AND DAY D F  EVE'YT 
N  C. SFF * 9Fl.llW 
NFP F P I C E N T R E  I n E N T I F I C A T I O N  
MOAYv Y l lNT I i vYVEAR DATE OF EVENT 

O P I G I N  T l M F  I N  SECONDS ( G Y T I  
E S T I Y A T F D  T I M E  OF A R R I V A L  1Y SECflNDS ( G M T )  
TRAVEL T l M E  I N  SFCONDS 
C H F C K - V A R l  AOLE 
CHECK-VLR I A R L F  ' 

CHECK-VARIARLE 
C H E C K - V A R I A B L E  
L I N E  C n l l N l  
I F  CnL.S.65-60 7ERf l  ( O R  RLANK)  T H E  PROGRhM WINDS UP 

P R I N T I N G  -- 
H F A n I Y C  -- 1 0  l I N €  AYD 2 L l N F  -- 

If' l I N F  P R I N T E D  FnR EACH NEW n A V  
7 I INF PRINTFD A T  THF T ~ P  OF EACH NFU PaCE - 

MnAY DAV OF MflNTH 
A W N T H  MnNTH CODE 
MYFAR L A S T  TWfl F l G l l R E 9  OF YEAR 
NPACE PAGE CnlJNT 

EVENT DATA -- P Q l N T  TWD n'llJRLE L I N E S  -- 
L t h l F  1  hlFVFNT FVFNT NIlMf!EQ 

VH~'III<,Y I P ' . S ~ ' C  ~ R I ' I Y  TTUI', ! G M T )  
~ L A T , O R C L  AT.FLPrriG,ORCI.NC. C Q O l ' n l Y 4 T F S  OF E P I C E N T R F  I D E G R F F S  NS .FWl 
N ( \ F P T t I , ( ~ ~ P T l . I )  l)EPTL( ( I ( I L 0 H f T O E S I  
IJUAG uAGht1 T l l i )F  0N l )FpPQ I YTFO W1 TH N:l MAGY I T U D E  NUYRER 
S 5 0  STANDAQO I ) E V ! A T l n N  I S F C n N O s l  ' 



r N S T Y  N l l N H F R  n F  S T A T l f l h ' Z  I I S F D  I N  T n M P l J T ( * I G  
C L l N C  ' C A P 0  P D t  CAP11 N I l Y R f P  
r I c R F t  t F n G R 4 P H I C  R F G I I l N  N l l M R F R  U N R F R P Q I N T F P  R Y  I S R E G  
C C H F G  T A R I F  n F  R F G l n N  N A Y F S  I S F I T U I C  R E G I I I Y  NIJYRER 
r 
C S I T [  D A T A  -- UP ~n S T I ~ I ~ M S  -- 
C  S T N  S T A T l n N  C n l F  
r P H A S F V  P H A S F  V F L O C I T Y  ' K I L O M F T P E S I S E C C I N n I  
C Z Y ( H P ~ L I  T F N <  n~ I ~ ~ I I R S  n~ ~ T A  W I T H  R Q A C K F T  ~ P T I ~ N  
C  Y H ~ I I Q  P I J N I T S  D t  HflllRS O F  E S T I V A T E O  T I M E  O F  A R R I V A L  ( G M T )  
C Y I N P ~ S F C P  MIHI ITFS A N ~ I  S F ~ ~ F I ~ F  n~ F T A  :(;W) 
C  D I A G  A  O l A C , N ~ S T I C  FOR r T A  Q I S C O N T I Y I J I T Y ,  N F X T  D A Y ,  I l R  9 R A C K F T  
r 9 1 S T  R I S T 4 N T F  I O E G W F T S I  
C R R l ( h l l \ l  R A C K - R F A R  I Y G  ' 5 T A T l n N  T n  E P I C F N T R F I  ! I ) F G P E F S l  
C  A 7 , ( N A )  A 7  I M I J T H  ( F P I C F N T R F  T n  Z T h T l n N 1  O E G Q F E S I  
C VFI P F A K - T ~ I - P F A Y  P . R ~ I I Y ~  V F L   CITY ( *  1 0 - 5  CYICEC) 
r A R Y T  L ~ ~ A I T  
c 
c 
C  
r I I R U A R V  R n l l T I N F S  I J S r n  l Y  G F R F S S  ( N O T  1 N C L U ) l N G  l N P l J T I O U T P l l T  P A C K A G F I  
C  
C  S O R T  S I N  F L O A T  
C A L ~ G  C O S  IFIX 
C ~ L ~ G I  o T A Y  AB< 
r F XP A T A N  * *  !FXPONFNTIAT IONI  
C A T A Y ?  
r 
r 

SIJQQ~I\ITINE G n  
f l l M M r ~ h l  I T & P F , N T A P ~ , A ~ R ~ R ~ F I  I I P ~ C F ~ C T , F R ~ O H , P C ~ ~ I S T ~  

1  P I r  D T n P , R T n n , C F X r S F C D 4 Y  t T H l R n , R n l l N n  
r n u u n ~  Q ( 1 4 , l l l I r  P ( 1 4 . 1 1 2 1 ,  P K P ( 1 4 , 7 3 I ,  F n ( l R " l  
cnvrr ls  N F V F N T , Y P A C ~ , I M n Y T H , A M D V T H ,  I Y F A ? ,  I D A Y ,  

1  M Y C A R , Y O N T I i , M O A Y , Y I i n l J R ~  M I N , S F T ,  
9 H ~ ~ N T ~ , N ~ A Y , Y H ~ I I H P I M I N P , ~ F C P ~ O I A G ~  

7 F1 A T t n U C L A T , F L n N G t n R C L Y G , H O . N O F P T H ,  
4 ~ F P T H I D I F T .  A ? , N A , R R I Y R I  T T I Y F ~ P H A S F V ~ V F L t  A R Y T .  
C U Y A G I N D ~ I G Q F G , I ~ R E G . C A R D ~ F S E ~ N S T N ~ N C ~ N L P ~ K N E P ~  
6 T I M F ~ T I M F P , A T l M T ~ C T I M F ~ 2 0 1  

C O N M ~ N  N n S T N S t  q T N l ? - l  r S L A T ( 7 C l r  S L O N G f Z O I t  
1 S A l 9 0 .  S R 1 ? 7 1 r  S C ( E n l r  
7 S l ( ? O l ~  S F I Z O l t  
3 5 6 ( 7 0 l ,  S H ( ? I I r  S K ( 3 P ) l t  
4 H I  ( ? l )  l t E L F  V (  20 I 

T Q Y ' ~ I I Y  S P F G ( ' i n 5 0 l r  G R F G 1 4 r 7 7 0 l r  N G R F G ( 7 7 O l r  N S R E C ( 7 3 l l  
r O V M ~ ~ P I  T ~ ~ F R ~ M ~ C I C N ~ C S ~ C F ~ C . W ~ R L ~ Y K ~ S T A R ~ F Q ~ J A L S ~  

1 RR, S T A R B t E Q ( l A L R t S Y ( h 1  . R Y O N T H (  1 2 1  t l N D  
C  
C S E T  I l P  I I N F S / D b G E  4 N D  C H F C K - V A R l A R I  F S  

I 1'40 = 4 4  
K Y P P - r l  
4 T I M E - S F f  D A V  
nn 13 I=I,Z(I 
C T I M V (  I ) = S F C D A Y  

i n  r ~INT I NUF 
C  
c 
C I N P U T  5 F C T l f l N  
C  , . 
r 
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T ? ?  = PKP !  I D F P T H b l ~ l n l  Y T t ? )  
T T ?  1 P K P I  I D F P T H + 1 . I D I ~ T + W  
F l l - P C f ) N S T I ( T 2 1 - ~ 0 l l  
F ) ? = P C n N C T / ' T ? Z - T P 7 ) '  



F ? l = P C n N S T / ( T l I - T 1 1 1  
F 9 2 * P C O N S T / ! T 7 Z - T 1 2 1  
PPASFVEGL l F l l , F 1 2 . F Z 1 . F 2 2 , n O F P T H I D D I S T I  
I F (  l n l S T - $ h I l h 0 ~ 1 7 0 ~ 1 7 O  

l h n  I V A R Y I F I X ~ P H A ~ E V + O . $ )  
PHASFV=FLOAT( TVAR l 
1 F I P H A S F V - 1 0 0 .  1 1 R O i l A O ~ 1 ~ 0  

1 7 0  p H A S E V = l  DO. 
I R n  TTIME=GL ( ~ 1 1 , ~ 1 2 , ~ ? 1  t ~ 2 ? ~ n 0 ~ ~ ~ H t ~ ~ 1 ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l * ~ ~ 9 + H l l  

RFTlJQN 
C ------ 
C OI9TANCE lR:, DFGREES 

191 P H A ~ F V S ~ ~ O .  
T T I Y F r G l .  ( P K P (  I D E P T H * 7 2 1 ~ P K P I  I O E P T H t 1 ~ 7 2 I  

1 P K P I I D F P T H , 7 3 1  sPKP!  l n F : P T H + 1 ~ 7 3 1  * D D E P T H * O O f S T ) t C T  
7 +FD( l R O I * ( H O + H l l  

RETURY 
C 

END 
T  SURTYPE9FORTRAN 
C  GEOESS l INEAR I N T E R P n l A T I D N  FUNCTION ( C L )  
C ------ ------------- -------- ---- 
C 
C C (NEAR I N T F R P O L A T I  ON ROUTINE FOR THE TABLES 

C  
F O N T T I n V  GC I T 1 1  t T 1 2 r T 2 1 , T 2 ? r D D E P T H t D D l S T l  
GI = T 1 1 4 O D F P T H * ~ T l 2 - T l 1 1 + ~ n l S T * l T Z 1 - T 1 1 l  

1 t D D F P T H * D P I S T * (  1 1  l - T 1 2 - T 2 1 + T 2 2 1  
"ETIIRN 
END 

T  FIIRTYPF ,FORTRAN 
C GEDESS MAGNITUDE SUBROUTINE (GM1 
C  ------- -- ---- 
L 
C T H I S  Q O U T I N F  COMP(1TFS 1 1  VELOCITY ( V E L I  = 4 0  * P 1  * ANTILOG((YAG+CP-01  
C 2 1  L n G  A/T  ( A T 1  HAG + CP - 0 4 3 
C  
C HHFRF LAG = U.S.C.C.S. OlJnTFD MAGNITUOE 
C  CP = MAGNITUDF CORRFCTION 

C AND Q = A  FOR p i  IPOUNDED TO NEAREST DEPTH 4 N 0  DISTANCE)  
C 
C R0TH VFL AND AT 6 I V F N  TO 2  S I G - F I G S .  
C 

SURQOUTlNE GM ( n E P T H . O l S T , C P , U M A G t V E L ~ A f l  
C ~ Y M ~ N  ~ T ~ P F v N T A P E , A , B I R , F L L I P ~ G F A C T ~ E R ~ D H ~ P C D Y S T ~  

1 P I , O T O R I R T ~ D I C E X ~ S E C O ~ V ~ T H I R O ~ R O U N O  
CnYMON 0 1  1 4 ~ 1 1 1 )  
VFL=n. 
4 T=0. 

C 
I F ( O Y A G )  10O110V, lC '  

10 l F ( O 1 S T - l l O . I 7 O ~ Z O . 1 n 0  
2 W F ( n E P T H - ? 3 . ) 3 9 r 3 0 e L n  
3 0  ' lnFPTH=IFIX(nEPTH/33.+ROUNDltl 

C 0  Tr) 5 0  
4P IDEPTH=IFlX!!OEPTH-~1.l/OHtROUhlOl4? 
59  InlST=IFIX(OIST+ROUN9~41 

O I = Q (  I D E P T H I I D I S T I  
r 

l F ( 9 1 l  1 n S r 1 0 ~ , 6 3  
6 0  AMAG-IIMAG+CP-0 l 

QK=EXP!AMbC*SEXl 
VEL=4C,O*Pl*OK 
F V = - ? .  

70 VFL=VFL*q . I  
FV=FV+ l .C  
1 F ~ V E l - l ~ O I 8 0 ~ 7 0 ~ 7 0  

R9 I V F L = I F I X f  VEL*lC'C.ntROUNOl 
VFL=FLOAT(  I V F L l * l O . o * * € V  
I F I O K - 0 . 0 0 1  I 1 0 0 1 1 0 0 ~ q O  

99 A T - A Y A G ~ ? .  
C 

1 0 0  QGTtJQN 
C ------ 

F v n  
T  SURTYPCvDATA 

J 4 N F C R ~ I P h P R V b Y J U N J \ I L A I I C S E P f l C T N O V D E C  * = I * ) = l  1 2 ( 1 1 ( 2  CNSFW 1 0  FRO4 
? h 5 6  710  W S F P  hh 

I T A R I  F 1  0 FnR P 7  l o+5  G U 1 E N R F U C l R l r H T F R  . . P .  P .O  t . 3  c.n n.n n . ~  2 . 9  2 . 7  3.3 ~ . n  o non 
r . '  - . c  r.:' C . O  0.0 0.0 n.n o . o . o . o  0.0 0.0 0.0 n.o 0 0 0 1  
5 . 6  0.0 0.0 n.n o .n  o.n n.n 0.0 0.0 7 . n  0.3 n.0 3.0 o 002 
5.P r . 7  0." C." " . P  ".' 0.q 5 . C  " . D  3 . 9  3.C 0 p 0 3  
6.1 . r .  r r r  P.Q n . 0  0.0 0.0 o.n 0 . 0  0.0 0.0 P 004 



t . 4 
h .  6 
6.R 
7.n 
7 .  ? 
7 . 2  
7.7 
7.1 
7 .  0 
6 .  6 
h .  l 
5.0 
5.0 
5.9 
6 .0  
6 .0  
h.  l 
6.2 
h. 7 
6.3 
6 . 5  
C .it 
6.5 
h. 6 
b .  h 
h. 6 
6.7 
6.7 
6.7 
6 .  7 
6 .  7 

h.  h 
6.5 
h." 
6.6 
6.4 
6 .  5 
6 .  5 
6.5  
6 . 5  
h.  7 
h.8 
6 .0  
h . 9  
6 .  R 

1  5 . 0  5 . Q  5.7 5 . 6  
6 .4  h.1 h .?  5.9 5.6 
h.' C ) . ?  C.? q . u . 7  
A.9  6 . L  6 .1  5.0 5 . 7  
6.9 6 . 5  h.? 5.9 5.H 
7 .0  6 . 6  h .?  6.0 5 . n  
7 . ' '  6 . 6  6 . 1  h.? 5 . 9  
6 . 0  h .5  6 . 3  6 . ? 6 . C  
6 . 7  6.3 6.2 6 . 1  6 .0  
6 .  6 6.1  l 6.1 
6 . 1  5 .4  6 . 1  6.2 6.1 
5.Q 5.1 6 .1  h.' 6 .1  
5 . 4  h.? 6.1 6 .7  6.1 
5.1 h." 6.1 6.Z I . . I  
5.0 6 . n  6 .1  6.7 6.1 
6.- b.? 6.1 h.2 6.1 
6.1 6.1 6.1 6.3 6.1 
h .?  6 .1  6 . 2  6.3 6.1 
6.7 6.1 6.2 6.3 6.1 
h . ?  6.1 6 .1  h .4  6.1 
6 . 3  6.2 6.3 6.4 h.? 
6.2 6.2 6.4 6.4 h.? 
h .?  6 .3  6 .4  6.4 6.2 
0.4 h . ?  6.5 h.4 6.2 
6 .5  t . r  6.5 h.4 h.? 
6 .5  6 .4  h.5 6.4 h.? 
6.6 6.5 6.5 6.4 6 .3  
6.h 6.5 6 .5  6.3 6.3 
6.7 6.6 6.5 h.? 6 .3  
6 .7  6 .h  C . 5  6.3 h .?  
6.7 6.h 6 .4  h.3 h.? 
6.7 6.7 6 .4  h.7 6.3 
6 .h  6.7 6.4 6.3 6.2 
6.5 6.6 f . 4  6 . 3  6.2 
6.5 6 .6  e . 4  6 . 3  6.2 
(7.5 6 .6  6.4 6.7 6 .1  
6 .4  6 .6  6 .4  6.2 h.,? 
6.4 6.5 6.4 6.2 h." 
6.5 6 .5  6 . 4  6.2 6.0 
6.5 t . 5  6.4 6.1 6.P 
h.6 6.5 6 . 4  h.1 6.r1 
6.7 6.5 6 .4  6.1 h.1 
6.7 6.5 6 .4  6 .1  6.1 
6 .9  6 .6  6 .4  6.1 h.1 
6 .9  6.7 6.4 h.1 6.1 

5 .h  6.7 
5.7 5 . Q  
5.7 <.R 
5 . 0  f..' 
h." 6.1 
6.1 6 . 1  
6.7 6.7 
6 . 7  b.? 
6.7 6.7 
6.1 h.? 
6.1 6.2 
6 .1  6.7 
h.l; 6 .2  
6.C 6.2 
6 .n  6 . 7  
6.r 6.2 
6.n h.2 
6 .0  6 .2  
h." 6 . 7  
6.0 6.7 
6.0 6.2 
6 . r  6.2 

6.2 
6 .0  6 .1  
6.f  6.1 
6. ' ;  6.1 
6.0 6.1 
h .  6.1 
h.( 6 .1  
6 . 0  6 . 1  
6 . 0  6.1 
6.0 6.1 
6 .0  6 .1  
6.r 6.1 
6.C 6.1 
6.0 6.1 
h." 6.1 
5 ."  6.1 
5.9 6 .1  
5.9 6.1 
5.9 6.1 
5 . 0  6 .1  
b . >  6.1 
h.? 6 .1  
6 .0  6.1 

*.7 5 .7  5.7 5 .6  5.6 
5.8 5 .Q  5.7 5.6 5.h 
5.9 5 .Q  5.7 5 . 6  5.6 
h.," 5 . 0  5..7 5.7 5.h 
6 .1  5.r 5.8 5 .7  5.h 
6 .1  6 .0  5.0 5.7 5.6 
h.? 5.1 5.Q 5 . 7  5.6 
h.? 5.1 5 . 9  5.8 5.6 
6.2 6 .2  6.0 5 .9  5.7 
6 .3  5.2 6 . W . R  5.7 
6.3 6.2 6.1 ',.R 5.7  
6 .3  5 . 1  6.1 5 .9  5.7 
6.3 6.4 6 . 1  5.9 5.P 
6.7 6.4 6.2 6 .0  5 . 8  
6.3 6 .4  6.2 6.0 5 . 8  
6.3 6.4 6.3 h.1 5.0 
6.1  6.4 6.4 6.1 5 . 9  
6.3 6.6 h.4 6 .2  5 .9  
6.2 6.4 6.4 6.2 6 .9  
6.2 6.4 5.4 6.7 6 .0  
6 .2  6.4 6 .4  6 .3  6 .0  
6 .2  0 .4  6.4 6.3 6.1 
h.? h.4 6.4 6.1 5.1 
h.? h.+ h.4 6 . 3  6 .2  
h.? 6.4 6.4 6.3 6 .2  
h.' h.? 6.4 6 .3  6 . 2  
6.2 5 . 3  6 . i  6 . 3  6 .3  
h.2 5.3 6.4 h.3 6.7 
6.7 6.3 0.4 6 .3  6 .1  
6.2 5 . 3  6.4 6 . 3  6 .1  
h.? 5.3 h.4 6.3 6 .3  
6.2 h.3 6.3 6 . 7  6.3 
6.2 6.3 6 .3  h . 3  6 .3  
6 . 2  6 . 1  6.2 h.2 6.3 
6.2 6.3 6.3 6.2 6.3 
6 .2  6 .3  6.3 6 . 2  b . ?  
h.? 5.3 6.7 b.? h.3 
6.2 5 . 3  6.7 h.2 6 .3  
6 . 2  6 . 3  6 .3  6 .2  6.3 
h.? 6 . 3  6.3 6.1 6.2 
6.2 5 . 3  6.3 6 .1  6 . 2  
6.2 5 . 1  6 .3  6 . 1  6 . 2  
6.2 6 .3  h.? 6 .1  6.2 
6 .1  6 . 3  h.? h.1 6.2 
6.1 5 .3  6.2 6 .1  6 .2  

6.1 6.1 6.n 6.1 6.1 6 .2  6.2 6.1 
6.2 6.1 6.0 6 .0  6.1 6 .1  6.2 5 . 0  
h.? 6.1 6.1 6.7 6 .1  6.1 6.1 6 .0  
6 .2  h.1 6.1 6.Q 6.1 5.1 6.1 6 .7  
6.3 6.1 h.1 0.0 6.1  6.1 6.1 6 .0  
6.3 6.7 h . )  6.0  6.1 5.0 6.1 6 .0  
h.3 h.2 h.1 6.1 6 .1  5 . F  6.C 5 .9  
6.4 6.2 6.1 6.1 6.1 6 .0  6.0 5 . 9  
6.4 ha? 6..l 6 .1  6.1 5.3 5.9 5 .9  
6.4 6 .2  h.? h.1 h.1 5 . 0  5.0 5 .9  
h.4 h .3  6.2 6.7 6.2 6 . 1  6.0 5 .9  
6 .4  6 .7  6.7 6.7 6 .2  5 . 1  6.0 6.0 
h.4 6 . 4  6 . 3  6.3 h.? h.' 6.' 6 . 0  
6.4 6.4 6.7 6.7 h.? 6.7 h.1 6 .0  
6 . 6 .  6 .4  6 .4  h.3 h.7 5.2 6.1 6.0 
6.4 6 .4  6 .4  h.4 6.4 5.2 6 . 2  6.1 
6.4 h.5 6.5 h.4 6 .4  5 .3  6 .2  6.1 
6.4 6.5 6.5 6 .4  h.4 5 .3  6.2 6 .1  
6.4 6.5 6.5 6 . 4  6.4 6 .3  0.2 h.1 
6.4 6.5 h.5 6 .4  6.3 6.3 6.2 6.1 
6.4 6.5 6.5 6 .7  6 . 3  6 .3  6.2 6 . 2  
h .4  6.4 6 .5  6 . 3  6 .3  h . 3  6.3 6.2 
6 . l  6.4 6.5 6.3 6 .3  5.2 6.1 6.2 
6.4 6.4 6.5 6 . 3  h .3  6 .2  6 . 3  6 .2  
6.4 6.4 6.5 6.4 h.3 6.2 6.3 6 .1  
6.4 h.4 6.5 h .4  6 .3  6 .2  6.3 6.3 
6.4 h.4 6.5 6 . 4  6 .3  5 . 2  6.2 6.3 
6.4 6.5 b.C 6.4 6 .3  5 .2  6.2 6.3 
6.4 6.5 6.5 6 .4  6.2 6 . 1  h . ? .  6.3 
6.4 6.5 6.5 6.4 6.7 6 : 1  6.1 6 .7  
6.4 6.5 h . 5 " 6 . 4  b.? h .1  6.1 6 .2  
6.4 6.5 h.5 6.5 6 . 3  6 . 7  6.2 6 .2  
5.4 6.5 6 .6  h.5 ha3  5 . 2  h.3 6.3 
h.5 6 .6  6 .6  6 .5  6 .3  6 . 3  6.3 6 .3  
6.5 6.6 6.6 6.5 6 .3  5 . 3  6.3 6 . 3  
6.5 6.6 h.6 6.5 6.4 4.1 6.4 6 .4  
6.5 6.h 6.6 6.5 6.4 5 .4  6.4 6 . 4  
h.% 6 . 6  6 . h  6.5 6 . 5  6.4 6.5 6 . 4  
6.h 6.6 6 .6  6 .5  6.5 6 . 5  6.5 6.4 
6.1, '6.6 6 . 6  h.5  6 .6  5.6 A.h h . 5  
6.6 6 .h  6.7 6 .6  6 .6  6.6 5.6 6 . h  
6 . 7  6.6 6.7 h.6 h.' 5 . 7  6.7 h .h  
6 .7  6 . 7  h.7 6.7 6.7 4.R 6 . 8  0 . 7  
f . .q  (1.7 h.'4 6 . 1  6.8 h.R 6.8 h .8  
6 . 9  f ~ . n  6.8 0 . R  6.8 6 .9  6.9 h.R 

6 .  ? 
c . 2  
6.1 
6 . 1  
6 . 1  
6.1 
h .@ 
6 .0  
h.P 
5.9 
5 .9  
5 .9  
5.9 
5 .  Q 

6 . 0  
6.P 
6 .0  
6 .0  
6.1 
6.1 
6.1 
6 .  1 
6.1 
6 .7  
6 .  7 
h .  2 
6 .  ? 
6.2 
5 .2  
h.2 
6.2 
6 .2  
b .  2 
6 .2  
6 .2  
6 . 2  
6 .3  
6 .7  
h .  3 
h .?  
6 . 4  
h .  4 
6 . 4  
6 .5  
h .  6 



7.7 7.' 7.2 1.0 6.Q 6.9 6.R 6.R 4.R 5.9 6.9 6'.9 h.7 0 
1.1 7.2 7.7 7.1 7.3 h.? h.9 6.9 h.9 7.1 7.3 6.9 6.R 0 
7.4 7 .?  7.2 7.1 7." 7 .7  h.9 6.9 7.0 7.0 7.0 7 .1  6.R o 
7.9 7 .1  7 .1  7.7 7.1 7.1 7.0 7 .0  7.1 7.1 7.1 7.0 h.9 0 
7.5 1 .  7.3 7.7 7 , 7.1 7 7 1  7.1 7 .1  7.1 7.3 6.9 Q 
7.4 7.? 7 .4  7.7 7.7 7.2 l . ?  7.2 7.2 7.2 7.1 7.1 7.P . 0 
7.3 7.1 7.4 7 .1  l . ?  7;2 1.2 7.7 7.7 7.2 7.2 7.1 7.0 D 
7.4 7.4 7 .4  7.4 7.= 7.3 7.1 7.3 7.3 7 .1  7.3 7.2 7.0 0 
7.5 7.5 7.5 7.5 7.4 7.4 7.4 7.4 7.4 7 .4  1.3 7.2 7.0 Q 
7.6 7.5 7.6 7.7 7.5 7.5 7.5 7,.5 7.5 7.5 7.4 7.3 7 .1  0 
7.7 '7.6 7.7 7.8 7.7 7.7 7.7 7.7 7.6 7.5 7.5 7 .7  7 .1  0 
7." 7.7 7.1 7.4 7.R 7.9 ?.R 7.7 7.7 7.6 7.5 7.4 7.2 Q 
7.9 7.s 7.a ?.R 7.0 7.9 7.9 ?.R 7.7 7.6 7.6 7 .4  7.3 0 
7.9 7.9 7.9 7.9 R.0 R.O 1.9 7.R 1.7 7.7 7.6 7.5 7.3 0 
R.0 7.0 R.n 8.0 R..,I R.J R . 0  7.9 7.8 7.7 7.6 7.5 7.4 0 
n.n P.C P.O P.O R.1 8.1 R.O R.0 7.R 7.7 7.6 7.5 7.4 0 

I r~ ~ E P T H  A L L O W A N C E S   IT^ RF S U R T R A C T E O  F R O Y  T I ~ E S  FOR S U R F A C E  FOI 
1.4 -6.7-14.h-22.3-?9.8-3771-44.3-51.2-5l~7-64-7.O-76-R2 P 
7.4 .7 -4.7-11.2-1H.O-t4.8-31.6-3R~2-44.h-50,7-566-625-hR4 P 
3.4 2.5 -.b -5.2- 10.4-16.7-?7.2-28.0-33.R-39.4-44.9-53.5-5h.l P 
1.4 3.5 1.3 -1.6 -5.5-10.r-14.~-2~1.0-25.1-3n,l-35.1-1^.1-45.2 P 

3.L 3.9 7.6 .7 -2.1 -5.5 -Q.5-13.6-17.8-22.3-24S7-3112-35.R D 

3.4 4.0 3.7 2.5 .6 -2.0 -5.2 -8.4-1l.R-15.4-19.2-13.3773 P 
3.5 4.5 4.6 3.q 2.7 .R -1.5 -4.1 -5.1 -9.6-12.6-16.0-19,' P 
3.5 4.7 5 . 3  5 .7  4.5 7 . 2  1.5 -.2 -2 .1  -4.3 -6.8 -9.6-12.6 P 
3.6 5.1 6.0 6.3 6.1 5.4 4.2 3.2 2.0 - 5  -1.4 -3 .1  -6.2 P 
3.61 5.5 6.7 7 . 1  7.6 7.4 6.7 6.3 5.R 4.0 3.5 1.7 -.3 P 
1.4 5.9 7.4 8.7 9.0 0 . 7  9.C 9.4 9.4 0.1 8.1 b.8 5 . 3 P  
7 . r  6.1 8.0 4.2 10.3 10.0 11.1 12.4 12.9 13.0 12.h 11.7 10.5 P 
3.7 6 .4  9.6 ?n.? 11.5 17.5 13.5 15.4 15.4 16.7 16.7 16.3 15.5 P 
3.7 6.6 9.1 11.1 12.7 14.0 1 5 . 4  1R.2 1.9.6 20.2 29.6 2C.6 20.2 P 
3.R 6.Q 9.6 11.9 13.8 15.6 18.3  21.0 22.7 23.7 24.3 24.7 24.6 P 
3 . R  7.1 10.1 12.7 14.9  1n.P 21.q 23.9 25.8 27.1 27.9 28.6 79.8 P 
7.9 7.5 10.7 13.6 16.7 70.4 23.9  76.8 29.0 10.5 31.6 ??.5 32.9 P 
4.0 7.R 11.2 14.7 1R.R 72.7 26.5 29.5 12.0  33.9 15.2 36.2 3h.7 P 
B.!' P.1 12.1 16.7 21." 25.1 IR.9  32.1 34.8 36.9 38.5 39.7 46.4 P 
4.' 9.3 12.9 1R."3.2 27.4 31.4 34.7 17.6 39.9 41.7 43.0 43.9 P 
4.5 9.9 15.1 Zn.1 24.8 29.1 33.2 36.7 39.7 42.2 44.2 45.7  46.7 P 
4.5 10.1 15.5 2G.h 25.4 29.8 34.0 37.7 40.9 43.5 45.6 47.2 4R.4 P 
4.6 10.3 15.8 71.0 25.8 30.3 34.6 38.5 41.8 44.5 4 6 - 7  48.5 49.9 P 
4.6 10.5 l 6 . n  21.2 26.2 30.9  35.4  39.3 42.7 45.5 47.8 49.7 51.1 p 

4.6 1O.h 16.1 71.5 26.6  31.4 3h.0 40.0 43.4 46.3 48.7 53.7 52.2 p 

4.6 10.6 16.4 21.9 27.2 32.1  36.7 40.7 44.2 47.2 49.7 51.8  53.4 P 
4.6 l r . 7  16.5 22.1 27.5 32.4 37.1 41.2 44.8 47.R 55.4 52.6 54.3 P 
4.6 1C.7 16.6 22.2 27.4 32.6 37.4 41.5 45.2 48.3 51.0 53.3 55.1 P 

0 9 5  
9 Q 6  
C97 
0 9 8  
09'7 
1 O? 
1 0 1  
1 0 2  
1 C3 
1 0 4  
1 0 5  
l ? h  
1 0 7  
1 0 8  
1 0 9  
1 1 0  

'US t 
90') 
0 0 1  
3 7 2  
0?3  
0 0 4  
0 0 5  
? " h  
0 0 7  
0 0 8  
CC9 
0 1  0 
n l  I 
n 1 2  
0 1  3 
0 1 4  
?15 
0 1 6  
1 1 7  
OlR 
0 1 9  
n z o  
7 2 1  
n 2  2 
"23 
n2tt 
02  5 
" 2 h  
0 2 7  

4.6 10.7 1 6 . h  22.? 77.7 32.8 17.7 41.9 45.5 4R.R 51.6 5'4.9 55.8 P 1'29 
4.7 1C.9 16 .7  22.4 27.9 33.P 78.9 42.1 45.9 49.2 52.1 54.5 5h.4 P 0 2 9  
4.9 10.0 1h.R 22.6 28.1 33.3 38.3 42.5 46.3 49.7 52.6 55 .1  57.1 P 0 1 0  
4.7 10.0 16 .9  22.7 29.2 33.5 78.5 42.7 45.6 57.7 53.F 55.6 57.6 P 0 3 1  
4.7 11.". l h . 9  72.P 99.4 73.7 38.7 43.1 45.9 53.4 53.4 56.A 58.2 P '32 
4 . 7  11.0 17 .0  22.9 2A.5 33.9 38.9 43.3 47.2 5n.7 53.R 5h.K 58.7 P 033  
4.9 11.1 11 .2  23.1 28.7 14.1 39.1 43.6 47.5 51.1 54.2 57.3 59.3 P C34 
4.9 11.2  1 7 . 3  27.2 28.9 34.3 39.3 4 3 . 8  47.P 51.4 54.6 57.4 59.8 P 0 3 5  
4.R 11.2 17.4 23.3 79.0 34.4 39.4 44.0 48.0 51.7 54.9 57.8  60.2 P 0 3 6  
4.a 11.2  11.4  21.3 29.9 34.5 39.5 44.1 4R.Z 51.9 55.1 5P.1  00.6 P 0 3 7  
h.Y 11.3 17.4  73.4 ?9.1 34.6 39.7 44.3 4R.5 52.1 55.4 58 .4  61.9 P 0 3 8  
6.9 11.4 17.5 23.5 29.3 34.P 39.9 44.5 48.8 52.4 55.8 5R.R 61.5 P 0 3 9  
4 .9  11.4 17.6 23.6 29.4 34.9 41.0 44.7 49.0 52.7 56.1  59.2 62.7 P 0 4 0  
4.9 11.4 17.6 23.6 29.4 35.C 4 l . l  44.8 49.2 52.9 5h.4 5 9 . 6  42.5 0 Q 4 1  
4.q 11.4 17.6  73.7 29.5 35.1 40.3 45.0 49.4 53.? 56.7  6 0 . 0  h3.0 P 0 L 2  . 
4.9 11.4 17.7  71.8 29.7 35.3 40.5 45.3 49.7 53.6 57.2 60.5 63.6 P 0 4 3  
4.9 11.4 17.n 73.9 ?Q.R 35.4 4n.7 45.5 50.3 53.9 57.5 61.0  64.1 P 0 4 4  
4 . 0  11.5 17.9  24.1 30.0 35.6 40.9 4 5 - 8  50.3 54.3 58.0 61.5 64.7 P 0 4 5  
4 . 8  11.5 17.9 24.1 t n . 1  25.7 41.9 46.0 55.5 54.6 5~1.3 61.9 65.1 P 046  
4.9 11.5 19.n 74.3 30.7 35.Q 41.2 4h.2 53.8 54.9 5R.7 62.3 65.6 P 1-147 
4.0 11,6 18.1 24.1 30.4 3h.1 41.5 46.5 51.1  55.3 59.2 62.R 66.2 P 048  
4.9 11.6 1.R.1 24.5 30.5 26.2 41.6 46.7 51.3 55.5 50.5 63.2 66.6 P 0 4 9  
4.0 11.6 18.2 24.6 3r.7 3h.4 41.9 46.9 51.6 55.9 59.9 63.6  67.1 P l 5 ?  
4.Q 11.6 19.2 24.7 30.9 36.6, 42.0 47.1 51.9 56.2 60.3 64.0 b7.6 P 0 5 1  
*.0 11.7 1R.3 24.9 31.1 36.8 42.2 47.4 52.2 56.7 60.9 64.6 6R.E P 6 5 2  
5." 11.7 18.4 25.C 71.3 17.9 42.4 41.7 52.6 57.1 61.2 65.1 68.8 P 0 5 3  
4.9 11.7 18.4  25.0 31.4 q i . 1  42.5 47.9 52.8 57.4 61.5 65.4 69.2 P 0 5 4  
5.0 11.8 18.5 25.2 31.6 37.4 42.R 4R.2 53.2 57.4 62.0 66.0 69.8 P 0 5 5  
5.? 11.9 l q . 5  25.3 31.7 3'7.5 43.C 49.4 53.5 58.1 62.4 66.4 70.3 P n 5 6  
5.P 11.0 18.7 25.4 31.9 37.R 43.3 48.8 53.R 5R.5 62.8 66.9 70.9 P 0 5 7  
5.0 11.9 18.7 25.4 31.9 37.9 43.5 49.0  54.0 58.7 63.1 h7.7 71.2 P 0 5 @  
5.n 12.0 18.7 75.5 37.0 38.p 43.8 49.3 54.3 59.0 63.5 61.7 71.7 P c 5 9  
5.0 17.0 18 .6  25.6'32.1 3n.2 44.0 49.5 54.6 59.3 63.R 68.1  72.1 P Oh0 
5." 12.0 19.R 25.7 32.2 3R.4 44.2 4 9 . 7  54.R 59.h 6q.1 6R.5 72.5 P Oh1  
5,'. 12.1 1R.Q 25.8 32.4 38.6 44.4 49.9 55.1 59.7 64.5 68.9 72.3 P P 6 2  
5.Q 12.0 1R.9 25.9 32.5 3R.7 44.5 5 0 . 0  55.3 60.1 64.7 69 .1  73.3 P 0 6 3  
5.1 12.1 19.: 2 5 . 0  32.6 38.9 44.7 50 .2  55.5 60 .4 .65 .0  69.5 73.6 P 0 6 4  
q . l  12.1 I Q . ?  2 f . r  32.7 3 Q . p  44.R 50.4 55.7 h3.h 65.1  h0.R 74.7 P C65 
5 .1  l ? . ]  l Q . 0 ? 6 . O  32.P 30.1 4 4 . 0 5 0 . 6  55.9 60.8 h5.5 70.1 74.3 P Obh 
5.7 l;'.? 1o.1 76.1 77.9 3 o . 2  45.1 53.0 55.1 61.1 65.9 79.4 74.7 0 3 6 7  
5.2 17.3 10. '  '6.7 73.0 19.4  45.3 51.0 56.3 61.4 66.1 77.7 75.1 p 06R 
C . . ?  1 2 . 1  19. 1 26.1 '3.1 l Q . S  45.4  51.2 56.5 61.6 66.4 71.0 75.4 P 0 6 9  
5.? 17.3 14.3 ?h.' 71.1 1q.5  45.5  51.1  55.7 6 l .R 66.6 71.2 75.7 P 0 7 0  
5.7 17.4 1Q.t. 7 6 . 4  37.2 3q.6 45.7 5b.Q 62.1 66.9 71.5 76.1 P 1 7 1  
5.1 17.4 19.G 7 6 . 4  17.2 70 .7  4 5 . u  51.7 57.1 62.3 67.2 71 .8 ' 76 .4  P 0 7 2  



12.5 1Q.5 26.4 33.2 39.7 45.9 51.R 57.3 67.5 67.4 72.1 76.R P 073  
12.4 19.5 2h.4 T1.? 39.7 4h.0 51.9 57.5 62.7 67.6 72.4 77.0 P 074  
17.5 19.6 2h.5 33.3 19.8 4h.7 52.1 57.7 62.9 67.9 72.7 77.4 P 075  
12.5 19.7 26.6 33.4 39.9 4h.3 57.1 57.9 61.1 68.1 73.C 77.7 P 076  
12.5 19.7 76.7 31.5 4C.f' 46.4 52.4 50.1 61.1 68.4 77.2 78.0 P 077  
12.5 19.7 26.7 31.5 40.1 46.5 52.5 58.2 63.5 68.5 73.5 7R.1 P 0 7 8  
12.5 l0.R 26.R 33.7 4P.3 46.7 57.1 58.4 63.7 68.4 73.7 78.6 P C19 
12.5 19.8 2h.9 33.8 4P.4 46.9 52.9 5R.h 63.9 69.0 74.0  74.Q P OR0 
12.5 19.R 26.9 31.9 40.5 46.9 51.0 5R.7 64.1 69.2 74.2 79.7 P 0 8 1  
12.5 19.P 27.0 33.9 4P.5 47.n 53.1 59.9 64.2 69.3 74.4 79.4 P OR2 
12.6 19.9 77.0 34.0 40.7 47.1 53.3 59.0 64.4 ~ 9 . h  74.7 79.7 P OR3 
12.7 20.0 27.1 34.1 40.7 47.7 51.4 59.7 64.6 69.7 74.9 79.9 P 084  
12.7 70.0 27.1 34.1 40.8 47.3 57.5 59.3 64.7 69.9 75.1 80.1 P 0 8 5  
12.8  20.1 27.2 14.2 41.n 47.5 53.7 57.5 64.9 7q.2 75.4 80.4 P 086  
12.R 20.7 27.1 34.3 41.1 47.6 53.8 59.7 65.1 70.4 75.6 R0.6 P 087  
12.R 20.2 27.4 34.4 41.1 47.7 53.9 59.8 65.2 73.5 75.7 8n.R P 0RR 
12.9 v . 3  27.5 34.5 41.3 47.8 54.0 59.9 65.3 70.7 75.9 RI.? P 089 
12.9 20.3 77.5 34.5 41.3 47.9 54.1 60.0 65.4 70.9 7h.0 81.1 P 0 9 0  
17.8 70.2 27.5 34.5 41.3 4 7 . 9 5 4 . 1  60.3 65.4 7C.8 76.0 e l . 1  P 0 9 1  
12.R 20.2 27.4 34.4 41.2 47.8 54.1 h0.7 65.5 70.8 76.0 91.1 P 0 9 2  
17.8 20.2 27.4 34.4 41.2 47.P 54.1 60.0 65.5 70.9 76.0  81.2 P 093  
12.9 77.3 27.5 34.5 41.3 47.9 54.1 63.3 65.6 70.8 76.0 81.7 P 0 9 4  
17.9 20.3 27.5 34.5 41.3 47.9 5h.2 h3.1 65.7 70.9 76.1 81.3 P 0 9 5  
13.0 20.4 27.6 14.6 41.3 47.9 54.3 60.2 65.8 71.0 76.2 81.4 P 096  
12.9 70.3 77.5 34.5 41.1 47.9 54.2 63.1 65.8 71.0 76.2 81.3 P 0 9 7  
1 2 . 9 7 5 . 3  27.5 3 4 . 5 4 1 . 3 4 7 . R 5 * . 2  60.1 65.8 7 l . O l h . 2 8 1 . 3  P 0 9 8  
12.8 20.2 27.4 34.4 41.7 47.8 54.2 60.1 65.8 71.0 76.2 91.3 P 099  
17.9 7n.7 27.5 14.5 41.3 48.0 54.3 6 3 - 2  65.8 71.1 76.1  91.4 P 1'73 
17.9 20.3 27.5 34.5 41.4 48.1 54.4 61.3 65.9 71.2 7h.4 81.5 P 1 0 1  
13.0 70.4 27.6, 14.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 R1.6 P 102  
13.0 20.4 27.h 34.6 41.5 48.7 54.5 63.4 66.0 71.3 76.5 81.6 P 1 0 3  
l3.n 7 r .4  27.h 74.6 41.5 48.2 54.5 61.4 66.0 71.3 76.5 81.6 P 1 0 4  
13.0 70.4 77.6 74.6 41.5 48.2 54.5 60.4 66.0 71.3 76.5 81.h P 1 0 5  
13.0 70.4 27.6 34.6 41.5 48.1 54.5 63.4 66.0 71.3 76.5 81.6 P 1 0 6  
13.3 20.4 27.6 34.6 41.5 4R.2 54.5 63.4 66.C 71.3 76.5 81.6 P 1 0 7  
13.0 20.4 27.6 34.6 41.5 4R.2 54.5 60.4 66.0 71.3 76.5 81.6 P 1 0 8  
1 3 . 0 7 0 . 4 7 7 . 6  3 4 . 6 4 1 . 5 4 R . 2  5 4 . 5 6 3 . 4 6 6 . 0 7 1 . 3 7 6 . 5 8 1 . 6  P 1 3 0  
13.0 20 .4  27.6 34.6 41.5 48.2 54.5 63.4 hh.0 71.3 76.5 81.6 P 1 1 0  
13.0 20.4 27.6 74.6 41.5 48.2 54.5 60.4 66.0 71.1 76.5 81.6 P 111 

P JR 1Q5R q T A N D A R D  T R A V E L  T I M E S  I T I M F S  FOR S U R F A C E  FOCUS)  
71.1 35.4 49.7 63.9 78.1 97.2 39 " -006  

170.3 134.2 148.0 161.7 175.3 18R.7 007-013 
215.9 77R.O 247.7 253.2 265.5 117.3 014 -720  
797.5 ~ 7 . 4  317.1 325.8 336.2 345.4 071 -327  
361.5 172.5 381.3 390.1 398.8 407.5 029-034 

416.1 474.6 433.n 441.4 449.8 458.1 466.3 0 3 5 - 0 4 1  
474.5 497.7 4 90.8 498.q 506.8 514.7 522.6 042 -048  
510.3 538 .1  545.6 553.2 5 60.7 568.0 575.4 049 -955  
5Q7.6 5RQ. R 596.8 603. R 613.7 617.5 624.3 n 5 h - 0 6 2  
610.q 637.5 644.0 650.4 656.8 563.1 669.3 0 6 3 - 0 6 9  
675.4 691.5 hR7.5 693.4 699.2 705 .O 710.7 @73-'376 
71h.1 771. R 777.3 732.7 738.0 743.2 74R.4 077 -783  
7 53.5 75R. 5 763.5 768.4 773.7 778.0 782.7 084 -090  
7R7.3 791. 9 796.5 . R01 .l 895.7 813.3 R14.8 091 -097  
819.1 R23.8 RZR.4 R12.C) 817.4 R41 .R 846.2 0 9 8 - 1 0 4  

5.4 13.4 21.7 29.9 36.2 4>.5 50.5 57.2 63.7 69.R 75.7 81.5 87.3 P K P  1 0 9  
5.4 13.4 71.2 7R.R 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 P K P  110 

1 n K P  D E P T H  ACl  n U b M C F 7  ' T O  RF S U R T R A C T E D  F R O M  T I M F S  F O R  S U R F A C E  FOCUS) 
5.4 13.4 21.7 2R.R 7h.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 P K P  111 
5.4 13.4 21.2 7R.8 36.2 43.5 5".5 57.2 63.7 69.R 75.7 81.5 R7.3 PKP 1 1 2  
5.4 11.4 21.7 7R.R 76.7 43.5 53.5 57.7 63.7 69.9 75.7 81.5 87.3 P K P  1 1 3  
5.4 13.4 21.2 7R.A 76.7 41.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 P K P  1 1 4  
5.4 13.4 21.7 29.8 =6.2 43.5 50.5 57.2 67.7 69.R 75.7 81.5 R7.3 P K P  1 1 5  
5.C 1?.4 11.2 79.8 3h.2 43.5 50.5 57.2 67.7 69.R 75.7 R1.5 R7.3 P K P  1 1 6  
5.4 13.4 21.2 2A.R 36.2 41.5 50.5 57.2 63.7 69.8 75.7 Rl.5 87.3 P K P  1 1 7  
5.4 13.4 21.2 79.8 36.2 43.5 50.5 57.2 63.7 69.R 75.7 R1.5 87.3 P K P  1 1 8  
5.4 13.4 71.2 7R.R 36.2 41.5 50.5 57.2 63.7 69.8 7 5 - 7  81.5 87.3 P K P  1 1 9  
5.4 13.4 21.2 28LR 16.2 43.5 57.5 57.2 63.7 69.8 75.7 81.5 R7.3 P K P  1 2 0  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 P K P  1 2 1  
5.4 11.4 71.7 2R.R 36.7 47.5 53.5 57.2 h7.7 69.8 75.7 81.5 87.3 P K P  122  
5.4 13.4 21.' 28.R 36.7 43.5 50.5 57.2 63.7 69.8 75.7 R1.5 R7.3 P K P  1 2 3  
5.4 13.4 21.2 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 P K P  1 2 4  
5.4 13.4 21.7 78.R 76.2 43.5 50.5 57.7 h3.7 6Q.R 75.7 81.5 87.3 P K P  1 2 5  
5.a 13.4 21.7 79.8 76.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 P K P  1 2 6  
5.4 13.4 71.7 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 R1.5 87.3 P K P  1 2 7  
5.4 13.4 21.2 28.R 36.2 43.5 5P.5 57.2 63.7 69.R 75.7 81.5 87.3 P K P  12R 
5.4 13.4 21.2 29.8 3 6 - 7  43.5 51.5 57.2 63.7 69.8 75.7 81.5 R7.3 P K P  1 2 9  
5.4 13.4 21.7 28.8 36.2 43.5 50.5 57.2 63.7 69.8 75.7 81.5 87.3 PKP 1 3 0  
5.4 13.4 71.2 29.8 36.2 43.5 5n.5 57.2 63.7 69.8 75.7 ~ 1 . 5  87.3 PKP 131 
5.4 13.4 21.7 28.0 76.2 43.5 57.5 57.2 63.7 69.8 75.7 R1.5 87.3 e'KP 132  
5.h 13.4 21.2 2R.R 16.2 43.5 50.5 57.2 63.7 69.R 75.7 81.5 87.3 PKP 1 3 3  
5.4 13.4 21.7 28.8 36.7 43.5 50.5 57.7 63.7 69.R 75.7 81.5 R7.3 P K P  1 3 4  
5.4 11.4 ? l . ?  2R.P 36.7 41.5 50.5 57.2 63.1 h9.R 75.7 R1.5 87.3 P K P  1 1 5  
5.4 11.4 21.2 2R.H 7h.2 47.5 50.5 57.2 h7.7 h9.9 75.7 81.5 07.3 P K P  1 3 6  
5.'. 17.4 21.2 ?R.8 76.7 41.5 5n.5 57.7 h3.7 h0.P 75.7 81.5 87.3 P K P  1 3 7  
5.4 17.4 71.7 ~ R . R  26.2 47.5 5n.5 57.2  63.1  69.8 75.7 81.5 87.3 PKP l 3 8  
5.4 13.4 71.7 7A.R 7h.2 41.5 50.5 57.2 63.7 69.8 75.7 P1.5 87.3 P K P  1 3 9  
5.4 13.4 71.2 78.R 36.2 41.5 50.5 57.2 h3.7 69.R 75.7 R1.5 47.3 PKP 1 4 0  
5.' 11.7 71.0 ?P.6 '5.9 41.r 57.0 5h.h 6 3 . 7  69.1 74.7 8C.h Rh.? P K P  1 4 1  
5.1  11.2 70.9 2R.4 75.6 47.6 49.5 56.1 62.4 bR.4 74.1 79.R P5.3 P K P  142  



5.3 11.7 20.9 29.4 75.7 47.u 49.7 56.3 62.7 hA.7 74.5 80.7 R5.8 PKP 143  
5.3 1a.2 21.n 18.5 75.9 62.9 49.9 56.5 67.s 69.0 74.8 ~ 0 . 6  86.2 P K P  1 4 4  
5.1 11.7 21.C 7R.5 '5.9 41.1 50.1 56.9 63.2 69.3 75.2 R1.n 86.7 PKP 145  
5.3 13.2 21.1 28.h 3b.0 41.2 50.2 57.0 63.6 h9.5 75.4 81.2 87.0 PKi' 146  
5.3 13.7 71.1 28.7 '46.1 43.3 50.4 57.1 53.6 h9.7 75.6 R1.5. R7.3 PKP 147  
5.4 13.3 21.7 ZR.7 36.7 41.5 5C.5 57.3 63.7 6Q.A 75.R R1 - 7  83.5 PKP 148  
5.4 13.4 21.2 28.8 3h.3 43.6 50.7 57.4 63.9 70.0 76.0 82.0 R7.8 PKP 1 4 9  
5.4 13.4 21.3 78.9 36.4 43.7 50.P 57.6 64.1 70.2 76.7 82 .1  88.1 PKP 1 5 0  
5.4 13.4 21.3 28.9 36.4 43.7 50.R 57.6 64.1 7q.2 76.2 R2.7 88.1 PKP 1 5 1  
5.4 13.4 21.a 29.9 36.4 43.7 53.0 57.6 6b. l  71.2 76.2 87.2 88.2 PKP 152  

A50.6 R55.0 859.4 Rh3.R 86R.2 872.6 877.0 105-111  
5.4 13.4 21.1 7A.9 -36.4 4T.7 53.8 57.7 64.2 79 .1  76.3 82.3 89.2 PKP 1 5 4  
5.4 13.4 71.1 28.9 36.4 43.7 50.8 57.7 64.2 77.3 76.3 e7.7 88.2 PKP 153  
5.L 13.4 21.3 29.0 36.5 41.R 50.9 57.7 64.2 70.3 76.1 82.1 88.3 PKP 155  
5.4 13.4 2!.3 29.P 3h.5 43.8 50.9 57.7 64.7 7n.3 76.3 82.3 88.3 PKP 156 
5.4 13.4 21.3 29.C 36.5 43.R 59.9 57.7 64.2 73.3 16.3 (32.3 80.3 PKP 157  
5.4 13.4 2 1 . 7  29.0 36.5 43.A 50.9 57.8 64.3 70.4 76.4 82.4 RA.3 PKP 15R 
5.4 13.4 21.3 29.C 36.5 43.8 50.9 57.8 64.3 73.4 76.4 82.4 98.4 PKP 1 5 9  
5.4 13.4 21.3 29.0 36.5 43.8 53.9 57.9 6s.3 70.4 76.4 82.4 88.4 PKP 1 6 0  
5.4 13.4 21.3 29.0 36.5 43.R 50.9 57.R 64.3 70.4 76.4 87.4 88.4 PKP 1 6 1  
5.4 13.4 21.1 29.0 36.5 43.R 50.9 57.8 h4.3 70.5 76.5 82.5 88.5 PKP 162 
5.4 13.4 21.3 29." 36.5 43.8 51.0 57.9 64.4 77.5 76.5 82.5 88.5 PKP 163 
5.4 13.4 21.' 79.0 36.5 43.8 51.0 57.9 66.4 70.5 76.5 82.5 88.5 PKP 1 6 4  
5.4 13.5 21.4 29.1 36.h 43.9 51.0 57.9 64.4 70.6 76.6 82.6 88.6 PKP 1 0 5  
5 . 0  13.5 21.4 29.1 76.6 43.9 51.P 57.9 h4.4 70.6 76.6 82.6 88.6 PUP 166 
5.4 13.5 21.4 29.1 16.6 43.9 51.0 57.9 64.4 70.6 76.6 82.6 88.6 PKP 1 6 7  
5.4 13.5 21.4 2Q.l  36.6 43.9 51.1 58.0 64.5 7Q.h 76.6 A2.6 88.h PKP 168  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 73.7 76.7 82.7 88.7 PKP 1 6 9  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.1 76.7 82.7 88.7 PKP 170  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 h4.5 70.7 76.7 A2.7 88.7 PKP 1 7 1  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 77.7 76.7 R7.7 RR.7 PKP 1 7 2  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 70.7 76.7 82.7 88.7 PKP 173  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 73.7 76.7 82.7 '78.7 PKD 1 7 4  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.9 66.5 73.7 76.7 82.7 88.7 PKP 1 7 5  
5.4 13.5 21.4 20.1 36.6 41.9 51.1 58.0 64.5 70.8 76.8 82.8 88.8 PKP 1 7 6  
5.4 13.5 21.4 79.1 16.h 43.9 51.1 58.0 64.5 70.R 76.8 82.8 88.9 PKO 1 7 7  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 73.8 76.8 62.8 88.8 PKP 178  
5.4 13.5 21.4 79.1 36.6 43.9 51.1 58.0 64.5 70.8 76.R 82.8 O8.q PKP 1 7 9  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 58.0 64.5 79.8 76.9 ~ 2 . 8  SR.B PKP t e n  
5.4 13.5 21.4 29.1 36.6 43.9 51.1 5fl.O 64.5 73.t7'76.8 82.8 RR.8 PKP 1 8 1  

l T A B l E  .?B PKP JR 195R STANDARD TRAVEL TIMES (TIMES F0R SURFACF FOCUS) 
1111.7 1113.7 1 5 7  1117.1 1119.1 1121.1 1123.0 1C9-115 

1 l f . ~ . O  1166.9 1168.7 1170.5 1172.1 1174.0 1 1 7 5 . 7 1 3 7 - 1 4 3  
1177.4 1179.2 l l R 0 . q  1182.6 1184.2 1185.8 1187.4 144-150 
11AA.9 1190.4 1 l Q l . R  1193.2 1194.5 1195.8 1197.2 151-157 
l lOR.5 1199.7 1200.8 1201.8 1202.8 1203.8 1 2 0 4 . 8 1 5 9 - 1 6 4  
1205.A 1206.7 1707.4 1208.Q 120A.b 1209.2 1 2 3 9 . 8 1 6 5 - 1 7 1  
1.219-4 1210.9 1211.2 1211.5 1211.R 1212.7 1212.1 177-178 
1212.1 1212.2 1212.7 , 179-181 

lTARLE 3 F (  D )  ELL1 P T l C l T Y  CnRRECTIONS 
.CC1 .0 2 - 0 0 3  - 0 0 4  ,005 . - 0 0 6  0 7  - 3  8 a0 9 .01 0q1-  1 
.c17 .n14 . o i 5  .o17 .OIQ . o n  .023 .024 .nz6 . O Z R  011-02 
S027 ,029 ,030  - 0 3 1  .032 .032 .g33 ,334 ~ 0 3 4  .035 021-03 
. Q  . .c37 .n38 . n 3 ~  ..m9 .043 .341 .n41 . 0 4 t  031-040 
.n42 -047  4 3  - 0 4 4  ~ 0 4 4  -045  - 0 4 5  .346 -946  .D47 041-050 
- 0 4 7  .04R .04R .048 - 0 4 8  - 0 4 9  a049 - 3 4 9  5 ,050 051-F60  
. n 5 i  .n5? 3 .n54 ."55 .c56 .p57 . 7 5 ~  .059 .n60 0 6 1 - 0 7 r  
,061 .C61 .Ch2 - 6 6 2  - 0 6 1  - 0 6 4  a064 - 0 6 5  -065  .06h 071-080  
.Oh& .Oh6 .Oh6 .Oh6 .Ohh .Oh6 .066 . 3 t 6  .066 .066 0R1-Can 
.n66 .C66 .n66 .Q66 - 0 6 6  .Oh6 - 0 6 6  -366  - 0 6 6  .06h 091-13? 
. I 6 6  -066  .%h - 7 6 6  .C66 - 0 6 6  - 0 6 6  - 0 6 6  .Ob6 .066 101-110  

111-120 
. . 121-130 . 131-140  

141-150  
151-160 
161-170  . 171-180  

lTARCF 4 SEISMIC AND GE~GRAPHICAL REGIONS 
1 
l 

I 1 CFNTRAL ALASKA 2 1 FOUTHFRN ALASKA 
3 1 RERING SEA 4 1 KOMANOORSKY ISLANDS REGION 
5 1 NFAR 1CCANDS. ALEUTIAN ISCANOC 6 1 RAT ISL9NDSv ALFIJTIAN lSLANDS 
7 1 ANDREANOF ISLAYDS. ALFUTIAN IS. 8 1 PSIRILOF ISLANDS 
Q 1 F~IX 1st ANDS. A L E U T I A N  l SLANOS l 0  1 UNlNAK ISLAND REGION 

1 1  1 RQISTDC BAY I 2  1 ALASKA PENlNSIILA 
13 l KnDlbU lSLAN0 REGInN 1 4  1 KENAf PENINSULA. ALASKA 
1 5  1 GtILF 01: ALASKA 1 6  1 ALElJTIAN ISLANDS REGION 
17  1 SflOTH TIF ALASKA 

1 
1 8  2 S0UTHERN YUKON TERRITDRYt CANADA 

1 9  7 SnlJTHFASTERV ALAqKA 20 2 OFF CnAST OF SOUTHEASTERN 4t.ASKA 
7 1  7 WF5T nF VANCnllVFR ISLANO 22  2 QIJEEN CHARLOTTE I S L A N M  REGION 
23 ;! RRITISbi  CCILIIMHIA 24 2 AlflEPTA PP0VINCF.r CANACIA 
25 ? VANCOIJVFQ 15LANf) UEGlnN 26 7 flFF C04ST OF HASHINGTflN 
77  2 VFAn CClAST CIF UhStJ!b!GTCIN 28 2 HASHINGTnN-ORFGIIN BORDER REGION 

' I  
29 7 WflSHINGTON 3Q 3 OFF COAST OF OnFGOY 
3 1  3 VFhR C(1AST (IF O R F G I I Y  32 3 nRFGON 
33 ' UCSTERN IPAliO 3 4  1 1FF  COAST OF NOPTWERN C4LIFORNlA 

1 
75  3 NF4R CnA5T nF V. CALIFnRNlA 36 3 NORTHERN CALtFnRNIA 



1 7  3 NFVAnA 1 R  3  f l F F  COAST OF CA1 , lFORNIA  
3 9  ? CENTRAl.  T A L I F f l R N l A  4 0  3 CAL 1 I :ORNlA-NFVAOA BORDER R E G I O N  
4 1  2 S n l l T H F Q Y  NFVADA ' 4 2  3 WVSTFRN A R I I O N A  
4 7  3 Sn l lTHFRN C A L l F n R N l A  4 4  7  C A 1  I F O R N I A - A R  I ? O N A  RflPnER RFGToY 
4 5  7 T A L I F O R N l A - M F Y l C f l  ROROFR R E G l D N  4 h  3 W.  A R I I O N A - M F X I f r l  BORDER R F G l O N  
4 7  4  P F F  H. CnAST OF RAJA CAL. IFORN1A 4 8  4  B A J A  C A L I F [ I P N l A  
4 9  4  GULF OF C A l  I F O R N l A  5 0  4  NDRTI iWFSTERN M F X l C O  
5 1  4  OFF CnAST OF CENTRAL M E X I C f l  S 2  4  NEAR COAST @F CENTRAL M E X l C O  
5 3  5 R F V I L L A  G I G F n O  IS1.6NDS R F G l n N  5 4  5 OFF COAST n F  J A L I S C O I  M E X I C O  
5 5  5 NEAR Cf lAST OF JAL. ISCOp M F X l C O  5 6  5 N E A R  CCJAST OF MICHOACAN, Y F X I C O  
5 7  5 MiCHOACANl M E X l C D  5 R  5 NEAR COAS'" f lF GUEPRERO, UlEXICO 
5 Q  5 Gl lERREPn,  MEXICO 6 0  5  OAXACA. M E X I C O  
h 1  5  T H I A P A S r  M E X I C f l  6 2  5  MFXICO-GUATEMA1.A BORDFR R F G l O N  
h 7  5 OFF Cf lAST OF M f X i C O  h 4  5 OFF COAST OF MICHOACANv MEXICO 
6 5  5 ~ F F  C ~ A S T  O F  GUFRPFRO,  M F X ~ C O  6 6  5  NEAR COAST OF U A X A C A *  Y E X I C O  
6 7  * OFE COAST n F  CIAXACA, M F X l C O  6 R  5  OFF COAST OF CFt IAPASq M E X I C O  
h 9  5 NFAR COAST OF C t i l A P A S q  M E X I C O  7 0  5 GUhTFMALA 
7 1  5 NEAR COAqT n F  GUATFMAIA  7 2  6  HONDURAS 
7 7  6  FC SALVADOR 7 4  6  NFAR COAST OF N ICARAGUA 
7 5  t NICARAGUA 7 6  b OFF COAST OF CENTRAL AMERICA 
7 7  h f lFF COAST OF COSTA R1C.A 7 8  6 COSTA R I C A  
7 9  6 NORTH n F  PANAMA A 0  6  PANAMA-COSTA R I C A  BOROER R E G I O N  
R 1  h PANAMA B ?  h PANAMA-COLDMRIA RORDER R E G I O N  
R 3  h SOlJTH n F  PANAMA 8 4  7  YUCUTAN P E N I N S U L A  
R 5  7  Cll 'JA R E G l O N  8 6  7 J A M A I C A  R E G I O N  
9 7  7  H A I T I  " E G I O N  8 8  7  D O M I N I C A N  R E P U R L I C  R E G l f l N  
4 9  7 HflNA PASSAGF 9 0  7  PIJT-RTO R I C O  R E G I O N  
Q 1  7  V I R G I N  1  SLANDS 9 2  7  LEEWARD I S L A N D S  
9 3  7  B R I T I S H  HONDIJRAS 9 4  7 . C A R I R R E I N  S E A  
9 5  7  WINDWARD I S L A N D S  9 6  7  NEAR NORTH COAST OF COLOMBIA  
9 7  7  NF4R Cf lAST n F  VENFZUELA 9 8  7  T R I N I D A D  
9 9  7  NflRTHERN COLOMRIA 1 0 0  7  L A K E  MAR b C A I R O  

7  V F N F Z ~ I E L A  1 0 2  8 NEAR HEST COAST OF C O L O H 8 I A  
1." 3 COLOMRIA 1 0 4  8  OFF COAST OF ECUADOR 
1.05 A NEAR Cf lAST f lF ECUADOR 1 C 6  B COLOMBI A-ECUADPR 80RDER R E G I O N  
1 0 7  n K C I J A D ~ R  1 0 8  8 OFF C O A S T  O F  NORTHERN P E R U  
1 0 9  R NcAR COAST [ I F  NDRTYERY PERU 1 1 0  R  PERU-ECOADOR BORDER R E G I O N  
111 4 Ni lQTHERN P E R U  1 1 2  R  P F R U - R R A 7 I L  ROROFR R E G I O N  
1 1 3  R WFSTFRN B R A Z I L  114 9 OFF COAST OF PERU 
1 1 5  3 NF 4 U  COACT I l F  PFRU 116 R  P F R U  
1 1 7  A COUTHERN P F R U  1 1 8  8  P E R U - R O C I V I A  BORDER R E G I O N  
1 1 9  9 NORTHFRN B O L I V I A  1 2 0  9  B O L I V I A  
1 2 1  R OFF COAST @ F  NnRTHERN C H I L E  1 2 2  A  YEAR COAST OF NDPTHERN C H I L E  
1 2 3  A Nf lRTHERN C H I L F  1 2 4  R  C H I L E - R O L I V l A  RORDER REGIOY 
1 2 5  9 SOUTHFRN B O L I V I A  1 2 6  8  PARAGUAY 

1 2 7  ? CWILF-ARGFNTINA RflRDFR R E G I O N  
1 2 9  n S A L T A  P R O V I N C F ,  A R G E N T I N A  
7 1  R. TllCUMAN P R O V I N C E t  ARGENTINA 
1 3 ?  Y Nf lRTHFASTERN ARGENTINA 
1 7 5  R NCAR f lF CFNTRAL C H I L E  
1 1 7  '3 5 4 Y  J l lAN P R D V l N C F t  ARGENTINA 
1 3 0  a MEYOOIA P R ~ V I M C F ,  ARGFNTINA 
1 4 1  B  CllRDOHA P R O V l N C E t  ARGENTINA 
1.43 Q OFF COAST OF SOUTHERN C H I L E  
1 4 5  Q  S. C H I L E - A R G E N T I N 4  BDADFR R'FGION 
1 4 7  l r  TIFRRA DEL FUFGO 
1 4 9  1 "  ORAKE PASSAGE 
1 5 1  l 0  SlllUTH GFORGIA  I S L A N D  R E G l f l N  
1 5 3  l!? SOUTH SANOW l C H  I S L 4 Y D S  R F G I O N  
1 5 5  1 "  PALMER PENINS(1I.A , ,  

1 5 7  1 0  UFDOELL SEA 
1 5 9  11 NORTH I S L A N D ,  NEW ZEALAND 
I h 1  11 f lFF  H. COAST flF S. ISI.AND, N. Z. 
l 6 3  11 Cf l l lK  S T R A I T ,  NFU Z F A L A N D  
l 6 5  l 1  NORTH f lF MACOIIARIE I S L A N D  
1 6 7  l! MACQI IAPIF  I q L A N D  R E G I O N  
l 6 9  1 2  SAMOA l S L A N D S  R E G I O N  
1 7 1  1 2  SflUTIi n F  F I J I  I S L A N D S  
1 7 3  1 2  TONGA I S L A N D S  
1 7 5  1 2  SOUTH OF TONGA I S L A N D S  
1 7 7  1 2  KFRMADCC I S L A N D S  R F G I O N  
1 7 9  1 2  SOlJTH OF KFRMADFC 1SLANI)S 
1 9 1  1 3  F I J I  I S L A N D S  P E G I O Y  
1 R 3  1 4  SAYTA CRUZ I S L A N D S  R E G I O N  
1 8 5  1 4  N E 4  H F B R I D F S  I S L A N O S  R F G I O N  
1 9 7  1 4  NEW CALEDONIA  
1 8 9  1 4  L f l Y A L T V  I S L A N D S  R E G I O N  
1 9 1  1 5  NORTH OF SOLOMON I S L A N D S  
1 9 3  1 5  SnLOMDN I S( ANOS 
1 9 5  1 5  STILOMCJN I S L A N D S  R E G I O N  
1 9 7  l h  NFAR N. COAST OF W"ST NFW G l l l N F A  
l q 9  l h  A O Y l R A L T Y  IS l .ANO3 R F G l O N  
711 l h  WEST N F U  C I I I N E A  
7 0 7  1 6  RIYMARCK SEA 
7 0 5  1 6  N F A R  5 .  C O A S T  nF W F S T  M F W  GIIINFA 
2 0 7  l h  EAYT NEW C,IIIN.IEA R F G l f l N  
20') 1 7  WFST C A U O L l N t  1SLANI)S 
2 1 1  1H F'1IITH l7F ttCIYFlilJ, . l t P A N  
7 1 3  I R  V n l  CAhirl I S L h N n ?  R F c l l r N  
2 1 5  1 A  MARIANA I S L A N D S  QFG1'lN 

1 2 9  8 JIJYJUY PQOVINCF,  ARGENTlNA 
1 3 0  R  CATAMAPCA P R O V I N C E *  ARGENTINA 
1 3 2  R  S A N T I A G O  DEL E S T E R 0  PPOV., ARG. 
1 3 4  9 OFF COAST OF CFNTRAL C H I L E  
1 3 6  A CENTRAL C H I L E  
1 3 8  8 L A  R l O J A  PROVINCF,  A R G E N T I Y A  
1 4 0  R  SAY L U I S  P R O V l N C E t  ARGFNTINA 
1 4 2  9  URUGUAY 
1.44 9 N F A R  COAST OF SOUTHFRN C H I L E  
1 4 6  9 ARGENTINA 
1 4 8  I n  F A L K L A N D  I S L A N D S  R E G I O N  
1 5 0  1 0  S C O T l A  S F A  
1 5 2  1 0  SOUTH G E O R G I A  R l S E  
1 5 4  1'l SOIJTH S H E T L 4 N D  I S L A N D S  
1 5 6  1 0  SOUTHWFSTERN A T L A N T I C  OCFAN 
1 5 8  11 OFF W. C O A S T  n F  N. ISLAND, N. L. 
1 6 0  11 OFF E. COAST OF N. I S L A N D ,  N. 7.. 
1 6 2  11 SOUTH I S L A N D *  NEH L F A L A N D  
1 6 4  11 O F F  E. COAST OF S. I S L A N D v  N. Z. 
1 6 6  1 1  AUCKLAND I S L A N D S  R F G I O N  
1 6 R  11 S n U T H  OF N F U  7EALAND 
1 7 0  1 2  SAMOA I S L A N D S  
1 7 2  1 2  WEST OF TONGA I S L A N D S  
1 7 4  1 2  TONGA I S L A N D S  R E G I O N  
1 7 6  1 2  NORTH OF NEW Z E A L A N D  
1 7 8  1 2  KFRMADEC I S L A N D S  
1 8 0  1 3  NORTH OF F I J I  I S L A N D S  
1 R 2  1 3  F I J I  I S L A N D S  
l A 4  1 4  SANTA CRUL I S L A N D S  
1 8 6  1 4  NEM H F H R l  n E S  I S L A N D S  
1 8 8  1 4  L O Y A L T Y  I S L A N D S  
1 9 0  1 5  NEH I R E L A N D  R E G I O N  
1 9 2  1 5  NEW B R I T A I N  R E G I O N  
1 9 4  1 5  DFNTREC4STEAUX I S L A N D S  R E G I O N '  
1qh 1 6  WEST NEW G U I N E A  R E G I O N  
1 9 8  1 6  N F U  G l J l N F A  REGlflN 
2 0 0  1 6  NEAR N O I T H  COAST OF NFU G U I N F A  
2 0 2  1 5  NEW G U I N F A  
2 0 4  I 6  ARnE 1SLANOS R E G I O N  
2 0 6  I h  NFAR SOUTH COAST n F  NEW GlJ INFA 
2 0 8  1 6  4RAFURA C f A  
Z I O  1 7  s r l u T n  OF M A R I A N A  ISLANDS 
2 1 2  1 0  H O N I Y  I S L A N D S  R E G I O N  
2 1 4  19 H F S T  OF MARlANA I S L A N D S  
2 1 6  1 0  MA91ANA I S L A N O S  



7 1 7  1 0  KAYCHATKA 
? l 0  1"  OFF FAFT CPhST O F  YAYCHATKA 
7 7 1  1 9  KIIR !LE ISLANOS 
2 2 3  1 0  FA5TEPN SFA n F  JAPAN 
2 2 5  1'4 nFC CnAST nF HnUKATOnt JAPAN 
2 7 7  1 9  t4(lNSHtI, JAPAN 
7 2 9  10 n F F  FAST CnAST OF HONSHUv JAPAN 
? 3 1  2 0  Snl lTH KnRFA 
7 3 3  2" NFbR S. CnAZT OF SflOTHFRN HONSHU 
7 3 5  2rr KYIJSHII, J A P A N  
7 3 7  7 0  Srll lTHFAST n F  SHIK l lYU,  JAPAN 
7 3 1  7 n  R V ~ J K Y U  I S L A N D S  REG.ION 
2 4 1  2" P H I L I P P I N E  SFA 
2 4 3  7 1  TAIWAN Q E G l n N  
2 4 5  71, NORTHEAST OF TAIWAN 
1 4 7  ?l SflIJTHEAST OF TAIWAN 
2 4 9  27 I l l l O N ,  P H I L I P P I N E  ISLANOS 
2 5 1  2 7  SAMAR, P H I L I P P I N E  ISLANDS 
2 5 1  2 2  5UI.U SGA 
> 5 5  7 2  CFHlJr P H I L I P P I N F  1SLANT)S 
2 5 7  2 7  hlFGROS. P H I L I P P I N E  ISLANDS 
2 5 9  2 3  MIN04NAOv P H I L I P P I V E  ISLANDS 
7 6 1  73  ROQNFO 
3 6 3  2 3  TALAUD ISLANDS 
2 6 5  2? NORTHFRN C E L F B t S  
2 h 7  7' HALYAVFRA 
2 6 9  23  MnLUCCA SEA 
'71 ?1 RUQlJ 
2 7 3  7 4  SnllTHWFST OF StIMATRA 
2 7 5  24  JAVA SEA 
2 7 7  24 JAVA 
2 7 9  2 4  FLnRES SF& 
2 9 1  7 4  TANlMRAR ISLANDS R E G I n N  
2R3 ?4  RA1 1  ISLAND RFGION 
7 8 5  2 4  SIIYBAWA TSLAND RFCION 
2 8 7  74 SUYBA I S L A N D  REGION 
2 8 9  7 4  TIMIIR 
7 9 1  7 4  SCIJTH OF SUMRAWA I S L A N D  

74 s n t m  n F  TIYOP 
2 0 5  25 BURMA-EAST PAKISTAN RORDER REG. 
9 9 7  7 5  RIJRMA-CHINA BORDER REGION 
2 9 9  75 s n u r w A 5 T  ASIA 
3 0 1  25 s n u T t i  CHINA S E A  
3 0 3  76 KASHMIR- I N D I A  flOROER REGION 
T n 5  26 T l A E T - I N D I A  BORDER REGION 

' 0 7  7 6  SlECHWAN P R n V l N C E t  CHINA 
3 ? 9  76 N F P A L - I N D I A  BflRDER RFGION 
3 1 1  Z C  S I K K I M  
3 1 3  26  I N D I A - C H I N A  RnPDER RFGION 
3 1 5  7 6  I N D l A - F A S T  PAKISTAN RORDER REG. 
1 1 7  ? h  FASTEKN I N D I A  
3 1 9  Zh BAY qF RENGbL 
9 2 1  7 7  SOlITHFRN S I N K I A N G  PROV. 1 CHINA 
3 ? 7  77 NORTHFON CHINA 
3 2 5  9 7  T S l N G t i A I  PROVINCE, CHINA 
3 2 7  2 R  L b K E  B A I K A L  RFGlON 
3 2 9  ?R F I S T F R N  K A l A K H  SSR 
3 3 1  ?Q K I Z A K H - S l N K l A N G  RORnER REGION 
3 3 3  28  USSR-MONGOLIA ROROfR REGION 
3 3 5  7 9  l l k A L  MnUNTAIVS PEGION 
3 7 7  29 FASTFIIN CAUCASLIS 
3 3 9  2'3 U I e E K  SSR 
3 4 1  20  IRAN-USSR BORDER RFGICN 
3 4 3  29  T l lRKFY- IRAN 91rRDFR RFGlON 
3 4 5  2 9  NnRTHWESTERN I R A N  
3 4 7  2 0  W E S T E P N  IRAN 
1 4 9  2 9  NfIFTHWFSTFRN AFGHAN I S T A N  
3 5 1  2s EA5TERN A R A S I A N  PENINSULA 
3 5 3  7 4  Snl lTHFRN I R A N  
3 5 5  2 9  GI1l.F OF OMAN 
3 5 7  3 0  SOIITHWFSTFRN RUSSIA 
3 5 9 .  tn RULGARI A 
351 3 0  CRIMEA REGION 
3 6 3  30 C P F F C E - S U t G A R I I  BORDER RFGlON 
1 6 5  3P AEtEAM SFA 
3 4 7  30 TtlRKEY-USSR B(IRDER RFGION 
3 6 9  30 DflDECANESF ISI.AND5 
1 7 1  3 0  FASTERN MFnITERRANEAN SE4 
3 7 1  3" OFAD SEA REGlON 
3 7 5  30 IRAQ 
3 7 7  3 1  S P A I N  
3 7 9  71 NFAR S(1UTH CnAST OF FRANCE 
3 R l  37 CFNTRAI. TTALY 
3 9 3  3 1  YllGOSLAVIA 
7 8 5  71  STRAITS n F  GlHRALTAR 
7 8 7  71 Ul'STFIiFI MF0 lTFRRANFhN SFA 
3R9 11 TYRR!1EhllAN \FA 
I Q 1  11 ALYANIA 
v 3  = I  ~ A ~ F I P R  I s t h w n s  R r C l n Y  
3 0 s  21 r n R n c r n  

2 1 8  19 NFAR EAST COAST n F  KAMCHATKA 
2 2 0  1 9  NORTtiWEST OF KUR l L E  ISLANDS 
2 2 2  1 9  KIJR I L E  I S L A N n S  REGION 
2 2 4  1 9  HOKKAIDf l .  JAPANt  REGION 
2 2 6  1 9  NEAR WEST Cn4ST OF t40NSHUv JAPAN 
2 2 8  1 9  N E I R  FAST COAST n F  HONSHU, JAPAU 
2 3 0  1 9  NEAR S. COAST OF HONSHUt JAPAN 
7 3 2  20 SOOTHFRN HONSIiU, JAPAN 
2 3 4  2 0  EAST CHINA SEA 
2 3 6  20  S t I IKOKU*  JhPAN 
2 3 8  20  RYUKYU 1SI.ANDS 
2 4 0  27  EAST OF RVUKYU ISLANOS 
2 4 2  2 1  NEAR SOUTHEASTERN COAST OF C H l N A  
2 4 4  2 1  TAIWAN 
2 4 6  2 1  SOUTHWESTERN RYIIKYU ISLANDS 
2 4 8  2 2  P H I L I P P I N E  ISLANDS REGION 
2 5 0  22  MINDORO, P H I L I P P I N E  ISLANDS 
2 5 2  22  cALAUAN, P H I L I P P I N E  ISLANDS 
2 5 4  22  PANAY* P H I L I P P I N E  ISLANDS 
2 5 6  22  L E Y T f t  P H I L I P P I N E  ISLANDS 
2 5 8  22  SANGlHE ISLAYOS 
2 6 0  22  EAST n F  P t 1 I L l P P I N E  ISLANDS 
2 6 2  23  CELEBES SEA 
2 6 4  23  Nf lRTH n F  HALHAHERA 
2 6 6  23  MDLUCC4 PASSAGE 
2 6 8  23  CELFBES 
2 7 0  23  CERkM SEA 
2 7 2  2 3  CERAM 
2 7 4  24  SOUTHERN SUMATRA 
276 2 4  SUWOA S T R A I T  
2TR 2 4  RAC1 SEA 
2 8 0  24  BANnA S f:4 
2 8 2  2 4  SOUTH OF JAVA 
2634 2 4  SOUTH OF RAC1 ISLANO 
2 8 6  2 4  FLORES I S L A N D  REGION 
2 8 8  2 4  SAUU SEA 
2 9 0  2 4  TIMOR SEA 
2 9 2  2 4  SOUTH OF SUYBA I S L A N D  
2 9 4  2 5  EURHA- INDIA RDRDER REGTON 
2 9 6  2 5  BURMA ' 

2 9 8  2 5  SOUTH BURMA 
3 0 0  2 5  H A I N A N  I S L b N D  
3C2 25  EASTFRN K&SHMIR 
3 0 4  2 5  K A S H M I R - T I B E T  RORDER REGlOU 
3 0 6  2 6  T I B E T  

3 0 8  26  NORTHERN I N D I A  
3 1 0  26 NEPAL 
3 1 2  26 BHUTAN 
3 1 4  2 5  I N D I A  
3 1 6  Zb EAST P A K I S T A N  
31R 26 YUNAN PROVINCE, CHINA 
3 2 0  27  K I R G I Z - S I N K  IANG BORDER REGION 
3 2 7  2 7  KAMSU PROVINCE, CHINA 
3 2 4  2 7  KASHMIR-SINKIANG BORDER REGION 
3 2 6  29  CENTRAL RUSSIA 
3 2 8  2 8  EAST OF LAKE B A I K A L  
3 3 0  20  ALHA-ATA REGION 
7 3 2  2 8  NORTHEQN S I N K l A N t  PROV., CHINA 
3 3 4  2 8  MONGOLIA 
3 3 6  2 9  UESTERN KAZAKH SSR 
3 3 8  29  CASPIAN SEA 
3 4 0  29  TURKMEN FSR 
3 4 2  2 9  TURKMEN-AFGHANISTAN BORDER RFG. 
3 4 4  25  N.W. IRAN-USSR RORDER Q E G t n N  
3 4 6  2 9  I R A N - I R A Q  RORDER REGION 
3 4 8  2 9  I R A N  
3 5 0  2 9  SOLITHWFSTERN AFGHANISTAN 
3 5 2  29 PERSIAN GlJLF 
3 5 4  29  WESTERN PAKISTAN 
3 5 6  29  NEAR COAST OF WFST PAKISTAN 
3 5 8  3 0  RUMANIA 
360  3 0  BLACK SEA 
3 6 2  3 0  WESTERN CAUCASUS 
3 6 4  3 0  GREECE 
366 3 9  TURKEY 
3 6 8  3 0  SOUTHERN GRFECF 
3 7 0  3 0  CRETE 
3 7 2  33 CYPRUS 
3 7 4  33  JORDAN - S Y R I A  REGION 
3 7 6  31  PORTUGAL 
1 7 8  3 1  PYRENEES 
3 8 0  3 1  CORSICA 
3 8 2  3 1  A D R I A T I C  SEA 
3R4 11 W F S T  OF G ~ R R A L T A . R  
3 8 6  7 1  HALEARIC ISLANDS 
3RR 7 1  S A R D I N I A  
39!' 31 SOIJTUERN I T A L Y  
3 0 2  3 1  GREECE-Al.8ANIA ROVDER UFGlON 
3 9 4  31  CANARY ISLANDS RFGION 
3 9 6  31 A l t F R l A  



7 0 7  31 T ~ I Y T S I A  
1 9 9  31 I I I Y I A N  S l - A  
4'71 '1 N I : A D  C f l 4 S T  ('F l l R Y A  
4 7 3  3 7  N ~ O T H  1\11 A N T  IT Q n n c E  
4 l l5  ? 7  A 7 Q R F F  I S L A Y D S  
l 4 . 3 7  3' k l f l Q T k i  IIF A 5 C F N S I Q N  I S L A N D  
4:; ' )  3? S n ' l T H  4 T L A N T I C  l l C F A N  
4 1 1  77 T W I S T A N  D A  C U N H A  R F G I O N  
4 1 3  7' S f l l l T H W F S T  f1F A F R l C 4  
4 1 5  3 1  F A S T E R N  G l l L F  OF A O E N  
l.17 '37 A r ' 4 B I A N  S F A  
4 1 0  3 1  1 . I f ) I I T t t E A S T F D N  S l l Y A L  I A  
4 7 1  1' C A Q L S R F R G  R I D G E  
6.73 1 3  l A C C A O I V E  S E A  
4 2 5  1 3  S n I I T H  I N D I A N  . ICEAN 
4 2 7  ? ?  M A 5 C A R E Y f  I S L A N D S  R F G I O N  
4 2 9  37 U I D - I N D I 4 N  R I S E  
631. 7 1  P R I N C E  E O W A n n  I S L A b l D S  R E G  I O N  
6 3 3  3 3  K F R G U E L F N  I S L A N D S  R E G l C l N  
4 3 5  33 S n l l T H E A S T  I Y O I A N  P  l S E  
4 3 7  3 1  S I I I I T H  PF A I I S T R A L I A  
4 3 9  7 4  M A N l T n t 3 A  Q R I I V I N C E ,  C A N A D A  
4 4 1  34 n b J r A R l n  
4 4 3  7 4  N C Q T H F R N  Q U E 4 F - C  
4 4 5 '  34 L A B R A n n '  
4 4 7  2'1 S r l l J T H F R N  Q U E R F C  
4 4 0  34 F A S T F R Y  Q l l F R F C  
451 7 4  N F W  B R I I N C W I C K  
4 5 3  ? L  P R I N C F  E D W A R O  I S L A N D ,  C A N A D A  
4 5 5  74 l y F U F O \ l Y D L A N L )  
4 5 7  34 F A S T F U N  l n A H n  
4 5 9  7 4  Y E L L n W C T I I N f :  Y h T l n P l b L  P A R K ,  W  
461 -44 r l : l n T t l  U A K ~ T A  
4 h 3  74 N F R R A S U L  
4 h z  34 I C U A  
4 h 7  3 4  I L L I N n l S  
4 h 4  14 1 N q 1  ANA 
471. 34 n u 1 r l  
4 7 3  34 P F Y N 5 Y L V A N l A  
4 7 5  34 M A I N E  
4 7 7  111 GI1I.F P F  M A I N E  
4 7 9  7 4  COLORADI?  
4(11 7 4  I O W A - M I S S O U R  I R O R O F R  R E G I O N  
4 4 3  3 4  Y I S S ' l U P I  
4R5 34 F A F T E R Y  Y l t S f l U a l  

39R 3 1  S I C I L Y  
4 0 0  3 1  M F n l T F R R A Y E A N  S E A  
4C7 37 V O R T H  A T 1  A V T I C  3 C F A N  
4 0 4  . 3 ?  AZflRFS 1 s t - A N O S  R f G l n N  
4 0 6  32 C F N T R A L  M I D - A T C A N T I C  R I D G E  
4"R 3 2  A S C F N S l n N  I S L A N D  R E G I O N  
4 1 0  3 2  S n U T H  A T L 4 N T I C  R l D G F  
4 1 7  32 R O U V F T  I S L A N D  R E G l n N  
4 1 4  32 S n U T H E A S T E R N  A T L I N T  l C  O C E A V  
4 1 6  33 S O C O T R A  R E G I O N  
4 1 8  33 L A C C A f l l V E  L S L A N D S  R E G I O N  
4 2 n  13  N f l R T H  I N D I A N  O C F A N  
4 2 2  3 3  M A L n I V F  I S L A N D S  R F C I O N  
4 2 4  33 c k Y L n N  
4 2 6  33 C H A G n F  A R C H I P F L A G O  R E G I O N  
4 2 8  37 A T L A N T I C - I N O I A N  R I S F  
4 3 0  33 S O U T H  O F  A F R I C A  
4 3 2  1 3  C R O Z F T  I S L A N D S  R E G I O N  
4 3 4  33 A M S T F R 9 4 M - N A T l l R A L  1 S T E  R I D G F  
4 7 6  33 K F R G U E L E Y - G A U S S B E R G  R I S E  
4 3 8  7 4  S A S K A T C H E W A N  P R O V I N C E ,  C A N A D A  
4 4 0  3 4  H l J 9 S n N  R A Y  
4 4 2  34 H l l D S O N  S T R A I T  R F G I O N  
4 4 4  34 D A V i S  S T R A I T  
4 4 6  3 4  F A S T  O F  L A R R A D O R  
4 4 8  3 4  G A S P F  P E N I N q V L A  
4 5 n  34 A N T I C ~ S T I  ISLAND, C A N A D A  
4 5 2  34 N O V A  S C I l T I A  
4 5 4  7 4  G U L F  n F  S T .  L A W R E N C E  
4 5 6  34 M n N T A N 4  
4 5 8  34 H F B G F N  L A K E  R F G I O N  

YOU. 4 6 0  34 W Y O M I N G  
4 6 2  3 4  S O U T H  O A K n T A  
4 h 4  7 4  M I N N E S O T A  
4 6 6  34 U l S C O N S  I Y  
4 6 0  3 4  M I C H I G A N  
4 7 0  3 4  S O O T H F R N  O N T A R I O  
4 7 2  3 4  N F W  Y O R K  

. 4 7 4  34 N ! l R T H E R N  N E W  F N G L A N D  
4 7 6  3 4  S O V T H F R N  N F W  F N G L A N O  
47R 3 4  U T A H  
4 8 0  34 K A N S A S  
4 8 2  1 4  M T S S n l I R  l - K A N S A S  R O R n F R  R F G I n N  

, 4 8 4  7 4  Y I S S n l J 9 1 - A R K A N S A S  R D R O E R  R E G I O N  
4 8 6  3 4  M E W  MADRID, M I s s n u R r ,  REGION 

4 4 7  1 4  C A 0 5  G I P A Q D E A t f ,  M l S S n U R I v  R F G l f l b l  4RR 34 S O U T H F R N  I L L I N O I S  
4 8 9  34 S n t I T H F R N  I N D I A h ~ A  4 9 0  74 K E N T U C K Y  
4 9 1  3 4  W I ' S T  V I U G I N I A  4 9 2  34 V l R G l N I A  
403 Y L  C U E S A P F A K E  R A Y  R E G I O N  4 9 4  34 N E W  J E R S E Y  
4 0 5  1 4  F A S T E R N  A R l l n N A  4 9 6  34 N E W  M E X I C O  
4 9 7  34 T F Y A S  P A N H A N O L F  R F 6 1 1 1 N  49R 34 d E S T  T E X A S  
4 1 9  ' 4  0 K I . A Y I l M A  5 0 0  3 4  C E N T R A L  T F X A S  
5 0 1  7 4  A R Y A N S n S - O K L A H n M A  R 0 R I ) E R  R E G I O N  5 0 2  36 A R K A N S A S  
5 0 3  7 4  L f l l l l S I A Y A - T E X A S  B n R O F R  . . P E G I O N  5 0 4  34 L O l J l S l A N A  
5 0 5  24 M 1  S S I S S I P P I  5 0 6  1 4  T F N N E S S F t  
5 0 7  1 b  A L A R A M A  5 0 8  34 H E S T E R N  F L O R I D A  
5 0 0  1 4  G C q R G l A  5 1 0  36 F L O R I D A - G E O R G I A  R O R D E R  R F G l O N  
5 1 1  1 4  SPIJTH C A ~ ~ L  I Y A  5 1 2  34 N O R T H  C r ' R O L  1:;A 
5 1 3  7 4  O F F  F A S T  C P h S T  O F  I J N l T E P  S T A T E S  5 1 4  34 F L O R I D A  P E N 1 N S O l . A  
5 !  5  14 R A U A M A  l C l  A h l D S  * 5 1 6  3 4  E .  A R I I O N A - M F X I C O  R O R O E R  R E C T O N  
5 1 7  44 M E X I C n - N E W  K K X I C C l  B O R D E R  Q F G I O N  5 1 8  34 T E X A S - M E X I C O ,  R D R D E R  R E G I O N  
5.10 1 4  S C I I T I + F P N  T F Y A S  52P 34 T E X A S  G U L F  C f l A S T  
5:?1 3 4  C t l I H I J A H t I A ~  Y E X I C n  5 2 2  34 N l l R T H F R N  M F X I C D  
5 2 3  34 C ~ N T R A L  M E X I C ~  , ' 5 2 4  34 JALISCO, M E X I C ~  
5 2 5  34 V F l l A  C R I I I ,  W F X l t f l  5 7 6  3'4 G l l L F  O F  Y E X  I C f l  
527 '11 G l l L F  n F  C A M P E C H F  5 2 8  35 8 R A Z I L  
5 2 9  35 R Q T T I S H  G l l I A N A  . 530  35 S U R  I N A Y  
5 7 1  35  F R E N C H  G l l l A N A  5 7 2  35 F I R E  
5 3 3  36 ' I N I T E D  Y l N G n O M  5 3 4  35 N O R T H  S E A  
5 3 5  1 6  S C l U T U F P N  N O R W A Y  5 3 6  36 S W E D E N  
5 3 7  36 R A L T I C  S F A  5 3 8  35 F R A N C E  
5 3 9  3 h  R A Y  f l F  R I S C A V  " 5 4 0  35 N E T H E R L A N D S  

,541  36  R F L G l U M  5 4 2  36 D F N M A R K  
G43 3h G F Q H A Y Y  5 4 4  35 S W I T Z E R L A N D  
545  36 Nl1QTI iERh. l  I T A L Y  5 4 6  35 A I J S ~ R I A  

' 5 4 7  ? h  C 7  F C H P S L l l V A K  1 4  " 5 4 8  36 P O L A N D  
5 4 9  ah t 4 l l N G A Q Y  55C 37 N O R T H W F S T  A F R I C A  

t 551 77  S f l l l T H F R N  A L G F R I A  5 5 2  77 L l R Y A  
5 5 3  37 U N I T E D  A R A R  R E P U R L I C  5 5 4  37 R E D  S F 4  
5 5 5  37 W E S T F R Y  A R A b l A N  P F Y I N S V L A  5 5 h  37 C F N T R A L  A F R I C A  
5 5 7  37 SIIDAN 55R 37 E T H I O P I A  
5 5 0  3 7  W F S T E U h '  6 1 1 1 F  O F  A n E N  5 6 0  37 N n R T H U E S T E R N  S O M A L I A  
5 6 1  77 O F F  S. C f l 4 S T  f l F  N l J Q T t i U E S T  A F R I C A  5 6 2  37 C A M F R O O N  
5 6 3  ? 7  u l ' l  U l N 1  5 6 4  31 C F N T R A L  A F R I C A N  R E P U R L I C  
5 h S  77 C,ARflY 5 h h  37 C l l Y G f l  

I 5 6 7  1 7  PEPIJRI.IC n~ T I ~ F  r n w r x )  5 6 0  3 7  ( IGANQA 
5 6 4  1 7  L 4 Y F  V i C T n p l A  R F G I I N  5 7 0  3 1  K F N V A  
5 7 1  3 7  S r ' l l T H F P U  Z n M A t  l A  5 7 2  37 L A K F  T A N G A N Y I K A  R E G I O N  
5 7 7  7 7  T A Y G A N Y I K ~  5 7 4  '37 NIRTHWFST n f  M A L A G A S A Y  RFPI IRL IC 
5 7 5  7 7  4h1P.rIl.A 5 7 h  3 7  N'IR THFRY n t i n r w s  I A 



5 7 7  3 7  h l Y A S A L A Y n  5 7 8  37 S n U T t i U E S T  A F R I C A  
5 7 9  17 9 T C H l J A N h l  A N n  5 R 0  3 7  S r l U T I i E R N  R H O D E S I A  
5 9 1  1 7  M n 7 A M R I O l I F  S R Z  3 7  M f l / A Y P I Q I I F  C H A N N F L  
5 8 7  7 7  MAL A G A S A Y  RFPIIPL IT. 5 ~ 4  3 7  U N I ~ Y  OF SOUTH A F R I C A  
Lie5 7 7  Q A t l l T O L 4 N n  5 R h  3 7  S W A Z l L A N n  
5 R 7  3 7  OFF C n b S T  n F  S O U T H  A F R I C A  5 R R  3R N n R T H W E S T  n F  A U S T R A L I A  
5 8 9  7 s  W F S T  O F  A U S T R A I . 1 A  5 9 P  3R WESTERN A 1 J S T R A L l A  
T Q 1  19 NClQTHFRN T E D R I T ( > R Y ,  A U S T R 4 L 1 4  5 9 2  3 9  S O U T H  A U S T R A L I A  
5 9 3  G U L F  O F  C A R P E N T E R l A  5 9 4  '$8 Q U E E N S L A N D *  L U S T R A L I A  
595 3R C n Q A L  S E A  5 9 6  3R S O U T H  O F  t O L O M O N  I S L A N D S  
5 9 7  '48 N E 4  C A L E O n N I 4  R F C T n Y  5 9 8  3 8  SOIJTHWEST O F  A U S T R A L I A  

' 5 9 9  3H n F F  SOUTH C O A S T  OF A U S T R A L I A  6 0 0  3 8  N E A R  S O U T H  C O A S T  OF A U S T R A L I A  
6 " 1  38 N F U  $ @ U T H  W A L E S *  A U S T R A L I A  6 0 7  3 R  V I C T O R I A v  A U S T R A L I A  
6 1 3  I n  N E A R  S.F. C(1AST n F  4 l I S T R A l l A  6 0 4  3 8  N F A R  F A S T  C O A S T  O F  A U S T R A L I A  
6 0 5  7 R  E A S T  O F  A U S T R d L I A  6 0 6  3R N O R F O L K  I S L A N D  R E G I O N  
6 9 7  3 R  N O R T H W F S T  O F  NEW T E A L A N D  h 0 8  3 0  B A S S  S T R A I T  * 
6 0 9  3 9  T A S M A N I A  R F G I O N  h10 3R S n U T H F A S T  O F  A 1 1 S T R A L l A  
h11 39 N n Q T H  n A C I F I C  9 C E A N  6 1 2  3 9  H L W A I I A N  I S L A N D S  R E G I O N  
h13 ? Q  H A W A I I A N  I S 1  A N D 5  6 1 4  39 C A R O L I N E  I S L A N D S  R E G I O N  
h 1 5  7 3  M A R S H A L L  I S L A N D S  R E G I O N  616 30 E N I U E T O K  A T O L L  R E G I O N  
h 1 7  39 R l Y l N I  A T O L L  R E G I O N  6 1 8  3 9  G I L B E R T  I S L A N O S  R E G I O N  
h19 19 J n H N S O N  I S L A N D  R E G I O N  6 2 0  3 9  L I N E  I S L A N D S  R E G I O N  
C 2 1  3 0  P A L Y Y R A  I S L A h D  R E G I C N  6 2 2  3 9  C H R I S T Y A S  I S L A N D  R E G I O N  
6 2 3  F t \ . I C F  I S L A Y O S  R E G I O N  6 2 4  3 9  P H O E N I X  I S L A N D S  P E G I O N  
h 7 5  39 T E K E L A U  I S L A N D S  R E G I O N  6 2 6  3 3  N n R T H F R N  COOK I S L A N D S  

. 6 7 7  11 COOK I S L A N D S  R E G I O N  6 2 8  3 9  S O C I E T Y  I S L A N D S  R F G I O h  
h 7 9  3 q  T l l R l J A I  I S L A N O S  R F G I O N  6 3 0  3 9  Y A R O U E S A S  I S L I N D S  R E G I O N  
h ? \  3 0  T V 4 M O T U  A R C H I P E L A G Q  R E G I O N  6 3 2  3 9  S f l l J T H  P A C I F I C  O C E A N  
6 3 3  4') LO'4ONl)Sf lV  R l D G F  6 3 4  4 7  A R C T I C  O C E A N  
6 7 5  40 N F 4 Q  N O R T H  C O A S T  nF G R E F N L A N O  h 3 6  4 0  E A S T E R N  G R E E N L A N D  
h 3 7  4 0  I C F L  AND R E G I O N  6 3 0  4 3  I C E L A N D  
h 3 9  4 0  J A N  M A Y E N  I S L A N D  R E G I O N  6 4 0  4 3  G R F F N L A N I  S E A  
6 4 1  40 Y D R T H  n F  S V A L B A R D  6 4 2  4 0  N O R W E G I A N  S E A  
6 4 3  4 C  S V 4 L  R A 9 0  R E G I O N  6 4 4  C9 N n R T H  O F  F R A N l  J O S E F  L A N D  
h 4 5  4 0  F P 4 N 7  J O S E F  L A N D  6 4 6  4 3  N O R T H E R N  NORWAY 
h 4 7  40 R A R F N T S  S E A  6 4 8  4 0  N O V A Y A  ' F Y L Y A  
6 4 9  4 c  K A R A  SEA 6 5 0  4 0  N E A R  C 0 A S f  O F  W E S T E R N  S I B E R I A  
6 5 1  417 N O R T H  O F  S F V F R N A Y A  Z F Y L Y A  6 5 2  4 0  S F V E R N A V A  Z F M L V A  
6 5 3  4n N c $ R  C O A S T  n F  C E N T R A L  S I B E R I A  6 5 4  4 0  E A S T  OF S E V E R N A Y A  Z E M L Y A  
6 5 5  4 C  L A V T F V  S F A  6 5 6  4 1  E A S T E R N  R U S S I A  
6 5 7  4 1  E.  R U S S I  A-N.F. C H I N A  ROROER REG. 6 5 8  4 1  N O R T H E A S T E R N  C H I N A  
6 5 9  4 1  N O R T H  K O R E A  6 6 0  41 S E A  OF J A P A N  
6 6 1  4 1  N E 4 R  F. C O A S T  n F  E A S T E R N  R U S S I A  6 6 2  41 S A K H A L I N  I S L A N D  
6 6 3  41 S F 4  OF OKHOTSK 6 6 4  4 1  E A S T F R Y  C H I N A  
h h 5  4 1  Y E L L O W  $ € A  6 6 6  4 1  O F F  C O A S T  O F  E A S T E R N  C H I N A  

h 6 7  4 7  N O R T H  n F  NEW S I B E R  [ A N  I S L A N D S  6 h R  4 2  N F U  S I B E R I A N  I S L A N D S  
h 6 9  4 2  F A S T  S I R F R I A N  S F A  6 7 0  4 2  V E A R  N. C O A S T  D F  E A S T E R N  S I B E R I A  
E l l  42 F A S T E R N  S T R E R I A  6 7 2  4 2  C H U K C H I  S E A  
h 7 3  42 D F P  IN(; S T R A I T  6 7 4  4 2  S T .  L A W R E N C E  I S L A N D  R E G I O N  
6 7 5  47 P F A U F O R T  S F A  6 7 6  4 2  A L A S K A  
6 1 7  4 ?  N O R T H E R N  YUKON T E R R I T O R Y *  C A N 4 D A  6 7 R  4 ?  Q U E E N  E L I Z A B F T H  I S L A N D S  
h 7 9  42 N(1RTHHFST T E R R I T O R I E S ,  C A N A D A  h 8 0  4 2  WESTERN G R E E N L A N D  
b R 1 . 4 2  R A F F l N  B A Y  6 0 2  42 B A F F I N  I S L A N D  R E G I O N  
h 9 3  4 3  S n l J T H E A S T  C E N T R A L  P A C I F I C  O C E A N  6 8 4  4 3  F A S T E R  1 ; L A N O  C O R D I L L F R A  
h R 5  4 3  E A S T E R  I S L A N D  R E G I n N  , 6 8 6  4 7  W E S T  C 4 I L E  R I S E  
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