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INTROD UCT ION

The tectonic history of the Arctic Ocean Basin , and in particular

the Canada Basin and the adjoining Beaufort Sea shelf, today rema ins ~

•

unclear even after decades of geological and geophysical investigations.

Reconstruction of the tectonic history of the margin requires information

about the deep crustal structure of northern Alaska at the Beaufort Sea.

In 1975 and 1976 a substantial amount of refraLtion data was successfully

collected on the Alaskan shelf from an icebreaker. This technical report

contains a detailed Iiescriptlon of the methods and techniques used in

the data collection and analysis. Interpretation of the data is the

subject of articles to be submitted to professional journals.

• -•• •- , • - • • . - • ,
‘-~~‘•~-- -~ —~ ~ , ~~~~~~~~~~~~~~~~~~~~ - -~~~~ ~~~~~~~~~~~~~~~
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2

DATA ACQU ISITIO N

Location

Personnel from Oregon State University and the University of

Connecticut conducted marine refraction studies in the eastern Chuckchi

Sea and the western Beaufort Sea to obtain structural and veloc i ty

information on the continental margin. In contrast to most previous

refraction studies in the region which were made from stations located

on the ice , these data were obtained using standard marine seismic

techniques during the Arctic Sumer. Nineteen profiles were obtained

between Wainwright Inlet and Prudhoe Bay in August 1975 from the USCG

icebreaker Glacier and in August 1976 from the USCG icebreaker Burton

Island with helicopter support . The profiles , ranging In length from

13 to 75 km , were roughly parallel to the coastline in about 20 m of

water. Heavy ice cover forced many minor course changes and is the

reason for the non-linear direction of individual profiles shown in

Figure 1.

Techniques

A zone of ice-free or semi ice-tree water exists along the northern

continental shelf area out to a depth of approximately 2000 meters during

one month of the year, and existence of this zone permitted operation of

standard marine refraction techn iques with sonobuoys and explosive charges.

The lines were shot in the standard marine fashion by dropping

charges in the water from the fantail of the icebreaker, using powder

fuses and tilt table, while the ship was underway. Rotor-mounted yagi

antennas received the sonobuoy signals which were recorded on a 4-channel

tape recorder. Two of the four channels were sonobuoy signals , one was

- • • •- .-•----. •.•-•- -- —— ,—----- - • •____ ---—-p ,•~ • ,, ~~~~~~~~~ • - - -
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a clock signal and one was a shot-break signal from a streamer 3 m long

which was towed close behind the ship. When radio contact with the

sonobuoys was lost , at a distance of about 30 km because of earth

curvature , a portable recording unit consisting of a radio receiver ,

an amplifier , and strip-chart and tape recorders instal led in a

helicopter , mon i tored the sonobuoy . The helicopter r-ia ined within

radio reception range of the sonobuoy during the shooting.

Expendable naval sonobuoys of the type AN/SSQ 41A were modified

for extended time operation by addition of dry-cell batteries which

worked well in spite of the cold water. Exp losive charges of less than

10 pounds were made up of nitro-carbonitrate (Nitromon) in one pound

meta l cans. Explosive charges between 30 and 660 pounds were made up of

Tovex in 30 pound plastic bags. Extra boosters (Dupont HOP-i) were

required for large charges or for l ong burn times in order to insure

complete detonation in the cold water.

Shots were detonated every three minutes at a ship speed of 10 kt

which was sli ghtly variable because of ice conditions. This resulted

in a shot spacing of about 0.7 km. During the helicopter operations ,

snots were detonated at intervals of from ~ to 15 minutcs resul’~ing in

a shot spacing of 1.4 to 4.3 km.

Sonobuoy deployments consisted of two sonobuoys (Si, S2) dropped

at the beginning of each line and an intermediate sonobuoy (S3) deployed

in the middle of long lines . This resulted in a special line numbering

with letter A for the first sonobuoys and letter B for the intermediate

one (for examp le, Lines 22A-23 and 22B-23)
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helicopter

beginning 22A 
~ 

2
1
2B 23

~ end of
of line 1 I I 1 line

Si S2 S3

The satellite navigation equipment was inoperative during the second

half of the experiment , therefore most of the navigation was by radar fixes

to land points at 15 minute intervals. The ice coverage ranged from 0 to

• 8 octas during the course of the experiment and required frequent course 
e

changes and caution on the part of the shooter not to drop the charge onto

pieces of floating ice.

Sea-surface currents were not negli gible and affected sonobuoy drift.

The direction and magnitude of the drift was estimated by combinin g water

wave travel time and navigation . The in-line component of drift ranged

from 0 to 1.65 rn/s and was qu ite variable from line to line.

t ~~~~~~~~~~~~~ ~~~~~~~ — ________
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DATA REDUCTION

A combination of manual and compute r-aided manip ulations shown in the

flow chart of Figure 2 transform the raw data to record sections and

veloc ity-depth profiles.

Arrival times for ground and water waves picked on each seismogram

and other information such as bathymetry, ship veloc ity and streamer

length , constitute an input data file for computer program TIMCORM. r
This program computes corrected ground and water wave arrival times to

a datum , making corrections for the shot instant due to separation of

shot and streamer and surface and bottom corrections at receiver and shot.

These results form an input file for the computer program REFPLTT

which produces a travel time plot with the corrected arrival times of

the ground waves at the distances calculated from corrected water wave P

- • arriva l times . A first attempt is then made to interpret seismic

velocities and the data examined for possible errors.

From the corrected output file obtained from program TIMCORM , the

-

• 
computer program REDPLOT2 produces a reduced time plot where arrival

times reduced with a velocity of 5.00 km/s are plotted versus distance

A profile which includes some helicopter refraction data requires

an additional routine. A data file is prepared from the ship navigation

as an input to computer program IJTMSTEVE and its two subroutine programs

UTMGRIDB and VIM. These programs plot the navigation data on a Universal

Transverse Mercator projection. Shot positions are added manuall y by

interpolating time and arcs are drawn using a compass at a radius

corresponding to the water wave travel time . Sonobuoy drift due to wind

and currents appears as a non-coincidence of the arcs. A drift rate

_ _ _ _ _ _ _ _ _ _ _  

—
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parallel to the trackline is assumed to apply to more distant shots where

water wave arrival times may not be detected by the sonobuoy. The shot

distance is then the distance between the shot location and the drift

position of the sonobuoy at the time of the shot.

The drift distances between the shot and the sonobuoy and the ground

wave arrival times from the hel i copter refraction data constitute an input

file for program BEAUHELI. Computer program BEAUHELI computes time

corrections between the ship and the helicopter clocks , the corrected

distance between the shot and the sonobuoy , and the corrected travel time

for the ground arrival. The strip chart records played back from the

helicopter recorder are then aligned to the corrected ground arrival times

as plotted on the reduced time plot and traced to produce the record section .

Apparent velocities and intercept times are obtained from this record

section and put into the computer program MULTLAY . The computer program

MULTLAY computes a model composed of N dipping plane layers from reversed

seismic refraction profile data using the formulation of Adachi (1954).

The program requires two sets of appa rent velocities and intercept times

• from single-ended refraction data . Complications such as non-reciprocal

data or early intercept times require a manual ray tracing method based

on the formulation of Adachi (1954).

On each seismic model obtained from MULTLAY the portion of an interface

drafted with heavier lines on Figure 8 through Figure 26 represents only

that portion of the layer which gives rise to observable seismograms . The

offset distances of the rays are obtained from the program WAREFRA . The

computer program WAREFRA is based also on the formulation of Adachi (1954)

and requires the seismic model obtained from MULTLAY as an input data file.

.I~ 
_~~~~~~~~..: ~~~~~~~~~~~ ~~_i 
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For the combined velocity-depth section (Figure 27), each profile

was projected onto a straight line drawn through the tracklines .

r 
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DATA INTERPRETATION

Because of the navigation difficulties , only five lines were reversed .

These lines are Lines 1-2 and 6—7 , Lines 3-4 and 4-5, Lines 10-11 and 12-13 ,

Lines 22A-23 and 24B-25, and Lines 24A-25 and 22B-23 where the numbers

indicate the end points of the lines (see for example Figures 10 and 11).

The nine remaining lines (Lines GL-l , GL-2, 8A-9A, 8B-9B, 16-17 , 18-19 ,

20-21 , 26A-27A , 26B-27B) were interpreted as single-ended lines (see for

example Figure 19). For complicated lines showing non-reciprocal data

or early intercept times , a manual ray tracing method was used (see Figures

16 and 17).

Figures 8 to 26 show the nineteen profile plotted as reduced record

sections where the reducing velocity is 5.0 km/s. The distance is plotted

as water wave travel time seconds where the water velocity was estimated

to be 1.44 km/s. All the velocities are in km/s. The seismic models

determined from interpreted reduced sections are composed of plane horizontal

or plane dipping layers . These are shown above the record sections with a

vertical exaggeration of 3:1. Heavy lines on the refractors indicate the

interfaces rcspons i~1e for observed arriva1~ and contain the horizo,~it~l

offsets for upgoing rays. Only the reversed profiles resulted in true

velocities , and on all the single-ended profiles apparent velocities are

assumed to be true velocities . A few estimated velocities are shown in

paren theses.

The composite section shown in Figure 27 suma r izes the subsur face

velocity and depth information calculated from the refraction data . The

heavy lines on the interfaces , corres pon di ng to the observed arr iva ls as

shown in Figures 16 through 26, were projected onto a composite section

S 
_
~
- - - - • -_ - --••-•-“ --——. ••  ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ .1
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whi ch passes throug h the profil es. The small arrows a long each in terface

correspond to the appropriate refraction lines shown at the top of the

figure. The refraction layers from adjacent lines have been correlated

on the basis of velocity as indicated in Figure 27 by light lines .

I,

-I
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PRESENTATION OF DATA

• I

MAP-GENERATING COMPUTER PROGRAMS ( UT MSTEVE , UTMGRI DB , UTM )

NAVI GATION LISTIN G AND

TRACKLINE MAPS
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L 3I. C CHECK I_ AT A ND LO NG FOR ~ 1 T H I N  THE G R I Dp 11. LIT • LIT 4 SIGN (%.ATU # 6$ . • LIT)
32. LONG • LON G • SIGN (LONGN ’EI • LONG )
33.  IF (LIT El I I) GO TO II
34 .  IF (LONG •LT. I I)  LONG • 369. • LONG
35, IF (LIT LI’ SLAT OR I _ A T  GT N I _ A T )  GO TO IS
U . IF (LO NG LI NLONG OR LONG GY EL ONC > GO TO 1.1
T 7 . C  C O N V E R T  LA ? AN D LONG TO U TN ~ A ND V
3$. CALL 11TH (LA?. LONG. 4. Y )
!9.C IF NO *N N O A T A I O N  DON T NE ED TN( ANG LES ETC

~I. IF C l A N S  CI. 2NN O ) GO TO 16
£ t.C FIG URE OUT ~HtRE AN ) V N A T  AN GLE 70 ,W$ OT.TE THE Oa T A  ‘O:M ’ F42.  UIIE • IS IDE • 1 — i ’
43, Y MI _ V  1. V - LV
44, THETA • Ills (YM LY / (X -L X ) ’

L X • X
‘6. LV • V

IF ASS (THE TA ) .1’ ! 3 4 )  GO TO 12 
- •

~9. A NGLE • I
40 . NX • N , -

SI. IF ( I S I DE  LT I’ NO • 44 - I 3
St . Hf • V
52. GO ‘0 IS
5 3 .  12 A N G L E  • 271
54. NX • K
55 , N Y • V
56 . IF (15155 LT I) NY • NY • 4 3
57 .C L ASEL . THE D A TA POINT

• 5$ 15 CALL SYNIOL (NH. NY , I 97. IVAR!. AN GLE , 4)

59 CALL PLOT 4. V. 2)
• E I .C  PLOT T HE D A T A  P O I N T

C t .  14 CALL . PLOT (H. ‘V . 2)
62 , CA LL MA RKER (1)
€3 . GO TO II

• 64.C HERE OH £GF
65. 25 C O N T I N U E

CALL FCLO S (1~
E T C  AN OTHE R F I L E  O H THI S G R I D
63. I’YP( AN OT N E R F ILE
69. RE A D  (11. III IFI LE
70. IF C I F I L E  El 2N Y C ~O TO S

• ; .  EN)

_ _ _ _ _ _ _  - 
- L ~
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U T M G R I I S
1. CO IP ILER SOUSLI PRECIS ION
2. S UI S O U T IN E  U TMSIIR
3. C TNIS SU S R O U T I N E  D R A W S  A LJ T N MI R CIT O R G R I D  ON THE P L O T T E R  I T
‘ ‘ C  IUEIRIE$ THE USER FOR THE NA P PA R A M E T E R S  IMP L E A V E S  THEM IN
P . C  COMMON FOR THE CA L L I N G  PROCRIM
I C  SOUTHERN L A T I T U D E S  INS W E S T E R N  L O N C I T U I C S  IRE NE~~a TI VI
T o C  UTMMI P W I L L  WOR K A C R O S S  R O T H  T Nt  D A T E L I N E  A ND G R E ( NW I C N
S . C  $ IR1) IAN .
5. REAL N INL AT. M INI_ AT. MI NLO ~~~. MINI_ ONE

IS. C O M M O N ‘UTM *’ SCALE.  K S ,  V S.  STaR. N TOI. A . S. C. LA. I_ A L A .
1 1 .  1 LESS. 016 (51. CRIS IS. KS
lZ~ SEAL LA. LI. LESS. LILA. MIII . IS
II. REA L M I N L A T M .  MINI _ ATM. M I N L O N M . MIN LON EM
14 .  REAL L A ? .  LONG. N I_ AT ,  MI N
IS . C O M M O N  ‘tURD’ N I_ AT. SLAT. ELON G. W I_ ON E
II. D I M E N S I O N  A PE D (41)
L ?.C CODES FOR THE PLOTTER SUS R OU T INES
15. INT ICEI PINUP. ‘ENPOWN. PLOV IND , PEN. ASCD
I ). PENSOWN • 2
DI. PEMUP • 3
21 .  P1_ ITEMS • •P(NUP
22.C CO N$T RNST FOR C A L C U L A T I O N S
23 .  DT OI • 3 14 13926531 - III
24 .  M T O I  • 39 3?
35.5 P A R A M E T E R S  FOR A U T R E R I D
21. II • S 9994
2? I • I•ISSIIPZ
DI. $ • 1.9556212
29. C • S SSISISS , -,

35. LA • 6375256 . 4
II, LI .63565$3 S
3 ? .  LILA • I_ A • LA
33. LESS • (LILA - LI • .5) , LILA
34. OMLESS • I S - LESS
35. KS • S 5
31. V S . S 5
37 . .5 W R I T E  (II.ISS )
31 .C LON G S VIII IRE N E GA T IV E  A ND I_ ITS SOUTH ARE N E G A T I V E
39 . 55 FO R M A T  (‘SCIVE THE FO L L O W I N G  ‘ . ‘.

41. I • M I_ A T SLIT WI_ OHS CLONE SCALE G R I P ’  •
4 1 ,  2 D R  S M 5 R  $ M t  H )
42. REID C I I .  L I I I  MA X ’.AT . NA *LATN. M I NLAT. M I N I _ A T M ,
4 3 .  I MINLON G. N I N L O N G M .  M A K I . O N G .  $A X L O N G N .
44 2 SCA LE. u N
4 5 .  Iii F O R M A T  ( P 3  N. 1K.  F2 S. IN .  P3 5. IS . F? 3. IX. FR S. IX .  F ? S .  I S .  4 S
4~~. I l X . F! . S. ’* . r6  S. I* . F 4  e :
• ? . C  MAKE D E C I M A L  DEGREES OUT OF T HE DEGREES AND M I N U T E S
41. SLAT • M I N I _ A T  • SIGN ( N I N L A T M .  M I N I _ A T )  ‘ II
A) ,  NI_ IT • MINI _ AT • SIGN (NA X LA TM. MINL A T ) ‘ 65
SI W L O N  • MIN I_O RG • S I G N  M IN I_O NG M. M IN LON G ) I 55
5 1 .  (LONG • R*XLONG • SIGN (RANLONCH . MANL O N C )  - 55
52. MIN • NI H ‘ (S
33 .  IF ( N I _A T  L.E • S LAT) GO TO 16
54 .C MA RE LONO S S TO 315 TO THE EAST
53. IF (WI_ IN C F.? S I V LOM G - 319 • W L ONG
SI. IF ((LONG LI’ S ) (LONG • 365 • ELONG
3 ? C  TARE CA R E OF C R O S S I N G  G R E E NW I C H  - M A K E  LONGS GO TO 725 D EG S
PS IF (WI_ ONG I_ T CLON E ) GO 10 12



~ -~ -~ - - .- - •.- - -~

- i
I

15

5). (LON G • (LONG ‘ 365
61. IZ W R I T E (IS . I l T °
II. I L ?  FOR M A T  C ’ FI.O~~TER R E A O T
6 2 .  NEI l  ( I I .  I i i)  IR NS
63 11 4 F O R M A T  (AZ)
•4 .  IF C I A N I ED 2NY() CO T3 IS

~S. CO TO IS
65 , 16 TYPE NLA T . S L A T  £1101
b? GO TO 15
€5. I ’ T V’( LONGS N O T  W I T H I N  • OR - 3 D E C R E E S  OF’ C E N T R A L  M ( R I D : 4 N
5). GO 10 II
‘ S .  IS C A L L  FO PEN (5. S P I _ Y °

I M I T 1 A L 1 Z E  THE P L O T T E R
72 . C A L L  I N I T I R L  .5. LII. S 5 - 22 )
‘3. C ALL PLOT (I • I . P L ’ ) ’ ( N D~

4 C I N I T I A L I Z E  PEN P O S I T I O N S
‘1. SC ALE  • I I ‘ S C A L E
‘i C  L E T S  LA P E L  I~ A G A I N  W I T H  I N F O R M A T I O N  . C N C ( CN I N C  ‘‘CE NAP “ ‘ 1

- C A R E A .  D A T A ,  ETC

~S . W R I T E  (15 . IS ? )
‘~~~ - 152 F O R M A T  C ’ S G I V E  THE PLO T L A S E L  -- jP TO IS C H A R S
tI R EA D  ( I L  • *53) A SCD
A L .  113 FOR MAT (45*2)
5 2 .  CILL S Y N S O L  (I . -I • 21 . AI d I .55’
$1, TEMP • V LO N G
tA  IF ( U L O N G  GE LII T (mP • A LONG - 355
$5. IZO NE • (‘(NP • 155
$6, C N E R I D  • NOD ((I O N ( - I )  • I • II) 365
R~~. C M O T E  C N C I L D  I TO 365  l E G A t E S  TO T H (  ( A S ?
II. IF DAI S (CN(R D - W I _ O N G I  C r 3 • CC ‘0 I’
1), IF ( DAIS (d E l I)  - (LONG) C T 3 0 GO TO l~
‘S .C NO W  V I T ’NIN • OR - 3 3CCRE(S OP C N E R I )
II • IP O W L O N G  GE C H E R I D )  C A L L  ,TN • LIT . .L3NC ,
92. IF (E L~~N G I_ C C 9 E R I P )  C A L L  J T N  . S L A T -  (I_ 3MC. 4 -  (

I F . VL O N G  I_ T C N ( R I D  A N D  (LONG CT C U E R I D ’
. 4. 1 C A L L  U Y f l  ( S L A T .  C~~E R I D. 4. TO

VS • T
‘ S . C  M O W  H A V E  N I H  Y V A L U E  (II) FOR THE N A P

IF (W L ; , N c  ~ T C’ t ’ T D ’  ~ ) LL  ) T N  N I _ A T .  A L O N G -  “
- 

• Y~~. IF .WL ~~N G I_C d E C 1 7  4L.. Oil • SL .. T d L 3 N C  .
• *5 • V

( I t  H O W  N A V E  1N V V A L U E  •X I ’  0R TIl E N A P
C C S t . C  ((S. TI ) A R E  T~~( S3~~T M  W E S ’  C~~U N(R 3F M( I~~P ~U C V  •a ~-(

~~ I N 2 . C  Du E t N O T  CO E1~~H (P S~~~TH 34 W E S T  O~ T H I S  ~ o~ I H T
o J 3 .C GU&SS T H A T  W E C A N  S T A R T  Na~~I N C THE G R I D
I2 4 .C ST A R T  ( W (  G R I D  D R A W I N G  TH E L A T S  (*5’ A N)  W E S T
IR S .  LONG • A L O N G
III. LIT • SL AT
L O ? ~ DI _ O NC • (CL ON G - IL O N G )  / II III
IRS . C ALL .0TH (LIT. V I _ O N C .  4, Y ’
L S ~~. C ALL M~J M SE R ( V .  5 V 14 M I N I _ A Y  I • - C )
I I I .  C A L L  M U M O E R  (4- 35 . V . I A .  U I N L A T N .  I . - I )
I I I .  C A L L  P L O T  ( K . V. PE N U P )
1:2. PEN • PE N PO W N
1 1 2 .  GO 10 23
II 4 ,C I R A W I N G  A L A ?  F R O M  W EST Tf l  LAST
1 1 5 .  25 PEN • PEN U P
III. LA T • LA T • N I N

a , - - • .  ,_  ••,,• _ -~ --.
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:7  D L O NG • -D I_ O N G
I C R .  ~OMG • V LONC
I I ). IF (I_ A T CT N I _ A T )  CO ‘0 41
I Z S .  21 IF (LONG CT (LONG) CO TO 35
1 2 1 .  CALL UT R (LIT , L O NG. -4. ()
122 . CALL PLOT (N. V .  PEN)
* 2 3 .  PEN • PEN D O W N
1 2 4 .  LONG • LONG • ILONG
1Z3 . GO TO 25
L Z 6 . C  D R I V I N G  A L IT  F R O M  TH E E A S T  TO W E S T
127 . DI PEN • PENUP
DI. I_ AT  • I_ A T • N I H

12 ,. IF (LIT CT NI _ AT) GO TO 45
1 3 5 .  LONG • (LONG
1 3 1 .  DLONG • -D LON C
L I Z .  CALL 11TH (I_ IF. LON G, V . F)
133. C ALL PLOT ( N .  V . P E N )  Pg
1 3 4 .  PEN • PE N D O W N
133.  31 LONG • LONG • IL ONG
13 5 .  IF (LONG LT V L O N G )  GO TO 25
13 ?. C A L L  UTN (LIT. LONG, 4. 1)
135 . C A L L  P L O T  (4. V. PEN )
*3) . GO 0 35
II. Al C O N T I N U E

L 4 I . C  LONE W I T N  L A S T  A ND W E S T  P O R T I O N  OF TI l E G R I D
142.C NOW LETS DO THE N O R T H  A N D SOUTH L I N E S

L 1 43 .  LONG • WI _ O N G
7 C44 . I_ AT • SLAT

I4~~. D L A T  • (N LA T - SLAT ‘ I S  III
*46 . C AL L UTM (LIT. LON G . V .  F)
147 . C A L L  N UM SEP (4 -  45 . F- 21 . 14. M I N I _ O N G .  I . - I)
L A S .  CALL NURSER (V . IS. F- 25 . *4. U I N L O N G M .  A - - 1 ’
II). CAL L PLOT ( K .  F, PE N U P )
155 . PEN • PE H D O W N
III. GO TO TI
152. C C R A W I N C  A LONG PR O M  SO U T H  TO N O R T H
103. 45 PEN • PENUP
15 4 , LONG • LONG • M I N
1 0 5 .  D L A T  • — S L A T
1 0 6.  I _ A T  • SLAT
I!?. IF (LONG CT (LONG )  CO T O 75
IT S .  55 IF (LIT CT MLI I)  GD O 11 .4

CA L L  (JIM (L IT. LONG. U, T V

165 . CALL PLOT (A . V. P EW )  - -

1 6 1 .  P EN • PE N D O N N
. 6 2 .  LIT • L~~T • OL A T
163. GO TO IS
1 5 4 , C  T I A W I N C  A LONG FROM N O R T H  ‘‘3 SOUT H
IES~ 35 PEN • PENUP
166. LONG • LONG • N IH
1 6 ? .  IF (LONG CT E LONG .0 GO TO TI
I C R .  LIT • NLAT
L I). DL A T  • — l I _ A T
171 . CALL U TM (I_ AT. LO NG. 4. ~ 0
1 7 1 .  C A L L  PLOT (4 .  V.  PEN)
I’2~ PEN • PEN D O WN
17 3 , 65 I_ AT • LIT • DL A T
1 74 IF < L IT I_ I S L A T )  GO TO 41
IT S.  CALL U ?M (I_ AT , LONG. 1. ‘ 1
I $ .  CALL PLOT (4 ,  V.  PEN)
1?? . GO TO SI

- 
4 LTS. C DONE W I T H  THE GR ID

L ? ~~. 75 C O N T I N U E
V. 1(1. R E T U R N

1 6 1 .  (NI

• _ 
_*

~

— — — -

~

--- - --- --—---- ‘ - • -
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oa TH
I. C O M P I L E R  DOU ILE P R E C IS IO N

— 2. SU II0U T INE U1’H (LIT. LONG. 4 Vt

0.C TO Il S SU S I OU T I N E  C O N V E R T S  I_ A T  < PHI). LONG ‘lI_ AP R Il ) 10 4 . -
~

4 ,C I N jIM C O O R I I N A T E S  IN INCHES FRO M TNt  L O V E R  L C F T  COR N ER OF 
H

S . C  T HE PLOT ii SCALE
6. RE A L LA. LI. L E S S .  I_P .  NIl. LILA. ITO !. LIT. LO N G . KS

7 .C - JI M I  HA S P R O jE C T IO N  PA R A M E T E R S  THAT A R E  PISSED F R O M  U I N C R 1 I  0 3

I. CO M M O N  .‘U TRI ’ SCA LE. V S. TI . ITOR. M I O t .  A . S. C. I_ a . L ILA .

S. I LESS. OM LE SO. CNER I$. ES

L I .  PHI • LIT A DT O R
i t .  SIN PHI • SIN (PH () .. A-

12 . SPSP • S(F IPOI I • S IHPNI
13. RHO • LA • CIML E SO / (1., - LE SS • SPSP) •• I 5  V
L A . MU • LA / SIRT (1 5 - LE SO • SPSP )

*5 . LI • LA • O NLESS A (A • PHI — I • SIN (2 • PHI ) / 2 . . 
-

:5. * C . S I N ( 4  A NN!) / 4 )

I?. S LAH I DA  • (LONG - CM L I I I )  • 1101
I S .  SLD L • DL A MSD I  • OLA N S O R
1,. ILPLIL • DLDL • D I_ A M S D A
5 . SINP $4 I • SIN  < P H I >

Z 1 .  CO $PNI • COS < P H I >
22. 1ANPHI • TIN (PHI)
23 .  1 • V S A (LR • DLII. A N Il 2 S • SIN P N Z  • C O S P N I )

2 4. 4 N 45 • (IL IPISDA • N O • COSP Ofi • D L S L D I_ N HU / 6 A • CO! PM I .•

25 . I (NIl ‘ RHO - TAHP H I • T A N P M I ) )
25 .0 SC A LE V A N D  V TO INCHES ON THE PAPER

27. 4 • V SCALE • 1101 - CI
Cl. Y • I • SCA LE 0 1101 - VS
£9 . R E T U R N
CI. EMS

..— - --—-‘--.—— ~—— -.----——-
, —V , ~~~~~~~~~~~~~~ ~ — ~_ _  ,__ - ‘
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RI NA V
7 3 . 7 6 1 1 1 2  DII 75 55 2S - 1 5 1  2) III - 719121 9445 71. 15 63 - *5? 51 RI
74 .761512 122 1 71 40 55 — 1 5 1  1, 552. 759525 4555 7 *  II I? -15? 24 25 75 .765812 12 4$ 75 4? 50 - I I I  L I A R2 , 701121 5512 71 58 71 -II? 3D 68 76.761112 131$ 7S 47 95 - 15 * 05 II4 .  15 55~~5 5 5 4 5  7 *  04 1$ -II? 47 19 77.76581 2 1325 75 46.55 -155 IS - SI5 , 711521 ISIS 7) 52 .14 -15? 05 SI 75.761012 *3 45 75 44 T I - L I I  45 II

6. 711121 2 555  71 15 ~~ ~57 ~~ 7 9 . 7 6 1 8 1 2  *411 ?S 44 _ SI -*55 40.55‘. 755525 21 15 T I 12 II -II? 02 35 SS .76IS12 *425 71 41 42 — 1 5 5  32. 913 . 7 1 3 8 2 1  252 3  7 *  14 82 - * 3 6  ~~ 11.761512 1 441 75 4 1 .3 2 — I I I  21.3 1
‘15525 2535 7 *  II 07 - 1 36  06 VI 12.711112 1555 IS 45.85 —1 5 5  II 45
‘1551$ 2545 1* 15 71 - * 56 35 53. 765812 1525 15 4 5 .  II 15I 4 2 . 8 5
755555 2245 75 50 15 -153 55 $ 54 7 5 0 0 1 2  * 5 4 5  75  38 91 - 1 4 9  5 2 . 9 1

2 -  ‘61115 2311 75 45 55 -139 56 ~5 55.765112 1651 75 3? 65 — * 4 9  43.11
7 6 5 5 5 5  2 3 * 3  TI 47 25 -III II 25 55 .765815  $54S 75 32. 12 -145 3 9 . 3 5

4 . 7 6 9 8 5 5  2 3 3 5  75 45 05 16 1 II 11 S7 a?6I0 j 3 5655 75 32 .95 145 45 .55
3. 761515 2345 71 43 23 -III ~~ 51. 761113 0625 TS 34 .66 -145 16.21
6. 761156 5551 75 45 .54 ~“ 35 59. 7611*5 0645 70 33 . 75 -14 9 15. 41
7 . 7 6 5 5 0 6  1114 75 45 96 16I 51 ~‘ 91.761013 5702 75 95 — 1 4 9  15 3$
3 .TSI S IA SI IS TI 44 II -IS. IS II 755* 15  5 7 2 2  75 25 - 1 4 9  2 5 . 1$
9. 761816 1135 75 44 II 169 II ~~ 92~ 765015 0952 75 35 .85 —1 49 3$ IS
5 .765556 91 45 75 43 95 161 55 35 93.7 65915 0525 71 36.11 -1 49 37.51
I.7615S6 5255 75 43 75 ‘*61 ~~ 94 .765515 $141 75 3? IS -1 49 39.73

. 165556 1215 75 44  $5 16I 15 95 95.761*15 5955 75 37 .4 7 149 55.95
2. 761116 $231 71 46 75 -161 I S  75 96 .755515 5925 75 3? 25 -155 57 .25

765151 1245 70 4? 95 I6I *9 II 97.765115 5955 75 36 .85 ‘55 23 .5$
4 , 765956 9311 7S Se IS -III 24 II 9I~~?6IlI5 III 75 36 .73 - 1 5 5  31 11 ‘4

‘I
‘3 765856 1316 79 52 25 - 1 6 8  35 II 99.761113 1123 71 37 45 -15 1 39 II

65815 5545 75 45 SI -165 3S IS I$S~~?SIII3 I I 4S 75 3 7. 53 -155 39. II
- .19S6 ISIS 7$ 4 4  dl - * 60 25 95 1I1 .?6S815 1295 75 37 45 -I SP 2? II

6I156 0635 75 42 II -1 61 * 7  3$ tOt, 761115 1225 75 3? 89 -15 5 16 Ii
- ‘61917 D I P S  70 44  65 — L I I  12 45 113 .761815 1242 71 3? 18 -15 1 53 15

~55157 213~ 75 46 SI -*65 52 25 I0 4a 761815 1311 ?S 37 A L  -149 55 IS 3.’
7.768517 2215 75 45 65 ‘*53 56 75 ISS .75I$1S *325 75 37 II - 149 57 2S
4 76 5 8 5 1  2 2 2 3  75 SI 75 - 1 5 9  05 75 IS6 . 765 I15  1345 75 3? 55 — 1 4 3  5? 25 - -

O 76551? 2233 75 32.25 — IS )  46 71 107 ,761815 1411 75 3? 51 -149 57.25
6.765857 2235 75 54 65 — i S a  ‘2 SI III .?SISI5 lIDS 75 37 3$ -*49 54 IS

765957 Z3SS 71 55 25 —13, 3~ OS II9;76I913 1 435 78 36.67 -*49 46 55
N 765557 23 11 ‘5 56.5$ -153 35 3$ 115 ,755515 ISIS 70 36 25 ‘149 36 .23

763517 2325 75 57 65 -*59 35 75 l I l a  765515 1525 71 36 55 — 14, 35 73
:0. 7615S7 2335 71 55 45 -I5 ~ 25 ‘I II?. 765515 1545 75 35 55 — 149 DI IS
18 7 6 1 1 1 1  * 5 4 5  71 56 45 -1 54 35 95 113 .7 6 1 8 1 5  IllS 78 35.51 — * 4 9  59 85
3 1 7 6 5 5 1 1  1)55 7* II 63 -154 24 35 114.76151 7 555$ 7 *  II II -*52 SI 25
32. 76151. 1 1 915 7 1 54 44 -154 19 15 I1S;765$17 5525 75 59 II 151  54 . 45
33 . 76181 * 1931 71 53 .1 ! -15 4 13 A S 116. 7 61St? ISIS 71 57 95 — I I I  4? II
34. 7 6 1 8 1 1  1945 71 52 45 -*5 4 50 03 l17 .?6 SS I? 1611 75 56.65 — 1 5 1  35 . 25
30 76 8 8 1 1  2555 7 *  II 45 - 1 5 4  93 65 l I l a  7651*? 5625 70 36. 1 1 - I I I  2? 75
36. 7SeeL l 2115 71 SI 45 — * 5 3  58 II 119.761117 164$ 70 55 35 -15 1 1? 75
07 . 765911. 2535 71 IS IS - 1 53  SI IS I2 S a 1 6 SD I ?  1710 75 53 95 — 1 3 1  58.35
O9. 761811 2045 71 IS 55 — 1 53 42 ~5 121.76 091? S725 75 53 95 -151 II 3$
39. 760911 21 95 75 59 II — 1 5 3  39 45 I2 2 a ? S S I I ?  1745 75 52 95 -1 5 1 II 45
A 9  ‘4 5 9 1 *  2 * 1 ! 71 55 35 — I S O  35 25 1 23 a 7659 *7 0908 75 51 85 - III -
4 3 ,  7 5 3 8 * 1  23 15 7 ’ 8 1 05 - *53 27 II 124;IG$81? 5825 70 4? 25 1!I 50 II
42. 7 55 8 1 1 2335 71 It 5 ~1S3 22 35 123;?6 S817 985$ 70 40 IS -III 42.59
43 .761 811 2345 7* 01. 1 0 .~l 5 3  1 9 39 1 2 5 o 7 6 1 5 1 7  191$ 75 4 4  55 158 33 55
‘4 .  7 6 5 8 1 2  5555  7 1  II 56 -‘5 3 13 II 127 ?61e17 S92G 75 42 ~5 - 5 8  24 55
AM 7608*2 IS’S 71 01. 75 -153 Cd 45 .2Sa?6$31? 5335 76 ;9 59 -13 5 *2. !?
46 - 761812 5539 71  05 65 — 1 5 2  55.95 129 ;?IIGIS lOSS 78 45. 3 5 ‘III £1.21
4 7 . 76 9812  5545 7 1  55 II -152 05 2$ 13 5.750818 5321 75 41 65 -15 5 15. 70
48 ,76 1 01 2 Ill S 75 59 55 — L I Z  47 31 13 1a?S S SIS $345 7$ 42 .65 ‘~15S 25 .25
41 , 7658*2 I l l S  70 59 29 — 1 5 2  45 .65 I3 2a?6ISII SA Il II 44 25 .135 29 59
SS . 76SSl2 113 1 70 58 35 I52 35 45 131a?60$ *S 5425 7* 45.11 — * 5 5  39 .20
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I I I

COMPUTER PROGRAMS TO

PLOT DATA (REFPLOTT , REDPLOT2)

AND PROGRAM TO COMPUTE

STRUCTURE (MULTLAY)

-l

~~ILIILs. ~~~~~ _ ‘.‘.~ 
- —,5.0_— 4.- . S( ~44- ,5~~~+4I” 4~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ , ~~~~~~~~~~~~~~~~~~~~~ — 4.-— 1h1~h1~~
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~4y

POOGBL)7+ 0E~~PL0TT
OX PItWSZON T A X O S (c ) , V A 7 + 1 5 1 3 ) , S H O T ( L ) , A T ( 1 j I , ACI, I

T~~GE~ ‘LOTFNIO .PSUP .PSOO W N, P~~~uP. PENOO WN
PLO~ (NOa-3 S PSUP* t I °SQOWN.-2
P~~NUP.3 I P F N OOW N*2

K A Y I S I I )  . $W 0TSTAWC ~0 * 7 + 1 5 ( 2 )  sIN 2 SIC P
XAXXS(3) 114(R !NCI4
V * X I S ( t )* $ H T T, ) ( I I

~ A * 3 5(2 I ~~A M ( C •f’Q I
Y~~’ ISA 31 ChINCH
I F A 0 ( ~~. e )  Ta XI!18),XAOIS(II

I FOQIAA T (A),A*.) ‘. -

a r o q p I A T ( t r A .r s . z )
N*~~V O T S / 2 .  OIl -
IF~~~’ . 1 V . I J) ~4 7 I t 3
N* A I I S I 6Q

C A L L  P L O T I N T (— b . . 6 .  .101
C A L L  PtOt(’.’!..O..Pl,OTFNO)
CALL . O T * T r T ~
03 t O  t . i , sst

II CALL ‘LO TSYPB( t. ~. ,.:o. ti.0.,P S C O W I I
r.o a*C +c To ( I )~~~Ij )

C ALL PLOT5YMP(h ..—I .,.21.XAI!S,O..NTA XISI
( ‘ALL P L O T( 0 . , l . . C

~~W (PI
DO ‘tI j*~~,~~7
Y .T

2 0 CALL  PLo TIT ~~O t 0 . . ’ , . Z O , t ’ . h O . , P S C O w N )
GO B ACK TO (—1.4)

C AL). ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
30 QTlD(S.Il0I0CT.(*T~~t ).t0)I.1t)
Ill F0DWAT (*5.2ç S.0,Q~~’.2I

IFITOFIII GO t’ 7+ AO
T r ( * C F I E C . c)4 ) GO ‘~~ c+0
s I I 1) = ACt
ITIlICATA II

r0!~~ToAf )?) i T S

(‘ALL P(.CT$V~~~(9.t...lO.S+’It .0O •, 7 + )

T I N t~~I’ ) I )~~~t C/)N~ H •0 T + ’SEC~~tI~CN.A ’0D 7+ ~NT S ~N
I t~~l
00 LII I.1,Il
BA t)OAT I.?)
IF(BAt ).(Q.o) ~.O T I l l

100 IT ’?
-;,, T~I .~O

60 1’ 70
I P ( A T A I ) . ( 3 . O . ) GO t”) 7 3
!~~A TIT) ,TS
TFI ~~.Gt,~~0.) ;~ to Tfl
C A L L  P L I ’ S y M B ( 7 + . y , . 1 0 , O , O . . °~~uF )

73 CONTINU!
rOLL ‘tC’TT T41~ lT .~’..!.t3.’00.,PS)P )
GO TI 1*

13 X W ~~’I7+.h
CALL •LO’(7+N.30..Pt,0T~~’IO)
END

______ - - 
-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ 2 L r~~~~~ 

- - -
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A

‘BOGRAN RIOPLOT2

DIPIINS!ON XA %XS (S),VA*ISIS),5140T(1),OT (Ij),Q(4)
DTP)IPOSIO N ~T P ( t 0 O ) ,A 0 q t 0 O )
INVEGEB PLOTENO,PSUP.PSCOWN.P€NUP ,PINOCWN
P L O T E N O — 3 S PSuP~~-t 3 PS0Owp~~—2
CCNU,.3 S 0€NOOWNO2 S OtP!iI~~O. S N taO
I4RXTE?61 .3)

O FOR I’IT(t G IVE REOUCING ~fLOCIT~~. #5.2*) - 
—

11*0(60. ‘I)REOVEL
I. rolNAf IFS.?)
1*115) t)41*HOIST*NCE
0*715)21=1)4 1 SEC P
0A71503)*0+l€R INCH
IAX !S(t)=INTTME .5
YAAI SA 2 )oBHS(C P3t
Y&7I5*!lalH!NCIA
Y A X I S ( 4 ) = 8 H t  — A
01*0(5.8) X A X T S I 4 ) . X A X ! S ( 5 )

B FOBNA T (AB, AA )
A CA 5,1) 1 01 5. Vi

9 ~0* NAT(15X,F5 .2,SX. F5.3)
(OX TOTS/I.,4.
TF (NX.LT.13)N7 13

NT*W!S~4O
EN000E (A.tOi,YAXTSA3 ))REDVEL IsI I I  FOBI4*T(F3.2,371
CALL Pt,.OYINT (—6.,6.,II)
CALL PLOTA2B.I.OI,PLCT€WOI
CIII. ROT AVE r Y
0’) 10 11.NX +4

10 CALL PLO TSYMRII .O...21.13.0 ..PSVOWN)
C GO SACK TO Sh ,— Il

CALL PLOTS’,We(h.,—t...25,XA*IS.0..NIAAISP
CALL PLOT (l.,0.,PENUP)
00 20 tzt.2?

20 CALL P IOTS YW S I I .. Y ..2 I . t3 . S I..PS C OW N)
GO SACK TO t— t ,~~) j r

CALL PLOTSY )1e( 1., 4 . , . 2 5 ,Y A X T S , 9 O . , NY * K I S )
33 0~~~~~ (3 , 4~~) A C E , ( A T (  I) • I~~1.i t )
ao  r30111(*c.2c5.0, ar5.2l

IFIEOFIS)) GO ‘0 00
1~~1 AC E.EO.S)4 I GO TO 60
S$OT (i)=ACE
IT I 1 =AT I I I
P40~ wO,i
DIP (N01a27.—AT( 2 )’.IOL’?.
TS AflS)
OTST=*T(7),TS

~t0L’CE*OXST’VIFREOVtL I -
T.Dt ST/I.

IF(X.GT.37.) GO tO 35
IAI..L PLfltSY )~RIX,t.,.t0,SMOT ,°O ..0)

C TPts!(!) *.3 SEC/!WC H.OIST=2 SEC/INC M.AN fl 7 0)40 t EN
55 tt~ t - 

-
30 III 1*1.4
DII) =11 1 1.?)
I~~IR (t).EQ.3I GO TO 30

roo I!.!
G0 T0 30

60 00 70 *1.tt
TFtAT (I).EQ.G. ) GO TO 30
7*11(1) OTS
V* (Y—QEDUCE) ‘2.*5.
t~~AY.GT.27.) GO 10 70
OF 11.GT.37.) GO 10 13
CALL PLOTSYRO (*.,..1O.3,O.,PSUD )

73 CONTINUE
GO ‘P0 30

SO 01 00 I t . NO
7*70(1
DEPT HS DIPI I)

go CALL PLOTSYMOA X ,oEpTIl..t,13,go., PSUPO
7)1.11104
CALL PLOT (XN.33..PLOT!NOI

+ 
1)10

~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘.
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PROGRA M MULT IAT
II~~TNSTO N WI?O),V(Zl),YAUOI,V8A23).ALON(?fl) .TITA (20), CI20), H

I I(201.0(201,1*I(2ll ,f~~Tl2O ,I4A(20),HB(20t , OA  ( 2 0)  . 0 0 (2 0 ,  ,P(201
¶ITNE OSTON TTTLE(A )

C IF f R I  INT E RCE PT T I N ES  Laf NOT BIAD IN. INSIRt A 01.1)111
C C A R D  WHERE THEY ARE CAI.LEC FOR TN IHI CAT A CICK. THIY
C W ILL THIN PC CO~ PUT( U BY FORMUL A A F T E R  ST!0 421. IF t I+4FY
C ARE READ IN, THEY WI LL 01 CHECKE D FOR CCN STSTFN CY W IT HT N 1) D~
402 WRITE (61,031) 

- -

1.01 FORTMA T (70*)
C W WuN811 OF LAYTRS OR T R A V E L TIME SEf.M€NTS,
I $PR(AD LENGTH

READ (3 ,403) N .X . (T I T t E(t ) ,!sI.61
TF (EOc (K)) CAL L t I lT

1.05 700P(AT (rh.F8.G.OASP
I’ I N) 640.640,407 Ii

407 •EID (5.1.10) IVA (I) • I. j,N)
IllS FORMA T (‘)FB.o)

RTAO (c.o100 (*8(10,1 1 t,N)
Th AI) ’ .0 •

°f’AO (1.410) (tAIIt),1s2,N1

~ ST (1)’ .)
IC lO (3.010) ( T S E ( f ) , Z ~ 2 ,W)
WRITE (l+i.hI3) X,ITTtLE (T3 .I’l.A) 

-

‘4j5 FORMAT (A *.s’CVERSA%. DISTA NCE = A ,Ft0.!,37.B AA,/I1
WRITE (61,1.201

420 T O R M A T ( *  INPUT OA T A * F / A  L A Y E R  A PPA RE NT AP PAQVN TS ,
3 0 !N?ERCEPT INTERCE~ T*/* VELOCITITS A VELO A ,
2*CITItS 8 TI MES A TIMES 0*) - 

-
-

00 1.25 X 5? . M
(‘50 (‘*1(1) • 7 (t.,VA1!) —

I(’ (TlI(~~II 422 .422 ,423
4.i 2 101(11 = TOO

GO 10 1.23
423 TA INO ‘ T A I l ! )  0 IIYA( t)

TR (’NO • T P I I I)  0 7/VOlT)
ERROR • 18SF(T*EPIOtT!€NO — 1.)
I F  (ERROR — .15) 1.23.024.424

410 WRITE (61,11.24 1 1
11.24 FORWA T(IOAP eARENt VT’l.CCITY A ND T I NT  ENT ERCIPT DA T A  AR(A ,

to 11IC0N5 151F11’T AT LAY!Q 7/0 NUMIER 7,12,7 ENO—T”— tNU ~•
2OTRIVEL TINES DIFFER ‘7 ‘~0R( THAN 10 0€RC(’41 .*/)
GO TI 423 

-
‘

I. ’1 C ONT I N U E

WR IT ’ (61, 11.251 lL,V A(1).V ° (I),TAIIT) ,T8I(I~~. I.1,W)
11,23 (‘3 1MAY17 0.IIl.F13 .3,F 1I ..J,F12.3 , ctO.3 1

0( 1,  * I / A l t )  • y5(11)•.S

+ 00 310 N = ‘.11

K ’ 1
ILPMII) AS3WF(Vltl/V0(M))
O E T A ( 1 I  • ASI N FA V ( I ) I Y A ( N 10
1’ (11—?) 510.300 .310

‘OS A U )  = IAI.P )-4 ( I) SET 1))’ .5
WI?) • IALPW (t ) —

0 ( 2)  V (tI/!INFIA(t))

510 A l l )  • AL PII(i) — WI?)
Pij ) = R E T A I L )  0 W*2)

E 520 ‘1 • 71.1
VV • V ( K) /V I K — t )
0 ( 7 )  = A S T ’ 4 F ( Y V S T N F ( A l K — 1 1 ) )  

-— —
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0(111 = ASINF (YV=S1hF (O(K—I)I1
IF (7•t—”l 330.54,0,560

‘33 *17) • P1K ) — W INOS ) 1. WOK)
01)1 ) = 0(7) • 11(11.1) — W(7)
ALPW IK) a *111) 0 11(705)
BETA (K) • 0(11) — 11(7.1)
GO TO 520

51.0 £17) = (PIN) 0 Q(K))= .5 
p45(11) • AIK )

11(1(01) • 11(7) 1. (PAN ) — 3(KU’.5
• Al’?) • W(I(•l)
• 8(7) — 11(7+1) ‘ +

V IKOIO 1 VIK)/SINFIA (IU )
550 1(7 • K—I

IIHA* O.
W h O  = 0.
IF (K.E’). LOGO TO 561
DO 560 1 • 1,77
NH • COS*’(ALPW (I)) •
NH C N H/ VA  1’)
1414 * C lANA 1. HH $*(!) —

560 HHS HKO HH H O ( j)  I -

561 B a V (k1/ACO ~~~!A1.PNIK )) • COSF ISETACK )))
(IA (K) • PRITAI (K’t) — HIlA)

• R~~ITeT(k+i) — ‘IWO )
0*1 1) s Hi l t )
05(11 • 143 ( j )
3A 17) • 01(7—I ) • NA(W)
13(7) • 08(7—1 ) • ‘.40(7)

570
RTOO’ iSO.F3. 11.15526
3’) 5~~O J • 2.11

‘40 11(J) • WIJ)’BTOO ( 7 + -
WRITE (61.620) +

1.20 WOQWAT (SOC OIIP’JTED SIPUCTuR!s/~~, L A Y E R  /‘!LOC T TY z,
I ATHTCKNETS A IWICKNISS 0 DIP DEPTH A CVa’TH ‘SI
1 ’ I
WRITE l6tI6~~5) I. VII), 4A (t). 14011),OAII), C O A T )

625 ‘ D Q M A T ( *  0 .  I1..F12 .3 ,F1t.3 ,F11,.3.qI,Fe .3, FQ.O.
‘4)1 a N—i r C

WRITE (61.6310(1+ VII), M A l I ) ,  HO)!). 11
1 1=2,11W)

633 FIDNATIS S,T1.,F12.3.Fli.3.F1 1..3,F9.3.FS.1.F3.31 I 
-

WRIT! (61,635)11, VANI , 11 (N)
635 5’00MA T(A A ,I1.,Fl2.3,237,(’1a.,31

GO TO 1.02
61.0 CONTINUE

END

4  

‘ (  - - - 
~~~~~‘
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INPUT FO~ IAT FOR PROGRAM PRJLTLAY

N, + ( , , T TI,E(I) , - — 4 ( , ’ ( , (

YA (ll .j , + YA~2J + ,- ,~~ - + Vk~fl.

V8~ I . V8.(2) - ,
1 

+ + .~~~~~~~~~~~~~~~~ . p4
+ TA4 ( U~J - . TA,I(~~~), ,~ TAI(N~ ,~~~~~~ . . , , ,  - 

-

I , T8 (fl, -
. 

— ~. -
. 

+ , T~ iktfl , , . ~~, ,

1’

N Numbe r of lAyers (equal to number of ye loc it ies) .

End to end profile length. 
f
I

: Line Ident i f ica t Ion.
I~ l : Layer ~~~~~~~
VA (l) Apparent velocities f rom the A-end of the profi le.
/6(1) Apparent velocities f rom the B—end of the profile.
TAI(1 ) : In tercept times for lAyers 2 through N at A-end ~f the profile. -

161(1) : In tercept times for layers 2 through N at B-end of the profile . I

Al l distances in Iteters ~r k ilometers .
All veloci ties in meters per seconds 3F ~.ilometers per seconds. -

A l l  times ~n seconds. 
-

Wit h sIngle-ended line JB(1) . IfA (1) and 181(1) I IAI(I) .

~~~ ~~~~~ 

.l

~~~~~~~~~~ 1 ~\~(_++.~~L ~~~ ______ 
,~~
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IV

INTERCEPT TIMES AND APPARENT 
f -

VELO CITIE S (INPUT OF MULTLAY ) I :

AND COMPUTED STRUCTURES
(OUTPUT OF MULTLA Y )

FOR ALL LINES

i
i

+15- 
__________________________________
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1. 21.62 “CLI H.
1.1.6 2.16 2.1’? ~.02 

—

1.1.4 2.16 2.7? 5.32
0.01.1. 0.000 0.600
0.044 0.043 3.6*0

REVTRSAA. D ISTANCE • 21.620 OGLIS

INPUT DATA

L AYER APPARENT APPARENT INTERC EPT INT ERCED T
VELOC ITIES A VELOCITIES 8 T!PES A TIPES 8

1 1.1.1.1 1.1.1.0 0 0 Pa -
2 2.11.0 2.11.0 .0I~0 .061.
3 2.770 2. 773 .510 .0*0
1. 5.070 5.020 .6A0 .800

CO NFUTED ETBUCTURE

LAYER VELOC ITY “410711(55 * THItKN (SS 0 DIP BEPT)’ * DEPTH S I”
1.1.41 .063 .01.3 .61.3 .51.3

2 2.160 .063 .165 0 .052 .002
2.770 ,464 .566 0 1.050 1.050

1. 4.020

1. 12.7? I ’CL2
1.1.6 2.16 2.44 4.28
1.66 7.11. 2.55 5.28
0.031 0.230 0.163
3.83)  3 . 233  0.760

PEVE BSAL DISTAWE E = 12.110 WEt 7~

?W’~ T Bin

LA Y E R  APPAPEW’ *DPAUER T 11.TEBCI’! ~N1E’(DFPT -,VELOC ITIES * •ELCCZ’TES 6 ?I’fS * TYsES 6
1 1.61.0 1.1.4, 3 3
2 2.11.0 2.11.0 .031 .03)
3 2.430 ~~~~~ .238 .230
1. 5.268 .261 .763 .76000 ’tJ’(D STRUCI UBE

LITER f l L X TT Y  V)IICKN(53 A THIL .+,f55 I OTS DEPTh I DEPTH P
.0.10 .131 .030 .03*2 2.11.1 •250 .238 3 .326 .326
.31.0 .041 I 1.114 j.jts

‘.768

.:

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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6 26.61 41 0 TO I 1112*7 
4

1.1.4 2.25 2.1.6 3.01 0.727 8.337
1.1.8 2.23 2.81. 3 .31 3.716 4.25 4
0.18 0.15 5.20 1.83 1.1.5
0.10 0.15 0.28 5.83 1.2*

REV Y WSA L DIST AN CE = 26.610 5! 6 TO I 1112615

INPUT D A T A

LA YE~ APPA RE NT APPARENT INT ERC EPT INTERCEPT
VELOCITIES A VELOCITIES 0 TINES A TImE S e

1.81.’) 1.883 0
-‘ 2.250 2.240 .100 .100
.1 2.1.1.0 2.460 .24 0 .130
1. 3.3)0 3.310 .200 .230
• 3.727 3.716 .1.50 .430

6.337 5.253 1.1.00 1.2)0
CQ’4°IJVE3 STRUCTURE

L I V E R  V E L O C IT Y  THI C KNESS A T H ICKN ESS N DIP OEPTW I DEPTH P
1.440 .044 .094 .095 .04k.

2 2.250 .124 .12’, 0 .217 .217
3 2.060 .027 . 02 ?  0 .244. .288
1. 3.550 .516 .521 0 .723 .771
c 3.72 1 2.103 1.584 .118 1.008 2.713
6 5.322 .628 fr

6 29.34 51 1. “0 3 WOOS
1.1.4 2.29 2.56 2.3° 1.04! 8.104.
1.81. 2.29 2.66 2.59 3.067 8.618
1.10 0.16 0.21 0.56 1.373
3.10 0.16 0.20 5.63 1.3*0

1Fv~ A A L  1t~~T*’4Ct = 29.390 °T 1. TO 3 “3455

IHPLT D A T A

LA YE R A P PA RENT APP AR ENT Z11T!RCEDT T’4TERCrPT
‘JELOCITIES * VELOCITIET S TINES * TIRE S I

1.81,0 1.1.40 S S
2 2.290 ~.240 .100 .105

2.560 2.561 .360 .363 - ‘

2.990 7.990 .200 .200
5 3.190 1.867 .560 .500
6 1..531. 8.678 1.37 3 1.ORS

COMPUTED STRUCTURE

LA YER VELOC ’TT THIc KNESS I ~44IC7NESS N DIP DEPIN A DEPTH I
1.840 .053 .04-3 .293 .033

2 2 .240 .137 .137 0 .230 .230
3 2.560 .025 .025 0 .233 .235
I, 2.430 .710 .630 0 1.326 .003
6 3.742 2.419 1.673 .276 3.845 2.56*
6 8.lOh 1.10?

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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S 55’S* , * RC WEST 76 REIL FORT P0*98
584.0. 1600. 2230. 3323. 8600.
(84.0. 1600. 2230. 3020. 8680.

.510 .225 .575 3.235

.0 13 .713 .573 1.255

PFWERSIL DISTANC E • 10030.001 AR C WEST 76 REAUTOPT PIAQA S

INPUT D A T A

LIVER APPARENT AP~ IRENT INTERCEPT INTERCEPT
VEL’C TT! ES A V E L O C I T IES  S T IMES I TINES 6

1 1440.000 1480. 003 I 0 +

2 1600.001 1600.001 .OtO .010
3 2230.000 2230.000 .215 .215
I. 3020.000 3020.200 .573 .516
5 .650.000 4600. 300 1.255 1.255 . 

-

CONPUTED STRUCTURE

LATE R VELDCTTY I+4ICKN€SS I THICKNESS I DIP DEPTH I CE P T H  P

I 1840.000 16.513 16.510 (6.51* 16.513
2 1600. 000  226. 306  226. 006 3 24.3.328 283.324 

I -.

3 2230.300 629.610 419.010 0 763.152 763.14.2
4. 3023 .080 11)0.723 1100 .723 01163.365 5063.166
5 1.600.80* 8

I 230’6.ARC WEST 76 3EAUKCRT P$39~
11.1.0. (600. 2230. 2030. 8280. 5630. ‘010. 7+ 

-
1843. 1600. 2230 .  2830.  4.21.0.  5135. 7070. 

15

.31, .215 .870 1.051 1.~~4I 1.925

.310 .215 .470 1.030 1.880 1.525

PFV m R SA L  DISTA NC E • 2311.6.000 lYE WEST 75 OTAUFOR T 1130955

IHPIJ’t DA T A

L A T E R  * PPIREWT * PP& R€NT INTERCEPT INTERCV PT
VELOC IT IES  A V Et O C IT X E S  8 TIMES A TIRE S 0

1 11.80.300 184.0.800 0 3
2 1~ 7S.320 1600.000 .010 .010 ‘

~1
~‘230.00I .215 .215

I. 2035.300 ‘030.000 .473 .470
6 824.0.300 8240.000 t.05$ (.060
‘, 9630.080 5610.001 1.84.0 1.1.83
7 7070.320 7376.003 1.926 1.’25

COMPUTED STRUCTURE

LITER VFA.CC ITY ‘44!CKRES! A T’4IVKNESS 0 ‘1° DEPTH I CEDT’4 ~
1840.000 16.51, 16.510 26.410 16.513

2 1603.000 226.806 2~~6 .306  0 283.324 283 .328
3 2230.000 391.855 331.339 0 63’.223 635.223
I. 2030.000 3R1•779 3111.279 01322.001 t!22.’31
3 8280.000 906.120 406,120 02570.SZQ 2820.624
6 3 6 5 0 .0 0 0  17 60 .7 0 6  3 7 3 0. 70 6  0 8 174 .1 . 1 5  4.119.413
7 7073.000 3

- 
- - 15 

. .T~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ t~
-
~~~~~~i.H ~~~T- - --

~~~
- j
~~~ -iiT ~~~ .

.‘
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7 2’.3 7  LI’E 1 0— 1 1  1 2 — 1 3  4 ITH 6 .0  A ’ 4 0 7 . 3  L A V E t m S  10 12
1.1.40 I.ó50 2.489 3•34.4 h.054 3 .000 6.~~06
1.1.1,0 1.640 2.409 5.090 3.008 ‘,.000 7.12!
0 . 00 3  6.1.80 0.675 1.130 1.760 1.003
3.003 3.840 0.623 1.360 1.760 1.030

REVERSAL ~ISTA P4CE • 20.310 LINE 10—11 12— 13 WITH 3.3 A V ~~ 7.3  L I V E RS  “ 1012S

INPUT D A T A

LATE R IPPIRENT APPARENT INTERCEPT INTERCEPT
V ELOC IT IES A VELOC IT IES  0 T INES A TI NES P

1 1.848 1.880 0
2 1.650 1.650 .004 .005
3 2.504 2.509 .840 .84.0
1. 3.084 3.090 .615 .320
5 8 .0 5 6  3. 804 1.138 1.360
6 6.003 6.C”O 1.760 1.160 

S -

7 6.906 7.129 1.805 1.030
CO11PUTED S’T”UCTURE

LATE R VELOCITY THICKNESS A THICKNESS B DIP DEPTH A DEPTH 0
1 1~ 111.0 • 312 .012 .012 .012
2 1.650 .467 .467 0 .415 .479 - 

-
3 2 .504 .400 .716 0 .079 1.193
1. 3.067 .611 .966 —0.611 1.756 2.161
3 3.921 1.035 .362  2.6 15 2 .081  2 . 5 2 3
6 5.994 —0.11$ .063 — 0 .92 ’?  2.354 2 .586
7 7.006 —2. 360.

6 29?36.IRC 76 !EAUF”PT “1617
1840. 1631 ). 1020. 2880. 3620. 5030.
11.40. 1600. 1020, 24.40. 3620. 6080 .
.010 .100 .300 0.025 1.745
. 0 10  .303 .300 1.025 1.71.5

RE IrPS*L CIST3~~ E • 24735.503 ARC wEST 76 PEALcORT “16175 
4

NP!JT DITA

LAYER 4~ PARE14T APPARENT INTERCE’T I+~T ERC~ PT
VELOCITIES A VELOCITIES S ~I

(S 3 TINES B
1 1440.000 541.0.033 0 0
2 1600.000 1600.000 .310 .010
3 1020.000 1020.560 .100 .108
1. 21.80.300 2440. 000 .300 .350
6 3620.000 3620.000 1.025 1.023
6 60*0,080 6030.000 1.783 1.785

CONDUIED STRUCTURE

LATER VEL OCITY 1’AICKNES S I THICKNESS I DIP ‘EPTW A DEPTH 4
1 181.0.3100 16.317 16.510 (6.318 16.913
2 1603.030 11.5.306 L~~8.306 0 160.028 160.328
3 1820.000 307.607 367.501 0 465.731 463.631
1. 2440. 000 907. 94’. 537.9115 01376.576 1376.579
5 3620.000 1226.193 1226.193 02602.76! 2*62.768
6 6030. 000 0

k  _  _   

4— 15--— 
.15 -

15-- - -— —--.15-—- ~~~~~ —- -- ——-~ --~~

~

—-_—

~
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6 2 5 6 9 0 . AR C , f 3  7’, 5 T A i F C w T  111813
1440. 1600. 161.2. 2323. 3710. 6660.
381.0. 1630. 1349. 2323. 3710. 5660.
.015 .125 .1.65 1.205 2.110
.313 .125 .4.55 1.205 2.310

RTV ~RS*L ‘JISTANCT • 25656.000 AIC WEST 75 ~EAU 1ORT 1118195

INPUT DA T A

LAYER IPR AR ENT APPARENT INTERCEPT !NT EY3TEPT
V ( L C C IT I ES  A VELOCITIES B 111(5 3 TINES 8

1 11.40.000 1440 .000 0 0
7 1600.300 1608.000 .010 .010
3 13 8 0 .0 0 0  13118.0 00 .125 .124
1. 2 3 7 0 .0 0 0  2 3 2 8 . 0 3 0  .1.65 .866
5 3 3 10 . 0 0 0  3316. 000 1.205 1.203
6 5660.000 5660.000 2.310 2.310

COMPUTED TTQUCTURE

LATER VT L3C ITT THICKNESS A THICKNES S 31 DIP ~(PTH A DEPTH ~I 11.40.3100 16.516 16.518 16 .5111 (6.518
2 1600.300 175.36? 179.367 0 ~96.VlS 195.366
3 1840.300 4.25.950 1.19.950 3 ‘29.843 625.843
‘. 2320.000 973.136 575.176 03600.974 1611.979
5 3313.050 1762.815 1762.815 03363.794 3363.794
6 5660.308 0

1. 2?651. APC WEST 76 REAU7 O RT P2021
181.0. 1303. 1090. 2390. 3350. 5550.
1840. 1600. 850. 2350. 3390. 5680.
.010 .025 .~.S0 1.105 2.375

— .31 0 .125 .1.91 3.105 2 . 67 5

RE~ FQSAL ‘ISTANCF • 22651.000 ARC WEST 7’, L~~3UF DU1 P20215

3’~PL’Y D A T A

LAY EY A PPIRENT AP PARE NT TNTERCE T INT EPC ED T
vELOC ITIES 3 YELJCITIES 11 TINES I ~~‘ES °

I 11.1.0 .300 1450 .000 1 31
1500 .330 1600. III • 010 • 310

3 1550.300 1590.000 .125 .12’
• 7350.300 2350.000 .850 .893
5 3350.050 3190.000 1.135 1.39’
6 5650.300 5680.000 2.375 2.075

C~ wPUTED STRUCTURE

L A Y ER V(L ’C I T Y  T HICKN ESS 3 TH TCK3IFS S a 2IP DEPTH A DEPTH D
1 11.40.005 16.617 16.5t~ 16.5(8 16.516
2 1603.00’) 1~ 5.535 1(4.936 0 162.053 182.053
3 1890. 000 505.364 509. 354 0 695.1.67 651.1.07
I. 2 3 5 0 .0 0 0  71.0 .721 7’,3.72T 01432 .134 11.32.138
S 3393.000 16~~0 .953 1330 .983 03063.117 3163 .117
S 56 80 .310 4’

—-- 15 —-—— 15” 15— - 15—- - - 15 ____151515___~~~~~~~~ 15___ — 15- — --
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‘1
8 1.677i). A RC .ESY 16 II A L FOA T .‘20280 REVEQ~~11.40. 1600.  103 2. ‘48. 7937.  Q F P I .
1~~4 Q .  1600. 1826. ~~~~~ ‘700 .  6 034, .
.0 10 . 1’ S  .460 .5(0 1 . 7 ( 5
. 0 1 0  .100 .170 .525 . 1 . 3 5 3 1

Q L V ERSIL D I S T A N C E  • 4 1 3 3 0 . 0 0 0  ARC WEST 76 PTILECRT P?1.9271S REVERSE

I~IPUT D A T A

LA YER APP ARE NT APPA RENT 131ERC EPT INT ERC EPT
VEL flC TTIES A VELOCITIES P TIMES TYPE S P

* 1840 .000 1440.000 0 0
2 1600 .000  (6 8 0 .000  .010 .010
3 I 5’ 7 . 0 0 0  1943. 000 . 02 5  . 21 5
1. 33QQ .~~00 33~~6.500 1.165 1.175
5 5657 .000 5760.000 2.210 2.290

COMPUT ED ST RUCTU RE 
-

L A Y E R  V E LOC ITY THICKN E SS I 1111158355 0 fliP OIPIH 9 DEPTH 3
1 1840.000 14.5(0 16.518 16.515 14.616
1 1600 .0 00  1117 .339  72 .I3? 0 168.357 250.606
3 15s0.~~$i 1160 .407 q”7.1 73 — 0 . t 7 : 0 7 7 ’ ..?6l, IZQQ .?Sl
1. 3356.1.90 (889.641 .1032.408 .0OfJI94.1.13 1325.t4’Q

—0.139

S 1.10 0 0 _ A R C  WEST 75+ l f IUFO~~t ?8A22P REVIR$T
11.40. *600. 1537. 33 53. ‘357. I _ I,
11.40. 1630. (945. 3398. 5130. 15

.4310 .120 (.163 2.21 31
.0 10 .713 1.173 2 • 7 ~~3

•FVE R’~A1. DISTINCT • 4.3770.033 (53 I.EST TI, IWIUTC P’t  2 2 4 ’ 2 4 P S  R0 730’7

~‘Ll DA T A

L AYE ° IPPIPENT ,7+P•IQ4’NT U+Tt’OCE”T TNT EVCE PY
V ELOCITI E S A V(LOC!TIF’ç P 116(5 I T T P 7 5  P

1 18110.000 1443.353 II 31
16 0 0 . 0 0 0  ( 6 0 0 . 3 0 3  .110 . 010  —~
1632.000 1627.000 .(?~ .100
234.8.300 7316 .500 .46 0 .170

S ‘~~32.l00 .1060.300 .81 3 •37c
8 575( .000 6038.000 (.705 2.050

r’W PIIT!O STOUCTUQE

LATER VELOCITY cHt (IKNESS A TH IC K NESS II DIP DEPTH A DEPTH 4’
1 11.80.000 16.310 16.310 16.’16 (6.315
2 1600.000 263.613 *41.765 1 737.431 *55.7117
7+ 1’25 .~~øT 7 5 f l . 97 7  74.0.27 .170 ‘63.058 t~~?.3t5
I. .17+31. 315 635•554 44,1.024 •4~~~(Øqq ~ 01.’ 1 1 3 3 . 3 3 8
~ ?Q0c .~~oo 1100 •154 .lt’7 .903 .J?’219$.s °A 7031.138
7, 65Ø3~~353 — 1.034

15 ~~~~~~~~~~~~~ -~~~~~ l~~~~~’~~~
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PROGRAM TO COMPUTE THE OFFSET 1:
DISTANCES OF THE RAYS (WAREFRA )

AND INPUT AND OUTPUT DATA -I-.

FOR PROCESSED LINES
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64
PRO GRAM W I R T F R*

2 THIS PROG RA M COMPUTES PL+1 8E OTPP!NC LAYER 11O~~ L
C °AI A PETERS.!ECTTfltI5 OF LAY E R S ALON G WHICH 3*7 IS REFRACTED
C AND THE CRITICAL DISTANCE. THE 10 U7 DATA 3€DU I’ES
C KN CWN DR IPOARENT LAYER VELOCIT IES (v*) AN D EITHE R
C 0HIERCEPT TI ME FRO N REFRACTED ARRIVAL OR LAY ER THICKNESS
3 VER TICAL LY UNDER THE ORIGIN. LAY ER DIP IS ASSUMED ZER C
C TF LEE’ RE INS. IE (AVER TH ICKNESS IS G I V E N . GIVE N -

‘
C VELOCITY 55 TAKEN 10 35 711( T RUE LAT ER VEL O CITY .

DI MENS ION V (10 ).HDR ( II) .W(10).VA(10).T II(100. HA (10) - -

DI ENSION 5 (10). ALPHA (10). RETA (10). WI (10). ~ (10)
DIMENSIO N *A (D01.X8 (1G).TA(tTI,Y0 (t80 .XC (tOl.P(t0l L -
DIMENSION 3 (10)
RTOD • 150. / 3.18059263
0106 s 1. / RTOO

C REID 7+40K CARD
10 READ (5. 100) 11. 113(1 . V, NOR

IF (EOF(S)) CALl. (AlT
C N IS NUMOEP ‘S~~ (AV(Q54’ VU) IS VELOCITY (‘F FIRST LATER .
C A IS LENGTH OF LINE. 7+4 06 IS IDENTIFIE R M IX LENGT H OF P

130 FORMAT (!5.F5.3. FS.2.11A8) - -

I~ OEOF (1)) DILL ExIt
IF (N .LT. 10) GO TO 15
WRITE (61. 110) N

110 FORMA T (A—N LARGER THAN DIME NSIONS ‘4 •s,T5)
C A L L  E X I T

15 5 = 2
V A 111 = v (1)
V ( 1)  ~ 0.0 15

READ SUCCEEDI NG CARDS
3 IF WA Il ) IS W IlT GIVEN . COHO UTE MODEL FROM YEA INTEACEPT

RE In (5, 101) VA (7) • 113 (7 ). N (2). HA 11) m
101 FORMA T (4FS.3) -

~~
W ( 2 ) . W 1 2 ) ’ D l’O P
0(79 (1, ) • ASI NF (11 (1) / VA ( 2 ) )

1 (1) ‘ ‘ 31 )  • 11(1* II) P I (2)
AL 4’HI (1) • 9 (1) • W (2 )
V (2) • V (1) . SIN (I  (1))
XF( HI(1).N(.0.0) V(21511I(2) ‘- A

: FIND OUT IF THICKNESS GIVEN.  IF NOT. CA& C ULATF  VELOC ITY  AND L V
C ANGLES. [ A

IF (P4* (1) . P f.  43.0) GO TO 30
IF (T IA  (2)  .ME. 0.01 GO TO 25

22 WR IT E *31. 1(1)
111 F~~~M A ~ (9—NA A N D  TIA .30. 0.09)

C A L L  E X IT
1 COMP UTS DEPTHS T O LA y ER S

25 H A ( 1 ) P ( T t 9 ( 2 1 ’ V ( j ) ) / ( C O S ( I L ° H I ( I ) ) P C O S ( I E T A ( t I p l
30 118 (1) • WI It ) — A — I’ANF (W ( 2 ) )

C CIPPUTE CRIT ICAL DISTANCE! 1110 (N3 P”INTS IN (AV ER
C WHERE RA Y TRAVELS AS REFRACTED WAVE

V A (1) II (1) • T A W F ( A L P 4 1 A (II)
I +‘ (1.0 0 T & P . F ( W  ( 2 ) )  • TAOF1 ILSPHA (o I l
YA (1) • HA (1) — TA (I) S T I N F ( W  ( 2 ) )
T C ( 1 ) s ( H A ( ( ) ~~X A ( 1 ) P t 3 M F ( W ( 2 ) i ) ’ T I N c ( 8 ( 1 ) I e X I 4 j I
98 (1 ) • HO III • TINF (PETA (1)) I”

S , (0. 0 — TA N F (RFTA (III • TANF(W 2101
V S ( 1 )  • HR (II 09 (1) • TINF IW (~~~I
VS (1) • 0 — VP (1)

4.8 K • .3 s I
3 DO LAYERS 3 THRO UG H N

P~~A C I’. (0’) VI (K). T .I (K). I (K). HA (K—I )
C 000P UX! ANGL ES

I 31.3) 5 W ( K )  • OT DR
~E’A (1) • AS IN E (7 (1) / 1* (RI)
0 ((3 * 31(~~3 ((1 4 W (21
I~~~~ 1
K’41 K — I

50 1 • 1 • 1
O II) • ASINF (V 011 / V I 3 — ~~) • SIN (0 11—I)))
S E T A  (1) • 0 ( I )  — w (I)
P (Ii • PETA I I )  • w (14(1
IF (I .LT. .3111) GO TO 50
A (K—i ) • P (K—i)
A LPHA ( K — t i  • I (K—I) N (K)
V (K) • V (.3—1) / SIN (A (5—1))
IF(#I (5— 15.115.0.31 V(p1=v1(5)
P (K— tI • I (K—t i — 4 (5—1) 8 I (K)
1 . 5 — I

73  1 • I — *
I II) • ISINE (V (I) ~ v (181) • $111 (P (14’S)))
*L3 HA *1) • * it) P N 1141)
P (TI • A (I) — N (I’) • W (1.1)
IF II • P V( .  1) GO TD ‘

~~)

TEMPt • 1TP~2 • ‘E’IPI 3.0
00 80 1 • 1. 5112
1(1101 • TEM Pt • NA (I) I V (1)  • (COS IALD HL Ifll

- . - ‘ .“~~~~~~‘ 155 ‘5— 15 
~~~~~~~~~~-*‘I - ~~~~~

— ——‘ —— — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — 
~~~~~~~~~~~~~~ - - - 15 —- —
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• COS (BETA (I) ))
T(MP2 • TEMPT P (HA (I)
TEMP’S • T3MP3 • 140 II) - 

-

80 CONTINUE
I~ (HA (K—I) .115. 3.0) GO TO 45

C FlID OUT I’ THICKNESS GIVEN, IF NC? C0M~UTE V LOC ITT ANt 15

C PORE ANGLES
IF (711 (5) •E0. 3.0) GO TO 2’

C CO~ PUTE DEPTH TO LAYER
7+41 (K—i ) • (VIA 1KV — TEMPI V ( K— I )
I / ((OS IALP HI ( K — t I )  • COS (PETA ( K — I ) ) )

C COMPUTE D ISTANC ES IN L A Y E R  WHERE W A V E  IS REFRACTED — 
15

85 T5 4P2 • TEMPT 4 (4* ( K — i )  - - -

HR ( K — I )  • TE’NP2 — TE PPA — A S T A N F ( W  ( K ) )
T(M P 3 • TEMP 3 P HO (5 j) - 

-

TrN.XI • HA (1) • T A N F (A L P HA  ( 1) )
1 I (1.0 6 T A N E 3 1 W  (21) • TA N E (A L P M * ( 1 ) ) )

TE P10 • HP (I) • T I N F T 8 E T A  (1) ) 3 4
I / (1.0 — E* N F (W  (2 ) )  • TANF(8ET1 (1)))
00 115 I • 2, 5141
TEMP XA • TE W0x* • (HA (I) • T* NF(* L P$4 A (1)) 4 YE M PX *

1 • TANE (ALPA .II (I)) • (T*NF(W ( f l)  — TAN F (W (141))))
2 / (1.0 • TAN F (*LPHA (I)) • TAWF(W IlPi)))
TEMPOB • TE MPAP • (H! (I) • TANF(OETA (I)) — TEP4 PXP

1, • TAN F (RETA (I)) • (T*NF(W (IT) — TAN F (W (1.1))))
2 / (1.0 — YA N F (1E1’A (1)) • TINF(W (141)))

115 CONTINUE
V A (K—I) • T EW P X A
*9 (5—1) • 9 — TFNPXB
TI 0K—i) • T(11P2 — XI (K—I) • TAP4F (W (K)) - -

YR (K—I) * TEMP3 • T(P’XO • TINF(W (51)
I — K
O(LT*XC = TEPPXA

123 I • I — 1
OEL1 ’AXC • DEt,TA XC • iwI (I) • TANF (PETA X I ) )  • DELI 03.

1 TA ,~~(8ETA (I) ) • ( T A A F ( W ( 1 1 )  — TINF (W (I4’t’ ) -

2 / (1.0 — TINF(W (I)) • TANF(3€TI (I) ) )
- 

- - IF (1 .GT. 2) GO TO ITO
XC (K—I) = OO.TA K C  6 (HA (1) — OEL TAXC • TANF (W (2))

1 • t*NF(B€VI ((71

~ 
r~r, RICK TOP AHD’T~~~R LAT ER

IF (K .LY. NI IC TO 4.0
C CONVERT ANGLES TO DECREES

DO 130 I • 1.43
V *1) = W (I’) • DTOO

130 CONTINuE
C PRINT OUT ‘(S(J(TS 15

wRITE (61, 102) NOR . N, i
102 FORMAT ISO8 ,lOA P./,* w 8.12.8 SPREAC • S,~~ ’.I)

W RIT !  (61. 103)
103 ~OR MIT (90 N APPARENT DIP LATER TW!CKNESSS./,

I S V ELOCITY IT OR IGINS)
NN1 W — 1
00 14.0 1 = 1. NMI
WRITE (61. 104.) 1. VA (II , N (I) • WI (là

138 CDRPAT (13 .F9.J.FR.3 .AX .F6.3)
14.0 CONTINUE

WR ITE (61, 1%) 4. VA (N). N (NI
WRITE (61, 1435)

1)8 FOR MAT ( 53  N ~EPTM I TH!’K A VELOC I”TT tHICK 8 *
1 *050TH 8*3

544 9 = 0.0
5118 .0.0
03) 150 I • 1, ‘4111
SNA ‘ 5)41 4. 7+41 (Ii
5448 • SMI • 148 (1)
WRITE (61, 1%) 1. 5149. HA (11, 7 (Ii , H! (I). SHO

100 FORMAT (I3,F8.3,Eq.3.cjo.J,FIo.3.Fs.3)
ISO CONTINUE

WRITE (61. 107) N, V (N)
107 FORMAT

WR ITE (61. 100) x
ISO FORMAT (*O1 AYE R RAT TO LITER CRITICAL 01ST RAT FRO1S 8.

Y 05.
2* Y S,/,S p.00 1. 88 8.
3 F7 .2,*  0 .0 0 * )

DO 150 I • 1. 44P(
IPI • I • t
WRITE (61, 105) T, XI (I), V A  (I). XC II). *11 (I), YB (I)

10! FORMAT (!3.Fq.3.F0.3,F11.3.F14..3.F0.33
(60 CONTINUE

GO ~ f3 10
(NO

- -: 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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7+.INPUT FORMAT FOR PRO6RM WARE FRA

-4 
~ 

~ 
T ITLII I)

‘4 A~~ ~~L ( l )  
- 

‘ H ’ ” : : ‘ ‘  “~~~~~—~~ 

- 
TAI( 2) w (2) 

S H A ç l )  
____________________ 15

,. __ - - _ • _ _ . f

~(N) HA~ (-J 
15 

___________ 
- -

‘4 : litter of lAyers (equal to nueter of velocities).
Vi Water veloc I ty.

m d to end I~ ‘Ad 1.ngth.
‘ IT LEJ ) ,i ne identificati on.
• ,, ,,N Layer n isnber .
14(1) ApparXnt velocitie s at A-Vnd jr true velocities.
‘A~ ( 1)  Intercept times at A—end.

•~ t)  ,ay ~ r dips in degrees.
‘-tA i l )  - Layer thicknesses at A—end.

-7+
’

A l l  time s in Secon ds,
A ll d i s tances  7+ fl  ~il o neters.
A ll velocities in kilometers per Seconds.
The orogram needs intercept times ,r layer th1cknesses,
The la yer dip is assumed zero if left blank.
If the layer thsckness is given . the given vel ocity is taken to be the true layer veloc1t~ .

-‘~~~‘ — - -- ‘ — —5 -15’ - . “~ “~~~~~‘ *S4 -
-- - I*~~~~s”-’ -

~~~ 
- - - I
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OUTPUT FOR -IR T FUN PROGRA M WA REFRA

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I ~ I - ,S , P,4 E  A - 15)~~ ,‘ - , 15

‘4 A P P A R E N T  D I P  L~~~~~E R  ‘T H I C K  ‘ 4 E S S
- 

V E L O C I T Y  
- 

A T  O R I G I N
1 VA ( i )  W ( l )  4A(l) ‘.- -
2 ~A ( 2 )  

- ‘ ‘ ‘ ‘ ‘ ‘ I ’ ’ ’. ’ .  • , , ,

VA ( ’4 I )  ~(N I) I 44A(N i~
‘4 VA (N) a(N )  

-______

‘4 3 E P T H  A T H 1 ~~~~i~ A 4 E L O C I T Y  T H I C K  I D E P T H  5
SHA(1~ ‘IA(l) vMj, HS i l’ ‘i” - 

sH8~ 1) ~‘- .15

- 
SHA (ZL 1 H~.(2) 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘4 1 SHA(N 1) 14A(N I )  v (N 1) 1 5 1 8 N 1 ) j cHO N ~ -‘-“~~~

‘4 V( N)  
I 15 

15

L A Y t R  R A Y  T O  L A Y E R  C R I T I C A L  0 1 S T  ~ A Y  F R Q M  ~~~~~~~~- - , 1 5 ’ .~~~~~~ - 1 5 - .- - - ‘ - ‘ 1 5 -’’ —15--_15-- ’. 15’ .‘ 15 ______15_____ _ _L_ ,___ _._ _ - — 15 - - 15---- ‘- —15—-
I V 

_~~~~~~ , ,  -,- - 
1 1

- 
3 , 0 0 0 . 0 0  

15 
o . ’o o

1) YA( 1) iC’ , 1) X B( 1 )  
— 

YB~ 11
2 

- , XA( 2) Y A(2)  xC (~~) 18( 2) 
- ~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~

lne identification,

‘4 Nueter f layers incl ud ing the =ater layer .

Cri d to end soread length .

La yer number,

- 4pparen t velocities at the A—end ~f the prj f l l e  ,~r troe ,-e h ,cities ,
4(1’, Layer oips in degrees.

ayer tnicsnesses at 4 - cn n ,

Layer thicknesses ut 8-end,

1 3 1) True veloci ties .

SM A ( l )  Layer depths at A—end. - I
54-45(1) Layer deoths st 8—end.
X A ( I )  Offset distances from 4-end.

18(1; Offset distances from B-end.

(C( I) Critica l i istances.

V A ( I )  : Layer depths at the offset distances II. A—end.

18(1) : Layer depths at the offset distances at B-end.

A l l  distances in kilometers.
Al l veloc ities In kilometers per seconds .

___________ - - - - ~~~~~~~~~~~~~~~~~~~~ -  4
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4.1.1.1. 21.6? WGLI

2.13* .01.4.
2.765 .050
5.01? .650

N Cl. 15
N • 1. SPREAB • 21.6
N AP IREN T DIP LAYER T HICKNESS

VELOCITY AT 0T1G!N
1 1.4.4.0 0 ‘ .04.3
2 2.136 0 .01.9

3 2.768 0 .866
4. 5.011 0
N DEPTH A THICK A SELOCITY THICK B DEPTH 8
1 .04.3 .043 1.14.1 .34.3 .01.3

‘ .092 ~Ø5.9 2 .136 .04.5 .O°2 - -

3 1.057 .°b’, 2.168 .G66 1.057

1. 5.52
1_ AVEe 8*Y TO LIVED CRIT ICAL 01ST R A Y  FO CI. LATER

A V S V

1.08 0.08 21.62 0 . 50
1 .038 .01.3 .010 Z I.5S1 .043
2 .0!5 .092 .111 2t.S35 .0°2

3 .675 1.051 1.350 20.94.8 1.051

‘ 1’

F 4 . 5 . 4 . 1 .  t Z . 7 7  WGL2
2.13* . 03 1
2.884. .230
5.255 .760

N 1. SP’EAO • 12.5
N APPARENT DIP LIVER THICK NE SS

VELOCITY AT 3R!~~IN
I 1 4.40 .038
2 2.136 0 .291.
S 2.a94 8 .832
1. 5.255 8
‘4 DEP’W I 1141CM I VEtOCITY TWICe B DEPTH ‘

1 .030 .035 1.1.4.0 .030 .030
2 .325 .2% 2.136 .294. .3?S - -

3 1.177 .1ST 7• 994 .032 1.17?
4. 5.26

LAYER PIT TO LAYER CRITICAL 01ST RA Y FRO M LA Y ER

I V A V

5••• ~~~~ 
12.7? 0.00

1 .020 038 .OSS 12.74.2 .035
2 .316 .325 .633 12.4.54. .323
3 .110 1.117 1.4.01 12.04.8 1.177

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~Z~~~~~~~~~~ i~T - ,, — 

‘-‘ 

~~~~~~ a~~
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k 1 . 4 . 4  26 .6 1 3! 6 TO S Ns267
2.’k9 .130
2.1.63 .130
3.013 .2 00
3.121 .11 8 .675
6 322 .624.2.103

81 1, T A  I ‘45267$
N • 6 SPQ (AD • 26.6
N A’RAP€NT DIP LA TER THICKNESS

VELOCITY AT ORIGIN
1 1.41.0 0 .4194
2 2.21.9 1 .122
3 2.1.63 41 .020
1. 3 .013 0 .570
5 1.72! .116 2.183
F, 5.322 .624.
N UE~~T H A TH ICK I VELOCITY THICK B DEPTH S
I .094  .394. 1.1.40 .394 .0%
2 .216 .12” 2.249 .122 ~2t 6
3 .24.1. • 4125 2.1.63 .‘32 0 .2~1.
I. ~?? 575 3.0 13 .524 .768
S 3.005 2.183 3.721 1.9’.7 2 .7 16
0 5 3 2

LAYER •IY LIVED CRITICAl. 01ST RA Y CROI. LA Y ER
S Y A V

0.00 0.00 26.01 0.00
1 .078 .5% .156 26.532 .0°8 -C,,’
2 .342 .216 .683 2*.268 .216
3 .225 .244 .457 28.362 .244.
‘. .960 .520 1.512 25.727 .710- 1 6 2.756 2.916 5.523 24.219 2. 74. 2

61.41. 29.38 9! 7+. TO 3 w34.5 ‘ -

2.209  .100
2.55* .160
2.893 .200
3 .682  .27 8 .771
~.794. 1.7072.418

C MI 1. TO 3 ‘4.31.55
N • 6 SPREAD • 28.7+. I -

‘4 APPARENT DIP LIVER THICKNESS
VELOCITY IT ARTGI ’4 ; -

- — 
I 5.1.1.41 8 .093
‘ 2.2 8 9  41 .138

2.556 1 .4123
4. 2. ’9.3 (7 .711
5 3 . 0 02  .2 1’. 2.418
6 4• ?51 1.707
7+4 OCOTH A THICK I VE LO CITY THICK B 0801$ I
1 .183 .083 1.1.48 .393 • ( 783
7 .23! .138 2.20°  .13 41  .231
3 .258 .023 2.356 .023 .254
4 1.025 .771 2.’93 .6 29 .083
5 3.1.44 2.429 3.052 1.685 2.558
6 4.70

LAYFR ~ AY TO LAYED CRITICAL 01ST RIT FRO M LITER
S V I V

0 .00 41 .00 29.39 0.00
5 .075 .593 .150 29.315 .093
2 .34.1 .231 .852 29.11.9 .231
3 .233 .254 .586 2 9 . 5 3 7  .251.
1. 1.186 1.020 2.191 2A.864 .e es
5 1. 1.06 3.312 8.3% 2*.2$1 2.661
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‘1.4.1. 10.86 W5 19A
1.690 .010 .016
2 . 7 3 0  .216 .22?
3 . 4 1 2 0  .5 1 ’  .520
4.61(1 .255 1 .101

‘4~~ 5 SPVEA0~~ 50.9
.4 IP~~*PEP4T DIP LAYER TWICKNES5

VEL OCIT’ AT ORIGIN
1 1.1.4.0 41 .016
2 1.6410 3 .227
3 2. 2 3 0  3 .520
I. 3 .020  8 1.101
S 4.650 41
N C,1D114 A ‘S4ICK £ VELOCITY THICK B IEPT’4 B
I .016 .016 1.1.1.41 .4116 .010
2 .24.3 .227 j.600 .227 .21.3
3 .763 .528 2.230 .520 .763
1. 1.8 01. 1.101 5.020 0 . 101  1.881.

4.68
LAYE R RA Y 10 LIVED CRITICAL 01ST RAY fRO M LA YER

K V A ‘0
0. 00 3 . 0 4 1  50. 86 0 .03 - -

1 .033 .016 .366 10.127 .01K.
2 .24. 7 .243 .495 10.613 .243 I s ,

.072 .763 5.41.0 ‘10.11.0 .~~4 3
4 1 300  1.064. 2.599 9.560 1.804

71.1.4 23.05 ‘48198
1.600 .510 .016
2 .2 5 8  .215 .22 7  I 

-
2 .830 .470 .392
4.24.01.050 .007
3.63*1.1.4.41 .906
7.0711.925 1.731

‘40899$
‘4 . SPQC&Q • 23.9
‘4 *0~~IQENT DIP LaTER THICKNESS

VELOCI T ’ 15 3RISIN
1 1.1.40 0 .016
2 1.0410 8 .227

7.230 3 .392
5 2.030 5 .887

4.240 0 .906
K. 6.635 1
7 7 .070  41
‘4 37’T4~ A THICK A YELOCITY T ’4 IC ’4 V DE~ T~ B
1 .01. .016 5.~~40 .216 .016
7 .243 .227 1.600 .221 .21.3
3 .635 .392 2 .2 3 0  .392 .K .TS
1. 5.922 .807 2.830 .857  1.522
S 2.420 .908. 4 . 24 0  .958 2.1.2’
b 4.179 1.751 5.030 1 .751  4.170

7.07
LA YER RAY ‘0 LA TER IIRITICAL 01ST PlY FRIC LIVER

I V I V
8.10 0 .00  2 3 . 5 5  0 . 0 0

5 .033 .316 .366 23.817 .010
2 .241 .243 .483 23.66! .24.3
3 .667 .835 5.333 23.183 633

a- 4 0.136 1.~~22 2.27 ! 22.714 1.522
5 1.703 2.428 3 .587  22.05? 2.1.28
b 3.558 4.119 7.116 20.252 4.01 ’

lg

- 
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~~~~~~~~~
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7t.’~ 33.4.  ‘45 011
1.650 .050 .411.4
.~.3 2 C  .365 .37’
0.030 .670 .429
4.1081.11.0 .82!
3.6101.545 .701
6.9101.125 .717

‘4 1011$
N • 7 5pR~~AQ 30.6
N A P’A R€NT DIP LITER THICKNESS

VELOC ITY AT ORIGIN
1 1.1.1.41 ‘1 .84.4.
2 1.650 41 .312
3 2 .328 0 .42 9
4. 3.330 (7 .021
5 4 . 100 0 .787
6 6.610 3 .702
7 6.918 41
N O€’T$ A THICK A VEtACIT! THICK S DEPTH S
I .041. .01.4. 1.440 .01.4 .01.4
2 .~~1b .372 1.650 .372 .1.10
.3 .81.5 .429 2 .320  .829 .845
I, 1.666 .921 3 . 0 50  .321 1.668,
5 2 .4.63 .057 4.100 .707 2.453 0 ’ .
4. 3.233 .702 3.6 10 .782  3.233
F

LIVER RAY ~O LIVED CRITICAL 0151 58! FRO P L O V ER
A V 1 7

0 . 0 4 1  0.00 3 0 . 6 0  0 .00
1 .079 .0’s4 .15? 30.521 .01.4.
2 .1,11 .1.16 .822 30.159 .1.16
3 .775 .885 1.552 29.014 .01.5
1. 1.315 1.666 2.750 29.~’25 1.066
9 0.691 2.1.53 “.301 20.909 2.4.53 I 

-
-

4. 2.322 3.233 4.641. 20.219 3.235

~t.44 52.4 ‘4121 3
1.65* .13 3 0 .01.4
2. 64.2 .‘.50 .433
3.1.60 .960 .820
4.0001.200 ~ 58,5
5.9801.735 .309
7.11.51.940 .042

‘412 135
N P SP~ EA0 • 32.4
‘. APPA RENT ‘OIP LIVER THICKNESS

VELOCITY A T OR~ CIW
1 1.1.1.41 .01.4.
2 1.6’0 41 .7+7+33
3 2.540 3 .327
I. 3.460 0 . 6 3
S 4. 4100 5 .319
8. 6.090 3 .34.2
7 7.11.0 5
N DEPTH A I’IIICK A VELCEITY THIC K B DEPTH S

•Ø(.4 .048 1.’.~.4 .34* .01.1.
2 .471 • l. 33 1.030 .833  .4.77
3 1.304 .627 2.548 .827 1.304
1. 2.104 .865 3.1.641 .065 2 .18.Q
5 2.80* .619 4.500 .519 ‘.000
6 2.730 .042 5.950 . 4182  2. 73 8
7 7.14.

LIV $R 9A7 10 LAYER CRIT ICAL 01ST RAY F0O’ LAVcR
‘K V A V

0. 00 3.00 32.80 3.00
1 .079 .S1.~. .1~~? 32.321 .04.1.
2 . 80 0  .l. 71 .00 1  3 2 . 0 0 4 1  . 87 7
3 1.11.4 1.304 .  2 .299  31.251 1 . 30 4 .
1. 2.388 2.169 4.168 30.010 ‘.109

~ 1.601. 2.68* ‘.200 ~9.?06 2.600
1. 1.321 2.730 2.64.3 5t.Jt~ 2.73(7

1515
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01.1.4. 29.7 1. I41b17
1.60 0 .510 .016
1.428 . 10 9  .144
2.880 .000
3.62C 1.123 .909
6 . 8 3 4 1 1 . 74 . 5  1.226

‘416 105
N • ‘, SPREAD • 29.7
N APPARENT lIP LIVE R TH ICKNESS

VELC.JTY AT ORIGI N
1 1.840 0 .016
2 1.600 0 .14.7+.
3 1.825 0 .308 - - I

4. 2.1.40 3 .90o
5 3.625 S 1.226
6 6.053 0
‘4 ~~ PTH A THICK A VELOCITY THICK 8 DEPTH B
t .0t6 .016 1.840 .016 .016
2 . 1 00  .14.4. 1.605 .141. .160
5 .4.4.8 .308 1.020 .300 .460
‘. 1.376 .908 2.440 .90 41 1.375
6 2.652 1.229 3.620 1.226 2.602
4. 6.0$

t IY~~R R A Y  T O  LIVED C R I T I C A L  31ST RAY FRO M LIVER
S Y I V

3. 430 0.00 29.78 0.00
1 .033 .316 .066 29.707 .016
2 .206 .163 .573 29.1.51. .14.0

- - 3 .482 .450 .9*3 20.258 .805
5 1. 1.086 1.375 2.171 28.638 1.376 - 15

3 1.446 2.6412 2.852 26 .294 2 .602

01.88 25. 75 ‘4 1819
1.000 .810 .816
1.08$ .125 •j70
2.320 .4.65 .430
3.3101.205 .975
9 .66 02 .515  1.763

‘418 19$
N • 6 SPOCA O — 25.7
N A PPARENT DIP LA YER THICI(’4(SS

VELOCITY IT O~~!Gt.41 1.4.80 (7 .014.
2 1.000 41 .109

5 . 5 8 0  I .830
I. 2.3741 3 .975
6 3.310 1 1.763
S 6•4.541 3
‘4 OE PTH A THIC K .3 V E L O C I T Y  THICK (7 3E~ TH S
1 .1516 .314. 1.440 .016 .01 6
2 .105 .179 1.000 .179 .195
3 .625 .835 1.84.0 .830 .629
4. 1.610 0 .415 2 .326  .975 ~.000
6 3.303 1.763 3.310 1.74.3 3.143
6 5.0*

LIVER PAY TO LAYER CRITICAL DIS~ RA T cR Ow LIVE’
A V K V

3 . 0 0  0 . 00  26 .78  0 .03
1 .033 .014. .068. 26.64.7 .018
2 • ~~3 .199 .671 76.0~~ .195
5 . 783 .823 1.854. 23.9’1 .626
1. 1.352 1.0,0(7 7.7474. 2’.3410 1.680
‘3 1.01 8 3.363 3.620 28.755 4.34.3

—‘- 15 ________ . :;~~~~~~~~ 
-
~~~~~~
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61.44. 72.65 ‘42321
1.600 .010 .016
1.890 .125 .165
2 .350 .4.90 .~~39
3.3901.105 .781
5.8,802.513 1.631

‘42021$
4. — 4. - 22.6

N APPA RENT OIP LAYER THICKNESS
VELOCITY AT OR IGIN

1 1.1.40 0 .016
2 1.603 0 .165
S 1.695 0 .5139
1. 2.350 0 .74.1
S 3.3~~0 3 1.631
6 5.680 0

- 
- N M’TW I THICK A VE LOCITY THICK e DE~ TH S

1 .016 .010. 1.44.0 .316 .010
- - 2 .101 .165 1.600 .265 .141

3 .69’? .509 1.590 .519 .600
1. 1.4.3 1 .181 2 .95 0 .71.1 1.431
5 3.002 1.631 1.390 1.631 !.562
6 5.60

L A Y ER R A Y  T” L IVED C R I T I C A L  0150 DAT FRO M LA YER
— 

S Y S V

3.131 3.00 22.65 0.31?
1 .033 .056 .086 22.617 .016
2 • 2151 • 191 .562 22.369 .1 ‘1

- ; 3 .555 .690 1.109 21.795 . 6CI

4. 1.155 1.431 2.3411 21 .5410 1.831
S 1.752 5.1362 3.564 20.868 3.062

01.4.4 85.71 ‘422624.0
1.600 .010 .016
1.629 .8.11 .266
2.311 .5.4.5 •241
2.9416 •I.32 .333 15

0.903 —1.531.110 — -
l~

‘42212865
N • 0, SPREAD •
‘4 APPARE NT DIP L OVER THICKNESS

vfl .OCITY AT ORIGIN
1 1.840 9 .St6
2 1.680 41 .266
3 1.4129 .170 .281
1. 2.331 .465 .933
5 2.986 .520 1.1470
6 5.903 —1.131
H 0(~~V P4 A THICK A VELOCITY THIC K 8 O€PY’4 S
1 .01* .016 1.848 .016 .816
2 •282 .266 1.005 .130 .18*
3 .5*3 .201 1.029 .0’S? .204.
1. 1.1396 .935 2.331 .639 .882
5 2.190 1.105 2.98* 2.1079 1.021
4. 5.50

LIVER RAY TO LI V ED C R I T I C A L  DOS? RAY FROM LAYER
I V ‘K 7 15

0 .6 0  0.00 45,77 0.041
1 .031 .816 .4766 45.737 .010
2 .305 .251 0.4103 85.313 .187
3 .633 .55* 1.287 45.360 .203
4. 1.162 1.092 2.303 84.752 .61.6
5 .961 2.215 2.0*8 44.201 2.993

L 
_ _ _  

_ _ _

—
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‘1. ’.8 4 1 . 3 0  ‘474.3779
5 .6 0 3  .510 .016
1.941 —0 .17 .144
1 .396 •0.031.160
6.718 —0.161.87’

‘4 . K S” E~~C’ = 41.0
N APPARENT DIP LATER THICKNESS

V r L O C T T V  A T ORIGIN
1 1.1.80 1 .016
2 1.600 0 .11.5
3 1.981 —0.170 1.16$
1. 3.39* .‘30 1.670
S 9.716 —43.591
‘4 ‘E PIN I T HIC K A V ELOCI T Y THI CK B O E P T H  5
2 .016 .016 1.8443 .016 .‘IM
2 .168 .146 5 .0138 .273 .200,
3 1.378 5.150 1.94.1 1.017 1.303
4. 4 1 . s ’ ’  5 . 0 7 4 1  3 .39*  7 . 4 1 2 0  3.~~23

S.??
L A Y ER 1131 t O L A Y E R  CR 17 1 5 C 6 1  31S~ R A Y  FR~~M ~A YEQ

.3 V * V
3.30 3.53 4. 1.30 3. 31]

1 .033 .016 .1366 4.Q•04.7 .318.
2 .231 .166 .‘.6b 43.691 .2”.
3 .8% 5.3? ’. 1.7’6 40 .1.1 1.375
1. 1.825 3.tIO 3.67? 39.067 3.7~~7

61.48 32.18 W26I2’I
1.6 130 . 3 1 3  .016
2.530 .2710 .343 7
‘.990 .75 0 •614.
8.14411.340 1.011
5.2601.735 .066

02 7 *5
• S SP E~~O • 32.1

1. AP 0011ENT DIP ~,. 3 Yc 9 THICYNESS
VELOC IT Y AT ORTG3’i

1 1.4.4.0 3 .016
2 1.600 9 .337
3 7.135 1 .616
8 2.900 0 1.013
6 4.140 0 .066
4. 5 • 7 9 3  3
‘4 OEPT ’4 A ‘HICK 7. VELOCITY T’4ICK 43 OEPTH ‘3
5 .1315 .016 1.1.80 . 3 7 6  .010
2 .373 .537 1.000 .337 .0’S
3 •430  .6 16 ‘.130 .61* .93 9
4. 1.952 1.523 7• 593  I . 3 1 ~ 1. °~~?c 2.429 •04.4. 8 . 1 4 0  566 7.818
o 5 .25

107CR 907 07 L6V~~
11 CR ITICAL 3157 RAY FROM LA Y E R

* 1 1 1
0 .110 0.00 32 .18 0 . 09

1 .033 .066 .006 32.107 .016
2 .368 .37* .726 31.774. .323
3 .624 •034 ~.bS, 31.311 •9~~
1. 1.662 1.9~ 2 3.1.74 3$~~674 t. *67
5 2.164 2.018 4.329 20.476 7.51~

t
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0 1. 4.4 38 .44  ‘ 4 2 4 . 0 7 7 9
( . 6 00  .010 .014. - 

- 
-

‘.100 .360 .424 --- i
3•sSCt.Ø60 .16 7
4.4.351.584 .559
6.6602.830 3.243 15

‘42682 IRS
N . I, SPREIO • 34.4

N A P P A R ENT DIP LO V E R THICKNESS .
VELOCITY AT ORIGIN

1 (.44.5 0 .016
.7 1.6.3 0 S .828

7 .1 00  3 •76 7
~ 3.430 ~~~~
6 8..50 13 3.24.3 

8,

4. 6.0.30 Il .
‘4 DFDTH A T HICK A VE LOCIT Y TH IC K S DEPTH ~ - -.1
1 .316 .,]16 1.1.4.0 .0 16  .016
7 .880 .h~’8 1.650 .4.7.’. .84.0
1 1.197 .767 7.100 .rs r ~~~~~
• ~~~~~ .94~ 0 . 8 3 0  .959 1.056
4. 6 .399 3.283 8.830 3.283 5~~349
4, 6.86

LAY ER R A Y  T O LOVER CRITICAL 01ST RAT F’BOF LOVER -

* V S V -
1.135 5.00 94.88 41.00

8 .033 .0 0 6  .0*6 38.1.01 .7 0 6  f
.7 .~~1’. .81.5 1.025 33.92* .440
3 .567 (.547 1.638 33.623 (.19? -

1. 1.791 2.1’b 3.511 32.68 1 7.146
S 17 .620 5. 399 1.75* 30.86.1 5.599

-i

-
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- PROGRAM TO COMPUTE CORRECTIONS TO

HELICOPTER-RECORDED DATA (BEAUHELI)

AND INPUT AND OUTPUT DATA FOR PROCESSED LINES

F 
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S

PROGRA M €A UHELI
P1.3.14.15926536
D T’ Pt l i $ O .

R~ OD(5,jO0)AID1,AID2
t o o  F O R M A T ( 2 4 1 8 )

5E0015, 105) IYRMO1, 0011, IHRI . MINI ,DIF1 , 375902,
I IDA2,IHR2 .MIN2,OIF2

TO 5
505 FORMAT (2(II.,I2 ,2 ,212,X.F*.2))

C O b b
5 WRITEI*t,IIOSIYRMO1.IYRNO2

1141 F3R~~AT (I CLOCK CORR VI) 0,04,0 DIFFERS FROM YR 0,18)
SILL EXIT Pg -

50 TIM1~~IDIt’06200.IHRi’3600.R1N1’S0
T tM2~~tOA2 8621?0.IHQ2 3600,MIN2~~30
R EAC S , 5 5 5 1S8YN ,t580, ISBH, tS8p, ISON,r SeP

115 FOR PAT(T ’ . ,12 ,X , 2 I2 . X .2121
73TIM~~ISSO~~S*200+IS0HI3000.TSBM~ *I
RrAC (5.120) CLK.SLK, WOTVELK.38f.393 ,TDTST, DR .005

220 FISRNATI6FO .3)

‘45! 75 41 6, 125) *0 ‘3 1 ,A 102
5 25 E O 5’A T ( s  0 , 2*8)

wRTTE (6,1343)IYRNO1,!OO1,IHQI,M1w1,DTFI
130 ‘ORMAT 41 * PRESHOT TIME CHECK *,I4,I2,X,212,t DEL TA T~ 0,

1 0 7. 3 )
wQIT(06, 135) IYRNO2.ID*2.IHP2 , M1N2.0IF152

135 FORMA T (o •OSTSHOI TIME CHECK l,I4.I2,T ,2 12,
1. DELTA V. t,87.31
WR !TE(6, 11.0)

I’.8 FO RMAT OY AL). DISTANCES IN KILOMETERS. ALL ¶iES.OCITIES 0, 
15 

-

0~~ ’4 EN/CEO, AL ). TIME! ARE JPOIVERSA* . lINE Al
WRITE (b, 1’.SICL ~,SLK, 4181 VELE

14.0 FQRSAT (* CARLE lENGTH . t,F..3,$ OCTIVE SECTIO N 0,

I ILEMGT H 0,01.3,0 .4A TER V ELO C ITY  O, F~~ .33
W RIT r(* .1871098,08T .ToIsr.os ,00R

1 4.7 FDRMAT~~S 570111 D€PTH= * ,
1 00.3,0 END ~~RTW. 0,01.3,8 LINE LEHGIH* 0,01.3,
2 t RECEIVE R 0E~~Tw. .3.01.3,s DEPTH AT RECYIVER . 0,79.3)
RE AD(4,jSQ)NYQROj,’4CA1,NWpI,NPN1,)4I_ A T I,ALAIPI ,NI..ON1,ALC P4NI
F3RMAT, I 4.,12,X,212,X,13,(,c’5.2,X.I4,X,F5.2)
AN TtP1=Nl3A 1 862O0,’4HR1 36O0.N)4N1~ 6O
ALAT1 .(NLATI.AI..A I Mj/4.0.3’DTR
ALO Nj* (NLONj—ILOwW1/60.S~~9TQ
KIT.0 

- 
-

15 REA D Cl. , 150) NY’MO2.0lt3A2,N~4R2.NeN2 ,WL872 ,ALATM2 ,NLDP)2.OLCNM?
A’473M2 N062 86200.NMQ2’3603+ NMN2’60
41012z(NL872.ALlTW2,’?47. 300711
0L0N20(NLON2—ALO NN2/60. 3
YF(K IT .C1] .13  30 TO 2’
IF (SBT IN.GE.ANTIMI.ANO.S8TIN .Lf.6N71 92) 3D TO 20
APITIM1.ANTIM ?
AL AT 1~ AL AT?
A ).DNI *( ON?
GO TO 15

20
5810N (AL ON2— A LONIS’ FOCTOR ,ALON1
SDLOTZ(*L112—ALAI’ l I  ‘F ICTOR.AtAT I
S SI 0P~~SBL ON’ ST ‘3
SSLIP.SBLIT’RT O

1591 ISBN, ISOP .053V ‘4 , 0580, 15811 , ISBN . SEI.A P  ,S!LOP

15 

155 FOQMAT (* SONOBuOV 0,12, 0 U POSITION t ,12,
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I * TINE t .I8.I2.S,2tZ~~ LOT *.F 7.3.t LONG s ,Et.3 5 1,

N Q I T F ( 6 . i60)
160 F’R.A T I�OT QMO OA SHOT LAT ITUD E LONGITUDE SUE QURN I.

1 1 DEPTH 50157 CA O I S  T R A y !  115841 S URF 8CTt ~ S.

2 ACLEC SCOR SIIOTTIME SPVEL SPVELOSI
4.11.1 15

-
23 QEAD (S .1651 ISHOI.S IZT ,O U RW . O E P K . C I S T ..( SY ’ 4 . i(SDO ,

2 KS HR ,4.5WN,SSEC,K HH#.*HI)N,HSEC,SPVEL
Ic O7 r6~~ CA LL EXIT

14.5 FORWO TSI S,1.FS,7 .1,54 , 0’ ,x ,752,x,Fc.z,x,232, *.F5.2.A,cb .S)
S110RTI’~~kSOA’96200,4.SHR’3600 ‘K $NP4’600 SSEC— 9UVO

26 1F(SHORYTM .GE.A NYtNt.ANSI.5N0;T1I ..t..T .*NTI PflGO TO 10
ANT IMI .ANTI’42
AL A T1.ALAf2 Ii
8% .DNI.ILON2
CO TrI 55

3 1]  F A c r o R ’ ? I S H C R T I ’ 4 — A N r I ’ 4 l , , 3 A ’ 4 T I ’ 4 2 — , N y r ’ 4 b ,
511L”4.(ALDWZ—4LOH1) 0*CT3R.A).ONI
511%. 7.T.)A %A’T2—A).At11 ‘V *CTO5.*LAI1
AQG.SINF (ALATI) ‘511*741 A L A T ? O
I 7 O S F C A ) . A t t ) • C O S F A LA T 2 O ’ C O S F ( M.ON2—&I. 3N1)

P 7 3 1 5 1 . 4 , 3 5 9 . 5 4 q ’ A C Q S F ( * R G ,  ~,

1 CflSF)S8LAT3 .COSF (SH5.IT,~ COSF (5MLON~ S8tCI*’,
SD I S T ~~63~~9.0S9’ACOSF ( ARGO
SPVELC PD1ST/RANTI’4? -A NT!M13
SNOT*.SP VE(.08lJRN—SLK—CL k
51107?. (— ‘0.55’l. SL S BURN) / 1 30 0 .
?~~4 1cHOT7.6T.XPK)SHOT Z=OEPK
51100 .SQRT )SO4)T1 S4Ot2,5HO72’SHOTl, /41*74101.4.
U7’4C=ScFC -SNCDQ
S.4 T IMC.SHORTIM’4flUR N—SI4535
CKCOR .OIFt ’4 (0172—OlE I)’ (SI4CRTIP—’ INS) flT P42—V INS )
A R T  INH.KSOA”6200.KNHA’43611 ,KHPN’60 .H S EC,lIKCOt
11110 W’.A RT IMH— SHt INC
TDEP .OPPs (DIIE—OPRI•OISTIT TOIS7
St.SORT (1.— W *TV€ L K ’4WA TV E LE/ S./’.)
S U R F C O R . ( O R . S $ 0 T 7 3 0 5 1 ,W A T V E L K
BflTCt1R.(T’3E’4~OEPK,O8F .rjPR) •SSFWAVY (LK
TT C 1 Q . T ’ RA W ,S U R C C311,00T C7I R - -

‘4% 3P4.S11LO’4’~ T D
IL l  .4.511). ON
7.).7NP4.-~~~ H1CN~ I,I O*4I’45. - 

-

SH%.5T .SHLAT’QTD 15

LLIT .SML IT
AL 13 7 ‘4. (504%. AT— C.. 1 AT ) ‘0, 0. -‘
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