
Record 1972/83

COMPUTER PROGRAM FOR CALCULATING SEISMIC
VELOCITIES FROM EXPANDED AND OFFSET REFLECTION

SPREADS

by

G.R. Pettifer

COMMONWEALTH OF AUSTRALIA
^504758

DEPARTMEN-

NATDONAL DEVELOPMENT
OF MUIN - MAIL

Lft
NMOUNCM0 0 -Z8V

D)^10P_R-VOUCO,

The information contained in this report has been obtained by the Department of National Development
as part of the policy of the Commonwealth Government to assist in the exploration and development of
mineral resources. It may not be published in any form or used in a company prospectus or statement
without the permission in writing of the Director, Bureau of Mineral Resources, Geology & Geophysics.

BMR
Record
1972/83

c.3



Record No. 1972/83

COMPUTER PROGRAM FOR CALCULATING SEISDUC VELOCITIES FROM

EXPANDED AND OFFSET REFLECTION SPREADS

by

G.R. Pettifer



• CONTINITS

SUMMARY^.

I.^INTRODUCTION

Page

1

.2.^MATHEMATICAL BACKGROUND 1

3.^COMMENTS, AND LIMITATIONS OF VELOCITY PROBES 5

4.^COMPUTATIONAL METHOD 6

5. INSTRUCTIONS FOR USE OF COI,MOTER PROGRAM 8

6. REFERENCES lo

APPENDIX I.^PROGRM1 LISTING - LAND SEISMIC EXPANDED SPREAD

APPENDIX 2.^LINE PRINTER ouPuT SAMPLE

ILLUSTRATIONS 

PLATE 1. FLOW DIAGRAM - MAIN PROGRAM VELSPRED

PLATE 2. FLOW DIAGRAM - SUBROUTINE SUFITER

PLATE 3. FLOW DIAGRAM - SUBROUTINE T2X2PLOT,

PLATE 4. FLOW DIAGRAM - SUBROUTINE PLOT25XX

PLATE 5. SAMPLE OUTPUT - T2 - X GRAPH

PLATE 6. SAMPLE OUTPUT - AVERAGE VELOCITY - TIME GRAPH

PLATE 7, SAMPLE OUTPUT - DEPTH - TIME GRAPH

PLATE 8. SAMPLE OUTPUT - INTERVAL VELOCITY DEPTH GRAPH



SUMMARY.

The use of expanded and offset reflection spreads in seismic
prospecting to determine average vertical velocities involves the
fitting of a straight line to time squared versus horizontal distance
squared data. The theory, mathematical background, and limitations of
the method are discussed and comments on its application are given.
A BMR computer program VELSPRED, to determine the line by the method
of least—squares and to provide a statistical evaluation of the error
of fit, is presented. The program is used to compute average velocities,
interval velocities, and depths. Estimates of the errors in these
quantities have been made from the fit of the line, but no estimates of
the errors duein other limitations are given.



INTRODUCTION

In seismic reflection surveys, vertical velocity information
is essential at many stages in processing and interpretation. If no
wells have been drilled in a survey area this information can be obtained
only from an analysis of normal moveout on reflection records. The
expanded spread method (Musgrave, 1962) involves the progressive movement
of shot and geophone spread so that reflections are obtained from the same
portion of subsurface but with continuously increasing shot to geophone
distance. In this way continuously increasing normal moveout can be
measured from zero to large values for each reflection event and the
effects of dip in a reflector can be removed by averaging reflection times
from opposite sides of the expanded spread.^Provided the data quality
is fair, a reasonably accurate determination of vertical velocity may be
made over a localized area.

In the offset reflection method measurements are made and vertical
velocity is derived over an extended distance of subsurface. The removal
of dip effects is not inherent in the computation, but dip may be measured
from a reflection section over the same line and allowed for in the
computation. On land, the method involves the use of a stationary shot-
point and an increasing offset of the geophone spread. An application of
the method at sea using sonobuoys is now widespread. The ship, firing
shots or using another energy source at regular time intervals, steams away
from a floating sonobuoy, which receives the signal and transmits it to the
ship (Houtz, et al., lyb8; Le Pichon et al., 1968).

The visual fitting of a straight line to a set of experimental
time squared versus horizontal distance squared points can result in
significant error which is difficult to estimate. A normal method of
obtaining a best fitting line is by least-squares analysis. At the same
time, a measure of goodness of fit is obtained. The least-squares
computation is fairly onerous and merits the use of a digital computer.
The computer programme described here calculates average vertical velocities,
interval velocities, and depths from several reflections from a number of
velocity probes and presents the results graphically with errors indicated,
and numerically in a line printer output.

2. MATHEMATICAL BACKGROUND 

Basic Formulae

The method of analysis assumes straight line ray paths to a
particular reflecting horizon and back to the surface. Using Pythagoras'
theorem we find that:

t2 = 1 x
2^

(2]:.) 2^ (1)
Va4Va2

where x = Distance between shot and geophone
t = Time of travel of the reflected ray from shot to geophone

Va = Average vertical velocity to the reflector
D = Depth to the reflector
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For t
2 data plotted against x2 data, this is the equation of

a straight line and thus (1) can be rewritten as follows.

t2 =.(SLOPE) x
2 

+ (INTERCEPT)
^

(2)

^where^SLOPE = 1

^

a
^ (3)

INTERCEPT = (20 2 
^

(4)
Va4

Thus average velocity and depth can be calculated from the parameters of the
line. Solving (3) for average velocity

Va =1AISLOPE^ (5)

If t represents the two-way reflection time at zero offset (x = 0) for

^

o^.the particular reflecting horizon, then from (2)

2
t^= INTERCEPT^ (6)
0

and solving for depth in (4)

D = *vat°^ (7)

For two reflectors, denoted say by subscripts 1 and 2, the interval
velocity between them, vi, is given by

^

D -D^Va. ^- Va2^1 2 o2^1 ol Vi =^ (8)
R747%1 ) - to2 - tol

where tol andto2 are the two way reflection times at zero offset forreflectors 1 and 2 respectively.

The least-squares model for the line represented by equation (2)
is

t. 2 = (SLOPE)^+ (INTERCEPT) +E:i

.thwhere i denotes the i data point and i ranges from 1 to n (the number of
data points) and . represents the deviation of the ith data point from the
fitted line.

squares states thatTei  should be minimized. From (9):
To obtain a lest-squares fit, the basic criterion of least

i
2 = (ti

2 
- (SLOPE) x.

2 
- (IN1ERCEPT)) 2^(10)



3.

• This least-squares criterion is satisfied if

E€1 2 )
^

d(2- 6. 2 )a (SLOPE)^(I.NTERCEPT)
=0

Differentiation of (10) and substitution in (11) yields

(7x. 2. 2
t ) -(3c. 2)(1.4)/nv-

SLOPE = (nc. 4)^- (ix.Y/n

INTEHOZYT = (;t i2 - (SLOPE) (E-xi 2))/n^ (13)

Equations (5), (6), (7), (8), (9), (12), and (13) give the solution for
average velocity, depth, and interval velocity from the parameters of the
least-squares fitted line.

Computations of Errors 

A reliable measure of the error in the fit can be obtained from
the standard deviation, CT , which is the square root of the variance.
Assuming that the deviations follow a normal distribution, then the variance
of the fit,0r 2 , is defined as

cr 2 = .c e. 2 /11,1^2)
4^/k

Substituting (10) in (14)

0-2 = 5-( t. 2 - (SLOPE) Xi2 - (INTERCEPT)) 2/(n - 2)4--\^\

The variances of the slope and of the intercept can then be
derived from the variance of the fit following the method of Draper and
Smith (1966). The variance of the slope, p-i2 , is given by

=^0-
22

1

„
and the variance of the intercept,(3 2-2 , is given by

0.2z(x 2 ) 2
2

x^/n)

a-12 z(x i 2 ) 2

   

( 14 )

(15)

z(xi2 ( xi2)/n)2^Dxi2)2 axi2 ) 2/n
(16)
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It follows theoretically, from equations (16) and (17), that the
possible distribution of values of SLOi"E and INTERCEPT alsb follow a
normal distribution. For the normal distribution the probability P
that the true value of an estimated parameter, , - , lies in the range

j4 + 0rk (where k is a constant; 1, 2, 3 etc and 6- id the standard
deviation), is readily obtainable from statistical tables and is given
in Table 1.

Table 1

1
^

2
^

3
^

4^oo

P(x 100%)^6t3.27^95.45^99.73^99.99^100

In practice two standard deviations ( k 2) have been found to give
useiul error range estimates for the parameters SLOPE and INTERCEPT
so that:

(SLOPE) = 261^ (18)

(INTERCEPT) = 262^ (19)

Because the least squares linear model (equation (9)) for the
t
2 

-
2 
data is a good approximation, the variance (y 2 i^ths low and hence e

magnitude of the errors in the parameters of the line are much less than
the magnitude of the parameters themselves. Thus it is possible to use
the approximation from differential calculus:

ay^ dy
g8 y^a ,,c1^x i^c.)3c2^x2^x cix 3 + ^

where y is an arbitrary function of any number of variables xi, xo , )c ^
Substituting into this frogequations (5) and (lb) yields the avekage'
velocity error magnitude, 01 Va, given by:

I 6va l = 1Va 0'1 /SLOPE^ (21)

Similarly, using equations (3), (4), (18), and (19), the depth error SD
is given by:

(20)

8D = D

 

0- 2 (1

 

( 92)

 

INTERCEPT^SLOPE

             

The interval velocity error calculated from equation (8) is given by

C5V.1 =^t 01I 6Val 1^t02 va2 1
t
02 

- t
01

Equations (21, (22), and (25) give a complete solution for the errors
involved.

(23)
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3. COMPENTS, AND LIMITATIONS OF VELOCITY PROBES 

In the following discussion the term velocity probe is used to
include expanded spreads, offset reflection spreads, and 'onobuoy velocity
probes. Specific comments refer to each particular method.

(1) The reliability of the information derived depends heavily on
the quality and character of the input data. Tne accuracy of visual
picxing of seismic reflections may be seriousli ) affected by the presence
of interfering noise events or lateral changes in reflection character.

'dThis may introauce systematic errors, into the t 2 - x line, which are
not eliminated py least-squares fit nor are the contributions by these
errors incluaed in the error estimates obtained:

(2) In offset reflection methods where reflecting interfaces dip or
are non-planar, errors may ue produced in computing velocities. more
complicated computing procedures are required for an exact solution of the
dipping layer case (sattlegger, 19b5). Approximate corrections for the
effect of dip (Brown, 1969) can be made to the velocity calculated.

(3)^The assumption of straight ray-path geometry, on which the
formulae are based, may not always be warranted. Because average velocity
generally increases with depth y the seismic ray is refracted at each velocity
layer interface. For small offset distances between the shot and the
receiver, the seismic ray deviates only slightly from a straight line path
and the approximation holds good. As the offset x increases, the seismic
ray deviates more from a straight line path and because of refraction effects,
an increasingly greater proportion of the actual travel path is spent in the
deeper higher-velocity layers. This causes an increase in the apparent
velocity as the offset increases and with good quality field data this may
be seen as a decrease in slope of the t 2 - x2 plot.

This effect may become appreciable in marine work and in deep
crustal studies where often large offsets are employed. The true vertical
velocity can be found by fitting a tangent to the t2 - x 2 curve at zero
offset (Dix, 1955 # Grant and West, 1965). The computer program presented
fits an overall straight line to all the t 2 - x2 data and may yield a greater
velocity than the time vertical velocity. The effect is often not detectable,
being dependent on such factors as data quality, the nature of the vertical
velocity distribution, and the thickness of formation encountered in the
geological section. A preliminary analysis of the velocities and depths
involved before full scale recording is carried out in the field may Permit
choice of an acceptable maximum offset.

In sedimentary basin investigations on land a maximum offset of
the order of 1.5 to 2 times the depth of the reflector gives reasonably
straight ray-paths. In deep crustal investigations this would be significantly
less, since for offsets equal to 30 km or more, lateral inhomogeneities
become important.



6.

In marine sonobuoy work a large proportion of data is available
out to offsets of several times the depth of the reflections and use of
this large offset data in a t 2 - x2 analysis may produce significant errors.
The deviation of the actual ray path from a straight line is greatly
increased where large velocity contrasts occur. This is generally the
case in the marine environment where the sediments have a significantly
higher velocity than the overlying water layer. In deep-water areas where
the water depth is of the same order of magnitude as the thickness of the
sub-bottom sedimentary section the ray-path deviation effect may become
very significant.

Brown (1969) discusses the effect of large offset and gives an
approximate method of correcting velocities deduced from t 2 - x2 data using
large offsets.

(4)^An even spread of data points in the x
2
 domain is desirable.

Theoretically a minimum variance fit is obtained if bias is given to data
points at both ends of the range. Because of the maximum offset
considerations, (3) above, a reasonable compromise is to include a few more
data points for small offsets to define the intercept as accurately as
possible.

Interval velocity resolution decreases with depth and interval
velocity errors increase. Equations (8) and (25) indicate that as the error
in interval velocity is inversely proportional to the time difference
(tn9 - tin ) between successive reflections, then for a uniform resolution of
ine-rval-lelocity with depth the time difference (t n9 - tin ) must increase
linearly with time t

o
. This does not occur generally in actualgeological

sections. Plate 8 illustrates the increase in interval velocity error with
depth and illustrates how significantly larger errors occur where interval
velocity is measured over a small time interval.

Resolution of interval velocity is reported to be better with
marine data (Le Pichon et al., 1968).

4. COMPUTATIONAL METHOD

The computer program presented consists of a main program VELSPRED,
with one least-squares fitting subroutine SWI1TER, and two plot subroutines
T2X2PLOT and P1X)T25XX. Flow diagrams for these are shown in Plates 1, 2,
3, and 4. The program accepts t and x values read manually from seismic
sections. The times have been averaged from both sides of the shot to
remove dip effects in the case of expanded spreads. Output from the program
consists of a table of all parameters calculated and their errors, together
with a printout of all basic input data for checking purposes. A t 2 - x2
plot for visual inspection of fit, an average velocity versus time plot, a
depth versus time plot, and an interval velocity versus depth plot comprise
the graphical output. Appendix 1 contains a listing of the program as used
for land seismic expanded spreads. Minor modification of graphical headings
only is needed for application to offset reflection spreads. Appendix 2
contains a sample line printer output. Plates 5, 6, 7, and 8 show sample
graphical outputs.
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The program may be used in a number of ways. In preliminary
assessment of the input data, where only a t 2 - x2 plot and an output table
is required, the subroutine PIOT25XX and its call card in VELSPRED may be
excluded. The program is designed to handle a number of velocity probes
from different surveys with up to 1) reflections for each velocity probe and
50 data points per reflection. This capacity can be extended by altering
the appropriate DIMENSION statement.

The program has provision for arbitrary specification of graph
scales on input and this enables the program td,e.ccept all types of velocity
probes including deep crustal velocity spreads. For the interval velocity
versus time plot, anomalously large interval velocities which lie outside a
reasonable range, which is specified on input, are plotted at the extreme
of the range.

The input x values are scaled before input by an appropriate
factor, called ISTNINT 1 . In expanded spread and offset reflection work on
land, STNINT represents the geophone station interval so that the input x
values are the geophone number (i.e. seismic trace number) from the centre
of the expanded spread, or from the shot in offset reflection work.
marine reflection work using the offset reflection method with sonobuoys, the
actual distance from the sonobuoy to the shooting-recording boat (i.e. the
true x value), is determined from the time of arrival of the direct water
wave, which is easily measured on the sonobuoy seismic record. Consequently,
in this case the factor 1 STNINT , becomes the velocity of sound in sea water
and the input x values represent the direct water wave arrival times. In
summary, for land seismic work:

Input x = Actual x = Actual x = Geophone number from zero offset
STNINT^Geophone

Spacing

and for marine sonobuoy velocity probes:

Input x = Actual x = Actual x^Direct wave arrival time
STNINT^Water wave

velocity

The program accepts the input scale factor STNINT and corrects for scaling
after the least squares fit has been made. This reduces the possibility of
numbers becoming too large for their storage positions during the least-
square calculation.

A possible improvement in tne program would lie in the use of a
digitizing machine for automatic picking of the reflection times. These
°generally nave some form of punched tape output which could be made compatible
to the program by minor modification of input formats in VELSPRED. Use of
an automatic picking process has several advantages; the tedious strain
involved in manual picking of seismic sectionswould be reduced; the
number of data points per reflection could be increased greatly; in surveys
involving a large number of velocity probes such as marine surveys, where
for each picked trace on each sonobuoy record, two times (the direct water
wave arrival time and the two reflection times) are read off, the use of an
automatic picking process is almost essential to process tne large volume of
data.
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5. INSTRUCTIONS FOR USE OF COMPUTAR PROGRAM

(1) ChOlCE OF SCALES

PLOT ABSCISSA SCALE MAN. VALUE ORDINATE SCNLE VALUE
OF ABSCISSA OF ORDINAT7:1

t2 - x2 XSOSCALE 10X XSQSCALE (TSQSCALE 20X TS(SCALE

Va -t TSCALE 10X TSCALE AVSCALE 15X AVSCALE

D - t TSCALE 10X TSCALE DSCALE 1 10X DSCALE 1

Vi - DSCALE 2 10X DSCALE 2 VINTSCAL =max

NOTE:

- Scales are in units/inch,

- x2 scale is in (geophone
(direct waterwave travel

(for use with Calcomp 10-inch-wide paper).

number) 2 units - numbered from zero offset or
time) 2 units

(2) DATA CARD DECK

Col. Nos Format CommentsCard No.

1st Survey^1 1-64 8A8 Survey (Survey name and year)
2 1-8 A8 UNITS (Either m, km, ft - Right

justified)
9-13 F5.0 AVSCALE (Average velocity scale)
14-16 F3.1 TSCALE (Time scale)
17-21 F5.0 DSCALE 1 (Depth ordinate scale)
22-26 F5.0 DSCALE 2 (Depth abscissa scale)
27-31 F5.0 yINTSCAL (Interval velocity)
32-37 F6.0 (7iNTMAX (Maximum interval

2^velocity)
38-41 F4.1 TSQSCALE (t^Scale)
42-46 F6.0 SQSCALE (x2 scale)

1st Velocity probe

3 1-64 8A8 SURVEY (Survey name and year)
65-80 2A8 TRAvilaSE (Velocity probe name

and identifier)
1-2 12 NRFLNS (No. of reflections in

this probe)
6-11 F6.2 STNINT (Geophone station

interval or water velocity)
15-16 12 NSTDEVNS (No. of standard devia-

tions in the statistical
fit - generally 2)



9.

Card No.^Col. Nos^Format^Comments

1st Reflection

1-3^13^NPTS (Bo. of data points in
this reflection)

4-10^F7.3^TNOUGHT (Two-way time at
zero offset)

6-^1-70^10F7.3^X(I), I =1, BPTS (Geophone
station numbers numbered
from the zero offset or
direct wave arrival time,
10 per card; X(NPTS)
must be the maximum offset
used)

Next^1-70^10F7.3^T(1), I =1,NPTS (Two-way
Cards^ time values in the same

order as their respective
geophone station numbers
or direct wave arrival
time)

2nd Reflection - Repeat card 5 onwards

3rd Reflection - Repeat card 5 onwards
etc

EOF^ End of 1st velocity probe

2nd Velocity probe - Repeat card 3 onwards

EOF^ End of 2nd velocity probe

Repeat for each velocity probe

EOF ^After last velocity probe
end of the survey

2nd Survey Repeat card I onwards

Repeat for each survey

EOF After last survey
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'JD^56• READA_NREAvall ) x(1),)_•Ai lmTsi_
READ(NYEAD;So ) 'T(I)0 • 1.NPTS)^ '^SD^57 

3 1- 1
240 GTITINuE^

-- • --,14 FIRVT4 tia&VPr l ioo7 illveT,TE4vOsE.IsTNTN',-ORTff, K • 14/

YiL—ADij-61HRITE(NPRINT,70 INA,TWOUONT(NAI,NPTS
VWP/TSINPRINT.89 I(V(Ifel • linty's)^ D^62

HRITECNOTAIi-T,OE 1(T117.1 • 1,NPTS)^ Vii^63
C FOR EASE SQUARE X AND T AND STORE IN X AND T  mksyscTive41

-Do 290 I . 1.1PTS^ --VD^64-- -
0(1) • X(I). 4 2^•^ VD^69 

^

250 T(I) 4 7(1)4112VD^66
___C_MAN.E.12AST SOILARES__LIT .0_51.111RaDILNE__EGMallt.

CALL SOSFITEPIVPTS,X,I,ELOPE,DEVSLOPE,T TESADEVINTERT^VD^67
. .._C PLOT 0 SALL6R10 .6V_SlyAREDDRAAN . SUBROUTINE. 2̂SERLO1^ .^...__. _

CALL 72X2PLOT(SOVEY,EYPDSPD,TRAVERSEASTNINT,UNITS,NPISIW,T,XSOSCAVD^68
11.F.Marai F.TVITER,SLOPF.NA.mariNli____^111 __61....

C CORRECT FOR SCALIND OF )(MAIN SLOPE AND DEVSLOPE
___'., __SL0PE_R_SLASILLE5TMELT.)•52___^

3VQ  4-DEvSLOPE • DEVSLOPEMSTNINT)..2
C_CALcOLATE.J±V.—/EL_T__AID_EANDE  OF SRROR_

AvvELYCJ) • 1,0/s007(IILDPE)^ SD^72
AR 9LO67INSTDEVNS) 0 DV/SLOPE • WisLY(J) ^vp^73

%,3 ..;:
AvvELMIN(J) • AvVELTI„)) • OSLTAVIJI^

_
DELTAN(J) • A/IFLDAT(21 • SLOPE)

• AVvOLMAPAO_A^DEI^A^ ,'L_AVVELY(J) •^TAVI 

^:: ^:
._...S. D^OALCUTE DEPTHS AND ERROR

-- -• DEPTW(-.1) o 0,9 • SORT (TINTER/SLOPE)^ :

-
DEPTHERR(J) • 4.0

A  • W_^DEPTH(J) • NSTDEVNS 
9 • (DEVINTER/TIVTER) • IDSVSLOPE/SLOPEI  ^ 3^g

1 IO^ - f -•DEPINERJI • ABS1 0EPTHER4101------------- ---
DEPTIAMAX( J1 • oEPTH(jf • DERTHsfiR(J)^ VD^92
DEPINMINIJ) • 5ERTH(J). - DEPTHERR(J)^ -. -- VD -^65

C CALCULATE INTERVAL VELOCITIES AND ERROR
IF(J,10,1100 T5 26n^ VD^64
10T 9 L ( 1) A 4 vvE_0 (1A^____________^ VD^89

,^viNTvoiX(1) I AVVELMiiiir)-^" ^- vD^86
viNT_vp.11 • AVvELNINtU

" "n 7•^) )^:13GO TO 270^
. -- ._

760 A • AVVELYW1 • TN0UOWTIJ7 . AVVELY(.1.11 • TAIDLIGHTIJ.0^SD^BO

VD^HA



Z^:;

4 . 7 .4nunNT(J)
Ylv.TYL(.4) ! Ar'
vi%Tvi_mx(j). (AvvsLmax(J1•T ompOpr(J) - eivsLioiN(J-i).1mo&o^

S
ccj-i)iiio - Op

^1 / P VD^93
ylm^.1^01^TvLmm(1. (AVVE14(J).TNOuGHT(J) - AVI(FLmAX(.1-1).7 50004T(J-1)1V1)^94

1/H^ VD^95
•^774 :34 1 ! I'^ vD^9A

wiqTP( , :spi•T,9^soa_)^wy,TpAvsyss.^VD^97
t -r■Olo^TARLE 4siOlmcs

4pIrrivpplIT.51 1 vSTW- V%S.(UNITS.K • 1.6)
PO^J• 1.KIF.NS^ :ED)^::
PI

11- 14.En.mR1-061 son in 'A.^ 1104
C._.PRIIIT II? YSLig5 JT LE?L?

pplic-(.ppiN7,69 ) m,TmnusRT(.1).DOTwemi.nsPTRORtmi.AvvS0(m).AvvsTg 1: 52
ILmAxcli..vvEL.trtm),vp^ m^v,rvLANI,v1RiviAv.vimvvm(m)^

v

^

'ID^lod. 721 CONTF(4F
VD 105m a Nkro.s

WRITEINPuINT.1110 4 ,TNOunwT(m).2EPTm(m).DEPTNE99Imi.AVVELY(MI.AVVEvD 106
1.021(m).(mmYWIIMZmitml:IITY1(M)0147v04!!II/VIRTVL.MNIM) _ ^VD 107

POT GRAPHS OF RESULTS - SURROuTINE Porosvi
CALL Vi 012550! SUOVF-Y,EYPflSPD.1lIAVFPSE.STN!NT.UNIIS.1N0UGWT.TSCAE.VD soe

18vscALs..vvELT.AvvsLmim.AvvELPAP.DscALsidiscAisp.osPrmaspvmmAx.Dsr
oPTRmlu.flmrscAL:,v1mr.Ax.vtrayL.vIRTYLMr.vImTvOm.mpri.ms )^D

REDIRECT TO CORPUTU 4F01 EmPAmnEn SPREAD IF ANY
%I - 11_15 Q_^ .YP 111

RD 112
vD 113

- — 29 ! :T417 _

20^ 16/OR/t0

SURROUTINE SOSTITERIN.0.T.SLOPE.OFVSLOPE.TINTER.0E9INTER1^SO^I
1.___C_F!PainiS.J...6_.. 5.1 soulasFir_PiD_WEELEr._11.9.E.E.AtilirrACE.!1__ 

--:g— rDIMENSION .(50).T0n)^ 3
ISHM.O, S SSUM.O. s XSOSUm.0, s MUN.O. 2 VARSUN.O.^ SO^4

C COMPUTE SU.S^ SO^5
DO 10 I •1.N^ SO^6
vSUN • MR • m(I)^ SO^7
MN • TOUR • T(1)^SO^0
XSFOR • 050509 • 2(11 •• 2^ SO^4

. 10_STSU._. TT_Sym • V(II ...TI)I^__. _^ SO^In
C SOLVE FOR sops AND TANGENT SO ' 11

DVIJoSmn • ITSJ. . ( IOU. 05UM/NI^ SO^12
DIVISOR 6 xSOSUM - ((i(SUm .. 2)/21^ --SO- - iS
SLOPE • DIVIDEMDIVIHR^SO^Id
1. 14TER • ( TOUR - (XSON • SLOPE ))/ N^ SO^19

C coPPyls yARIANCE(MEASURE 0E.SUO_S OE OWNS  SQUARED)^ SO^16
DO TO I • 1.-iI^ SO^17

_^_20 VAPSus • VARSum • ( T(1) . SLOPE• 0(1) - TINTER) •• 2^so^0
vAPsum • vARsulifM • 21^ SO^19

C COmERLEA&FIANCE or Sum_ AND_INTEROERT, THEN  Tg.gs sgRT FRO STo IIIN.S. SO 20
VARS(.OPE • VARBU4/DIVISOP^ SO^21.sp _ 22

^SO ^23
^_ . SO^. 2 .
^SO ^25

. ..11 16

nsvsLOPs • SORT(VARSLORE)
VARINTER^(HANSOM • 250902)/(DIVISOR • 2)

... _OEVINTER • SORTCYARINTER)
RETURN

^•• Ema

_



W,^ 16/09,,0

^

PrO.V.QT1 , 1, PLO • 2 5 xy(cu.yry,ErPnSPD.TRANERSE.STNINTOPJITS.TNOuGH1.TPL^I
^1 SC, ,, L ,,, AvMw-, AvyLkY,A , V , 01.1 4 .AYVEVIA 0 ,D$CAIA1.05CALE2.DEPT4.91,1, THPL^?

2 ,.4 x. ,q4, TurIN.vINi5CAL. , I , TmAw,vINTvL,v1N,VLmw,V(N-fV0,5,N4FLNS)^PL^7
C SU , ROUTP,1- P1UT250v 0 ROUUC 1 S THREE GRAP.IS^ PL^4
:^(II 44FW4GF VELO7ITY VS Tw0.14Aw TIME (WITH ERROR BARS)^ PL^0C^rdI OF0T. VS Two.HAv TTH4 (vi TV ERROR OARS/^ 0L
wr^(3) INTEPvAL VFL,CITv MS OFPAM RISTPGRAM IWITH ERROR BARS^PI

_ C.CCO_LF5 OF THE c.,RAFAs APE Av4ITRARY ANO ARE IMPUTED I% riir MAIN PPOGRAMPL

^

DIvE0ST0. SU 0 VEVIBI,FxPUSPOC3IATRAVERSEW2IAAVVELYAMAAVvELMAX(li)PL^0
^1 .AVVFL I, INI 15 ). 11 1: 0 TRIIS , ..FPTRMAX(15)ADERTMMIN(15)AVINTVL(15).VINTVPL^1•
^2 LmA( 1 5 1, vINTVL .41. ( 1 %),AI 1 5101(l5).Cf19T.0(t:5).ETI5I,(I15),AVVELvER(PL^11
^3 0) ,VFLTGRPM(5).TIMFM 0Rf71,VEIATORPM(4),0EPTIIVERITIAVINTORPM(A).VELIPL^12

AIM/FRIO .4 0 TRAORT7 I .0ur t0F A XTEYT(9) ATMOUGMwtiBI^ PL^10
U•A(V_L- Ll]pFT-1 a Allw^ME_VFLOSIIT^v5595_TWO,WAY TIME^AVV.PL^14J A I

j
Y

ElvIR^. ni-H VELOCITY 1^(VERT.SCALE^1 i464 REPS.^PI.^is
^SCALE OMR, ScALF^i INCH REPPL^IA

31,^SEC
2 /SEA,'

I./T14Ew" ' 5" TIME^1.(UPTOPP.4 A 3214 DEPTH VERSuS TAO-WAY TINE^PL^17
• ).IFE0TRE7P s 5414 DEPTH SCALE AMOR. SCALE^1 INCH REPS.^PL^0
5^.,^/.(DEPTH44R • 5Am DEPTH SCALE fvERT. SCALE^1 MGM PL^10
OPE P5,_.../^I,J ViNTORPH A .6AH taTipm_. v_EL.0^4Ty (RANGE PI,^2T
7 rn^,/5.1- c.■ VERSUS nEPO4^).(vELINvEO •7 F2c4 . :007 ,711_ VIOL^25
El l-0(7 17Y STALE^(v:FRT , STALE^1 INCH REPS,^

./s^
)^• PL^22

05) • 0, 5 r)(i) • 0,^ PL^23
IC ro.moi8.6) 24
2521 FORHATI2A8I^ ;

— - N ;-FroZT -Ajf5/31-- --- -^ PL 24

^

PL^27

--- 6O ;09R,m4AATT:;:::^
pL^29

^PL ^29
70 FOPHA/175.0).^ FL^3c- 01 FORMAT(02)^ PL^31

^PL ^72
IN-;;I:: 772,01 '^ PL 33_._ ill FORMATI0AB/ _^. .^ FL^3'
120 FO0MATIF7Air^ PL^39

C AV WELT VS TIME BRANCH OF PLOtFOUYINE_.^ FL-
C SET SCALES^ PL ^3 7

__________TScALE  • TSCALE^_P_L _P..TscALE • AVSCALE^ PL^39
/HA/ • .. 10,o• WS:ALE^ PL^40
THAR • 19.0 • TsCALE^ PL^41130 Do 140 j • 1.N5FLNs^ PL^42
A(J) • AvvELYCJI^ - OC -43 -
BCJ) • AvVEL•15(.1)^ PL^44----.- 140 C ( -I ) • "WIT-J —40 ( J )^ • .PL.^4'5-
CALL PLor(Ysc.t.E.YscALE.?L_ ...__ ._^.^....... _.._..^

• -41: - -:;_ __.
CALL PLOT(0"0.0.)

.._ _c pFltrit etmly AND TRAVERSE HEATUROS^ _FL . 49
150 CALL PL0T76-...1..T-scAL0.3t^ FL -40

ENCODE(6 4 ,10 ,PUri_SuRvET 
CALL TExT(oUr164,3)^ PL^51

_^CALL P_LO 7 f9J4 .1. 5° TaCal-ak3/_^ .^PL^52
--1-P-4c05E(24, 9 0 ,4TEAT) 87PDSPD^ PL^53

CALL TERTIXTEXT,244)^ __...
CALL PLOTc 4 ,0•0SpL6,-1.5•TISCALE,3/ .^ PL ---5--

_LT101:1(16,20  ,au , ) T 9 AvERS_g_^ PL^56
CALLTEITCBUF,1613/^

------

- --.
C TIOSERT REDIRECTION CARES 

IFTA111.E0. DEPTH(1)100 To 230

i
_TD011).20.VIN7XLILXJ_ID_TO. 1211___ ___

C PRINT sCIALES POE AV. YELP AS TIM! GROW^--------.------^

FL^57

 771__ 

—
Pt ::

. __ 160___q.4L1-_!'_1,0.1_f_x5.CALE2_,O.p.Y5rALE:011..
ENCOOEt40.30 iXTERTE VELTIIRPm
call_ Tpx7(5TExTA4o,u_^
01LL FLoTcxscALE.-2.5•TscALE,3)^ :E :̂:

• gye0DE(.4.1.0_,RTE.x71 AvvEL/fR^ _ PI^66
CALL 7E0TUTIIXT,64.2)^ PL^67

__________ CALL_P.LITLI_AtISZAI.E0•2_0±11..CALEA.L__^
15Nc001(5.70 ,BOTI AVSOALE^ PL^69
CA!' TERTIOUr..5.21 ^ FL^70 
CALL PLOTI6.4•7sCALE,.2.5076CALE.2,^ PL^71

_.€14COCilbee_ATEXILVe1Ts^ •!L___ 71
CALL TEXT(4TE0T,2.2)^ PL^73
CALL_PLOItxte.21:E.._-2_.ottScA.LE..34__.___ ____ _ ._____ ._^ _AL _ _ ___
EAmoDE(96.40 otTERT) TImEHOR^ PL^75
CAII TPITIXTFIT.SAA0I^.—&- ._.1.6..______
CALL PLOT(5.2./SCALE,..3.0.,SCALE.3)^ PL^77

. .^ ____ENCODE13,90WE1TSCALE^ eL .78
CALL TPRT(OUr.3,2)^ FL^79

__ CAI_AIR PLOT_ROILTIPE_TOR AN.VEL!Y_VS_TiTIP 00__DEPTH va TINE
170 CALL PLOTt0„0,.3)^ PL^a/

100 CALL FLoT(0..T4Ax.4.^ FL^es
__.______fff_e_MIAX/TICALLI. • 1^ -^ FL 84^.5 ,l^ L^80

_.^tY_AL._ELOAIIRYJAKT -...0. 9 3
AY • (YY • 0.011•YSCALF^ PL^87
CAI I PLCIT(.0.44•gSCAI•3) •
ENCOnE(7,1MBLIF) AY^

PL^BIL___.....
^PL ^59

__^____..CALLIDLWV.,.7..1)_.____^.______^ _ _IN.._ 00 .
CALL PLOT(-0.02•ESCALIS,A7.3I---^PL^91
CALL 11X711AIIA.1).^.. __ . _______

190 CONTINUE^ PL^93
^ CALL_ELIII18...,0-.3)^ P_I-_ 95_^—.

CALL PLOTMAAX,0.,•■^ PL^95
00 200^'A •I1 __.
Xx • FL-00(31- 4 ) - 0. -17^ PL^97

_A9.• (XX__1.0..ILitS5CALO.
CALL FLoTtliA•xscALP,..4.s.rscALE.si
.1E000171.24,P,JFI__Ls_^'

^C^::

CALL TozTteuT,7,1) -- FL 1110

 iiiCALL PLOT- (Ax4.o.oe•veciE;ii
cALL__TEsT(IHT.ja)^ PL. 10 4

1200 CONTINUE^ PL^05

-^
P.1 lOI,

ill="00-!-;ft-11-fTil.00 TO 330^ PL 107
0.0_210. ..J.I.,NRIL 4 s^,.____,, ._. ___.^ PL._101
CALL PLOTITNOUONTIJ/,CIJ/i3/^ ii 100
CALL.T_EFT ( 1#:A.1.A.O.^ _ ^

' -^-:t 1NCALL PLOTONOLORT(JA,AcJI,4)
gALL TE5Tuto.1.2.1______ ^ 



j

f

.327^ 16109/70

CALL PLoT(Th0u3HT(J).9cJ),4) FL
_ _ _CALL LULL/Air...1,1i_

^

. _^ 11;__ 
21 0 CONTINUE^ PL 115

IF(A/1).E0.0EPT).(1)1AP Yo 240 ._ .^ PL 116
CALL PLOT(0.,Y 4 Av. 4 .A.vSCALE.3)^ PL 11 7

C.OEPTN vs TIME 1VAN:.._. OF PLOY_R0uy14E^ PL 114
C SET DEM4 SCALE^ PL 119
_ 

.94.. . 10.0 • Yscia-^----^ PL 121
CALL.PLOTcX5CALEO. SCALFai^ _ PL 122
CALL PLOTc0„0.,1)^ PL 123
00 P.O ..I _S_I.N3EINS ^.^ PL 124
A(J) • DEPTHCJ)^ PL 125
IEL4115,7T.ymAx) ACJI  0__TBAx^ _PI _126 _
8(J)• 11E1, 711)114u)^ PL^127
IFcB(0.01)T -AXI 8(J) • vmAx_^ PL 129
C(J) . DEpTioiAxcJI^ PL 12 9

220 IF1C141.0T.T.51X , C(J) ._ TPA%^ PL 13A
co TO 150^ PL 131

___c  PRINT  SCAIFS FOR DPPTH VS TIME artApjl_^_^_ .__ _ DI . . 132
230 CALL PLOTMCALE.-2.*YSCALE.3)^ PL 133

ENPOD_Ei42_00.1xTE 0 TLDEPT0RpH^ PL 13 4
CALL TE10UTEXT.32.31^ PL 135

• cALL.E10t(Isc4LE....2,5Alsca.E.3.)_._^ ri. 136
EN000EC56.4* .07E011 bEPTHVER^ 0L 137

• .^CAI) TFxT(STEXT. 36.2)^P.I._ 138
CALL PLOT(5,2.xSCALE..2.5.YSCALE.3/^i^ PL 136
ENC0DIEA5,70_,XTEIT/OS0ALEI _. ._ .. __..'^ PL 14A
CALL TE00C7TEXT0.2)^ PL 141

.CALI_PLO1IL.11!XSCALE.-2,5.7SCALEAL.__./. .^ FL 142
ENC00E(2.00 .XTEXT) UNITS^ PL 143
CALL TEXT(4/W.2.2)^_21. 144
CALL PLOTUSCALE.-3.047ScALE.31^ PL 145
ENCODE (S&...40 _LX_TIXT_L.T.111ENILR^_ .___^_^_ Pl 1 46 ..
CALL TE00(xTEAT.56.2)^ PL 147
.CALL 21011 5 .2•XS:ALE..11.52.TSCAIIAID__ ^...__ PL .15 5 _
ENCODEC3.90 .10,IFI XSCALE^ PL 149
CALL TFAT (BUP.3.2)^El• 01Q------ -C 00 TO MAIN PLOT ROUTINE^ PL 151

_^GO TO.170. _^ _^21- _ IA? ..
240 CALL PL0(0_

^
- - '. 0. 5Ax • 4.VPYSCALE.3)^ •^ .

_ _ 
PL 153

. __C 
-

!NT.ERVAL_VELOCITYA.LCIEENL .14157_00RAp_RLDT wrINE IERRORS toitupfo)^pl.._154
CSET SCALES^ FL 155 - -

XSCALE • DSCALE2 ^_21_ 1 _
XMAS • 10.0 • XSCALE^ AL 157

____ TICAL-.0 • VIIA/SCAL^ PL 155
TMAX • VINTMAX^ .^AL 159

PL 1.____________ _60 _
CALL PLOTI450ALE.YSCALE:27^ PL 161

_e 1 !MIT INTERVAI VELOCITY TO RFAI MM. PABOETERMINFD 0096 (1.2.  0 TO  n 162 
C v/NTMAX)^ V^ PL 163

DO 300 ..I.J.J.N_FILI__IA  ^ FL 164.^' 1,(41N9lamm(o.99.4.) GO TO 250^ PL 165
_V_IPAVLII.NIAL • L^ PL 566 ^

r -- 250 tIf INTVIAJ),G11.0000 TO 260^ FL 167
,__^_,____VIN 141 • OA

^ - ^-^
J?1,_.. 46.0

! - - 260 IF(vINTvLmx c J) .0E . 6 . )00 To 27v^:^.-.------..^_..-
v/NTvi_mx(J) a 6.^_?l.

 IFIVINTVLNXIO.LE.VINTMAX7 00 TO 280^ AL 171
^_1tt1vi: 49(JF__t121.1__^ 91, 41.9_ __ .

980 ir4men(J),Ls ..viNT444) GO TO 290^ AL 173
VINlV14.7.5% YMAX^;_^ 111._ 21 4 _

244 , Irmro4L44(JI.LE,9:4 ,14A47 GO TO 300^ 1L 175--
ViNTVIMN(4) • YMAX^ PL • 176 

. 300 CONTINUE^ AL • 177
I__ ______PAILD___JAJLAIL1 44 • -^ PL  jiyi

0(j) 2 vINTVLAJA^PL 179
' E(J) i TIMM-M .41A^ AL 1811_

31 2 : 101 1^o• VINTVLAX(J)^ PL 181
IL 189 

.^C PRINT SURVEY AND TRAVERSE READINGS^ FL 183

^. C PRINT SCALES FDA -INTERVAL VELOCITY VS DEPTH GRIPM^ 11 189
390 GAIL 4,10/111.....2 o750 A 1 E. 37 

E9000E164.10 IXTEKTA VINTORAM^.V^ • PL 187
cmc 7112 ,1111,21, .84.41^V ^ PI 188 

' TALL PLOT(4.72489CAL81.2.0429CAL8.)1^.^ PL 189
DialtELO.A101.nlIWA.1 920.10. P L___..09^. ^-
CALL T005(22822.6011^ PL 191

.^i.ALL_1L0T(1 wiALLS_C41:10.A1.0..31____ ___________
440004(2,e6 •otbx9) UNITS^ FL 193
CAl) TPX2IXTPxt.2.3• ^-21-1.9_4___
CALL no9190c4LE149.540scALE.3)^ 9L 294
eN000ei7ft13.5inent_vitho.F.9_^ 101. 126
CALL TEXTIXTE11.72.2/^ PL 197

^SUILL_PLOT16.3,RECELLEA,2.5 0 YSCALEA 2 I 
INCOOE(5,70 .27EXTIMATSCAL^ .^ PL 199
CALL rnmX2FAT.9:20^.---6 MD
CALL PLOTI6.9•XSCALE..2.9•YSCALE.31i^.^_^AL 201
ENC00E(2.A1 .22F22)  101M ^.;--^

.^,
PI. .302 ._ . .

CALL TE1TI0TEXT.2•2 1^PL 203
CALII_ELOSASPLE:_-.3...CMU14.0.1i.^ .^f..1. 114
E000 0E(56.40 .02087) 821,760400^ I. 205
CALL TEXTIXTEXT.56,21 ^-^ PL 206 
CALL PLOT(5.0•XSCALE...3,06YECALE.3)^ AL 207

-Pie0.QS( 5 M ,11gATI_M^IEE.2._^ I,_P_208
CALL TIXT(XTEXT0,26^ PL 209

.._, _ CALL P1.0115,A±0Scka,s_Lha5eAl.E,IL ^PL 22 0
29000E12.80 07001) UNI29^ ML 211
ALL T %TUT 82.2.21^FL In

C PLOT AXES .^ PL 213
;ALL 'PLO:W/440.3 ,-^ _____ _... __P.L._ 2A. ^.
00 20 180^ FL 219^-

_ C_IN.P1.111E3142.__911SCITY__99 _DflIfif AULT MAP, .. ^.. _ __ ____ __Pi. _110
330 All) • DEPTICt11^ PL 217

^• LL_PLOTC0.A04).3A^ CIL_ Lit
DU 3Ao J.F.NRFLND^ •6 210

_-___CALL_ELDIAA14.11.011tileiL^ PL 220
340 CALL PL02(A(.1.11.0(J101)^ ---- - OL 221

..JuLL _EIPIIAJYRIOlittNRELRELL14) ^PL. 222 ..
CALL PLO1IA(ARFLNS);0..41^ --FL 223

C PLOT ERROR BARS^ AL_.224
• NERK • 9911.05 • 1^ PL 225
• 00,300 J. 1.009_3 ^ Pl....1211_

NB • NA1I0561-J^'^ AL 227
CALL Pe0710.5•4ASARitELEIEllialai_All______ _gq„ 228 .
CALL TE1T(tH..0.3) - PI. -iii -

.....0ALL 6LoT10.6.(611.40■.AgN 2aL111..010,12____________^FL
-^

_ 230

•350 CALL TEXTIIM...6,3/^ ft. 231
CAI) awiAti35n.9.6($).45^ FL 232

• .11411 TE 05 (11414063)^.^ AL 233
.121.6.1.1... nort6.4.ttliElli.A2L^ 2). Z_42 ,__.^..
• CALL 1FlO(im.46,0)^ AL 235

. _CALL 9Lotte.o4A0 ..4.0. VSCAII.31 _RI- _e3.4_ .._
RETURN.^ '^PL 237

_LEER v^ _______PJ-22a_



3277^ 16/09170

^

suRRnu 7 1 , E T .A7PLOrnzUR0- 7.1: 70 DS . 0,TRAVERSE.STNIHT.UNITS.NRTS0.7.10^1
i•sosret E • , SUSCAL '0. T I0TI R.sLOPE.NA.NRPLNSI^ OP

': SUHH: ,itINET2i.07 vl-OnuCE 5 r T SOARFO •i• K so0A0e0 PLOT 00 ALL^iP^3
C 9E.LECTI.., 5 IotAIY/D. 740 PEPTICAL AND RORIZONTAL SCALES ARE ANSITPARYTP
C AND SPr.CICILD 1:., 1•1 KAI, 0005066. THF A SQUARED SCALE IS IN SQUARED TP
C TRACE NO. HvITS^ TP
C Ts , , - xso pl..' anuilvE^ 00
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PLATE I

C PROGRAM )VELSPRED

/Read SURVEY/

/ graph scales /
Read UNITS and all

/Read TRAVERSE/----411 ^

Subroutine
SQSF1TER
Make least
square tit

Subroutine
T2X2PLOT
PlotT2-X 2
graph

Subroutine
PLOT25XX
Plot results

/Read NRFLNS, NSTDEVNS/
STN1NT

/Read TNOUGHT, NPTS, X(I),
T(l)

Any
more refl

-ections in this
traverse ?

/Print input and output
data in tabular form

UNITS: Metres, kilometres or feet
SURVEY: Survey name and year
TRAVERSE: Velcity probe name and details
NRFLNS: The number of reflections

analyzed in the probe
NSTDEVNS: The number of standard

deviations taken as an
estimate of error •

STN1NT: Geophone station interval
or P-wave velocity in sea-water

TNOUGHT: Two-way reflection time at
the centre of the expanded
spread or at shot-point

NPTS: The number of data points for
that particular reflection

X(I): Geophone station number
or direct water-wave arrival time

T(I): Corresponding rellecteu wave
arrival time

AVVEL: Average velocity
VINTVL:. Interval velocity
EOF: (End of file card)

Square X(I), T(I)

Correct for scaling
of X(1) values

/Read next card

Yes

/Read TRAVERSE/

No
Yes

/Read SURVEY/

No

FLOW DIAGRAM
STOP

PROGRAM VELSPRED

To accompany Record /972/83^ (135 3- 161 A

Yes



PLATE 2

( SUBROUTINE )
SQSFITER

/Input data from VELSPRED
is X(I), T(I), NPTS

Set all sums
to zero

Compute XSUM, XSQSUM, TSUM
and XTSUM

Compute SLOPE and
TINTER by least squares

Compute VARSUM

Compute VARSLOPE and VARINTER

:rake square roots of variances
to compute standard deviations

XSUM: Sum of X2(l)
TSUM: Sum of T2(I)
XSQSUM: Sum of )(4(I)
XTSUM: Sum of X2(l)*T2(I)^2t
SLOPE: Slope of plot
TINTER: Intercept of plot
VARSUM: Variance of least squares fit
VARSLOPE: Variance of slope
VARINTER: Variance of intercept
DEVSLOPE: Standard deviation of the slope
DEVINTER: Standard deviation of the intercept

/Output data is SLOPE, DEVSLOPE,
TINTER, DEVINTER

( RETURN )

FLOW DIAGRAM

SUBROUTINE SQSFITER

To accompany Record /972/83^ G95/3-162 A



Yes

Plot individual data points
on T2-X 2 plot

Yes

Move plotter origin
for next graph

PLATE 3

(

SUBROUTINE )
T2X2PLOT

Input data is SURVEY, TRAVERSE
STNINT, UNITS, NPTS, X(I), T(I),

XSQSCALE, TSQSCALE, TINTER, SLOPE,,
NA

( RETURN

XSQSCALE: X 2 scale
TSQSCALE: X2 scale
NA: Current number of the reflect-

ion for the velocity probe

Plot line of best fit for
the particular reflection

FLOW DIAGRAM

SUBROUTINE T2X2PLOT

To ocrompany Record /972/83 G85 3-163 A



C SUBROUTINE )
PLOT25XX

PLATE 4

Input data is SURVEY, TRAVERSE, STNINT, UNITS, TNOUGHT,
TSCALE, AVSCALE, AVVELY, AVVELMIN, AVVELMAX, DSCALE1,
DSCALE2, DEPTH, DEPTHMAX, DEPTHMIN, VINTSCAL, VINTMAX,

VINTVLMN, VINTVL, VINTVLMX

A =AVVELY
B =AVVELMIN
C =AVVELMAX

Plot depth-
time graph
headings and
axes

Yes

Main point-error bar plot
routine for average velocity

and depth - time plots

Plot average velocity
time graph headings and

axes

Plot survey and traverse
headings

^It

No

TSCALE: Time scale
AVSCALE: Average velocity scale
AVVELY: Average velocity
AVVELMIN: Average velocity (min. value)
AVVELMAX: Average velocity (max. value\
DSCALE1: Depth ordinate scale
DSCALE2: Depth abscissa scale
DEPTHMAX: Depth (max. value)
DEPTHMIN: Depth (min. value)
VINTSCAL: Interval velocity scale
VINTMAX: Max. interval velocity

(input as a reasonable constant'
VINTVL: Interval velocity
VINTVLMX: Interval velocity plus terror
VINTVLMN: Interval velocity minus errorD VINTVL

E =VINTVLMN
F = VINTVLMX
Values are
restricted from
0 to VINTMAX

Yes

14,
No

A= DEPTH
B = DEPTHMIN
C DEPTHMAX

( RETURN

Plot interv41 velocity
-depth graph headings
and axes

Interval velocity-
depth histogram.
Errors are plotted
for interval velocity
only

FLOW DIAGRAM

SUBROUTINE PLO.T25XX

0
To accompany Record 1972/83 G85/3-164 A



PLATE 5

0
^NOTE This is a 3/5 reduction from the original computer printout.

4

110 —

10.0 —

7•0

40 —

 

30 —

   

20 —

10 ' —

0
0^3000^6000^9000^12000^15000

X 2 (Geophone Number)
rl;

NOTE: True shot-receiver distance = Number of units x 110i0feet

GOSSES BLUFF SEISMIC SURVEY 1969

EXPANDED SPREAD^GB/BA (SE)

T SQUARED X SQUARED PLOT

To accompany Record 1972/83
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PLATE 6

NOTE • This is a 3/5 reduction from the original- computer printout.

22000-

20000-

18000-

16000 -

  

14000-

-N

C:1

cu 12000 -,te)

tb

10000-
(3

8000-

6000 -

4000-

' 2000-

20^ 30^ 40^ 50

Time . (Seconds)-

,

GOSSES BLUFF SEISMIC SURVEY 1969

EXPANDED SPREAD^GB/BA (SE)

AVERAGE VELOCITY Vs. TWO-WAY TIME

To accompany Record /972/83
F 53/ 83-194A
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PLATE 7

NOTE This is a 3/5 reduction from the original r..- Jr-r,p ter printout

50000 —

45000—

40000 —

35000—

30000—

Zes

25000 —

cb

20000 —

15000 —

10000 —

5000 —

0
^

10^20^3.0^40

Time (Seconds)

GOSSES BLUFF SEISMIC SURVEY 1969

EXPANDED SPREAD^GB/BA (SE)

DEPTH Vs. TWO—WAY TIME

To accompany Record /972/83
F53/83-195A



PLATE 8

NOTE This is a 3/5 reduction from the original computer printout.

50000—

45000 —

40000—

35000—

30000—a)

25000 —
C13

'ZS 20000

15000 —

10 00 0 —

5000—

10000^20000^30000^40000^50000

Depth (feet)

GOSSES BLUFF SEISMIC SURVEY 1969

EXPANDED SPREAD^GB/BA (SE)

INTERVAL VELOCITY Vs. DEPTH

To. occompony Record /972/83 F53/83-196A
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