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SUMMARYﬁ

b 8

The use of expanded and offset reflection spreads in seismic
prospecting to determine average vertical velocities involves the
titting 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 due b other limitations are given.



INTRODUCTION

In seismic retlection 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, 1952) involves the progressive movement
of shot and geophone gpread 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 tor each reflection event and the
eftfects of dip in a retflector can be removed by averaging reilection times
from opposite sides of the expanded spread. Provided the data quality
is tair, a reasonably accurate determination of vertical velocity may be

" made over a localized area.

In the offset retlection method measurements are made and vertical
velocity is derived over an extended distance of subsuriace. The removal
of dip eftects is not inherent in the computation, but dip may be measured
trom 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
trom a tloating sonobuoy, which receives the signal and transmits it to the
ship (Houtz, et al., 1968; Le Pichon et al., 1Y68).

The visual titting 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:

2 2 _
2 1 x 2D (1)
t7 = va2 + _L;?)_. ;

where x = Distance between shot and geophone
t = Time of travel of the reflected ray from shot io geophone
V, = Average vertical velocity to the reflector
D = Depth to the reflector



For t2 data plotted against xz data; this is the egquation of
a straight line and thus (1) can be rewritten as follows.

= (SLOPE) x° + (INTSRCEPT)  ° g (2)
where SIOPE = 1 :
A - (3)
2 L
INTERCEPT = gzg) (4)
Va

!

1

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

" 1/‘/314)1’}5: - (5)

If t_ represents the two-way reflection time at zero oftset (x = 0) for
the partioular reflecting horizon, then from (2) -
2

t, = INTERCEPT | (6)

and solving for depth in (4)

D = £V t (7)

Y

For two reilectors, denoted say by subscrlpts 1 and 2, the interval
velocity between them, Vi, is given by-

Dy-D;,  Va, t,, - Vo téﬂl

Vi = | (8]
#(8,0m%,) tez ~to1 |

where t and t_ ., are the two way reflection tlmes at zero oftset for
retlectors 1 ana 2 respectively. Y
The least-squares model for the Line represented by equation {2)
is . '
2 , N
ti = (SLOPE) x, - + (INTERCEPT) +€.~' . (9)

where i denotes the 1t data point and i ranges from 1 to n (the number cof
data p01nts) and € repreeents the deviation of the ith data point from the
fitted line.

To obtain a least-squares 1tit, the basic criterion of least
squares states that:f €' should be minimized. From (9):

512 = (ti - (SLOPE) ::i2 - (DI‘i‘ERCEPI‘))z (10)



This least-squares criterion is satisfied if

Z
0C¢ ) IC €. . (11)
J (SLOPE) 3 (INTLRCLP‘I‘ ) p
Differentiation of (10) and substitution in (11) yields
g2 2 2 2

(in t,) - €x7) () ,
SLOPE = 7 575 : (12)

€x") - &%)/
INTERCKPT = (S ti2 - (SLOPR) (Z'xiz))/n (13)

Equations (5), (6), (7), (8), (9), (12), and (13) give the solution for
average velocity, depth, and interval velocxty 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, O , which is the square root of the variance.

Assuming that_the deviations follow a normal distribution, then the variance

of the fit,0°, is defined as

2=2§9®-2> '_ | ()

Substituting (10) in (14)
0’2 = Z(ti_?‘ - (SLOPE) xi"’ - (INTERCEPT))Z/(n - 2) (15)
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, 57i2, is given by

6‘12 . a@h - (16)
J(x," - (x2)/)? z( 2 - ¢x,5)%m

and the variance of the intercept,(ﬁél, is given by

PR i 2% e (17)
Gz a(f(x)* - Ex,)%h) n



4.

It follows theoretically, from equations (16) and (17), that the
possible distribution of values of SLOPE and INTERCEPT also follow a
normal distribution. For the normal distribution the probability P
that the true value of an estimated parameter, /4 , lies in the range
M+0k (where k is a constant; 1, 2, 3 etc and (0 is the standard
deviation), is readily obtainable from statistical tables and is given

in Table 1. . P

Table 1
K 1 2 3 4 el
P(x 100%) - 68.27 95.45 99.73 99.99 100

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

(SLOPE) = 26, : ’ (18)

(INTERCEPT) = 26, ' (19)

2 Because the least squares linear model (equation (9)) for the
t - x data is a good approximation, the variance(“ is low and hence the
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 difterential calculus: '

9y b 9y
, 8y zfxl csxl + 5%; 5}:2 + 3x3 cyx3+ (20)

where y is an arbitrary function of any number of variables Xy X, x3.....
Substituting into this from equations (5) and (18) ylelds the avegage
velocity error magnitude, Va, given by:

Iéval = lva()’1 /SLOPE \ (21)

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

181)‘= Dl 0, - 9 (22)

TRTERCEPT SIOTE
The interval velocity error calculated from equation (8) is given by
5"1 l= 1‘01\ 8Va1| + Yoo loc"az \ (23)
Y2 = o1

Equations (21, (22), and (23) give a complete soiution for the errors
involved.
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3. COMMENTS, AND LIMITATIONS OF VELOCITY PROBES

[+

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

(L) The reliability of the information derived depends heavily on
the quality and character of the input data. The accuracy of visual
picking of seismic rerlections may be serlouslx affected by the presence
of interfering noise events or lateral changes in retlection character.
This may introauce systematic errors, into the 2 = x% line, which are
not eliminated by least-squares fit nor are the contributions by these
errors incluaed in the error estimates obtained:

(2) In otfset refliection methods where reflecting intertaces dip cr
are non-planar, errors may vbe produced in computing velocities. More
complicated computving procedures are required for an exact solution of the
dipping layer case (Sattlegger, 1Y6%). Approximate corrections for the
ertect of dip (Brown, 196Y) 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 velccity
generally increases with depth,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 fleld data this may
be seen as a decrease in slope of the t2 - 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 tound by fitting a tangent to the t2 - x2 curve at zero
offset (Dix, 1959, Grant and West, 1965). The computer program presented
fits an overall straight line to all the t2 - x¢ data and may yield a greater
velocity than the time vertical velocity. The effect is often not deiectable,
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 offsget.

In sedimentary basin investigations on land a maximum ofiset of
the order of 1.5 to 2 times the depth of the retlector 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.
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In marine sonobuoy work a large proportion of data is zvailable
out to offsets of several times the depth of the reflections and use of
this large otfset data in a £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
cage 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. X

Brown (1969) discusses the eftect of large offset and gives an
approximate method of correcting velocities deduced from t2 - x¢ data using
large offsets.

(4) An even spread of data points in the x2 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 oftset
considerations, (3) above, a reasonable compromise is to include a tew more
data points for small oftsets to detine the intercept as accurately as
possible. ‘

(») interval velocity resolution decreases with depth and interval
velocity errors increase. Equations (8) and (23) indicate that as the error
in interval velocity is inversely proportional to the time difterence

(t g = t . ) between successive reflections, then tor a unitorm resolution of
intérval Velocity with depth the time difference (t., - tul) must increase
linearly with time t . This does not occur genera?%y in"actuali geological
sections. Plate 8 iliustrates 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.

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

4. COMPUTATIONAL MWTHOD

The computer program presented consigts of a main program VsLSPRED,
with one least-squares titting subroutine SQSKI''ER, and two plot subroutines
T2X2PLOT and PLOT25XX. Flow diagrams tor 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 t2 - 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.



The program may be used in a number of ways. In preliminary
assessment of the input data, where only a t2 - x2 plot and an output table
is required, the subroutine PLOT25XX 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 15 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 grapa
scales on input and this enables the program to, ‘accept all types of velocity
probes including deep crustal velocity Bpreads.v 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 'STNINT'. In expanded spread and oftset 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., <In
marine reflection work using the offset reflecﬁion 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 'STNINT' becomes the velocity of sound in sea water
and the input x values represent the direct water wave arrival tlmes. In
summary, for land seismic works

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
STRINT Water wave
velocity

/|

}
‘'ne program accepts the input scale tactor STNfNT 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 the program would lie in the use of a
digitizing machine for automatic picking of the retlection times., ‘'hese

- generally nave some form of punched tape output which could be made compatiblie

to the program by minor moditication of input formats in VELSPRED. Use of
an automatic picking process has several advantages; the tedious strain
involved in manual picking of seismic sections,would pbe reduced; the

number of data points per retlection 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 rerlection times) are read off, the use of zn
automatic picking process 1s almost essential 1o process the large volume of
data. ,
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8.

INS'W'RUCTIONS FOR USE OF COMPUTER PROGRAM

(1) CHOLCk OF SCALES

(2) DATA CARD DECK

1st Survey

1st Velocity probe

units
Card No. Col. Nos [iormat
1 1-64 8A8
2 1-8 A8
9-13 F5.0
14~16 73,1
17=-21 F5.0
22=26 F5.0
27=31 5.0
32-37 F6.0
38-41 F4.1
42-46 F6.0
3 1-64 8A8
' 65-80 2A8
4 1-2 I2
b-11 F6.2
15-16 I2

PLOT ABSCISSA SCALE  MAX. VALUE ORDINATE SCALZ  INA¥. VALUR
| & asters OF ORDINATY
- %2 XSQSCALE 10X XSQSCALE (?SQSCALE 20K 9CCSCALE
- 4 TSCALE 10X TSCALE AVSCALE 15X AVSCALE
D -t TSCALE 10X TSCAIE DSCALE 1 10X DSCALE 1
Ti-0 DSCAIE 2 10X DSCAIE 2 VINTSCAL VINTIAX
NOTE:

~ Scales are in units/inch, (for use with Calcomp 10-incn-wide paper).

- 12 scale is in (geophone number) units - numbered from zero offset or
(direct waterwave travel time)?

Comments

Survey (Survey name and year)
UNITS (Either m, km, ft - Right
justified)

AVSCALE (Average velocity scale)
TSCALE (Time scale)
DSCALE 1 (Depth ordinate scale)
DSCALE 2 (Depth abscissa scales
VINTSCAL (Interval velocity)
bVINTMAX (Maximum interval

5 velocity)
TSQSCALE (t Scale)
SQSCALE (x2 scale)

SURVEY (Survey name and year)
"TRAVERSE (Velocity probe name
and identifier)
NRFINS (No. of retlections in
this probe) _
STNINT (Geophone station
interval or water velocity)
NSTDEVNS (MNo. of standard devia~
tions in the statistical
fit - generally 2)



Card Ho.

1st Reflection

Next
Cards

2nd Reflection - Repeat card 5 onwards

3rd Reflection ~ Repeat card 5 onwards

etc

EOF

9.
Col. Hog Format
1-3 I3 .
4-10 Fle3
1-70 10P7.3
1-70 10FT7.3

Comments

NPTS (No. of data voints in
this retlection)
TNOUGHT (Two-way time at
zero offset)
X(I), I =1, HPTS (Geophone
station numbers numbered
from the zero offset or
direct wave arrival time,
10 per card; X(NPD3)
must be the maximum offset
used)

T(1), I =1,NPTS (lwo-way
time values in the same
order as their respective
geophone station numbers
or direct wave arrival
time)

End of 1lst wvelocity »rote

2nd Velocity probe - Repeat card 5 onwards

BOF -

Repeat for each velocity probe

EOF

2nd Survey Repeat card 1
Repeat tor each survey

EOR

onwards

ind of Z2nd velocity probe

After last velocity rprobe
end of the survey

Atter last survey
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AFPERDLY 1
i2p FROGRAM LISTIRC 16709770
PROGRAM VELSAREL LAHD SEISKIC EXFANDED SFREAD vp 1
_C PPIGRA VELSPHRER CJMAUTES FRAM A STATISTICAL LEASTY SOUARES ELT QF A _
€ STPRIGHT LINF TG T SIUARER - ¥ SOUARED DATA ,AGERAGE VELOCITIES ,
£ DEPTHS(AND EORIFS)TC EACH “FFLECTING KOR[ZON, [NTERVAL VELOCITIES(AND
€ FRQUKS) ARE ALSU CALZULATER, anY NUMRFR OF ExPANDED SPREADS FORM ONE
£ 0P ¥ORF SURVFYS CAN 3t AMALYSEDN, UP T) 50 DATA POINTS PER REFLECTION
C ANM 15 REFLECTIC'S PER EYPANPED SPREAD CAN BE WANDLED
. -C_NOTE.. MAVE ASSUMED DEPTW 0F PEFLECTOR_IS_VERY MUCH GREATER TWAN THE OFFSET
€ MOTL N aLL E9KORAMALYS{S , WAVF ASSUMED RELATIVE ERRORS VERY MUCH LESS
© THAN UNITY
DIMENSTOM X(5C), T(5N),aVVELY(15) VINTVL (15T, VINTVLMX(15) ,VINTVLEN(VD ?
us).n‘“’:—:anllsi.AVVFLvluus) NEPTH(15) (DEPTHERR(15) , TNOYGHT(15),DVD 3
2ELTAVC157,SURVEY (8), FXFNSPDLY), TRAVERSE(2),DEPTHMAX(15) ,DEPTHMINC1VD .
i BT v =
DATACHREAD = 64),(NPSIMT = 613, (NPUNCH = 62) 'vg' 4
NATALEYPNSP): = 24h EXRANTED SPREAD ) vD ?
10 FORMAT(12,3X,F5,2,%%,12) vD (]
20 FOOMATLIX,F7.3) v -
30 FORMAT(10F7,3) ) vD 10
40 FQRMAT(888,245) vD 14
50 FORMAT(26h TSO XS0 RESULTS ASSUMING ,12,49% STANDARD DEVIATIONS INVD 12
1 THE SLOPE AND INTERCEPTS,,//,q1H ,413(sS8),//,1H ,#REFLIN $§ TkO-WVD 13
24Y %5 DEPTY TO § ERRCR [N $§ AVERAGE S WAX'M AV S MINTH AV S§ IVD 14
INTFRVAL § “AX, [VT § MIN, [NY €38,/,1K ,» NO, - $$ TIME $$ REFVD 18
4LECTOR § DEPTH  5¢,Z2(3(a VELOCITY $8),080),/,1H ,7X, 088 (SECS,vD 14
T 2048 (:,32,%,) _§ (*,82,8,) §$8,2(3(s_(8,R2,8/SEC)_ s-.n-s-l.vr- 17
6//7,1H J113(e%%), /) 18
5 60 FQRMAT!IS,»  §$8,78.3,0 $86,FB,0,8 $e,F7,0,° . $%8,2(3(F6,0,¢ VD 19
1)5-).-") AL .7x.-u-.|nx.oss-.ux.-s-.xox.-no.z(suox.-u).oswn 20
2 2
79 fOPHATliu 77,4 REFLECTION NO,#,12,4X,5TNOUSHT 3e.F6,3,4X, sNpTS ...vg 2;
s e kel ) o e - e e e emo.. VD23
80 FORMAT(10F7,3) vD T 2¢ T
. ..90 rownuﬂi.ex.su./// 1H ,10%,8EXPANDED_SPREADS,3X,2A8,/7///717,1HVD 23
6
100 Fonmruu 20INPUT NaTa FoR o ,8AB,248,//.1H_, eQEQPHONE STN. mEuvu.vB _gz
1 se,F5,0, R2 ,/,1H ,sVALUES ueul.nEn ARE ﬂeoruous svu ND. (XCJVD 28
——— .g;,.wvvs» S)_AND TWOewAY TIME (Y PYS) WE RESPOND | NGV, 29
3X(J)Ys,7, 4BH NITE 1 THE TRUE suor.ne::uvsn nTTmc 0 x( Y o, F5,0,VD 30 )
4 R2 _,/,80H 2 THE TIMEQ T(J) MAVE BEEN AVERAGED FROM TIMES FVD 31 _
SROM ROTH SIDES OF THE SHOT,/) vD 32
110_FOOMAT(]5,8 _ $5¢,F8.3,° 3Se,FB,0,0 S _$30,2{3(F8,0,e VD 33
1 Se),e50),7,1H ,7X, o580, 10X,0880,11X, s-.l'Ex.-uo.usuox.os-) egevD 3¢
. 2)27,1H ,313(eSe),/,§HE) e vD__ 3%
120 FORMAT(BAB) j vD~ T 38 -
130 FOAMAT(AB,F5,0,03.1,3F%.0,76,0,F4,1,F6,0) vb 3?7
. 140 FORMAT(®DATA EQROR In TRAVERSE' o,248) T TTTUVWD T 8EC
GO Tn 200 e oo L _ .VD._ 39
130 READ(NREAD,120) SURVEY ’ VDT 46T T T T
NREAD) 370 ,290 yp _ 41
170 READ(NREAD140 ) SURVEY:TRAVERSE VD 42 7
__1F(EOF NREAD) 180 ,23¢ . | I ||
180 READ(NREAD,120) SURVFY VD 44
__IFCEOF,NREAD) 290 ,240 . vD__ 45
“190 WRITE(NPRINT,i40) EXPDSPR B “"V"'«“ S nion:
- = — % e e 2% . oy
200 Rsmmnsw.vo» "SURVEY 48
R SiAvS WWLMLVD__ L | — -
1 u.tsosu E,XSOSCALE vn so

0 READ(NREAD,40 RVEY; TRAYERSE
- gzvscm- THE Wf oF ggh.ecn'uns. YN INTERVAL AED THE NO, 0F SYANDARD' anﬂTm

G § [N yuE INTERCEPT AND SLOPE

3 230 READ(NREAD,10 ) vnn.un.sumv.uswnvus B2
C SYARY GOMPUTING DO 4,00P (FACH REFL,N DONE IN YORNY
DO 270 Jsi,NRPLNS vD 33
NA = TS | N | .

g JIMES AT YRACES X€13) BOYH SIDES OF CENTRE
THE MAXINMUM VALUE OF aLL THE X(1) IS X(NPYS)

& READ fﬂo.“'&r—p‘r‘s"'o‘u‘r‘fﬁmi‘ﬁﬁi‘uﬁ'?ﬂ—
¢ ey EAPINREAD.20 ) NPTS. IMOUGNTINAL

s o _.__. VD
READ IN ¥(1) -» TRACE NOS FROM CENTRE OF SPREAD AND Vﬂ’- AVERAGED REFLECTION

_READ(NREAD, 30 > IX(1).1 = 4,NPYS) . _.__.vD_38 _ :
READ(NHEAD.!D ) T(l).l s 1,NPTS) :g —;:
. IFANA - — ——— o ND | A __ _
T WRTYEL "s '!Tr.ailn SUﬂvev.rRAVERSE.tSV"WY 6FIvS, K a 1.2) VD 759
240 CON yD 60
“RITE(NPRXNYJB JNA, TNOUGHT(NA) ,NPTS vD 61
_ . MRITE(NPRINT,By M(X(IY,) s 1,NPYS) . _. _V¥D 62 _
HRITE(NPRINT, B0 HT(H.! = 1,N T (2] 63
€ FOR _EASE SOUARE X AND T_AND STORE IN x AND T R!svacnvel,_ e
Do 2%0 1 s 1,1?75 vD 6¢
X(]) ® X(]})se2 : . yp _ 88 s
250 T(1) 8 T(1)ee2 vD 86
—._C MAXE LEAST SOUARES FIT IN_SUBROUTINE SQSPLIYEH __ . ——
CALL SOSFITER(NPTS,X,V,SLOPE,DEVSLOPE, YINTER, DEVINYER) vD 67
. ~C PLOT_T_SQUAREDsX_SJUARED_GRACH =~ SUBROUTANE. PL 5 o
CALL Y?KZPLOHS\Hvev.EansPD.YNAVERBE.SVNINY.UN"S-NPTSol. .IEGSCAVD 68

— = = :-SLOPE.».

SASCALE, PINTER.SL
'C CORRECY FOR SCALING JF X(I),IN SLOPE AND DEVSLOPE
E.»_SLOPE/(GININT) 862
DEVSLGRE w DEVSLOPE/(GTNINT)ee2

e i ity Wil Y s VO___ g_

C_CALCULATE AY, VE NQ_RANGE i i S Y SRR o
AVVELY(J) = 1,0/SQRT(BLOPE) vb 72

e Ap FLOAT(NSTDEVNS)® DGVSLOPE = AYYBLY()) ] - |
- DELTAV(J) ® A/(FLOAT(2) e SLOPE) vD 74

AVVELMAX(J) ® AVVELY(J) o DELTAVOG . _ . . .. __ . _._vD 7%

AVVELMIN(J)Y » AVVELY(J) = DELYAV(J) VD 7e
__C _CALCULATE DEPTHS_AND_ERROR _ [ .
+ DEMTH(J) » 0,5 & SGRT (TINTER/SLOPE) . ;g ;:

— An 9 o DEPTH(Y NSTDEVNS L. S
g » wsvnivje‘n/nwsm « (DEVSLOPE/SLOPE) vb 79
_.DEPTHERR(J) » AeB e e e VD 8G_
OERTWERR( JY v AGSTNEPTHERRIJY) — vD "~ 81
_DEPTWMAX(JY a DEPTY(JS « DEPYHBRRC¢H . . _ _vD @82
DEPTHMIN(JY 5 DECTH(JY = DEPTHERR(J) vD 83
___C CALCULATE INTERYAL YELOCITIES_AND ERROR _ R R
IFtJ,GY,1160 T9 260 VD~ 84
VINTVLOA) w AVWELY(Q) R | I
VINTVLMX (1) 8 AVVELMAX(3) vD ~ 88
SO VINTVIMNGLY o AYVELMINGLY . L L . ...vo 87
60 TO 270 vD' @88

260 A = AVVELY(J) & TNOUBHT{JY » AVVELY(Je1) @ YNoUGMNJ-ﬂ vD 89



B oz TYNURHT(J) » TNONGT(J=1) vD 9n

VINTVLEJY = A/ yD 9
\/11 STULMY () s (AVVELMAX(JYeTHAUGHT(J) = AVVELMIN(J=1)eTNOUGHT ty= 1))VD KX
t/p 93
VINTVLEN(IY: (AVVELMINC D) e TNOVGHTLY) = AvVFLnl(J-u-tum]c;utu-uwu 94
/B ) Ve 9%
270 CINTINUE VD 94
ARITE(MPRINY, 92 ) SYYVEY, TRAVERSE N N vd 9?7
€ PRIUT DUT A7F TA3LZ 4EADTNGS
ARITFOMBRIYNT,5) 3 NSTHRVNE, (UNITS, K 3 1,8) vD 98
N0 2R1 Us 1,A3_NS . vh 99
LP vh 100
IFINLER,NRFLYS) 30 TR 23n vD 101

£ PRILT A/P VALVES IV TAYLE
URITE( PRINT, 60 ¥ N, TNOUGHT (W), DFPTHINY , DEPTHERRINY , AVVELY(N) ,AVVEVD 107

ILMAX LY s AVYEL* TN (N).vp-vvum.VIerLnnN).lewL-N(M vDp 103
281 CONTINNE VD 104
. M B NHFMS 105
WRITE(NPHINT ,110) maununw).nFuTu(n).nEPYMERR(n)‘.Avveu(n).wve\-n 106
. -Lug_m),nvb_L_nwtm.vavum.vmvyunn).vl"vvumm 5 107 R

C PLIT GRAPHMS OF RESULTS - SURRCUTINE PLNT25XX
ZALL P1OT25XX{SUIVEY,EYPNSPD, TRAVEPSE STNINT,UNITS, TNOUGHT, TSCALE,VD 108
14VSCALEAVVELY ,AVVEL™IH, vVELMAX,DSCALEL .DSCALE2, DEPTH,DEPTHHAX,DEVD 109

2PTHMTN, VINTSCAL, VINTAX, VINTVL, VINTYLAX, VINTVLEN NRFLYS) vD 110
£ RENIRERT TA COMPUTZ NEXT EXPANDNED SPREAD IF ANY
e BTN 250 L L il i o e = sam W - VD a1t
79ﬂ STOP vD 112
. _ END . . vD 113
20 167¢9/%0
SURROUTINE SNSFJTER(N,X,T,SLOPE,DFVSLOPE, TINTER,BEVINTER) Se 1
__L PROVIDES LEASY_SOUARES FIT AND STD DEYN OF SLOPE AND INTERCEPT .Se_ 2 o
DIMENSTON ¥(50),T(%0) S0 ?
__XSliMs0, § TSUM30, € XSOSi'MsD, S XTSUMs0, § VARSUMsO, .. 'S¢ o
¢ cOMPUTE SU~S§ S0 =
L ®3,N = _ o S¢ 6
S0 7
TSUM = TSUM & Tl . I . ..._So 8 )
XS05UM & X50509 o X(1) ee 2 EL] L]
10 _XTSUm @ XTSUM o X(I> & TCI) L . _8%a _ 1n
" € SOLVE FOR SLOPE AND TANGENT S0 11
oo .... DIVIDEND & XTSJK M/NY — _ .s8 12
DIVISOR = XSDSUM = ((XSUM ee 2)/N) S0 13
——— SLOPE s DIVIJOENO/DIVISOR _ S _ 14
TIMTER = (TSUM = CXSUM ® SLOPE )1/ N S0 19
€ COMPYYE VARIANCE (YEASURE OF SyMS OF DEy'NS SQUARED)  __ _ _  _ S@_ 16
DO 20 1 & §,N sQ° 17
. _. _20 VARSUM ®_ VARSUM & (T{1) e SLOPE e X(I1) = TINTER) es 2 . so 18
VAPSUM & VARSEY/IN « 2) 19
___C COMPUTE VARIANCE OF SLOPE AND INTERCEPY, THEN YAKE SQRY FQR STD DEV, ns_so_v_g_o _____ e
VARSLOPE » VARSUM/DIV{SOR 21
DEVSLOPE s SORT(VARSLOPE) e Pt o . _spv .22
VARINTER 2 (VAYSUM » XSuSUM)/(DIVISOR » N) so ~ 23
...DEVINTER » SORT(VARINTER) ) e . .88 2
RETURN s 2%
_END_ - S0 __26




GALL YEXT(iHe,9,2) Bl 112

20 16/09/%0
SURRDUTINE PLOT25x Y (SURVEY,E¥PNSPI, TRAVERSE,STNINT U [TS, TNOUGHT, TPL 1
1SCALF, A\"‘f'lL".M‘VIIY,A\V‘LH[N,AJVFLNAK.DSCALE!.DsCALEZ.D‘PTH OLPTHPL 2
21'AY, IILDVHFIN VIMTSCAL ,V INTHMAX VINTVL ,VINTVLMX, VINTVLHN,NIFLNS) PL T
€ SUIROUTINF PLOTZ5XY 3RADUCES THREE GRAPAS PL A
T (1) AVERAGF VELOZITY VS TWnewAY TIME (WITH EPROR BARS) PL s
C () DFPTH VS TWOeWAY TINF (W]TH FRANR BARS) oL A
g €3) INTEPVAL VELICITY VG DFPYH HMISTOGRAM® (WITH ERROR BIRS pL. 7
. SCALFS 0OF THF GRAPAS 4Pk APHITRARY _AND_ARE_INPUTED [N THE MAIN PROGRAMPL a
DIMESSTON SUIVEY(8),EXPDSPN(I). TRAVERSE(2) ,AVVELY(15), AVVELHAX(15)PL °
12AVVELEINCLS) s DEITH(16), PEPTHMAX(15) s DEPTHMINCIS) ) VINTVLL15) ,VINTVPL 19
2LMX (159, VINTVLNM1S)y  4(15y,8015),C(15),0(88) EC(18),FT18),AVVELVER(PL 1t
38) ,YFLTGRPH(S), T n=~nnn),uepmnu(n.DEFTIVEH(H.VHWHBN(M.VELIPL 12
mv:mw.oF“vuu:\a 71.BUF (9T, XTEXTLO), TNOUGHT(LS5) Pl g
<o« . _UATACVELTGREH 3 404 AyFRAGE VELQCITY VERSUS TWO-WAY TIME ), (AVVPL 14
1FLVER ¢ A4H VELOCITY SCALE (VERT, SCALE 1 INCH REPS, PL 15
PIVAT) Y, (TIMEMOR v SeM TIME SCALE (HOR, SCALE 1t INCW RFPPL g4
3s, SECS,) ), (DEPTGPPA = 32H DEPTM VERSUS TWO~WAY TIME  PL 17
4 Vo (PEPTUKIR = 54M DEPTH SCALE (40R. SCALE 1 [NCH REPS, °L 18
S i ).IDE"THVFR s 5AK DEPTM SCALE (VERY, SCALE 1 INCK PL 19
o —- - QREPS. ) _ ) (VINTGRPH w 644 [NTERVAL VELOZITY (RANGE _PL 20
77°7h  /SEC, VVERSUS DEPTH Y, (VELINVER & 72H IVTERVAL VEPL 21
8LOCITY SCALE (VERY, SCALE § INCH REPS, /SFC.) ) -PL 22
A(1) = 0, $ D(1) e 7, PL 23
1C FORMAT(BABR) . PL 24
: 20 FORMAT(248) PL 2%
.30 FOPMATISAB) | o eaiw: @ n w owpg we sy B @A
: 40 FORMAT(748) PL 27
.. 50 FOSMAT(4a8) oL 2n
60 FORMAT(328) . By 29
. .70 FORMAT(ES,0) . - . ' FL 3¢
8" FORMAT(R2) PL 31
QU FORMAY(FS, L) © e B 22
100 FORNAT(F6,0) pL " 33
.. 110 ro_nnntgun } L. . o e A . . PL.. 3e
120 FORMAT(F7,1)" PL 3%
€ AV_VELY VS nns SRANCK OF PLAT POUYINE ... PL_ 3
C SET SCALES PL 37
PO X .= 18 ey B = o e s tibmiiits il B, m
YSCALE s AVSCALF . PL 39
XHAX ® 10,0 ® YSCALE e e e o S .. PL 40
 YMAX 8 19,0 s YSCALE PL 41
. .A30 DO 140 J & 1,NRFLNS . T I T e W,
ACD) T AVVELY (D3 . PL Tas”
B(J) & AVVELMINGY) — e PL 4
. 140 C(J) a AVVELNAX(J) = PLT 48 -
.CALL PLOT(XSCALE,YSCALE,>y__ . . .__PL_ 4e
TCALL PLOT(D,,0,,1) ; PL 47
C_.PRINT _SURYEY AND TRAVERSE HEADINGS e . . .PL e
190 CALL PLOT(D0,,v1,8YSCALE,3Y PL a9
——————_ENCODE(64,10 ,8Ur) SURVEY PL__ %50 s
CALL TEXT(BUFi64,3) T PL 8y
- - ._CALL PLOTCD,,1,5eYSCALE,3) . __ _PL 82 s
TENCODE(24,50 ,XTEXT) GxPDSPD L 53
. CA EXT,24,3) R IIUTp SRRSO | . |
TCALL PLOYH.DOKSFALF.-) JSeVSCALE,3) PL 5%
ENCODE(16,20 ,3U7) TRAVERSE e PL __3s .
“CALL TEXT(BUF;16,3) i PL 57
RLBED.!SEEJM Pl 58
IFtAts) EQ, DEPTH(1)160 YO 230 PL 59
o FCO11) L EQ.YINYYLCLS) GO YO RO . . _PL_ 60 =
C PRINY SQALES FOR AV, VELY VS TIME GRAPH PL 61
e IGLCALL_QLO_U*}QLLEJ_’....UVSCALEJL___._.__ —— e P62 a
ENCODE( 40,30 i XTEXT) VELTQRPH PL” e
_____get.L_LEx.;.m.mn.n e g e S S _Et 64
: L PLOT(XSCALE,~2,%¢Y5CALE,3) ) P 63
vowoe. ENCODE(O4,30 ,XTEXT) AVVELVER _ . . ... _PL 66 - _
CALL TEXT(XTEXT,64,2) PL ey
ceemmee GALL PLOT(S QSXSCALR,»2,90YSCALE,SY . ___ _PL 68
ENCODE(S,70 ,BUE) AVSQALE [I% 69
CALL TEXT(BUF,%,2) PL___20 e
CALL PLOT(68,4e¥SCALE,~2,%0YSCALE,3) PL 71
—... ENCODE(2,80 .XTYEXY) UMIYS . . . . . o_.Pb 72
’ CALL 1euurax1.z.z) LTS
cece o . CALL PLOT(XSCALE,=3.00YSEALE, ) .. . . _ ._.___ ... . __PL _Qe __ N
Fucunstss.an JXTEXT) YIMEMOR ; PL ]
(XTEXT,56,2) - ==/ 5 ST
CaLL ﬂLon!.z-xscue.-S.oovscu.s.h ] T2
_____ ENCODEC(I, R0 _.BUEYYSCALF . _ . . . _.__PL._.78 S——
CALL TEXT(BUF,3,2) PL 79
—. C MAIN PLOT ROUTINE_FOR AV VEL'Y VS YIMFE_AND_DEPYM VS YIME S | I | .
170 CALL PLO;(O 100,:3) ’_t 81
180 CALL PLOT(O,,YNAK, 4} PL 83
s MY S OHANIYNCALE). & £, s o o ol Gl e e 3 smsis Do B8 -
s DO 100 M = g1;VY ) PL (1]
- YY.u  FLOAT(NY=H) = Q.03 __ __ _ . B5 o o e nas s e wibe, SBOL L L.
AY & (YY ¢ 0,03)0YSCALE . PL 8y
_-____EALLLLOLLMJ_IAL&d_ﬂSLALE‘!) ; e S . Y |- NS,
ENCODE(7,129, aurl sy PL - 89
SE——— -] |\ B YE!.U_BD':? e meme e e e e .~ Pl 90
CALL PLOT(=0, oa-lscALs.Av.s) PL 91
- L CALL TEXY({Mealal). e e . 8 : SOg( | CR |/
190 CONTINUE . PL 93
—— CALL PLOY(Q. . 0.0a8) ISR | N | e,
CALL PLOT(XNAX;0,,64) PL 98
00 200 _M » 3,13 S § SelONEEERE e S e W, |
XX » FLOAT(11=%) < 0.17 PL 9y
AR 8 (XX _e0,17)eXSCALE. gaommey  esg s g W v sa e Bl 90
CALL PLOT(XX®XSCALE,=n,SevYSCALE,S) PL 90
S _Eunmmxzn#un_u_ == e Bl 208
CALL TEXT(BUF,7,1) Y PL 101
% - AX_m AX = 0,0318XKSCALE — RN = e e e PU 102
CALL PLOT (AXje0, os-vscALE.S) PL 103
O CALLJ‘)"UHM.U — AR e a2 P @ - mw e owaw Pk 104
200 CONTINUE L 10%
...... LeLav(0,,0.,3) . | . | | S——
1F(Dt1),EQ.VINTYL(1)}. GO TO 330 PL 107
. 00210, _Jag,NRELNS T weE R B S S S RS % oo PL_t09
CALL PLOT(TNOUSHT(JY,6(J)48) - PL 209
CALL TEXT(1Me,2;4). s - i R . S £
CALL PLOT(TNOUBHT(Ud,ATIY,4) ” PL 31t
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.320 16709770
CALL PLOT(TNOUSKHT(J),BtJ)Y,4) 3 . PL 113
e o CALL TEXT(IMe,Na4) . . . ... ... _.BL 114
210 CONTINUE PL 115
IF(A(1),EQ.DEPTHT11) GO 10 240 . - | _ 5 PL 11
CALL PLOT(D,,YYAXe+4 anSCALE 3) L 117
C.DEPTH VS TIME 3RANZW OF PLOT_ROUTIVE PL 118
€ SET DEPTH SCaLE PL 119
e YSCALE @ DSCALEY ____ L. e e PL_ L0
YMax s 10,0 ¢ YSTALE . L 121
CALL PLOT(XSCALE,YSCALF,2) N . . PL 122
CALL PLOT(S,,9.,1) ToeL 123
DO 270 J =_1,N3ELNS : . . = ' PL 124
A¢J) = DEPTH(J) . L 12%
e IF(AC).OY YMAX) ACJY ® YMAX ... . N———— | R | T
B8(J) a DEPTHMIN(D) PL 127
IF(B(J),GTYMAX) BUJY ® YMAX_ . . " PL 129
CtJ) s DEPTHMAX(J) PL 129
229 IF(CCJ),0T,YHAX) CUJ) o YMAX . 5w : PL 137
GO Tn 150 PL 131
—__C PRINT SCALES FOR DEPTH_YS YIME GRAPH = e B ST A R W o A3 2
230 CALL PLOT(XSCALE,=2.eYSCALE,3) PL 133
ENCODE( 32,50 ¢XTSXT) DEPIGRPH — . =w T .. PL 13e
CALL TEXT{XTEXT,32,3) PL 138
CALL PLOY(XSCALE,~2,50YSCALE.})_ _ = B == PL 138
ENCODE(56,49 ,YTEXT) DEPTHVER L 137
e . CALL TEXT(XTEXY,36,2y S-S | CO - | I
CALL PLOT(S,20XSCALE,=?,5eYSCALE(3) i PL 139
e ...ENCODE(5.70 ,XJEXT)DSEsLEY .. __ . __. I _ PL tar
CALL TEXY(XTEXT,5,2) PL 141
(GALL PLOT(3.A+XSCALE, =230 YSCALE. 31, \ e .- PL 1e2
ENCONE(2,80 ,XTEXT) UNIT PL 143
CALL TEXT(XTEXT.2.,2) . o, | RS L
CALL PLOT(XSCALE,~3,08YSCALE, D) PL 148
. ENCODE(B36,40 .XTEXT) TIMEWOR  _ ____ _ .. _. _____. .. _ _P, 148
CALL TEXT(XTEXT,58,2) PL 147
. CALL PLQ_L(’LZ"SIA_LE‘_!—I!_’SQM‘.‘J__.___ R S 3.1 S,
ENCODE(3,90 (BUF) XSCALE . PL 149
: CALL TEXY (BUF,3,2) : Bh.. 150
C GO TO MAIN PLOY ROUTINE PL 151 -
= _. G0 TQ. 170 B o oeeeBreeeoe o o PL 352
240 CALL PLOY(O..Y"AI( KT o-vscu.e 3 PL 153
__C_INTERVAL VELOCITY VS DEPTW HISTOGRAM PLo__aqyrlns leaaons luci._nﬂn _PL 1894
C SEY 52"’62 Sales 5 PL 158 )
CAL ] CAL L S )
XMAX s 10,0 ® XSCALE - TR '1%3""'"‘
S — . {1 {1 G e SRR SR L W |- S
- YMAX ® VINTMAX . PL 159
e e —-CALL PLOT(O,,0,.1). . ——— e . PL 860
CALL PLOTU(XSCALE,YSCALE 27 BL 161
OCITY YO REALISTIC, PABDETERMINED RANGE (I3€. Q TQ
TC VINTMAX) o LT 163
.. RO 300 NRFLNS e e _PL 364
lr(vm'rvumur 65.0.) no to 250 PL 165
—— i LV LMNEY 8 (. 57 TR ——— | (1] .
! 350 IP(YINTYL(J),GE.0,)60 TO 260 ] PL 167
VINTYLEJ) = 0; = S — - PL 168

T360 IF(VINTVLMX(J),GE.n.36C T0 270 . . T’ . Po Al
YINTYLNXC) 3 6 - p_— Et_*tﬁ,.._. 5

278 IF(VINTYLNX(J}.LE,VINVMAXY G0 YO 280 i PL 171
VINTYLMX(J) & YHAX R __PL 172
280 INVINYVL(J) LE VINTMAX) G0 TO 290 PL 173
R - Pl 174
200 mvmvvum.n Ll uuvnur 6o fo 300 3 . L1785 ;
() u YMAX _PL_ 176 B
"300 CONTINUE N :tv 1;:
e 10 NAFLNS - - . - 3
DC) & VINTVL(JS - 179
o _EC4) m YINIYLANYJ) : s ,,gL R (1 S—
310 '(1) & VINTVLAX(J) L 184
. ¢ PRINY syrvay aNp TRAVERSE HEADINGS ‘L 183
—_ 3o to 130 . ____PL .84 .
T e PRINY SCALES FOR lvunm VELocx'rv VS DEPTH GRAPH . PL 189
S DI04~ BAr e br femem Ml oo d L 106 ..
ENCODE (64,40 .nun nuvenrn = L 187
CALL PAXYIKYEX?, AR BL 488 ..
“CCALL PLOT(4,77eXSCALBL=2.08YSCALE,Y) : i . PL 189
P EMME_MLHE'_Y)_!JDYM PO | SH & . 1
CALL TERT(XTEXT,6,3% PL 191
. _._‘___E.ALLE_LGJ_(AJ!!.P;MA_LA_!SHLLAL.__ U | G5 (| | SR
] NCODE (2,88 ', XT5XTY URITS PL 193
CALL TEXTIXYAXT)2.3) BL 194 -
CaLL PLOTIlSClLEl-P.!CVSglLE.J) PL 19%
e DE(72,110iXTEXTH VELINVER _ = geee _PL_ 198 .
CALL TEXT(XTEXT,72,2) PL 197
R — ALL_PLQMEALBL-M_!M_._ —— e PL 498
BRCODE(S,70 ,XTEXTIVINTSCAL : PL 199 ’
CALL YEXT(XYEXT,%;2} pL_200. . _ ..
CALL PLOT(8,96XSCALE,w?,.50YSCALE,3) - . PL 201
oo . ENCODE(2,80_ uN1TS { e ol ._PL.202.....
gALL TEn(x;g:vézi! . :t ‘;g;
2 oo CALL PLOT(XSCALI .‘_-J..n.-_!;:_a - N S Y
ENCUDE(56,40 ,XTEXT) BEPY "&i ] PL 208
CALL THXT(XYEXT.36,2) 3 PL 206 . _
CALL wLon!.uoncus..s,n-vscu. PL 207
_ENCOQB(S,70 ,XYBXT) DGCALER _ . e e e _.PL__208
CaLL 'ru (XTExT, 5,28 i pL 209
" _CALL PLOQY(9,8eXSCALE,»3,0eYSCALE,S). . . .. _PL_210
ENCODE(2,80 XYEI'!) UNITS PLT 211
Car TEXToxrdne, 2,29 — ¢ S
C PLOT ANES ° ' [JNRETE)
S iy © Lo_u:,.n..s)__._ SR | S | ..
o To Pl 213
LPLM_J_IEB_AL VELOCITY_ YS DEPYH MISTORRAM, _.__ ... ___ e Pl 218
330 At1) ’ DEPTHIL) pL 217
i - oL {- [
[ uo Js2,NRFLNS L 2190
e CALL PLOTCACJSAL, DAt g cres e Pl RO
340 CALL PLOT(A(J=19,0(J344) SoeL 221
e e BLOT(ACNRFLNS) [D(NRFANE) &) ... . . ... _.... .l_.PL 222
CALL BLOT(A(NRFLNS);O,,4) PL 223
__.:_ZLD.LEEM.LMB.S_ —— PL 224
4 NERK s NRFLNS « 1 : . PL 223
- = [ 1, NERX . Ph__226
~ NB » NAFLNSe1-J PL 227
VW_‘QLA?NPJ:JLLJU_.AL&FL_!L_._-.. et Pl 228 g
AL mmw-.u.n g o :t 1;5
...... - MBI e s s i i s
350 CALL YEXY an-.o.s) el PL T 238
' CALL PLOT(a(Y 5,8¢8),3¢ : pL_2%2
. 'mLL TEXY ¢S u ) . ) PL 233
A L _PLOTL 3““1)."1).41 e o o L. PL _234
B 'c LL TEXY(4He;D0,9) ;L gg;_
- L PLOT(O,,YMAX o 8,00 ¥SCALE,Y - i Sr—
’ ABTURN- . PL 2y
TEND g . - PL_.238
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SURRNUTIME TOXFELOT(IYNVEY,EYPNSOD, TRAVERSE, smm UNITS.NPTS, X, T 19
1x505rue-__'5_us(,n--n'mR-SLOPF.NA.NanMs)
5 SUBKSUTINEFR¥2BLRT 1PI0NURES ¢ T SQUARFD # X soquD FLNT oF ilL TP
C REFLECTIANS sMALY/ZZID, THE VEPTICAL AND HORIZONTAL SCALES ARE AKBITRARYTP
" AND SPECTIFIED 1o~ T4k Ma|% PROGRAM, THF X SQUARED SCALE IS IN SQUARED TP

T TRACE N, nNITS A
€ TSU-XSN BLAT RIUT|VE i T
~ DIMENSION SURVEY(8),F¥POSPD(X), TRAVERSE(27,X(50),T(50),3UF(9),TSQTP
1XST4), TSEVERTTBY, ¥SUHPR (), YNOTF (), ATEXTI9) P
DATACTSQYSE = 324 T SOUAPED - ¥ SQUARED PLOT Y (TSQVERT =z gdMTP
1 TSQUAQER SCALE (VERT, SCALF 1 INCW REPS, SAUARED SECS,) TP
2, (¥SHNR = 844 X SIUARFD SGALE (HOR, SCALE 1 [NCH REPS, SQuTP
JARED YugTS) YoC(XNATE » 64W NOTE  TRUE SHOT-RECEIVER [ISTANCE wTP
— - ... 4 THE ND, OF UNJTS o e Y 4
10 FORMAT(BASY o o ™w
2" FONMATE22R) ™
30 FORMATI7AB) |1
45 FORMAT(448) TP
SN FORMAT(3A8) TP
_61 FORMATIVS, 1) SEE = el mw
Y0 FORNAT(F4,1) S i P
8 FORMATIFS,0) ™
99 FOPHMAT(R?) . ™
190 FOPMATY(F?,1) " P
IF(NA,NE, 1) GO T2 135 i
_._C SEY SCALFS E— "‘F . b4
ASCALE = XSOSCALE 7 Tt oo T R 1
R _ YSCALE n YSQPSCaLt ¢ "
XM&X = 19, ® XSCALE . v ™
YMAX = 20, _® YSCALE R TP
CALL PLOY(D,,0,,1) i 14
.o _CALL_PLOT(XSCALE,YSCALF,2Y ~HETBTNGS' il
C PRINT SUWVEY AND TRAVERSE AND SCALE WEADINGS ~ — 7 -~ TTTToteT
. CALL PLOT(O0,,2,eYSCALE,3) _ P
ENcUnE(ol.lo 13UF) SURVEY g
P
. T 14
— - ENCOME(24,50 ,xTEXT).EXPSPO__ ___ __ __. . .. . . . hid
CALL TEXT(XTEXT,24,3) TTTT T Ty
CALL PLOT(4,08XSCALE,1.50YSCALE,Y) T’
ENCODE(16,29 ,3UF) TRAVERSE ’ - . P ]
_ . _CALL TEXT(BUF,16,3) I . . P
CALL PLOT(1,0¢XSCALE,1,00ySCALE,3) ) R T

I ENCODE(32,46_i3yF) ySaxsn

CALL TEXT(BUF,32,3)
~o .. ..-CALL PLOT! 0"55 LE,N.58YSCALE,3) et
TSQUEST : '

9
. CALL_ TEXT(BUF,84,2)
CALL PLOT(S,35aXSCALE»N.5eYSCALE3)

o ENCODE(4,20 ,BUF)YSCA(F
CALL TEXT(OUF,4,2)

e . CALL PLOT(1,00XSCALE,.N,,3) . . _

- ENCODE(64,10 ,3Uf) XS@WOR

CALL_TEXT(BUF,84,2)

CALL PLOT(S,30eKSCALE,,3)

e.__ENCODE(5,80 ,BUF) XSCALE ___ _ -

B

TN N AN

12
11
1?2
12
L%
1s
16
17
1R
10
20
23
22
PR
29
2s
26
27
28
20
30
31
2
33
34
35
34
37
_. 38
39
40
a1
T}
43

CALL YFXT(BUF.!.Z)

44

=0,3eySCALENY) w58 _
Enconstoa.io .3UF) lroE W 59
— - CALL_YEXT(AUF,64,2) VIO T | . |4
CALL PLOT(8,50XSTALE, »n. S8 YSEALE,S) P81
v - —ENCODE(S,060 BYF) STNINT e e w62
CALL TEXT(BUF,$,2) B L
S CALL PLOT{?,20XSCALE en, 90V§§ALE!3) S S
ENCODE(2,90 ,XTEXT) UN] 1]
e« e ._CALL TEXTULXTEXT,2,2) v WM awe BerEs G 4 S U L
CALL PLOY(0,,3,00YSCALE,3) TP
v BUOY AXES AND SCALES . ... coolbonn s s »oue o s secwme o o oy, o YP o OB
CALL PLONO..O..H w68
- - i e B | R
HY « (vmx/vscn\.a) * 1 Y 1
oo ...D0_130 M e 1.NY T L R, e —wB 72

YY m FLAAT(NYeH) = 0,08
cmimeoma AY. ® (YY e 0.03)eYSCALE _ __ et s G S
CALL PLOT(-0, QUOKSCALE.VYoYS
PRS- | - -
CALL TEXT(SUF47,1)
CALL PLOT(=0,020XSCALE,AY,3).
CALL TEXT(1H=40,1)
110 CONTINUE -
CALL PLOT(0,,0,,3)

XX e FLOAT(11eM) -~ 0,37
AX & (XX +0,17)6XSCALE
L call_ PLm(lX-XscALE.-n sﬂscu_e.s)
"ENCODE(7,100,BUF) 4

__GALL_.LFXLLEULLJ.L P R =
AX s AX = 0,018XSCALE
CALL nov..uxu_o 05eYSCALE,S) . _. Y
CALL TEXT(1WT;23,T)

120 CONTINVE
CALL PLOT(0,,0,.3)

—_ NIINUE . e
C PLOT INDIVIDUAL DATA POINTS
: DO 140 NX = 1,8

IFENA PO, 20NX~ t) Go TD 150
JFCNA,EQ,20NX) GI TOQ 370 _
140 CONTINUE

__.__-x?.LD_Q_un_ I8 1,\ !LPS S TN I—1 ¥ -
CALL PLOT(XCIY,T(1Y,3)

160 CALL TEXT(1He®;D,3)
G0 TO wo

170 DO_380 1 ® 3,VETS _ L ;
CALL m.ovmn T,

ceem 180 CALL 'r___snum.__._z_) e R W e R R (R ) §
C PLOT LINE OF BEST T

197 XSOMAX = X(NPT5) ¢ XSCALE ~
TF(XSAMAX G, XMAX) XSQFAX 3 XHAX -
_TSamax » TINTER » xSnMmAx- s _SLOPE

‘CALL PLOTUXSAMAX,TSUMAY,N)

e CALL PLOTLO,, TINTER, O 3 -
IF (N2 ,NE ,NRFLNS) GO TO 2R0
i e TP BLYMRE & 50 & YSORLE oo oo i s s s

CALL PLOT(0,,T72,3)

200 CONTINUE_
RETURN
END




IN2UF DaTa FOF GOs3ES ALJFF SEISMIC SURVE™ 19469 Gb/Bs  (5k)

GEDPHONE S & INTERJAL = 11457
VALUES TARULATED ARE GEMPHINE STM, NO, (X J).)s1,NPTS) AND TaO-4ay TIME (T(J),J31.NPTS) FO V1WE CORIESPINDINGILYS
NATE 1 THE TRUE SHOFT-RECEIVE®R DISTANCE = x(J) e 110FT

2 THE TIMES T/J) HAVE 3EEN AVERAGED FR0OM T]MES FRO™ 30TH SIDES IF THE SHOT

FEFLECTION NO. 1 TN0IGHAT = 1.318 NP7S = 30
1,900 2.%30 5.0)y 4,941 5,000 6,000 7.009 8.000 9,000 10;000
137000 16.000 20.00 24.0u% 28,000 32,000 36.000 40.000 45,000 507000
S56.000 52,700 63.07°0 74.900 76.000 80,000 83.000 B6.M00 90,000 93.000
1.315 1.315 1.315 1.316 1.316 1,317 1.317 1.318 ‘1,318 1.319
1.321 1.322 1,325 1,327 1.333 1,339 1.344 1.350 1.357 1.349
1,391 1,397 1.412 1.430 1.437 1.449 1.460 1,472 1,488 1.499

" WEFLECTION ND, 2 TNOUGHT = 1.668 NPTS = 30
1.000 2..00 3.0°'¢ 4,900 5,000 6,000 7.000 @.0R0 9,000 10:000
19:0¢0 28.400 $7.000 46.090 55,000 64,C00 73,000 82,000 91,000 98.000
50.000100.970 63.070192.007 7.000104.020 78.000306.000 86,000108.00
1.670 1.669 1,667 1.567 1.664 1,666 1.668 1.669 1.668 1.6%8
o 1.672 1,683 1,635 1.705 1.717 1.737 1,766 1.780 1,809 1.537
1.713 7 1.8417 1.728 1.854 (.743 1.86% 1.781 1.6872 1.800 1.880n

REFLECTION NO. 3 TNOUGHYT = 1.878 NP1G 2 30
1.800 2.u00 3,000 4,997 S.000 6,000 7.000 A,n00 9.0060 10.000
19.000 28.000 37,010 46.09¢ 55.0800 44,000 73.000 B2.000 91,000 98,000
_50:90n100.000 60.000102.002 A7.090304,000 78.000106.n00 86.060108.000
1.883 1.882 1.884 1.88% 1.A84 {.882 1.8B0 1.8B81 1.882 1.882
1.R88 1.898 1.899 1.913 1.916 1.937 1.958 1.974 1,998 2.028

1.914 2.026 1.930 2.335 1.948 2.043 1.959 2.050 1.995 2.057

"REFLECTINN NO. 4 TNGIGHT = 2,380 NPIS = 30

1,000 _2.000 3,000 4.709 _5.000 6,000 7.000 8.n00.  9.000 103000
00 28,000 737.000 46.309 55.000 64.000 73.000 82.000 $1,000 98,080
00190.000 66.000102.000 67.00014,000 76.000106.000 86,0001085000
380 2.380 2.380 2.380 2.381 2,381 2,381 2,382 2.382 2,382
2:382 2.385 2,391 2.400 2,409 2,420 2.438 2,451 2,468 2:476
2,403 2,484 2,415 2.487 2.427 2,495 2.444 2,497 2,459 2,502

REFLECT!DN N0 5T T TNOUGHT = 2,835 T NPT = 30
.000 3.030 4,000 $,000 6,000 7.000 8,000 S.000 10,000
00 23 000 37.000 46.000 85,000 &4.000 73,200 82.000 91.000 98,000
. 507000100.000 60.070102,.390 67,000104,000 78,000106.000 86,000108,000
33

2.638° 2.636 2.635 2,634 2,634 2,633 2,639 2,636
37 2.37_2.645 2,853 2.684 2.072 2.686 2.695 2.718
357 .730 2.670 2.735 L6680 2.741 T2.693 2.742 "2.711

“REFLECTION NG.™'6 TNOUGHT = 2.990 ~ NPTS 330
_1;000_ 2,900 3.000 4,900 3,000 6,000 7.000 8.000 _9.000 10.000
19,

©00N 28.000 37.000 46,000 55,000 64.000 73. 000 82.000 91.000 783000

503000100.300 80,000102,900 87, oon:ol 000 78.000306.000 B6.000108: naq .

TIIO90 2.990 2,990 3.990° 2,990 L3.990  2.990 2 991 2,991 2,992

_..2.992 2,993 2.097 3,000 Mg _c. 3,030 3 mu 34089 | = . =
3.004 3.070 "3,012 “3.078 o 0“37 . .on s'oﬁ

© e en Aol 53 Sots -
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PROGRAM
VELSPRED
{
ﬁead sunvm]

Read UNITS and all
graph scales

ZRead TRAVERSE,Z -

Read NRFLNS, NSTDEVNS,
STNINT \ |

Read TNGUGHT, NPTS, X(I),
T(X)
Subroutine

SQSFITER | —— square X(D, T(D |

Make least
square fit

. A

Subroutine
T2X2PL@BT g
PlotT2-x2 Correct for scaling A
graph of X(1) values

]

Calculate AVVEL, DEPTH,
VINTVL and all errors

7 Any S
more refl X\

-ections in this

traverse 2,7

Subroutine No

PL@T25XX Print input and output
Plot results data in tabular form

¥
‘_—'»——iRead next card /

To occompany Record 1972/83

PLATE |

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

. STNINT: Geophone station interval

or P-wavé velocity in sea-water
TNOUGHT: Two-way reflection time at
the centre of the expanded
spread or at shot-paoint
NPTS: The number of data points for
that particular reflection
X(D): Geophone station number
or direct water-wave arrival time
T(I): Corresponding retleciea wave
arrival time
AVVEL: Average velocity
VINTVL:. Interval velocity
E@QF: (End of file card)

FLOW DIAGRAM

PROGRAM VELSPRED

i85 3-16i A



SUBROUTINE
SQSFITER
Input data from VELSPRED
is X(D), T(D), NPTS

Set all sums
to zero

Y

Compute XSUM, XSQSUM, TSUM
' and XTSUM

Y

Compute SL@PE and
TINTER by least squares

Y

Compute VARSUM

Y

Compute VARSLOPE and VARINTER

Y

Take square roots of variances
to compute standard deviations

Y

Output data is SL@PE, DEVSL@PE,
. TINTER, DEVINTER

" RETURN

To accompany Record 1972/83

PLATE

XSUM: Sum of X2(I

TSUM: Sum of T2(I)

XSQSUM: Sum of X4(I)

XTSUM: Sum of X2(*T2(I) g
SLOPE: Slope of plot 1
TINTER: Intercept of plot
VARSUM: Variance of least squares fit
VARSL@PE: Variance of slope

VARINTER: Variance of intercept
DEVSLOPE: Standard deviation of the slope
DEVINTER: Standard deviation of the intercept

FLOW DIAGRAM

SUBROUTINE SQSFITER

G85/3-162 A



SUBROUTINE
T2X2PL@T !

PLATE 3

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

XSQSCALE, TSQSCALE, TINTER, SL@PE, !/

NA

Plot individual data points

1

Plot graph headings

and axes

on T2-X2 plot

7o accompany Record 1972/83

Plot line of best fit for
the particular reflection

——

-

XSQSCALE: X2 scale
TSQSCALE: X2 scale

NA: Current number of the reflect-
ion for the velocity probe

Move plotter origin
for next graph

|

RETURN

FLOW
SUBROUTINE T2X2PLOT

DIAGRAM

G85 3-163 A



' ' PLATE 4
: ( SUBROUTINE
PLOT25XX )

Input data is SURVEY, TRAVERSE, STNINT, UNITS, TNGUGHT,
TSCALE, AVSCALE, AVVELY, AVVELMIN, AVVELMAX, DSCALEI1,
DSCALE2, DEPTH, DEPTHMAX, DEPTHMIN, VINTSCAL, VINTMAX,

VINTVLMN, VINTVL, VINTVLMX

A =AVVEL
B =AVVELMIN
C =AVVELMAX

Y

Plot survey and traverse
headings

TSCALE: Time scale
- AVSCALE: Average velocity scale
AVVELY: Average velocity
AVVELMIN: Average velocity (min. value}

i AVVELMAX: Average velocity (max. value)
A(1) = DEPTH(1) DSCALE!L: Depth ordinate scale
k 2 DSCALEZ2: Depth abscissa scale
DEPTHMAX: Depth (max. value)
P N No
:il.::; d‘::"l‘l DEPTHMIN: Depth (min. value)
headii pand N VINTSCAL: Interval velocity scale
B= VINTMAX: Max. interval velocity
axes ;
(input as a reasonable constant®
— Plot average velocity VINTVL: Interval velocity ‘
D = VINTVL time graph headings and VINTVLMX: Interval velocity plus jerror
E = VINTVLMN . VINTVLMN: Interval velocity minus error
F =VINTVLMX *
Values are
restricted from Main point-error bar plot
0 to VINTMAX routine for average velocity

and depth - time plots
I Yes
Is

A(D)=0 A(1)=DEPTH(1)
? ;
No
i A=DEPTH - i (
N . B = DEPTHMIN T
C =DEPTHMAX Plot interval velocity
. -depth graph headings
and axes

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

RETURN

FLOW DIAGRAM
SUBROUTINE - PLOT25XX

243

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



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

6]
[}
110
!
10-0 — |
90 —M
80 - b

60 JM

T2(Seconds)

PLATE 5

0 7 T T T T

1 T
0 3000 6000 . 9000 12000

X2 (Geophone {Jumber)
Kt
NOTE: True shot-receiver distance = Numbgr of units x H0;0 feet

i

/

GOSSES BLUFF SEISMIC SURVEY 1969
EXPANDED SPREAD . GB/BA (SE)

T SQUARED - X SQUARED PLOT

To accompany Record 1972/63

4
15000

F53/83-193)




NOTE - This is o 3/5 reduction from the origing} computer printout.

22000+
20000
18000 @
16000
I4000j ’ X
IZOOOﬂ

10000

Velocity (feet/second)

SOOOJ
6000
4000

* 20004

3

PLATE ©

0 T T T T T T T
(0] 10 20 ’ 30

Time '(Seconds) -

r
’

N !
/

GOSSES BLUFF SEISMIC SURVEY 1969
EXPANDED SPREAD  GB/BA (SE)

AVERAGE VELOCITY Vs. TWO-WAY TIME

To accompany Record 1972/83

40

50

F53/B3-194A




% )

i‘ PLATE 7
NOTE : This is @ 3/5 reduction from the original comyp ter printout.”
50000 $ i
45000 .
40000
35000
)
30000
4
BN
$
;— 25000
13 3
Q
20000 X
= {
15000 -
10000
5000 E
0 T T T | T T n !
o] 10 2:0 30 4-0

To accompony Record 1972/83

Time (Seconds)

GOSSES BLUFF SEISMIC SURVEY (969
EXPANDED SPREAD

GB/BA (SE)

DEPTH Vs. TWO-WAY TIME

@

“

F53/83-195A




50000
45000
40000

35000

25000W

20000

Interval Velocity (feet/second)

15000

30000+

li

NOTE : This is @ /s reduction from the original compuier printout.

10000

5000

PLATE 8

T T ) - —T T T
10000 20000 30000 40000

Depth (feet)

GOSSES BLUFF SEISMIC SURVEY 1969
EXPANDED SPREAD GB/BA (SE)

INTERVAL VELOCITY Vs. DEPTH

7o+ occompany Record 1972 /83

!
50000

F53/83-196A
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