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ABSTRACT

The objective of this thesis is to test the usefulness of a new
processing teéhnique in enhahcing seismic evénts; The principal
technique is a weighted differential stack ( WDS ) assuming uniform
moveout fér the expected arrivalse. This technique is applied to
selected records from & near—continuous crustal seismic refraction
survey conducted near the Manitoba-Ontario boundary to the east of
Lake Winnipeg, during the periods of.June to July, 1967 and May to
June, 1968. The recqrds are obtained from stations P30 to P40 and P48
to P59 ( as indicated in the field books of this survey ) which were
previously digitizeds filtered, and recorded on two separate 800 bpi
tapese The results obtained are very satisfactory. There is a definite
improvement in the.resolution of the arrivalslover those observed on
the original playback records and the sections given by Hajnal ( 1970 )e
The WDS traces not only confirm the existence of the events interpreted
as Pg, P¥, PP, Pn, and PFPP by Hajnal { 1970 ) on the records but. also
show the presence of two other events, referrred to as Xl and X2, not

previously identified by Hajnal on the same records.
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CHAPTER I

A SHORT DESCRIPTION OF THE DATA USED IN THIS STUDY

1.1 Introduction

vExplosion seismology has increasingly become an important field
in the study of the earth's crusts Here in Manitoba, such studies
began in the early 1960's. Sincelthen a number of surveys have been
made and their results published. A compilation of all previous
"seismic work by the Uhiversity.of Manitoba‘crustal study group since
1961 is given by Hall and Hajnal ( 1973 )e Dorn ( 1974 ) traces the
development of the seismicvmethod‘in this university;

1.2 A Review of the Survéy

In the summers of 1967 and 1968 ( June—July; 1967 and May&June;
1968 ) a near—bqntinuqus refraction suivey was conducted near the
Manitoba-Ontario boundary to the east of Lake Winnipeg ( Figure 1 ).
The data gathered in this survey together with the data from two other
surveys conducted over the same area { a regional refraction survey
and s near-vertical reflection survey ) were analyzed by Hajnal'
( 1970 ). The near—continuous refraction survey is the main subject
of the present investi_.gation. However, only those records of good
quality arebused heree These are the recordings from stations P30 to
P40 and P48 to P59 as dgnoted in the field books of the survey and
which Hajnal referred to as stations A-30 to A=-40 and A-48 to A-59.
These data wWere previously digitized, filtered, and recorded by Hajnal
on two separate 800 ﬁpi magnetic tapes. The amplitude response of the

applied 5-25 Hz bandpass filter is given in Figure 2 The set of
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Figure 1. A schematic diagram showing the location sites of the
continuous refraction survey.
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Figure 2. Amplitude response of a 100-p01nt, 5=-25 Hz bandpass filter
modified from Hajnal ( 1970 ).

recordings corresponding to stations P30 to P40 of the field books is
indexed 30 to 40 on the fape; the other set correspbnding to P48 to
P59 is indexed 41 to 52. Since information for more than Jjust one
station is contained in each data set, the indices are used to |
distlngulsh one record from another withln that set. A 'record!’
contains the complete set of digitized information from the twelve
channels at a recording site. Thus 'reqord' will be used %o refer 1o
the set of logical records on tape which begin with the same index
number. H_enceforth."record' and 'station' will be used interchangeably.
For future reference, a descripiion of these tapes, information
regarding thé data stored here, and comparison of the riotation used
in desighating these records are given in Appendix A.

The recordings wore made along the provincial highway 304 using




seismometers of the Qeo-Space HS-10-1 type with a natural resonant
frequency of 1 Hz;.The reader is referred to Homeniuk ( 1972 ) for a
diagram of the response charactermstios of thls instrument. Ai each
site an effort was made to 1ay out the one-mlle spread of 12
geophones as closely in line with the shot point — station direction
ag possible. The field books show that there was difficulty in
achieving this as the linear array commonly formed angles © with
respect to this dlrectlon of about 40° to 70" Other stations, however,
were aligned to within 6’ The array geometry is shown in Figure 3.
The geophone spacing was approximatel& 144 £t ( 0.132 km ).
Continuity in this survey was achieved by meking the last geophone in
each one-mile spread the position of the first geophone in the next
one-mile spread that is laid oute Of the twelve selsmometers, four
were used to record horizontal motion in channels 2, 3, 10, and 1lj
the rest were used to Tecord vertical ground motlon. Each seismometer
was oonnected to a single takeout. In thls'investlgation, only the
vertical channels were used and interpreted.-Hajnal glves an
excellent discussion qf the instrumentation, digitization, and
filtering of the data. Hence no further discussion of these-is
needed.

The data on the magnetic tapes have not been corrected for de-
shift and modulation difference. The appropriate corrections were
therefore m&de. For each record, the dq-shift correction was achieved
by subtracting the average of each trace, corresponding to each
channel, from each trace element in that channel. Modulation
differences between channels were corrected by simply scaling the

traces to a common maximum amplitude value. Only the first eight
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seconds of each record were used and edited as described above. These
edited data were then written on magnetic tapes at 6250 bpi.
1.3 Timing

The times toy of the beginning of the digitized records on tapes
for the stations P; relative to the explosion of the charges at the
.shot point were redetermined. According to Hajnal,»this-information is
in the digital tape file book which he started, but this was not
available fbi this investigation. The early part of each record was
rlotted according tb a known scale. At leagst three very sharp peaks

which fall on the division lines of the analog playback of the best




quality single channel trace were chosen. Th.e-ti'mes ti,5 of the peaks
were then read as accurately as possible. It was found possible to |
read each by, 5 UP to three significant decimal figures with an
estimated average error of ¥ 0.005 sed. The -computer plots were later
compared with the analog records and used to iocate the sample number
and logical record number* of these peakse. The times %;,j of these

peaks from the beginning of the digitized recofd were calculated.

Thus the time of the begluning of the digitized record Py was found

using
. n '
(1) ot m|) tg -y | (e )7
=1

where n = number of peaks used in the measurement. This method differs
from that applied by Hajnal who used first break informgtion. Since
'the first break may not be cléar on either fhe analog o¥ the digital
record in the case of hoisy cﬁannels, the preéent method is consldered
more reliable. The use of the peaks in this measurement was made
possible by the availability of the Calcomp plotter in the present
computer systeme.

Since the time 6f explosion of the charge can usually be '
determined only up to one or two significant decimal figures,‘the

error estimate of * 0.005 sec represents the minimum error in

* Hajnal referred to each logical record as a block in his
discussion of the timing of digitization. In this particular case this
is possible as on these tapes, each physical block contains only one
logical record. However, the terms ‘'block' and 'logical record! will
not be synonymous if the recording is made on tape such that more than
one logical record is put in one physical block, i.e.y a blocked
format is used.




determining the times of the start of the digitized records. This
must be counted when estimating the error in the timeé of the
arriﬁals in any record. In this thesis, error estimates are made
whenever possible as an aid in comparing results.
1.4 Digitigation | |
In Chapter V of Hajnal { 1970 ), a fairly complete description
of the digitization process is giﬁen; However, the manner in which
the data is written onto'the megnetic tape during the digitization
is not mentioned there. Since this affeéts the relative shifts of
| the channels required for the weighted differential stack,
pafticularly at high Qelocities, this process will be discussed heTes
The ana1§g to digital process is illustrated schematically in
Figure 4. In'this figure, chaxmel 1 is sampled at time T . This
sample.is then written onto the magnetic tape as 1 byte of
information. Then channel 2 is sampled at time T + O/12, where A is
equal to the sampling interval of 0.,0017143 sece. This samﬁle is
written onto the ta@e as the next byte and so on. Sampling of the
twelve traces, therefore, is not along AB but along AC. The next
sample from analog trace 1 is taken A sec later than the previous
sample taken from the same trace and is A/12 sec later than the
| sample from the analog trace 12. The process is repeated.

1.5 Example of a Digitized Record without Weighted Differential

Stack
A plot of the first seven seconds of data for station P37
stored on an 800 bpi tape is shown in Figure 5. This is a replica of

the analog playback for the same station. The arrivals identified by
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Hajnal are'indicafed.»Clearly, picking out the important events is
not easy. In this thesis, it is shown that the application of a
weightéd differential stack on this and other records improves the

signal to noise ratio and greatly improves the resolution of the

~events.
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CHAPTER 2

FROCESSING OF DATA

2.1 Description of the Principal Processing Technigue

The principal technique used in this study is a weighted
differential stack ( WDS ). In this method, the seismic traces in each
| record are weighted according to their calculated signal to noise |
ratios. The traces are thén shiftgd relative to each other according
to the apparent velocity of an event being investigated. If the
apparent velocity is assumed wniform for each geophone spread then the
relative shifts from trace to trace are also uniform. .The traces are
then stacked or summed vertically into a single trace. This is
illustrated in the following example.

Suppose 12 traces of recérd 1engfh 25 sampies are read into a
(12,25) matrix where each. element xi,j ( i=1,12 ; j=1,25 ) is repre—
sented by(a half—wordf Let channel 1 be the reference channel with

"respect to which ail other channels are shifted. For simplicity,
assume that digital sampling of the 12 traces is takenisimultaneously
at,any_time T = nA for some value of n. The maé complicated situation
which involves the point raised in sectidh 1.4 will be treated later.
Also consider positive apparent velocity v for the pih-element of the

stack trace, i.e., the single trace which results from WDS:

*The maximum decimal figure in a half-word is 32000.
11




12

. 12
(2) o z;~= :Eg:: ﬁavxi:p + k(i) | 1< p< 25'
i=l
(3) k(i) = Int (i-1)d cos ©
_ YA
where z; = pﬁﬁ element of the stack trace for velocity v
Int (o) = o rounded off to an integer
v = apparent velocity
d = geophone Sepafation
&) o= angle shown in Figure 3
A = saﬁpling ihtérval
Wy = modified weight of the iig‘ trace

W = Wy = W10 = W1 = O (eliminates horizontal traces from
. the stack) .

In this example,

Zl = W) xl,l + W Xz’lqk(z) + ‘o o o *+ W12 X12114k(12)

v ~ ~ ~
22 = Wl Xl,z + Wo X2,2£k(2) . o.c 4+ W12 x12,2+k(12)

The elements Xj,1 to ¥j,k(i) of the 1B chanmel (2= i1i=12 ) are

discarded while an equal number of zer§es are added at the end of the
trace to maintain the length of 25 samplés.vAn illustration is given
in Figure 6.

Each weight %i is calculated using the average power of the signal

" and average;power_df the noise in the iih trace. Denote an element of

the signal window as xi j and an eiement of the noise window as x? j .
’d - ’
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stack using k(i)=(i-1)

for all i. Each ,v .is the sum of the elements in the

colum p of the matrix.

The noise window is tzken from the section of the data before the first

break while the signal window is taken from the section of the data

with maximum and approximately uniform signal amplitudé on all the

traces.@

From Parseval's theorem, the mean square value or average power

in the signal window in the ilR trace is

s 1 E s 2
P, = = ..
1 Ml <xl,3)

while the average power in the noise window is

(_4)

M
no_1 n 2
(5) P M:Z_; ;)

_ : *
where M is the number of samples in either window. The length of the

@ A discussion on the choice of the signal and hoise windows is

given by Friesen ( 1974 ).
*

Jenkins and Watts, Spectral Analysis and its Application

~ (Holden~Day, 1968).
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- noise and signal windows in a trace must be the same to avoid biasing

the signal to noise_ratio'estimate. This ratio may then be calculated as

C M=l
DN S
(6) | PV A
Pn
i M-1
> &)
j=1- 1sd

for the i®A - channel. From Friesen { 1974 ) the optimum weight is given

by

2

| PR/, = 1%
(7) oWy o= | : P3 | //(P?)%

Now it is desirable to have sufficiently large maximum value for
elements of a trace to preserve sufficient detail in the wavefornms.
Since in the programs ~each trace element is stored in a half-word
only, the weights wl are modlfled to keep the product elements w: 1%5 1
of the weighted 1 trace, and also the sums of these product elements
(which sums are the elements of the stack trace ) below 32000. These
modified weights are denoted ﬁ;.

WDS may be classified as a velocity filter because the traces in
a record are shifted relative»to each other according to thelapparEnt
velocity of the desired event. waever, compared to the velocity
filter used by Hajnal ( 1970 ), Baer ( 1972 ) and Homeniuk ( 1972 )
on seismic reflectlon data, this method has the clear advantage of the

weighting factors Wi‘

2.2 Stack using Uniform Moveout

The calculation of the.weights was incorporated by Friesen ( 1974 )
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in the subroutine WEIGHT of the program :NSTACK written by Friesen and
Stephenson (vUnivefsity of Manitoba )+ The present writer subsequently
modified the'main proéram and renamed it MVSTACK in order to introduce
changes in the manner'of'plotting and calculation of the relative
shifts. The progfamrMVSTACK used in this study'is'listed.in Appendix
E. v : | . :

Uniform moveout is assuﬁed in applying MVSTACK. The results
obtained show that eight Vertical traces stacked together give good>
enhancemcnt of the arrivals, while 144 ft of geophone separation:
appears sufficient to permit resolutlon of arrivals falllng in dlfferent_
velocity ranges provided the seismdmeter array is in close alignment
w1th the shot point - station direction.

WDS is applied to the first seven seconds of each record. For each
of records. P30 to P40 a uniform scale is used in plotting the stack
traces since. the a:rivals over the entire seven seconds have comparable o
amplitudes. For each of records P4l to P52 a first plot‘of the stack
traces ( length = 7 sec § scale = 8] ) show arrivals in the first half
( first three or four seconds ) with larger amplitude relatlve to later
arrivals in the second half. Hence a second plot ( scale = 85 5 Bo>8y )
of the second half of each éf P4l to P52‘is_éone for purposes of pre-
-sentétion. The original picks of'the arrivals in a record are based onf
the first plot. However the times of these érrivals are based on the
second plot.The choice of s, is subjective but as a general rule, it
is chosen such that noise does not give rise to fictitious arrivals.
The ratio S = S2/51 is given in the labels of the figures. An example

is given in Figure T.
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2.3 Calculation of Relative Shifts between Channels

When a set of 12 sampleé corresponding to 12 channels are stored
in a column of the‘array DATA of program MVSTACK, these samples are
assumed to have the same time coordinatesj i.e., they were taken from
the 12 analog traces simultaneously. In view of the discussion in
section 1.4, this manner of gtorihg information in the array DATA
results in an automatic shift to the left of the samples corresponding
to channels 2 to 12 by A/12,2A/12,. . +, and. 114/12, respectively.
Call this shift the dh-shift, after data‘handling. This is illustrated
in Figure 8. |

A consequence of the digitiiation of data is the limitation of the
relative shifts of thé channels to only integrél mulfiples of A.

Without taking the dh-shift into account, the shift of channel i
| relative to channel 1 is given by equation { 3 ) for .,éssumed constant
apparent velocity v. When thé dh~-shift is taken into account, the dh—.
shift is added to k(i) when v is positive. Thus for a chosen v, the

resultant shift of channel i is

(8) R, = (1-1) A  , 4 | (-1)d cos ©
12 vA

. Define the effective apparent velocity for channel i by °

(9) ) (i—l)d.cos 6

i =
Ry A

Clearly, ;i is different for each channel and is also different from

v. From equations ( 3 ) and ( 9 ),

(10) vego= TELA
* 12 Ry
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tape jnformation into two dimensional arraye

Since Ri is a function of cos © v'"1 then v - ;i is approximately
_promrtional to v° and inversely proporti‘onal to cos ©. Truncation
by the function Int ( ) causes k(i) to vanish for certain values of Ve

For instance, k(4) vanishes when v > ~ 230 km/sec, & ~ 10° 3

v > ~ 180 km/sec, © ~'4O . and when v>> ~ 80 km/sec, 8~ 0%

12d cosé |

Consequently, the dh-Shlft dominates, the value of V4 jumps to A2

and equation (10) ceases to hold. The velocity limits are greater
for other channels. In the present study, only non-vanishing, integer -

values of k(i) are con51dered.

The use of Ri and vl in the calculation of the relative shifis
is shown in the following example. Suppose it is desired to plot three
stack traceé cofresponding to chosen apparent velocities v vl =
8.40 km/sec, vZ2 = 15.00 km/sec, and v3 = 70.00 km/sec. First, using

equations (3), (8), and {9) construct a table of values of k(i) and

V4 as shown in Appendik
vy are calculated for ©
of v are also given for
vi

as follows. Consider

with respect to channel

C. As these values may vary with 8, k(i) and
= 6% 23%-and 7é>in this example. The values
comparison. Next, determine the relative shifts

in particular. The relative shift of channel i

1 is the value of k(i) at which ¥j is closest
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to vi. When i = 233310311 set k(i) to zero. Then calculate the average
effective apparent velocity V given by
12

( 11 ) ' Vv = E::jvi

oo 7 i # 233310311

In this example, if & = 6: v ; 8.43 km/sec; if © = 23, v} = 8.42 km/secs
and if @ = 72 V' = 8.51 km/sec. |

At the appropriate value of 6, the values of k(i), i = 2,12, are
read into the first‘row'of the array ISHIFT of the program MVSTACK
while V! is used to label stéck trace l.

Similar procedure is followed for v2 and vi.




CHAPTER 3

PRESENTATION AND EVALUATION OF RESULTS

3¢1 Preliminary Remarks

In the following discussion,Athe events identified by Hajnal
( 1970 ) will be Tepresented by the notation Pg, P¥, PP, Pn, and -
PPPP, Their arrival times on each-record_were obtained>from Table VI
of Hajnal ( 1970, p.110 ).

Tﬁe arrival times identified on the records in this study'are
denéted Ay, Ap, etc. in the order they appear in time on each record.
They were identified_‘ﬁmdependently of Hajnal's interpretation. They
were picked solely-on the basis of the obsérved changes in the waveform
- and amplitude oﬁ each stack tracg.’Fbr this purpose, afgraphing
paper ( density = 20 lines/inch ) was used as an ﬁndefla& and zero
lines were drawn through the tracese The apparent velocity of an
event A; is the effective appérent vélocity V of the stack trace 6n
whioh it has maximum amplitude.enhancemént. The time of Aj was
determined using the same trace. An error estimate of the time was also
determined. fhe tofalltiming error WaS'theﬁ obtained by adding to this
estimate 0.02 sec, the approximate errof in the shot time, and 0.05
sec, the error in thevtiming of the start of a digital record. In
this study, the fimg of an arrival was measured with iespect to
channel 1, as all the other vertical channels were shiftea with»
resﬁect_to, and added to channel 1 in.the stacking process.

The referencé time indicated onleach of Tables 1 to 22 refers to

the time at which the piot in the accompanying figure begins
20
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felative to the shof time. The stamting time of all digital records
( P30 to P52 ) are given in Appendix A.

The rules for the‘calculation of errors and the expressions
used to estimate error in thé intercept and slope of the linear
least sﬁuare fit to the data are given in Appendix D.
3.2 Results o
(1) A1l the WDS records show definite improvement in their signal
to noise ratios over the original unsﬁacked traces. On many of these
records, more arrivals ocan be picked and timed than on the aﬁalog |
piaybacks or the sections given by Hajnal ( i.0., the traces shown on
pp'il3-12l of Hajnal, 1970 ). Comparison of Figure 5 with Figure 16
and the section for P37 in Ha.jna'.];:(.1970, p.119 ) demonstrates this. ‘
(44 ) On the basis of geismic event enhancement, reéolution, and
effectiveness of apparent velocity discrimination, the WDS stacks of
all records in this study may be classified into approximately four
groups. |

Group I inclucie.s records P30, P37, P46, P48, and P49 ( Figures
10, 17,'25, 27, and 28, respectively ). These records show good
seismic¢ event resolution and enhancement but only pa;tially successful
velocity‘discrimination;-Somé arrivals have maximum amplitudes‘at
apparent velocitieé V within the expectéd ranges while other arrivals
do not. For example, the arrivals A3(P¥) and A5(Pn) of record P37
( Figure 17 ) have maximum amplitudes at apparent velocities 97.19
kﬁ/sec and 5.91 km/sec, respectively, instead of the expected 6492
km/sec and T.79 = 8.15 km/sec, reépectively. On the other hand,
events Al(Pg), A4(PP), and A7(PPPP) of the same record have their

maximum amplitudes at the expected apparent velocities. Although not
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all of the events identified on the records in this group exhibit
maximum amplitudes.at their expected apparent velocities,_many of the
well identified events ( e.g., Pg, Pn, etcs ) have amplitudes near
their expected velocities that ére not significantly different from
the maximum amplitudes. Compared to thevresults from other records

in this stu(iy, the stacks in this group are of good quality.

The poorest results are obtained from Group IV records P31, P33,
ans P52 ( Figures 11, 13, and 31, rTespectively ). The stack traces
from each of these records are almost identical for a wide rangé of
apparent velocities. Resolution of closely arriving events is poér.
Some events have distorted waveforms,

Results intermediate between those of Group I and IV are subdi-
vided into Group II ( recordé P32, P34, P35, P36, P39, P40, P41, P43,
P45, and P50 corresponding to Figures 12, 14, 15, 16, 19, 20, 21, 22,
24, and 29, respectively ) and Group III ( records P38, P44, P47, and
P51 corresponding to Figures 18,.23, 26, and 30, respectively ).
Group II records produce‘variable stacks but they all have better
quality than Group III records.

The explanation of the wide range of quality in the velocity
stacks is probably related to the distribution of the weight |
coefficients W among the channels of a record. Pigures 9(a) to 9(ad)
display the weight distribuiion curves.for the records in Groups I
to IV respectively. The weights correponding to each record are
normalizgd to a common maximum of 5. Comparison of these curves and
the corrésponding plots of the stack traces leads to the following

observations:
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(a) When two records have the same number of good channels ( those
with weight two or greater ) and similar values of 6 ( within about
20°of each other )s the efficiency of WDS as a-velocity filter is
greater for the record whose éood guality channels are most widely_
sgparated..Fbriinstance,vcompare the result from record P3O ( good
quality channels 1, 4, 9, and 12; Figures 9(a) and 10 ) with the
result from record P32 ( good quality channels 4, 5,-7, and 83
Figures 9(b) and 12 ).

(b),A very large value of © ( 60°or greater ) diminishes the other—
wisélgood effect of a good weight distribution on the stack traces,
as on records P43 and P50; see Figures 9(c), 22, and 29

(c) The genersl character of the weight distribution curves for
‘records in the same’ group are similars however, they dlffer from group
to group. Starting from: Group I, they change from haV1ng nany widely
separated peaks ( or good channels, numberlng to at least three ) to
the single peak type of curve of Group IV ( see Figures 9(a) to 9(§)>);
Group IVlvelocity stacks are all single channel - dominated. This
change eiplains the progreésive decrease in the quality of thevvelocity
stack from Group I to Group IV as describéd earlier.

(d) The values of © for records within a group may differ widely.
For instance, ? varies from 36°(P37) to 67°(P48) in Group I. Since
each group represents similar quality stacks, this means that the
character of the ‘we:i.ght. distribution primarily determines the quality
of the stack for any given record with the effect of © secondarj.
However, the effect'of © becomes significant when the type of thé

weight distribution in a record is borderline between two groups and -
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when the deviation of the lineaxr array from the shot~to-station
direction is sufficiently large ( e.ge, record P50; Figures 9(a),
9(b), and 29 ). '
( iii ) An apparent early event ( A; ) was obtained on record P35
( éee Figure 16 and Table 6 ). This spurious event is the result of
stacking at low apparent velocity ( 3.26.km/sec ) and is not found
on the analog playback of the same recorde
( iv ) All events interpreted as Pg, P*, PP, Pn, and PPPP by Hajnal
( 1970 ) are observed on the WDS traces. There is good station to
station correlation.for these events. This is clear from the X-T
and XZ-TZ plots in Figures 32 and 33. The straight lines on these
Figures are linear least Squares fit to the data.
( v) Two further events, referred to as XL and X2, have been
correlated on records P30 to P52. Event Xl is compared later in this
study to the event X1 described 5y Hajnal.
( vi ) A minor result is the possible identification of Pn on
" records P38, P39, and P40. |
( vii ) There are a large number of high amplitude evenis on most
of the stacks that cannot be easily correlated across the survey.
These events are probably the result of severe érustal scatteringo.
The arrival times of the events Pg, P*, PP, Pn, PFPP, X1 and
X2 are ‘shown in the tables following ( Tables 1 to 22 ). These
tables also give the times of the other events found on each recorde.
The figures accompanying these tables show the WDS traces from which
the arrivals were picked. The values obtained by Hajnal are given

in the tables for comparison. The second number of each entry in
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the time column represents the error_estimate, In the identification
column, the symbols Pg, P*, PP, Pn, and FPFP are used to denote the
WDS events which parallel Hajnal's Pg, P*, PP, Pn, and FPFPFP,

respectively.
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TABLE 1

Record P30, €= 42°y Distance = 128.84 km, Reference Time = 20.13 sec

Arrival Time ( sec ) Identification Hajnal ( 1970 )
A7 21.13 .04 Pg | Pg ¢ 21.14
Ap 21.38 .04 X1

A3 21.84 .04 p* PX 2171
Ay 22.21 .04 PP | PP : 22,19
A5 22.51 .04  Ba Pn : 22,60
Ag 22,71 .05

A7 22,99 .05 X2 |

Ag 23.11 .05 FPPP PPPP : 23.14
Ag 23.34 .04 |

A1 23.56 .04

Ayy 23.84 * .04

Ao 24.10 .04

A13 24433 .05

Ay 24.53 .03

Ay 24.7L .04

Ag 25.16 404

A17 . 25.28 .04

A185818'  25.77 .05

A9 26.04 .05

Apo  26.16 .04

o 26,59 .04
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TABLE 2

Record P31, ©=74", Distance =129.20 km, Reference Time = 20.07 sec

Arrival Time ( sec ) Identification  Hajnal { 1970 )

Ap,Ay! 21,32 .05 Pg Pg & 21.29
Ap,A2! 21,71 .04 pel

A3,A3" 22,03 .04 px P¥ : 22,01

Agshq 22,39 .04 PP PP & 22.23

AS’A5' 22,62 «04 Pn _ Pn ¢ 22.65

AgyAG" 22.97 .04 . x2 .

A7,A7' , 23.19 «04 - PPFPP ' PPPP  23.20

AgyAg! 23.70 .03 S

Ag,Ag" 24.09 .04

A10,410! 24.24 .04
A11,A11'  24.54 .04
ISEISEL 24.83 .04
Aj3p813'  25.04 .05
Apgshyg' 25.28 .04

Als,Als' 25.72 004
Aj69A16" 26,09 ’ .04
A17,A17' 26,25 . .05

Aygyh18' 26447 .04
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TABLE 3

Record P32, ©=56, Distance=129.80 km, Reference Time = 20.54 sec

Arrival Time ( se0 ) Identification  Hajnal ( 1970 )
A 21.40 .06 Pg Pg : 21.38
Ap 21.69 .04 - |
A3sA3t 22,05 .06 P P¥* 1 22,06
Agyhg! 22,25 .05 PP - PP 3t 22.31
As 22,67 <04 Pn
Ag 23.02 .06 X2 Pn : 22.75
AqyAq'  23.26 .06 PPPP ~ PPPP s 23.25
Ag,Ag! 2347  +05
Ag 23.66 .04
A0 23.91 .07
A1 24.13 .04
A0 24.45 .05
A13 24.82 .04
Ay 24.94 .04
A5 © 25.62 .05
A16 26,02 .04
Ayq 26.44 .04

A8 26.74 .04
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TABLE 4

Record P33, ©= 64°, Distance = 130.90 km, Reference Time = 20,10 sec

Arrival  Time ( sec ) Identification = Hajnal { 1970 )
A7,A7" 21.62 .06 Pg Pg s 21.54
Apgho! 21,79 .06 X1

Agghst 22.08 .06 Px Px 5 9200
Agshy! 22,53 408 PP PP : 22,51
A5,A5" 22,80 .06 . Pn Pn & 22.87
Ag,hg! 23.06 .04 X2 o

AT,A7' | 23.28 .06 PPEP PPEP 5 23.40.
A8,A8! 23.75 06

Ag,Ag" 24,01 .06

© A10sA10" 24421 .06
Ay1.4771" 24.53 .06
Ayo,A72! 24.91 . W06
A13,413" 25424 - .03
AlasArs'  25.64 .06
A15,A15' 25.94 .06
AlGsA16' 26453 406
AMqsbt! 26,97 .06
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TABLE 5

Record P34, ©=72°, Distance=132.69 km, Reference Time = 20.74 sec

Arrival Time ( sec ) ° Identification  Hajnal ( 1970 )
Ay 21.85 .06 Pg Pg t 21.92
Ap 22,21 .05 W

A3,43" 22.34 .04 P* P s 22,47
Agyhg? 22,57 .06 |

A5 2273 .06 PP . PP : 22.80
Ag 23,00 .04 Pn |

A7 2315 .06 X2 . Pno:o23a2
Ag 23.50 .08 PPPP PPPP : 23.48
Ag - 23.67 .06 ‘

A10 23.90 ,O7

A1l 24,13 .06

Ao 24,25 - .05

Ay3,A13' 24444 .08

Mg 24471 .06

M5 25.09 .06

Ag 25.34 .06

A7 25.47 .06

Ag 25.75 .09

A19,A19! 26,26  ,06
Ay 26.75 .06
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TABLE 6

Record P35, ©=23, Distance=133.40 km, Reference Time = 21.07 sec

Arrival Time ( sec ) - Identification Hajnal ( 1970 )
A , 21.86 .04 Spurious v

A 22,11 .05 = Py ‘Pg & 22.06
A3,A3! 22442 L06 X1
Agyhy 22.67 .08 = p* | P* 3 22,58
Ag,A5! 23.01 .08 PP | PP : 22,91
Ag 23.14 .03 Pn Pn s 23.21
A7 23.37 .05 x2
Ag 23.54 .05
Ag 23.70 .06 PPPP PPPP : 23.68
A0 23.92 04
Ayp 24.15 .05 | )
A2 24.61 ,04 o '
433 1 24.94 . .04
Ay 25.19 .04
A5 25.61 .06
A16 25.91 .04
Ayq - 26.08 .06
A8 26.32 .05

Ayg 26.77T .04
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TABLE T

Record P36, ©=59, Distance=133.58 km, Reference Time = 21.51 secc

Arrival Time ( sec ) Identification Hajnal ( 1970 )
A 22,26 .04 Pg Pg : 22.15
e 22,42 .05 X |

Ayt 2273 .04 px P* 5 22,62
Ay 23.09 .05 PP FP s 23.01
AsyA5'  23.25 .06 Pn | Pn : 23.24
Ag 23.47 .04 X2 |

Aq ©23.71 .07 PPPP PPPP : 23.70
Ag 24,02 .07

Ag 24.18 .05

Ao 24455 406

A1y 24.74 .06

Ao 25,02 405 |

A3 25.56 .05 '

Ay 25.76 04

s 26.23 .04

A6 26,56 .04
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TABLE 8

Record P37, ©=36", Distance=134.19 km, Reference Time = 21.76 sec

Arrival Time ( sec ) Identification Hajnal ( 1970 )
AL 22,16 .03 .Pg Pg s 22.21
Ao 22,47 .05 o

A3 22,69 .07 P* P¥ 3 22,70
Ay 23.03 .06 PP | PP s 23.05
As 23.31 .04  Pn Pn : 23.35
Ag 23,51 .08 X2
A7 - 23.83 .04 PPPP PEPP s 23,98
A8 - 24.14 .05 |
Ag 24.41 .04
Mo 24.70 .08

A1y 24,91 .08
Ao 25.52 .05 _
Ay 25.77 .04 - !
Aygshys' 26,06 .04 ‘

A5 26.39 .04

Ag 26.66 .04

AT © 27.08 .04

A8 28.16 .06

Ayg 28.68 .05
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TABLE 9

Record P38, o= 60, Distance = 135.40 km, Reference 'I‘i‘me_=‘21.09 sec

Arrival Time ( sec ) Identification Hajnal { 1970 )

" 22.49 .05  Pg Pg 2 22.36

Ao 22,67 .03 X

A3 22,96 406 P*¥ 4 - P¥ 3 22,89

LY 23.34 .10 PP PP : 23.18

As 23.51 .15 Pn |

Ag 23.70 .04 X2

Ay - 2352 .04 PREP PPPP : 24.08
A8 . 24.25 .06

Ag 24.62 0T

Ao 24.98 .09

Ayp 25.20 .06

Ao  25.46 0T

A13 25.78 .06

Ay 26,12 .04

A1s 26,72 .07
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TABLE 10

Record P39, ©=5%, Distance=137.09 km, Reference Time=21.90 sec

Arrival

A1

Time ( sec ) Identification . Hajnal ( 1970 )

22,64  +06 Pg Pg : 22.70

23.00 .05 X ‘ |

23.15 .05 P* ©P* 3 23,15

23,50 .07 P PP ¢ 23.50

23.65 .07 Pn

24.00 .04 X2

24.22 .04 PPFP

o4uad 204 : PPPP ¢ 24436
L 24483 .04

25.01 .04

25.23 .08

25.61 07

26,03  +04

26.30 05 "

26.50 .05

26.90 .04

27.30 .15 -

2757 04
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TABLE 11

Record P40, 6= 2°, Distance = 138.85 km, Reference Time =22.53 sec

Arrival Time ( sec )  Identification -  Hajnal ( 1970 )
Ay 22,99 W07 Pg Pg 3 22.93
Ao 23.29 .08 x1 | .
Ay T 23445 .06 P¥* : P* 3 23.47
Ay 23.73 .05 PP . PP & 23.70
AgyAg' - 23.90 .08 Pn |

AgsAg' 24.27 .06 X2

N 24:59 08 PPPP 1 24.64
Ay 24.73 405 PPFP .
Ag " 25.04 .04

Mo 25.28 .04

App  25.46 .06

Ao 25.70 .04

Ay 25.94 ' .04 -

Ayg 26,08 .06 *’

A5 | 26.61 .06

Ag 26.75 .06

Agq 26.99 404

g ©27.33 .03

Ayg 27.46 .04

Azo 27.74 03
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TABLE 12

 Record P41, ©=62, Distance=149.62 km, Reference Time = 24.12 sec

Arrival  Time ( sec )  Identification  Hajnal (1970 )
Ay a8y 24.64 .05 Pg . Pg s 24.71
Ao 25.16 .05 P* P¥ 3 25,07
A3 25.37 .04 X
Ay 25.73 .07 = PP | PP 2 25445
A 26,12 .05 PPPP PPPP : 26.03
Ag 26,39 .05
Ag 26473 .04
rg 26.93 .05
Agyhg' 27.13 406
I 27,39 .04
Ayq 27454 04
App 27.72  +04
Ay - 27.89 .09
MygeBig' 28443 .06
Ays 28,65 409
Ag 29,07 .04
Ay q 29.35 <05
Ag 29.49 .04
Ag 29.99 .05
Ay 30.44 404
Ay 30.77 .04
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TABLE 13
" Record P43, =105, Distance=150.16 km, Reference Time = 24.15 sec
Arrival Time ( sec )  Identification Hajnal ( 1970 )
A 24.94 .04 Pg Pg 3 24.92
Ap 25.21 .05 = P¥ ‘ P* & 25.16
Ay 25033 .04 X
A4 25.53 .06 P PP : 25.60
Ag 25.80 .05 X2
Ag 25.92 .06 = PPPP PPPP 1 26.08
Aq 26.12 .08
Ag 26.27 .08
Ag 26.48 .08
Ao 26.60 .06 Uncertain
Ay 26,77 405
Ao 26,95 .05
Ayy 127,08 505
Ayq 27.22 .05
M 27.32 .04
Avg 27455 <06
Ayq 27.87 .05
g 27,93 .04
A1g 28.12 .07
Aop 28.25 .04
Aoy ,A0q ! 28.5T 405
Apo 28.92 .05
Apy 29.25 .04
Ay 29,34 .04
Aps 29.57 . «05
Aog 29.68 .06
Apq 29.86 L05
Azg 30.05 .04
Apgshpg! 30.40 .09
A 30.52 .04
Ay 30.75 .06
Ay 31.05 .06
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TABLE 14

Record P44, 6= 600, Distance = 150.95 km, Reference Time = 23,98 sec

Arrival Pime ( sec ) Identification ‘Hajnal (. 1970 )
Ay 24,95 <05 Pg Pg s 24.95
Apyhn! 25,25 .08 p* . P¥ 3 25,19
A3yhqt 25440 <05 a

Ay 25.77. +05 PP PP : 25,70
Ag 26,12 .04 PPEP PPPP 1 26.09
Ag 26.61 405

A7 © 26.85. .09

Ag 27.20 .09

Ag 27.42 .04

Ao  27.69 .04

Ay 28.05 .04

Aps . 28,36 .04

A3 29.64  +06

A1g 30.49 .05

A5 30.73 +04.
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TABLE 15

Record P45, ©=41", Distance =151.10 km, Reference Time = 24.18 sec

Arrival Pime ( sec ) Identification Hajnal { 1970 )
Ay 25,05 .06 Pg Pg : 25.00
Ay 25.24 .06  P*¥ | P* '3 25.24
Aj 25.40 .04 XL .
Aq 25.59 .04
A5y45" 25.87 .04 PP FP 2 25473
Ag 26,00 .04 X2
Aq 26,22 .04 PPPP PPFP t 26.19
Ag - 26.43 .04
Ag 26.74 .05
Ao 27.14 405
Ay | 27.54 .04
Ao 27.65 04
A3 27.98 .04
Agsbyg'  28.21 .05 Uncertain
Mg - 28454 .04
Mg 29,00 «04
Ayq 29.30 .04
A18 29.48 .09
Ag 29.80 .05
Asg 29.87 .03
Axy 30.25 ' «05
Ay 3054 .05

Apy” 30.92 .04
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TABLE 16 -

Record P46, o= 40°, Distance =151.61 km, Reference Time = 24.38 sec

Arrival Time ( sec ) Identification = Hajnal { 1970 )
Ay 25,09 .04 Pg Pg 1 25420
Ao,Ap? 25.25 404 P* P¥ & 25,28
A3 25.49  J04 o |

Ay 25.74 405 PP | PP 3 25,77
Ag 25499 .06 X2

A 26,30 .05 PPPP PPFP & 26.31
Aq 26.53 .09

Ag 26.78 .06

Ay 27.12 .06

A0 . 27442 W05

Ayq 28,03 .04

Ayoshyo! 28,38 ..08 ~ Uncertain

A3 28,55 .07 o

Ay 28.93 .04

Ay59415° 29.08 .06

Ag © 29.35 .05

Ayq 29.53 .04

Mg 30,02 .05

Ag ©30.36 .05

Ang . 30.56 .04

Ay 30.78 .04
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Record P47, ©=68", Distance =152.46 km, Reference Time = 24.07 sec

Arrival

Arsdy!
Apyap!
A3

Aq
A5

Ag -
A7

Ag

A9
A10
A11
A2
Ayy
Ay
.A15
M6

A17,A17! .

A189418"

TABLE 17

.03 .

Time ( sec ) Identification ~Hajna1 ( 1970 )
25427 - +03 Pg Pg ¢ 25.31
25.40 .04 p* P* 3 25,42
25.72 .04 X1

25.97 .06 PP PP : 25.95
26.12 .04 X2

26.42 .04 FPEP PPEP 3 26.45
26,57 .04

26.79 .05

27.00 .06

27.30 .04

2775 . .03

27.90 . .05

28.19 .05

28.53 .04

28.66 .03

28.85 <05

29.07 = .10

29.37 .08

29.49 .04

29.80 .04

29.98 .05

30.18 .05

30.35 , <04

30.59 .04

30.76 .04

31.17
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TABLE 18

Record P48, 6= 670, ‘Distance =153.06 km, Reference Time = 24.57 sec

Arrival Time ( seo ) Identification Hajnal { 1970 )
41 25436 .03 Feg Pg 1 25.41
Apyhs! 25.54 .06 P* P* 3 25.49
A3 25,73 .06 x1 | |
Ag 259 .07 PP PP 1 26,05
As 26,14 .04 - X2

Ag 26434 .03 PPPP -

. 26,57 .05 ~ PPPP 3 26449
Ag 26,80 .04

Ag 26,96 - .04

Mo 27.32 .04

Ay 27.80 .03

Ayo 28.07 .04

By, 28,25 403

Ag 28.45 .04

A5 28,67 .03

Ag '28.93 .05

Ayq 29.34 .05

Mg 29.76 .04

Ag 30,01 .04

Aog 30.28 .04

Apy 30.39 .04

Apy . 30.70 «05
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TABLE 19

Record P49, ©=63, Distance=154.16 km, Reference Time = 24.T1 sec

Arrival Time ( sec ) Identification  Hajnal { 1970 )
Ay 25.50 +03 - Pg ' Pg ¢ 25453
Ao 25469 «05 p* ' P* ¢ 25.65
A3 25.93 «O7 » X1
'y 26,17 04 PP PP s 26.23
A5 26.34 «04 - X2 ‘
Agyhg! 26.61 .05  PEPP PPPP 3 26.55
Aqyhq! 26.74 .06
Ag 26,94 .05
Ag 27.20 405
A0 27.37  +04
All 2757 «04
Al? 27.82 «05
B3 ©27.95  «05
Ayg 28.34 .05
b5 28.79 .04
Apg 29,01 .04
Ayq 29.26 .04
Ayg 29.66 404
g 29.89 .07
Azo 30,15 .04

Ay 30.73 .05
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TABLE 20

Record P50, €= 670, Distance = 154.60 km, Reference Time = 24.08 sec

Arrival Pime ( sec ) Identification  Hajnal { 1970 )
A 25,62 .04 Pg Pg 1 25.62
Ay  memmm—- ~ p* | P* 3 25.75
As 26,05 .05 x

ay 26,17 405 FP PP : 26.28

s 26,43  +05 x2 |

Ag 26,61 .04  PPPP PPPP : 26.65 -
Aq 26,82 .04 : '
Ag 27.06 .06

Ag 27.21 .05

Ao 27.47 04

A1y 27.96 406

Ayp 28.12 .04

A3 28.48 .06

A1y 28.73 .04

Ays 28.91 .05

Mg 29,10 .08

Ayq 29.41 . .05

g 29.70 405

Ayg 30.08 .04

Ago 30.49 .04
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TABLE 21

Record P51, ©=67, Distance=155.64 km, Reference Time = 24.10 sec

. Arrival Time ( sec )  Identification -~ Hajnal ( 1970 )
A 25.70 403 Pg Pg 1 25.61
Ao —————- p* P* ¢ 25.89
A3 ——— - - =m | |
Ay 26,40 .06 PP PP s 26.42
A5 26,59 .04 - X2 |
Ag 26.85 .04 PPPP _ PPPP s 26.83
Aq 27.02 .04
Ag,Ag’ 27.13 .05
A 27.63 .04
YA 27.92 . .05
Ay 28.18 .04
Ao 28,52 . .04
Apzahyy' 28.66 .05
fyg 28.87 .05
A5 29.49 .04
g 30,27 405

A17 3l.12 .06
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TABLE 22

Record P52, 9=.27°, Distanoe = 156.63 km, Reference Time = 24.10 sec

Arrival Time ( sec ) Identification Hajnal { 1970 )
Ay sApt 25.88 .09, Pg Pg t 25.95
Apyhp' 26,19 .10 px ¥+ 26.05
AgyAgt 26,31 .15 a0 |
BAgyhy 26.58 .10 PP PP : 26.58
As,y A5 26.82 .10 X2
AgyAg" 27.05 .09 PPPP - PPPP 1 27,09
AppAg' 27450 .09 "
Ag,Ag! 28,03 .09

Agyhg' 28,24 .08

Ajgshy' 28.36 .07
Ay1sA17' 28.59  LOT -
AjoyAy0! 28.81 '.07
A13s8y3'  29.10 .07
Apgyh1g' 29.30  LOT
A15,Al5' - 29.65 «07
A16,A16" 30.16 .07
Apgsh17' 30,53 .07
A1gyA3g'  30.96 .08
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3.3 Comparison with the Results of Hajnal ( 1970 )

Apart from the comparison of travel times in Tables 1 to 22,
the velocity cé,lculations from the present results can be compared
with those of Hajnal. Hajnal computes velocity vaelues for the events
Pgy, X1, and PP, Similar calculétions in this section are compared to
Hajnal's results. Velocity values for P* and Pn estimated from the
X-T plots on Figure 16 of Hajnal { 1970, pp.111~112 ) are compared
with the velocities obtained from the present P¥ and Pn observatiéns
in section 3.4. | |
Pg

Linear regression on the direct wave arrivals leads to- the
following equations
(13) t = ( =0.29385 £ 0.,00282 ) + { 0.16751 5'0.00138 ) x
where t is travel time and x is shot-to-recorder distance. The slope
gives the near-surface velocity U = ( 5.97 £ 0.05 ) km/seg. Hajnal
( 1970, .82 ) revorts ¥ = ( 5.98 X 0.06 ) km/sec and slope e(iual to
( 0.1671 2 0.0055 ) with 90% confidence on the error estimate.

Equation { 13 ) is obtained using only 21 reéords compared to the
59 re@rds used by Hajnal, )

The intercept is non-zero but negative. Only a small part of this
( approximately -0.04 %o ~0.05 sec ) can be attributed to the use of

shot to recorder distances which are arclengths, s, rather than chords,

c.* Contribution to the negative value of the intercept from possible

*8 =Hb, ¢ = 2R sinb/'z where R = mean radius of the earth in the
neaighborhood of the shot point and the mcording stations, and where b =
shot to recorder epicentral distance. Pg travels along c, if Fermat's '
princivle avplies and the near surface velocity is constant. The values
of s used in this study were calculated using the program DISTAN
( Hajnal, 1970, pD.265-267 ).
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difference in elevation between the shot point and the recording stations
( whether the shot point is hi'gh_er or lower in elevation than the
stations ) is also ruled out. The tra.vel_ time for the direct wave in

this case is

. , 4
(14 ) .t=[hx2+lJ“§_

: Yi
To a first order approximation, this can be rewritten as

(15 ) t =X B2 o X, oy

}where Oé e(x) <1, |hl<<x. A least squares fit of the form
Yy = ax + b to the Pg data will give an intercept which is an average
value of e(x), Xpyo< X < Xpgoe Since this average is necegsa‘rily
positive, the negative value of the intercept has to be»v attributed to
. other factors. For instance, overdetermination of shot to recorder |
distances by 1.73km is sufficient. There is also the possibility of
missing fhe first arrival on the farthest records by a few milliseconds
due to low amplitudes. .
2 |

Hajnal ( 1970 ) interprets PP as wide-angled reflection from the
Intermediate discontinuity ( believed to be the same as the Conrad
discontinuity ( Hall and Hajnal, 1969 )). Eajnal fitted a straight liné
to the 59 data points and obtained a veloéity U = ( 6,03 £ 0.05 )
km/sec { Hajnal, 1970, p.80 )e A straight line fit to the present 21
data points gives the equation ’ | ,
(16) 2 = ( 0.02671 2000048 ) x2 + ( 51.11383 * 0.75028 )
and the values U = ( 6.12 * 0.05 ) km/sec and h = ( 21.88 # 0.52 ) kme |

No value of h from the PP data is reported by Hajnal.
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el
This event arrives immediately after Pg on records P30 to P403 on
the further records, it comes after P¥ It is CJ.éar. from Figures 32
and 33 that both the X~T and the X°~T2 plots of the XL data show good
linear trends. The linear least squares fit to the X~T plot ( Figure 32 )
has the equation
(17) t = ( 0.17460 * 0.00114 ) x - ( 0.96347 * 0.00764 )
while the linear least squares fit to the )(2--’1'2 plot ( Figure 33 )
has the equat:.on
(18)  t2 = ( 0.02929 * 0.00046 ) x2 - ( 22.56656 + 0.33374 )
The negative intercepts of both equations.( 17 ) and ( 18 ) arve
| incompatible with X1 6riginating from either a simple plane hori’z.onta.]/
dipping refractor or a simple plane horizorital, reflector { Dobrin,
19§O,- PP«T70-106 ). FO? a reflector dipping with angle ¢, the travel
time equation is _ o
| x° 2xhsin ¢ . 4h°?

2 o X
(19) . t 'U|2+ .O’; U.

( Hajnal, 1970, p.71 )

To calculate a 1east squa:ces fit of the form (19 ), define x;°2 = p,,
ti2 = q5, and H= Z(ql- apl-bpl- 0)2. The conditions for minimum
deviation of the points (xf, ti) from the curve q= ap + bp’f‘" + ©
are ol %—E— = -g% = Q. These three conditions will give three eéquations
wh_i-'ch cen be transformed using Cramer's rule into three matrix
eqlua.tions for a, b, and ce The desired equation is

( 20) 2 = (1 0.01419 ) x2 + ( 4.29841 ) x - ( 327.15037 )

vwhere error estimates have been omitted. The coefficients of x2 and
the intercepts of equations ( 18 ) and ( 20 ) are expectedly different

since two different curves are. being fitted to the same data ( hence
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different eipressiéns‘for the Jcoefficients and the infercep—fs -a.rte’
obtained ) and the actual subéurface deviates from the idealized
conditions assumed in either equatioh. The sign of the third térm in
equations ('19 ) and ( 20 ) are opposites It appears, therefore, that
A is neither a refraction nor a reflection from either a piane
‘horizonﬁal or dipping interfacee

- On the basis of the sections and the tables of arrival times
given by Hajnal ( 1970;.sections on pp.113-117; Table VI on pp. 109-
110 ), and the WDS traces and arrival times obtained in this study
( Figures 10 to 31, Tables 1 to 22 )s it is probable that X1(WDS)
and X1(Hajnal) are the same evente Assuming X1~is‘a reflection,
Hajnal ( personal communlcatlon ) reports a velocity of 5 84 km/éec

from the slope of the x2p?

straight line fit to the data ( Hajnal,
1970, Pe148 ). This is in excellent agreement with the 5.84 km/bec
obtained from the Xe-12 Plot of Figure 33. However, the negative
1ntercept of the X2~T2 line in both studies ( =10.72 * T.44 secz,
Haanal, 1970- =22.57 % 0.33 secz, this study ) demonstrates that a
complex s;tuatlon existse Figure 19 of Hajnal ( 1970, pel27 ) shows
one poséibility. The calculated depths to the,X1‘reflector'shpwn in
Hajnal's Figure 19 vary from 1.5 km to 5.0 km in the distance range
95 km to 128 kme If Xl(Hajnal) and XL(WDS) are indeed the same event,
the lower intercept of X1(WDS) indicates a shallower reflector |
between,128 km and 156 km. For a complex reflector, the trué X-T end
X212 plots.of"the'arrivél times will. be non-linear. To reconcile
this with the observed linearity of the X-T and X°~T2 plots for the

Xi(Hajnal) and X1(WDS), it would be necessary to interpret these
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observed curves merely as approximately linear éegments of the basically
non-linear, true X-T and X2-T2 curved for the evente

3+4 Additional Results

p*

This is interpreted by Hall and Hajnal ( 1969 ) and Hajnal
( 1970 ) as the refraction from ‘the Intermediate discontinuity. A
linear least squares fit to the data points shown in Figure 32 glves
(21 ) t= (0.5071 % o.ooi35 ) x + ( 2.48567 & 0.02576 )
The slope gives U, = ( 6.64 % 0.05 ) km/sec. The velocity estimated
from Hajnal's X-T pléf for this event ( Figure 16, pp.111-112, Hajnal,
1976 ) is ( 6.15 X 0.45 ) km/sec. Hall and Hajnal ( 1969 ) and Hajnal
( 1970, Pp.81,84 ) report the velocity ( 6.85 % 0.04 ) km/sec. The
estimate of the deﬁth h calculated from equation ( 21 ) is ( 19.61
£ 0.52 ) km. This value is lower than the ( 21.88 % 0.52 ) km
obtained from the PP data.
Pn

This is interpreted by Hall and Hajnal ( 1969 ) and Hajnal
( 1970 ) as the refraction from the Mohorovidio discontinuity. Linear
regression on the 11 data points ( including the three additional
arrival times determined in this study fpr P38, P39, and P40 ) gives
(22) t = ( 0.13970 £ 0.00135 ) x + ( 4.54000 £ 0.03946 )
Applying the travel time equation for refraction from é horizontal
interface beneath two lﬁyers ( Dobrin, 1960, p.74 ),

( 23 ) : taX 4 2n\ Us — U ¢ iy Vo —Us?

Va Va i Va Uy
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where U, = ( 6,12 £ 0.05 ) km/sec, V. = ( 6.64 ﬁ 0.05 ) km/éec;
h = thickness df the first layer, and H = thickness of the second
layer. The slope gives the velocity- Uz= ( 7416 £ 0,06 ) km/sec. The
value obtained from Figure 16 of Hajnal is (‘7.02 % 0.50 ) km/sec. Epth
are lower than ( 7.92 ¥ 0.06 ) km/sec reported by Hall and Hajnal
( 1969 ) and Hajnal ( 1970 ) for the ujppe;- mantle veldcity. This
latter estimate is based on significantly more data than ére used in:
the present study. | |

If the Moho dips away from the sourcey Va is only an apparent
velocity along the surface and is lower than the true upper mantle
veloéity. To account for this, a dip angle of 11" 4' ( assuming a
smooth plane interface ) suffices. No furthef‘information can be
obtained from the Pn travel time curve without making unreaéonable
assumptions about the geometry of the Mbho between the shot point and
receivers. For example, a simple plane boundary dibping away from the
shot point at 11° 4! would be 22.20 km beneath the shot point and
between 47.38 km .and 52.82 km beneath the receivers. Clearly, thiéi
extrapoiation is unrealistice Therefore, Hajnal's depth estimate at
128 km is used for the model in Figure 34.
X2

The travel times for this event are shown on X-T and X2-T2 plots
in PFigures 32 and 33+ The sfraight line fit to the XéT‘plot has the
equation |
(24) t = ( 0.14040 % 0,00113 ) x # ( 4.72203 ¥ 0.04462 )
This equation gives an apparent velocity of T.1l2 km/sec which probably

indicates the existence of a dipping boundary below the Mohorovicic
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discontinuity. Without either a reversed profile or additional
velocity information, the velocity beneath, and depth to this

boundary are indeterminate.

345 A Simple Model
| Collecfing the results, a siﬁple model of thé crust with

uniform-~velocity laye:s is constructéd in Figuré 34e Like Hajnalts
model, it has three layers. The depth to the top inferface (x
reflector ) is not well defined in the region of this study but is
shallower than that at shorter distances. The depth to the Intermediate
discontinuity is the average value of the estimates from the fP and P¥
data and is less than the (22.85 % 1.43 ) km value shown on Figure 19
of Hajnal. The dip of 11°4' away from the shot_point found for the
Moho is tke opposite of the gentle slope toward the shot point
between the distances 85 km and 156 km given hy‘Hajnal._The average
velocity of the top layer is the same, within error limits, as
Hajnal(s value. However, the velocity'beneath‘fhe Intermediate
diséontinuity is lower.
3.6 Conclusion

This study has shown that at its present stage of development,
the new propessing tedhnique involving a weighted differential stack
provides a useful tool for enhancing seismic evenits in addition to
those that can be identified using the digital processing techniques
employed by Hajnal.

Using the times from the new data, a simple three layer crustal
model is devived. It is basically the same as that obbained by

Hajnal with only minor differences.
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160km  150km  140km  130km

O km
Z__f___z____Z
v1=(5;97 % 0.05) km/sec Zf””—z;;-ﬁzgaalj'
| — 10kn
% =(6.12 £ 0.06) kn/sec -
—_20km
vo=(6464 % 0.,06) km/sec
e - —— 30km
1140
—v3=(7.92 £ 0,06) km/sec
| —_ 40xm

Figure 34. A simple crustal model




Meld
Book Noe

P30
P31
P32
P33
P34
P35
P36
P37
P38
P39
P40

Field
Book No.

P48
P49
P50
P51
P52
P53
P54
P55
P56
P57
P58
P59

*Tape 1
Index No.

30
31

*Tape 2
Index No.

41
42
43
44
45
46
47
48
49
50
51
52

APPENDIX A

Summary of Relevant Information

Hajnal's
Notation

A=30
A-31
A-32

A-33
A=34

A-35
A-36
A-37
A-38
A-39
A-40

Hajnal's
Notation

A-48
A~49
A-50
A=51
A-52
A=53
A-54
A=55
A~56
A=5T
A58
A=59

‘19.96

20,07
20.03
20.10

.19.88
20.04

20.14
21.76
20.06
20.03
20.13

24.12
23.97
24.15
23.98
24,18
24.04
24,07

24.06 .

24.02
24.08

24.10.

24,10

@Reference
Time (sec)

@Reference
Time (

sec)

Tape 1

VOL=SER=HA9018
Bin=925
RECFM=F
LRECL=2404
BLKSIZE=2404

"DSN=GEOG .HAJNEL .AOQO1

DENSITY=2

Digital interval =
‘0.0017143 sec

No. of logical

records per recording
station = 120

No. of samples per
logical record per
channel = 100

Tape 2

VOL=SER=HAQ019

Bin=927

RECFM=F

LRECL=2404

BLKSIZE=2404

DSN=GEQOG .HAJNEL +.AQ001

DENSITY=2

Digital interval =
0.0017143 sec

No. of logical ,
‘records per recording
station = 120

No. of samples per
logical record per
channel = 100

*Notation used in this thesis with 'P' written before each record

number.

@Time of the beginning of a tape record from shot time.
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APPENDIX B

Program MVSTACK

This program is a modification of the program NSTACK.

NOREC
LAB
LABEL
Wl

WiL
W2

HeL
NOVEL
ISHIFT

DI
IR

IB
IS
ETIME
DALEN

NULL (I)

Al

Number of reco:ds for which stacking will be done
Label for the x~axis |

Label for the y-axis

Start of ﬁoise window (in seconds)

Length of noise window (in seconds)
Start of signal window (in seconds )
Length of signal window (in seconds)

Number of traces (or stacks) per job

- Arpay containing the relative shifts of channels

2 to 12 with respeoct to channel 1 _
Digital sampling interval = ,0017143 (in seconds)l
Record number '

logical record number

Sample number |

Time at the origin of the plot

Length of record to be stacked (in seconds)

I=0, trace of channel I is to be ignored .

I=1, trace of channel I is to be agded in stack

Geophone separation

Angle ©




INTEGER NULL 12),LABEL{20),LAB(10),RTIME
DIMENSTION TBUF(4C00), ISHIFT(12512),WT(12)
INTEGER%2 TRACE (4100), IS A,R,DATA(12, 800).IDELT(I?).TRACE!(éOO)
DEFINE FILE 13 (192,2C04.L,sINT)
CALL PLOTS(IBUF,4000)
READ (5,5) NOREC
_D0_2121 ICOUN = 1,NOREC .
TREWIND TS ) oo
READ (5,1) IREC,IPHASE, 1J0B
1 . FORMAT (314)
WRITE (6+,222) IRFC.XPHASE.IJUB
222 FORMAT (//7//+s* ' $STACK OF hECURD',14.3x, +PHASEY , [4,3X,*,J0B",
clasz)
READ(5,9) (LABIK) K= 1,10) ,
READ(5,5) NOVFL .
5 TFORMAYT(TA,F3.1) 77~ ' .
C
C DI = OIGITAL INTERVAL
C
DI=¢0017143
READ(S+13) W1 WiL W2, w2L
13 FORMAT (4F R4 3)
DO 141 ICI = 1,NCVEL
READ (546) (ISHIFTIICT,KRKRY RRR= 1512y
6 FORMAT (1216)
141} WRITE (632)(ISHIFT(ICI, KKK) KKK= =24+12)1C1
2 FORMAT (/* ', *CHANNELS 2 TC 12 ARE SHIFTED ',/ ,¢ 511110,/ 4, 9,
C'SAMPLES WITH RESPFECT TQ CHANNEL 1. RESPECTIVELY, IN STACK',14 )
READ (54 4) IR.IB.IS'RTIME.DALEN.(NULL(I)oI=l;12)oD‘Al
4 FORMAT (414,2X,F6 .2.?x.1?11,2x.2F5.1 )
READ(5,9) (LABEL(K) K= =1 +,20)
9. TFORMAT(20A4) o
C .
READ (S,62) (WT(I)yI=1,12)
62 FORMAT (12F6.4)
CALL SEARCH (IR,IB)
C
C IT = NUMBER OF SAMPLES TO PROCESS
— IT = DALEN/DI + 05.'.“W"m_w_““m“m_n.M.UM“.ﬁwgh
TNBUKS £°11/600 + 1
C _ A .
C THIS PORTION READS THE DATA FROM THE INPUT TAPE.
C .

WRITE (6,55)

55 FORMAT (* *, 10X, *'PLOT COVERS BLOCKS BETWEEN AND INCLUDING®' )
DO 60 M=l ,NBLKS _

IX=1

‘DO 107L7= ") ’ T T T e T
1Z=]X+99
READ(B,30) A,8, ({DATA(I, K).I-1,12).K-1x,12)
IF(MyEQul «AND. L +EQal) WRITE (657) A,B

30 FORMAT ( 2A2,250A2, 250A2, 250A2, 250A2, 250A2)

100 IX=1X+100
IFAMJEQ.NBLKS ) WRITE (64+7) A,B :
7 FORMATY (' ¢+, 13X, 'RECQORD NO«*y IS5 6X, ' LRECNOW', 15 )
C THIS PORTION APPUIES WEIGHTING FACTORS TO THE TRACES
C ' v

DO 60 K=1,12 o
IF{NULLIK).FQ.0) GO TO 60
INT=18%(K~1)+M

DO 50 KD = 1,600
.50 PATA(KWKD) =WT (K)kDATA (K ,KO)
WRITE(13' INT) (DATA(K,J) »J=14+600)
60 CONTINUE _ o :
s
C THE 131 IN THE FOLLOWING STATEMENT DETERMINES THE TIME SCALE OF
C __THE PLOT ( = 3 _INCHES/S ECOND)

e ——————
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.. XSL=3D] | : e '

xsL=asor R e

ALLOW=1 ,4 : ’ i

DIST = 12.3/9

ITEST = 1

CALL PLOT (O —11les =3)

CALL PLOT (O«sALLOW,~3)

CALL FACTOR (.62)
_________ CALL PLOT (OWssYAXISy=2) e i
CALL SYMBOL(-1e2,-9e O'.l&.LABvQOo,QO) ) T T T T
CALL PLOT(De s0e +3) '

DO Q00 KA—I'NDVEL
IX=1

THIS DORTION DETERMINES THE FIRST TRACF TO BE STACKED AND READS
IT FROM THE DISK

IKC=1 .
0 IF(NULL(IKC)) 110,100,110
100 IKC=1IKC+1
GO Ta 90
110 INT=15%([KC~1)+1
DO 250 KE=1 +NBLKS
IZ = IX + 599

O AOoOn

TTREAD(13Y INT) (TRACE(NY T, RYEIXR,T12) ST
250 1X = IX + 600 - :
THIS PORTION READS NEW TRACES FROM THE DISK, SHIFTS THEM

RELATIVE TO THE FIRST TRACE ANC ADDS THEM TO 1T. THE TIME
SHIFTS ARE NOT NECFS%ARILY UNTFORM,

AOOOO

DO 400 KF—1.12 L
IH=0
IF(NULL(KF),EQ.0) GO TO 400
IF(KF.EQ.1KC) GO TO 400
IF (ISHIFT{ KA ,/KF)~0) 320.330.310

310 1w = ISHIFT (KA.KF)

GO TO 340

320 IH = IABS(ISHIFT(KAKF))-1

330 1w=1 _
330 INTEISR(KF=1)Y+1 7 . _ o

NO 300 KG=1,NALKS

READ(13* INT) (TRACE1(I),1=1,600)
DO 350 KH=IW,600

IH=TH+1
350 TRACE(IH)=TRACE(TH)+TRACE1(KH)
30n Iw=1
4Q0 CONTINUE e e e
C . .
C THIS PORTION NORMALIZES AND PLOTS THE DATA VALUES.
c .
C SCALE OF THE BLOT
c :
IF(KALGTW1) GO TQO 440
READ (5,430) TMAX, YSL
430 FORMAT (2F15,7 o ) o
TMAXTE = 2. .
WRITE (6,444) TMAX, YSL '
44 4. FORMAT (' s , s NAXINUM VALUE.’ Fl2.3.6X.'NORM',ZX.FIO..?)
Caao CONTI NUE '
e
SUM = 0.
P ="04COSTALI*%0.,0174533)
P=ABS(P) _
V4 = P/ISHIFTIKA.4)/DI%3
VS = P/ISHIFT(KA,5) /DI *4
V6 = P/ISHIFT(KA,B)/DI%S
V7 = P/ISHIFT(KAL7)Y/D1 *6
VB = P/ISHIFT{KA.8)Y/D1 %7
_ V8 = P/ISHIFT(KA,9)/D1%xa .
V12= B/ISALIFT(KA,12)/DI*{ 1™ — .
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V = (V4+VSH+VEHVTHVEHYSHVIZ2) /7 o .
w=V ' ’ ‘
) - IF {ITEST) 666,6665550
550 CALL NUMBER(-.7 10ev.6143Ws0es2)
CALL PLOT (O +Ces3) _
_CALL PLOT(=41,04,2) 5 : A A ' .
TCACL PLOT(0 0% 53) T
DO 500 LA=1,1T1
XDL=(LA-1)%XSL
TR = TRACE (LA
YOL=YSL*TR
ISWIT = 0
IF (ABS{TR) «NE.TR) ISWIT = |
TR_= YDL o e
IF (ABS(TR) « GE . TMAXYTE ) "TRETMAXTE ™ o ’
" IF(ABS(TR) «GE, TMAXTE JAND. ISWIT. EQel) TR=-TR
YOL = TR '
500 CALL PLOT(XDL,YDL, 2)
CALL pLaOT (XDL.O-.—B)
CALL pPLOT (0.,~DIST.—3)
GO TO 900
666 DO 580 LA =
XDL = "(LA=1)
TR = TRACE ({
YDL=YSLATR
ISWIT = 0O
IF (ABS(TR) .NE.TR) ISWIT =‘l
TR = YDL
IF (ABS(TR).GE.TMAXTE) TR=TMAXTE
IF(ABS(TR) ,GE.TMAXTE, *AND. ISWIT.EQ.1 ) TR=-TR
oL = tro Y S U
580 CALL PLOT (-XDL,YO0OL,2)
CALL PLOT (-XODL, Qes=~3)
CALL NUMBER (- ,7 1003014 43W,30a,2)
'CALL pLOT(OonOo'B)
CALL PLOT (=a1+04+2)
CALL PLOT(O-.O-,B)
CALL PLOT (D4 4= DIST;-B)
900 ITEST =~1TEST T T s T e e
IF (NOVEL/Z2%2 LEQ,. NOVEL) GO TO 760
CALL PLOT (~XDL,0.9 -3)
760 YLEFT = YAX]S -NOQVEL*DI ST
) CALL PLOT (Oi.—YLEFT,-3)
YSL = ,L,01

)

1,11
*XSL
II+1~LA)

THIS PORTIUN PLOTS THE TIME SCALE.

CALL TIME (TRACE-I[)
DO 800 LA=1,1IT1
XDL=(LA-1)%XSL
. YOL=TRACE(LA) %YSL
800 CALL PLOT (XDL,YDL,2)
- CALL. SYMBOL(S-’.-69014W_.EEEL"JL~Q};“
CALL PLOT (~e23—-0e3,-3) .

aXale!

THIS PORTION LARELS THE TIME SCALE.

XPAGE=0.

ISECS=DALEN+1.5+RTIME

JL=1+RT IMF )

_bo 1010 I—JL-ISECS e e

TFPN= FLOAT (1~1)

CCALL. NUMBFR (x‘)AGEOOOOOlL"FpNQOOOI)
1040 XPAGE=XPAGE +3,

XPAGE=XPAGE+6,

CALL pPLorT { XPAGE 04 4~3)
2121 CONTINUE

CALL PLOT (0«04 43999)

STOPHFH

END . R R
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C?gDF;g‘;’TINE WETGHT (IR I8, IS, WleWIllL s W2,W2L +WT +DATALNULLSISI, 152,
. . ) .

INTEGER NuLL(12
INTEGER*2 DATA(
REAL WT(12)
DI=.0017143

) .
12, 800) sAsB,1S

C T CALCULATION OF PARAMETERS W77 77w o ;

TTONE =w1/D1+,.5

IF(W1alLTeDe) TIONE=ABS(W1/DI-e5)
IITWO=W2/DI+.5

IF (W1.GE«0O+) GO TO /66

18wl = 18 — (IICNE + 1S )/100

ONE  + 187 ) /1 Qa7 e e " - —
wC ¢+ IS )/100 ’

IEW1)-1IONE + IS
EW2, ITONE, TITWO

1
TL Y, 14 ,8X, ' TwaL Y, [4,8X,¥{BWIiv,14,8X%,
TITWO'y 14/ ) _

8
c .
C READS THE DATA VALUES QF THE NOISE WINDOW AND DETERMINES THE POWER
C IN THAT WINDOW

C

CALL SEARCH(IR, IBW1)
Iw=1

DOT10 UEiviwil T
IWw=1Iw+99
READ(8,.,30) A,R, (D
30 FORMAT ( 2A2,250A 5
10 IW=Iw+100D .
I8=1S1+wlL/DI+.5.
DO 40 I=1,12 '
IF(NULL(I)«EQ.0) GO _TO 40

—~
-

)0K"IW,IWW)
250A2, 250A2)

Ov—<
-

U‘Hl
O"‘

LELNUL ) _TO_A4¢ S
*DATA( oK)

)

0 CONT INUE

READS THE DATA VALUES OF THE SIGNAL WINDOW AND DETERMINES THE
POWER IN THAT WINDOW __

(e (0Xe IR R 4

DO 21 JU = 1,3
21 BACKSPACE 8
: T CALL SEARCH(‘R:IBWZ)
Tw=1
DO 50 J=1,1W2L ‘
IWW=TIW+93 ’ )
READ(B+30) A,8B.(( DATA(__I._K YoI=1,12), K=__I_w _QI_WW_)_

T80T IWEIWH100
19=1S24W2L/01+5
DO 70 I=1,+12

SUM=0. .
. IF(NULL(TI)) 55,55,58
55 - WTY(1)=D,.
T WRITE(6,586) 1 ‘
56 FORMAT (¢ *, 10X, *CHANNEL'+I4,5X,s" . SIGNAL TG NOISE RATIQ
XNOT CALCULATED® )
GO TO 70
58 - DO 60 K=IS2,17 ’
60 SUM=SUM+DATA( I yKI*DATA(I,K)
SUM=SUM/(19~-152)
c _
C . CALCULATES THE STATISTICAL SIGNAL TO NOISE RATIO
C ;

69 SNRAT = SORT(SUM/WT(I) = 1,)
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CALCULATES A WEIGHTING FACTOR DIRECTLY PRAPORTIONAL TO°THE S/N
RATIO AND INVERSLY PROPORTIUNAL TO THE AMPLITUDE OF THE NOISE

WT{I)=SNRAT/SORT(WT(I)) ’ .
WRITE(6+71) [ ,SNRAT

71 FORMAY (1t i.1ox.'CHANNEL'.I4.5x.'SIGNAL TO NOISE RATIOVSFIZVE )Y —
WRITE(6.72) WT(1)

72 FORMAT (' ' ,'WEIGHT IS',F12.3)

nono

70 CONTINUE
: SUM=0.
C .
C NURMAL1ZES THE WEIGHTING FACTORS
c . ,

BB J=i 12 B TRE TTrE T pa— - T
80 SUM = SUM + WY (J)

w
90 CONT

91 WRITE
100 FORMAT
REWLND 8
RE TURN
END

NEL'.I495X"WEIGHTING FACTOR'.FB 4 )

SUBROUTINE SEARCH (IR,1B)
INTEGER*2 A,3
DO 100 1=1,7000
READ(8+30) A,B
30 FORMAT (2A2)
IF(A.EQ.IR«ANDB+EQ.IB) GO TO 15
100 CONT I NUE
15 BACKSPACE™ 8
RETURN
END

SUBROUTINE
INTEGER
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APPENDIX C

Sample Calculation
of Relative Shifts




$£J08B WATF 1V Re SANTOS
1 DIMENSION V(131 NULL(12),I0(12),VR{12) ,RR(12) °
2 - RELD 10w Debs (NULLCI)s1=1412) 8=6
3 10 FOSMAT (2F€.3:2X,1211)
4 CC 11 = 1,99
s D3 2 IK=4,12
6 IF{NULL(IK}+EQe«Q) GO TO 2
7 P=£%.,0174533
8 101K} =1
9 VOIK) = D({IK=1)*COS(P)/ID(IK)/+0017143
10 RRIIK) = (IK=21)/12. %,0017143 + [
11 VR(IK) = (IK-1)=D¥CGS(P)/RR(IK)/+0017143
12 2 CONTINUE ]
13 ERINT 11, ID(8)4V(A)WVR(4)+ID(S)I VIS)sVR(S5),ID(S) s V(6) s VRIG) s
CID(7) s VI7)oVRIT7} ¢ IDIB) sV(B) s VRIB) «ID(D) 4VID) s VR{D) s
CIC(12),V(12),VvR(12} :
ia 11 FGRMAT (1 Ve7(1X+12,2(F7421))
15 1 (s:?NTINUE : —
16 cE -
1e ST kio) v 7,
SENTRY . , ’ . -
1 229,473 182,79 1 306431 225473] 1 3P2.80 27C.27] 1 459.47 306431 [ 1 536404 238:55| 1 612.62 367,57 | 1 842,35 433,46
2 114,87 102.10] 2 153416 131428 2 191444 158444 | 2 220,73 183.79 | 2 263.02 207.50| 2 306.31 220.73) 2 421.18 288,21
3 76458 70.69!1 3 102410 S1e8S| 3 127463 112.06| 3 153416 131428 | 3 173468 149450 | 3 20421 16708 | 3 280478 215407
4 57,43 54.05)_4 76458  70,69] 4 G5.72 86.69] & 114.87 102.10 | 4 133.01 116.95] 4 153,16 131.28] 4 210.59 171433
S 85495 43,76 5 Clesh 57.43] 5 76458  70.69] 5 91489 B83.54 | 5 10721 06401 | 5 122.52 102.11 | 5 168,87 142.37.
& 3B.29 3E.76] 6 1405  48.35| 6 €301 TO.B7|_6_ 76258 7069 6 80.34 81.42| 6 102.10 91.89| 6 140430 121.79
7 32482 31.6S| 7 43,76 41477 7 53.70 51.63| T €B.64 Ble26 ] 7 76.58 70469 7 87.52 7Ge91| 7 120.3a4 106449
B 28,72 27.€5] B 328429 35.76| 8 47286 25.4G| B 57¢43 54405 | B 67401 062.451 8 76,58  70.69. 8 105429 G4.47
9 -25.53 28,24 [+ 34,03 32.82 9 42454 4C 4 E6 9 81,05 48436 9 B5G e 56 55493 9 6EEQ07 FA3437 9 33459 B4 a4
10 22457 22.41:10 30.63 -29.64{10, 38.29 3€.76[10 45.95 43.76./10 53.60 50.65[10 61.26 67.43 |10 84.246 77.16
11 2089 20042111 27485 27.03}111 24,821 3354411 . 41,77 39.95 |11 4B .73 46.2R |11 55 .89 S2.51 111 75458
12 19,14 18.75{12 25.53 24.84[12 21.S1 30.84 |12 38429 36.76 |12 44,67 “42.60{12 51.05 48.36 12 70.30
13 1767 17.34!113 23456 226574113 29245 2845413 35434 3440313 4123 30.4A 113 47612 44,33 1|13 64480
14 16+31 15-12;14 21.88 2127114 27«25 256114 32.82 3169 |14 38429 36.76 (14 43,76 41 .77 {14 60417
1S 1532 18,0816 20,42 19.58|15 25.53 26484]15 30463 29.64|15 35.74 34.40|15 4C.84 29.10 (15 56415
T6 14036 Taala]| 16 1S.18 18475{16 23.03 23.32|18 28.72 27.85|15 33.50 32.32(16 38,29 36.76|16 &2.65
17 13.51 12e32] 17 19.C2 176717 22.52 21.98117 27403 26426117 3153 30.409 17 36.04 34.68 (17 43455
18 12.76 12.53]18 17,02 16e71}18 21427 20479[18 25453 24.84]18 29.78 28.85|18 34.03 32.82|18 46480
19 12405 1145319 16,12 15.86|19 20615 19.72|19 24418 23456 |10 28,21 2743719 32+24 3115|190 44433
20 11449 31.34]20 15.32 15,0620 19.18 . 18,7520 22467 22.41]20 26,90 2640420 3C.63 . 29,6420 42412
21 10.94 10.21131 SCTTTA36| 21 18423 17.88|21 31488 21.37]21 25.S3 54.84|21 2G.17 28.27|21 40411
22 10444 10.33122 13.52 12.72[22 17.80 17.C8|22 20.88 20.42[22 24.37 23.74[22 27.85 27.,03]22 38.29 36.76
23 SS9  G.B3123 13432 13.13|23 16.65 16.35|23 10.98 19.5523 23,31 22.77|23 26.64 25.89]23 38.62 2
24 S.S7  $.47|24 12476 12.55|24 15.95 15.68/24 19414 18.75|24 22434 21.81]24 25.53 24.84124 35.10
29 9+19 Ge1C; 25 12.25 12.C5125 15.22 1S5.06125 18.38 13402 |25 2le b4 20.95|25 24450 2387 {25 23469
26  B.84  8.75[26 11.78 11.63]26 18.73 Ta4s40]|26 1767 1743426 20462 20.1A|26 23.56 22.97|26 32.40
27 £.51 R.43127 11434 11421]27 16418 13.S7]27 17402 16471 |27 19.85 19.42|27 22.69 2241427 321420
28 8420  8.13|238 10,54 10.81128 12,67 13.47]28 1€441 16412128 13.12 18.75|28 21.88 21.37 (28 30.08
29 7.92  7485|2S 10¢56 1046429 13.20 13.02]20 15.84 . 15.58 29 18.48 1£.12|29 21.12 20.565[29 29.05 28.15
30 7466  7.52]30 10421 10.10[30 12.76 12.59]30 15.32. 15,06130 17487 17.57|30 20.42 10.98|30 28.08 27425
231 7.81 7435031 T9.85  9.73|31 12435 121931 Ta.85 T4.5931 174290 16497]31 15.76 19.35|31 27417 25.79
32 718 7s121Z22 SeS7 Seb& 7132 1167 11.81 (32 14,36 14,1432 1675 16.4%{32 19.14 1875 |32 254322 25459
33 €456  €.51]33  9.28  9.19f23 11.60 11.46|33 13.92 13.72|33 16.24 15.0A|33 18.56 18.20]23 25.53 24.8a
33 6,76  €.71|34 9,01  8.S2|34. 11426 11.13]38 13.51 13.32[34 15.77 155034 18.C2 1767 |34 24.78 24412
35 €456 €452{35 8475 Be€7|35 10494 10481[35 13413 1242435 15.32 15.06]35 17.50 17.18|35 24.07 23.45
36 6,38 Ce34136 8451 Be43]|36 10e64 1051 136 1276 1259 36 14,89 14,6%]36 17.02 16471 |36 23 .40 2282
37 6421  €a17.37  Be28  Be20|37 10.35 10423|37 12.42 12425137 14449 14.26|37 16.56 16.26[37 22.77 22.22
BB 6405  €.01.38 8406 7+99{28 10+08 S.97[38 12400 11.93138 14.11 13.80138 1€.12 15.84]38 22.17 21.45
3 5489  5.85.38 7,85 747939 9e82 ©.71|39 11.78 11.63[39 13.74 13454139 15.71 15.44139 21.60 2110
30 5,74  E,71]/40 7,66  7.59040 $.57  9.47{a0 11469 1143440 13.40 13.21{a0 15,32 15:06140 21.06 20.59
41 5460 5.57{41  7e47  Te4l|41 9434  9.,24141 11.21 11.07141 13.07 12.80|41 1404 T4.70 |4l 20.55 20410
42 5,47  5.64182 7429  7.24[462 9412  9.03[42 10494 10.81]42 12.76 12.59|42 14.50 14,3642 20.06 19.63
43 50346 S431 43 7412 7407143  BeS0 BeB8243 10468 10+56:83 12.47 123043 14.25 14.03]|43 19.56 19.18
44 B5.22  S.19{45 6496 6.51{48 B.T0  8.62|44 10.44 10.33|44 12.18 12.02(4a 13.92 13.72 |44 19,14 18,75
A 4 A 4 A 4 A 4 h 4 A 4 A 4

Ch.6

Ch.7

Ch.8

Ch.

S

Ch.12

AYERAGE EFFECTIVE
APPARENT VELOCITY

70.69 KM/ SEC
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45  Se1l

46  3.99
47  4.89
48 4.79
49 4,69
S0  4.59
51 4.50
52  4.42
€3 2,33

- 54  4.25
55  4.18
56 .4.10
57 4403
§8  3.36
59 - 3439
60  3.83
61  3.77
62  3.71
63  3.€5
€4  3.59
65 3453
66  3.48
67  3.33
€8 3.38
69  3.33
-70  3.28
71 3.22
72 3.19
73 '3.15
74 3410
75  3.06
76  3.02
77 2.98
78 2.SS
79 2.91
80  2.87
81 2.8a
82 2480
83  2.77
84  2.73
85  2.70
€6 2467
87 2464 .
88 2.61
89  2.52
90 2455
51 2452
92 2450
S3 2.47
94  2.44
95 2wz
96  2.39
97  2.37 -
98 2,434
99  2.32

CGRE USAGE
OIAGNOSTICS
CCMPILE TIME=

256

NNDWOL OO
OV WRO F N

2e¢31

0BJECT CODE=
NUMBER GF EFRORS=
0e14 SECEXECUTICN TIME=

1312 BYTE Sy ARRAY AREA=

240 BYTES,TOTAL AREA AVAILABLE=

0. NUMBER OF WARNINGS=

1e34 SEC, WATFIV = JUL 1973 ViL4

0. NUMBER OF EXTENSIONS=

13.53.44

45 6e 81 €e76 |85 Ae51 8443185 10421 10,10 {45 11.91 11477145 13.61 13.42]45 18,72 18475
46 6.€1 146 Be 32 Be 25 |46 G499 9.88 146 11465 11.51]46 13,32  13.13[|46 18.31 1795
a7 6647147 . 84lS 8407 |47 978 967147 11441 11627187 13.03 12.85{47 1792 17.%3
48 6.324148 7458 Te91 |88 957 9.47 {48 11e17 11402148 12.76 12,5948 17455 1722
49 6.21140 7«81 T7e75 {49 Ge38 90,2849 10494 10481490 12,50 12.33}49 17.19 16,78
S 609 (50 7eCE 75950 916 9.10 |50 10e472 10460{50 12425 120950 1685 16654
€1 Se G751 Te51 745 |51 G.01 8492 |51 1051 1Ce20 {51 12.01 11,8651 1652 16423
€2 Se£5:162 736 7.30(52 Be 84 8.75|52 10431 10.19152 11.78 11.63[52 16.20 15.62
S3 Se74 53 722 7«17 153 E467 8.59(53 10.11 10.00[53 11,56 11,4253 15489 15.%2
£4 566454 7+C9 -« 70454 8451 Be43 154 Ge93 9.82154 11434 11.21}54 15.60 15.24
55 ‘Se£4,55 6456 6491155 8435 Be2A |55 Ge75 96455 11.14 11,01]55 15.32 1%.%6
<6 Se«444{56 6484 €e79 |56 8420 841356 .57 9,47]56 10494 1048156 15.C4 134.F0
57 Se38 157 672 667187 A.,06 799 |57 9440 9431157 10.75 10.62[57 14.78 18,74
58 5425158 6+.60 6455 |58 TeG2 7+85 (53 Fe24 915|558 1Ce56 104458 13,52 14,30
56 541659 6449 6eb4 159 Te79 7:72159 G409 9400 (%9 10638 1042759 14,28 14.C6
60 S.C8!EQ 6,38 - 6+34[60 . 7«66 7459160 893 8.85[60 10421 10410/60 14404 13,83
€l 249961 6.28 6423161 7453 7447161 Bs479 Be701€1 10.Ca 9.G3]61 13.81 13.420
€2 4451 [ €2 6618 6413]62 7e41 7«35 |62 8465 8e.57 |62 G.828 9478162 13.59 13.79
&3 4.84163 6408 €404 |63 7.29 Te24 {63 8451 Be43163 Q9«72 Q462[63 13«37 1218
€4 4,76 |64 5498 5494 (64 Tel8 7.12 164 B 38 Be 30164 GeS57 0,47 164 13.16 12.98
[3=3 4.69(€5 S 89 585 |65 7.07 701 |65 8425 8417165 Q.42 9.33|65 12.96 12478
856 4.€62 166 Se80 8476 {66 €a96 6.91 |66 Bel12 8405166 G928 Ge19]|66 12476 12459
67 4,55[67 . Se71 S5 .68 (67 €86 6481167 8400 749367 Gela Ge0S |A7 12457 12440
68 4248168 Se63- S.60(68 €76 6.71 |68 7.88 7.82168 901 8.92 |68 12439 12622
€9 4442169 5455 5452 |69 6466 6461 169 Te?77 Te70 |69 8.88 B8e79[69 12421 1205
70 - 4.36|70 Sea7 Se44 |70 €e56 652 |70 Teb66 759|70 8e75 Bs67{70 12,03 11.28
71 4429(71. 5439 5436171 €a67 6443171 7455 740171 Be 673 Be55171 11.86 11471
72 4.23172 S5.32 S.29 |72 €438 6e34 172 7445 7639472 851 B8.4321(72 11,70 1155
73 4.13173 S5e¢25 Se22 |73 .29, 6425173 734 Te2R |73 8439 Re20 173 1154 1140
74 Lel2174 Sel7 541574 .- 6421 641774 Te24 741974 8428 842074 11438 11.25
75 4,07:75 Se11 Se«08.75 £e13 6409175 715 7609175 Re17 8410175 1123 11e°'0
76 4.01176 Se04 5401 |76 €.05 6201176 7405 7.00|76 8406 799|768  11.08 10495
77 3¢G677 4497 495|177 €497 59377 6e 96 6491177 7696 7«82 |77 10.54 10,81
78 3.91178: 4491 4..88178 Se89 5485178 687 6,8278 785 7¢79|78 1080 10447
79 3486 |79 4eBS 4482179 Se82 S578 |79 679 6474179 775 T7.69}|79 10.66 10.°4
20 3.81 |80 4479 4.76 80 Se74 Se71 (80 6470 6.6580 Te 66 7.59|80 10453 10461
£1 31.77(81 4473 4470 |81 567 ‘SeHh4a |81 6462 6e57 (81 7e56 7+50181 1

82 3.7282 4467 4465182 E460 545782 6454 649182 Tet? 7.41182 1

g3 3.63 |83 G4efl 4459183 .54 ‘5450 |83 6246 6.41183 7«38 743283 1

84 . 36384 4456 4.,54184 Se47 Se44 |84 6438 643484 729 T.24184 1

as 3 59|85 4450 44,48 |85 Sedl Se 3785 643} 6e2F |85 7621 7415]85

26 3.55|86 4445 4.43(86 Se30 S5e31 186 6023 641986 7e12 T.07 |86

87 345187 4.40 4,38 |87 S5.28 5.25187 6416 6e17 |87 7«04 6429187

ee 3447 (83 4438 4433188 5422 . 5.19(88 6e 09 64C5[88  6.96 6091188

a9 3.43189 4430 4428189 S.16 S.12 (89 He02 SeGR | B9 6488 6483189

G0 339190 4425 4423190 Sell 5408 {90 5496 Se92 |90 6eR1 647690

91 343561 4e21 4419191 5405 5.02 (91 5489 5485161 €e73 66391

g2 3e322 |62 4416 4,14 192 4499 4497 (92 5483 Se79i92 6466 . 6.61]92

g3 32.23|63 4a412 4010193 40G4 491 {93 5476 573193 6e59. 6454193

Sa 3e25(94 4407 4006 (94 4489 4086 ;94 570 Cea67194 6652 64794

S5 3.21|%9% 4403 440195 4484 4481 (95" Seb4 Se61 {95 €S €4401]9S

96 3418[66 3499 397 (96 4479 4476196 5458 54 5%} 96 6. 38 6e34 |96

$7 3415167 3.95 3493197 b4e74 4.71197 553 549|937 632 642797

98 3.12|68 391 348998 4469 4466198 Se47 . Se84]98 6.25 6421198

SS 3.09 3.08199 387 3.85199 4464 4.621{99 Se4l 543899 6419 6415{992

102400 BYTES

o]
1
MONDAY

3 NOV 75

15.06 KM/ SEC

26

8.43 KM/SEC




$J08

WATFIV Fe SANTGS
1 DIMENSION V(12).NULLL(12)+ID(12)sVR(12),RR(12) Q__ 23°
2 FZAC 1C»s DsAs(NULL(I)»1i=1,12} -
3 FCRMAT (2F6e3+2Xe1211)
4: DO 1 I = 1,86
5 00 2 IK=4,12
[2) IF(NULL{IK)¢EQeO) GC TC 2
7 P=A%,0174533 i
8 ic(Ik)=1 -
9 V(IK) = O*({IK=1)*COS(P)I/ID(IK)/e0027143
10 RELIK) = (IK—-1)/12+ % 50017143 +
11 VR{IK) = (IK=1)%D*COS(P)I/RR(IK)/+0017143
12 CCONTINUE - ’ . .
13 FAINT 11+ ID(4)sV{a)sVR(4)sID(5IvV(S)I,VRI5),ID(6)esVI6},VRIE:
CID(7) «VIT) s VR{TI+IDIB) 2V(B) s VR(8)+ID(9)sVIFIsVR(R)»
. CIC{12)+V(12)sVR{12) '
14 11 FCPMAT (* "s7{1XsJ2+2(F742)))
15 1 CGNTINUE ’
16 STGP
17 END
SENTRY - : . . )
1 212463 170«11] 1 283,61 212,63 | 1 354,29 250416| '1 425,27 283.51 1 496415 313.26] 1 S567.03 340,22| 1 406478
2 106.32 O94.50]| 2 121.76 121511 2 177,20 1464641 2 212453 170411 2 268407 19206 2 283,51 212.637 2 267431
3 70.88  £2,43] 3 G4,5C £S.05) 3 118.13 103.,72: 3 14176 12151} 3 16538 138e46] 3 189,01 154,64( 3 199.16
3el . 4 70.F3 £5.43] 4 £B.EQ 804241 4 106432 94.50| 4 124.04 iCB8e2%| 4 141,76 121,51] 4 158457
5 42,53 40.501 S S 70.AB  65443' S 85,05 77.32| 5 99.23 88.86| 5 113,41 100.06 5 131677
6 3S.44 36,02 6 & 53907 55+23] 6 70.88 66.43| 6 82469 75436 6 94450 85,05 6 112.72
7 30.38 294,33 7 7 C0.63 47,78 7 B0.75 BHe70] 7 70+88 65e431 7 B1.00 73.95 7 943443
8 26,58 2f.77} 8 8 44.30 42.11] 8 53416 50,03! 8 62402 57.80[ 8 70.88 6%.45 8 87.44
Q9 23,63 22.99| 9 G 2G.3I8 3T7.€31 O &7.25 44477 9 55413 51771 9 63.0C 58.661 9 TRe%2
10 21.26 2047410 10 35.44 34.02{10° 42453 40.50{10 49.61 4648810 56670 S3.15110 71.82
11 1923 184730411 11 32.22 31.04i11 38.66 35.98[11 45,10 42.83|11 51.55 48.60711 CEPEER
12 17472 17436112 12 29.53 28.54[12 3£.,44 34.02[(12 41435 39.43112 47.25 4a,77|12 604326
13 1£.3€ 16.05[13 13 57.26 2f.41!13 32,71 31.50[13 33417 36453[13 43,62 41.49 13 56402
14 15419 14.92114 12 25.31 24.58[12 30.38 2933{14 35,44 34.02]14 40.50 33,66]14 52427
T8 14&.18 13463115 15  Zue63 22.99|1S 28435 27.44115 33,08 31.84115 37.80 36.19115 4R,%8
16 13.2% 13.08}{16 16 2215 21.59]16 2£458 257716 31,01  29.92/16 35,44 34,0216 464C9
17 1251 12.33]|17 1 17 20.85 20435{17 25.02 2430|117 29419 28.22{17 33.35 32.10 17 43,52
18 11.81 11.55|318 15 18 19.66 19.24|18 23,63 22.99[18 27.56 26470118 31450 3C.38 18 21422
16 11416 11.05016 14 19 18.65 1R.25[19 22433 21.81|19 .26411 25¢34119 29.84 28,82 19 39415
10+€2 10.5C|20 14 20 17e72 17.36[20 21426 20474120 24.81 24,1020 28435 27.44 20 37.27
1013 10.21(21 13 21 16488 16.455|21 2025 19.78{21 23,63 22.99 27.00 26.17]21 25,57
S.E7 G.56|22 124 22 16.11 15.81(22 1%.33 18,90122 22,55 21.97 25477 25.02}22. 34402
9424 Ge18123 12.52 12.16|23 1S.41 15.13!123 1€.49 18.10(23 21,57 21.04 24465 23.96|23 32450
8,86 Ee77|28 11481 11465(24 16e77 1445124 1772 17436 2067 20e18 22,63 22.99}24 3129
25 8e51 8,42|25 11434 11.19{25 14,18 13.94125 17.01 16.68 19.85 19439 22.68 22.09 30.C8
Bel8 Fe10126 10.30 10.77126 13+63 13.,42]26 1€.3€ 16.05 19,08 184664 21.81 214256 28,97
7.88 2.36127 10.50 10437i27 1213 12.53}27 15475 15.46€ 13,38 17.99 21400 20449 27453
759 7.32]z8 10,12 1C.Cll28 12.€6 12.47]128 15419 14,92 1772 17436 20425 19478 Z€456
7433 742729 2,78 GLE7{29 12422 1205|239 1440656 1T&F.42 1711 16477 1955 19411 24476
74C9 7.03}20 GebS Ge35!2 11.81 11.65]30 14.18 12.94 1654 16422 1890 18449 2%.22
€E.8€ 648C{31 9.15 9.CE{31 11443 11.28131 13.72* 13,50 15400 15.71} 18,29 17491
6064 €.5G{32 BeE6 8777132 11407 1C%93{32 132.29 - 13,09 15.50 1523 17.72 17436
6ed4 €403 8. 59 851133 10e78 1046133 12.89 12,69 1503 14477 17.18 16.84
6425 €21 |34 B 32 Be26]34 10642 1Ce30|34 - 12451 12433 14459 14435 16.68 16436
6.08 64C3(2S 8416 8.C2|35 10413 10.01[35 12.15 11.98 14,18 13.94 1642C 15490
Se91l 542736 TeE8 7.80(36 Ge €4 G.73[36 11.81 11465 13478 1356 15,75 1546
5475 Se71 |37 766 7.59137 9.58 Ge47|37 11449 11.34 13441 1320 15433 15,05
Se60 Se56 |28 7. 46 7.4C[38 G433 9.22 |38 11,19 11,05 13,06 12486 14.92 14466
5445 €e42|26 7«27 7.21 |39 9.09 8.99{39 1Ce90 10.77 12.72 12.53 14,54 14,29
S.32 5428 {4C 7+09 7«03}40 8486 Be77 |40 10463 10.50 12,40 12423 14.18 13.94
519 Se1E]41 6461 6.86]41 Be64 8456 |41 1037 1025 12410 11.93 13.83 13461
5.06 S.03|e2 6475 6.70)02 Bebd 8:36142 1013 10.01% 1181 11465 12.50 13.29
4.94 446263 6459 645443 Be24 Belb |43 SR 9.78 S 11e54 11,38 13,19 12099
4483 4,81 144 Gebd Ged0] 4% 8405 7.98 (44 Se67 9e56 . 1128 1113 12.89 12469 1736

68.92 KM/SEC




B=23"

9e4S 9.35{45

45 4,73 -4.7C 6.25]45 7.88  7+80(45 1103 10488485 12.60 12.42]45 17.33 16.98
48 L4065 4460026 6e16 Be12]46 7470 7.64[46 9.242 - 9.05/48 10479 10.65[46 12433 12.15/86 156,95 184£2
47 84.52 825067 6.03 . 5¢G0|47  Te54  Te47|47 9.05 8.95/47 10.56 10443 [47 12,06 11.90{47 16459 16.27
48 4,43  4,41]48  5.91 S.67168 7,38 7.32148 - 8.86  B.77:48 10.34 10421{48 11.81 11,65]48 16.24 15.94
40  6.34  4.32]89 B5.79 5475|849  Te23 Tel7]49  B8.68 8459 49 10413 1040149 11,57 11.42]49 15.91 1S.%2
50 4.55  4.23150 Se67 Se€3|S0  7.0S  T7eC3|S0 8,51 8442 SO 992  9.81{50 11.34 11.19}50 15.59 15,31
S1 4,17 441551 5.56  5.£2[51 6195 6ipa BT B I B.56)51  9.73 9.62|81 11.12 10.97|51 15.29 15,22 15.10 KM/SEC
S2  4.CG  4.07|52 5488  B5.42{52 6482 6476!52 £418 8410152 9454 944452 10,90 107752 14,99 18.73
53 4,01 3066183  5.35  £.32{S3 6469 6.63i53 €402 Te95]53 9436 9.26|53 10.70 10.57{53 132.71 14,86
524  3.94  2.62|54 5.25 S.22|58 .6e56 €e51[54 758 T.80]|54 919 9.09[54 1050 10.37154 14s48 14,20
25  3.87 3+25|E5 5415 5e412|55  6e44  644C 55 7.73  Te66[55 9402 B8.93|55 10.31 10.19155 14.18 13,04
86 3080 347356 . S5.06 5.03|56 6433 642856 759 7453|56 Be86 B8.77[56 10.13 10.01(56 13.92 13.70
87 3973 2471087  44S7  A.G4|S57  6.22 6417157  7.86 - Te40|57 Be70  8+62[57 9,95 9.83[57 13.68 13.46
S8 3.67 Z.€5]58 4485  4.86|58 €ell 6407|588 7433  7.27|58  B8.55 8,87158 9478 9467|533 13.44 13.23 ‘
59  3.60 2255156 . 4.B1  4.7Bl5S 6401 5.56:59 ° Te21  T7.15{50  Besl  Be31|59 9.61  9.50{59 13.21 12.°01
: 60 3254  3.53|60 8.73 Ge70|EC S5eS1  5.87:60 7409 7+03{60 8427 B8.10|60 9445 935160 12.99 12.90
: €1 3.49  3.37161  4.58  4.62]|61 5,81 5477 61 6407 6491161 8413 . 840661 9.30 9420(61 12.78 12.59
62 3023 304262 4.57 4.55|62 572 5468162 6,86  5e80[62 8400 79362 9415 - 9.05[62 12.58 12329
63 3038 3.36163  4.50 4.4RIE3  S.63  5.59]63 €475 6470|163 7eB8  7eBD[63 9,00 849163 12438 12,20
62  3.32 . 3431164 4.43 4.41]164 5.54 s.so‘sa €oba 6459064 Te75 Te6B|64 8486 BLTT{64 12.18 12,91
€5  3.27  1.25|€5  6.36 4434165 5,85 5462165 6454 6449165 7463 7457165 8.72 846365 11.99 11.83
66 3022  3.51(66 . 4430 4.27|66 5.37 5434166 €.44  6.60|65 7452 745166 - 8,59 £.51]66 11.81 11.45
€7  3.17 0 321667 T 4e23  49C1]67 5,29 5426167 €435  6430[67 Te4l Te34]|67 8.46 8,38167 11.648 11,48
68  3.13 1.12168  8.17  4.15]68 5421 5418({68 6425 65.21]68 730 7.23[65  CeJ4  Be25168 11447 11431
€9 - 3.08 3.07]65  4.11 4 0S160 5214  S5.11°69 €416 6412.69 Tel9 Ta13|69  Be22  Be14|69 11.30 11.15
70 3004  2.C317C  4.05 4.C3|70 5.06 5.03°70 6.C8  6.03]70 7409  7.02/70 B.10 B.02]70 11l.14 10.99
71 2499 246871 2069 346771 4499 4496171 5,99 545571 6499 649371 7¢99  7.91171 10.98 10.84 \O
72 2.95  2.94 |72 3496  3.92{72 A4+52 448972 5691 5487{72 6.89 6.8872 7488 7,80|72 10.83 10.%9 &
73 2.91 2050173  3.P8  3.87|73  4eB5 4.83i73 5,83 5.79173 6480 6.74|73 777 7.70|73 10468 10.55
74 2.87 2.86 |74 3083 3.B1[T8  8e79  4+76'T7h 5475  S5.71.178 6470 6.65[74 7466  T7,59[|74 10,52 10.81
25 2.84  2.83 |75 0 3278  3.76|75  8e73  4470.75 5.67 5.63|75 6462 645675  7.56  7.69175 10.40 10.27
76 2280 2:7517€ 3073 3.71]76 4,66 4.656 76 5.60 5.56]76, 6453 6.4R 176  7.46  7.40176 10,26 10412
77 5276 2475177 1968  3.67{77  A4.60 4458177 5452 S5.49{77 6.44 644077  TeI6 7430177 10.13 10.01
78 2e73 2472178  3.€3  1.62|78  4.58  4.52{78 , Se4E 544278 6436 - 6431178  T¢27 721178 10.00 9.8
79 2960  D.€3 |76  3:589  3.57|79  4¢49  4.46 79  Ee38 543579 6428 642379 7418 712179  9.87 976
B0 " 2.66 2+65|3C 3454  3.53180  8e43 444180 E432 5.28{80 6420 6414180 7.09  7.C3i80 9.75  Q.£8
81 2.63 2,€21€1 3.50 -3.49]81 4428 435 B1 5425 5.22{81 64,13  6.0R[B1  7.00 6.9a(81 9.63  9.%2

82 2459 26535132 3.46 3.44}82 4432 4e20:82 Sel9 Sel15,:82 6405 6401 |82 6491 648582 951 9.40

83 2456 2.55 183 3.a2 344083 4427 4425 .33 Se12 5,09{83 5498 Se 04 |83 6483 6.78}83 9430 9e?9
84 2453 2.52 184 3,138 3.26| 84 4422 4,20:84 5406 5403 ;84 5491 Se.87 |84 €e75 6.70184 9.28 9e18
es 2.50 24,46 i85 3438 3 85  i.17 4415:85 400 4,97185% S e84 S.80 |85 6e67 6062185 917 94n7
86 2,47 2.7 (€6 330 3.,28]|86 4,12  4.10:86 4,94 4.92186 5477 5.73|86 . €.59 6.54 86 9.07 Re 07
a7 2.44 2,04 {87 2,26 3.25] €7 4,07 440587 4, A9 4 .R6 (87 5470 SeEr A7 6,52 64T |R7 8,96 ReBR7
88 2,42 2.41 |88 3.22 3.21;88 4403 4,01:88 4eB3 448188 Se64. 5460 (38 6e44 6.a40]88 8.86 8477
89 2439 v 28 |86 219 3.17189 3,58  3.661{389 4478 447589 S5e57 5454189 Ae37 6.32]|89 8476 Re&7 |
S0 2436 - 93 {qo 3415 3.14: S0 3494 3462190 Go73 4.70}90 545]) 5445 {90 6430 6425]90 8e66 8458 .
=31 2434 2+33 91 3,12 . 3.10§91 3.89 3.88:91 4467 4465191 5445 Se 42 |91 6e23 6419 |91 Be57 A.4R .
92 221 2+3¢C {52 3.C8 36C71 92 3.85 3e82 (92 be62 446092 539 Se36 ({92 6sl16 Eel2452 8447 - 24739 .42 KM/SEC
93 2.25 2.258 {93 3.05 3.04)93 381 3.7993 4,57 4455193 5433 543093 6410 6405 |93 8438 Ge30
94 2426 2.26 {64 3.02 3.01}94 3.77 3.75:94 4,452 £Aa50[94 Se28 5425 |94 €.03 5,99 (94 8e29 8e21
95 2,24 2.23.(55 2.68 2,457,595 3473 3.71 .95 4e88 - 8.45({95 S5.22 5419195 €497 5492 {95 8,21 ° 8413
S6 2e21 2.21}96 295 2.94,€6 3469 3.6896 4443 4,41 196 5.17 S5.14 {96 5491 5487156 B8e12 8.C4
57 2619, Ze19 167 2,52 2.91197 3465 3.664:GT 4e38 4.36197 Sell 540R |97 Se 85 S.81 (97 8404 7.96
s8 2617 2416 158 2.89 ' .2.88/98 3.62 2.,60198 4434 4432198 5406 540798 Se79 575 |98 796 7.88 -
S9 2.15 2414 {95 2486 248509 3.58 3.56199 4430 4427199 5401 4.98]99 Se73 5469 199 7.88 7.80
CORE USAGE OBJECT CODE= 1312 BYTES,ARRAY AREA= 240 BYTES,TDTAL AREA AVAILABLE= 102400 BYTES
DIAGNOSTICS NUMBER OF ERRORS= 0s NUMBER OF WARNINGS= 0, NUMBER OF EXTENSIONS= (]

CCMPILE TIME= Qal4 SEC.EXECUTICN TIME= 1.28 SEC, WATFIV — JUL 1973 ViLs 13.56413 MONDAY' 3 NOV 75




: $J0B  WATELY Re SANTCS .
! 1 JIMENSION V(12),NULL{12)+ID{12),VR(12),RR{12Y °
; 2 READ 10, DeAs(NULL{I}sI=1,12} . _ ' 6=72
: 3. 10 FCFMAT (2F643+2X+1211)
4 DO 1 I = 1,99
\5 0D 2 IKk=4,12 :
6 SIF(NULL(IK)eE0e0) GO TC 2
7 P=A%x,0174533 .
8 IS (IK) =1
S V(IK) = D*(IK=1)*CCS(P)/ID(IK)/e0017143
10 RE(IK) = (IK=1)/12+ #+0017143 + 1
11 VRUIK) = {IK=1)*D*COS{P)/RR{IK)/+0017143
12 2 CONTINUE
i3 PRINT $1, ID(4)sV{8)sVR(4)+ID(5)1VISIIVRIS)ID(6)2V(6)sVRIE)
CIG(7) sV(7)sVR(T71+1D(8),VI(B8)sVR(8)4ID(I),VIG)IsVRII),
CID(12),V(12),4VR(12) .
14 11 FCRMAT (' *47(1Xs12:2(F7e2))), :
15 1 CCONTINUE . :
16 STOP ;
17 END i
SENTRY :
1 7138 74111 1 G518  71.28] 1 118.67 " B3.98] 1 142,76, 95.18 | 1 166456 105419 | 1 190435 114.21 | 1 261473 13656
TSRO 173 I TaT.59 40.79] 2 5049 40,23 2 T1e38 57.11 | 2 83,28 68,47 ) 2 95.18 71,381 2 130.87 89,74
S 23.7¢ 2156 3 21.73 284SE| 3 39.66 34482 | 3 8750 &0e73| 3 5552 86.88| 3 63445 5191 3 A7.24 66.32 67.46 KM/SEC
& 17.35 16480] & 23479 21.S6]| & 29.74. 26494 | 4 35,69 31.73| 4 41,62 36.34| 4 47,59 40.791 % 6543 53623 -
S 14e08 13.60] 5 19.C& 17.85] 5 23.79 21.96| 5 2B.55 25496 S 3331 25.83| 5 38,07 33,595 52.35 44,24
AT 56 T 45l € 15.86 _15.03| 6 1G.87 18454 | 6 23479 21496 | 6 27.76 25430| 6 321,73 .2R.55| 6 43.62 37,74
7 10.20 9.85| 7 13,60 12.G8] 7 17.00 16.04| 7 2C.39 19.04; 7 23,79 21.96, 7 7 37.39 33.06
8 8.92 8,650.8 11.90 11442 8 14,87 14.18] B 1785 16480 | 8 20.82 19.40( 8 8 32,72 29,35
S 93 72] 9 10458 1020 9 13427 12.€3L 2. ..18.86_ 15.,03]| 9% 1851 17.37] 9 9 29.08 26439 O
10 7.13 . 6.S6|10 © 9452 ° 942110 1140 11.42[10 1228 13.60 1O 16,66 15,74 119 10 26417 23.98 v
11 6,49  €.-3111 8,65 _A.40|11 10.82 10.42[11 12,98 12.41[11 "15.14° 14.38|11 11 23.79 21.9¢
12 S5.95 6423772 7eQ3  7e72|12 9491 9.58 112 11490 11,4212 13.88 -13424112 12' 21.21 20.26
13 S.49 €42913  7.32 7414 |13 9415  8eB7{13 10.98 10.58|13 12.81 12,2613 13 20.13 18.°1
14 5,10 S,0114 6480 6064 |14 B.S0 8,25 14 1020 9485 {14 11.90 11.82(14 14 18.70 1755
15 B.76  445B|15 6435 _6.21 15 7s93  Te72 |15 .52 9.21 {15 11,10 1C.69415 15 17,45 1£.44
1€ 7 4446 4.39116 5465 5.83116 Tebb 1 - 702516 862 8465116 1041 10.04116- 16 16.35 15,77 14.86 KM/SEC
17 - 4220  4.14]|17  S.&C 5.4C|17. 700 6483117 €440 Be16]17 9480 9447117 17 15,40 18.51
18 3.97  2,91|18 5.29 S5.15(18  6.€1 644618 7493 7.72[18 9.25  8.56(13 18 14.54 13,94
19 3.76 3471(19 S.01 45,6219 6426 6413110 7,51 7e32119  B.77 8,51 119 19 132,78 13.1a
20 .57  2453|20  4.76  4.68|20 5.95 5.832[20 7.14 649620 8,33  B8.09120 20 13409 12.51
21 3,40  3.36:21 4453  4.46121 5467 545621 GoRO  B.64 |21 7.93  7.72 121 21 12.46 1194 .
22 3.24  3.21]22 4.33 46,2622  S.41 5431 {22 6449  6435[22 Te57 7438122 22 11450 11.242
23 2410 3.C7[23  8.14 4408|253 . S.17 540823 £.21 6.08 |23  Te24  7.0A[23 23 11,78 10.94
24 2,57 - 2.55|24 3467 349124 4496 448724 5495 S5.33 (24 6494  €.7R8(24 26 10.91 10.%0
25  2.826° 243325 3.21 3.76 (25 4476  4,68i25  S.71 S.60 125 6466  6.51(25 25 10447 10410
26 2475 Z2.72{25 3.66 3.611(26 4058  4.50|26 S.29. 5.39126 6.41 6,27 (26 26° 10,07  9.72
27 2.64 2.52|27 53 3,48|27 4.2} 643427  S429 5419127  6.17 6404127 27  9.69 9,28
28  2.55 2.S3{23  3.40 3.36|28  8.25 441528 5,10 5.01[28 5.95 5.83 )28 28 9435 935
25 2446  2,44129 3,28 342429 4410 44064129 4,92 4,84 |29 S5.74  5,63)29 29 9,03 8,75 _
30 2438 243&|3C 3417 21430  3.67 3.91 (30 6476  4.68|30 5.55 5.45130 30 8.72 8.a7 8.51 KM/sSEC
31 2.30 Z2.22)21 3.C7  34C4 |31 3.84  3.79(31 4,61 ~4453|31 5437 52731 31 Be4d  Ee20
32 2.23 242132 2497 2.94|32  3.72 346732 8¢46 . 4,39|32 S.20 S.11(32 32 B.18 7.95
33 2.16 Z.15[33 2.88 2.8633  3.€1 356 (33 4433 442633  5.05  4.9A133 33  7.93  7.72
34 2,10 2.03|34 2480 2477134  3.50- 3.46[34 4420 4412134 4,90  4,82134 386 770 750
35 2.04  2,03[35 2.72 2.€9135 3640  3.36{35 4408 48,0235 4e.76 446735 35 7.48 7429
36 1.68 1467136 2464  2.62[36  3e30  3.27/36 357 349136 4463 4455136 36 727 7409
37 1.93 1492|327 2457 2453137 3422 3.18137  3.86 3.81[37 4450 444337 37 7.07  6.90
38 1.38 1.27|28 2450 2.48[38 3413  3.10{38 2,76 347138 4.38  4.32/38 28 6489 673
39 1.83 1.82{39 - 2.04 2042139  3.05 +3.02[39 3466 3461139, 4.27 42139 36 6,71 6456
40 1.78 177140 2438 243640 2.97 294|240 . 357 35340 4.16  4.10]40 40 5458 6440
41 1.74  1.73|41 2432 2430|381  2.90 2.87 (a1 3.48  3.48 161 4006 440141 41 638  6.28
42 1.70 1.69]82 2427 22542 2.83 2480[42 3440 3436142  3.97  3.91142 42 6,23 6.10
43 1.66 1.65{43  2.21 2.20|43 2477 247443 24322  3.28143 3.87 | 3.82)43 43 6409 596
48 1462  1461]44 216 2415|484 2470 246844  2.24  3.21 (48 3479  3.74}44 44  S.55 S5.83
‘
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APPENDIX D
Combination of Errors
Let p and g be two measurable quantities and and q their
errors, respectivelys n the number of sample's;cfp/g <<1js Safqg.<< 1.
l. Simple rules _ ‘ :
a. Addition: r=p+4q . Sr =8p +da

b. Subtraction: r=p=-q Sr = dp +J8¢q
c. Multiplicationt r = pg ~ Srfr = Sp/p + da/a
d. Division: r = p/q Sr/r = dp/p + Sa/q

2. Error estimates in slope and intercept

For least squares fit of straight lihe q =«p + p to data,

S m? ) pia | | Y mai ) pi)
Z ] Z LE | ) w R
= ﬁ =

D - , D

St Yo

o

where D = :
E Py n
ae. X~T plot: .
Replace py with xj and q4 with ti. Apply simple rules above
directly to and to obtain ’

,é-ng(Sxi)ti 4+ (Jti)xj.' *32&21 . Z_Jti *ZZ(JXj_)Xi

inti in Zti Z 1:12

Z'xi2 :

be X2 - T2 plot:
Replace py with x3° and qj with t32.

Z (chi)xifiz + (5“‘21)"212{12 Z (Jxl)xl
do = 2 - . g + 6

2
E %3232 § 237
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., 2 (dtdy . > ()3
Sl

Z (x4 )x13 > (s X3 )xitiz + (It )tixie

6@=<§o(+ 4 ==

Note. the error estimate for the shot to recorder dlstances is
%+ .1 knm ( Hajnal, 1970, p.93 )
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