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ABSTRACT

The development of the near vertical reflection seismic tech-
nique to the stage where it can be used to map shallow and deep
crustal structure has been a goal of the Department of Earth Sciences
at the University of Manitoba since 1969. This thesis develops and
describes techniques by which this goal can be achieved.

The primary method of improving the quality of data obtained
in the field this year was very simple--larger unit charges, and
more of them, were used. Thus, the effective charge weights used
approximately equaled the theoretical minimum charge size necessary
to observe deep crustal reflections. This approach was based on the
theoretical estimates produced by Baer (1972).

The use of linear arrays has proven to be successful in atten-
uating surface waves. However, because of the more difficult terrain
in the area of this study, these arrays were not employed. Other "
methods of overcoming the problems of surface waves were used.

As a further step in the development of the data processing
capability of the geophysics group at the University of Manitoba,
the existing computer programs were critically assessed and signifi-
cantly modified in the light of the data obtained in the summer of
1973. Weighted stacking was introduced to do a better job of summing
multiple shots; a;d by proper use of frequency filtering techniques,
good quality records were obtained. Velocity filtering routines were
further developed so as to improve the S:N ratio of different events,

thus aiding in their identification.
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The success of this study in obtaining observable reflections
indicates that the development of the near vertical reflection tech-
nique is now at the stage where it can be used to study the geologic
structure of the earth's crust. This thesis does not mark the end
of the development processes, but rather the successful start.
Continuous effort will be necessary if the maximum amount of infor-
mation is to be extracted from the data collected.

The 1973 field season was the first in which the Precambrian
Centre attempted to obtain near vertical reflection seismic data on
or near the Aulneau Dome. The data collected this year was not
sufficient to make a complete interpretation, but was used to eval-
uate and to improve this method for the next four field seasons.

The data collected in this five year period (1973-1977) will be used
along with other geologic and geophysical information available for
this area to answer more questions about the structure and nature of

the earth's crust.
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CHAPTER 1

EVALUATION OF FIELD PROCEDURES

1.1 Introduction:

The Department of Earth Sciences, University of Manitoba has
been actively engaged in the study of crustal structure in Manitoba
_and northwestern Ontario for over a decade. The results have been
published in several papers: Hall and Brisbin (1961, 1965), Hall
(1964, 1969, 1972), Hajnal (1969, 1970, 1971), Hall and Hajnal (1969,
1973), and Gurbuz (1969, 1970). The primary research method has been
refraction seismology including interpretation of wide angle reflec-
tions.

The need for the development of a near vertical reflection capa-
bility was voiced by Hall and Hajnal (1969) and Wilson (1971). Rea-
sons to believe that the near vertical reflection technique could
answer more questions about the structure and nature of the earth's
crust have been well documented. Summaries of deep crustal reflec-
fions were given by Steinhart and Meyer (1961), Beloussov et al.
(1962) and the German Research Group for Explosion Seismology (1964).
Othef recent results are provided by Robertson (1963), Dix (1965),
Khalevin et al. (1966), Kgnasewich and Cumming (1965) and Clowes
et al. (1968). 1In response to this need, Hajnal (1970), Homeniuk
(1972) and Baer (1972) worked on the development of this method,

advancing it to a certain degree.




1.2 Present Project:

The present thesis forms part of a project designed to develop a
near vertical reflection technique capable of mapping shallow and
deep crustal structure. It must be stressed that the work done this
year is developmental in nature and not designed just for mapping a
specific structure. However, if this technique is successful, the
work done this year will form the starting point for continued explor-
ation of the Aulneau Dome.

The work necessary to achieve this goal can easily be broken up
into two distinct areas: 1) Field work, and 2) Lab work. Based on
the theoretical and practical experience of the three previous
attempts, improvements in both areas are possible and necessary if

the end results are to be successful.

1.3 Field Work:

1.3.1 When and where:

The field work was carried out in May 1973 on or near the north-
east portion of the Aulneau Dome. Figures 1.1 and 1.2 indicate the
area of the survey, and show the locations of the shot point and
recording sites occupied this year. Table 1.1 gives the relevant
information regarding the exact locations, distances from the shot
point, and other related information.

1.3.2 Instrumentations

The recording equipment was the same unit described by Hall and
Hajnal (1969), and Hajnal (1970) with minor modifications to the tim-
ing circuits. The time code generator was removed and a filter ampli-

fier called a tone amplifier was added. The tone amplifier was used




to amplify and to filter a 475 hertz tone that was received over the
radio from the shot point. This tone was then recorded on tape in
place of the time code.

The shot point equipment was identical to that described by
Hajnal (1970) with the addition of a tone generator called a tone
box.

The geophones used were the Hall-Sears, Model H.S.-10-1 seis-

mometers. Eight vertical and four horizontal phones were used.

1.3.3 Shot point frocedures:

The shot point was located in an abandoned mine shaft. The
shaft had an aperture of approximately 12 by 15 feet, a depth of
10Q feet, and contained 25 feet of water when shooting began, drop-
ping to about 8 feet for the last shot.

The explosive agent used was a stable compound designed for
underwater detonation called Hydromex. It was purchased in SO—pou?d
cardboard cases containing two plastic bags of Hydromex. Thus,
explosive charges of 25, 50 or 75 pounds could easily be used with
25 pounds being the most common.

The procedures used at the shot point stressed safety and effi-
ciency. At a predetermined time, the shaft was loaded with explo-
sives and radio contact was established with the recording crew. At
the agreed time, 30 seconds of tone was transmitted over the radio,
with the detonation of the.;harge terminating the tone transmission.
Radio contact was again established and the entire cycle was repeated.

Multiple shots were fired into each recording location (see Table 1.1

for exact number) with a time interval between shots of fifteen




minutes being typical during normal operating conditions. .

The exact instant of detonation was also recorded at the shot
point if radio communication was poor, by a method documented by
Hajnal (1970, page 28).

1.3.4 Recording site procedures:

The spread used consisted of 12 seismometers spaced 220 feet
(67.1 meters) apart. Channel 1 was always closest to the shot point.
The 1st and 1lth seismometers measured the in-line component of hor-
izontal motion. The 2nd and 12th seismometers measured the perpen-
dicular component of horizontal motion, while all other seismometers
measured vertical mofion. The recording equipment was located in a
~boat at the center of the spread.

The recording attenuations and frequency settings were recorded
in the field book for all shots. However, in general it can be
stated that the attenuations were set only high enough to prevent
saturation of the system, and the frequency settings were always
set at 48 hertz. This allows the maximum amount of information to
be recorded.

Once the tone began on the radio, the recording process was
started and continued for one minute after the tone cut-off. Reg-
ular checks were made of noise conditions and the quality of records
obtained, but problems with development of records necessitated doing

-

all playbacks over in the lab.




1.4 Evaluation of Field Procedures:

This year's was the first attempt to take the VLF-2 and tape-
recording system away from any roads. The recording equipment was
placed in a boat, and all recording locations were chosen along the
lake shore. This method extends the amount of freedom available to
pick recording sites, but there still exist serious limitations on
where the recording spread can be placed. If the cables used
allowed end-on recording (all geophones in one direction from the
recording equipment) many more locations around the lake shore could
be used. However, with such limited mobility, this VLF-2 system is
not practical for exploration on the interior of the dome. The new
system presently under development by the Physics Department in
- collaboration with the Precambrian Centre will go a long way towards
solving the mobility of recording locationms.

The location of the shot point is still the least mobile aspect
of this exploration method. Air shots are considered too dangerous
in the present study area, if adequate charge sizes are used. Lake
shots are generally prohibited by government regulations, and drill-
ing of large enough holes to accommodate adequate charges is too
expensive. Mine shafts that contain adequate amounts of water now
appear to be the most feasible shot points, but these do not exist
in sufficient number in the particular areas of interest to bé ideal
either. This problem must be solved or circumvented for a study to
be feasible.

After solving the problems of where to locate the shot and

recording sites, the success of the project depends principally on




putting enough energy into the ground in order to get observable
reflections. The theory of effective charge weight and the statis-
tical benefits of stacking multiple shots togethér was documented by

Baer (1972). The equation for calculating effective charge weights

W > ) /? Z (A ? (1.1)

where W is the effective single charge necessary to achieve the same

is

S:N ratio that could also be achieved by stacking € traces together
from ¥ records that were generated by individual charges of//{L .
(See Table 1.1 for effective charge weights for each recording loca-
~tion). 1In this survey, we have used the largest individual charge
weights for near vertical reflection data, used to date by the
University of Manitoba, and also increased the number of individual
records being stacked. These facts alone give this year's efforts the
greatest possibility of suécess.

As with any seismic survey, the exact determination of shot time
relative to the recorded events is critical., The tone break system
presently employed by the University of Manitoba is sound in princi-
ple, but has certain practical limitations. When radio reception
deteriorated, so did the ‘tone break quality. ’Laboratory examination
of the filter response of the tone amplifier showed it to be a rela-
tively poor filter (see Fiéure 1.3)i If the filter were to be
improved, the qﬁality of tone break would be improved significantly.
The use of better radios would improve this system. The possibility

of getting radio antennas higher by the use of balloons should be




considered especially since the field work for the present is not
near power lines. On the other hand, if the antenna should come in
contact with a power line, this would endanger the obsexvers.

Even after considerable effort is put into improving the tone
break quality, the need for a back-up system still exists. The
equipment described by Hajnal (1970) should be replaced by a magnetic
recording of WWV, shot instant and shot generated wave form.

The use of linear arrays as discussed by Homeniuk (1972) was
considered, but not employed this year. Linear arrays of aaequate
length are not available commercially. However, by proper spacing
of geophones, the velocity filtering technique could be used to give
similar results.

It should be pointed out that the present survey would not, even
if successful in yielding recognizable reflections, by itself provide
adequate sub-surface data. The major reasons are the wide separation
of recording locations and the lack of a reverse profile. However,
additional work planned for the next four years should solve this

problem.

1.5 Lab Work:
The lab work commenced in July 1973 and continued until the end
of the year. The theoretical and practical results obtained in the

lab form the basis for the remaining portion of this thesis.




1.6 Sample Calculation of Equivalent Charge Weights:

We had (equation 1.1): -
W SE S
¢ =1

We use location 65-9 for the sample calculation. After running the
data through the program WISTACK, r = 18{/4L = 25 pounds for all

shots and t = 1 because no trace mixing has been done.

W% = S [(25) %

N = 2185 pounds.

After VSTACK, where € = 8 because we now mixed eight traces to-

W% - Sew (297

gether:

W - 1039.25 pounds.

(See Table 1.1 for all equivalent weights).




0IJde31UQ UIDISoMYIIOou pur evqOITu®Bl FOo dEeR 1°7 2an8t4g

f Y SN

A :

10UDY

i Gl

OldVvV LNO

diuui
axeT

Badiuuipp




Yellow %} z

Location map of study area

t point

Sho

3

=

AULNE AU

NI N S U

E

P

Figure 1.2

10



11

a97J1Tdwe suol Jo @suodsax Lousnboig €1 2an31g

1SLTOA NI 39VLT10OA 1NdLNO

v
™~
o

GL 0

<

u%\ SI1OAD NI ADNINDI YA

066 00¢G oSy 010)7%
| _

‘t’
.

(/4 an) | \

- 9UO0j pajjwsubi] /

‘U

e .
asuodsal 484|1§ PBIISD( wcoerreen / \
-

jndur syjoA
Q0’0 O} dsuodsey —--——

4d31NdWV INOL 4O ISNOdSIY ADNINOIAA

00

0¢

0t

oY

06

09

41vVOS IANLITdWY  JAILV 13 Y




Table 1.1 Table of data regarding shot point and recording locations

Shot Point™*

9

Recording Location

65

66

67

68

69

Recording Distance from No. of Records

Lat

49°

4:9°
4,90
49°
49°

4:9°

itude

30.93"

29.73"
28.82'
27.28'
23.63"

18.30'

Longitude
94% 26.78"

940 26.88"
94° 25.17"
94° 18.53"
94° 13.92'
94° 1.10'

Equivalent Charge Wt.

Location Shot Point 9
65 2.20 km.
66 3.81 km.
67 12,04 km.
68 20.50 km.
69 30.93 km.

*Not processed.

Stacked

18

14

16

12

N.P.*

After WTSTACK After VSTACK

218.5 1b. 1039.25 1b.
181.0 1b. 861.0 1b.
200.0 1b. 951.25 1b.
161.25 1b. 767.0 1b.

*%*Shot and recording site numbers follow those of Hall and
Hajnal (1973).
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CHAPTER 2

STATISTICALLY OPTIMAL STACKING OF SEISMIC DATA

2.1 Introduction

The process of stacking seismic traces together in order to
improve the S:N (signal to noise) ratio has been used with varying
success for years. Mayne (1962, 1967) and Galbraith and Wiggins
(1968) reported success in common depth point stacking techniques

““““ applied in the petroleum industry. Whitcomb (1969), Hajnal (1970,
1971), Capon (1972), Baer (1972), Homeniuk (1972), Kanasewich et al.
(1973) all used a stacking procedure as a velocity filter in order to
improve the S:N ratio of events with specific moveout velocities.
Baer (1972) and Homeniuk (1972) also vertically stacked multiple
shots with common shot and geophone coordinates.

The theoretical results of stacking 91 traces together is a
J:;Z- improvement in the S:N amplitude ratio as documented by Baer
(1972). 1In most cases, the first attempts at stacking traces were
based on at least two general assumptions about the input data:

1) the signal amplitudes on all traces being stacked were approxi-
mately equal, and 2) the signal to noise amplitude ratios were
approximately constant on all traces. Individual traces were as-
sumed to have these characteristics or were normalized in such a

way as to impose a relatively consistent amplitude to all input

traces (Hajnal, 1970; Baer, 1972).

13
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However, upon closer examination of input data, it is found
that these two assumptions are in general, not perfectly wvalid.
Indeed, cases exist in our present data where these assumptions
are grossly invalid. Capon et al. (1967), Christoffersson and
Jansson (1967) and Robinson (1970) all worked on ways of computing
weighting factors to apply to various traces that violate these two
assumptions, in order to optimize the output S:N ratio of a stacking
procedure.

Since the data recorded in May 1973 by the Department of Earth
Sciences, University of Manitoba, was found not to conform to the
above-mentioned assumptions, a stacking program (WTSTACK) incorpor-
ating weighting factors calculated according to the theory put forward
by Robinson (1970) was written. _This method allows the stacking of
traces with variable signal amplitudes and variable S:N ratio--
features which are present in this data. This theory also allows us
to calculate the theoretical S:N ratio of the stacked record. (See
Appendix A.)

It is interesting to note that when this theory is applied to
the sum of 7 traces that do conform to the above mentioned assump~

tions, the results are consistent with those predicted by Baer (1972).

2.2 Theoretical Optimum Weighting Factors:

The first step must be the development of a mathematical model
of a seismic trace and some criteria on which to evaluate the
effectiveness of the stacking procedure.

The model seismic trace presented has a signal and a noise com-

ponent. The signals are assumed to be identical, with the exception
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of scale, on all traces that are to be stacked together. The noise
on any given trace has zero mean value and is assumed to be statis-
tically independent of the noise on any other trace. The signal and
noise components are also‘statistically independent of each other on
all traces. The signal to noise ratio is reasonably constant for each
individual trace (at least over the time extent of the windows used).
The last requirement put on the seismic trace is that the noise level
is constant with respect to time on any individual trace.

The mathematical expression for the _j th sample of the (th

trace is
tLj = O\LCSJ' +7\LJ'> 2.1)
where @;is signal amplitude factor of L th trace.
sj is signal component for the _ith sample which is identical
on all traces.
7ﬂg is noise component which is in general different for each
individual trace and sample.
Also define J as the number of samples in a seismic trace, and L as
the number of records to be stacked.
The signal energy (S), noise energy ( A& ) and total energy

,

('7‘ ) of the th trace are defined as:

2%3 S' (2.2)

J7l

J z
N; = Z ﬂ'tj 9 (2.3)

..



r
T = Z ﬁLj (2.4)
Jl

A unique signal to noise power ratio can be defined as:
Y, = S (2.5)

The objective is to determine weighting factors ( wy ) to be
applied to the (th trace such that the signal to noise energy
ratio of the output trace will be a maximum.

In the case of a twofold stack, the weighting factors are de-

termined as follows:

) +
tj =ty uty (2.6)
Arbitrarily we have set W) =1 and & = 1. Substituting equa-
tion 2.1 in 2.6 and collecting signal terms gives

22 (1 +oaw;) Sj o+ M+ MW

-

- @ .(2) 2.7
= 7+ (2.7)

14

The signal energy of the stacked trace is

¢? . (1+wa)” ZSJ

(2.8)
- (l+uf0tz> S
The noise energy of the stacked trace is
J i 7
N2 - (ny ¥ %07, T ) (2.9)
3=

:j(ﬂﬁ"‘fz“znz)z‘ ' (2.10)

16
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where the bar indicates mean value for J samples. However, because
N, and Yz are statistically independent and have zero mean value,

we obtain for the noise energy of the stacked trace

N =, + (@)

(2.11)

(See Lee, 1960, equation 5.82.)
By substituting equation 2.8 and 2.1l into equation 2.5, we find the
signal to noise energy or power ratio as

b/(n - (l + Ufzaz)ZS
N, + <Uf7_al_>2 /\/2_ ) (2.12)

@
By setting i?(ff
z
I

a) (/U;,: - 7‘7 (2.13)

= 0 and solving for W, 4 we find that

v,

M 2.14
N, - (214

b) W =

Clearly solution a) minimizes the signal to noise power ratio and
solution b) maximizes the power ratio.

Thus the twofold optimum stack becomes

(7«)} - t, + N, .. ,
[tj op"' 1 ’ ———-—az_ Ng_ Z| (2.15)

@)
The output can be normalized to any value by multiplying {tj opt

by some constant. At this time it is convenient to choose S!/N‘ as

such a constant. As a result
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aq Ay (2.16)

Recall that &; = 1.

Stated in words: the optimum stack is effected by first equal-
izing the scale factors on each trace, then weighting the resulting
traces with their respective signal to noise energy ratios, and
finally, stacking the traces together.

If we substitute equation 2.14 into equation 2.12 we find that

K(Z) = 3+ 7 (2.1.7)

Thus the optimum signal to noise power ratio of the stacked trace
is equal to the sum of the individual signal to noise power ratios.
. . . £® )
By an iterative method using | opt in the place of

ti[ we can extend this procedure to the sum of T traces.
T
@) ¥
tr - L Z( L) & 2.18
{.\ opt C - oz ] ( )

where C: is a normalizing factor.

Also we find that -
e ;
I
{‘6 = Z X - (2.19)
oft

Thus if we can, by some method, measure Xi and 4 for all




our input traces, we can determine

(/U" = Xg’
L ai (2.20)

and we can also estimate the expected signal to noise power ratio of

the stacked trace.

2.3 Practical Calculation of Weighting Factors:

In order to calculate the weighting factors for each trace, we
first must calculate the power of the seismic trace in two windows.
The first window is selected before the first-break energy. In this

. ’ .
we will measure the noise energy level ( —Tl ) of the (th trace.
Under our assumption that the noise level is constant with respect to
time over the entire trace, the noise level measured in the first
window is representative of the noise level over the entire trace.

The total energy in the first window (just noise) is then
J 2
—-——/ j L ") IZN'
|- = Zt’j = Z(ai_ﬂu = Al Ve (2.21)
L i 1=l

The second window is centered over a stromng arrival. The
signal to noise power ratio in this window will represent 31 for

this trace. Clearly changing the position of the second window will

change Xl . However, it is the relative magnitude of each ?ﬁ which

is of importance in designing weighting factors and not the actual
magnitudes. The total energy in the second window ( ﬁTi ) on the

L th trace is

19
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I 2
Te=) {als +15)}
=1
= &L :r C )

(2.22)
By the same argument that was used to derive equation 2.11, we claim

that

2
a; (S+N).
(2.23)
Up to this point, both windows have been ;T samples long. 1In
!
practice, WTSTACK divides both 12 and .TZ by the number of sam-
ples in the first and second windows respectively. As a result, the
windows are not restricted to being of equal length.
We now have enough information to calculate the signal to noise

power ratio of this trace.

T = S - T- T. (2.24)
N T

By looking at the signal energies of the different traces relative to

trace 1 we can calculate the scaling factor Q& as

!
TZ"ﬂri/ i} /i ) (2.25)
-
The quantities TEI‘ and 1:_ are measured directly from the in-
put data for all traces. We could proceed to substitute equations
2.24 and 2.25 into 2.20 and directly calculate the appropriate

weighting factors. Or we can look at the overall expression for bUz

and simplify it slightly.
_ X -0 T-T/ s
Wiy =50 = A L (2.26)
a; l{ T{_' ;
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We can multiply these weights by any constant we desire in

order to normalize the output trace. The constant we use is

p— 7
kb477;j?ﬁ77 where AL is determined in such a way that
2, w;, =10 (2.27)

This is done to ensure that the maximum amplitude of the output
record is always less than 20470. Thus the final form of the

weighting factors used by the subroutine WEIGHT is

(2.28)

¢

e KT
—
s
(see Appendix A.)

2.4 Evaluation of Weighted Stacking:

The evaluation of weighted stacking will be approached in two
ways. Method 1 will be a direct comparison of the output of STACKER
and WTSTACK. Method 2 will be based on statistical measurements
performed on the input and output data.

The data recorded at location 67-9 is considered typical. This
is the center location of.the five recording locations for the 1973
field season and is at the intermediate distance of 12.04 km. from
the shot point. The number of records going into the stack (16)
was only one more than the average of fifteen. The performance of
STACKER and WTSTACK on all-the different locations is adequately

represented by 67-9.
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Method 1:

The relevant data appear in Figures 2.1 and 2.2, Each plot con-
sists of 2.15 sec. of data. Figure 2.1 is the result of sixteen
input records stacked by STACKER. Figure 2.2 shows the identical
input records stacked by WISTACK. Neither record has had ény further
processing except that each trace is normalized by PLOTMOD so that the
first-break amplitude is % inch. Thus the relative.amplitudes of the
data, trace to trace and also record to record, give a comparative
indication of the output signal to noise amplitude ratios.

For all traces, it becomes obvious from looking at this com-

parison that WTSTACK has done a much better job than STACKER.

Method 2:

Although WTSTACK did a superior job to STACKER, some measure of
how well WTSTACK approaches its theoretical potential is also
desirable.

In order to do this evaluation, we may use the subroutine
WEIGHT to measure the signal to noise amplitude ratios of the data.
Figure 2.3 is a plot of the S:N amplitude ratios of all the individual
traces recorded at location 67-9. Also plotted is the average S:N
amplitude ratio. By using equation 2.10 we calculate the expected
S:N amplitude ratio that WTSTACK would produce. This is also
plotted in Figure 2.3 along.with the actual S:N amplitude ratios of
WTSTACK and STACKER. By using the expected S:N amplitude ratio as
the optimum output, we can calculate the percentage efficiency of

WTSTACK and STACKER. This is plotted in Figure 2.4.
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By studying these two graphs and the two plots, a number of
interesting points appear:
1) By comparing Figures 2.1 and 2.2 with Figure 2.3 we can see that
the statistical method for measuring S:N amplitude ratio does give a
consistent picture of data quality, i.e.: the best trace from Figure
2.2 is also the best in Figure 2.3. This adds some degree of con-
fidence to the method of measuring 31 .
2) The very large variation in S:N amplitude ratios of the input
data stands out. This is in fact the main justification for using a
weighted stack.
3) Some of the individual traces have a very high S:N amplitude
ratio. In general, these traces have an extremely low background
noise level measured before the first breaks. This low noise level
is not usually representative of the noise over the entire record.
For this reason, these traces are not consistent with the model
seismic trace as specified in Section 2.2. Improvements in measuring
S:N ratios would help here.
4) Figure 2.3 clearly shows the benefits of WISTACK over STACKER.
This is firm evidence that we are moving in the right direction, but
it also indicates that some overall improvement in the theoretical
or practical aspects are needed to bring estimated and actual S:N
amplitude ratios closer together.
5) Figure 2.4 indicates th; relative efficiencies of WISTACK at
55+17% and STACKER at 24+417%. These levels of efficiency are typical
of all locations.

6) The short-fall in actual WTSTACK output S:N ratio must be attri-
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buted to the degree to which our model seisﬁic trace does not fit
our data or to errors in estimating al and o from our data.
The 5% of the individual traces that have individual S:N ratios
higher than the output trace indicate that the theory does in fact,
not appl& exactly. However, the S:N ratio on STACKER output was

below the S:N ratio on 327 of the input traces.

2.5 Conclusions:
WTSTACK represents a considerable step forward over previously
used methods in the processing of multiple shot data.
New and,hopefully, better ways should be found of evaluating
?5L and Qi from the input data.
Other theoretical methods of optimizing the stacking’procedure

should be looked into in the future.

2.6 General Comment:

The algorithm used by WISTACK attempts to maximize the S:N
power ratio. Inherent in this method is a definition of signal
energy. Signal energy is'considered to be all shot-generated energy
measured at the recording location and includes such arrivals as
Rayleigh waves. It will be left to other means than stacking multi-
ple shots to enhance reflections with respect to surface waves or

other types of shot-generated noise.

-




e =2
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Figire. 2.2 67-9 dfter WISTACK (2.15 sec.) -
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CHAPTER 3

EVALUATION OF PROCESSING ABILITY, PAST AND PRESENT

3.1 Introduction:

A considerable amount of time, energy, and money was spent this
year on seismic data processing. The solutions of problems that
arose and some initial concepts on how data should be processed formed
the basis of a processing philosophy. The more important aspects of
this philosophy and the evolutionary history of the programs developed
this year constitute an important segment in the development of the
near vertical reflection technique as an exploration and research

tool on the Canadian Shield.

3.2 Processing Philosophy:

The processing philosophy developed for the handling of seismié
data can best be described by stating it in six propositions, as
follows:

1) Exact shot time must be present on BINBIN's (see Section 3.3.1)
output tape. This information is absolutely essential in poor
quality data in order to allow stacking to be used.

2) All programs after BINBIN should maintain absolute timing in-
formation on the output tapes, i.e. the first sample of the output
should represent zero time. Exact timing information can then be
plotted on output displays’simply by counting samples.

3) Careful manipulation: of the integer data values is essential if

a significant amount of information is not to be lost.
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4) Each program should print out as guch information about the data
as possible.
5) Processing efficiency should be reviewed regularly.
6) Critical studies should be made on the quality of data out of each
processing step. Program deficiencies, poor parameter selection and
input errors will not necessarily stop execution and eliminate the
output from the various programs. When the output was not up to
expected standards, it was often due to some unsolved problems.

These propositions are to be upheld at all stages and in all
programs used in the processing sequence if possible. They outline
technical requirements that have to be built into every’program as well

as outlining methods that should be used in processing data.

3.3 Program Evolution:

The programs used this year fall into five main categories:

) i :
1) Utility programs, 2) Stacking programs, 3) Filtering programs,
4) Gain adjustment programs, and 5) Velocity filtering programs.

Significant programing changes were made in all these areas.

3.3.1 Utility programs:

The principal program in this area was BINBIN, as documented by
Hajnal (1970). TIts main function was to perform a data conversion
from a 7 to a 9 track tape. The program was written in COBAL and
is very difficult to modify, because of a general lack of familiarity
with this language at the present time. Serious attempts were made,
although unsuccessful, to modify BINBIN so that 13 channels could be

processed. (The tone channel was processed in channel 12, making it




necessary to omit one seismic trace.) BINBIN's strongest point is
its efficiency, and because of this consideration, no attempts were
made to completely replace it.

However, as of December 15, 1973, BINBIN ceases to be of use,
because of changes in the computer facilities at the University of
Manitoba. The exact form of its replacement is not yet certain.

Another utility program, READER, was written to perform the
printout operations in place of BINBIN. It is efficient and allows
much greater freedom in choosing exactly what blocks should be
printed.

PLOTMOD is another utility program used extensively. This
program will produce a calcomp plot of a seismic record from a 9
track tape. This program now counts output samples and plots tim-
ing marks in place of channel 12.

3.3.2 Stacking programs:

The evolution of the programs that perform the stacking opera-
tion has to be considered the greatest single area of improvement.
The program that existed, COSPS (or VERTé) as documented by Baer
(1972), was modified in several minor ways to make the output con-
sistent with proposition 2. Some changes in read formats made it
slightly more efficient. The program STACKER was written as a more
efficient substitute. It performed exactly the same operations as
COSPS with the exception of‘normalizing the output traces. The
signal to noise amplitude ratios of input and output data were

measured by a routine that later evolved to become WEIGHT.

The wide variation in signal to noise amplitude ratios, and the
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poor performance of STACKER provided the incentive for evaluating
the benefits of weighted stacking. The result was WISTACK which was
not only a theoretical improvement, but was more efficient time-wise
and did a much better job of handling the integer data.

A more complete write-up of the theory of weighted stacking and
a critical evaluation of WISTACK is found in Chapter 2. The actual
production data is in Chapter 4, while the program listing and
additional comments can be found in Appendix A.

3.3.3 Filtering programs:

The program that existed was CONVOLV as documented by Hajnal
(1970) . Attempts were made to make this program conform to the con-

cept of absolute time, but this proved infeasible. The program

was modified to include in its output the timing error it introduced.

Allowances for this error could be made in PLOTMOD so that the out-
put record would have proper timing information plotted in place of
channel 12. CONVOLV's efficiency was questionable and certain
round-off errors in the algorithm indicated improvements could be
made in the overall processing system if CONVOLV was replaced.

FILTER was written to do the frequency filtering process, and
was used to produce all data displays where filtering had taken
place.

3.3.4 Gain adjustment programs:

The problem of large amplitude surface waves (Rayleigh waves)
has not been dealt with yet. Geophone arrays were not used in the
field and the result is evident in Figure 4.9, PLOTMOD normalized

each trace such that the maximum amplitude is % inch. The result
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is that reflections, that are arriving after Rayleigh waves have
passed, are plotted at a scale so small that they caﬁnot be seen.
Some method of balancing the relative amplitudes of the trace
with time and yet still maintain wave forms is comsidered necessary.
McClure (1973) used a method of normalizing data over different
windows on a single trace to balance the amplitudes of different
events, This was tried in the present study with limited success
and other methods were conside;ed.

The method finally adopted is similar to that used in the
petroleum industry in the past. The resulting program written to
achieve this gain adjustment was AGC. The theory and algorithm
used are explained in Appendix B. The data processed through this
program is displayed in Figures 4.13 and 4.14.

3.3.5 Velocity filtering programs:

STACK was the previously existing velocity filtering program
written by Hajnal (1970). It was working, but modifications desired
in the output posed more of a problem than writing a new program
(VSTACK) .

VSTACK incorporates all the advantages and efficiency that the
processing experience to date has taught us. The output of VSTACK
is a series of traces (up to 8) each with a different At shift
applied to data before stacking. The traces are all normalized to

a constant value and plotted versus the time of the event on trace

6 of input data.

The data processed by this program are displayed in Chapter 4.




3.4 Evaluation of Processing Capability:

It can be seen that the present processing capability of the
University of Manitoba is the result of a continuous evolutionary
process in which programs are used, critically assessed, modified
and/or replaced. This process has been going on for five years
now, and must continue if the maximum amount 6f information is to
be extracted from the data.

The introduction of weighted stacking, improvements in fre-
quency filtering techniques, the automatic gain control (AGC)
program, and the new display after velocity filtering, have added

much to the processing capability of the University of Manitoba.

However, it is premature to claim that the better processing is the

principal reason for the significant improvement in data quality
obtained this year. The larger effective charges used this year
have also helped.

In order to evaluate better the overall improvements in the
processing ability, it is recommended that the data collected by
Baer (1972) and Homeniuk (1972) be processed according to the re-

vised models.
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CHAPTER 4

FINAL PROCESSING MIX

4.1 Introductionf

The final processing mix is outlined in Figure 4.1. This
procedure for processing near vertical reflection data yields
what appears to be acceptable records. These steps and the final

data displays will be explained in this chapter.

4.2 Analog to Digital Conversion:

The conversion process was carried out exactly as described by
Gurbuz (1969) and Hajnal (1970) with one modification. The tone
channel was digitized on channel 12 in place of the seismic trace.
This was done because of limitations in BINBIN and because of the

importance of having exact shot time information.

4.3 BINBIN, READER:

All digitized tapes were processed through BINBIN with the
12th channel being the tone break. READER was used to print out
the appropriate blocks from each record. The block and sample
where the tone cut off is picked at this stage, and is used to
program WTSTACK. Record quality was checked at this stage by
first plotting a selected number of records output from BINBIN,
then by filtering and plotting these records, thus giving a direct
comparison to the analog playback records. These records should be

identical.
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4.4 WTSTACK:

All the records were then processed through WISTACK thus
reducing 60 individual records to 4 stacked records. Record 68-9
is plotted in Figure 4.2 and is representative in both character and
quality to the other three locations. The top trace represents the
first geophone and the bottom seismic trace represents the 1llth
geophone. The 12th trace now represents time and is graduated in

tenths of seconds with the second marks being larger.

4.5 FILTER:

4.5.1 Tests:

In order to decide on the optimum bandpass filter to use on
the stacked records, filter tests were performed on all stacked
records. The operators used for these tests, 179 points in length,
allowed a 10-hertz wide bandpass of frequencies centered on 5, 15,
25, and 35 hertz. Figure 4.3 indicates the amplitude responses of
these operators with the 20-30 bandpass being identical in shape to
the 10-20 and 30-40 filter operators. The filter slices for 67-9
are displayed in Figures 4.4 to 4.7.

Filter slices of frequencies up to 100 hertz were evaluated
for location 65-9 and although large amounts of energy are present
in the high frequencies, these frequencies do not improve the
S:N amplitude ratio of any-"events" when included in the final
filtered record.

4.5.2 Final filtered records:

The final filter chosen for locations 65-9 and 66-9 was a 5-25
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bandpass while locations 67-9 and 68-9 were filtered with a 2-25
bandpass. Figure 4.8 indicates the amplitude response of these two
filters. Because of the wider bandpass used here than in the filter
tests, the operator length was shortened to 99 points. The filtered
records are displayed in Figures 4.9 to 4.12,

These records have a higher equivalent charge weight (see Table
1.1) than the individual records and the improvement in data quality

is evident.

4.6 AGC:

Only records 65-9 and 66-9 were processed through AGC. An
operator length of 1 second was used in both cases and the results
are plotted in Figure 4.13 and Figure 4.14. It is important to note
the variable noise level before the first breaks on record 66-9
(Figure 4.14) and to realize this can also happen later in the record.
For this reason, the decision was made to process both the AGC
records and the non-AGC records for location 65-9 and 66-9 through

VSTACK.

4.7 VSTACK:

The output displays from VSTACK (Figures 4.15 to 4.19) are
different from the other plots. Each output trace now represents
the sum of eight vertical seismometer traces. A different time
shift has been applied for each output trace in order to enhance

events with specific apparent horizontal velocities. These vel-

ocities can be determined by this equation:




V- (dees B) /e (D] ;

(4.1)

where V is apparent horizontal velocity, d is the geophone sepération,
63 is the acute angle between the recording spread and the line of
sight to the shot point,of% is the sampling interval and T is the
trace number counting from the top of VSTACK display. The relative
amplitudes of eyents, trace to trace, are retained in this display.
The time of the event on VSTACK output will agree with the time of
the same event on trace 6 of the input record. By looking at the
input record at this time, and considering the specific velocity
filtered, it is easy to line up the exact portions of each event that
have been summed together. Figures 4.15 to 4.19 contain the VSTACK

output for all 4 locations.

4.8 Summary:

The programs in this processing mix give the University of
Manitoba the processing capability to extract detailed information
from near vertical reflection data. Each and every program is
essential and performs a function critical to the ultimate success
of the processing.

The data presented in this chapter is now part of the data
file of the Department of Earth Sciences, University of Manitoba.
This data will be used aloné with more data that will be collected
in the future to gain additional information about the structure

and nature of the earth's crust. The resulting interpretations will
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be published at a later date.

4.9 Additional Processing Possibilities:

The only additional processing planned at present is to modify
VSTACK to perform an Nth root velocity stack as explained by
Kanasewich et al. (1973). This should aid in the selection of
possible events.

All the output data of previous processing steps has been re-
tained on 9 track magnetic tape so that additional processing may
be done at any time in the future. This will depend on new or
better programs being developed to extract more information from

the data.
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Figure 4.1 Flow chart of data processing
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CHAPTER 5

CONCLUSIONS

The data presented in Chapter 4 exemplifies the stage to which
the development of the near vertical reflection method has progressed.
The appearance of events that could represent possible reflections
from deep in the earth's crust suggests that thisbmethod is approach-
ing a stage where it can be considered a viable exploration and
research tool on the Precambrian Shiéld.

Modifications of the field equipment as suggested in Chapter
1 will make the system more usable. By closer spacing of the
recording sites, the correlations of events on the output records
will be much easier, thus allowing different reflecting horizons to
be mapped.

Further processing of this data, as well as other data collected
by a similar method, will be necessary to esteblish the minimum
unit charges and minimum effective charge weights that can be used
successfully. This study indicates that 25-pound unit charges and
effective charge weights of just over 760 pounds will give what
appear to be good results. However, it is recommended that larger
unit charges and larger effective charge weights be used in order
to improve the output data quality.

Weighted stacking has proven to be a more effective method of
putting multiple shot recordé together than conventional stacking

techniques. However, additional effort should be spent looking
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into theoretical and practical improvements in methods to calculate
the weighting factors.

The processing capability of the University of Manitoba now
must rate as very acceptable. It is probably not as efficient as
possible, but it does the job required of it. These programs should
not be used without careful study and modifications should be made
if ways can be found to make them more efficient or to make them do

a better job on the data.



APPENDIX A

Program WTSTACK:

This program was written by 0.G. Stephenson and G.H. Friesen.
It performs a weighted vertical stack designed to optimize the out-
put signal to noise power ratio.

The program requires only a limited number of input parameters.
These parameters and the appropriate input formats are listed in
the program. Tﬁe subroutine WEIGHT was designed to calculate the
optimum weighting factors. (See Chapter 2.)

The four parameters that require some judgements based on
actual input data are Wl, W1L, W2 and W2L. These parameters spec-
ify the two windows used in calculating the weighting factors. The
first window should be located entirely before, but ending close to
the first break energy. A gap of 0.2 sec. is required between win-
dows. The second window should be centered over some strong signal
energy, usually the strongest energy on the record. The lengths of
the two windows can vary. The program normalizes the energy measured
in each window by dividing by the number of samples in the window.
It is recommended that the windows be between one and two sec. in
length in order to achieve the best results.

The subroutine WEIGHT will automatically kill any trace on
which the energy in the second window is less than the energy in
the first window. For this reason, caution is recommended when

stacking data of extremely poor quality. Modifications might be in
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order if this is found to be a serious problem.

On a technical side, this program requires 350 K of core,
15,000 1I/0 counts, and 14 minutes CPU time to stack 16 records and
output 25 sec. of data on an IBM 360/65. There is, at present, a
limitation of approximately 30 sec. of data that can be output.
However, by enlarging the appropriate arrays, disk storage and
core requirements, longer records can be processed.

A list of the program, including comment cards, follows.



jvwéMLEVEmeél

e s DO ]
DATE = 73345 14/25/35

THIS PROGRAM DOES A VERTICAL STACK OF SEISMIC RECORDINGS WITH THE
SAME SHOT AND RECORDING PCINT LOCATIONS. AN ENTIRE RECORD IS READ

IN AT ONE TIME WHICH IMPOSES A LIMIT OF 30 SECONDS 10 THE LENGTH
OF DATA TQ BE STACKED.

INPUT TC THE PROGRAM IS FROM A 9-TRACK TAPE ON UNIT 8. CATA OGN
THIS TAPE MUST BE IN BLOCKED FORM (LRECL=BLKSIZE=1684) WITH THE

FIRST FOUR BYTES REPRESENTING RECORD NUMBER AND BLOCK NUMBER IE.
THE SAME AS THE OUTPUT FRCM 'BINBIN' WITH THE DIGITIZER CN LOW

DENSITY, AND WITH 12 CHANNELS OF INFORMATION. IF THE HIGH DENSITY
QR A DIFFERENT NUMBER OF CHANNELS IS USED THE PROGRAM WILL

REQUIRE A GREAT DEAL CF MODIFICATION. _
A WEIGHTING FACTCR IS APPLIED 7O EACH TRACE OF EACH RECORD.

THIS FACTOR IS A FUNCTION OF THE ENERGY IN THE 'NOISE' AND THE
ENERCY IN THE 'SICNAL' AS DETERMINED BY TWO WINDOWS. THESE WINDOWS

OO OIOOMO A OO0 OO Ao Aeo

MUST BE SPECIFIED AS TO THEIR START TIME AND LENGTH IN SECONDS 1N
THE INPUT PARAMETERS., ThkE NOISE WINDOW SHOULD COVER THAT PORTIGN

OF THE TRACE REFORE FIRST BREAKS. THE SIGNAL

WINDDW SHOULD COVER ANY PCRTION OF THE TRACE WHICH CONTAINS SOME
STRCNG SIGNAL. ,

INPUT PARAMETERS

PARAMETERS READ.IN CN CARDS ARE AS FOLLOWS,

ON THE 1ST CARD IN I4 , F8,.,3
PROFNC=NUMBER OF NUTPUT PRCFILE (ARBITRARY)

. SST=NUMBER OF SECCNDS OF CATA T0Q STACK
ON_THE 2NC _CARD IN 14 , 4 FB8,3

NRST=NUMBER OF RECORDS TN STACK
Wl=START TIME CF NOISE WINDOW ( NEG. VALUES ALLOWED )

WIL=LENGTH OF NOISE WINDOW
NOTE (Wl + WIL ) LT, ( W2 = 0.2 ) )

W2=START TIME CF SIGNAL WINDCW
W2L=LENGTH OF SIGNAL WINDCW

THE FCLLOWING CARDS CCNTAIN THE PARAMETERS FOR EACH RECORD TO

BE STACKED, CONE CARD FCOR EACH RECORD (SEE FORMAT 207.

IR{-)=RECCRD NUMBER
1B{~)=8LOCK CONTAINING TIME OF START OF THE STACKING PROCESS.

IS(-)=SAMPLE WITHIN STARTING BLOCK AT WHICH THE STACK IS 7D
BEGIN.

NILL{-,=-)=1 IF THE TRACE IS T0 BE INCLUDED, =0 IF IT IS T0 BE
KILLED (KILLED TRACES ARE ZEROED AND ARE NOT PROCESSED)

ouTPUT

OUTPUT OF SUBROUTINE WEIGHT

OUTPUT CN THE LINE PRINTER FOR EACh RECORD IS THE AVERAGE
VALUE AND A WEIGHTING FACTOR FOR EACH TRACE, AND WHICH TRACES, IF

ﬁ(")ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ(ﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬂﬁﬁﬁﬁﬁﬁﬁﬁ

ANY, ARE KILLED.,
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21 ‘ MAIN DATE = 73345 14725735

THE STACKED FECORD IS CUPUT ON 9-TRACK TAPE (UNIT 9) IN THE
SAME FORMAT (BLOCK SIZE, LOGICAL RECORD LENGTH, ETC.) AS THE

INPUT TAPE, TO BE CCMPATABLE WITH EXISTING PLOT PROGRAMS,

A DISK (UNIT’lB) 1S USED DURING EXECUTION OF THE PROGRAM TO

STORE DATA TEMPORARILY. THE SIZE OF STORAGE REQUIRED IS DETERMIN-.
ED BY THE FIRST PARAMETER INSIDE THE BRACKETS OF THE "DEFINE FILE?

STATEMENT IMMEADIATELY FOLLOWING THE FORMAT SPECTFICATIONS, THIS
NUMBER MLST BE EQUAL 7O OR L ARGER THAN THE NUMBER OF BLOCKS IN

THE OUTPUT RECORD. {( .GT. { SST / 0.171 1) )

OO OO OO OO OO

INTEGER%2 CATA{12,10650) | s PROFNOyNBLKST ,TEMP(12570)

1A,8,ICR,IDUML,IDUN2, ITB,IR(ZO),IB(ZO),IS(ZO)
INTEGER NULL{12,25)

REAL NORM(25,12}

20 FORMAT(314y2X+1211)
30 FORMAT(250A2,250A2,25CA2,52A2) A ‘
31 FORMAT(*'=',"RECORLC?!, 16,7 1S STACKED BEGINNING AT BLOCK',I4y v SAM
1PLE',14/)
32 FORMAT{'—',14,' RECORDS ARE STACKED FOR A LENGTH OF®,F8,3,' SECON
1DS, AND ARE QUTPUT AS RECCRD NUMBER',15)
33 FORMAT('1')
108 FORMAT({' *,'TRACE',13," IS KILLED')
130 FORMAT(* *,'TRACE"',I3," AVERAGE =",Fb.1,1 WEIGHTING FACTOR =
1',F7.3)
DEFINE FILE 13 {16C,1688,L,INT)
WRITE(6,33)
C
C READS ANLC CALCULATES PARAMETERS.
C
INT=1
ND=1
D1=.002449
READ { 5,11 ) PROFNO , SST
10 FORMAT { 14 , 4F8.3 )
' READ (5510 ) NRST,Wl,hll ,W2,W2L
11 FORMAT { 14 + F8.3 1}
C
c NBLKST=NUMBER OF BLCCKS GF CATA TO STACK
C :
NBLKST={(SST/DI}/70
DO 40 TU=1,NRST
40 READ(5,20) IRCIUISIBLIU)SIS{IUW),INULLIT,IU),I= 1,12)
CALL WEIGHT (NRST,W1,WlL,W2,42L IR, IBy 1Sy NULL,NORM)
WRITE {(6,432) NRST,SST,PRCOFNC
C
C PERFORMS THIS LOGP CNCE FOR EVERY RECORD IN THE STACK.
C
CO 500 IRA=1,NRST
c
c SEARCHES FOR THE APPRCPRIATE RECORD AND BLOCK AND READS IT INTO
C MEMORY, (THE SAMPLES FOLLOWING THE *IS' SAMPLE IN THE *'1B?
C BLOCK ARE TRANSFERRED TO THE FRCNT OF THE ARRAY AND 'NBLKST?
C BLNCKS ARE THEN READ INTO THE REMAINDER OF THE ARRAY). ™,
C -

DO 50 IRB=1,8000
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14/25/35

READ(13' INT ) AyBy ({TEMP(T,J)51=1,12)4+J=1,70)

1v G LEVEL 21 MAIN DATE = 73345
READ(8,30) A,B
IF(ALEQ.IR(IRA) .ANDB.EQ.{IR(IRA)=1)) GO TO 60
50 CCNT INUE
60 REAC{8,30) IDUML,IDUN2,{{CATA(T,J)s1=1,12),J=1,70)
WRITE(6,31) IDUM1l,IDUM2,IS{IRA)
70 IRD=70-IS({IRA)
: DG 80 IRE=1,IRD
IRJ=IS{IRA)+]IRE
DO 80 IRF=1,12
80 DATA{IRF, IRE)=DATA(IRF, IRJ)-
NSX=IRD+70
IRD=IRD+]
DO 100 IRG=1,NBLKST
REAC(8,30) IDUM1,IDUM2, ({CATA(I,J),I=1512)sJ=IRD,NSX)
IRD=IRD+70
100 NSX=NSX+70
C . .
C 11=TOTAL NUMBER OF SAMPLES PER TRACE
- C » '
- 11=7C-IS{IRA)}+7O%NBLKST
C
C PERFORMS THIS LOCP FOR EACH TRACE
C
PO 170 IP=1,12
C
c ZERQOES TRACES 70O BE KILLED
c
IF(NULL{IP,IRA}) 105,105,110
105 DO 1C7 I1Q=1,11
1C7 DATA{IP,IQ)=0
WRITE(6,108) IP
GO _TC 170
C ' A
C CALCULATES THE AVERAGE OF THE TRACE
C .
110 SUMIT=C.
- DO 120 1Q=1,11
120 SUMIT=SUMIT+DATA(IP,IQ)
AVRG=SUNIT/II
C
C SUBTRACTS THE AVERAGE AND MULTIPLIES BY TFE WEIGHTING FACTOR
C
STA=NCRM{IRA,1P)
DO 140 IC=1,11
140 DATA{IP,IQ)= (DATA(IPyIQ}—AVRG)*STA
WRITE(6,130) IP,AVRG,STA
170 CONTINUE
IF{IRA.EQ.1) GO TO 240 >
C : '
C READS CATA FROM DISK AND ADDS RECORD BEING PROCESSED TO PREVIOUS-
C LY STACKED RFECORDS.
G
200 CO 230 IBC=13sNBLKST

DO 230 1P=1,12
IX=IBC*70-69

DO 230 1Q=1,70
CATALIP,IX)=DATA(IP,IX)+TEMP(IP,1IQ)
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14725735

IV G LEVEL 21 MAIN DATE = 73345
230 IX=IX+1
240 __IF(IRA,EG.NRST) GO TO 600
C
c WRITES THE DATA CN DISK
c
INT=1
DO 260 IBC=1,NBLKST.
IX=18C%*70-69
NSY=IX+69 | TR B
260  WRITE(13' INT ) IDUM1,ICUM2,((DATA(I,17),1=1,12),1Z=1X,NSY)
500  INT=1 | - S ,
c |
c OUTPUTS STACKED RECORD
c
600  IX=1
NSY=70
1TB=0
DO 650 ITA=1;NBLKST
ITB=1TB+1 -
WRITE{9,30) PRCFNC,ITP, ({DATA(I,12),1=1,12),1Z=1X,NSY)
IX=1X+70
650 __NSY=NSY+70
sTop
END




DA S U SOOI < 0 RO

IV G LEVEL

21 WEIGHT DATE = 73345 14/25/35

SUBROUTINE WEIGHT (NOREC,SEC1sDSEC1,SEC2,DSEC2, IR,MByNST,NULL,WT)

SUBROUTINE WEIGHT WRITEN BY G.H.FRIESEN , OCT. / 73

DESIGNED CN THEORY OF J.C.RCBINSCN PUBLISHED IN CEOPHYSICE

VOL. 35 5 # 3 3 JUNE 1970

’ STATISTiCAL CPTIMAL STACKING OF SEISMIC DATA 7

el aEsfelalaNeleNelle!

INTEGER=*2 IT(lZy?O)9IRR,IER71R(NDREC),MB(NDREC);NST(NDREC)‘

INTEGER NULL{ 12,25 ) :
DIMENSICN POWER(25412) , SN(25,12) , SS(25,12)

DIMENSION SWT(12)
DIMENSION WT(25,12)

REAL SUM (253 STDN(ZS),STDS(ZS)ySTCN(ZS)
DI = 0.002449

RDI = DL * 70
DSEC = DSEC 1

H4

IB4 = SEC1 / HEDI
SEC1 —IB4 * DI

tin

M4 H4 / DI
1B5 = SEC2 / HDI

HS SEC2 = IBS5 #* KEDI
ME H5 / DI

[

SREC = 0.0
DO 100 KA=1,NCREC

IBl1 = MB(KA) + IB4
MM = NST(KA) + M4

IF { MM.LT.70 ) GO T0O 207
I8l = I81 + 1

207

MM = MM - 70
CCENTINUE

IF { MM.GT. 0 .} GO TQ 208
1F { MM.EQ. O } GC TO 208

iB1 IB1 - 1
MM =70 + MM

i

208

CCNTINUE
NS1 = _MM

IR2 = MB(KA) + IBS
MM = NSTI{KA) + M5

209

IF { MM.LT. 70 ) GO TCO 210
iB2 = 1B2 + 1 i

MM = MM - 70
CONTINUE

NS2 = MM
1B I1B1

il

10 IR{KA)
IST = NS1

IK2 = NS1--
D015 1X=1,7000

10

REAC{8,10} IRR,IBR
FORMAT(2A2,250A2,250402,250A2,250A2)

IF{IRR.EQ.IC.AND.IBR.EQ.{IB )} GO TO 12
GC TC 15

12
99

PO SS 1 =1 , 12
SUMATI) = 2.0
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21 | WEIGHT DATE = 73345

61

14725735

1V G LFVEL
BACKSPACE 8
NB = DSEC / kDI
H6 = DSEC - NB * kDI
M6 = 46 / DI

N = NB *x 70 + M6

IF { M6 .EQ. O ) NB = NB -1
IK2 = IK2 + M6 ‘ '

IF { IK2 .GT. 70 ) NB = NB + 1
NB = NB + 1 ' -
1END = 70

DO 30 IJ = 1,N8

READ{8,10,END=15,ERR=15) IRR,IERy((ITfIyJ),I=ly12)yJ=1970)

DC 101 I = 1,12 :
DO 101 J = IST , IEND

101

SUMETI)Y = SUMITI) + IT(I,Jd) * IT(I,J)
IST =1

IfF { IJ .EC. { NB - 1 ) ) IEND = M5
CONTINUE '

30

IF { IB.EQ.IB2 ) GO TO 119
DO 120 I = 1,11

120

SIDN{I) = SUM(I) / N
IK2 = NS2

I8 182
Fl SEC1

i i

F2 SEC1 + DSEC1
DSEC = DSEC2

IST = NS2
GC . TC 15

©.0 119
122

DO 122 I = 1,11
STDS(I) = SuM(I) / N

F3 = SEC2
F4 = SEC2 + DSEC?2

DSEC = DSEC1
GC 16 129

15

CONTINUE
ASTCN= 0.0

129

333

WRITE ( €,333)
FORMAT ( ////7/51X )

114

WRITE ( €,114 ) IRR

FORMAT { //31X5"RECCRD NO. = *,14 ,20X, 314 )

300

WRITE (64300) F1l,F2,F3,F4

FORMAT ( /41X, ' POWER WINDOWS ARE FROM ',F8.3,2X,?

F8.3,2Xy "AND FRCM' F8e3,2Xy'TO 'y F8.3,2X,
' SECCNDS CN THES RECORLD ' )

KK=0

DO 244 1 = 1,11
SS(KA,I) = STDS{I) - STDN(I)
STON(I) = SS{KA,I) / STECN(I)

IF ¢ STON(I).GT.0 ) GO TC 239
SS{KA,I) = 0.0

STON(I) = 0.0
POWER({KA,I) = 0.0

NULL(TI,KA) = O
WRITE ( €,204 ) 1

204

FORMAT (/,1X, ' NEGATIVE VALUE IN TRACE * , I4 )

GO TC 123

239

CONTINUE
POWNER{KA,I} = STCON{I)
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DATE = 73345

V G LEVEL 21

WEIGHT

~STON(T) = SQRT ( STCN
123 ASTCN = ASTCN + STON({

244 WT(KA,I)=STGCNI(I)
ASTCN = ASTGN /7 ( 11 - KK )
DO 125 1 = 1,11
STON{1I) SQRT ( STON{I) )}
. STDS{ 1) SQRT ( STDS{I}) )
125 SN{KASI) = STDNI(I) '
WRITE (&,115 ) ‘ ~ o . N
115 FORMAT {/,1X,*TRACE STD NOISE STD SIGNAL SIGNAL : NOISE RATID')
DO 135 1 = 1,11 . i ; _ R
: WRITE (64116 ) I,STDN{I),s STDS{I),STON{(I}"
135 CCNTINUE _
116 FCRMAT (1X31493X9FQe232X9F9.237X3F7.2 )
SREC = SREC + ASTCN
WRITE(6,117 ) ASTCN - : ~
117 FORMAT { 50X ,'AVERAGE SIGNAL TC NOISE RATIO = 'y, F7.2 )
100 CONTINUE ~
SREC = SREC / NOREC
WRITE { 6,5 ) SREC
9 FORMAT { / 5 50X 4 ' AVERAGE AVERAGE = ' , F 7.2 )
WRITE ( 6,900 )
900 FORMAT { /,1X,14 )
REWIND 8
DO 1$2 I = 1,NOREC
192 WT{1,12 ) = 0.0
' WRITE ( €&, 2 ) .
2 FORMAT ( ///31X, ' NULL ARRAY PASSED TO MAIN PROGRAM ' )
_ WRITE ( 64663 ) { { NULL{J,I)sJ=1,12 ),I= 1y NOREC )
998 FORMAT { 12 F 10.2 )
WRITE ( 65 1 )

(1) )
I)

1 FORMAT ( ///+1X,' SIGNAL TO NCISE AMPLITUDE RATIO ' )
WRITE(6,898 )} ( ( WT(I,J},d=1412 } 5 I = 1,NOREC )}
0 6 J =1 4, 11
SWT(J) = C.0
. DO 5 1 =1 , NOREC
5 SWTUJ) = SWT(J) + WT{(I,J )

6 SWTLY) SWT(J) /7 NOREC
WRITE { 6,8)
8 FORMAT ( 1X, * TRACE AVERAGES ' )

WRITE ( 6,98 ) ( SWT{(J) » J=1,11 )
DO 301 I = 1,11
SUN = 0.0
DO 303 KA = 1,4NDOREC
303 SUN = SUN + POWERI(KA,I)
301 SWT(I) = SQRT { SUN )
WRITE {6,302 )
202 _FORMAT{I1X,"FXPECTED SIGNAL TO NOISE AMPLITUDE RATIO CF WTSTACK?)
WRITE {6+598 )} ( SWT{I) , I= 1 5, 11 )
WRITE ( 6, 3 1)
3 FORMAT ( ///4+1X, ' STANCARD DEVIATICN OF THE NODOISE * )
WRITE (650 Y{{SN(I1,4),J=1511),1=1,N0OREC)
663 FORMAT { 10X,1212 )

DO 40 J = 1,11

El =C.0

DO 20 I = 1,NOREC
SN(T,J) =1 / SN(1I,J)

WitlsJ) WT{IsJ) * SNEIsJ) * NULL(J,1)
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IV G LEVEL 21 WEIGHT DATE = 73345 14/25/3‘
20 El = E1 + WT{I,J).
F1 = 10.0 / E1l
DO 31 I =1 » NCREC

31 _WT { T,J ) = WT(I,J) * E1
40 CONTINUE
WRITE ( 6, 4 ) ,
4 FORMAT ( /7//+1X 5 ? NEIGHT ARRAY PASSEC TO MAIN PROGRAM * )

WRITE (6550 J{(WT(I,J),yd= 1711),1 1, NDREC)
50 FORMAT ( 11 F10. 2 } , : ,
RETURN
END




APPENDIX B

Program AGC:

This program was written by 0.G. Stephenson, and is based on
algorithm supplied by G.H. Friesen. The program is designed to
apply a time variable amplification to seismic data on a trace by
trace basis.

This program should only be used to solve a specific problem
that occurs on near vertical reflection seismic records with shot
geophone distances of less than 5 km. Record 65-9 in Figure 4.9
best typifies the problem of very large amplitudes over a short
time period and large time segments with amplitudes so low that
possible events cannot be picked. This program will balance the
amplitudes over the entire trace leading to a better portrayal of

wave forms, thus aiding interpretation. This program will also

an

to

create a variable noise level on each trace. Relative amplitudes °

of events are maintained only to a partial degree over short seg-
ments of the trace, approximately % the length of the operator
used.

The input parameters and the appropriate formats are listed
in the program. The critical parameter is the operator length.
The larger the shot-geophone distance, the longer the operator
should be for best resultss Operators of one second or more in
length are recommended.

The program designs a triangular shaped operator, ()F’(j) s
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symmetric about the center point j =0 where it has a maximum
value of 1 and dropping to zero at ~i = +1". This operator is used

to calculate an envelope for each trace. The i th sample of the

envelope EENV< L) j is

t ?
ENV() = }: OP(}) - X (L+])
=t

where X’([) are the input data. The maximum value of the envelope
(ENVMAX) is found and used to calculate the output data [»jS):]

in the following way:
oy N, ENVMAX
\/O—)’XCQ ENV(D

It is clear that the amplification will always be greater than or

equal to one.

On a technical side, this program requires 150 K of core,
approximately 36000 I/0 counts and 20 minutes CPU time on the IBM
360/65 to process 15 sec. of data on 11 traces with an operator
length of 1 sec. Longer operators will substantially increase the
CPU time required.

A list of the program follows.
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v 6 LEVEL

PRCGRAM "AGC®* WRITTEN BY C. G. STEPHENSCN FROM AN ALGORITHM BY

G. H. FRIESEN

kPROGRAM DESCRIFTICN-.

THIS PROGRANM AFPLIES A TIME VARIANT AVPLIFICATION TG SEISMIC

DATA ON A TRACE BY TRACE BASIS. IT CCES THIS BY CALCULATING - -
A TRACE ENVELOPE, AND NORMALIZING THIS ENLELOPE TO 1 _AND_THEN

DIVIDING THE TRACE VALUE BY ThE NORMALIZED LNV:LDPE 10 GIVE THE,,‘

OUTPUT DATA VALUE.

PRCGPAN USES- : e '
THE PROGRAM 1S USEFUL IN EVENING out THE AMPLITUDES OF THE

TRACE WITH TIME. RECCMENDED USE IS FCR RECﬂRDS RFCDRDED LFSS

- THQN .0 KILCMETERS FRCM THE SHOT.

INPUT PARAM&TERS-

FIRST CARLC (SEE FORMAT 5) .

NOREC = THE NUMBER OF RECORDS TO PROCESS

SECS = THE LENGTH CF _QOPERATOR USED TC CALCULATE THE ENVELDPE

SECCND CARC  (SEE FORMAT 10 IN SUBROLTINE 'SEARCH’)

1R = THE INPUT RECCRD MNUMBER
iR = THE PIOCK IN 'IR' CONTAINING ZERC TIME (OR THE TIME AT

WHICH PROCESSING IS TO BEGIN)

IS = THE SAMPLE IN THE *IB*' BLOCK AT hHlCH PRUCESSING IS TO

BEGIN -
SECSDA = TtE NbNBER CF SECCNES QF DATA T0 _BE PROCESSED
= TkE OUTPUT RECORD NUMBER (ARBITPARY) ‘

PROFNC

‘nnononhnnnhhhnnhhohdhhﬁdoonnhnnnnnn

INTEGEZR*2 TR&CE(11000)70ATA(12,700)7AanJAKvIS
INTECER%2 PRCFND o ,
DIMENSICN FPERAT(?OO);EAVFL(llOOO)

DEFINE FILE 13 {192,1404,L,INT)

FGRMAT (25042,250A2,25042+250A2)
DI=.C02449 . B
READ (5,5 ) NOREC o SECS

FORMAT { 14, F8.3 )

pop

LENGTH = THE CPERATOR LENGTH (IN SAMPLES) .

LENGTH=SECS/CI-2
IF((1 ENGTH/2)1%2.FQ.1 ENGTH) L ENGTH=l ENGTH+1

WRITE(6,1) SECS,LENGTE -

EORMAT(+ 1027/ v, OPERATOR LENGTH = *,F4.2,' SECONDS ( *2T2,' SAM
1PLES) ') | ,
LEN=VENGTH/2

LENI=LEN+1

3

THIS PCRTION CF TrE PROCRAM CALCULATES AND PRINTS OUT THE SYMETPIC

OOOn

TRIANGULAF SPAPED OPERATDP :

£0. 1190 N—I»LEA
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e, e e i

v

G

LEVEL

21 | TTTTMAIN TTTDATE = 73345 18715706

DPERAT(M) FLCAT(M)/LENL
ERAT(2%LEN+2- N)-OPERAT(N)

DPcRbT{LENI)—l.
WRITE(E,21) (CPERAT(I),.I= lyLENGTH)

FORMAT('*'sZCX,'DPERATOR VALUES ARE'/'O'p(IOFlo 3))
WRITE(6,2) '

..FORMAT(’*']

THIS LDDP IS PERFORMED FOR EVtRY RECGRD TD BE PROCESSED

CO 7C5 LII= 1 NCREC u
CALL SEARCH (1S, SEC?EA:PRCFNO)

11 = THE NUHBER CF DATA PCINTS TO PROCESS

Ii= SFFSFA/DI& )

NBLKc II/7OC+1

S : ' S :
C . THIS PGRTIGN R£a0< THE CATA FRCM TAPE IN TRACE PARALLEL FORMAT’
- - SORTS  INTO LAEGER BLCCKS AND WRITES IT CN DISK IN TRACE
- C SEQUENTIAL FCRMAT. THE FIRST TRACE IS RETAINED IN THE *TRACE®
T €~ ARRAY AND IS PROCESSED FIRST. ALL THE CATA 1S PROCESSED TRACE BY
c TRACE. ; A L ;
_C
o Co 100 N—l,NBLKS .
IX=1
LG 10 L=1,10
17=1X4+49 ' ' : : o
READ(8,30) AsBs({DATA(T :J)3I=1,12),Jd=1X,12Z)
10~ IX=IX+70 ’
. MM=7CC*{M-1)
e it DO_50 NY=1.7CC _
500 TRACE (MM4NY )=DAT2{1,NY) -
e DO 60 K=2.11 -
il INT=15%(K-1)+M .
L. 60 WRITE (13 INT ) (CATA(K.J)sJ=1,700)
100 CONTINUE - :
L IF(IS.EQ.Q0) GO TO 1C6
i DC 1C5 LI=1,1I1
105 TRACF(ULI)= TRACE(L1+I<)
106 KTRACE=1 .
115 ENAX=0,
, LEN=LENGTH/ 2
. LEN2=LENL_
: NEL=LEN -
c THIS PCRTION PERFORMS THE CONVOLUTION ON THE FIRST HALF-0OPERATOR
C LENGTH 0OF DATA, IE FALF THE OPFRATQOR IS USED TO DETERMINE THE
- C ENVELOPE VALUE FOR TFE FIRST CATA POINT. THE SECOND ENVELOPE
c VALUF IS DETERMINED USING HALF THE QPFRATOR PJUS ONE POINT. AND
- C SO ON UNTIL THE OPERATOR IS MOVED COMPLETELY INTO THE CATA.
p

CC 150 L=1,LEN
SUM=Q.

CC 120 M=15LEN2
CK=TRACE (M) :

120

IF(CKelLTo001) CK=—CK 8
SUlb= §UN+DPEDQT(MEL+M)*CK
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Iv © LEVEL 21 MAIN T T BATE = 73345 ) 18715706

NEL=NEL-1

ENVEL (L) =SUM
IF{SUM-EMAX) 180,150,140
EMAX=SUM L e
LEN2=LEN2+1

111=11- LEN

" CNCE THE OPERATOR IS ENTIRELY INTO THE DATA THIS PORTION OF THE
" PRCGRANM CONTINUES THE CCNVOLUTICN ONTIL THE LAST HALE-QPERATQR
_LENGTH OF DATA IS FNCCUNTERED. e s e

DO 250 1B= LENI III A :
MS=IB-LENL . R e EEE
SUM=0, = I e e ' . SR S FE R .
DO 200 JS= 1,LEAFTH - L IR e SR ,
CK=TRACFE{MS+JS) C . SRR e
IF(CK.LT.0.) CK==CK ~ T e A B N
SUM=SUM+OPERAT(JS)*CK - S B S T

. IF(SUM~EMAX) 250,250,240
EMAX=SUM ’ S o
ENVEL({IB)=SU¥N
NEL=LENGTH=-1
LEN=LENGTH/2
LEN2=1LEN2-1

THIS PCRTION CCNVCLVES THE LAST HALF-OPERATOR LENGTH OF DATA IN
THE SAME MANNER AS THE FIRST, USING LESS AND LESS OF THE OPERATOR
UNTIL, FOR TFE LAST ENVEICPE VALUE, ONLY THE FRONT HALF OF THE
OPERATOR IS USED. S L

bobano]

DD 350 L=1, LEh
SUM=C, .
Lo 320 M=1, LEhZ . , G N : e Bt
CK=IRACEA(II-NEL+M) : ’ _ AT DA
IF(CKOLT.O-) Ckz"CK \ . - . .
SUM=SUM+CPERAT {M) *CK
IF{SUM-EMAX) 230,330,340
EMAX=SUM ) .
NEL=NEL-1
ke :NVFL(111+L)~<LN
. 350 LEN2= LEN2—1
C

R THE MAXIMUM ENVELCPE VALUE DETERMINEE IN CNE CF THE ABOVE THREE
C PCRTIONS (AS *EMAX'®) IS USED TO NORMALIZE THE ENVELOPE 10 A
C MAXIMUM VALUE CF 1 IN TRE FOLLOWING PORTICN OF THE PROGRAM.
C . ,

EMAX=1./EMAX
DO 400 T=1,11

00  ENVEL(I)=ENVEL(I)*EMAX o
1A=700 5

S

THE TRACE VAILES ARE MULTIPLIED BY TEE NFQMALIZEb ENVELOPE AND ARE.

THEN STORED TEMPCRARILY ON DISK.
THE NEXT TRACF TO BE PRCCESSED 1S READ ERCM DISK AND CONTROL IS

TRANSFERRED BACK 10 STA?EWFNT 115.

Y Y OOOO

CC 500 1=1,NBLKS
IW=7CC*x{I~-11%1

P
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IV G LEVEL 21 MAIN ” DATE = 73345 18/15/0¢

INT=15%(KTRACE-1)+1-

IF(1.EQ.NBLKS) TA=TI-(NBLKS= 1)*700
CO 550 1G=1,1A R | | S -
1Y=1k+10-1 e | | e )
LK=TRACE (1Y) _ T AP " |

ND=1~ ‘
- IF(LK.LT.0,) No=—=1 Sl
_IF{ENVEL(IY).EC.C.) GC Tos40 LR ety
TRACE(IY)= LK/ENVEL{IY)+.5%ND e
ea” 10" 584 , SomemE e i S e
TRACE(IY)=0
CONTINUE
TWh=TW+699
_WRITE(13' INT ) (TRACE (IH), IH=IW, Iww)
IF{KTRACE.EQ.11) GO TC-700°
KIRACE=KTRACE+]
INT=15%(KTRACE-1)+1 . . R _ .
DO _60C M=1,NBLKS - e e o
IN=T700%(M-1)+1 C Iy ~ ~
IWh=T1W+659
READ(13*INT )(TRACE(IY);IY IWwaw)
IF(IS.EQ.0) GC TQ €15 .
i LT CC 610 LI=1,I1 . : -
610" TRACE(LI)}=TRACE(LI+IS) ‘ :
. 615 GO TO 115 i :
700 JAK=1

CNCE THE | AST TRACE FAS BEEN PROCESSED IT IS RETAINED. THE OTHER
TRACES ARE READ FROM THE CISK, BLOCK BY BLCCK, AND THE CATA IS
CUTPUT ONTO MAGNETIC TAPE IN TRACE PARALLEL FORMAT.

DD 7C5 M—-1,NBLKS

IX=1
R DO_704 MM=1,700
i e MMM=T0C%{M=1)+MM

704  CATA(11,MM )=TRACE{(MMM)

.., DO 710 I=1,1C S

o INT=(1=1)%154¥ ' ‘
w710 REACA{13" INT ) (DATA(I.J),J=1,700)
i D0 7C5 TH=1 510 »

IZ=1X+69 : ) _
WRITE(9,30) FRCFNC,JAKs ((CATAIK 1 )oeK=1212),1=IXs12)
T T IX=1%+70 _ \ ’
705 JAK=JAK+]
, - STCP
ENC
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N IV G LEVEL

21 T T TUSEARCE "DATE = 73345  18/15/1

SUBRCUTINE SEARCH (IS,SECSDA,PROFNO )

C .
c THIS SUBROUTINE READS IN INFORMATION REGARDING THE INPUT RECCRD
C AND. PCSITIONS THE INPUT TAPE FOR THE MATIN PROGRAM.
C “
' INTECER*2 PRCFENO
INTECER%2 A,B,IR,IB,IS .
READ(5,1C) IR,IB,IS,SECSCA , PROFENO
10 FORMAT(314,F8.3,14 )
DL 100 1=1,7CCC
REAC(8,3C) A,R
30 FOEMAT(2A2)
IF(L.EQ.IR.ANC.B.EQ.IB) GC TO 15
- 100 CONT TNUE-
15 BACKSPACE 8
188=18 '
WRI1TE(5,20) A,SECSCA,B,IS, PROFNO :
20 FORMAT(* * ,*RECORD *',I3,* IS PRNCESSED OVER A LENGTH OF *yF4.1,°

1ECONDS, BEGINNING AT BLCOCK'sI3,f 5 SAMPLE®,I3,'0UTPUT AS',I4 )
RETUERN

. END
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