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The development of the near vertical reflection seismic tech-

nique to the stage rvhere it can be used to maP shallorv and deep

crusLal structure has been a goal of the Department of Earth Sciences

at the University of l'{anitoba since 1969. This thesis develops and

describes techniques by r"hich this goal can be achieved.

The primary method of improving the quality of data obtained

in the field this year r,/as very simple--larger unit charges, and

more of them, were used. Thus, the effective charge rveights used

approximately equaled the theoretical minimum charge size necessary

to observe deep crustal ref lections. This approacl-r rvas based on the

theoretíca1 estimates produced by Baer (L972).

The use of linear arrays has proven to be successful in atten-

uating surface \,laves. However, because of the more dif ficult terrain

in 1-he area of this study, these arrays r,üere not employed. Other'

methods of overcoming the problems of surface waves rvere used.

As a further step in the development of the data processing

capability of the geophysics group at the University of llanitoba,

the existíng computer programs r^7ere critically assessed and signifi-

cantly modified in the 1íght of the data obtained in the sumrner of

1973. I^leighted stacking rvas introduced to do a better job of sunrning
ì

rnultiple shots; and by proper use of frequency filtering techniques,

good quality records r¡ere obtained. Velocity filtering routines rvere

further developed so as to ímprove the S:N ratio of different events,

thus aiding in their identificatíon.
iii

ABSTRACT



The success of this study in obtainíng observable reflections

indicates that the devel-opment of the near vertical reflectíon tech-

nique is norv at the stage where it can be used to study the geologic

structure of the earthrs crust. This thesis does not mark the end

of the development processes, but rather the suceessful start.

ConËinuous effort will be necessary if the maximum amount of ínfor-

mation is to be extracted from the data coi-lected.

The 1973 field season rvas the first in rvhich Lhe Precambrían

Centre attempted to obtain near vertical reflection seismic data on

or near the Aulneau Dome. The data collected thís year r./as not

sufficient to make a complete interpretation, but rvas used to eval-

uate and to improve Lhis method for the next four fíe1d 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 ansr^/er more questions about the structure and nal-ure of

the earthrs crusL.
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1.1

The DeparLment of Earth Sciences, Universíty of Manitoba has

been actively engaged in the sLudy of crustal structure in Manitoba

and northwestern Ontario for over a decade. The results have been

published in several papers: Hal1 and Brisbin (1961, 1965), Hal1-

(1964, 1969, L972), Hajnal (L969, L970, 1971), HaL1 and Hajnal (1969'

L973), and Gurbuz (1969, 1970). The primary research rnethod has been

refraction seismology including interpretation of wide angle reflec-

tions.

Introduction:

CI]APTER 1

EVALUAT]ON OF FIELD PROCEDURES

The need for the development of a near vertical reflection capa-

bility was voiced by Hall and Hajnal- (1969) and tr{ilson (I97L). Rea-

sons to believe that the near vertical reflection technique could

answer more questíons about the structure and nature of the earthts

crust have been well documented. Surnrnaries of deep crustal reflec-

tions \qere given by Steinhart and Meyer (1961), Beloussov et al.

(L962) and the German Research Group for Explosion Seismology (1964).

Other recent results are provided by Robertson (1963), Dix (1965),

Khalevin et a1. (1966), Kanasewich and Cumming (1965) and Clowes

et al. (1968). In response to this need, Hajnal (1970), Homeniuk

(1972) and Baer (1972) r,øorked on the development of this method,

advancíng it to a certain degree.



L.2 Present Pro.i ect :

The present thesís forms part of a project designed to develop a

near vertical reflection technique capable of mapping shal1-ow and

deep crustal structure. lt 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) Fíeld 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 Fíe 1d Inlork:

1. 3 . 1 l^Ihen and where :

east portion of the Aul-neau Dome. Figures

area of the survey, and shovr the locations

recording sites occupied this year. Table

information regarding the exacl locations,

poínt, and other related informatíon.

L.3.2 Instrumentatíon;

The f ield T¡/ork \,ras carried out in May

The recording equipment \.vas the same unit described by Ha1l and

Ilajnal (1969), and Hajnal- (1970) with minor modifications to Lhe tim-

ing circuits. The time code generator rvas removed and a filter ampli-

fier called a tone amplifier was added. The tone amplifier r,¡as used

L973 on or near the north-

1.1 and 1.2 indicate the

of the shot point and

1.1 gives the relevant

dis tances from the shot



to amplify and to filter a 475 hertz tone that rvas received over the

radio from the shot poínt. Thís tone r,ras then recorded on tape in

place of the tíme code.

The shot point equipment rvas 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 procedures:

The shot point was located in an abandoned mine shaft. The

shaft had an aperture of approximately 12 by 15 feet, a depth of

10C feet, and contaíned 25 feeL of water when shooting began, drop-

ping to about 8 feet for the l-ast shot.

The expi-osive agent used \^ras a stable compound designed for

underwater detonation ca11ed Hydromex. Tt rvas purchased in 50-pound

cardboard cases containing t\^7o plastic bags of Hydromex. Thus,

explosive charges of 25, 50 or 75 pounds could easily be used with

25 pounds being the most cormon.

The procedures used at the shot point stressed safety and effi-

ciency. At a predetermined time, Lhe shaft was loaded with explo-

sives and radio contact rías established rvith the recording creÞl. At

the agreed time, 30 seconds of tone was transmitted over the radio,

with the detonation of the "nrrr. termínating the tone transmission.

Radio contact rvas again established and the entire cycle rtas repeated.

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

for exact number) rvith a time interval between shots of fífteen



minutes beíng typíca1 during normal operating conditions

The exact instant of detonation ¡vas also recorded at the shot

point íf radio communication rvas poor, by a method documented by

Hajnal (1970, page 28).

The spread used consísted of 12 seismometers spaced 220 feet

(67.L meters) apart. Channel 1 rvas always closest to the shot point.

The l-st and llth seismometers measured the in-line component of hor-

izontal motion. The 2nd and 12th seismometers measured the perpen-

dicular component of horizontal motion, whí1-e a1l- other seismometers

measured vertical motion. The recording equipment was located in a

-boat at the center of the spread.

I.3.4 Recording site procedures:

The recording attenuatíons 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 a1-ways

set at 48 hertz. This a11ows the maximum amount of information to

be recorded.

4

Once the tone began on the radio, the recording process \^/as

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 tne fab.



L.4 Evaluation of Field Procedures:

This yearts was the first attempt to take the VLF-2 and Lape-

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 sti11 exist seríous limitations on

where the recording spread can be placed. If the cables used

allowed end-on recording (al1 geophones in one direction from the

recording equipment) many more locations around the lake shore could

be used. Horvever, 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 rvith lhe Precambrían Centre will go a Long way towards

so1-ving the mobí1ity of recording locations.

The location of the shot point is stil1 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 generali-y prohibited by government. regulations, and drilL-

íng of 1arge enough holes to accommodat.e adequate charges is too

expensive. Mine shafts that contain adequate amounts of water now

appear to be lhe most feaéible shot poi'nts, but these do not exist

in sufficient nurnber in the-particular areas of interest to ¡. ia."f

either. This problem must be solved or circumvented for a study to

be feasible.

After solving the problems of rvhere to locate the shot and

recording sites, the success of the project depends principally on



putting enough energy ínto the ground in order to get observabl-e

reflections. The theory of effective charge iveight and the statis-

tical benefits of stacking multiple shots together was documented by

Baer (L972). The equation for caLculating effective charge rveights

1S

w
wherel,n/ i" the effective single charge necessary to achieve the same

S:N ratio that could also be achieved by stacking t traces together

from f- records that rvere generated by individual- charges of /<{L
(See Table 1.1 for effective charge weights for each recording loca-

tion). In this survey, l{e have used the largest individuaL charge

weights for near vertical reflection data, used to date by the

University of ManÍtoba, and also increased the number of indivídual

records being stacked. These facts alone give this yearrs efforts the

greatest possibílity of success.

ls
I

r--
/'t \/v /V/'

L--t

(r< 
')

As rvith any seismic survey, the exacË determination of shot time

relative to the recorded events is critical. The tone break sysËem

presently employed by the University of }tanitoba is sound in princi-

p1e, but has certain practícal limitations. When radio reception

deLeriorated, so did the tone break quality. Laboratory examination

of the filter response of the tone amplifier showed it to be a rel-a-

tively poor filter (see nig,rr. 1.3). If the filter weie to be

improved, the quality of tone break would be improved significantly.

The use of better radios rvould improve thís system. The possibí1ity

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

?3

(1. 1)



considered especiali-y since the fíel-d work for the present is not

near por^/er lines. on the other hand, if the antenna should come in

contact with a pol{er l-ine, this ivould endanger the observers.

Even after considerable effort is put into improving the tone

break quality, the need for a back-up system stí11- exists. The

equipment described by Hajnal (1970) should be replaced by a magnetic

recording of trrli.rlV, shot instant and shot generated wave form.

The use of linear arrays as discussed by Homeniuk (L972) was

considered, but not employed this year. Linear arrays of adequate

length are not available cormnercially. 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 world not, even

if successfu1 ín yielding recognizable reflections, by itsel-f provide

adequate sub-surface data. The major reasons are the wide separation

of recording locations and the lack of a reverse profíl-e. However,

additional work planned for the next four years should solve this

problem.

1.5 Lab I^iork:

The lab work con¡nenced in July !973 and continued until the end

of the year. The theoretical and practical results obtained in the

1ab form the basis for the femaining portion of this thesis.



1.6 SampLe Calculation of Equival-ent Charge L{eishts:

We had (equaLion 1.1) :

w''
I^Ie use location

data through the

shotsand t=1

E
65-9 f.or

program

because

*ae

2
¿--t

the sample calculation. After running the

WTSTACK, I = 18,./L = 25 pounds for alL

no trace mixing has been done.

Afrer VSTACK, where

ge ther :

çtr) vs

W
LU-

\^f qo

= 2L8.5

I because

(zs ) 4s

(See Table 1.1

pounds.

üre norr mixed eight traces to-

for all

(¿s)

equivalent weights).

= 1039.25 pounds.

4
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Tabi-e 1.1 Table of data resardins shot point and recording locations

Shot Point*-*

9

Recordins LocaLion

65

66

67

68

69

Recording

Lati tude

4go 30.93'

Location Shot Point 9

4go 29.73'

4go 28.B2l

4go 27.281

4go 23.631

4go 18.30'

No. of Records

65

66

67

68

69

Longi tude

940 26.78'

Distance from

2.20 km.

3. 81- krn.

12.04 km.

20.50 km.

30.93 km.

940 26.88'

940 25.L7'

940 18.53'

940 L3.92'

940 1.10'

;kNot processed.

>"-:'.-gþs¡ and recording site
Hajnal (L973).

L2

S tacked

1B

L4

L6

L2

N. P.:k

Equival-ent Charge l,trt.
After i^ITSTACK After VSTACK

218.5 lb.

181.0 lb.

200.0 lb.

r6L.25 ]-b.

numbers fol1ow those

1039.25 l-b.

861.0 1b.

95L.25 rb.

767.0 Lb..

of Ha1l and



CHAPTER 2

STATTSTICALLY OPTIMAL STACKTNG OF SEISMIC DATA

2.L Introductíon

improve the S:N (signal to noise) ratio has been used with varying

success for years. Ilayne (1962, L967) and Galbraith and l^liggins

(1968) reported success in conrnon depth point stacking techniques

applied in the petrol-eum industry. hThitcomb (1969), Hajnal (L970,

I97L), Capon (L972), Baer (L972), Homeniuk (L972), Kanasewich et aL.

(1973) all used a stacking procedure as a velocity filter ín order to

improve the S:N ratio of events with specific moveout velocities.

Baer (I972) and Homeniuk (1972) a1-so vertically stacked multiple

sho{:s with common shot and geophone coordinates.

The process of stacking seismíc traces together in order to

,I/1, improvement in the S:N amplitude ratio as documented by Baer

The theoretical results of stacking T1 traces togeLher is a

(L972). In most cases, the first attemPts at stacking traces were

based on at least t\^Io general assumptions about the input data:

1) the signaL amplitudes on all traces being stacked were approxi-

matel-y equal, and 2) the signal to noise amplitude ratíos were

approximately constant on all traces. Individual traces \.^7ere as-

sumed to have these characterístics or were normalized in such a

\{ay as to impose a relatively consistent amplitude to all input

traces (Ua¡nal , 1970; Baer, L972) .

13



However, upon cLoser examination of input ðata, it is found

that these t\ío assumptions are in general, not perfecti-y va1-id.

Indeed, cases exist in our present data ivhere these assumptions

are grossly invalíd. Capon et a1. (1967), Christoffersson and

Jansson (L967) and Robinson (1970) all rvorked on vTays of compuríng

rveighting factors to apply to various traces that violate these t\^/o

assumptions, in order to optimize the output S:N ratio of a stacking

procedure.

Since the data recorded ín May L973 by the Department of Earth

Sciences, University of Manitoba, was found not to conform to the

above-mentioned assumptions, a stacking program (I^ITSTACK) incorpor-

ating weighting factors calculated according to the theory put fonvard

by Robinson (1970) rvas written. -This method allows the stacking of

traces with variable signal amplitudes and variable S:N ratío--

features which are present in this data. This theory also allor{s us

to calculate the theoreticaL S:N ratio of the stacked record. (See

Appendix A.)

ft is ínteresting to note that when this theory is applied to

the sum of. n- traces that do conform to the above mentioned assump-

tions, the resul-ts are consistent with those predicted by Baer (L972)

T4

2.2 Theoretical Optimum Lrreishtine Factors:

The first step must be the devel-opment of a mathematicaL model

of a seismic trace and some critería on which to eval-uate 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 exceptíon



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 statís-

tically independent of the noise on any other Lrace. The signal and

noise components are also statistically independent of each otheL on

aLl traces. The signal to noise ratio is reasonably constant for each

individual trace (at least over the time extent of the rvindor+s used).

The last requirement put on the seismic trace is that the noise levei-

is constant r^rith respect to time on any índividual trace.

The mathematical- expression for the ) th sample of the L ttt

trace is

LLi a,¿(s¡ *nq)

where 4i is signal ampl-itude factor of

3¡ is signal- component for the

on all traces.

nij is noise component whích is in general different for each

individual trace and sample.

Al-so define I 
^" the number of samples in a seismíc trace, and I as

the number of records to be stacked.

15

(T
The signal energy (S), noise energy ( //¿ ) and total energy

) of the f th æace are def ined. as:

L

j'h
th trace.

sample which is identical

r
s=Z

j=t

(2.L)

u,= 2 'nLi

j --l

2_a. ttJ i-

,

(2.2)

(2.3)



L6

(2.4)

v s Q'5)0i
/V¿

The objectíve is to determine weighting factors ( W'¿) to be

applied to the L th trace such that the signal to noise energy

ratío of the output trace lvil1 be a maximum.

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

termined as follows:

A unique signaL to noise povrer ratio can be defined as:

zL-Lj
T\=Z

j'=l

(2.6)

we have set 4 = L and Qt = L. Substituting equa-

2.6 and collectíng signal terms gives

= (t + aza¡.) Sj + n, j I ct'2trr¿atzj

=ttt'*rtj'ù , (2'7)

nergy of the stac_ked trace is

çt n ,nar)' Ë, ,j'j=t

(t*rrr^Jt S. 
(2'B)

ergy of the stacked trace is

å/ --\z
Z (^'j + 

^zuÍLnri ) e.s)
j=t

(Ð

L j'' = Ltj + ut Lrj

(2. 10)

Arbitrarily

tion 2. L in

' '(z)LJ

e

:

en

The signal

s('

The noise

N.,



\,,ihere the bar

T1 and 717 a

we obtain for

(ù
ru-

ind

re

the

^1,

icates mean vaLue tor T sampl-es.

statistically independent and have

noíse energy of the stacked trace

+ (wror)' Nr'

(See Lee,

By substi

signal to

L960,

tuting

nois e

equation 5 ,82.)

equation 2.8 and 2.LL

energy or po\der ratio

. (¿)T= (t + ur, or)t Sw
By setting

a)

However, because

zero mean value,

ú¿_= 
å

or

b) (tf^ = lvlÐ) wL- e.frj,

into equa{-ion

as

èf'
ò utt

L7

Clearly solution a) minimizes Lhe signal to noise

solution b) maximízes the por\7er ratio.

Thus the twofold optimum s tack becomes

(2.tL)

= 0 and solving Íor Ltf^,

2.5, we f ind the

[tÍ"]r* =rtj-.#qL,i,
The output can be

by some constant.

such a constant.

(2.L2)

we find that

Q.ß)

normalized to any value by multiplying {tfJrrr
Ar rhis rime ít is convenient to choose S/N, as

As a result

(2.L4)

po\^7er ratiO and

(2.L5)



ft o'],,* 
=

Recall that At - 1.

g
NJI

Stated in words: the optimum stack is effected by first equal-

ízi-ng the scale factors on each trace, then weighting the resulting

traces ivith their respective sígnal to noise energy ratios, and

fina11y, stacking the traces together.

If we substitute equation 2.L4 into equation 2.12 rve find that

YØ = Í,+ fr. Q.L'.7)

+\+

= *t,: -þU

*s_
a.N

Ltzj

Thus the optimum sígnal to noise po\rer ratío

is equal to the sum of the individual signal-

By an iterative method using { ¿¡t 
J

t"¡ \^re can extend this procedure to the sum

18

(2.L6)

rvhere L- is a normalizíng factor.

Also we find that

{tttÔTopt f L¡v
L--l

L T lvt
C 4 \a¿

I o 
t'' jurn =

Í,

of

to

ÒP+

of

the stacked trace

noise por,rer ratios.

in the place of

T Lraces.

(2. 18)

Thus if we can, by

X¿

T

ZY¿
L=l

Lij

some method, measure Úi and (¡

(2.re)

for alL



our input traces, 'h7e can determine

wL= Ií-
LL

and

the

\^re can also estimate the

stacked trace.

2.3 Practical Calculation of Weighting Factors:

In order to calculate the weighting factors for each trace, Tre

fírst must calculate the power of the seismic trace in two r.'indows.

The first window is selected before the first-break energy. In this
.t

we r^rill measure the noise energy levei- t Ti ) of the Lth trace.

Under our assumption that the noise l-evel 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

expected sígna1- to noise po\der ratio of

(2.20)

-lt;

1,9

The second window is centered over a strong arrival. The

signal- to noise power ratio in this window wi1-l represent Í¿ for

this trace. Clearly changÍng the position of the second irindow will

change K¿ . However, it is the relative magnitude of each V, which

is of importance in designing weighting factors and not the actual

magnitudes. The totaL energy in the second window ( Ï ) on the

't- th trace is

f
j=l

-r-LLj
2_

ËGrnLif = a'íLNL
j=l (2.2L)



-ft'ZT {"r(ri * n.)}'
J'-'

By the same

that

= oL'r g;rff

argument that rvas used

-l', = ot'(S t N,) '

Up to this poínt, both windows have b"un J samp1es long. In
-f.t

practice, IITSTACK divides both l¿ and l¡ by the number of sam-

pi.es ín the first and second r..¡indows respectively. As a result, the

windows are not. restricted to being of equal length.

Ile now have enough information to calculate the signal to noise

po\¡rer ratio of this trace.

ìu¡---S-= f4. (2.24)N¡ Tt'
By looking at the signal energies of the different traces relative to

trace 1 we can calculate the scaling factor A¡ as

to derive equation 2.

20

(2.22)

11, we cLaim

The quantities Tt' and l¿ are measured directly from the in-

put data for all traces. I,i; could proceed to substitute equations

2.24 and 2.25 into 2.20 and direetly calculate the appropriate

rveighting factors. 0r r¡re can look at the overall expression for UfL

and simplify ít s1ightly.

(2.23)

âL= ç!41',t'

Ltf¿ = Vi 
=

a-¡

t¿- lí
li'

(2.2s)

(2.26)



We can multipl-y these r+eights by any constant we desíre in

order to normal-ize the output trace. The constant we use is

R/NT

Thís 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 I{EIGHT is

Í
Z*r=to(
L=l

rnrhere k ," determined ín such a way that

(see Appendix A.)

b/. z

2.4 Evaluation of Weishted Stackíns:

The evaluation of weighted stacking will be approached in two

$rays. Method 1 will be a direct comparison of the output of STACKER

and WTSTACK. Method 2 wiIL be based on statistical measurements

performed on the input and output data.

R,rcry-r:

The data recorded at location 67-9 is considered typical. This

is the center location of the five re-cording 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.

2T

(2.27)

(2.28)



Method 1:

The reLevant data appear in Figures 2.L and 2.2. Each pl-ot 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 \^ITSTACK. Neither record has had any further

processing except that each trace is normalized by PLOTMOD so that the

first-break amplitude is I inch. Thus the relative amplitudes of the

data, trace to trace and also record to record, give a comparative

irdication of the output signal to noise ampl-ítude ratíos.

For al-l- traces, it becomes obvious from 1-ooking at this com-

parison that I^ITSTACK has done a much better job than STACKER.

Method 2:

Although I\TTSTACK did a superior job to STACKER, some measure of

how'ç,¡e11 I^ITSTACK approaches its theoretical- potential is also

des irab le

I^IEIGTfI to measure the signal to noise amplitude ratios of the data.

Figure 2.3 ís a p1-ot of the S:N amplitude ratios of a1l- the individual

traces recorded at location 67-9. Also plotted is Lhe average S:N

amplitude ratio. By using equation 2.10 we cal-culate the expected

S:N amplitude ratio that I\ITSTACK would produce. This is al-so

plotted in Figure 2.3 along.with the actual S:N amplitude ratios of

I{TSTACK and STACKER. By using the expected S:N amplitude ratio as

the optimum output, vre can calculat.e the percentage efficiency of

I,ITSTACK and STACKER. This is plotted in Figure 2.4.

In order to do this eval-uation, we may use the subroutine

22



By studying these two graphs and the trvo plots, a number of

interesting points appear:

1) By comparing Figures 2.i- and 2.2 witL' 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 Ls al-so the best in Figure 2.3. Thís adds some degree of con-

fídence to the method of measuring YL

2) The very large varíation in S:N amplitude ratíos of the input

data stands out. This is in fact the main justifícation for using

weighted stack.

3) Some of the individual traces have a very high S:N ampl-itude

ratio. In general, these traces have an extremely low background

noise level measured before the first breaks. This low noise 1evel

is not usually representative of the noíse over the entire record.

For this reason, these traces are not consistent with the model

seismic trace as specífied in Sectíon 2.2. Improvements in measuring

S:N ratios r¡ould help here.

4) Figure 2.3 cLearly shows the benefits of WTSTACK over STACKER.

ThÍs ís firm evidence that \.{e are moving in the right direction, buË

it also índicates that some overall improvement in the theoretical-

or practical aspects are needed to bring estímated and actual S:N

23

amplitude ratios closer together.

5) Figure 2.4 inð.icates th-e relative efficiencies of WTSTACK aË

55!17% and STACKER at 24!L7%. These levels of effíciency are typical

of all locations.

6) The short-fall in actual WTSTACK output S:N ratio must be attri-



buted to the degree to rvhich our model seismic trace does not fit

our data or to errors in estimating l, and q,L from our data'

The 57. of the individual traces that have individuaL s:N ratios

higher than the output trace índicate that the theory does in fact,

not appLy exactly. However, the S:N ratio on STACKER output was

below the S:N ratio on 32% of the ínput traces.

2.5 Conclusions:

WTSTACK represents a considerable step forward over previousLy

used methods in the processing of multiple shot data.

New and,hopefull-y, better ways should be found of evaluating

ã¿ "tta A;, from the inPut data.

Other theoretical methods of optimizing the stacking procedure

should be looked into in the future.

2.6 General Connnent:

The algorithm used by I^ITSTACK attempts to maximíze the S:N

po\.rer 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

Rayleígh r¡/aves. It wíl1 be left to other means than stacking multi-

p1-e shots to enhance reflections with respect to surface I^7aves or

other types of shot-generated noise.

24



Fïgure 2.1 .67-9 afrer STACKER (2.L5 sei.)'



ffi

Fígure.2.2

ff

67 -9 a.frer WTSTACK (2.L5 seç. )
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CHAPTER 3

EVALUATION OF PROCESSING ABTLITY

3 . l- Introduction:

A considerabl-e amount of time, energy, and money rvas spenË this

year on seismic daLa processing. The sol-utions of probl-ems that

arose and some initial concepts on how daLa should be processed formed

the basis of a processing phii-osophy. The more important aspects of

this philosophy and the evolutionary history of the programs developed

this year constitute an important segment ín the devel-opment of the

near vertical reflection technique as an exploration and research

tool- on the Canadian Shield.

3.2 Processine Philosophy:

PAST AND PRESENT

The processing philosophy developed for the handling of seismíc

data can best be deJcribed by stating it in six propositions, as

foli-orvs:

1) Exact shot time must be present on BINBINTs (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 absol-ute timíng in-

formatíon on the output Lapes, 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) Care.r'ul- manipulation,, of the integer data values is essentíal if

a significant amount of ínformation is not to be 1ost.
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4) Each program should print out as much informatíon about the data

as possible.

5) Processing efficiency should be revierved regul-arl-y.

6) Critical studies should be made on the quality of data out of each

processing step. Program deficiencies, poor parameter se1ection and

ínput errors rvil1 not necessaril-y stop execution and eliminate the

output from the various programs. When the output was not up to

expected standards, it rvas 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 ínto every program as rvell-

as outlining methods that should be used in processing data.

3.3 Prosram Evolution:

The programs used this year fall into five main categories:

1) Utí1ity program",'2) Stacking programs, 3) Filtering programs'

4) Gain adjustment programs, and 5) Vel-ocity fíltering programs.

Significant programing changes \{ere made ín all these areas.

3 . 3. 1 Ut ilítv prosrams :

30

The principal program in this area was BINBIN, as documented by

Hajnal (1970). Its main function r,vas to perf orm a data conversíon

from a 7 to a 9 track tape. The program r,¡as r,¡ritten in COBAL and

is very difficult to modify, because of a general lack of familiaríty

with this language at the present time. Serious attempts were made,

although unsuccessful, to modífy BINBIN so that 13 channels could be

processed. (The tone channel rsas processed in channet 12, making it



necessary to omit one seismic

íts efficiency, and because of

made to compl-etely replace it.

Horvever, as of December 15, L973, 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, rvas written to perform the

printout operations in place of BIMIN. It ís efficient and allows

much greater freedom in choosing exacLly rvhat blocks should be

prínted.

trace.) BTNBINts strongest point is

this consideration, no attempts were

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 L2.

3.3.2 Stacking programs:

The evolution of the programs that perform the stacking opera-

tion has to be consídered the greatest single area of improvement.

The program that existed, COSPS (or VERTS) as documented by Baer

(7972), was modified in several mínor \.rays to rnake the output con-

sistent with proposition 2. Some changes in read formats made it

slightly more efficient. The program STACKER rvas vritten as a more

efficient substitute. It performed exactly the same operations as

COSPS rvith the exception oí ,,or*rl ízing the output traces. The

signal to noise amplitude ratios of input and output data rvere

measured by a routine that l-ater evolved to become I^IEIGHT.

31

The rvide variation in signal to noise amplitude ratios, and the



poor performance of STACKER provided the incentive for evaluating

Lhe benefits of iveighted stacking. The resul-t was WTSTACK r^¡hich rvas

not only a theoretical improvement, but \üas more efficíent time-wise

and did a much better job of handling the integer data.

A more compl-ete rvrite-up of the theory of rveighted stacking and

a critical evaluatíon of I^ITSTACK is found in Chapter 2. The actual

production data is in Chapter 4, rvhile the program listing and

additionaL comments can be found in Appendix A.

3.3.3 Filtering programs:

The program that existed rvas CONVOLV as documented by Hajnal

(L970). AtLempts were made to make this program conform to the con-

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

rvas 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 rvould have proper timing information plotted in place of

channel 12. CONVOLVTs efficiency was questionabl-e and certain

round-off errors in the algorithm indicated improvements could be

made in the overall processing system if CONVOLV was replaced.

FTLTER rvas rvritten to do the frequency filteríng process, and

rvas used to produce all data displays where filtering had taken

p1ace.
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The problem of l-arge "*pfia,rau surface \,/aves (Rayleigh rvaves)

has not been dealt with yet. Geophone arrays \{ere not used in the

field and the result is evident ín Figure 4.9. PLOTMOD normalized

each trace such that the maximum amplitude is % inch. The result

3.3.4 Gain adiustment programs:



ís that refLections, that are arrivíng after Rayleigh vaves have

passed, are plotted at a scal-e so small- that they cannot be seen.

Some method of balancing the relative amplitudes of the trace

with time and yet still maintain wave forms is considered necessary.

McClure (1973) used a method of normalízíng data over different

rvindows on a single trace to balance the amplitudes of differenL

events. This was tried in the present study ¡vith limited success

and other methods \.^zere considered.

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 rvas AGC. The theory and algoritl'rm

used are explained in Appendix B. The data processed through this

program is displayed ín Figures 4.13 and 4.L4.

3.3.5 V"1oç.!y_li1!qring pro,qrams :

STACK r,;as the previously existing velocity filtering program

written by Hajnal (1970). IL was working, but modifications desired

in the output posed more of a problem than rvriting a nei,r program

(vsrACK).

33

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 B) each with a dífferent A t shift

applied to data before sLacking. The traces are aIL 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 Bval-uation of Processíng Capability:

It can be seen that the present processing capability of the

University of Manitoba is the result of a continuous evolutionary

process in rvhich programs are used, critically assessed, modified

andfor repi_aced. This process has been going on for five years

no\,r, and must continue if the maximum amount of infot*ation 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 displ-ay after velocity fil-tering, have added

much to the processing capability of the University of Manitoba.

Horvever, it is premature to claim that Lhe better Processing is the

principal reason for Lhe significant improvement ín data quality

obtained this year. The larger effective charges used this year

have also he1-ped.

In order to evaluate better the overall- improvements in the

processing ability, it is recommended that the data collected by

Baer (L972) and Homeniuk (L972) be processed according to the re-

vised models.
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4.L Introduction:

The final processing mix is outlined in Figure 4.i-. This

procedure for processing near vertical reflection data yields

rvhat appears to be acceptable records. These steps and the final

data displays will be explained in this chapter.

4.2 Analoe to Dieital Conversion:

CHAPTER 4

FINAL PROCESSTNG MIX

The conversion process r{as carried out exactly as described by

Gurbuz (L969) and Hajnal (1970) rvith one modification. The tone

channel ivas digitized on channel 12 in place of the seísmic trace.

This was done beeause of limitations in BINBIN and because of the

importance of having exact shot time information.

4.3

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 bl-ock and sample

r^¡here the tone cut off is picked at thís stage, and is used to

program WTSTACK. Record quality lvas checked at this stage by

first plotting a selected number of records output from BIMIN,

then by fi1-tering and plotting these records, thus giving a dírect

,comparíson 
to the analog playback records. These records should be

identical.

BINB]N. READER:
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4.4 I.ITSTACK:

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 l1th

geophone. The 12th trace nov/ represents time and is graduated in

tenths of seconds with the second marks being larger.

All the records were then processed through trTiTSTACK thus

4.5 FILTER:

fn order to decide on the optimum bandpass filter to use on

the stacked records, fil-ter tests rvere performed on all stacked

records. The operators used for these tests , T79 poinLs in length,

allowed a l-O-hertz wide bandpass of frequencies centered on 5, 15,

25, and 35 lnertz. 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 operalors. The fil-ter slices Lo1 67-9

are displayed in Figures 4.4 to 4.7.

4.5 .L Tes ts :

36

Filter slices of frequencies up to 100 hertz rdere 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-r'eventsil when included in the final-

filtered record.

4.5.2 Final filtered records:

The final filter chosen for locations 65-9 and 66-9 rvas a 5-25



bandpass r.¿hile Locations 67-9 and 68-9 were filtered witln a 2-25

bandpass. Figure 4.8 indicates the amplitude response of these two

filters. Because of the rvider 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.I2.

These records have a higher equival-ent charge rveight (see Tabi-e

1.1) than the individual records and the improvement ín data quality

is evidenL.

4.6 AGC :

operator length of 1 second rvas used in both cases and the results

are plotted in Figure 4.13 and Fígure 4.14. It is important to nol-e

the variable noise level be-iore the first breaks on record 66-9

(Figure 4.14) and t-o reali-ze 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 ïecords for location 65-9 and 66-9 through

VSTACK.

Only records 65-9 and 66-9 were processed through AGC. An
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4.7 VSTACK:

The output displays from VSTACK (Figures 4.15 to 4.L9) are

different from the other p1ots. Each outPut trace no\^l represenls

the sum of eight vertícal seismometer traces. A different Lime

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= (r cos t) / L{t Cr- t)}

rvhere V i" apparent horizontal velocity, J. is the geophone separatíon,

0 is ttre acute angle betr^reen the recording spread and the line of

sight to the shot point,¿ft is the sampling interval and T is the

trace number counting from the top of VSTACK display. The relative

amplitudes of events, trace to trace, are retained in this display.

The time of the event on VSTACK outPuL will agree rvith 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. Fígures 4.15 to 4.19 contain the VSTACK

output for all 4 locations.

4.8 Sunrnary:

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.

(4. 1)
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The data presented in this chapter is now part of the data

file of the Department of Earth Sciences, University of Manitoba.

This data ivíll be used aloná rvith more data that will be collected

in the future to gain additional information about the structure

and nature of the earthrs crust. The resulting interpretations will



be publíshed at a

4.9 Additional- Processing Possibilities:

The only additíona1 processing planned at present is to modify

VSTACK to perform an Nth root velocity stack as explaíned by

Kanasewich et a1. (1973). This should aíd in the sel-ection of

possible events.

All the output data of previous processing stePS has been re-

tained on 9 track magiretic tape so that additional processing may

be done at any time in the future. This wil-l depend on ne\ü or

better programs being .developed to exLract more information from

the data.

later date.
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The data presented in Chapter 4 exemplifies the stage to r+hich

the devel-opment of the near vertical reflection method has progressed.

The appearance of events that could represent possible reflections

from deep in the earthrs crust. suggests that this method ís approach-

ing a stage where it can be considered a víab1e exploralion and

research tool on the Precambrian Shield.

CHAPTER 5

CONCLUS]ONS

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

wíl-1 be much easier, thus alloiving different reflecting horízons to

be mapped.

Further processing of this data, as \,¿e11 as other data coll-ected

by a sími1ar method, will be necessary to establish the minimum

unit charges and ininimum effective charge rveights that can be used

successfully. This study indicates that 25-pound unit charges and

effective charge rveights 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 qual-ity.

I,Ieighted stacking has proven to be a more effective method of

putting multiple shot records together than conventional stackíng

techniques. However, additional effort should be spent looking
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ínto theoretical and practÍcaL improvements in methods to calculate

the weighting factors.

The processing capability of the University of Manitoba now

must rate as very acceptable. rt is probably noL as efficient as

possibl-e, but it does the job required of it. These programs should

not be used ruithout careful study and modifications should be made

if rvays can be found to make them more efficient or to make them do

a better job on the data.
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Proqram I^ITSTACK:

This program \,Ias rvritten by O. G. Stephenson and G. H. Friesen.

It performs a weighted vertical stack designed to optimize the out-

put signal to noise po\,rer ratio.

The program requires only a limited number of input parameters.

These parameters and the appropriate input formats are listed in

the program. The subroutine I^IEIGHT rvas designed to calculate the

optimum weighting factors. (See Chapter 2.)

APPENDIX A

The four parameLers that require some judgements based on

actual input data are I^11, i^ilT., I^12 and i{2L. These parameters spec-

ify the two rvindorvs used in calculating the rveighting factors. The

first windorv should be located entirely before, but ending close to

the first break energy. A gtp of 0.2 sec. is required betrveen rvin-

dows. The second rvindoi¡ should be centered over some strong signal

energy, usually the strongest energy on the record. Tl-re lengths of

the two rvindovrs can vary. The program normalizes the er-rergy measured

in each rvindorv by dividing by the number of samples in the rvindow.

It is recommended that the vindorvs be between one and two sec. in

length in order to achieve the best results.

The subroutine I\TEIGIII will automatically ki11 any lrace on

r,¡hich the energy in the second window is less than the energy in

the first rvindorv. For this reason, caution is recommended rvhen

stacking data of extremel-y poor quality. Modífícations 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 I/O counts, and 14 minutes CPU time to stack 16 records and

output 25 sec. of data on an IBM 360/65. There is, aL present, a

limitation of approximately 30 sec. of data that can be output.

Hor+ever, by enlarging the appropriate arrays, disk storage and

core requirements, longer records can be processed.

A list of the program, including comment cards, follows
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' STATISTICAL

- I-N IE-G E-B* Zl] ( 1.2' I 0 l' -l-8 ¡-r!!Å' I-t ( N 0!E c I r M B ( N 0 R E c,, Nsr ( N 0 R E c I

14EIGHT

_,_DlMÀ!I!t\ PodEn (?l_r-!?_l_: sti f 3å_r
DI.'"IENSION ShT(I2I

GHT I^IRITEN

iNTEGER NULLI L2,25 }

DIMENSION WT ( 25,12I
REAL SUM 125' I
DI = 0.OO2449

r JUNE 1970

hDI=DI.*10

CPTI IqAL STÂCK I NG OF SE I

Y G"H.FRIESFN

I84 =
C=DSECI

DATE = 13345

4=

---l-85-:_-5_E cLl
M4=H4/DI

SECI / HDI

H5 = SEC2
M5=H5 /D

sTDN(25t t STDSl25t TSTCN(251

SREC = 0"0

-IB4 +

__Llt = _NåI_tf-Al + r,{4

r F ( MM. LT;70-i- CO rO 2or

IBI = MB(KA, + I84

ocT. / 73

IBI = IBI I
___l1L_=_Z_0=_l__U1'1__

2O8 CCNTINUE

BLISHED IN GEOPHYSICE

o7

HDI

KA=1 ' NCR

I85 * l.DI

MM = ¡lM 70

L2'

SMI C DATA T

.60_._

*_lfl_tL_LQ:_0_ I Gc ro
IF{MM.GT.O}GCTC

NT

t4 / 25 /35

r sS(25rI2.1

_ ?,_10, _,*_Ç_c_NJ

209

NSI = MM

NS2 = þ1M

le? = l4E(KAl +
MP = NST(KÂ) +
IF f MM"LT" 7O
tBZ = IBZ + 1

Mt¡ = lrM - 70

--- - .- DO-15-. I X 
=_l 

¿-7*Q*Q *
READ{8IIO) IRRIIBR

208
2QB

IB5
l'4 5

t0

IRZ = NSI

) GO T0 2ïO

E-A3_11¡_t-l_?A?. t ?5.9A2:_?5_0 A 2, 25 0 A 2, 25 0 
^2tiF{IRR"EQ.TIJ.AND.IBR.E8.{IB )} GO TO 12



IV G LEVEL 2L

BAC KSPAC F
NB = DSEC
H6 = DSEC NB 'I I-DI
M6=Hó/DI
N-t\B*70

: _-__B_EAtLf_Qr_l_0-_r Etr

F{14ó
IK2 = IK2 +

B
/ FDI

IF { IK2
NB=NB

D0 30 IJ = 1rN3

Id E I GHT

lCr SUM(Il = SUM(I)

DC101[=L,L2

1.16

l NB = NB t
M6

IF { IJ
CI]NT I NUE

I20

=1

IF { IB.E8"I82 
' 

GO
o I20 i - 1,11

S]DN(Il = SUi'4{I) / N

DATE = 73345

L¿¿ I = lrII
* _ 122_SrQs(r)___s!tfll / N

RR=15 I

I END
+ IT(I,J) * TTf I,J'

FZ = SECI + DSECI

f NB - f , l IEND = M6

_fL- = _s_ELal_Dl_E_ç2
DSEC = DSECI

DSEC = DSFC2

119 DO I22 I

IST = NS2

RRr IBRr ( ( IT( I rJl r1=l r 121 ¡ J=lr70)

F3 = SEC2

T0 119

15

313__E0RMÁT I /////

6t

C ONT I NUE

L4/25/35

TC T29

WP,ITE ( T.?TL4

300

FORMAT I / /
|/JRITE (6r300)

RMAT ( /,IX

K K=0

.-----s-rtl-N-l-I )-:_-5-5jÁ{d ) _ / SI-D-\:[ I I___
TF { STÛN{ I).GT"O I GO TÛ 239
SSIKA'Il = 0"0

F8.3r2Xr rAi{D FRCMr rFE.3¡?Xr r T0

SS(KA'Il = STDS{Il STDN(Il

IX I
I TRR

IXIIRECCRD NO"
F1'FZtF3¡F4

STON(Il = 0"0

I POhER WiNDOh.S ¡RE

204

PNWFC { K
NULL( IrKA) = O

239

!{RITE ( ê,o20tt
FORMAT l/tLXt
GO TC I23

THES RECORD I I

C0i\¡T I NUE

'¡14 tZAX¡ 714 I

.O

FROM frFB.3¡2Xtt TO r,

I NEGAT i VE V,AL UE I N TRACE

t r FB "3¡2X¡

e r 14 )
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r23

2t

244

ST0N(L = S0RT { STCN{Il I
ASTCN = ÉST6N + STONfII

J?t_ sN{KÂrr} =

hT(KA,It=-tf0ñ{I"
ASfCN = ASICN / I I1 KK )
DO L25 I = lrll
STDN{I) = SORT ( STDN{I)
STDS(I) = SQRT ( STDS(Il

f-!6 FCR¡4-LLllX tI4tSXr F9 "2¡2XrF9.2 11X, Fl "2 )

HRITE (ó,II5 I
FI]RMÁT {

I35 CCNT I NUE

DO I35 I - trlt

I^JE I GHT

.lcgl rr-_]l_r:!ÞJ

l

tr7
100

STDN (I )

SREC=SREC+ASTCN

X, I TRACE

FORMAT ( 5OX
COhITINUE
SRFC = SREC
WRTTE { 6¡9

-_l?Z-- 
[Tl I :-I-2--l-=- - 

!-:-Q

900

F0RMÁT I / r 5OX r I AVERAGE AVERAGE = ! 
e

TISTDN( I I I STDS{T )'STON{ 1'

2

þiRITE ( 6,90

DATE = 13345

STD NOI SE

FÛRMAT I /,LX TI4

9i8 FORMAT-'LLZ F t0

D0L92[=1'NCREC

I I AVERAGE S iGNAL TC N0I SE RATI0 = I , Fl "z

1 FORMAT I ///TLXTI

/
,

l,{RIïE ( ê,¡ 2 I
FORMAT I ///,IX, t

NOREC
SREC

t4RITE ( 6t563 I { {

STD SiGNAL SIGNAL 3 NOISE RATIO'I

I^JRITE ( 6I I )

- 

6 
-S-W.I_I_J 

) _1_Sldr {_J-l__l_I!R Ec

I,IRITE(6'ç98 , ( ( t4T(I'JlrJ=lr12
D0 6 J = ]- 11

5 SWT(Jl = ShT(J) + hT(IrJ )

62

I L2 F 10.2

StlT(Jl = 0.0

14/ 25/35

303 SUN =
_-_ 301 Sr4T(I

i''lRiTE ( 6r8l
FORMAT ( 1X, I TR¡CE AVERAGES ' I

NULL ARRAY PASSED TO MAIN PP.DGRAM ! 
'

I'JR ITE ( 6I998
DO 301 I = I

NULL{JrI I rJ=1r12

SIGNAL TO NCiSE AMPLITUDE RATIO I 
'

SUN = 0.0
DO 3O3 KA

t,tRITE (6t302 )

-3Q=?*t_oß¡a:L{ r_¡r-,.FXpF_Çr.ED_s_t_GM!=."_Ia,_N!l_5E__AflILtlU_D_E_
WRITE (6¡998 l ( Sl^lT(L ' l= l, 11 )

F 7"2

suN + Por^JER(t<lr1¡
)=SORT{SUN,

= I r NnREC

WRITE ( 6T 3 }

) ( ShT(Jl r J=lr11 I

663 FDRMAT { lOX ¡L212
DO 40 J - 1,11

1_l

FORMAT I ///tIX¡ |

hIRITE {6,50 ){(SN(I

lrI= Ir NOREC I

lrI-lrNORECt

STAND¡RD DEVIATICf\ OF THE NOiSE ' )

,.ll oJ=1 "1 1l . I=l.NfiRFC I

RATIO CF t^JTSTACK' )
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20

2T

El =
F1 =

3l
4O CONTI NUE

D0 31 I -
ldT { TIJ )

EI + I^JTf I
10.0 / El

RITE ( 6I 4 I

50

FORMAT I ///rIX!-
WRITE (6r50 I {{l,,lT(I rJl'J=l
FI]RMAT { TT FTO.2 

'RETURN

I ¡ NCREC

= tlT(I'J) * E1

rJl

END

IiEIGHT

' WEIGHT

DATE = 73345

ARRAY PASSED TO MAII.J
r11! rI=lrNORECl

63

L4 / 25 /3t

ROGRAM ' ¡



Program AGC:

This program LTas rvritten by o.G. stephenson, and is based on an

algorithm supplied by G.H. Fríesen. The program ís designed to

apply a time variable amplification to seismic data on a trace by

trace basis.

This program should onl-y be used to sol-ve a specific problem

that occurs on near vertical reflection seismic records r^¡ith shot to

geophone distances of less than 5 km. Record 65-9 ín Figure 4.9

best typifies the problem of very large amplitudes over a short

tíme period and large time segments vith amplitudes so low that

possible events cannot be picked. This program will- bal-ance the

amplitudes over the entire trace leading to a better portrayal of

\,rave f orms, thus aiding interpretation. This program r^rill al-so

create a variabl-e noise 1evel on each trace. Relative amplitudes

of events are maintained only to a partial- degree over short seg-

ments of the trace, approxírnately L, t]ne length of the oPer-ator

us ed.

APPEND]X B

The input parameters and

in the program. The critical-

The larger the shot-geophone

should be for best results;

length are recoinmended.

The program designs a triangular shaped operator , O P (i) ,

64

the appropriate formats are listed

parameter is the operator length.

distance, the longer the oPerator

Operators of one second or more ín



symmetric about the center point

value of 1 and dropping to zero at

to calculate an envelope for each

envelope [ewv Q)] is
É

E Nrv(L) -- Z ôPq) "

j='L
rvhere X <D are the input data. The maxímum value

(ENVI'ÍAX) is found and used to calculate the output

ín the follorving rvay:

j = O rvhere it has a maximum

j = tt'. This operator is used

trace. The Lth sample of the

Y(Ð--xG)'ffiF
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 f/O counts and 20 minutes CPU time on Lhe fBM

360/65 to process 15 sec. of data on 11 traces with an operator

i-ength of 1 sec. Longer operators will substantíally increase the

CPU time required.

A list of the program follorvs.

x (L+i)

65

of the envelope

o"'" lr/O)J
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-:. 'c,.:.' . c

FROfr AN ALGORITHM BV

Ì,';: ''c

PROGFAM DESCRIFTICN-

c
c

T
DATA CN A TRACË BY

MATN

c.,.. 
c

DIVIDiNG

PRNGR Å

OUTPUT

. C" I¡IPUT PARAMËTERS.

' i , --,,,Èliìsr c.qRc-JsEË r,-R$¡-t ¡] . =--===='==,. ,- --.-' -.
ffi = fi[ ñu¡,e6C-or FEcoRDs ro PRocËss
, " .'-c 

___s_E_q-s_ = THf,_r¡ñeiH cF opERATßR uscp rc- cALcuL-ATE THE ENVELOPE

PRCGFAM L;SES-

T}.E TFACE VALUE

TRACË
TH.AN

ROGRAM

VA LUF .

DATE =

TRÂCË BASIS"

W ITH T II',1Ë' RECCIVENDËD

Å TI

5. o K I Lc M E IE85_f_B!l!-l-u-E

c
c.

73345

c
c

BY Tl-18 NORMALIZED ËNVELOPE

s

ANT ÂHP

- c'
i':.:' INTEGËR*2 PRcFt\o' . 

-_!l-IEl5i-Çnl¿E-BÁll-?!0}lÀ-vËLlrrg00l - . 
'

-,1 DEFIN=FILE13 ltsz¡l-4o4'LTINT) -"'"' j-o-*---ffn¡.ror(?-spa¿.e:-o¡?"e5043'eSonzl *, - -. --' --

IF. = THE

IT DCES

ì4I"J I CH
IS = THE SAtrP!_É_LN THE
BEGIN
SECSDA =

Fn fs

"".66" ""_--.-i -:-.
I8/L5/Ae

VE

F ICATI ON

PRoCESSI¡..G IS TO

INPUT

PFOFNC =

THIS BY

' ' 
- Rf-a.D (q'5 t NoFFc ; sEcs -5 FCRMAT { i4' F8"3 }

NG

USE IS
SHOT.

RE C CRD

.-tLF NUMBER CF LËCCNEs OF pATÂ TO BE PRoclESå€D-.-----

TO SËI SM

CALCULAT T NG

TI-E OUTPUT RECORD NUMBER {ARBITF'ARYI

FCR R.EC{:tRDS

c__

I tÞ |

DI = . C02449

c

T 10
h UMB ER

AMPLT T

TO GIVE THE

886 TN I

LE¡(GTH = THE CPER¡T0R LENGTH (IN SAMPLESI

TIBT BL-OCK

T

LENGTH=SEC S /DI-2

RECORDED LESS

LEf ( I F t\ G lít2)4.2-' E-Q-j-ENGII-ì-.LENG-T-H=LE-IùGIIj-+ l---

ROUT INF ISEA

hRITE (6'1) SECST LENGTI'Ì

F THE

r ral^Àlctil ¡Þ-Sl-ÂpË_

IPLES I I
RM

TTM

LEN 1=LEN+l

c

THIS pcRTl0N cFire pRocRêM cALcuLATES AÀD pRINTS our rHE SYMETFIc

Hrl

¡ I _l
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OPERAT (M )=F LCAT (il )/L ENt
11O OPËRÂTf Z+r ÊN+2-f,rl=OPERÂT (t/t

2L FoFl"lAT{ f -r r 2Cls T0PEP.AT0R !ALUES AREr /tOt y {10F10"3} I
t4RITE.l6¡21

:.";;,,.','C THIS LO0P IS PERF0RI'1ED F0R EVERY RECORD TO BE PROCESSED
-,..r. .' C-

OPER.4T{LENI l=1.
hRTTF (6.21 I IrPFRÂT{Tl of=l'LFNGTHI

DO 1C5 LII=lrlrCREC
,',,r-':. ' cA-lfL-:sEARcH (Is,sEcsDÀ?-pRcFNo) .' -'t'' '

L:l'',:,'¡- il = TllF Nllt',lBFR cF'naTA pTTNTS Tn pRnCFSS

MÂTN

.. , NBLKS=II /7AC+l
'?

t-

] .:, C SËSUENTIAL FERMAT" THE FIRST TRACE IS RETATNED IN THE ITP.ACE¡
- .,."..'C 

AÊRT\Y ÁND TS PROCESSËD FIRST. ÀLL TI-8 IATf.\ IS'PROCESSED TRACE BY

..:-T. SNRT.S INTO IÂF.GER BLCCKS AND WRITES IT CN I-)ISK TN TRACE

TI=SFr-SrA/DT+-5

C TRACE.
(.

DO 100 fv=l¡NBLKS
lX=l

DATE = 73345 LBILS|O6

*, r Q -__lx_--l

DC lQ L= lr 1O
f 7 =f X+Áq

INT=15*(K-11+l'1r." 6rl IúRTTF(1ar TNT I ÍnATA{K".ll

R E AD { I r 3 0 I A r B r ( ( DA T Á { I r J ) r I = L t L2 ) r J = I X r I Z I

rOO CONTI I\UE

x +7n

67

,. :. -, D0 lC5 LI=lrII
i loc rR,!c.F f I f ì=TRACF {t I+T (l

10ó KTRACE=1
¡fq Fi/,ôX=O-

L Elr=L ËÎIGTHl 2
LEN2=LENI

C Tl-1IS PCRTION PERFORT'IS THE CONVOLUTION ON THE FIRST HALF-OPERATOR

- NEL =LËN

C__ LE-NGIL!-_I]f-D_ATJ' IE I-AI F_I-HE_-_CPERATOÊ*IS-USFN TN NFTF:RMTNF THF
C ENVELOPE VALUE FOR TI-E F TRST DÀTA POTNT " THE SËCOND ENVELOPE
C. VAI IIF TC DFTFRIV TÀJFN IISTNG H AI F TH
C S0 0N UNTIL Tl.Ë 0PERAT,IP. 1S M0VED COMPLET ELY INTO THE DATÂ"
I

EC 150 L=1 rLEh
ÇllM=O-

J_=_|r_tu_Ol

. IF(CK.LT.0.l Cx=-CK
120. -çilU=q,up+nPÉPnT f NFr +r'¡ l*cK

CC LzO P=1'r LENz
CK=TR ÀC F f ¡\ t

E OPFRATOR. PLI'S CINF POINT' AND
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rlr:¡.'.'õ, -' ,_ta_r ttr qp_e_B¡ron ls tNrlpsr-y til¡ro rhE o¿rê îHl! p9ßIi9l.¡=gr=rïe 
-. rr+rñrr ¡rÀrrrr trrF | 

^-T 
U^l t-ñr)ED^TrlO

lr E L= NEL- I

150 LËlt2=LEN2+ I
r 1 r - 1 r-t.trNl

'c

c

IF{SU14-EMAX I l50r I50r 140
LfLt=SUM

I

Þ-nc-Cnart-CoNT-it\UEs THE CÚruvolurtcN UNTIL THE LAST H4Lf-oPERAT0R

MAIN

ûO 250 IB=LEÌrIr.III -. 
-|¡S=IÊ-LEN} l- .-.: 

:

su l"
DO 200 JS=lrLEttGTH
CK=TRÀf F {MS +.lS t

'Lñ

IF(CK"LT.O. ) CK=-CK
SUM=SUM+OPERAT ( JS )*CK

25O ENVEL ( IB l=SUfv
ÌrFl =l Ft\GTl-l-l

IF (SUM-ËHAX ) 250¡250¡240
FMÀX=StlM

' ,c T

DAT E

LElt=tENG'îH/2

C THE SAI'18 MANNER ÂS
(. IINTTI. trNR TFF IÂST

I Fñ2=l tr

= 73345

c
c

HÌ S PCRTI oN Cf f.iVtLVES Tl''E LAST liÂLF-CIPERATOR

OPERÁTOR I S USED.

D0 35O L=1 rLEÌt
StlM= C -

-' 
", 

:' 

--3jO--E-UA-X=S"-U-Mr:. 33O NEt=NËt-l i. " 
..

EN-VfL(LLI+Ll=Sl"l'l
.. : 35O LËh2=LEN2-1

68

D0 320

rB/L5/06

IF(CK.LT.0. ) Ct(=-CK

'_c_
;: 'c'c.

I F ( SUI-E t1A X ) ?3Q t33O ,34O
M=S UM+C

M=1 rLEf\2
trl1T-n-Fl+l',

TFE FiRST, USING LESS AND
ËNVEI NPE VALUE' ONLY THË

THE YAXTMUM ENVELCPË VALUE DETERMINËD IIi CNE CE THE ABOVE THREE

PARTI_0NS ( AS 'EMAX| l_ IS USED TO NORMAL_] Z_E THE ENVELOPE TO A 
-IAXII'¡UM VALUE CF I'IN TÞS FOLLOhJTNG PORTICN OF THE PROGRAM.

M))È

4oO ËNvËL( I l=ENvEL{f }*EMAx

EMAX=1./E¡4AX
Dn--4OOl-=l-

TIiEN STORED TE¡/PCRAR ILY ON DI SK.

LESS OF THE OPERÀTNR
FRoNT HA|=F_O_E_llE_---_--

TRåNSFERRED BACK IO S'fATEPENT 1I5.

Dû 500 f =lrNgLKS
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INT=15+¡6TgACF-11+I-

''::i:,,, ".' I_F{ENVEL{Iyl.Ee.0") G0 T0 54q

IflI_.80"t¡BLKS I L,À II-(NBLKS-1 )*700
D0 550 IQ=lrIÅ
IY=Ih+10-1

:;':,': 54O TR¡CE{IY}=0

IF ( LK.LT.0" ) ND=- I

:= -UeLLeI-l3I 1¡lT t (T RACÊ ( IÐåIll=I-ldr¿
IF{KTRACE.EO.lI} GO TC.7OO'
KTR AC tr=K TR Âf-. F + I

TRAC E { IY ) =LK./ENVE L { I Y )+.5*ND
Gn Tn qsn

14A IN

Ihlr=I1,ìl+ó99

' ,. .-' LE ( 15 , 8s."0.1 G.C .-rÇ--6 t 5 - ,, .* _ _
DC 610 LI=lrII

O-' óOO RËAD ( 13I INT ) ( TRACE ( IYI rTY=IWI II,rIþiI

INT=15*{KTRACE-1 )+t
DO ó00 M=l ' NBLKS

?OO .lAK=l

6I O TRâ

DATE = 73345

. . C TRACES ARE READ FROM 'TI-E DT SK I BLCICK BY BLCCK, AND THE DATA IS"'r'' C _0_ttrptJ-r_oNl0__$,ô__erl;jllJ TApÊ IN iRAcË pARALLEL EoRMAT!
c

nO 1C5 M=l .NBl KS

c
{'

-C.LLLil=IR j.C-El-

faNrtr TF.ttr I 
^ç,T 

TA¡rtr LÀç RtrtrN pDnatrqçÊf'ì tT 1q QtrTATt\ttrn- THtr nTr¡Ëp

7O4 f:ÀTAf ll.Mt,t l-

69

., ',, .7LO RE¡D {13r iNT ) (DATA( IrJl rJ=1r?00)
DO ?C5 TH=1.1O

IX= I
Dn 1O4 MÀl=l .'?OO

LB/L5/Oê

MFlM=70C*fM-1)+MM

, D0 710 I=lr1C
INT=(I-rl*15tt*

705

17=lX+ó9
t{RIT[. (s,30 ] pRCFNC..l AK " ( f llÀTÄ (K "l l. K=1 . l2l.t =TX" T 7l
I X=I X+70
JA K=J,AK+ I
STCP
FNN
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-, q¡LD PCSTTIJÍ{S TFLç TN.SLIT .TAPF...F.I)& THE MÀLN Pf NçßA¡!." -
c

2T

suBROurit,¡E sEÉRCH (I STStCSDAT PR0FNo I

l0 FoF I'iAT {314, FB.3t 14 t

- 
- 

lrC lO0 T 
=l-r 

? CeC, -- *
RE¡D(8,3C) AIB

THIS SUB

-__3_0=-=10 

F ltlÄ T ( 2 Á2 I

INT FC ER*2 PRC FNO

-_.-ßEAD_L5_I!Q_I-I 
3r IB' IS' SEC SCA' PROFN0

INTECfR'e2 A'B rIR rIBr IS

Ri]UTINE RÊADS IN INFORMATION REGARDTNG THE TNPUT RËCORD

SEARCI-

I5

IF(I',.EO.IR.AND.B"EQ"TBI GC TO 15

20

BACKSDACE 8

!'IRITF (ó' 20 ) A I SECSDAT Br ISt PROFN0

.to_RI_åIl¡_0,'RLÇ-fl_B-!_'drr'_I5_eR_Q_Cl!51-8-OVER A LENGTH CF rrE1.l" 
-

IEC0NDSr BEGINNING AT BLCCK I r I3r' r

___R.ELU!.
END

DÂTE = 73345 TB/ L5 /(

SAMPLE'rI3r ¡OUTPUT ASr rI4 I
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