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ABSTRACT

This study "1s undertaken in order to calibrate the -
continuﬁus"veiocity”IogS“using"the comparision of synthetics
and fleld records. The results refer to the followlng wells
in Alberta.

1. Teiacc"Arrowhead B-76

60 25' 02"N, 122 59' 02" W

~ 2. British American Morrin 7-3
Lsd 7, Section 3, Twp 31N, Rge 20 4M

3. Cancrude British American Champilon 16-29
‘Lsd 16, Section 29, Twp 14, Rge 24 W 4M

The symthetic records were obtained using a linear filter
model. To éccoﬁplish the synthesizing process in the
laboratory, a magnetiC‘tape“functifiﬁ%;;j;ggd. The two-way
time-=depth curves are plotted for these three wells. From
these curves the time intervals of continuous velocity logs
were found "in-error by 0,007 seconds to 0,0082 seconds. The

possible errors in time scale of synthetic seismograms are

discussed in Chapter IV.

The comparision of synthetics with actual field
seismograms recorded corresponding well locations and the main

creteria for a "good match" and "poor match® are discussed.
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CHAPTER I

INTRODUCTION

1.1 Well Geophone and Continuous Velocity Surveys

“Themajority of-well velocity surveys-carried out
since 1955 have used two different methods. The first -
method”fur“ve1ocity“measurem¢nts“iS“to"explode”chargesmof
dynamtte'in'a“shalloW“drili"hoIe“alongsidE“a“deep"explora;
‘cory"bore’hoiLeand'"tv—record“‘che"a‘rr:ryai"'time‘*s‘of'waves~
recelved by amn in-hole detector at -a number of depths which

are distributed from top to bottom.

Figure 1 illustrates - the setup and "shows interval
and average veloclty curves of- the type that -are obtained
from this procedure. ~The iInterval-velocity 1s the-distance
between successive "detector positions in the well, ~divided
by the"difference in-arrival times at-the two depths, after
correction”from:slant-path“to"Vertical'and‘adjusting to a
datum,, (Fig. 2) The‘average veloclty is-the total vertical
distance divided by the total-time.

l.l.l*Descriptioh“and Operation “of -Continuocus

Velocity Log Sonde and Recording Devices, The second method,

contquous*velocity”logging;"15“carried out with a special
type of 1lnstrument. - Frgure~3 shows a schematic sketch of

this tool which incorporates an accoustic signal generator
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Schematic diagram of the method by which velocity
i8 determined by shooting in a well, and a typical
interval velocity curve obtained
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The presentation of results of well shooting

Geophone depth measured from datum elevation.

Difference in eleyation'between shot and datum plane.

Geophone depth measured from shot elevation.

Geophone depth measured from well elevation,

Straight line travel path from shot to well geophone.

Horizéntal distance from well to‘shot point.

Depth of shot.

Uphole time at shot or other surface reference time,
¢ = Vertical time from shot to datum plane.

Obsgrved time from shot to well geophone,

(- A-A¢€

Difference in elevation between well and shot point.

-T —-Te = Vert. travel time from datum plane to

geophone.

cos7’ T

geophone,

I

Vert. travel time from shot elevation to
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Average velocity =
Te Av
ATc

Topmost velocity in consolidated layer.

Interval velocity =

d - (Kelly Bushing elevation - Elevation Datum).
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(transmitter)wwhich”emitS“pulseswtnat“traveImthroughthE“
formationside wallsto the recelvers. —The transmitters—and
recelversare spaced vertically about-5feet apart and are
insulated-from eachother by acoustic insulation. “The

distanwembetween”thewtransmitter“and“themfirst"receiver

this'recerver“traveis”thrqughfatmieast”awsmaiiﬂpartiofwthe
formativn“whichWismto#bewmeasuredr““Thiswccndition”obvibusiy
cannotfpejsatisfied“in"formationsminfwhichwthe“veloctties

are sIUwer“thanfinmthe“mud?“”When“formatIon“veiocity”exceeds

mitter“and”thvetrstQreceiver“iswprcportionalmtowthe“stand-
off (ivev the~seperation between-the wall-of the hole and
the tranducers)”and“is"a“functionwof”the“ratiowof“mud“velo:
city"tOWfUrmattcn”velocttyr““TheWrelattonshipwmay“bemﬁerived
© by stratghtforward computationof the total time for-an
acoustic“puiseftowtravelwfrommtransmittermto“receiver.'“The

result-is

dmin  _ 1/ 1+ X
S =e |- X

[

where

Mdﬁﬂﬁ““”minimum“required*@istance4between“transmitter

randreceiver

o “"‘CX"""'-'—‘-“"‘ra‘ti“o'"“‘of"""'mu'd""'veil:oci’ty""t'd'"'f ormation-velocity.

~stand=off-

The firstarrivals of the acoustic signals-at the two receivers
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diagram“of“thewcontinuouswveiocity“logger”for“ﬁhe“Single
recelver pulse system. At the pulse instant, switch Sl
closes;starting thesawtooth generator Gen, which develops

a voltage proportional-to-time.

"WMWW”When”the """ acoustic“sign313“arrivesmat“receiver“Recl,
switcnmsé“iswciosed“dischargingmthe“generatéf“voitage,’as
of th'a‘t“‘j:rrstant‘;"'1nt0"'1z"0ﬁdense'r“g:""""This“'vcrlta'ge“""i's“"11np're“ssed"
on gélvanometer“Gaiimthe“pointer """ of-which—-traces-the-value

of t{“won“the“iog“at”the“indicatedeepth,

receiwgrfgggjarewdtsplaced”onwan“oscilioscope.

| “"’:;f_'gé"""""""i‘hE"“mtergratvr"'provi"de"Sj'the""over';a"l'l'"'trave‘l'"time' T
for the interval logged by continuous integration of the ti
curve.

‘““”““TherccntinuouswveIocity“ivgsmfhen“cvnsist“of“twc‘

curves:

'“fa)““ThEWintervaiwveioctty“curve:wahiS“curVE”ismthe“

continuous recording of theinterval time inmicroseconds
through tndividual formations along the entire vertical extent

of the well; and-can be read as interval velocity on the approp-

““"“(b)““The“Integrated“curve; “This curve 1s derived by -

direct summation of ~the interval-velocity curve, -and is cali-
brate@*towthe”geophonewsurveys:m“Totaimtraveiwtimes“overmany

section of the log may be obtained from it.



- The results of time determinations surveyed by both
methods do notagree and discrepancies up to severai‘tentg
of milliseconds for deep wells ocecur. - The usual-procedure 1is
to survey a-well with both-methods. - When the survey 1is in-
terpreted; the contlnuous veloclty data adjusted to the well
geophone "survey; ~~The usual argument for this procedure is
that the well gerhone“survey'SimulateS"more closely the
conditionSWenéouhtered“in'seismiC’shooting.‘“The'interval
veloclty curve is therefore lYaterally displaced;“and"the’slbpe
of the-integrated curve 1is adjusted before final-drafting,

using a corrected time.

© "The reflection horizons are not always obvious from
a continuous“velocitymiog;"“They‘reflect“thE'lié%logy'and are
often very similar to-resistivity logs.  The reflection hori-
zons versus - velocity contrasts can be correlated from well to

well in a given area.

1.1.2 The (Observed Time Discrepanclies Between

Continuous and-Veloclty Surveys.  “The results of the statistical

analysis of the observed time discrepancies between continuous
and velocity surveys showed that there 1s both a normal random
discrepancy and ‘a systematic deviation between the observed time
of the velocity and the well geophone surveys (Gretener 1963).
It is found that certain important factors strongly influence

the deviation found -between the two types of ‘surveys.

“The  study ofcontinucus velocity surveys is subject
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to three sources of errors. First of all a problem arises

in the presence of non ideal-tool geometry. Laboratory
studies and surveys in wells (Hicks 1959, Kokesk and

Plizard 1959, Wyllie, Gregory -and Gardener 1958), showed

that in-the-invaded (penetrated by drilling fluid) zone a-
round a well, the apparent velocity iIs lower than In-the _
virgin formation. The major factors effecting the thickness
of the low velocity zone are the“consolidation,~porostty;"and”
mineral composition of the formation being penetrated. The-
continuous velocity measurements acqulre “the character of re-
fraction surveys and unless the spacing (distance between
receiver and transmitter) is sufficiently 1arge’(Fig, 3), the
first arrivals will not have travelled -through the virgin for-
mation. It is thus desirable to extend the spacing to the

maximum possible length.

A further potential source of error arises from the
problem of -the improper centering of th¢ tool in the hole.
The tool 1is equipped with removable rybber bumpers and cen-
tralizers of approximately 5 inches in diameter. With- the
high logging speeds, the flow of mud around the tool will
also tend to keep the tool centralized. Therefore, a sys-
tematic deviation due to a constant inclination of the tool

in the hole, seems improbable.

It is further found that the results may be affected
by possible wave dispersion in the frequency range 50-12,000
c.p.8. We have little available information concerning wave

dispersion. Birch and Bancroft (1958) have investigated this
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phenomenon in granite "in the range 140 to 4,500 ¢.p.s. They
have measured the flexural,  torsional and longitudinal modes.
The first two modes do not “indicate any increase in velocity,
whlle the -last one shows an Increase in velocity of about
0.5% over the range 850 to 4,300 c.p.s., which lies well
wlthin the limlt of error, They’have“concluded“that“fop
these frequencies, the velocitlies were independent of fre-
quency to within 1% or less. \
. Bruckshaw and Mahanta (1952) have also studied this
problem in the“range‘of‘ho to 120 c¢.p.s. for varlous rock
types "such as dlorite, dolerite, limestone and sandstone.
The velocity-frequency curves of these rocks are quilte
simlilar, showing an increase of the wave velocity with fre-
quency of about 1.5% in the range of 40 to 120 c.p.s. These
curves indicate that the rate of increase diminishes with

higher frequencies.

"One"cah conclude that there is -evidence that the

wave veloclty increases slightly with frequency.

Although there are two major sources of errors in
the well geophone surveys, it is-also found that there are
many possible effects which could cause a degree of randomness
in the observed -data. The most important single sourée-of
error is the delay of the signal due to the changing electrical
properties of the setup during the survey. For shallow shots,
an unshielded well geophone cable having a high inductance and

lbw capacitance 1s wound on the drum while for deep check
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shotS”the”capacitance'is'high-and‘tnductaé%'is low. This,

of course, might introduce a lag into the well geophone survey.
An attempt has been made to eliminate this possibility. An
experiment was set up whereby a pulse was recorded directly
and also after‘going”through"the”céblé"and'the“downhole'geo-
phone. The results of this experiment-have not shown-any
delay, 'However, it-has been noticed that 1in-the case of

poor breaks, some kind of later event might-be ptcked‘rather
than the true-first arrivals.

- Studtes-at different -locatlions indicatedthat aniso-
trophy 1s indeed a - rather -common phenomenon, In a simple
case of anlsotropy, the velocity parallel tothe surface
will be greater than that at right angles to it. If the beds
are undistribufe&;”tne“horizontal-veiocity“is'greater“than“the
vertical velocity in the medium above the geophone level. The
anisotropy factor may be given by the ratio of the horizontal

velocity to the vertical veiocity°

- - ~In any intermediate direction the velocityhas a

value VB

of anisotropy in the shallow layers on a well geophone velocity

» Whereby Vh>>VB> VZ . PFigure 5 shows the affect

survey. For the very shallow check=shot levels, the angle
is large =and the ray travels at a velocity V , which 1s
about (Vh + VZ)/2, while for the deep levels the angle
becomes small -and the - ray travels throughthe same shallow

layers at a velocity very close to Vz o

-~ Conseguently; an-error is committed when correcting

the shallow check-shot times to vertical time by a mere
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multiplication with cos 90 . The times for the shallow check-
shot levels will be short 1f no-allowance '1s made for aniso-
tropy,” whille the times for the deep levels will be correct.
For anisotropy”factbr'of'lol"and various velocities the error
18 zero at—the surface and increases to a maximum for signals

arriving at 45 -degrees.

- ~~It should be taken into consideration that a cur-
vature in-the raypath wlll cause the same type of error. If
we do not have avallable continuous velocity data from the
surface -downwards, it will In most cases be impossible to
determine whether such anerror 18 dueto true anisotropy,

or curvature of the raypath or comblination of both.

1.2 "The~Synthesls of Selsmograms from Continuous Veloclty Log

Data.

“"“:“Recent"developmentsmafmcontinuouS“velocity‘log'sur-
veying and its logging devIces‘andwaqquisition'of”substantial
amounts- of- data-have matertally increased the potentialities
of such'investigations;”“ﬂnder“simplified“but”réalistic"physical
assumptions, the basic data from continuous veloc;ty'surveys
in wells can be used-to simulate the variations-in acoustic
impedance in-the ground which gives rise to seismic- reflections.
This -argument has been put forward by Peterson et al. (1954),
who they describe”an"anéiogue'computér which makes use of the
basic well data to procedure'synthetic"seisﬁic records re-
sembling actual fleld selsmograms. To accomplish this synthe-
sizing process in the laboratory magnetic tape function generator

is being used (Fig. 6).



FIGURE ¥s

Front view of magnetic tape function generator



-~ -Correspondance between the synthesized record and
actual” seismic- record made over the well is quite good in many
cases, even though someof -the-conditions-which occur in
nature (noise, multiple reflections, for example) are not
simulated in the synthesis:- The technique is particularly
useful for showing the effect of small changes in veloclty
or layer thickness upon the wave form of a reflection. Mpre
recentstudies have been made “Berryman (1958)"and“Wuensche1
(1960 -who “have-described models which contain all multiples.
Backus (1959) “introduced-water reverbations-into the model.
Lindsey (1960) introduced ghosts in the same way “that Backus

introduced reverbations.

Up~to-this polnt, we have briefly outlined the
process of two-well velocity sSurvey methods and have discussed
possible causes for time-discrepancies between continuous
velocity and-well geophone surveysand the calibration of
continuous velocity logs-according to the well "geophone
dgta° “Finally, we have mentioned the -sythesis of seismo-

grams.

In our studles, we have attempted to callibrate con-
tinuous veloclty logS‘using“comparisionS"of“synthei&s’and

field records rather than well geophone survey.
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CHAPTER II

THEORY

2.1 -Theory-ofthe-Linear-Filter Model—of Peterson-and his

Co~-Workers.,

~w:~~In"thE"p$qigfjty;SfmpﬁelwseVéra1”assumpthHS”are”
made'iﬁ"brder“fowmake4tﬁe;§;gﬁ§ém5€f§é%ﬁﬁiéff“The"modelfearth
1s assumed-to-be-transversly isotropic; and-is characterized
in thewvert1031Wdirectionfby”continuous“véiocity*function
v(z)'jwthat“iswobtained”from“awcontinuouswvelacrty“log;'“The
density function "’"‘P“"(‘z)"“'of"“th'e"“model‘” is related by any |
general -expression of ~the-form

| m

P(2) =k [v (z',)] (1)

where "k ——and mare constants.

as a plane wave, thus—striking the layers-at normal incldence
and reflections result exclusively from-velocity changes due
to thewaSSuméd”relatiqnship“betweénmdensitywand”veloctty;
Furthermore only primary reflections are-included, -all-types
of "nolse™ such as ground-roll, multiples and ghosts are
excluded;"“The*shothulse“wave“form“iswtime=invariént“(the
properties of the filter-are “independent-of ~time) 1ts shape "

“and amp*li:tude“*are'"const’ant‘“and““downot""chan*ge“wi'thwt‘ravéil""time°

'f“W”“One“generally“accépted“standard”method”of’filter
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characterization is its impulse response. (Fig. 7.) An
Anput impulse“of”unit“area’will procedure a- characteristic
transient output waveform u(t) . “There are two restric-

tionsmof“thE“function““u(t)““in”any“physrcally"réalizable

filter:
U =0 for t< 0
2
- U@)->0 for 1 - o ( )
‘Anarbitary-input £(t) will be modified in
passing through the filterand give an output which will

be a ‘fUHCtIOIT”"TOf" bOthf(”t) rand o U(t) " 'I‘he"mathe‘ma‘ci‘cal"

‘expresston of “this output-will be given by convolving

is'designated“byma“star;“and”is*definedmby”the'fbllowing
relationship:
1
S(H=fm* Ut = f f OUt-1)471 (3)

' yFigure”8*SHOWS a singl%“interface“separating“two
semi~infinite media. The“veIocity*above“the“interface’IS“'vi
and thE”velocIty”beIOW'iS“‘Vé ;‘“The“densitieS”above“and
below the interface ;% -and ﬁE ;““The“densityuvelocit§
product-between two rock layers will be [)rvi'and .ﬁ%zvz .
The pulse propagates downward as a plane wave with normal
incidence interfaces. "The reflection coefficient is defined
as the-ratio-of the reflected wave amplitude to the incident

wave amplitude. It is equal-to

R_ PaVa—Fiv | (%)
£ Vot PV,
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assuming the density to be constant, we can write this re-

lationship as follows:

_ V-V, (5)
VZ+'V|

As was mentioned in the discussion of the properties of

this model, the density () is assumed constant or pro-
portional to ‘some power of the velocity. The reflected
pulse-has -1ldentically the same- shape—-and breadth as the in-
cldent pulse, but differs in amplitude. When the 1incident
wave propagates from a medium of low velocity, the reflection
coefficient is positive-and its polarity will be the same

as the-shot pulse. ~On the other hami, when the incident

wave travels from a medium of high velocity into one of

lower veloclty, the corresponding reflection coefficient 1s
negative and its polarity will be reversed. The beginning

of the reflection occurs at the time 7 , which is the two-
way travel time to the interface. Thus, if one designs the
shot pulse f(t) , the reflection can be written le(t— 7T ).
This model can be extended to-velocity interfaces occurring
at infinitisimally small depth intervals (Fig. 9). Each
reflection has its own polarity, amplitude and time delay,
but haS”éhe same wave form as the time~invariant s@ot pulse.

The sum of all the reflections will be the output of this model.
SO=RfA-T+RF =D+ - - - (6)

if written as a summation:

n
S R FE-D) o
i=l
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-~ Theequation~(7) describes the reflection process
in the"n" 'iaye"r'e'd""mod'e‘l . 'This equation shows that the
reflectionprocess-of Peterson? “'s""model - ji‘S"""a"'” linear ""'f'i'l'te"r
process. The" e'a’ft’h"‘ canbeassumed ‘as 'a:' ‘filter which im-
pulse response is~the set of reflection coeff ici"'enﬁs
spaced suitably In~time: - The model can be extended from
"n" layers toa continuous-velocity distribution as the
layerthickness-approaches zero:" ""The'n"'“e"qu'at‘ion (7) be-

comesreconvolution "integral.

e The e ontinu‘ou's*vei‘dcicty"‘ Tog gives the compli-
cated layering of “theearth, and it can be sampled to -
give a many layered model. ~The reflection—coefflicients
‘can b'e“"“c"alcu‘Iated"”u'smg""e'quat'ij'on"' (5)+ —Peterson—introduced
a s imp'i'i"f‘ica tion by using an- "appr’cv;xima’ce.""e’xp‘re's sion for-the
reflection coefficients., - In equation (‘5), 'V, can be

written as D v+ A ( pv) "Tben“‘e'quatifon (5) becomes:

[0VeD VP ©
ERCIEE

R —=_ ACPV) (9)
L 2PVHACP V) | | |

If a »’"C’OTI.tTHU"OTIS""'V'e'"l'O:C”ItY"'lO'g is ‘sampil:e'd’:"at"““Su'f Ticiently

small—intervals,“the-equation (9) can be written as follows:

Rlz'?%@—ﬁ S (10)
|

or,

Rz L B les( V) )
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This'approximation“giveswreasonable'results7for reflection
coefficients less than i.0.4. Inthis model, the density
1s considered constant; so that the -above relationship (11)

can be-further simplifiéd'tq'give;

Rz[-L AlegV, ) (12)
i 2 ,

This expression -states that the amplitude of “the wave rTe=
flecﬁedwby“eachmIncrementalwchangemor““Step“win“acoustic
impedanqg'iS'proportionai“towthe‘corresponding‘incremental
change "in the value of “the logarith of-acoustic “impedance.
In relationship (1) 1£ kx and m are constants,

the acoustic: impedance can be expressed as follows:
: M+
PV=k V. , (13)

When substituting theabove value in equatién (11), “the

reflection coefflcient becomes:
. o M
RE—Q—ALOQR\/ .(14)
‘This can also be written as follows:

RaL[Blogkt(mt) AlegV| ()

since k 1s a constant, the equation (15) can be written
in the form.
R~ mt Alog V (16)
2

In the above expression (16) the reflection coefficient is

also proportional to the change in the logarithm of velocity
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The continuous velocity log shows the velocity distribution
with respect to depth. This 1s converted to velocity as a
function of two-way travel time. In the discrete layer
case, the reflection amplitude is determined by the>re—
flection coefficients, using equation (5) or approximation
(11). Otherwise the continuous set of reflectibn coef-
ficients 18 replaced by the reflectivity function r(t) .
The reflectivity functlion can be made more useful in
relationship (9) by 1etting[§t approach zero as a limit.

This can be done by following the steps as shown below:

R AV I

ae

Li N i : 17
o BE Ao At 2v+( Av)At ()
~Sv | dt
____X_ _i_[Log V(t)] (18b)
T2V dt

The constant 1/2 on the right side of this equation is
merely a gain factor and it can be ‘lgnored. The logarithm
of velocity as a function of time is called the velocity-
function., Then the first derlvative of the velocity
function with respect to time is defined as the reflectivity

function:

A dlogvid
at

r (19)
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2.2 To Convert a Continuous Velocity Log to the Reflectivity

Function

Figure (10) is a block dlagram which shows
how to~convert a continuous-veloclty log to the reflectivity
function. Since the reflection process is a filter process,
there-are two alternate ways-to accomplish the filtering pro-
~cess in Peterson's model (Figure 11). The first normal way
fér thE“reflectién’process is to consider -the shot pulse as
the input and the reflectivity function as the Impulse response
of the filter. As it has been mentioned in the previous
discussions, the mathematical thgory“of this model is depen;
dent upon convolution. We know that the convolution has com-
mutative operation, (i.e. £(t)¥ g(t)=g(t)%f(t)) therefore, the
input and the filter can be interchanged, using the reflectivity
function as an input and the shot pulse as the impulse res-
onse of the filter. .This is Peterson's analogue method of
preparing synthetic selismograms. The'filter settings that
act upon the reflectivity function have been divided into two
parts, namely the shot pulse and the filtering external to the
earth. The latter includes the combined effect of all imstru-

ments plus geophone coupling (Figure 11).

2.3 Comparison of “Synthetic and Actual Field Seismograms

Before attempting to -approach our problem, we
have studied the comparison of synthetics with actual field
seismograms recorded at corresponding well locations. Fig. 12

shows the area studied.
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As a result of these studies, reasonable correla-
tions were obtained at thirteen different locations, while

a few locations showed "poor"™ matches.

There are three main criteria for a good match.

1, 'The synthetic and actual field record should match in
character. Both records should have the same interval
"time between large reflection events and ‘have also the
same "dead" zones.

2. When-the field and synthetic records have the best
character match, ‘they should also have the same filter
delay.

3. The polarlties of both records should be consistent.

If the polarity of the field record {s established by
making the -initial signal break-down, a step velocity -
change in the earth from low to high velocity will result
in a reflection that initially breaks down on the actual
field record. The polarity of the synthetic record can
" be set  to the polarity of the fleld record by placing
an isolated step on the velocity function and observing

. the initial break of its reflection.

In general, there are three possible reasons for a
poor match in comparison with the synthetic and actual field
records,

1. The filtering on the synthetic may not duplicate the fil-
‘tering on the actual field record. It should be taken
into account  that ‘the actual field record contains a

shot pulse filter as well as all filtering external to
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"the earth such as, geophone coupling, amplifier filter,

' geophone response, (Automatic Gain Control) and so on.

The original continuous velocity log is subject to error

- in some of the formations. The most important ones are

‘due to washouts in salt and shale formations.

The -assumption made in the theory of this model may not

hold sufficiently well in the actual earth. The primary

poor assumptlion is that the record only includes primary

reflections. All types of noise such as ground roll,

multiples and ghosts are excluded.

The second poor assumption is that the density as

constanmt or-proportional to velocity. This assumption is poor

in some formations such as salt and anhydrite.

2.4 Multiple and Ghost Reflections:

Based on experience and physical reasoning, conditions

conduclve to the formation of multiple reflections are:

(a)

(b)

~the  existance of "strata which reflects a large percentage

of the incident energy or formations having minumum

attenuation and absorption of selsmic energy by secondary

‘effects (diffraction, diffusion etc.).

surface conditions "such that explosive charges are
efficient and a large percentage of the emergent energy

1s reflected from the ground surface,

The significance of multiples to the total reflected

signal depends on the vertical distribution of acoustic imped-

ance.

For small contrasts in acoustic impedance, multiples



19.

can produce discrete events, cause phase shifts in large
amplitude, direct reflections, and alter the frequency of
weak, direct, reflected signals. If the near surface con-
trasts are large, then multiples within these layers can mask
a direct reflecte@ signal from depth by producing "ringing®
or "wave training®". Multiples cause distortions. The
magﬁitude of distortionncannot be observed on the selsmo-

grams .,

The existance of a large velocity discontinuity
above a seismic shot can be recognized as the source of
"ohost® reflections appearing on the seismogram. In such
instances, the downgoing wave front set up by the shot is
characterized by energy moving directly downward from the
shot point followed in space and time'ﬁy'energy reflected
from-the overlying discontinuity. When detected this down-
geing wave front appears as two wavelets displaced in time
by approximately twice the travel time from the shot to the
discontinuity and with possible differences in shape. Any
difference in shape may be attributed to resonance effects
of the ground between the shot and the discontinuity and
the sphericity of the incident wave front at the discon-
tinuity. Recent studies have made possible the eliminating
of the ghost reflections on magnetically recorded seismograms
by means of a linear filter. This additional filter includes
both the velocity layering above the shot and the additional
attenuation in the ghost path. The application of this

filter does not alter significantly the character of primary
reflections although eliminating the ghost reflections.



CHAPTER III

CALIBRATION. OF CONTINUOUS VELOCITY LOGS USING
COMPARISON OF SYNTHETIC AND FIELD RECORDS
RATHER THAN WELL GEOPHONE SURVEY DATA

3.1 Procedure

The writer has attempted to calibrate continuous

veloclity logs by comparing synthetics and field records as

follows:

1.

First, the function generator tapes and their playouts
are made from the uncalibrated continuous velocity
logs following the same three steps which are shown

in Figure 10.

The filtering used in making synthetics 1s generally
determined empirically, using two band pass filters -
one matching the filter used on the field record
(instrument filter) and the other simulating the
filtering action of the shot pﬁlse (earth filiter).

The instrument filter is known (obtained from actual
field data), therefore, the second filter is variled to

give the best character match between actual field and

- sythetic records. This can be done by changing the low

~andhigh cut-off frequency ranges of the earth filter

until the best correlation between them is obtained.
The time intervals are set on boﬁh records at every
100 milliseconds. The time intervals should be set
on the field record after making the time correction

for weathering and elevation variations (Figures 13,
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14, 15). When making this correction, the elevation
datum of the well data should be used. It is arbit-
rarily assumed that the starting point of the syn-
thetic trace is zero time. As it can be seen, there
are two traces on the synthetic playback record
(Figures 16, 17, 18). The upper one is the syn-
~thetic trace. The lower one shows the veloclty

- function. If one considers tggTéorQ;spondence

between the velocity functlon and the synthetic

trace, it is not surprising that the resulting syn-
thetic trace will have similar character, but will be
later in time. This T8¢ Simply a filter delay. The
amount of this filter delay is related to the impulse
response wave form, which, in the case of the synthetic
seismogram is given by the reflection from a step vel-
~ocity function. Therefore, the zero time interval is
set on the starting point of the synthetic trace, not
on the starting point of the velocity function, be-
cause the correlation results of the synthetic and
field record time intervals will be used and not the
correlation between the velocity function and field
record.

In this step, the synthetic and actual field records
are correlated. The correlation can be made between
-apparent reflection peaks (Figures 19, 20, 21). It is
known that when the field and synthetic records show
the best character match, there should be no relative

time-shift between them. Therefore, if one obtains
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the best character match between synthetic and field
records, the time intervals of the field record can be
transferred to the synthetic record.
5. On the playouts of the function generator tapes, the

“time intervalsfor a hundred milliseconds are shown

at the top of the graph (Figures 22, 23, 24). The
depth intervals for each 1000 feet are also shown

on the depth scale. Using the same time and depth
intervals, a time-depth graph can be made (Figures 25,
26, 27). On this graph, depth is the ordinate and the
two-way time is the abscissa. At the origin of this
graph, time will be assumed zero and the depth will be
- starting depth value of the log. The time intervals
can also be plotted on the depth scale, similarly
assuming that the origln is zero time. In Figure 25,
the straight line (A) passing through the origin,
shows a two-way time-depth curve, assuming that the
start of the velocity function is zero time. The
second straight line (B), indicated by cross points,

shows the actual two-=way time-depth curve.

The actual two-way time-depth curve can be obtained
in the-following manner. First, the synthetic time intervals
are plotted on the two-way time scale, taking into consid-
eration the time differences between synthetic and field
records, At thls point it should be noted that the time
interval on the 'synthetic 'record is not equal to the time

interval on the velocity function which 1is shown at the top
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of the playouts of the function generator tapes (Figures

22, 23, 24). This discrepancy is four milliseconds.

This matter should be considered before plotting the syn-
thetic time interval points on the two-way time scale. Then,
if these synthetlic time interval points are extended ver-
tically and the corresponding time intervals on the depth
scale are extended horilzontally, they will intersect at
cross points. The straight line passing through these
points will result in the actual two-way time-depth curve.
To illustrate this point, let us consider the following
example. In Figure 19 the time difference between the syn-
thetic time (0.8 seconds) and the field time (1.0 seconds)
i8 0.012 seconds. As it can be seen in Figure 19, the field
time according to the synthetic time is 0.012 seconds later
In time; so that the exact place of the synthetic time on
the two-way time scale (Figure 25) is 0.988 seconds (desig-
nated by a letter a). If this point is extended vertically
and the corresponding time of 0.8 seconds (designated by a
letter b) is ‘extended horizontally, they will intersect at
cross point ¢. The other cross points on this graph can

be found in the same manner,
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CHAPTER IV

RESULTS

4,1 Data

Using these steps, it was attempted to calibrate
the continuous velocity logs. The studies were carried:

out at three different wells.

Following are the names and locations of these
wells:

1. Texaco Arrowhead B-76

60° 25' 02" N; 122° 59' 02" W
2. B.A. Morrin 7-3

Lsd. 7, Section 3, Twp. 31N, Rge. 20, WiMm
3, Cancrude B.A. Champion 16-29

Lsd. 16, Section 29, Twp. 14, Rge. 24, wWiM

The locations of the wells used in this work are

shown in Figure 12,

The function generator tapes and their playouts
are obtained from the uncalibrated continuous velocity logs
of these three wells. From these function generator tapes,
synthetic records were produced resulting in the best cor-

relations with the field records.

The filters used in producing the synthetic records

at these three wells were as follows:
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Slopes
(in Db/oct.
at %5 amp.)
LC HC LC HC
(c.p.s.) (c.p.s.)
(a) B.A. Texaco Arrowhead B-76
Instrument Filter 22 62 16 22
Earth Filter 25 25
(b) B.A. Morrin 7-3
Instrument Filter 28 81 18 20
Earth Filter 25 25
(¢) B.A. Cancrude Champion 16-29
‘Instrument Filter 28 81 18 20

Earth Filter 35 35

The time interval lines are drawn on both records
at every 100 milliseconds. Before setfing the time in-
tervals on the field records, the time corrections were
made using the following data:

B.A. Texaco Arrowhead

Shot Polnt Elevation = 12751
Elevation Datum = 1150!
Weathering Correction = 0.014
Shot Hole Depth = 401
Elevation Correction Velocity o= 6060'/sec°
Total Time Correction = 0.049 sec,

B.A. Morrin 7-3

Shot Point Elevation = 2702°¢
Elevation Datum = 2650}
Weathering Correction = 0.0273
Shot Hole Depth = 701
Elevation Correction Velocity = 6560‘/sec°

Total Time Correction = 0.027915 sec,
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Cancrude B.A. Chamption 16-29

Shot Point Elevation = 32431
Elevation Datum = 3150¢
Weathering Correction | = 0.018
Shot Hole Depth = 71!

Elevation Correction Velocity

11000'/sec.,
Total Time Correction = 0,032>

Then the synthetic and field records are corre-
lated (Figures 19, 20, 21). The time difference between
synthetic and field record time intervals are in the range
of 0.01 - 0.065 sec. at Cancrude B.A. Champion, from 0.002
seconds to 0.02 seconds at B.A. Morrin, and between 0.003

and 0.032 seconds at B,A. Texaco Arrowhead.

As a final step, the two-way time-depth curves
were plotted for these three wells (Figures 25, 26, 27).
From these curves the time Intervals of continuous velocity
iogs were determined to be in error by + 0.007 seconds to

+ 0.00825 seconds.

In tables 1 to 3, the velocity analysis data at
these three wells are tabulated. The results of this study

can be checked with the values shown ln these tables.

4,2 The Discussions of the Errors in Time Scale of Syn-

thetic Selsmograms

Over a period of time, non uniformity of timing
lire s for synthetic seismograms has been recognized as a

symptom of error, with questions as to the nature of such



LocaTion N60°25'02"wi22°59' 02"

weLL Name B.A.TEXACO ARROWHEAD B-76

area ET. SIMPSON

« 5 _l265
s.L. 1250
GEOLOGIC DEPTH ELEVATION FT REFLECTION TIME
FORMATION FROM K.B FROM SEA LEVEL | SECS (TWO-wAY)

SCATTER 1078 173 218
L.BUCKINGHORSE 1175 76 2390
FLETT. 1607 -356 326
BNFF . 3258 -2007 576
EX. 4817 -3566 872
KOTCHO 4862 3611 882

F. LIME 5185 -3934 924
TETCHO 6105 -4854 1.086
TROUT RIVER | 6215 -4964 1.1032
KAKISA 6482 -5232 1.142
RED KNIFE

FORT SIMSON 6548 -5297 1149
MUSKWA 8448 7197 1.4586
SLAVE POINT 8479 -7228 1.464
WATT 8790 7539 .492
PINE PT.

D OLOMITE 8823 -7572 1.4923
T.D. 9805 -8554 .59

TaBLE ¥



LocaTion _(-3-31-20W4
WELL name B.A. MORRIN
AREA MORRIN
K5 _2719
G L 2705
GEQLOGIC DEPTH ELEVATION FT REFLECTION T!™E
FORMATION FROM K B FROM SEA LEVEL | SECS (TWO-WAY)
L.P. 2060 659 . | _.472
COLO. 2553 | 166 _ ... .5666
2WS 3420 ! -70I - 744
BFS. 3696 977 .802
VIK. 3814 ~ -1095 .82 .
MANV. 4072 1350 .87
GLAUC. | i B ]
PEK. 4498 -1779 | 946
BNFF. 4676 -1957 . .964
EX. 4970 -225| 1.0073
WAB. 4985 -2266 | 1008
STET. 5018 -2299 | l.o12. ]
CAL. 5495 -2776 | _1.062
NIS. 5506 -2787 | 1.064
NIS. POR. ] - e
IRE . 565 -2932 1.0802
LED. 5688 -2969 .0856
DUV. EQUIN. o o
CK. L. 6390 -367I 1.16
B.H.L | 6600 | -3881 1.1816 J
EP. 7202 -4483 = 1.2430 |
T.D. 7264 -4545 | 1248 |
! L R b '
- N S S

TABLE ¥#2



LOoCATION 16-29-14-24-W.4
WELL nawme CANCRUDE B.A. CHAMPION
Area __CHAMPION
« 5 3256
¢ L _3243.3

GEOLOGIC DEPTH ELEVATION FT REFLECTION TIME

FORMATION FROM K B FROM SEA LEVEL | SECS (TwQ-waAY)
B.P. 1378 1878 .243
B.R. 1950 1306 362
PAK. 2933 323 544
MR, 3082 174 5710
COLO. 347| -215 .6302
2WS. 4479 -1223 .803
BFS. 4802 ~1546 .855
B. IS. 4862 -1606 .865
BL. 5278 -2022 .93I
OST. 5693 -2437 .992
BSL. QTZ. 5748 -2492 .9996
SWIFT, 5780 -2524 1.004
RIER. 5808 -2552 1.0084
TV. UPOR. 5906 -2650 1.023
M. DENSE 5958 -2702 1.028
L.POR. 6002 -2746 1.0322
SHUNDA 6216 2960 1.054
PEK. 6296 -3040 .06
BNFF. 6496 ~3240 1.0824
EX. 7072 -3816 1.14|
WAB. 7082 -3826 1.142
FAIR, 7590 -4334 1.194
CK. L. 8283 ~5027 1.261
B.H.L. 8467 -5211 1.2796
EP 8877 ~562] 1.32]
CAMB. 8896 -5640 1.3232
T.0. 8973 -5717

TABLE ¥3
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error being raised in consequence. In large degree, any
errors are directly related to error in the basic velocity

log and analysis thereof.

The starting point of the reflectivity function
is arbitarily chosen as zero time and 100 milliseconds are
placed on the record. (See Figures 22, 23, 24.) It is
clear that the time differences between these timing lines
and the actual timing lines should be the same. But it
can be seen from these figures (22, 23, 24) that differ-

ences change irregularly throughout the record.

We have concluded that accuracy limitations in-
herent in integrating equipment and its operation result
in discrepancles and that there are human errors in treating
the data. More specifically, the basic limitations are:
1. Fileld and laboratory systems as operated integrate
and display data with limited fidelity. One conse-
quence is that the integration of the velocity log
carried out at magnetic tape function generator some-
times differs from the field integration. The inte-
-gration systems at magnetic tape function generator
has an accuracy under normal operating conditions of
+ 1% and presumably the field integration systems have

a similar accuracy.

Velocity logs presented with only velocity scale
involve and require additional processing with consequent
unavoidable degradation accuracy. These limitations are

intrinsic in the synthetic seismograms produced from the
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logs and are in part instrumental and in part human.

The comparatively minor source of non uniformity
subject to correction is:
2. Entirely human error in drafting and presentation in-
cluding improper transfer of times from the calibrated

linear depth log to the new linear time log.

The differences between field and magnetic tape
function generator integrations is a most important source
of discrepancies. In producing a synthetic seismogram,
the linear depth vertical scale of the calibrated velocity
log is converted to a linear time vertical scale. This
operation requires an integration of the calibrated log.
The problem is to maintain correct assoclation of inte-
grated times with the appropriate discrete velocity measure-
ments. If the new integration repeats the corrected field
integration (i.e., 1f the association of velocity mea-
surements with integrated times on the new linear time log
duplicates the assoclation of veloclity measurements at these
same times on the calibrated linear depth log), equal time
intervals will in fact be linearly spaced on the linear
time log. However, a disagreement between the two inte-
grations will be evidenced by the fact that timing lines on
the laboratory integrated linear time log will be associ-
ated with different veloclty measurements than those
appearing at these same times on the calibrated linear
depth field log. As the field integration is computed
directly in logging device, whereas magnetic tape function

generator integration derives from additional curve plotting
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and tracing steps, the assoclation of vertical integrated
times and discrete veloclity measurements on the calibrated
field log 1s adopted. As a result, the time 1intervals
transferred from the calibrated field log onto the linear
time log will generally not be of the same length. The
lack of fidelity or malfunction of field integrating
equipment or handling requires one to recalibrate the

log.

The second source of the discrepancles is due
to time-to-linear velocity conversion of horizontal scale.
This type 18 peculiar to velocity logs which are only with
a linear veloclty horizontal scale instead of the more
basic linear time horizontal scale. The integration of
these logs can be done by reconverting from a linear
velocity scale to a linear time scale. After this, normal
integration processes are used. Consequently, the log has

two additional times.

Such integrations, when completed, commonly d4dif-
fer from the calibration times and often appreciably. In
practice, 1t is felt that these additional conversion
processes, from linear time to linear velocity and then
back from linear velocity to linear time, compound the
discrepancies. It is postulated that the reason for this
is difficulty in obtaining linearity in the electrical

circuit simulating the conversion.
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4.3 Interpretation of Results:

a. B.A. Texaco Arrowhead

The well was starfed in Buckinghorse formation at
1078 ft. and bottomed in Pine Point Dolomite at approxi-
mately 8800 ft. The synthetic records are compared Qith
a field record taken near the well. The object of this
comparison will be to determine which synthetic record
more closely resembles the reflected signal on the field
record. The synthetic record which agrees most closely
with the reflection record shows the best correspondence
at times near 0.37 sec., 0.58 sec. and 1.13 sec. (as
shown in circles in Pigure 19). The field record shows
that a multiple comes from the first reflection at 1.5-
1.6 sec. The high velocity distribution occurs between
0.3-0.5 sec. The oscillations on the synthetic record vary
quite smoothly as though the entire record has been played

through a very narrow band filter,

b. B.A. Morrin

The continuous velocity log covered the depth
range from approximately 800 ft. to 7200 ft. A corres-
pondence between the synthetic and the field records shows

that there are agreements at times 0.45, 0.6, 0.85-0.95 sec.

There is interference at 0.8-0.9 sec. which comes
from the first reflection event. The synthetic record
has been time shifted approximately 0.5 m.s. to the right
to establish the correspondence between high velocity

zones and peaks on the field record. The main events
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visible on the selsmic record are:
(a) weaker reflections from deeper horizons and
(b) very little interference or noise. The oscillations

on the synthetic record show rapid changes of amplitude.

¢. B.A. Concrude Champion:

The continuous velocity log was recorded between
877 £ft. and 8973 ft. The strong reflection events on the
field record are matched with the synthetic record at
0.57-0.9 and 1.05 sec. The synthetic record has the same
polarity as the field record, as determined from the
initial down break of the reflection from the artifical
step placed near the beginning of each 'velocity function.
The reflectivity function shows much smaller velocity con-
trasts than that of the previous two examples. The syn-~
thetic record has been displaced about 4 milliseconds to

match the strong reflection events.

The correlation of synthetic records with field

records at different locations is shown in Figures 28 and

33.

The synthetic records in each case have the same
polarity as the field record. The polarity is determined
from the initial break of the reflection from the artifi-
cial step placed near the beginning of each reflectivity
function. (See Figures 16, 17, 18.) This fulfills the

third criterion for good match.
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The synthetic and field records in Figures 28
and 33 are displaced with zero relative time shift, in
accordance with the second criterion. The wide peaks
correspond to "thick™ bed or velocity zones and narrow

peaks correspond to "thin" bed zones.

Figures 28, 29 and 30 are chosen as examples of
velocity distributions for which multiples are not sig-
nificant. In these examples the interfaces are smooth
and parallel. The records show that selsmlic energy is
recelved 1n apprecliable amounts at all times after the
transmission of the incident pulse. The large amplitude
oscillations are as apt to be the result of constructive
interference as of prominent individual contrasts. It
can be seen (Figure 28) that the largest amount of inci-
dent energy does not necessarily produce the highest
amplitude oscillations on the record. The amplitude of
the oscillation at 0.84 seconds is less than that at 1.12
seconds despite the fact that the incident energy is

+hanat
greater~0.82 seconds.

Figures 31, 32 and 33 are examples wherein
multiples are important throughout the -duration of the
reflected signal. The prominent multiples are designated
by letter 'M!'., The multiples caused considerable phase
shift in tﬁe.direct reflected signal. The differences bet-
ween the synthetic and fleld record are father small
especially at the earlier arrival times. (Figures 31, 32.)

At later times the two records appear to become appreciably
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different. If the phase shift due to the multiples which
causes this apparent lack of similarity is removed, the
correlation will be improved. A third example (Fiéure 33)
shows a pair of multiples reflection. The records appear
very simllar, but the subtraction of one from the other

shows that phase shift is causing an increasing divergence

at later times.
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CHAPTER V

CONCLUSION

In this study, only a limited number of synthe-
tics have been prepared for comparison with actual field
records obtained at the corresponding well locations.

The results of this study proved that there is a possi-
bility of calibrating continuous velocity logs using the
comparison of gynthetic and field records. During this
research the best correlations were obtained at thirteen
different locations. In some cases, poor correlations were
obtained in spite of the good quality of the reflection
record. This poor agreement may be partially explained by
the fact that the synthetic seismogram produced by Peter-
son's method only approximates the true reflected signal.
An improvement in obtaining a "good match"™ would be expected
if the approximation used by Peterson could be avoided.
Peterson's technique consists of neglecting transmission co-
efficienés, multiples and ghost reflections, and assuming
that the density is constant. He further finds approxi-
mations for the reflection coefficients at each change in
acoustic impedance using one half the fractional difference
of the velocity across the contrgsts° The mathematical
approximation will more closely approach ideal situations
by including multiples and transmission coefficients. Fur-
ther improvement can be obtained by computing exactly the
reflected signal of plane waves incident normal to the

surface of a multilayered half space, in The case where
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the source is a unit impulse in time.

It was found that the following factors must be

taken into account in the calibration of continuous velo-

city logs using this procedure.

1.

When making the time correction for weathering

and elevation variations, the elevation datum of

the well data should be used for the actual seismic
record.

The correlation between the synthetic and fileld
records should be made between strong reflection
events,

It was found that the time interval on the syn-
thetic record is not equal to the time interval

on the veloclity function playout. Therefore, the
time interval of the synthetic record should be con-
verted to the time interval of veloclity function
before plotting the synthetic time intervals on the
two-way time depth graphs.

A correspondence should be establisﬁed between the
synthetic record and the velocity function by
shifting the synthetic forward in time.

Any significant move-out on the seismic record should
be removed before comparison with the synthetic

record.
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