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1. Introduction

A checkshot survey of the Snook #1 well has been used to calibrate the sonic log and
generate a synthetic seismogram using 25,35 and 45 hertz zero phase Ricker wavelets.
The final presentation includes a synthetic seismogram at 10 cm/sec as well as a drift
corrected sonic plot and a seismic calibration log.

2. Data Acquisition

The data was acquired with the WST (Well seismic tool) tool. Recording was made
on the Schlumberger Cyber Service Unit (CSU) using LIS format at a tape density of
800 BPI.

Table 1: Survey Parameters

Datum MSL

Elevation KB 21.0 metres AMSL
Elevation DF 20.7 metres AMSL
Elevation GL -28.0 metres below MSL
Total Depth 1526.0 metres below KB
Energy Source Ajrgun

Source Offset 40 metres

Source Depth 5.0 metres below MSL
Source Azimuth 95 deg

Hydrophone Offset 40 metres

Hydrophone Depth 9.0 metres below MSL
Hydrophone Azimuth | 95 deg

~
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3. Sonic Calibration Processing

3.1 Sonic Calibration

A ’drift’ curve is obtained using the sonic log and the vertical check level times. The
term ’drift’ is defined as the seismic time (from check shots) minus the sonic time (from
integration of edited sonic). Commonly the word ’drift’ is used to identify the above
difference, or to identify the gradient of drift versus increasing depth, or to identify a
difference of drift between two levels.

The gradient of drift, that is the slope of the drift curve, can be negative or positive.

For a negative drift %ﬁ < 0, the sonic time is greater than the seismic time over a

certain section of the log.

For a positive drift %:;% > 0, the sonic time is less than the seismic time over a certain
section of the log.

The drift curve, between two levels, is then an indication of the error on the integrated
sonic or an indication of the amount of correction required on the sonic to have the
TTI of the corrected sonic match the check shot times.

Two methods of correction to the sonic log are used.

1. Uniform or block shift This method applies a uniform correction to all the
sonic values over the interval. This uniform correction is applied in the case of
positive drift and is the average correction represented by the drift curve gradient
expressed in psec/ft.

2. AT Minimum In the case of negative drift a second method is used, called
At minimum. This applies a differential correction to the sonic log, where it is
assumed that the greatest amount of transit time error is caused by the lower
velocity sections of the log. Over a given interval the method will correct only
At values which are higher than a threshold, the At,. Values of At which are
lower than the threshold are not corrected. The correction is a reduction of the
excess of At over At@‘n, At - Atpin.

At — Aty I8 reduced\r-through multiplication by a reduction coefficient which
remains constant over the interval. This reduction coefficient, named G, can be

be defined as: .
drift

[ (At = Atpin)dZ

G=1+

Where drift is the drift over the interval to be corrected and the value [ (At — Atpn)dZ

is the time difference between the integrals of the two curves At and At,,;,, only
over the intervals where At > Atpin-

Hence the corrected sonic: At = G(At — Atpin) + Atmin-



3.2 Correction to Datum

The corrected sonic log is indexed to true vertical depth and referenced to mean sea
level (SRD ).

3.3 Open Hole Logs

The sonic log has been recorded from 1526.0 to 175.0 metres below KB. The overall log
quality is good with small zones of cycle skipping having been patched out.The density
log was recorded over the interval 1526.0-742.0 metres.

The gamma ray and caliper curves are included as correlation curves.

3.4 Sonic Calibration Results

The top of the sonic log (175.0 metres below KB) is chosen as the origin for the
calibration drift curve. The drift curve indicates a number of corrections to be made
to the sonic log. The adjusted sonic curve is considered to be the best result using the
available data. A list of shifts used on the sonic data is given in the geophysical listings
section.



4. Synthetic Seismogram Processing

GEOGRAM plots were generated using 25,35 and 45 hertz zero phase Ricker wavelet

The presentations include both normal and reverse polarity on a time scale of 10 cm/sec.

GEOGRAM processing produces synthetic seismic traces based on reflection coefficients
generated from sonic and density measurements in the well-bore. The steps in the
processing chain are the following:

Depth to time conversion
Reflection coefficient generation
Attenuation coefficient calculation
Convolution

Output.

4.1 Depth to Time Conversion
Open hole logs are recorded from the bottom to top with a depth index. This data is

converted to a two-way time index and flipped to read from the top to bottom in order
to match the seismic section.

4.2 Primary Reflection Coefficients

Sonic and density data are averaged over chosen time intervals (normally 2 or 4 mil-
lisecs). Reflection coeflicients are then computed using:

p2.V2 — p1.l1

- p2.Ve + p1.u1
~
where: \:
p1 = density of the layer above the reflection interface
p; = density of the layer below the reflection interface
v, = compressional wave velocity of the layer above
the reflection interface
v, = compressional wave velocity of the layer below

the reflection interface

This computation is done for each time interval to generate a set of primary reflection
coefficients without transmission losses.



4.3 Primaries with Transmission Loss

Transmission loss on two-way attenuation coefficients is computed using:
Ao = (1= R).(1— B}).(1 - B)..(1 - E2)
A set of primary reflection coefficients with transmission loss is generated using:

Primary, = R,.An—1

4.4 Primaries plus Multiples

Multiples are computed from these input reflection coefficients using the transform
technique from the top of the well to obtain the impulse response of the earth. The
transform outputs primaries plus multiples.

4.5 Multiples Only

By subtracting previously calculated primaries from the above result we obtain multi-
ples only.

4.6 Wavelet

A theoretical wavelet is chosen to use for convolution with the reflection coefficients
previously generated. Choices available include:

Klauder wavelet
Ricker zero phase wavelet
Ricker minimum phase wavelet
Butterworth wavelet~
User defined wavelet. -
Time variant Butterworth filtering can be applied after convolution.

N

\
4.7 Polarity Convention

An increase in acoustic impedance gives a positive reflection coefficent, is written to
tape as a negative number and is displayed as a white trough under normal polarity.
Polarity conventions are displayed in Figure-1.

4.8 Convolution

The standard procedure of convolving the wavelet with reflection coefficients; the out-
put is the synthetic seismogram.
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Summary of Geophysical Listings

Six geophysical data listings are appended to this report. Following is a brief description
of the format of each listing.

Al

10.

A2

Geophysical Airgun Report

Level number : the level number starting from the top level (includes any imposed
shots). :

Measured depth from KB : dkb, the depth in meters from kelly bushing .

Vertical depth from SRD : dsrd, the depth in meters from seismic reference
datum.

Observed travel time HYD to GEO : tim0, the transit time picked from the
stacked data by subtracting the surface sensor first break time from the downhole
sensor first break time.

Vertical travel time SRC to GEO : t¢mw, is corrected for source to hydrophone
distance and for source offset.

Vertical travel time SRD to GEO : shtm, is timv corrected for the vertical dis-
tance between source and datum.

Average velocity SRD to GEO : the average seismic velocity from datum to the

corresponding checkshot level, j,ft';i

Delta depth between shots : Adepth, the vertical distance between each level.

Delta time between shots : Atime, the difference in vertical travel time (shtm)
between each leva\.»\

Interval velocity between shots : the average seismic velocity between each level,
Adegth \\-
Atime *

Drift Computation Report

. Level number : the level number starting from the top level (includes any imposed

shots).
Vertical depth from KB : the depth in meters from kelly bushing .
Vertical depth from SRD : the depth in meters from seismic reference datum.

Vertical travel time SRD to GEO : the calculated vertical travel time from datum
to downhole geophone (see column 7, Geophysical Airgun Report).

6



A3

A4

. Integrated raw sonic time : the raw sonic log is integrated from top to bottom

and listed at each level. An initial value at the top of the sonic log is set equal
to the checkshot time at that level. This may be an imposed shot if a shot was
not taken at the top of the sonic.

. Computed drift at level : the checkshot time minus the integrated raw sonic time.

. Computed blk-shft correction : the drift gradient between any two checkshot

Adrift
levels (Adcpth) .

Sonic Adjustment Parameter Report

. Knee number : the knee number starting from the highest knee. (The first knees

listed will generally be at SRD and the top of sonic. The drift imposed at these
knees will normally be zero.)

. Vertical depth from KB : the depth in meters from kelly bushing .
. Vertical depth from SRD : the depth in meters from seismic reference datum.
. Drift at knee : the value of drift imposed at each knee.

. Blockshift used : the ché,nge in drift divided by the change in depth between any

two levels.

. Delta-T minimum used : see section 4 of report for an explanation of At .
. Reduction factor : see section 4 of report.

. Equivalent blockshift : the gradient of the imposed drift curve.

Velocity Rgpqrt

. Level number : the level number starting from the top level (includes any imposed

shots). o

N

. Vertical depth from KB : the depth in meters from kelly bushing .
. Vertical depth from SRD : the depth in meters from seismic reference datum

. Vertical travel time SRD to GEOPH : the vertical travel time from SRD to

downhole geophone (see column 7, Geophysical Airgun Report)

Integrated adjusted sonic time : the adjusted sonic log is integrated from top to
bottom. An initial value at the the top of the sonic is set equal the checkshot
time at that level. (The adjusted sonic log is the drift corrected sonic log.)

. Drift=shot time-raw sonic : the check shot time minus the raw integrated sonic

time.



7. Residual=shot time-adj sonic : the check shot time minus the adjusted integrated
sonic time. This is the difference between calculated drift and the imposed drift.

8. Adjusted interval velocity : the interval velocity calculated from the integrated
adjusted sonic time at each level.

A5 Time Converted Velocity Report
The data in this listing has been resampled in time.
1. Two way travel time from SRD : This is the index for the data in this listing.

The first value is at SRD (0 millisecs) and the sampling rate is 2 millisecs.

2. Measured depth from KB : the depth from KB at each corresponding value of
two way time.

3. Vertical depth from SRD : the vertical depth from SRD at each corresponding
value of two way time.

4. Average velocity SRD to GEO : the vertical depth from SRD divided by half the
two way time.

.5. RMS velocity : the root mean square velocity from datum to the corresponding

value of two way time.
Vrms = \/ 'fv,?t;/E’{t;

where v; is the velocity between each 2 millisecs interval.

6. First normal moveout : the correction time in millisecs to be applied to the two
way travel time for a specified moveout distance (default = 3000 feet).

At =4[t2 + ( X )2 —t
~ Vrms

\. At = normal moveout (secs)
X = moveout distance (meters )
t = two way time (secs)
Vrms = rms velocity (meters /sec)

where:

7. Second normal moveout : the correction time in millisecs to be applied to the
two way travel time for a specified moveout distance (default = 4500 feet).

8. Third normal moveout : the correction time in millisecs to be applied to the two
way travel time for a specified moveout distance (default = 6000 feet).

9. Interval velocity : the velocity between each sampled depth. Typically, the sam-
pling rate is 2 millisecs two way time, (1 millisec one way time) therefore the
interval velocity will be equal to the depth increment divided by 0.001. It is
equivalent to column 9 from the the Velocity Report.



A6

Synthetic Seismogram Table

Two way travel time from SRD : This is the index for the data in this listing.
The first value is at the top of the sonic. The default sampling rate is 2 millisecs.

Vertical depth from SRD : the vertical depth from SRD at each corresponding
value of two way time.

Interval velocity : the velocity between each sampled depth. Typically, the sam-
pling rate is 2 millisecs two way time, (1 millisec one way time) therefore the
interval velocity will be equal to the depth increment divided by 0.001. It is
equivalent to column 9 from the the Velocity Report.

Interval density : the average density between two successive values of two way
time.

Reflect. coeff. : the difference in acoustic impedance divided by the sum of
the acoustic impedance between any two levels. The acoustic impedance is the
product of the interval density and the interval velocity.

Two way atten. coeff. : is computed from the series

An=(1-RH.(1-R).(1- RY)..(1 — RY)

Synthetic seismogram primary : the product of the reflection coefficient at each
depth and the two way attenuation coefficient up to that depth.

Primary, = Rn.An—y
Primary + multiple : a transform technique is used to calculate multiples from
the input reflection coefficients.

Multiples only : (Primary + multiple) - (Synthetic seismo. primary)
\



LIST OF ENCLOSURES

Drift Corrected Sonic

Seismic Calibration Log

25 hz zero phase Geogram 10 cm/sec
35 hz zero phase Geogram 10 cm/sec
45 hz zero phase Geogram 10 cm/sec

Figure 1. Wavelet Polarity Convention.
Figure 2. Stacked Data.
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COMPANY : ESSO AUSTRALIA LTD. Weltb ¢ SNDOK #1 PAGE
(ZONED PARAMETERS) (VALUE) (LIMITS)
LAYER CPTION FLAG VELOC LOFVEL : 1.000G00 30479.7 - 8
USER VELOC (WST) LAYVEL : 175Q0.C00 m™m/s 175,000 - 49.0000
143C.000 49,0000 U
LAYER OPTION FLAG DENS LOFDEN : 1.060000 30479.7 - 0
LUSER SUPPLIED DENSITY DA LAYDEN : 0 G/C3 g - C



COMPANY : ESSO AUSTRALIA LTD. WELL : SNOOK #1

TWO-WAY MEASURED VERTICAL AVERAGE RMS FIRST SECOND THIRD
TRAVEL DEPTH DEPTH VELOCITY VELOCITY NORMAL NORMAL NORMAL
FRééngD Fng Fggg SRD/GEO MOVEOUT MOVEQUT MOVECUT
mMe M M M/S M/s MS mMS Mg
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€00 25.44 bobs 1480 1480 669,70 10C7.53 1345.34%
2.00 26492 5.92 1480 1480 667.72 1085.55 1343.33
10.00 28.40 7.40 1480 1480 665.75 1003.56 1341.39
12.CC 25.88 8.88 1480 1480 663.78 1001.58 1339.470
14.00 31.35% 10.36 1480 1489 661.82 999 .61 1337.42
16.00 32.8%4 11.84 1480 1480 659.87 997.64 1335445
12.00 34,32 13.3¢2 1480 1480 657.92 995.67 1333.47
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24,00 38,75 17.76 1480 1480 652.10 989.80 1327.56
26 .00 40,24 19.24 1480 1480 650.13 987.835 1325.560
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32.00 44,63 23.68 1480 1480 644443 982402 1219.73
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3¢.00 47.64 26.64 1480 14380 640.63 978415 1315.%
32,00 49.16 28,16 1482 1482 637.72 974 .69 1311.84
4C.00C 50.91 29.91 1496 1497 629.390 962.96 1296.%1
42.00 52.66 31.66 1503 1510 621.68 952 .41 1283.3%
44,00 544,41 33.41 1519 1522 614.71 942.84 1271.21
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