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1.0 INTRODUCTION

A velocity check shot survey was conducted in Kipper-2 well on 17 April 1987. Twenty three
checkshot levels and additional two Moonpool and two Accelerometer check levels were shot
from 266 to 2600 metres below KB using an airgun source. Twenty two checkshot levels have
been used in the calibration of the sonic log.

The shot times and calibrated sonic times have been corrected to the seismic reference datum
at mean sea level.

- 2.0 DATA ACQUISITION

Table 1 Field Equipment and Survey Parameters

Elevation SRD 0.0 metres AMSL
Elevation KB 22.3 metres AMSL
Elevation DF 22.0 metres AMSL
Elevation GL 107.3 metres below MSL
No. of Levels 23

‘Well Deviation Nil

Total Depth 2600 metres below KB
Energy Source Airgun

Source Offset 26.64 metres

Source Depth 10 feet below MSL
Reference Sensor Accelerometer

Sensor Offset 26.64 metres

Sensor Depth 20 feet below MSL

Downhole Geophone  Geospace HS-1
High Temp. (350°F)
Coil Resist. 225Q +10 %
Natural Freq. 8-12 hertz
Sensitivity 0.45 V/in/sec
Maximum tilt angle 60°

- Recording was made on the Schlumberger Cyber Service Unit (CSU) using ‘LIS format.
Figure 1 shows the Survey Gun Geometry.

2.1 Survey Details

The survey was shot as a standard offshore velocity survey. A hydrophone was also recorded in
the moonpool in order to calculate the source offset.



3.0 Check ‘Shot Data

A total of 23 checkshot levels were shot during the survey.: The level at 615 metres below KB
was shot when tool going into and coming up the well. The:transit time from both sets of data
were consistent. The level at 379 metres below KB was shot once and has been rejected due
to bad quality. All good shots have been included in the final stack.

Table 2 Checkshot levels

e e gt

Level Depth Stacked Rejected Quality Comments
(m below KB )  Shots Shots

129.6 - - Good  Imposed shot - sea floor
266 4 0 Good - Top sonic shots
379 1 1 Bad
384 5 0 Good
615 b 0 Good
830 3 0 Good
1115 4 1 Good
1539 3 0 Good
1672 3 0 Good
1811 3 0 Good
1895 3 0 Good
1922 3 0 Good
2070 3 0 Good
2211 3 0 Good
2242.5 8 3 Good
2266.5 5 1 Good
2305 3 1 Good
2434 3 0 Good
2466 4 0 Good
2522 4 1 Good
2543 5 1 Good
2570 5 2 Good
2595 4 1 Good
2600 3 1 Good




- 4.0 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 verses 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 %‘—:—;{}% < 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 Af 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
Al in. 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 - Atiin.

At — Atpin is reduced through multiplication by a reduction coefficient which remains

constant over the interval. This reduction coectlicient, 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 — Atpin)dZ
is the time difference between the integrals of the two curves At and At,,y, only over the
intervals where At > Atpin.

Hence the corrected sonic: At = G(At — Atyen) + Atpin.



5.0 SONIC CALIBRATION PROCESSING

6.1 Open Hole Logs

Both the sonic and density logs used have been edited prior to input into the Seismic Calibration
processing chain.

The sonic log was recorded from 2600 to 266 metres and the density was available from 2600
to 796 metres below KB. A constant density reading of 2.306 gm/cc has been imposed above
796 metres . The overall logs quality is good and only minor zones of cycle skipping have been
edited from the sonic log.

5.2 Source Offset

- The moonpool hydrophone was positioned right below the wellhead. An average transit time
of 18 millisecs was measured. Using this time and the velocity in water of 1480 metres/sec, an
offset of 26.64 metres was calculated for the source offset; the equivalent distance between the
gun and the moonpool hydrophone.

. 5.8 Correction to Datum

Seismic reference datum (SRD) is at MSL, 22.3 metres below KB. The airgun source was
positioned 10 feet below MSL. Using the velocity in water of 1480 metres/sec a correction of
2.06 millisecs has been applied between the gun and datum. '

5.4 Imposed Shot at Sea floor

Imposed shot at sea floor, 129.6 metres below KB, was used in addition to the checkshot data
to calibrate the sonic log. The transit time at the sea floor has been calculated by assuming a
constant velocity of 1480 metres/sec from the source to the sea floor.

5.5 Sonic Calibration Results

The top of sonic log, 266 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. A list of
- shifts applied to the sonic data is given below.



Table 3 Sonic Drift

Depth Interval Block Shift Aty Equiv Block Shift

( below KB ) usec/ft usec/ft usec/ft
266-615 - 398.24 -5.63
615-1539 8.41 - : 8.41
1539-2070 2.97 - ' 2.97
2070-2600 - 236.28 -5.68

The adjusted sonic curve is considered to be the best result using the available data.



- 6.0 SUMMARY OF GEOPHYSICAL 'LISTINGS

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

8.1 Geophysical Airgun Report

1.

AT

11.

Level number : the level number starting from the top:level (includes any imposed shots).
Vertical depth from KB : dkb, the depth in 2 from kelly bushing .

Vertical depth from SRD : dsrd, the depth in 2 from seismic reference datum.

Vertical depth from GL : dg!, the depth in 2 from ground level.

Observed travel time HYD to GEO : tzm0, 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 : #imwv, is corrected for source to hydrophone distance
and for source offset.

Vertical travel time SRD to GEO : shtm, is timuv corrected for the vertical distance between
source and datum.

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

ing checkshot level, f,ft':,’.

. Delta depth between shots : Adepth, the vertical distance between each level.
10.

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

Interval velocity between shots : the average seismic velocity between each level, %%f:ﬁ—:;—h’.

6.2 Drift Computation Report

AR

Level number : the level number starting from the top:level (includes any imposed shots).
Vertical depth from KB : the depth in 2 from kelly bushing .

Vertical depth from SRD : the depth in 2 from seismic reference datum.

Vertical depth from GL : the depth in 2 from ground level.

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

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.

8. Computed blk-shft correction : the drift gradient between any two checkshot levels (M).

Adepth
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“: 8.3 Sonic Adjustment Parameter Report
1.

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 2 from kelly bushing .

Vertical depth from SRD : the depth in 2 from seismic reference datum.

Vertical depth from GL : the depth in 2 from ground level.

Drift at knee : the value of drift imposed at each knee.

Blockshift used : the change in drift divided by the change in depth between any two levels.
Delta-T minimum used : see section 4 of repart for an explanation of At .

Reduction factor : see section 4 of report.

Equivalent blockshift : the gradient of the imposed drift curve.

- 8.4 Velocity Report
1.

Level number : the level number starting from the top:level (includes any imposed shots).
Vertical depth from KB : the depth in 2 from kelly bushing .

Vertical depth from SRD : the depth in 2 from seismic reference datum

Vertical depth from GL : the depth in 2 from ground level

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.)

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

. Residual==shot time-adj son : the check shot time minus the adjusted integrated somic

time. This is the difference between calculated drift and the imposed drift.

. Adjusted interval velocity : the interval velocity calculated from the integrated adjusted

sonic time at each level.



" 8.6 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.

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

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

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

RMS velocity : the root mean square velocity from datum to the corresponding value of

two way time.
Vrms = \/ E’f‘v?tg/x'fi,'

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

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).

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).

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).

. Interval velocity : the velocity between each sampled depth. Typically, the sainpling 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.

10



: GUN GEOMETRY SKETCH FIGURE 1
Schlumberger
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COMmPARNY : ESSD AUSTRALIA LTD. WELL : KIPPER = 2

LEVEL MEASURED VERTICAL VERTICAL VERTICAL INTEGRATED
NUVMBER DEPTH DEPTH DEPTH TRAVEL RAw SONIC
FROM FRCW™ FROM TIME TIME
Ka SﬁD Gh SRggGEO s

1 129.60 107.30 J 7251 72451
2 266,00 243,70 136.40 144,25 144,25
3 384.0C 261.70 254,40 199.57 200.1C
& €15.00 S92.70 435,40 291.82 292,79
5 230,00 &G7.70C 700.40 372.92 372.6¢8
6 1115.C0 1092.70 985440 471,98 469.2C
7 1536.00 1516.70 1409 .40 629.0¢ 623,22
8 1672.00 1649,.70 1542,.40 671,03 €65.06
9 1211.00 1788.70 1631.40 716.04 709.92
10 1295.00 1872.70 1765.40C 741.04 734,83
11 1922.00 1899.70 1792.4C 749,05 742,69
12 2070.00 2047.70 1940.40 793,05 735,67
13 2211.00 2188470 2C31.40 231.00 824,37
14 2242.50 222C.20 ¢112.93 83G.00 833.47
15 226¢€.50 2244 ,290 2136.90 R45.06 839,45
16 2305.00 2282.70 2175.43 857.09 850.67
17 2434,00 2411.70 2304 .40 891.0» 884 .87
18 2466,0C 2443.,70 2336443 898.07 893,76
19 2522.00C 2496,.70 2292.40 911.07 907.18
20 2543,0C 252C.73 2413,.490 918.07 712.61
21 257C.00 2547,76 244040 924,07 919,42
22 2595.0C 2572.7C 24565.40 ?3C.07 ?5.7C
23 260Ca.CC 2577.7C 26470.40 933.07 926,95
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