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SUMMARY

A geismic velocity survey was carried out in Asseociated

Freney 0ilfields Nerrima No. 1 Bore by the Bureau of Mineral Resources
on the 10th August 1955. The well is situated on the Nerrima Dome in
the Fitzroy Basin, W.A. Some trouble was experienced with cable
breaks for the shallow part of the hole, but in general it was possible "
to recognise the true formation break., Average measured velocities
ranged from 8000 ft/sec near the top to 12,200 ft/sec for the total
depth of the bore,
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1. INTRODUCTION

During 1955, Associated Freney Oilfields drilled a bore,
called AFO Nerrima No. 1, on the Nerrima Dome in the Fitzroy Basin, W.A.
The company requested the Bureau of Mineral Resources to carry out a
seismic velocity survey of the bore. The Bureau's seismic party,
which was operating in the Fitzroy Basin at the time, performed the
survey on the 10th August 1955. The results of the survey are presented
in this record.

The Nerrima Dome is an anticlinal structure situated on
Nerrima Station in the Kimberley Division of Western Australia. The
Dome lies within the geological province known as the Fitzroy Basin,
and is exposed in Permian sediments of this Bagin. It has been mapped
in detail by a Bureau geological party in 1948 (Guppy, Cuthbert and
Lindner, 1950). A previous bore had been drilled in 1939-42 by the
Freney-Kimberley 0il Co. on the structure, but because of drilling
difficulties, this had only penetrated to 4271 ft. A seismic survey of
the Dome was carried out in 1952 (Vale, Smith and Garrett, 1953).
Reflection profiling was attempted at first, but results were so poor that
this was abandoned. A rather unsatisfactory refraction survey was then
completed and, after consideration of the resultg, the site of the present
bore was chosen.

A number of refractors were recorded during the seismic
refraction survey, and their velocities and approximate depths are:

Refractor Y;%o;iz§ Q%?%g Locaﬁiznuogmgisth
V1 8450 sub-weathering -
V2 9700 300 1 mile west
V3 11,550 500 AFO Nerrima No, 1
V4 12,650 2500 8 miles east
V5 14,500 4000 AFQ Nerrima No, 1
vé 16,000 7000 " " oo

The velocity survey of the bore was carried out using a
Technical Instrument Company well-geophone, which contained three coil
elements, all positioned to detect vertical motions. A Schlumberger
well-logging unit was present at the bore-gite, and the well-geophone
was attached to its cable. The recording instruments were also
manufactured by the Technical Instrument Co.

2. PROCEDURY

Three shot-holes were used for the survey, each on the same
line from the bore and located 250, 500 and 750 ft south~east of the bore.
A complete survey of the bore was made from the 500-ft offset hole
(Shot-point 2), the 250-ft offset hole (Shot-point 1) was used down to
well-geophone depths of 3500 ft and the 750-ft offset hole (Shot-point 3)
for depths from 4000 ft to the total depth of 9072 ft. The three
shooting distances made it possible to check the records for breaks which
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came via the cable instead of through the formations. Charge sizes
were about 251b for the shallow geophone depths and 50 1lb for the
greater depths. A 100-1b charge was used when the geophone was at the
maximum depth of 9072 ft.

The interval between well;gebphone depths was generally
1000 ft in the bottom half of the bore but was decreased to about 500 ft
for depths less than 5000 ft. The actual depths used are set out
on Plates 2 and 3. The output of the well-geophone was recorded through
three different channels with their levels set at high, medium and low.
Thus a good 'first break' would be preserved on the high-gain channel,
while the lower gains on the others would enable a study of the rest of the
trace after the 'first break' to facilitate the analysis of cable breaks.
However, the low-gain channel was apparently faulty during the survey,
for after the first arrival of energy, its trace did not follow the other
two. This channel was not used in the analysis of results,

A reference geophone was placed near the top of the bore and
connected to a fourth channel. This enabled a check to be made on shot-
hole fatigue, i.e. the time delay associated with fracturing of the hole
when succesgive shots are fired in it.

A 12-trace reflection spread was laid out along the line from
the bore through the shot-holes. Eight geophones per trace were used and
the centres of these groups were spaced at 100-ft intervals from the bore.
A diagram of the layout of shot-holes and geophones relative to the bore
is shown on Plates 2 and 3.

3. RESULTS

Copies of records obtained from the survey accompany this
report, The readings obtained from the records and the subsequent
calculetions are tabulated on Plates 2 and 3., It is assumed that the
seismic pulse travels in a straight line from the charge to the geophone.
The recorded time of travel is corrected to an equivalent vertical time
that would be recorded if the charge were detonated at the datum level
within the bore. From these corrected times, average and interval
velocities are calculated.

In carrying out a bore hole survey, there is a possibility that
o seismic pulse may travel down the cable to the well-geophone. If this
pulse arrives at the geophone before the pulse that travels through the
formations, then it may be interpreted wrongly as the true formation
pulse, thus leading to erroneous velocity calculations.,

The breaks obtained from the shots in Shot-point 2, offset
500 ft from the bore, are generally satisfactory for well-geophone depths
of 2068 ft and greater below datum., The average velocities calculated
from these times are reasonable and decrease with decreasing depth of
geophone; the interval velocity values are also within reasonable limits,
The corrected verticel times calculated for eguivalent depths from the
long offset Shot-point 3, agree, with one exception, to within 2 msec
of those from Shot-point 2. The exception is at well~geophone depth
6908 £t below datum, where there is a 7 msec discrepancy. There is no
obvious explanation for this. At well-geophone depth 2508 ft below datum
the calculated cable break time is 0,247 sec (see below), compared with
the recorded time of 0.274 sec for the first arrival. This suggests that
the record is free of cable breaks, and this also applies to all records
for which the well-geophone depths are greater than 2508 ft,
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The record obtained with the well-geophone at 2068 £t below
datum (D = 2068 ft) shows a good break, but use of this break in the
calculations gave an average velocity of 10,230 ft/sec which was
considerably higher then that obtained at D = 2508 £t viz. 9470 ft/sec.
Also, the interval velocities of 22,400 ft/sec from 1508 ft to 2068 ft
and 6980 ft/sec from 2068 ft to 2508 ft appear ebnormal. It was
considered therefore that this might be a cable break.

The records obtained from Shot-point 1, offset 250 ft, also
gave evidence of cable breaks. The first arrival time recorded at
D = 408 ft gave an average velocity of 10,200 ft/sec which appears too
high. If the first arrival times at D = 2408 ft and D = 3408 ft are used,
the interval velocity obtained is 7250 ft/sec, which is abnormally lower
than that obtained between 2508 ft and 3408 ft from Shot-point 2 viz.
12,000 ft/sec. A plot of the first arrival times (corrected for hole
fatigue) recorded from Shot-pointlwith D = 408, 1408, 1908 and 2408 ft
gives a reasonably straight line with a slope of 12,700 ft/sec.
These breaks are taken to be cable breaks. Note that they appear to
break upwards.

Using 8000 ft/sec for the velocity near the surface and
12,700 ft/sec for the cable velocity, theoretical travel times for
cable-borne energy have been calculated for Shot-point 1 assuming the
shortest time path for the ray. These times are shown on Plate 3 and it
can be seen that they agree with the first arrival times quite well
down to D = 2408 ft. At D = 3408 ft the theoretical cable break time is
0,290 sec compared with the first arrival time of 0.344 sec, so it is
apparent that cable breaks are absent at this depth.

Cable break times were calculated for Shot-point 2 also,
and they showed that the first arrival for D = 2068 ft is probably a
cable break, but that at D = 2508 £t the record is free of them,

An attempt hes been made to pick the true formation arrivals
es secondary arrivals after the cable breaks for the shallow depths from
Shot~points 1 and 2. After shot 26(0) from Shot-point 2, a very strong
wind sprang up and some noise was apparently transmitted down the hole.
This necessitated reducing the amplifier goins a great deal, and
apperently removed the cable brecks from the last two records, Naturally
the formation breaks are very poor on these two records. Thus, the
velocities calculated.for the shallow part of the sequence, i.e. above
D = 2508 ft, must be regarded as not very reliable. This is demonstrated
also by the difference between the velocities calculated from the two
shot-points.

The corrected slant and vertical times, and the average and
interval velocities calculated from them, are plotted on Plate 4.
The average vertical velocity increases from about 8000 ft/sec near the
surface to 12,200 ft/sec for the total depth of the bore, The positions
of the main stratigrephic units encountered in the bore are shown at
the side of the velocity plot. The average velocities in these
formations ares
%*

Note:

The first arrival break on the record from 908 ft appears to be
interfered with by cross-feed from the suppression and has not been
used (See Plate 9).
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(Noonkanbah Formation 8200 ft/sec
Permion Epoole Sendstone 10,200 ft/sec
(Grant Formation 13,400 ft/sec
Carboniferous 14,500 ft/sec

Caleulated interval velocities which may be expected to
correlate with possible refractors are listed below:

Veloci Depth (ft) Stratigraphic Position
TE%7§§E§ (below Datum)
8000 sub-weathering Noonkanbah Formation
9260 408 " "
11,660 1508 Within Poole Formation
12,900 R508 ' Near top of Grant Formation
13,500 3408 Within " "
14,920 5908 " n "
17,860 6908 Near base of M n

Therecis a similarity in the distribution of the velocities shown by
this table and that shown by the refraction survey, The correlation is by
no means good, however, '

4. CONCLUSIONS

(1) The velocity survey has given reliable velocity data for
depths greater than 2508 £t below datum, but above this depth, the
velocities are unreliable owing to interference from cable breaks.

(2) The average vertical velocity increases from about 8000
ft/sec near the surface to 12,200 ft/sec for the total depth of the bore,
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WELL VELOCITY SURVEY DATA SHEET
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il DEFINITIONS OF SYMBOLS AND COLUMN HEADINGS:
S.N. Shot number ato.,, Difference between to_,, corresponding to well geophone
/LZO EK+ D  Depth of well geophone below rotary table Kelly bushing depth difference 4D
i i Do Elevation of Datum above S.L. t, Accepted time for straight line ray from shot to well geophone.
D ' Ex Elevation of rotary table Kelly bushing referred to datum plane In idealized case t_ would equal tv,, tha, and thb,
D Depth of well geophone below datum plane te Vertical time from datum plane to well geophone = t, cos o ~tg
4D Difference between depths of well geophone for two shots Va Average vertical velocity between datum plane and well geOphone:t—é
| SP Shot-point dtc Difference between tc corresponding to well geophone depth
| X Distance of shot-point from centre of well difference 4D 20 \
i chge  Pounds weight of explosive fired Vi Interval velocity over depth difference 4D (—‘ jris /
i ‘ ¢
" iy Es Elevation of shot-point referred to datum plane Vcab  Logging cabie velocity = {‘10
Well geophone ds Depth of shot below surface b LS :°b AT
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FIELD INSTRUCTIONS :

I. Do not use outersheathof cable or other neutral lead as geophone lead.

2 Before running geophone in well,shoot buried detonator under well geophone or do tap test to check all connections and polarity.

3. While running geophone into well fasten small geophone and a clamp to cableand strike a vertical blow on the clamp to check manufacturer's figure for cable velocity.
4. As soon as cable and shallow formation velocities are sufficiently well known,and before survey proceeds, construct calculated cable breck curves for all shot-point offsets.

5. Do complete calculation as survey progresses and watch for cable breaks.

6. Where possible cbtain copies of C.VL.,electric and lithologic logs and fill in all information required on this sheet
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REMARKS:
TARo?ory Table (Kelly bushing) Sp
R e
ds Es.
EK i J
{ Shot '
/‘,/’, é——
N e Datum
/ ’ DEFINITIONS OF SYMBOLS AND COLUMN HEADINGS:
4 e 4/"/ At,omb Difference tetween Lo corresponding to well geophone
: /LTO EK+ D  Depth of well geophone below rotary table Kelly bushing depth difference 4D
soean 4 Do Elevation of Datum above S.L. t, Accepted time for straight line ray from shot to well geophone.
D r Ex Elevation of rotary table Kelly bushing referred to datum plane Inicealized cose t would equal tv, tha, ond the,
3 D Depth of well geophone below datum plane te Vertical time from datum plane to well geophone =t _ccsox -t
4D Difference between depths of well geophone for two shots Va Average vertical velocity between datum plane and wel! gecphome=t—c
! SP Shot-point Adte Difference between tc corresponding to well gecphene deptn
X Distance of shot-point from centre of well difference 4D
Lo | . _ | , 40
: chge  Pounds weight of explosive fired Vi Interval velocity over depth difference 4D (= T >
' . . _ / Atce
f v/ Es Elevation of shot-point referred to datum plane Veob  Logging cabie velocity =+
"7 " Well geophone ds Depth of shot below surface cob , -
. . T.D. Total depth of well referred tc rotary tabie Kelly busning
Vo Weathering velocity _ .
: ) pem Density of mud in well
Ve Subweathering velocity . L
) Es-ds Tm Temperature of mud returns when circulating in hole
m\ AFO No. | . ted Vertical time from shot to datum plane Normally= V )
N =4 . o e B.HT  Bottom hole temperature ie. temperature ot T.0.
. - (0°¢ Vertical angle subtended by straight line from shot to well , ,
© SP | U Gr. Grading of certainty and accuracy of time:
geophone -1an— ) .
N : D+Es-ds Ist grade  Gmeans: Certain that frue formation breck selected
I B SP 2 tv, Vertical component first break time for well geophone b Some doupt 7 ., ., .,
. n  :Some do
@Od tvp Vertical component first trough time for well geophone ¢
(ol SP. 3. . . . 2nd grode G Accuracy less than ¢ -0C! seconds
tha,  Horizontal component A first breck time for well geophone F £.003
N N n n T "
' tha, Horizontal component A first trough time for well geophone b n . " w1005 .
thb, Horizontal component B first break time for well geophone ' o
‘ , ? grade  means very doubtful certainty or time
thb,  Horizontal component B first trough time for well geophone
RG Reference geophone
tre Reference geophone time
dtre Reference geophone correction time.In general
LAYOUT OF WELL,SHOT-POINTS practice tv,-dtggis best estimate of L
AND GEOPHONE SPREAD tog Reference reflection time
SCALE IN FEET dtog Reference reflection correction time. in general y
practice tv - dtog s best estimate of t - —5¢
500 0 X
A 500 _1%00 100 1 t.s Calculated cable break time
‘ tocob Observed vertical component cable break time

FIELD INSTRUCTIONS :
I. Do not use outersheathof cabie or other neutral leod as geopho‘ne lead.

2. Before running geopnone in well,shoct buried detonator under well geophone or do tap test to check all connections and polarity.
3. While running geophone into well fasten small geophone and o clomp to cableand strike a vertical biow on the clomp to check manufacturer's figure for cable velocity.

4. As soon as cable and shallow formation velocities are sufficiently well known,and before survey proceeds, construct calculated cable break curves for all shot-point offsets.
5. Do complete calculation as survey progresses ond watch for cable breaks.

6. Where possible obtain copies of C.VL.,electric and lithologic logs and fill in all information required on this sheet.
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