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Traditionally, for low dip stratigraphic setup, extent of subsurface coverage obtained from Offset V SPsurveys, so
I ntroduction

far conducted world wide are governed by the drilled depth (DD) of borehole. In an offset VSP survey, normally to avoid

generation and recording of refracted (or mode converted) seismic waves, the energy source is deployed upto 2/ of DD,

accordingly subsurface coverage available from offset VSP survey islimited to the order of 14 of DD. A new and innovative

technique christened as ‘Extended Offset VSP Survey’ was implemented in awell in Cambay Basin, India, wherein the
deployment of energy sourceis stretched much beyond thetraditional limit. Consequently amuch larger subsurface coverage

at the zone of interest (ZOI) was acquired despite logistic constraints. The technique, in turn saves a lot of seismic data
accurate and high resol ution subsurface image for fast decision making with added confidence.

V SP survey, though considered to be specialized

seismic technique, is essentialy an extension of surface

seismic reflection method with unusual configuration of

source and receivers, where source is kept on (or near) the
surface and receivers are deployed a ong the borehole.

acquisition, processing and interpretation costs and time normally required for development of ail fields, and provides very
normally requires:

The orientation of source and receiversintheVSP
survey setup has considerable advantage over surface seismic

methods. In case of V SP configuration, sei smic response of

conseguential subsurface coverage, dueto presence of high
geological boundaries from surface to target depth of

borehole (and beyond) can be recorded as function of time

required subsurface imaging.

dipping stratigraphic layers. Offset VSPsurvey configuration
() The energy source to be deployed in the direction of

& depth. At variance from surface seismic, (which records

two way time of reflections), V SP survey records one way
travel timeand inthe process, propagation of seismic energy

ZOl isapprox. 1 of DD.

(I Considering different layers having gentle dips, energy
sourceisnormally deployed approximately at an offset
of 2/ of DD so that obtainable subsurface coverage at
can be regularly monitored and important information

VSP datain ZOl.

along borehole and, the receiver interval is sometime
pertaining to origin of primary and multiple reflections,

(I11) The receivers are deployed at regular depth intervals
reduced as per the requirement of recording close sample
Walk away VSP survey allows deployment of
energy source at a distance comparable with DD, but
obtai nable subsurface coverageisrestricted by the depth of
Z0l. Following arethefew main factors and considerations
nature of signal attenuation and presence of discontinuities
can beobtained. Itisalso possibleto use VV SP datato predict
lithological boundaries ahead of drill bit, thereby saving ~ frequently:
precious rig time and forewarning about precautions/
consequences of drilling in high pressure zonesand to avoid
blow outs. From down ward propagating wave form,
attenuation of seismic waves may be estimated, which aids
in designing of deconvolution parameters.
Offset VSP surveys are carried out for mapping
extension of structural and stratigraphic featuresaround well

bore. Presurvey ray trace modeling is required to be
done specially to account for reflection pattern and

associated with walk away VSP, which prohibits
explorationists to opt for walk away VSP surveys very
() Wakaway V SPrequiresdeployment of energy source

at a regular intervals (normally 30 to 60 m) from

wellbore to farthest offset position in the direction of
isabig task.

required subsurface coverage, hence in logistically
difficult areas such asforest, coastal/tidal belts, highly
undulated areas and inhabited areas having buildings
and railways, the approach and deployment of energy

source at regular interval on along walk away profile
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(I) Stacking of required number of energy source
deployment positions and their elevation data is
required before the start of walk away V SP survey.

(111 As number of shots associated with Walk away VSP
isenormously high so required rig timeisvery high.

(IV) Walk away VSP is being highly focused survey, in
situations where ZOlI is thick and consists of multiple
layers, it will require much moreinputs, timeand efforts
to record VSP datato map full ZOlI.

(V) The processing of Walk away VSP data takes
considerably long time ( compared to processing of
Offset VSP data)

In an effort to find aternative method to over come
the above mentioned factors/ considerations and also to map
full ZOI with optimum resolution, a very innovative
technique, christened as‘ Extended Offset VSP Survey’ is
used inawell in Cambay Basin, Indiafor thefirst time.

Well details:
e Drilled Depth (DD) 1700 m
» Depth of ZOI 1600 m
» Thicknessof ZOI 80m
» Dipangle < 4° ( nearly horizontal)
* Required subsurface
Coverage 675m

In order to account for reflection pattern pre-survey
ray trace modeling was carried out considering following 3
situationsi.e.

()  Short Energy source offset (800 m)
(1) Normal Energy source offset (1200 m)
(1) Long Energy source offset (1600 m)

Theresults of theseray trace modelsare displayed
asfig 1to 3. Itisevident from these figuresthat:

e For short (800 m) and normal (1200 m) source offsets,
obtainable subsurface coverage is 375m & 575 m
respectively and only reflected wavesare generated and
recorded in the borehole. (Fig. 1 & 2)

* Incase of long source offset (1600 m ) model:

(a) Theobtainable subsurface coverage (at ZOl) isavailable
only between 375 m and 975 m from well bore.

(b) There is no subsurface coverage up to 375m from
borehole (at the depth of ZOl)
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Fig. 1. Ray trace model for 800 m offset

(0) Refraction /mode conversion of waves has set in and
for higher tool depth (~ 1600 m), not only direct &
reflected (P-waves) but refracted/ mode converted
wavesarea so reaching the boreholeand thusinterfering
with Pwaves.

A critical analysis of above observations leads to
following inferences:

1. Goingbeyond conventional source offset range (~ 1200
m) leadsto generation and recording of refracted/ mode
converted waves and there may be agap (no subsurface
coverage) close to borehole and the extent of gap is
proportional to the source offset distance.

2. In order to go beyond conventional barrier of offset
distances and to fulfill the requirement of recording
continuous and substantial subsurface coverage, the
following method was adopted.
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Fig.2: Ray trace model for 1200 m offset
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Field datarecording

Three sets of Field data were recorded in the
following order:

()  Zero offset VSP data was recorded for full length of
borehole.

(I1) Short offset source position (800 m), in required

direction was stacked and Vibrators were deployed.

Full set of offset VV SP data was recorded.

Long offset source position (1470 m)*, in the same

direction was stacked and full set of VSP data was

recorded.

()

* Though it was planned to deploy vibrators at a
distance (~1800m)i.e. morethan DD (1700 m), but because
of heavy and incessant rains the fieldswere flooded, asfull
set of VSP data was already recorded for short offset (800
m), so direction could not be altered to go beyond 1470 m
offset.
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Fig. 3: Ray trace model for 1600 m offset
VSP datarecording parameters:
V SP datawas recorded with following parameters;

Datarecordinginstrument parameters.

7.  NotchFilter Out
8. K-Gain (Instrument) 24 db.
9. Geophone used Geolock —H
10. Preamplifier gain of
Tool Geophones 45 db.
11. CableWinch used SODE SEP
Vibrator parameters
1. Start Frequency 12 Hz
2. Sweeprate 8 Hz/ Sec.
3. SweepLlength 12 Sec.
4. Taper Length 250ms
5. EndFrequency 108 Hz
6. Sweep Type Linear
7. No. of Stacks 4X2
8. DriveForce 60 - 65 %
9. Number of vibrators used 2
10. Name of Vibrators MERTZ

All the VSP data sets (3) recorded above were
processed. Corridor Stack of Zero offset VSP survey is
inserted in seismic section of the line as shownin Fig. 4.
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1. DataRecording Instrument DFS-V
2. Number of Channels 24

3. VSP DataRecording format SEG-B
4. Record Length 4 Sec.

5.  Sampling Interval 2ms

6. Low cutfilter Out

Fig. 4 : Corridor stack inserted in Seismic Section

V SP CDP stacks obtained for short offset and long
offset are shown as Fig. 5(a) & 5(b).

Finally both V SP CDP stacks obtained from 800m
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Frequency Analysis
VbR
u,‘:'::t:m: To see the available frequency range, frequency
..'*"""'.nl il analysiswas carried for both short and long offset VSPdata
bogsccn T and results are shown as Fig. 7 & Fig. 8 respectively
¥ |ll"i|“.":”
T
herrmieoond | ]
P HEE] T ] 1Y EUE
v -.rn:::.'lﬂ-,-,..;_-_'::_:: | s
1 i L.—"'""l.'rl-h..ul-m;
.lnl::!"‘"‘ 1300 ! “H“!":"" SV bl
e T S |
TR RTT ) RN e i o]
Libiiipanprass —— i =
b i -_.-t ""‘ﬁ-l-. %1 E.Kh
ELL P EeeriPor i il‘i'.',:.:,r,','rh:;-i"‘ g AAn
A Fphe mm |7
et | o | P $e
Srrhpreer | 1700 | Fi it
THh e TEL bnagaprt [ &
Pt 1800 § &) -+
f—r— [ e 0 0 20 W 4 % & T™ W W 0 Ib
:.::‘l'!" o) R "': ‘ ——— Fraquency (Hz} ————=
et e
i "Lz:--* Fig. 7: Frequency Spectrum for 800 m offset
= R I_lm -
ia) bl
Fig. 5: VSP CDP Stack for 800m & 1470 m Offset
& 1470 m offset surveyswere merged and shown along with i
seismic section of theline as Fig. 6 :: -
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Fig. 8 : Frequency Spectrum for 1470 m offset

Similarly, Fig. 8 pertains to 1470 m offset and

" 5 ""'“...u:.,l.,...'...__rn—_nm-m_-_- indicates the avail able frequency range from 12 Hz to 85
= I“‘_‘TI‘I'”"' L:lll;..“'":";nl’ﬂ_?ﬂ:.--r_“_—
Evumun T = . Hz. (at 25 db)
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T FEW"‘IH:‘L‘:— T T R Fig. 7 pertains to 800 m offset and indicates the
available frequency range from 10 Hz to 95 Hz. (at 25 db)

Conclusions

A careful analysis of the merged VSP section, Fig.
6 leads to following conclusions;

Fig. 6 : Merged V'SP CDP Stack along with Seismic Line 1. Theconventional barrier of deploying energy source at
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2/, 0f DD (ii.e. 24 of 1700 m = 1133 m) isnot aproblem

any more with the new technique, as in the present
case energy source was deployed at offset of 1470 m (

which can be further stretched to 1800 m or more, had
there been no logistic problem)

The available subsurface coverage with the new
source.
3.

4.
2. Therangeof subsurface coveragewith traditional offset

VSPsurvey islimitedto; of DD (i.e. 140f 1700 =566 m).

suitabledecision for drilling morewellsfor devel opment
technique is 675 m, which can be further increased to
900 m or more with freedom of deployment of energy

of ail field can be taken with added confidence.
It is evident from VSP CDP stacks (and frequency
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