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Abstract

The vector fidelity analyses are performed on tinst foreak of three different data sets. RMS magpin
modelling, polarization analyses and frequency ys&d all prove to differentiate the sensors witdpeet to
vector fidelity. One cable sensor and three plardedsors (nodes) are evaluated. There are sigrtifica
differences between the cable sensor and the plamddes. The results suggest that cable sensoraoare
qualified for wide azimuth acquisitions.

Introduction

During the last years, vector fidelity has becommaor subject of interest. It is a prerequisite tudies of
azimuthal anisotropy (Ronen 2001), and most oftdent for granted. With the increased effort in &itjon of
wide azimuth seabed seismic data, and increases fot azimuthal anisotropy, the azimuthal propeniethe
sea floor seismic sensors becomes very importaig. dlear that vector fidelity is an inherent pedagof the
integrated seismic acquisition system, and depapda the sensors, the housing, the coupling oféuphone
to the ground and even the method of installatMjagland et al., 2000). Here, we will present samethods
for quality control and vector fidelity analysespipd to seabed seimic data. The methods have edaluring
the ROKVA Project and the development of a new reygtem.

The data used in this study are collected from fBodifferent acquisitions; the ROKVA Project, a 20-node
acquisition from a North Sea field and a 3D tesjuggition with 4C nodes perfomed in the Trondheijordk:
The sensors from the ROKVA Project are one 3C ggmbhones fitted onto a skirt, with fixed geophoresl
one conceptual 3C cable sensor integrated intonal@Ag cable designed to resemble an ocean botiine,c
with the in-line geophone fixed, and the two ottgirabaled.

First Break RMS Analyses

First, RMS measurements of the first break aregperdd on 3D Common Receiver Gathers (CRG). Thdtsesu
are plotted as time slices for each componentidarg 1 the first break RMS values are mapped gosthurce
coordinates in the CRGs. These analyses requirenamidirectional source, and an isotropic sea flor
assumed. Vector Fidelity requirements are thathyarophone (P) and vertical component, ¥how similar
uniform responses, and that the horizontalavid \4 components show equal energy levels and “figugatéi
responses perpendicular to each other, providddhbgparticle motion in the sea floor is directediards the
source. The radial horizontal componeny, $hould have a uniform circular pattern and taadverse horizontal
component, V, should not display any coherency. The ratios betwthe rotated horizontal components,
VR IV, are also plotted, and it should display unifoiighbamplitudes.

The results plotted in Fig. 1 show that the Sleérisor is more in compliance with the requiremeastsd above,
than the cable sensor. The in-lingg, Yomponent of the cable exhibits poor azimuthaperties, but the ¥
component is well behaved. The cable sensor alsesslan unequal amount of energy in the two horedont
components. The radial,gVcomponent of the cable sensor has more bias dgwihe cable direction, whereas
the skirt \k component does not show any obvious bias in arsctitbtn. For the Y components, the cable
sensor shows that a lot of coherent energy isfeeesl from the ¥ component during rotation, which, in turn,
shows up on the ¢Vt ratio. The skirt sensor exhibits only a small fortof energy in the ¥ component,
compared to that of the cable sensor. Hence, #\é\fatio is more regular over the area.
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Figure 1.First break RMS values of a skirt sensor and ob&ecensor from the ROKVA Project
mapped to the source coordinates. The sensorpprrexsamately 1m apart.
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Figure 2.First break RMS values of a Node sensor from a tdalein the Trondheim Fjord, mapped to
the source coordinates. The water depth.is 23 meathe node and 4 m in the lower left corner.

Figure 2 shows the same displays for a Node us#tkiBD test in the Trondheim Fjord. The water degiiove
the receiver is 23 metres, and it decreases toweasds (left), south and west, thus, the directvalrmwill be
contaminated by refractions and early reflectidresice the smearing.

Modelling of the Geophone responses

The second method presented is modelling of thptgaw first break responses based on the hydroghene
break response (Amundsen and Reitan (1994), Hov686}):
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, Wwhere T and T are the pressure and shear wave transmissioricteet$ respectively, £, Z,, and %, are the
impedances in the water and sea floor for the taeenmodes , Rs the reflection coefficient at the sea floor
boundary,qp; is the incidence angle amd,, andgs, are transmitted angles for the waves in the sttarh.

Vector fidelity, and data quality in general, ingdithat the modelled and recorded values are dejgake 3
shows the results for a cable sensor and a skisosérom the ROKVA project. Note that the maximum
measured RMS is twice as large for Man for \4 for the cable sensor. The skirt sensor shows esneaby
levels for the horizontal components as well astéebfit wit the modelled results. Note also tharaith




Figure 3.Comparisons of the measured and computed firsktRMS values for a cable sensor (left)
and a skirt sensor (right) from the ROKVA projdoata gather around a circle with a 100m radius.

variations in the Y component of the cable sensor. The results agwse, strongly dependant upon the
correctness of the modelling velocities and denstameters.

Polarization Analyses

Provided that the sea floor is isotropic and theppene ground coupling is good, the traces of the t
horizontal components should be equal in a timedainaround the first arrival at 45 degrees souwaeteiver
azimuth. Figure 4 shows one way to correlate thizbiotal components, Wvand \, at 45 degrees.

Hodograms (not shown) proves the sensitivity towdtee direction of the incoming energy, and plgttofi the
two components together will show directivity pretis right away.

Figure 4.The horizontal components of a node sensor (top) &t North Sea field and a cable sensor (bottom)
from the ROKVA Project
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Figure 5.The average NP RMS ratios as functions of frequency (left) azdnuth (right).
Frequency Analyses

Frequency analyses were performed on the firstrB®0f the traces. Figure 5 shows the averagP Yatios for
5 node sensors as functions of frequency and akzifoutraces within an offset range of 90 to 110ime ratio

should only reflect the differences in frequencgpanse of the hydrophone and the geophones. Theadat
from the 4C node test acquisition. The ratio vawéh less tharx 1 dB over the frequency range.

Conclusions

All the results presented indicate varying azimlLibperties for the sensors analysed. Orientatibithe
geophones into radial and transverse componentsicshialeally, give uniform results. The varying ués
indicate that there are sensor design issues iagldlv determining the azimuthal properties. Geophuousing
and coupling device make a big difference in geophoesponse. The cable sensors used in this test ar
conceptual, designed only to resemble commercialigilable systems, and does not claim to possess th
intrinsic properties of any commercial availablstsyn.

The main difference, for the first break analysssyhether the area of the sensor, which is couadtie sea
floor, extends beyond what could be regarded amionrm point receiver. This is the case for thbleaensor,
where the coupled area might be regarded as thiewdrmth of the cable, or a portion, and the caleldorms
as an array. Cables are asymmetric by nature. Byasmnetric azimuth responses, and thereby vedetitfy,
cannot be anticipated for cable borne receivers.

One result of the ““cable effect” is that it i$ possible to exactly determine the first breakother implication

is that the orientation of the sensor cannot betexdetermined from the first arrivals, which,turn, can bias
the determination of the natural axes of azimutir@kotropy. The incorporated cable sensor showouseri
variations with azimuth. The results show anisdta@oupling response, and determine that shootingide a

sector oft 20° of a cable of this design is not worth the effort.
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