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SERCEL, a subsidiary of CGGVeritas -
the largest geophysical services company
around the world, is specialized in the
development, production and sales
of onshore and offshore, surface and
downhole seismic exploration equipment.
SERCEL, relying on the largest geophysical
application platform of CGGVeritas, is
aimed at serving the global oil and gas
exploration and production business, and
has been for long time dedicated to research
and development and promotion of core
seismic exploration technologies and key
equipment, SERCEL has always stood
ahead of global geophysical technology
and led advancement in seismic acquisition
equipment. SERCEL has the most
comprehensive product line, covering all
technologies from sources, recorders and
receivers in all environments from land,
transition zone to seabed, deep sea and
borehole. These seismic equipment are
not only used in conventional oil and gas
exploration and development, but they have
also proved to be very useful in targeting
the unconventional reservoirs such as shale
gas, tight gas and coal bed methane to
which major countries rely for their future
development.

In this article, the author describes the
latest land seismic acquisition equipment
of SERCEL, including: the 428 XL high
capability recording system, the Digital
Sensor Unit (DSU) which is a single or
three component (3C) digital accelerometer,
the NOMAD series of high-power vibrators
and different long array 3C digital borehole
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tools (GeoWaves & MaxiWave). These
seismic acquisition equipment cover almost
all areas of onshore seismic exploration and
reflect the most advanced technology of the
current geophysical exploration industry.

428XL: the most reliable and fiexible
high capability seismic recording
system 428XL is a single telemetry (one
digitizer per channel) seismic recording
system launched by SERCEL in 2005 to
enhance the capabilities of the previous
very successful 408UL system to which
field equipment is compatible. To increase
channel capability transmission rates have
been improved on both lines (16Mbps
or 2000 channels real-time @2ms) and
transverse (100Mbps or 10,000 channels
real-time @2ms). At the same time the
weight of the equipment like the Field
Digitizing Units (FDU) as well as its power
consumption have been reduced. Thanks
to the replacement of the heavy geophone
strings by MEMS-based accelerometer
within single digital sensors, 428XL has
been able to provide the industry with the
lightest possible receiver point available on
the market (1.8 kg /RP @15m all included:
battery, sensor, electronics & cable). These
Digital Sensor Units (DSU) or the FDU’
s that are connected to the geophones
have their electronics integrated to the
telemetry cable. This assembly called Link
is made of several RP’s (one to six) without
connectors (except at both ends) to improve
line reliability. Full digital transmission of
thousands of channels via only two pairs of
wire from the sensor (DSU) to the recorder
is performed via power units (LAUL) on
the lines and crossing units (LAUX) on the
transverse.

The Ethernet transverse based on a TCP-IP
protocol is connected to Central Unit via a
Line Computer interface (LCI) that has the
same maximum capability as the associated
transverse. The Central Unit itself is based
on a client-server architecture running
under Linux that offers a great scalability
to adapt its configuration and price to any
spread from 100 to 100,000 channels by
adding LCI’s and transverses. The client
may be local or at any remote location
(basecamp, client or contractor office...)
providing there is an internet connection
with the recorder (satellite, Ethernet bridge).
With such capability not only seismic data
can be displayed in real-time but also all
other Quality Controls (instrument, sensor,
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vibrator QC’s) are made remotely available
to acquisition supervisors.

As an example of scalability of the 428XL
system the 428-Lite (Figure 1) is a portable
seismic acquisition system for impulsive
surveys recorded from 100 to up to 2000
channels. It weighs less than 5kg and it
may work from a 12V battery. The whole
system basically consists of a laptop
computer as (client and server), a crossing
unit (LAUX), a GPS for synchronization,
and a break-out Lite box. If a generator
is available a plotter and a NAS disk can
also be connected via an Ethernet switch.
Therefore, the portability of 428-Lite makes
it an ideal recorder for 2D and small 3D
surveys from impulsive source like those
often performed for coal mines. It is also
very suitable for difficult environments like
jungle and mountainous seismic operations
for which it is able not only to greatly
reduce the logistics costs but also decrease
HSE exposure. Since the 428-Lite provide
the same advantages on the recorder side
as the UNITE cableless system for field
equipment, SERCEL recently launched the
UNITE Lite that capitalizes on the benefits
of both equipment to greatly improve the
production efficiency. Today, 428-Lite is
widely accepted by contractors working
for oil and mining exploration in difficult
terrain conditions, and there are more than
100 systems on use.

With regard to the current trends towards
wide azimuth high-density seismic
acquisition, at least in open areas, the
channel count capacity of 428XL system
can be expanded whenever required for
acquisition. One conventional 428XL
transverse using copper wires or optical
fiber has the transmission rate of 100
Mbps and the real-time capacity of 10,000
channels real time @2ms sampling rate.
However, the fast growing requirement
in spread size and dense spatial sampling
made it necessary the simultaneous use of
several transverses (up to 10 x 100Mbps;
Figure 2) to be able of real-time data
transmission. Such configuration adds
constraints when the spread needs to
be rolled to progress in the block to be
surveyed. This explains why SERCEL did
develop an optical fiber Giga transverse
also based on Ethernet to be able to recover
up to 100,000 channels real-time @2ms
(1Gbps; Figure 2). It is not compatible with



B if 1 18

PREMMADSURA T Aahi MR ED
fiE. DSUBLFHaris /2 B s F i B
MERIE AR, T AR
ER A R AL RN R AR B Y
S, IR, A RE R 2 O it
J7 0L £ B 16 S5 R e ) R
SR, FEAGEMEHCHI, [R5 fig
BRI RE R, BTLLR S HF
BA AR IR AR . 7E
HARAR A B RV R LA R
FERBA IR B 2% HR A, X
FER] DL B O N, e
T8 o BT T LUE S A BT R
FRE I 1 F R

WA EAE R AR AR, F
FH428XL AR GEEAT H 7o e 25 B0
AL e 5 R FR R AR A H 8 A
Tl BT, i B A
[X ¥ FH 428XL A& 48 FI FIDSU1 B E her i
PRHHAT B /N PE B A AR
PEHUREhIRAE R REm%

2BXLEM =R (X ) BHFRESEE
) BRI

“‘l’JJ

BTN ERIEEH T (75

E5 PP-PSEAS IRk EFREERASEANNF
ph £k 7 L

YT R RS = YT T RE TS TR R T )
PERNERRLEL, JFIASITE M &
W3S K AR (E4) /Y
A

B TMEMSIE Fr A7 b AR,
R, WL L skl 4%

B =B As (DSU3) , MATIHE]
DL £ LA F 2 MR = 2 R e
BT 2 2 B RS T IE R AR PR
E. SEERZEE, EIIPPHIPSE
AR e R T RS R

20044£10~12H, KIRYHRA T
TEARIERS FH SR A SERCEL /2 R AUDSUB =
SERETFRESRETT _4E=08
HERIER . AR B 1 E R
ek AWM. B TRASHE
e, MR MARETEREEER
TR/, 8 R 9 R R I
T R T ST A R, R
G5 RS AN B IR R — 5 I TR
T A 5 33K 3 AN AN 32 A5 2 FA R
L0 I FR 93 A I8 VR BT BAAR K
MR AR RO B

BT PP FIPS Y B AT BT 0] #5
HED . BB B A RO )= T
IEE R XSIHARS6H HHEA R
HEER (s MEYE, HE
TR 8] bR At 2 SR AR L Ve A
B BRI E 5 B IR RN
BARH]: 9. BRBOEREEVp/Vs—1il
HEHRMABHNAR LR, A
M — 5 IE A BB EhiR 2
PR RS B e 2 T
M2tk 2R mSR RS
BB,

=

Cover Report

the previous conventional one that can be
used only as secondary transverse like for
multi-path data recovery. It is based on
specific new equipment for crossing unit
(LAUX-G), optical-to-electrical conversion
(TFOI-G before and after each LAUX-G)
and Line Unit Interface (LCI-G). Like for
the previous transverse it is possible to use
several of them (e.g. two Giga transverses
to transmit up to 200,000 channels real-time
(@2ms) which mean that the road toward a
one Million channel configuration is paved
even if such large spread configuration
should not be on demand before at least
five to eight years (2017-2020). It should be
noticed that the server processing, memory
and storage capability must also increases
with the quantity of LCI interfaces which is
made possible thanks to the rapid progress
of in the PC-based workstation made
available by the industry.

428XL : the recording system
compatible with the most different
types of sensors The integration of
the MEMS-based Digital Sensor Unit
(DSU) within the 428XL acquisition
system not only provides a full digital
telemetric transmission from the sensor
to the recorder, but also made it possible
point receiver, high-density, multi-
component acquisition without any
change in the recording equipment.
Thus, 428XL has become the only hybrid
system in the industry supporting without
modifications both analog geophones
and/or digital accelerometers. At present,
most seismic exploration projects still use
conventional analog string of geophones,
while the emerging Multi-Component
(MC) seismic requires three-component
(3C) digital sensors, to record the full
wavefield including compressional (PP)
and converted (PS) shear waves. In some
surveys made from fixed spreads a mix of
FDU’s connected to 1C-geophones and of
3C-DSU’s was seamlessly recorded by the
428XL.

MEMS-based accelerometers as produced
by SERCEL are the result of more than
20 years of Research & Development
effort. In complement to the lightweight
one component DSU (DSUI; Figure 3)
three-component DSU family includes the
conventional DSU3, a version that can be
buried down 15m depth (DSU3BV), and
the self-positioning (+1m) / orienting (+3°)

so1opoz A Mg (WAT) 41
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DSUGPS thanks to a combination of two
GPS antennas.

All these DSU’s display incomparable
superiorities to conventional analog
geophone in vector fidelity and frequency
response characteristics thanks to: their
flat and linear amplitude and frequency
response (0-800Hz), their calibration at
DC with respect to the gravity vector
that is used for automatic tilt corrcetion,
their low distortion (0.0032% or -90 dB),
their insensitivity to temperature/aging,
and their immunity to EM interferences.
DSU’s are ideally suited for single-point
receiver acquisition that prevent from the
detrimental effects of the geophone arrays
like the intra-array statics detrimental to
the high frequency preservation or the
directional filtering that may bias the
detection of the azimuthal anisotropy.
However in a noisy environment a single
DSU cannot replace a full string of
geophone to improve the Signal-to-Noise.
It gets necessary to plant several DSU’s
within the previous array length to be able
to record an unaliased organized noise and
to increase the fold coverage necessary
for the ambient noise reduction. Xinjiang
Qilfield applied the 428XL system to an oil
field for single point dense 3D acquisition:
sections acquired with DSUI at a spacing
lower than the previous geophone string
length clearly evidence the oil-water
contact (OWC) due to the improved vertical
resolution and S/N (Figure 4).

Due to its small size and easy integration
with electronics, MEMS chip can easily
be assembled into three-component DSU3
avoiding the many polarity or component
crrors that may occur when connecting
triphones to the three different digitizers
(one FDU per component). By recording
the combined PP and PS-waves they have
improved reservoir prediction accuracy.

Daging Geophysical Company carried out
2D-3C seismic exploration in 2004 by using
DSU3 in Xushen-gas field. The target of the
exploration was a deep volcano-clastic gas
reservoir. The P-wave velocity becomes
lower due to the existence of natural gas,
while shear wave velocity is basically
not affected. Thus, a comprehensive use



Bt i 4 E

E7 90, O0OEEH J1HINOMADIORIERIBEA(Eeh

ZHEIR (23)3241) ki, BIE
BERMELAERR R =, A
AT FA2BXLAT AR (VE464)
R R ER . A&
BRI, DI RSN
SERAMMK AL, RNS&REH
i TP/ FE
i (DSSSHARSE) fENk vk, X
H, FEFFREMERMGT, THERE
F H A= R AT LLE 220, 00072
PAL. PERZRHRET, ] LUK H
SEEREH AR, B REmEE
WA A A T4 (O] RARIE
FTAE—HE) , 128X EHIEBICPS
RIS R, HRFE S8 —
MEEFRE, KKEDENSEE
A A TGk TR
ATIRBE p R E SR, X
AR AT RN R, 0
E BRI RRVRE (WiNomad65) 1
L EREI (Nomad90) HAT/E
(B7) o NomadZ 7] 45 IR ot
HINIAR R RS, REbE IR At o
WA, b T BRICARE, #&
THREREFTE, (MM 1HZ
FaaaH. hTHRSMER, &
= TR B I )l R £ i
E AR R A B 25007 . XL

\ :

f——————s SlimWava™

‘nt\

Maxivave®

B8 SERCEL=4y# # TVSPITEfMatiabid R4¥

AR RAMUERH B 5 R4 PR
HERR, THBD TR
B, A TEREAMEREEEN

B20034F # 7 M5 Lok,
Nomad65 W] 5 VR B 4 2 M f5 A1
MR AT AL RS, . EAVIK
ME AR T, EAHRIKERF
B (30CH-50C) fIAEM, LUK
WEHEVHRE RS, FAHREE
FIERIEAE L AR aE %, K
Nomad6b & HT00%E 5%, FEHM
TEMRF . LEMPREMK, b
FEF EEER AR . SERCELFIH
FENomad65 i) 5 RIE_LINFF REK,
FThHEH T Nomad90#E & BRI AT #5558
I, ERNERE ) GRe DI )
EE, JAF90, 0005, FAHEH
R, HUERYBE AR LT .

EEAEHRAFE
HF=HNEVSPEWERS
EHM B (VSP) AR
HAEDERBT X RS, EXEA
RO AT DR EEAR. BT
VSPRAIFF M ER, i sl ;5
R FRAR T A b 2 R M TR N
fIREm, [Hik, VSPHUERLEA R

CoverReport

of PP & PS-waves will greatly improve
the precision in gas reservoir description.
After joint inversion of the prestack time
migration PP &PS gathers, different elastic
parameters were defined that match the
well logs at XS1 and XS6 and helps to
correlate the gas and shale layers between
these wells (Figure 5). The result of multi-
component exploration in Xu-Shen gas
field confirms that 3C exploration is an
effective method to improve the precision
and reduce the non-uniqueness of reservoir
characterisation.

428XL: the perfect combination of
cable & cableless RP’s within hybrid
spreads The integration of the Unite
cableless system within the 428 XL cable
system (same electronics, same software,
same processes and same QC’s) makes
it possible the use of hybrid spreads that
may more easily adapt to various terrain
configurations while keeping the benefit of
recording consistent seismic data output as
a single SegD file.

With the gradual shift of seismic
exploration towards densely populated
areas, more difficult access terrain or
environmentally sensitive regions,
conventional seismic acquisition is facing
lot of difficulties to layout the spread across
the many obstacles, to communicate via
radio with the source and the field operators
and to transmit data and QC’s via the lines
and the transverse. This of course decreases
operating efficiency. If for the 428XL cable
systems solutions have been developed for
leng time using multiple support telemetry
(e.g. Ethernet bridge or laser) and multi-
path telemetry (e.g. secondary transverse,
line snaking or detour), it is obvious today
that the most efficient way (except for
transverse) from an operational point of
view is to complement cable lines with
FDU’s by the UNITE Remote Acquisition
Units (Figure 6). Sometimes the terrain
configuration gets so complicated that only
cableless units are used

These RAU’s are autonomous recorders
performing continuous seismic acquisition
and able to QC data, instrument and sensors.
They integrate GPS for synchronization
and WiFi for remote seismic data and QC’
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s harvesting on the field while acquisition
is not discontinued. Within the radius
(up to 1 km) of the Cell Access Node
(CAN) antennas which are connected via
Ethernet to the recorder or to the crossing
units (LAUX) this data transmission
is performed in (near) real time as for
cable. Each of these RAU’s includes an
internal Lithium-Ion battery with a limited
autonomy (3 working day recording, about
10 day detection in case of lost or stolen
unit). Connected to an external 18 Amp. Hr,
external lead-acid battery that can be hot
swapped the RAU autonomy gets above
four weeks of 12h/day continuous GPS
time stamped recording. Even when these
data are harvested they stay stored in a
circular buffer for at least one month before
to be erased providing sufficient time to be
sure that data have been properly stored as
SegD files.

A full range of RAU has been made
available in order to be able to provide the
same capability as for the 428XL cable
system: the standard RAU (1C) manages
the conventional strings of geophones;
RAU-3 (3C) can be used to record three RP’
s or triphones; RAU-D is to be connected
to a specific 3C MEMS accelerometer
(DSU3SA).

The NOMAD family
vibrators: an ideal source
for high productivity and
wide band VibroSeis

For 3D land acquisition optimal spatial
sampling it is recommended to perform
symmetric sampling which require s the
same geometry for the source lines than for
the receiver lines both being perpendicular
each other. This call for a large increase in
productivity on the source side that becomes
possible if several fleets of vibrator are
used (from 2 to 32) in conjunction with
advanced shooting methodology as made
available by the 428XL and the Vibrator
Electronics (VE464). With these high
productivity Vibroseis methodologies
the cycle time between two successive
sweeps gets reduced. By combining
alternate (like Flip-Flop or Sleep-Sweep)
and simultaneous (like Distance Separated
Simultaneous Sweeping) operations,

the daily productivity in operations in
open terrain may reach 20,000 Vibrating
Points (VP’s) per day. In complex terrain,
a methodology like the Independent
Simultaneous Sweeping (ISS) requires to
split the active template in several areas (as
many as the number of vibrators) which
relative dimensions depend also on the
local conditions. Radio communications
with the Central Unit often difficult in such
context is not mandatory: using GPS timing
for the continuous recording by the 428XL
as well as to stamp the time break of each
VP’s both get synchronized.

Since the number of vibrators available on a
crew is limited and to preserve the amount
of energy emitted per square kilometer
it becomes necessary to use heavy (e.g.
Nomad 65) or super heavy (e.g. Nomad 90)
vibrators (Figure 7) within fleets having
a limited number of units (often a single
vibrator to maximize the number of groups
and to be able to perform point acquisition).
In addition Nomad family vibrators have
been designed with enhanced mechanical
and hydraulic characteristics to be able to
widen the frequency bandwidth. To emit
the Low Frequencies (LF from 1Hz)) the
displacement of the mass (stroke) has been
increased together with the hydraulics flux
made available. For the High Frequencies
(HF up to 250Hz depending on terrain
conditions) the rigidity of the baseplate has
been improved as well as the response of
the valves. The benefits are not only higher
vertical resolution but also less harmonic
distortions, both contributing to seismic
imaging enhancement.

The Nomad 65 marketed since 2003.
It is made available with many options
depending on terrain condition like: tracks
for sand or snow, winterization for low
temperatures (down -30°C or -50°C) or
soundproof cover for acoustic isolation in
town. With more than 700 units in operation
(mainly in Russia, North Africa and
Middle East, but also with some in China)
this vibrator has become a standard for
high density high productivity Vibroseis.
Nomad 90 benefits from all experience
gained with Nomad 65 to provide enhanced
performances thanks to higher hydraulic
peak force (thus reducing the sweep time)
and more powerful LF and HF sweeps
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3C digital multi-level
downhole seismic arrays
for different environments

The Vertical Seismic Profiling (VSP)
technology is a key technology necessary
for oil & gas exploration and production.
By clamping long downhole array of 3C
receivers in the borehole, it get possible
to image the near well environment with
high signal-to-noise ratio, much better
vertical resolution due to the proximity
to the reflections and improved time-to-
depth calibration. In addition, the levels at
which significant internal multiples and/or
the P-to-S conversion occur are directly
detected. These VSP tools have other
applications at the reservoir levels like for
monitoring micro-seismic activity and for
cross-hole tomography and imaging when
the source is activated in the borehole.
All these downhole methodologies have
important application in mature fields where
many well already exist and where accurate
correlations between (thin) reservoir layers
become more important to improve oil &
gas recovery.

SERCEL develops VSP tools for forty
years. Since the early 2000°s it markets
a full range of 3C digital multi-level
downhole seismic arrays, each one adapted
to different borehole environments and/or
seismic imaging constraints. Their common
characteristic is that they used the standard
logging cable (7 conductor) and real-time
high speed telemetry (from 2.5 to 4Mbps)
to recover up to 100 3C levels made in
Titanium at high sampling rate (down 0.25
ms depending on the length of the array).
Data are recorded by the WaveLab (Figure
8) that is a Windows based recorder that
may be synchronized with the 428XL via
the VE464 for joint surface 3D and VSP
operations. It has full testing capabilities
during deployment and acquisition thanks
to the WaveControl software.

The SlimWave array (Figure 8) with
up to 24 3C levels is for slim borehole
applications, including tubing. Thanks
to a pull-down tractor it may be used in
horizontal well. They are more than 200
levels in operation, mainly used for micro-
seismicity monitoring. The GeoWaves array
(Figure 8) with up to 32 levels is designed

Cover Report

for VSP operations in open or cased hole
with a deviation up to 60° and in hostile
environment (up to 180°C & 22,000psi)
like for deep offshore and shale gas.
They are about 300 levels in operations,
particularly in China. The MaxiWave
(Figure 8) is capable of up to 100 3C
levels with a 2000m antenna aperture
at a 2ms sample rate. Such long array
significantly improves seismic imaging and
speeds up 3D VSP operations that do not
require anymore several runs. For efficient
operations with such high amount of level,
it benefits from a unique bypass function
in case of a satellite failure and from a safe
spring loaded locking arm design allowing
easing retrieval both in cased and open
hole. They are more than 500 levels and 9

MaxiWave systems operating globally.

In summary, constant progress in
geophysical equipment supports the
continuous development of seismic
exploration that becomes more
sophisticated with high resolution, high
density, wide azimuth and multi-component
3D surveys. All these technology progresses
are aimed at improving seismic imaging and
reservoir characterization, but this should
be achieved by enhancing productivity
to control cost and turnaround time. By
insisting on the implementation of the latest
technologies in the recording systems,
seismic sources and sensors, SERCEL leads
the market and the developments in the
seismic equipment industry. As the world’s
largest manufacturer of seismic acquisition
equipment, SERCEL supports worldwide
the geophysical contractors which face
more challenging surveys in remote and
difficult areas.

Concerning the Chinese geophysical
exploration companies, SERCEL pays
much attention to their various requirements
by designing new equipment more
adapted to their needs and by continuously
strengthening its customer support to
provide domestic and international
services “anywhere, anytime, everywhere”
within 48h and with a continuously
available hotline. The entire staff of
SERCEL Beijing representative office
sincerely hopes continuous progress and
vigorous development for the geophysical
exploration enterprises in China.
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