Image: Vibrator trucks provide
the source for ZLand operations in
Long Beach, California.
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at the benefits of no-cable
nodal seismic systems.
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il and gas exploration is fraught
with risk, and explorationists
must rely on an array of technical
tools, in addition to their considerable
knowledge of the subsurface, in order
to locate new hydrocarbon sources and
to wrest more production from mature
fields.
This is particularly true today when
the relatively easy finds are a thing of
the past, and reservoir complexity is
the rule rather than the exception in
many instances. Couple this with often
hostile drilling environments, e.g. ultra
deep subsalt locales, shallow water
deep horizons, congested urban areas,
etc., and the number and degree of
challenges escalates markedly.
Continued advances in various
technologies are a must if geoscientists
are to carry on successfully in the quest
for hydrocarbons. Perhaps the most
desired advances are in the realm of
seismic data, which are invaluable for
imaging target horizons in order to
enhance evaluation and interpretation
and, subsequently, to minimise risk.
Just as the quality of the seismic
data is a vital component, quantity
can be equally important given there
is no such thing as too much data.
Consequently, almost everyone appears
to be increasing channel capacity, and
large channel count crews are becoming
evermore commonplace. Today,
3000 - 5000 channel count crews are
not uncommon, particularly in the USA
and the Middle East. A survey in Kuwait
recorded 80 000 channels, and there
is reportedly a current effort to develop
seismic sensor technology to make
it feasible to do seismic surveys with
more than a million channels. Compare
this to perhaps a maximum of a dozen
channels at the dawn of the business
nearly a century ago, and the impact of
new technology takes on a whole new
meaning.
The industry is fortunate in that the
many experts responsible for technical
advances appear to be gifted with a near
overload of talent for innovation. Nodal
seismic data acquisition technology
is a dynamic example of what such
talent can accomplish. Having no
interconnecting cables between their
remote acquisition units, nodal systems
have been generically grouped together
for some time as cableless systems even
though some of them actually still have
some external cables and connectors.

Mexico (GOM). Deployment is often impossible in these areas yet
streamer applications are not always the answer, especially over the
heart of a field where a platform may be in place.

Meeting the challenge
To cover all bases, the ZNodal Technology group consists of a
trio of no-cable nodal seismic data acquisition systems each
designed to accommodate the specific environment where it
will be deployed: ZLand®, Z700® (ZMarine system designed to
operate at depths of 0 - 1200 m) and Z3000® (deepwater ZMarine
system capable of operating as deep as 3000 m).
Although mechanically different, the three nodal systems
share a number of essential characteristics:
Figure 1. A ‘six pack’ of ZLand nodes are deployed in central Texas.

However, FairfieldNodal’s™ ZNodal® technology group of
systems is designed to function without any cables whatsoever
in both marine and land environments, and the company now
focuses almost exclusively on nodal seismic applications. A
quick look at where the industry has been, and remains in some
instances, can best demonstrate what spawned the need for
these nodal seismic systems.

The need for nodal seismic systems
Many acquisition systems operating today use some type of
cable to connect the sensing units, i.e. geophones, hydrophones,
micro‑electro mechanical systems (MEMS) to a remote acquisition
unit. Some systems store the data within the deployed units for
later retrieval. Most of these systems transmit the data via cable,
or sometimes radio frequency (RF), to the central recording
system (CRS).
However, the CRS can become a bottleneck because we are
running out of bandwidth. This means we are nearing the limit to
retrieve data using either real time telemetry, where data acquired
from one sample interval is transmitted prior to the next sample
interval, or via reasonable time telemetry, which uses the time
lapse between records to send the data to the CRS.
In addition to limited bandwidth, the data gatherers frequently
must grapple with external problems associated with the many
cables and connectors used in seismic data acquisition programs
to attach sensors and external batteries to the remote acquisition
units. Cables are also routinely used to connect all of the remote
units together for the purpose of telemetry and/or power supply.
The sensors ordinarily are composed of a string of anywhere
between six and 72 geophones wired together by cable.
Besides the spread cables and geophone string, the typical
3D land seismic crew must deal with an array of ancillary
equipment, including external batteries and power packs,
crossing line cables or a RF antenna for each remote, and more.
Each geophone string and piece of equipment requires one or
more external cables.
In other words, the acquisition crews are encumbered with
a virtual sea of cables and connectors. All of this equipment
demands constant surveillance and time consuming expensive
maintenance, which slows productivity among other problems.
Challenges abound in the marine environment as well, where
ocean bottom cables (OBC) have long been the go-to method to
acquire seismic data. Cables are a particular problem in subsea
areas having heavy infrastructure, such as the shallow water Gulf of

REPRINTED FROM OILFIELD TECHNOLOGY
July 2010

ññ
ññ
ññ
ññ
ññ

Autonomous.
Reliable.
Continuous recording.
Entirely devoid of cables.
Negligible footprint.

Basics of the systems and their applicability
Dry land operations
The ZLand nodal system was developed specifically for dry
land operations. It is designed for rapid deployment and high
production, and is especially suited for use in urban areas and
over rugged terrain, in addition to non-challenging topography.
Because there are no cables at all, the self contained nodes,
which are autonomous recording units, require no troubleshooting,
thereby reducing cost and increasing productivity. The absence of
cables enables the nodes to be buried in the ground, where each
small 4.7 lbs unit is hand placed in an 8 in. hole and covered with
a couple of inches of soil.
The autonomous single component land nodal system is
capable of acquiring 288 hrs (12 days) of continuous seismic
data unattended. The number of days an individual nodal unit can
remain in place may be extended by cycling the unit into and out
of a sleep state at predetermined times.
When the recording cycle is complete, the nodes are
retrieved to download the data for quality control (QC) prior to
recharging the nodal unit batteries for redeployment. The system
has successfully acquired data using conventional Vibroseis®,
simultaneous sourcing Vibroseis and dynamite sources.

Marine nodal systems
In the ZMarine systems each autonomous node is a self
contained, four component recording system, which collects
data while deployed on the seabed. The two nodal systems
each require only a node management vessel and a dual source
shooting vessel.
The Z3000 nodes are distributed on the seafloor via an
ROV, ensuring both positional accuracy and repeatability. This
is a prerequisite for superior quality 4D seismic, which is in
considerable demand for both reservoir management and fluid
movement monitoring. As a byproduct, every ROV enabled node
survey is a 4D baseline survey.
Upon deployment, the autonomous self contained nodes
record seismic data continuously for as long as 60 days in a
virtually noise free environment before retrieval via the ROV.
In contrast to Z3000, the Z700 nodal units are deployed and
retrieved by means of rope technology using a surface vessel.
They can record data continuously for 15 days.

Once the ZMarine nodes are retrieved to the node handling
vessel, the recorded seismic data are downloaded to undergo QC.
The node batteries are recharged for redeployment on the seabed.
The design of the two marine nodal systems enables any
receiver geometry. As a result, they are an ideal tool for wide
azimuth (all azimuth) seismic data acquisition, providing complete
coverage even in heavy infrastructure environments.

Field applications
Nodal seismic systems devoid of cables are increasingly
becoming the tool of choice for seismic data acquisition in order
to acquire high quality images, while circumventing the problems
indigenous to cable systems. The high value imaging ability is
attributed in large part to:
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Enhanced signal and reduced noise.
Better attenuation of multiples through PZ combination.
Improved bandwidth.
Positional accuracy.

Several successful field programmes attest to the imaging
capability of these nodal systems.

Atlantis field
Industry movement towards no-cable nodal systems essentially
began in earnest in 2005 when Z3000 was first used for
commercial application at the BP operated Atlantis field in the
GOM. The purpose of the Atlantis project was to acquire wide
azimuth data to overcome imaging problems related to the
illumination of subsalt structures.
All azimuth illumination is essential to accurately image
reservoirs that are partially obscured by salt bodies or other
velocity complications. The Z3000 nodal system’s ability to cost
effectively acquire true all azimuth seismic data by recording in all
directions makes it ideal for application in subsalt environments.
The Atlantis project involved ROV deployment and retrieval
of nodes coupled to the seabed at 1628 locations spread over
240 km2 at water depths between 1400 - 2200 m. The difference
between the ROV’s estimate of position when the nodes were
deployed and later retrieved was 5 m or less for 75% of the
nodes, which was significant testimony to the node positioning
accuracy via ROV. The Z3000 nodal system successfully acquired
high quality data needed to image beneath the salt.

Deimos field
A later 3D project using Z3000 occurred in 2007, covering
approximately 134 km2 at the Shell operated Deimos field
in approximately 1000 m of water in the GOM. The field lies
beneath a salt overhang that had prevented adequate imaging.
It was determined that nodes would be the most effective and
economical way to acquire the needed wide azimuth data in such
a limited area, particularly one crowded with infrastructure.
The successful 3D project included a small scale 2D node
repeatability study at the same location and water depth, once
again verifying that OBS data acquired with autonomous nodes
exhibit excellent repeatability.

Long Beach Signal Hill (LB/SH) field
A 2D seismic survey using ZLand was implemented in 2009 in part
of the giant LB/SH oilfield, which is operated principally by Signal

Figure 2. Z3000 nodes are deployed with an ROV using
FairfieldNodal’s seismic sensor transfer device, or deployment skid,
mounted below.
Hill Petroleum, Inc. The survey was implemented in and around
the highly congested Signal Hill and Long Beach municipalities
in California. Earlier survey attempts using conventional cable
systems in this environmentally sensitive and crowded urban area
had been vexed with numerous problems.
The nodal programme consisted of four buried lines of
nodes deployed along the sides of city streets. One line bisected
Long Beach airport taxiways and runways, and three lines crossed
a major interstate highway. The project incorporated Vibroseis,
with four IVI Hemi 60 vibrators providing the source energy.
City officials and citizens alike approved of the way the project
was conducted, and the client was pleased enough with the
quality of the acquired data to purchase its own ZLand system.

Surface microseismic and 4D
Once the LB/SH project wrapped successfully, survey operator
SISCO contracted with a client to move to a whole different
geographic region to implement both a 4D and a surface
microseismic survey where two wells were being perfed and
fraced. The operator’s initial step was to lease a ZLand system
to acquire the high resolution, closely spaced data near the
wellsites.
The deliverables from the three phase survey included
Vibroseis formatted data and continuously recorded microseismic
data. The deliverables were generated onsite after the raw
continuously recorded data were downloaded, and the project
required only 27 days including equipment arrival and removal.
Both the 4D and the microseismic were a first for this land nodal
system.

Conclusion
Nodal seismic technology inarguably has established its
effectiveness and reliability for a wide array of applications,
including subsurface target imaging and 4D, or time lapse,
projects. Today, a number of industry experts predict that the
use of autonomous, high production nodal seismic systems
completely devoid of cables is destined to become commonplace
worldwide. O T
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