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seismic recording instrumentation, quality control and
data processing subsystems, the air supply for the source
array, and very precisely controlled navigation and
positioning control systems.

Abstract
Reservoir management has become a critical aspect in
the economics of a producing field. Geophysicists and
geologists are continuously searching for potential
methods seismic data can help reservoir engineers make
better and faster decisions to improve field production.
There are numerous enhanced oil recovery (EOR)
methods available today to assist in recovering oil and/or
gas. Methods such as horizontal drilling, various drilling
technologies, subsea production, completions and
fracturing have all played roles in enhancing oil recovery.
Seismic technology has not received the notoriety it
deserves from the oil and gas industry for it’s contribution
to falling exploration and production cost, it is perhaps the
largest contributor in lowering the overall E&P cost.
4D - also known as “time-lapse seismic”, is the process of
taking a snap-shot of a reservoir at various stages in time
within it’s production life cycle for monitoring reservoir
behavior and characterizing associated properties over
time using seismic data acquisition techniques.
4C (four component) - commonly known as “multicomponent”, refers to the number of directional sensors in
an individual sensor package. Normally these sensors
consist of one hydrophone, which measures the downgoing compressional waves (P-Waves), and three
geophones, which measures particle movement in three
directions, one vertical and two horizontal. The particle
movements are converted shear waves (P to S-Waves).
This paper describes the different types of acquisition
systems and methodologies available today to acquire 4D
and in most cases to additionally acquire 4C seismic
datasets during the life of an oil or gas reservoir.

Types of 4D Acquisition
There are three main sensing methodologies used for 4D
acquisition; towed hydrophone arrays, seabed sensors,
and down-hole sensors. Seabed sensor systems can be
either cabled or nodal based systems. We will discuss
the current advantages and challenges of each technique
within this paper.
Towed Hydrophone Arrays
4D seismic surveys are commonly conducted with a
single vessel, towing multiple hydrophone arrays,
commonly called streamers and an air-gun array(s).
Employed onboard these streamer vessels are the

Figure 1: Illustration of a vessel towing hydrophone arrays
Today, within each towed array are externally mounted
positioning (acoustic and heading sensors) and control
devices (streamer leveling), which provide highly accurate
positioning solutions for each hydrophone channel and
the associated source location for each seismic event.
Approximately ninety percent, if not more, of all 4D
seismic datasets, either the initial 2D/3D or the
subsequent 3D surveys conducted, have been acquired
employing towed hydrophone arrays. The main reasons
related to this accumulation of 4D streamer surveys are
primarily due to the fact that these types of acquisition are
relatively
cost-effective
especially
due
to
the
advancement of multi-tow streamer methodologies and
subsequent increased production rates.
Additionally
these types of crews are plentiful when compared to other
marine seismic operations, with approximately fifteen
companies operating fifty-plus streamer vessels
worldwide.
The challenges for towed arrays as they relate to 4D
seismic data are repeatability. Signal to noise results
from streamer surveys vary with origins such as,
susceptibility to ambient sea noise caused by
deteriorating weather conditions, towing arrangements
and/or source/receiver specifications. Changing source
and receiver geometries, shot-to-shot, line-to-line and
survey-to-survey also results in uncertainty in the
quantification of 4D attributes (Calvert et al., 2002).
Three challenges that cannot be solved with traditional
streamer operations are, one, the lack of converted shear
wave data. Towed arrays can only provide p-wave data,
which limits reservoir characterization. Two, streamer
vessels today are towing six, eight or ten 6,000 to 10,000
meter streamers symmetrically behind the vessel, which
poses as safety, cost and possibly environment risks not
worth challenging near various surface and subsurface
obstacles, which are common in a producing field. Lastly,
the evolving requirements for micro-seismic or passive
reservoir monitoring activities are extremely difficult to
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address with a towed array. Later in this paper, we will
provide a possible acquisition solution that can enhance
the towed array acquisition to address these three
challenges.
Today, advancements have been accomplished in towed
solid streamer technology. Solid streamer is less affected
by deteriorating weather conditions and towing
arrangements due to lack of bulge waves (sloshing of the
streamer ballast oil within a streamer section), thus
providing improved signal to noise performance.
Because of the solid design and subsequent lack of
streamer ballast oil, the user has a streamer, which is
much easier to ballast and control, and it is
environmentally sound.
The solid streamer’s robust design provides improved
system performance because of its shear strength and
improved acoustic performance due to resistance to
ambient noise contributors. These types of streamers
can also be towed at a much shallower depth, thus
broadening the seismic bandwidth (Hite et al., 2003).

Seabed Sensor Systems
known as “Ocean Bottom Seismic” is the process of acquiring a

Available to the industry today are two possible seabed
sensor systems, cabled or non-cabled, commonly
referred to as nodes.

Figure 2: Pictorial of an Ocean Bottom Cable Survey
Cabled systems, better known as “Ocean Bottom Cable”
(OBC) is the technique of acquiring a seismic survey by
placing
sensors
(hydrophones
and
geophones)
temporarily or permanently on the seafloor. These types
of operations generally employ three or more vessels.
Two
of
these
vessels
are
generally,
cable
handling/recording vessels and the other is the airgun
source vessel.
A limited number of marine 4D seismic surveys have
been acquired to-date using ocean bottom cable
techniques. Developed initially in the mid-1970s, ocean
bottom cables were deployed primarily to address seismic
acquisition in bays, shallow water, and highly congested
areas offshore in the Gulf of Mexico. In the late 1980s
and early 1990s, interest grew internationally for this
technology.
Ocean bottom cable surveys provide highly improved
signal to noise data, as the sensors are laid on the
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seafloor resulting in sensors that are static and less
vulnerable to ambient noise that plagues towed array
surveys. Improved source / receiver geometries and
multi-azimuth data can also be obtained. Multi-component
sensors can also be deployed to obtain converted shear
wave data.
OBC systems have matured from re-deployable (capable
of repeated deployment and retrieval operations) systems
to permanently installed systems. Permanently deployed
OBC 4C seismic equipment can provide data to better
support facilities planning and development, optimizing
drilling programs for improved well placement and when
positioned for the life of the field can aid in characterizing
reservoir properties (Calvert et al., 2002). Passive or
micro-seismic surveys are also possible as a result of
these permanently installed sensors.
The challenges for cabled seabed systems are costs and
crew availability. The costs are associated with the
equipment, survey logistics (deployment/retrieval), and
slow production rates, when compared to towed array
surveys. Production rates during seismic acquisitions can
be vastly improved if permanent arrays are deployed.
Data from repeated surveys using ocean bottom cable
(OBC) with multi-component sensors can play a key role
in tracking fluid movement, locating bypassed pockets of
oil and identifying opportune areas for further
development. These surveys often offer additional
bandwidth, both at the low and high frequency end of the
response. This has high potential for improved resolution
with immediate benefit to reservoir imaging and
characterization.
Adopted from the communications industry, permanently
deployed systems have incorporated fault-tolerant system
architecture. Adding redundant power and data telemetry
wires to the cable construction and incorporating the
appropriate modus operandi, such as looped-back cables,
provides the best means to improve system performance
and extend the system’s life while in-situ.
While
manufacturers of equipment spend immense amounts of
time developing and qualifying equipment, it is equally
important that the handling equipment used during
deployment and retrieval, be one hundred percent
compatible with the system.
Cabled systems provide the ability for the in-sea
equipment and sensors to be tested during and after
deployment, as well as during data acquisition.
Technology exists to allow for real-time data QC and data
transmission to shore based systems and personnel, via
a surface platform’s (TLP, SPAR, etc.) communication
system.
Additionally, HSE compliant deployment and retrieval
methodologies are being employed by service companies
to insure that the deployed equipment is laid within
specification and more importantly in a benign and safe
manner.
Nodal systems, or non-cabled systems, evolved from
deep-ocean seismometers, which have been used by
research institutions, universities, and governmental
agencies, such as the USGS, to monitor tectonic and
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volcanic earthquake activities. Similar to cable systems,
where sensors (geophones) are in contact with the
seafloor, the nodes autonomously or semi-autonomously
record continuous data locally, until the units are
eventually retrieved or until the battery power has drained
below operational levels.
Though there are many different types of node designs,
all nodes are similar in that they all have three geophones
(types and arrangements vary) and a hydrophone, and all
data is recorded onto a local hard disk after analog to
digital conversion and, depending on the manufacturer,
varying levels of digital signal processing has been
conducted. These units are also battery powered, as
previously noted.

surveys provide good amplitude control and an excellent
vertical profile of the reservoir but lacks in adequate
lateral data as the data steps away from the well. These
surveys can also be fairly cost prohibited considering the
value added versus surface seismic methods.
Each field presents it own unique challenges. These
challenges
may
be;
geophysical,
geological,
environmental or logistical, either way a 4D solution exists
today. Integrated systems and techniques can be
employed to be image and characterize each reservoir
despite the challenges. Whether it’s an integration of
seabed cabled and node systems due to subsurface
obstacles, nodes and towed array surveys to enhance the
towed array dataset with wide azimuth multi-component
data, or the addition of down-hole sensors to compliment
surface seismic activities.
A seismic solution exists to provide reservoir asset teams
with quality seismic data. Additionally, gradually staging
systems to meet field activities could also prove to be
economical by allowing for the amortization of the
equipment and intervention costs over years as opposed
to months.

Figure 3: Photo of a 4C node
The upsides for nodes are similar to those with cabled
seabed systems, repeatability due to improved signal to
noise performance, multi-component sensors, works well
in obstructed areas, crew can be easily mobilized on
vessels of opportunity, and these units can also be used
for micro-seismic surveying.
While the initial costs are associated with the
procurement of equipment and battery replacement, the
main cost contributor to this type of acquisition is
associated with the repeated deployment and retrieval of
the units (vessel time or day rates). Optimizing the
deployment and retrieval techniques will help lessen
these intervention costs.
The other challenges facing surveys conducted with
nodes are the repositioning of each node after data
retrieval, which subsequently poses as a repeatability
issue. Additionally, zero to very-limited real-time QC is
also an issue. The latter challenge is currently being
addressed with the aid of acoustic transmission schemes
and methodologies. If significant telemetry bandwidth can
be achieved, this technology will also address the
repositioning issue, leaving only total data recovery and
power re-supply, at depth, as outstanding issues.
The upsides for down-hole sensors are similar to those
with seabed systems; repeatability due to improved signal
to noise, multi-component sensors, and this technology
could also be used for micro-seismic activities. 3D VSP

Figure 4: Pictorial of a permanent seabed system

Conclusions
The geophysical community, oil companies, equipment
manufacturers,
service
companies
(installation,
acquisition and processing), must work together, on a
asset by asset basis, to minimize system integration and
intervention costs, to best fit the field’s economic forecast,
without compromises to health, safety or environment,
data integrity and the integrated system performance,
while improving the field’s output and minimizing risks.
Highly advanced integrated 4D solutions are currently
available.
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