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Semipermanent ocean-bottom seismic node: 
Toward practical reservoir monitoring

Abstract
Seismic reservoir monitoring has 

been found to be effective with recent 
ocean-bottom seismic techniques. The 
technology of ocean-bottom nodes can 
be extended to a semipermanent ocean-
bottom-node (SPN) acquisition type, 
which is fixed on the seabed and acti-
vated on demand for reservoir monitor-
ing. A newly developed SPN method 
allows a high-speed underwater optical 
to communicate with a remotely oper-
ated vehicle or an autonomous under-
water vehicle to stably harvest seismic 
data on multiple repeat surveys. Long-term 
capabilities of deployment life, cumulative 
recording time, and internal clock characteristics are also key 
technologies for practical use of SPN acquisition. This is an 
alternative to fixed ocean-bottom cables that are currently a major 
tool of permanent reservoir monitoring. SPN acquisition will 
present more flexibility for receiver spreads, low installation cost, 
and fewer risks for asset management compared with existing 
seabed technologies.

Introduction
Ocean-bottom seismic technology has demonstrated great 

advantages over the last 10 years for seismic imaging, especially in 
oil field development and reservoir monitoring. The fixed permanent 
ocean-bottom cables (OBCs) method, which was started at 
Valhall Field in 2003, set the precedent for effective reservoir 
management. Permanent systems are used for permanent reservoir 
monitoring at several oil fields, but their use is limited by the high 
up-front cost for instruments and installation (Jack, 2017). Ocean-
bottom node (OBN) acquisition using autonomous seismic recording 
devices placed on the seabed is also used for reservoir monitoring 
and has excellent normalized root mean square or residual differences 
in repeated time-lapse data (Stopin et al., 2011). OBN placement 
can duplicate the accuracies of fixed OBCs by accurate node place-
ment with a remotely operated vehicle (ROV). However, ROV 
operation also involves a high cost at every repeat survey. 
Semipermanent ocean-bottom nodes (SPNs) placed on the seabed 
for extended periods of time enable multiple repeat seabed surveys. 
This reduces the up-front installation and operational costs when 
compared to existing OBC and OBN technologies. Here, we 
introduce the recent progress in SPN technology and its potential 
advantages for permanent reservoir monitoring.
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Ocean-bottom-node technology
Autonomous node technology has been advancing for 10 years, 

not only for field development and reservoir monitoring but also 
for exploration. OBN has become applicable to a wide range of 
seismic surveys by increasing operational efficiency with advance-
ments of the nodes and handling systems combined with simul-
taneous source technology (Figure 1).

Historically, OBN technology started with ocean-bottom seis-
mometers for academic crustal studies in the 1960s, and OBN 
acquisition was optimized to handle a large number of receiver stations 
in a manner similar to terrestrial seismic autonomous recording nodes. 
Electronics and power supply miniaturization made self-contained 
OBNs practically and commercially viable. The latest OBN nodes 
are compact and lightweight enough to handle with ease. They are 
deployed by attaching to a rope in shallow water and by ROV in deep 
water for reservoir monitoring. The number of OBN nodes utilized 
for present-day surveys is dramatically increasing and may currently 
number more than 10,000 per survey.

The technical requirements for OBNs are electrical signal 
fidelity, mechanical transmission response (including seabed 
coupling), clock accuracy, low power consumption, and battery 
capacity. Also required is pressure endurance for deepwater 
installation and the compactness and weight that allow operation 
in a variety of environments and through a wide range of water 
depths. The mechanical transmission of the signal from seabed 
to seismic sensors is ensured by a rigidly coupled configuration 
of the bottom component in contact with the seabed to the 
seismic sensors through the housing. Also, a high bulk density, 
low center of mass, and an azimuthally symmetrical shape are 
important for better coupling with the seabed, avoiding undesir-
able vibrations, and providing omnidirectional response. Landing 
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Figure 1. Application of marine seismic methods in different phases of the reservoir life cycle.



September 2019     THE  LEADING EDGE      717Special Section: Acquisition and sensing

orientation and stability on the seabed also affect the response 
when nodes are deployed by rope. For large-scale surveys in 
which the deployment period is longer, long-term clock stability 
and long-life power management are important. Obtaining an 
acceptable timing error requires that the drift of the internal 
clocks is usually less than half a sample interval. For this applica-
tion, temperature-controlled oscillators in an “oven” environment 
or chip-scale atomic clock (CSAC) type clocks are used. Power 
longevity is achieved by low power consumption of the sigma-
delta analog-to-digital converters, recent miniaturization of 
electronics for data recording, and the extended lithium-ion 
battery capacity obtained by advances driven by the electric car 
industry. Endurance and quick setup for repeatable use for roll 

along-type surveys and the reliability required by blind acquisi-
tion are also key in the instrument design.

Semipermanent ocean-bottom seismic nodes
To extend OBN technology to permanent reservoir monitor-

ing, remote data recovery on the seabed without a cabled connec-
tion is a requirement. This eliminates the necessity to retrieve 
nodes from the seabed. The direct benefit of this is the lower 
up-front cost when compared to OBCs, since there is no need for 
complex cable installation. Another advantage is lower operational 
cost for repeat surveys when compared to standard OBN surveys, 
as there are no node-handling operations associated with the 
placement and retrieval of the nodes between surveys. This advan-

tage is realized by wireless data trans-
mission in the seawater using an optical 
data transmitter on the SPNs. For this, 
the optical link between the node and 
the ROV or the autonomous underwater 
vehicle (AUV) provides an operationally 
efficient solution. The SPN nodes are 
designed based on OBN technology 
combined with an optical data transmit-
ter, an acoustic modem, and increased 
energy storage (Figure 2a). Reliability 
for autonomous long-life operation and 
precise time keeping for a year or more 
are also requirements to make SPN 
acquisition commercially viable.

The key technology — underwater 
wireless optical communication for SPN 
— is robust enough to download high-
capacity seismic data. Using high-speed 
blue-light LED technology, a separation 
of more than 15 m between the node 
and ROV or AUV can be achieved 
(Figure 2b). Figure 3 shows a pool test 
and a sea trial of an SPN node with a 
small inspection-class ROV. Even in a 
low-visibility environment where mud 
or organic matter are suspended around 
the transmitter and receiver, communica-
tion works without noticeable loss of 
transmission speed within a few meters 
of separation. In our experiment, the 
maximum transmission speed was main-
tained at 4 m with the blue LED light 
in seawater with 2 m visibility. The opti-
cal glass window of the SPN node was 
also covered by grains of sand 
(Figures 3c and 3d). While the ROV or 
AUV is hovering above the node, the 
vehicle may be expected to move some-
what, but accurate station keeping and 
submeter positioning of an ROV is now 
attainable. The optical communication 
window covers the expected range of the 
ROV’s hovering ability. The test with 

Figure 2. SPN. (a) SPN components. (b) Underwater optical link between SPN and ROV.

Figure 3. (a, b) Pool test. Video captures taken (c) by a lookup camera adjacent to the optical device in OBN 
and (d) by a lookdown camera on an ROV in-sea trial with 2 m seawater visibility. Due to a panoramic view, 
(a) is skewed.
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the smallest inspection-class ROV without a station-keeping func-
tion demonstrated good communication without the intermittent 
errors associated with ROV positional fluctuations.

Recent user requirements have set the minimum lifetime of 
an SPN node on the seabed at five years or more. Repeat monitor 
surveys are expected to be once or twice a year. For example, 
yearly monitors in the deepwater reservoirs of the Gulf of Mexico 
and biyearly monitors in stimulation fields like offshore Brazil 
may be required for reservoir management. The SPN node contains 
a large number of lithium batteries that have large energy density 
in terms of volume and weight. The energy used is managed by 
controlling the recording period, and the recording period is the 
most power-demanding aspect of acquisition. The acoustic telem-
etry can turn the recording system on and off, order the parameter 
change, and receive node status information. The node is kept in 
a low-power state during nonoperational periods between 
repeat surveys.

Maintaining the internal clock accuracy for an extended period 
of time with an error of less than half a seismic sampling interval 
is one of the challenges for an SPN node. It can be difficult to 
achieve by simply using a CSAC-type clock where the long-term 
frequency stability of 10-10 month order is not enough. Precise 
time synchronization and drift measurement and correction after 
each repeat survey are necessary, and these are acquired by an 
acoustic or optical link. This correction approximates the long-term 
frequency variation estimated from the drift measurement and 
results in residual differences between the true time and the clock 
at less than one millisecond over one year (Figure 4). The subject 
SPN node can perform this time management through the optical 
link during data harvesting with less than one-microsecond 
accuracy despite the ROV’s swaying state. This calibration is 
required only after the interval surveys.

Semipermanent ocean-bottom node operational timelines
A typical operational timeline is shown in Figure 5. The spread 

of SPN nodes is deployed on the seabed by an ROV in a manner 
similar to that of OBN surveys. The source effort is identical to 
OBN and OBC surveys, where the source vessel shoots a shot 
pattern grid. After the last shot is acquired, seismic data recorded 
in SPN nodes are harvested by downloading the data optically in 
a few minutes by an inspection-class 
ROV. During data harvesting, the clock 
drift is measured simultaneously. After 
downloading the data, the SPN node 
is put into sleep mode until the next 
survey to preserve the battery life. This 
type of ROV operation is considerably 
less expensive than the work-class ROV 
operation needed to deploy and recover 
the OBN nodes. Furthermore, the 
inspection-class ROV can be deployed 
from a source vessel after completing 
the source effort, eliminating the need 
for a dedicated vessel. Additional SPN 
surveys after the baseline survey are 
similar to OBC interval surveys with 
the added steps of sending acoustic 

command for start-recoding before the source acquisition and 
data harvesting with clock management immediately after the 
source acquisition. Efficiency of data harvesting is key to the cost 
reduction of repeating surveys. This depends on the data volume 
and a stable optical download. As an option, timed interval 
recording adequately set for a shooting period or selective period 
data download and selective sensor element download, e.g., the 
geophone vertical component and the hydrophone, may be useful 
to reduce the data volume. Passive seismic data acquisition is also 
available on demand by SPN in the same manner of data recovery.

Business advantages of permanent reservoir monitoring
Due to the “permanent” characteristic, a fixed OBC instal-

lation most likely has the lease asset holder as the owner of 
equipment installed on the seabed. OBC budgets are heavily 
front-end weighted due to the investment required to install the 
system. The cost of both OBN and SPN programs is distributed 
among the entirety of the program (Figure 6). An OBN and 
SPN approach shifts ownership to the subcontractor where the 
in-sea instruments, or the survey services, are leased by the asset 
owner. Since the instruments are 100% recoverable, the sub-
contractor can remove the tools of the trade. The asset owner 
derisks their investment by treating permanent reservoir 

Figure 4. The clock calibration model for one year. The residual errors after cor-
rection are less than 1 ms. Within the survey time period, the residual errors are 
much less.

Figure 5. A typical SPN operation timeline for five years. The cumulative recording time for all of the repeat surveys 
over this five-year endurance is 300 days. The first survey needs a work-class ROV for SPN node installation, but 
subsequent surveys can use an inspection-class ROV for acoustic work and optical data harvesting.
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monitoring data the way they would treat seismic data from 
traditional methods. Also, SPN can allow the field asset owner 
to manage the receiver spread flexibly, even after the first instal-
lation. Replacement of dead or erratic channels is much easier 
than with OBC, and dealing with reservoir migration or field 
expansion by moving or increasing nodes is also completely in 
control. SPN can also be fit to the concept targeting a particular 
injection well with minimal receiver patch rather than full field 
survey (Hatchell et al., 2013). SPN can be a low-cost solution 
that can help justify permanent reservoir monitoring for fields 
where the expenditure was difficult to justify with fixed OBCs.

Conclusion
Although fixed OBCs can be fully exploited to provide res-

ervoir monitoring, such as nonlimited repeat survey and continuous 
passive seismic acquisition, SPN also has potential by offering 

ample opportunities with greater flexibility and reduced risk of 
the asset owner’s investment. This may encourage more operators 
to introduce permanent reservoir monitoring technology in their 
fields. SPN is based on OBN technology combined with new 
technologies of underwater high-speed optical communication 
and the long-term capabilities of power and clock management. 
These technologies are optimized for SPN to be practical. 
Automatic data harvesting of OBNs with AUVs is already proposed 
in the not too distant future. Moving and hovering over the node 
spread is possible with recent advancements of AUV technology. 
Acoustic positioning, such as a long baseline systems and range/
direction guide beacons, and image recognition technology can 
also help precise autonomous maneuvering in seawater. SPN is 
an effective tool of permanent reservoir monitoring and is an 
alternative to fixed OBCs. 

Data and materials availability
Data associated with this research are available and can be 

obtained by contacting the corresponding author.
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Figure 6. The relative project costs of reservoir monitoring seismic methods.


