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Abstract. The regular monitoring of the relative position of a sequence of radioactive bullets shot through
the well of a vertical borehole can provide in-situ measurements of deep rock compaction. Developed in the
’70s, this technology has experienced a growing interest in the ’90s, but in recent years, its use and relevance
in land subsidence management above producing hydrocarbon reservoirs have been often debated. The present
communication analyses the state of the art of the radioactive marker technique and provides a critical review on
the role that these measurements might play in the future evolution of land subsidence monitoring and modelling.

1 Introduction

The Radioactive Marker Technique (RMT) was first intro-
duced in the ’70s to monitor the ongoing reservoir com-
paction during the exploitation of the Groningen gas field,
the Netherlands (de Loos, 1973). After the initial promis-
ing applications, RMT experienced several technological im-
provements in the ’90s and ’00s and was used in a number
of hydrocarbon fields worldwide, such as in the North Sea
(Menghini, 1989), Gulf of Mexico (de Kock et al., 1998),
and Northern Adriatic Sea (Ferronato et al., 2003). This tech-
nique consists in the regular monitoring of the relative po-
sition of a number of weakly radioactive bullets located at
fixed intervals along a vertical, generally non-productive well
(Fig. 1, Macini and Mesini, 2002). The most recent techno-
logical developments of the logging tool, currently managed
by Schlumberger, allow for a nominal accuracy of the com-
paction measurements of 1 mm over a 10 m spacing.

In principle, the main objective of the RMT application
in producing fields is twofold: (i) measuring the amount of
reservoir compaction directly connected to hydrocarbon ex-
traction activities, and (ii) estimating the mechanical prop-
erties of the reservoir rock to improve the quality of the
subsidence modelling predictions. In recent years, however,
the development of alternative cheaper techniques for such
aims and the intrinsic RMT technological limitations, which
can sometimes prevent from obtaining the expected outcome,
have raised some concerns on the use of radioactive markers.

The present work provides a review of the status of the
current RMT implementation and critically discusses its role
and evolution in the next future. On one hand, the RMT com-
petitiveness with respect to other promising techniques to
monitor deep compaction, such as fiber optics, seems to be
progressively decreasing as far as the temporal and spatial
resolution is concerned.

On the other hand, the recent huge development of accu-
rate subsidence monitoring strategies, e.g., InSAR and GPS,
and numerical methods to derive the rock compressibility by
inverse modelling, e.g„ Data Assimilation algorithms, can
partially reduce the need of deep compaction measurements.
Finally, the experience acquired over almost 30 years of ex-
tensive RMT use in the Northern Adriatic basin suggests a
progressive decay of the compaction measurement quality,
with late data generally affected by a larger uncertainty and
a significant noise.

2 RMT implementation in the world

The first RMT installation worldwide dates back to 1973
in the Groningen field, the Netherlands. At that time, the
main issue was the accurate monitoring of land subsidence
in highly vulnerable areas. The idea was to identify the deep
reservoir compaction in order to derive the related vertical
motion of the ground surface. It was soon realized, however,
that the nominal accuracy of 1 mm over a 10 m compacting
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Figure 1. The Radioactive Marker Technique.

rock spacing was hard to obtain in practice. To cope with this
difficulty, new algorithms for the radioactive signal analysis
were introduced, leading to a more accurate marker detec-
tion (Mobach and Gussinklo, 1994). In the late ’80s and early
’90s, there was a growing interest in RMT, with applications
in the Ekofisk and Valhall chalk fields, North Sea (Menghini,
1989), Champion oil field, offshore Brunei (Schmitt, 1996),
and Gulf of Mexico (de Kock et al., 1998). The implemen-
tation in the chalk fields of the North Sea was particularly
interesting. As it is well-known, the Ekofisk field was char-
acterized by a very significant compaction, with important
subsidence values affecting the offshore platform. Although
“initial results from the time-lapse monitoring proved to be
disappointing” (Menghini, 1989), most of the early techni-
cal issues were successfully addressed and the compaction
monitoring is still active today.

In the ’90s, RMT has been implemented in a number of
gas fields located in the Northern Adriatic sedimentary basin,
Italy (Macini and Mesini, 2002). By distinction with pre-
vious applications, the Northern Adriatic reservoirs, buried
at a depth ranging from 1000 to 4500 m, are characterized
by a multi-pay structure of alternating sand and clay forma-
tions, with a thickness of the mineralized layers varying from
dozens of meters to a few centimetres. In-situ compaction
measurements led to compressibility estimates of the reser-

voir rock that proved appreciably lower than those provided
by lab tests on core samples (Cassiani and Zoccatelli, 2000),
but generally more consistent with the measured land subsi-
dence. Then, the RMT results were used to develop a hys-
teretic compressibility law for the sedimentary rock at the
basin-scale (Baù et al., 2002), which was later supported by
other experimental data (Hueckel et al., 2005; Ferronato et
al., 2013). As new compaction data became available in time,
however, the statistical dispersion of the compressibility es-
timates unexpectedly grew, with no benefits for the confi-
dence interval of the compressibility law developed in the
early ’00s. Such an occurrence was related to a progressive
decay in the quality of the detected RMT measurements and a
number of studies were devoted to investigate this behaviour,
e.g., Ferronato et al. (2004, 2007), Macini et al. (2006).

More recently, no other scientific publication on RMT is
available. Compaction monitoring is currently ongoing only
in Groningen, Ekofisk and Northern Adriatic. A recent tech-
nical report from NAM (Kole, 2015) analyses the condition
of the marker-equipped boreholes in the Groningen field. The
report notices that only 3 out of 8 wells are still used for mon-
itoring purposes, but the quality of the collected data is pro-
gressively declining. The current accuracy does not exceed
5 mm over a 10 m spacing, observing that “for new fields,
it is therefore unlikely that the GR marker technique will be
applied in the future” (Kole, 2015). Another reason for the
progressive lack of interest in RMT is its cost. For instance,
the cost for drilling a 2000 m deep instrumented borehole in
the Northern Adriatic presently amounts to about EUR 20 M,
while a single FSMT survey costs approximately EUR 200 k.

3 Technical issues

The problems in the RMT use can be classified into two
categories: (1) in-situ data collection; (2) data interpretation
and use. Problems in class 1 mainly affect the quality of the
recorded data, reducing the expected accuracy. Such difficul-
ties can be usually addressed by improving the acquisition
technology. By distinction, problems in class 2 basically con-
cern the role that RMT measurements may play in modern
computational geomechanics for land subsidence monitoring
and prediction.

3.1 In-situ data collection

RMT surveys are carried out with the aid of the Formation
Subsidence Monitoring Tool (FSMT) by Schlumberger. The
last variant of this tool consists of a bar of stainless steel
equipped with 8 gamma-ray sensors, located in two groups
about 10.5 m apart (Fig. 2).

The main technical problems affecting the record quality
are as follows.

– Marker location. The signal intensity decays with the
square of the distance. The ideal marker positioning lies
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Figure 2. The FSMT logging tool.

between 240 and 420 mm from the casing. Out of this
interval, the signal is either too low or influenced by the
casing presence.

– Tool movements. The tool should move at a constant
speed from the bottom of the well upward. Any irregular
movement adds a noisy error component that can hide
the actual signal, especially after several years from the
marker installation.

– Reservoir conditions. FSMT is designed in order to
limit its deformation up to 175 ◦C and 1000 bar. How-
ever, monitoring surveys over large depth intervals can
be affected by significant temperature and pressure
changes.

– Marker spacing. The measurement accuracy progres-
sively decreases when the actual spacing between two
consecutive markers moves farther from the separation
of the FSMT groups of sensors, i.e., about 10.5 m.

– Time decay. The radioactive marker intensity halves in
about 30 years. This means that after a few decades
some markers are definitely undetectable.

– Tool calibration. This is a very important stage for en-
suring a good measurement quality. If this procedure
provides results differing by more than 0.5 mm before
and after the survey, the monitoring campaign should
be carried out again.

3.2 Data interpretation and use

RMT compaction data are filtered by a statistical analysis and
excluded from the records if they do not satisfy strict accept-
ability tolerances (Mobach and Gussinklo, 2004). Nonethe-
less, they can present a large statistical dispersion (Baù et
al., 2002). The correct interpretation of the collected data is
strictly related to their role in the reservoir development. The
main motivations for measuring the deep rock compaction
are twofold: (i) subsidence monitoring, and (ii) reservoir rock
mechanical characterization.

RMT was originally introduced for subsidence monitoring
purposes. In the ’70s and ’80s, it was particularly attractive
for monitoring offshore fields or increasing the frequency of
measurements with respect to the traditional spirit leveling.
Most of these motivations, however, are no longer valid to-
day, because of the development of satellite techniques, such
as GPS and InSAR, which allow for an accurate subsidence
monitoring with a high frequency in both time and space at a
relatively low cost. Nevertheless, the knowledge of deep rock
compaction can still be of interest, even if more as a contri-
bution to the calibration of numerical models rather than as
a direct subsidence monitoring. The use of RMT compaction
measurements for an in-situ rock mechanical characteriza-
tion is still a matter of great interest. To this aim, however,
a number of conditions should be satisfied, in order to avoid
misleading interpretations:

– The rock compaction can be directly related to the verti-
cal uniaxial compressibility (Baù et al., 2002) in the hy-
pothesis of oedometric conditions. If other mechanisms
are important, such as arch effect, three-dimensional de-
formation or poro-elastic coupling, RMT data may lead
to a compressibility underestimation;

– Even if oedometric conditions are satisfied, the com-
pressibility can be correctly deduced from RMT data
by an accurate knowledge of the vertical effective stress
acting in the monitored interval. This can be easily ob-
tained from the pore pressure values only under some
conditions, such as constant total stress, incompress-
ible grains or absence of significant mechanical hetero-
geneities;

– RMT data allow for estimating the average compress-
ibility between two points in the σ -ε space, indepen-
dently of their distance in space or time. Such a value
is therefore acceptable if the rock deforms in nearly
linear-elastic conditions. Deviations from this hypothe-
sis, which are more likely to occur in long time intervals
or with large pressure variations, can lead to inaccurate
results;

– A critical issue is the marker location with respect to the
actual lithological stratigraphy. The presence of unde-
pleted layers, which could also expand, could give rise
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to inconsistent data, e.g., expansions with a pore pres-
sure decline;

– Possible rate-dependent processes cannot be detected
by the RMT analysis and could lead to significant un-
derestimates of the actual rock stiffness.

For these reasons, the rock mechanical characterization de-
rived from marker data has been often the object of debates
within the scientific community in the last years.

4 Discussion and conclusions

The analysis developed in this work reveals that the RMT
methodology for deep compaction monitoring appears to
move towards a rapid decline. After the developments in the
’80s and ’90s, with the RMT implementation in the Nether-
lands, Brunei, North Sea, Gulf of Mexico and Italy, the oil
and gas market has experienced a strong demand contraction
for such a technology, which has been abandoned by some
major service companies, such as Halliburton and Western
Atlas. Currently, deep compaction by RMT is monitored reg-
ularly only where land subsidence is felt as a major envi-
ronmental hazard, such as in some fields of the Northern
Adriatic, Italy, and in few chalk reservoirs of the North Sea
where compaction can take on extremely significant values,
i.e., a minimal percentage of potential market of hydrocar-
bon reservoirs worldwide. For these reasons, the only ser-
vice company currently operating with radioactive markers
is Schlumberger and no significant technological innovations
are under development in this field.

The motivations leading to this situation appear to be only
marginally related to the technical difficulties connected with
the RMT implementation and the data collection. Most of
these difficulties, such as those depending on the irregular
FSMT movement along the borehole, the accurate detection
of the actual marker position or the reservoir temperature and
pressure conditions, have been successfully addressed, and
often solved, with the aid of technological advances on the
recording tool and the analysis software. Rather, the limited
investments on this technology and its abandonment by the
major oil companies worldwide appear to be mainly related
to the debate on the actual role and importance that these in-
situ measurements might play in the economic and environ-
mental management of a producing hydrocarbon reservoir. In
particular:

a. As a methodology for land subsidence monitoring, like
it was originally conceived, the RMT appears to be more
expensive, less accurate, less informative and less reli-
able than other modern techniques used for recording
the land motion, such as GPS or InSAR;

b. As in-situ measurements used for the deep rock me-
chanical characterization, RMT compaction data re-
quire several assumptions, which are rarely satisfied

in real-world installations. In particular, the most un-
favourable situations are those characterized by a pro-
nounced lithological layering and three-dimensional de-
formation, which are often encountered, for example,
in the Northern Adriatic basin (Ferronato et al., 2003).
This can limit the RMT relevance for an effective rock
mechanical characterization.

Nonetheless, it is hard to conclude that deep compaction
measurements are of no interest at all. In the modern com-
putational simulation of land subsidence, they can provide
additional pieces of information that contribute to the devel-
opment of more accurate and reliable predictions. The cur-
rent trends in the numerical modelling of land subsidence
advocate the use of non-deterministic approaches, where the
realizations are constrained by the available measurements,
and the increase of the number of observations in time and
space leads to a progressive uncertainty reduction. For in-
stance, such stochastic approaches can rely on the applica-
tion of proper data assimilation techniques, which can lead to
the development of a novel methodological approach for land
subsidence prediction (van Thienen-Visser and Fokker, 2017;
Gazzola et al., 2019). In this sense, where already available,
RMT measurements can provide a useful contribution to bet-
ter condition the model outcome (Zoccarato et al., 2018).

It appears unlikely, however, that radioactive markers will
be installed for future reservoir developments, especially in
basins where RMT is already present and other more conve-
nient land motion monitoring techniques are available. Any-
way, the experience acquired over the last 25 years in the
Northern Adriatic suggests that, to be effective, FSMT sur-
veys should be scheduled yearly in the initial 5 to 10 years
from the installation, when the signal is good and a large
pressure variation is usually experienced, and every 3 to
5 years afterward, when pressure changes are smaller and the
signal weaker.
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