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Abstract. Seafloor drill rigs are remotely operated systems
that provide a cost-effective means to recover sedimentary
records of the upper sub-seafloor deposits. Recent increases
in their payload included downhole logging tools or auto-
clave coring systems. Here we report on another milestone in
using seafloor rigs: the development and installation of shal-
low borehole observatories.

Three different systems have been developed for the
MARUM-MeBo (Meeresboden-Bohrgerat) seafloor drill,
which is operated by MARUM, University of Bremen, Ger-
many. A simple design, the MeBoPLUG, separates the inner
borehole from the overlying ocean by using o-ring seals at
the conical threads of the drill pipe. The systems are self-
contained and include data loggers, batteries, thermistors and
a differential pressure sensor. A second design, the so-called
MeBoCORK (Circulation Obviation Retrofit Kit), is more
sophisticated and also hosts an acoustic modem for data
transfer and, if desired, fluid sampling capability using os-
motic pumps. In these MeBoCORKSs, two systems have to
be distinguished: the CORK-A (A stands for autonomous)
can be installed by the MeBo alone and monitors pressure
and temperature inside and above the borehole (the latter for
reference); the CORK-B (B stands for bottom) has a higher
payload and can additionally be equipped with geochemical,
biological or other physical components. Owing to its larger
size, it is installed by a remotely operated underwater vehicle
(ROV) and utilises a hot-stab connection in the upper portion
of the drill string. Either design relies on a hot-stab connec-
tion from beneath in which coiled tubing with a conical drop
weight is lowered to couple to the formation. These tubes are
fluid-saturated and either serve to transmit pore pressure sig-
nals or collect porewater in the osmo-sampler. The third de-

sign, the MeBoPUPPI (Pop-Up Pore Pressure Instrument),
is similar to the MeBoCORK-A and monitors pore pres-
sure and temperature in a self-contained manner. Instead of
transferring data on command using an acoustic modem, the
MeBoPUPPI contains a pop-up telemetry with iridium link.
After a predefined period, the data unit with satellite link is
released, ascends to the sea surface, and remains there for up
to 2 weeks while sending the long-term data sets to shore.

In summer 2012, two MeBoPLUGs, one MeBoCORK-
A and one MeBoCORK-B were installed with MeBo on
RV Sonne, Germany, in the Nankai Trough area, Japan. We
have successfully downloaded data from the CORKs, at-
testing that coupling to the formation worked, and pressure
records were elevated relative to the seafloor reference. In the
near future, we will further deploy the first two MeBoPUP-
Pls. Recovery of all monitoring systems by a ROV is planned
for 2016.

1 Introduction

Around 20 years ago, the scientific community started to use
borehole observatories, so-called CORKSs, which were in-
stalled inside submarine boreholes, and which allowed the
re-establishment and monitoring of in situ conditions (see
summary in Davis and Becker, 2001). The key principle as
well as the main objective is to provide a hydraulic seal be-
tween the borehole environment and the overlying body of
water body (ocean) (Fig. 1). Based on this principle, various
types of instruments with different capabilities have been de-
veloped over the past decades, the majority of those with sci-
entific purposes within the Ocean Drilling Program (ODP)
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and the Integrated Ocean Drilling Program (IODP; see re-
view by Becker and Davis, 2005).

From the first CORKSs, which allowed only rudimen-
tary fluid pressure and temperature measurements, the in-
struments evolved to multi-functional and multi-level sub-
seafloor laboratories including, for example, hydrologically
isolated zones with casing screens (e.g. Davis et al., 2006),
thermistor strings (e.g. Davis and Villinger, 2006), long-term
fluid sampling devices (Solomon et al., 2009), in situ micro-
biological experiments (Orcutt et al., 2010), or strainmeter
(Kopf et al., 2011a). The advantages of long-term moni-
toring are the ability to obtain (1) a reliable measurement
of ambient pore pressure (this measurement often requires
significant time after drilling to re-equilibrate to original in
situ conditions and usually cannot be obtained by downhole
tools); (2) formation elastic and hydrologic properties deter-
mined from the response to tidal and seismic loading (e.g.
Wang and Davis, 1996; Davis et al., 2006); (3) records of hy-
draulic transients associated with, e.g. seismic and aseismic
slip, fluid flow events, and possible precursory phenomena,
over a wide range of timescales and rates (e.g. Davis and
Becker, 2001; Davis et al., 2006); (4) temperature anoma-
lies associated with fluid flow episodes (Davis and Villinger,
2006) or as precursors to earthquakes (Johnson et al., 2000);
and (5) transient changes in the chemical composition or the
seepage rate (Brown et al., 2005). The phenomena have in
common that they are episodic in nature, and time series data
are the only feasible way of increasing our understanding of
them.

Nonetheless, most boreholes are still left uninstrumented,
which is a major loss for the scientific community. Installa-
tion of CORKSs usually requires a drillship, which is a major
logistic and financial effort. Moreover, the increasing com-
plexity of the CORK systems not only increased the expenses
but also led to longer installation times and a higher sensitiv-
ity of the instruments to environmental constraints.

An affordable alternative to the drill ships is currently seen
in the seafloor drills, which are tethered, remotely controlled
devices that can be run from ships of opportunity provided
they offer sufficient space and a strong enough A-frame. One
such seafloor drill is the MARUM-MeBo (Meereshoden-
Bohrgerét, the German term for seafloor drill rig), which has
recently been developed at MARUM, University of Bremen
(Germany) (see details in Freudenthal and Wefer, 2013). The
MeBo70 can be operated from any large research vessel and
allows for coring to a depth of 70m in either push coring
mode for soft sediments or rotary coring mode for hard rock
drilling. A second device, MARUM-MeBo0200, is currently
under implementation and will core to 200 m below seafloor
(b.s.f.) with the majority of the other parameters similar to
the first one (see below).

In this paper we describe our main objectives for imple-
menting observatories into MeBo boreholes. Foremost, this
is the efficiency of a single round trip of the seafloor drill
and observatory unit (whereas drill ships always need a sec-
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Figure 1. Schematic of a CORK observatory’s main components:
Here an example in sediment-laden oceanic crust and a simple
CORK head with seal and P transducers (green unit with light-blue
sensors) plus a thermistor string (self-contained; see yellow circles).
From Becker and Davis (2005).

ond round trip by pipe or wire in order to deploy the bore-
hole instrument). Second, the rather generic and modular de-
sign is the second objective whereby a wealth of parameters
may be monitored in a variety of settings. In the following,
we present three types of miniature borehole observatories,
which on the one hand have evolved back to more simple
systems when compared to ODP/IODP CORKSs, but which
on the other hand provide a wide range of possible in situ
measurements. In addition to the technological concept, we
report on the first installation of such MeBo observatories in
the Nankai Trough area off the shore of Japan, therefore pro-
viding a proof of concept.

2 State of the art: seafloor drills

Seafloor robotic drills bridge the gap between conven-
tional seabed sampling techniques from multi-purpose re-
search vessels (like gravity coring or dredging) and dedi-
cated drilling vessels. Working from a stable platform at the
seabed, which is not affected by ship movements due to wave
heave or currents, ensures optimised control on the drilling
process. As a consequence of the increased demand of core
drillings in the range of 10-200 m for geotechnical site inves-
tigation or mineral ore exploration, a variety of seabed drill
rigs have been developed within the last decade (McGinnis,

www.geosci-instrum-method-data-syst.net/4/99/2015/



A. Kopf et al.: Complex monitoring objectives

2009). They are, however, more or less all in the prototype
stage, with the MARUM-MeBo being one of the most devel-
oped systems (see review in Freudenthal and Wefer, 2013).

The MeBo seafloor drill rig

MeBo is a robotic drill that is deployed on the seabed and
remotely controlled from a sea vessel. The complete MeBo
system, including drill, winch, launch and recovery system,
control unit, as well as workshop and spare drill tools, is
shipped within six 20 ft. containers (one of which carries the
MeBo drill itself; Fig. 2). A steel armoured umbilical with a
diameter of 32 mm is used to lower the 10-ton heavy device
to the seabed where four legs are then extended in order to
increase the stability of the rig. Copper wires and fibre optic
cables within the umbilical are used for energy supply from
the vessel and for communication between the MeBo70 and
the control unit on the deck of the vessel. The maximum de-
ployment depth in the current configuration is 2000 m.

The mast with the feeding system forms the central part
of the drill rig. The drill head provides the required torque
and rotary speed for rock drilling and is mounted on a guide
carriage that moves up and down the mast with a maximum
push force of 4tons. A water pump provides sea water for
flushing the drill string for cooling of the drill bit and for re-
moving the drill cuttings. Core barrels and rods are stored
on two magazines on the drill rig. Wireline core barrels (HQ
— hole and core diameter) and hard metal drill bits with a
55 mm core diameter (push coring) are usually used in soft
marine deposits. The stroke length is 2.35 m each. With com-
plete loading of the magazines, a maximum coring depth of
more than 70 m can be reached. Station time can reach more
than 24 h per deployment. For a more detailed description of
the MeBo70 see Freudenthal and Wefer (2009, 2013).

In 2014, a refined, taller MeBo drill rig with larger ter-
minal borehole depth (200mb.s.f.) and operational water
depth (3000 m) was developed and successfully tested dur-
ing trials in the North Sea. Details can be found at http:
[Iwww.marum.de/en/MeB0200.html on the MARUM web-
site. A next step will be the implementation of the observato-
ries introduced in this paper once the drilling system is fully
operational in deep water.

3 Methodology

3.1 Methodological objectives

Among the tasks we try to achieve with the MeBo borehole
observatories, there are four that are fundamental:

1. seal the borehole;
2. collect data over long periods of time;

3. transfer data to the scientist/end user;
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Figure 2. MARUM-MeBo70 drill rig during launch on the aft deck
of RV Sonne. For details regarding the individual components of
the system as well as specifications, refer to Freudenthal and Wefer
(2013).

4. increase capability by adding payload.

Our concept is very generic. Tasks 1 and 2 are mandatory
and realised in all three MeBo observatory systems, whereas
tasks 3 and 4 provide a suite of options that can be tailored
to the needs of an individual campaign.

Borehole seal

The MeBo seafloor drill uses H-size HQ wireline coring
tools. The outer diameter of the drill rods is 98 mm. During
routine drilling operations, these pipes are used to extend the
drill string downhole, and are recovered once terminal depth
of a given hole is reached (Freudenthal and Wefer, 2013).
Each HQ rod has a male end with a conical thread at the base
and a female conical thread at the top end.

If an observatory is to be set with MeBo, procedures
change in the sense that some drill pipes (i.e. several of the
2.35m long rods) remain in the ground and serve as casing
to stabilise the upper portion of the hole where the soft sed-
iments would otherwise close in. The final, uppermost drill
rod is then prepared to provide the borehole seal. In addition,
this rod has a widened outer diameter so that it will facilitate
a seal at the seafloor where the drilling operation may have
excavated the ground. Note that the eventual sealing of the
system occurs via sediment infilling around the outside of
the drill rods left in place, in addition to the widened upper
part and the seals inside the drill rod string. This is different
from the traditional CORK seals where concrete, packers,
and o-ring seals are utilised (see Becker and Davis, 2005),
but cementing is impossible for MeBo and packer systems
for MeBo rods are not even in the prototype stage today.

The two main principles to have a sealed upper rod are to
screw in an instrumented plug having the shape of the con-
ical thread and additional o-ring seals, or to prepare an en-
tirely new instrumented rod of up to 2.35m length with a
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hot-stab seal in the middle. These two principles have been
used in designs of the so-called MeBoPLUG and the MeBo-
CORK (Circulation Obviation Retrofit Kit)-A (A stands for
autonomous) and MeBoCORK-B (B stands for bottom) (see
Sect. 3.2 below).

Data mining

In addition to the borehole seal, data mining in the bore-
hole and/or formation is a prerequisite for the instrumented
drilling rods. If the inner volume of the “casing” (i.e. MeBo
drill pipes in the ground) is the target, a simple plug with
a data logger and transducers is sufficient to monitor, e.g.
the equilibration of the hole and ambient values thereafter. If
coupling to the formation is desired, a mechanism is needed
that couples the transducers to the open-hole formation. For
this purpose, we designed a small device at the base of the
instrumented uppermost drill rod that has a small coil with
PVC tubing (1 mm inner diameter) which can be unrolled via
an electrical motor upon command (acoustic signal or timer
with preset date/time for lowering). At the tip of the tubing
there is a stainless steel conical drop weight with a boring
that will then provide access to the sediment at the base of the
hole. The tubing may then be used to get ambient pore pres-
sure readings, or extract porewater samples (in case an 0Smo-
sampler is hooked to it at the seafloor). We have realised de-
signs of both in the MeBoPLUG and the MeBoCORK-A and
MeBoCORK-B (see Sect. 3.2 below).

Data transfer

Retrieval of CORK data has always been a crucial issue in the
past, with the majority of ODP-CORKSs and IODP-CORKSs
relying on a remotely operated underwater vehicle (ROV)
visits during regular third party cruises in the years after de-
ployment. This is a costly endeavour and further bears the
difficulty of vagueness in planning because of dependency on
weather, ship time providers, etc. Only very few CORK sys-
tems were connected to seafloor cabled networks (e.g. ODP
Hole 1026B to NEPTUNE, or ODP Site C0002 to DONET),
so the requirement for ROV visits is reduced to instances of
maintenance, not data transfer. In any case, one of the key
requirements in developing MeBo observatories was hence
to start with a simple instrument to be recovered by a ROV
and then evolve into systems which make ROV visits or even
visits of a vessel obsolete.

As a consequence, the MeBoCORK systems aimed at in-
cluding acoustic modems so that the successful deployment
and health of the system after the MeBo took off can be at-
tested. Data transfer is moderately fast, so that practically
only limited data sets are to be downloaded that way, while a
final visit to recover the instruments by a ROV seems still ad-
visable. In case the deployments take place in an area where
a return cruise is not anticipated for longer periods of time,
it may be better to release a pop-up unit with a mirror data
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set of the main data logger as well as an iridium telemetry
to transfer the data without the necessity of retrieving the in-
strument. If the latter is sufficiently cheap, net cost may be
saved since ship time is also precious. We have realised de-
signs of both in the MeBoCORK-A and MeBoCORK-B and
the MeBoPUPPI (Pop-Up Pore Pressure Instrument) (see
Sect. 3.2 below).

Increased payload

Given the wealth of critical parameters that govern seafloor
processes, scientist want to deploy multi-sensor instruments
that often consume considerable energy. One main objective
in MeBoCORK installation was hence to have a modular
seafloor unit where space for additional devices and batter-
ies play a minor role. Such a unit has to exchange the ini-
tial MeBoCORK instrument (with a limited lifetime) with-
out affecting the borehole seal. This was achieved by a hot-
stab connector that can transport fluids, power, or both. At
the seafloor end, capabilities may be increased by not only
adding osmo-samplers with long tubing coils for fluid sam-
pling over 24 months and longer but also providing power
for energy-demanding systems, e.g. geophones. We have re-
alised this by inventing the MeBoCORK-B (see Sect. 3.2 be-
low).

In the next section we will introduce three general instru-
ments of the MeBo observatory family: the PLUGSs, CORKSs,
and PUPPIs. Each of them is employing several (if not all)
of the tasks listed above. In addition to those observatory
instruments realised, many other combinations of transduc-
ers and data transfer principles, but also implementation of
new transducers. This could be either in the instrumented
drill pipe (if sufficiently slim) or inside the seafloor unit.
With its generic and modular design MeBo observatories
may become a versatile and affordable way to monitor hy-
drogeochemical and geological processes in the shallow sub-
seafloor (<200 m).

3.2 Implementation
MeBoPLUG borehole observatories

In regular-size industry boreholes, the casing of the upper
portion on the well is a couple of decimetres, and re-entry
into the hole is facilitated by a conical seafloor structure,
often complemented by a platform to land a ROV. For the
seafloor drill holes, all of this is miniaturised and in the case
of MeBo a diameter of only 98-110 mm is available. Hence,
space is most seriously governed the design of the MeBo ob-
servatories, and re-entry is not feasible in such narrow drill
pipes. In essence, the entire hole completion was initially
designed as a stand-alone instrument, which does not dif-
fer from the geometry of a standard MeBo drill pipe (ap-
prox. 235cm long and 10 cm in diameter).
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Figure 3. MeBoPLUG prior to being screwed into a MeBo drill pipe
(left); photograph to the right shows bottom view into the borehole
with ports for P (hole at left) and T (little pin at right) monitoring.
See text.

The name of the instrument is extended from the Smart-
Plug and GeniusPlug observatories, which also represent
simple types of CORKSs designed as an extension to me-
chanical bridge plugs, but with IODP drill hole-sized (Kopf
et al., 2001b). Instead of a bridge plug or CORK seal, we
make use of the conical threads of the MeBo drill pipes and
seal the pipe with a pair of additional o-rings (Fig. 3). The
pressure housing is machined from a thermoplastic synthetic
polymer, polyoxymethylene (POM), which tolerates moder-
ate pressure and temperature and has successfully been used
to 25 MPa confining pressure. At the top, a handle designed
to specification of the ROV MARUM-Quest manipulator was
added. In the borehole-facing section, a thermistor as well
as the downward-looking P port are situated (Fig. 3, inset
on right).

Inside the housing we hosted standard “RBR Duo” data
loggers (see www.rbr-global.com for detailed specifications)
with Keller PD10 differential pressure transducers (500 kPa
differential P range) for monitoring pressure transients in the
boreholes (as a proxy for strain; Davis et al., 2006) relative
to the seafloor pressure signal. With this approach we omit
de-tiding of our data because all signals, e.g. wave action,
occur more or less simultaneously at the seafloor and in the
shallow sub-seafloor formation. Given that only one thermis-
tor was fitted into the so-called MeBoPLUGS, we are lacking
a temperature record from the seafloor (i.e. upward-looking
side of the MeBoPIug; see Fig. 3). In order to overcome this
shortcoming, a simple self-contained device for sea bottom
temperature monitoring, a so-called MTL (Miniature Tem-
perature Logger by Antares; Pfender and Villinger, 2002)
was deployed by a ROV next to the MeBoPLUG (see next
section). The sampling rate of the MeBoPLUGs was set to
10s on the RBR data loggers, which is providing them with
an estimated lifespan of about 4 years (anticipated end of
recording is February 2016).
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Figure 4. Schematic diagram of (a) MeBoCORK-A and
(b) MeBoCORK-B.

MeBoCORK borehole observatories

The two versions of the MeBoCORK, as seen in Figs. 4, 5,
6, and 7, are both self-contained with power, data logging,
data transmission, and transducers. They are recoverable at
all times and hence minimise the risk of losing the invest-
ment. In the following paragraphs, the deployment mecha-
nism is explained in some detail. First, the MeBo hole has
to be prepared for long-term instrumentation after coring
is completed. This is achieved by leaving several pieces of
MeBo outer drilling rods in the ground after wireline core
retrieval. These rods, approx. 30—40 m in total length, act as
a casing and stabilise the upper sub-seafloor portion where
the deposits are poorly consolidated and otherwise may close
in. Only the lowermost part of the hole is free of “casing”
and provides direct access to the formation. The first pre-
requisite to keep the MeBoCORK simple follows the first
hydrological observatory in ODP: only hydraulic tubing is
lowered into the hole to access fluid pressure (or fluids) at
depth (Wheat et al., 2011), and all electronics remain at the
wellhead. For MeBo, a string of two armoured PTFE (poly-
tetrafluoroethylene) tubes is coiled up in the lower part of the
MeBo set observatory unit (termed MeBoCORK-A, where
A stands for “autonomous”, i.e. MeBo by itself is capable of
placing a stand-alone observatory), namely in the lower por-
tion of the “adapter” hosting the receptacle for the hot stab.
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Figure 5. MeBoCORK A (i.e. autonomous) as well as MeBoPLUG
for comparison. The MeBoPLUG is the white POM-made system
screwed into the yellow rod, while the MeBoCORK-A is taken
apart and has the actual monitoring and data unit with male hot-stab
adapter taken out of its female counterpart. See text.

Once the drilling device has set this piece, the coil of tubing is
unlocked and a dead weight favours the tubing’s descent to-
wards terminal depth where the hole is open. The upper end
of the individual tubing connects to the borings of the hot-
stab receptacle. The lower unit also hosts battery packs. For
the installations during cruise SO222, we pre-installed 45m
long tubes because we never aimed to exploit the full depth
of MeBo in the mud volcanoes with fairly homogeneous mud
breccia, although space would allow for up to 70 m of tubing.

The upper portion of the MeBoCORK-A hosts the data
transmission unit, data logger, and transducers, the latter of
which are connected to the borings of the male hot-stab end
(Figs. 4a, 5). The hot stab is mated with its female counter-
part, and the two halves of CORK-A are further secured by
a bayonet connector that allows coupling of the MeBo70 top
drive and hence torque being transmitted (in clockwise di-
rection only). During installation MeBo fully screws in the
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entire CORK instrument, which in total is the exact length of
a regular MeBo drill rod and which sits on the magazine with
the other rods. Once this piece is properly set, MeBo pushes
the unit to a depth so that only the titanium part (ca. 70cm
long) sticks out of the seafloor and then disconnects. In the
initial design, this simple, MeBo set CORK monitors pres-
sure and temperature, which are both indicators for deep-
seated fluid flow; pore pressure is additionally valuable as
a strain proxy (see above). Depending on the sampling rate,
the batteries will allow monitoring for many months to a few
years (in case of the system deployed during leg SO222A,
this was 7 months at a sampling rate of 1 Hz; see below).

If monitoring as well as parameters other than pressure
and temperature is desired, the instrumented MeBo70 rod
(CORK-A) is too small and a ROV dive is required to re-
cover the CORK-A and deploy an external, more sophisti-
cated observatory unit (Figs. 4b, 6). Since the ROV dives
to the seafloor and connects a seafloor (0 sea bottom) unit
to the MeBo rod with a hot-stab receptacle, this system was
termed MeBoCORK-B (i.e. bottom). The ROV is able to un-
latch the bayonet connector in an anticlockwise direction and
can transport the MeBo set CORK back to the ship, because
its weight is low and the diameter is suitable for the manip-
ulator claw. Before this, a seafloor unit will be placed next
to the MeBo drill site (Fig. 6). This system consists of a
pressure housing with an attached hood in which a male hot-
stab adapter plus the umbilical of armoured tubing strings
is coiled up. The ROV takes the hot stab and places it into
the lower portion of the MeBoCORK, which remains con-
nected to the outer drill string at all times. Hot-stab opera-
tions are also common in IODP CORKSs to enhance the capa-
bilities for hydrogeological testing (e.g. Kopf et al., 2011a).
The pressure housing at the seafloor can be equipped to the
mission’s/scientists’ specifications, and in the case of this
proposal will host the pressure and temperature transduc-
ers (same as in the instrumented rod) plus an osmo-sampler
(Fig. 7; see also Jannasch et al., 2003).

Both MeBoCORK instruments are programmed to mea-
sure the pressure at 1 Hz for a period of 30s and then record
the average pressure value. Seafloor reference and borehole
pressure are offset by 155, so that the data are written to the
disk alternately.

MeBoPUPPI borehole observatories

In a recent effort, we have taken the MeBo long-term bore-
hole observatory science to the next level and built pop-up
borehole instruments that can be released from the casing
string after a predefined period. An underwater connector,
which is Capable of being mated, further enables the user
to also “manually” release the unit with a ROV. Once the
unit has ascended to sea level, the pop-up units (Fig. 8) send
their data via satellite link, rendering a second visit and ad-
ditional ship time unnecessary. Such instruments would in a
first iteration monitor pressure and temperature, but could be
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Figure 6. MeBoCORK B (i.e. bottom) unit containing a pressure
housing, acoustic modem, attached osmo-sampler, and the hot-stab
connector to couple to the drill pipe. Upper photo shows overall
unit, lower photo contains detail with layout of tubing. See text.

equipped with geophones, seismometers, and other compo-
nents depending on the scientific demands of a given mis-
sion, the duration of monitoring, the amount of time series
data, etc.

In contrast to the MeBoCORK systems, the MeBoPUPPIs
do not rely on a hot-stab connector and tubing that is low-
ered towards the terminal depth of the borehole where direct
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Figure 7. Osmo-sampler (tubing coil [top] and pumps [below]) that
are hosted in a PVC tube attached to MeBoCORK-B.

access to the formation exists. Instead, the monitoring is re-
stricted to pressure and temperature inside and outside of the
borehole as well as tilt using a triaxial array of accelerom-
eters. If desired, an additional unit that samples simultane-
ously one hydrophone and three geophone channels (type
SM6, with 4.5 Hz lower frequency band, but no mechanical
gimbaling system) can be mounted. Either sensing package
has to remain in the borehole string for reasons of limited
space and weight of the pop-up unit. This may be equally the
case for part of the battery packs when very long monitoring
periods are desired. In these cases, almost all of the total of
235cm length of a MeBo70 drill rod segment, excluding a
53 cm long adapter to protect the glass dome (Fig. 8, right-
hand side drawing), are available.

4 Results

During cruise SO222 on RV Sonne, the MeBo70 was de-
ployed 6 times in water depth between 1900 and 2050 m. The
main objective of this cruise was to install borehole observa-
tories with the MeBo70; therefore, holes were only drilled
down to 35 mb.s.f. or shallower. As explained before, the
drilling procedure in observatory installations encompasses
that only a few drill pipes are recovered to create open-hole
conditions at the base, and that a drill pipe that already in-
cluded either a MeBoPLUG or a MeBoCORK-A is added to
terminate the hole near the seafloor. Once that final rod was
set the MeBo70 took off vertically while being assisted by
the winch, and was then recovered on deck.

As explained in more detail in Kopf et al. (2013), a total
of four observatories were set with MeBo70 during cruise
S0222 with RV Sonne, and in case of MeBoCORK-B as-
sisted by a ROV. In general, operations went according to
plan, in particular for MeBoPLUG no. 1 and MeBoCORK-
A. Both systems were pre-installed on the uppermost, final
drill rod, which was pushed down into the seafloor so that
only approx. 70-80 cm stuck out into the water column. Fig-
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Figure 8. Schematic diagram (bottom) and photograph (top) of
MeBoPUPPI observatory.

ure 9a and b illustrate how the situation looked like before
MeBo70 took off.

When installing MeBoPLUG no. 2 in the Kumano Basin,
we encountered some problems with drilling progress when
hitting several indurated sand layers at approx. 17mb.s.f.
Despite efforts to clean the hole with pressurised fluid, the
string did not progress any deeper, so that the only option to
install MeBoPLUG no. 2 was to screw on the drill pipe sec-
tion that hosted the MeBoPLUG and leave it sticking out of
the seafloor by approx. 2.5 m. Despite this fragile pipe repre-
senting an obstacle, the MeBo70 take-off went well and the
pipe was not bent or damaged.

The majority of the other installations were also success-
ful, e.g. for the autonomous CORK-A (Fig. 9c) and the

Geosci. Instrum. Method. Data Syst., 4, 99-109, 2015

A. Kopf et al.: Complex monitoring objectives

Figure 9. (a) MeBoPLUG and (b) MeBoCORK-B top hole assem-
bly with black end cap after installation with MeBo70. Photos were
taken immediately before the seafloor drill rig lifts off the ground.
(c) MeBoCORK-A and (d) MeBoCORK-B with seafloor unit. Pho-
tos were taken during subsequent ROV visits. See text.

CORK-B downhole assembly with end cap protecting the fe-
male hot-stab end (Fig. 9b), as sighted later on by a ROV. In
particular the latter example demonstrates that the black end
cap on the female hot-stab connector (Fig. 9b) can be easily
replaced with a hot stab on an umbilical that is connected to
P transducers and osmo-samplers (Fig. 7), which are hosted
in a pressure housing together with the data logger, acoustic
data transmission, and other electronics (Fig. 9d).

During the installation of MeBoCORK-A at the crest of
Kumano Basin mud volcano no. 4 (Kopf et al., 2013), we
encountered no problems, and once the MeBo70 had taken
off, we sent an acoustic signal to unlatch the drop weight
and lower the coiled pore pressure tubing into the open-
bottom end of the otherwise cased drill hole. This process
is controlled by an electrical motor which operates in ei-
ther “command-mode” (triggered acoustically) or “timer-
mode” (veering of tubing starts at a pre-programmed date
and time). As can be seen from one of the first data sets
downloaded from the CORK-A via acoustic communica-
tion system HAM.BASE by develogic GmbH, the borehole
pressure shows approx. 18 m higher pressure values than its
seafloor counterpart (Fig. 10), which is in good agreement
with the terminal depth of approx. 19 m b.s.f. at this drill site.
It can further be observed that the borehole temperature is ap-
prox. 1.1 °C warmer than the bottom water temperature (blue
vs. turquoise data in Fig. 10).

At a neighbouring mud volcano, MV no. 3, we had at first
no problem untangling the hot stab of the seafloor unit of
MeBoCORK-B, taking it to the MeBo70 drill rod, and plug-
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Figure 10. First data sets from MeBoCORK-A as recovered
by acoustic data transmission. Pressure curves are blue/turquoise
colours, T curves are red/brown colours (seafloor/borehole in either
case). The x axis represents the time over 60 min, in which data
are integrated over 30 s each. Note the offset in borehole vs. refer-
ence pressure, which attests the successful deployment of the drop
weight and coiled tubing and access to the open-hole formation.

ging the hot stab into its female counterpart (Fig. 9d). How-
ever, there was some uncertainty that the tubing got caught
and pinched during this operation, so that we unplugged
the hot stab again and pushed it back in more safely a sec-
ond time. The records of seafloor reference and downward-
looking (i.e. borehole) pressure are shown in Fig. 11. It
can be seen that the differential pressures do not change
much over the time of installation, which is unexpected given
that the borehole terminates 33 mb.s.f. and the drop weight
should sit near terminal depth of this hole. The only expla-
nation for the P record measured is a leak somewhere inside
the upper end of the female hot-stab end of the drill string;
all other sources of error, including the entire bottom unit,
umbilical with tubes to hot stab and osmo-sampler, as well
as the hot-stab connector itself, are flawless.

Note that more details regarding the station work, but also
regional geology and other in situ measurements in the Ku-
mano Basin mud volcanoes can be found in the detailed
cruise report by Kopf et al. (2013).

From a geological point of view, the few data sets we
downloaded from the Kumano Basin mud volcanoes agree
with other in situ measurements carried out during the same
cruise. Both CPTu (cone penetration testing with pore pres-
sure) and heat flow measurements indicate anomalies of pres-
sure and temperature in the active features MV no. 3 and no.
4 (Kopf et al., 2013). Pore pressure in CPTu profiles reaches
values of 30-70kPa in excess of hydrostatic, suggesting
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Figure 11. Data set covering the connection of MeBoCORK-B with
the ROV Quest. For reasons to be explored, the borehole pressure
is not any higher than the seafloor reference although the borehole
is 33 m deep (i.e. the reading of the P sensor P1 in the lower plot’s
y axis should have increased accordingly), suggesting a problem
with the hot-stab connection. Note that the vertical scale is in me-
tres x 101 and that the horizontal unit is minutes.

hampered drainage and capture of deep-seated porewater in
the ascending mud. This finding is supported by elevated heat
flow, with geothermal gradients found to be around 0.064-
0.122°Cm~1, whereas background levels ranged from 0.03
t0 0.05°C m~L. For details refer to Kopf et al. (2013).

5 Discussion, conclusions, and outlook

In summary, the “MeBoCORK concept” with its three ver-
sions (MeBoPLUG, MeBoCORK and MeBoPUPPI) aimed
at a smart approach where an observatory can either be set
by MeBo alone, or in combination with MeBo70 and a ROV.
The designs represented a compromise scientifically since a
limited set of parameters is monitored, however, this has not
been any different when the first full-size ODP-CORKSs were
deployed (Becker and Davis, 2005). However, the three ap-
proaches taken appear extremely valuable at this stage and
the future will likely provide opportunities for payload being
added onto either observatory unit.

In the pilot study off the coast of Japan, we demonstrated
that one MeBoCORK-A and one MeBoCORK-B as well as
two MeBoPLUGs were successfully deployed. This meant
that four out of a total of six MeBo holes drilled during a
2-week expedition got instrumented. For the MeBoPUPPIs,
we are currently in the phase of long-term performance tests
in the pool before taking them into the natural environment.
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Of course, the MARUM-MeBo borehole observatories are
limited and high performance seismometers or strainmeters
may turn out impossible to be installed because of both their
size and energy consumption. However, it appears that fu-
ture scientific ocean drilling may have to cope with such a
mission-specific approach from ships of opportunity. In ad-
dition to it being most affordable, there are associated ad-
vantages such as the absence of heave on the system during
installation (i.e. no danger of destroying the instruments). Fu-
ture avenues to increase the payload of the MeBoPLUGs and
MeBoCORKSs are miniaturisation of transducers and optimi-
sation of power consumption by the components, potentially
combined with new ocean bottom fuel-cell technologies.
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