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(57) Abstract: Apparatus (1 ) and method for monitoring
conditions in a fluid reservoir (R) while sealing a passage
between said tluid reservoir (R) and an adjacent environment
(E), the apparatus (1 ) being arranged to receive power from
a main power source, the apparatus (1 ) comprising a first as-
sembly (10) comprising a primary barrier, wherein the first
assembly is adapted to be in fluid communication with the
fluid reservoir (R) in operational use of the apparatus (1 )
and wherein the primary barrier is adapted to block a passage
between the fluid reservoir (R) and the adjacent environment
(E), the primary barrier comprising a continuous, non-penet-
rated sealing portion, the apparatus further comprising a
second assembly (20) comprising a secondary barrier,
wherein the second assembly (20) is adapted to be in fluid
contact with the adjacent environment (E) in operational use
of the apparatus (1 ) and wherein the secondary barrier is ad-
apted to block a passage between the fluid reservoir (R) and
the adjacent environment (E), the secondary barrier compris-
ing a continuous, non-penetrated sealing portion, the apparat-
us (1 ) further comprising a first inductive communication
means (136) placed in the first assembly (10), and a second
inductive communication means (206) adapted to be placed
on an opposite side of the secondary barrier relative to the
first communication means (136), the first inductive commu-
nication means (136) and the second inductive communica-
tion means (206) being arranged to communicate with each
other, the apparatus further comprising a monitoring means
(134) arranged to be in fluid communication with the fluid
reservoir (R) for monitoring conditions in the fluid reservoir

(R), the monitoring means (134) being arranged to transfer information to the first inductive communication means (136) for trans -
ferring data gathered from monitoring conditions in the fluid reservoir (R).
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APPARATUS AND METHOD FOR MONITORING CONDITIONS IN A FLUID RESERVOIR

The invention relates to an apparatus and a method for monitoring conditions in a fluid reservoir
while sealing a passage between said fluid reservoir and an adjacent environment. More specifical-
ly the invention relates to an apparatus comprising a primary and a secondary barrier, monitoring
means for monitoring the conditions in a fluid reservoir, and communication means for transferring
the obtained information through the two barriers. The invention further relates to a method for
using the apparatus, and for safe, practical and simple instaliation and extraction of the apparatus,
or parts of the apparatus, without the need for any tools specially designed for the purpose.

in chemical, pharmaceutical and petroleum industries, potentially harmful and/or hazardous fluids
are produced, exiracted, transported, handled and stored. Safe management and containment of
such fluids avoiding spillage or leakage is a primary safety objective.

In the petrochemical industry, industry regulations and standards commonly state that no single
failure shall lead to an uncontrolled event. Hence, there is a demand for dual barriers on all fluid
paths leading from fluid-containing pressure vessels, such as fanks or tubular elements, to the
adjacent environment.

As the barriers shall remain uncompromised even in the event of exposure {0 a surrounding fire,
there is a common requirement that all items forming barriers are made from metal, that there are
no peneirations in the metal barriers, and that seals formed between different parts of the barriers
are made by direct metal-to-metal contact.

At the same time, there is a requirement for monitoring the conditions in a fluid reservoir behind the
barriers without compromising the barriers, meaning that data should be transferred through both
barriers without penetrations through the barriers.

The means and procedures for inserting and/or extracting a permanent or temporary primary barri-
er plug into a passage leading to a fluid containing vessel is common knowledge to a person skilled
in the art of process design and instrumentation, and/or petroleum production. It is extensively doc-
umented in literature, and described in e.g. US 2077507, US 2250244, US 4215458, US 4537071
and WO 03/016673 A1.

An apparatus and a method for monitoring fluid conditions in a production wellhead are described
in NO 333416 B1. The patent describes a sensor placed within a penetrating bore as part of a bar-
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rier. As this barrier functions as a primary barrier, instaliation, retrieval and/or replacement of the
sensor involves a significant level of risk, thus making the actions fairly complicated and time con-

suming.

Furthermore, US 2005/279499 A1, describes a downhole sampling tool and method for using the
sampling tool, and US 2014/266210 A1 describes an apparatus and methods of communication
with wellbore equipment.

The invention has for its object to remedy or to reduce at least one of the drawbacks of the prior
art, or at least provide a useful alternative to prior art.

The cbject is achisved through features, which are specified in the description below and in the
claims that follow.

The invention is defined by the independent patent claims. The dependent claims define advanta-
geous embodiments of the invention,

in a first aspect, the invention relates more particularly to an apparatus for monitoring conditions in
a fluid reservoir while sealing a passage between said fluid reservoir and an adjacent environment,
the apparatus being arranged to receive power from a main power source, the apparatus compris-
ing:

- & first assembly comprising a primary barrier, wherein the first assembly is adapted to be in fluid
communication with the fiuid reservoir in operational use of the apparatus and wherein the primary
barrier is adapted to block a passage between the fluid reservoir and the adjacent environment, the
primary barrier comprising a continuous, non-penetrated sealing portion;

- a second assembly, comprising a secondary barrier, wherein the second assembly is adapted to
be in fluid contact with the adjacent snvironment in operational use of the apparatus and wherein
the secondary barrier is adapted to block a passage between the fluid reservoir and the adjacent
environment, the secondary barrier comprising a continuous, non-penetrated sealing portion, the
apparatus further comprising:

- a first inductive communication means placed in the first assembly;

- a second inductive communication means adapted to be placed on an opposite side of the sec-
ondary barrier relative to the first communication means, the first inductive communication means
and the second inductive communication means being arranged to communicate with each other,
and

- a monitoring means arranged to be in fluid communication with the fluid reservoir for monitoring
conditions in the fiuid reservoir, the monitoring means further being arranged to transfer information
fo the first inductive communication means for transferring data gathered from monitoring condi-
tions in the fluid reservoir,

There is also described an apparatus for monitoring conditions in a fluid reservoir while sealing a
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passage between said fluid reservoir and an adjacent environment. The apparatus is arranged to
receive power from a main power source. The apparatus comprises a primary barrier adapted to be
in fluid communication with the fluid reservoir in operational use of the apparatus, and a secondary
barrier adapted to be in fluid contact with the adjacent environment in operational use of the appa-
ratus. Both the primary barrier and the secondary barrier comprise a continuous, non-penetrated
sealing portion. The apparatus further comprises a first inductive communication means and a sec-
ond inductive communication means. The first inductive communication means is placed in the
primary barrier. The second inductive communication means is adapted to be placed in the vicinity
of the secondary barrier in the adjacent environment. The first inductive communication means and
the second inductive communication means are arranged to communicate with each other. The
apparatus further comprises a monitoring means adapted to be in fluid communication with the
reservoir in operational use of the apparatus, for monitoring conditions in the fluid reservoir. The
monitoring means is further arranged to transfer information to the first inductive communication
means, for transferring data gathered from monitoring conditions in the fluid reservoir.

The main power source may be external from the apparatus, or the apparatus may comprise the

main power source.

The moniforing means may be a transducer, a sensor or g transmitter. It may be a monitoring
means for monitoring pressure, for monitoring temperature, for monitoring fluid density, or any oth-
er relevant fluid characteristic that may be measured by the use of such means.

The second inductive communication means may be wound around a portion of the second as-
sembly, or otherwise fixed to and/or connected to the second assembly. The second inductive
communication means may be placed near but not in contact with other parts of the second as-
sembly, in the adjacent environment. The second assembly may comprise a cover, adapted to be
fixed onto at least a portion of the second assembly on the side of the secondary barrier facing the
adjacent environment. The side of the secondary barrier facing the adjacent environment may be
called an outside of the secondary barrier. The cover may be adapted to be fixed onto a portion of
the secondary assembly arranged with the second communication means, such that the cover
covers the second communication means from the adjacent environment. The cover may be ar-
ranged with an opening through which a line, such as a wire or cable or similar, may exiend from
the second communication means to a receiver, to transfer signals to and/or from the second
communication means from and/or to the receiver. The cover may be welded to the secondary
barrier or otherwise fixed to the secondary barrier. The cover may cover a processing unit. The
processing unit may be connected to the second inductive communication means.

The cover may comprise a compariment housing that may act as a housing for electronics. The
compartment housing may house the processing unit. A cable may extend through a wall of the
compartment housing, or through any other wall of the cover, separating an inside of the cover
from an outside of the cover, for connecting electronics of the apparatus to other systems or appa-
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ratuses for communication.

The second assembly may comprise an aerial. The aerial may be connected to the processing unit
of the second assembly. The aerial may extend through a wall of the compartment housing, or
through any other wall of the cover, separating an inside of the cover from an outside of the cover,
for connecting electronics of the apparatus to other systems or apparatuses for communication.

The cover may comprise a lid covering an opening in the cover. The lid may be opened for access-
ing the processing unit or other items that may be accessible through the opening. The lid may be
water tight, airtight or both.

The first and/or the second inductive communication means, and/or any further inductive communi-
cation means, may be covered by, moulded info or otherwise protected by a protective layer of a
protective material. The protective material may be a plastic material, epoxy, a rubber material, or
any other material suitable for the purpose.

it may be said that a chamber between the secondary barrier and the cover of the second assem-
bly is part of the adjacent environment.

The inductive communication means may be arranged to communicate data, and/or they may be
arranged to transfer electric power.

The inductive communication means may comprise at least one transformer winding.

The inductive communication means may further comprise an electronic circuit. The electronic
circuit may constitute means for interpreting and/or translating data, e.g. translating data from ana-
logue to digital signals or from digital to analogue signals. The electronic circuit may further consti-
tute a control unit for the inductive communication means.

The typical distance beiween two inductive communication means arranged {o communicate with
each other may be in the region of 8mm to 25mm, but distances shorter than 6mm and greater
than 25mm are also possible.

The invention’s ability to monitor conditions on one side of a double barrier and to communicate
data to the other side of the double barrier makes it comparably safer than an apparatus that has
the ability to do the same but with a single barrier. The invention may satisfy requirements thata
single-barrier apparatus may not.

The first assembly may comprise a processing unit for processing data. The processing unit may
be used to process data from the monitoring means prior to sending said data to the first communi-
cation means, and the processing unit may be used to process data received by the first communi-
cation means sent from the second communication means or from other sources. By comprising a
processing unit, the first assembly may be remotely controlied. Furthermore, the second assembly
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may comprise a processing unit. The aforementioned electronic circuit may constitute the pro-
cessing unit. The second inductive communication means may be connected to the processing unit
of the second assembly. The processing unit of the second assembly may be adapted to be placed
near the second inductive communication means, and arranged with or in connection with commu-
nication means for communicating with a receiver placed or adapted to be placed remotely from
the second assembly. The second inductive communication means may be connected to a pro-
cessing unit placed or adapted to be placed remotely from the second assembly.

Each of the primary barrier and the secondary barrier may constitute a physical barrier, adapted to
block a passage between a fluid reservoir and an adjacent environment. The continuous, non-
penetrated sealing portion of the primary barrier may constitute the primary barrier, or it may form a
portion of the primary barrier. The continuous, non-pengtrated sealing portion of the secondary
barrier may constitute the secondary barrier, or it may form a portion of the secondary barrier. A
continuous, non-penetrated sealing portion refers o a piece of material capable of blocking a pas-
sage of fluids, wherein the piece of material in its entirely is free from penetrations, such as bores
or holes. The primary barrier and/or the secondary barrier may comprise a plurality of continuous,
non-penetrated sealing portions. One or more sealing pertions may be made from metal. The pri-
mary barrier andfor the secondary barrier may be made such that it only comprises continuous,
non-penetrated sealing portions. In a preferred embodiment, both the primary and the secondary
barrier may be made from a plurality of continuous, non-penetrated, metal sealing portions, each
portion forming a metal-to-metal seal to any other portion of the respective barrier to which itis
connected. Thus, both the primary barrier and the secondary barrier may satisfy requirements for
barriers used in the petrochemical industry, as described previocusly in this text.

The first assembly may comprise an instrument housing. The instrument housing may be housing
instruments, such as a monitoring means, an inductive communication means, an electronic circuit
and/or a battery, The instrument housing may further comprise other instruments.

The first assembly may further comprise a tool handle. The purpose of the tool handle is to make
the first assembly easier to handle, e.g. for installing the first assembly into a passage between a
fluid reservoir and an adjacent environment, for extracting the first assembly, or for extracting paris
of the first assembly. The tool handle may be detachable from the first assembly.

Furthermore, the first assembly may comprise a plug. The plug may constitute the primary barrier.
The plug may be detachable from other parts of the first assembly. By equipping the first assembly
with a detachable plug, it is possible to extract the first assembly’s instrument housing and/or tool
handle from a passage between a fluid reservoir and an adjacent environment in which it is set,
while still leaving the plug in place to provide a barrier in the passage. Other parts of the first as-
sembly, such as the tool handle and the instrument housing, may also be detachable from each
other.
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The plug may be adapted to be fixed to a side of the instrument housing of the first assembly that
may be adapted to receive the plug. Equally, the plug may be adapted to receive the instrument
housing. Furthermore, the plug may be arranged with a bore through which fluid may flow. The
monitoring means adapted to be in fluid communication with the reservoir may be arranged on a
surface on the side of the instrument housing that may be adapted to receive the plug. The bore
may constitute a flow path for a fluid from a fluid reservoir to the monitoring means, thus the bore
may constitute a part of the fluid reservoir, thus allowing the monitoring means to monitor condi-
tions in the fluid reservoir,

The plug arranged with a bore may further comprise a closing means in the bore, for opening or
closing a flow path. By comprising a closing means for closing a flow path, the plug may act as a
stand-alone barrier. This means that if a situation arises in which it is desirable to extract the in-
strument housing, e.g. for maintenance, it is possible {o leave the plug in place o act as a barrier
while extracting other paris of the apparatus.

Having the possibility of leaving a part of the apparatus in place as a barrier when needing to ex-
tract other parts of the apparatus renders the apparatus even more advantageous. With this possi-
hility, if .g. maintenance work has to be done on the apparatus, it will not be necessary to extract
the entire apparatus. There will be an option of leaving a barrier in place during the maintenance
work, ensuring that the work will be safer and less time-consuming. Without this option, another
barrier would most likely have to be installed during the maintenance work.

The closing means may be any means suitable for the purpose, such as a ball valve, a needle
valve, an actuated check valve or a plug.

The closing means may he actuated by the attachment and/or detachment of the plug to an instru-
ment housing. The closing means may open, and thus open a flow path, when the plug is attached
to an instrument housing. The closing means may close, and thus close a flow path, when the plug
is detached from an instrument housing. Likewise, the closing means may be actuated by the at-
tachment and/or detachment of the plug to other parts, such as a tool handle.

The bore may comprise more than one possible flow path, and each path may comprise a closing
means. By comprising several possible flow paths that can be opened or closed, the bore may be
equipped to function as a block, block and bleed, double block and bleed, block and double bleed,
or any other relevant combination of block and bleed. Blocking refers to closing a flow path, while

bleeding refers to opening for bleeding off, i.e. letting a fluid out e.g. for relisving pressure.

The first assembly may comprise a backup power source. The backup power source may act as a
backup if for some reason other means of supplying power fails, or as a support power source in
addition to other means of supplying power, The backup power source may be a hatltery,

Other means of supplying power to the first assembly may be by transferring power from the sec-
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ond inductive communication means to the first inductive communication means, or by use of other
inductive means. Power transferred from the second inductive communication means {o the first
inductive communication means may be power from the main power source.

The apparatus may comprise more than one instrument housing. Furthermore, the apparatus may
comprise more than one inductive communication means in the first assembly, and more than one
inductive communication means adapted to be placed on an opposite side of the secondary barrier
relative to the first inductive communication means. The apparatus may further have more than one
processing unit for processing data in the first assembly, and/or it may have more than one power
source in the first assembly.

Different parts of the first assembly, such as the plug, a first instrument housing, a second instru-
ment housing and/or a tool handle, may be equipped with locking means for allowing the parts o
be rotationally locked together. The locking means may comprise a seal groove and a seal for en-
suring that the parts may be joined together in a pressure tight lock. The different parts of the first
assembly may be arranged with a vent port to lead fluid from the locking means to a chamber be-
tween the primary barrier and the secondary barrier, for ensuring that two parts are not stopped
from locking sufficiently together by fiuid caught in between the two parts. The vent port may further
constitute a flow path from a chamber to a monitoring means.

The rotational locking mechanism may be a normal rotational locking mechanism, wherein one part
has a protruding end portion that fits into a receiving end portion of another part, and wherein a
rotational movement forces and eventually fixes the two parts together. A plug may comprise a
receiving rotational locking mechanism portion and/or a protruding rotational locking mechanism
portion, an instrument housing may comprise a receiving rotational locking mechanism portion
and/or a protruding locking rotational locking mechanism portion, and a tool handle may comprise a
receiving rotational locking mechanism portion and/or a protruding rotational locking mechanism
portion.

The second assembly may comprise a leak-off port for releasing fluid from a chamber between the
secondary barrier and a structure. The structure may be a structure to which the first assembly is
fixed and/or the structure may be the first assembly. The leak-off port may further function as a
pressure-test port.

The second assembly may further comprise a seal groove, for receiving a seal. The apparatus may
comprise said seal, for in combination with the seal groove to ensure that the second assembly
may be locked to a structure in a pressure tight manner.

The apparatus may comprise a second monitoring means. The second monitoring means may be
arranged to monitor conditions in a chamber between the primary barrier and the secondary barri-
er. The apparatus may have further monitoring means arranged to monitor conditions in the fiuid
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reservoir, and/or the apparatus may have further monitoring means adapted to monitor conditions
in the chamber between the primary barrier and the secondary barrier.

Adding a second instrument housing, a third inductive communication means placed in the second
instrument housing, and a second monitoring means arranged to monitor conditions in the chamber
between the primary barrier and the secondary barrier and arranged to transfer data to the third
inductive communication means, will allow the apparatus to monitor conditions in the chamber be-
tween the primary barrier and the secondary barrier and to communicate the findings outinto a
receiver in the adjacent environment, while maintaining the previously mentioned capabilities of
monitoring the conditions in the fluid reservoir while providing a double barrier in the passage be-
tween the fluid reservoir and the adjacent environment, with the barriers satisfying aforementioned

requirements.

The apparatus may constitute a safety-instrumented system. Adding a second and a third instru-
ment housing, each comprising inductive communication means and a monitoring means arranged
to monitor conditions in a chamber between the primary barrier and the secondary barrier, will al-
low the apparatus to satisfy requirements for a safety integrity level 3 system, as outlined in IEC

681 508, IEC 61 511 and OLF 070.

In a second aspect, the invention relates more particularly to use of the apparatus in the first aspect
of the invention for sealing a passage between a fluid reservoir and an adjacent environment.

In a third aspect, the invention relates more particularly to a method of monitoring conditions in a
fluid reservoir while sealing a passage between said fluid reservoir and an adjacent environment,
the method comprising the steps of installing the apparatus in a passage between a fluid reservoir
and an adjacent environment, obtaining information about conditions in a fluid reservoir by use of
the first monitoring means, and transferring the obtained information inductively through a dual
barrier by use of the first inductive communication means as a sending unit and the second induc-

tive communication means as a receiving unit.

The installation step of the method may comprise the step of inserting and setting a plug into a
passage between a fluid reservoir and an adjacent environment by use of commonly known proce-
dures for plug insertion. The method may further comprise the step of attaching an instrument
housing to the plug and opening a bore in the plug, by opening a closing means in the bore, to
create a flow path from the fluid reservoir to a monitoring means. Furthermore, the method may
comprise the step of installing a secondary barrier. The secondary barrier may be the secondary
barrier of the second assembly according to the first aspect of the invention.

The method may further comprise the steps of removing the secondary barrier, closing a bore ina
plug for the plug to act as a barrier between the fluid reservoir and the adjacent environment, de-
taching the instrument housing from the plug, extracting all parts of the apparatus except the plug
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and all parts of the plug, attaching an instrument housing to the plug, opening a flow path through
the bore in the plug by opening a closing means in the bore to create a path from the fluid reservoir
to the monitoring means, and installing the secondary barrier. The bore may be closed by closing a
closing means in the bore. This method may be applied e.g. if the instrument housing needs to be
removed for replacing the monitoring means. The method allows for leaving a barrier in place be-
tween the fiuid reservoir and the adjacent environment during maintenance work to the apparatus.

It is to be understood that the plug and/or the first assembly, when set in the passage between the
fluid reservoir and the adjacent environment, may extend into the fluid reservoir and/or the adjacent

environment from the passage.

in the following are described examples of preferred embodiments illustrated in the accompanying
drawings, wherein:

Fig. 1 shows a plug, an instrument housing, a tool handle and a second assembly;

Fig. 2 shows a first assembly, comprising a plug, an instrument housing and a tool handle,
set in a passage between a fluid reservoir and an adjacent environment, and a sec-
ond assembly set as a secondary barrier between the fluid reservoir and the adjacent
environment,

Fig. 3 shows a first assembly comprising a plug, two instrument housings and a tool han-
dle, and a second assembily;

Fig. 4 shows a first assembly comprising a plug, three instrument housings and a tool han-
dle, and a second assembly; and

Fig. 5 shows an embodiment of the apparatus wherein the second assembly comprises a
cover for covering the second inductive communication means.

Note that the drawings are shown highly simplified and schematic and that the various features
therein are not necessarily drawn to scale. dentical reference numerals refer to identical or similar
features in the drawings.

Figure 1 illustrates parts of the apparatus 1 by showing a second assembly 20 and a disassembled
embodiment of the first assembly 10. The second assembly 20 is shown here with two seal
grooves 201, 202, two pressure-test/leak-off ports 207, 208, a second inductive communication
means 206 fixed to the second assembly 20, a processing unit 205 connected to the second induc-
tive communication means 206, and two bolts 203, 204 for fixing the secondary barrier 20 to a

structure.

The second assembly 20 is substantially cylinder shaped. The two seal grooves 201, 202 are circu-
lar, and thus shown twice each in the figure. The second inductive communication means 206 are
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winded circumferentially around a portion of the second assembly 20. It should be noted that this
represents one embodiment, and that other shapes are possible for the second assembly 20, with
other solutions for the seal grooves 201, 202 and the second inductive communication means 208.

The first assembly 10 is shown in a partly exploded view in figure 1, the first assembly 10 compris-
ing a plug 110, an instrument housing 130 and a tool handle 190.

The plug 110 comprises a bore 113, a protruding rotational locking mechanism portion 118, a seal
118, a transducer port 116, a bleed port 115, and a process port 114. Each of the three ports 114,
115, 116 are arranged with a closing means 114c, 115¢, 116c, for opening or closing a flow path to
the port.

The instrument housing 130 comprises a seal groove 132, a transducer 134, a receiving rotational
locking mechanism portion 131, a processing unit 135, a first inductive communication means 136,
a vent port 137, a seal 138, and a protruding rotational locking mechanism portion 139.

The tool handle 190 comprises a receiving rotational locking mechanism portion 191, a seal groove
192, and a handie 195.

The first inductive communication means 136 is arranged to communicate with the second induc-
tive communication means 206. The seals 118, 138 are adapted to fit into the sealf grooves 132,
192. The protruding rotational locking mechanism portion 119 is arranged to fit into the receiving
rotational locking mechanism portion 131, Likewise, the protruding rotational locking mechanism
portion 139 is arranged to fit into the receiving rotational locking mechanism portion 191.

The transducer 134 is arranged to be in contact with a fluid reservoir through the bore 113 and the
transducer port 116 in the plug 110. The bleed port 115 is included in the plug 11 for bleeding off
pressure in the bore 113. The process port 114 can block or open the bore 113, thus blocking or
opening for fluid to flow through the plug 110.

The two assemblies 10 and 20 in this embodiment are cylindrically shaped.

Figure 2 illustrates the apparatus 1 in figure 1 assembled and mounted in a structure 2, in a pas-
sage between a fluid reservoir R and an adjacent environment E. The apparatus 1 in this embodi-
ment further comprises seals 211, 212 in the seal grooves 201, 202.

It is further illustrated, in figure 2, how the second assembly 20 can be placed around a section of
the first assembly 10, how the two assemblies 10, 20 can form a dual barrier between a fluid reser-
voir R and an adjacent environment E, and how a chamber V may be formed between the two bar-
riers. Furthermore, the figure illustrates how the first inductive communication means 136 and the
second inductive communication means 206 are arranged sufficiently close to each other o ar-
range for good conditions for communication, and how the bore 113 in the plug 110 opens a path
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from the fluid reservoir R to the fransducer 134,

Figure 3 illustrates the apparatus 1 comprising the same parts as in the two previous iliustrations,
with some additions. The first assembly 10 in figure 3 comprises a second instrument housing 150.
The first assembly 10 may be equipped with even further instrument housings 130, 150.

The instrument housing 150 comprises a receiving portion of a rotational locking mechanism 151, a
seal groove 152, a transducer 154, a processing unit 155, a third inductive communication means
156, a vent port 157, a seal 158 and a protruding rotational locking mechanism portion 158.

The second assembly 20 in this figure comprises, in addition to parts shown in previous figures, a
processing unit 215 and a fourth inductive communication means 216.

The first instrument housing’s 130 protruding rotational locking mechanism portion 139 in locked to
the second instrument housing’s 150 receiving rotational locking mechanism portion 151, The sec-
ond instrument housing’s 150 protruding rotational locking mechanism portion 158 is locked to the
tool handle's 190 receiving rotational locking mechanism portion 191.

in this embodiment, featuring two instrument housings 130, 150, the apparatus 1 is equipped with a
second monitoring means 154, arranged to be in fluid communication with the chamber V between
the two barriers through the vent port 137. This embodiment thus allows for monitoring of condi-
tions in the chamber V. Furthermore, the third inductive communication means 156 is arranged o
communicate with the fourth inductive communication means 2186, thus enabling inductive commu-

nication of data gathered from monitoring the chamber V.

Figure 4 illustrates the apparatus 1 with the first assembly 10 comprising three instrument housings
130, 150, 170. The third instrument housing 170 comprises a receiving rotational locking mecha-
nism portion 171, a seal groove 172, a transducer 174, a processing unit 175, a fifth inductive
communication means 176, a vent port 177, a seal 178 and a protruding rotational locking mecha-
nism portion 179.

The second assembly 20 in this embodiment comprises all the parts from figure 3, and additionally
a processing unit 225 and a sixth inductive communication means 226.

The third instrument housing 170 is placed between the second instrument housing 150 and the
tool handie 190. Thus, the protruding rotational locking mechanism 159 of the second instrument
housing 150 is locked with the receiving rotational locking mechanism 171 of the third instrument
housing 170, while the receiving rotational locking mechanism 191 of the tool handle 190 is locked
with the protruding rotational locking mechanism 179 of the third instrument housing 170.

In figure 4, the fifth inductive communication means 176 and the sixth inductive communication
means 226 are arranged to communicate with each other. Furthermore, the vent port 157 arranges
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for fluid communication between the transducer 174 and the chamber V between the two barriers.
This embodiment thus has three independent monitoring means 134, 154, 174, each with their own
sets of inductive communication means 136, 206; 158, 216; 176, 226. Thus, this embodiment may
satisfy the requirements for safely integrity level 3.

Figure 5 shows a possible embodiment of the apparatus 1, wherein the second assembly 20 com-
prises a cover 21. The cover 21 comprises a compartment housing 211, and the compartment
housing 211 comprises the processing unit 205 of the second assembly 20. The compartment
housing 211 comprises a cable 242 extending from the processing unit, via wires, through a wall of
the compartment housing 211, to a not shown receiver. The compartment housing 211 further
comprises an aerial 241 extending from the processing unit 205, via wires, through a wall of the
compartment housing 211. The cable 242 and the aerial 241 are means for connecting the appa-
ratus to other systems or apparatuses for communication. in another embodiment, the compart-
ment housing 211 may typically comprise either an aerial 241 or a cable 242. The compartment
housing 211 further comprises a lid 251 that may be opened for accessing equipment in the com-
partment housing 211.

it is to be understood that equipment not shown in the figures may be connected to the apparatus
1, such as a not shown power source for providing power to the apparatus 1.

it shouid be noted that the above-mentioned embodiments illustrate rather than limit the invention,
and that those skilled in the art will be able to design many alternative embodiments without depart-
ing from the scope of the appended claims. In the claims, any reference signs placed between
parentheses shall not be construed as limiting the claim. Use of the verb "comprise” and its conju-
gations does not exclude the presence of elements or steps other than those stated in a claim. The
article "a" or "an" preceding an element does not exclude the presence of a plurality of such ele-

menis.

The mere fact that certain measures are recited in mutually different dependent claims does not
indicate that a combination of these measures cannot be used to advantage.
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Cltaims

Apparatus (1) for monitoring conditions in a fluid reservoir (R) while sealing a passage be-
tween said fluid reservoir (R} and an adjacent environment (E), the apparatus (1) being ar-
ranged {o receive power from a main power source, the apparatus (1) comprising:

- & first assembly (10) comprising a primary barrier, wherein the first assembly is adapted to
be in fluid communication with the fluid reservoir (R} in operational use of the apparatus (1)
and wherein the primary barrier is adapted to block a passage between the fluid reservoir (R}
and the adjacent environment (E), the primary barrier (10) comprising a continuous, non-
penetrated sealing portion;

- a second assembly (20) comprising a secondary barrier, wherein the second assembly is
adapted to be in fluid contact with the adjacent environment {E) in operational use of the ap-
paratus {1) and wherein the secondary barrier is adapted to block a passage between the
fluid reservoir (R} and the adjacent environment (E), the secondary barrier comprising a con-
tinuous, non-penetrated sealing portion,

the apparatus (1)being characterised in thatitfurther comprises:

- & first inductive communication means (136} placed in the first assembly (10);

~ a second inductive communication means (208) adapted to be placed on the opposite side
of the secondary barrier relative {0 the first inductive communication means {138}, the first
inductive communication means {136) and the second inductive communication means (206}
being arranged to communicate with each other; and

~ @ monitoring means {134) arrangsd to be in fluid communication with the fluid reservoir (R)
for monitoring conditions in the fluid reservoir (R}, the monitoring means (134) further being
arranged {o transfer information to the first inductive communication means {(138) for trans-
ferring data gathered from monitoring conditions in the fluid reservoir (R).

Apparatus (1) according to claim 1, wherein the apparatus’ (1) first assembly (10) comprises
a processing unit (135) for processing data.

Apparatus (1) according to claim 1 or 2, wherein the apparatus’ (1) second assembly (20)
comprises a processing unit (205) for processing data.

Apparatus (1) according to any one of the previous claims, wherein the first assembly (10)
comprises a tool handle (180).

Apparatus (1) according to any one of the previous claims, wherein the first assembly (10)
comprises a plug (110).
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1.

12.

13.

Apparatus (1) according to claim 5, wherein the plug (110} is detachable from the first as-
sembly (10).

Apparatus (1) according to claim 5 or 8,

- wherein the plug (110} is adapted to be fixed to a first instrument housing (130});

- wherein the plug (110} comprises a bore (113} through which fluid may flow;

- wherein a first monitoring means (134) is arranged on an outer surface of the first instru-
ment housing {130); and

- wherein the bore (113} in the plug (110} is arranged as a flow path for fluids from a fluid
reservoir (R} to the first monitoring means (134), such that the first monitaring means (134)
may obtain information about the conditions in the fluid reservoir (R).

Apparatus {1) according to claim 7, wherein the bore (113) in the plug (110) is provided with
a closing means (114c) for opening or closing the flow path.

Apparatus (1) according to any one of the previous claims, wherein the first assembly (10)
comprises a backup power source.

Apparatus (1) according to any one of the previous claims, wherein the first assembiy (10)
comprises a sscond monitoring means (154} arranged to monitor conditions in a chamber

{V) between the primary barrier and the secondary barrier.

Use of an apparatus (1) according to any one of claims 1-10 for sealing a passage between
a fluid reservoir (R) and an adjacent environment (E).

Method for monitoring conditions in a fluid reservoir (R) while sealing a passage between
said fluid reservoir (R} and an adjacent environment (E) by use of an apparatus according to
any one of claims 1-10, the method comprising steps of:

- installing the apparatus (1) in a passage between the fiuid reservoir (R) and the adjacent
environment (E);

- obtaining information about conditions in the fluid reservoir (R) by use of the first monitoring
means {134}, and

- transferring the obtained information inductively through a dual barrier by use of the first in-
ductive communication means (136) as a sending unit and the second inductive communica-
tion means (206) as a receiving unit.

Method according to claim 12, wherein the first assembly {(10) comprises a plug (110),
wherein the method step of installing the apparatus further comprises steps of:

- inserting and setting the plug (110) into the passage between the fluid reservoir {(R) and the
adjacent environment (E) by use of commonly known procedures for plug insertion;

- attaching an instrument housing (130} to the plug (110);

- opening a flow path through a bore (113) in the piug (110) by opening a closing means
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14.

{114c¢) in the bore (113), to create a path from the fluid reservoir (R} to the monitoring means
(134); and
- installing a secondary barrier.

Method according to claim 12 or 13, the method further comprising steps of.

- removing the secondary barrier;

- closing a bore (113) in a plug (110), by closing a closing means in the bore (114c), for the
plug to act as a barrier between the fluid reservoir (R) and the adjacent environment (E);

- detaching an instrument housing (130} from the plug (110);

- extracting all parts of the apparatus (1) except the plug (110) and all parts of the plug (110);
- attaching an instrument housing (130) to the plug (110);

- opening a flow path through the bore (113) in the plug (110) by opening a closing means
(114c) in the bore (113), to create a path from the fluid reservoir (R} to the monitoring means
(134); and

- installing the secondary barrier.
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