SUBSEA MULTIPLE ANNULUS SENSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates in general to a seassembly for a wellbore assembly,

and in particular to sensors for monitoring comfis in one or more annulus spaces.

2. Brief Description of Related Art

[0002] Wellhead housings can be located on a wellbore ws®dl to support other wellbore
components used in the wellbore. Casing hangersbealanded in the wellhead housing to
support tubing that is located in the wellbore. @mulus can exist between various wellbore
components, such as between wellhead housings asidgchangers, between various casing
hangers, or between a riser and tubing locatedmilie riser. It is desirable for the operator to
be aware of conditions within the annulus suchhaspresence of fluid, specific types of fluid,
pressure, temperature, or pH. Sensors used totonasuch conditions can undermine the
integrity of wellbore components by, for exampkguiring an aperture or window that can leak.
It is desirable to monitor annulus conditions withandermining the integrity of the wellbore

components.

[0003] SUMMARY OF THE INVENTION

[0004] In an embodiment of the present invention, a we#b@ssembly has an outer wellhead

housing with a sidewall and an aperture extendimgugh the sidewall, an inner wellhead
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housing concentrically located within the outer lvead housing to define a first annulus
therebetetween, a first wellbore member concetiyidacated within the inner wellhead
housing to define a second annulus therebetwesignal receiver secured in the aperture such
that at least a portion of the signal receiverosated in the first annulus, and an outer sensor
assembly located in the second annulus and axatitiped with the signal receiver, the outer
sensor assembly being capable of sensing a sescondua condition and transmitting data
representing the second annulus condition througldewall of the inner wellhead housing to

the signal receiver. The annulus conditions calude pressure or temperature.

[0005] One embodiment can also include a second wellbceenbar, the second wellbore

member being concentrically located within thetfikellbore member to define a third annulus
therebetween, and an inner sensor assembly logatée: third annulus and being capable of
sensing a third annulus condition and transmittatp representing the third annulus condition

through a sidewall of the first wellbore membethe signal receiver.

[0006] In another embodiment, the outer sensor assembbcaded on an outer diameter of a
sidewall of the first wellbore member, and thetfikellbore member has a centralizer protruding
from the outer diameter of the sidewall of thetfinellbore member, the centralizer protruding
into the second annulus a greater distance thaoutiee sensor assembly. In an embodiment, the
signal receiver has a corrosion resistant outesinguand the outer housing is able to withstand

exposure to concrete. The outer sensor assemblynciaide a sensor, a transmitter, and a power

supply.

[0007] In one embodiment, the signal receiver include®lantromagnetic field generator, the

power supply includes a battery and a charger tlamdharger can inductively charge the battery



in response to the electromagnetic field. In amé@diment, the outer sensor assembly includes
a memory and stores the data representing the demorulus condition at least until the data
representing the second annulus condition is tratesnto the signal receiver. In one

embodiment, the signal receiver transmits the ttagacomputer.

[0008] In one embodiment, the wellbore assembly includesreent generator in contact with
seawater outside of the housing member and corthdotdhe signal receiver, the current
generator producing electric current in responseéeement of the seawater and transmitting
the electric current to the signal receiver. le embodiment, the current generator can include a

turbine, the turbine rotating in response to movanoéthe seawater.

[0009] In one embodiment, the outer sensor assembly iobaeplurality of sensor assemblies
spaced apart around the outer diameter of the viidtbore member, each sensor assembly
having a transmitter, wherein the transmitter & sensor assembly nearest the signal receiver

can transmit data from one or more of the pluralitgensor assembilies.



BRIEF DESCRIPTION OF THE DRAWINGS

[0010] So that the manner in which the features, advastagé objects of the invention, as well
as others which will become apparent, are attaaretican be understood in more detail, more
particular description of the invention briefly somarized above may be had by reference to the
embodiment thereof which is illustrated in the apfed drawings, which drawings form a part
of this specification. It is to be noted, howevidrat the drawings illustrate only a preferred
embodiment of the invention and is therefore nobgoconsidered limiting of its scope as the

invention may admit to other equally effective emlipzents.

[0011] Figure 1 is a side view of a subsea well havingarbodiment of the wellbore annulus

monitoring system.

[0012] Figure 2 is an enlarged partial sectional viewhaf wellbore annulus monitoring system

of Figure 1.

[0013] Figure 3 is a block diagram showing components@ataal with the annulus monitoring

system of Figure 1.

[0014] Figure 4 is a partial sectional view of an emboditra the wellbore annulus monitoring

system of Figure 1 with a subsea power supply.



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0015] The present invention will now be described moty faereinafter with reference to the
accompanying drawings which illustrate embodimesftghe invention. This invention may,
however, be embodied in many different forms anoukh not be construed as limited to the
illustrated embodiments set forth herein. Rathees¢ embodiments are provided so that this
disclosure will be thorough and complete, and Willy convey the scope of the invention to
those skilled in the art. Like numbers refer t@lddements throughout, and the prime notation, if

used, indicates similar elements in alternative @imhents.

[0016] Referring to Figure 1, wellhead housing 100 is atepwellhead housing connected to
wellbore 102. Riser 104 extends from wellhead 400 to drilling platform 106. Sensor
assemblies 108 and 110 (Figure 2) can be locatdudrnwivellhead housing 100. As will be
described in more detail, signal receiver 112 ecaeive data from outer sensor assembly 108
and inner sensor assembly 110, and relay thattdatemputer 114. Sensor assemblies 108 and
110 can be the same type of sensor assembly orbeadifferent. For purposes of this
description, sensor assembly 110 shall refer teres@ assembly that can be used in either

location, unless specified otherwise.

[0017] Computer 114 can be located apart from signal veceil?2 such as, for example, on
drilling platform 106. In one embodiment, cable6ldan be used to provide power to signal
receiver 112 and to transmit data from signal rexrel12 to computer 114. As will be described
in more detail, signal receiver 112 can alterndyilee powered by other sources. A remotely
operated vehicle (“ROV”) 118 can be used to installservice components associated with

wellhead housing 100, including, for example, sigeaeiver 112. ROV 118 can be connected



to platform 106 by, for example, umbilical 119. bifical 119 can extend along riser 104 to
platform 106. Other types of controls can be udedone embodiment, a housing member, such
as wellhead housing 100, is part of a wellbore rabse connected to wellbore 102. The
embodiment shown is a subsea wellhead housing B00,could be any type of housing

associated with a wellbore.

[0018] Referring to Figure 2, aperture 120 is an openimgugh sidewall 122 of wellhead
housing 100. Aperture 120 can be any shape inufjidor example, round. The inner diameter
surface of aperture 120 can be a relatively smowuthr diameter surface, or can be a threaded
inner diameter surface. A high pressure wellhesgmbly, such as inner wellhead housing 124,
can be concentrically located within wellhead hogsl00. Inner wellhead housing 124, which
can be conventional, can be a cylindrical membemigaa sidewall 126. In one embodiment,
sidewall 126 is solid, such that there are no thhewall penetrations, such as orifices or ports,
through sidewall 126. In other embodiments, theme through-wall penetrations through the
portion of sidewall 126 that align with aperture01@r no through-wall penetrations for the
purpose of sensing conditions within annulus 1ZBaus, no leak paths are created for the
purpose of sensing annulus conditions by sens@anddges 108, 110. An outer diameter of
sidewall 126 can be less than an inner diametevelthead housing 100, such that an annulus
128 is located therebetween. As one of skill i &t will appreciate, annulus 128 can be filled

with concrete during cementing operations.

[0019] A second wellbore member, such as casing hanger ce80be concentrically located
within inner wellhead housing 124. Casing handg&® tan be an annular member having a

sidewall 132. In some embodiments, casing han@ér can be axially supported by inner



wellhead housing 124. An outer diameter of sidew@® can be less than in inner diameter of

sidewall 126 of inner wellhead housing 124, thuinitey annulus 134 therebetween.

[0020] In one embodiment, casing hanger 130 has a cemrali36 on an outer diameter of
sidewall 132. Centralizer 136 can include guideswonular bands, which can be individual
protrusions outward from sidewall 132. Sensor pbvddO is a portion of sidewall 132 having
an outer diameter that is smaller than an outemeliar defined by centralizer 136. During
insertion of casing hanger 130, centralizer 136 wartect sensor 108 located in sensor pocket
140 from contacting another wellbore member inclgdifor example, inner wellhead housing

124.

[0021] In one embodiment, another wellbore member suclfioagxample, tubing hanger 142,
can be concentrically located within, and suppoligdcasing hanger 130. An outer diameter of
tubing hanger 142 can be less than an inner dianoéteasing hanger 130, thus defining an
annulus 144 therebetween. Sidewall 146 of tubiagger 142 can include a centralizer 148
having guides to define and protect sensor pock&t 1Centralizer 148 is an array of axially
extending blades spaced apart around tubing hdatfer As with inner wellhead housing 124,
casing hangers 130 and 142 can each have an absettt®ugh-wall penetrations, such as

orifices or ports, for the purpose of detectingwdna conditions.

[0022] One or more sensor assemblies 110 can be locatieh @nnulus 134 or annulus 144. In

one embodiment, sensor assemblies 110 can be doocatan outer diameter of casing hanger
130 or tubing hanger 142 including, for examplesémsor pockets 140 or 152. Alternatively,
sensor assemblies 110 can be located elsewherna aithulus 134 or annulus 144 such as, for

example, on an inner diameter of casing hanger Xthsor assemblies used within an annulus



can be the same or different than other sensord wgkin the same annulus. Furthermore,
sensor assemblies used in one annulus can berttee@adifferent than sensors used in another

annulus.

[0023] Referring to Figure 3, a sensor assembly 108, HtDioclude, for example, a sensor
element 156, a power supply 158, a transmitter &60,a controller 162, any or all of which can
be enclosed in sensor housing 164. Housing 164deamade of any of a variety of materials
including, for example, steel, or a corrosion resisalloy (“CRA”) such as an Inconel or cobalt
based alloy. In one embodiment, housing 164 idaataged by cement or corrosive fluids that
may be present in annulus 134, 144. Controllercinclude a microprocessor and a memory
for storing data. The memory (not shown) can begkample, flash memory. Sensor element
156 can be a sensor that can detect or sense s@hauacteristics within annulus 134 or annulus
144. Those characteristics can include, but atdimied to, the presence of fluid, the identity

or composition of fluid (including gas or liquidpH, temperature, and pressure.

[0024] Power supply 158 can be a power supply that stooeger for use by sensor assembly
110. Power supply 158 can include a battery oaciéqr. In one embodiment, power supply
158 can include an inductive charger that can ggeesn electric current in response to an
electromagnetic field. The generated electricenircan be used to power other components of

sensor assembly 110 or to charge the power ste@gponent of power supply 158.

[0025] Transmitter 160 can be used to transmit data frems@ assembly 110 to signal receiver
112 or to another sensor assembly 110. The trétesinilata can include, for example, the
characteristics sensed by sensor element 156 @&ndotidition of power supply 158. In one

embodiment, transmitter 160 can receive data fromerosensor assemblies 110 such as, for



example, by a cable (not shown) or by radio fregyeand then re-transmit that received data.
In one embodiment, sidewall 126 and sidewall 132noer wellhead housing 124 and casing
hanger 130, are solid in the vicinity of sensoreasslies 110 — meaning that there is an absence
of apertures or openings through the sidewallscaBge the sidewalls 126 and 132 are solid,
fluids are not able to pass through the sidewattsnfannulus 144 to annulus 134, or from
annulus 134 to annulus 128. Furthermore, the seassemblies 110 do not require apertures,
sealed or otherwise, to pass electromagnetic wavasding radio frequency signals 168, to and
from signal receiver 112. Thus, no leak pathsaeated for the purpose of sensing annulus
conditions by sensor assembly 110. Rather, tratesmi60 can pass electromagnetic waves,
such as data signals 168, through solid portionsrar wellhead housing 124 and casing hanger

130 to signal receiver 112.

[0026] Referring back to Figure 2, sensor assemblies 1d® lwe spaced apart around a
circumference within annulus 134 or 144 to formsserring 170. The sensor assemblies 110
can be equally spaced apart, or can be arrangéduvéqual spacing between adjacent sensor
assemblies 110. Sensor assemblies 110 may alidpréive same sensor information. Sensor
assemblies 108 may all provide the same informati®y placing multiple identical sensor
assemblies 110 around the circumference, there gseater chance that one of the sensor
assemblies 110 will radially align with signal reee 112. Because transmitter 160 must pass
signals through solid portions of inner wellheadising 124, casing hanger 130, and, in some
embodiments, sensor assemblies 108, it can beuhatpiminimize the distance that the data
signal must pass. Indeed, when sensor assemblisla@ally and radially aligned with signal
receiver 112, the data signals are normal to silewa6 and 132, thus giving the data signal the

shortest path possible through the sidewalls. #ecénot shown) can be used to connect various



sensor assemblies 110 to one another. The cabldeaised to transfer data, such as from
sensor elements 156 among the sensor assembliesCélfle 166 can also be used to transfer

power from power supply 158 of one sensor assefiityto another sensor assembly 110.

[0027] Referring back to Figure 3, data acquisition, traission, and power management can be
controlled by controller 162. In one embodimemntcoller 162 can store acquired data in its
memory until the data can be transmitted to an@pate receiver such as, for example, signal
receiver 112. Controller 162 can direct sensoeragies 108, 110 to collect data regarding
characteristics within annulus 134, 144 on a pécibasis or in response to an exception. An
exception is an event that occurs or a sensorngdtat is outside of a predetermined range or
limit. An exception could be, for example, the ggBce of a particular type of fluid or a pressure

or temperature that exceeds a threshold value.

[0028] Signal receiver 112 can be positioned within te@gmission range of one or more of the
sensor assemblies 110 and can send or receivesigai@s, such as radio frequency signals.
Signal receiver 112 can be housed in a signal vecéiody 172 having a generally cylindrical
shape. Alternatively, the body can have other sbtajcluding, for example, square, or
octagonal. In one embodiment, signal receiver @42 be an annular. Head 174 can be a
portion of signal receiver 112 having an outer digien that is greater than an outer dimension
of body 172. The exterior of signal receiver bddy can have a generally smooth surface or a
threaded surface (not shown). In embodiments lgaaismooth surface along all or a portion of
body 172, signal receiver 112 can be pressed pea@e 120. In embodiments having threads
on an outer diameter of body 172, signal receiv? tan threadingly engage corresponding
threads on the inner diameter of aperture 120ndbigeceiver 112 can form a fluid tight seal at

aperture 120 to prevent fluids such as wellbor&i$ldrom passing out of wellhead housing 100
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and to prevent fluids such as seawater from passiogwellhead housing 100. A sealant (not

shown) can be used to improve the seal betweealgigeeiver 112 and aperture 120.

[0029] The exterior of signal receiver 112, including bddi2 and head 174, can be made of any
of a variety of materials including, for exampléeed, or a corrosion resistant alloy (“CRA”)
such as an Inconel or cobalt based alloy. In anbogliment, body 172 is not damaged by
cement or corrosive fluids that may be presentrinubus 128. Signal receiver 112 can be
installed in or on wellhead housing 100 beforefterglacing wellhead housing 100 on wellbore
102. In one embodiment, ROV 118 can install sigeakiver 112 by inserting it into aperture
120 after wellhead housing is placed on wellbor2. 18uch installation can be performed before

or after landing inner wellhead housing 124 ormg$ianger 130 in wellhead housing 100.

[0030] Signal receiver 112 can include a receiver 176eteive signals 168 transmitted by
transmitter 160 of sensor assemblies 110. Sigeediver 112 can be connected to a data
collection unit such as computer 114 (Figure 1) foy, example, cables 177, a wireless
connection, or a combination thereof. In one enrhedt, signal receiver 112 can transfer data
to ROV 118, which can be connected via an umbilid# to platform 106. Signal receiver 112
can transmit data representing the signals it kasived to computer 114, either directly or
indirectly. In one embodiment, signal receiver taR also include a transmitter (not shown) for
sending instructions to sensor assemblies 110naSrgceiver 112 can thus, for example, change
the exception conditions or data acquisition amghdmission frequency of sensor assemblies

110.

[0031] Signal receiver 112 can include a charging statié® to charge power supply 158. As

one of skill in the art will appreciate, chargington 178 can include a coil that can create an
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electromagnetic field 180. Because power supply ¢d&n also have a cail, it can, thus, be

inductively charged by signal receiver 112.

[0032] Signal receiver 112 can be powered by one or mbeevariety of power sources. For
example, power can be provided by cable 181 (Figfr@n drilling platform 106. In one
embodiment, cable 181 can also send and receiagrdan signal receiver 112 to computer 114.
In one embodiment, signal receiver 112 can be peivby ROV 118. In another embodiment,
as shown in Figure 4, signal receiver 112 can beeped by a subsea power supply, such as
current generator 182, that generates electrinityesponse to movement of seawater. Current
generator 182 can be in contact with seawater dritef wellhead housing 100. Current
generator 182 can have a turbine 184 that rotatessiponse to movement of seawater, either
directly or indirectly, to turn generator module6l@nd, thus, generate electricity. Power wires
188 can transfer electricity between current gdoerd82 and signal receiver 112. Signal
receiver 112 can include a power storage devicgh ag one or more batteries, to store power.
The power storage unit can be used to power sigrealiver 112 during the times that it is not

receiving power from an intermittent power supplgls as ROV 118 or current generator 182.

[0033] In operation of an exemplary embodiment, conditiatibin a wellbore can be monitored
by a wellbore monitoring system. The wellbore nmarmng system can be part of wellhead
housings 100, 124, which can be connected to welth62. In the wellbore monitoring system,
an inner wellbore member, such as inner wellheaasing 124, is positioned concentrically
within wellhead housing 100. Annulus 128 can beated between wellhead housing 100 and
inner wellhead housing 124. Signal receiver 118 ba inserted through a hole in outer
wellhead housing 100 so that at least a portiorthef signal receiver 112 is located within

annulus 128. Signal receiver 112, or a portiorsighal receiver 112, can be inserted through
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aperture 120 in the sidewall wellhead housing 10Bis can be done before or after landing
inner wellhead housing 124 in wellhead housing 1B0tthermore, it can be done before or after
positioning wellhead housing 100 on wellbore 1@ ROV 118, for example, can insert signal

receiver 112 into aperture 120.

[0034] A second wellbore member, such as casing hangercE8Obe positioned within inner
wellhead housing 124, with an annulus betweenwlwewtellbore members. A sensor assembly
108 can be located in the annulus 134. The sexss@mbly can be placed on an outer diameter
of casing hanger 130 before casing hanger 130wnsrkd into inner wellhead housing 124. A
third wellbore member, such as tubing hanger 142tkkan be lowered into casing hanger 130,
again defining annulus 144 therebetween. A seassembly 110 can be located on an outer
diameter of tubing hanger 142 so that it is posétbin annulus 144 after landing tubing hanger
142. After signal receiver 112 is installed andicg hanger 130 is in place, the wellhead
housing cementing process can occur. The cemenfl@a through annulus 128 and around
sensor assembly 112, which can withstand the flbeement around its housing 172. There is
an absence of apertures or other openings in thewalls 132, 146 in the vicinity of sensor
assemblies 108, 110. Because there is an abséapertures, there is less likelihood that fluid

could leak out of either annulus 134, 144.

[0035] Either or both sensor assemblies 108, 110 can semagdus conditions within annulus
134 and 144, respectively using sensor element I9& conditions can include, for example,
pressure, temperature, the presence of fluids,ideatification of fluids, and pH. Data
representing those annulus conditions can be staradmemory unit within sensor assemblies
108,110, such as a memory unit located within aietr 162. The data representing the annulus

conditions can be transmitted through solid pogiof sidewalls 132 or 146 to signal receiver
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112. The sensor assemblies can be programmaldpetmfy, for example, the frequency at
which sensor assemblies 110 detect annulus conglitidor example, sensor assemblies 110

could be set to take a reading at 1 Hz or 10 Hz.

[0036] In one embodiment, a plurality of sensor assemldl@s can be located in annulus 134.
Similarly, a plurality of sensor assemblies 110 barocated in annulus 144. The pluralities of
sensor assemblies 108, 110 can be arranged asa@r sg1g. In one embodiment, each of the
sensor assemblies 108, 110 can communicate with eter, either by wired or wireless
communication, to transfer data to the other seassemblies 108, 110. For example, each of
the sensor assemblies 108, 110 can transfer d#be wensor assembly 108, 110 that is located
nearest to signal receiver 112, and then that sessembly 108, 110 can transmit data from all
of the sensor assemblies 108, 110 to the signadivext 112. In this embodiment, the

transmission distance through sidewalls 132, 1#6beaminimized.

[0037] The charging station 178 can send electromagrietet fL80 through casing hangers 124,
130 to power supply 158 of sensor assemblies 10®. 1 The data signals 168 and
electromagnetic field 180 are of frequency and polereels needed to overcome the potential

gap between the signal and power inductor sigriver 112 and the sensor assemblies 110.

[0038] After receiving data from sensor assemblies 108, ftfe signal receiver 112 can directly
or indirectly transmit data representing the answonditions to another machine for live or
archived monitoring, including further processinmgaoalysis. For example, signal receiver 112
can transmit data to computer 114. The data cdrahemitted by any of a variety of techniques
including, for example, by cable 181, by wirelesmsmission, or by relay through other data

communication devices located, for example, orr 1€l or on ROV 118. In one embodiment,
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data can be stored by sensor assemblies 108, 4 b§,sagnal receiver 112 until such time as it
can be relayed. For example, data can be stor@ldR@V 118 is in a position to receive the
data. After receiving the data, computer 114 capldy the data or generate alarms for
exception conditions. The exception conditions banfor example, a pressure that is greater

than a predetermined level.

[0039] While the invention has been shown or describeahiy some of its forms, it should be
apparent to those skilled in the art that it is s@tlimited, but is susceptible to various changes

without departing from the scope of the invention.
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What is claimed is:
1. A wellbore assembly, the wellbore assembly compgisi

an outer wellhead housing (100) having a sidevii@P} and an aperture (120) extending through

the sidewall (122);

an inner wellhead housing (124) concentrically tedawithin the outer wellhead housing (100)

to define a first annulus (128) therebetween,;

a first wellbore member (130) concentrically lochteithin the inner wellhead housing (124) to

define a second annulus (134) therebetween;

a signal receiver (112) secured in the apertur®)($Rch that at least a portion of the signal

receiver (112) is located in the first annulus (12&d

an outer sensor assembly (108) located in the seaonulus (134) and axially aligned with the
signal receiver (112), the outer sensor assemlol§)(theing capable of sensing a second annulus
condition and transmitting data representing theoisé annulus condition through a sidewall

(126) of the inner wellhead housing (124) to tlgmal receiver (112).
2. The wellbore assembly according to claim 1, furit@mprising:

a second wellbore member (142), the second wellbmeenber being concentrically located

within the first wellbore member (130) to definéhad annulus (144) therebetween; and

an inner sensor assembly (110) located in the #mrdilus (144) and being capable of sensing a
third annulus condition and transmitting data repreging the third annulus condition through a

sidewall (132) of the first wellbore member to gignal receiver (112).
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3. The wellbore assembly according to claim 1, whetkeouter sensor assembly (108) is
located on an outer diameter of a sidewall (13Zheffirst wellbore member (130), and further
comprising a centralizer (136) protruding from theter diameter of the sidewall (132) of the
first wellbore member (130) the centralizer (13@dotruding into the second annulus (134) a

greater distance than the outer sensor assemt#y. (10

4, The wellbore assembly according to claim 1, whethin outer sensor assembly (108)

comprises a sensor (156), a transmitter (160) agmolwer supply (158).

5. The wellbore assembly according to claim 4, whetkesignal receiver (112) includes
an electromagnetic field generator (178), the poswgiply (158) comprises a battery and a
charger, and the charger inductively charges tlietyain response to the electromagnetic field

(180).

6. The wellbore assembly according to claim 1, whethin outer sensor assembly (108)
includes a memory and stores the data represethiéngecond annulus condition at least until the

data representing the second annulus conditicansinitted to the signal receiver (112).

7. The wellbore assembly according to claim 1, whetleésignal receiver (112) transmits

the data to a computer (114).

8. The wellbore assembly according to claim 1, furt@nprising a current generator (182)
in contact with seawater outside of the housing bemand connected to the signal receiver
(112), the current generator (182) producing eleaturrent in response to movement of the

seawater and transmitting the electric currenhéosignal receiver (112).
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9. The wellbore assembly according to claim 8, whetkecurrent generator comprises a
turbine (184), the turbine rotating in responsentavement of the seawater to cause the current

generator (182) to produce the electric current.

10. The wellbore assembly according to claim 1, whetke@outer sensor assembly (108) is
one of a plurality of sensor assemblies spacedt apaund the outer diameter of the first
wellbore member (130), each sensor assembly (188nh4 a transmitter (160), wherein the
transmitter (160) of the sensor assembly (108)astdhe signal receiver (112) can transmit data

from one or more of the plurality of sensor assesasbl

11. The wellbore assembly according to claim 1, whetleenfirst annulus condition includes

at least one of pressure and temperature.

12. A method for monitoring conditions within a welllmoassembly, the method comprising

the steps of:

(a) connecting an outer wellhead housing (100) to dbest (102), the outer wellhead

housing having a sidewall (122) and an apertur@)(hfough the sidewall;

(b) positioning an inner wellhead housing (124) concealty within the outer wellhead

housing (100) to define a first annulus (128) thetereen;

(c) positioning a first wellbore member (130) concegaily within the inner wellhead
housing (124) to define a second annulus (134)ebeween, with a sensor assembly
(108) located in the second annulus, the sensendsyg (108) having a sensor element

(156), a power supply (158), and a transmitter };L60

(d) positioning a signal receiver (112) in the aper{d20); and
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(e) sensing a second annulus condition with the sesssembly (108) and transmitting data
representing the second annulus condition througidewall (126) of the inner wellhead

housing (124) to the signal receiver (112).

13. The method according to Claim 12, further compgsithe step of generating an
electromagnetic field (180) by the signal recei{#t2) to inductively charge the power supply

(158).

14. The method according to Claim 13, wherein a curgamterator (182) generates electric
current in response to movement of seawater andl#otric current is used to power the signal

receiver (112).

15. The method according to Claim 12, wherein the semassembly (108) is one of a
plurality of sensor assemblies, wherein step (eh&r comprises the step of transmitting data
from the one of the plurality of sensor assemb(ig38) nearest the signal receiver (112) to the

signal receiver (112).
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