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A DOWNHOLE TOOL DEPLOYMENT 
ASSEMBLY WITH IMPROVED HEATER 
REMOVABILITY AND METHODS OF 

EMPLOYING SUCH 

FIELD OF THE INVENTION 

[ 0001 ] The present invention relates to tools for use in 
downhole environments such as oil and gas wells . In par 
ticular the present invention relates to tools capable of being 
temporarily deployed downhole and subsequently removed . 

BACKGROUND OF THE INVENTION 

the heat source is used to melt the alloy , which flows a short 
distance before it begins to cool and turn back into a solid . 
[ 0013 ] Through this process the alloy can form a connec 
tion between the tubular tool and the nearby surrounding 
structure , which will typically be a well casing or tubing but 
could also be formation . In cases where the surrounding 
structure is a well casing / tubing , the alloy forms a metal to 
metal connection between the tubular tool and the surround 
ing well casing / tubing . 
[ 0014 ] Once the tubular tool has been secured in place , the 
heater is retrieved leaving the interior of the secured tool 
clear . In the embodiment disclosed in WO2016 / 024123 the 
retrieval of the heater is relatively straight forward because 
the heater and the alloy are prevented from coming into 
direct contact with one another by the main body of the 
tubular tool . 
[ 0015 ] However , the retrieval of the heater becomes much 
more challenging when the heater and the alloy are allowed 
to come into direct contact with one another . This can occur 

in more slim - line , low profile tools where no intermediate 
tubing is present and the alloy is mounted directly on the 
heater . This is because the alloy , as it cools and turns back 
into a solid , can trap a portion of the heater body and prevent 
its extraction . 

SUMMARY OF THE INVENTION 

[ 0002 ] In order to access oil and gas deposits located in 
underground formations it is necessary to drill bore holes 
into these underground formations and deploy production 
tubing to facilitate the extraction of the oil and gas deposits . 
[ 0003 ] During the creation , operation and abandonment of 
oil and gas wells there is often the need to secure a tool in 
position within a downhole target region . 
[ 0004 ] One common task is the carrying out of repairs to 
the existing well tubing , which due to the downhole envi 
ronment can develop fractures / leaks over time . Another 
common task is to isolate ( whether temporarily or semi 
permanently ) a region of a well from the rest of the pro 
duction tubing . 
[ 0005 ] Various downhole tools are employed in such situ 
ations . Some of the most commonly used include : bridge 
plugs , patches , scab and straddles . In order to secure the 
downhole tool within a well such tools are typically pro 
vided with hydraulically actuated means that can be oper 
ated to engage with the surface of a surrounding tubing ( e.g. 
a well casing , well liner or production tubing ) . 
[ 0006 ] A plurality of these engagement means , which are 
commonly referred to as “ dogs ' or ' slips ' , are normally 
provided on a downhole tool so that once the tool is in place 
they can be actuated to lock the tool in position relative to 
the surrounding tubing . 
[ 0007 ] Once the required task has been completed by the 
downhole tool , the ' dogs ' or ' slips ' can be retracted and the 
tool can be retrieved from the well . 
[ 0008 ] Although the ‘ dogs ' or ' slips ' are capable of retain 
ing a downhole tool in position within a well , they do not 
form a gas tight seal with the surrounding tubing . In view of 
this , on occasions where a gas tight seal is required the 
downhole tool is provided with additional sealing means . 
This can increase the possibility of a malfunction of the 
downhole tool . 

[ 0009 ] Some types of downhole tools , such as expandable 
patches , are secured in position by expanding the main body 
of the downhole tool so that it pushes against the inner 
surface of the outer tubing . 
[ 0010 ] Another approach , which has been developed by 
the applicant , utilises the interesting properties of eutectic / 
bismuth based alloys to help securely locate tools within 
downhole target regions . 
[ 0011 ] In particular , published International PCT applica 
tion No. WO2016 / 024123 discloses a variety of different 
options for using eutectic / bismuth based alloys mounted on 
the exterior walls of a tubular tool to secure the tool within 
a downhole target region . 
[ 0012 ] In operation , a heat source is inserted into the 
tubular tool and positioned at a point within the tool that is 
adjacent to the externally mounted alloy . Once in position 

[ 0016 ] In view of the above issues faced by tools and tool 
deployment assemblies in which the heater is in direct 
contact with an eutectic / bismuth based alloy , the present 
invention provides an improved downhole tool deployment 
assembly and methods of using such . 
[ 0017 ] In particular , the present invention provides a 
downhole tool deployment assembly , said assembly com 
prising : a heater with a tubular heater body having an 
internal cavity configured to receive a heat source ; a tubular 
heat conducting member configured to surround the tubular 
heater body leaving an annular clearance , wherein the tubu 
lar heat conducting member does not extend along the entire 
length of the tubular heater body ; a collar mounted adjacent 
to the region of the assembly where the tubular heat con 
ducting member ends , wherein the collar is configured to 
prevent access to the annular clearance between the tubular 
heat conducting member and the tubular heater body ; and an 
eutectic / bismuth based alloy covering extending over the 
collar and at least a portion of the tubular heater body and 
the tubular heat conducting member , and whereby the alloy 
holds the heater and the tubular heat conducting member 
together until the alloy is melted . 
[ 0018 ] By providing an assembly in which a portion of the 
heater is not surrounded by intermediate tubing , but instead 
makes direct contact with the alloy , it is possible to reduce 
the overall weight of the assembly . The removal of the 
intermediate tubing also means that more alloy can be added 
to the tool without the need to extend the length of the tool . 
[ 0019 ] It will also be appreciated that the weight saving 
made from not extending the intermediate tubing along the 
entire length of the heater , as has been done in the past , can 
enable additional alloy and / or chemical heat source material 
to be carried by the assembly . 
[ 0020 ] It will further be appreciated that mounting the 
tubular heat conducting member co - axially on the tubular 
heater body of the heater enables the heater to continue to 
heat the melted alloy even after it has slumped away from , 
and out of direct contact with , the tubular heater body . This 
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ensures that the necessary clearance is achieved between the 
heater and the tool when the alloy cools so that the heater 
does not become trapped by the alloy . 
[ 0021 ] At the same time , releasably mounting the tubular 
heat conducting member on the heater primarily using the 
alloy facilitates the detachment of the heater from the tool 
once the alloy has melted . 
[ 0022 ] Removing the heater leaves behind the tubular heat 
conducting member . The member , which remains secured in 
position within the downhole target region by the re - solidi 
fied alloy , forms the tool . It will be appreciated that secured 
tubular member , in combination with the alloy , may provide 
a downhole platform upon which other tools , such as 
straddles , can be deployed . 
[ 0023 ] Alternatively the tool itself may serve as a plug if 
the tubular member is blocked ( e.g. with an end plate or 
burst disk ) . 
[ 0024 ] In addition , it will be appreciated that removing the 
heater greatly reducing the amount of material that has to be 
cleared ( i.e. by milling / drilling ) from the wellbore in the 
event that it becomes necessary to remove the tool from the 
well at a later date . 

[ 0025 ] The clearance between the heater tubular body and 
the annular heat conducting member ensures that , once the 
alloy has melted and slumped , the heater can be retrieved 
from within the annular heat conducting member so as to 
reveal the internal cavity of the annular heat conducting 
member . 
[ 0026 ] The potential issue of the heater being trapped by 
the alloy as it re - solidifies , which can occur when the heater 
and alloy remain in direct contact , is addressed by the 
provision of the collar , which provides a clear break point 
between the heater and the deployed downhole tool that is 
formed when the tubular heat conducting member combines 
with the alloy . 
[ 0027 ] The collar is positioned at the trailing end of the 
tubular heat conducting member to ensure that the melted 
alloy cannot flow into the clearance gap provided between 
the heater tubular body and the tubular heat conducting 
member . It is envisaged that if the alloy was able to flow into 
the clearance gap it could form a connection between the 
body and member that would hamper the retrieval of the 
heater . 
[ 0028 ] Preferably the alloy may be at least partially 
enclosed within an insulating sleeve . Providing a sleeve with 
insulating properties is considered highly beneficial because 
it serves to reduce heat loss from the tool of the present 
invention . This means that any heat generated by the tool is 
used more efficiently , which in turn means that less chemical 
heat source material , for example , is needed to achieve a 
certain heat output . This again allows the weight of the 
assembly to be reduced . 
[ 0029 ] This more efficient use of the chemical heat source 
material also means that less space needs to be given over to 
the cavity in the heater body , which in turn enables the 
overall diameter of the tool to be decreased without neces 
sarily also increasing the length of the heater . 
[ 0030 ] Providing an outer sleeve with insulating proper 
ties also helps to prevent heat being ‘ sucked away ’ from the 
tool as a consequence of the environmental conditional 
within the target region . By way of an example , it is 
envisioned that insulating the tool in this way prevent heat 
loss as a result of ' cross - flow ' within the well . 

[ 0031 ] ' Cross - flow ' occurs when fluids move down a 
pressure gradient within the well and in doing so create a 
flow of fluids passed the target region which could remove 
heat from the region over time . 
[ 0032 ] Providing the insulation also helps to ' super heat ' 
the alloy that is held between the heater body and the sleeve . 
This enables the molten alloy to penetrate further into the 
surrounding environment when it eventually leaves the tool . 
This is considered particularly beneficial when forming seals 
in wells located in sand pack formations , ( e.g. OHGPs ) . 
[ 0033 ] Preferably the insulating sleeve may comprise one 
or more openings in the region adjacent to the collar . 
Alternatively the insulating sleeve may comprise one or 
more weakened points in the region adjacent to the collar ; 
said weakened points being configured to fail before the rest 
of the insulating sleeve . 
[ 0034 ] It is appreciated that by providing openings in the 
sleeve , or alternatively weakened regions that will become 
openings in the sleeve during the operation of the heater , it 
is possible focus the locations where molten alloy escapes . 
Locating the openings / weakened regions adjacent the collar 
of the heater ensures that the alloy is ejected in the vicinity 
of the annular heat conducting member . 
[ 0035 ] Preferably the tubular heat conducting member 
may be formed from aluminium . However it is envisaged 
that steel alloys may alternatively be used . 
[ 0036 ] Preferably the tubular heat conducting member 
may further comprise a skirt portion located at the end of the 
tubular heat conducting member remote from the collar . The 
skirt portion facilitates the cooling of the molten alloy as it 
flows down the assembly because it enables cooler down 
hole fluids to collect within the open end of the skirt . 
[ 0037 ] Preferably the tubular heat conducting member 
may further comprise an end plate located at the end of the 
tubular heat conducting member remote from the collar . The 
end plate closes off the tubular heat conducting member so 
that the tool , once deployed , forms a plug in the well . 
[ 0038 ] In addition , the end plate , together with the collar , 
limits the extent to which the tubular heater body can be 
received within the tubular heat conducting member . 
[ 0039 ] Preferably additional releasable fixing means may 
be provided to retain the heater within the tubular heat 
conducting member . One example of a suitable releasable 
fixing means would be shear pins . Another alternative 
releasable fixing means is a shear ring . 
[ 0040 ] Preferably the internal cavity of the tubular heater 
body may contain a chemical reaction heat source . Further 
preferably the chemical reaction heat source may comprise 
a plurality of stacked blocks ( e.g. thermite blocks ) , wherein 
the heating characteristics of each block may vary along the 
stack . However , it is appreciated that the chemical reaction 
heat source may also be provided as fragmented thermite 
blocks ( i.e. crumble ) and / or in powdered form . 
[ 0041 ] Preferably the inner walls of the tubular heater 
body may be provided with a layer of a refractory material . 
Examples of materials that are considered suitable for the 
refractory lining include fibre glass , Kevlar® and a coating 
of ceramic material , such as zirconium oxide ( ZrO2 ) , alu 
minium oxide , magnesium oxide . Other suitable refractory 
materials will be appreciated by the skilled person upon 
consideration of the following explanation . 
[ 0042 ] Coating the inside of the tubular heater body with 
a refractory lining provides a number of benefits . 
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[ 0043 ] One benefit of having a lining within the heater 
body is that it prevents the chemical heat source material 
( e.g. thermite ) from sticking to the inside surface of the 
tubular heater body . This is a problem in heaters where it is 
desirable for the molten heat source to flow within the 

tubular heater body . Essentially the refractory lining serves 
to reduce the wettability of the inside surface of the heater 
body and prevent the heat source material clumping within 
the cavity . 
[ 0044 ] Preventing the molten heat source material from 
sticking to the tubular heater body stops the heat source 
material from concentrating heat in a particular spot and 
melting through the wall of the heater body at that point . 
[ 0045 ] Another benefit of the refractory lining is that it 
affords some heat shielding to walls of the tubular heater 
body , which in turn enables the heater body walls to be made 
thinner without risk of them being burned through . 
[ 0046 ] Preferably the lining may be made from fibre glass , 
Kevlar® , or provided as a ceramic layer coated on the inner 
walls of the tubular heater body . One example of a suitable 
ceramic material is ZrO2 . By way of some background it is 
note that refractory coatings are often used , in the casting 
industry , in equipment to transfer molten metals . However 
these are generally used in conjunction with low - melting 
point alloys such as aluminium or bronze , which have 
melting points in the range of 500 to 1000 degrees C. 
[ 0047 ] Refractory coatings are generally not recom 
mended for use with high - temperature molten materials such 
as iron or steel . This is relevant because steel is one of the 
preferred materials used for chemical heater bodies of the 
present invention . In contrast to aluminium and bronze , iron 
and steel have melting points of about 1500 and 1400 
degrees C. , respectively . 
[ 0048 ] The aluminium / iron oxide thermite which is com 
monly used as the chemical reaction heat source in the 
heaters of the present invention , in further contrast , has a 
reaction temperature of about 3200 degrees C. 
[ 0049 ] Typically , refractory coatings are generally only 
rated to a range of about 1500 to 1800 degrees C. Therefore 
one would not normally consider a refractory coating as a 
viable method to protect a steel heater tube from molten 
thermite . 

[ 0050 ] However , is has been surprisingly discovered that 
heater body ' burn - throughs ’ , when they do occur , usually 
happen within less than a minute after the thermite is ignited . 
In view of this , it has been discovered that if a refractory 
coating could survive long enough for the heater tube to 
endure this critical one - minute interval , burn - throughs ' 
could be prevented . 
[ 0051 ] Zirconium oxide was selected as the coating mate 
rial for testing based on its relatively high ( 1800 degrees C. ) 
operating temperature rating , and on the fact that its coef 
ficient of thermal expansion ( CTE ) is closer to that of steel 
than do most other ceramic materials . This is an advantage 
because the greater the mismatch in CTE , the more likely a 
coating is to spall off the heater tube walls at elevated 
temperatures . 
[ 0052 ] Also , zirconium oxide has low thermal conductiv 
ity , which can provide some benefit in delaying , or spreading 
out over time , the heat transfer from the termite reaction 
products to a steel heater tube , for example . Perhaps more 
importantly , zirconium oxide does not have a chemical 
affinity to iron , and thus is less likely to be wetted by the iron 
by - products from the termite reaction . 

[ 0053 ] As detailed above , the downhole tool deployment 
assembly according to a first aspect of the present invention 
makes use of the collar to ensure that alloy cannot cool and 
re - solidify over the separation or break point between the 
heater and the tubular heat conducting member ( sometimes 
referred to as a mandrel ) . 
[ 0054 ] However it is envisaged that the benefit provided 
by the collar may also be achieved with alternative variants 
of downhole tool deployment assemblies . One such variant 
takes the form of a two - part heater downhole tool deploy 
ment assembly , which , unlike the downhole tool deployment 
assembly described above , does not employ a tubular heat 
conducting member ( i.e. mandrel ) . 
[ 0055 ] In view of this a second aspect of the present 
invention provides a downhole tool deployment assembly 
comprising : a heater with a tubular heater body having an 
internal cavity configured to receive a heat source , wherein 
the tubular heater body is comprises an up - hole section and 
a downhole section that are separated by a point of weak 
ness ; a collar mounted adjacent to the point of weakness , 
wherein the collar is configured to cover the point of 
weakness ; and a eutectic and / or bismuth based alloy cover 
ing extending over the collar and at least a portion of both 
the up - hole section and the downhole section of the tubular 
heater body , and whereby the alloy holds the up - hole and 
downhole sections of the tubular heater body together until 
the alloy is melted . 
[ 0056 ] It will be appreciated that the role of the collar is 
again to keep the region of the assembly where separation 
takes place clear from alloy once the heater has been 
operated to melt the alloy . In particular , keeping the point of 
weakness of the tubular heater body free of alloy makes the 
process of separating the up - hole section of the heater body 
from the downhole section of the heater body . In this way , 
the up - hole section of the heater body can be retrieved from 
the well , whilst the downhole section remains in place . 
[ 0057 ] It has been discovered that in operations were a 
mandrel is not used , ( i.e. the alloy is deployed downhole 
mounted directly on the tubular body of a heater ) the 
two - part heater design achieved a better seal . In this regard , 
it was found that leaving the lower portion of the heater body 
in the well facilitates the alloy re - solidification process and 
in so doing delivered a better seal in the downhole target 
region . 
[ 0058 ] In order to facilitate the retrieval of the up - hole 
section of the heater body , in use , the point of weakness of 
the tubular heater body is located between the lowermost 
end of the up - hole section and the uppermost end of the 
downhole section of the tubular heater body . 
[ 0059 ] The point of weakness may take the form of region 
of the heater body tubing that has been partially milled or 
drilled away to reduce the thickness of the wall . In this 
arrangement the heater body is formed from a single tubular 
member that can be broken into two parts by simply pulling 
on the up - hole section once the weakened region is no longer 
covered by alloy . 
[ 0060 ] Alternatively the point of weakness may take the 
form of fixing means that connects the up - hole and down 
hole sections of the tubular heating body together . It is 
envisaged that the strength of the fixing means will be 
configured so as to fail when a predetermined force is 
applied to the assembly to retrieve the up - hole section of the 
tubular body . Examples of suitable fixings means include : 
shear pins , a shear ring or a destructible screw thread . 
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[ 0061 ] Once again , it is envisaged that without the struc 
tural support of the alloy mounted over the fixing means the 
up - hole section can be readily separated from the downhole 
section of the heater body and retrieved out of the well . 
[ 0062 ] As the assembly of this second aspect of the 
present invention is very similar in operation to the assembly 
of the first aspect it is appreciated that many of the additional 
features detailed for the first assembly are equally applicable 
to the second assembly . In view of this it is noted that it is 
contemplated that additional technical benefits may be 
achieved to the assembly of the second aspect of the present 
invention by adopting the preferable features detailed above 
and described further below . 

[ 0063 ] In particular , it is noted that the downhole section 
of the heater body may be blocked so as enable the section 
to function as a plug . 
[ 0064 ] Further , an insulating sleeve may be provided to 
achieve the heating efficiencies outlined above . 
[ 0065 ] A skirt portion may be provided at the leading end 
of the downhole section of the tubular heating body to help 
facilitate the cooling of the heated alloy as it flows away 
from the region of the heater where the heat source is 
provided . 
[ 0066 ] Once again , the internal cavity of the tubular heater 
body may contain a chemical reaction heat source . Further 
preferably the chemical reaction heat source may comprise 
a plurality of stacked blocks ( e.g. thermite blocks ) , wherein 
the heating characteristics of each block may vary along the 
stack . However , it is appreciated that the chemical reaction 
heat source may also be provided as fragmented thermite 
blocks ( i.e. crumble ) and / or in powdered form . 
[ 0067 ] Preferably the inner walls of the tubular heater 
body may be provided with a layer of a refractory material . 
Examples of materials that are considered suitable for the 
refractory lining include fibre glass , Kevlar® and a coating 
of ceramic material , such as zirconium oxide ( ZrO2 ) , alu 
minium oxide , magnesium oxide . As explained above , other 
suitable refractory materials will be appreciated by the 
skilled person . 
[ 0068 ] The present invention also provides a method of 
deploying a downhole tool within an oil / gas well , said 
method comprising : delivering into a target region of an 
oil / gas well a tool deployment assembly according to the 
present invention ; activating the heater to melt the eutectic / 
bismuth alloy layer ; allowing the alloy to cool and secure the 
tubular heat conducting member in position within the 
oil / gas well ; extracting at least a section of the heater from 
within the tubular heat conducting member and retrieving 
the heater from the oil / gas well . 
[ 0069 ] It is envisaged that in its broadest application , the 
method of the present invention does not require that the 
alloy is deployed downhole with the rest of the platform 
deployment tool . This is because the benefits of the heater 
retrieval are achieved by providing a clearance between the 
heater and the re - solidified alloy . This clearance is achieved 
regardless of whether the alloy is deployed down - hole with 
the rest of the tool or separately . 
[ 0070 ] However , in operations where the alloy is deployed 
separately it is envisaged that additional fixing means ( e.g. 
shear pins ) will be required to maintain the connection 
between the tubular heat conducting member and the tubular 
heater body . This is because the alloy is not initially present 
to hold the body and the member together . 

[ 0071 ] It is envisaged that the downhole tool deployed by 
the method of the present invention is suitable to support the 
deployment of a straddle tool . Straddles are typically used to 
provide a bypass conduit within an existing region of 
production tubing . 
[ 0072 ] In a further aspect the present invention provides a 
method of deploying a by - pass conduit , such as a straddle , 
within an oil / gas well , said method comprising : deploying a 
downhole tool platform within an oil / gas well using the 
above method of deploying a tool ; providing a length of 
tubing with eutectic / bismuth based alloy mounted on the 
outer wall of said tubing ; delivering the tubing onto the 
downhole tool ; heating the tubing so as to melt said alloy ; 
and allowing the eutectic / bismuth based alloy to cool and 
secure the tubing in position within the oil / gas well . 
[ 0073 ] It is envisaged that the above method could be 
carried out using the downhole tool deployment assembly of 
either the first aspect or the second aspect of the present 
invention . 
[ 0074 ] Preferably the alloy provided on the tubing may be 
in the form of an annular packer . 
[ 0075 ] Alternatively the length of tubing may comprise a 
second tool deployment assembly according to the present 
invention . 
[ 0076 ] Preferably the tubing may be heated using a heater 
located within the tubing . 
[ 0077 ] Preferably the heater may comprise a chemical heat 
source . Although other heat sources , such as electrical , 
might be used to heat the alloy , chemical heat sources are 
considered preferable due to the technical difficulties of 
operating electrical heaters reliably at greater distances from 
the surface . 
[ 0078 ] Preferably the heater may be retrieved once the 
alloy has cooled . In this way the central space through the 
middle of the annular heat conducting member of the 
platform is exposed to permit the subsequent flow of fluid 
through the platform to the straddle and beyond . 
[ 0079 ] Preferably the tubing may further comprise an 
expandable tubular member that can be expanded to increase 
its diameter . In this way the flow rate through any by - pass 
conduit might be increased . 
[ 0080 ] The present invention also provides a method of 
sealing an oil gas well , said method comprising : delivering 
into a target region of an oil / gas well a tool deployment 
assembly according to the second aspect of the present 
invention ; activating the heater to melt the eutectic / bismuth 
alloy layer , allowing the alloy to cool and secure the 
downhole section of the tubular heating body in position 
within the oil / gas well to form a seal within the target region ; 
retrieving the up - hole section of the tubular heater body 
from the oil / gas well . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0081 ] The various aspects of the present invention will 
now be described with reference to preferred embodiments 
shown in the drawings , wherein : 
[ 0082 ] FIG . 1 shows a partially exposed view of a pre 
ferred embodiment of a downhole tool deployment assembly 
of a first aspect of the present invention engaged with 
running tool ; and 
[ 0083 ] FIG . 2 provides a diagrammatic representation of 
the key stages of deploying a downhole tool in well tubing 
using the downhole tool deployment assembly of the first 
aspect of the present invention ; 
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[ 0084 ] FIG . 3 is a diagrammatic representation of the key 
stages of deploying a straddle in an open hole gravel pack 
( OHGP ) using the downhole tool deployment assembly of 
the first aspect of the present invention ; and 
[ 0085 ] FIG . 4 provides a diagrammatic representation of 
the key stages of deploying a downhole tool in well tubing 
using the downhole tool deployment assembly of the second 
aspect of the present invention . 

DETAILED DESCRIPTION OF THE VARIOUS 
ASPECTS OF THE PRESENT INVENTION 

[ 0086 ] The downhole tool deployment assembly of the 
present invention disclosed herein is considered particularly 
suitable for use in downhole operations that take place 
within gas and oil wells . In particular , the well tool deployed 
in accordance with the present invention is considered 
particularly suitable for use in repair operations involving 
Open Hole Gravel Packs . 
[ 0087 ] The term ' Open Hole Gravel Pack ’ ( OHGP ) is used 
throughout to indicate when a screen is used to hold back 
proppant / sand in a completion . It will be appreciated that , in 
practise , this covers all gravel pack completions including 
open hole , cased hole and frac packs . 
[ 0088 ] Although the sealing and repair of Open Hole 
Gravel Pack is considered a particular suitable application of 
the present invention , it is envisioned that the downhole tool 
deployment assembly of the present invention can also be 
employed in other well repair operations , as well as in well 
abandonment . 
[ 0089 ] Given the main focus of the present invention , the 
preferred embodiments will be described with oil and gas 
wells in mind . However , it is envisioned that the apparatus 
and methods described could be usefully applied in other 
technical fields , such as those fields where underground 
conduits are to be plugged ( e.g. water pipes ) . 
[ 0090 ] The main components of the downhole tool 
deployment assembly of the present invention are shown in 
FIG . 1 , which provides a partially exposed view of a 
preferred embodiment of the assembly 1 . 
[ 0091 ] The assembly 1 is constructed from a heater with a 
tubular heater body 2 , at least a portion of which is received 
within a tubular heat conducting member 3. Unlike previous 
downhole tool deployment assemblies , the tubular member 
3 that is positioned on the outside of the tubular heater body 
2 only receives a portion of the heater body . As a result , 
significant portion of the heater body is exposed and is not 
surrounded by the tubular member 3 . 
[ 0092 ] Although not essential , it is envisaged that the 
assembly of the present invention is particularly suited to 
chemical heat source based heating , using for example 
thermite - based heat sources . The chemical heat source mate 
rial is housed within the internal cavity of the tubular heater 
body 2. In the preferred embodiment , the chemical heat 
source material is provided in the form of a plurality of 
thermite blocks 6 . 

[ 0093 ] Also , although not shown it is envisaged that 
additional benefits may be gained by providing a refractory 
layer or coating between the chemical heat source material 
and the heater tubular body . The benefits of providing a 
refractory coating are discussed above . 
[ 0094 ] This partial covering of the tubular heater body 2 
distinguishes the assembly of the present invention from 
downhole tool deployment assemblies of the past , in which 

the heaters were either entirely received within an outer 
tubular member or there was no outer tubular member at all 
provided 
[ 0095 ] It will be appreciated that in those downhole tool 
deployment assemblies where no outer tubular member is 
present , the alloy is provided directly onto the heater body 
rather than on an intermediate tubular body . 
[ 0096 ] The arrangement of the downhole tool deployment 
assembly of the present invention is such that the weight of 
the assembly is reduced by essentially removing a signifi 
cant portion of the tubular member 3 , which would have 
otherwise been present if the entire length of the tubular 
heater body 2 was to be received . 
[ 0097 ] The omission of a portion of the tubular member 3 
serves to create more space to accommodate the eutectic / 
bismuth based alloy , which is provided on the outside of the 
assembly without necessarily increasing the profile ( i.e. 
external diameter ) of the assembly . 
[ 0098 ] By way of some context , previously the addition of 
more alloy to the assembly would have resulted in the 
assembly being made longer and / or fatter ( i.e. increased 
diameter ) . 
[ 0099 ] In some situations the shape of the target well can 
impose a maximum limit on one or more of these dimen 
sions . It is on these occasions that assemblies without an 
intermediate tubular member ( i.e. alloy provided directly on 
heater ) might have been deployed . As detailed above , how 
ever , this approach can face difficulties when it is desirable 
to retrieve the heater from the well after the alloy has cooled 
and re - solidified due to the heater becoming trapped by the 
re - solidified alloy . 
[ 0100 ] In view of the above , it will be appreciated that 
increasing the space available to accommodate alloy on the 
assembly without increasing the overall profile of the assem 
bly is advantageous . Further , reducing the weight of the 
assembly can also make it easier to handle above - ground 
and deploy downhole . 
[ 0101 ] Although in the downhole tool deployment assem 
bly shown in the figures about a third of the tubular heater 
body 2 is exposed ( i.e. not received within tubular member 
3 ) , it is envisaged that this ratio may be varied depending on 
the requirements of a particular task . Ultimately , however , it 
is a key feature of the present invention that at least a portion 
of the heater tubular body 2 extends out of the outer tubular 
member 3 . 

[ 0102 ] Preferably , at least 25 % of the heater tubular body 
2 must be received within the outer tubular member 3. That 
is to say , at least 75 % of the heater tubular body 2 is exposed 
and in direct contact with the alloy . However it is envisaged 
that the extent to which the heater tubular body 2 is received 
within the outer tubular member 3 will depend on the outer 
diameter of the tool and / or the inner diameter of the well 
bore . 

[ 0103 ] The dimensions of the tubular heater body 2 are 
such that it can be slideably received within and retrieved 
from the outer tubular member 3. To this end , there must be 
a suitable clearance , preferably around 1 mm , between the 
outer diameter of the tubular heater body 2 and the inner 
diameter of the tubular member 3 . 

[ 0104 ] Once received within the tubular member 3 , the 
tubular heater body 2 is held in place by an outer coating of 
eutectic / bismuth based alloy 5. This arrangement ensures 
that the tubular heater body can only be removed from the 
tubular member 3 once the alloy 5 has been melted . 

a 
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[ 0105 ] Although not shown , it is envisaged that addition 
temporary fixing means may be provided to supplement and 
support the connection of the tubular heater body 2 to the 
outer tubular member 3. Such additional temporary fixing 
means may take the form of shear pins or shear rings . 
However alternatives will be appreciated by the skilled 
person upon consideration of the invention as a whole . 
[ 0106 ] As can been seen from FIG . 1 , the alloy 5 prefer 
ably extends along the entire length of the heater body 2. Of 
course , for at least a portion of that length the alloy 5 is 
separated from the tubular heater body 2 by the outer tubular 
member 3 . 

[ 0107 ] This co - axial arrangement of the alloy 5 and the 
tubular heater body 2 ensures that the alloy is effectively 
heated . In will be understood that the presence of the 
intermediate tubular member 3 may result in an uneven 
heating of the alloy along the length of the assembly because 
some of the alloy is in direct contact with the heater and 
some of the alloy is not . 
[ 0108 ] Heating uniformity can be achieved by making the 
outer tubular member 3 from a heat conducting material , 
such as Aluminium . Other examples include steel alloys . In 
this way the heat from the heater can readily pass through 
the intermediate tubing to the alloy . 
[ 0109 ] Alternatively or additionally , uniform heating of 
the alloy might also be achieved by using a predetermined 
arrangement of chemical heat source material blocks 6 with 
varying heat generation characteristics . In this regard , the 
applicant earlier International PCT filing ( Pub . No. WO 
2014/096857 ) deals with the provision of chemical heat 
sources that can be tailored to create specific heating pat 
terns by stacking blocks with differing mixtures of thermite 
and damping agent . 
[ 0110 ] In the case of the assembly of the first aspect of the 
present invention , it is envisaged that the heating blocks 
located in the exposed portion of the tubular heater body 
might include an increased proportion of damping agent 
when compared to the blocks located in the portion of the 
heater body that is received within the outer tubular member . 
In this way the exposed heater portion can be configured to 
emit less heat than the received portion , thereby providing a 
more uniform heat along the entire length of the alloy . 
[ 0111 ] The tubular heater body 2 is provided with ignition 
means 11 at the trailing end thereof ( i.e. the end that enters 
the well hole last ) . The ignition means 11 are inserted into 
the open end of the tubular heater body 2 and secured in 
position , preferably using a screw thread arrangement 
although other fixing arrangements may be employed . 
[ 0112 ] Once in position , the ignition means 11 is config 
ured to enable the heater , and as a result the assembly 1 as 
a whole , to a running tool 10. The running tool 10 , together 
with above - ground delivery tools , facilitates the delivery of 
the assembly 2 down the well hole . 
[ 0113 ] The tubular heater body 2 is closed at the leading 
end , which is the end opposite where the ignition means 11 
is received . This enables the heat source material 6 to be 

received and housed within the heater tubular body 2 . 
[ 0114 ] The tubular member 3 is provided with an end plate 
7 , which is secured onto the leading end of thereof . The end 
plate 7 is preferably secured in position by welding ; how 
ever alternative attachment methods will be appreciated . For 
example , it is envisaged that the tubular member 3 may be 
blocked by a burst disk that is held in position by ' O’rings 
or a metal sealing ring . The provision of a burst disk means 

that the tubular member 3 can be quickly unblocked at a later 
date to suit the needs of a particular well . 
[ 0115 ] The end plate 7 serves to close off the end of the 
tubular member 3 such that , once deployed , the combination 
of the tubular member and the re - solidified alloy form a 
downhole tool that plugs the well hole . 
[ 0116 ] The end plate 7 is a preferred feature of the tubular 
member 3. In view of this it is envisaged that in some 
assemblies , where a plug is not required ( i.e. by - pass con 
duits ) , the end plate 7 need not be present . 
[ 0117 ] The tubular member 3 is also provided with a skirt 
portion 8. The skirt portion may be secured to the leading 
end of the tubular member 3 by a screw thread or by 
welding . Other attachment mechanisms may also be 
employed without departing from the general concept of the 
present invention . The skirt portion is preferably made of 
high strength steel , although other suitable materials will be 
envisaged by the skilled person upon consideration of the 
described invention . 
[ 0118 ] Alternatively , the skirt portion 8 may be formed as 
part of the tubular member 3. In this arrangement the length 
of the skirt portion would be determined by the location of 
the end plate 7 within the tubular member 3 . 
[ 0119 ] The role of the skirt portion is to provide a cooler 
region adjacent the heater where the molten alloy can start 
to cool and solidify . Cooling is achieved by allowing down 
hole fluids to get inside the skirt portion 8 , whereby the heat 
energy present in the skirt portion due to the heater can be 
more quickly transferred away by the downhole fluids . 
[ 0120 ] This cooling of the skirt portion 8 relative to the 
directly heated region of the tubular member 3 helps to begin 
the alloy re - solidification process , which helps prevent mol 
ten alloy simply dripping off the end of the assembly 1 and 
falling down the well . 
[ 0121 ] As can be seen from FIG . 1 , the eutectic / bismuth 
based alloy 5 coats a large portion of the assembly , covering 
most of the exposed heater tubular body 2 , the tubular 
member 3 and the collar 4 . 

[ 0122 ] It will be appreciated that the thickness of the alloy 
5 coating varies along the length of the assembly 1 to take 
advantage of the additional space provided by the omission 
of the tubular member 3 towards the trailing end of the 
assembly 1. The alloy coating is such that the outer diameter 
of the assembly remains consistent along the length of the 
assembly , whilst retaining more alloy that would have been 
possible if the tubular member 3 extended the entire length 
of the assembly . 
[ 0123 ] In view of the relatively soft nature of the alloy 5 , 
the assembly is also provided with an anti - crush member 9 . 
The anti - crush member 9 , which is formed from a material 
with greater mechanical strength than the alloy 5 ( e.g. steel ) , 
is located at the trailing end of the assembly 1 adjacent to 
open end of the tubular member 3 in to which the ignition 
means 11 are inserted . 
[ 0124 ] The anti - crush member 9 provides the upper region 
of the assembly with increased structural strength that 
enables the assembly to gripped and manoeuvred by 
mechanical handling equipment above ground without being 
damaged or deformed . 
[ 0125 ] It will be appreciated from FIG . 1 that the anti 
crush member 9 is configured to ensure that the consistent 
outer diameter of the assembly is maintained . To this end , a 
reduced thickness of alloy ( or possibly no alloy ) is provided 
in the region of the anti - crush member 9 . 
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[ 0126 ] Although not shown , it is envisaged that the assem 
bly 1 may further be provided with an outer insulating layer 
or covering that completely encloses the alloy . The insulat 
ing layer / covering is preferably provided with openings or 
weakened regions so as to provide specific egress points for 
the alloy as it melts . The benefits of providing the outer 
insulating layer are described above . 
[ 0127 ] The operation of the downhole tool deployment 
assembly of the first aspect of the present invention will now 
be described with reference to FIG . 2 , which shows the key 
stages of the downhole tool deployment method . 
[ 0128 ] In the first stage the ignition means 11 is attached 
to the assembly 1 and then attached to the running tool 10 . 
The running tool 10 , which is engaged with a delivery tool 
( not shown ) is then used to deliver the assembly 1 to a 
downhole target region within a well casing / tubing 12 . 
[ 0129 ] Once in position at the target region the ignition 
means 11 are activated and the chemical reaction of the 
chemical heat source ( e.g. thermite based heat source ) is 
started . The heat given off by the chemical heat source melts 
the alloy 5 directly , and indirectly via the tubular member 3 , 
causing the alloy to flow . As the alloy 5 flows it is imme 
diately subjected to the cooling influences of the surround 
ing downhole environment ( i.e. downhole fluids ) , which 
typically have a temperature range of around 20 to 170 ° C. 
[ 0130 ] As soon as the alloy 5 flows away from the heat 
being generated by the chemical heat source it starts to cool 
and , as it does , re - solidify . This cooling process is further 
assisted by the provision of the skirt portion 8 at the leading 
end of the assembly . As will be appreciated , the skirt portion 
8 allows the downhole fluids to cool the alloy from both 
outside and inside the assembly 1 . 
[ 0131 ] As will be appreciated from the second stage 
shown in FIG . 2 , the alloy flows away from the exposed 
portion of the tubular heater body 2 cooling as it flows until 
it forms any annular alloy seal 5a between the tubular 
member 3 and the surrounding well casing / tubing 12. The 
flow of the alloy is such that clearance is achieved between 
the alloy seal 5a and the exposed portion of the tubular 
heater body 2. The alloy flow also provides clearance 
between the collar 4 and the annular alloy seal 5a . 
[ 0132 ] In the final stage , the running tool 10 can be used 
to extract the tubular heater body 2 from within the tubular 
member 3 and then retrieve it from the downhole environ 
ment . 

[ 0133 ] The formation of the annular alloy seal 5a serves to 
lock the tubular member 3 in position within the well casing , 
thereby completing the deployment of the downhole tool . 
[ 0134 ] While the downhole tool ( i.e. the tubular member 
3 and the alloy 5a ) is held in position within the well 
casing / tubing , the tubular heater body 2 is no longer held 
securely within the tubular member 3 due to the relocation 
of the alloy that previously held the tubular heater body 2 
and the tubular member 3 together . 
[ 0135 ] With the tubular member 3 held firmly in place and 
the tubular heater body 2 released , the operation of the 
running tool 10 readily extracts the tubular heater body so 
that it can be retrieved from the well casing 12 . 
[ 0136 ] If additional fixing means are provided ( e.g. shear 
pins / rings ) , such will be configured with a break point that 
is lower than the expected failure level of the alloy plugs , 
such that the fixing means fail when the heater is retrieved 
using the delivery tool . 

[ 0137 ] The provision of the collar 4 ensures that no alloy 
can flow into the gap between the tubular heater body 2 and 
the outer tubular member 3 and cool , which , it will be 
appreciated , could seal the tubular heater body 2 and the 
outer tubular member 3 together and prevent them being 
readily pulled apart . 
[ 0138 ] The removal of the tubular heater body and the 
running tool leaves the downhole tool secured in position 
within the well casing . It is envisaged that , due to the 
presence of end plate 7 within the tubular member 3 , the 
preferred embodiment of the downhole tool shown in the 
figures can be used as a permanent or semi - permanent plug . 
[ 0139 ] Alternatively , if the end plate were to be omitted , 
the downhole tool might instead be used as a platform to 
support the deployment of a straddle or other by - pass 
conduit within a target region of a well . 
[ 0140 ] FIG . 3 shows a diagrammatic representation of the 
key stages of deploying a straddle within an Open Hole 
Gravel Pack ( OHGP ) of a well . 
[ 0141 ] In the first stage an operating oil well with an 
OHGP is shown . An open hole 100 is formed in an under 
ground formation so as to access an underground oil / gas 
reservoir . 

[ 0142 ] The oil / gas is extracted from the reservoir via the 
production tubing 101 , which in the region of the reservoir 
comprises a screen with a plurality of slots or apertures 
designed to allow the free flow of downhole fluids , including 
oil , into the tubing and ultimately out of the well . 
[ 0143 ] In order to prevent the slots or apertures of the 
tubing 101 becoming blocked , a proppant 102 is provided 
between the tubing 101 and the surrounding formation 100 . 
[ 0144 ] In the past , in order to form a plug within an OHGP 
it would be necessary to first perforate the region in order to 
facilitate the setting of a cement plug . This is because the 
cement would otherwise not be able to flow through the slots 
or apertures of the tubing 101 and the surrounding proppant 
102 . 

[ 0145 ] However , the present invention utilises the distinc 
tive characteristics of eutectic / bismuth based alloys to form 
plugs in this environment without the need to carry out any 
perforation processes . 
[ 0146 ] Returning to the first stage of FIG . 3 , it can be seen 
that three different fluid streams are exiting the formation 
100 and entering the production tubing 101 . 
[ 0147 ] The first stream 103 and the third stream 105 
represent a fluid with an acceptable proportion of oil to 
water . However the second stream 104 represents a fluid 
with a much higher proportion of water , which is undesir 
able . 

[ 0148 ] When the streams 103 , 105 and 104 combine 
within the production tubing 101 they produce a combined 
fluid with a much less commercially acceptable oil to water 
ratio . In view of this it is highly advantageous to the 
economic viability of the well if the first fluid stream 103 
and the third fluid stream 105 can be isolated from the 
second fluid stream 104. However the positioning of the 
second fluid stream source between the first and third fluid 
stream sources makes it difficult to do this . 
[ 0149 ] The downhole tool deployment assembly of the 
present invention enables the deployment of a by - pass 
conduit , such as a straddle , within the production tubing 101 
to isolate the non - oil producing fluid stream 104 from the 
other neighbouring oil producing streams 103 and 105 . 
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[ 0150 ) Although the straddle tool is not shown in detail in 
FIG . 3 , it should be understood that the straddle is preferably 
formed from a pair of tool components that are each set in 
place using the downhole tool deployment assembly of the 
present invention 
[ 0151 ] In the second key stage shown in FIG . 3 a down 
hole tool deployment assembly 110 of the present invention 
is run into the well bore 100 using a wire line 111 . 
[ 0152 ] As will be appreciated from the previous descrip 
tions , the assembly 110 comprises heater body 2 that is 
partially received within the outer tubular member 3. Unlike 
in the embodiment shown in FIGS . 1 and 2 , however , in this 
arrangement the outer tubular member is not provided with 
an end plate . This ensures that the outer tubular member 3 
can perform its function as part of the by - pass conduit . 
[ 0153 ] The heater body 2 , which it will be appreciated 
preferably houses a chemical heat source ( not shown ) , is 
provided with a collar 4 . 
[ 0154 ] A eutectic / bismuth based alloy 5 covers the heater 
body 2 , outer tubular member 3 and the collar 4. It is 
appreciated that the alloy may preferably be at least partially 
enclosed within an insulating sleeve . However the sleeve 
has not been included in FIG . 3 to avoid overcomplicating 
the diagrammatic representation . 
[ 0155 ] Once in position within the production tubing 101 , 
the heater is activated , preferably using a signal transmitted 
via the wire line 111 , and the alloy 5 is melted . As the molten 
alloy flows away from the heater it begins to cool and 
re - solidify , thereby causing the formation of an alloy plug 5a 
within the well bore 100 . 
[ 0156 ] Following the formation of the alloy plug 5a , the 
heater body 2 and the attached collar 5 can be retrieved from 
the well using the wire line 111. This stage is shown in the 
third key stage of FIG . 3. It will be appreciated that the 
second and third key stages of FIG . 3 proceed in accordance 
with the stages shown in FIG . 2 , as described above . 
[ 0157 ] Following the removal of the heater / collar , a sec 
ond downhole tool deployment assembly 114 can be run 
down the well into the target region just above the plug 5a . 
This is shown in the fourth key stage of FIG . 3 . 
[ 0158 ] The second downhole tool deployment assembly 
114 is similar to the first assembly 110 , however it is 
preferably provided with a length of tubing 115 that extends 
from the leading end of the outer tubular member 3. It is 
envisaged that the tubing may be formed as part of the outer 
tubular member or it may simply be attached to it by 
standard connection means i.e. screw threaded engage 
ment ) . 
[ 0159 ] The leading end of the tubing 115 is provided with 
means for engaging the trailing end of the outer tubular 
member 3 of the tool deployed by the first downhole tool 
deployment assembly 110. It is envisaged that any arrange 
ment that facilitates the alignment of the central cavities of 
the tubing 115 with the outer tubular member 3 of the tool 
deployed by the first downhole tool deployment assembly 
110 is considered suitable . 

[ 0160 ] Preferably the engagement formed between the 
tubing 115 and the outer tubular member 3 of the tool 
deployed by the first downhole tool deployment assembly 
110 is fluid tight to ensure that fluid entering the by - pass 
conduit is transported the full length of the conduit and does 
not escape via the joint between the two components . 
[ 0161 ] Once the tubing 115 and the outer tubular member 
3 of the tool deployed by the first downhole tool deployment 

assembly 110 are suitably engaged within the well bore , the 
heater of the second assembly 114 is activated and its 
associated alloy melted . 
[ 0162 ] As before , the molten alloy will flow away from the 
heater and cool to form a plug 116 within the well bore . The 
two plugs 5a and 116 serve to both hold the two tool 
components of the by - pass conduit together and prevent 
fluids flowing around the plugs via the proppant 102 . 
[ 0163 ] The final stage of FIG . 3 shows the by - pass conduit 
being held in position by the upper alloy plug 116 and the 
lower alloy plug 5a . Once in position , the by - pass conduit 
facilitates the flow of the first 103 and third 105 fluid streams 
out of the well via the production tubing 101 , whilst at the 
same time isolating the second , undesirable fluid stream 104 . 
[ 0164 ] It is envisaged that the tubing 115 of the by - pass 
conduit shown in FIG . 3 may comprise an expandable 
tubular member that , in use , is located between the two alloy 
plugs 5a and 116. In this way , once the plugs have been set 
within the well , the diameter of the tubing can be expanded 
to allow for an increased flow rate through the by - pass 
conduit . 
[ 0165 ] In a further alternative improvement the tubing 115 
may be provided with at least one eutectic / bismuth based 
alloy annular packer . In this way the annular packer could be 
activated at a later stage if a leak were to develop . 
[ 0166 ] As noted above , it is envisaged that the technical 
benefits provided by the collar feature can also be achieved 
in downhole tool deployment assemblies that do not have a 
mandrel or outer tubular member ( i.e. a tubular heat con 
duction member ) . The second aspect of the present invention 
relates to an assembly with a two - part heater body system , 
wherein part of the heater is configured to be retrievable 
once the alloy has been melted . 
[ 0167 ] The operation of the downhole tool deployment 
assembly of the second aspect of the present invention will 
now be described with reference to FIG . 4 , which shows the 
key stages of the downhole tool deployment method . 
[ 0168 ] As with FIG . 3 , the method will be demonstrated 
with reference to an OHGP . Once again , an open hole 100 
is formed in an underground formation so as to access an 
underground oil / gas reservoir . 
[ 0169 ] The oil / gas is extracted from the reservoir via the 
production tubing 101 , which in the region of the reservoir 
comprises a screen with a plurality of slots or apertures 
designed to allow the free flow of downhole fluids , including 
oil , into the tubing and ultimately out of the well . 
[ 0170 ] In order to prevent the slots or apertures of the 
tubing 101 becoming blocked , a proppant 102 is provided 
between the tubing 101 and the surrounding formation 100 . 
[ 0171 ] In the first stage the assembly 200 is deployed 
downhole via the tubing 101 using delivery means 206. The 
assembly 200 comprises an up - hole tubular section 201 and 
a downhole tubular section 202. Both sections align to create 
a central cavity within which a heat source ( e.g. chemical 
heat source ) is received . The heat source has been omitted 
from FIG . 4 purely for the sake of clarity . 
[ 0172 ] The up - hole section 201 of the assembly is so 
described because in use it is located closest to ground level . 
Similarly , the downhole section 202 of the assembly is so 
described because in use it is located further down hole than 
the up - hole section . 
[ 0173 ] A point of weakness 204 is located at the point 
where the up - hole and downhole tubular sections of the 
assembly meet . Although not shown in any detail , it will be 
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appreciated that the point of weakness may take the form of 
a weakened region of a single tubular body which is con 
figure to break under a predetermined force to realise the 
up - hole and downhole sections of the assembly . 
[ 0174 ] Alternatively , the point of weakness may comprise 
fixing means that hold the up - hole and downhole sections 
together . These fixing means , which may be in the form of 
a sheer pin , a shear ring or a destructible screw thread , are 
configures to fail when a predetermined force is applied to 
the assembly 200 . 
[ 0175 ] The point of weakness 204 is shielded by a collar 
203 , which is shown extending away from the lower end of 
the up - hole section 201 of the assembly . It is appreciated that 
in an alternative embodiment the collar may extend from the 
top end of the downhole section 202 in addition to or instead 
of the collar on the up - hole section . 
[ 0176 ] As described above with regard to the operation of 
the assembly of the first aspect of the present invention , the 
collar 203 serves to prevent molten alloy from cooling and 
re - solidifying over the separation point between the different 
sections of the assembly , which in the case of the assembly 
shown in FIG . 4 are the up - hole 201 and downhole sections 
202 . 
( 0177 ] An alloy coating 205 is provided on the outside of 
the assembly so as to cover the collar 203 and at least part 
of both the up - hole 201 and downhole 202 sections thereof . 
The alloy 205 is a eutectic alloy , which may be bismuth 
based . The alloy coating 205 serves to reinforce the con 
nection between the up - hole and downhole sections of the 
assembly so that the assembly retains a monolithic structure 
until the alloy is melted . 
[ 0178 ] As outlined above , in the first stage of the deploy 
ment process the assembly 200 is delivered downhole to a 
target region within the well . Once in position , the heat 
source is activated and the alloy 205 is melted . 
[ 0179 ] As the alloy 205 melts it flows down the body of 
the assembly away from the up - hole section 201 and thereby 
reveals the up - hole section . As the alloy flows , the collar 203 
serves to direct the alloy 205 away from the point of 
weakness and thereby prevent molten alloy flowing into 
direct contact with the region at which the two sections of 
the assembly would be separated from one another . 
[ 0180 ] As the alloy 205 flows it starts to cool and re 
solidify into a plug 205a . As can be seen from the second 
step shown in FIG . 4 , the alloy can flow through the 
perforations into the surrounding annulus , thereby forming 
an alloy seal that extends across the entire cross - section of 
the wellbore 100 . 

[ 0181 ] Once the alloy plug 205a has been allowed to cool 
and set , the delivery means 206 can be operated in reverse 
to pull the assembly out of the well . The pulling force of the 
delivery means works again the anchoring force of the plug 
205a to impart a force separating force that exceeds the 
predetermined force required to break point of weakness so 
that the two sections of the assembly can be separated from 
one another . 
[ 0182 ] It will be appreciated that without the additional 
structural support of the alloy covering the point of weak 
ness readily fails , thereby permitting the retrieval of the 
up - hole section of the assembly . 
[ 0183 ] In the final stage shown in FIG . 4 the plug 205a is 
shown in situ within the well . It should be noted that the 
length of the downhole section has been exaggerated for the 
purposes of clearly demonstrating the operation of the 

assembly . The actual length may be considerably less so as 
to ensure that , if necessary , the plug can be drilled / milled out 
relatively quickly . 

1. A downhole tool deployment assembly , said assembly 
comprising : 

a heater with a tubular heater body having an internal 
cavity configured to receive a heat source ; 

a tubular heat conducting member configured to surround 
the tubular heater body leaving an annular clearance , 
wherein the tubular heat conducting member does not 
extend along the entire length of the tubular heater 
body ; 

a collar mounted adjacent to the region of the assembly 
where the tubular heat conducting member ends , 
wherein the collar is configured to prevent access to the 
annular clearance between the tubular heat conducting 
member and the tubular heater body ; and 

an eutectic / bismuth based alloy covering extending over 
the collar and at least a portion of the tubular heater 
body and the tubular heat conducting member , and 
whereby the alloy holds the heater and the tubular heat 
conducting member together until the alloy is melted . 

2. The assembly of claim 1 , wherein the collar is mounted 
on the tubular heater body . 

3. The assembly of claim 1 , wherein the collar extends 
from a first diameter at a first end thereof to a second , larger 
diameter at a second end thereof . 

4. The assembly of claim 1 , wherein the alloy is at least 
partially enclosed within an insulating sleeve . 

5. The assembly of claim 4 , wherein the insulating sleeve 
comprises one or more openings in a region adjacent to the 
collar . 

6. The assembly of claim 4 , wherein the insulating sleeve 
comprises one or more weakened points in the region 
adjacent to the collar ; said weakened points being config 
ured to fail before the rest of the insulating sleeve . 

7. The assembly of claims 1 , 2 , 3 or 4 , wherein the tubular 
heat conducting member is formed from aluminium . 

8. The assembly of claims 1 , 2 , 3 or 4 further comprising 
a skirt portion located at the end of the tubular heat con 
ducting member remote from the collar . 

9. The assembly of claims 1 , 2 , 3 or 4 further comprising 
an end plate located at the end of the tubular heat conducting 
member remote from the collar . 

10. The assembly of claims 1 , 2 , 3 or 4 , further comprising 
releasable fixing means to supplement the holding together 
of the heater and the tubular heat conducting member until 
the alloy is melted . 

11. The assembly of claims 1 , 2 , 3 or 4 , wherein the 
internal cavity of the tubular heater body contains a chemi 
cal reaction heat source . 

12. The assembly of claims 1 , 2 , 3 or 4 , wherein the inner 
walls of the tubular heater body are provided with a layer of 
refractory material . 

13. A downhole tool deployment assembly , said assembly 
comprising : 

a heater with a tubular heater body having an internal 
cavity configured to receive a heat source , wherein the 
tubular heater body is comprises an up - hole section and 
a downhole section that are separated by a point of 
weakness ; 

a collar mounted adjacent to the point of weakness , 
wherein the collar is configured to cover the point of 
weakness ; and 
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a eutectic and / or bismuth based alloy covering extending 
over the collar and at least a portion of both the up - hole 
section and the downhole section of the tubular heater 
body , and whereby the alloy holds the up - hole and 
downhole sections of the tubular heater body together 
until the alloy is melted . 

14. The assembly of claim 13 , wherein the collar extends 
from a first diameter at a first end thereof to a second , larger 
diameter at a second end thereof . 

15. The assembly of claim 13 , wherein the alloy is at least 
partially enclosed within an insulating sleeve . 

16. The assembly of claim 15 , wherein the insulating 
sleeve comprises one or more openings in a region adjacent 
to the collar . 

17. The assembly of claim 15 , wherein the insulating 
sleeve comprises one or more weakened points in the region 
adjacent to the collar ; said weakened points being config 
ured to fail before the rest of the insulating sleeve . 

18. The assembly of claims 13 , 14 , or 16 , further com 
prising a skirt portion located at the end of the tubular heat 
conducting member remote from the collar . 

19. The assembly of claims 13 , 15 , or 17 , further com 
prising an end plate located at the end of the downhole 
tubular section remote from the collar . 

20. The assembly of claims 13 , 14 , or 15 , further com 
prising releasable fixing means to supplement the holding 
together of the up - hole and downhole sections of the tubular 
heater until the alloy is melted . 

21. The assembly of claims 13 , 16 , or 17 , wherein the 
internal cavity of the tubular heater body formed by the 
up - hole and downhole sections contains a chemical reaction 
heat source . 

22. The assembly of claims 13 , 14 , or 15 , wherein the 
inner walls of the up - hole and downhole sections of the 
tubular heater body are provided with a layer of refractory 
material . 

23. A method of deploying a downhole tool within an 
oil / gas well , said method comprising : 

delivering into a target region of an oil / gas well a tool 
deployment assembly according to claim 1 ; 

activating the heater to melt the eutectic / bismuth alloy 
layer ; 

allowing the alloy to cool and secure the tubular heat 
conducting member in position within the oil / gas well 
to form the downhole tool ; 

retrieving the heater from the oil / gas well . 

24. A method of deploying a downhole tool within an 
oil / gas well , said method comprising : 

delivering into a target region of an oil / gas well a tool 
deployment assembly according to claim 13 ; 

activating the heater to melt the eutectic / bismuth alloy 
layer ; 

allowing the alloy to cool and secure the downhole 
section of the tubular heating body in position within 
the oil / gas well to form the downhole tool ; 

retrieving the up - hole section of the tubular heater body 
from the oil / gas well . 

25. A method of deploying a by - pass conduit , such as a 
straddle , within an oil / gas well , said method comprising : 

deploying a downhole tool within an oil / gas well using 
the method of claim 23 or 24 ; 

providing a length of tubing with eutectic / bismuth based 
alloy mounted on the outer wall of said tubing ; 

delivering the tubing onto the downhole tool ; 
heating the tubing so as to melt said alloy ; and 
allowing the eutectic / bismuth based alloy to cool and 

secure the tubing in position so as to form a by - pass 
conduit within the oil / gas well . 

26. The method of claim 25 , wherein the alloy provided 
on the tubing is in the form of an annular packer . 

27. The method of claim 26 , wherein the length of tubing 
comprising a second tool deployment assembly according to 
claims 1 or 13 . 

28. The method of claim 25 , wherein the tubing is heated 
using a heater located within the tubing . 

29. The method of claim 28 , wherein the heater comprises 
a chemical heat source . 

30. The method of any of claims 25 , 26 , 27 or 28 , wherein 
the heater is retrieved once the alloy has cooled . 

31. A method of sealing an oil / gas well , said method 
comprising : 

delivering into a target region of an oil / gas well a tool 
deployment assembly according to claims 1 or 13 ; 

activating the heater to melt the eutectic / bismuth alloy 
layer ; 

allowing the alloy to cool and secure the downhole 
section of the tubular heating body in position within 
the oil / gas well to form a seal within the target region ; 

retrieving the up - hole section of the tubular heater body 
from the oil / gas well . 


