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- METHODS FOR WELL TREATMENT

BACKGROUND
[0001] The statements in this section merely provide background information related
to the present disclosure and may not constitute prior art.
[0002] This disélosure relates td_techniques for t_feating wellsl,. in particulér_for the
t.reatme.nt of zonal isolati;)n problems in wells such as oii or gas wells.
[0003]  Primary cementing operations in oil and gas wells are performed to support
* one or m-ore casing strings and to provide hydraulic isolation between the formations penetrated
b}'l the well.. After primary cementing, various fau_lts may develop in the cement sheath between -
the casing and the fonnatipn (or Bgcween two casing 'strings). These faults include unwanted
fluid communication (or leaks) through the annulus behind the casing due to channels in the
cement sheath, a microannulus behind the casing, debonding between the cement sheath and the
formation wall, channels foﬁned in the ceﬁlent sheath due té annuiar fluid migration during the
sétting process, and fractures in the cement sheath arising from tempefature or pressure
ﬂuctuatioﬁs or mechanical disturbances during well intervention procedures. These faults may
allow varic')u-s consequences, such as ﬂuid flow between regi(;ns of the well, .for example water
entering the produc;tion stream, gas being produced to su_rface outside the casing, contamination
of aquifers, etc. | -

[00.64] Operations to repair faults in the cement sheath or surrounding structures
include remedial cementing. In conventional repair techniti_ues, the faults may be lo‘cated by
pressure testing or wireline logging. Once the fault is located, the casing may be perforated to

‘provide fluid communication between the inside and the outside of the -casing. Perforating

equipment and tools may then removed from the well and may be replaced by drill pipe or
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tubing. The drill pipe of tubing may be lowered into the well to a depth sﬁghtly'below the area to
fill. -Cement treatment fluid may be placed in the casing in front of the zone to repair. Pressure
may then be applied to squeeze it into the leak path via the perforations. Finally, the well may be
cleaned up to remove excess cement treatment fluid. This may be done by reverse c.irculating
into the drill pipe or tubing. In some appli.cations, packers and/or bridge plugs_ may be used to
conﬁﬁe the squeéze pressure to a section of the well near the repair zone.

[0005] A number of limitations of this prdcess exist, including: poor positioning of
the treatment tools and cement, lack of control of the perforation process and a generally slow
procedure. These limitations may lead lto loss 6f isolation between the formation and the annulus
and well interior, despite the‘apparent repair, due to leakage or fracturing. Problems x;lay also
occur during the éxecution of the job, such as stuck pipe, plugging of the -well or leaving dirty
casing after the job. The process may be inefficient if multiple zones are to be repaired.

[0006] The thickness of annulus to Be filled is often quite narrow and its theoretical
volume is éxtremely small (for a 100 micron gap behind a 7-in. (17.8-cm) casing, the vc;lume is
approximately 20 cm® per meter of annulus). Cement treatment fluid may not be able to flow
easily through _this'annulus. Under these circumstances, 24 in. (5-10 cm) may be vertically
filled before the required pumll-)ing pressure reaches a level at which the pressure in the annulus
may generate fractures in the cement sheath and the rock around the well. In such a case, the
treaf:ment fluid may 'ﬂo'w towards the formation rather than into the cement fault. Thanks to this
fracture, the new treatment fluid may pressurize the initial cemént sheet against the casing,
temporarily closing the micro-annulus without effecting full repair.

. [0007] Certain types of damage may remain after such repair jobs.

[0008] The volume of treatment fluid required to fill a channel is typically small, for
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example, 1.2 L/m for a 5-cﬁ1 wide, 2.5-cm thick channei. 20 to 50 BBL may be ﬁsed, most of
which may be circulated back to the surface after the injection.

f0009] Gas channels formed during cement setting may be quite small. They may be
" found at the formation/cement i“n'terface or on the high side of the well-bore for an incline.d well.
Due to their size and position in thé cement sheath, they may not be detectable by most existing
wireline acoustic tools. The. laqk of isolation generated by thése paths may be conducive for gas
flow.

[0010] Current squéeze techniques may work for plugging existin_g perforations that
produce unwanted fluids (e. g., water or gas). Where an intermediate section of perforations need
to be shut-off, packers and bridge plugs may be used to limit the interval to squeeze. This may Be
time consuming, especially if multible zones need to be plugged. |

[0611] In Variou; well conditions, it may be réquired to ensure top quality isolation
behind the casing over a certain zone, for example at a cas‘in_g shoe of an intermediate casing,
“'/I_len it is expected to encounter high formatioh pressure during the drilling of the subsequent -
section. Another application rﬁay be to ensure top qu;llity isolétion between two forr'nations
Where isolation is highly desirable, for example, isolation across a cap rock of a high-pressure
resewoir situat.ed ‘below a depleted reservoir. With existing techniques, this localized higﬁ
quality cement may be difficult to achievé, such that the cement has to be extended over a long
length pf the annulus to achie‘ve the desired seal. Thijs may generate prgblems (such as increase
Hydrostatic pressure during plac,em(;,nt with a high risk of fracture). Another common situation
may be to ensure good quality of the cement near a liner hanger.

SUMMARY ’

[0012] The i)reéent disclosure proposes methods that address some or all of the

SUBSTITUTE SHEET (RULE 26)



WO 2016/016477 PCT/EP2015/068712

problems discussed above.

[0013] In an aspect, embodiments relate to methods for a subterranean well having a
borehole- wall, at least one tubular body and at least one cement sheath. In the well, a tool is
positiongd adjacent to a region to be treated. The tool is locked in place with a clamping system.

The tool may be oriented azimuthally with a positioning system. Using a bumi)ing system, a
treatment fluid is pumped from a reservoir in the tool to the region of the cement sheath to be
treated. The method further comprises drilling a hole into the tubular body prior to pumping
treatment fluid. The fluid is solids free or a suspension containing solids having a particle size
between 1 nm and 100 nm.

[0014] * In a further aspect, embodiments relate to methods fqr restoring z_onal
isolation in a subterranean well having a borehole wall, at least one tubular body and at least one
cement sheath. In the well, a tool is positioned adjacer;t to a region to be treated. The tool is
locked in place with a clamping system. The tool may be 6riented azimuthally with a positioning -
sy'stem. Using a pumping system, a treatment fluid is pumped from a reservoir in the tool to the
.r'egic')n of the cement sheath to be t;eated. The method further comprises drilling a hole into the
tub_ular body prior to pumping treatment fluid. The fluid is solids free or a suépension containing
solids havipg a particle size bet\fveen 1 nm and 100 nm.

BRIEF DESCRIPTION OF THE DRAWINGS
| [0015]  Figure 1 shows one embodiment of a tool relating to the discloéure.

' [0016] Figure 2 shows a schematic view of a reservoir and pump sectioh of a tool.

[0017] Figure 3 shows a mixing section.

[061 8] Figure 4 shows an alternative mixing section.

[0019]  Figuré 5 shows a dilution system.
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[0020] Figure 6 shows atool in operation with circulation.
- [0021] Figurg 7 shows a further embodiment of a tool with circulation.

[0022] Figl;res 8a and 8b show the patfem of treatment fluid placemént behind

multiple injection parts as an isolation ring through a specific depth.

DETAILED DESCRIPTION

| [0023] At the outset, it should be n(;ted that in the development of any such actual
embodliment, numerous _implementation—;speciﬁc decisions may be made td achieve the
developer's  specific goafs, such aé compliance with system related and business related
constraints, which will vary from oﬁe implementation to another. Moreover, it will be
appreciatéd that such a development éffort might be complex and time conspming but would
névertheless be a roﬁtine undertaking for those of ordinary skill in the art having the benefit of
* this aisclosure. In additiqn, the composition used/disclosed herein c::m also comprise some
c;omponents other than those cited. In the summary and this detailed description, each numeri.cal
value. should be read once as modified by the term "about" (unless already expressly so
* modified), énd then read again as not so médiﬁed uniess otherwise indicated in coﬁtext.' Also, in
the summary énd this de_tailed description, it shogld be understood that a concentration range
listed or described as being useful, suitable, or the like, is intended that concentrations within the
range, including the end points, is to be consideredl as having been stated. For example, “a range
of from 1 to 10” is to be read és indicating the numbers alqng the continuum between about 1
#nd about 10. Thus, even if specific data points within the range, or even no data points within
the range, are explicitly identified or refer to a few specific, it is to be understood that Applicants
appreciate and understand that the data points within the range are to be considered to hav_e been

specified, and that Applicants possessed knowledge of the entire range and all points within the
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‘range.
[0024] In an aspect, embodiments relate to fnethods for a subterranean well héving a
borehole wall, at least one tubular body and at least one cement sheath. In the well, a tool is
positioned adjacent to a region to be treated. T he tool is locked in place with a clamping system.
The tool is oriented azimuthally with a positioning system. Using a pumi)ing system, a treatment
fluid is puniped from a reservoir in the; tool to the region of the cement sheath to be treated. The
method further comprises dr_illing a hole into the tubular body prior to pumping treatment fluid.
Tﬁe ﬂuid is solids free or a suspension contajning solids having a particle size between 1 nm and
100 nm. |
[0025] In a. further aspect, embodiments relate to methods for restori.ng zonal
isolation in a subterranean wellh having a borehole wali, at least one tubular body and at least one
cement sheath. in the well, a tool is positioned adjacent to a region to be treated. Thp tool is
locked in place with a clamping system. lThe tool is oriented azimuthally w‘ith a po'sitionil_lg
system. Using a pumping system, a tr;cafment fluid is pumped from a reservoir in thg tool to tﬂe
region of the cement sheath to Be treated The method further comprises drilling a hole into the
tubular body prior to pumping treatment fluid. Thé fluid is solids *frée or a suspension containing
solids having a particle size between 1 nm and 100 nm.
| [0026] For both aspecfs, lan operator rﬁay perform the methods by using a well
treatment tool that -corr'lprises a tool _bo&y, a clamping system for locating the tool body in thé
well, a positioning system for oﬁentmg fﬁe tool body in the well axially and azimuthally, a
rese;woir syste'ni comprising at least one fluid reservoir in the tool body, and a pumping system
for pﬁmping fluid from the reservoir to a region of the well t6 be treated.

[0027] The tool can also include a drilling device for drilling into the wall of the well
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and a f)luggirig device for plugging the hole drilled by the drilling device.

[0028] The; tool can also include a pad having-a port for application against the wall
of the well to apply the fluid to the region to be treated. The pad may comprise a packer
surrounding the poﬁ to isolate the port from other fluids in the borehole when the pad is applied
to the wall of the well.

[0028] The drillipg device and the pad can be provided at separate locations on the
tool body, séi)arated axially or azimuthally on the tool body. The drilling device and the pad can
glso be at substantially the same locatién on the tool body.

[0030] Tﬁe resérVoir system may comprise multiple treatment-fluid reservoirs and the .
pumping system may include valvés allowing_selective pumping of fluids from separate
reservoirs. A reservcﬁr may be used fora pre-flush fluid to verify injectivity.bef(')re a treatment.

[0031] A mixing system may be included for mixing fluidé from the reservoirs. The
mixing system' may comprise-a mixing chamber haviﬁg a roller system located therein for. mixiﬂg
fluids introduced into the chamber, or a valve system allowing fluids to be pumped back and
forth between two reservoirs. |

[0032] 'In certain caées, it may. be desirable to include a dilution system including. a

| first port near to the tool body, a second jmr_t remote from the tool body, a channel connecting the _
ports and a pump in the channel for pumping well fluids from' the well near the second port to the
well near the first port.

[0033] Sensors may be included for locating faults in a cement sheath surrounding
the well and for monitoring the flow of treatment fluid, for example to detect the presence of
tre;tment fluid in the well. |

[0034] - For both aspects, the treatment- fluid may comprise a solids free resin. The
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resin may comprise an epoxy resin or a furan resin or both.

[0035] For both aspects, the treatment fluid may comprise a silica-particle
| suspension. The silica particles may comprise colloidal silica or fumed silica or a combinatioﬁ
thereof.

[0036] For both aspects, the treatment fluid may comprise an alkali-metal silicate aﬂd
an inorganic calcium c'ohtaining compound. The alkali metal silicat'e may ;:omprise sodium
metasilicate, sodium polysilicate, potassium silicate, lithium silicate, rubidium silicate or cesium
silicate or a combination thereof. The alkali metal silicate concenﬁation in the treatment fluid
may be between a solid:water mass ratio of 10:90 and 30:70. The inorganic calcium containing
compound may comprise calcium oxide or calcium hydroxide. |

~ [0037]  For both aspects, the treatment fluid may comprise an alkali gwellable latex.
- The alkali-swellable latex may comprise homopolymers of methacrylic acid, copolymers of
methacrylic acid, copolymers of methacrylate esters or maleic acid or combinations thereof.
[0038] For both aspects, the treatmeﬁt fluid may comprise at least one salt capable of
-reactiﬁg with a set cement to form a solid phase comprising a precipitate or an expanded phase of
the cement. Suitable salts may ipclude one or more alkali metal éilicates, magnesium chloride,
ir01'1 chlorides or other iron salts, aluminum chioride, alkali metal aluminates, magnesium
phosphate, potassium phosphate, sodium sulfate, sodium carbonate, sodium pﬁosphate or sodium
fluoride or combinations thereof. The salts may be present at a solid:water ratio between 3:97
| aﬂd 30;70: The treatment fluid may comprise iron (HI) chloride. The iron (III) chloride may lbe
present at a solid:water mass ratio between 10:90 and 30:70, or at a mass ratio of 15:85. Such
treatment fluids may be operationally advantageous in that they have no intrinsic ability to set.

Setting may occur when the salts commingle with set cement.
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[0039] "~ An advantage of the chemical systeﬁs described above may include their
ability to penetrate an_d seal very small cra;:ks and fissures in the cement sheath, for example
smaller than 1 micrometer. Conyentional squeeze cementing slurries may contain _larger particles
that would block such small openings.

[0040] ~ Furthermore, like the saline_ﬂuids described earlier, treatment fluids whose -
compositions comprise silica:1 pa‘rticlesl may have a sealing ability that is confined to times and
locations where needed. Such suspensions have no intrinsic ability to set. When the silica
particles contact the cement sheath—a source of calcium hydroxide—a pozzolanic reaction may
ensue resulting iﬁ the formation of calcium silicate hydrate, thereby sealing thé' crack. |

.[0041] lFor both aspects, the methods may fuﬁher comprise- séaling the hole after
pumping.

[0042] For both aspects, the methods may further comprise drilling at least two
sepgratéd holes in the tubular body and circulating treatment fluid from ofxe hole tb the other. A
cleaning fluid may be pumped through the tool after the treatment fluid has been pumped. T He.
Holes can be ézimuthally 'éeparated, or axially séparéted. The pumping may be controlled by
sensiné treatment fluids exiting from the other hole and controlling pumping accordingly

[0043] For bOﬂ"l aspects, the melthods rﬂay further comprise repeating the positioning,
locking, orienting and pﬁmping at diﬁ'qreﬁt locations- in the well. |

[0044] Where the region of the well to ‘be treated is -a fault in a cement sheath -
surrounding the well, the met_hdd may further comprise measuring the size, shape and type of
fault prior to treatment. The measurement can be repeated after the treatment and thle-
measurement repeated until a satisfactory result is achieved. |

[0045] - The tool'may be run in the well in association with a conventional logging
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. tool to determine the proper location of the operation'. For a remedial cement job, an imaging
acoustic logging tool capable of locating cement faults behind the casing may.be used. Other
techniques may be used, including azimuthal densiﬁy and a noise tool for leak detection behind
the casing. For intervention in a lateral hole junction, an imagihg tool may also be used. For
placing a cement isolation_ring behind a tﬁbular, a tool to log natural gamma-ray or a CCL -
(Casing Collar Locator) may be uééd.

[0046] The defect may be détected in the previous run of a locating tool, but it may
be advantageous to combine the logging device with the remedial device, leading to time
savings, accurate plaéémépt of the remedial p;’ocess,' and re-evaluation of the cement sheath after
the remedigl job.

[0047] Referring to Fig. 1, when the tool 16 is suspended at the proper location in the
well 12 by means of a wireline cable 13, a clamping system 14 locks the tool 10 iln the wellBore
by a slips system or the extension of radial clamps. The tool then positions its working head 16 at
lthe proper iocation by means of an iritegrated positioning mechanism 18 comprising an orienting
swivel 20, and a sliding system 22 for axial displacement. These two movements ﬁay be
performed at high accuracy. One impleme_nta’iion of this comprisesl a “no-slippage” crawling
t_racfor and an orienting sub. The tractqr locks the system in place in a static position, but ma).'
also make small hcontr.ol_led axial displacements. The orienting sub performs tile azimutilal
orientation. | | |

.[0048] . After -the proper positioning of the working head 16, the following steps
ensure communicati'on. with the outside of the tubular body 24 in the wéll. A hole is drilled
through the tubular body (casing) 24 by a drilling system 26 that rotates a drill bit while applying

-a'radial displacement (and force). The drill bit may be driven Mough the thickness of the initial -

10
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~ well @nulus behind the casin¥g 24 to ensure the proper communication with the annulus. In the
case of repairing a casing micro-aﬁnulus, this extension of the drilled hole into the cement sheath
28 may normally be limited to a minimum. For such drilling operations, a devicel similar to the
Schlumberger Cased-Hole Dynamic Tester (CHDT) drilling system may b.e used.

| [0049] A sealing pad 30 with a central injection port 32 may then be applied by the
tool 10 against the casing 24. The injection port 32 may be aligned with the drilled hole in the
casing 24. The injection port 32 may be concentric with the drilling system 26. With such an
arrangement, the tool- 10 may remain at the same location during the functions. Or, the drilling
system 26 may be separated from the sealing pad 30 and the injection port 32. In this case, the
tool 10 may move to position each active element in ﬁ'(.mt of the <.1esired location when needed.
The displacement may be performed via either.the linear 22 or the azimuthal 18 displacement
system without upclampiﬁg the locking system 14.

- [0050] A tool with two different active sections (one for drilling, 6né for sealing and
pumﬁing) may have t’he advantage 6f cleaning and maintenance, as ;ither aggressive fluids or
hardening fluids may Be puniped through the injection port.

- [0051]  After the pad application, the tool 10 may activate its internal pump 34 to
circulate and pressurize_ﬂuid in the defective area 36 behind 'the casing 24 This may allow the
verification of the injectivity behind tht;, casing which favors successful sealant plaéement. The
fluid us@‘d .for this injection test may be pumped eitfler frorfl the main. Qellbore 12 or from a
reservoir 38 inside the tool. The injectivity may be monitored by means of a pressure transducer
and flow measurement device 40.

| [0052] | When the injectivity has been proven, clean-up of the fluid in the volume to

inject may be performed by pumping adequate fluid at a proper flow rate. For the simplest

1
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application, the clean-up fluid may be taken from the main wellbore 12 via an intake_manifold
42, with the appropriate valve in an open position. However, the clean-up fluid may be taken
from the reservoir 38. This fluid may be an appropﬁaté chemical composition to achieve the
clean-up, including water, a solvent or an acid.

[0053] When the clean-up of the defective area 36 is completed; a treatment fluid
rhay be pumped in the volume t-o inject behind the casing 24. The treatment fluid may be pumped
from a reservoir 44 inside the tool 10 through the port 32 of the sealing pad 30 into the drilled
hole of the casing 24. The injection parameters such as pressure and flow rate may be monitored.
- The pumping effect of the treatment fluid 46 may be achieved by pushing a separation piston 48

in theltreatment fluid chamber 44 (Fig. 2). This may ensure that the pump 34 handles clean fluid.
When the. injection is completed, borehole fluid may be injected, via an intake 50 th;'ough most
pipes and valves 52 to ensure i)roper clean-up and avoid hardening of treatment fluid ir; the pipes
causing plugging. However, such-a clean-up qp_erafion may be bypassed if the sealant fluid has
no intrinsic ability to set. |
- [0054] Wheﬂ the treatment fluid hés 'h_ardened in the injected volume behind casing
24, the tool may perform a further inj,ectivity test. If the first injection of the treatment ﬂuid.
achiéved a successfui repair, no fuﬁher' injection sh-ould be possible. The tool then mﬁy plug the
hole in the ca.si_ng 24, for example by inserting a plug or rivet 54 in a similar manner to .the
Schlumberger'Cased-Hole Dynamic Tested (CHDT). Plugging may also be achieved by the
' installation of a short section of an expaﬁdéble structure, for example a ghort metal pipe _
expanded inside the casing diameter. |
[00'55] If the first repair attempt fails (as indicated byl a further injectivity test), the

tool may re-initiate a new treatment fluid injection cycle and test. Multiple cycles may be |

12
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required to achieve perfect isolation.

[0056] The tool may pump multiple fluids with minimum interaction between them.

Thé first fluid to pump behind the casing may be for the iﬁjectivity test. It may be either fluid

" from the main wellbore, or it may be a specific fluid to avoid contaminati~on of the volume to
treat behind the casing 24. Such a fluid méy be water, clear briné, acid, or sqlvent, contained in a
reservoir of the tool. A particular reservoir 44 may hold the treatment fluid to inject behind the
casing 24.

[0057] Inside the tool, a manifold 42 may allow the connection of the. desired
reservoir to the injection port 32. In Fig. 2, the fluid does not pass through the pump 34. The
pump 34 may deliver fluid from the mait; boréhole 12 to the back of a separation piston 48 of the |
selected resérvoir. A manifold 42 connects the discharge of the pump 34 on to.the lleservoir.

[0058] Also, the reservoirs may be maintained at the hydrostatic pressure of the
borehole. This may be achieved by applying the well pressuré on top of the separation piston 48
by opening'the ap'probriate valves 52.

[0059] The mixing may be achieved by simply delivering two or more produéts via a
T-intersection connected to the port 32. After the intersection, and before the exit of the inj ection
port 32, a mixer may ensure adequate homogeneity of the fluid. In sqnie cases a static mixer may
‘e sufficient, but for a paste, the mixing may be performed by deforming the paste with a
-moving system such as ecéeritric rollers 60 in a cy'lindrical chamber 62 (Fig. 3). The roller(s) 60
may roll against the wall of the mixing cﬁamber 62. Thus, the rollers 60 may rotate on
themselves and simultaneously around the center of the mixing ch;mbér 62.

[0060] Another mixing process is based: on a system of three chambers (Fig. 4). With _

i thfs system, two similar reservoirs (A & B) may be used. One is ﬁiled with tfe'atment fluid; the

13
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other one is empty (or both are half filled). The first step is to inject the chemical by pumping
well fluid through valve 3. As the exhaust valves (6 and 7) of reservoir A and B are open, the
chemical is placed in contact with the treatment ﬂuici via the transfer channel 8 (all the other
valves are closed during this chemical injection phase). The chemical injection may be stopped
after proper dosing. Then the treatment fluid with the chemical may be transferred multiple times
- from. reservoir A to B and back. This is achieved by activating the pump 34 through either valves
1 or 2, while the exhaust valve (6 or 7) of the other reservoir is open. The transfer action may
ensure proper homogenizétion of the troatment fluid with the 'chemica.l. Finally, the treatment
fluid may be pumped from the tool through valve 4 by simultaneously opening valves 1. and 2
(while valves 6 and 7 are closed) (the other valves also being closed). The other valves may be
used for other operations sucﬁ as an injection test or clean-up. The dosing of the multiple
products may be achieved by the propor_t-ioﬁal_ity of the pumped ﬂuid on the reverse side of ti'le
separation pistons 48, 48’ in the releyant reservoirs 44, 44’ (Fig.- 3). This proportionality may be
achieved using a volumetric pump such as progressive covity pump.

[0061]  The cleaning of the section filled by :“ready to set” treatment fluid ma}.' be
desirable This cleaning may be desirable throughout the tool after the ﬁixing of the setting agent,
as the treatment ﬂui_d may set in a time before the tool is-pulled out of the well. The cleaniné
may be achieved by circulating cleaning agent and solvent through the tool. These chemicals are
contained within reservoirs of the tool. Final cleaning lmay be achieved by pumping fluid from
the borehole through the tool. The fluids osed to clean the machine may be rej ected into the main
wellbore 12.

[0062] After the operation of the tool, the fluid in the boreﬁole may be partially

polluted. In particular, the cleaning fluids for the machine may be rejected in the borehole. After

14
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* the injection, treatment fluid may also be present in borehole. Normally the wellbore shot'lld.stay
clean as the packer pad 30 guides the treatment fluid from the tool to the drilled hole- in the
casing 24. However in case of packer le;akage or failure, some treatment fluid may be injected
from the tool into the well bore. To limit the inconvenience of pollution of the well bore, the tool
may be equipped with a diluti_ng system '(Fig. 5).-This system comprises a diluting pump 64
ex;tended by a long discharge tube 66. The pump 64 sucks the well})ore fluid near the pa:cker and
forces it into the tube 66 tha£ guides the fluid far away from (and below) the tool. Fluid
circulation m.ay be established .in the casing 24 outside the tube 66. The pump 64 may comprise
one or more high-speed propellers that mixes the treatment fluid with the borehole fluid aﬁd
ensures dilution. The diluted fluid may be cilrm.ﬂated multiplé times through the pump 64 via the
tube 66. This dilution én'sures that the treatment fluid cannot set in a lar'ge block within the
wellbpre,-while cleaning fluids such as solvent or acid are alsb diluted. However, such a clean-up
step may be bypassed if the sealant fluid has no intrinsic ability to set.

[0063] The drilled hole (for squeeze) may be plugged by the tool at the end of the
job. Tﬁe plugging may be achieved by a metal plug forced into the drilled hole (as with the
Schlumbgrger Cased-Hole-Dynamic-Tester). However, thé hole rﬁay_ have to be cleaned before
the insertion. §f -the plug, als treatment fluid may have hardened in it. The cleaning may be
performed by either re-running the drill bit in the hole, or by honing or reaming the hole by a -
,. slightly larger bit. | -
| [0064] The plugging of the hole may also be achieved by the iining the casing of the
| well with a thin tubular body. This tubular body may be a metal tube expanded to casing
diémeter. The expansion may be simplified by the use of a corrugated sleeve. The sleeve may

also be a downhole cured patch of resin and fibre (such as the PATCHFLEX™ syétem from
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DRILLFLEX).

[0065] The tool may be designed to perform the injection of treatment fluid behind
the tubular in multiple cycles. This may allow proper filling of the volume behind the tubular
even when initially filled with highly éelled fluid. In some situations, the first injection may just
replace part of the gelled fluid by treatment fluid. After the setting of the'treatmeﬁt fluid,
additional C).Icles of injectivity test, treatment fluid injection and “wait for curing” period may be
needed to achieve the perfect filling and isolationT Between these cycles, the machine may
perform an internal clean_-ﬁ;; of its mixing and injection system. |

[0066] The tool may be designed to accomplish multiple construction or repair jobs
_ during one sing}e trip in the well. The multiple jobs may be at different depths. However, in
some situations, the jobs may be performed at the same depth but at different azimuths. The
number of jol:;s may limited by the amounts of fluid stored in the machine reservoirs.

[0067] In certain situations, it may be advantageous to ensure fluid circulation in the
~ volume to treat behind the casing. For example, the filling of a channel left after a primary
cer_nent job, circulation across the length of the channel greatly improves the qﬁality of the repair.
The circulation may be establiéhed properly when an exit port is being made across the casing at
' the oppoéite extremity of the volume to treat.

[0068] The tool may be able to drill the exit port at one extremity of thé defective
volume tc; treat, in which case a detectio;l technique'may be combined with the rebair tool. In
particular, depth and azimuth mayl be tracked during the entire process. Also, the exit port méy
be positioned at the lower depth t;) reduce the risk of the tool and cable sticking within circulated
fluid. Following drilling of the exit port 68, the tool. may be unclamped and moved to another

depth corresponding to the other extremity of the volume to treat 70. At this new position, the
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tool may be clamped in place to perform the job (including drilling, circulation, treatment fluid
placement énd rivet installation) 72 (Fig. 6). This operation may be performed in a manner
similar to the treatment without cir;ulation; however, the circulation volume for clean-up may be
largef apd pumped at a higher flow r';lte. The proper and complete treatment may have to be
performed in multiple steps (clean-up, treatment fluid placement? wait on setting, injectivity tést) '
to achieve full filling of the cavity behind the tubular. |

[0069] After plugging of the injection port 72 with a rivet, the tool may be re-
positioned in front of the other hole 70 to install the plug (or rivet) in the casing 24. This means
.that the tool may be equipped with a proper re-positioning system. The system may inélude (or
"be a-sso;:iated with) - an imaging tool to locate -the hole (ultrasonic .i-maging). The tool
displaéement may be well-;:ontrélled to allow the machine to slide from the imaging position (to
find the hole) to the working head position (to install the rivet). This accurate displacement may
~ achieved by a tractor measuring the linéér displacement. The working head 16 may be equipped
with sensing device(s) such as finger(s) to sense the surface and locate the small hole. Other.
locating wcﬂniques are. also. possible. One particular technique may be to install a locating
system in the c;asing. This system‘may be b_ased on the concept of retrieval locking devices .
equipped with slips (as used in retrieval bric_lge plugs). This system may be locked into the casing
at the proper depth by the tool. This locked device may be equipped with a systerﬂ such that the
tool may return to the same de;l)th and the same azimuth. To find the same azimuth, the casing
locating system may be equipped with a “mule shoe” device ‘as used inside drill cqllar- for
locating fishable MWD tools. After multiple relocations of the tool, the tool may unset the casing

locating device and fish it. The same device may be re-installed at an another location for other

remedial tasks.
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[0070] When circulation is allowed by virtue of the two (or more) holes, one may
monitor the fluid 74 circulated out of the exit port 72 back into the éasing 24 (Fig. 7). During the
clean-up phase, this monitoring may allow detection of clean returned fluid 74, so that the clegn-
up may be stopped. During treatment fluid placement, it may be vital to limit the amount of
treatment _ﬂuid_ re-entering the internal bore of the casing 24, to avoid major contamination by
hardening treatment fluid inside the casiﬂg.

| [0071] . Monitoring may be performed by a instruménted device 76 leﬁ near tl_1e exit
port 68. This device may include as sensors 78 a pH meter, flow meter, color monitoring device,
etc. The device 76 may be clamped onto the césing 24. This clampix}g may be performed by a
méchan‘ical slip or latch system or by magnetic clamping._ The monitoring device 76 may be a
shuttlé of tﬁe tool 10 connected via an electrical cable .80 for power and signal communication.
Or, it may be an independent device equipped with a battery and use wireless communication
with the main tool 10. |

[0072] Channels behind casing may be filled with gelled mud_- that was not dis_placed
during primary cementing. Even when the two-hole process described -above is being used to
~ ensure good circulation in the -volume behind the casing, it may be difficult to displaée fhe mud
properly over the full sectionl of the channel. In certain cases, acid may help to break the mud.
Vibration may also be an efficient technique to break the gel during circulation. The flow for the
circulation may be pulsed at high amplitude. These vibrations may l?e generated by a .rot_ary valve
limiting the flow, similar to a mﬁd-pulse siren used for MWD telemétry.

[0073] The tool may also be used to p!ace a ring of treatment fluid behind a solid
casir;g. This technique maybe a&vantagé_ous for placing high quality treatment fluid in specific

areas where treatment fluid pollution should be minimized. An example of this situation may be
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the placemerlt of a high quality isolatioll ring in front of the cap rock above the oil and gas
reservoir. For this application, the two-hole precess may be used with the holes being -drilled at
the same (or.similar) depth but a different azimuth. The fluid injection may then be performed in-
circumferential flow behind the casing.

[0074] The clean-up of the annulus outside the casing may be eccomplished by
sufficient fluid flow, but the contact time between. the cleaning fluid and the gelled mud may be
limited as the volume of fluid may be limited to avoid large volume contamination in the main
bore-hole by the fluid exiting the exit port. The contact time lnay be largely improved by the
introducti_on' of new circulation syslem. In one example, the process collects the returned fluid in
" a return tank. A second pad and paclcer may be set at the exit port to allow collection of the
exiting fluid in a return tank. When no additional storage in the return tank is available, the
additional fluid may be discharged into the main well-bore via a by-pass valve.

[0075] A example is based on the use of a magnetic fluid. For this application the
cleaning fluid and/or the treatment fluid may eontain magnetic particles. The treatmerit fluid may
. be placed in the ennular ring by conl/entional 'puml-)ing through one pol't (and retume via the
other port). When the fluid is properly placed, the tool positions a rotor in the main borell"ole at
the depth of the treatment fluid annular ring. This rotor may be equipped with high strengtlg
magnets with their poles aligned in a rad1a1 dlrectlon The machine may sets the magnets m'
rotation, generatmg a rotating magnetic flux that may ensure some attraction onto the magnetic
particles in the fluid of the annular ring, creating fluid rotation in the annulus. This fluid rotation '
in the annulus may stay active as long as the magnetic rotor of the tool is turmrlg This may allow
a large contact time between the. moving cleamng fluid and the gelled mud in the annulus for

optimal cleaning of the annulus.
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[0076]  As described above, ttleatment fluid may be injected an(_i circulated behind thé
casing to form a sealing ring via the use of two ports (or communication holes). The treatment
fluid may be injected through one of these ports while fluids from behind the casing flow into the
casing by the other ports. The flowing pattern may not be uniform behind the casing, the flow
line diverging around the injection port 72 and converging towards the exit port(s) 68. This
means thqt the treatment fluid may not fo@ a uniform rihg behind the casing, it may be wide-r.
near the injection port and may have limited Iextension near the exit port (Fig. 8 A). This limited
sealing extension near one port may be a source of leal..cagc.e from the bottom of the annulus
té\ﬁm;ds the topl part of the annulus (or reverse).

[0077] | Té reduce this issue, a second treatment fluid ‘injection may be performed
- from the other port 68, .previously the exit port (the role of the port is changed). This reversed
“placement allows an extension of the ring of cemént near both ports 68, 72. When the treatment

fluid i)lacerﬂenf is completed, the ports 68, 72 may be plugged with a metal plug as described
above. | |

[607_8] Sealant placement behind:the _casing'may be a complex operation. The tool
may monitor, and transmit to the surface in real-time, various parameters to ensure the job
quality, including depth and azimuth of the drilled holes; purﬁping parameters for each fluids 'at
each phase: pressure, flow rate, pumped volume, temperature; a_nd parameters of the returned
fluids near the exit port. Parameters monitored to identify tile returned' fluid may include pH_and
resistivity. Furthermore, flow rate may be monitored to ‘determine the amount of fluid lost in the
fomation. An acoustic image of the cement sheath behind the éasing before and after the
treatment process may be-used .to determine the efﬁcieflcy of the treatrﬁent. The acoustic'limage

of the inside of the wellbore may also be used to determine the status of the casing before the
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job, the 'p_erformance of the cleaning of the casing i_nterrllal bore aﬁer the job and the prober
installation of the plugs in the hole.

[0079] It will be appreciated that a number of changes can be made to the tool
depending on uses while retaining the baéii: concept of the disclosure.

[0080] - Although the preceding descriptioﬂ has been described herein with reference
to particular means, materials aﬁd embodiments, it is not intended to be limited to the particulars
discIose& herein; rather, it extends to all functionally equjva}ent structures, methods and uses,

such as are within the scope of the appended claims.
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CLAIMS:

1. A method for treating a subterranean well having a borehole wall, at least one tubuiar
body and at least one cement sheath, comprising:
(i) positioning a tool in the well adjacent to a region to be treated;
(i1) locking the tcol in place with a clamping system;
(iii) orienting the tool azimuthally with a positioning system; and
(iv) using a pumping system to pump treatment fluid from a reservoir in the tool to the
region of the cement sheath to be treated;

- wherein the method further comprises drilling a hole into the tubular body prior to

pumping treatment fluid;
wherein the fluid is solids free or the fluid is a suspension containing solids having a
particle size between 1 nm and 100 nm.

2. The method of claim 1, wherein the treatment fluid comprises a solids-free resin, the resin
comprising epoxy resin or furan resin.

3. The method of claim 1 or 2, wherein the treatment fluid comprises an alkali-swellable
iatex.
4. The method of any one of claims 1-3, wherein the treatment fluid comprises a silica-

particle suspension, the silica particles comprising colloidal silica or fumed silica or both.

5. The method of any one of claims 1-4, wherein the treatment fluid comprises a suspension
comprising an alkali metal silicate an inorganic calcium-containing compound.

6. The method of any one of claims 1--5, wherein the treatment fluid comprises one or more
alkali metal silicates, magnesium chloride, iron chlorides or other iron salts, aluminum
chloride, alkali metal aluminates, magnesium phosphate, potassium phosphate, sodium
phosphate, sodium sulfate, sodium carbonate or sodium fluoride or combinations thereof.

7. A method for restoring zonal isolation in a subterranean well having a borehole wall, at
least one tubular body and at least one cement sheath, comprising:
(i) positioning a tool in the well adjacent to a region to be treated;
(ii) locking the tool in place with a clamping system;
* (iii) orienting the tool azimuthally with a positioning system;
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(iv) using a pumping system to pump treatment fluid from a reservoir in the tool to the
region of the cement sheath to be treated; and

(v) allowing the treatment fluid to set and harden;

wherein the method further comprises drilling a hole into the tubular body prior to
pumping treatment fluid;

wherein the fluid is solids free or the fluid is a suspension containing solids baving a
particle size between 1 nm and 100 nm.

8. The method of claim 7, wherein the treatment fluid comprises either:
— a solids-free resin, the resin comprising epoxy resin or furan resin;
- an alkali-swellable latex;
— a silica-particle suspension, the silica particles comprising colloidal silica or fumed silica
or both; )
— a suspension comprising an alkali metal silicate an inorganic calcium-containing
compound; or
— one or more alkali metal silicates, magnesium chloride, iron chlorides or other iron salts,
aluminum chloride, alkali metal aluminates, magnesium phosphate, potassium phosphate,
sodium sulfate, sodium carbonate, socdium phosphate or sodium fluoride or combinations
thereof.

9. The method of claim 7 or 8, wherein a region of the well to be treated is a fault in a
cement sheath surrounding the well, the method further comprising measuring the size,

shape and type of fault prior to treatment.

10. The method of any one of claims 7-9, further comprising drilling at least two separated
holes in the tubular body and circulating treatment fluid from one hole to the other.

11. The method of any one of claims 7-10, further comprising pumping a cleaning fluid
through the tool after the treatment fluid has been pumped.
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