1 Stimulation tool having a sealed ignition system
Description TECHN CAL FI ELD The present invention
relates to a nmethod and tool for stinulating a
subterranean formation penetrated by a well bore, and
nore particularly, to a tool enploying a conbustion
body and ignition systemand to a nethod for using the
tool to stimulate the subtgrranean formation and
enhance the effectiveness of perforations which
provide fluid communicati on between the well bore and
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assenbly and an ignition propagator connected to the
starter assenbly. The starter assenbly typically

i ncludes a detonator and the ignition propagator is
typically a detonator cord. The ignition propagator
can optionally include a thin walled alum num or
cardboard sl eeve around the detonator cord, which
facilitates placement of the detonator cord within
the tool. It has been found that the intrusion of well
bore fluids into the ignition system for exanple,
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satisfactorily protect the ignition systemfromthe
well bore fluids, the ability of the detonator cord
to properly propagate detonation of the propellant is
conprom sed, which dimnishes the repeatability and
reliability of the propellant burn and
correspondi ngly dimnishes the overall performance of
the propellant stimulation ;tool. As such, a
propel l ant stinmulation tool i s needed whi ch naintains
the ignition systemsufficiently dry across a broad
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The conbustion body is preferably a conbustibl e
materi al selected froma group consisting of
propel | ants, expl osives and shaped charges which is
configured in a solid form The conmbustion body is
positioned within the first tube interior external to
the second tube interior. The ignition propagator
preferably includes a detongtor cord, which is
positioned within the second tube interior. The
ignition propagator is substantially free fromfluid
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first tube interior and the fourth connector interior.
A preferred ignition propagator extends fromthe
first tube interior into the first, second, third and
fourth connector interiors and simlarly extends from
the second tube interior into the first and fourth
connector interiors. In another characterization of
the invention, the apparatug conprises a first tube, a
second tube, a first conmbustion body and an ignition
propagator The first tube has a first tube interior
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menber wall of the second conbustion body and the
inner face of the first tube wall. The preferred
apparatus still further conprises a third conbustion
body having a [|ongitudinal opening and a nenber wall.
The nenber wall of the third conbustion body has an
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conmbustion body is positioQ@d in the first tube
interior and the |ongitudinal opening of the third
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body, thickness of the ignition propagator, density of
the ignition propagator, 7 explosive |oad of the
ignition propagator, material conposition of the
second tube and thickness of the second tube wall,

di anmeter of the second tube interior, size of the
apertures, nunber of the apertures, and pattern of the
apertures along the Ilength of the first tube wall.
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stimulation module having utility in the stimulation tool of FIG. 1.

DESCRIPTION OF THE PREFERRED EMBODIMENTS



has particular utility in well bores which deviate
fromvertical, including horizontal well bores and
ot her well bores having a high deviation angle from
vertical. The face of the well bore 10 has a casing
18 positioned along its length which is secured to
the face by cenent 20. In accordance with the

enbodi ment of FIG 1, a wirgline 22 is provided and a
cable head 24 is secured to an end of the wireline
22. A logging tool 26, an adaptor sub 28, and a
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30 and applies generally to the stinulation nmodules

desi gnated 30a and 30b in FIG 1, insofar as the

stimulation 9 nodul es 30a and 30b are essentially
identical to one another and to the stimulation




nodul e 30 of FIGS. 2 and 3. The relative terns "upper”
and "lower" are used in the follow ng description to
di stingui sh various el enents of the stinulation nodul e
30 fromone another, but are not to be construed as
limting the scope of the invention. The terns
"upper” and "l ower" describe the relative position of
a given elenment of the stigulation nodule 30 as being
ei ther above or bel ow anot hér el ement of the nodule
30 when the nodule 30 is lowered into the vertica
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10 34 may be selected in response to the
characteristics of a given well bore and/or
application as will be evident to the skilled artisan.
In any case, the length of the carrier 34 is
typically on the order of up to about 20 feet or nore
and the transverse cross sectional dianmeter of the
carrier 34 is typically on fhe order of up to about 4
inches or nore. Exenplary dinensions of the carrier 34
are a length of about 21 feet, an outside dianeter of
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result, the reduced thickness of the rupturable

aperture is readily bl owmn open upon ignition of a

conmbusti on body. However, the thickness of




the remainder of the carrier 34 is sufficient to
withstand the ignition force of the 11 conbustion
body wi t hout opening. Alternatively, the rupturable
aperture is initially fabricated as an opening

t hrough the carrier 34. However, a plug fornmed from
the sanme or a different material than the carrier 34
i's renovably secured in theopening to selectively
seal the opening. The plug is readily bl own out of the
openi ng upon ignition of the conbustion body while
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no greater than the inside dianeter of the carrier 34,
but substantially greater than the outside dianeter
of the isolation nmenber 42. If desired, the outside
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menber 70 can alternatively be substantially |ess than
the length of the carrier 34 or the isolation nenber
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carrier 34 may be selected to either increase or
decrease the gas venting rate dependi ng on the
particul ar pattern selected, as can be appreciated by
the skilled artisan.




In accordance with another alternate enbodi nent, the
present invention is a nmethod for optim zing
operation or otherw se defining operationa

performance of the above-described stimulation tool.
In accordance with this enbodi nent, a value for one
or nore of the above-recited propellant nenber,

i sol ation menber, detonator,,cord segnent and aperture
paraneters for the stinmulation tool are selected by
the practitioner, preferably using a conputer
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welldodesi red outcone. Any nunber of test runs are
performed, nodifying the value of the sel ected
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connector nenber 36 and the carrier 34 of the
stinmulation nodule 600. This second upper connector
menber 602 is essentially identical to the first
| ower connector nenber 38 of both stinulation nodules
600 and 30. Operation of the stimnulation nodule 600
is essentially the sanme as the stinulation nodul e 30.
As not ed above, the present stinulation tool can be
utilized with tubing or wireline. The increased
strength of tubing over wireline provides certain
advant ages. For exanple, the use of tubing to convey
the tool into a well bore permts the use of a |onger
stinmul ati on nodul es and/or a greater nunber of
stimul ati on nodul es secured together in series,
thereby permtting a longer interval to be stimnulated
by a single tripinto the well bore. Use of tubing is
al so conpatible with the use of packers to isolate
one or nore portions of the well bore adjacent one or
nore intervals of the




formati on. The present tool nay be used where it is
desired to limt the pressure in another portion of
the well bore, for exanple, where one or nore zones in
a well bore have already been conpleted. Further, if
the well bore has a high deviation angle from
vertical or is horizontal, the tubing nmay be used to
push the tool into the wel4s;bore. Al though the
carrier 34 and ot her conponents of the stimnulation
tool are described above as preferably being
fabricated froma high-iniegmsty netal which is
reusable, it is alternatively within the scope of the
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envero@ibdent éxtérhalst open end, and a second open end,
wherein said second tube interior is sealed fromsaid
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7.0fheSippatafus 08 tlaim he wheihand figst ubeeae ad opanyeesidend, said
interitor, wherein said first tube




Is serially positioned between said first and second
connector nenbers. 4. The apparatus of claim3,
wherein said ignition propagator extends from said
first tube interior into said second connector
interior. 5. The apparatus of claim3 further
conprising a second sealing assenbly engaging said
second tube to substantiall¥4prevent fluid

conmuni cati on between said first tube interior and
sai d second connector interior. 6. The apparatus of
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fourth connector interiors. 11. The apparatus of claim

14 Thehppaatus obclding il y whereinoaid ignitibimirepageidr inchidesa a detonator

cardterial and in a configuration such that said first

tube does not substantially deconpose or disintegrate
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fabricated froma nmaterial and in a configuration
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is a propellant nenber. 14. The
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17. Al apperztus fapstonuletng a sehterranesn fommatiap semprisisg:oF fixst aibem
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having an inner face, an outer face and a length, wherein said first tube wall has at
least one aperture along said length of said first tube wall; a connector member




transfer. 16. The apparatus of claim1l further
conprising a starter assenbly connected to said
ignition propagator and a fluid sealed junction
between said starter assenbly and said ignition
propagator. 17. An apparatus for stinulating a
subterranean formation conprising: a first tube
having a first tube interi an open first end and a
first tube wall, said first tube wall having an inner
face, an outer face and a |length, wherein said first
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interior, and substantially free fromfluid contact
19iTihle apparaths 0 slathh 1@, wWherein ssidrlonginsiimed opening sliviabhit receives
safkgeebnditubeo said first tube wall; and a first sealing
assenbly engagi ng said second tube to substantially
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sai Bfifst propella® ek ant  nmenber, said apparatus further
conprising a second propellant menber having a
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tubewalld t ube substantially adjacent said first
propel | ant nenber. 22. The apparatus of claim 21,
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propel l ant nenber is substantially equal to said

| ength of said nenber wall of said second propell ant
menber. 23. The apparatus of claim21 further
conprising a void between said outer face of said
menber wall of said second propellant nenber and said
inner face of said first tube wall. 24. The apparat us
of claim 21, wherein said |lgngitudinal opening of said
second 26 propellant nmenber slidably receives said
second tube. 25. The apparatus of claim 21 conprising
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sardedpatties, anggpattenmrof said apaiteres aloogdaitl dmmlaﬂﬂsaschﬁrst tube wall;
posibivhningta mlurabigdyf, produss korektsorodosiford in gmietlibore; positioning said
stipfulgrivgaipparatud evitiih yaid fivelidiote; ipgrfbinhiag affireytegatupof said
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b4 des uling Sald prochsd ol R ey 8& ?ﬁ a
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ang anbtalmeg pecgad test pardagn ielatige o sdid §@mb@°étonrgaﬁ uging saifl grocess
cogdition Inzmitors. appar at us, wherein said first test run
conprises igniting sai d conbustion body with said
28l Thé tetHodf oladg 7 durtherdobipiivingdixiigd shid gptiohé dalue of said one
conmbustion body, thereby form ng a conbustion gas;
obtaining first test run data relating to said




conmbustion gas using said process condition nonitors;
nmodi fying said first value of said one or nore
paraneters to a second val ue of said one or nore
paraneters in response to said first test run data;
performng a second test run of said stinulation
appar atus, wherein said second test run is
substantially the same as id first test run; and
obt ai ni ng second test run Egla relating to said
conmbustion gas using said process condition nonitors.
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apparatus of claim 30, wherein said second segnent of
said ignition propagator of said first stinulation
nodul e and said first segnent of said ignition
propagat or of said second stinulation nodule are a
single continuous Iength of detonator cord. 34. The
apparatus of claim 30, wherein said second segnent of
said ignition propagator of said first stinulation
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segnent of said ignition propagator of said second
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wherein said booster transfer of said second segnent
of said ignition propagator of said first stimulation
nodul e engages said booster transfer of said first
segnent of said ignition propagator of said second
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