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1 .
This invention relates, in -'generel, th Iwell
packers and more particularly to well packers,

brldgmg plugs and the like devices having means |

1neorperated therein for indicating leakage.

This invention has its most 1mp0rtant a,ppll-
cation to oil wells in which it is-desired to carry
on so-called .dual production, that is, production
from two different formations at separate depths
in the .well. In such .dual production practice
it is-customary to set a packer between the two
production zones to isolate them.from one an-
other and then produce the lower zone ‘through
the packer and the tubing and the upper zone

through the annular passage between.the tubing -

and the surrounding casing above the packer.
Under such production  conditions it is im-
portant for several reasons to determine whether

or not there is any leakage of fluid past the
packer between the two produemg ZON1es sepa- |
rated by the packer either through .the casing or 9

by channeling outside of the casing. One im-
portant reason for this knowledge is to enable one
to determine whether a zone of higher pressure
may be losing production by leakage past the

packer or by ¢channeling along the outside of the .

casing to.a zone of lower pressure. When this
occurs the current well production rate ol the
higher pressure zohe may not only be reduced but

ultimate produétion thereof may -be lost, and
irreparable damage also may be done to one.

formation by contamination with the preduetlon
fluid from another formation. Also the peten—
tial production rate and ultimate production of
one such formation may be seriously lowered by
loss of .eas pressure or other fluid pressure to
another formation of relatively low pressure.

Another important reason for accurate deter—-_

mination of Wwhether or not a packer, serving to
separate the productions in a well from two dif-

ferent producing zones, is free from leakage, is
to enable one to obtain accurate and truly repre~

sentative well potential production rates from
which proper prorated production rates for the
well can be calculated. If a packer in a dual
production well should leak, the separate produc-
tions from the separate formations will be in-
fluenced by one another. For example, if the
packer in a dual production well is leaking and

thereby allowing a substantial amount of the fluid
50

from one producing zone to flow past the packer
into the fluid produced from the other zone the
apparent potential of the first zone will be less

(CL 166—11)

2.

very difficult undertaking and at best uncertain
It is accordingly a primary object of this in-

vention to overcoirie.the hereinbefore mentmned

d1ﬂicu1t1es

.....

3 means and methed for 1ndlcetmg leakage of

- fluid past a.well packer set in g well.
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It is anotherobject of thls“mventmn 0 prowde”
a means and method for. determlmng the occur-
rence of leakage along the outside of. casing set -
hetween two or more formations. |
1t is still another. object of this 1nvent10n 1o
provide a well packer epperatus mcorporatlng'
automatic leakage indicating means therein. -
It is a further object of this invention to’ pre-
vide a well packer. apparatus 1ncorp0rat1ng auto~
matic leakage indicating means -therein and'_
means to provide a delayed aetuatmn 'of the
automatic leakage indicatihg means fellowmg
the setting of a packer. B
In general the foregoing. ob:;ects of this mven-”
tion are attained by and the invention 'is em-—h'
bodied in apparatius comprising. a packer means
for dividing the well casing or boréhole into. two

 longitudinally separated zones, an upper zone

and a lower zone, with means incorporated in the
packer structure for automatically releasing .a-
tracer fluid or tracer material within the packer
after a suitable time 1nterve1 subsequent to .the
setting of the packer and occurrence of: le‘ake,ge

of ‘the fluid ‘past the. packer from ene of. sald

zones to the other.

‘Other objects, advantages and features of'

| novelty will be evident hereingfter.

In the drawings which show by way of .illus-

‘tration . préferred embodiments of the inverntion

and in “which like referenee numerals demgnate

the same or simildar. parts through the. several
views:

Figure 1 is a view paltlally in. elevatmn and

partially in longitudinal . section showing .the

apparatus in its initial . Tuh-in p051t10n within a
well casing just prior .to settlng, , |
Figure 2 is enether view -of the. appe,retus of'
Figure 1: as it appeared . a,fter settmg in:a- Well -
casing:

Figure 3 is g fragmentary, enlarged detailed'
view in longitudinal séction of a- portmn of: the
apparatus of Figures 1L and 2;

Figure 4 is'a fragmentary cress-sectlenal view

tdken on'line 4—4 of Figure'3;

and that of the second zone greater than the true

potentlals

Hence it is necessary to maintain the two zones

and the productions therefrom isolated, particu-
larly-at the time tests are made to establish the
true-well production rate potentials.

Ordinarily the determination of whether or

not there is any-such leakage past the packer or
outside the casing as-hereinbefore mentioned is-a
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Tigure 5 is an enlarged: detmled view, in-eross=
section of ‘a ‘tracér ‘container employed in- the:*_'
apparatus of Flgures 1 to 4 meluswe | |

Referring now primarily to Figures ‘1 through”
4 of the drawmg the- epparatus there 111ustra,ted’
is-as follows:

A-well casing is-shown in longltudmal sectlon'"
at C which may be assumed to' have been sétand -

ecemented-in in‘the usual fashion in a dr111ed well
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borehole end inte Whlch the packer embodying
the invention is run.

The general arra,ngement and components of

the packer, excepl{ as described hereinaiter, may
be similar to that shown and described in United
States Patent 2,005,955 and comprises briefly the
following parts:

A packer head or top collar member lﬁ is
threadedly connected at its lower end at (1 to &
packer body which comprises a hollow mandrel
or tubular structure 12 which extends downward
and concentrically through the packer and slip
assemblies. The packer head [8 is adapted to
make threaded coupling at its top end at {3 with

suitable drill pipes or tubing 14 by means of

which the whole packer apparatus is suspended
while being lowered through the well casing and
by means of which the packer is manipulated
and downward force is applied to set the packer
and expand the resilient packing elements into

sealing engagement between the packer body and

a surrounding casing after the packer is set.

2,618,341 T T

10

15

29

The drill pipe or tubing {4 also serves after the '

- packer is set and the well put into production to
define two flow channels; an inner flow channel
within the pipe or tubing to convey to the well
surface any fluid produced from the well below
the packer and an annular flow passage between
the tubing or pipe (4 and the casing 10 to Convey
to the well surface any fluid produced from the
well above the packer all as hereinafter more
fully described in connection with the operation.

‘Concentrically surrounding the mandrel {2 and
slidably spaced therefrom and included in the
packer body structure are packing means com-

prising a pair of longitudinally spaced packing

assemblies, the upper packing assembly being
shown at P:1 and the Iower packing essembly be-
mg shown at Poe. |

‘The upper packing assembly P: comprises a
packing supporting sleeve (6a threadedly con-
nected at its upper end to an annular valve mem-
ber. 17 of the packer circulating valve. The
lower. portion of the packing supporting sleeve
16a extends downward slidably through a pack-
ing retaining nut 20 which in turn makes
threaded connection at 2§ with the upper end
of an intermediate cyhndncal spacer hody 23
which | also serves as a valve member as here-
~inafter more fully described. The lower end
0of the: paekmg supporting sleeve §6a is formed
with an offset outwardly extending shoulder as
shown at 25 which serves to limit the upward
motion of the said sleeve {6a through the pack-
ing retammg nut 20.

A resilient packing element or sleeve or a plu- |

rality of resilient packing rings as shown at 27
encircle the supporting sleeve 16a, are retained
in position thereon and are adapted to be axially
compressed between the inner, confronting a1~
nular surfaces of " the beforementioned . valve
member (T and the retaining nut 20.

‘The lower end portion of the intermediate cy-
lindrical spacer body 23 has a form similar to

05

that of the hereinbefore described valve member
I'T and makes threaded connection as shown at
28 with the upper end of a lower packing Sup-
portmg sleeve {6b.: The lower portion of the
lower packing. supportmg sleeve 16b extends
downward slidably through a lower packing re-

taining nut 29 which in turn makes threaded_

connection at 30 with the upper end of a slip
cone body 3f. The lower end of the packing
retaining sleeve {6b as in the case of the upper
retammg sleeve Isa 1s formed mth an offset

25
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outwardly extending shoulder as shown at 32
which acts as a stop to limit the upward sliding
motion of the sleeve {6b with respect to the be-
forementioned packer retaining nut 28.

- A resilient packing element or sleeve or a plu-

rality of resilient packing rings as shown at 33

encircle the lower packer supporting sleeve (6D,

- are retained in position thereon and are adapted

to be axially compressed and thereby radially
expanded befween the inner confronting an-
nular surfaces of the beforementioned lower
end of the intermediate cylindrical spacer body
23 and the lower retaining nut 29.

The beforementioned intermediate eylindrical
spacer body 23 is formed with an inner bore 35.

A plurality of radially directed ducts or ports 36

extend through an intermediate portion of the

spacer body 23 and interconnect the said bore 35.

with the exterior of the spacer body intermediate
the packing assemblies P; and P2 as best shown
In Figures 3 and 4. Threadedly connected at
31 to the lower end of the offset shoulder portion
2% of the upper packing supporting sleeve 16¢
Is a tracer retaining ring member 38 having an
outer cylindrical surface 3% making a snug slid-
ing fit within the beforementioned inner bore 35
ol the intermediate cylindrical spacer body 23.

The tracer retaining ring 38 is formed with an
Iintermediately located outwardly facing annular
groove or recess as best shown at 40 in Figures
3 and 4, adapted to retain therein a plurality of
tracer containing hodies or capsules as shown at
41 and hereinafter more fully described. Annu-
lar packing ring grooves are provided at 42 in
the tracer retainer ring 38 and at 43 and 44 in
the inner bore 35 of the spacer body 23. These
packing grooves preferably contain packing of
the O-ring type for the purpose of forming a
fluid tight sliding seal between the tracer retain-
ing ring 38 and the inside surface of the bore
28 whereby when the said ring 38 is in the upper
position shown in Figure 1 fluid will be excluded
from the recess 48 and from contact with the
tracer bodies therem Spacer body 23, together
with the ducts or ports 38, serves as a valve
member for the recess or groove 40. |

Means are provided for anchoring the before-
mentloned slip cone 3! to the inside surface of
the casing in a more or less conventional man-
ner. Such means comprises wickered slips 50
which are slidably mounted in dove tail slip
guides &§ formed in the said slip cone 2! the said
slip being restrained from movement outwardly
from the cone by the overhanging walls of the
dove tail guides but being free to slide longitu-
dinally along the sloping slip surfaces.

The slip econtrol mechanism includes a slip
cage of more or less conventional desigh com-
prising a plurality of outwardly bowed cage fric-
tion springs 52 ‘Wwhich are rigidly attached st their
lower ends to the lower end portion of a cage
sleeve 53 and at the upper end to a ring or col~
lar 54 which is slidable longitudinally on the upper
portion of the said sleeve 53 to permit lateral

- confraction and expansion of the bow springs.

‘The cage sleeve 53 is free to rotate and slide
longltudma,lly upon the mandrel (2 except as it
is limited by a dowel or latch-pin 55 which is

- fixed to and projects outwardly from the man-

70

76

drel into slidable engagement within g J-slot 58
formed in the cage sleeve and having a vertical
portion 57 and g reﬂessed lateral portlon as shown
at 58, | |

A slip rein ring or cellar 80 is retained on the
upper end portion of the slip cage sleeve 53 in -
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an annular groove as.shown at 61 providing free-
dom. for rofational movement but. preventing
lateral movement of the ring with respect to the

sleeve. . A plurality of slip reins €2 interlink: the
- collar 60 and the slips &0; one ring for each slip.

In operation the slips §0 are set and released in

response to vertical movement of the cage sleeve
93 relative to the:slip cone 31 as hereinafter more
fully- described in connection with the operation
of the device.

The beforementioned annular valve member-{7
of the. packer circulating valve carries an up-
wardly extending valve housing sleeve 65 thread-

edly connected thereto at 66. The valve housing
65 is formed or counterbored to provide an in-

wardly extending annular shoulder 87 at its up-

per end. An annular packing retaining bushing

68 having an outwardly extending annular stop
shoulder €38 is slidably retained in the upper end

-----

ing annular shoulder 87 of the housing §5 being
adapted 10 act as a stop in conjunction with the
shoulder 87 of the bushing €8 to limit the out-
ward motion. of said bushing 68 from the hous-
ing 69.

6

The packer head- carries longitudinally slid-
able thereon, a cover sleeve member §1:-having
at its top end an inwardly extending annular

- shoulder-8d. Normally when the packer is unset

10

- 20
sleeve &h, the beforementioned inwardly extend-

29

A pair of annular or ring shaped resilient pack-

ing: membpers 78 and 71 are retained on the in-

side surface of the housing &5 between the upper

end of the valve member V¥ and the lower end
of the retainer bushing &8. An annular sepa-
rator ring T2 is positioned between the resilient
packing rings T8 and 7! and makes a slidable

fit: within the bore of the valve housing slecve 55,

The spacer ring 72 which is preferably made of

a. rigid material such as a suitable metal, car-

ries- an inwardly facing counterbored channel
or-annular recess as shown at i5. . |
Normally when the packer is in the unset posi-
ticn as iliustrated in Figure 1 the inside surfaces
of the resilient packing rings 78 and 7t and the
spacer ring Tz are flush ferming thereby an an-
nular clearance space of uniform inside diameter
as shown at.78 intermediate the oulside surface of

the mandrel {2 and the inside surfsces of the
said packing rings 70 and 7§ and the spacer ring

12 'into which a portion of the packer head 8
is adapted to enter upscn imparting downward
motion of the tubing and the mandrel with re-
spect to the packing assembies P1 and P2 as here-
inafter more fully described.

When the packer apparatus is in the unset

position as illustrated in Figure 1 a bypass fiuid
passage is formed through the packer interme-

diate the mandrel {2 and the inside of the pack-

ing assemblies through the- circulating valve and
the interconnecting annular clegrance spaces
provided there as shown at 5, 77, 16 and 79,

The packer head {8 is formed with a lower cy-
lindrical portion 88 and intermediate cylindri-
cal portion of reduced alameter 81 and & top cou-

30
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pling- head member &2 of increased diameter

threadedily connected at 83 to the intermediate
portion 8i.
mentioned lower end portion &9 is of uniform

outside: diaimeter and adapted to make an initial

free sliding fit within the inside surfaces of the
packing rings 19 and 7f and spacer ring 72 ap-
proximately as illustrated in Figure 2. |

An annular recess 85 is formed in the cutzide

surface of the lower end portion 89 of the packer

head a, short distance above the lower end there-
of. This annular recess 8% is adapted to cecntain

The outgide surface of the hefore-

65

70

a, capsule or. a pluralivy of capsules as illustrated.

at.86 and as hereinafter more fully. described. -.

78

as iliustrated in Figure 1, the cover sleeve 87 cov-
ers the annular recess 85 and is supported in the.
position with the annular shoulder 83 resting on
top of the ofiset shoulder formed beiween: the
lower and intermediate portion of.the packer
head {8. A helical spring %9 acting under com-.
pression between the top head member £2 and the
upper end of the cover sleeve 87 serves normally.
to retain the said cover seaf 87-in its lowermost,
position as shown in Figure 1.

- A pair of packing rings preferably. of thﬁ.;i.O -

ring type are retained within g pair. of annular
recesses formed in the lower inner portion: of
the peforementioned cover sleeve 871 as shown .at.
91 and 82 and so positioned as to form a fluid
tight seal above and below the annular recess 85
and the cover sleeve 87 when the cover sleeve is.
in its lowermost position as illustrated in Fig- .
ure 1. ) |

Ag hereinpefore mentioned the. tracer material

is contained in a plurality cof hollow.container

bodies or capsules adapted to be placed. in the.:
main body of the packer as shown at 4f and in.
the circulating valve as shown at 85. The tracer-.
containing capsules are preferably of the type.il-.
lustrated in enlarged detail in Figure b and adapt~ -
ed to efiect a time delay interval between. the.ini-..
tial exposure thereof to well fluid and the.sub-.
sequent release of tracer material into the fluid,;:
The. capsule as illustrated in Figure 5 is formed
of two cup shaped portions (84 and (05 joined
together at their open ends as shown at 105.to -
form a relatively thin walled, approximately
spherical or spheroidal fluid tight envelope. One.
cup~shaped end portion, for example, end portion .
104 is composed of a suitable gelatin, glue or other
water soluble material. The other end portion,
for example, end portion 185 is preferably com-.
posed of oil soluble material such as ethyl cellu-
lose or a suitable high melting point, oil-soluble
waxX.. One or the other or both end materials
preferably should be suitably plasticized to re~- .
move brittleness and permit the capsule when
subjected to high fluid pressures such as en-
countered in deep 0il wells to flex or be deformed
as required to distribute the pressure equally.
throughout its contents. |
Alternatively, instead of employing tracer con-~
tainers, formed of two dissimilar materials, one: .
water soluble and one oil soluble as hereinbefore.
described, two separate types of container cap-
sules may be employed, one type composed in its.
entirety of water soluble material such as gela-
tin and the other type composed in its entirety of
oll soluble material such as ethyl cellulose, wax
and the like, and a suitable mixture of these two
types employed in the packer. The packer will
thus be adapted to be employed under either con~
dition which may be encountered in g well, that.
1s, under a condition where the leakage fiuid may.
be largely water or largely oil or both. |
Where the packer device of thig invention is

employed in a water well, for example, or for pack- -

ing off g fluid in a well which is known to be
largely water, only the water soluble types of
tracer containers or capsules would be required
to be employed in the packer tracer containing
grooves 40 and 85. Conversely, where the fluid
in the well to be encountered is known to be Jarge-~

ly oil, only the oil soluble types of tracer con- -

;tainers or capsules need.to be.used. The tracer
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material contained as shown at 1087, sealed within
the capsule 104, 185 may be any one or a mixture
of two or more of the well known dyes which have
been employed to trace the flow or source of
ﬂulds such as, for example, ﬂuerescem uramne
 eosin, gentisin and the like,

The operation of the apparatus of the invention
is as follows:

The packer apparatus is lowered through the
well casing in the condition shown in Figure 1 to
the level in the well or opposite the formation at
which it is desired to be set. When the packer
apparatus has been thus lowered to the setfing po-
sition the latch-pin 85 is released from the lateral
recess 58 of the J-slot 56 in the slip cage 33 by
imparting slight lefthand rotational movement to
the mandrel 12 through the supporting tubing I4.
Relative rotation is thus imparted between the
lateh-pin 5% and the cage sleeve 53 by reason of
the fact that the cage sleeve B3 is restrained
against rotation by the frictional engagement
of the cage springs 82 with the inside surface of
‘the casing C, whereas the mandrel {2 is free to
rotate with the string and tubing {4 to which it
is attached. After the latch-pin 55 has been
thus released from the J-slot recess 88, the tubing
is again lowered a short distance resulting in
downward movement on the mandrel {2 with re-
spect to the cage sleeve §3. Due to the frictional
engagement of the cage springs 82 with the in-
side surface of the casing C, the sleeve 83 remains
substantially
mechanism including packing assemblies P: and
- P2 will then be free to move downward with the
mandrel- (2, the whole assembly thereof initially

stationary. The whole packer

10
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g.
the annular recess 15 in the separating ring 74.
The annular recess 85 and the tracer bodies 86
therein will thereby normally be sealed off by the
packing rings 10 and T from surrounding Well.

- fluid.

Further downward movement of the tubing
string with respect to the said packer thereafter
forces the valve seat |7 and packing reftaining
sleeve 18a downward with respect to the pack-
ing retaining nut 28 thereby applying longitu-.

- dinal compressive force and motion to the re-

15

20

25

30

39

riding upon and being supported by the shoulder

58 provided in the lower portion of the mandrel.

The sleeve 33, slip collar 60, slip reins 62 and

slips §08 will thus be caused in effect to move up-
~ward relative to the downwardly moving packer
assembly including the slip cones 31, and the slips

50 will thus be caused to move upward along the

slip cone guides and outward into gripping en-
gagement with the inside surface of the casing
thereby locking the slip cone 31 to the casing and

preventing any further downward movement

thereof relative to the casing. Thereafter fur-

ther downward movement of the mandrel 12 is

continued while the packing assemblies P1 and P2
remain stationary, supporfed upon the slip cone
31, until the lower cylindrical portion 88 of the
casing head {0 enters the annular space 76 within
the packing ring members 70 and 7i and spacer
ring 72 and moves downward until the lower end

of the cover sleeve member 87 comes into con-
tact with the upper end of the annular packing

retaining bushing €8 and is moved thereby up-

ward upon the packer head 19 against the com-

pressive action of the helical springs 99 until the
upper end of said cover sleeve member 87 is
brought into contact with the lower end of the
coupling head members 82.

Further downward

40

o()

60

movement of the tubing 14, the packer head 19-
~and the mandrel {2 thereafter applies downward

" force through the cover sieeve 87 to-the annular
bushing member. 68 and thereby applie s axial

compressive force to the racking rings 78 ang 11

to expand them radially into sealing engagement

with the outside surface of the lower portion 80 of '

the packer head, as shown in Figure 2. Under

this latter condition the circulating valve of the

top of the circulating passage within the packer

70

will have been closed and the recess 85 will have -

| been moved downward within the casing head fo
8 pos1t1on adJacent to and in communication with.

- cess 40.

£

silient packing sleeve or rings 27. This longitu-
dinal or axial force is in turn transmitted through
the packing retainer nut 286 and the intermediate.
cylindrical spacer body 28 to the lower packing
sleeve or set of packing rings 33 resulting in
downward nmiotion of the said intermediate cylin-
drical spacer body 22 and the lower packing re-

- tainer sleeve {60 relative to the beforementioned

packing retainer nut 28 and the slip cones 3i
and thereby also applying longitudinal compres-
sive force to the resilient packmg sleeve Or rmgs
2.

Downward motion and pressure is continued

to be applied through the tubing i4, the packer

head t§ and the circulating valve assembly com-

prising packing rings 708 and 7{, to the packing

assemblies P1 and Ps, until the packer is firm-
1y seated and set with the packings 27 and 33
expanded into sealing engagement with the in-
side surface of the casing C as iilustrated in

Figure 2.

- As the upper packing retainer sleeve (6a and
the tracer retainer ring 38 threadedly attached at

371 to the lower end thereof moves downward

with respect to the intermediate cylindrical

Spacer body 23 during the setting operation and

as the packing rings 27 are compressed longitu-
dinally, the annular recess 48 in the ring 38 moves
downward from its sealed off position between
the packing rings 43 and 44 to a position adja-
cent to and in communication with the plurality

of the radially directed ducts or ports 3§ extend-

ing through the walls of the spacer body 23.
In this position the annular recess 49, except for
the ducts 35 communicating therewith, is other-
wise sealed off between the packing rings 42 and
43 as shown in Figures 2 and 3.

In this position the tracer containing bodles-
or capsules 41 are, after a delay sufficient to per-
mit the packing 27 to be compressed longitu-
dinally sufficiently to cause it to be expanded
radially into contact with the inside surface of
the casing, exposed to the entrance of well fluid,
which under the pressure in the well, will flow
through the ducts 36 and into the annular re-
Tracer material released, after a suit-
able delay, from the tracer body or bodies 41, as
hereinafter more fully described, may then pass
by circulation or diffusion outward through the
ducts 3§ into the annular space {88 which nor-
mally has by the setting of the packer been
sealed off by the packing bodies 27 and 32 in-
termediate the outer surface of the spacer hody

- 23 and the inside surface of the casing C. Any

leakage of fluid in either direction past the pack-
ing assemblies P1 and P2 between the upper and
lower portions of the well casing above and be-
low the packer mechanism will then result in car-

rying a portion of the tracer fluid from the an-

nular space 168 along with the leakage fluid.
In event of such leakege the tracer material will
thus eventually appear in the well fluid pro-
duced irom the well either through the well
tubmg 14 or through the annular space 10 in-:
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termediate the well casing C and the tubing 14
depending upon the direction of such leakage
past the packings 27 and 83 or 16 and 11.

Por example, if the pressure in the casing C
is - greater above the packer than it is below
the packer, theve is a downward differential pres-
sure across the packing elements 27 and 33 and
across the circulating valve packing rings 10
and Tl and if under these conditions there is any
substantial leakage past either the packing ele-
ments 27, 33 or rings 79 and 7! the tracer fluid
which has been released into the annular space
100 between the packings 27 and 23 or into the
recesses 19, 85 of the circulating valve will be
carried downward into the annular space be-
low the packer and between the mandrel 12 and
the casing C. The tracer fluid will then be car-
ried downward through the lower annulus and if
the well is being produced through the tubing
will eventually enter the tubing at its lower
end below the vacker and flow together with the
production through fthe tubing 14 to the well
surface where it may be detected by suitable
means.

-If on the other hand the differential pressurc
past the packing elements 27 and 323 and across
the circulating valve packing rings T8 and 71 is
upward and leakage occurs, at either place the
tracer fiuid contained in the annular cavity 109
or in the circulation value recesses 75, 88 will be
carried upward into the annular space 18! he-
tween the tubing 14 and the casing C and produc-
tion of fluid from the well through the annulus
will thereby carry the tracer material along with
it to the well surface where the presence of the
tracer material may, as beforementioned, be de-~
tected there by suitable means.

One of the important features of this 1nvent10n
resides in employing tracer bodies illustrated at
&1 and 86 and as hereinbefore deseribed in con-
nection with Figure 5, which include delayed ac-
tion means for causing a delay in releasing the
tracer materials after they are exposed to fAuid
entering the recesses 40 and 85 respectively unon
setting the packer in the well casing whereby
ample time will be afforded for completely and
firmly sefting the packer in the well casing prior
to the release of any tracer materigl. If such
gelayed action is not provided for, tracer ma-
terial may be released prematurely to the well
fluid surrounding the packer before the packer
is fully set, and tracer material would thus not
only be wasted but upon subsequently producing
the well a false indication of leakage mizgnt re-
sult.

Typical of the testing procedure employed in
connection with the use of the avpargtus of the
mventmn herecinbefore described is as follows:

In a cased well 9000 feet deep with a producing
sand of gas distillate at 7500 feet the bottom hole
pressure is anproximately 3893 pornds. Also
at 8950 feet g sand exists producing oil at a fuid
pressure at that point of 3000 pounds per square
inch. Tt is desired to produce the top sands
through the casing and the lower sands through
the tubing. The casing is perforated at avnroxi-
mately 7500 feet Dp“OSIte the upper gas distillate
producing sands ansd at an arproximate 8350 feet
opposlte the lower 0il producing sands respective-
1y.” 1400 feet of tubing is first run into the cas-
ing and the packer device, hereinbefore describad,
containing the tracer. materials. is installed at
its .top end.. The said packer device carrying
the 1400 feet length of tubing. dependmg there-
'from is then run lnto the well casing in the well on
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a suitable string.of tubing -or drill pipe and set
about 10 feet below the upper perforations. As
the racker device is set the annular recess 49 con-
taining the tracer capsules 4{ in the ring 38
is moved downward from its sealed-off position
between the packing rings 43 and &4 to a posi-
tion adjacent to and in communication with the
plurality of radial ducts or ports 8% extending
through the walls of the spacer body 23. At the
same time the recess §5 or the circulating valve,
containing tracer capsules 86 is moved down into
registry with the recess 185 of the circulating valve
packing spacer ring 2. In this position the
tracer containing bodies or capsules 41 are ex-
posed by way of said ducts 36 to the entrance of
well fluid which has been entrapped, by the set-
ting of the packer, in the gnnular space 100 sealed
oif between the packing bodies 2T-and 23 inter-
mediate the outer surface of the spacer body
22 and the inside surface of the-casing “C.” After
a short period of time required for the fluid-thus
entering the recess 40 through the ducis 36- to
dissolve at least a portion of the tracer con-
tainers or capsules 41, tracer material will then
be released for circulation or diffusion. outward
through the ducts 36 into the beforementwned
annular- space 109.

Similarly, the fluid admltted to the recess 85
and entrapped in the space formed by the regis-
try of the recesses 75 and 85 when the circulat-
ing valve is closed will cause release of the tracer
material therein, from the capsules, after a. Slllt--
able delay period.

After the packer has thus been-sef, connec-
tions are then installed at the casing head with
provisions for separately confrolling and sepa-
rately collecting the flow from the. tubmg and
the casing. The lower zone sealed off below the
packer is then flowed through the tubing .and
the upper zone sealed off above the packer. is
flowed through the annulus between the casing
and the tubing. Under such conditions if a leak
occurs it is usually past the packer between. the
packing and casing or through leaks in the tub-
ing walls or joints or throuch channeling in the
cement along the outside of the casing. |

After the well flow or production is established
S hereinbefore  desecribed, one or other of the
formations is first shut-in, for example, the upper
producing.zone may be first shit-in and the pro-
duction from the bottom.producing zone allowed
to flow through the tubing at as high g rate as
possible. Since flowing of the production through
the tubing at a high rate materially decreases
the pressure gt the bottom of the well below the
‘erential pressure downward across
the packings is then a maximum. If the packer
leaks under this condition either around the pack-
ing elements 27 and 33 or through the circulating
valve packing rings 79 and 71 the tracer material,
released as hereinbefore described. is carried into
the lower portion of the casing below the packer
along with the leakage fluid and eventually is
preduced through the tubing along with the lower
zohe production. If no tracer fluid is produced
through the tubing the packer is obviously hold-
ing under this condition without leakage. Next
the tubing is shut-in and the production from
the upper producing zone allowed to flow from
the well through the casing annulus at as high
a rate as possible. Under this condition the dif-
ferential pressure upward across the packings
is a. maximum. If the packer leaks under . this.
condition tracer fluid is carried-along with :the-
leakage fluid inte the upper. portion. of the:cas+
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ing above the packer and is produced through

the casing annulus along with the upper zone
production. If no ftracer fluid appears in the

production from the well through the casing an- -

‘nulus the packer is obviously also holding under

this condition without leakage.
Now if in the first test hereinbefore men-

tioned, tracer fluid is produced but in the second

test no tracer fluid is produced this is an indiea-
tion of failure of the lower packing element 33
of the packer, or the lower packing ring Tl of
the circulating valve allowing some of the tracer
fluid to leak down and be produced through the
tubing. __
is produced through the casing annulus produc-
tion, indicates that the uprper packing elements
are still intact and functioning properly. The
reverse of this is true if the casing annulus pro-

- duction contains tracer fluid but the tubing pro-

duction contains none, that is, it indicates that
the lower packing elements are intact but that
the upper packing elements have failed and are
leaking. In a perfect pack-off no tracer fluid is
produced at any time either through the tubmg
or the casing.

If, however, no tracer fluid is produced either
through the tubme; or casing when the well is
tested as hereinbefore described but the tubing
and casing pressures substantially eadualize when
both casing and tubing are shut-in it is then ap-
- parent that a leak eXists somewhere else. In this
latter case the leak may be through defects in

However, the fact that no tracer fAuid
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the tubing or possibly the leakage may occur by |

channeling through or around the cement out-
side of the casing between the upper and lower
producing zones. and in event of such indication,
measures may then be taken to check the condi-
tion of the tubing and if necessary also to per-
form squeeze cementing in the manner well
known in the art to eliminate any channelmg
leakage. -

While a ecirculation type of ca.smg packer-

mechanism is shown and described herein as a
preferred apparatus to which the present inven-
tion is applicable it is not necessarily so limited,
since the present invention is avpnlicable to ad-

vantage to any type of packer which operates in
a manner similar to that herein illustrated to
place, expand or to form a resilient packing body

radially into sealing engacement with a sur-
rounding case or formation wall. |

- "The process and apparatus of thTS invention 1si
furthermore not limited in its application to pro-

duction type packers as herein illustrated but is

also applicable to various other types of packers

such as packers similarly constructed and adapted
to be set in direct engagement with well bore-

hole formations or in connection with bridging

plugs adapted to be set within casing or in un-
cased holes.

any one or a mixture of two or more of the well
known dyes as hereinbefore mentioned which
have been employed to trace the flow or course of

fluids such as, for example, fluorescein, uranine,

eosin, gentisin and the like.

‘When fluorescein is employed as the tracer' |
material its presence in the production from the 70
well may be detected by drawing or trapping

samples of the produced liquid and allowing them
to stand quiescent in an open container for a
relatively short period of time.

If the produced.
liquid is mamly oil, the fluorescein being rela,twe- _

35

12

ly insoluble in oil and lighter than oil will flow
to the top surface and appear there upon in-
spection as a thin surface film or blotch or as
thin thread-like or striated discolorations on the
surface when the sample is stirred gently. If the
produced liquid is water or o¢i] containing suffi-
cient water to separate therefrom the presence
of fiuorescein can be detfected by the character-
istic greenish yellow color which it imparts to the
settled-ocut water phase. Inspection of the lig-
uld samples under ultrg violet light is advan-
tageous in detecting the presence of fluorescein,
by reason of the added fluorescence which the
fluorescein exhibits under such condition.

- If uranine dye is employed as the tracer mate-
rial within a liquid solution or in dry powdered
form its presence will be indicated by the yeliow-
ish color it imparts to the water phase.

While the term “tracer material” has been
used frequently herein it is to be understood that
this is Intended to include not only finely divided
or powdered solid materials but also suitable lig-
uid and gaseous fracers. In the case where
fluorescein, uranine or eosin and the like dyes are
employed as the tracer materials in the delayed
action containers or capsules of the types herein-
before described it is preferable that they be em-
ployed in dry powdered form in order to avoid
having any solvent action of themselves upon the
soluble portions of the containers or capsules.
However concentrated solutions of these and
Other suitable dyes may be employed in liquids
in which they are soluble or in suitable liquid dis-
bursing agents which do not have solvent power
for the materials employed :Eor the tracer con-
tainers or capsules.

Tracer materials which can be detected by

~ their characteristic odors may also bhe employed
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- The fracer materiagl adapted to be employed'
- and to be contfained in the delayed action con-
tainers or capsules hereinbefore described mayv be
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and these have particular advantage when the
fluid produced from the well in which the tracer
may be carried is extremely viscous or highly
opaque which would render detection of solid
tracer materials difficult. One such tracer is
carbon di-sulphide, the characteristic odor of
which may be readily recognized when present
even in extremely small quantities in entrapped
samples of water, petroleum or natural gas which
may be produced from a well.

Cther tracers which may be employed to ad-
vantage under cerfain conditions are radioactive
materials either in the form of finely divided sol-
ids or gases. For example, powdered carnotite,
radium oleate, radium naphthenate or radium
promide may be employed where a material hav-
ing substantially permanent radioactivity is de-
sired. However, it is usually more desirable to
employ a suitable material having radioactivity
of limited life to minimize any danger of perma-
nent contamination of a well with radiocactive
material, Radon, a gaseous radium emanation
which has a relatively short pericd of radioac-
tivily is an example of a gaseous material of this
type. Examples of solid materials of this type
having temporary radioactivity are sulphur, po-
tassium, iron, copper, aluminum, zine, tungsten
and others which have been irradiated with. slow
neutrons in a manner such as described in the
patent to Fermi et al. 2,206,634. Other known
means may be employed to induce radicactivity.
in such materials.

In employing such radloa.ctwe substances as
tracer materials, as hereinbefore described, de-
tection of their presence in the well production
fluid may be conveniently accomplished by means
of conventional radioactivity detecting apparatus,
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~for example, the now well ' known gamma, ray -de-
~tectors-employing Geiger-Miiller counters or high
pressure ionization chambers. Such detectors
‘may be located (in-any -convenient position or
yositions adjacent the flow lines leading from the
well or adjacent the tanks in which samples of
the produced fluids are collected. The use of such

apparatus in connection with the radicactive

tracers lends itself conveniently to the actuation
of ‘permanently or temporarily installed auto-
‘matic alarm systems for indicating the occcur-
rence of leakage or failure of a packer at any

time. after testing or putting the well in produc-

tion.

It is :to be understood that the foregoing  is
‘llustrative -only of preferred methods and appa-
‘ratus and that the invention is not limited there-
by but may include various modifications and

.changes made by those skilled in the art without
- departing from the spirit -and scope of the in-
vention as defined in the appended claims.
-Weclaim: -

1. Packer -apparatus comprising: a- pair of in-
terconnected packing assemblies; longitudinally
spaced-apart packing elements on said packing
assemblies; movable setting means on said as-
‘semblies including 'at least a pair of instrumen-
talities -operative by relative longitudinal move-
ment therebetween to expand said packing ele-

ments into sealing engagement with a surrcund-

ing bore wall; g chamber in said apparatus hav-
‘ing ‘an outlet communicable with the exterior of
said apparatus intermediate said spaced-apart
packing elements; a movable valve element for
said outlet movable between positions closing said
outlet from and opening said outlet to conxmuni-
‘cation with said exterior of said apparatus: and
means operatively coupling said valve element
with said movable setting means to move there-
with, said valve element being thereby normelly
positioned to close said outlet when said packing
elements are in unexpanded position and movable
thereby to open said outlet into communicaticn
‘with said exterior of said apparatus intermediate
sald spaced-apart packing  elements when said
movable setting means are operated to expand
sald packing elements into sealing engagement
with the bore wall.

2. Packer apparatus comprising: a packer
body; a pair of longitudinally spaced packing ele-
ments surrounding said packer body; a pair of
packing element setting means on said packer
body and operative by movement relative to one
another to place said packing elements into
sealing engagement between said packer body and
a surrounding wall, to form thereby a sealed-oiff
cavity in the space between said spaced packing
elements and between said packer body and said
wall; a chamber in said spparatus and having an
outlet opening therefrom, communicable with
sald cavily; and valve means initially closing said
outlet opening, said valve means being operatively
coupled to and actuatable by said pair of setting
means upon movement thereof relative to one

another to open said outlet opening into com-
munication with said sealed-off cavity.
- 3. ‘Packer apparatus comprising: a packer body:

a, pair of longitudinally spaced: packing elements.

surrounding said packer body; -a pair-of packing
element setting means on said packer body and
operative by movement relative to one another
to place said packing elements into sealing en-
gagement between said packer body and a sur-
rounding bore wall, to form thereby a sealed-ofl
cavity in the space between said spaced packing
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let opening therefrom,

1et

chamber in said packer body assembly:

14

elements-and between said packer-body:and said

wall; a chamber in said body and having an out-
communicable: with said
cavity: valve means initially closing said outlet
opening, said valve means being operatively cou-
pled to and actuatable by said pair of setting
means uvon movement thereof relative to one
another to open said outlet opening into com-
munication with said sealed-off cavity, to expose
tracer material in said chamber to contact with
fluid contained in said sealed-off cavity; a source
of tracer material in said chamber; and means
to release fracer material from said source into
said chamber after the said opening of said out-
opening and the entry of fluid therethrough
into said chamber from said cavity.

4. Packer apparatus comprising: a packer body;

a pair of longitudinally spaced -packing elemerits
surrounding said packer body; movable setting

means on sa2id body; movable relative to said bodv
to'place said packing elements'in segling engage-
ment between said packer kodyv and g surround-
ing bore wall, to form thereby g sealed-off cavity
between said spaced packing elements and be-
tween said packer body and said wall; an initial-
1y closed chamber carried by said body and hav-
ing an outlet cpening therefrom: valve means
initially closing said outlet opening, said valve

means being operatively coupled to and actu-

atable by said setting means upon movement
thereof relative to said body to open said outlet

opening to exnose a tracer material source in said

chamber to contact with fluid contained in said
sealed-off cavity: and ga source of radioactive

tracer material in said chamber, including means

to delay the release of tracer material therefrom .
for a substantial period of time subsequent to the
contact of said source with said fluid.

0. Packer apparatus comprising: a packer body:

a palr of longitudinally spaced packing elements

surrounding said packer body: movable setfing
mesans on said body, operative by movement there-
of relative to one another to place said packing
elements into sealing engagement between said
packer body and a surrounding wall to form
thereby a sealed-off cavity between said spaced
packing elements and between said packer body
and said wall; an initially closed container in
said body, said container having an opening com-

municable with said ecavity: and valve meatis ini-

tially closing said opening, said valve means being
operatively coupled to angd actuatable by said set-
ting means uvon movement thereof to open said
container opening into cammumcatmn with said
cavity.

6. Packer apparatus comprising: a packer body

assembly; a pair of longitudinally spaced pack-
ing elements surrounding said packer body as-
sembly; movable setting means included in said
packer body assembly, operative by movement
relative to one another to place said packing ele~
ments into sealing engagement between s3id
packer body assembly and s surroundine hore

wall to form thereby a sealed-off cavity between
sa,ld packing elements and between said packer
body assembly and said. wall; an initially closed
valve
means counled to and actuatable by said setting
means upon sald mevement thereof to intereon-
nect said chamher and said sealed-off cavity to
permit enfrance of fiuid contained in szid cavity
into said chamber; a tracer material sour ce. . in
sald chamber: and means associated with said
tracer matemal source to delay the. release of

tracer material therefrom for a substantis] period
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of time subsequent to said contact of said source
with sald fluid. |

7. Packer apparatus compnsmg a packer body;
a pair of longitudinally spaced packing elements
surrounding said packer body; movable setting
means on said packer body and operative by
movement thereof relative to one another to €x-

- pand said packing elements into sealing engage-

ment between said packer body and a surrounding
‘borehole wall to form thereby a sealed-off cavity
between said packing elements and between said
packer body and said wall; a member having walls

defining a chamber carried by said packer body

and adapted to contain' a quantity of a tracer
material, said chamber having an opening com-
municable with said cavity; a movable valve
member normally closing said chamber opening
and movable to a position opening said chamber
opening into communication with said cavity; and
means coupled to and actuatable by said setiing
means upon said movement thereof to move said
valve member to said position opening said cham-
ber opening into communication with said sealed~
- off cavity. | | | |
- 8. Packer apparatus compl ising: a packer
body; a pair of longitudinally spaced packing ele-
ments surrounding said packer body; a meraber
having walls defining a chamber in sald packer
apparatus and having an outlet opening; miov-
able setting means on said packer body operative
by movement thereof to place said packing ele-
iments into sealing engagement between said
packer body and a surrounding borehole wall to

form thereby a sealed-off cavily between said
packing elements and between said packer body
and said wall: a soluble, tracer material con-
taining means in said chamber; a movable valve
member having therein a filow passageway in-
terconnectable between said chamber and said
sealed-off cavity, said valve membey normally be-
ing positioned with said passageway disconnected
from said chamber and movable to a pesition in-
terconnecting said chamber and said cavity; and
means operatively coupled to and actuatable by
sald setiing means upon said movement thereof to
move said valve member to place said passageway
into position interconnecting said chamber and
said cavity and thereby to expose said tracer ma-
terial containing means to fluild entering said

chamber through said passageway from said cav-
ity. .
- 5. Packer - apparatus comprlsmg: packmg

- means adapted to be placed between and into

sealing engagement with adjacent surfaces of in-

- ner and outer enclosing walls: movable setting

means movable relative to one another to place
said packing means invo sealing engagement be-
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tween said walls: an initiaily closed chamber car-

ried by said apparatus for containing a tracer ma-
terial; and means coupled to said setting means,
for actuation by said movement thereof for open-
ing and placing the interior of said chamber into
communication with a portion of the said ad-
Jacent surface of at least one of said enclosing
walls, at a point longitudinally intermediate the
opposite ends of said packing means, upon said
-movement of said setting means sufficient to place
sald packing means into said sealing engagement
- between said enclosing walls.

10. Packer apparatus comprising: a mandrel'

adapted to be secured to the Iower end of a tub-
ing string; a pair of longitudinally spaced, coaxial
sleeve elements supported slidably with respect to
one another on said mandrel; a deformable pack-
ing element on each of said sle_eve elements; set-
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ting means carried by said sleeve elements and
movable thereon when said sleeve elements are
moved longitudinally relative to one another, for
compressing saild packing elements aXially and
thereby expanding sald packing elements radially
into sealing engagement between said sleeve ele-
ments and a surrounding casing: a body portion
forming a recess and carried by one of said sleeve

elements; a valve instrumentality extending from

the other of said sleeve elements and positioned
initially to overlap and close said recess:; and a
passageway extending through said valve instru-
mentality to an exterior location adjacent and
between inner adiacent ends of said packing ele-
ments, said valve instrumentality being positioned
so that said passageway is out of communication
with said recess when said setting means are in
the position where sald packing elements are un-
expanded, and said valve instrumentality being
positioned so that said passageway is in intercon-
necuing communication with said recess and said
exterior location upon said movement of said set-
ting means sufficient to expand said packing ele-
ments into said sealing engagement between sald-
sleeve elements and said casing. -

11. Packer apparatus according to claim _10,.
with a soluble, initially fluid-tight container in
said recess for releasably containing a fracer ma-

terial.

12. Packer apparatus accordmg to claim 10
having in said recess an initially fluid-tight con-
tainer for releasably containing a tracer mate-
rial, at least a portion of said container being
water-soluble.

13. Packer apparatus according to claim 10
having in said recess an initially fiuid-tight con-
tainer for releasably containing a tracer mate-
rial, at least a portion of said container being oil-
soluble. |

14, In a well packer, apparatus comprising: a
pair of interconnected, longitudinally spaced-
apart, annular packing elements: inner and outer
concentriec cylindrical sleeve members between

which said packing elements are adapted to be ex-
panded into sealing engagement therewith; mov-
able setting means to compress said packmg ele-
ments longitudinally and thereby expand said
packing elements radlally into sealing engage-
ment between said inner and outer cylindrical
sleeve members; a tracer container chamber in
said apparatus having an outlet therefrom: a
movable valve member normally closing said out-
let; and means included in said setting means to
move said valve member relative to said outlet,
and sald chamber relative to said packing ele-
ments, to open said outlet and to position said
open outlet intermediate said spaced-apart pack-
ing elements and intermediate said inner and
outer cylindrical sleeve members when said pack-

1ng elements are eXpaﬂded into sealmg engage-

ment therebetween.

LORRAIN D. MEDDICK.
JOHN T. GARDINER.
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